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DETERMINATION OF SUBSTANTIAL COMPOSITION OF GOLD-BEARING RAW
MATERIAL AND DEVELOPMENT OF TECHNOLOGY FOR ITS PROCESSING

Abstract: The studies to determine material composition of ore and develop the procedure for processing of oxidized ore from the
western flank of Karyernoye deposit with complex mineral and phase composition and low gold content were conducted. Urgency of these
studies is determined by difficulty of this type of crude ore processing, wherein basic metal - gold is scattered throughout various phases,
its content is low, and its recovery is very complicated at processing the same raw materials at plants. The representative technological
sample (TS-3) of initial ore, related to the oxidized type due to low content of sulfide sulfur, was taken. Based on substantial composition,
it represents hydrothermally altered sandstone, silty sandstone and siltstone with veinlets of quartz or carbonate-quartz composition, and
is characterized by gold-sulfide-quartz formation of the impregnated type. Phase and elemental compositions, forms of gold existence
and nature of its bond with ore constituents were examined by chemical, X-ray phase, X-ray fluorescence, rational, and assay methods of
analysis. Ore mineralization is pyrite, gold content in the sample is 0.44 g/t. Basic mineral constituents are quartz (45.0 %) and albite (3.5
%), whereas pyrite content is 1.4 %. According to the results of the rational analysis, gold is found in all four phases and mainly (72.4 %)
presented in rock-forming minerals in the form of fine-grained gold, significant amount of gold (24.1 %) - in the form associated with crystal
lattices of mineral carrier, and small amounts of gold occur in the form of native and quartz-covered. Three-stage ore gravity benefication
was carried out, and maximum gold recovery to concentrate was 47.2%. Closed-cycle flotation benefication (3 times re-cleaning) allows
recovery 64.7 % of gold into concentrate. Direct cyanide leaching of initial ore milled to —0.071 mm grain size class (80 % and 90 %)

allowed converting from 86.3 % up to 90.9 % of gold into solution.
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Introduction. So far, reserves of rich ores are
practically depleted, thus requiring involvement
of substandard raw materials with low content of
valuable components into the production field. The
known methods and techniques of processing of
gold-bearing ores are not always justified in respect
of these raw materials.

Quality of mineral raw materials from fields
mined and prepared for development is continuously
reduced throughout the world. Ores with low
contents of useful components (poor, very poor, non-
commercial), complex material composition and fine
dispersion degree (complex or refractory) are gaining
increasingly greater specific gravity. Use of traditional
procedures for processing of these ores is hardly
efficient, thus reducing investment attractiveness of
facilities and restraining development thereof [1-4].

The traditional method of gold recovery from ores
lies in flotation benefication, roasting and further
cyanidation of cinder. Albion, Leachox, Nitrox, Arseno
and other processes are applied to a lesser extent.
Perspective methods of processing of gold-bearing
rock include various types of hydrochlorination [5-7].

Most gold recovery plants (GRP) currently
process ores which contain sulfide minerals. Gold
in these ores is partially associated with sulfides,
and partially present in a free state. In most cases,
ores of this type belong to the category of refractory
ones. These ores are usually beneficiated by flotation
at modern gold recovery plants. Suffice it to say
that the fraction of enterprises applying flotation
comprises almost 90 %. Features of flotation as the
gold recovery method is the possibility to recover
gold in concentrate, not only free gold, but also that
having close association with sulfides. Different
gold recovery methods are used for processing
of ledge gold-bearing ores, though the main one
is cyanidation. Use of cyanides in gold mining is
based on their unique property which consists in
dissolution of this precious metal in presence of
oxygen with formation of the complex compound
being stable in the alkaline medium [8-11].

The purpose of this study is to examine material
composition of feedstock with low gold content and
develop the efficient method of gold recovery from
the abovementioned type of gold-bearing ore.
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Experimental part and discussion of results.
The representative sample, i.e. technological sample
(TS-3), was collected from the western flank of
Karyernoye field for the purpose of studies. In terms
of material composition it was oxidized ore which
represented hydrothermally altered sandstone (quartz-
carbonate), silty sandstone and siltstone with veinlets
of quartz or carbonate-quartz composition having
scattered pyrite impregnation. The ore under study
is characterized by gold-sulfide-quartz formation of
the impregnated type. Ore mineralization produces
pyrite. When preparing for studies, the entire sample
was crushed stage by stage to -0.071+0 mm grain
size, divided, intermixed and reduced in accordance
with the standard procedure, along with collection
of samples (subsamples) for process studies and
examination of chemical composition.

