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teqnikuri angariSi  

 
periodi (01.01.2011 – 31.12.2011) 

 

  

mocemuli samuSaos ZiriTadi mizania: Teoriulad SeviswavloT 

araCveulebrivi eleqtromagnituri talRebis gavrceleba   erTRerZa 

anizotropul “dadebiTidan uaryofiT indeqze gadamsvlel” 

metamasalebSi da gamovikvlioT talRuri procesebis Tvisebebi im 

aris maxloblad, sadac gardatexis maCvenebeli icvlis niSans. 

     

etapobrivad Sesrulebul iqna Semdegi amocanebi:  erTRerZa anizotropul 

“dadebiTidan uaryofiT indeqze gadamsvlel” metamasalebSi arsebuli 

Lliteraturis  mimoxilva,Kkonkretuli sistemis SerCeva,  ori garemos 

gamyof zedapirze sasazRvro pirobebis dadgena, mosazRvre areebSi 

talRuri gantolebebis Sedgena da maTi amoxsna. Seswavlilia 

araCveulebrivi talRebis Tvisebebi konkretul erTRerZa anizotropul 

metamasalebSi ricxviTi meTodebis gamoyenebiT.  

 

 amocana 1. Cavatare arsebuli literaturis mimoxilva erTRerZa 

anizotropul “dadebiTidan uaryofiT indeqze gadamsvlel” 

metamasalebSi araCveulebrivi  talRebis Sesaxeb. Gganxilul iqna 

Semdegi Sromebi (ix. danarTi I). 



   eleqtromagnituri talRebis gavrceleba garemoSi xasiaTdeba 

dieleqtrikuli SeRwevadobiT ε da magnituri amTviseblobiT μ, romlebic 

axasiaTeben talRis eleqtuli E da magnituri H velebis kavSirs 

garemosTan, romelSic talRa vrceldeba. Ggaremos gardatexis 

maCvenebeli n (n2=εμ) axasiatebs eleqtromagnituri talRis dispersiul 

Tvisebebs. Cveulebriv izotropul garemoSi dieleqtrikuli Sexwevadoba 

ε da magnituri amTvisebloba μ  dadebiTi skalaruli sidideebia da 

bryeli talRis eleqtuli E da magnituri H velebi talRur veqtorTan 

erTan qmnian marjvena veqtorTa triplets. aseT garemoSi pointingis 

veqtori S, romelic talRis eleqtuli da magnituri velebis 

daZabulobaTa veqtoruli namravlia, mimarTulia talRuri veqtor k 

paralelurad. aseT masalebs uwodeben Cveulebriv, an marjvena-tipis 

masalebs.  aseT masalebSi dieleqtrikuli Sexwevadoba ε da magnituri 

amTvisebloba μ μ  dadebiTi sidideebia.  

    1968 wels veselagom [Veselago 1968] aCvena, rom Tuki masalas, 

romelSic vrceldeba eleqtromagnituri talRa, eqneba erTdroulad 

uaryofiTi dieleqtrikuli Sexwevadoba ε<0 da magnituri amTvisebloba 

μ<0, eseT masalas eqneba mniSvnelovnad gansxvavebuli eleqtromagnituri 

Tvisebebi, Cveulebriv  marjvena-tipis masalebTan SedarebiT. aRniSnul 

masalebSi brtyeli talRis pointingis veqtori emTxveva energiis nakadis 

mimarTulebas, magram S veqtors eqneba talRuri veqtoris k  

sawinaaRmdego mimarTuleba da veqtorebi E, H  da  k qmnian  marcxena 

veqtorTa triplets. aseT masalebs uwodeben marcxena-tipis masalebs 

(left-handed materials) anu metamasalebs. aseTi masalebi miekuTvnebian 

nanostruqturebs da xasiaTdebian, bunebaSi arsebul masalebTan 

SedarebiT, uCveulo fizikuri TvisebebiT. Mmetamasalebs gaaCniaT 

uaryofiTi gardatexis maCvenebeli da amitom, marcxena-tipis masalebs, 

zogjer uaryofiTi arekvlis indeqsis mqone masalebsac (negative-index 

materials) uwodeben. aseTi masalebi unikaluria da bunebaSi ar moipoveba. 

isini xelovnuri gziT miiReba da amotom maT xelovnur masalebsac 

(artificial materials) uwodeben [Veselago 1968, Shalaev 2007]. 

