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NPUMEHEHWE HAHOTEXHOJIOT U 1JIsI HOJTYYEHUS
CNIMKATHBIX, BUOME/IMIIUHCKUX U IPYTUX
TYTI'OIIVIABKUX CIIEIIMATEPUAJIOB

T. T'abanamze, T. Pobakunze, JI. MacxaparmBsunu
I'py3unckuii Texunueckuii Yuausepcuret. yi. Koctaa 77. Tounucu 0175, I'py3us

Asarop g kontakra: T.[Mabamamze. silicategtu@yahoo.com

CunukatHele, OHMOMEAMLMHCKHE,  3JEKTPOTEXHHYECKHME M  JIpyrHMe  TyToIUIaBKue
KOHKYPEHTOCIIOCOOHBIE CIleMaTepraibl MOJY4YaloTCs IO BBICOKOPHEPrOEMKOW TEXHOJIOTUH B
ocHoBHOM 1ipu 1600-2200°C. IIpu 3TOM, MMeeT OoJblIOe 3HAYEHUE TUCIIEPCHOCTh KOMIIOHEHTOB.
Uem MeHbIIIE pa3Mep YacTHILl, TEM HIKE TeMIlepaTypa CIEKaHUs U IUIaBJICHUS (BBICOKOOTHEYTIOPHI,
KOpPYHJI, KBapLI€BOE CTEKJIO, IUIABJICHBIC U3/1EIHS U JIp.).

Mexannueckuil cnoco0 MoOMoJIa ChIpbsl HE JA€T IMOJIOKHUTEIbHBIX PEe3ylbTaToOB JlaXe IpH
BBICOKHX PHEpPreTH4ecKux 3aTtpaTax. [loaTomy npezacraBisier 00JbIION HHTEPEC MOTyYEHUE MUKPO-
Y HAaHOJUCIEPCHBIX MOPOIIKOB, KOTOPBIE MTO3BOJISIIOT CHU3UTh TEMIIEPATYPy CIIEKaHUS U IUIaBJICHUS
xomno3unuii Ha 300-800°C 1o cpaBHEHHIO C CYHIECTBYIOIMMHU IPOMBIIIICHHBIMU TEXHOJIOTUAMHU
Y TIOJYYUTh NPOIYKLHUIO C OTIUYUTEIbHBIMU KaUeCTBaAMH.

Hamu momydeHbl MHKpO- M HAaHOJIUCIEPCHBIE OKCHUIHBIE KOMIIOHEHTHI MarHus, CHJIHUIMA,
amomuHus, (ocdopa, MapraHia, Kaublus, MEIHW, IIMHKA, jKeie3a W Jp., a Ha MX OCHOBE —
crielIMaTepuallbl MU U3JIeNUs Pa3IndYHOT0 Ha3HAYCHHs HU3KOTEMIIepaTypPHbIMU CIIOCOOaMU CIIEKaHUs
U TUIaBJICHUS KOMIIO3MLIMHA 3THX KOMIOHEHTOB. lIpeicraBiser MHTEpec MX HPUMEHEHHE IS
HOJY4YeHHUsT MOHOKPHUCTAJUIOB DPA3JIMYHOTO COCTaBa M Ha3zHaueHUs (Jlazepbl, CBEPXIPOBOIAHUKH,
ONTUYECKUE HUTH U Kabenu, MaTepraIbl MUKPO- U ONTO3JIEKTPOHUKHU U Ap.).

Mmeercss BO3MOMKHOCTh peajM3allMd yKa3aHHBIX KOMIIOHEHTOB M  CIELIMaTepualioB
Pa3IMYHOIO COCTaBa U HA3HAYEHUS, U3TOTOBJICHHBIX HA X OCHOBE.
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TOWARD THE MECHANISM OF “STEALTH” ANTIOXIDANT ACTIVITY OF
HYDRATED Cg FULLERENE NANOPARTICLES AND PERSPECTIVES OF THEIR
BIOMEDICAI APPLICATIONS

Andrievsky G.V.", Tykhomyrov A.A."

* - Institute of Physiologically Active Compounds LLC, Kharkiv, Ukraine.
** - Dnipropetrovsk State Agrarian University, Dnipropetrovsk, Ukraine.

The potent antioxidant activity of Cg fullerene, the third natural allotropic form of Carbon and
new class of carbon material, has recently gained considerable attention as a promising candidate for
many biomedical applications. The use of C¢ molecules in biomedical research was quite limited because
native Cg is soluble only in organic solvents. The method of producing of chemically non-modified water
soluble Cg fullerene (CqoHyFn) was successfully developed in 1995 by Andrievsky G.V. et al. Stable
aqueous solutions of CgHyFn contain single hydrated Cgy fullerene molecules as well as their labile
clusters (secondary associates) with the size of 3-36 nm. Chemically, C¢HyFn is highly hydrophilic and
highly stable donor-acceptor complexes of Cgy with water molecules — Cgo@ {H,O}n, n = 22-24. During
the last decade the biological effects of C¢oHyFn are being studied extensively.

The aim of the present report is describing and summarizing the work on biological and therapeutic
actions of CgHyFn. The most of neurodegenerative diseases, trauma, aging, etc. are associated with
excessive oxidative stress. Up to date, use of antioxidant in abolishing these pathological conditions has
only limited success, because “traditional” pharmacological antioxidants require multiple (often daily)
dosing, and free radical scavenging of each antioxidant molecule is usually limited to one free radical. A
great deal of information has accumulated concerning the beneficial effects of CqoHyFn, its neuroprotective,
anticancer, anti-inflammatory, antiatherogenic action, mainly determined by the antioxidative capacity of
CesoHyFn, which is revealed unexpectedly at extremely low concentrations. CsoHyFn inhibited aggregation
of AB-amyloid peptide fibrils in vitro that might be the key factor of improving of cognitive functions of
mice in a model of Alzheimer’s disease. Furthermore, single dose of CgpHyFn (even in nanomolar
concentration and less) provides prolonged effects. Thus, CsoHyFn nanoparticles hold promise for more
effective treatment of diseases associated with oxidative stress by virtue of their long-lasting antioxidant
properties.

It is well-known that a basal level of free radicals appears necessary for normal biological function.
Interference in the basal free radical signalling by any antioxidant may be deleterious. CsoHyFn acts as
antioxidant in “wise” manner, without affecting minimal necessary level of free radicals, a property lacking
in many of current pharmacological antioxidants. We propose a tentative mechanism of action by means of
the existence of long-range and stable water layers ordered by C¢HyFn, capable of promoting local
attraction, concentration, with subsequent catalytic-like deactivation of free radicals. In CgHyFn the
fullerene's core remains stabile against oxidation by reactive oxygen species (ROS); thus, C¢oHyFn will be
used as a longlasting antioxidant administered even in super-small doses. Recent studies demonstrate that
CeoHyFn in the range of concentrations of 10"'-10° M reduces levels of “OH-radicals and protects DNA
against oxidative damage induced by X-ray irradiation in vitro. Besides, CooHyFn acts as radioprotector
providing high survival rate of irradiated animals. These effects of unusually low doses of CgHyFn as
potent antioxidants and excellent radioprotectors are not explainable based on commonly recognized
mechanisms as free radical scavengers, i.e., absence of stoichiometry, in ‘OH-removing profile and reverse
correlation between hydrated fullerenes' antiradical effects and its concentration in aqueous solutions.

