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                               reziume 
 
     
    pirvel TavSi literaturuli mimoxilvis formiT mocemulia 
naxevargamtarebis lazeruli raman-speqtroskopiiT Seswavlis 
Tanamedrove mdgomareoba msoflioSi. citirebuli literatura 
ZiriTadad dafuZnebulia disertaciaSi moyvanil eqsperimentul 
monacemTa da Teoriuli analizis mizniT gamoyenebul da aucile-
bel masalebze. 
   meore TavSi Zalian zogadad da mokledaa gadmocemuli ramanis 
gabnevis arsi, Teoria, umetesad praqtikuli kuTxiT.  
   mesame TavSi detaluradaa gadmocemuli raman-speqtroskopiis 
progresis dinamika msoflioSi aRmoCenidan dRemde.  
    meoTxe Tavi exeba saqarTveloSi pirvelad Cems mier kon-
struirebuli lazeruli raman-sistemebis detalur aRweras; saqarT-
veloSi lazeruli raman-speqtroskopiis mimarTulebiT  pirvelad 
wamowyebul samuSaoebs xelsawyoTmSeneblobis ganviTarebis mizniT. 
    mexuTe TavSi Teoriul-jgufuri ganxilvisa da eqsperimentul 
monacemTa Sejerebis safuZvelze,   naxevargamtarebSi gamovikvlieT 
fononTa tipebis identifikacia-klasifikaciis sakiTxebi. es procesi  

CavatareT bunebrivi mineralis  kinovaris, α−HgS SemTxvevaSi. gan-
vsazRvreT pirveli rigis fononebis sixSireebi da polarizaciuli 
gazomvebis safuZvelze movaxdineT am fononebis klasifikacia. gamo-
sakvlevi mineralebi aRebuli iyo saqarTvelosa da sxva qveynebis 
sxvadasxva geologiuri sabadodan. zogierTi sabadodan mopovebuli 
mineralebi Seicavda sxvadasxva koncentraciis izomorful minarev 
selens. raman-speqtroskopiiT pirvelad aRmovaCineT am minarevis 
Sesabamisi xvrelismieri rxeva. ganvsazRvreT selenis minarevis 
xvrelismieri rxevis sixSire. am  gamokvlevaTa safuZvelze SemoTa-
vazebulia kinovaris geologiur  sabadoTa identifikaciis meTodi 
lazeruli raman-speqtroskopiis saSualebiT; am monacemebis gamo-
yeneba mizanSewonilia mineralur pigmentur saRebavTa warmomavlo-
bis dasadgenad, rasac didi mniSvneloba da gamoyeneba gaaCnia uZve-
lesi da Sua saukuneebis xelovnebis nimuSebis rogorc Seswavlis, 
aseve konservaciis mizniT.  
    ramanis speqtrebis saSualebiT aRmovaCineT agreTve dariSxanis 
xvrelismieri rxeva GaP-Si, rodesac GaP-Si garkveuli raodenobiT 
izomorfuladaa Canacvlebuli dariSxani.   
    mesame sistema, romelSic ramanis speqtrebiT aRmovaCineT alumi-
nis minarevis lokaluri rxevebi, esaa GaP:Al.  
       meeqvse Tavi disertaciaSi miZRvnilia naxevargamtaruli sammagi  
Sereuli kristalebis analizisadmi. Sereuli kristalebi zogadad 
ori individualuri qvemeseris izomorfuli CanacvlebiT war-
moqmnili myari xsnaria. Teoriulad dadgenilia, rom aseT 
kristalebSi LO da TO fononebis yofaqceva ZiriTadad eqvemdebareba 
ori tipis, erTmodiani an ormodiani qcevis kanonzomierebas, ris 
mixedviTac aRniSnul kristalebs erTmodiani an ormodiani qcevis 
kristalebs uwodeben.  
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    Cven gamovikvlieT sami xxvadasva sistema: GaAs1-xPx, Ga1-xAlxP da 
ZnTe1-xSex. pirveli ori A3B5 tipisaa, xolo mesame A2B6 jgufis siste-
mas ganekuTvneba.   