Individual samples were collected from ore
crushed and milled to 80 % of -0.071 mm and 90 %
of -0.071 mm grain size classes in order to perform
chemical, assay, X-ray phase, X-ray fluorescence, and
rational analyses. The following analysis methods
were also used to determine chemical composition:
atomic absorption and assay gravimetric ones.
Chemical composition of the TS-3 is as follows, % wt:
Fe O,—2.65;Fe —1.28;S0,-0.13;S* —0.043;

Sz_(sulﬁde) - 0287’ Ctotal B 04’ Corganic< 0.1 o
According to the results of the TS-3 sample assay
analysis, content of Au is 0.44 g/t.
Moreover, phase and elemental compositions were
examined using X-ray phase and X-ray fluorescence
analysis methods. The results are given in Tables

1 and 2

Table 1 — Phase composition of initial ore

Name Formula S-Q, %
Quartz, syn Sio, 45.0
Albite Na(AlISi,O,) 3.5
Muscovite-2M1 |(K, Na)(Al, Mg, Fe)2(Si, ,Al ,)O,,(OH), [2.4
Calcite Ca(CO,) 2.1

Iron oxide Fe.,O, 1.5
Pyrite Fege’S, 1.4
Gypsum Ca(S0,)(H,0) 1.1

Basic phase mineral constituents are quartz and
albite. Their mass fractions in samples are 45 % and
3.5 % respectively. Pyrite content in the sample is
1.4 %. It can be mentioned according to the results
of the phase analysis that the basic component (gold)
is associated with silicon-containing mineral such as
quartz, and occurs in sulfide minerals such as pyrite
and arsenic pyrite, which in their turn represent gold-
bearing minerals.
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Results of the X-ray fluorescence analysis of initial
ore are given in Table 2.

Table 2 — Element composition of initial ore

Name of Content in Name of Content in
elements samples, % elements samples, %
O 52.3 \Y 0.01
Ti 0.23 Cr 0.01
Na 1.46 Mn 0.03
Mg 0.45 Fe 1.89
Al 5.57 Cu 0.005
Si 30.3 Zn 0.007
P 0.07 As 0.03
S 0.33 Rb 0.005
Cl 0.01 Sr 0.007
K 1.62 Zr 0.01

Ca 1.37

Results of the rational (phase) analysis for
gold of milled ore (TS-3 sample) with 90 % of
-0.071 mm grain size are given in Table 3. These
data show forms of gold existence in the mineral
and nature of its bond with components of ore

Table 3 — Results of the rational (phase) analysis for gold

Forms of gold existence in the Gold distribution
mineral and nature of its bond with Initial ore
components of ore glt %
fine-grained in rock-forming minerals 0.42 72.4
visible native <0.01 1.75
associated with crystal lattice of 0.14 241
mineral carrier
quartz-covered <0.01 1.75
total in ore (according to the 0.58 100
balance)

It was established as a result of the rational
(phase) analysis that gold was found in all four
phases. It is mainly present in rock-forming
minerals in the form of fine-grained (72.4 %) gold,
significant amount of gold (24.1 %) is in the form
associated with crystal lattices of mineral carrier,
and small amounts thereof occur in the form of
native and quartz-covered gold.

Tests for gravity benefication, flotation benefica-
tion, and direct cyanidation of initial ore were carried
out for the purpose of development of the efficient
method of ore processing at the western flank of
Karyernoye field (TS-3 sample).

Gravity benefication was performed using
Knelson KC-MD3 3-inch centrifugal concentrator.
Experiment conditions: concentrator cone diameter is
7.5 cm, water velocity is 3.5 dm*/min, pressure is 15
kPa, and gravitational acceleration is 60 G. The three-
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stage benefication mode was developed to establish
the most efficient gravity benefication.

