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nanoteqnologia – arsi, problemebi, perspeqtivebi 

 
d. jiSiaSvili*, ** 

 
*ssip kibernetikis instituti. s. eulis q. 5, 0186 Tbilisi 

**saqarTvelos teqnikuri universiteti. kostavas q. 77, 0175 Tbilisi 

 

sakontaqto avtori: d.jiSiaSvili. d_jishiashvili@gtu.ge 
 

 
nanoteqnologia dRes ukve im sayovelTaod aRiarebul mimarTulebad 

iqca, romelsac SeuZlia radikalurad Secvalos adamianis  yofacxovreba, 

mniSvnelovnad gaaumjobesos misi janmrTeloba da garesamyaro, gamoiwvios 

revoluciuri winsvla mecnierebisa da teqnikis praqtikulad yvela 

sferoSi. dRes Cven nanoteqnologiuri revoluciis jer kidev sawyis etapze 

vimyofebiT da warmodgenili moxsenebis mizania nanoteqnologiis, rogorc 

ukiduresad multidisciplinaruli dargis  winaistoriis, misi warmoqmnis 

mizezebisa da pirvelwyaroebis, aq dagrovili ZiriTadi problemebisa da 

perspeqtivebis mokle analizi.  

ganxilulia koloiduri qimiis, ultradispersuli masalebis 

Seswavlisa da mikroeleqtronuli teqnologiebis roli nanoteqnologiis, 

rogorc mecnierebis calke ganxris Camoyalibebis saqmeSi. naCvenebia axali 

analitikuri xelsawyoebisa da teqnologiuri aparaturis udidesi gavlena 

Tanamedrove nanoteqnologiur kvlevebze.  

calkea ganxiluli is ZiriTadi movlenebi, romlebic  

nanoteqnologiur midgomebs ubralo zomebis Semcirebis, anu 

miniatiurizaciisgan ganasxvavebs. zomebis submikronul donemde Semcireba, 

kvanturi da zedapiruli efeqtebis  gaZlierebasTan erTad udides 

zegavlenas axdens nanomasalis Tvisebebze, calkea gamoyofili naxSirbadis 

nanomilakebis aRmoCenisa da maTi parametrebis dadgenis sakiTxebi. 

nanoteqnologiam kvanturi meqanika sainJinro mecnierebad aqcia, 

radganac SeuZlebelia Tanamedrove nanoxelsawyoebisa Tu nanomasalebis 

analizi kvanturi midgomebis gamoyenebis gareSe. moxsenebaSi ganxilulia 

kvanturi kompiuteris SeqmnasTan dakavSirebuli sakiTxebi, axsnilia misi 

moqmedebis principi, kvanturi bitebisa da gadaxlarTuli kvanturi 

mdgomareobebis gamoyenebiT kriptografiuli da gamoTvliTi teqnikis 

problemebis gadaWris gzebi da realuri Sedegebi.  

moxsenebis daskvniT nawilSi yuradReba gamaxvilebulia 

nanoteqnologiuri kvlevebisa da masTan dakavSirebul saganmanaTleblo 

saqmianobis intensivobaze msoflios masStabiT, agreTve nanoteqnologiaSi 

dasaxul ZiriTad perspeqtivebze da problemebze. gamoTqmulia 

avtoriseuli Sexeduleba saqarTveloSi nanoteqnologiebis ganviTarebis 

perspeqtivebisa da realisturi samomavlo gegmis Camoyalibebis Sesaxeb.  

 
 
 
 



 2

nanonawilakebis Tvisebebis maT zomebze damokidebulebis 

meqanizmi  
 

a. gerasimovi 

 

 “gerasimov reserC laboratoriz”, xeTagurovis q. 26, 855357221 

 

sakontaqto avtori: a. gerasimovi.  tsu_ngmk@yahoo.com 

 

nanonawilakebi zomebis mixedviT moTavsebulia mcire molekulebsa 

da kompaqtur myar sxeulebs Soris da Tavisi TvisebebiT gansxvavdeba 

orive mezoblisagan. nanonawilakebi, iseve rogorc myari sxeulebi, 

molekulebisagan gansxvavebiT, xasiaTdeba koleqtiuri TvisebebiT (fazuri 

mdgomareoba, siTbo da eleqtrogamtarebloba da a.S.), magram es Tvisebebi 

damokidebuli aRmoCnda maT zomebze, ris axsnac tradiciuli molekulur-

kinetikuri Teoriis safuZvelze SeuZlebeli aRmoCnda. Cvens mier 

SemoTavazebulia kondensirebul garemoSi atomis gadaadgilebis axali 

warmodgenebi, damtkicebuli Teoriulad da eqsperimentulad, romlis 

saSualebiTac SesaZlebeli aRmoCnda am damokidebulebis axsna. am 

warmodgenebis Tanaxmad nivTierebis energetikuli zonebis struqtura, maTi 

erTmaneTis mimarT energetikul skalaze ganlageba da maTi Sevseba 

eleqtronebiT mocemul temperaturaze gansazRvravs mocemuli nivTierebis 

yvela Tvisebas. am maxasiaTeblebis, umTavresad ki, damakavSirebel da 

antidamakavSirebel doneebze eleqtronebis raodenobis cvlileba, raime 

zemoqmedebis Sedegad, iwvevs nivTierebis sxvadasxva Tvisebis cvlilebas 

(agregatuli mdgomareoba, gamtarebloba, meqanikuri da optikuri Tvisebebi 

da sxva). raime xerxiT (temperaturiT, sinaTliT, inJeqciiT da a.S.) 

warmoqmnili damakavSirebel orbitalebze Tavisufali adgili (xvreli) da 

eleqtroni antidamakavSirebel orbitalebze warmoadgenen 

antidamakavSirebel kvazinawilakebs (adkn-ebs), romlebic asusteben qimiur 

bmebs da aadvileben atomebis gadaadgilebas kondensirebul garemoSi. 

amrigad, atomis gadaadgileba miT albaTuria, rac metia adkn-is 

koncentracia. nanonawilakSi adkn-ebi qaosuri moZraobis dros aireklebian 

misi zedapiridan da ver gadian nanonawilakidan, gansxvavebiT kompaqtur 

sxeulSi moTavsebuli  igive sididis arisagan. Sedegad, mocemuli 

koncentraciis dros adkn-ebi ufro xSirad aRmoCndebian atomebTan, vidre 

kompaqtur sxeulSi da ufro metad Seasusteben qimiur bmebs. aqedan 

gamomdinare, nanonawilakebSi mocemul pirobebSi adkn-ebis arsebuli 

koncentraciis nacvlad aRebul unda iqnes maTi efeqturi koncentracia, 

romelic miT meti iqneba, rac ufro mcirea nanonawilakis zoma. am 

warmodgenebis saSualebiT naSromSi axsnilia nanonawilakebSi maT zomebze 

damokidebuli mesris parametris, debais da dnobis temperaturis, 

meqanikuri Tvisebebis, difuziis koeficientis, siTbotevadobisa da 

siTbogamtareblobis cvlilebis meqanizmi. 
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naxSirbadovani nanostruqturebis qimiuri Tvisebebi 

S. sidamoniZe*, n. TayaiSvili** 

 
* saqarTvelos sapatriarqos wmida andria pirvelwodebulis saxelobis 

qarTuli universiteti 
** iv.javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

 

sakontaqto avtori: n. TayaiSvili. ntakaishvili@yahoo.com  
 

gasuli saukunis dasasruls mecnierebis mier aRmoCenilma

naxSirbadis axalma alotropiulma saxesxvaobam mkvlevarTa didi

yuradReba miipyro. naxSirbadovani fulerenebis da nanomilakebis saxiT

qimiaSi warmoCinda adre ucnobi, unikaluri Tvisebebis mqone naerTTa klasi

dadgenil iqna, rom almasisa da grafitisagan gansxvavebiT fulerenebi (C60,
C70) warmoadgens sasrulo struqturas, sferosebr (an sferoidalur)

molekulas. gansxvavebiT misi Semadgeneli struqturuli erTeulebisagan

fulerenis molekulaSi π-eleqtronebs ar axasiaTebT delokalizacia,

gaaCniaT eleqtronuli ormagi bmebi da reaqciis unarianobis mixedviT

emsgavsebian eleqtrodeficitur poliolefinebs. fulerenebis

funqcionireba SeiZleba ganxorcieldes rogorc egzofulerenebis, ise

endofulerenebis warmoqmnis gziT, fulerenebi gansakuTrebiT aqtiurad

ebmian halogenirebisa da Jangvis procesebSi, nukleofilirebis,

ciklomierTebis da radikaluri meqanizmiT mimdinare reaqciebSi,

warmoqmnian donorul-aqceptorul kompleqsebs da zemgrZnobiare qimiur

sensorebs. mTeli rigi reaqciebis mimarT naxSirbadovani nanostruqturebi

amJRavneben mikroreaqtorebis rols: maT RrmulebSi SesaZlebelia

sxvadasxva tipis qimiuri reaqciebis ganxorcieleba. mecnierTa garkveul

interess imsaxurebs fuleridebis zegamtaruli Tvisebebis kvleva.

fulerenebis safuZvelze miRebul ramdenime preparats mkacri eqspertizis

Sedegad (aSS) aRmoaCnda aivinfeqciis daTrgunvis maRalefeqturi unari;

patentis mepatrone firmis gancxadebiT es preparati sayovelTao

moxmarebisTvis mimdinare wels gavrceldeba.  

Ddadgenil iqna, rom naxSirbadovani nanomilakebi xasiaTdeba

polaruli da arapolaruli qimiuri naerTebis gansakuTrebulad

gazrdili adsorbciis unariT, isaxeba maTi wyalbadis energetikaSi

gamoyenebis farTo perspeqtivebi. miznobrivad modificirebuli

nanomilakebi mTel rig reaqciebSi amJRavneben maRal katalizur

aqtivobas da srul seleqtivobas. 

naxSirbadovani nanostruqturebis unikaluri Tvisebebis gamovlenam

biZgi misca araorganuli nanostruqturebis kvlevebis farTod gaSlas.

dReisaTvis Seswavlilia boris, siliciumis, molibdenis da sxva

elementebisgan warmoqmnili nanostruqturebi, romelTac aRmoaCndaT

maRali Termo- da meqanikuri maCveneblebi, qimiuri medegoba da sxva. 
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nanomecniereba da nanoteqnologiebi, maTi ganviTarebis 

perspeqtivebi da kvlevebis organizacia saqarTveloSi 
 

r. Ciqovani  
 

saqarTvelos teqnikuri universiteti. kostavas q. 77, 0175 Tbilisi 
 

sakontaqto avtori: r. Ciqovani. rchikovani@mail.ru 
 

nanoteqnologia, dafuZnebuli fundamenturi mecnierebebis miRwevebze 

bevrad gansazRvravs ara marto samecniero-teqnikur progress, aramed sazo-

gadoebis socialur-ekonomikur keTildReobas. ufro metic, nanoteqnolo-

gia gavlenas moaxdens bunebaSi mimdinare procesebzec. nanoteqnologiiis 

ganviTareba ganapiroba nanozomebis obieqtebSi axali, unikaluri 

Tvisebebis gaCenam, romlebic ar aixsnebian klasikuri fizikis farglebSi. 

aseTi masalis gamoyenebisaTvis saWiroa misi nanostruqturireba. 

nanomasalebSi mniSvnelovani adgili ukavia naxSirbadian masalebs. 

nanoteqnologiebis ganviTareba bevrad gansazRvra maskanirebeli zonduri 

mikroskopebis da epitaqsiuri Txeli fenebis miRebis teqnologiuri meTo-

debis Seqmnam. 

nanoteqnologiebis ganviTarebis mniSvnelovani faqtoria nanowarmoebis 

ekonomika. gansxvavebiT Tanamedrove warmoebisa (teqnologia `zemodan qve-

moT~), nanoteqnologia midis teqnologiuri gziT `qvemodan zemoT~ 

(rogorc buneba).  

fantastiuria nanoteqnologiebis ganviTarebis perspeqtivebi. did SesaZ-

leblobas gvpirdeba nanoteqnologia bioteqnologiis, soflis meurneobis, 

ekologiis, medicinis, eleqtronikis, informaciuli teqnologiebis, energe-

tikis (gansakuTrebiT aratradiciulis), transportis, masalaTmcodneobis, 

samxedro teqnikis da sxva dargebSi. 

msoflio qveynebis umravlesobam miiRes specialuri programebi da 

gamoyves mniSvnelovani resursebi nanoteqnologiebis gansaviTareblad. am 

programebSi mniSvnelovani adgili ukavia kadrebis momzadebis sakiTxs. 

nanoteqnologiebis ganviTareba Seicavs potenciur saSiSroebasac, 

rasac Tavidanve didi yuradReba unda mieqces. saqarTvelos ar SeuZlia 

gverdi auaros nanoteqnologiebs. Sesabamisi kvlevebis `siZvire~ 

gamarTleba ar aris. pirvel rigSi saWiroa yvela, gansakuTrebiT 

saparlamento da samTavrobo doneebze aRiarebul iqnas nanoteqnologiebis 

SesaZleblobebi da perspeqtivebi, am dargSi kadrebis momzadebis 

aucilebloba. miRebul unda iqnas saxelmwifo programa, sadac 

ganisazRvreba strategiuli mimarTulebebi nanoteqnologiaSi. 

saqarTveloSi arsebobs xelSemwyobi pirobebi dargis ganviTarebisaTvis: 

aris mZlavri samecniero potenciali, gamocdileba mikroeleqtronikaSi, 

dawyebulia saintereso kvlevebi. 

nanoteqnologiaSi kvlevebis organizaciisaTvis udidesi mniSvneloba 

aqvs Sesabamisi optimaluri struqturis Camoyalibebas. Zalebi ar unda da-

iqsaqsos (rac momakvdinebeli iqneba). aucilebelia koleqtiuri sargeblo-

bis teqnologiuri centris Seqmna Sesabamisi marTvis sistemiT. aqve unda 

iyos kadrebis momzadebac. aRniSnuli sakiTxebis ganxilva da Sesabamisi 

rekomendaciebis SemuSaveba warmoadgens moxsenebis ZiriTad mizans. 
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nanometrologia: aqtualoba da problemebi  
 

a. daneliani*, r. kankia*, s. mkrtiCiani*, d. RaribaSvili**, i. lomiZe***,  

 

*standartizaciis, teqnikuri regulirebisa da metrologiis erovnuli 

saagentos metrologiis instituti. Cargalis q. 67, 0192 Tbilisi 

**e. andronikaSvilis fizikis instituti. TamaraSvilis q. 6, 0177 Tbilisi 

***saqarTvelos sapatriarqos wmida andria pirvelwodebulis saxelobis 

qarTuli universiteti. i.WavWavaZis gamziri 53a, 0162 Tbilisi 

 

sakontaqto avtorebi: a. daneliani. adanelyan@mail.ru,  
d. RaribaSvili. devigar@mail.ru 

 

kacobriobis ganviTarebis Tanamedrove etapze axali samecniero-

teqnikuri revoluciis mowmeni varT. xdeba nanoteqnologiebis SemoWra 

Cvens yoveldRiur cxovrebaSi. 

nanoteqnologiis ganviTareba warmoudgenelia metrologiuri 

uzrunvelyofis gareSe, gazomvebis sizustisa da utyuarobis gareSe. zusti 

da sarwmuno gazomva uzrunvelyofs am axali teqnikuri revoluciis 

progress. 

ukanasknel wlebSi ganviTarda metrologiis axali mimarTuleba _ 

nanometrologia. 

moxsenebaSi ganxiluli iqneba nanoteqnologiis problemebis 

gadasawyvetad metrologiuri uzrunvelyofis aqtualuri sakiTxebi. 

warmodgenili iqneba msoflios ganviTarebul (wamyvan) qveynebSi am 

mimarTulebiT arsebuli mdgomareobis analizi. 

daskvnaSi dafiqsirebuli iqneba erovnuli etalonebisa da 

standartebis Seqmnis aucilebloba da saxelmwifos mxridan finansuri da 

organizaciuli mxardaWeris aucilebloba. 
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mikroorganizmebis mier vercxlis da oqros  

nanonawilakebis sinTezi 
 

n. wibaxaSvili*,** 

 
*ssip andronikaSvilis fizikis instituti. TamaraSvilis q. 6, 0177, Tbilisi 

**ilias saxelmwifo universiteti, WavWavaZis gamziri 32, 0179, Tbilisi 

 

sakontaqto avtori: n. wibaxaSvili. nelly_tsibakhashvili@yahoo.com 
 

 dRes nanonawilakebis sinTezi, ZiriTadad, xdeba qimiuri da fizikuri 

meTodebiT, romlebic eyrdnoba vakuumSi an siTxeebSi mimdinare atomur-

molekulur procesebs. Mmagram am gziT nanonawilakebis warmoebas gaaCnia 

mniSvnelovani naklovani mxareebi. kerZod, es meTodebi energotevadia, 

moiTxovs Zalian maRali Rirebulebis mqone  teqnikur aRWurvilobas da 

masalebs, Sesabamisad miRebuli nanomasalebi uaRresad ZviradRirebulia. 

Ggarda amisa, tradiciuli meTodebi moiTxovs manipulaciebs toqsikur 

nivTierebebTan, rasac xSirad Tan axlavs didi odenobiT  mavne narCenebis 

warmoqmnac.  amdenad dResdReobiT uaRresad aqtualuria, damuSavdes 

nanonawilakebis warmoebis iafi, martivi, aratoqsikuri da ekologiurad 

mizanSewonili meTodebi. aman ganapiroba is, rom ukanasknel wlebSi moxda 

Semobruneba nanonawilakebis miRebis biologiuri meTodebisken, radgan 

swored biologiuri sistemebi arian  nano da makro zomebis mqone  

ararorganuli masalebis sinTezis ostatebi garemomcvel bunebaSi. Aam 

kuTxiT gansakuTrebiT sainteresoa mikroorganizmebi, radgan maT gaaCniT 

specifikuri meqanizmebi, romliTac isini urTierTqmedeben garemoSi 

arsebul ararorganul ionebTan, rasac  zogjer Tan axlavs 

nanonawilakebis warmoqmna, rogorc mikroorganizmebis ujredebis SigniT, 

aseve gareT. mikroorganizmebis gamoyenebiT dReisaTvis sinTezirebulia 

rogorc metaluri aseve naxevradgamtaruli nanonawilakebi. magaliTad Ti, 
Ni, Ag, Au, CdS, ZrO2, Fe3O4, PbS. 

