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Hageodeni pe3yromamu excnepmnozo 00caionceHHs apme-
daxmy icmopii XIV-XV cmonimv — 3010mozo enemenmy
wam MOH20bCLK020 60ina. Ompumani pesyaovmamu 00360-
AAOMb 6CMAHOBUMU 03HAKU ABMEHMUMHOCMI ICMOPUMHUX
nam’amox i3 3010ma 0an0zo0 XpoHoJLo2iMH0ozo nepiooy.

Byno docnidxwceno mikpocmpyxkmypy npeomema npu
soinvuenni 10—-20 kpam i euneneno 3nauny aamKicmos ma
kpuxxicmov memany. Ipu 36invumenni y 150-200 xpam eusne-
JIEHO CcucmeMu MPiWUH 3 NOMPIUHUMU MOUKAMU, OKpeMi
KasepHu ma xaeepro3nuil xapaxmep 3namy. Kpim mozo,
BUABIIEHO BEJUKY KIAbKICMb 0UCAOKAULE NOPUBie ma caidig
meuii Memany Ha noeepxui 6upody, a maxoic caiou incmpy-
Menmis, AKi euxKopucmosysanucs 0as #ozo uuuwenns. Ilpu
s0invuenni y 2000 xpam éuseeno ékpail ckaaony mopgo-
J102i10 Memany 3 YUCAEHHUMU KABEPHAMU, A MAKOIHC NOBEPX -
HI0 4ACMK0B80 PO3UUHEH020 Memany, aAKka 30epizae KoHmypu
opesnix noopanum.

Bcmanosneno, wo 6invuw 2nuboki wacmunu cnaagy wacm-
K060 30epeeu c6ill xXiMiunuil cKkaao, i emicm 30a0ma ¢ HUX
cknadae nume 62-80 %, a cnaaé na nosepxui apinyeas-
¢ NPUPOOHUM CROCOBOM, Tl MaAKUM YUHOM, 6Micm 3070ma Y
HooMmy eusnawueca y mexcax 81-98 %. Taxooic 6 Ginvw 2nu-
00KUX HacmuHax cnaasy KoHueHmpayii cpidaa € niosuwenu-
MU NOPIBHAHO 3 NOBEPXHECUMU WAPAMU, OCKINLKU CROTYKU
cpibaa € 6invu XiMinHo AKMUSHUMU U 6UHOCAMBCS 3 NOGEPX-
Hi ni0 0i€10 3068HIMHIX YUHHUKIE.

Busnaueno nepenix o3nax, axi ceiouamv npo asmenmuu-
Hicmb npedmema, il AKi 00HO3HAUMHO BUABAAIOMBCS 3 OONO-
M0O2010 eNIeKMPOHHO20 MIKPOCKONY, A MAKodiC 3a pe3yavma-
mamu 00caioHceHb XIMIMHO20 CKAA0Y nosepxHi apmedaxmy
emiciunum memooom. Bucnosneno oymxy wooo edexmue-
HOCMI BUKOPUCMAHHSA eSIeKMPOHHOT MIKPOCKONii 8 eKcnepm-
Hill po6omi 0 niomeeporceHHs aemeHmuUHOCmi, 6UAGIEH -
HA 03nax nidpobxu ma caidie pecmaepauii apmedaxmis i3
30J10mMux cna1aeie

Kntouosi cnosa: enrekmponna mMikpockonis, Mikpocmpyx-
mypa cnuaey, 03HAKU A8MEHMUMHOCMI, ICMOPUUHI nam’sm-
Ku i3 3o10ma
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ent phases and push out impurity elements from their own

crystalline lattices [1]. Under normal atmospheric pressure

Most substances change their chemical composition and

and temperatures, due to climatic factors, this process takes

structure over time, as well as enter the chemical interaction
with the environment. This, of course, applies to alloys of
gold, which gradually recrystallize, decompose into differ-

place over the millennia. That is why the detection of attri-
butes of its course is important as they serve the indicators
for proving the authenticity of ancient history artifacts, for




examining their age, as well as when discovering the traces
of later restoration works at their surface.

