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Chemical-technological analysis of slags from the «Altynshoky» complex

A historical monument on the top of the Altynshoky hill, first described by Academician K.I. Satpayev in
1935, consists of the so-called «Timur’s Stone» and the mound, in the embankment of which there is a melted
rock, and whose purpose has not been clarified yet. The proposed work for the first time presents the results
of a multidisciplinary study of rock samples from the Altynshoky mound, the wreckage of a thermo-technical
structure, and debris of rocks exposed to high temperatures. Using laser atomic emission and X-ray fluores-
cence analysis, geological study of samples and high-temperature processing in laboratory”conditions, the
identity of their chemical and mineralogical composition is presented. It is shown that the rock composing the
hill and the rock from which the structure is built are identical and metamorphosed basalt. The fragments of
the red rock and the slag from the center of the structure according to the ratio of the main components,
namely, Fe, Si, Al and others are identical to the composing rock and were obtained from it without adding
any ores or fluxes. The possibility of obtaining samples of red color and black vitreous slag from the main
rock of the hill was confirmed experimentally. The geological study did not reveal the presence of metals in
meltable concentrations. As a result of the research it was established that the construction was not used for
metallurgical processes and apparently intended for other purposes; possibly ritual.

Keywords: laser inducted breakdown spectroscopy, X-ray fluorescence analysis, basalt, metabasalt, slag, his-
torical thermotechnical structure, Timur’s Stone, K.I. Satpayev; Altynshoky, Spireae hypericifolia.

Introduction

The Altynshoky hill (Karaganda oblast, Ulytau. region, located north-west of the Ulytau Mountains,
47 km west of the Zhezkazgan-Arkalyk route; 12.5 km west of Sarlyk settlement) was first surveyed in 1935
by the Kazakhstan geologist, future academician of the USSR Academy of Sciences K.I. Satpayev during
exploration surveys in the Central Kazakhstan. Atthe top of this hill an artificial stone mound with a truncat-
ed top and a depression in the center was found; among the stones there were numerous pieces of melted
slag. At the base of the artificial embankment there was the so-called «Timur’s Stone», which was a frag-
ment of a rock with inscriptions in two languages: three lines in Arabic and eight lines in the Chagatai lan-
guage made by Uighur writing [1]. In the scientific literature the inscription received a symbolic definition of
the «Karsakpay inscription of Tamerlan» (Karsakpay settlement was inhabited in 1930—40s and it was the
production point in the region near the Ulytau Mountains, where K.I. Satpayev worked). The stone was de-
livered in 1936 to the State Hermitage, to Leningrad (St. Petersburg), where it is still in the exposition on the
medieval history-of the Central Asia under the inventory code «cat. 195. Stone with the name of Timur.
Golden Horde1391» [2].

«Timur’s Stone» is an evidence of the real events of 1391 — the campaign of Timur against the Golden
Horde of Tokhtamysh, the part of the route that passed through the semi-desert regions of Betpak-Dala, past
the Ulytau Mountain chain. «Book of Victories»y — «Zafar-namey» was written in the first quarter of the XV
century. Sheref-ad-Din Ali Yazdi presented the testimony about one historical episode of this campaign:
«..For a joyful survey of that steppe (the Ulytau district as the comment of the Authors) Timur ascended to
the top of the mountain; the whole plain was all green. He stayed there that day, (then) a high order came
out, so that the soldiers brought stones and a high sign, like a lighthouse was put in that place. Master stone-
cutters inscribed on it the date of that day, so that to leave the reminder on the face of time» [3].

The Altynshoky hill is about 50 m high. Outwardly it is not remarkable for anything and does not differ
from other hills. But it is from its top that a wonderful view of the steppe panorama opens, with an expres-
sive profile of the bluish Ulytau Mountains on the horizon. Apparently, it is no coincidence that Emir Timur
chose precisely this peak for the construction of the installation of his memorable sign — a mound and a
stone with an inscription. K.I. Satpayev, after examining the stone collapse of the embankment and the slag
inside it, indicated that it was possible that the furnace for casting metal, lead was later installed in it.
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Further studies of the monument, as a rule, concerned the decoding or reconstruction of the route of the
march of the Emir Timur against the Khan Tokhtamysh [4]. One of the latest surveys was done by LLP «Ar-
chaeological expertise» in 2010 [5]. Archaeologists noted that «visual inspection <...> showed that, first of
all, we have the destroyed the structure of the furnace before us, where the rock was burnt». And they put the
question of the need to analyze the slag in order to understand the purpose of this structure.