 

warmodgenil naSromSi  mocemulia mokle mimoxilva im kvlevebisa, 

romlebic exeba mikroorganizmebis (baqteriebis, safuvrebis da sokoebis) 

mier vercxlis da oqros nanonawilakebis sinTezs. Agaanalizebulia am 

mxriv mopovebuli Sedegebi da Sefasebulia is potenciuri SesaZleblobebi 

rac arsebobs aRniSnuli mimarTulebiT. AnaSromSi aseve ganxilulia is 

Taviseburebani, rac nanonawilakebis mikrobul sinTezs axasiaTebs.  
 

samuSao Sesrulebelia ukrainis mecnierebisa da teqnologiebis centris 

proeqtis # 4744 finansuri mxardaWeriT 
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boris nitridis nanomilakebi da fulerenebi: 

miRebis meTodebi, fizikuri Tvisebebi, teqnikuri gamoyenebebi 
 

l. CxartiSvili 

 

saqarTvelos teqnikuri universiteti. kostavas q. 77, 0175 Tbilisi 

 

sakontaqto avtori: l. CxartiSvili. chkharti2003@yahoo.com 
 

moxseneba miznad isaxavs boris nitridis BN elementaruli 

nanosistemebis – nanomilakebisa da fulerenebis – miRebis meTodebis, 

ZiriTadi fizikuri Tvisebebisa da gamoyenebis sferoebis mimoxilvas. am 

konteqstSi iqneba warmodgenili avtoris axali originaluri Sedegebic 

boris nitridis nanosistemebis wonasworuli geometriebis Sesaxeb. 

boris nitridis nanomilakebisa da fulerenebis sinTezirebisaTvis 

gamoiyeneba mravalgvari meTodi, rogoricaa: rkaluri ganmuxtva boris 

Semcvel eleqtrodebs Soris azotis atmosferoSi; myari boris nitridis 

lazeruli gaxureba an dnoba azotis nakadSi; naxSirbadis nanosistemebSi 

Canacvlebis reaqcia; myarsxeulovani procesi dafqva–gamowva; 

karboTermuli daSla; eleqtronuli dabombviT gamowveuli balistikuri 

wanacvlebebi; orTqlidan kondensireba; safenze gazrda da a.S. 

boris nitridis nanomilakebisa da fulerenebis wonasworuli 

geometriebi raodenobrivad SeiZleba aRiweros Cvens mier SemoTavazebuli 

struqturuli modelebis farglebSi. am gziT miRebulia erTkedliani 

cilindruli nanomilakebisa da erTgarsiani sferuli fulerenebis 

atomuri kvanZebis koordinatebis, kvanZTaSorisi manZilebis, radiusebisa da 

erTganzomilebiani kristaluri mesris mudmivas analizuri gamosaxulebebi; 

nawinaswarmetyvelebia boris nitridis mravalfeniani nanosistemebis 

struqturebi. aRniSnul geometriul modelebze dayrdnobiT kvaziklasikur 

midgomaSi gamoTvlilia B−N bmis sigrZisa da bmis energiis wonasworuli 

mniSvnelobebi. kerZod, didi radiusis nanomilakebisaTvis es sidideebi 

Sefasebulia, Sesabamisad, rogorc 1.554 Å da 22.95 eV / mole. 
boris nitridis samganzomilebiani fenovani kristalebis msgavsad, am 

nivTierebis elementaruli nanosistemebic farTozonian dieleqtrikebs 

warmoadgenen. Tumca akrZaluli zonis siganis damokidebuleba nanomilakis 

an fulerenis radiusze maTi mTel rigi fizikuri Tvisebebis tunirebis 

saSualebas iZleva. calke unda aRiniSnos Zlieri piezoeleqtruli efeqti 

boris nitridis realur (e.i. sasrulo sigrZis da daxuruli daboloebebis 

mqone) nanomilakebSi. 

teqnikasa da teqnologiebSi nanomasStaburi boris nitridis 

gamoyenebis perspeqtivebi uaRresad farToa. esenia: nanoboWkoebi; 

nanokompozitebi; piro- da piezoeleqtrikebi; Zalze dabali simkvrivis da 

Zalze maRali simtkicis masalebi; heteromodularuli keramikebi; 

hiperalmasebi; giga- da teraherculi diapazonis fononuri lazerebi da 

hiperbgeris kvanturi generatorebi; dartymis nanodempferebi; molekuluri 

sacerebi da nanomembranebi; wyalbadis nanorezervuarebi; proteinis 

imobilizatorebi; eleqtronuli xelsawyoebi nanoheterogadasasvlelebiT; 

nanozomebis velis tranzistorebi; optoeleqtronikisa da arawrfivi 

optikisa masalebi da a.S. 
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ionuri implantaciiT SenaerTebis sinTezi 

 mikro- da nanoteqnologiebisaTvis 

 
g. bokuCava, a. guldamaSvili, c. nebieriZe, a. siWinava 

 

ssip i. vekuas soxumis fizika-teqnikis instituti. Mmindelis q. 11, 0186 

Tbilisi 

sakontaqto avtori: a. guldamaSvili. sipt@sipt.org 
 
       ionimplantirebuli niobiumisa da molibdenis nanometrulzomebian 

fenebSi mimdinare radiaciuli procesebis, struqturul-fazuri 

gardaqmnebis mravalwliani gamokvlevebisas dagrovili masalebis  

sistematizaciis, analizisa da ganzogadoebis Sedegad dadgenilia:  

• molibdensa da niobiumSi implantirebuli atomebis, radiaciuli defeqt- 

ebis parametrebis, elementuri mikroSedgenilobis, struqturul-fazuri 

mdgomareobis ganmsazRvreli ionuri implantaciis da Semdgomi Termuli 

damuSavebis pirobebi da kriteriumebi. 

• pirvelad azotis, naxSirbadis, siliciumis ionebiT molibdenis, niobiu- 

mis 100-600 K temperaturebze 1014-1018, ion·sm-2 fluensebiT implantaciis dros 

ganxorcielda qimiuri SenaerTebis Mo2C, MoC, Nb2C,NC, Mo2N, MoN, Nb2N, NbN, 
Nb5Si3, NbSi3 sinTezi, rac ionebiT dabombvis gareSe SeuZlebelia.  

• radiaciuli struqturul-fazuri gardaqmnebisas sinTezirebuli qimiuri  

SenaerTebis Casaxva-gazrdis kanonzomierebaTa meqanizmebi da ara axali 

polimorfuli metalebis modifikaciebis sinTezi.   

• Termodinamikurad wonasworuli mdgomareobis diagramaze arsebuli fa- 

zebidan,  40-80 nm-is sisqis fenebSi Casaxul da gazrdil pirvel upirates 

fazas, rogorc wesi, warmoadgens metaliT gamdidrebuli SenaerTi. 

sinTezirebul fenaSi meore, bolo faza, Seesabameba mdgomreobis diagra-

maze arsebul ukanasknel fazas. 

• literaturuli monacemebiT ionimplantirebul nanostruqturebSi sinTe- 

zirebuli SenaerTebis ricxvic SezRudulia, magram yoveli maTgani 

Seesabameba wonasworuli mdgomareobis diagramas. 

• SenaerTebis warmoqmnis  ZiriTadi pirobaa: ionimplantirebul fenebSi  

qimiuri SenaerTis Sedgenilobis Sesabamisi odenobis komponentebis Setana 

da mbombavi ionebis mier drekad  kargvebis kaskadSi gamoyofili energia, 

romelic sagrZnoblad aRemateba fazaTa warmoqmnis energias.  

sakvlevi poli da monokristaluri masalebis nanometrulzomebiani 

nimuSebis fenebis Sesaswavlad ZiriTadad gamoyenebulia maRalgarCevis 

unariani rezerfordis ukubnevis speqtroskopia, eleqtronografia da 

transmisiuli eleqtronuli mikroskopia.E  

     miRebuli Sedegebi gamoyenebuli iqneba nobiumisa da molibdenis baza- 

ze gaumjobesebuli meqanikuri Tvisebebis mqone ionimplantirebuli axali 

masalebis Sesaqmnelad mikro - da  nanoteqnologiebisaTvis.  

 

 

 

 

 



 9

ПРИМЕНЕНИЕ НАНОТЕХНОЛОГИЙ ДЛЯ ПОЛУЧЕНИЯ  
СИЛИКАТНЫХ, БИОМЕДИЦИНСКИХ И ДРУГИХ  

ТУГОПЛАВКИХ СПЕЦМАТЕРИАЛОВ 
 

Т. Габададзе, Т. Робакидзе, Л. Масхарашвили 
 

Грузинский Технический Университет. ул. Костава 77. Тбилиси 0175, Грузия 
 

Аватор для контакта:  Т. Габададзе.  silicategtu@yahoo.com 
 

Силикатные, биомедицинские, электротехнические и другие тугоплавкие 
конкурентоспособные спецматериалы получаются по высокоэнергоемкой технологии в 
основном при 1600-2200°С. При этом, имеет большое значение дисперсность компонентов. 
Чем меньше размер частиц, тем ниже температура спекания и плавления (высокоогнеупоры, 
корунд, кварцевое стекло, плавленые изделия и др.).  

Механический способ помола сырья не дает положительных результатов даже при 
высоких энергетических затратах. Поэтому представляет большой интерес получение микро- 
и нанодисперсных порошков, которые позволяют снизить температуру спекания и плавления 
композиций на 300-800°С по сравнению с существующими промышленными технологиями 
и получить продукцию с отличительными качествами.  

Нами получены  микро- и нанодисперсные оксидные компоненты магния, силиция, 
алюминия, фосфора, марганца, кальция, меди, цинка, железа и др., а на их основе – 
спецматериалы и изделия различного назначения низкотемпературными способами спекания 
и плавления композиций этих компонентов. Представляет интерес их применение для 
получения монокристаллов различного состава и назначения (лазеры, сверхпроводники, 
оптические нити и кабели, материалы микро- и оптоэлектроники и др.).  

Имеется возможность реализации указанных компонентов и спецматериалов 
различного состава и назначения, изготовленных на их основе.  
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TOWARD THE MECHANISM OF “STEALTH” ANTIOXIDANT ACTIVITY OF 
HYDRATED C60 FULLERENE NANOPARTICLES AND PERSPECTIVES OF THEIR 

BIOMEDICAl 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 C60 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 C60 molecules in biomedical research was quite limited because 
native C60 is soluble only in organic solvents. The method of producing of chemically non-modified water 
soluble C60 fullerene (C60HyFn) was successfully developed in 1995 by Andrievsky G.V. et al. Stable 
aqueous solutions of C60HyFn contain single hydrated C60 fullerene molecules as well as their labile 
clusters (secondary associates) with the size of 3–36 nm. Chemically, C60HyFn is highly hydrophilic and 
highly stable donor-acceptor complexes of C60 with water molecules – C60@{H2O}n, n = 22–24. During 
the last decade the biological effects of C60HyFn are being studied extensively. 

The aim of the present report is describing and summarizing the work on biological and therapeutic 
actions of C60HyFn. 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 C60HyFn, its neuroprotective, 
anticancer, anti-inflammatory, antiatherogenic action, mainly determined by the antioxidative capacity of 
C60HyFn, which is revealed unexpectedly at extremely low concentrations. C60HyFn inhibited aggregation 
of Aβ-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 C60HyFn (even in nanomolar 
concentration and less) provides prolonged effects. Thus, C60HyFn 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. C60HyFn 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 C60HyFn, capable of promoting local 
attraction, concentration, with subsequent catalytic-like deactivation of free radicals. In C60HyFn the 
fullerene's core remains stabile against oxidation by reactive oxygen species (ROS); thus, C60HyFn will be 
used as a longlasting antioxidant administered even in super-small doses. Recent studies demonstrate that 
C60HyFn in the range of concentrations of 10-11-10-5 M reduces levels of •OH-radicals and protects DNA 
against oxidative damage induced by X-ray irradiation in vitro. Besides, C60HyFn acts as radioprotector 
providing high survival rate of irradiated animals. These effects of unusually low doses of C60HyFn 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 
С60HyFn 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 C60fullerene is one of the most intriguing, distinguished and promising nanodrug. 
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NANODRUGS AGAINST DIABETIC ENCEPHALOPATHY: NEUROPROTECTIVE 
EFFECTS OF HYDRATED C60 FULLERENE NANOPARTICLES AT 

STREPTOZOTOCIN-INDUCED DIABETES 
 

Tykhomyrov A.A.*, Nedzvetsky V.S.**, Chachibaia T.Z.***, Andrievsky G.V.**** 

 
*- Dnipropetrovsk State Agrarian University, Dnipropetrovsk, Ukraine. 
** – Dnipropetrovsk National University, Dnipropetrovsk, Ukraine. 
*** – Medical School ‘AIETI’, Tbilisi, Georgia  
**** - 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 C60 fullerene (C60HyFn) 
seem to be promised in the treatment of such disease. The present study examined the protective 
effects of C60HyFn 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 C60HyFn (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 C60HyFn 
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 C60HyFn 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. 
C60HyFn 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 C60HyFn displays sedative and adaptogenic actions, preventing behavioral 
disturbance produced by diabetes.  

In conclusion, although further studies are needed, hydrated nanoparticles of neat C60 
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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SesaZlebloba saSen masalaTa danamatebad 
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*petre meliqiSvilis fizikuri da organuli qimiis instituti. jiqias q. 5,  
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**kiriak zavrievis samSeneblo meqanikisa da seismomedegobis instituti. 

aleqsiZis q. 8, 0193, Tbilisi 

 

sakontaqto avtori: g. winwkalaZe. ketiebralidze@yahoo.com 
 

kompoziciuri saSeni masalebis struqturis modificirebis erT-erTi 

yvelaze gavrcelebuli meTodi – maT SemadgenlobaSi maRalaqtiuri 

nanodanamatebiss Seyvanaa. am mizniT sainteresoa bunebrivi ceoliTebis 

gamoyeneba. Cvens mier samSeneblo cementis danamatad gamoyenebuli iyo 

kaspis r-nis zemo xandakis adgilmdebareobis bunebrivi ceoliTi-

kliniptiloliti. ceoliTebis Setana cementis SemadgenlobaSi zrdis 

wylis xarjis raodenobas, romelic betonebis momzadebis dros 

arasasurvelia. amitom Cven amocanas Seadgenda iseTi tipis nanodanamati 

Segveqmna, sadac Semcirebuli iqneboda wylis adsorbcia. ceoliTebis 

garkveul temperaturamde damuSavebiT, SeiZleba movaxdinoT maTi 

struqturis nawilobrivi rRveva, rac gamoixateba ceoliTebis 

struqturuli grZeli jaWvis dawyvetiT, forianobis SemcirebiT da 

zedapiruli moculobis gazrdiT, rac ceoliTis nawilobrivi 

amorfizaciiTaa gamowveuli e.i. movaxdineT ceoliTis "Termuli 

nanomodificireba". 

Cven jer vaxdendiT ceoliTis dehidratacias, xolo Semdeg mis 

nanomodificirebas Txevadi plastifikatorebiT, romlebic samSeneblo 

konstruqciebis xarisxis gasaumjobeseblad warmatebiT gamoiyenebian. 

ceoliTebis struqtura nanomodificirebis Semdeg SesamCnevad ar icvleba, 

Tumca garkveulwilad xdeba misi deformacia. am nimuSebze wylis orTqlis 

adsorbciis Seswavlam gviCvena, rom klinoptilolitis sawyis formasTan 

SedarebiT nanomodificirebul formebze adsorbcia SesamCnevad Semcirda.  

SeiZleba davaskvnaT, rom plastifikatorebma mxolod klinoptililitis 

organzomilebiani arxebis nawilobrivi blokireba moaxdines, ramac 

SesaZlebloba mogvca cementebSi ceoliTuri danamatis Setanis Sedegad 

gazrdili wylis xarji Segvemcirebina da misi xarisxi gagveumjobesebina. 
ceoliTSemcveli cementis testirebis Sedegebma gviCvena, rom 

gamomSrali da gansakuTrebiT gamomwvari ceoliTis Seyvana cementis 

SemadgenlobaSi, aumjobesebs mis fizikur-meqanikur Tvisebebs, xolo 

plastifikatorebiT ceoliTis nanomodificirebam sagrZnoblad Seamcira 

wyalcementis fardoba, gazarda misi meqanikuri maxasiaTeblebi da daaCqara 

Sekvris vadebi. 

 

 proeqti ganxorcielda saqarTvelos erovnuli samecniero fondis 

finansuri xelSewyobiT (granti #GNSF/ST07/7-253). winamdebare publikaciaSi 

gamoTqmuli nebismieri azri ekuTvniT avtorebs da SesaZloa ar asaxavdes 

saqarTvelis erovnuli samecniero fondis Sexedulebebs.  
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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).  
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 nanoteqnologia 21-e saukunis mecnierebaTa axali sferoa, romelic sul 

ufro Rrmad iWreba medicinaSi. 1959 wels nobelis premiis laureatma 

riCard feimanma iwinaswarmetyvela nanoteqnologiis didi momavlis Sesaxeb. 

marTalia dasawyisSi mis gancxadebas bevrma mecnierma araseriozuli uwoda, 

magram male idea Teoriulidan praqtikul sinamdviled iqca, rac uaxlesi 

teqnologiebiT biologiuri struqturebis nanometriuli ganzomilebebis 

doneze programirebuli reaqciebis ganxorcielebis SesaZleblobas iZleva. 

aqedan warmoiqmna samecniero mimarTulebisa da qvedargebis saxelwodebac, 

nanoteqnologia - nanomedicina. 

nanostruqturis zedapiris mqone masalebiT SesaZlebeli gaxda calkeuli 

qsovilebis mizanmimarTuli sinTezi da organizmis ,,sakuTari" qsovilebis 

Senacvleba ise, rom gamoiricxos imunologiuri konfliqti. dReisaTvis 

ukve Seqmnilia 8 nanometri diametris samganzomilebiani struqturis mqone 

mravali qsovilis imitirebuli masala.  

specialuri teqnologiiT momzadebuli nanoforebis mqone membranebiT 

Semosili mikrokafsulebi warmatebiT gamoiyeneba samkurnalo wamlebis 

transportirebisa da droSi maTi dayovnebuli gamoTavisuflebis gziT 

dazianebuli organoebisa Tu qsovilebis samkurnalod. muSavdeba iseTi 

mikrogadamwodebis Seqmna, romlebic gamoyenebuli iqneba organizmSi 

avTvisebiani simsivnuri ujredebis aRmoCenisa da maT gasanadgureblad. 

umciresi gadamwodebi ganTavsdeba limfocitSi. korpora-cia Intel-Si iqmneba 

analizuri danadgari Intel Raman Bioanalyzer System, romelic saSualebas 

mogvcems calkeuli daavadebebi gavaanalizoT sisxlis Sratis molekulebis 

doneze lazeruli sxivebiT. nanonawilebi fulerenebisa da dendrimerebis 

saxiT ukve gadis wina klinikur gamocdas. mimdinareobs intensiuri muSaoba 

Sidsi-sa da avTvisebiani simsvnuri ujredebis amocnobisa da maT 

gamanadgurebel mikroxelsawyoebis Sesaqmnelad. 

