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LUYHIrUT — NPUPOAHbBIVN MUHEPaJIbHbINA COPH6EHT,
MPOMEXYTOUYHbIN NPOAYKT MeXAY aMOpPHbIM
yrnepoaom v rpapuTom, coaepikalmm

yrnepoga - 30, kBapua — 45, cunmkaTHom

cnabl — 0Koo 20 Mac.%. LUYHrMToBbIN yraepopg, —
okameHesLlee pyiepeHocoaepKallee BELW,ecTBO
OpraHM4YecKnx JAOHHbIX OT/IOXKEHMUW BbICOKOrO YPOBHS
Kkap6oHusauuun. Konuyectso pynnepeHoOB pasHUTCS
ot 0,0001 o 0,001 mac.%. bharoaaps yHuKaabHOM
CTPYKType u cogepxaHuto pynnepeHonono6HbIx
coefMHEHUI WYHIMTOBbIe NOPOAbl UMEIOT LUIMPOKUM
CMeKTp CBOMCTB. DTO N0O3BOJISeT HAAEeATbCSA HA HOBOE
npuMeHeHMe MUHepana n Tpebyet 6onee rny6okoro
M3y4YeHM1s ero CTpyKTypbl U CBONCTB C MOMOLLbIO
COBpeMEeHHbIX METOA0B.

enecoobpasHO paccMOTpPeTb BOIPOCH IIPH-

MEeHEeHHS Ba’KHBIX KOMIIOHEHTOB IIYHIHUTA -

dynnepeHoB. X 0COO@HHOCTH COCTOUT B TOM,
YTO aTOMBI yIJIepOAa PAaCIIONIOKEHBl B BepUIMHAX
[IPaBHJIBHBEIX IMIEeCTH- U MSATHYTOJbHUKOB, IIOKPBI-
BAIOIIUX IIOBEPXHOCTh TI'PaPUTOBOU Cheprl HIIHU
3/IMIICOUAA U 06pa3yomKUX 3aMKHYTble MHOIO-
FPaHHUKH, COCTOALIMe H3 YeTHOrO 4YMC/a aTo-
MOB yIJIepofia B COCTOSHHM SpP>-THOpHIM3AIMU.
Takue aToMBl CBSI3aHBI MeXAYy CO60M KOBaJIeHT-
Hou C-C-cBSI3bIO, AJIMHA KOTOPOM B HSITHYLO/b-
HuKe - 0,143 HM, B mecTUyTronbHUKe - 0,139 HM [1].
MoJiekyibl Qy/iepeHOB MOTYT CofepKaTth 24, 28, 32,
36, 50, 60, 70... aTomoOB yriaepoaa (puc.l). @ynnepeHsl
C KOJINYeCTBOM TaKHX aTOMOB MeHbIIe 60 HeyCTOu-
YHBBL. BeIicIIHe QyIaepeHEl C YUCIOM aTOMOB yIJIe-
poma 6osee 400 06pa3yloTcs B He3HAYMTEIbHBIX
KOJIMYeCTBaX M 4acTO MMEKT HOBOJBHO CJIOKHYIO
H30MepHIO.

dynnepeHbl MePCIeKTUBHEL [Jig HUCIIOJb30Ba-
HHUS B HAHOTEXHOJIOTHAX, MUKPO3JIeKTPOHHUKe,
MeIHIINHe, KOCMHYECKON U BOGHHOH TeXHHKe,
B MAaIIMHOCTPOEHUH, IIPU IPOU3BOACTBE TEXHHU-
YeCKOM MPOAYKIMH, CTaleld U CIJABOB, CTPO-
HMTeJbHBIX, OTHEYIIOPHBIX MaTepHUaJOB, KPACoOK,
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Shungite is a natural mineral sorbent,
intermediate product between amorphous
carbon and graphite, containing (in % by mass):
carbon - 30, quartz - 45, silicate mica — about
20. Shungite carbon is fossilized fullerene-
containing matter of organic bed deposits of a
high level of carbonization. Amount of fullerene
in it varies from 0.0001 to 0.001 (in % by mass).
Due to a unique structure and content of
fullerene-like substance shungite mineral has

a wide spectrum of interesting properties. It
allows to hope for discovery of new areas of this
mineral application and requires deeper study of
its structure and properties with use of modern
methods.

t is reasonable to consider questions of application

of important structural components of

shungite - fullerenes. Their special feature is in
the fact that atoms of carbon are located in corners of
regular hexagons and pentagons, making a surface of
a graphite sphere or an ellipsoid and forming closed
polyhedrons, consisting of even number of atoms
of carbon in a sp?-hybridization state. Such atoms
are bonded to each other by a covalent C-C bond,
and a corresponding distance (between atoms) in a
pentagon - 0.143 nm, and in a hexagon - 0.139 nm [1].
Molecules of fullerene can contain 24, 28, 32, 36, 50, 60,
70 ... atoms of carbon (Fig.1). Fullerenes with number of
such atoms less than 60 are unstable. Higher fullerenes
with number of atoms of carbon more than 400 exist
in small amount and often they are characterized by
complex enough isomerism.