Table 4 — Results of three-stage gravity benefication

Sam- | Fraction Name Weight, | Yield, | Au, [Recovery
ple kg % g/t |of Au, %
TS-3 | 90-100 %, First 3.2 12.8 |0.47| 13.8
initial | -1.7 mm | concentrate
ore 1 90-100 %, | Second 156 |6.24 |1.88| 26.7
-0.5 mm | concentrate
90-100 %, Third 1.52 | 6.08 |0.48 6.7
-0.071 mm | concentrate
Combined concentrate | 6.28 [25.12(0.94| 47.2
Tails after three stages | 18.72 |74.88|0.31 52.8
Total 25.0 |100.0|0.44| 100.0

The data given in Table 4 show that 47.2 % of
gold reacted to form concentrates of all three stages
as a result of reduction to -0.071 mm during three-
stage gravity benefication of initial (quarry) ore; gold
content in combined concentrate comprised 0.94 g/t.
The predominant portion of TS-3 initial ore gold is
contained in crystal structures of light and organic
minerals which do not concentrate in the bowl cone
and are expelled by heavier minerals with insignificant
gold content. The gravity benefication method is
hardly efficient in this case.

Flotation benefication of the sample was then carried
out to determine optimal parameters of gold recovery.

Ore reduction to -0.071 mm class was performed
using the laboratory mill. The results of experiments on

determination of amount of -0.071 mm class depending
on reduction duration are given on Figure 1.
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Figure 1 — Dependence of yield of -0.071 mm
grain size class on grinding time

Laboratory studies were carried out using
standard Mekhanobr laboratory flotation machines
with chamber volume of 1.5; 0.75; and 0.5
dm’. Flotation was performed in the following
reagent scheme: butyl xanthate — collecting agent,
activity according to the certificate — 84.5 %;
T-80 - foaming agent, activity — 100 %;
copper sulfate — activating agent, activity — 65 %;
sodium sulfide — activating agent, activity — 100 %.
Flotation was performed in main water with pH
of 7-7.5 and pulp density of 30 %. Closed-cycle ore
flotation experiments were carried out in the optimal
mode on the basis of the study results obtained when
determining the flotation and reagent schemes. The
scheme of initial ore flotation in the closed cycle is

Initial ore

Crushing to 80%. -0.071 mm

Base flotation (t = 9 min)

Butyl xanthate — 80 g/t

T-80 - 72 g/t

»

v
First re-cleaning (t =7 min)

Second re-cleaning (t = 6 min) |

Butyl xanthate — 40 g/t
T-80 - 36 g/t

v
Control flotation (t =12 min)

) U
L T-80 - 18g1t
Third re-cleaning (t = 5 min)

A h 4

v
Gold-bearing concentrate

Figure 2 — Scheme of closed-cycle ore flotation
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given on Figure 2.

According to the results of scheme experiments
in the closed cycle given in Table 5, yield of gold-
bearing concentrate was 3.54 % with gold content of
4.57 g/t and gold recovery to concentrate of 64.71 %.

Table 5 — Results of closed-cycle flotation experiments

Name of products| Yield, % |Content, g/t Au| Recovery, % Au
Concentrate 3.54 4.57 64.71
Tails 96.46 0.09 35.29
Ore 100 0.44 100.00

In order to study efficiency of gold leaching from
initial ore, as well as to select the optimal cyanide
leaching mode, agitation tests were performed by
means of mechanical mixers and forced aeration using
ore milled to -0.071 mm with different concentrations
of cyanic solution. Results of cyanidation tests
to determine impact of grain size of milled ore for
indicators of TS-3 sample cyanidation, as well as 80
% of -0.071 mm and 90 % of -0.071 mm grain size
classes are given in Table 6.

Table 6 — Results of cyanidation tests of TS-3 sample

Process conditions Indicators
and results 80 %, -0.071mm | 90 %,-0.071 mm
Test 1 Test 2 Test 1 Test 2
Sample weight, g 100 100 100 100
Solution volume, ml 400 400 400 400
NaCN 0.05 0.1 0.05 0.1
concentration, %
pH 11.3 11.03 11.2 11.4
Duration, hours 24 24 24 24
With air supply + + + +
Content of Au in 0.44 0.44 0.44 0.44
initial ore according
to assay analysis,
g/t
Content of Au in 0.05 0.06 0.04 0.04
cake after leaching,
g/t
Recovery degree of 88.6 86.3 90.9 90.9
Au by cake, %

As can be seen from Table 6 data 88.6-90.9 % of
gold is recovered during cyanidation of TS-3 initial
ore sample, thus indicating that grain size of TS-3
ore reduction has impact on cyanidation indicators.
The degree of recovery of gold from ore with 80 %
of -0.071 mm grain size class comprises 88.6 %, and
from ore with 90 % of -0.071 mm grain size class —
90.9 %.