2001 wels Seinbergis mier naCvenebi iqna Tagvis simsivnuri ujredebis 

ganadgureba nanosinjiT (miniaturuli manqana). Seqmnilia avtonomiuri 

nanomowyobilobebi dazianebuli ubnis diagnozisa da SesaZleblobis 

farglebSi mis sareabilitaciod. Seqmnilia nanokafsula, rogorc 

Jangbadis transporteri anu respirociti, rac SeiZleba gamoyenebuli iyos 

JangbadiT gulis uzrunvelsayofad iSemiuri daavadebisas. did interess 

iwvevs e.w. krotocitebi anu sisxlis ujre-debis SededebaSi monawile 

bioorganuli burTulakebi.  

nanoteqnologiuri meTodebis gamoyenebiT Seqmnilia iseTi siTxe, romlis 

dawveTeba Wrilobaze 15 wamSi akavebs nebismieri Wrilobidan sisxlis denas. 

nanoteqnologiuri sensorebi da analizatorebi nivTierebaTa umciresi 

nawilakebis aRmoCenisa da maTi analizis saSualebas iZleva. dRes is 

cnobilia rogorc ,,laboratoria Cipze". arsebuli monacemebiT erT Cipze 

SesaZle-belia ganTavsdes aseulobiT fluorescentuli gadamwodi. 

saintereso mimarTulebaa ,,sveli nanoteqnologia", rac uSualod cocxal 

organizmSi moqmedi meqanizmebis mikrotr-ansformacias iTvaliswinebs da 

TviTganaxlebadi zondebis Seqmna, rac saukunis apokalipsad unda vaRiaroT.  
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genuri Terapia  efuZneba genetikuri masalis gadatanas (transfeqcias) 

subieqtis specifikur ujredebSi da perspeqtulia mraval daavadebaTa 

samkurnalod. misi ganviTarebisa da praqtikaSi farTod danergvisaTvis 

mniSvnelovania maRalefeqturi, usafrTxo da kontrolirebadi gen-

gadamtani sistema. farTod gavrcelebul, virusuli warmoSobis genis 

gadamtan veqtorebs gaaCniaT  rigi naklovanebebisa (dnm-iT dabali 

datvirTvis unari, imunogenuroba, toqsikuroba, arasasurveli virusuli 

rekombinacia da sxv.). amitom SeimuSaves aravirusuli gadamtanebi  - 

sinTezuri polikaTionebi, romlebic, Zlieri eleqtrostatikuri urTierT-

qmedebis xarjze, polianionuri bunebis dezoqsinukleinis mJavasTan (dnm) 

warmoqmnian transfeqciis unaris mqone nano-kompleqsebs. genur TerapiaSi 

farTod gavrcelebuli sinTezuri polikaTionebi - poli-L-lizini (PLL), 
poli-L-arginini (PArg), polieTilenimini (PEI) xasiaTdebian maRali 

citotoqsikurobiT, akumulirdebian organizmSi. amitom  mniSvnelovania 

dnm-is iseTi polimer-matareblebis Seqmna, romlebic iqnebian 

dabaltoqsikuri da biodegradirebadi, amasTan gaaumjobeseben polimer/dnm-

is kompleqsis farmakokinetikur Tvisebebs. aseTad gvesaxeba wyalSi xsnadi, 

polieTglikolis msgavsi ZiriTadi jaWvis mqone, biodegradirebadi 

polikaTionebi polifunqciur aminomJava L-argininis safuZvelze.  

bis-(L-arginin)-α,ω-alkilen/oligoeTilenglikolilen diesterebis po-

likondensaciiT sxvadasxva klasisa da aRnagobis, eTeruli bmebis Semcvel 

aqtivirebul diesterebTan miviReT sxvadasxva klasis, axali 

biodegradirebadi polikaTionebi: poli(eTer ester amidebi), poli(eTer 

ester ureTanebi), da poli(eTer ester Sardovanebi). 
SeviswavleT  axali polimerebis zogierTi warmomadgenlis  citotoq-

sikuroba (MTT assay). kvleva CavatareT  Tagvis sarZeve jirkvlis kibos 4T1 
da qalis saSvilosnos kibos HeLa ujredebze. axal polimerebs aRmoaCndaT 

gacilebiT dabali citotoqsikuroba farTod gavrcelebul PLL, PArg da PEI-
Tan SedarebiT. aRniSnuli polimerebis urTierTqmedebiT dnm-Tan miviReT 

200-300 nm zomis kompleqsebi, romlebic efeqturad axdenen ujredebis 

transfeqcias. 
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ori sxvadasxva bunebis nanozomis nawilakebidan  
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kvlevis ZiriTadi mizani iyo Termulad damuSavebuli alumin-manganumis 

Senadnobisa (AMan) da sagangebod sinTezirebuli minakristaluri masalis 

(minacementi) SerwymiT saimedo narCilis miReba radioteqnikisa da 

xelsawyoTmSeneblobisTvis gamiznuli xelsawyoebisa da nakeTobebis axali 

konstruqciebis Sesaqmnelad. SerCilvaSi mosayvani masalebis SerCeva, maTi 

winaswari damuSaveba, miRebuli Sedegebis gansja efuZneboda msoflioSi 

arsebul praqtikas da sakuTar Teoriul Tu eqsperimentul monacemebs. 

miznis misaRwevad zedapirze winaswar datanili afskiT AMan-is nimuSi 
(nakeToba) 393-873K intervalSi Termulad muSavdeboda da Seiswavleboda 

afskis struqturisa da, Sesabamisad, Tvisebebis cvlileba. dadgenil iqna, 

rom aRniSnul temperaturul intervalSi arsebobs kritikuli wertili 

(673K), romelzedac kuburi, mouwesrigeblad ganlagebuli γ- modifikaciis 
Al2O3-is marcvlebi gisosis mudmiviT a=0,79nm, gadadis kubur 

waxnagcentrirebul γ´- modifikaciaSi marcvalTa Tanabari ganawilebiT. 

marcvalTa a=0,39nm-s, xolo zoma ar aRemateba  5nm-s. modifikaciur 

gardaqmnas mohyveba TvisebaTa cvlileba. magaliTad,  kuTxuri eleqtruli 

winaRoba icvleboda 0,6-dan 5,5mom-de, xolo mikrosisale _ 120-dan 440mpa-

mde. 

narCilis meore Semadgeneli (minacementi) sinTezirebul iqna PbO-RO 
(BaO,ZnO)-B2O3  sistemis minis warmoqmnis ubnis erT-erT Sedgenilobisagan. 

SerCilvisa da narCilis  mimarT moTxovnilebaTa dasakmayofileblad 

sabaziso minaSi Seyvanil iqna  malRobeli da nukleatori. miRebuli 

masala amorfulmatriciani kompozitia, romelSic meore `fazis~ 

marcvlebis zomebi ar aRemateboda 200-300nm. 

sagangebod SerCeuli Termuli damuSavebis reJimiT damzadebuli 

narCili xasiaTdeboda kontaqtis zedapirul fenaSi gardamavali buferiT, 

romlis zoma sxvadasxva elementTa ganawilebis mixedviT 8-dan 20mkm-mde 

ganisazRvreba da ganapirobebs sxvadasxva bunebis masalaTa mWidro 

SeWidulobas.   

kvlevis Sedegad Camoyalibda AMan-is zedapirisa da minacementis 

urTierTqmedebisas ganviTarebuli meqanizmis Sesaxeb warmodgenebi.  

miRebuli narCili gamoiyeneboda  moskovis radioteqnikuri institutis 

mier akustikur-eleqtronul mowyobilobaTa korpusebis dasamzadeblad. 

gamocdilia specialur mowyobilobaTa damzadebisas kosmosuri kvlevebis 

sferoSi. 

kvlevis Sedegebis potencialuri momxmareblebi saqarTveloSi 

SeiZleba iyvnen saaviacio warmoeba da sadistribucio energokompaniebi.    
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nanonawilakebis sinTezi organuli fazisa da wylis gayofis    

sazRvarze 

 
n. donaZe, m. bacikaZe, T. aglaZe 

 

 saqarTvelos teqnikuri universiteti. kostavas q.77, 0175 Tbilisi 

 

sakontaqto avtori: T.aglaZe. ninodonadze@gmale.com 
  
liTonis nanonawilakebi (lnn) warmoadgenen samSeneblo masalas 

qvevidan_zeviT nanostruqturebis da nanokompozitebis konstruirebisaTvis. 

Cvens mier damuSavebulia da msxvil laboratoriul masStabSi 

gamocdilia liTonTa (Ag, Ni, Zn, ZnO da sxva) nanokristalebis 

eleqtrosinTezi sami fazis (liTonis kaTodi_wyalxsnari-wyalSi Seurevadi 

organuli gamxsneli) gayofis sazRvarze. wyalxsnarebidan 

eleqtroqimiurad aRdgenili liToni mbrunav kaTodis meSveobiT 

gadaitaneba apolarul organul gamxsnelSi, romelSic gaxsnilia 

zedapirulad aqtiuri nivTiereba (mag. cximovani organuli mJavebi). 

ukanaskneli adsorbirdeba liTonis zedapirze da iwvevs  kristalis zrdis 

inhibirebas da kristalTa nukleaciis procesis stimulirebas da agreTve 

adheziis Zalis Semcirebas. am procesebis Sedegad liTonis nawilakebi 

dispergirdeba wylis da organul fazebSi. wylis fazaSi formirdeba 

mikronis zomis (0,1-50mk), xolo organul fazaSi-nanoganzomilebis (10-30nm) 

lnn-i.  

meTodi saSualebas iZleva ganxorcieldes liTonis nn-is insitu 
funqcionalizacia (polimeriT dafarva, CarTva araorganul matricaSi da 

sxva). 

vercxlis da TuTiis oqsidis fxvnilebis baqteriociduli Tvisebebis 

(g.eliavas saxelobis baqteriofagiis, mikrobiologiis da virusologiis  

institutSi) Seswavlis Sedegad dadgenil iqna rogorc vercxlis aseve 

TuTiis Jangis nn-bis baqteriociduli moqmedeba gramdadebiT, 

gramuaryofiT Stamebze da fagorezistentul baqteriebze. 
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wyalmcenare Spirulina platensis gamoyeneba vercxlis  

nanonawilakebis misaRebad 
 

n. wibaxaSvili*, a. rCeuliSvili*, e. ginturi*, n. kuWava*, n. baRdavaZe*, 

v. gabunia** 

 
*ssip e. andronikaSvilis fizikis instituti.  

TamaraSvilis q. 6, 0177 Tbilisi 
**ssip f.TavaZis metalurgiisa da masalaTmcodneobis instituti.  

al. yazbegis gamz. 15, 0160 Tbilisi 

 

sakontaqto avtori: n. wibaxaSvili. nelly_tsibakhashvili@yahoo.com 
 

nanonawilakebis mikrobuli sinTezi aris axali da praqtikulad 

Seuswavleli sfero, romelsac aqvs potenciali martivi, aratoqsikuri da 

iafi meTodebiT miviRoT axali, unikaluri Tvisebebis mqone nanonawilakebi. 

Mmagram imisaTvis, raTa Camoyalibdes nanonawilakebis mikrobuli sinTezis 

saTanado procedurebi, bevri ramaa Sesaswavli rogorc mikrobiologiuri, 

aseve teqnologiuri TvalsazrisiT. rac mTavaria, dReisaTvis Zalze mcirea 

im mikroorganizmebis CamonaTvali, romlebmac gaiares testireba 

nanonawilakebis warmoqmnisunarianobaze. 

Cveni kvlevebis saboloo mizania, Seiqmnas saTanado samecniero da 

teqnologiuri baza, romelic saSualebas mogvcems, rom  mikrobuli 

sinTezis gziT miviRoT sasurveli parametrebis mqone nanonawilakebi. 

samuSaoSi warmodgenilia pirveli Sedegebi, romlebic miRebulia am 

mimarTulebiT andronikaSvilis fizikis institutSi. kerZod, Cvens mier 

testirebul iqna lurj-mwvane wyalmcenare Spirulina platensis  unari moaxdinos 
vercxlis (Ag) nanonawilakebis sinTezi. Cvens eqsperimentebSi Sp. platensis 
sxvadasxva raodenobis (2–7g) biomasa moTavsda 10-3 moli koncentraciis 

mqone  AgNO3  wyalxsnarSi sxvadasxva drois ganmavlobaSi (2 – 6 dRe). 

Semdgomi gazomvebisTvis wyalmcenaris biomasa mogrovda centrifugirebiT. 

miRebul nimuSebs CautardaT rentgenostruqturuli fazuri analizi. aseve 

Sefasebul iqna vercxlis koncentracia wyalmcenaris biomasaSi atomur-

absorbciuli speqtrometris gamoyenebiT. A 

  aRmoCnda, rom yvela nimuSis difraqtograma Seesabameba ZiriTadad 

amorfuli masis stuqturas. Tumca aseve dafiqsirda kristaluri fazac, 

romlis elementaruli ujredi warmoadgens waxnagcentrirebul kubs da 

romlis kristaluri mesris parametri Seadgens ≈4.085Å, rac Seesabameba 
liTonuri vercxlis kristalur struqturas. debai-Sereris formulis 

gamoyenebiT Sefasebul iqna, rom vercxlis marcvlebis zoma Seadgens ≈10-15 
nanometrs. aRsaniSnavia, rom wyalmcenaris biomasaSi kristaluri 

liTonuri vercxlis Semcveloba ar aRemateba 1%-s. garda amisa, aRmoCnda, 

rom Sp. platensis ujredebSi akumulirebuli vercxlis koncentracia mcirdeba 

masze vercxlis ionebis zemoqmedebis drois  gazrdiT. Eam faqtebis 

safuZvelze vvaraudobT, rom vercxlis nanonawilakebis sinTezi xdeba 

wyalmcenaris ujredebis gareT. A 

samuSao Sesrulebelia saqarTvelos erovnuli samecniero fondisa da 

ukrainis mecnierebisa da teqnologiebis centris proeqtis # 5002 finansuri 

mxardaWeriT.  
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Получение наночастиц ВТСП в цеолитных матрицах 
 

Л.Г.Ахалбедашвили *, Н.П.Кекелидзе ** 
 

* Кавказский им. А.А. Твалчрелидзе институт Минерального Сырья; 
** Тбилисский государственный университет им. Ив. Джавахишвили 

 
Методы получения наноразмерных систем можно разделить на две принципиально 

взаимопротивоположные группы: методы агрегации и методы диспергирования. Согласно 
первому методу наночастицы формируются в результате реакции с образованием прекурсора 
и последующей управляемой агрегацией молекул или атомов продуктов до наноразмеров. 
 В случае диспергирования крупные частицы материала должны быть раздроблены до 
наноразмеров, при этом затрачивается зеачительное количество  энергии на резкое 
увеличение поверхности раздела фаз.  
Главным недостатком синтеза является термодинамическая неустойчивость этих систем – 
образующиеся наночастицы подвергаются самопроизвольной агрегации за счет огромного 
избытка поверхностной свободной энергии. 

Поэтому  химиками был разработан метод стабилизации синтезированных 
наночастиц путем использования изолирующих матриц, ограничивающих их дальнейшее 
слипание в большие грегаты. 

В данной работе предпринята попытка получить в порах цеолитов наноразмерные 
частицы ВТСП как каталитические системы бифункционального действия – т.е., с 
сочетанием окислительно-восстановительной функции и молекулярно-ситового эффекта. 

С этой целью в качестве изолирующих матриц нами использованы синтетический 
цеолит типа Y и природный клиноптилолит в декатионированнй форме для «выращивания» 
в их порах наночастиц сверхпроводящих купратов – был осуществлен так называемый in situ 
синтез. 

Соединениями – прекурсорами были нитраты иттрия, бария и меди в количественном 
соотношении, соответствующем составу ВТСП.   

Предварительная многократная обработка цеолитов проводилась аммиачными 
буферными растворами в динамических условиях с последующим длительным нагревом при 
200-250 0С для удаления воды и аммиака. Полученные образцы декатионированных 
цеолитов пропитывались смесью нитратных растворов Y, Ba и Cu. Спекание проводилось 
при 9300С в течение 12 часов в токе кислорода. Остывшая масса после дробления была 
отсеяна на ситах – выделяли  наиболее мелкую фракцию черного цвета с размером <0.25мм. 

Рентгенофазовый анализ подтвердил наличие СП-фазы и BaCuO5, синтезированных в 
порах цеолитов, а также наноразмерный характер частиц. 

Для изучения каталитических свойств полученных нанопорошков в качестве 
модельной реакции было опробовано окисление моноксида углерода; температурные 
пределы реакции конверсии СО → СО2 сместились в область низких температур на 150 – 
2000С по сравнению с катализаторами на основе ВТСП, полученными обычным 
твердофазным методом, а активность выше более чем на порядок.  
 Таким образом, в цеолитной матрице могут быть синтезированы высокоактивные и 
селективные наноразмерные оксидные и комплексные катализаторы неорганических и 
органических реакций. 
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nanonawilakebis miRebis efeqturi saSualeba  

d.kekeliZe*, m.cincaZe**, n.kekeliZe*,**,****, J.Ramsden*****, 

 l. axalbedaSvili*,***, b.kvirkvelia*,****, n.margiani♦, T.medoiZe♦, i.mJavanaZe♦ 

*iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti, WavWavaZis 

 1, 0179 Tbilisi 

**saqarTvelos teqnikuri universiteti, kostavas q. 77, 0175 Tbilisi 

***aleqsandre TvalWreliZis kavkasiis mineralur nedleulTa instituti, 

faliaSvilis 85, 0162 Tbilisi 

****ilia vekuas soxumis fizika-teqnikis instituti, mindelis 7, 0186 

Tbilisi 

*****Cranfield University, Bedfordshire MK 43 OAL, UK 
♦ kibernetikis instituti, sandro eulis q. 5, 0186, Tbilisi 

sakontaqto avtori: n. kekeliZe. nnkekelidze@geo.net.ge 

 

ganxilulia myarsxeulovani nivTierebebis (liTonTa oqsidebis – α-
Fe2O3, TiO2 da   sxva) nanonawilakebad danawevrebis efeqturi saSualeba 

nimuSebis mikrotalRuri gacxelebis gamoyenebiT. procesi xorcieldeba 

BERGHOF SPEEDWAVE MWS-3Pmodificirebuli sistemis bazaze. 

gamoyenebulia ftoroplastis (teflonis) sxvadasxva tipis avtoklavebi an 

kvarcis Casadgmelebi (masalis simciris SemTxvevaSi), eleqtronuli 

saxuravebiT. gamoiyeneboda sxvadasxva araorganuli mJavebi (HCl, HNO3...) da 
sxva aqtiuri gamxsnelebi. aalebis saSiSroebis arsebobis gamo ar 

gamogviyenebia organuli gamxsnelebi (spirti, naxSirwyalbadebi). amave 

dros dasaSleli nimuSi SesaZloa Seicavdes naxSirbads, Tumca 

aucilebelia misi raodenobis mkacri kontroli (am dros gamoiyofa CO2). 

magnetronis simZlavre Seadgens 1450W, sixSire 2,45GHz. sistemam muSaobis 
saSualeba mogvca sakmaod maRali wnevisa da temperaturis pirobebSi. 

narevis maqsimaluri temperatura iyo 300
oC, xolo wneva 150 bari. amasTanave 

yvela procesi mimdinareobda hermetulad daxurul sivrceSi, garemosTan 

Sexebisa da danakargebis gareSe. 

cxadia, nanonawilakebis zomebi, maTi struqtura da xarisxi Zlier 

aris damokidebuli avtoklavebSi arsebuli narevis temperaturaze, wnevaze, 

generirebuli mikrotalRebis intensivobaze, procesis mimdinareobis 

xangrZlivobaze da mis stabilurobaze. aRniSnulis gamo gansakuTrebiT 

mniSvnelovania is garemoeba, rom Sesabamisi kompiuteruli programebiT 

xorcieldeba procesebis maRalxarisxovani marTva. uwyvetad da zustad 

kontrolirdeba yvela ZiriTadi parametri: temperatura, wneva, gamosxivebis 

simZlavre, gaxurebis siCqare. SesaZlebelia sasurveli reJimis winaswari 

dagegmva, risTvisac kompiuterul sistemaSi Segvyavs saWiro temperaturis, 

wnevis da sxva sidideebis mniSvnelobebi. cdebma uCvena, rom sistema iZleva  

SesaZleblobas nano nawilakebis misaRebad ganvaxorcieloT hidroTermuli 

sinTezi, nano nawilakebis mikrotalRuri damuSaveba, da a.S.  
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siliciumis dioqsidis firebis miReba zol-geli meTodiT; 

maTi Tvisebebis Seswavla da gamoyenebis perspeqtivebi 

nanoteqnologiebSi 

 

T. pavliaSvili*, m. janjalia*, m. gudavaZe** 

*e. andronikaSvilis fizikis instituti. TamaraSvilis q. 6, 0177 Tbilisi 

**iv. javaxiSvilis saxelmwifo universiteti. i. WavWavaZis gamz. 2, 0179  

 

sakontaqto avtori: m. janjalia. medeadodo@gmail.com 
 
   siliciumis dioqsidis firebi miRebuli iyo tetraeToqsisilanis 

safuZvelze damzadebuli xsnarebidan. katalizatorad gamoiyeneboda 

marilmJava. firis warmomqmneli xsnaris “momwifebis” procesi 

kontrolirdeboda birTvuli magnituri rezonansis 
1H (bmr) meTodiT da 

paralelurad mowmdeboda sakontrolo dafenebiT. firebis dafena 

warmoebda centrifugirebis meTodiT xvreluri gamtareblobis <III> 

kristalografiuli orientaciis mqone firfitebze, romelTa diametri 

Seadgenda 60 mm-s. TermostatSi 1300 C-ze 30 wuTiani gamoSrobis Semdeg, 

tardeboda firebis gamowva 1900 C-ze 40 wuTis ganmavlobaSi, xolo 

sabolood gamxsnelisa da organuli narCenebis firidan gamodevnisaTvis 

xdeboda maTi Termuli gamowva difuzur RumelSi 4700 C-ze 1 saaTisa da 

20 wuTis ganmavlobaSi.  

   firebis Semadgenlobis gansazRvrisaTvis Seswavlil iqna maTi 

infrawiTeli (iw) speqtrebi, gadaRebuli “UR-20” speqtrometrze. firebs 

gaaCndaT STanTqmis ubani diapazonSi 1000-1150 sm-1, rac Seesabameba Si-O 
kavSirs. sxva Sualeduri SenaerTebi da organuli narCenebi am meTodiT ar 

dafiqsirebula.  

