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The aim of the work is the synthesis of nanostructures based on lanthanum fluoride, promising for use in
photodynamic therapy of tumors in organs of cranial cavity and bone tissues; a study of their structural properties and
luminescence spectra. Synthesis of LaFs:Tb*" was carried out by coprecipitation of components from aqueous and
alcoholic (methanol) solution. As precursors were used: La(NO3);x6H>O, TbCls, NH.F. All reagents have
qualification “chemically pure”. Distilled water and methanol were used as solvent. The synthesis of nanosized
magnetite in the single-domain state was performed by the Elmore method. Synthesized nanodisperse samples are
characterized by XRD analysis, DTGA, TEM. The magnetic properties and spectra of UV luminescence were also
studied. It has been found that the XRD-patterns of LaF;:Th>" samples synthesized in water and methanol do not differ
fundamentally. Under the experimental conditions, the most perfect crystals of hexagonal syngony were formed during
crystallization in an autoclave. Their average size was ~ 15 nm. In TEM images, the length of the crystals exceeds the
width by 3—4 times. Crystals are prone to aggregation and the formation of chain structures. The UV luminescence
spectrum of the synthesized nanodisperse samples in aqueous medium at the concentration of 0.5 mg/ml and excited
by ultraviolet radiation is characteristic of the structure of LaFs:Tb’". Ensembles of particles Fe;04/LaFs;:Tb*" NCs
were synthesized. Transmission electron microscopy has shown that the shapes of particles of NCs and LaFs;:Tbh**
nanocrystals are fundamentally different. Particles of Fe;04/LaF;:Th** NCs have a spherical shape, which is
characteristic of structures of the core-shell type. X-ray diffraction patterns of NCs confirm this conclusion. The
conditions for the synthesis of NCs did not significantly change the magnetic properties of their nuclei, single-domain
Fe304 nanoparticles (NPs). The luminescence spectrum of Fe;04LaF;:Th’ NCs differs significantly from the
spectrum of samples of nanodispersed LaFs:Tb’" both in intensity and in the structure of the bands. These spectral
differences may be due to differences in structure, features of the nanocrystalline structure, the content of the LaF';: Th**
scintillator and Th?" ions in samples of LaF3:Tb’" nanocrystals and shells of Fe;O4LaF;:Th’" nanocomposites.
Composites of dispersed 60S bioglass with nanodispersed crystalline LaF;:Th*" in the dry state, and distilled water,
showed the presence of luminescence upon excitation by UV radiation. The results of research show the prospects of
the synthesized nanodispersed luminophors LaF;:Th’", for use as a source of luminescent radiation in
optopharmacology and photodynamic therapy of tumors in organs of cranial cavity and bone tissues. Optimization of
luminescent properties of the original nanodispersed luminophors, their compositions with bioactive glass,
luminescent shells in the composition of magnetosensitive NCs, as well as the technology of manufacturing of these
structures will significantly allow us to improve their performance characteristics. The results of the work indicate the
prospects of the synthesized structures for further research under the conditions of excitation by high-permeability “soft” X-
ray radiation for use in optopharmacology and photodynamic therapy of tumors in organs of cranial cavity and bone tissues.
Optimization of properties of the original nanodispersed luminophors, their compositions with bioactive glass and
magnetosensitive carriers FesO4 will allow us to improve significantly their performance characteristics.
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INTRODUCTION

The problem of creating multifunctional
drugs for targeted delivery with dosed local
release of bioactive components is relevant in
many areas of modern medicine. Thus, for
oncology, the development of the concept of
chemical construction of magnetosensitive
nanocomposites (NCs) of the core-shell type with
a  multilevel hierarchical layered shell
nanoarchitecture capable of performing the
functions of medical-biological nanorobots:
recognition of specific cells, viruses and
biomacromolecules in biological media; targeted
delivery and deposit of drugs in cells and target
organs; combined local chemo-, immuno-,
neutron-capture-, hyperthermic-, photodynamic
therapy and magnetic resonance imaging
diagnostics in real time; detoxification of the body
by adsorption of degradation residues of cells,
viral particles, heavy metal ions, efc. and their
removal by magnetic field is a priority [1-5].