Also, it should be emphasized that the offered mechanism of antiradical activity of hydrated
fullerenes, probably, is not specific only to them. Apparently, effects similar to those observed for
CsoHyFn can be displayed by several other nanoparticles as well, which are characterized by nanocluster,
nonmolecular, solubility in water. To explore the proposed current explanation of our hypothesis, further
interdisciplinary investigations may unveil subtle mechanism of action of hydrated nanoparticles, among
them hydrated Cgofullerene is one of the most intriguing, distinguished and promising nanodrug.
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NANODRUGS AGAINST DIABETIC ENCEPHALOPATHY: NEUROPROTECTIVE
EFFECTS OF HYDRATED Cg FULLERENE NANOPARTICLES AT
STREPTOZOTOCIN-INDUCED DIABETES

EE T

Tykhomyrov AA, Nedzvetsky V.S.”, Chachibaia T.Z."™, Andrievsky G.V.

*- Dnipropetrovsk State Agrarian University, Dnipropetrovsk, Ukraine.

** — Dnipropetrovsk National University, Dnipropetrovsk, Ukraine.

*** _ Medical School ‘AIETT’, Tbilisi, Georgia

*#%x _ Institute of Physiologically Active Compounds LLC, Kharkiv, Ukraine.

Diabetes mellitus is the most common serious metabolic disorder. Encephalopathy is the
frequent clinical complication of diabetes. Being the most oxidative organ, the brain and central
nervous system (CNS) are sites of heavy free radical production and hence high oxidative stress.
Diabetes and other neurodegenerative conditions are associated with increased oxidative stress, glial
reactivity and neurodegeneration. The antioxidant properties of hydrated Ce fullerene (CsoHyFn)
seem to be promised in the treatment of such disease. The present study examined the protective
effects of C¢oHyFn against reactive gliosis and oxidative stress in diabetic rat brain. Streptozotocin
(STZ)-induced diabetes is a well-characterized experimental model for insulinopenic Type I
diabetes mellitus. To induce hyperglycaemia Wistar rats were injected i.p. with STZ in total dose of
45 mg/kg b.w. Since hyperglycaemia state has been developed, 3 i.p. injections of CsoHyFn (1
injection per week) in a dose of 0.1 mg/kg b.w. have been performed. The following endpoints were
studied in experimental and control animals: i) glucose blood level; ii) content of intermediate
filament protein of astrocyte cytoskeleton, which is reactive gliosis marker — glial fibrillary acidic
protein — GFAP (by Western blot); iii) levels of products of lipid peroxidation (LPO) and protein
oxidative modifications (POM); iv) behavioral characteristics (by open field test).

STZ caused stable hyperglycaemia state, injected rats with glucose concentration in blood
plasma no less than 10 mM were taken for experiment. It is important to note that CeHyFn
treatment did not affect the glucose level in diabetic rats, thus did not remove the origin of
metabolic disturbance. On the other hand, administration of C¢oHyFn markedly reduced abnormally
high levels of both LPO and POM in diabetic brain tissue. It is likely that alteration of redox state in
nervous tissue induced by hyperglycaemia lead to glial response and GFAP overexpression. Indeed,
diabetic rats were characterized by significant increase of GFAP in hippocampus and frontal cortex.
CeoHyFn treatment has normalized expression of GFAP by protecting of astrocytes against
oxidative injury. Alterations of metabolism and morphology of astrocytes could interfere the
recycling of neurotransmitters, expression and operation of adhesion molecules as well as energetic
supplement of neuronal cells. This may contribute the breakdown of glial-neuronal interactions and
sequent behavioral and cognitive disturbance. A strong correlation between acerbity of oxidative
injury, astroglial reactivity and behavioral impairments has been demonstrated in diabetic rats. It
was observed that CeHyFn displays sedative and adaptogenic actions, preventing behavioral
disturbance produced by diabetes.

In conclusion, although further studies are needed, hydrated nanoparticles of neat Cg
fullerene provide the superior antioxidant activity necessary to effectively relieve diabetic
complications, in particular oxidative stress, and improve neurological function. Taken together, the
results of the present study suggest that nanotechnology can take pharmacological treatment to a
new level, with a novel generation of nanopharmaceutical.
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Corresponding author: R. Gaprindashvili. rostom@gtu.ge

Nanomedicine is only the following after artificial organ development, leading the list of
prospective priorities. Nano-structured therapeutic agents already in use are unambiguously more
effective than the conventional drug formulations of the same chemical compositions. Nano-
preparations are widely used in reconstructive surgery as well, particularly in remodeling and
treatment of bone tissue. Generally, nanocrystalline hydroxyapatite (NHAP) is mostly utilised
material, which is resorbable in vivo and actively facilitates regeneration of bone tissue vs. its
macro-crystalline form [1].

NHAP is optimally incorporated within the body in the form of composite materials, which
are processed by integration of NHAP in the biodegradable polymer matrices of natural or synthetic
origin. Current results of multiple investigations of recently utilised polymers revealed that their
performance is far from desired strict demands. For instance, natural polymers (mainly collagen)
usually elicits allergic reactions while majority of synthetic polymers show lack of desirable
mechanical characteristics and/or biocompatibility, and frequently are encapsulated when
implanted in the body. Therefore, seeking for more effective NHAP containing composites is still
topical.

In collaboration with Ukrainian colleagues having many years skill in this field (Dr. V. Dubok
et al.) we carry out a systematic study for the creation of the State-of-the-Art NHAP containing
composite materials and for their practical applications. As biodegradable polymeric matrices in
this study we use biodegradable polymers we have originally developed. These polymers show a
wide range of mechanical properties and are subjected to complete resorption in the body without
encapsulation [2].

1) Dubok V.A., “Bioceramics — yesterday, today, tomorrow”, Powder Metallurgy & Metal
Ceramics”, 39(7-8) (2000).

2) G.Tsitlanadze, M.Machaidze, T.Kviria, N.Djavakhishvili, C.C.Chu, R.Katsarava, J.
Biomater. Sci., Polym. Ed. 15 (4), 1-24 (2004).



14

b5bm@ gdbmemaos - bsbmdgoiEobs s 3gGlL3gdBoggdo
b. sgmgdbodyg, 3. Bodsbsdgoao, . serglody
0. Xogobodgoamols bob. mdogolols Lobgerdfoxgm 9bogg@lLodg@o
Logmb@odBm sg@m@o: b. sangdlodg.  nugzar aleksidze@yahoo.com

bobm@gdbmemaos 21-9 Loygynbol dgEbogmgdoms sbsgno Lgg@ms, Gmdgeoi Ly
9RO 0Adse  od®gds  dgooiobsdo. 1959 (geols bmdgamol  3Ggdool  @oy@goGds
@0bsB© 89095635 0f0bolb{omdg@yggms bobm@gdbmempyools wowo dmdsgmmols dgbobgd.
do@mogos wobsfgol'do dob gobibowgdols dgg®ds d9i360g®ds s@sLgAoMb Yo ¢fms,
dopg@od dognyg 0gs 0gMO0YEosh 3@sGogge Lobsdogomge oie, @o@ gobanglo
Badbmemyogdomn  domemyog@o  LEA®YJBOgdol bsbmdgd@oygmo  asbbmdoagdgdols
©Ombgby 3Oma@MsdoMgdygemmo G95]30900L aobbm@mzogmgdols dglodengdamdsls odanggs.
o>dgob Fomdmoddbs Lodgibogdm dodo@myangdols ©s Jggoodygdol LobgaFmwgds,
b5bm@Egdbmamaos - b56m3gaz0bs.

bobmbBOYJBH YO0l bgosdo®ols IJmbg dsbogngdomn dglsdangdgano aobps (3o 3990
Jbmgoggdols dobobdododmyeo Lobmgbo ©s m@ysbobdol ,,boggms®o” Jlmgoegdols
dgbogergds olg, @m3  odmodobmlb  0dygbmemaoyg®o  3mbgaolddo. @gobsmgol
9339 d9J9bogros 8 bsbmdgB®o wo0sdgB@ol Lbodysbbmdoangdosbo LE® Y] ydols djmby
dasgoeno Jlmgogool 0do@odgdygeo dobogos.