   Sefasebul iqna meqanikuri daZabulobebis xasiaTi, risTvisac 

gamoyenebul iqna maikelsonis interferometri. yvela firze fiqsirdeboda 

daZabulobis izotropuli ganawileba safenis mTel farTobze. 

   miRebuli firebis safuZvelze damzadebul iqna metali-dieleqtriki-

naxevargamtari struqturebi Al-SiO2-Si-Al. Seswavlil iqna zogierTi 

eleqtrofizikuri maxasiaTebeli. gamoikveTa miRebuli firebis gamoyenebis 

perspeqtuloba rogorc mikroeleqtronul, aseve nanoteqnologiebSi. 

nanoteqnologiebSi maTi gamoyenebis perspeqtiul mimarTulebebad 

warmoCinda: araorganuli-organuli firebis sinTezi, magnituri 

nanokompozitebis miReba, gazuri sensorebis damzadeba da fotonuri 

kristalebis miReba.  
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optoqemotronul nanosensorebSi mimdinare procesebi 
 

T. marsagiSvili, m. maWavariani, g. tatiSvili  

ssip r.aglaZis araorganuli qimiisa da eleqtroqimiis instituti. mindelis 

q., 11, 0186 Tbilisi 

 

sakontaqto avtori: T.marsagiSvili. tmars@geo.net.ge 
 

mecnierebisa teqnologiis ganviTarebis Tanamedrove mdgomareoba, 

garemos dacva, adamianis janmrTeloba dabinZurebuli garemos mxridan 

gazrdili safrTxis pirobebSi sul ufro met sizustes moiTxoven qimiuri 

sistemebis analizebis Catarebisas analizuri xelsawyoebis 

miniaturizaciasTan da analizebze daxarjuli drois SemcirebasTan erTad. 

zemcire koncentraciebis saZiebeli nivTierebebis analizebis Catarebisas 

erT-erT metad radikalur meTods warmoadgens atomuri da molekuluri 

gardaqmnebis sferoSi Tanamedrove mecnierebis miRwevebis gamoyenebaze 

orientirebuli saregistracio sistemebis gamoyeneba. aseT sistemebs Soris 

upirvelesad aRsaniSnavia nivTierebis qimiuri da eleqtroqimiuri 

gardaqmnebisas sinaTlis gamosxivebaze orientirebuli sensorebi 

samedicino da bioqimiuri kvlevebisaTvis. 

am proeqtis mizania axali meTodebis da optoqemotronuli 

nanosensorebis SemuSaveba axali eleqtroqemiluminoforebiani 

eleqtroqemiluminescenciuri lengmiur-blojetis molekuluri 

kondensirebuli firebis bazaze damzadebuli xsnarebis analizisTvis. 

aseTi sensorebis SemuSavebisas pirvel rigSi yuradReba unda mieqces 

sensorebis eleqtrodebis stabilurad muSaobas realur xsnarebSi.  

 Catarebulia analizi muxtis da eleqtronuli aRgznebis energiis 

gadatanis procesebisa, romlebic SeiZleba mimdinareobdnen moculobiT 

eleqtroqemiluminescenciur, kerZod lengmiur-blojetis firebian 

sistemebSi. sakvlev sistemaSi midinare procesebi ramdenime jgufadaa 

dayofili. pirveli jgufi – nawilakebs Soris da eleqtrodsa da nawilaks 

Soris muxtis gadatanis da fotogadatanis procesebi kondensirebul 

garemoSi. meore jgufi – calkeuli nawilakebis eleqtronuli aRgznebis 

da nawilakebs Soris eleqtronuli aRgznebis energiis gadatanis procesebi 

kondensirebul garemoSi. 

kondensirebuli garemo warmodgenilia lengmiur-blojetis fenebis 

saxiT. minarevuli nawilakebis (luminoforebis) koncentracia SeiZleba 

icvlebodes fenidan fenamde. garemo aRwerilia garemos molekulebis 

polarizaciis operatorebis temperaturuli grinis funqciebis gamoyenebiT. 

es iZleva sixSiruli da sivrciTi dispersiis efeqtebis gaTvaliswinebis 

saSualebas.  

miRebulia analizuri gamosaxulebebi kondensirebul garemoSi 

eleqtrodidan minarevul nawilakze, eleqtrodidan garemos nawilakze, 

minarevul nawilakebs Soris lengmiur-blojetis erT fenaSi, lengmiur-

blojetis sxvadasxva fenebis minarevul nawilakebs Soris muxtis 

gadatanis procesebis kinetikuri parametrebisTvis.  

miRebulia gamosaxulebebi sistemis mier sinaTlis gamosxivebis 

eqstinqciis koeficientisTvis. igi zogadi formiT Seicavs sistemis 

maxasiaTebel rig makroskopul parametrebs.  
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PPpiridoqsalis bazaze miRebuli spiropiranebis               

N  nanostruqturebi 

 
k. jafariZe, l. devaZe, j. maisuraZe, i. mJavanaZe, n. sefaSvili 

 

ssip  kibernetikis instituti, sandro eulis q. 5, 0186 Tbilisi 

 

sakontaqto avtori: k. jafariZe.  kokhtaja@yahoo.com 
 

spiropiranebi sxva fotoqromul naerTTa Soris gamoirCeva maRali 

SuqmgrZnobiarobiT, orfotoniani kvantis STanTqmis didi kveTiT, Cawerili 

informaciis Senaxvis vadiT, romlis regulireba did diapazonSia 

SesaZlebeli, gamosaxulebis koreqciisa da erTidaigive nimuSze 

informaciis molekulur doneze mravaljeradad Caweris unariT. Yyovelive 

amiT aixsneba is garemoeba, rom pirveli dammaxsovrebeli mowyobiloba 

informaciis orfotoniani CaweriT swored spiropiranebze ganxorcielda. 

spiropiranebis TviTorganizebis, anu nanonawilakebis advilad warmoqmnis 

unari gamoyenebas poulobs nanoteqnologiebSi. 

axali, gaumjobesebuli Tvisebebis mqone spiropiranebis sinTezi da 

maTSi mimdinare fizikur-qimiuri procesebis kvleva mecnierebis erT-erTi 

mniSvnelovani stadiaa. spiropiranis molekulaSi Camnacvleblis 

eleqtronuli bunebisa  (eleqtro-aqceptorulidan eleqtro-donoramde ) da 

misi poziciis varirebiT SesaZlebelia farTo diapazonSi vcvaloT naerTis 

iseTi parametrebi rogoricaa: fotomgrZnobiaroba ultraiisferi ( u.i. ) da 

xiluli sinaTlis mimarT, fotoinducirebuli formis sicocxlis 

xangrZlivoba, fotoqromuli gadasvlebis speqtraluri ubani, cikluroba, 

stabiluroba, dipoluri momenti da sxva. 

fotomgrZnobiarobisa da dipoluri momentis gazrdis mizniT 

sinTezirebulia da Seswavlilia spiropiranebi piridoqsalis (vitamin BB6-
is) bazaze, Kkvlevebma gvaCvena, rom am naerTebis magaliTad 1-is Ddipoluri 

momenti sagrZnoblad gazrdilia. Aamaze metyvelebs 1 naerTis amorfuli 

firis t=00C STanTqmis speqtris  arastruqturirebuli xasiaTi, iseTive 

rogoric mas aqvs polarul gamxsnelSi( mag. eTanolSi ). Mme-2 naerTis 

amorfuli firis STanTqmis speqtri struqturirebulia da identuria 

speqtrisa arapolarul gamxsnel-

Si (mag. meTilcikloheqsanisa da 

dekalinis narevSi)  t = -1600C.       
1 tipis spiropiranebis da 

Sesabamisi merocianinebis dipo-

luri momentebi, rogorc 

mosalodneli iyo, aRemateba 

Sesabamisi indolinuri analo-

gebisas. aseTi spiropiranebis 

qromenul nawilSi nitrojgufis CasmiT, savaraudoa fotomgrZnobiarobis 

gazrda. 

 

samuSao Sesrulebulia samecniero erovnuli fondis dafinansebiT.  

(proeqti GNSF/ST08/4-425 (2009-2011) 
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spiropiranebis nanonawilakebi medicinaSi 

 
k. jafariZe, l. devaZe, j. maisuraZe, n. sefaSvili 

 

          ssip  kibernetikis instituti, sandro eulis q. 5, 0186 Tbilisi  

 

 sakontaqto avtori: l. devaZe. Llali.devadze@gmail.com 
 

nanoroboti aris mowyobiloba, romlis zoma molekulis zomis 

Tanazomadia, moZraobasTan erTad mas SeuZlia gadaamuSaos, gadasces 

informacia da Seasrulos programa. N nanokafsulebis Semcveli 

nanorobotebis saSualebiT SesaZlebelia adamianis organizmis winaswar 

gansazRvrul adgilze wamlis miwodeba. nanokafsulebis gare fenaSi 

foliumis mJavis molekulebis arseboba, maT kibos ujredebze miwebebis 

unars aniWebs. fenas Tu saWiro wamlis molekulebTan erTad spiropiranis, 
(an sxva fluorescirebad) molekulebsac mivabamT, dazianebuli ujredebis 

arCeviTad ganadgurebasTan erTad ultra-iisferi (UV) sinaTliT 

SesaZlebeli gaxdeba procesze dakvirvebac.       spiropiranis _ SP 
molekulis fotoinduqciisas warmoqmnili merocianinuli (MR) molekulis 

dipoluri momenti TiTqmis xuTjer izrdeba, da advilad ierTebs dnm-s.  

                

 
 

spiropiranis molekulaSi Camnacvleblis eleqtronuli bunebisa  

(eleqtro-aqceptorulidan eleqtro-donoramde ) da misi poziciis 

varirebiT sinTezirebulia axali tipis naerTebi, romelTa 

fotomgrZnobiaroba UV da xiluli sinaTlis (Vis) mimarT orjer aRemateba 

arsebuli analogebisas. aseT naerTebSi fotomgrZnobiarobasTan erTad, 

gaizarda molekulis dipoluri momentic.  Yyovelive es gaafarToebs 

spiropiranebis medicinaSi gamoyenebis SesaZleblobebs.    
       
samuSao Sesrulebulia samecniero erovnuli fondis dafinansebiT.  

(proeqti GNSF/ST08/4-425 (2009-2011)     
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Camnacvleblis gavlena spiropiranis dipolur momentze 
 

k. jafariZe, l. devaZe, j. maisuraZe, n. sefaSvili, m. gugava 

ssip  kibernetikis instituti, sandro eulis q. 5, 0186 Tbilisi 

 

sakontaqto avtori: l. devaZe. Lali.Devadze@gmail.com   

 

nanoteqnologiuri revolucia damyarebulia maRal teqnologiur 

mowyobilobebze, romlebSic bazur elementebad gamoiyeneba bistabiluri 

molekulebi da molekuluri ansamblebi, anu naerTebi romelTac SeuZliaT 

garkveuli energetikuli barieriT gayofil or Termodinamikurad mdgrad 

mdgomareobaSi arseboba. mdgomareobebs Soris gadarTva xorcieldeba gare 

zemoqmedebiT (sinaTliT, siTboTi, eleqtromagnituri veliT da sxva). 

amaTgan yvelaze efeqturia fotoqromuli naerTebi, maTi inducireba 

sinaTliTaa SesaZlebeli.                                        

                          
fotoqromuli naerTebis safuZvelze iqmneba molekuluri 

gadamrTvelebi, tranzistorebi, optikuri mexsierebis  elementebi ( maT 

Soris samganzomilebiani mexsierebisaTvisac), mzaddeba mowyobilobebi 

medicinisa da ekologiisTvis  da sxva.                                          

fotoqromul naerTebs Soris spiropiranebi maRali SuqmgrZnobiarobiT, 

nanonawilakebis advilad warmoqmnis unariT da molekulis struqturuli 

modifikaciis simartiviT xasiaTdebian, rac sasurveli dizainis molekulis 

sinTezis saSualebas gvaZlevs. Mmolekulis indolinur da qromenul 

nawilSi Camnacvleblis eleqtronuli bunebisa da misi poziciis varirebiT 

miRebulia ultra-iisferi da xiluli sinaTlis mimarT gazrdili 

fotomgrZnobiarobis naerTebi. miRebuli spiropiranebis 

fotoinducirebuli formis dipoluri momentebic, aseve, aRemateba 

arsebuli analogebisas. mag. spiropiranis da merocianinisTvis 4 da 18 

debai Sesabamisad (gazomili solvatoqromiis meTodiT), rac karg 

TanxmobaSia kvantur-qimiur gamoTvlebTan. ACamnacvleblis eleqtro-

aqceptorobis zrdasTan erTad izrdeba rogorc spiropiranis, ise 

merocianinis molekulis dipoluri momenti.Hhidrofiluri molekula xdeba 

hidrofoburi, rac am nivTierebebis farTo gamoyenebas ganapirobebs. 

 

 

samuSao Sesrulebulia samecniero erovnuli fondis dafinansebiT.  

proeqti  GNSF/ST08/4-425 (2009-2011)      
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rske teqnologiuri meTodis SesaZleblobebis kvleva 

implantirebuli ZnO-s nano-fenebSi defeqtTa warmoqmnis 

regulirebisas 
 

T. buTxuzi, T. xulordava, m. SarvaSiZe, n. gafiSvili, r. melqaZe,  

e. kekeliZe, l. afciauri, n. buxsianiZe, l. trapaiZe, S. mirianaSvili,  

T. qamuSaZe, l. gafiSvili, m. tigiSvili 

 

 

Tbilisis saxelmwifo universiteti. WavWavaZis gamziri #3. 0128, Tbilisi 

 

sakontaqto avtori: T. buTxuzi. tamazbutkhuzi@yahoo.com 
 

 

 

radikalur-sxivuri kvaziepitaqsiis meTodiT ZnO-s nano-fenebSi 

defeqtTa warmoqmnis regulirebis kvlevisaTvis ganxorcielda ZnO-s 

nimuSebis ftoriT implantacia. ZnO:F nimuSebSi implantirebiT warmoqmnili 

radiaciuli defeqtebis gamowva moxda arawonasworuli radikalur-sxivuri 

kvaziepitaqsiis (rske) meTodis gamoyenebiT.  

implantacia mimdinareobda ftoris ionebiT E=110kevi energiiT, 

implantaciis doza Seadgenda D=1015sm-2 da konis simkvrive J=15mka/sm2. rske 
teqnologiur meTodSi implantirebuli nimuSebis gamowva Jangbadis 

singleturi radikalebis atmosferoSi xdeba. radikalTa koncentracia 

n=1014 – 1015sm-3 Seadgens, gamowvis temperaturisa (T=200-800oC) da 

TermodamuSavebis drois varireba gansazRvravs nimuSis zedapirze 

warmoqmnil fenaTa sisqes. rske teqnologiis mimdinareobisas defeqtTa 

warmoqmnis Taviseburebidan gamomdinare, nimuSis zedapirze xdeba axali 

fenebis Seneba.  

eqsperimentuli monacemebis Tanaxmad, cnobilia, rom ftoriT 

implantacia TuTiis oqsidSi eleqtronuli gamtarobis misaRebad 

gamoiyeneba. 

rske meTodSi damuSavebamde nimuSebis implantacia iwvevs difuziuri 

procesebis gaaqtiurebas bazur kristalSi da amave dros Canergili 

minarevuli atomebi aqtiurad monawileoben axali fenebis warmoqmnaSi. rske 

teqnologiuri meTodis teqnologiuri Taviseburebani uzrunvelyofs axal 

mSenebare fenebSi ftoris Canergvas da ZnO:F kvaziepitaqsiuri nano-fenebis 
miRebas (5nm – 104nm-mde).   

holis efeqtis (van-der-pau meTodi) gazomvebis Tanaxmad miRebulia p-
tipis ZnO  nano-firebi. miRebul nano firebSi xvrelebis koncentracia, 

kuTri winaRoba da Zvradoba Seadgenda N=8x1018sm-3, p=3,1x10-3Ωsm da 

m=250sm2/vwm Sesabamisad.  
 amrigad, eqsperimentma aCvena, rom rske meTodis gamoyenebisas 

defeqtTawarmoqmnis Tavisebureba miRebuli nano-fenebis Tvisebebis 

regulirebis saSualebas iZleva. 
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azotiT implantirebuli ZnO-s nano-fenebis miReba 

arawonasworuli rske teqnologiuri meTodiT   
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p-tipis ZnO-s nanofirebis misaRebad Catarda ZnO-s nimuSebis azotiT 

implantacia. ZnO:N nimuSebSi implantirebiT warmoqmnili radiaciuli 

defeqtebis gamowva moxda arawonasworuli radikalur-sxivuri 

kvaziepitaqsiis (rske) meTodis gamoyenebiT.  

implantacia mimdinareobda azotis ionebiT E=110kevi energiiT, 

implantaciis doza Seadgenda D=1015sm-2 da konis simkvrive J=15mka/sm2. rske 
teqnologiur meTodSi implantirebuli nimuSebis gamowva Jangbadis 

singleturi radikalebis atmosferoSi mimdinareobs. radikalTa 

koncentracia n=1014 – 1015sm-3 Seadgens, gamowvis temperaturisa (T=200-800oC) 
da TermodamuSavebis drois varireba gansazRvravs nimuSis zedapirze 

warmoqmnil fenaTa sisqes. rske teqnologiis mimdinareobisas defeqtTa 

warmoqmnis Taviseburebidan gamomdinare, nimuSis zedapirze xdeba axali 

fenebis Seneba.  