In onco-orthopedic surgery, the development
of new types of implants for use as a
comprehensive delivery system for chemo-
therapeutic and osteoconductive drugs with
prolonged action for topical use is a priority [6].
When using topical drug release, there are
difficulties associated with the fixation and
subsequent removal of the implant, which can
cause additional stress on the body. From this
point of view, bioactive ceramics, in particular
different types of sol-gel glass, have an
undeniable advantage over many other drug
carriers because they are biocompatible, do not
cause a negative immune response, are quickly
and reliably fixed due to direct biochemical
interaction with adjacent tissues, do not
encapsulated with the formation of connective
tissue (which is characteristic of foreign
materials), as well as gradually biodegradable in
the body by resorption and biochemical reactions
[7-9]. A significant advantage of bioceramic
materials is their capability to introduce into them
the necessary substances in order to expand their
functional properties and improve efficiency. In
particular, in recent years, the efforts of
researchers in this field are aimed at introducing a
method of photodynamic therapy (PDT), which
can be used for minimally invasive treatment of
malignant tumors localized in soft tissues and in
hard to reach places, such as organs of cranial
cavities, bone structures, efc. [10].
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It is known that PDT — a method of treatment
based on the use of photosensitive substances,
photosensitizers, is used in oncology, as well as in
the treatment of certain skin diseases and
infectious diseases [11-14]. Traditionally, the
photosensitizer (PS) is administered
intravenously, but can also be used by application
or orally. PS for PDT selectively accumulates in
the tumor or other pathologically affected target
tissues or cells, after which they are irradiated
with light with a wavelength corresponding to the
maximum absorption of PS. Lasers that emit light
of the desired wavelength and sufficient intensity
are used as the light source. The uptake of light
quanta by photosensitizer molecules in the
presence of oxygen leads to a photochemical
reaction, as a result of which molecular triplet
oxygen is converted into singlet oxygen, and a
large number of highly active radicals are formed.
Singlet oxygen and radicals cause apoptosis and /
or necrosis in tumor cells. In addition, PDT leads
to the death of the tumor due to damage of its
microvessels.

New approaches that may be useful for
treatment, in particular minimally invasive,
malignant tumors localized in the cranial organs,
bone tissue, etc., may be photodynamic therapy
and optopharmacology. These methods are based
on the use of magnetically sensitive carriers for
targeted delivery of drugs, modern bioceramic
osteoconductive materials and highly efficient
biocompatible nanosized luminophors with
specified spectral characteristics of absorption
and luminescence, safe for human body
photosensitizers and high-permeable ”soft” X-ray
radiation [14-17].

At this time in the Chuiko Institute of Surface
Chemistry of National Academy of Sciences of
Ukraine there is developed and studied a wide
class of nanosized magnetically sensitive
materials: metal particles Fe, Co, Ni, single-
domain ferrites Fe3O04, MnFeyOs, NiFeyOs,
CoFe;04, GdFe;04, solid solutions in systems
(FeixMny)Fe;Os4, (FeixNix)Fe:Os, (FeirxCox)FerOs,
(Fe1xZny)Fe,O4) [18] etc. By changing their type
and varying the chemical composition, it is
possible to meet many requirements that arise
when creating NCs for biomedical, environmental
and technical applications with a given set of
properties. It should be noted that nanosized one-
domain magnetite (Fe3O4) has become especially
widely used, in particular, for medical purposes
[14]. It is known that magnetite has a biogenic
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nature, and its unique properties, methods of
manufacture, surface modification, creation of
magnetic fluids based on Fes;Os, are well studied.
Therefore, magnetite has become one of the most
promising materials for the manufacture of
multifunctional drug carriers with optimal
properties and NCs.