Fullerenes are promising for use in nanotechnologies,
microelectronics, medicine, space and military
engineering, in mechanical engineering, production
of equipment, steels and alloys, building, refractory
materials, paints, fine-dispersed powders, in water
purification, in medicine (as carriers of drugs). On the
basis of fullerenes scientists have developed viricides
and anticancer preparations, use of which will allow to
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TOHKOJHUCIIePCHBIX IIOPOIIKOB, B BOJLOOYHUCTKE,
B KaueCTBe HOCHUTeJeH JIeKapCTBeHHBIX Mpelapa-
ToB. Ha ocHOBe dynmepeHOB pa3paboTaHbl MPOTH-
BOBHPDYCHBIE€ K IIPOTHBOPAKOBLIE IIPEIIapAThI, BBE-
AJeHHe KOTOPhbIX B OPraHM3M IIO3BOJIHUT I/I36I/Ipa‘
TeJIbHO BO3[eHCTBOBAaTh HA IIOPa’keHHbIe KIeTKH,
IIPOTHUBOJEHNCTBYSI UX Pa3MHOXeHHI0. OCHOBHOe
[IPesaTCTBHE IIPH HUCII0/Nb30BAHUH CHHTETUYRCKHUX
bynnepeHoOB - UX BHICOKas CTOMMOCTb, KOTOpas
B 3aBHCHMOCTH OT Ka4yeCTBa U CTeIIeHH YHUCTOThI
3THX MaTepHasioB cocTasasger oT 100 go 900 mos.
3a 1T, MO3TOMY HMOMUCK HPUPOSHBIX QyjIIepeHOoCco-
JepKallkuX MHHepajoB ~ IIepCIeKTHUBHOe HallpaB-
JTeHHe COBPeMeHHBIX HCCIefoBaHUHU. K TakuM
MaTepHajaM, B YaCTHOCTU, OTHOCHUTCS IIYHTHUT.

CTPYKTYPHbIE CBOMCTBA U COCTAB WIYHIUTA

[Io cTPyKType IIYHTHUT IpelcTaBiaseT cobou
aMJoTpONHYI0 dopMmy yriaepona [2]. B ero coctas
KpoMe yriepopa Bxoxnsart SiO, - 57,0; TiO, - 0,2;
Al,0; - 4,0; FeO - 6; Fe,0; - 1,49; MgO - 1,2; MnO -
0,15; K,0 -1,5; S -1,2 mac.%. [IJIOTHOCTb IyHTUTA
coctaBnsetT 2,1-2,4 r/cM3; mOpUCTOCTD - A0 5%;
IIPOYHOCTDb Ha cXaTHhe - 100-120 MIla; ko3dpduLu-
@HTBI 3JIEKTPO- U TeIlJIONIPOBOAHOCTH — 1500 Cm/m
u 3,8 BT/MK, COOTBEeTCTBEHHO; a,ELCOpﬁLII/IOHHaH
e@MKOCTB 0 20 M2/T [3].

LHIyHTUTH pa3IU4aOTCs 10 OCHOBe (AJIIOMOCH-
JIMKATHBIE, KPeMHUCTHe, KapOOHATHEIE) U KOIHYe-
CTBY WIYHTUTOBOTIO yruepona. IIopoasl ¢ CHIKMKAT-
HOI OCHOBOI I10 COfep>kKaHUIo yriaepona (Mac.%) oA~
pa3zmensiloTCa Ha HU3Ko- (MeHee 5), cpenHe- (5-25)
1 BBICOKOYTIJIePOAUCTHIe - (25-80% yriepoma) myH-
TUTEHI (puUc.2).

KpHucTanmisl TOHKOMOJIOTOIO IIYHIUTA 06/1afatoT
BBIpaskeHHBIMHU OUIIONSPHBIMHU CBOMCTBAMU — OHHU
M MeIOT BBICOKH I YPOBEHD a/iT€3UU U CMEIINBAIOTCA
IIpaKTH4YeCKH CO BCeMH BellleCTBAMHU. KpoMe 3Toro,
IIYHTUT aiICOPOLIMOHHO aKTHBEH 110 OTHOIIEHHU IO
K HeKOTOPhHIM 6aKTepHUANBHBIM KJIeTKaM, daram,
IaToreHHHIM canmpodurtam [4]. ITo obBsicHSETCS
HAaHOCTPYKTYPOK U COCTAaBOM 00pa3yOLIKUX ero sje-
MEeHTOB - YI/IepoJi pPABHOMEPHO pacIpejiesieH B Kap-
Kace M3 MeJIKOJHCIIePCHBIX KPUCTAJI/IOB KBapLia pas-
MepoM 1-10 MKM [5], 4To OATBepKAEHO HUCCIe0Ba-
HUSIMHU YAbTPATOHKUX LIJIMPOB IIYHTUTA C UCIIO/Ib-
30BaHHe PACTPOBOH 3JIeKTPOHHON MHKPOCKOIHH
B IIOIVIONI€HHBIX U 0OPAaTHO pPacCesIHHBIX 3TeKTPO-
Hax (cM. puc.2).