L3gosyg@o  @gdbmamaoon  dmIbogdbymo  bsbmgma@gdols 3Jmbyg  39dd@sbgdom
‘dgdmbogno  dog@mgzoxqbygagdo  Fo@do@gdom  aodmoygbgds  Lodgy@bogom  {odangdols
B®SbL3MOHMgo0ls s OMTo oo oymgbgdygmo  godmmaogolygmgbol  gbom
©5b0sbgd o m@Asbmgdols 0y Jlmgoangdol  Lod@bosgrme.  I9dsgogds  oligmo
dog@mgosdfmegdols  dgddbs,  GmIamgboi  godmygbgdymo  obgds  m@sbobddo
ogmgobgdosbo  Lodbogby®o  9Yx®gegdol  s@dmbgbols s  dom  Aobobowyg@gdaso.
993009L0  2osdfmEgdo  2obmoglpgds @odgmioddo. jm@3m@As-3os Intel-do  0Jdbgds
Sbogmobyy®o  oboys®o Intel Raman Bioanalyzer System, ®mdganoi  Lodgygogmgdsl
dm23399L (303990 O350 gdJo0  Aog55bsgrobmm Lolbenol d@s@Gols Jmengsyengdols
©mbgby @obgdymo  Lboggbom. bobmbofomgdo gymg@gbgdols ©s> ©gbp®odg®gdols
bobom 9339 o0l Fobs ganobogy® aodmEesl. d0dpobs@gmdl 0b@gbboyg®o dy9domds
Jopbo-bs s  sgmgolgdosbo  Lodbgby®o  xOgegdol  sdmEbmdobs s  dom
30doboa @ gdger dog@mbgalofymgdol dglsddbgersc.

2001 §gaols dgobdgdpols dog®d bohggbgdo ogdbs moggol Lodlbogbydmo yYxmgogdols
doboam®gds  bobmbobyxom  (Jobos@y@dygeo  dobdsbs).  dgJdbogros  sg@mbmdoydo
bobmdmfymdogomdgdo  obosbgdymo  9dbol  @ospbmbols s dgbodangdenmdols
goMagddo  dob  Lodgodogo@sizom.  dgddbognos  bobmgogligans,  @mam@;
Jobadools A@sbldm®@gao oby @gldo®mEodo, Mo dgodamgds aodmygbgdygmo ogmlb
Jobadowom ol YbOybggebogmasm 0dgdoyg@o  ©osgsgdolisl. o 0bFgmgbl
0{393L6  9.¥. 3O0@mE0Hgoo  oby  Lolbeol 9x®g-gdbol  gogegdsdo  dmbsFoang
0@ yobymo bydnyas gdo.

bobm@gdbmermaoyg®o dgmmegdols godmygbgdom dgddbogros olgmo Lombg, Gmdaols
5390905 d@oamdobg 15 {530 535396L bgdoldogdo d@ogrmdowsb Lolbgrol wgbsl.
bobm@gdbmermaoyg®o  Lgblmmgdo ©s  sbogrobos@m@gdo  bogmogdgdoms  ¢dEodglo
bofoaoggdols  smdmbgbols s domo  sbogrobols  Lodygoangdsl  odanggs. gl ol
3bmbdogros OEAMAOG L@@ MMos hodbg". s@OLgdymo dmbszgdgdom gom hodby
‘dgbodang-dgamos  gobmogleglh  Sbgygmdom Faoym®dglgbdymo  yosdfmo.
L50bBgM gl dodo@myengdss ,,Lggero bobm@gdbmermpos", Goi3 Yagomme EmEbog
0®560b3do  ImJdgwo  dgdobobdgdol  BozOMEA@-sbLgm@Isiosl  omgomolfobgdls s
030masbsban gdoo bmbrgdols dgddbs, @o3 Loyygybol s3mgogmodls bps gomos@mm.



15

5®30b06dgd(339800, 3m@ogmnogmgbamojsmenols dbgsglo
0MEJAHS>P0MJo5©0 300 3>M0mbgdo @S domo
b5bm-3md3ewgdlgdo ©b3-msb

0. 838060'330;@0*, b. d‘g&o@oda**, . é‘ggw";]rao*, V. Torchilin™"
. jogoﬁ)ogo*’**

*bodoﬁ)m;}{]gf\ﬂmb Aa9dboga®o 9bogg@lodgdo, 3mbEsgsl J. 77, 0175 mdognolo
Fodgo0bm 3mmodg@dgdols s dobogmgdols 06LA0AYA0, 0. Xogobodgomols
ndoeoliol Lobgend(ogem 9bogg@lo@gdo, dogksgsdol 3@. 1, 0179 mdogrolo
*Center for Pharmaceutical Biotechnology and Nanomedicine Northeastern University, 360

Huntington Avenue, Boston, Massachusetts 02115

Logmb@odBm sg@m@o: m. dgdsbodgoano. tamuna-mema@caucasus.net

296990 mg@s30s  g89dbgds 29bg@0g Mo Islogol aos@ebols (F@sblggdiosl)
bgbdogd@ol 393080490  9x®gegdbdo  ©s 3g0b3gddmos  dJOsgom 535 JdSMS
bodgy@bogrme. dobo gobgoms@gbols s 3Mo]Bogodo  Fodmme  wsbgdygolomgols
d60dgbgamgobos oo gxngdB®o,  glbogd@mbm s jobOmeodmgboo  qb-
3o05d@Gobo  Lob@Ggds. FoMmmE o303 goYe, godyglygmo  [o®dmTmdols 960l
3o33BSb  3gJB™m@gdl  goshbosm @00  bogenmgobgdgdols  (0bd-000  @odseno
©53300mg0L  bs@o, 0dyYbmygby@mds, EmJlogy@mds, s@slalyMggeo  godyligeo
093036065305  ©s  Ubg). odo@md  dgodydoggl  s®ogodylygmo  aosd@obgdo -
Lobmgby®o 3meogomombgdo, @mIgdo3, deog@o g gdBOmLAsGo3®0 POHMogOm-
J390gdol bodx by, 3menosbombydo d9bgdol ©gbmJLobyzmgobol Fgogolmsb (wb3)
Fo®dmJdbosb @@sblggdiool 9bsdols dJmby bobm-3md3aglgdl. 2g9by® mg@sdosdo
QOO 353039 gd g0 bobmgbydo 3merogosmombgdo - 3mano-L-gnobobo (PLL),
3o@o-L-s@aobobo  (PArg), 3maogmoengbodobo  (PEI)  bobosmwgdosh  ds@sgno
GoBAMH™JLoggOmbom, o33dYmoM©gdosh ®EAAs60bIdo.  sdoFmd db0dgbganmgsbos
©bd-ols olgmo 3@ 0dg@-do@Go®gdan gdols d9Jabs, Omdggdo3 0695056
305 AMJL0gYM0 s doMEIAMS0MJoS©0, 5dolmob Ao ydxmdgligdgb 3mer0dg®/wba-
ol 3md3egJLbol Gomdo3m30bgBoga® mgolgdgdl. sbgmoe agglsbgds (yoendo blbswo,
do@ogmymogmerols  Jbasgbo  JoMomowo  xokgol  dJmby,  dbomEga@sodgdowo
300 03500mbgd0 3@ 0 9b]3o® 5dobmdgsgs L-s@a0bobols Loggydggenby.