rske meTodSi damuSavebamde nimuSebis implantacia iwvevs difuziuri 

procesebis gaaqtiurebas bazur kristalSi da amave dros Canergili 

minarevuli atomebi aqtiurad monawileoben axali fenebis warmoqmnaSi. rske 

teqnologiuri meTodis teqnologiuri Taviseburebani uzrunvelyofs axal 

mSenebare fenebSi azotis Canergvas da ZnO:N kvaziepitaqsiuri nano-fenebis 

miRebas (5nm – 104nm-mde).   

holis efeqtis (van-der-pau meTodi) gazomvebis Tanaxmad miRebulia p-
tipis ZnO  nano-firebi. miRebul nano firebSi xvrelebis koncentracia, 

kuTri winaRoba da Zvradoba Seadgenda N=5x1016sm-3, p=5,4Ωsm da m=23sm2/vwm 
Sesabamisad.  

 miRebuli fenebis optikuri kvlevis Sedegad fl speqtrSi daimzira 

371,5nm, 381,2nm, 387,4nm. 
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nano da mikro elementebiani fotoSablonebis damzadebis axali 

teqnologiebi 
T. xoferia, T. zedginiZe, m. petriaSvili 

e. andronikaSvilis fizikis instituti. TamaraSvilis q. 6, 0177 Tbilisi 

sakontaqto avtori: T. xoferia. teimurazkhoperia@yahoo.com      
 

 samuSaos mizani iyo nano da mikrozomis mqone gamWvirvale da 

saniRbo elementebiani fotoSablonebis damzadebis konkurentunariani 

teqnologiebis da konstruqciis damuSaveba. Cveni gamogoneba Georgian Patent 
P.4788, GEP 2009 4788P; International Publication Number WO 2009/106903 exeba 

mikroeleqtronikis da nanoeleqtronikis aparaturis warmoebas, nanoCipebis 

damzadebas, nanoelementebiani fotoSablonebis warmoebas. gamogoneba 

mniSvnelovnad amartivebs da aiafebs  nanozomis elementebiani 

fotoSablonebis damzadebas, gamoricxavs 4 milioni dolaris Rirebulis 

eleqtronuli sxiviT maeqsponirebeli da rTuli aparaturis gamoyenebas, 

zrdis vargisiani produqciis gamosavlianobis procents, aadvilebs da 

amaRlebs elementebis SeTavsebis sizustes da amaRlebs fotoSablonis 

cveTagamZleobas. aRsaniSnavia, rom ,,konkurantunariani nanoCipebis 

damzadebas Tavisi mniSvnelobiT adareben pirveli atomuri bombis 

afeTqebas an adamianis dajdomas mTvareze“ (Scientific  American, April 2004, p. 49).  
meTodis ganxorcielebisaTvis, gamWvirvale substratze (SuSaze, 

kvarcze) daitaneba pirveli naxevradgamWvirvale (e.i. gaumWvirvale 

sinaTlis sxivebis speqtris ultraiisfer da gamWvirvale xiluli speqtris 

areSi) saniRbo fena. am fenidan amzadeben pirveli jgufis mikronis siganis 

naxevradgamWvirvale saniRbo elementebs ultraiisferi kontaqturi 

fotolitografiis saSualebiT. atareben am pirveli jgufis saniRbo 

elementebis vertikaluri da zeda horizontaluri sazRvrebis oqsidirebas. 

oqsidirebis siRrme udris SemdgomSi formirebuli gamWvirvale nanozomis 

elementebis siganes. amis Semdeg daitaneba meore saniRbo fena. atareben am 

meore saniRbo fenis zeda (gare) sazRvrebis oqsidirebas. atareben pirveli 

da meore saniRbo fenebis oqsidirebuli sazRvrebis seleqtiur mowamvlas. 

amrigad erTjeradi Cveulebrivi ultraiisferi kontaqturi 

fotolitografiiT iReben naxevradgamWvirvale nanozomis pirveli da 

meore jgufis saniRbo elementebs da maT Soris gamWvirvale nanozomis 

elementebs. am gamWvirvale nanozomis elementebis sigane udris pirveli 

jgufis saniRbo elementebis oqsidirebul sazRvrebis sisqes. es 

saSualebas iZleva, rom Tavdapirvelad pirveli jgufis saniRbo 

elementebis fotolitografiiT damzadebisas gamoyenebuli mikroniani 

elementebis mqone fotoSablonis saSualebiT miviRoT nanozomis saniRbo 

da gamWvirvale elementebis mqone fotoSablonebi da nanozomis mqone 

elementebiani xelsawyoebi. Cvens mier damuSavebuli teqnologiebi didi 

teqniko-ekonomikuri efeqtiTaa danergili warmoebaSi [1-3].    

1. T.N. Khoperia, Electroless Deposition in Nanotechnology and ULSI, Microelectronic Engineering, 69, 
Issues 2-4, September 2003, pp. 384-390 (2003); 

2. T.N. Khoperia, Investigation of the Substrate Activation Mechanism and Electroless Ni-P Coating 
Ductility and Adhesion, Microelectronic Engineering, 69, Issues 2-4, September 2003, pp. 391-398 (2003).  

3. T.N. Khoperia, Nanotechnology, Fabrication of Fine-Grained Particles and Electronic Devices Using 
Electroless Metallization, 6th European Solid Oxide Fuel Cell Forum, Lucerne, Switzerland, 3, June 2004, 
pp.1424-1433 (2004). 



 29

konkurentunariani nano da mikroteqnologiebis damuSaveba 

piezoteqnikuri xelsawyoebis da katalizatorebis damzadebis 

mizniT  
T. xoferia, T. zedginiZe, T. petriaSvili 

e. andronikaSvilis fizikis instituti. TamaraSvilis q. 6, 0177 Tbilisi 

sakontaqto avtori: T. xoferia. teimurazkhoperia@yahoo.com       
 

samuSaos mizani iyo piezokvarcis rezonatorebis, sensorebis. 

piezokeramikis xelsawyoebis, katalizatorebis da sxva nakeTobebis 

damzadebis konkurentunariani meTodebis Seqmna. damuSavebuli 

teqnologiebis danergvam mrewvelobaSi uzrunvelyo teqnologiuri 

procesis xangrZlivobis da temperaturis ramdenimejer Semcireba, Zvirfasi 

liTonebis da Sxamiani naerTebis gamoyenebis gamoricxva da produqciis 

xarisxis amaRleba [1-3]. 

Cvens mier Seqmnilia konkurentunariani axali samecniero-teqnikuri 

mimarTulebebi, progresuli teqnologiebi da gamogonebebi. isini 

aRniSnulia saerTaSoriso prizebiT. saerTaSoriso samecniero centrebis 

daskvnebSi (aSS_dan, iaponiidan, germaniidan da sxva qveynebidan) 

aRniSnulia, rom miRebuli umniSvnelovanesi Sedegebis safuZvelze 

Seqmnilia nanoteqnikis ganviTarebis axali etapi. miRebulia Semdegi 

Sedegebi: 

 1) damuSavebulia gamiznuli Tvisebebis mqone nanozomis fxvnilebis 

miRebisa da  moliTonebis unikaluri teqnologiebi katalizatorebis, 

adsorbentebis, sensorebis, liTonebis, plastmasebisa da keramikis 

simtkicis mkveTrad asamaRlebeli modifikatorebis,  tyviagamZle javSnebis 

damzadebis mizniT, nano fxvnilebiT kibos ujredebis seleqciurad 

gasanadgureblad, wamlebis gamiznul adgilas misayvanad, biologiaSi, 

mSeneblobaSi gamoyenebisaTvis.  

    2) Cvens mier damuSavebulia teqnologiebi, romlebmac pirvelad 

uzrunvelyves msoflio praqtikaSi adekvaturad oqrosa da vercxlis 

Secvla araZviradRirebuli liTonebiT, procesis xangrZlivobis 10-jer 

Semcireba (rac aRniSnulia danergvis aqtebSi). es teqnologiebi ramdenime 

milioni dolaris ekonomikuri efeqtiTaa danergili kosmosur teqnikis, 

mikroeleqtronikis da gamoTvliTi teqnikis seriul warmoebebSi. 

gamoCenili ucxoeli mecnierebis gamoxmaurebebSi dadasturebulia, rom es 

axali mimarTuleba win uswrebs ganviTarebuli qveynebis miRwevebs rogorc 

mecnieruli, aseve mrewvelobaSi danergvis TvalsazrisiT.  

     3) Cvens mier damuSavebulia axali nano teqnologia nanoelementebiani 

fotoSablonebis damzadebis mizniT: Georgian Patent P.4788, GEP 2009 4788 P; 
International Publication Number WO 2009/106903. 
 
1. T.N. Khoperia, Electroless Deposition in Nanotechnology and ULSI, Microelectronic Engineering, 69, 

Issues 2-4, September 2003, pp. 384-390 (2003).  
2. T.N. Khoperia, Investigation of the Substrate Activation Mechanism and Electroless Ni-P Coating 

Ductility and Adhesion, Microelectronic Engineering, 69, Issues 2-4, September 2003, pp. 391-398 (2003).  
3. T.N. Khoperia, Nanotechnology, Fabrication of Fine-Grained Particles and Electronic Devices Using 

Electroless Metallization, 6th European Solid Oxide Fuel Cell Forum, Lucerne, Switzerland, 3, June 2004, 
pp.1424-1433 (2004). 
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zesufTa metaluri dariSxanis miRebis  

axali teqnologia  
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 dariSxanis zogierTi alotropiuli saxe amJRavnebs naxevargamtarul 

Tvisebebs, xolo zogierTi (mag. ruxi alotropi) – liTonurs an naxevrad 

liTonurs [1]. es niSnavs, rom dariSxanis nanostruqturebs SeiZleba 

gaaCndes Zlier saintereso da sasargeblo gamtaruli Tvisebebi. Aamdenad, 

zesufTa liTonuri dariSxani aris perspeqtiuli masala liTonuri 

nanostruqturebis warmoebisTvis [2]. igi aseve gamoiyeneba AIIIBV tipis 

Kkvaziorganzomilebiani naxevargamtaruli GaAs, InAs, GaAlAs struqturebisa 
da geterostruqturebis   dasamzadeblad [3,4]. Cvens mizans warmoadgens 

zesufTa (minarevebis Semcveloba: ≤10-5 masur %-s) dariSxanis miReba, 

risTvisac aucileblad migvaCnia minarevebisgan Tavisufali sabazro 

naerTebis miReba. amisTvis gamoyenebulia erTatomiani (Cn2n+1 OH, sadac n ≥4) 
da oratomiani najeri rigis spirtebi [5]. spirtebis da dariSxanis (89-94% 

As2O3) urTierTqmedebis Sedegad miRebuli eTerebi Zalian maRali 

sisufTavisaa, radgan spirtebi seleqtiurad urTierTqmedeben mxolod As 
(III) oqsidTan.  

 amrigad, Tu miviRebT (RO)3As tipis minarevebisagan ganTavisuflebul 

dariSxanovani mJavas eTerebs, Semdeg SesaZlebeli xdeba zesufTa 

liTonuri dariSxnis miReba.  
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dariSxanSemcveli narCenebidan dariSxanis  

baqteriul-qimiuri gamotutva   
 

r. gigauri*, l. saxvaZe**, i. WeliZe**, a. WiraqaZe**, j. buaCiZe**, r. saxvaZe** 

 

*ssip r. aglaZis araorganuli qimiisa da eleqtroqimiis instituti 

mindelis q. 11, 0186, Tbilisi 

**andria pirvelwodebulis saxelobis qarTuli universiteti 

i. WavWavaZis gamz. 53a, 0162 Tbilisi 

 

sakontaqto avtori: a. WiraqaZe. achirakadze@yahoo.com 
 
 
 ukanasknel dros Shevanella sp. HN-41 Stamis gamoyenebiT anaerobul 

pirobebSi Tiosulfatisa da arsenatebis xsnaridan miRebulia da 

aRwerilia nanostruqturebi, romlebic warmoadgenen boWkovan dariSxan-

sulfidur nanomilakebs [1]. eleqtronuli mikroskopis meSveobiT minebSi 

damzerilia As2Se3 da As2S3 nanometruli zomis obieqtebi [2]. gamoTqmulia 

azri dariSxnis baqteriuli gamotutvis xsnarebSi analogiuri obieqtebis 

damzeris SesaZleblobebis Sesaxeb. yovelive es ganapirobebs mzard 

interess dariSxanSemcvel nivTierebebze baqteriebis zemoqmedebis 

Seswavlis mimarT.  

 cdebisaTvis gamoiyeneboda Tiobaqteriebi (T.ferrooxidans), romlebic 

winaswar adaptirebuli iyo dariSxanis mimarT. procesi mimdinareobda 

mudmivi morevisa da aeraciis pirobebSi 15-20°C temperaturis intervalSi.  

 sareaqcio ares Tavidanve emateba narevi R3, romelic ZiriTadad 

katalizatoris funqcias asrulebs. 60 sT-is ganmavlobaSi mTlianad 

xdeboda dariSxanis gamotutva nimuSidan, romelic Seicavda 7,12% 

dariSxans [3].  

 

  

literatura 

 

1. Ji-Hoon Lee, Min-Gyu Kim, Bongyoung Yoo, Nosang V Myung, Jongsun Maeng, Takhee 
Lee, Alice C Dohnalkova, James K Fredrickson, Michael J Sadowsky, and Hor-Gil Hur. 
Biogenic Formation of Photoactive Arsenic-Sulfide Nanotubes by Shevanella sp. Strain 
HN-41. Proceedings of the National Academy of Sciences, v. 104, 51, 2007, 20410-20415.   

2. A. Loerinczi, M. Popescu, F. Sava. Possible Nano-Tube Configurations in Arsenic 
Chalcogenides. Journal of Optoelectronics and Advanced materials, v. 6, 2, 2004, 489-492.   

3. Сахвадзе Л., Адамия Т., Буачидзе З., Гвахария В., Чиракадзе А. Бактериальное 
вышелачевание мышьяка из отходов добычи  мышьяковых руд и промышленного 
производства соединений мышьяка. Труды Института Микробиологии НАН 
Азербайджанa, т.7, 2009. 

 

 

 

 

 



 32

parkosani da marcvleuli kulturebis  moyvanis axali    

nanobiologiuri teqnoligia 
 

      v. bregaZe, e. RelaRutaSvili, q. waqaZe, Qg. margvelaSvili    

                

   ssip andronikaSvilis fizikis instituti. TamaraSvilis 6, 0177 Tbilisi  

   

sakontaqto  avtori:  v. bregaZe. v.bregadze@aiphysics.ge 
 

saqarTvelo mdebareobs gansakuTrebul klimatur pirobebSi. kerZod, 

aq aris SedarebiT civi gazafxuli da Tbili Semodgoma. amis gamo, rogorc 

wesi, ver xerxdeba mzis wliuri radiaciis maqsimaluri gamoyeneba (marti-

oqtombris CaTvliT). amis da sxva malimitirebadi faqtorebis gamo (civi 

niadagi, mzis fiziologiurad aqtiuri radiacia, wyali, parkosan 

mcenareebTan simbiozSi myofi Rhizobium-is tipis koJris azotSesaboWi 

baqteriebi, sicocxlisaTvis saWiro mikroelementebi), ver xerxdeba 

saqarTveloSi marcvleulis ori kulturis moyvana (aReba). amis garda, 

soflis meurneobis intensifikacia, gansakuTrebiT am bolo dros, 

sagrZnoblad zrdis produqciis TviTRirebulebas.  

andronikaSvilis fizikis institutSi Seqmnilia bioaraorganuli 

nanokompleqsi (bank) azotis biologiuri SeboWvis, fosfatis gadatanis da 

CarTvis stimulatori. axali teqnologia iTvaliswinebs bank-isa da 

baqteriuli preparatis, nitraginis erTdroul gamoyenebas (inkrustacias) 

lobios da soios marcvlis damuSavebisas Tesvis win. 

am meTodiT damuSavebuli marcvlis Setana niadagSi fosfor-

kaliumiani sasuqis fonze mniSvnelovnad (∼40%) zrdis lobios da soios 

mosavals da, rac gansakuTrebiT mniSvnelovania, zrdis cilis Semcvelobas 

marcvalSi 11–14 %-iT. aseve izrdeba parkebis raodenoba erT buCqze da 

calkeuli marcvlis wonac. nitratebis raodenoba gacilebiT naklebia 

dasaSveb normaze (90 mg. erT kg marcvalze). vegetaciis periodi saSualod 

10-15 dRiT mcirdeba. garda amisa, am teqnologiaSi didi efeqturobis mqone 

preparatis, bank-is gamoyeneba ekonomias uwevs mikroelementebs, kerZod, 

daaxloebiT 1000-jer amcirebs sasuqSi ZviradRirebuli Mo-is Semcvelobas. 

parkosan mcenareebTan simbiozSi myofi Rhizobium-is tipis koJris 

azotSesaboWi baqteriebis mier azotis SeboWva bunebrivi, biologiurad 

sufTa teqnologiaa, garda amisa, igi amdidrebs niadags azotiT (200-300 

kg/ha), romlis 1 kg-is samrewvelo warmoebisaTvis saWiroa 6000 kkal energia. 

zemoTqmulis gaviTvaliswinebiT ekonomiuri efeqti aSkaraa. 

parkosnebis vegetaciis periodis Semcireba saSualebas mogvcems 

moviyvanoT ori mosavali. magaliTad: saSemodgomo xorblis marcvali da 

parkosani (lobio), simindi da parkosani.  

lobios da soios moyvanis axali nanobiologiuri teqnologia, maT 

Soris meqnizaciis gamoyenebiT, gamocdilia niadagmcodneobis, agroqimiisa 

da melioraciis samecniero-kvleviT institutSi (foniWala da sarTiWala) 

ori wlis ganmavlobaSi da i. lomouris saxelobis miwaTmoqmedebis 

samecniero-kvlevbiT institutSi (werovani) aseve ori wlis ganmavlobaSi. 

sul _ oTxi weliwadi. xerxze da teqnologiaze miRebulia 2 patenti. 
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nax. 1. Agnn da Agnn-dnm 
STanTqmis   speqtrebi 0.01 M 

NaNO3 ionuri Zalis 

pirobebSi. [Ag] = 0.5 × 10-4 M, 
[dnm] = 3.5 × 10-4 M. 

vercxlis nanonawilakebisa da vercxlis ionebis gavlena     

dnm-interkalatorebis kompleqsebis optikur Tvisebebze 
 

v. bregaZe*, s. meliqiSvili*, z. meliqiSvili**, g. petriaSvili** 

 
*ssip andronikaSvilis fizikis instituti, TamaraSvilis q. 6, 0177 Tbilisi 

**ssip kibernetikis instituti. eulis q. 5, 0186 Tbilisi 

 

sakontaqto avtori: v. bregaZe. v.bregadze@aiphysics.ge; vbregadze@gmail.com 

 

naSromis mizans warmoadgens pirdapiri da iribi gziT d=1-2 nm 
diametris mqone vercxlis nanonawilakebis (Agnn) urTierTqmedebis 

Seswavlas dnm-Tan, akredin narinjisferis (an) da eTidium bromidis (eb) 

molekulebTan Tavisufal da dnm-Si interkalirebul mdgomareobebSi, 

agreTve Agnn-is urTierTqmedebis Seswavlas dnm-an-eb sammag kompleqsebTan. 