IlyHruTOBOE YyIrJepOoAHOe BeLeCcTBO — IIPO-
OYKT BBICOKOM CTeIlleHU KapbOoOHH3aI[MU COCTaBa
(mac.%): C - 98,6-99,6; H - 0,15-0,5; (H + O) - 0,15-0,9.
PeHTreHOCTPYKTYpHbBle MCCIeJOBAaHUS IIOKa3alH,
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Puc.1. ®yanepeHsi ¢ paznudHbimM KOAUYECMBOM
amomos y2nepodd
Fig.1. Fullerenes with different number of atoms of carbon
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Puc.2. Maccoebili % yzaepoda C (CnAOWHAS AUHUS) U OUOK-
cuda kpemHus SiO, (nyHkmup) 8 npo6ax wyHzuma (amom-
HO-IMUCCUOHHAS cnekmpogomomempus)

Fig.2. Mass % of carbon (C) and silicon dioxide (SiO,) in shungite
samples (atomic emission spectrophotometry)

influence selectively on affected cells, counteracting
their reproduction. The basic hindrance at use of
synthetic fullerenes - their high cost, which depending
on quality and purity of these materials makes from 100
to 900 US dollars for 1 g, so search for natural fullerene-
containing minerals is a perspective direction of modern
research. Shungite is one of such minerals.
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Yrnepog
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CunnkaTbl
Silicates

Puc.3. Cmpykmypa wyHzumosot nopodsl. Cmpeakamu
NOKA3aHbl KApKAc U3 duUCNepcHoz0 K8apua u pagHOMEepHO
pacnpedeneHHbill 8 Hem yz2aepod (PIM: 06aacmb CKaHUpo-
8aHug — 100 x 100 mkm, pa3petueHue — 0,3 HM, yseauye-
Hue - 500000)

Fig. 3. Structure of a shungite mineral. Arrows show a skeleton
of fine-dispersed quartz and uniformly distributed in it carbon
(REM: scanning area - 100 x 100 p, resolution - 0.3 nm,
zoom - x500000)

YTO OHO NpeACTaBasieT co60K TBepABIH YITIepos,
KOTOPBIM HAXOJUTCS B Pa3/IMYHBIX COCTOSTHHUAX: MaK-
CHUMaJIbHO Pa3yNopsL0oueHHOM, 6TH3KOM K IPaduTy,
ra3soBOM caske, CTekJoyrnepondy [6]. OCHOBY cocTaB-
JNISIOT II0JIble, MHOTOC/IOMHBIe y/IIepeHonog00HbIe
chepuueckue rnobynsl nuameTpom 10-30 HM, conep-
JKallye ITaKeThl 0XBAaThIBAIOMMX HAHOIOPHI IIJIABHO
M30THYTHIX YIJIePOAHBIX c10eB (puc.3, 4). Takue Io-
Oy/IBI MOTYT COZIEPSKATh OT JIeCSATKOB 0 HECKONIBKHX
COTEH aTOMOB YyIJIepoJa M pa3jihvyaThCsd 0 popme
U pasmepy [7, 8.

NMPUMEHEHUE MATEPUAJIOB

HA OCHOBE WWYHIUTA

B yrnmepogucTOM BellleCTBe IIYHIHUTOBBIX IIOPOX
BHISIBJIEH pAl GyyiepeHoB, B 4acTHOCTH, Cgy, Cyy,
Cy4, Cyg, Cga, @ TaKKe 060C06IEHHEBIE U CBSI3aHHEIE
C MHUHepanaMu QyJepeHONOf00HbIe CTPYKTYPHL.
OnucaHbl TpybuaTble Pa3HOBU/JHOCTHU yIIepPOJ-
HBIX QYJI/IePeHOIIOM0OHBIX KIaCTePOB —~ HAHOTPYOKH
U IJIeHOYHBIe QOPMBI. biaaromaps cer4aTo-Iapoo-
Opa3HOMY CTPOeHHIO IPUPOJHbIe QyIIepPeHBl — Uje-
aJbHBle COPOEHTH! U HAIIOTHUTEIIH.