Interdisciplinary study of the memorial sign of the Emir Timur’s «Altynshoky complex», using modern
methods of chemistry, geology and botany is conducted in the domestic practice for the first time. The aim of
the work is a chemical-technological analysis of the slag of the Altynshoky complex to understand its func-
tion. The obtained results can be used for the historical and cultural interpretation of this famous time mon-
ument of the Golden Horde.

Topography and arrangement of the Altynshoky complex

The investigated object is located on the top of the hill called Altynshoky, which enters the mountain
chain, stretching along the NW-SE line. In the southwestern side, the mountain range abruptly breaks to the
valley of the Jeti-Kyzriver and its tributaries. The river is the boundary between the Ulytau mountain system
and the Turgai trough. The height of the mound above sea level is 453.5 m, geographical coordinates are
N48°46,5125°/ E66°27,6445° [5]. The object is considered in the form of a historical. complex consisting at
present of an artificial embankment and a stone with an inscription (a modetn imitation-copy of the «Timur’s
Stone» made in the second half of the 1990s). The topographical diagram of the object is presented in Fig-
ure 1.
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Figure 1. Topographical diagram of the «Altynshoky complex». Prepared by M.A. Antonov

The artificial mound consists of green schist — metamorphosed basalt with, dark green in color. The
mound is oriented along the South-North line, with a slight deviation to the west. The external form of the
mound is oval; the inner form is eight-shaped, with two local depressions. In the profile the embankment has
the form of a truncated cone. The height of the stone embankment is 2.5 m, the dimensions of the base are as
follows: along the S-N line — 30.2 m, along the W-E line — 23.8 m. The dimensions along the upper
partare as follows: along the S-N line — 18.5 m, along the W-E line — 12.0 m. The depth of the inner space
is 1.3 m. The long axis is directed along the cliff edge [6]. The upper part of the embankment is made of
thermally altered (calcinated) green schist. Inside the computation and in its internal depressions there are
fragments of the calcinated green schist affected by temperature with large slag flows of 20x40 cm —
30x40 cm. Small stones (10x15 cm) with traces of melting and thermal alteration are also present on the out-
side of the mound, but in smaller quantity. Intensive roasting expressed by red-orange color indicates a
strong effect of fire on the rock of the hill. Of course, the mound for a while was slightly destroyed under the
influence of natural and anthropogenic factors. However, the complex, as a whole, has survived to our days
in a satisfactory condition.
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At a visual survey of the mound, ten dilapidated artificial holes were previously found in it, which were
located from the outside in the middle of the circle of the mound. Since the embankment of the structure is
partially destroyed, scattered, most of the holes were in the collapse zone. The shape of the cross-section of
the holes in the embankment is close to a rectangular, about 20-30 cm % 30—40 cm in size. They are decorat-
ed horizontally with tiles placed under bulk stone; sometimes the fallen side tiles are fixed. Most likely, these
holes belong to the air ducts, along which air was directed to the center of the structure, which was necessary
to intensify the burning of fuel. The high temperature during the burning of the fire is evidenced by a large
number of pieces of rock melted up to the slag inside the central part of the embankment. Unfortunately, it is
not possible to reveal the outline and design of the air ducts. On the basis of these studies, it can be stated
that there are artificially created holes located along the circumference of the middle of the mound, which, in
all probability, belonged to the air ducts.

Thus, it is obvious that in the mound there is a well-thought-out system of air ducts, which was original-
ly designed during its construction. It would be impossible to build a late furnace with canals into the mound
without destroying the mound to the base and carrying the stone with the inscription. Therefore, there is no
need to talk about a furnace of late origin in this building. The mound was conceived and built at the same
time as a thermo-technical structure (a construction designed to work with fire is meant by it) and as a mem-
orable sign of Timur. The channeling system for better draft of air was directed to the central deepening of
the mound, where a powerful fire was ignited, which melted the rock to the state of slag. The structure was
built on top, in a place where the wind was constantly blowing, contributing to the improvement of the natu-
ral draft necessary for an active influx of air to the fire.

Petrographic description of the investigated samples

Six samples of the unaltered rock composing the hill of Altynshoky were selected at its foot. According
to a macroscopic definition, the samples are a schist of green color, consisting of chlorite, epidote, and plagi-
oclase, fine-grained, presumably basalt metamorphosed under the conditions of the green schist facies of re-
gional metamorphism. In the rock, veinlet of quartz 1-2 ¢m thick are observed with an epidote rims and with
fine dissemination of magnetite.