      1999 wels pendrim [Pendry et.al. [1999] aCvena, rom e.w. gawyvetili 

rgolis rezonatoris (split-ring resonators) da metaluri Zafebis (metal 



nanowires) kombinaciiT SeZleba Seiqmnas xelovnuri masalebi, romelTa 

saSualebiTac SesaZlebelia uaryofiTi arekvlis realizeba. aseTi 

masalebis Seqmnisas mTavari sirTule mdgomareobs uaryofiTi magnituri 

amTviseblobis μ<0   miRebaSi. Ddaiwyes ra mikrotalRuri diapazoniT 

[Shelby et.al. 2001], ramdenime wlis Semdeg, vercxlis gamoyenebiT (romelic 

metamasalebis Sesaqmnnelad ZiriTadi masalas warmoadgens), xiluli 

speqtris ukidures wiTel areSi (talRis sigrZe 780 nm ), moxerxda 

uaryofiTi gardatexis maCveneblis mqone masalis praktikulad Seqmna 

[Dolling  et.al. 2007]. 

   Mmetamasalebis gamoyenebiT SesaZlebeli gaxda sinaTlis sxivis 

gavrcelebis mimarTulebaze iseTi kontrolis daweseba, romelic 

saSualebas iZleva metamasalebi gamoyenebul iqnas sagnebis dasamalad, 

ise,  rom adamianis TvalisaTvis gaumWvirvale sagnebi uCinari gaxados.     

  Mmeore, Zalian saintereso xelovnuri obieqtia, naxevargamtaruli 

kvanturi wertilebi (dotebi). ukanasknel wlebSi, naxevargamtarul 

kvanturi dotebis optikuri Tvisebebis Seswavla nanostruqturebis 

fizikis erT-erT umTavres mimartulebas miekuTvneba [Bimberg and el at. 1999].  

naxevargamtarul kvanturi dotebi warmoadgenen nulovani ganzomilebis 

mqone sistemebs. Aisini warmoadgenen nanostruqturebs, romlebSic muxtis 

gadaadgileba SezRudulia samive sivrculi mimiarTulebiT. amis gamo, 

maT aqvT atomis tipis diskretuli energetikuli speqtri, mkacrad 

gansazRvruli sicocxlis xangrZlivobiT. aseTi Tvisebebis gamo kvanturi 

dotebi Zalian emsgavsebian atomebs da praqtikulad warmoadgenen 

xelovnur atomebs. kvanturi dotebis ansamblisOoptikuri koherentuli 

movlenebis Seswavlisas Cven vawydebiT speqtraluri xazis Zlier 

araerTgvarovan gaganierebas, rac dakavSirebulia dotebis zomebis 

fluqtuaciasTan. kvanturi dotebis zomebi xSirad icvleba 50-400 

angstremis intervalSi. Kkvanturi dotebis zomebis fluqtuacia iwvevs 

eqsitonebisa da bieqsitonebis speqtraluri xazis araerTgvarovan 

gaganierebas, romelTa sigane aris ramodenime aTeuli MeV. 

 

 

 



amocana 2.  Seviswavle konkretuli erTRerZa anizotropul metamasalebi, 

romlebSic SeiZleba gavrceldnen araCveulebriv   talRebi. Ddadgenil 

iqna, rom yvelaze perspeqtul sistemebs warmoadgen Semdegi masalebi  

erTRerZa anizotropul “dadebiTidan uaryofiT indeqze gadamsvlel” 

metamasalebi da gamovikvlie talRuri procesebis Tvisebebi im aris 

maxloblad, sadac gardatexis maCvenebeli icvlis niSans. 

 

amocana 3. sasazRvro amocanebis Seswavlis dros erT-erT ZiriTad 

sakiTxs warmoadgens ori garemos gamyof zedapirze sasazRvro pirobebis 

dadgena. (ix. danarTi 1). 

   a) dadgenil iqna cxadi analitikuri gamosaxulebebi sasazRvro 

pirobebisaTvis, romlis drosac SesaZlebelia araCveulebrivi wrfivi  

talRebis gavrceleba.  

      b) dadgenil iqna cxadi analitikuri gamosaxulebebi sasazRvro 

pirobebisaTvis, romlis drosac SesaZlebelia araCveulebrivi arawrfivi 

talRebis (solitonebis) gavrceleba (ix. danarTi 3). 