At the I.M. Frantsevich Institute of Problems
of Materials Science of the National Academy of
Sciences of Ukraine, a new generation of highly
effective bioactive ceramics was created, the
peculiarities of their properties were studied, and
the results of clinical applications were analyzed
at Bogomolets National Medical University
[19, 20]. Bioceramic materials have been used to
develop new nanocomposites with antitumor
drugs [6].

The list of photosensitizers that have been
tested in clinical trials and are most widely known
as photodynamic drugs includes: a derivative of
benzoporphyrin — verteporfin; ethylthiopurpurin
tin — purlitin; Lu-Tex — texaphyrin lutetium;
hematoporphyrin  derivatives and  sodium
porfimer (Photoftrin), efc. [11]. In addition, at this
time there are many organic compounds that are
promising for use as photosensitizers, which are
at the stage of laboratory research [14—17].

Based on the focus of the work on the
synthesis and study of the properties of
nanodispersed luminophors for photodynamic
therapy of tumors of the cranial cavity and bone
tissues, promising for research may be X-ray
luminescent nanosized LaF; particles doped with
ions of rare earth elements, obtained by the
technology of co-precipitation with aqueous
solutions [15—17]. Their research, at least at the
initial stage, in order to optimize the synthesis
technology, it is advisable to conduct using
ultraviolet (UV) radiation, which is much easier
and safer to work with than X-ray.

Therefore, the aim of this work is the
synthesis of nanostructures based on lanthanum
fluoride, promising for use in photodynamic
therapy of tumors in organs of cranial cavity and
bone tissues; study of their structural properties
and luminescence spectra.

MATERIALS AND METHODS
OF RESEARCH
Synthesis of nanodispersed LaF;:Th>".

Synthesis  of  nanodispersed  luminophor
LaF5:Tb*", was carried out by coprecipitation of
components from aqueous and alcoholic
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(methanol) solution [15, 16]. As precursors were
used: La(NO3)3x6H,0, TbCls, NH4F. All reagents
have qualification “chemically pure”. Distilled
water and methanol were used as solvent. Used
for synthesis: 18.473 g La(NOs3)3x6H,O
(42.664 mmol), 5.708 g TbCls (10.769 mmol),
4.773 g NH4F (127.992 mmol).

In order to obtain samples of LaF;:Tb*", the
following variants of synthesis were developed.

1. La* and Tb*' salts in molar ratios of 4: 1
were successively dissolved in a minimum
volume of distilled water (or methanol). With
constant stirring, the solution was added dropwise
with the content of F~ions in the ratio La: F as
1: 3. The reaction solution was stirred at room
temperature for 2 hours. The product was
centrifuged, washed three times with deionized
water and dried at room temperature [21].

2. Components in the same ratios and
sequences were introduced into the reactor and
synthesized at 75 °C. An increase in temperature
in this case leads to a relatively small increase in
the size of the primary particles (~ 10-15 %), a
decrease in the degree of aggregation and the
formation of a more ordered crystal structure
[21-23].

3. The LaF5:Tb*'nanoparticles obtained in
the coprecipitation process were transferred to an
autoclave with programmed heating / cooling at a
rate of 1 °C/min and kept at 150 °C for 24 hours.
The obtained products were separated and after
washing were dried at 60 °C. Treatment with
elevated temperature and pressure leads to the
disappearance of small crystals, the evolution of
the shape of the base of the crystals to a hexagonal
and the formation of a porous surface of the
samples [24-27].