Conclusions. Substantial composition of the
technological sample was studied. Chemical, X-ray
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phase, X-ray fluorescence, rational, and assay

analyses of initial ore were performed.

Methods of gravity, flotation benefication and
direct cyanidation were used for the purpose of
determination of the recovery degree of all gold
phases.

Maximum gold recovery in concentrate under
conditions of gravity benefication was 47.2 % with
low quality of concentrates, whereas gold recovery
under conditions of flotation benefication was 64.7 %
after multi-stage re-cleaning, thus complicating the
process.

This ore sample taken from oxidized zones of the
field is easily cyanidable. Direct leaching of the TS-3
sample allowed converting from 86.3 up to 90.9 % of
gold into solution.

Based on results of completed studies, it is
recommended to process gold-bearing rock by direct
cyanide leaching of initial ore milled up to 90 % of
-0.071 mm grain size class.
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TYWHOEME

KapbepHoe KeH OpHbIHbIH, BaTbiC dnaHriHiH TOTbIKKaH KEeHiHe eHAey TeXHOMOrnsicbl OOMbIHLIA 3epTTeynep >Kyprisingi, keHaepain,
KypamblHAA anTbliHHbIH KOPCETKILLi TOMEH MUHEePanormsanblk xeHe dasanblk KypaMabl Kypaeni. 3epTTeyAiH e3ekTiniri 3epTrenin oTbipFaH
Tay-KeH LWKi3aTblH eHAeyre apHarnfaH Xep KblpTbICbIHbIH, LLeriHAiNepiMeH canbicTeipMansl TyYpAe avkbiHAanagel, MyHaa Herisri metann
anTTbiH KenTereH asanap 6oibIHLWAa anTbiH OpHanackaH , OHbl any YyLiH 3ayblTTapAarbl YKcac LWWKi3aTTapabl kanTa eHaey kubliHaanabl.
CynbumaTi KyKIipT KypaMblHbIH a3abifbIHaH TOTbIKKAH Typre aTaTblH 6acTankbl KEHHIH ekingik TexHonorusnelk ynrici (TrM-3) TaHaanagb!.
MatepuangbiH, Kypambl 60MbIHLWA rmapoTepmanbbl TYpAe e3repTinreH kymMTac, aneBporeHai Tactap XeHe kBapuTbiH, kKapboHaT-kBapL,
Kypambl Bap cuntctoHgap 6Gomnbin Tabblnagbl XeHe TapaTbiiFaH Typaeri anTbiH-Cynbgua-KBapUTbiH Kanbintacybl. Pasanblk >xaHe
3MNEMEHTTIK KOMMOo3nLMsanap, anTbiH i3gey dopmanapbl XXeHe OHbIH, pyAa KOMMOHEHTTEpIMeH GainaHbICbl XUMUSITbIK, PEHTTEH dhasachl,
peHTreHaik pnyopecueHTTi, paunoHanabl xaHe aHanu3 apiciveH 3eptTenegi. KeHai muHepangay - 6yn nuput, an anTblH CbiHamMagarbl
Kypam - 0,44 r / 7. KBapuTblk MUHepanaapablH Heriri kypamaac 6eniri 45,0 % »xoHe anbbuT 3,5 %, nnpuT KypambiHbiH 1,4 %. PaunoHangbl
TangaynapablH KOpbITbIHABICHI GOMbIHLLA, anTbiHHBIH 6apnblk TOPT dasackiHaa TabbinFaHbl xaHe HeridiHeH (72,4 %) Tay KblHbiCTayLLbl
MUHepangapga ycak aucnepcTi anTbiH TypiHAe TabbinfaH, on MWHepangblH MUHeparnblHblH KpUcTanablk TOpbIMEH GainaHbICTbl a3
mMernwepae enayip menwepae (24,1 %) keageceqi. TabuFn xeHe KBapuneH xabbinFaH. PyganapabiH yLw caTtbifibl rpaBUTaumsnblik 6anbITybl
)Ky3ere acblpbingbl, KOHLUEHTpaTTaFbl anTbiHHbIH €H, Ken anbiHybl 47,2 % kypagbl. dnotaums kesiHge TyhblK Lumknge 6anbiTy (3 Tasapty
onepaumschbl) KesiHae KOHLUEeHTpaTTaFbl anTbiHHbIH, KannbiHa kenyi 64,7 % kypagpbl. -0,071 mm (80 % xaHe 90 %) acTblk MeniiepiHe
ycakTanfaH TynHycka pydacblH UMaHuaneH wanmvanay epitiHgire 86,3-teH 90,9 % -fa geuiHri anTblHHbIH KOHBEpTaLUMsICbiHA MYMKIHAIK
Gepai.