    GaAs1-xPx  sistema warmoadgenda GaAs da GaP safenebze epi-
taqsialurad dazrdil firebs. maTi orientacia iyo (001) da amitom 
ramanis areklvis konfiguraciiT mxolod gaswvriv LO fononebs 
vafiqsirebdiT. es sistema mivakuTvneT ormodiani qcevis kristalebs. 
amis erTerTi damadasturebeli faqtia GaP qvemeserSi mZime izomor-
fuli minarevis, dariSxanis, SeyvaniT xvrelismieri rxevis warmoqmna, 
romelic ramanis speqtrSi daimzireba. amis Sesaxeb zemoT iyo la-
paraki. es sistema pirvelad SeviswavleT ramanis gabnevis areklvis 
konfiguraciiT, rodesac lazeris amgznebi talRa epitaqsialuri 
firis fenaSi mxolod ramdenime aseuli nanometris siRrmeze aR-
wevda. es gacilebiT ufro mniSvnelovania praqtikuli gamoyenebisT-
vis, magaliTad, ionuri implantaciiT sinTezirebuli amave naerTis 
raodenobrivi analizisaTvis. 
    meore sistema, ZnTe1-xSex warmoadgenda moculobiT kristalebs 
optikurad polirebuli kubebis saxiT. Cveni kvlevis Tavisebureba 
mdgomareobs imaSi, rom es sistema moculobiTi agznebis garda 
SeviswavleT rezonansul pirobebSic. Sedegad, pirveli rigis 
fononebis garda davafiqsireT maRali rigis fononebic. fononTa 
ganmeorebebi daimzireba mzardi fotoluminescenciis fonze. sistema 
ZnTe1-xSex mivakuTvneT erTmodiani qcevis kristalebs. avageT Sesabam-
isi koncentraciuli damokidebulebis grafikebi. 
    mesame sistema, Ga1-xAlxP, romelic Cven pirvelebma SeviswavleT 
lazeris sxvadasxva talRis sigrZeebis agznebiT, warmoadgenda epi-
taqsialur firebs, romlebic dafenili iyo GaP-s safenze. safenis 
orientacia ZiriTadad iyo (001). am SemTxvevaSic ramanis gabneva mim-
dinareobda areklvis konfiguraciiT da (001) zedapiridan SerCevis 
kanonis Tanaxmad daimzireba mxolod gaswvrivi LO fononebi. Tumca, 
zogierTi SemadgenlobisaTvis moxerxda ganivi TO fononebis 
dafiqsirebac.  
    sistema Ga1-xAlxP mivakuTvneT ormodiani qcevis kristalebs.   
    firebis raman-speqtrebis sxvadasxva lazeris sxvadasxva talRis 
sigrZis agznebis meTodikiT, Ga1-xAlxP firebisaTvis Teoriuli da eq-
sperimentuli monacemebis safuZvelze ganvsazRvreT maTi sisqeebi. 
ramaniT Sefasebuli firebis sisqeebi karg TanxvedraSi aRmoCnda 
mikroskopiTa da elqtronuli zondiT Sefasebul sisqeebTan. 
    Ga1-xAlxP zogierTi firisaTvis amgznebi lazeris sxvadsxva disk-
retuli talRis sigrZis gamoyenebiT pirvelad aRmovaCineT rezo-
nansi pirveli pirdapiri E0 zonis monawileobiT. 
    am sistemaze ganxorcielebuli gamokvlevebi gamoviyeneT ionuri 
implantaciiT sinTezirebuli amave sistemis raodenobrivi anal-
izisaTvis. 