Two samples of rock taken from the top ofithe hill (the place of the fireplace) are the same green
schists, subject to varying degrees of high temperature effect from calcinations up to melting. One sample is
very fine-grained schists of the reddish-brown color acquired during firing. Another sample is a slag of black
color, a glassy texture, a bubbly structure, that appears to have been formed as a result of the melting of the
rock at high temperature. The remains of charred vegetation are preserved in the slag.

Slag, as it is known, is a product or waste of smelting, which can be formed not only during metallurgi-
cal processes. In this case, the chemical analysis of the slag-like rock makes it possible to establish the possi-
bility of using the structure for metallurgical purposes and to determine the origin of the slag from the rock
composing the Altynshoky hillock or from other sources.

Modeling of metabasaltcalcination conditions

In order to test the possibility of modifying the rock composing the Altynshoky hill, under the influence
of high temperature, the samples were heated in a muffle furnace in an air atmosphere. When heated to
1000 °C for 2 hours, the natural color of the surface of the sample (dark green) was replaced by a dark red,
similar to the:color of the surface of the stones at the top of the hill, which fell into the fire zone (Fig. 2).
When calcining to 1000 °C, samples cracked, and some of them formed a glassy flow.

Figure 2. Samples of native (left) and calcined at 1000 °C
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When the temperature is raised to 1100 °C, the samples begin to melt. In order to simulate the historical
conditions, 2-3 pieces of birch coal were added to the sample of roughly crushed rock (5-8 mm) in an
Alundum crucible and heated at 1100—1150 °C for 4-5 hours. At the same time, the rock melted and the for-
mation of black slag visually similar to the historical sample occurred (Fig. 3).

Figure 3. Slag in a crucible and a historical sample

The visual similarity of the samples suggested that the historical samples were obtained under similar
conditions and had the same chemical composition. A comparative qualitative analysis of the samples was
carried out using the LIBS Matrix Continuum Laser-Induced Breakdown Spectroscopy. The quantitative de-
termination of the main elements and the geological identification of the minerals were carried out using the
NittonX X-ray fluorescence analyzer.

Spectrometric study of samples

Recently, archeological studies have begun to use atomic emission spectroscopy with the laser excita-
tion of the spectrum [7]. For archaeologists, minimal damage to the sample during analysis, the possibility of
point measurements and other advantages of the method are important [8]. The considerable heterogeneity of
the samples makes it impossible for them to be quantitatively analyzed by the LIBS method without the
complete destruction. Qualitative and comparative. semi-quantitative analysis of samples of primary
metabasalt, historical calcined metabasalt and slag, calcined metabasalt and slag obtained in the laboratory
were carried out using a LIBS spectrometer.

In the spectra of all samples, intense lines of silicon, aluminum, titanium, iron, magnesium, and calci-
um, as well as other elements presented in small amounts, were detected. Fragments of the atomic-emission
spectra of the samples are shown.in Figure 4 (a-d).

As it can be seen from the fragments of the spectra, the intensities of the lines of the major elements
(silicon, iron, magnesium and aluminum) are fairly close, taking into account the relatively high error in the
analysis of heterogeneous objects. The intensity of the titanium lines in the historically burned (but not re-
fined) sample is reduced, which is probably due to chemical leaching for nearly 700 years after baking.

Statistical evaluation of the reliability of the conclusions made on the basis of LIBS data was carried out
using the coefficient of variation (1).

_o _ (x—x)
C, == (1), where 1/z—n .

The basis for the statistical evaluation was the following known regularities [8]: 1) random factors af-
fect the intensities of an individual spectral line more than the intensity ratio of the two lines; 2) concentra-
tion of any element in a single sample is a constant value, so the scatter of intensities of different spectral
lines of one element depends only on random factors. Therefore, comparing the coefficients of variation for
the ratio of the intensities of the lines of one element and the ratio of the intensity of the lines of different
elements, one can judge as the identity of the spectra of the samples.

Table shows the measured values of the radiation intensities at different wave lengths, their ratios in dif-
ferent combinations, and the values of the coefficients of variation determined for them. As it can be seen
from the data in the table, for aluminum lines, the coefficients of variation of the ratio of line intensities lie in
the range of 3.9-23.7 %, silicon — 4.9-11.6 %, iron — 16.6-23.1 %. The coefficients of variation for the
ratios of the intensities of the lines of different elements are: Al/Si — 3.6-24.9 %; Al/Fe-14.6-21.6; Si/Fe is
8.7-22.2 %.
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Figure 4. Fragments of atomic emission spectra of samples

Since the coefficients of variation for the ratio of the intensities of the lines of one element are close to
the variation coefficients for the ratio of the intensities of the lines of different elements, we can state that the
ratio of the concentrations of iron, aluminum and silicon in all samples is very close, and the origin is the
same.