S0l~(L-0620606)-01,m-5¢0 30@0 96/ @m0 mgomoen gbyano gmaoggb  ©ogldgagdol  3m-
03mbogblszo0m Lbgowsbbgs gaslbols s s@bogmdol, gmg@yeo 6dgdols dgdgg9e
>JBogod gdyeo ©00gLE 9O gomsb dogowgm Lbgoslbgs geosbols, sbogno
0MEJROSP0MJES00 30 35m0mMbgdo:  3m@o(gmg®  gLRg®  sdogdo),  dmeoo(gmge
9bAIO YOJNbgdo), s 3m@o(gmg® gbGHgHO oMEMgsbgdo).

gg0LFogemgm  sbogno 3me0dg@gdols bmpoghmo [omdmdswygbeols  o@m@md-
Lbogy@mds (MTT assay). ggerggs hogo@o@gm  mopgol Loddggg xo®gzgeol godbml 4T1
©s Jogools Lodgogremlbml 30dml Hela ¢9x®gogdby. sbogr 3meodg@gdl s@dmshbosm
3000 gb00 b0 (30GMEMJLogYOMds GoBmmE Aog30(3gegoye PLL, PArg oo PEI-
0ob Ygodgdom. smbodbymo 3menodg@gbol YHM0gOm Jdggdom ©bI-msb dogowgm
200-300 63 bmdol  gmd3gglbgdo, @O@Imgdos  9RIJAYOSE  SbEgbgh Y MgLgdol
B®bbggiosb.



16

M@0 Lbgopslbgs d9bgdols bsbmbmdol bsfogsgo0wsb
Jgdpgomo dsbogrgdol mg@mdgeo IgdFgdom domgdyao bo@hogoo

g- gohboadg, o. Lodybobodgomo, g. ym@©gansdyg
LoJodmggamlb Bgdbogg®o 9bogg@Lodgdo. gobdsgsl J. 77, 0175, mdognolo
Logmb@odBm sgdm@o: g. gohbody, g. pm®gensdg. vgordeladze@yahoo.com

330 930L do®omso Jobosbo oym mg@Igme ©odydeggdygeo sagdob-dobysbydols
‘dgbobmdolis (AMan) ©o Logobpagome Lobmgbodgdyero dobsg@ol@omy@o dobogools
(06539996 0)  Fg@OFydom  Lsodgoem  bo@hogol  dowgds  @spom@gdbogols  ©s
bganls{ymmddgbgdanmdolbmgols godobbymo bganlsfymgdols ©s boggmmdgdols sbogno
3MbLAMYJ30900L dglsddbgamse. dg@hoangsdo dmboygobo dobogngdols dg@hggs, domo
Fobslifo®o  ©odydoggds, dowgdyemo Dgogagdol goblixs g89dbgomes dbmgeomdo
>OLgd g 3M5JBHogol s Lognmo® mgm@oyga 0y 9Jb3gm0dgb@ e Jmbsi39dgdL.

dobbols dolbow(ggo bgesedo®dbyg [obolifo® wos@oboano sxligom AMan-ol bodydo
(bo390mmds) 393-873K  0b@gcgoam@o mg@dygmoe  d9dogrgdmes s dgolfogmgdbmws
o3ligol LEOYJBPGOobs s, dgbsdsdolo, mgoligdgdol Ggeoggds. oEagboen 0gbs,
OMd  >@bodbym  {9d39Ms@HYa @  0bFgegoedo sOLYIMIL  3@oRogygeo  F9OEomo
(673K), ®mdgebgosi 39dg®o, dmygfgbdopgomse asbansygdygao v- dmoogogsizools
ALLOsz-0ls dod (3380900 aobembol dydogom a=0,7964, ool 3909
Fobboy39b@d®0®gdyen  y'- dmoxgogsEosdo  dos@d@Egomms  mobsdodo  asbsfoggdom.
dodgogmms  a=0,3963-l, bogrem  bmds 0O  o@gdo@gde 563-b.  dmwoxgozeEoY®
3o0©sJdbsls dmdygzgds mgoligdoms (3gamoggds. dogommomsw,  Jgmbycdo gagd@dgeo
Jobopmds o3gergdbmes 0,6-sb 5,5dm3-wg, boem dog@mbobsgng — 120-sb 440330-
deog.

bodhogrols dgmeg dgdoeagbgeno  (dobszgdgbBo)  Lobmgbomgdbyen odbs PbO-RO
(BaO,Zn0)-B;03 Lol gdol dobols {o@dmJdbols 9dbol g@m-gom dgoagboermdolisysh.
‘dg@bogogols s  bo®hognols dodo®o  dmmbmgboagdoms  @slis jdogmagoe o s
Lodobolm  dobsdo  dgygobogo  0]bs dognmmdgmo s bygergodm@o.  dowgdyeo
dobogos  sdmOFY@IsB@oosbo  3md3mbo@os,  @mdgedoiz  dgmeag  ,,30bols
dod 3380960l bmdgdo 5@ swgdsGgomws 200-30063.

Logobygdme  dgdhgnmo  mg@dyeo  sdydoggdol  @ggodomn  ©sdbowgdyeo
bodhogro boboomwgdmes 3mb@oJBol bgosdodyge 1qbsdo go@msdsgsmo dyxg@om,
Amdenols bmds  bbgowolibgs gangdgb@doms gobosfoamgdols dobgogom 8-sb 209 33-dwg
3obobobwgMgds o  Aobs30Mmmbgdls  Lbgowolbgs  d9bgdols  dobsgnoms  ddo®m
‘dgoyamdsl.

330930l dgwgao  hodmysgodws  AMan-oll  bgosdo@ols s dobsi9dgb@ols
9YA00gO»Jdgogdbolsl aobgoms@gdygao dgdsbobdols Iglobgd [omdmwygbgdo.

domgdygeo bo®hogo asdmoygbgdmes  dmbgmgol @som@gdbogg®o oblBodydol
d0g®  539LE03YM-ge0gdBOmbya  JmFymdogmdoms  3m®3glgdol  sLsdbowgdansg.
dodmEEomos  B3gaosmyg® dofymdommdsms @odbswgdolols 3mbdmby®o  33eg3900l
begg®emdo.

3380930l 90939000 3@ 9bzosg @0 dmdbdo@gden gdo Lo Jo®mgganmdo
‘dgodangds 043696 Losgosizom (o®dmgds s LowoliG®odyiom gbgdymjmaddsbogdo.