    meSvide TavSi SeviswavlT ramanis gabnevis erTerTi aqtualuri 
fundamenturi procesi, rezonansuli ramanis gabneva (rrg). rrg 
saSualebas iZleva ramdenime rigiT gavaZlieroT Cveulebrivi ra-
manis gabnevis intensioba Sesabamisi amgznebi lazeris talRis 
sigrZis SerCeviT. es xdeba maSin, rodesac amgznebi lazeris talRis 
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sigrZis energia uaxlovdeba gamosakvlevi obieqtis romelime 
eleqtronuli gadasvlis energias. naxevargamtarebSi aseT Sualedur 
doneebs warmoadgenen: arapirdapiri, pirdapiri zonebi, eqsitonuri 
da sxva eleqtonuli doneebi. TiToeuli maTganis monawileobiT 
mimdinare rezonans aqvs Tavisi Teoriuli safuZveli da eqsperimen-
tuli gamovlineba. e.i rrg iZleva fundamentur informacias rezo-
nansSi monawile Sualeduri energetikuli doneebis Sesaxeb. garda 
amisa, misi roli analizis sferoSi ganuzomelia: misi gamoyenebiT 
SegviZlia ramdenime rigiT gavzardoT nivTierebis aRmoCenisu-
narianoba. garda amisa, arsebobs rrg sxvadasxva nairsaxeoba, rom-
lebic kidev ufro metad zrdis aRmoCenisunarianobas da amJamad 
ukve realuria lazeruli rezonansuli raman-speqtroskopiis 
nairsaxeobaTa saSualebiT erTeuli molekulebis aRmoCena.  
    Cven SeviswavleT ori tipis rezonansi: arapirdapiri zonis 
meqanizmiT mimdinare rezonansi arapirdapirzonian naxevargam-

tarebSi, GaP da α−HgS, da pirdapiri eqsitonuri meqanizmiT mimdinare 
rezonansuli ramanis gabneva pirdapirzonian naxevargamtarul 
Sereul kristalebSi ZnTe1-xSex. am sistemebidan rrg SeviswavleT ori 
SemadgenlobisaTvis, ZnTe0.7Se0.3  da ZnTe0.6Se0.4.  
        arapirdapirzoniani naxevargamtarebis, GaP da α−HgS rrg 
SeviswavleT sxvadasxva lazeris diskretuli talRis sigrZeebisa 
da talRis sigrZeebis uwyveti cvlilebiT momuSave saRebavis laz-
erebis gamoyenebiT. aRmoCnda, rom Tu GaP-Si susti rezonansi mimdi-
nareobs arapirdapiri zonis monawileobiT, meore arapirdapirzonian 

naxevargamtar kinovarSi,  α−HgS,  rezonansi ufro Zlieria. es eq-
sperimentuli dispersiuli mrudebidanac Cans. aseTi eqsperimentuli 
faqtis gamovlineba Cven avxseniT kinovaris zonuri struqturis 
TaviseburebiT. es Tavisebureba, romelic rrg-Sic mJRavndeba, mdgo-
mareobs kinovarSi susti pirdapiri zonis arsebobaSi. amrigad, 

SeiZleba vivaraudoT, rom  α−HgS-Si  rrg mimdinareobs Sualeduri 
meqaniziT, romelSic wvlili arapirdapiri zonis garda sust, 
aramkveTr pirdapir zonasac Seaqvs. 
    klasikuri  pirdapirzoniani naxevargamtarebis,  ZnTe0.7Se0.3  da  
ZnTe0.6Se0.4,  rrg SeviswavleT uwyveti moqmedebis saRebavis lazeris 
gamoyenebiT. lazerSi samuSao siTxed gamoyenebuli iyo saRebavi 
Rodamin 6G., romlis agznebasac argonis lazeris integraluri ga-
mosxivebiT vawarmoebdiT.  
     ZnTe0.7Se0.3  myari xsnarebis rg speqtrebi saRebavis lazeris 
sxvadsxva talRis sigrZis agznebisas aCveneben, rom amgznebi talRis 
sigrZis garkveuli sididis gamoyenebis Semdeg (E =1.983 ev) rg 
speqtrSi warmoiSveba 2LO fononi, romlis intensioba mkveTrad iz-
rdeba, rodesac amgznebi kvantis energia uaxlovdeba ZnTe0.7Se0.3-s  
akrZaluli zonis siganes, E=2.135. erTdroulad, mkveTrad izrdeba LO 
da TO fononebis intensiobebic. fononebis intensioba matulobs  
TiTqmis xuTi  rigiT. analogiuri speqtrebi Caweril iqna ZnTe0.6Se0.4            
Sereuli naxevargamtarisTvisac.  