urTierTqmedebis Seswavla speqtrofotometruli da fluorimetruli 

meTodebiT xorcieldeba. Agnn-is SerCeva ganpirobebulia biosamedicino 

kvlevebSi maTi intensiuri gamoyenebiT, kerZod, fotodinamiur da 

fotoTermul reaqciebSi da im garemoebiT, rom SesaZlebelia Catardes 

SedarebiTi analizi Ag+
 – dnm urTierTqmedebis ukve kardgad Seswavlil 

procesebTan [1-3]. 

nax. 1-ze mocemulia wyalSi Setivtivebuli Agnn-is da Agnn-dnm sitemis 
STanTqmis speqtrebi. dnm-is SemTxvevaSi Agnn-is speqtris maqsimumi 5 nm-iT 

speqtris cisferi ubnisakenaa wanacvlebuli da rac mTavaria daimzireba 

hipoqromuli efeqti (∼50%). speqtrSi cisferi wanacvleba imaze miuTiTebs, 

rom xdeba nanonawilakebis erTgvari 

gafaSareba, ramac sabolood SeiZleba 

gamoiwvios maTi korozia Ag+
 ionebis 

xsnarSi gamoyofiT 

   2H+ + Agnn(n) → 2 Ag+ + Agnn(n-2) + H2 . 
am mosazrebas asabuTebs dnm-Si 

interkalirebuli an-is molekulebidan eb-

is molekulebze eleqtronuli aRgznebis 

energiis (aRmgznebi lazeris talRis   

sigrZe: 458 nm) gadatanis procesze Agnn da 
Ag+

 ionebis zegavlena. is aisaxeba am 

energiis gadatanis efeqturobis 

mniSvnelovan zrdaSi, rac dnm-is ormagi 

spiralis parametrebis cvlilebiTaa 

gamowveuli da romelic masTan Agnn da 

Ag+ ionebis urTierTqmedebiTaa ganpirobebuli. 
 

samuSao Sesrulebulia sesf-is 09_508_2-230 grantis mxardaWeriT. 
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nanostruqturebis miReba molekulur-sxivuri epitaqsiis 

meTodiT 

 
r. melqaZe, g. didebaSvili, g. kalandaZe, z. Waxnakia 

 

Tsu ssk “eleqtronuli teqnika”, WavWavaZis gamz. 13, 0179 Tbilisi 

 

sakontaqto avtori: z. Waxnakia.  zaurchak@hotmail.com 
 
 naSromSi warmodgenilia heterostruqturebis AlyGa1-yAs/InxGa1-xAs/GaAs 
miRebis teqnologia molekulur-sxivuri epitaqsiis meTodiT da maTi 

eleqtrofizikuri parametrebis kvleva. 

 epitaqsiuri Sreebi AlyGa1-yAs, InxGa1-xAs, GaAs sisqiT 1-dan 30-mde nm 

izrdeboda zemaRali vakuumis pirobebSi (10-8 pa) siCqariT 0.2-0.3 mkm/sT. 

struqturis qimiuri Semadgenloba da maTi moluri wili ganisazRvreboda 

oJe-speqtrometriT. Sreebis struqturuli srulyofileba, zrdis dros, 

daimzireboda Cqari eleqtronebis difraqciis meTodiT. oJe-speqtrometri 

da difraqtometri ganlagebulia danadgaris teqnologiur kameraSi. 

moluri wilebi sxvadasxva SreebSi icvleboda Semdeg sazRvrebSi:        

0.1 < y < 0.25; 0.1 < x < 0.3. Sesabamisi teqnologiuri reJimebis SerCeviT 

miRebulia heterostruqturebi organzomilebiani eleqtronuli airiT. 

muxtis matareblebis koncentraciis (n) da Zvradobis (µ) mniSvnelobebi 

ganisazRvreboda van der paus da zemaRali sixSiris ukontaqto meTodebiT 

T=300K da T=77K temperaturebze. AlyGa1-yAs/ GaAs tipis heterostruqturebis 
koncentraciis da Zvradobis mniSvnelobebi Seadgenda: n~(6-7)1011 sm-2;  

µ~(7200-8000) sm2 /v.wm (300K); µ~(68000-75000) sm2 /v.wm (77K). AlyGa1-yAs/InxGa1-xAs/GaAs 
tipis heterostruqturebisTvis am sidideebis mniSvnelobebi Seadgenda:  

n~(5-7)1011 sm-2;  µ~(3800-4500) sm2 /v.wm (300K); µ~(30000-37000) sm2 /v.wm (77K). 
qvanturi ormos sigane dadgenilia fotoluminescenciis speqtris analiziT. 

 miRebul struqturebze damzadebulia HEMT da PHEMT tipis velis 

tranzistorebi. 
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ionuri da lazeruli teqnologiebis gamoyeneba 

nanomasalebis sinTezirebisa da monitoringis mizniT 

 
s. goToSia 

 

r. aglaZis saxelobis araorganuli qimiisa da eleqtroqimiis 

instituti, Tbilisi 0186, mindelis 11 

 

sakontaqto avtori: s. goToSia. sergotoshia@yahoo.com 

 

    ionuri da lazeruli teqnologiebiT sinTezirebuli nanomasalebis 

fundamenturi gamokvleva da aseTi masalebis teqnikaSi gamoyeneba amJamad 

metad aqtualuria. aseve mniSvnelovani mimarTulebaa am masalebis Seswavla 

lazeruli da Cveulebrivi speqtroskopiebiT. 

    SromaSi mimoxilulia nanonaxevargamtarebis, kvanturi wertilebis da 

saerTod, sivrciT SemosazRvruli nawilakebis ionuri implantaciiTa da 

lazeruli teqnologiebiT sinTezirebis Taviseburebani. 

   aRwerilia avtoris laboratoriaSi konstruirebuli laboratoriuli 

tipis lazeruli teqnologiuri danadgari, misi SesaZleblobebi. Aaseve, 

warmodgenilia originaluri konstruqciis lazeruli speqtroskopuli 

sistemebi nanomasalebis Sesaswavlad. 

   warmodgenil samuSaoSi GaP-s monokristalur safenSi argonisa da 

boris ionebis implantaciiT sinTezirebulia nano-GaP. nano-GaP 
sinTezirebulia safenis zedapirTan ionebis SeRwevis siRrmeze. ionebis 

implantacias vawarmoebdiT fluensTa sxvadasxva sididiT oTaxis 

temperaturaze.  
    Llazeruli raman-speqtroskopiiT SeviswavleT ionuri implantaciiT 

modificirebuli monokristal GaP-s zedapiri. aRmoCnda, rom sxvadasxva 

fluensiT implantaciis procesSi adgili aqvs GaP-s sxvadasxva fazaTa 

warmoqmnas: wvrilkristaluri, nanokristaluri, nano da amorfuli fazebis 

narevi da mTlianad amorfuli. davadgineT amorfizaciis kritikuli 

dozebi, SevafaseT nanonawilakebis diametrebi.  
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nanonawilakebis warmoqmna InP –s kristalebSi maTi Cqari 

neitronebis didi nakadiT dasxivebis Sedegad 
n.kekeliZe*,**,***, g.cincaZe**, d.kekeliZe*, l.milovanova*, e.xuciSvili****, 

b.kvirkvelia*,***, a.vefxvaZe*,***, d.xomasuriZe**, T.jaxutaSvili* 

*iv.javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti, WavWavaZis 

 1, 0179 Tbilisi 

**saqarTvelos teqnikuri universiteti, kostavas q. 77, 0175 Tbilisi 

***ilia vekuas soxumis fizika-teqnikis instituti, mindelis 7, 0186 Tbilisi 

****f.TavaZis metalurgiisa da masalaTmcodneobis inst, yazbegis 15, 0160 Tbilisi 

sakontaqto avtori: n.kekeliZe. nnkekelidze@geo.net.ge;      nodar.kekelidze@tsu.ge 
 

InP warmoadgens erT-erT umniSvnelovanes naxevargamtarul 

nivTierebas Tanamedrove opto da mikroeleqtronikisaTvis. sagulisxmoa 

misi gamoyeneba kosmosSi. Tumca InP-s maRali xarisxis kristalebis miReba 

dakavSirebulia seriozul teqnologiur siZneleebTan, vinaidan fosforis 

orTqlis wneva ramdenime aTeul atmosferos aRwevs da iwvevs 

mniSvnelovani raodenobis wunis arsebobas. 

 Cvens mier InP-s kristalebi gazrdil iqna horizontaluri zonuri 

dnobis meTodiT, maRali xarisxis monokristalebTan erTad miRebul iqna 

nivTiereba, romelic Seicavda e.w. mouwesrigeblobis areebs - CanarTebs, 

romelTa diametri D~100 nm. naxevargamtaruli nivTierebebis xarisxis 

ZiriTadi maCvenebeli-denis matarebelTa (Cvens SemTxvevaSi eleqtronebis) 

Zvradobis sidide sakvlev nimuSSi aRmoCnda Zalian dabali: µ2=741 sm2/v.wm, 
rac gamowveuli iyo denis matarebelTa Zlieri blokirebiT aRniSnuli 

araerTgvarovnebis– CanarTebis mier. 

am tipis kristalebi dasxivebul iqna birTvul reaqtorSi, Cqari 

neitronebis didi nakadiT  Φ=2·1018neitr./sm2. gamoTvlil iqna 

Zvradobis temperaturuli damokidebuleba nimuSebis dasxivebamde da 

dasxivebis Semdeg. gazomvebisa da saTanado analizis Sedegad naCvenebi iqna, 

rom dasxivebis Semdeg, tipiuri suraTis sawinaaRmdegod, kristalebis 

xarisxi, gauaresebis nacvlad, mniSvnelovnad gaumjobesda. kerZod, 

eleqtronebis Zvradoba mkveTrad gaizarda da gaxda  

µ2=1490 sm2/v.wm. 
aRniSnuli movlena aris Sedegi imisa, rom Zlieri dasxivebis Sedegad 

kristalebSi arsebuli CanarTebi daiSala da warmoiqmna nanonawilakebi, 

romelTa zomebi D<100nm., mniSvnelovnad Seicvala naxevargamtaruli 

nivTierebis ZiriTadi parametris - denis matarebelTa (eleqtronebis) 

koncentraciac: sawyisi mniSvnelobidan n1=1,5·1016sm-3 igi gaxda n2=1,4·1013sm-3, 
Zlierad Seicvala eleqtronebis koncentraciis temperaturuli 

damokidebulebis xasiaTic – n=f(T). 77-300K temperaturul intervalSi 

dasxivebamde n≈const, xolo dasxivebis Semdeg gamomJRavnda Zlieri 

temperaturuli damokidebuleba, romelsac gaaCnia mkveTrad gamoxatuli 

aqtivaciuri xasiaTi. arsebuli tradiciuli Sexedulebebis sapirispirod, 

migvaCnia, rom aRniSnuli movlena unda aixsnas axali– “nanoteqnologiuri” 

TvalsazrisiT. kerZod, nanonawilakebi, izolirebuli atomebis msgavsad 

xasiaTdebian diskretuli doneebis Semcveli potencialuri ormoebis 

arsebobiT, romlebic TamaSoben Tavisufali eleqtronebis CamWeri 

centrebis rols, rac iwvevs maTi koncentraciis mkveTr Semcirebas. 
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veivlet teqnologiebi bio-medicinaSi  
 

i. CxeiZe, l. tokaZe 

 

saqarTvelos teqnikuri universiteti. kostavas q. 77, 0175 Tbilisi 

 

sakontaqto avtori: i. CxeiZe. irmikh2002@mail.ru 
 

 sazogadod veivlet-teqnologiebi ganixileba rogorc Tanamedrove 

eleqtronul bio-medicinaSi informaciuli teqnologiebis (HealthGrid) 
inovaciuri gamoyenebis magaliTi. eleqtronuli grid teqnologiebis 

ZiriTadi gamoyenebis sferos warmoadgens samedicino gamosaxulebaTa 

damuSaveba da analizi, aseve grid teqnologiebi gamoiyeneba 

farmacevtikaSi, genomikaSi da bioinformatikaSi. yvela es mimarTulebebi 

ukavSirdebian nano-teqnologias da nanomedicinas.  

samuSaos mizania veivlet-teqnologiis gamoyenebis safuZvelze 

kompiuteruli tomografiis gamosaxulebaTa efeqturi cifruli damuSaveba, 

romelic iTvaliswinebs informaciis SekumSvas, konturebisa da arsebiTi 

detalebis gamoyofas da SemTxveviTi Secdomebis aRmofxvras. 

dasaxuli miznis realizaciisaTvis algoriTmebis Sedgena da 

Semowmeba diskretul veivlet teqnologiis safuZvelze ganxorcielebulia 

Mathcad programis meSveobiT. 

 daskvna:  

1. M Mathcad programaSi veivlet teqnologiebis safuZvelze gamoyenebuli da 

Seqmnili algoriTmebi gamoirCevian simartiviT, realizaciis swrafqmedebiT, 

maRali sizustiT da savsebiT eTanxmebian samedicino gamosaxulebaTa 

cifrul damuSavebas.  

2. gamosaxulebaTa veivlet gardaqmnis gamoyenebiT kvlevam  aCvena, rom:  

  a) Tavis tvinis daavadebaTa Sesabamis gamisaxulebebSi mcirdeba 

SekumSvis Sedegad miRebuli aRdgenili gamosaxulebis  xarisxi: signal-

xmauris pikuri mniSvnelobis Semcireba Seadgens 7 db-s ”hemoragiis” dros 

15% koeficientebis SenarCunebis pirobebSi, maSin rodesac “epiduraluri” 

sisxlCaqcevis dros igi udris 4 db-s.   

b) aRdgenili gamosaxulebis xarisxis damakmayofilebeli Sedegi 

miiReba maSinac, rodesac gamosaxulebis aRdgenaSi monawileobs mxolod 

10% transformantis koeficientisa (sxpf=28≈33 db).  

3. Mathcad programaSi arsebuli funqciebisa da  modulebis gamoyenebam da 

eqsperimentulma Semowmebam aCvena, rom maTi misadageba adamianis tvinis 

gamosaxulebebSi konturebisa da kvlevis obieqtebis sazRvrebis da 

formebis gamoyofisaTvis, daexmareba eqimebs swori diagnozis dasadgenad 

da sasargeblo iqneba diagnostikis procesis avtomatizaciis 

SemTxvevaSidac. 
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zesufTa galiumis kompleqsuri nanokaTionis stereoqimia  
  

e. miminoSvili, e. quTelia 

 

saqarTvelos teqnikuri universiteti. kostavas q. 77, 0175 Tbilisi 

    

sakontaqto avtori: e. miminoSvili.  mimino@gtu.ge 
 

Tanamedrove medicina farTod ikvlevs cocxal organizmSi mikroelemen-

tebis Semcvelobasa da sxvadasxva daavadebis warmoSobasa da ganviTarebas 

Soris urTierTkavSirs. simsivneebis kvlevis asobiT uaxlesma monacemma aC-

vena, rom Al(III)-is ioni yvela momwifebul xerxemlianSi aris Zvlis rezor-

fciis da osteomalaciis gamomwvevi erT-erTi mniSvnelovani (adre ucnobi) 

mizezi. aluminis gamoyenebis aucileblobiT gamowveuli uaryofiTi efeqte-

bis asacileblad saWiro gaxda sakveb produqtebSi Ga(III)-is martivi naer-
Tebis, rogorc erT-erTi komponentis, damateba. galiumis bazaze cocxal 

(xerxemlianebis) organizmSi transportirebadi, Al(III)-is ionebis Camnacvle-

beli, samkurnalo formebis Seqmna 21-e saukunis erT-erTi uaRresad aqtua-

luri amocanaa.  

struqturul kvlevaTa respublikur centrSi prof. elguja quTelias 

xelmZRvanelobiT damuSavebulia Txevadi galiumis zesufTa donemde (7N+) 
gasufTavebis membranuli teqnologia da damzadebulia Sesabamisi danadga-

ri.  

zemoT aRniSnulis gaTvaliswinebiT miRebulia naerTebi zesufTa galiu-

mis bazaze. miuxedavad imisa, rom isini Txevad mdgomareobas -20oC pirobeb-
Sic ki inarCuneben (praqtikulad ganusazRvreli droiT), SesaZlebeli gax-

da zogierTi maTgani gamogveyo kristalur mdgomareobaSi da kompleqsuri 

naerTisTvis Ga13(enH2)1,5(OH)24(NO3)18(OH2)36 Catarebulia rentgenostruqturu-

li analizi.  
kristalografuli monacemebi: bruto formula H111C3N21O114Ga13, molu-

ri masa Mr = 3172,39; simetria heqsagonaluri, sivrciTi jgufi R-3, а =  b = 
19,993(3); c = 18,493(4)Å; V = 6401,7(8)Å3; T = 153(2)K, Z = 3; R(F) = 0,0343; Dgam. = 2,48 g/sm3; 
µ(MoКα) = 4,207 mm-1. naerTi miekuTvneba mravalbirTva ionur naerTebs.  

struqturuli erTeuli Sedgeba: cametbirTva [Ga13(OH)24(OH2)24]15+ da orga-
nuli (enH2)2+

kaTionebisa, Tvrameti (NO3)- anionisa da Tormeti sakristaliza-

cio wylis molekulisagan. 

naerTis struqturuli formula: [Ga13(µ-OH)24(OH2)24](enH2)1,5(NO3)1812H2O. 

kaTionis [Ga13(OH)24(OH2)24]15+ geometruli forma cilindrulia, romelSic 

12 galiumis ioni, koordinirebul ligandebTan erTad centraluri galiu-

mis ionis garSemo ganawilebulia or koncetrirebul wrewirze: I wrewiris 

diametria (manZili liTonis ionis centrebs Soris) 6,2Å, II wrewiris ki 

11,3Å, TviT diskos diametria ∼16 Å, xolo sisqe ∼8 Å. miRebuli kaTioni geo-

metruli zomebiT SeiZleba mivakuTvnoT nanoklasterebis ricxvs. 

naerTebi saWiroebs saTanado kvlevebs biologiur aqtivobaze. 
 