Diagnosing the natural transformations of the structure
and composition of gold alloys is easier with the help of clas-
sic methods of metallographic research [2, 3] and, especially
with the use of an electron microscope. Under an electron
microscope, various substances are well recognized with a
possibility for chemical analysis of their content. At the same
time, it should be noted that studying historical artifacts has
its own characteristics, which are not described in classic
works. Particularly, in the study of historical artifacts, there
are secondary mineral formations at the surface, related to
chemical elements, eliminated from alloys, and converted
into new compounds as a result of interaction with the
environment. We also register a special structure of the
recrystallized metal, which reflects the nature of the spatial
distribution of initial mechanically stressed areas, created as
a result of applying certain machining techniques that had
existed in the past.

Considering the importance of establishing the histori-
cal authenticity of historical items made of gold during their
identification, it is a relevant task to undertake a research
aimed at revealing and substantiating the signs of authentic-
ity in the items dated to various historical periods.

2. Literature review and problem statement

In recent years, many studies have been conducted into
historical artifacts, but only few analytical results have
been published. Scientists undertake research into histori-
cal items made from various materials. Thus, papers [4, 5]
analyzed the chemical composition and microstructure of
ancient silver jewelry made in the bronze and iron days of hu-
man history that were found in Israel. Therefore, the issues
on the chemical composition and microstructure of golden
historical items remain unresolved.

Separate groups of scientists conducted a study into gold
jewelry from VIII-VI centuries BC from treasures found at
the territory of Italy [6], Spain [7], Cyprus [8], as well as
Egyptian ornaments of XIX-XIIT centuries BC [9]. They
paid special attention to studying the chemical composition
of small elements of gold jewelry and their attachment areas
to establish the method for manufacturing these objects.
However, there is also a necessity to study historical items
made of gold, manufactured over other historical periods.

Paper [10] provides an example of the identification of
glass mosaics dated to I-IX centuries by determining the
chemical composition of golden foil used as a base.

Moreover, scientists discovered several counterfeit ob-
jects at the National Museum of Archeology of Florence
using the organoleptic and physical-chemical methods [11].
We may note that the study into the chemical composition of
alloys at the surface failed to explicitly answer the question
on the object authenticity.

Paper [12] presents theoretical information on metal-
lography, as well as gives many examples of studies into
the microstructure of historical items made from various
metals. Despite the practical significance of such results, the
information base of analytical research on cultural property
needs further expansion.

Work [13] presents results of a study into the microstruc-
ture of jewelry items made from silver from various chrono-
logical periods and experimentally confirms the diversity of

the antique alloy structure. More reliable research results are
given in [14], which describes the main chemical and struc-
tural features of the natural redistribution process of matter.
In addition, the authors studied the traces of recrystalliza-
tion of metals in historical items made of gold, silver, copper,
iron from various historical periods. However, cultural val-
ues from other historical periods have not been considered,
which necessitates a further research in this area.

3. The aim and objects of the study

The aim of this work is to present and describe the main
features of the gold artifacts authenticity, examined using
an electron microscope and an X-ray fluorescence analyzer,
as an example of the historical artifact of the XIV-XV cen-
turies. The object of research is the golden element of the
Mongolian warrior’s armor.

To achieve this goal, the following tasks were solved:

— to study the microstructure of the Mongolian warrior’s
armor golden element at different magnifications and to
identify signs of its authenticity;

— to investigate the chemical composition of the golden
element of the Mongolian warrior’s armor at the surface and
in places of current scratches and to establish the signs of its
authenticity.

4. Materials and methods to study the authenticity of
the golden element of the Mongolian warrior’s armor

An analytical study into the metal surface (gold) was
performed by means of a raster electron microscopy and
an X-ray spectral microprobe analysis; X-ray fluorescence
chemical analyses were carried out separately for the exam-
ined metal particles.

For research, we used the raster electron microscope-mi-
croanalyzer (REMMA-202, Ukraine) with a large vacuum
research chamber, equipped with an energy-spin spectrom-
eter. Microanalysis was performed on elements from 11 Na
to 92 U. The method of quantitative calculation is based on
standardization using the samples of pure metals Ag, Au,
Cu, and others, as well as correction of spectral intensity
lines of elements using the ZAF-correction method. The
limit of reliable detection of the chemical elements content
is up to 0.5 %. The spatial detail (location) of the analyses is
5-10 microns. Digital images of the metal surface were ob-
tained from secondary electrons.

The chemical composition study was peformed using the
X-ray fluorescence analyzer (ElvaX, Ukraine). Under this
method, we determined elements from 11 Na to 92 U with an
error not exceeding £0.05 %. The Elvatech MCA Software
was used to control the work of the spectrometer.