    eqsperimentuli monacemebiTa da Teoriuli gamoTvlebiT miRe-
buli  dispersiuli mrudebis  Sedareba naTlad gviCvenebs, rom is-
eve, rogorc A2B6 tipis  naxevargamtarebSi ZnTe, ZnSe, CdZnT,  Cvens 
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mier Seswavlil Sereul kristalebSic,  ZnTe0.7Se0.3   da ZnTe0.6Se0.4,  
rrg mimdinareobs eqsitonuri meqanizmiT. 
    merve TavSi  lazeruli raman-speqtroskopiiT SeviswavleT 
eqstremaluri teqnologiiT, ionuri implantaciiT modificirebuli 
naxevargamtaruli zedapirebi. implantaciisas kristalis struqtura 
irRveva – warmoiqmneba defeqtebi. defeqtebis warmoqmna SesaZlebe-
lia imdenad gaizardos, rom implantaciis garkveuli kritikuli 
zRvaris Semdeg kristali gadavides Zlier mouwesrigebel stru-
qturaSi. kristaluri struqturis gadasvla mouwesrigebel mdgo-
mareobaSi damokidebulia implantirebuli ionebis tipsa da im-
plantaciis pirobebze. sabolood, kristali SeiZleba gadavides 
uwyvet amorful fazaSi. 
     ramanis gabneva mniSvnelovani fizikuri meTodia aseTi fazuri 
gardaqmnebis gamokvlevis mizniT. mTavari ki isaa, rom ramanis gabne-
vis Seswavlisas ar xdeba gamosakvlevi obieqtis dazianeba. 
    lazeruli raman-speqtroskopiiT  SeviswavleT GaPPda GaAs-is 
(111) zedapirebis maxloblad argonisa da boris ionebis im-
plantaciis Sedegad gamowveuli struqturuli cvlilebebi.  
    GaP da GaAs-is sxvadasxva ionis sxvadasxva doziT implantaciis 
procesebis amsaxveli raman-speqtrebis analizis saSualebiT mivediT 
daskvnamde, rom ionuri legirebis sxvadasxva etapze es naxevargam-
tarebi ganicdian fazur gardaqmnebs. implantaciis dozebis 
sxvadasxva intervalSi raman-speqtrebiT davafiqsireT kristaluri, 
wvrilkristaluri, nanokristaluri, amorfuli da didad mouwes-
rigebeli struqturebi nawilobriv gawyvetili kavSirebiT. gasaT-
valiswinebelia agreTve Sinagani meqanikuri daZabulobebi, romlebic 
inducirdeba implantaciis Sedegad elementaruli ujredis mocu-
lobis gazrdis gamo. es ki eqvivalenturia kristalze erTmxriv mi-
marTuli daZabulobis gavlenisa. Tavis mxriv, es iwvevs  fononur 
sixSireTa mcire wanacvlebas. SemoTavazebulia am fazur gardaqm-
naTa klasteruli meqanizmi. ganvsazRvreT GaP da GaAs-is  amorfi-
zaciis kritikuli dozebi.    
       amave TavSi SeviswavleT fosforisa da aluminis ionebis im-
plantaciiT GaAs-is zedapirTan sinTezirebuli sammagi naxevargam-
tarebis, GaAsxP1-x da GaxAl1-xAs, lazeruli raman-speqtroskopiiT 
identifikaciisa da analizis sakiTxebi.  
    gamovikvlieT ionuri implantaciiT sinTezirebis teqnologiuri 
pirobebi; SeviswavleT implantaciis Sedegad kristaluri stru-
qturis, misi maxasiaTebeli Soreuli wesrigis darRvevis dinamikuri 
procesebi;  Semdgomi Termuli damuSavebis Sedegad kristaluri 
Soreuli  wesrigis aRdgenis dinamika. ionuri sinTezisas ganvsaz-
RvreT safenis temperaturis roli. 
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                                                              R e s u m e 
 
     In the first chapter the current state of laser Raman spectroscopy study of semiconduc-
tors in the world is given in the form of literary review. The cited literature generally relies 
both on the experimental data given in Dissertation and necessary materials used with the 
purpose of theoretical analysis. 