17

bobmbofoms39d0l Lobmgbo mOysbymo gsbobs s Fymol goymagols
Lob@gom by

b. @mbadyg, 3. d5(3035dg, 0. Syesdy
LoJo@mggaml Bgdbogg®o 9bogg@lodg@o. gobRegsl .77, 0175 mdbdogoolo

Logmb@odBm 3@ m@o: m.opensdg. ninodonadze@gmale.com

@ommbol  bobmbsfomszgdo  (e0bb)  [o@dmowagbgb  Loddgbgdam  obogosls
J3930056—bgg00m bsbe Ry @ gdol s bsbmymddmbo@dgools 3mblE@yomgdolsmgol.

h3gbl  dog®  odydoggdymos s dbbgoan  @sbm@s@m@oy  doldFeddo
oodmapomos  @ommbms  (Ag, Ni, Zn, ZnO s Ubgs) bobmg®ol@oggdols
90 9JBOmbobmgbo bodo Bobols (gommbol gommwo—Fyomblbo@o-{yom o dgu®ggemo
@690 25dblibgero) 3o4mxol Lobwgadby. Vyomblbo@gdoasb
9 9JBOmJodoydo  swagboeno  @ommbo  doMPbog  gommwol  gdggmdom
3o50F0bgds  S3mEmedym  mEAsbygm  asdblbgendo,  Gmdgerdoi  goblbogros
bgosdo@yme  oBoydo  bogmogdgds  (dop.  (3bodmgobo  m@ysbymo  dgoggdo).
93565L3bge00 SsElmOdoMPgds ommbol bgosdo®mby s 0fg93L  3OoLESEOlL bHOl
0630600 gdoll s 3@MobGosmms bygagsiool 3@miEgbol LEH0IPm@oMgdol s saMgmgy
>dgbools dognol dgdi0®gdsl. o3 3Om@Egbgdol  dgegaoe  @ommbol  bofogsj9d0
ol3gMaodMegds  Fymol ©s m@asbyam  ¢obgddo. (ymol @obsdo  gm@dodwgds
dogmboll bmdol (0,1-5033), bmegre m@asbya BsbsFo-bobmpsbbmdoggbols (10-3063)
g bb-0.

dgommeo  Lodygogmgdol  odanggs obbmdEogmegl  @ommbol  bb-ol  insitu
396d300Mbs@obs0s  (3m@0dg®omn sBsMZS, hodmgs sMomGASbya dosGMoiodo s
Lbgo).

3903bgoll @s mygmooll mJlowols gbgbogngdol doJ@gBomEowygeo mgolgdgdols
(3-9e000g5L  Labgaomdol do@gdomagzsgool, dog@mdomemmaool ©s go@ybmermaools
0bLR0H YR 30) IgLfogerol Jgogasw wowygboer odbs Gmam@aE 39O beol  sbggy
09nools Jobaol 66-40l d5JBgMomEopgao dmJdgogds 205do©gdom,

30537950gmgom dGodgdbg s Bogm®gbolGgbd e doJBg®ogdby.



18

Tyoad39bog Spirulina platensis as8myggbgds ggdbemols
bobmbofoms 90l dobomgdow

b. Fodobsdgomo®, o. @hggeodgomo®, g. 40bBy®o*, b. 3gkoge™, b. dowwsgsdg*,
3. 200 9bos**

b0 g ob@MbogsTgo@mols obogols 0bLE0EYE0.
nodo®sdgoaols J. 6, 0177 mdognolo
L3 g.msgsdols IgBomadaools ©s dsbsgsmdmwbgmdols 0blgodeado.
s, gobdgaol asodb. 15, 0160 mdogrolo

Lo gmb@odBm o3@m@o: b. Fodobsdgoano. nelly_tsibakhashvili@yahoo.com

bobmbofogs3gbol  dog@mdyamo  Lobmgbo  os@ol  sbogro s 3o @Gogymrs©
dgnblogemgemo bggom, dmdganlsi gl 3m@gbiosero do@@ogo, s@s@mJLogy®o s
0590 dgmmEgdom Jogommn shogro, gbogsyg®o mgolgdgdols 3Jmbg bobmbsofoms gdo.
dopg@od 0dobomgol, @osms hodmys@odwgl bobmbsfosjgdols doi@mdyao Lobmgbol
Lomsbowm 30m39090 960, dg3@0 @sdss dgbslfsgmo Gmym® 3 dogdmdomampoygdo,
obgg9 B9dbmemaoydo mgs@bsb@obom. @si3 Jmsgs®os, wwgobomgol dognbyg dEodMgs
0d dog3MmmmO5b0bdgdols hodmbosmgogno, Omde0gbdo3 200509l AgLBoMgds
bobmbsFogns 3960l FomdmJdbolibs®osbmdsby.

hggbo gger 93900l Lodbm@mm  dobobos, dgoddbsl  Lomosbowm  Lodgibogdm @
B9dbmmmayoygdo  dobs, @mdgeoi  Lodygoggdols  dmgg39dl, ™3 do 3O mdyeo
Lobmgbol gbom dogowmm Loliyg®ggero 35@s3gB@gdols dJmbg bsbmbs{oas 9d0.

Lbodydomdo  Fo@dImpagbogmos 3oMggao Jgogpgdo, @mdggdo dowgdygaos  oJ
dodo®n g gdom  Sb®mbogsdgomol  gobogol 0bLEoGyRdo. Jg@dme, bhggbl dog®
BabBoMgd e 0dbs @y@dx-3§3o6g Fyoedigbodyg Spirulina platensis  9bsc@o dmsbwobmls
3903beols (Ag) bobmbsofomsggdols Lobmgbo. hggbl gJl3g®odgbBgddo Sp. platensis
Lbgowalibgs Gomegbmdol (2-73) d0mdsls Immaglps 103 Jmano  3mbigbd®siools
dJmbg  AgNO3;  {yoenblbo@do Ubgowolbgs ©@mol gobdoganmdsdo (2 — 6 o).
‘dgdamdo aobmdggdolmgol Fyodgbs®ols domdsbs dma®dmgws (396305 YA0Mgdom.
dowgdaa bodydgdl hoy@dodwsmn @gb@ygbmbE®Y]dudgmo Rsbydo sbogobo. sbiggy
dggnobgdyen  0dbs ggoEbaol  3mbigbddsios [yomdiEgbo®ols domdslsTo  s@mIym-
sdLm@diogeo 13gBMmdg@@ols asdmygbgdom.

smdmhbs, M®I  yggers 60dyxdol wog@s]Bma®sds dgglodsdgds doMoms@aw
sdm®g o dobol LEYJHgosl. mydas sbggg wogodlodws j@ob@omagdo Robss,
Omdgol  gangdgbGo®dymo gx®goo  [oddmowagbls [obbopa396@®0®gdya 9ol s
G®Iols  j@obEsma@o IglGol 3o®sdgd@o  Tgoagbl =4.085A, @o3 Vgglodsdgds
@ommby®o  ggabeols  g@olEsmy® LM YJBOsl.  ©0gos0-dgmgdol  gm@Igaols
20dmygbgdom dgxobgdyen 0dbs, ™I gg@mEbaol Jo@gegdol bmds dgoagbl =10-15
bobmdg@@L. > lsbodbogos, “md Tyomdigbodols d0mdsbsdo 3OobEs@ @0
ommby®o ggabaols dgdggemds oG s@gdoBgos 1%-b. aodes sdobs, s@dmhbwo,
&md Sp. platensis x®909ddo >39dg@odgdyeo ggabaols 3mbigbG®sEos 330M©gds
dobdy  ggOberols  0mbgdols  bgdmJdgogdol @AMl 2obOwom.  od  go@gdol
bogydggenbyg  ggodogomdm, @OmI  ggaEbaol  bobmbsfogszgdol  Lobmgbo bpgds
FTyoed39bo®ol gx@gogdols yocdgm.

bodydom  dgldrgangdgemos  bods@mgganml  g@mgbyemo  bsdgsbogdim  gmbwols  ©o
9305060l g360g@gdols s  Bgdbmermpogdols 396Gl 3GmgJBHol Ne 5002  gobsbliymo
dbodad g@om.