A comparison of the data of the quantitative X-ray fluorescent analysis of a sample of slag and the av-
erage chemical composition of basalt [9] using X-ray fluorescence analysis is shown in Figure 5. The graphs
are similar in shape, which indicates that the rock composition, represented by slag, is close to the chemical.
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Figure 5.Comparison of the results of chemical analysis of slag samples
and the average chemical composition of basalts

The chemical composition of three samples of rock subjected to different degrees of temperature influ-
ence, one sample of laboratory slag and six samples of rock from the middle of the foot of the hill was stud-
ied. To compare the results of the chemical composition of rock samples, graphs of geochemical spectra of
concentrations of chemical elements characterizing these samples were constructed (Fig. 6). Clark concentra-
tion is the ratio of the element’s content in the rock to the clark element.in the earth’s crust.
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Figure 6. Geochemical spectra of clarks of chemical concentrations elements in the rock samples
from the mound of the Altynshoky hill. From top to bottom: metabasalt, calcined metabasalt,
slag sample from the mound, slag received from basalt sample in the laboratory

When comparing the graphs, the identity of the qualitative chemical composition of all samples and the
closeness of their quantitative composition is observed; all the graphs are parallel. The concentration clusters
of such metals as Au, Ag, Pb, Cu, Sn, Zn, Fe, Mn do not exceed 1, which indicates a low concentration of
these elements in the samples of the original rock and effects of temperature exposure. Obviously, the origi-
nal rock cannot be an ore for smelting iron, silver, copper, gold or lead.

Comparing the samples obtained by heat treatment of the native rock from the Altynshoky hill, as well
as the data of the Leningrad Nuclear Power Plant and the X-ray fluorescence analysis of the samples of the
historical calcined and fused rock, it should be noted that there is a coincidence of their chemical composi-
tion, i.e. burned and melted samples are obtained from the original rock of the hills, without the introduction
of other mineral components. To obtain any of the metals that make up the rock of the Altynshoky volcano
in a free state in the conditions of a fireplace is not possible because of their relatively low concentrations.
Thus, the formation of slag occurred not as a result of metallurgical processes.
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Characteristic of probable fuel

In this area of Ulytau as a fuel, a shrubby plant of the Rosaceae family could be used — Spiraea
hypericifolia L. (the Kazakh name is shaykuraitobylgy). This shrub up to 150 cm high, with brown rod-
shaped branches with umbrellas of flowers, grows in mass on ravine and stony slopes in the steppe, forest-
steppe zones, in bushes and on the banks of mountain rivers. Branches and wood of the Spiraea hypericifolia
along with other substances contain essential oils and resins. Spiraea hypericifolia burns well and quickly
and with its smoke, the Kazakh fumigate sabu — a leather or wooden container for making kumys. They use
smoldering stalks of sturgeon to smoke horsemeat, lamb. In the area of the Altyshoky hill, the Spiraea
hypericifolia grows at the foot, in the hollows, on the stony slopes of the hills. Here it is a mass artisanal
formation [10]. Its burnt branches were preserved in the pores of the slag, and it was used as a«combustible
material for the fireplace. Spiraea hypericifolia burns quickly, giving a strong heat. Basalt rock, as the exper-
iment has shown, melts to a slag state at a temperature of 1000—-1100 °C. Consequently, the fire demanded
more fuel, capable of giving a fire of heat. According to [11], the burning temperature of some types of wood
can exceed 1000 °C. An even higher temperature, up to 1300 °C, can be achieved by burning charcoal with
air purging [12]. With the simultaneous loading of a large number of branches into the fire, there is a tempo-
rary lack of oxygen and the formation of charcoal, which subsequently leads to high-temperature combus-
tion. Apparently, the burning of the fire, lit by the soldiers of Timur, in this regime led to the melting of
metabasalt.