 

amocana 4. mosazRvre areebSi talRuri gantolebebis Sedgena 

warmoadgens sasazRvro amocanebisaTvis erT-erT ZiriTad amocanas. 

     Ddadgenil iqna maqsvelis gamtolebebis cxadi saxe 2+1 ganzomilebis 

(ori sivrciTi koordinatis da drois) sivrceSi (ix. danarTi 4). 

 

amocana 5. dadgenil iqna cxadi analitikuri gamosaxulebebi zedapiruli  

araCveulebrivi talRebi anizotropul metamasalebSi naxevargamtaruli 

kvanturi wertilebis Semcveli gardamavali Sris arsebobis pirobebSi 

(ix. danarTi 5). 

 

 

miRebulia Semdegi ZiriTadi Sedegebi 

 

     dadgenili iqna konkretuli mravalfeniani sistemebi, romlebSic 

SeiZleba gavrceldnen talRebi, rodesac erT-erTi mosazRvre  are 

warmoadgens anizotropul metamasalas, romlis maxasiaTebeli oTxive 

parametri: ganivi da gaswvrivi dieleqtrikuli SeRwevadobis da ganivi da 



gaswvrivi magnituri amTviseblobis tenzorTa komponentebi, uaryofiTia. 

Ddadgenil iqna Sesabamisi sasazRvro pirobebi da zedapiris aRgznebuli 

aris lokalizaciisaTvis saWiro pirobebi erTRerZa anizotropul 

“dadebiTidan uaryofiT indeqze gadamsvlel” metamasalebSi. 

  miRebuli iqna zogadi analitikuri gamosaxulebebi dispersiuli 

TanafardobebisaTvis da talRebis parametrebisaTvis. M 

    miRebuli iqna talRuri gantolebebi nelad cvalebadi 

amplitudebisaTvis. 

        miRebuli iqna nakadis mniSvnelobebi.  

    miRebuli iqna yoveli konkretuli sistemisaTvis solitonebis 

parametrebis ricxviTi mniSvnelobebi. (ix. danarTi 6). 

 

Teoriuli kvlevisas gamoYenebul iqna Semdegi aproqsimaciebi da 
meTodebi 

  proeqtSi gamoyenebuli iqneba aproqsimaciebi da maTematikuri meTodebi, 

romlebic farTod gamoiyeneba arawrfivi talRebis TeoriaSi.  

    aproqsimaciebi: mbrunavi velis miaxloeba da neli cvladebis miaxloeba. 

    meTodebi:  

      1.Sebrunebuli amocanis meTodi, romelic warmoadgens arawrfivi 

gantolebebis analizuri amoxsnis erT-erTi yvelaze mZlavr meTods. 

      2. SeSfoTebaTa Teoria ganviTarebuli Sebrunebuli amocanis meTodis 

bazaze,  

      3. reduqciis perturbaciuli meTodi,  

      4. fazuri funqciis meTodi  

      5. arawrfivi gantolebebis amoxsnis ricxviTi meTodebi. komputeruli 

programebi:  :MikTex,  WinEd, C++, "Mathematica-6" da "Maple-11". 

 

    miRebuli Sedegebis nawili moxsenebul iqna kolukviumebze da 

seminarebze: 

1. berlinis teqnikur universitetis, Teoriuli fizikis institutSi. 

2. maqs-plankis kompleqsuri sistemebis fizikis institutSi, drezdenSi. 

 

 

 

 



 

 

publikaciebi: 
 
1. Adamashvili G. T. Influemce of non-Markovian relaxation on the soliton of self-induced 

transparency. Pisma v Journal Technicheckoi Phyziki, 37, #17, (2011) 82-88. 
 
2. Adamashvili G. T. Vector Soliton of Self-induced transparency. Results in  Physics,  1 

(2011) 26–29. (journal homepage:www.elsevier.com/locate/rinp. 
 
3.  Adamashvili G. T. Effect of non-Markovian Relaxation on Self_Induced Transparency 

Soliton. Technical Physics Letters, 37, # 9, (2011)  827–830. 
 