19

Honyuyenue HanouacTuy BTCII B ne0JIUTHBIX MATpUIIAX

*

JI.I".AxanOenamBunu *, H.IT.Kekenumze

* KaBkaszckuii um. A.A. TBamupenuaze HHCTUTYT MuHepainbHoro Chipbs;
** TOumMccKuii rocy 1apCTBEHHBIN YHUBEpPCUTET M. MB. J[>kaBaxumBuim

Metoabl MoslydeHUs] HaHOPa3MEPHBIX CHUCTEM MOXKHO pa3feiuTh Ha JIBE MPUHIMIINAIBHO
B3aMMOIIPOTUBOIOJIOXKHBIE IPYIIBL: METOJABI arperauuu U MeToAsl aucneprupoBanus. CoriacHo
IIEpPBOMY METO/y HAHOYACTHILIbI (POPMHUPYIOTCS B pe3yJIbTaTe PeaklMy ¢ 00pa3oBaHUEM IIPEKypcopa
Y TIOCJIEYIOLIEN YIPABIIIEMON arperalue MOJIEKyJI WK aTOMOB IPOAYKTOB 10 HAHOPAa3MEPOB.

B ciyuae nucneprupoBaHMs KpyNHbIE 4YacTHIBI MaTepuana JOJDKHBI OBITh pa3apoOIeHbI 10
HAaHOpPa3MEpOB, IPU 3TOM 3aTPAayMBACTCS 3€AUUTEIIBHOE KOJMYECTBO  DHEPIMM Ha pE3KOe
yBEJIMYEHHUE MMOBEPXHOCTH paszena (das.

['maBHBIM HEOCTATKOM CHHTE3a SIBISETCS TEPMOJMHAMUYECKas HEYCTOMYMBOCTb 3TUX CHUCTEM —
oOpasyrolecss HaHOYACTHIBI ITOABEPTalOTCsl CAMONPOU3BOJIBHOM arperaluy 3a c4eT OrpoOMHOI0
U30BITKA IIOBEPXHOCTHON CBOOOAHOM SHEPTHH.

[ToaTomy XUMUKaMH OB pa3pabOTaH METOJl CTaOWIM3allMi CUHTE3UPOBAHHBIX
HAHOYACTHI] ITyTEM HCIOJIb30BAHUS HM30JUPYIOIIUX MAaTpHUl, OIpPaHUYMBAIOIIMX HMX JajbHEiIIee
CJIMIIaHKUE B OOJIBLINE I'PEraThl.

B nannHo# paboTe mpeAnpHHATA MOIBITKA MOJYYUTh B IMOpax IEOJIMTOB HAHOpPA3MEPHBIE
gactuiibl BTCII kak karanuTudeckue CHCTeMbl OM(YHKIIMOHAIBLHOTO JEHCTBUS — T.€., C
COYETaHUEM OKUCIIUTEIIbHO-BOCCTAHOBUTEIBHOM (DYHKIIMH U MOJIEKYJISIPHO-CUTOBOTO 3 eKTa.

C oTOli Henpl0 B KAa4eCTBE H3OJUPYIOIIMX MATPHIl HAMHU HCIOJIb30BAaHbl CUHTETUYECKHUN
[EOIHT TUMa Y ¥ MPUPOIHBIN KIMHONTHIOIUT B IEKaTHOHUPOBAHHU (OpME AJISI «BBIPAILIUBAHMS)
B UX [TOpax HaHOYACTHUI] CBEPXIPOBOASIINX KyIPaTOB — ObLI OCYIECTBIIEH TaK HAa3bIBAEMBIH in Situ
CHHTE3.

CoennHeHUAMH — TIPEKypcopamMu ObIITM HUTPATHI HTTPUsS, OapUs M METU B KOJIMYECTBEHHOM
COOTHOILIEHUH, cooTBeTCTBYIo1EM cocTaBy BTCII.

[IpenBaputenbHas MHOTOKpaTHas o00pabOTKa IICONMTOB TPOBOIMIACH AMMHAYHBIMH
Oy(epHbIMU pacTBOpaMH B JMHAMUYECKUX YCIOBHUSX C MOCIEAYIOIINUM JJIUTEIbHBIM HAarpeBOM Ipu
200-250 °C mus ynanemus Bogsl M amMmmaka. IlomydeHHbIe 0OpasIBl EKATHOHHPOBAHHBIX
LICOJIMTOB MPONUTHIBAIUCH CMEChI0 HUTPATHBIX pacTBopoB Y, Ba n Cu. Cnekanue nmpoBOAMIOCH
npu 930°C B Tedenne 12 wacoB B TOke Kmciaopoga. OCTHIBIIAS Macca Iocie APOOICHHS ObLIa
OTCesTHa Ha CUTaX — BBIIESUIM HamboJiee MENKyro (pakLuIo YepHOTro 1BeTa ¢ pazmepoM <0.25MM.

Pentrenodasosenii ananus noarsepann Hanmmune ClI-daszer u BaCuOs, ciHTe3MpOBaHHBIX B
Hopax IE0JIUTOB, a TAK)KE HAHOPA3MEPHBIN XapaKTep YaCTHII.

Jng u3ydeHus KaTaIUTUYECKUX CBOMCTB IOJyYEHHBIX HAHONOPOIIKOB B KauecTBE
MOJICJIBHOM peakiuu ObLI0 ONMpPOOOBAHO OKUCIEHHE MOHOKCHJA YIjepoja; TeMIlepaTypHble
npenensl peakuun koHsepcun CO — CO; cmecTunuchk B 00JacTh HU3KUX Temreparyp Ha 150 —
200°C 1o cpaBHeHHMIO ¢ Karanuzaropamu Ha ocHoBe BTCII, mnomydeHHBIMH OOBIYHBIM
TBepI0(a3HBIM METOJIOM, & aKTUBHOCTH BBIIIE 0OJIee YeM Ha IOPSIOK.

Takum 00pazom, B LIEOJUTHOM MaTpuile MOTYT ObITh CUHTE3MPOBAaHbI BHICOKOAKTUBHBIE U
CEJICKTHBHBIE HAHOPA3MEpPHbIE OKCUAHBIE M KOMIUIEKCHBIE KaTaJu3aTOpbl HEOPraHUYECKUX U
OpPTraHUYECKUX PEAKIIMH.
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QUANTUM EFFECTS IN MAGNETIC IMPURITIES DOPED METAL-POLYMER
NANOCOMPOSITES
P.J. Kervalishvili
Georgian Academy of Natural Sciences, Al. Kazbegi Av. 9a, Tbilisi 0160, Georgia
Abstract

Some physical effects are totally changed when the scale of the system decreases from micro to nano
and pico. Among them most important are quantum mechanical effects, for instant, the quantum size effects
related to alterations in the electronic band structure of the metal particle due to its small size and the
presence of a high fraction of co-coordinately and electronically unsaturated atoms at the surface of the metal
nanoparticles.

Nowadays material science and technology has reached the point where it is possible to prepare small
molecules to almost any structure. These methods are used today to produce a wide variety of useful any
synthetic substances including polymers. This ability raises the question of extending this kind of control to
the next-larger level, seeking methods to assemble these single molecules into supramolecular assemblies
consisting of many molecules arranged in a well defined manner. To obtain the materials containing
nanoparticles in polymeric matrix, the approaches utilize the concepts of molecular self-assembly and/or
supramolecular chemistry to automatically arrange themselves into some useful conformation through a
bottom-up approach was used. It is the transformation of the controlled assembly of atomic and molecular
aggregates into larger systems (e.g. self-assembled monolayers, forming of clusters, organic lattices,
supramolecular structures and synthesized macromolecules, using chemical synthesis and different
deposition methods).