MMeHHO II03TOMY IepBOHAYaAbHO IIYHIUT
KCII0/Ib30BaJICA B KayeCTBe HAMOJIHHUTEII Pe3UHEI
U 3aMeHMTe/JIsd KOKCAa B JOME@HHOM IIPOM3BOJCTBE
BBICOKOKPEMHHCTOrO JTHUTEHMHOTO YyryHa, MIPHU
BhIIIJIaBKe $eppoCIIIaBOB, O/ H3TOTOBIEHHUS
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STRUCTURAL PROPERTIES AND CONTENT OF SHUNGITE
The structure of shungite represents itself an
allotropic form of carbon [2]. Besides carbon it
contains the following substances: SiO, - 57.0;
TiO, - 0.2; ALO; - 4.0; FeO - 6; Fe,0, - 1.49; MgO - 1.2;
MnO - 0.15; K,0 - 1.5; S-1.2 (mass.%). Density of shungite
is equal to2.1-2.4 g/cm?; porosity - up to 5%; compression
strength - 100-120 MPa; coefficients of electrical
conductivity and thermal conduction - 1500 Cm/m and
3.8 W/(m'K), correspondingly; adsorption capacity - up to
20 m?/g [3].

Shungites differ by their basis (silica-alumina,
siliceous, carbonate) and amount of shungite carbon.
Minerals with a silicate basis by carbon content (mass
%) are divided into low- (less than 5% of carbon), middle-
(5-25% of carbon) and high-carbon - (25-80% of carbon)
shungites (Fig.2).

Crystals of shungite fine powder have brightly
expressed bipolar properties - they have a high level
of adhesion and can be easy mixed practically with
all substances. More over, shungite demonstrates
adsorption activity to some bacterial cells, phages,
pathogenic saprophytes [4]. It can be explained
by its nanostructure and content of structural
elements - carbon is uniformly distributed in a skeleton
of fine-dispersed crystals of quartz with size of 1-10
microns [5], that is confirmed by analysis of ultra-
thin slices of shungite with use of scanning electron
microscopy (SEM) on the basis of calculation of absorbed
and back-scattered electrons (Fig.2).

Shungite carbon mineral is a highly-carbonated
product, containing (in % by mass): C - 98.6- 99.6; H -
0.15-0.5; (H + O) - 0.15-0.9. X-ray diffraction examinations
have demonstrated that it represents hard carbon, which
is in various states: maximum disordered, close to
graphite, gas black, glass carbon [6]. The basis represents
itself hollow, multilayer fullerene-like spherical globules
with a diameter of 10-30 nm, containing packages of
smoothly curved carbon layers, enveloping nanopores
(Fig.3, 4). Such globules can contain from tens to several
hundreds of atoms of carbon and differ by their form and
size [7, 8.

APPLICATION OF MATERIALS ON THE BASIS OF SHUNGITE
In carbon substance of shungite minerals there is a
series of fullerenes, in particular, Cyy, C;, Cs4, Cg, Caas
and also isolated and bound with minerals fullerene-
like structures. Tubular varieties of carbon fullerene-like
clusters (nanotubes) and also film forms are discovered.
Due to a mesh-spherical structure, natural fullerenes are
ideal sorbents and fillers.

For this reason originally shungite was used as
a filling compound of rubber and coke substitute in
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Llenb cumnosmyma — paclimpeHue COTpyAHMYECTBa U 06MeH orbl-
ToM B 061aCTM aBTOMaTU3aL MU NPOEKTUPOBAHUSA, TECTMPOBAHUS
1 BepudunKaLnmn 31eKTPOHHbIX KOMMOHEHTOB U CUCTEM MeXAY
BeAyLMMM yUeHbIMM 3anagHomn n BoctouHon EBponbl, CeBepHOM
AMEpPUKN M A PpYrUX CTpaH.

OprkoMUTET NPUrNALLIAET Y4YeHbIX, aCMMPAHTOB U CTYAEHTOB NPUHATb
y4acTume B MeXAyHapoAHOM CUMMO3NYMe, Ha KOTOPOM ByaeT paccma-
TPUBATHCA PAJ HANPABAEHU. B TOM YMChe:

¢ TeCTMpOBaHWE aHaN0rOBbIX, aHASIOTO-LUMUEPPOBbLIX 1 PAANO4ACTOT-
HbIX YCTPOWCTB.

AHaNM3 1 ONTUMU3ALMA NPOEKTOB.

ABTOMaTU4eCKasd reHepaL s TecToB, BbICOKOYPOBHEBOE
TeCTUpOBaHWMe.

BcTpoeHHoe camoTecTupoBaHume.

OTKa30yCTONYMBOCTb U HAAEXKHOCTb.

TeCcTONpUroaHoOe NpoeKkTMpoBaHue.

Bepudukauns 1 BanmaaLmnsg npoekTos.

ABTOMAaTM3aLMA NPOEKTUPOBAHUSA U TRCTUPOBAHMA.
ObecneyeHre BbICOKOTO Ka4eCTBa BCTPOEHHOro MO.