 

naSromi Sesrulebulia saqarTvelos erovnuli samecniero fondis grantiT 

(#402). 
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kvanturi mdgomareobebis gauxSoebis efeqtis gamoyeneba 

interfereciul tranzistorebSi 
 

               a. bibilaSvili, a. TavxeliZe, v. svaniZe 

 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

i. WavWavaZis gamz. 13, 0179 Tbilisi 

 

sakontaqto avtori: a. bibilaSvili.  amiranbibi@hotmail.com 

              

myar sxeulSi gadataniTi procesebi xorcieldeba im eleqtronebiT, 

romelTa energia axlosaa fermis energiasTan da maTTvis gansazRvrulia 

Tavisufali ganarbenis saSualo manZili. Tavisufali eleqtronebi, 

romelTa energiebi fermis donis ufro qvemoT, Rrmad mdebareoben ar 

monawileoben gadataniT movlenebSi da kvanturi meqanikis Tanaxmad, isini 

ver axdenen energiis gacvlas garemosTan, rCebian struqturebSi 

balistikur matareblebad. Sesabamisad, maT aqvT usasrulod didi 

Tavisufali ganarbenis saSualo manZili. samuSao [1;2] - Si,  eleqtronebis 

talRuri bunebis gaTvaliswinebiT, miRebulia eqsperimentulad da 

damtkicebulia Teoriulad kvanturi mdgomareobebis gauxSoebis efeqti. am 

efeqtis Tanaxmad, myari sxeulis zedapirze eleqtronis de broilis 

talRis sigrZis naklebi zomis perioduli xnulebis formirebiT am aris 

gamosvlis muSaoba, swor zedapirTan SedarebiT, mcirdeba. es 

energetikulad niSnavs, rom ZiriTad kvantur ormoSi Seiqmna mcire zomis 

damatebiTi kvanturi ormoebi, sadac ver Tavsdeba ZiriTad kvantur ormoSi 

myofi balistikuri eleqtroni. es eleqtroni cdilobs daikavos Semdgomi 

Sevsebuli done, saidanac paulis principiT, masze myof eleqtrons 

gandevnis ufro maRal doneze, is eleqtroni gandevnis iq myofs _ ufro 

maRla, rasac mohyveba kvanturi mdgomareobebis gauxSoeba. sabolood, 

fermis done maRla aiweva, rac am areSi gamosvlis muSaobis Semcirebis 

tolfasia.  

kvanturi interferenciuli tranzistoris muSaobis principi emyareba 

gare Camketis eleqtrodze raRac meqanizmiT, magaliTad, Zabvis modebiT, 

interferenciis da Sesabamisad, gamtari arxis winaRobis marTvas. 

gamomdenidan Semosul da or tol nawilad gayofil talRis nakaTagan 

erT-erTze Zabvis modebisas nakadebze fermis doneebi urTierTwainacvleben. 

warmoiSoba fazaTa sxvaoba da talRebis SeerTebisas CamdenTan daimzireba 

interferencia. nakadis meore, Camketis mopirdapire, mxareze perioduli 

xnulebis formirebisas, Camketze Zabvis modebis gareSec, Seicvleba 

nakadebis fermis doneTa mdebareobebi da maTi SeerTebisas miiReba 

interferencia. Camketze Zabvis sididis da niSnis cvlilebiT SasaZlebelia 

interferenciis Caqroba an gaZliereba, anu gamtari arxis winaRobis marTva. 

 

                     literatura 
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nanosiliciumisa da struqturis `siliciumi safironze~ 

safuZvelze integraluri optoeleqtronuli elementebis 

damuSaveba  
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siliciumis epitaqsiuri fenebis miRebis teqnologiis ganviTarebam, 

romelic iZleva saSualebas miviRoT ufro maRali parametrebis mqone 

integraluri sqemebi (is), migviyvana struqturis _ `siliciumi 

dieleqtrikze~ (sd). am struqturebs Soris gansakuTrebiT perspeqtiulia 

struqtura `siliciumi safironze~ (ss), romelSic safironi gamoiyeneba 

rogorc safeni, xolo masze moTavsebul Txel epitaqsiur fenaSi mzaddeba 

integraluri sqema. 

aRniSnuli struqtura aRmoCnda unikaluri specialuri daniSnulebis 

is-is dasamzadeblad, rogorc diodebis aseve mon (metal-oqsidi-

naxevargamtari) tranzistorebis gamoyenebiT. 

aRsaniSnavia, rom ss struqturaze dioduri matricebis bazaze 

programirebadi, swrafmoqmedi maxsovrobis Seqmnis da warmoebis sruli 

cikli Sesrulebuli iqna institut `mionSi~. 

ss struqturis SesaZlo gamoyeneba optoeleqtronikaSi orientirebuli 

iyo fotoeleqtronuli xelsawyoebis Seqmnaze, fotodiodebis an 

fototranzistorebis gamoyenebiT. 

bolo periodSi, nanoteqnologiis ganviTarebis Sedegad nanozomebis 

siliciumis miRebasa da masSi sinaTlis efeqturi gamosxivebis aRmoCenam 

kidev erTi perspeqtiuli mimarTuleba dasaxa ss sturqturis gamoyenebaSi. 

kerZod, safironze Txeli, nanozomebis siliciumis dafenis Sedegad 

(heteronanostruatura-ss) erT ss struqturaze SevqmnaT rogorc 

eleqtronuli aseve optoeleqtronuli elementebi (gamomsxivebeli an 

mimRebi), an safironze orive mxridan davafinoT siliciumis Txeli fena, 

erTi gamomsxivebeli, meore rogorc fotomimRebi, (myarsxeulovani 

optroni).  

nanozomebis siliciumis gamoyeneba ss heteronanostruqturebSi, saxavs 

farTo perspeqtivebs axali tipis opto da mikro xelsawyoebis Sesaqmnelad. 

cxadia, aRniSnuli problemis gadawyveta moiTxovs mTeli rigi 

teqnologiuri amocanebis gadawyvetas da Sesabamisi kvlevebis Catarebas. 
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Nnanokristaluri kompoziciuri masalebis miReba da kvleva 
 

n. jalabaZe, l. nadaraia, r. Wedia da l. xundaZe 
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samuSaos mizania nanokompoziciuri masalebis, kerZod sali 

Senadnobebisa da scintilaciuri masalebis miReba. teqnologia 

iTvaliswinebs Sesabamisi masalebis nanofxvnilebis warmoebas da maTi 

saSualebiT masiuri namzadebis miRebas nanostruqturuli mdgomareobiT. 

Tu ki nanomasalebis miReba fxvnilovan mdgomareobaSi an Txeli firebis 

saxiT ase Tu ise SemuSavebulia, masiuri namzadebis miRebis gzebi Zalze 

SezRudulia. problema imaSi mdgomareobs, rom masiuri namzadebis 

miRebisas, kompaqtirebisaTvis saWiroa garkveuli temperatura da dro. 

maRal temperaturaze dayovneba iwvevs nanomarcvalTa intensiur zrdas da 

masala yalibdeba Cveulebrivi struqturuli mdgomareobiT. dabali 

temperaturebis gamoyeneba ki iwvevs arasrulyofil kompaqtirebas, namzadi 

gamodis forovani da cxadia misi fiziko-meqanikuri da saeqspluatacio 

maxasiaTeblebi Zalze dabalia. erT-erTi gza nanokristalurobis 

SenarCunebisa aris inhibitorebis gamoyeneba. magram am dros adgilia aqvs 

masalebis dabinZurebas, rac bevr SemTxvevaSi dauSvebelia TvisebaTa 

mniSvnelovani cvlilebis gamo. sxva gza nanokristalurobis SenarCunebisa 

aris namzadTa formirebis Catareba mcire droSi. amis ganxorcieleba 

SesaZlebelia naperwkalur-plazmur sinTezis mowyobilobebSi. Cvens mier 

SemuSavebuli teqnologiiT miRebulia nanokristaluri sali Senadnobebi, 

rogorc standartuli WC‐Co tipis, aseve axali tipis mcire volframiani TiC‐
Ni‐Mo‐W da uvolframo  TiC‐Ni‐Mo‐NB,  В4С‐Cu‐Mn  da  TiC‐Fe‐Ni. scintilaciuri 

masalebidan miRebulia nanokristaluri silikatebi Lu2SiO5:Ce
3+  da 

Lu2Si2O7:Ce
3+,  aluminatebi LuAlO3:Ce

3+ da  Lu3Al5O12:Ce
3+
, volframatebi CaWO4:Ce

3+, 
CdWO4:Ce

3+,  PbWO4:Ce
3+
 da ZnWO4:Ce

3+, titanatebi Lu2TiO5:Eu
3+  da Lu2Ti2  O7:Eu

3+
 da 

sxva. 

 
sur.1. PbWO4:Ce3+ nanofxvnili: a,b - rentgenuli difraqtogramebi, c - eleqtronuli 

mikrofotografia 
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nano zomis sferuli nawilakebis erToblioba, rogorc  

uaryofiTi gardatexis maCveneblis mqone meta masala  
 

m. TagviaSvili 

 
  andronikaSvilis saxelobis fizikis instituti. TamaraSvilis q. 6, 0177 

Tbilisi 

 

sakontaqto avtori m. TagviaSvili.   mado_t@yahoo.com 
 

Teoriuli da ricxviTi kvlevis sagania meta masala, romelic 

warmoadgens sxvadasxva saxis SemomsazRvrel garemoSi moTavsebuli 

identuri, homogenuri da sferuli nawilakebis an forebis erToblioba. 

naCvenebia, rom aseTi sistema gamosxivebis gansazRvrul speqtralur areSi 

xasiaTdeba erTdroulad dieleqtrikuli da magnituri uaryofiTi 

efeqturi SeRwevadobebiT, e.i uaryofiTi efeqturi gardatexis maCvenebliT. 

   Eefeqturi dieleqtrikuli da efeqturi magnituri SeRwevadobebis 

gamosaTvlelad gamoiyeneba mi-lorencis gafantvis Teoria da klaus-

mosotis formulebi. G moxsenebaSi naCvenebia, rom Tu nawilakebis 

SemomsazRvrel garemos dieleqtrikuli SeRwevadoba βε  Zalian mcirea -
0→βε , maSin gamosxivebis velSi moTavsebuli sferuli nawilakis 

magnituri dipoluri polarizacia rezonansulad izrdeba. amisaTvis 

saWiroa, rom dakmayofildes piroba mπ
λ
πδεα =

0

2 , sadac δ  nawilakis 

radiusia, 0λ -gamosxivebis talRis sigrZe vakuumSi, αε -nawilakis 

Semadgeneli nivTierebis dieleqtrikuli SeRwevadoba, xolo 

,..3,2,1=m nebismieri mTeli ricxvi. ATu mocemuli gamosxivebis talRis 

sigrZeze 0λ  garemos dieleqrikuli SeRwevadoba amasTanave aris uaryofiTi 

βε <0, maSin mTliani sistema - sferuli nawilakebis erToblioba da 

SemomsazRvreli garemo, xasiaTdeba efeqturi uaryofiTi gardatexis 

maCveneblT. 

magaliaTad, oqros garemoSi Canergil sferuli nawilakebis 

erTobliobas 430 nm talRis sigrZis gamosxivebisaTvis  SeiZleba hqondes 

efeqturi uaryofiTi gardatexis maCvenebeli. amasTan oqroSi Canergili 

nawilakebis radiusi udris daaxloebiT 215nm-s, Tu nawilakebi (forebi) 

carielia 1=αn  da nawilakebis radiusi udris daaxlobiT 107nm-s, Tu 

nawilakebi Sevsebulia miniT 2=αn . Mmsgavsi Sedegebi miRebulia vercxlis 

garemosTvis   260nm talRis sigrZis gamosxivebisaTvis, sadac Canergili 

nawilakebiss radiusi Sesabamisad aris 130nm carieli sferuli 

forebisTvis 1=αn  da 65nm – vercxlSi Canergili minis nawilakebisaTvis 

2=αn .   
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nanostruqturuli aluminisa da msxvilmarcvlovani titanis 

fxvnilebis kompaqtireba dartymiTi talRebiT 
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sakontaqto avtori: m. CixraZe. chikhradzem@yahoo.com 
 

statiaSi ganxilulia nano ganzomilebis aluminis (<50nm) da 

msxvilmarcvlovani titanis (<10mkm) fxvnilTa narevis dartymiTi talRebiT 

wnexvis kvlevebi. eqsperimentebis momzadebamde Teoriuli kvlevebis 

safuZvelze ganisazRvra dartymiTi talRebiT datvirTul masalaSi 

normaluri da mxebi Zabvebis ganawilebis xasiaTi da gakeTda daZabul 

deformirebuli mdgomareobis analizi. nanozomis aluminis da titanis 

fxvnilebis kazmi dawnexil iqna Teoriuli/an TeoriulTan miaxloebuli 

simkvrivis farglebSi afeTqebiT kompaqtirebis teqnologiiT. dartymiTi 

talRebis generirebisTvis gamoyenebul iqna emulsiuri da amoniumis 

gvarjilis bazaze damzadebuli samrewvelo daniSnulebis feTqebadi 

nivTierebebi. masiuri TiAl-is monoliTebis/kompaqtebis misaRebad SerCeul 

iqna sxvadasxva kompoziciis SedarebiT msxvilmarcvlovani titanis da nano 

aluminis fxvnilebi. TiToeuli Semadgenlobis sareaqcio narevi 

moTavsebul iqna daxurul konteinerSi da datvirTul iqna normaluri da 

cilindruli detonaciis sqemebiT aRZruli darTymiTi talRebiT. 

afeTqebiT kompaqtirebis eqsperimentebi ganxorcielda (5-20) gpa 

intensivobis dartymiTi talRebis impulsebis diapazonSi. formirebuli 

kompaqtebis fazuri Semadgenlobisa da meqanikuri Tvisebebis dasadgenad 

Catarda mikrostruqturuli (sem) kvlevebi da mikrosisaleebis gazomvebi. 

statiaSi moyvanilia analizis Sedegebi, romelic Seexeba sawyisi 

fxvnilebis nawilakebis zomebisa da kompaqtirebis reJimebis gavlenas 

axali Tvisebebis mqone masalebis miRebaze.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 44

kvanturwertilovani nanostruqturebis  miReba III-V 

naxevargamtarebze III jgufis metalebis dafenisa da 

TermodamuSavebis  saSualebiT 

T. laferaSvili, o. Kkviciani, j. Mmarxulia, i. imerliSvili,  

d. laferaSvili, v. miqelaZe 

*ssip kibernetikis instituti. sandro eulis q. 5, 0186 Tbilisi 

sakontaqto avtori: T.laferaSvili. Lafera2002@yahoo.com 

warmodgenil naSromSi Cveni mizania naxevargamtaris zedapirze 

metalis dafenisa da inertuli gazis atmosferoSi misi Semdgomi 

TermodamuSavebisas m-n kontaqtis gamyofi zedapiris mimdebare fenebSi 

mimdinare procesebis Seswavla sawyisi naxevargamtarisagan gansxvavebuli 

Sedgenilobis naxevargamtaruli nanonawilakebis misaRebad, raTa 

dadgenili iqnas  metalis dafenisa da TermodamuSavebis teqnologiur 

safexurad gamoyenebis SesaZlebloba naxevargamtaruli nanoteqnologiaSi. 

eqsperimentSi  gamoviyeneT naxevargamtarze metalis dafenis Cvens 

mier damuSavebuli originalur teqnologia, romelic saSualebas iZleva 

miRebuli iqnas metalisa da naxevargamtaris uSuali kontaqti, e.i. kontaqti 

Sualeduri Jangis fenis gareSe. 

m-n kontaqtze mimdinare procesebis Sesaswavlad samodelo masalad 

SerCeuli iyo GaP, romelic aris nawilobriv ionuri kristali. am kvlevis  

safuZvelze In-GaP –s magaliTze pirvelad Cvens mier iyo miRebuli III-V 

jgufis masalebisTvis Sotkis barieris mniSvnelovani gadaxra bardinis 

modeliT mosalodneli mniSvnelobidan.  

Cvens mier Catarebuli kvleviTi samuSaoebis  erT-erTi saintereso 

Sedegia naxevargamtaris zedapirze aluminis dafenis SesaZleblobis 

gamovlena aluminis qloridis wyalxsnaridan da Al/GaAs, Al/GaP Sotkis 

diodebis volt-mperuli da volt-tevaduri maxasiaTeblebis gamoyenebiT 

GaAs-isa da GaP-s gamtareblobis zonis centralur da mezobel minimumebs 

Soris energetikuli sxvaobis gansazRvra eqsperimentul meTodiT. 

wyalbadis atmosferoSi In/GaP struqturebis 100<T<400 C0
 

temperaturul intervalSi TermodamuSavebis safuZvelze miRebuli iyo 

fotomimRebebi  Zlieri mgrZnobiarobiT axlo infrawiTel ubanSi, romelic 

SeiZleba gamoyenebul iqnas axlo infrawiTel ubanSi mgrZnobiare 

fotodeteqtorebis Sesaqmnelad, xolo InxGa1-xAs (0<x<1) bazaze SeiZleba  

damzaddes fotmimRebebi, romelTa mgrZnobiarobis aris gafarToeba 

SesaZlebelia  Soreul infrawiTel ubanSi. 

III-V jgufis naxevargamtarebze III jgufis metalebis dafeniT da 

TermodamuSavebiT miRebuli  struqturebis Tvisebebis Seswavlis 

safuZvelze warmoebulma kvlevebma aCvenes, rom naxevargamtarze metalis 

dafena da misi Semdgomi TermodamuSaveba SeiZleba gamoyenebuli iqnas 

mniSvnelovan teqnologiur safexurad naxevargamtaruli nanoteqnologiaSi. 
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Mmetalebis nanometrul mdgomareobaSi Termoqimiuri  

reaqciebiT miReba 

 
g.zviadaZe 

 saqarTvelos sainJinro akademia 

sakontaqto avtori: g.zvizdaZe. t. 33 11 41 

 

nivTierebaTa nanometrul mdgomareobaSi miRebasa da gamoyenebas 

nanoteqnologias uwodeben. nanomdgomareobis dadgenis SemoRebamde, am 

mdgomareobaSi an mis maxlobel mdgomareobaSi myof nivTierebas 

ultradispersul mdgomareobaSi myofad ganixilavdnen. ultradispersuli 

da nanonivTierebaTa qimia da teqnologia saerTo fizikuri safuZvlebis 

mqonea. 

ganxilulia Cvens mier ganxorcielebuli Semdegi Termoqimiuri 

1. tute qloridebis da ftoridebis ionuri aRnagobis karbidebTan da 

silicidebTan urTierTqmedebis vakuumTermuli, 

2. qloridebis da oqsidebis plazmurTermuli aRdgenis, 

3. qloridorganuli kompleqsuri naerTebis Termuli disociaciis, 

4. TviTganviTarebadi maRaltemperaturuli sinTeziT sali 

nivTierebaTa miRebis, 

5. lRobil marilebis eleqtrolizis, 

6. lRobil garemoSi araorganul nivTierebaTa karboTermuli 

aRdgenis, 

7. araorganul nivTierebaTa narevebis wyalbadSemcvel aRmdgenlebTan 

urTierTqmedebis 

reaqciebiT metaluri ultradispersuli produqtebis miRebis 

Sedegebi. miRebuli metalebis, maTi karbidebis, nitridebis da 

karbonitridebis rigi Tvisebebi gansxvavdeba masiur mdgomareobaSi myofi 

igive nivTierebaTa fizikuri da qimiuri Tvisebebisgan. 
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interferometruli aparaturis alternativa  
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ganxilulia wrfivi gadaadgilebis gamzomi interferometruli xelsaw-

yoebis SesaZleblobebi. gaanalizebulia is SezRudvebi, romlebic axasia-

Tebs am xelsawyoebs. amJamad interferometruli xelsawyoebis sizuste 

aRwevs mxolod 0,02 nm, rac dakavSirebulia interferenciul suraTze 

intensivobebis gazomvebis uzustobasTan. aucilebelia, agreTve, 
fotodeteqtorebis amplitudur-fazuri maxasiaTeblebis gaTvaliswineba, rac 
praqtikulad ar xorcieldeba. aRniSnuli sizuste ki ver akmayofilebs 
nanoteqnologiebis dRevandel moTxovnebs.  

cnobilia, rom sixSiruli gazomvebi iZlevian yvelaze maRal garCevis-

unarianobas da yvelaze maRal sizustes. amitom mizanSewonilia manZilebis 

gasazomad gamoviyenoT sixSiris gazomvis meTodi. 