4. NCs Fe;04/LaF3:Tb®" [29] in this work
was synthesized as follows: first to washed with
distilled water to pH = 7 source freshly
synthesized magnetite [14] a solution of salts of
La’" and Tb*" was added in the ratio of active
hydroxyl groups on its surface to the number of
La’*" ions as 1: 1 (according to DTA, the
concentration of hydroxyl groups on the surface
of Fe;04was 2.2 mmol/g) and left for 24 hours for
adsorption saturation of the surface. Then the salt
solution was drained, the Fe;O4 particles with
adsorbed La*" and Tb**were washed three times
into 50 ml of deionized water. After that, with
constant stirring, the solution was added dropwise
with the content of F ions in the ratio La: F as
1: 3 (it is assumed that all ions La’* and Tb*" are
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adsorbed on the surface of Fe3;04). The obtained
NCsFe;04/LaF5:Tb*" was washed with distilled
water and dried at 60 °C. Note that the chosen
method of synthesis of NCsFe;O4/LaF;:Tb*"
promotes the formation of their structure by the
type of nucleus (Fe;0;) — shell (LaF;:Tb>").

Synthesis of nanosized Fe;0, Nanodisperse
magnetite in the single-domain state was
synthesized by the Elmore reaction [14].

Synthesis of sol-gel bioglass (BG 60S). The
synthesis of bioglass (BG 60S) was carried out by
the sol-gel method [6]. 60S glass has a
composition (mol %) of 60 % SiO,, 36 % CaO,
4 % P,05.The synthesis was carried out by sol-gel
method using: tetracthyl orthosilicate (TEOS)
(C2H50)4Si, triethyl phosphate (TEF)
(C2Hs0)3PO, ethanol C,HsOH, calcium nitrate
tetrahydrate (Ca(NO3),x4H20), 59 % solution of
nitric acid (HNO3). Mass ratios of precursors for
the  synthesis of 60S  glass  were:
(C2H50)4Si . (C2H50)3PO . (Ca(NO3)2‘4H20) .
H,O : C;HsOH=8.59:1:5.85:9:3.

XRD analysis of samples. Structural studies
the obtained samples were performed by powder
X-ray diffraction method (XRD) using a DRON-
UMI diffractometer (“Burevestnik”, Russia) with
Fe filtered CoK, radiation, focusing on Bragg-
Brentano, in 20 range of 10-80°. The size of the
crystallites was determined by the width of the
corresponding most intense line according to the
Scherer equation.

Magnetic properties. Hysteresis loops of the
magnetic moment of the samples were measured
using a laboratory vibrating magnetometer of the
Foner type at room temperature. Demagnetized
NP were distributed in paraffin matrix with a
volume concentration ~ 0.05 to prevent
interaction. For comparison, we used materials
with a known value of the specific saturation
magnetization (os): a tested sample of nickel and
magnetite NP (98 %) manufactured by
Nanostructured & Amorphous Materials Inc.,
USA. In relation to the reference sample, the
measurement error o; did not exceed 2.5 %.

DTGA study of samples. Study of samples by
differential thermal analysis (DTGA) was
performed using a Q-1500D (IOM Hungary).

TEM study of samples. To study the
morphology and size of NPs used their
dispersions in  aqueous-ethanol  solution
(Transmission Electron Microscope JEM-2100F,
Japan).
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Study of Iuminescence of samples.
Excitation of the luminescence of the samples was
carried out by radiation of the lamp DRSH-500,
passed through an UV filter MidOptBP324.

RESULTS AND DISCUSSION

The results study of X-ray diffraction are
shown in Fig. 1 a, b, c. It can be seen that the
diffraction patterns of LaFs3:Tb®" samples
synthesized (Fig. 1 4, b) in water and methanol do
not differ fundamentally. Under the conditions of
the experiments, the most perfect crystals were
formed during crystallization in an autoclave.
Their average size was ~ 15 nm. Lanthanum (III)
fluoride forms colorless crystals of hexagonal
syngony, spatial group P3cl, unit cell parameters
a=0.7186 nm, ¢ = 0.7352 nm, Z = 6; insoluble in
water; forms crystal hydrates of LaF3;x0.5H,O
composition.

Fig. 2 shows TEM images of LaF;:Tb**
nanocrystals synthesized in an aqueous medium.
It is seen that the length of the crystals exceeds the
width by 3-4 times. Crystals are prone to
aggregation and the formation of chain structures.
Note that the advantage of the method of
obtaining a nanoscintillators in aqueous and in
alcoholic environment is the capability to
combine in a single process the synthesis of
nanocomposite magnetic fluids and bioactive
ceramic materials based on phosphates and
silicates, with a content of LaF3:Tb*".