AHaNIN3 HEeMCNpaBHOCTEN, AePEeKTOB 1 OTKA30B.
Tectnposanue NANC.

TecTrpoBaHMe C NCNONb30BaHMEM 53bIKOB HDL.
BbICOKOMPOM3BOANTE IbHBIE CNCTEMbI M CETU Ha KpUCTasiax.
YCTPOWMCTBA C MOHMKEHHbIM 3HEpronoTpebneHnem.
TeCTnpoBaHMe NaMaTK 1 NpoLLEeCcCopoB.

MoaennposaHue HencnpaBHOCTEN.
O6beKTHO-OPUEHTUPOBAHHbBIE CUCTEMBI.

MoTpebneHne 3Heprv Npu NPOEKTUPOBAHNUM U TECTUPOBAHNY.
BCTpoeHHble crcTembl peanbHOro BpemMeHu.

HaneXHOCTb LMPPOBbLIX CUCTEM.

CaMOBOCCTaHOB/NEHME 1 PEKOHPUIYPUPYEMbBIE aPXUTEKTYPbI.
O6paboTka CMrHanos 1 MHGOpMaLNK.

MopaennpoBaHme 1 reHepaumns TeCToB Ha CUCTEMHOM YPOBHE.
CucTembl B nakeTax kpucranaios, 3D npoekTupoBaHmne
nTeCTMPOBAHME.

Mcnonb3osanne UML Ang onnucaHma BCTPOEHHbIX CUCTEM.
VIHXXeHepHoe NpoeKTUpOoBaHMeE M NOArOTOBKA NPOU3BOACTBA.
[poexkTpoBaHmMe TONo0rnn KpucTanna.

AHaNM3 CUCTEM Ha KpucTanne v niaTte.

CrHTe3 6ecnpoBoAHbIX M RFID-cucTeM.

Linpposoe cnyTHMKOBOE TeNeBMaeHNE.
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Aim of the Symposium is expansion of cooperation and exchange
of experience in the areas of automation of designing, testing
and verification of electronic component and systems among
the leading scientists from Western and Eastern Europe, North
America and other countries.

The Organizing Committee invites scientists, post-graduate students
and students to take part in the international Symposium, which will
discuss the range of spheres. Among of them:

Testing of analogue, analogue-digital and radio-
frequency devices.

Analysis and optimization of projects.
Automatic generation of tests, high-level testing.
Built-in self-testing.

Fault tolerance and reliability.

Test-suitable designing.

Verification and validation of projects.
Designing and testing automation.

Provision of high quality built-in software.
Analysis of malfunctions, defects and failures.
Testing of EPLD.

Testing with the use of HDL languages.
High-efficiency systems and networks on
crystals.

Devices with lower energy consumption.
Testing of memory and processors.

Modeling of malfunctions.

Object-oriented systems.

Energy consumption in designing and testing.
Built-in real time systems.

Reliability of digital systems.

Self-restoration and reconfigured architectures.
Processing of signals and information.

Systems in packages of crystals, 3D designing and
testing.

Use of UML for description of the built-in systems.
Engineering designing and manufacture
preparation.

Designing of a crystal topology.

Analysis of systems on crystals and boards.
Synthesis of wireless and RFID systems.

Digital satellite TV.
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HAHOMATEPUANDI

TEepMOYCTOMYHBEIX KPAacOK M AaHTHUIPUTAPHBIX
INOKPBITUM. BrmocaeAcTBUU OOHApPYyXKHUIUCh €r0
copburoHHbBIe, baKTepUIIUAHbIE, KATATUTHYECKHE,
BOCCTAHOBHUTeJIbHBIE CBOMCTBA, a TaK>Ke OHOIOTH-
YecKasi aKTUBHOCTb, CIIOCOOHOCTH SKPAaHUPOBATH
panuo- ¥ 3JIeKTPOMAarHUTHOE U3JIyYeHUs. ITO €03~
Jlaji0 peajibHble HNPEAMIOCHIIKY AJisd NPUMeHeHU
IIYHIMTA B Pa3/JIMYHBIX OTPACALX HAYyKH, IIPOMBIII-
JIEHHOCTH M TeXHHKH /IS CO3[MaHMS Ha ero OCHOBe
MaTepHasoB C HAHOMOJIEKY/ISIPHOM CTPYKTypPOH.