TyWiH ce3pep: anTbiH KeHi, hrnotauusi, rpaBUTaLusi, rPaBUOKOHLIEHTPAT, (OoTauMsAsbIK KOHLEHTPAT, UMaHnatey
PE3IOME

MpoBeaeHbI ccrefoBaHus C LEMNbIO ONpeaeneHns BeLLeCTBEHHOMo cCocTaBa pyabl U pa3paboTkv TEXHOMOrMy nepepaboTky OKUCIEHHOW
pyabl 3anagHoro dhnaHra mectopoxaeHusi KapbepHoe CroXHOro MMHepanornyeckoro 1 pasoBoro coctaBa C HU3KUM CoAepxaHneM 305oTa.
AKTyanbHOCTb UCCrneaoBaHW ONpeaenseTcs CIOXKHOCTbIO NepepaboTky AaHHOTO BMAa PYAHOrO Cbipbs, e OCHOBHOW MeTansl - 30510TO,
paccesiH No MHOrMM asam v CoaepXaHus ero HU3Kue, U3BreYeHve ero NpeacTaBnsaeT TPYAHOCTM Npu NnepepaboTke aHanorMyHoro Cbipbs
Ha cpabpukax. OTobpaHa npeacTaBuTenbHasA TexHonornyeckas npoba (TM-3) ncxogHONM pyAbl, KOTOPas OTHOCUTCS K OKUCIIEHHOMY TuUMy
13-3a HU3KOTO copepxaHus cynbcunaHon cepbl. 10 BeLeCTBEHHOMY COCTaBy OHa MpeacTaBnsieT coboi rMapoTepmarnbHO N3MEeHeHHbIe
necyaHvkn, aneBponec4YaHnkn U aneBponuTbl C NPOXUIKamy KBapLEBOro, kapboHaT-kBapLIEBOro COCTaBa W XxapaKTepuayeTcs 30510TOo-
cynbumaHo-kBapLeBoy hbopmaLmert BKpanneHHoro Tuna. ®asoBblii 1 9N1EMEHTHbIV COCTaBbl, (hOPMbl HAXOXAEHUS 30110Ta U XapakTep ero
CBS13V1 C PyAHBIMU KOMMOHEHTaMM U3y4eHbl XMMUYECKUM, PEHTreHOda30BbIM, PEHTIEeHO(yOpeCLEHTHBIM, paLMOHanbHbLIM 1 MPOBUPHBIM
MeTogamu aHanuaa. PygHas MmuHepanusauusi — nupuT, cogepxanuve B npobe 3onota 0,44 r/T. OCHOBHbIE COCTaBMnsAOLLME MUHeparnbl KBapL,
-45,0 % v ansbuT - 3,5 %, conepxaHue nuputa - 1,4 mac. %. lNo pesynbratam pauMoHanbHOro aHanusa 3011070 06HapyXeHo BO BCEX
YeTbipex dpasax v B OCHOBHOM (72,4 %) HaxoguTcsa B MOpoaoobpasyolmx MUHepanax B Buae TOHKOAUCNEPCHOro 30510Ta, 3Ha4uTensHoe
konuyecTBo (24,1 %) B BUAe, CBSI3aHHOM C KpPUCTaNMYeCKMMK peLueTkaMm MuHepana HocuTens, B HeGomnblUMX KOMMYecTBax B BuAe
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CaMOpPOAHOro U NMOKPbLITOro kBapueM. [poBedeHO TpexcTaamanbHoe rpaBuTauMoHHoe oboralleHvie pyabl, MakcumarnbHOe U3BredYeHve
30M0Ta B KOHLeHTpaT coctaBuno 47,2 %. Mpu dnotauMoHHOM oboralueHMn B 3aMKHYTOM LiuKne (3 nepeyncTki) U3BreveHune 3omnota B
KOHLeHTpaT cocTaBuno 64,7 %. MNpsmMoe unaHuaHoe BhilenadvBaHue UCXOAHOW pyabl, U3MeNbYeHHOM Ao KpynHocTu knacca —0,071 mm
(80 % n 90 %), no3sonuno nepesectu B pacteop ot 86,3 4o 90,9 % 3onoTa.