The luminescence spectrum of a sample of
nanodispersed LaF3:Tb**, when diluted in water at
the concentration of 0.5 mg/ml and when excited
by ultraviolet radiation (Fig. 3 curve 1), shows
bands characteristic of the structure of LaF;:Tb*"
[15, 16]. For comparison, the luminescence
spectrum of an undoped LaF; sample under the
same conditions is given (curve 2).

The synthesized NPs Fe;O4 in the original
ensemble were characterized by sizes 3-23 nm
and a single-domain state. An ensemble of NPs
with an average size of 11 nm was used in this
work. The specific surface area of the synthesized
magnetite was Sy, = 105 m*/g. Magnetite was
characterized by a coercive force H, = 55.0 E,
specific saturation magnetization o, = 56.2 Gs-cm’/g,
relative residual magnetization M,/M; = 0.2 and
can be used as a magnetically sensitive carrier for
targeted delivery of drugs and biologically active
compounds.

For the TEM image of the ensemble of
particles of NCsFe;04/LaF5:Tb*" is characterized
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by a fundamental difference in the structure of conclusion about the formation of the structure of
particles from the structure of nanocrystals the core-shell type NCsFe;O4/LaF;:Th*". Note
LaF5:Tb*(Fig. 2 a) — close to spherical, which is that the conditions for the synthesis of NCs did
characteristic of NCs core-shell type (Fig. 4). not significantly change the magnetic properties
X-ray diffraction patterns (Fig. 5) confirm the of their nuclei - single-domain NPs Fe;Oy.
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Fig. 1. XRD patterns of LaF3:Tbs samples synthesized in water (), methanol (b) and in an autoclave (c)

Fig. 2. TEM images of LaF;:Tb*" nanocrystals: a — scale bar 20 nm; b — scale bar 50 nm; ¢ — scale bar 100 nm;
d — scale bar 1000 nm
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The Iluminescence spectrum of NCs differences may be due to differences in structure,
Fe;04/LaF5:Tb*" (Fig. 6) differs significantly features of the nanocrystalline structure, the
from the spectrum of samples of nanodispersed content of the LaF3:Tb** scintillator and Tb**ions
LaF5:Tb*(Fig. 3, curve 1) both in intensity and in in it (Fig. 3, curve 1) in shells of NCs
the structure of the bands. These spectral Fe;04/LaF5:Tb*" (Fig. 6, curve 1).
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Fig. 3. Luminescence spectrum of nanodispersed samples LaF;:Tb*" (/) Ta LaF; (2) dilution 0.5 mg/ml
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Fig. 5. XRD patterns of NCs Fe;04/LaF5:Tb>*
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Fig. 6. Luminescence spectrum of nanodispersed samples Fe;O4/LaF;:Tb*" (1) and Fe;O4/LaF; (2) dilution 0.1 mg/ml

In conclusion, the composites of dispersed
bioglass 60S and nanodispersed crystalline
LaF5:Tb*" in the dry state, and in distilled water,
showed the presence of luminescence when
excited by UV radiation, which indicates the
possibility of their use in photodynamic therapy
of bone cancer.

These data indicate the achievement of the
goal of this work. In the future, the optimization
of the luminescent properties of the original
nanodisperse luminophors, their compositions
with bioactive glass, luminescent shells in the
composition of magnetically sensitive NC, as well
as the technology of manufacturing these
structures. We hope that this will significantly
improve their performance, create the prospect of
use in photodynamic therapy and
optopharmacology as sources of luminescent
radiation and drug carriers, both individually and
as part of various types of nanocomposites.