B 4acTHOCTH, NPUPOLHBIM IIyHIHUT Xapak-
TepU3yeTCs PSALOM HHTEPEeCHBIX CBOHUCTB, YTO
OTKPhIBAaeT WIMPOKHE MEPCIeKTUBEL €r0 UCIIO0/Ib-
30BaHHMA KaK QUIBTPYIOIIEro mMaTepuana IpU
O4YMCTKe BOJBI OT 3arpA3HeHUU. B 4HCle TaKUX
CBOMCTB:

e BBICOKass afncopbumuoHHAas cHmocobHOCTH

U TeXHOJIOTUYHOCTb;

* MexXaHMYecKas IPOYHOCTH;

* KOPPO3HOHHAasl yCTOMYHBOCTH;

¢ CmocobHOCTH K COPOLIUM OPTaHUYECKUX H Heop-
FaHHUYeCKUX BeIleCTB;

*  KaTaJIUTHYecKas aKTUBHOCTE;

* CpaBHUTEJIbHO HHU3Kasl CTOUMOCTb;

*  9KOJIOTHYecKasi YUCTOTA U 6€30MaCHOCTb.

Myarut abcopbupyer Ha MOBEPXHOCTH 0 95%
3arpsi3HUTe/IeH, BKIYas XJIOPOpPraHUYecKHe coe-
OAUHEHH A, GEeHObI, JHUOKCHHBI, TSKe/Ible MeTaJI/Ibl,
PaAMOHYKIHUIBL, YCTPaHsIeT MYTHOCTb U LIBETHOCTD,
IIpUaeT BOAe XOPOIIKe OpraHoJenTUYeCKUe Kaye-
CTBa, HaChIIlaeT ee MUKPO- U MaKpO3JIeMeHTaMHu.
B Poccuu QUABTPHL AJIL OYUCTKH BOABI Ha OCHOBE
IyHTUTa paspabarsiBatoTcs ¢ 1995 roga. B HacTos-
Iee BpeMs Ha PhIHKe IIPUCYTCTBYET PAJ KPYIIHBIX
O0Te4eCTBEHHBIX IPOU3BOJUTENIEN TAKUX OBITOBBIX
Y IIPOMBIIIIEHHBIX U3/le/IHH.

Kpome Toro, 61arogapsi cOp6LIMOHHON aKTHUB-
HOCTH I10 OTHOIIEeHHIO K IIaTOTeHHON MUKpodIope,
IIYHTUT MMeeT SIPKO BbhIpakeHHble 6aKTepULIU]-
Hble CBOMCTBA, 4YTO II03BOJIAeT IMIPOBOJUTH C €T0
Hcronb3oBaHUEM 3dbekTUBHOe ob6e33apaskuBa-
HHe ITUTheBOM BoJbl. OTMedeHa, B YaCTHOCTH, bak-
TepUIUAHAsg aKTHUBHOCTh MIYHTKMTA 10 OTHOIIE-
HUIO K IIaTOTeHHBIM CalpodUTaM U I POCTEHIIUM.
IIpu nobaBleHUHU K MIYHTUTY APYTUX NPUPOLHBIX
copbeHTOB (KpeMeHb, AOTOMHUT, [IAYKOHHT) OYHIIIA-
eMas Boja oboramaeTcst 10 GHU3HUOTOTHUECKH ONTH-
MaJbHBEIX 3Ha4eHHH KaJbllHeM, MarHHeM, KpeM-
HUEeM U rujgpokapboHaTamu. M3BeCcTHO TakxKe, YTO
BOJa, BRIXOAsALlas U3 IIYHTHUTOBLIX [IJIACTOB, OKa-
3bIBaeT obllee 0340paBAHBalollee BO3IeHCTBHe Ha
opranusM. OHa 3¢pPeKTHUBHA IIPU BETreTOCOCYIHU-
CTOM AUCTOHHHU. Elo neyaT MHOTHe 3aboeBaHus,
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a)

Puc.4. HaHoOu®pakuUuoHHas 3neKmpoHo2pamma yz2nepooa
WwyHauma: a - payopecuupyrowue pyrnepeHonodobHsle ce-
puueckue 2n06yabl duamempom 10-30 HM; 6 -~ MHO20CAOU-
Hble 2A06YAbl y2nepodHblx croes (PIM: 3nekmpOoHHbIl 30HO —
0,3-0,7 HM, 3Hepaus nyyka 3AekmpoHos — 100-200 K3B)
Fig.4. Nano-diffraction electron diffraction pattern of carbon
shungite: a - fluorescent fullerene-like spherical globules with
a diameter of 10-30 nm; b — multilayer globules with carbon
layers. (REM: electron probe - 0.3-0.7 nm, energy of a beam
of electrons - 100-200 keV)

blast-furnace production of high-silicon foundry iron, at
ferroalloys melting, for production of thermo-resistant
paints and non-stick coating. Later on its sorption,
bactericide, catalytic, regenerative properties, and also
biological activity, ability to screen electromagnetic
and radio waves were also discovered. It has created
real backgrounds for application of shungite in various
branches of science, industry and engineering for
creation (on its basis) of materials with nano-molecular
structure.