3. Results of studying the golden element of
the Mongolian warrior’s armor’s authenticity

5. 1. Results of microstructure study into the golden
element of the Mongolian warrior’s armor

To determine the sequence of further research, consider
Fig. 1 that shows the most important expert signs for the
golden alloys schematically. These signs include: superficial
cracking, the presence of secondary mineral deposits (pati-



na), the appearance of secondary emissions of the chemical
evolution traces and the presence of mineral formations
brought from the environment.
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Fig. 1. Schematic representation of the ancient artifacts surface
made of gold alloys, as well as mineral formations at it:

1 — gold alloy; 2 — primary surface formations that have
been eliminated from the alloy during a long history of its’
existence; 3 — secondary mineral formations, which result

from the chemical interaction of primary mineral formations
with the external environment; 4 — mineral substances that
were imposed from the external environment

Initial surface formations that have been eliminated from
the alloy during the long history of the object’s existence are
represented by metal hydroxides (iron — FeOOH — goethite;
hematite — Fe;O3 and limonite Fe;O3nH,0; copper hydrox-
ides — Cu(OH), and CuyOs.

The secondary mineral substances that are the result of the
chemical interaction of primary mineral substances with the en-
vironment include: copper hydrocarbonate — Cuy(CO3)(OH), —
malachite (which very slowly passes through the centuries
into a very stable phase — CuO — cuprite) and iron carbon-
ates and bicarbonates — FeCO3 FeCOs; CoHyFeOg; calcium
hydrocarbons and calcium carbonates — Ca(HCOs3)s, calcite
and aragonite — CaCOs; hydrosilicates of iron HFeOgSiy and
copper (Cu, Al)»H5Si»O5(OH), x nHy0 — chrysocolla.

To imported from the external environment of mineral
formations is silicon hydroxide SiO,nH,O (opal) [15].

The subject of the study is one artifact from a set of golden
elements of Mongolian warrior military uniforms (Fig. 2).
These decorations, due to the existing stylized image and
morphological features, are well identified as traditional for
the ancient Mongolian culture of the XIV-XV centuries
[16]. The item is in a private collection. The weight of the
studied jewelry is 165 grams. The diameter of the object is 14
cm. At separate points from this set of military shoe elements
there are symbolic images that make it possible to clearly
diagnose age and its origin.

a b
Fig. 2. Physical appearance of the discoid element of military
uniform with a cone-shaped dome:
a — face side; b — back side

The investigated decoration has a loop at the back of the
device, which suggests that it was attached to protective
clothing (chain mail). Note the transient damage that may
have occurred due to the impact of a weapon.

The study was conducted at different parts of the sur-
face of a discoid golden element of military shells with a

cone-shaped dome. Tracological traces at the metal surface
indicate the fabrication of an object by forging a gold sheet
in a preformed mold.

Visual observations of the artifact surface, as well as the
study of it using an ordinary binocular at magnification of
10-20 times (Fig. 3), allow us to conclude that the metallic
alloy, due to the flow of the recrystallization process, ac-
quired the properties of extreme fracture and fragility.

=
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Fig. 3. Areas of the object surface under a microscope:
a — at magnification of 10 times;
b — at magnification of 20 times

The study was conducted at several sites of the surface,
including the areas of mechanical damage. Fig. 3 shows a
fragment of the golden disk surface in the zone of mechani-
cal damage. The metal exhibits considerable brittleness and
almost no bending deformation. There are well noticeable
features of the relief on the metal edges, which indicate a
loss of plasticity.

Surface areas shown in Fig. 3, under an electron micro-
scope, even at small magnification (100-350 times), show a
system of cracks with triple points characteristic of ancient
metals (Fig. 4) — spatial locations of three crystals. Fig. 4 also
shows a trace of a modern scratch that extends from the right
angle of the upper left quadrant of the image to the lower left
quadrant. Within this scratch, we will conduct a study of the
chemical composition of the gold alloy (point 29 in Fig. 4).