zemoTqmulis gaTvaliswinebiT, SemuSavebulia interferometruli xel-

sawyos alternativa. warmodgenilia wrfivi gadaadgilebis gamzomi axali 

meTodi da moyvanilia am meTodze damyarebuli xelsawyos struqturuli sqema, 
romelSic ganxorcielebulia wrfivi gadaadgilebis gazomvis sixSiruli 
principi. SemoTavazebuli xelsawyo mTlianad agebulia optikur elementebze 

da efuZneba, erTis mxriv, sinaTlis siCqaris mudmivobasa da sasrulobas, 

xolo, meore mxriv, polarizebuli sinaTlis Tvisebebs. xelsawyoSi uwyveti 

lazeruli gamosxiveba gardaiqmneba wyvetili impulsebis seriad, romelTa 

ganmeorebis sixSire damokidebulia amrekli prizmis gadaadgilebaze, xolo 

fotodeteqtori ki afiqsirebs ara intensivobas, aramed am impulsebis sixSires. 
amrigad, gamoiricxeba fotodeteqtoris amplitudur-fazuri maxasiaTeblebis 

gaTvaliswinebis aucilebloba. Sefasebulia prizmis gadaadgilebisas manZilis 

gazomvis sizuste da garCevisunarianoba da naCvenebia, rom wanacvlebis 

gazomvis cdomileba 0,0003 nanometris rigisaa. 

amrekli prizmis dakavSireba uSualod atomur-Zalovani mikroskopis 

zondTan SesaZlebels xdis misi gadaadgilebisas didi sizustiT gaizomos 

zondis mdebareobis cvlileba. 
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naxSirbadis mier warmoqmnili nanostruqturebi (fulerenebi) magaliTad, 

nanomilebi, erTi atomis sisqis grafenis fenebi, grafitis nanoburTebi da 

sxva, amJamad farTod gamoiyeneba eleqtronul teqnikaSi. amasTanave, 

msoflios wamyvan samecniero centrebSi grZeldeba kvleva maT Semdgom 

gamoyenebebTan dakavSirebiT teqnikaSi, medicinaSi, biologiaSi da a.S.  

nivTierebebi nanoganzomilebaSi gansxvavebul fiziko-qimiur Tvisebebs 

avlenen maT mikro da makro ganzomilebebTan SedarebiT. maTi eleqtro-

magnituri, optikuri da sxva Tvisebebi eqvemdebareba qvanturi fizikis kano-

nebs. naxSirbadis nanomilis kveTis diametri daaxloebiT 1 nm-dan 10 nm-dea.  

igi warmoadgens Zafisebur monokristals, romlis simtkice ramodenimejer 

aRemateba foladis mavTulis simtkices, amasTan erTad mas axasiaTebs 

maRali eleqtrogamtarebloba da qimiuri inertuloba [1,2,3].  

nanomilebi cilindruli formisaa da maTSi naxSirbadis molekulebi 

qmnian heqsagonalur struqturas. aseTive heqsagonaluri struqturisaa 

erTi atomis sisqis grafenis fena. gansakuTrebuli Tvisebebis grafenis 

fena Seqmna mecnierTa jgufma 2007 wels kaliforniis universitetSi 

profesor Cun ning laus xelmZRvanelobiT [4]. iTvleba, rom am aRmoCeniT 

axali tipis tranzistorebis era daiwyo. eleqtronebi amgvar fenaSi 

moZraoben heqsagonaluri badis gaswvriv balistikurad qvanturi biliardis 

principiT. 

Cvens naSromSi Seswavlilia swored amgvar nanostruqturebSi 

eleqtronebis gadatana garkveuli potencialuri velis zegavleniT. es pro-

cesi aRiwereba Sredingeris organzomilebiani arastacionaluri ganto-

lebiT da Sesabamisi sasazRvro pirobebiT. konformul asaxvaTa da furies 

mwkrivad gaSlis meTodiT miRebulia eleqtronis energetikuli doneebi 

heqsagonaluri badisTvis.  

aRniSnuli publikacia ganxorcielda saqarTvelos erovnuli samevniero 

fondis finansuri xelSewyobiT (granti N#GNSF/ST08/3-395). winamdebare 

publikaciaSi gamoTqmuli nebismieri azri ekuTvnis avtorebs da SesaZloa 

ar asaxavdes sesf-is Sexedulebebs. 
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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 
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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”. 
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gansxvavebiT almasis struqturis mqone germaniumisagan, romelzedac 

istoriaSi pirveli tranzistori damzadda 1947 wels, tetragonaluri 

germaniumi naklebadaa Seswavlili. mis udavo upiratesobas warmoadgens 1.47 

ev zomis pirdapiri akrZaluli zona, romelic optoeleqtronuli 

xelsawyoebis damzadebis perspeqtivebs saxavs. samwuxarod, am egzotikuri 

masalis misaRebad saWiroa maRali, erTeuli gigapaskalebis rigis wneva, da 

Sesabamisad rTuli teqnologiebis gamoyeneba.  

Teoriuli gamoTvlebis safuZvelze gamoTqmuli iyo mosazreba, rom 

mcire, ara umetes 4 nm zomis gamdnari Ge-s wveTze zedapiruli daWimuloba 

iwvevs sakmarisad did wnevas (1.5gpa), romelsac SeuZlia gamyarebisas misi 

tetragonalur fazaSi gadayvana. es varaudi eqsperimentaluradac dadasturda.  

tetragonaluri Ge-s miRebis Cveneuli midgoma emyareba iseTi masalis 

Seqmnas, romelSiac gamlRvali Ge-s nanowveTi amorfuli myari 

dieleqtrikuli matriciTaa garSemortymuli (GeO2:Ge, Al2O3:Ge). matricis 

Termuli gafarToebis koeficienti (Tgk) sWarbobs Ge-s Tgk-s, rac 

gaciebisas wveTSi did SemkumSav daZabulobebs iwvevs. agreTve cnobilia, 

rom Ge-s kristalizaciisas misi moculoba 5%iT matulobs, rac matriciT 

SemosazRvrul fiqsirebul moculobaSi Ge-s nanowveTis gamyarebisas did 

damatebiT wnevebs warmoqmnis. gaTvlebma gviCvena, rom aseTi meTodiT GeO2–

sa da  Al2O3-is matricebSi SesaZebelia 20 nanometramde zomis tetragona-

luri Ge-s nanokristalebis miReba.  

Al2O3:Ge da GeO2:Ge nanosistemebis 

misaRebad gamoviyeneT ionur-plazmuri 

gafrqveva da pirolizuri damuSaveba. 

germaniumis tetragonaluri struqturis 

Camoyalibeba dadasturda rogorc 

transmisiuli eleqtronuli mikroskopiiT 

(nax.1), ise eleqtronTa difraqciiTa da 

fotoluminescenciiT.  

dadginda, rom GeO2–is matricaSi 

SeiZleba miviRoT Ge-s tetragonaluri 

nanokristalebi maqsimaluri zomiT 12 nm, 

maSin roca Al2O3-is matricaSi 

nanokristalTa zoma 20 nm-s aRwevs. 

zomebis aseTi variacia aixsneba am ori 

matricis Termuli gafarToebis koefici-

entebis  gansxvavebuli mniSvnelobebiT. 

 
nax. 1. GeO2–is matricaSi 

gamyarebuli 12 nm zomis 

tetragonaluri Ge-s nano-

kristali. 
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erTgamzomilebiani (1D) nanostruqturebi (nanomavTulebi, nanosartye-

lebi, nanoZelakebi da sxv.) gamoirCevian zedaprze ganlagebul atomTa 

maRali xvedriTi wiliT, rac maT safuZvelze zemgrZnobiare (ppb) 
sensorebis damzadebis saSualebas iZleva. mcire, boris eqsitonis radiusis 

Tanazomadi ganivkveTis SemTxvevaSi isini mkveTrad gamoxatul kvantur 

Tvisebebs amJRavneben da sruliad axali tipis kvanturi xelsawyoebis 

ZiriTad elementebad moiazrebian. sakmarisad mcire nul ganzomilebiani 

kvanturi wertilebisagan gansxvavebiT, SedarebiT didi erTganzomilebiani 

nanostruqturebiT manipulireba da xelsawyos damzadeba teqnologiuradac 

gacilebiT advili da mosaxerxebelia. 

samuSaos mizans Seadgenda germaniumisa da In-Ge evteqtikuri naerTis 

safuZvelze nitriduli 1D nanostruqturebis miRebis iseTi teqnologiis 

SemuSaveba, romelSic nitridis warmomqmnel reagentebs warmoadgenen 

hidrazini (N2H4) da misi pirolizuri daSlis produqtebi. 

nanostruqturebis gazrda xorcieldeboda hidrazinis areSi 10 tor wnevaze 

520-580°C intervalSi Ge an In-Ge-s fuZeSreebis Termuli damuSavebiT. 

miRebuli masalis kvleva warmoebda oJe, infrawiTeli da 

energodispersiuli rentgenuli speqtroskopiiT, rentgenofazuri analiziT,  

rastruli da transmisiuli eleqtonuli mikroskopiiT (tem). 

     Ge3N4-is 560°C-ze gazrdisas miiReboda nanosartyelebi da mravalkuTxa 

ganivkveTis mqone e.w. fasetirebuli nanostruqturebi (nax.1,a). temperaturis 

Semcireba 530°C-de iwvevda erTeuli 

mkm-s sigrZis nanomavTulebis zrdas 

(nax.1,b), romelTa minimaluri diametri 

8nm-s aRwevda. orive masala α 
modifikaciis monokristals warmoad-

genda, romelTa Camoyalibeba Jangbadis 

daxmarebiT an orTqli-siTxe-myari 

meTodebiT xorcieldeboda. 

     sxvadasxva raodenobis In-sa da-Ge-s 
Semcveli fuZeSreebis gamoyenebisas 

miRebuli iyo gansxvavebuli morfo-

logiis mqone oqsinitriduli 

nanomavTulebi, romlebic moicavdnen 

nanosartyelebs, nanonemsebs, 

“kaqtusisa” da sxva saxis 1D 
nanostruqturebs.  

 
 
nax.1. germaniumis nitridis nanosar-

tyelebisa (a) da atomaruli 

garCevisunarianobT gadaRebuli 

nanomavTulis (b) tem suraTebi. 



 52

mikro da nano firebSi meqanikuri daWimulobebis bunebisa da 

sididis gansazRvris aramrRvevadi meTodikebis SemuSaveba, maTi  

minimizaciis meTodebis Seqmna. 
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      Tanamedrove mikro da nano eleqtronikaSi naxevargamtaruli 

struqturebis formirebis Tanmdev seriozul problemas warmoadgens Siga 

meqanikuri daWimulobebi, rac seriozul gavlenas axdens miRebuli 

naxevargamtaruli firebis struqturul srulyofaze da maTi fizikuri 

Tvisebebis erTgvarovnebaze. Siga kristaluri daZabulobebi warmoiqmneba, 

rogorc ionuri implantaciis,  aseve epitaqsiuri firebis zrdisas, 

gansakuTrebiT sxvagvaris safenze. am daWimulobebis bunebisa da sididis 

gansazRvra da misi minimizacia Tanamedrove eleqtronikis erTerT 

mniSvnelovan amocanas warmoadgens.  

 naSromSi zemoTmoyvanili problema Seswavlilia Si-safironze 
struqturebis magaliTze. am struqturebis damzadebisas dafenis maRali 

temperaturis, Si-is da safironis xazovani gafarToebis koeficientebis  

gansxvavebis gamo, Si-is fenebSi warmoiqmneba kumSvis daZabulobebi. amas 

xels uwyobs, Si-is sakontaqto ubanSi warmoqmnili defeqtebic. lazeruli 

(λ=0.69mkm, mili- an nanowamebiani impulsebiT), naTurebiT (wamebiani 

impulsebiT) da Termuli gamowvis eqsperimentebi Catarebul iqna n-Si-is 
(d=30nm÷3mkm) struqturebze. Catarda struqturebis eleqtrofizikuri, 

optikuri da rentgenostruqturuli kvlevebi. naTurebiT fotonurma an  

miliwamianma lazerulma zemoqmedebam struqturis blokurobis 

SemcirebasTan erTad, ~20%-iT gazarda denis matarebelTa Zvradoba. 

nanowamianma lazerulma zemoqmedebam mTlianad mospo  struqturis 

blokuroba da  2-jer gazarda denis matarebelTa Zvradoba,   maSin roca, 

vakuumSi, 30 wuTiani Termuli gamowva Т=12000С-ze,  struqturis fizikur  

Tvisebebs SesamCnevad ver cvlis. rogorc sakvlevi nimuSebis optikuri 

STanTqmis speqtrebma aCvena,  STanTqmis kide, monokristalur Si–Tan 

SedarebiT, wanacvlebulia mcire energiebisken rac damaxasiaTebelia 

kumSviTi daZabulobebisaTvis. fotonuri dasxivebiT moxda am 

daZabulobebis, ~ 5х108 pa-is (sawyisis 90%), moxsna. eqsperimentebma aCvena 

aRniSnuli procesebis ganxorcielebis meqanizmis aTermiuli buneba.    
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dabaltemperaturuli impulsuri fotonuri gamowva Tanamedrove 

nanoeleqronikaSi; fizikuri meqanizmebi, teqnologiebi. 
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Tanamedrove nanoeleqtronikis ganviTareba urTules amocanebs 

ayenebs mkvlevarTa winaSe. integraluri sqemebis minimizacia miiRweva ara 

mxolod srulyofili precesiuli teqnikis gamoyenebiT, aramed axali, 

aratradiciuli teqnologiuri meTodebiT, romlebic masalis Tvisebebis 

kontrolirebadi cvlis saSualebas iZleva. xangrZliv, maRaltemperaturul, 

Termo procesebze damyarebul tradiciul teqnologiebs ar ZaluZT 

gadawyviton aRniSnuli amocanebi. am TvalsazrisiT ufro perspeqtiuli 

aRmoCnda dabaltemperaturuli teqnologiebi, roca difuziur-aqtivaciuri 

procesebis Casatareblad gamoiyeneba impulsuri fotonuri zemoqmedeba. 

SesaZlebeli gaxda defeqtebis gamowvis, minarevebis aqtivaciisa da 

rekristalizebis procesebis Catareba, da amave dros, masalis siRrmeSi 

arakontrolirebadi difuziuri SeRwevis Tavidan acileba. zemoTTqmulis 

aqtualuroba gansakuTrebiT mkveTrad Cans nanoeleqtronikis iseT 

sakiTxebSi, rogoricaa srulyofili organzomilebiani firebis, kvanturi 

wertilebis, miReba da maTi modifikacia da sxva. zemoTTqmulis 

ganxorcieleba rig SemTxvevebSi SesaZlebelia mxolod dnoba-

rekristalizaciis procesis gavliT.   

naSromSi mocemulia impulsuri fotonuri zemoqmedebisas: 

• naxevargamtaruli masalebis dnobis eleqtronuli meqanizmi. 

• sinaTlis mier radiaciul defeqtebze seleqtiuri STanTqmis faqtorebis 

roli, myarfazovani impulsuri fotonuri gamowvis procesebSi; 

• naxevargamtarul struqturebSi meqanikuri daZabulobebis moxsnis 

meTodi; 

• naxevargamtarebSi implantirebuli minarevis aqtivaciis, 

rekristalizaciis da defeqtebis impulsuri fotonuri gamowvis 

meqanizmi; 

• naxevargamtarul masalebsa da struqturebze Sotkis barieris, omuri 

kontaqtebis, p-n gadasasvlelebis,  legirebuli da izolirebuli 

ubnebis formirebis dabaltemperaturuli meTodi. 
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В недавно опубликованной работе [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”) мы представили результаты 
исследования ЭПР в высокотемпературном сверхпроводнике Bi-Pb-Sr-Ca-Cu-O. В 
температурной зависимости ширины линии ЭПР парамагнитного зонда в нормальном 
состоянии при T≈175÷200 K нами  был наблюден пик, который мы связываем с 
образованием новой магнитной фазы. 
 Исследуемая нами высокотемпературная сверхпроводящая система является 
неустойчивой кристаллохимической системой. Неустойчивость проявляется в аномальных 
температурных зависимостях коэффициента теплового расширения (КТР), структурных 
параметров, скоростей ультразвука, упругих модулей и других характеристик. 
 Дилатометрические и рентгенографические (порошковая рентгенография) 
исследования показывают, КТР при низких температурах меняет знак, становится 
отрицательным. При этом меняется элементарная ячейка - наблюдается температурная 
зависимость параметров элементарной ячейки. 
 Эти эффекты наблюдаются почти во всех высокотемпературных сверхпроводящих 
купратах. Например,  эффект отрицательного КТР проявляется при низких температурах в 
системе YBa2Cu3O7-δ ниже  T≈175, в Bi2Sr2-хLax CuO6  ниже Т~в системе Bi-Pb-Sr-Ca-Cu-O  
КТР становится отрицательным ниже Т~160К. 
       Перечисленные выше эффекты характеризующие неустойчивость кристаллохимической 
системы высокотемпературных сверхпроводящих купратов могут способствовать 
формированию новой магнитной фазы описанной в работе  [1] , тем более, что эта магнитная 
фаза формируется именно в той области температур, где наблюдается аномальные 
температурные зависимости коэффициента температурного расширения и структурных 
параметров. В настоящей работе приводятся соображения и экспериментальный материал, 
подтверждающие предложенное объяснение появления новой магнитной фазы в системе Bi-
Pb-Sr-Ca-Cu-O .     
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Изучение высокотемпературных сверхпроводящих фаз в Bi-Pb-Sr-Ca-Cu-O,  
синтезированных с использованием солнечной энергии. 
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Исследуется температурная зависимость затухания и периода колебании сверхпроводящего 
цилиндрического образца ВТСП системи Bi-Pb-Sr-Ca-Cu-O, подвешенного на тонкой 
упругой нити и совершающего аксиально-крутильные колебания в поперечном магнитном 
поле. Выше критической температуры сверхпроводящего перехода основной фазы Bi(2223) с 
Тс=107 К наблюдена область «хаоса» в интервале температур 107-150 К, в которой 
зафиксированы отдельные всплески затухания и частоты колебания. Предполагается, что 
область  «хаоса» может указывать на возможность существования других магнитных или 
более высокотемпературных сверхпроводящих фаз малой концентрации в виде отдельных 
сверхпроводящих островков в матрице нормального материала 2223-фазы.   
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Исследование магнитных фаз в нормальном состояний в Rb3C60 и 
динамика вихревой решетки Абрикосова ниже критической температуры 

сверхпроводящего перехода. 
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С применением сверхчувствительных методов исследования диссипативных 

процессов и пиннинга в сверхпроводниках, наблюдены и исследованы магнитные фазы при 
Т≈55 К, Т≈200-215 К и Т≈260÷270 К в   Rb3C60. Этими же методами определены критические 
параметры: температура перехода  в сверхпроводящее состояние Тс в Rb3C60 и первое 
критическое поле Нс1 его перехода из сверхпроводящего в смешанное состояние. Для 
изучения процессов образования и распада вихревой решетки  Абрикосова (ВРА) в Rb3C60 
применена чувствительная механическая методика исследования стимулированной 
импульсными магнитными полями динамики ВРА. Этим методом изучены релаксационные 
явления в вихревой материи и определены время образования и распада вихревой решетки 
Абрикосова в сверхпроводящем фуллерене Rb3C60  и они оказались равными 10µсек для 
зарождения и 25µсек для их распада.   
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