Conclusion

Based on the carried out studies using the methods of natural sciences, the following reconstruction of
the Altynshoky complex is proposed:

* the structure at the top of the hill is a thermo-technical structure in the form of a mound with a notch
in the center and a system of traction air ducts arranged and passing inside the mound;

* the structure was not intended for metallurgical smelting, it probably was built with the purpose of
building a powerful fireplace in it, the fire in which burned for 2—3 days;

* as a result of the high temperature of the fire‘burning in the excavation of the embankment, the rock
was melted prior to slag formation on its surface;

» the fire of the bonfire affected the rocks"in the central part of the mound and the openings of the air
ducts, leaving spots of fires;

* the flame of the fire burning in the central depression of the mound did not affect the stone with the
inscription, which was apparently installed prudently at the base of the mound.

So, as a result of spectral analysis.and geological study of slags and rock rocks, we came to the follow-
ing conclusions:

» the historical complex-of Altynshoky consists of a thermo-technical structure that has been preserved
in the form of a mound and a stone with an inscription;

« this heat engineering structure is not classified as a metallurgical furnace and it was intended for the
construction of a fire with a high combustion temperature, which resulted in firing and melting of metabasalt
rock;

* Altynshoky complex as a memorable sign of the Emir Timur combines utilitarian and sacral functions
and appears as a ritual object, whose historical and cultural interpretation is waiting for its solution.
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«AJTBHIHIIOKBI» KellleHiHeH aJIbIHFAH KOKIBIH XUMHSIJIBIK-TEXHOJIOTUSIIBIK TAJAaYbl

1935 k. amramr per akamemuk K.U. CornaeB cumartaraH AJTHIHIIOKBI LIBIHBIHIAFBl TAPHUXH ECKEPTKILI
«TeMipmin TacbiHaH» KoHE KypaMbIHIa Oedricis MaKcaTTa epiTiIreH Tay >KBIHBICHI 0ap KOpFaHHAH TypaJbl.
YCHIHBUIBII OTBIPFAH Makajiaja aifalll pPEer ANTHIHIIOKbI IIbIHBIHAH aJbIHFAaH Tay JKbIHBICTAPBIHBIH,
JKBUTYTEXHUKAJIBIK KYPBUIBICTHIH KaJAJBIKTAPHIHBIH, JKOFaphl TEMIEepaTypa dCepiHe YIIbIparaH Tay >KBIHBIC-
Tapbl CHIHBIKTAPBIHBIH MTOHAPANIBIK 3€PTTENy HOTIKelepi kenTipinai. Jlasepiik aTOMIbI-9MUCCHOHIIBIK JKOHE
PEeHTTeH(IIyOPECLCHTTIK Taliay KOMETiMeH, YIriiepi TeoJOTHsUIBIK 3epTTey JKOHE J1abopaTOpHsIIBIK
Karaaiija JKorapel TEMIEPaTypalblk. ©HJCY apKbUIbl OJAapIblH XUMHSUIBIK JKOHE MMHEPAJIOTHSIIBIK
KYPaMBIHbIH Oipereiuiri- ¥ChHbULAbL. LIIOKBIHBI JKOHE KYPBUIBICTBI KYPaHTBIH Tay XXbIHBICTaphl Oiperei
eKeHIr1 KOpCeTLIin, OHBIH -0a3albT eKeHi aHbIKTaaabl. KbI3bUT TYCTI Tay JKBIHBICHI JKOHE KYPBUIBICTHIH
OpTachIHAH albIHFaH KoX Fe, Si, Al koHe Tarbl 0acka Heri3ri KOMIOHEHTTEpiHIH apa KaTbIHAchl OOMbIHIIA
IIOKBIHBI KYPaHTBIH JKBIHBICIIEH Oipereil >koHe ofaH KaHmai na Oip KeH HeMece (IIFOC KOCHACHI3 aJIBIHFaH.
Ke3bIT TYCTI YATiNIEpAl %KoHE Kapa TYCTi HIBIHBI TOpi3fec KOXKIbI MOKBIHBIH HETI3Ti Tay >KBIHBICHIHAH ay
ToXipnOe <6apbIChIHNA . ToNeNIeH l. [ eoNoTHsIIBIK 3epTTeyiiep OAJKBITYFa KaXeT KeJIeMJIEri MeTalibIH
JKOKTBIFBIH  @HBIKTAABl.  3epTT€y  HOTWIXKECIHAE  KYPBUIBICTBIH ~ METANIyprHSUIBIK  YZepic  YIIiH
naiiiaaHbIMaralbl Oenrii 60k, maMacsl, o1 6acka, MyMKiH, paciMIiK MaKcaTTa KOJIIaHbLIFaH.