N
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Fig. 4. Fragment of a metal surface at magnification of
150 times. Arrows show white discharge of silicon hydride
(opal), which develop in natural metal cracks. Figures indicate
the points of chemical composition analysis of a metal

The metal structure, which is observed under an elec-
tron microscope, even at small magnifications (150 times),
explains the high fragility of the gold alloy, as well as the
presence of small silicon concentrations. We have detected
silicon compounds in the study of object fragments by X-ray
fluorescence analysis. The electronic photo image also visu-
alizes all the features of the chemical impurity distribution
in accordance with the general scheme shown previously in



Fig. 1. In addition, we can see special roughness of the metal
surface, the traces of tools used for its cleaning, as well as
individual cavities, formed as a result of the extraction of
foreign impurity minerals present in the poorly refined alloy.
We paid special attention to studying the old golden
objects using an electron microscope into the structure of
the metal, which can most easily be explored at a fracture.
Thus, Fig. 5 shows an electronic image of the edge of a fresh
breakage, which is made using an electron microscope also
at low magnification (200 times). It is well known that the
points “9” and “10” made it possible to investigate the chem-
ical composition of the gold alloy in the deeper parts of the
item. It is obvious that the chemical composition of the metal
in these areas will correspond to the original chemical com-
position of the metal from which the item was made.

Fig. 5. Edge of the item’s surface, where the cavernous
character of the fracture is visible and shown by the figures
of the place (point) of metal’s chemical composition research

Fig. 5 also shows a large number of dislocations of met-
al’s fractures and traces at the surface of the item (shown in
a frame).

At magnification of the electronic image of the surface up
to 2,000 times, we observe extremely complex morphology of
the metal (Fig. 6), which is characterized by numerous cavi-
ties formed as a result of the dissolution of mineral inclusions
in the original metal. We also observe the surface of partially
dissolved metal, which partially preserves the contours of
ancient scratches (marked by a frame), due to deformation
by mechanical treatment of the gas vials remaining from the
moment of its melting.

Fig. 6. Surface of the metal at magnification of 2,000 times.
Arrows show triple points and induction surfaces of crystals
formed as a result of alloy’s natural recrystallization

In some cases, one can see traces of chemical transforma-
tions of surface mineral formations and the features of their
aggregate structure. In addition, at a large magnification,
there is an opportunity to investigate the chemical composi-
tion of residual patina secretions that have survived after the
purification of an object.

5. 2. Results of studying the chemical composition of
the golden element of the Mongolian warrior’s armor

By measuring the content of gold and other elements
in the deepened parts of the surface formed by scratches at
different parts of the surface of the object (points 9, 10, 13,
14, 16, 18, 22, 26, as well as point 29 in Fig. 4 and in Table 1),
we are convinced that the deeper parts of the alloy contain
only 62-80 % gold. Alloys at the surface (points 1-8, 11, 12,
15, 17, 19-21, 23-25, 27, 28, 30 in Table 1) contain gold in
the range of 81-98 %.

Table 1

Results of an analytical study into the gold alloy’s chemical
composition at different sections of the surface

tgzls;z?:lgzr Fe Cu Ag Au Sum
1 0.59 0.7 4.48 94.23 100
2 0.51 0.72 13.08 85.69 100
3 - 0.76 7.26 91.98 100
4 0.57 0.88 11.52 87.03 100
5 0.49 1.46 2.64 95.41 100
6 0.49 0.45 0.71 98.35 100
7 - 0.47 2.14 97.39 100
8 0.37 1.17 5.47 92.99 100
9 — 0.99 34.69 64.32 100
10 0.52 1.11 35.76 62.61 100
1 0.59 0.72 4.88 93.81 100
12 - 0.98 12.55 86.47 100
13 1.51 1.65 26.52 70.32 100
14 0.93 1.55 18.79 78.73 100
15 - 1.54 14.22 84.24 100
16 0.72 213 20.09 77.06 100
17 0.39 1.14 16.95 81.52 100
18 1.44 1.58 26.43 70.55 100
19 3.36 1.32 21.98 73.34 100
20 0.76 1.95 14.38 82.91 100
21 - 2.07 6.29 91.64 100
22 1.4 1.21 28.05 69.34 100
23 1.33 2.44 18.53 717 100
24 0.32 0.31 5.85 93.52 100
25 - 0.72 2.05 97.23 100
26 0.36 4.21 34.83 60.6 100
27 0.49 0.23 213 97.15 100
28 0.43 0.68 7.01 91.88 100
29 0.23 0.91 17.95 80.91 100
30 1.21 0.29 18.87 79.63 100

Note: color indicates the results of studying the chemical composi-
tion within modern scratches, where the metal detects the primary
chemical glass

By analyzing Table 1, we also notice that in the deep-
ened parts of the metal, where the concentration of gold
is much smaller, the concentrations of silver are elevated.
That relates to the fact that the silver compounds are more



chemically active and brought out from the surface under the
influence of external factors.