CONCLUSIONS

Nanodispersed luminophors of LaF;:Tb*"
type were synthesized, promising for use as a
source of luminescent radiation both in individual
application and as a part of nanocomposites of
different types; their structural properties and
luminescence spectra during UV excitation were
studied. Diffractograms of the samples of LaFs:
Tb** synthesized in water and methanol are not
fundamentally different. Under the experimental
conditions, the most perfect crystals of hexagonal
syngony were formed during crystallization in an
autoclave. Their average size was ~ 15 nm. The
length of TEM images of crystals exceeds the
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width by 3-4 times. Crystals are prone to
aggregation and the formation of chain structures.
The UV luminescence spectrum of the
synthesized  nanodisperse  samples  upon
excitation by ultraviolet radiation is characteristic
of LaF3:Tb*".

Ensembles of Fe;O4/LaF3:Tb*" NC particles
with a core-shell type structure were synthesized.
The conditions for the synthesis of NCs did not
significantly change the magnetic properties of
their nuclei, single-domain Fe;Os NP. The
luminescence spectrum of Fe;O4/LaF3:Tb** NCs
differs significantly from those of the samples of
nanodispersed LaF3;:Tb*" both in intensity and in
the structure of the bands. These spectral
differences are probably due to differences in
nanocrystalline structure, content of Tb*" ions,
etc. in samples of LaF3:Tb*" nanocrystals and
shells of Fe;04/LaF;:Tb*" nanocomposites.

The composites of dispersed bioglass 60S
with nanodispersed crystalline LaF3:Tb*" in the
dry state, and in distilled water, showed the
presence of luminescence when excited by UV
radiation.