One of the prominent directions of realization of novel quantum size properties in polymers is
development polymer nanocomposite materials possessing a wide spectrum of the giant tensometric and
magnetic properties which are achievable by doping of different polymer matrixes by ferromagnetic metal
imprities up to content 10-20 wt %. It is evident that such high content of metal nanoparticles in a
nanocomposite film promotes the occurrence of the new unique properties having important applications as
extra-sensitive microsensors of pressure, temperature, tension. Also, these materials could be used for
detecting various pollutions in atmosphere.

The magnetocontrolled elastic composite materials (magnetoelastics) produced by disposing ultra-fine
magnetic particles in polymer matrix represents another interesting designing possibility for synthesis and
research of elastic polymer nanocomposites with the high content of ferromagnetic nanoparticles. The giant
magnetostriction effect also connecting with quantum properties was observed for usual composites with
magnetic particles of size by order of 3 micron. The synthesis of magnetoelastic nanocomposites gives a
novel unique intriguing possibility to obtain novel nanocomposites with giant tensoresistivity and giant
magnetostriction effects in one material. Such materials are perspective, for example, in nanotechnology for
manipulating in nanometer scale, for the scanning tunnel microscopy, for different microsensors, etc.

Other possibility of application of magnetic nanocomposites is connected with the effect of the giant
negative magnetoresistance. The synthesis and research of new class of nanocomposites with the tunnel
conductivity and the giant tensoeffect, being the array of conducting nanoparticles embedded into elastic
polymeric matrix were done. Practical applications of these materials are connected with their giant
sensitivity to mechanical pressure and deformations because conductivity of such materials is determined
basically by quantum process of the electrons tunneling between the conducting nanoparticles. The
probability of such process exponent-like depends on the interparticle distances.

The conducting polymer composites possess a high sensitivity to mechanical effects when the density
of conducting components (metal, carbon particles), is close to the percolation threshold. This property is
connected with changing their electrical resistance under mechanical deformation. Utilizing the conducting
particles of nanometer size will lead to the quantum tunneling character of conductivity and will allow
increasing sharply the sensitivity to deformations.

Keywords: nanoparticle, polymer, nanocomposite, magnetic impurities, electron tunneling, quantum
properties
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NANOSTRUCTURES WITH CONTROLLED DISSORDERS — MATERIALS
FOR SPINELECTRONICS

P.J. Kervalishvili
Georgian Technical University, 77 Kostava St. Tbilisi 0175, Georgia

Abstract

The role of disorders in formation of electrical, magnetic, optical, mechanical, etc. properties of solid
substances is crucial and nowadays more and more understandable.

The nanoscience and nanotechnology methods and tools development made possible to manipulate
of nano scale disorders and create principally new materials and devices for information technologies
operating as charge, and spin degree of freedom of carriers, free from limitations inherent for metal
spinelectronic devices. The central task of such researches is the creation nano structured materials with
different electro magnetic properties and among them ferromagnetic semiconductors the basic substances for
spin transport process organization.

The realization of the spin-polarized current transfer opens out new possibilities for the solid-state
electronics.

The discovery of giant magnetoresistance effect (GMR) observed during the study of thin films with
alternating layers of ferromagnetic and non-magnetic metal shown that, depending on the width of a non-
magnetic spacer, there can be a ferromagnetic or antiferromagnetic interaction between magnetic layers and
antiferromagnetic state of magnetic layer can be transformed in ferromagnetic state by an external magnetic
field. The spin-dependent scattering of conduction electrons is minimal, causing a small resistance of
material, when magnetic moments are aligned in parallel, whereas for antiparallel orientation of magnetic
moments the situation is inversed. The effect GMR brightly has demonstrated, that a spin-polarized electrons
can carry magnetic moment through non-magnetic materials with saving spin coherence, which is the
meaning of the term “spin transport”.

During the last years the main task of the frontier works within above mention direction was
formulated as study of fundamental aspects of the spin transfer through the interface “ferromagnetic discrete
alloy - nonmagnetic semiconductor” (DA-NS structures) with the aim to determine the most essential
mechanisms, responsible for their transport properties, electronic and magnetic structures and for the
development of technologies of spinelectronic materials creation with controlled disorder on the basis of
nanostructured discrete magnetic alloys.

The execution of researches within the framework of the given paper will allow studying in details
the process of the spin-polarized electronic transport in “semiconductor-ferromagnetic” nanolayers with
controlled disorder. The most essential mechanisms, responsible for the transport properties, electronic and
magnetic structures of these discrete alloys was determined. It, in turn, served as basis for creation of
practical spinelectronic devices having in their structure the interfaces “ferromagnetic discrete alloy - non-
magnetic semiconductor”.

Main References:
P. Kervalishvili, Mechanism of Boron small particles growth. Solid State Physics — USSR, v. 29, No-4,
(1987)
P. Kervalishvili and A. Lagutin, Nanostructures, magnetic semiconductors and spintronics,
Microelectronics Journal, 39 (2008), pp.1060-1065.
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Nanostructures, Spinelectronics, Controlled disorders, Magnetic semiconductor, Spin-polarized
transport.
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Hccaenoanue popMUPOBAHUA MATHUTHOM (a3bl BLICOKOTEMIIEPATYPHBIX
cBepxXnpoBoAHUKOB cucTeMbl Bi-Pb-Sr-Ca-Cu-O B HOpMAaJIbHOM COCTOSTHHH

* * * kk
Jx. Yursunanse , . Axsneauanu , T. Kanmaberumsunm , T. Canangze

*Nuctutyt ®uszuku uM. E. AuaponukamBuny, yi. Tamapamsunu 6, 0177 Tounucu
** Tounmucckuii ['ocynapctBennbiit YauBepcuteT uM. 1 Jxapaxumsuiu, yi. YapuaBamze 3, 0179
Tounucu.

ABtop st koHTakTa: k. Yursunanaze. jchigvinadze@rambler.ru

B nenmaBHO omyOnmkoBanHo# padote [1] (Physics Letters A 373 (2009) 874-878, “The
investigation of EPR paramagnetic probe line width and shape temperature dependence in high-
temperature superconductors of Bi-Pb-Sr-Ca-Cu-O  system”) MbI NpeAcTaBUIM PE3yJIbTAThI
uccnenoBanus OIIP B BeIcokoTeMmnepaTypHOM cBepxnpoBoaHuke Bi-Pb-Sr-Ca-Cu-O. B
TeMIEepaTypHOM 3aBUCUMOCTHM IMPUHBI JuHUM OIIP mapamarHuTHOro 30HAA B HOPMalbHOM
cocrosuuun npu T=175+200 K nHamu  Oblm HaAOMIOAEH MWK, KOTOPBIH MBI CBSI3BIBAEM C
00pa3oBaHNEM HOBOW MarHUTHOM (ha3bl.

Uccnenyemass HamMu  BBICOKOTEMIIEpaTypHas CBEpPXMIPOBOJSIIAS CHCTEMa  SIBIISIETCS
HEYCTOMYMBOM KPUCTALIOXMMUYECKON cucTeMoi. HeycTOMYMBOCTh MPOSABISIETCA B aHOMAaJIbHBIX
TEMIEPATYPHBIX 3aBUCUMOCTAX Koddduiumenta temmoBoro pacmmpenus (KTP), ctpykrypHbix
apaMeTpoB, CKOPOCTEH yIbTpa3ByKa, yIPYTUX MOIYJIEH U IPYTUX XapaKTepPUCTHUK.