In connection with the standardization of the concentra-
tions sum of chemical elements at the level of one hundred
percent (Table 1), the content of all chemical elements is
partially relative. Therefore, we obtain the criterion value for
the concentration ratio, however, we can also judge the ab-
solute indexes of the content of the corresponding chemical
elements by studying the spectra (Fig. 7, 8).

Differences in the chemical composition are also
clearly visible on emission spectra (Fig. 7, 8). Particularly,
point “1” according to the chemical composition corre-

sponds to the substance (gold alloy) at the authentic metal
surface (spectrum in Fig. 7), and point “10” (spectrum in
Fig. 8) corresponds to the composition at a small depth
below the surface. The difference in the concentrations
of gold and silver at the surface and “under the surface”
sometimes reaches 20 %, which indicates the ancient ori-
gin of an object.

The emission spectrum (Fig. 9) presents the results of
the study of the chemical composition of mineral forma-
tions on the metal surface, which coincide with the results
of studies of individual particles of the object, using X-ray
fluorescence analysis.
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Fig. 7. Emission spectrum obtained from studying the chemical composition of the metal at point “1”
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Fig. 8. Emission spectrum obtained from studying the chemical composition of the metal at point “10”
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Fig. 9. Emission spectrum of mineral formations at the surface



The emission spectrum of these formations indicates that
it is a mixture of hydroxides Si, Al, and Fe, that is, opal —
SiO,*H,0, boehmite — AIOOH, and goethite — FeOOH.

6. Discussion of results of studying the authenticity of
the Mongolian warrior’s armor golden element

Investigation of the microstructure of the golden element
of the Mongolian warrior’s armor shows that its surface has
acquired a specific roughness, which is a distinct sign of
authenticity. The roughness is formed due to the processes
of dissolution of the metal and the formation of micro-dislo-
cations at its surface, caused by the dissolution of the alloy in
the process of recrystallization. In the study of the fragment
of the object’s surface in the zone of mechanical damage, we
found significant fragility, which is characteristic only for
metals recrystallized by natural way.

The cavernous character of the fracture shows the plas-
ticity of the already recrystallized metal within individual
crystals and the high degree of deformability of the metal
at the time of manufacturing the product. This conclusion
is also confirmed separately by the results of observation
of a large number of dislocations of impurities and traces
of metal flow on the surface. These structural features of a
metal structure are inherent only to objects made by forging.

The complex of the above-mentioned features makes it
possible us to conclude that the object is authentic.

The study into the chemical composition of the gold
object in the places of modern scratches showed that the
deeper parts of the metal partially retained their chemical
composition with a content of gold of only 62—-80 %, and the
alloy on the surface approbated by the natural way, and thus
the content of gold in it was 81-98 %.

In modern scratches, the gold alloy contains a higher
concentration of Ag and Cu than that at the surface. This
can be explained by the fact that in the process of natural
recrystallization of the metal that has been going on for many
centuries, a metallic alloy pushed a significant amount of

chemical impurities on the surface. Hence there were mineral
formations that were remained (after mechanical cleaning of
the surface). The remaining impurities, forming soluble salts,
were removed into the environment. Thus, the authenticity of
an object is also confirmed by the ratio of the concentrations
of silver on its surface and in the deepened areas.

Copper and iron concentrations can also serve as indi-
cators of natural aging of the alloy, however, due to their
low concentrations, which are often commensurate with the
error in determining their content, conclusions are not suffi-
ciently substantiated.

We should also note that the most active of the alloy is
the removal of silver, less active copper. Iron accumulates in
cracks in the form of hydroxides (goethite). It also indicates
the natural differentiation of substances in ancient alloys,
as well as suggests that the primary composition of the gold
alloy corresponds to the ratio of chemical elements observed
at points 9, 10 and 26 (Table 1).

The observed phenomenon of differentiation of chemical
composition of metals proves the authenticity of archaeolog-
ical sites.

7. Conclusions

1. Taking into consideration the results obtained during
the investigation of the chemical composition and micro-
structure of the golden element of the Mongol warrior’s
XIV-XV centuries armor, we conclude that the subject is
authentic and there are no traces of its restoration. This item
should be considered fully authentic and considered to be rare
and valuable for museum collections and private collectors as
an example of historical objects — artifacts of ancient history.