The results of the work indicate the prospects
of the synthesized structures for further research
under the conditions of excitation by high-
permeability “soft” X-ray radiation for use in
optopharmacology and photodynamic therapy of
tumors in organs of cranial cavity and bone
tissues. Optimization of properties of the original
nanodispersed luminophors, their compositions
with bioactive glass and magnetosensitive carriers
Fe3;04 will allow us to improve significantly their
performance characteristics.
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Tepaiii NyXJMHHUX 3aXBOPIOBAHb OPraHiB YepenHol NOPOKHUHHU TA KICTKOBUX TKAHUH
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Memoro pobomu € cunmes HAHOCMPYKMYP HA OCHOBI PMOPUOY TAHMAHY, NEPCNEeKMUBHUX Ol 3ACMOCYBAHHS 8
domoounamiuniti mepanii NYXAUHHUX 30XBOPIOBAHL OP2AHI6 UYEPEenHOi HNOPONCHUHU MA KIiCIMKOBUX MKAHUH,
oocniocenns ixwix cmpykmypuux enacmusocmeti i cnexmpie mominecyenyii. Cummes LaFs5:Th*' soiticneno
CHIBOCAOIHCEHHSAM KOMNOHEHMIE i3 600HO20 MA CRUPMOBO20 (MEMAHON) po3uuHy. HAK npexypcopu UKOpUCmauo:
La(NO;3);x6H>0, TbCl;, NHF. Bci peakmueu keanigpixayii «xu». Ax po3uunHux UKOpUCmMano OUCmuib08amny 600y,
memanon. Cunme3 HAHOPOSMIPHO20 MaAHeMumy 6 OOHOOOMEHHOMY CmaHi eukouyeanu memooom Enmopa.
Cunmeszo6ani  HAHOOUCNEPCHI  3pasKu  OVIU  OXAPAKMEPU308AHI  MemoOdaMu  PeHmeeHiecbKoi  ougpakyii,
OoughepeHyianbHO20 MepmMopasiMempuiHo20 AHAIi3y, NPOCBIYYIOYOI eleKmpoHHOI MiKpockonii. Busuanucs makoic
Mmaznimui enacmusocmi i cnexmpu Y ®-nominecyenyii. Buseneno, wo ougpaxmozpamu 3paskie LaFs3:Th”,
CUHME308aHUX ) Ccepedosulyi 800U | MeMmAaHoIy, NPUHYUNOBO He pisHAmbCa. B ymosax excnepumenmis nauibinviu
0OCKOHANT KDUCTNANU 2eKCA2OHATLHOT CUH2OMIT YMEOPIOSanuch npu Kpucmanizayii 6 agmoxnagi. Ixuiti cepedniii posmip
cmanosus ~ 15 um. Hosxcuna IEM-306paxcens kpucmanie LaFs:Th’" nepesuwye wupuny ¢ 3—4 pasu. Kpucmanu
CcxXunvbHi 00 aepeeayii ma ymeopenms aanyiodxckosux cmpykmyp. Cnexmp Y@D-nominecyenyii cunmes’o8aHux
HAHOOUCNEPCHUX 3PAa3Kié 6 cepedosuuyi 600u 6 Kouyewmpayii 0.5 me/mn ma 30y0xcenni yiompagionremosum
sunpominioganuam € xapaxmepuum 0as cmpykmypu LaF3:Th*. Cummesosano ancambni uacmunox HK
Fe;04/LaF;:Th’". Memodamu npoceiuyiouoi enexmponnoi mikpockonii eécmanoeneno, wjo gopma vacmunox HK i
nanoxpucmanie LaFs: Th>* npunyunoso eiopizuaomuca. Yacmunku HK Fe;04/LaFs;:Th’* maoms kynsicmy gpopmy, wo
Xapakmepuo Cmpykmypam muny s0po-odononka. Penmeeniecoxi ougpaxmoepamu HK niomeeposicyroms yeil
8uUCHOBOK. Ymosu cunmesy HK icmommno ne sminiosanu mazuimui enacmugocmi ixuix soep — oonooomennux H4 Fe;Oy.
Cnexmp nrominecyenyii HK Fe;04/LaF;:Th’' icmomno idpisusemuvcs 6i0 chexmpa 3paskié HAHOOUCHEPCHUX
LaFs5:Th*" ax 3a inmencuenicmio, max i 3a cmpykmypoio cmye. Bxasani cnexmpanvhi 6iominnocmi moscyms 6ymu
00yMo8eHi BIOMIHHOCMAMU 0Y008U, 0COOIUBOCIAMY HAHOKPUCMANIYHOI CMPYKMYPU, BMICIOM CYUHMUIAMOPA
LaFs5:Th*" ma ionie Th’" 6 spaskax nanoxpucmanie LaFs:Th’" ma obononxax nanoxomnosumis Fe;OLaF;:Th>".
Komnosumu oucnepzoearnozo 6iockia 60S 3 nanooucnepcuum xpucmanivnum LaFs3:Th’" 6 cyxomy cmani ma
cepedosulyi OUCMUTLOBANHOT 00U OEMOHCIPYBANU HAABHICTDb TOMIHecyenyii npu 30ydaicenni Y D-eunpomino8aHHsaM.
Pesynvmamu pobomu ceiduams npo nepcneKmuGHICnb CUHME308AHUX CIPYKMYD 05l NOOAIbULUX OOCTIONCEHD 8
YMOBAX  30Y0)ICEHHS BUCOKONPOHUKHUM (M SKUM» DEHMEeHIBCOKUM — BUNPOMIHIOBAHHAM 3 MEmoio  iIXHb02o
BUKOPUCMAHHS 8 ONMOapmaKonozii ma (pomoounamiuniii mepanii NyXIUHHUX 3AX60PH6AHb OP2AHI8 UepenHoi
NOPOACHUHY MA KiCMKO8UX mKanun. Onmumizayis 61acmueocmeni 8UXIOHUX HAHOOUCNEPCHUX TIOMIHOGOPIE, iXHix
KOMRO3uyiil 3 OI0AKMUBHUM CKIOM ma macnimouymausumu Hocismu Fe3Oy4 00360nums icmomno nokpawumu
eKCNLYamayiiini Xapakmepucmuxu.

Knrouosi cnoea: nanooucnepchi ntominoghopu, pmopuo 1aHmany, HAaHOKOMNO3UMU, MazHemum, OI0CKI0
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