In particular, natural shungite is characterized by
a series of interesting properties, which are promising
for its use as a filtrating material at water purification.
Among such properties:

« high adsorption capacity and technological
effectiveness,

+ mechanical strength,

» corrosion resistance,

« ability to sorption of organic and inorganic substance,

« catalytic activity;

« relatively low cost;

« ecological purity and safety.

Shungite absorbs on its surface up to 95% of pollutants,
including chloroorganic compounds, phenols, dioxins,
heavy metals, radionuclides, removes turbidity and color
of water, gives to water good organoleptic properties, fills
it with micro- and macroelements. In Russia filters for



BK/IIo4Yas JepMaTojorudyeckue, aajlepruieckue,
Ooyle3HH CyCTABOB JKeNyL0UHO-KHUINeYHOr 0 TPaKIa,
KaMHH B moukax [9, 10]. O5CY)I(,£[aIOTCH HIOeu COo3-
JAHUS JNeKapCTBeHHBIX HOCHTeJIeH Ha OCHOBe
IIyHTUTA.

Hanuvue B IIYHIUTe QyplepeHONOA0OHBIX
MOJIEKY/ U 371eKTPONPOBOASIILEe CBONCTBA IOPOJ,
[I03BOJISIIOT CO3AaBaTh Ha UX OCHOBe 3KpaHHUpye-
Mble IIOMeIlleHU S, 3alIUTY OT BO3JeHCTBUS pa3ind-
HBIX U3/Iy4YeHHH, MaTepHUalbl, CHUKAIOII e BO3/ek-
CTBHe 3/IeKTPOMAarHHUTHOIO U3JIy4YeHHU S 4acCTOTOM
10-30 I'T ¥ 5/1eKTPUYeCKUX IMoJel YyacTtoTon 50 I'm.
Ha ocHOBe 3THX MaTepHaJioB pa3paboTaHEl TaKkKe
3JIeKTpOHArpeBaTeNlH.

OTKPHEHIBAKTCAd HOBBEe IepPCHeKTHBSHI
HCIOJb30BAHUSA IIYHITHMTa B MAaIIHMHOCTpoOe-
HUU - NPOU3BOACTBO MHUHEepAIbHBIX B06aBOK
U CMa30K, B CTPOUTENIbCTBE — CO3JaHHUE KOOI U~
YeCKH YUCTHIX MAaTepPHUAJIOB, HAIpUMep, 6eTOHOB,
achanpToB, KUpPIUYeH, MTYKATypHBIX PaCTBOPOB
U CMeceH, B 3JIeKTPOCHabkeHUU - Kpacok, ¢pop-
MHUPYIOIMHUX 31eKTPOIIPOBOLHBIE IOBEPXHOCTH.
OH TaKk’Xe HCIOJB3yKTCS B KayeCTBe HAIlOJHHU-
TeJsl IOJHMMEPHBIX MaTepHUaloB U pe3rH, 3aMe-
HUTeJeH CakKHu.

LIyHTHUT, 61aronaps CBOeH CTPYKType U COCTABY,
obsamaeT BBICOKOM OKHC/IMTE/JIbHO-BOCCTAHOBMU-
TeJIbHOU aKTHUBHOCTBIO, IIMPOKUM CIIEKTPOM KaTa-
JUTHUYECKUX CBOUCTB. ITO Mo3BojsieT 3¢ PeKTUBHO
HCIIOJIb30BaTh €ro, B YaCTHOCTH, B MeTaJIyp-
THH. B JOMeHHOM MpPOU3BOACTBE UYTyHOB 1 T MIYH-
ryuTa 3aMeHseT 1,3 T KoKca. MHUHepaJl UCII0Ib3yeTCs
B Ipou3BoicTBe docdopa, kapbuna (SiC) u HUTpUAA
(Si3N,) KpeMHHUS.

Ha ocHOBe mIyHTHTa CO34AIOTCS Ipemaparsl,
obnamarpmue BEIpaskeHHON OMOIOruYecKON aKTHB-
HOCThIO. [I[puMeHeHHe UX MHHepPAJIbHHX moba-
BOK B CeJIbCKOM XO3SIFICTBe CII0CO6CTBYeT CHHKe-
HUIO KHUCJIOTHOCTHU IIOYBHI U 60jee OIHUTETIBHOMY
(B 2-2,5 pa3a) coxpaHeHHIO B HeHM BIAKHOCTH, UTO
[I0JIOKUTEJNBHO BIHSAeT HAa NPOLYKTHBHOCTD CeJlb-
CKOXO3SIMCTBEHHBIX KYIBTYP.