4. Adamashvili G. T. Nonlinear surface plasmon polaritons at the interfaces between isotropic 

media and anisotropic left-handed materials.  The Open Optics Journal . 5. (2011) 
 
5. Adamashvili G. T., Kaup D.J.,  Influence of relaxations on the acoustic self-induced 

transparency and memory function theory.  Physics Letters A . (2011). 
 
 
   miRebuli Sedegebis safuZvelze momzadebulia xelnaweri samecniero 
JurnalSi gamoqveynebisaTvis. 
 
 

 

Lliteratura 
 

• Agranovich V. M., Y. R. Shen, R. H. Baughman, and A. A. Zakhidov,Phys. Rev. B, v. 

69,(2004),165112,1-7.  

• Adamashvili G.T. Knorr A., Optics Letters, v. 31, ( 2006), 74-76. 

• Adamashvili G.T. and  Knorr A., Physics Letters A , 367 (2007) #3, 220-223. 

• Adamashvili G.T.,  Knorr A.., Weber C.,  Adamashvili N.T., Physical Review A, 75 

(2007) 063808. 

• Adamashvili G.T. and  Knorr A., Preprint, Arxiv, 0709.1220v1. September 8, 2007.(a) 

• Adamashvili G.T. and  Knorr A. , Preprint, Arxiv, 0803. March 14, 2008. 

• Adamashvili G.T., Knorr A.., Weber C.,  The European Physical Journal D., 47 (2008)  

113-117. 

• Adamashvili G.T. Physics Letters A.,v.  373 (2008), p.156-159. 

• Allen L. and J. H. Eberly, Optical resonance and two-level atoms (Dover, New York, 

1975). 

• Avrutsky, Phys.Rev. B ,v.70,(2004) 155416,1-6. 

• Barnes W.L., Dereux A., Ebbesen T. W. , Nature, v. 424, (2003) 824. 



• Bimberg D., Grundmann M., Lednetsov L., Quantum Dot Heterostructures (Wiley 1999). 

• Borri P. , W. Langbein, S. Schneider, U. Woggon, R. L. Sellin, D. Ouyang, and D. 

Bimberg, Phys. Rev.B., v.66 (2002) 081306. 

• Chen L., S.He and L. Shen, Phys. Rev.Lett. v.92,(2004)107404,1-4. 

• Dolling G., M. Wegener, C. M. Soukoulis, and S. Linden,  Optics Letters, v. 32, 53 

(2007). 

• Giessen H., Knorr A., Haas S., Koch S., Linden S., Kuhl J., Hetterich M., and C. 

Klingshirn, Phys. Rev. Lett. V. 81, 4260 (1998). 

• Hu L. and Chui  S.T., Phys. Rev. B., v. 66, (2002) 085108 . 

• Kildishev A.V., Shalaev V.M., Optics Letters, v. 33, (2008) 43. 

• Leskova T.A., A.A.Maradudin, E.E. Garcia-Guerrere, E.R.Mendez, Metamaterials, v. 1, 

(2007) 19-39. 

• Litchinitser N.M., Maimistov A.I., Gabitov I.R., Sagdeev R.Z., Shalaev V.M., Phys.Rev. 

Lett. (in press). 

• McCall S.L. and E. L. Hahn, Phys. Rev. Lett., V.18 (1967) 908;Phys. Rev., V.183 (1969) 

457. 

• Pendry J. B. , Holden A. J.  and Stewart W. J., IEEE trans. Microwave Theory Tech. v. 

47, 2075 (1999). 

• Raether H., Surface Plasmons on Smooth and Rough Surfaces and on Gratings (Springer, 

Berlin, 1988) 

• Schneider S., Borri P.,Woggon U., Forstner J., Knorr A.,  Apll. Phys. Letters V.83, 

(2003) 3668. 

• Shalaev V. M., Nature Photonics, v. 1, 41 (2007). 

• Shelby R. A., Smith D. R., and Schultz S.,  Science, v. 292, 77 (2001). 

• Shelby R. A., D. R. Smith, S. C. Nemet-Nasser, and S. Schultz, Appl. Phys. Lett. V. 78, 

(2001) 489 . (a) 

• Smith D. R., W. J. Padilla, D. C. Vier, S. C. Nemet-Nasser, and S. Schultz, Phys. Rev. 

Lett. V. 84, (2000) 4184. 

• Smolyaninov I.I., Y. J. Hung, and C. C. Davis, Optics Let., {\bf 33}, 1342 (2008). 

• Veselago V. G.,  Sov. Phys.Uspekhi,  v.10, 509  (1968). 

 
 

 