KnioueBble crioBa: oOkuCreHHas 3o5ioTocodepxallas pyda, notauusi, rpaBuTauusi, TPaBUOKOHLIEHTPAT, (OrOTOKOHLEHTpAT,
LMaHnpoBaHve
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A. B. BAJIMXHUH*, O. 3. BAPKOBCKAA

Bcepoccuiickuii uncmumym nayunot u mexrnuueckou ungpopmayuu PAH, Mocxea, Poccus,
*e-mail: andrefrenc@gmail.com

HEPCHEKTUBBI U3BJIEYEHUSA PEHUA U3 BYIKAHUYECKHUX I'A30B. OB30P

Pestome: B cTtatbe paccMOTpeHbl MPOGnembl U3BIIEYEHUS PEHVST U APYTMX PEAKMX METaIoB U3 (hyMaporibHbIX ra3oB BynkaHa KyapsiBbiii
Ha octpoee Wtypyn. [JaH 0630p paspaboTaHHbIX M 3anaTeHTOBaHHbIX TEXHOMOrni u3snedeHns ReS, n3 BbliCOKOTEMNepaTypHbIX
BYIKaHMYECKMX ra3oB, a TakKe OnmMcaHo NepBoe B M1pe MECTOPOXAEHWE PEHNS, NpeAcTaBeHHOe (hyMaporbHbIM MONeM C AeACTBYOLLMMU
VCTOYHMKaMU rryBGuHHBIX oritonaoB. Ha ocHoBe KOMMIMEKCHbIX (OM3NKO-XMMUYECKUX UCCMNEAOBaHNIA ra3oBblX CTPYIM ByrikaHa nokasaH mx
CTaLMOHapHbIN XapakTep, aHa XxapaKkTepucTuka hyMapornbHbIX KOp, ON1CaH 1 NOATBEPXKAEH COCTaB NepBOro CO6CTBEHHOrO MUHepana
peHUs — peHunTa, faHa OLeHKa BblIHOCA METansfoB BYNKaHUYECKUMY ra3amMu, KOTopbIi MoxeT aocturate 20-36 1/rog. OCHOBHOWM Bknag,
B BaJIOBbI/ pacxof rasoB Ha ByrKaHe COCTaBMISIET 3MUCCUSA C MapsAWwmMx nrowanok, gocturarowas 20000 — 30000 T/cyT. npu ckopocTu
0,12-0,7 m/c, B TO Bpemsi Kak CKOPOCTM ra3oB MoLHbIXx cdymapon 8-120 m/c. MNpuBeneH 0630p COpOUMOHHOIO MeToda BbloeneHust
pPEHNSI N3 CEPHOKUCTbIX PacTBOPOB MOHWTaMU pasnu4yHbix Mapok. CaenaH BbiBOA O LleNiecoobpasHOCTU M3BMEYEHUS PEeHUs, UHOWS,
repmaHus 1 Apyrux MetannoB U3 eQuHCTBEHHOrO B Poccum 1 Myupe MecTopoxaeHusi, a hymaporbHble napora3oBble BbIOPOCHI ByrkaHa
MOXHO paccMaTpuBaTb Kak HOBbIN TUM YHUKaIbHOIO KOMMIIEKCHOrO MUHEPanbHOro cbipbsi. [Mpryem 06bem U3BMEYEHHOrO PeHUs MOXET
MOMNHOCTbIO YAOBINETBOPUTL MOTPEOHOCTM CTPaHbl U UCKMHOYUTL 3aBUCMMOCTb €€ NMPOMBILLNIEHHOCTM OT umMnopTa. MonyyaTtb peHuit B
NMPOMBILLIIEHHBbIX MacwTabax nnaHupyetcs B 2020 rogy. Pucku BMoxeHWin B NPOM3BOACTBO PeaKOMETaNIbHOTO KOHLEHTpaTa U3 rasos
3KCMepTaMm CYUTAOTCS OnpaBAaHHbIMU.