[Ipy TOHKOM [JUCHepPrHUpOBaHHUU IIYHTUTOB
[I0JIy4aIOTCS MOPOIIKH, XOPOUIO CMeIIMBAIOM -
ecsi C OpraHUYeCKUMHU U HeOpraHUYeCKUMHU Bellle-
CTBaMMU. DTO IO3BOJISIET HMCIIOJH30BaTh UX B Kade-
CTBe YepHOTo MHUIMeHTAa KPacoK Ha pa3IHUYHOH
ocHOoBe (MaCJASHBIX U BOJHBIX), HaIlOJHUTeJEeH
IIOJIMMePHBIX MaTepHuanoB (MOJHU3TUIEHA, IIOTHU-
npomnuaeHa, ¢Toponnacra), 3aMeHUTelel TexXHHUde-
CKOTO yI7epoja B psifie IPOoHU3BOACTB. [TonydyaeMBbll
M3 IIYHTUTAa MCKYCCTBeHHBIN IMOPHUCTBIM MaTe-
pHan MYHITU3UT HNPHUMeHSeTCd B KadecCTBe

NANOMATERIALS 37

water purification on the basis of shungite are developed
since 1995. Currently in the market there is a whole
series of large domestic producers of such household and
industrial filters.

More over, due to sorption activity to pathogenic
microflora, shungite has strongly pronounced bactericide
properties, that allows to disinfect potable water
efficiently enough, using this mineral. In particular,
scientists underline bactericide activity of shungite
to pathogenic saprophytes and protozoa. At addition
to shungite of other natural sorbents (flint, dolomite,
glauconite) purified water is enriched to physiologically
optimum values with calcium, magnesium, silicon and
hydrocarbonates. It is known also that water outgoing
from shungite beds renders general health-improving
influence on a human organism. It is efficient for
medical treatment at vegeto-vascular dystonia. It also
can be used at many diseases, including dermatological,
allergic, joint diseases, diseases of gastrointestinal tract,
kidney stones diseases [9, 10]. Specialists discuss ideas
of creation of medical carriers of drugs on the basis of
shungite.

Presence in shungite of fullerene-like molecules and
electroconductive properties of such minerals allows to
create on their basis screened rooms, protection against
influence of various radio waves, electroconductive
materials, reducing influence action of electromagnetic
radiation with frequency of 10-30 CHz and electric fields
with frequency of 50 Hz. On the basis of these materials
electro-heaters are developed yet.

New possibilities of shungite use in mechanical
engineering - production of mineral additives and
lubricants, in building - creation of ecological materials,
for example, concrete, asphalt, bricks, plaster solutions
and mixes, in power supply - paints, allowing to form
electroconductive surface. They also are used as fillers of
polymeric materials and rubber, soot substitutes.

Shungite, due to its specific structure and
composition, has also high oxidation-reduction activity,
a wide spectrum of catalytic properties. It can be used
efficiently, in particular, in metallurgy. In blast-furnace
ironmaking 1 ton of shungite substitutes 1.3 tons of coke.
The mineral is used also in production of phosphorus,
silicon carbide (SiC) and nitride (Si3N,).

On the basis of shungite there are prodused of
preparations with strongly pronounced biological
activity. Application of such additives in agriculture
promotes lowering of acidity of soil and more long-term
(2-2.5 times) moisture conservation in it, that positively
influences crop capacity.

In fine-dispersed form shungite powders are mixed
well with organic and inorganic substances. It allows to
use them as a black colorant of paints on a different base
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HAHOMATEPUANDI

TeIIOU30JISILIMOHHON KOMIIO3UIIUH U HaIlOJTHUTes
JIeTKUX IYHTU3UTOETOHOB.

B mes10M Ba>KHO OTMETHUTh, UTO 3P PeKTUBHOCTh
HCIIOJIP30BaHH S IIYHIUTA B PA3/IMYHBIX OTpaC/IAX
00BACHSAETCSA BHICOKUM CIIEKTPOM II€HHBIX CBOLICTB
M 5KOJIOTMYHOCTBIO, HeBBICOKOM CTOMMOCTbIO M 3I0-
TaB/HBaeMbIX MaTepHaJIOB U TeXHOJIOTHUH UX IONY-
YeHH s, HaJu4ueM OOMMPHOMN ChIpbeBOM 6a3kl.
JJUMUTUPYWOIIUM PaKTOPOM OCTAaeTCSH Ype3Bhl-
YaHHO HU3KHUU IIpOLIeHT COAEPKaHHUS B IIYHTUTE
dynnepeHoB.
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(oil-and water-base paints), fillers of polymeric materials
(polyethylene, polypropylene, fluoroplastic), substitutes
of technical carbon in a series of technological processes.
Created from shungite artificial porous material
shungisite is applied as a heat-insulating composition
and a filling compound of light shungisite-concretes.

In whole, it is important to mark out, that efficiency
of shungite use in various branches is explained by a
wide spectrum of its valuable properties and ecological
compatibility, low cost of production of corresponding
materials and technologies of their production,
presence of a plentiful raw-material base. The limiting
factor - extremely low content of fullerenes in shungite
minerals.
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