Junaromerpudyeckue W peHTreHorpadudeckue  (IMOPOMIKOBas  peHTreHorpadus)
uccienoBanusi mnokaspiBaoT, KTP mnpu Hu3KMX TemmepaTypax MEHSET 3HAaK, CTaHOBUTCS
oTpunatenbHbIM. [Ipy 3TOM MEHsSIeTCsS dJIeMEHTapHas sueiika - HaONIoJaeTcs TeMIepaTypHas
3aBUCHUMOCTH MTAPAMETPOB JIEMEHTAPHOMN STYEHKHU.

Ot pdeKxTsl HAOMIOAAIOTCA MOYTH BO BCEX BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOISIINX
kymnpaTtax. Hanpumep, 3ddext orpumarensnoro KTP mposiBisercs mpu HU3KUX TeMIlepaTypax B
cucteMe YBa,CuzO7s amke T=175, B Bi,SroxLay CuOg uHmxke T~B cucreme Bi-Pb-Sr-Ca-Cu-O
KTP cranoButcs orpunarenbibiM HIke T~160K.

[lepeuncnennsie Bblme 3()(eKThl XapaKTepu3yIoue HEyCTOHYUBOCTh KPUCTANIOXUMHYECKON
CUCTEMBl  BBICOKOTEMIIEPATYPHBIX  CBEPXMPOBOIANIMX  KY[paroB MOTYT CHOCOOCTBOBATh
(dbopMUPOBaHNIO HOBOM MarHUTHOM (pa3wl onrcaHHo# B pabote [1], Tem Gonee, 4TO ATa MarHUTHAs
daza ¢opMupyeTcss MMEHHO B TOW O0O0JIaCTH TeMIlepaTyp, T/€ HaOIIOJaeTCs aHOMAaJIbHBIC
TEMIIEPATypHbIE 3aBUCHUMOCTH Kod((HIIMEHTa TEeMIIepaTypHOrO PpACHIMPEHUsT M CTPYKTYpPHBIX
napamMeTpoB. B Hacrosieit pabote MpUBOAATCS COOOPaKEHUS M IKCIIEPUMEHTAJIBHBIN MaTepual,
HOJTBEPIKIAIOIINE MPEITI0KEHHOE 00bSICHEHHE TOSBICHNSI HOBOW MarHUTHOW (a3bl B cucteMe Bi-
Pb-Sr-Ca-Cu-O .
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N3yuyenue BbICOKOTEMIEPATYPHBIX cBepxnpoBoasimux ¢a3 B Bi-Pb-Sr-Ca-Cu-O,
CHUHTE3MPOBAHHBIX € UCIOJb30BAHHEM COJTHEYHON IHEPIHH.

%k skskk

X. I/IFBI/IHaI[?)e*, I HaMOBa**, C.AI_HI/IMOB*, T. Maqaﬂme*, T. BaHI/I*, I. OHAa/3¢C ’
q Y.
sk
J.YckenOaen

b

*Uuacturyt @usuku um. E. Arnporukamsuiy, yi. Tamapamsunu 6, 0177 Tounmucu

**NucturyT Matepuanosenenus HITO «®uzuka-Connne» Axkanemun Hayk PecryOnuku
V36ekucran

***['py3unckun Texuuyeckuil YHuBepcurer, yi, Kocrasa 77, 0175 Towiucu

ABTtop ansa konrakta: Jk. Uureuaamze. jchigvinadze@rambler.ru

Hccnenyercs TemnepaTypHas 3aBUCUMOCTh 3aTyXaHMs W Nepuoja KojJeOaHUM CBEPXIIPOBOISIIECTO
numuaapudeckoro obpasma BTCII cuctemu  Bi-Pb-Sr-Ca-Cu-O, moaBemieHHOro Ha TOHKOM
yOpPYrol HUTH U COBEPUIAIONIETO AKCUAIBbHO-KPYTUIIbHBIE KOJICOAHUS B MOMEPEYHOM MarHUTHOM
noJie. Beilie KpUTHYECKON TeMITepaTypbl CBEPXIPOBOIAIIETO TTepexoa oCHOBHOM (a3l Bi(2223) ¢
T~107 K Hnabmiogena obnactb «xaoca» B uHTepBasie Temmnepatyp 107-150 K, B koropoi
3a(pUKCUpPOBaHbl OT/ENIbHBIE BCIUIECKH 3aTyXaHHUd M 4acToThl kojebanus. llpenmonaraercs, yto
00J1acTh «Xaoca» MOXKET YKas3bIBaTb Ha BO3MOXKHOCTH CYIIECTBOBAHMS APYTUX MAarHUTHBIX WIN
0oJiee BBICOKOTEMIIEPATYPHBIX CBEPXMPOBOIAMIMX (a3 Majod KOHIIEHTpAIMH B BHUJIE OTAENIbHBIX
CBEPXIPOBOSIIUX OCTPOBKOB B MAaTpHIIE HOPMAJILHOTO MaTtepuaia 2223-¢as3sl.
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HccnenoBanue MarHMTHHIX (pa3 B HOPMAJIBLHOM cOcTOsIHUM B Rb3;Cq) 1
AMHAMMKA BUXPEBOH pelieTKH AOPHUKOCOBA HUKe KPUTHUYECKOIN TeMIIepaTypbl
CBEPXIIPOBOASLIEIO Mepexoaa.

JIK. qI/IFBI/IHaJISC*, B. BYHTapB**, C.AHIPIMOB*, T. Mal{anme*, I. )Z[0Haz[3e*’***

*Nuctutyt @usuku uM. E. Aaaponukamsmm, yi. Tamapamsumm 6, 0177 Toumucu
** Columbia International College, Hamilton, Ontario, Canada
**% I'py3unckun TexHnuyeckuid YHuBepcurer, yi, Kocraa 77, 0175 Tounucu

ABTtop mnsa konrakTa: Jk. UureuHamze. jchigvinadze@rambler.ru

C npuMEHEHHEM CBEPXUYyBCTBUTEIBHBIX METONOB HCCIICJOBAHUS  JUCCHUIIATHBHBIX
IPOIIECCOB U MUHHUHTA B CBEPXIIPOBOJIHUKAX, HAOIIOIEHBI M UCCIIEAOBAaHBl MAarHUTHBIE (ha3bl pU
T=55 K, T=200-215 K u T=260+270 KB Rb3C¢p. DTHIMU k€ METOIaMH OTIPEACIICHB KPUTUUECKUE
napamMeTphl: TeMIepaTypa Imepexoja B cBepxmpoBojsiiee coctosiHue T, B RbsCey u mepBoe
Kputuueckoe moie Hg ero mepexoma W3 CBEpXIPOBOISMIETO B CMEMIAaHHOE cocTosHue. Jlms
U3yuYeHHs TpoleccoB 0Opa3oBaHMs U pacnaga BuUxpeBoil pemerkn AOpuxocoBa (BPA) B Rb3Ce
NpUMEHEHAa YyBCTBHUTEJIbHAs MEXaHMUYECKas METOAMKA HCCIEeIOBAHUS CTUMYJIHPOBAHHOW
UMITYJIbCHBIMA MarHUTHBIMH MOJSIMH TUHAMUKU BPA. DTUM MeTOI0OM H3y4YeHBI peslakCalliOHHbIC
SBJICHUS] B BUXPEBOM MaTEpUH U OIpPEICICHBI BpeMsi 00pa30BaHUs M pacHaja BUXPEBON PEIICTKH
AbpukocoBa B cBepxmpoBosiieM (ymaepeHe RbiCep M OHM Okazamuch paBHbIMH 10pcex s
3apOXKICHUS U 25 UCeK ISl UX pacnaja.
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