Kinm_ co30ep: naszepiik aTOMABI-MUCCHOHABIK CIEKTPAIIbl Tannay, PEHTICHOQIIYOPECUEHTTIK Tanjiay,
6azanpT, Meraba3anbT, KOXK, TapUXH JKbUIyTEeXHUKAIBIK Kypbuibic, Temipain tacel, K.U. Cormaes,
AJTHIHIIOKBI, TAWKypail TOOBUIFBL.

B.H. ®omuHn, 2.P. Ycmanosa, P.M. Kymames, A.B. Tlokycaes,
I'. Morysa, X.b. Omapos, 10.10. Kum, M.IO. Nmmypatosa

XMMHKO-TeXHOJOTHYEeCKHI aHAJIN3 IJIAKOB U3 KOMILIEKCa «AJTHIHIIOKbI

Hcropuyeckuii HaMsATHUK Ha BEpIIMHE CONKH AJITHIHIIOKBI, BIEPBbIC ONMUCAHHBIA aKaJEeMHKOM
K.H. CatnaeBeiM B 1935 T., COCTOMT U3 TaKk Ha3bIBAEMOTO «KaMHsS THMypa» M KypraHa, B COCTaBE HACBIIH
KOTOPOTO €CTh OIUIABJICHHAS TI0POJIa, U €ro HAa3HAUCHHE JI0 CHX MOpP HE BBIICHEHO. B mpemiaraemoii cratbe
BIIEPBBIC TPUBENICHBI PE3YIbTAThl MYJIbTHAUCIUILIHHAPHOTO UCCIEIOBAHHS 00pa3I[OB MOPOIBI C CONKH All-
TBHIHIIOKBI, 00JOMKOB, CIArafoliX TEIUIOTEXHHYECKOE COOPYKEHHE, U OOJOMKOB HOPOMBI, MOABEPTIINXCS
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JEUCTBUIO BBICOKOH TemmepaTypsl. C TIOMOIIBIO J1a3€PHOT0 AaTOMHO-3MHCCHOHHOTO U  PEHTIEHO-
(ITyOpeCLIeHTHOTO aHaJIN3a, Fe0JOTHYECKOro N3y4eHus 00pa3LoB ¥ BEICOKOTEMIIEPATYPHOH X 00paboTKu B
71a60paTOPHBIX YCIOBUAX MOKa3aHa WAEGHTUYHOCTh MX XMMHUYECKOTO M MHUHEpaJorHndeckoro cocrasa. IlToka-
3aHO, YTO 3€JICHOBATAs IIOPOJIA, ClIAraloiasi CONKY, M IIOPOJa, U3 KOTOPOH CI0KEHO COOPYXKEHHE, HACHTUIHE
W TIpeACTaBISIIOT coboi Oa3ansT. OparMeHTHl HOPOIBI KPACHOTO LBETA M IITAK M3 IEHTPA COOPYXKEHHsS IO
COOTHOIICHUIO OCHOBHBIX KOMIOHeHTOB — Fe, Si, Al u 1p. — WJICHTHYHEI clararonieil ConKy Iopoje U Io-
JIydeHbl n3 He€, 6e3 no0aBlIeHNs KaKuX-T00 pyx min (GirocoB. Bo3MoXHOCTE oydeHnst 00pa3oB KpacHo-
TO I[BEeTa U YEPHOTO CTEKJIOBUIHOTO HIJAKa U3 OCHOBHON MOPO/BI COTKHU TOATBEPHKIEHA 3KCIEPUMEHTAIBHO.
I'eonoruueckoe nccienoBaHue HE BBISIBUIO MPHCYTCTBHS METANIOB B MPUTOJHBIX JUIS BBITUIABKH KOHLIEH-
Tpanusx. B pe3ymbraTe nccieoBaHus yCTaHOBIEHO, YTO COOPYXKEHHE HE HCIONb30BaNOCh ISl MPOBEACHHUS
METaJUTyprHYECKUX MPOLIECCOB U, BUANMO, MPEeIHA3HAYATIOCh AN APYTHX LieNiel, BO3MOXKHO, PUTYaIbHBIX.

Kniouesvie cnosa: na3epHblil aTOMHO-3MUCCHOHHBIN CIICKTPAJIbHBIA aHAIN3, PEHTTCHO(ITYOPECIICHTHBIN aHa-
3, 0a3anbT, Meraba3anbT, [UIAK, HCTOPHYECKOE TEIUIOTEXHHUYECKOE COOPYKEHHE, KameHb Tumypa,
K.U. CarnaeB, ANTHIHIIOKBI, TABOJTa 3BEPOOOCITHCTHAS.
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