2.1In addition, we proved the high efficiency of using
electronic microscopy in the tasks on confirming the au-
thenticity of ancient historical artifacts. All the described
features of recrystallization and differentiation of matter in
the alloy are not inherent to modern products or products
manufactured in the near past.
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IIpoeedeno nopisnanvnuili ananiz icHyrowux mamepiasie
ona euzomosienns imniaanmamis, npeocmaesneni ix ¢izu-
KO-Mexaniuni enacmueocmi, euceimiieni nepeeazu i HeodoniKu.
Hoxaszano, wo maenicsi cnnaeu € 0OHUMU 3 HAUOLILW nep-
cnexmuenux oioposuunnux mamepianie. Bonu oioinepmni ma
OiocymicHi, ane ix 6UKOPUCMAHHA 6 OCMeocunmesi oomedxncene
8 0CHOBHOMY X HeDOCMAMHIMU MEXAHTUHUMU BIACMUBOCMAMU
uepes 6uUCOKy weudxicmv Giodezpadauii, wo eumazac ix noain-
WEeHHS 3 PAXYHOK 3MIHU XIMIMHO020 CKAA0Y CNIABY.

Zlna po3pobKu 106020 GiOPO3UUNI020 CNAABY HA OCHOBL
Mazniro, nididpani cucmemu nezyeanns, wo Haukpawe 6iono-
8idaromov 6CmManosleHuM Kpumepism.

3a 00nom02010 Memo0ié NAAHYBAHHS eKCNePpUMEeHmY
8UBUEHO OKpeMUil i CRINbHUIL 6NIUE UUPKOHIIO, HeOOUMY ma
UUHKY HA CMPYKMYPOYMEOPEHHS i MeXaHiuHi 81acmueocmi
Mmaznieozo cnaaey. Ilodydosano mamemamuuni mooeni, wo
ONUCYIOMb 6NAUE JCLYIOUUX eTleMeHMI8, W0 00CAI0NHCYIOMb-
Csl, HA MeXaHiuHi 61acmueocmi memany. 3 UKOPUCMAHHAM
ompuManux pieHaHb pezpecii nposedena onmumizauis ximiv-
H020 CKa0Y MA2HIE€6020 CNIABY.

IIpoeedeno npomucaogy i doxainiuny anpobauii imnaamn-
mamie 3 po3pooaenozo dGioposuuniozo cnaaey. Excnepumenmu
Ha meapunax niomeepounu i0CYmHicmo MOKCUHO20 6NJIU-
8y npodyxmis Oezpadauii po3pod/leno020 MazHIE6020 CNIA-
8y Ha scusuil opeanizm. Jlocaidxicenns enausy po3pooienozo
CnJIasy Ha penapamuéHull ocmezenes 6 eKCRePUMeHmi Ha Kpo-
JIAX NOKA3AN0 NOZUMUEHY OUHAMIKY 6IOHOGJIEHHA KICMK060i
mKanunu 6e3 nomimnux 3min 6 it cmpyxmypi, wo 3ade3neuye
Haoiline 3powYy8anns eleMeHmie KiCmox npu ocmeocunmesi.

Bcmanoeneno, wo imnaanmamu, éuzomosieti 3 po3pooae-
HO20 cnaasy, mMaromv HeoOXIOHUIL PiGeHb MEXAHIMHUX 6IACHU-
eocmeii, 6i0N0GIOHUN MEXAHIMHUM 6JLACMUBOCMAM KICMK0GOI
mxanunu. Ilpu ybomy, 6onu Hemoxcuuni i 3ade3newyroms naoii-
He 3poueHHs KicmKo60i mxanunu 00 n06Hoi KoHcoidauii nepe-
aomy. Ilozumueni pesynvmamu npogedenux excnepumenmis
00360110Mb 3POOUMU CRPUAMIUBGUT NPOZHO3 NPO MONHCAUBICMD
3acmocyeanns imnaanmamie 3 po3poosnerHozo 0i0OPoO3UUHHOZ0
cnaasy cucmemu Mg—Zr—Nd y nodunu

Kmouosi cnoea: nezysanvhi enemenmu, niany8anis exc-
nepumenmy, epanuus MiyHoCmi, 6iOHOCHe 6UO0BICEHHS, Ximiy-
HUil ckaad, onmumizayis
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25 % account for open fractures. Treatment of fractures

that do not heal without surgical fastening the pieces is

A large number of injuries are reported globally every
year. Among the injuries of musculoskeletal system, up to

performed by using implants made of different materials in
the form of various sophisticated structures (pins, needles,