KntoueBble crnoBa: peHui, d)yMapoanble rasbl, yrnasnmBaHune, nssnevyeHumne, COp6Ll,VI$I, WNOHWUTbI, BYJIKaH Ky,u,pﬂanh, OCTpoB I/ITypyn

BBenenune. BricokoTemneparypHas peakoMeTa-
JpHAs maporasoBas cucTeMa BynkaHa KyapsBwlidi Ha
ocTpoBe UTypym yke 4eTBepTh BeKa PUBJICKAeT BHH-
MaHHUe HccieioBaTeNeld, C MOMeHTa OOHapyKeHHUs B
MpoAyKTax (yMaposl peAKOMETaUIbHOM MUHepasH-
3aruu. KpymHedmuii cnenuanuct B 00lacTé pen-
KHUX TYTOIIaBKuX MeTamuioB E.M. CaBurkuii mucai:
«MHorue peakue 3J1eMEHThI II0Ka ele MaJIo IIpuMe-
HSIOTCS B TIPOMBIIIJICHHOCTH W3-32 HEJIO0CTAaTOYHOTO
3HaHUS UX CBOWCTB. Y PEHUS ke OTKPHITO TAK MHOIO
TTOJIOKUTEIFHBIX KauecTB, YTO OH CTasl ocTpoaedu-
LMTHBIM MeTaisioM. JItoOble ero xonmdecTBa OyayT
MOIVIOUIEHBI MPOMBIIUIEHHOCTBIO. PeHuil — 310 Ha-
NEKHOCTH, MTPOYHOCTH, kKauecTBo» [1]. C pa3Butuem
BBICOKOTEXHOJIOTUYHBIX OTpacieil MPOMBIIUIEHHOCTH
peHmil Bce OOJbIe HCTONB3YyeTCS B JJIEKTPOHUKE H
JIEKTPOTEXHUKE, aBUAKOCMHUUYECKON M paKeTHOM TeX-
HUKE, XUMHUYECKOH MTPOMBIIIUIEHHOCTH.
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B cBs3u ¢ pa3BUTHEM paKeTHOM TEXHUKHU Ha TH-
TIeP3BYKOBBIX CKOPOCTSIX BO3MOXKHO HCIOJIH30BaHUE
peHUs KaK OIHOTO W3 KOHCTPYKIIMOHHBIX MaTepH-
aJOB JUISl TIOKPHITHH W CO3MAHHS JKApPOIPOUYHBIX H
YKapOCTOMKHX CIUTaBOB. XOPOIIIO U3BECTHO, UYTO B Ha-
e cTpaHe W APyrux Hamboyee pa3sBUTHIX CTpPaHAX
MHpa, UTyT WHTEHCHUBHBIE Pa0OTHI HAJ CO3JaHHUEM
THIEP3BYKOBBIX JieTarenbHbIX ammaparoB (I'3J1A),
Pa3BUBAIONINX CKOPOCTH A0 2 KM/C B IJIOTHBIX CITOSIX
atMocdepsl, B CBSI3U ¢ YeM TeMIleparypa Ha o0TeKa-
TEJSIX MOXKET JOCTHTaTh HECKOJIBKHUX TBICSY TPamy-
coB. B simepHBIX 60€BBIX OJIOKaX, aTaKyIOIMUX IETH
13 KOCMOCa, 9Ta MpodiiemMa pemaeTcs myTeM adsun
WU UCTIAPCHUS <OKEPTBEHHOTO CIIOS», O YEM TOBO-
pun l'enepampHblii KOHCTpYKTOp AO «BIIK HIIO
marmHocTpoeHus» [LA. Edpemon [2]. Ho ympasns-
embie [ 3JIA momKHBI COXPAHSTh adPOAMHAMIYCCKYTO
dhopmy. Hemb3s «3aTyIumsiTey u3Aenne, 4To0bl y HETO