     In the second chapter the Raman scattering essence, the theory very generally and 
briefly is given mainly from the practical point of view. 
     In the third chapter the dynamics of Raman spectroscopy progress in the world is given 
in details from its discovery up to day. 
     The fourth chapter includes the detailed description of laser Raman systems I have  
constructed first in Georgia, principles of instrument-making I started first in laser Raman 
spectroscopy direction, bases of the Dissertation and other investigations.  
     In the fifth chapter on the ground of theoretical-group consideration and experimental 
data comparison, problems of identification-classification of phonon types in semiconduc-
tors are investigated. This process was carried out in case of natural mineral, α-HgS. The 
first order phonon frequencies have been determined and on the basis of polarization 
measurements these phonons' classification has been made. The minerals under investiga-
tion were from various geological mines of Georgia and other countries.    Minerals from 
certain mines contained isomorphic impurity, selenium, in various concentrations. The gap 
vibration corresponding to this impurity was found first by Raman spectroscopy, gap vi-
bration frequency of selenium impurity was determined. On the basis of these investiga-
tions a method of identification of geological mines of cinnabar with the aid of Raman 
spectroscopy is suggested, as well as the utilization of these data to state the origin of min-
eral   pigment dyes, which is very important for studying as well as for conservation of 
ancient and medieval art pieces.  
     With the aid of Raman spectra we also found the gap vibration of arsenic in GaP when 
in GaP there is a big amount of arsenic substituted izomorphically.  
     The third system, in which we found local vibrations of aluminum impurity with the 
aid of Raman spectra, is GaP:Al.  
     The sixth chapter in the Dissertation is dedicated to the analysis of semiconducting ter-
nary mixed crystals. Generally the mixed crystals are solid solution formed by isomorphic 
substitution of two individual sub-lattices. It is stated theoretically that in such crystals be-
havior of LO and TO phonons mainly is subjected to the rules of two types, one-mode and 
two-mode behavior. Accordingly the mentioned crystals are called as crystals of one-
mode and two-mode behavior. 
     We investigated three various systems: GaAs1-xPx, Ga1-xAlxP and ZnTe1-xSex. The first 
two are of A3B5 type, the third belongs to the A2B6 system.  
     The system GaAs1-xPx represented films growing epitaxially on substrates GaAs and 
GaP. Their orientation was (001) and therefore we fixed only longitudinal LO phonons 
with Raman reflection configuration. We ascribed the mentioned system to the crystals of 
two-mode behavior. One of the facts proving this is the formation of gap vibration by dop-
ing heavy isomorphic impurity As in sublattice GaP observed in Raman spectrum. We 
spoke about this fact above.  We were the first to study this system  by Raman scattering 
reflecting configuration, when laser exciting wave penetrated only some hundreds nano-
meter depth in the epitaxial film layer. This fact is very important from the practical point 
of view, for instance, for quantitative analysis of the same compound synthesized by ion 
implantation.  
       The second system ZnTe1-xSex was bulk crystals as cubes polished optically. The pe-
culiarity of our investigation is that this system has been studied besides volume excitation 
in resonance conditions too. As a result besides the first order phonons high order phonons 

 ix



have been also fixed. The phonons' repetition is observed against a background of extensi-
ble photoluminescence. The system ZnTe1-xSex  was ascribed to one-mode crystals. The 
corresponding concentration graphs have been plotted.  
       The third system, Ga1-xAlxP we first studied by various wavelengths excitation of la-
ser, represented epitaxial films, growing on substrate GaP. The substrate orientation was 
(001) generally. In this case too Raman scattering occurred with reflection configuration 
and only longitudinal phonons LO are observed from the surface (001) according to selec-
tion rule. Though for some compositions the transverse phonons TO also were fixed.   
      The system Ga1-xAlxP was ascribed to two-mode crystals. 
      With the method of exciting the films' Raman spectra with various wavelengths of 
various lasers have been determined thicknesses of films Ga1-xAlxP on the basis of theo-
retical and experimental data. The thicknesses of films estimated by Raman scattering 
turned out to be in good agreement with estimations of thicknesses by microscope and 
electron probe. 
      Using various discrete wavelength of exciting laser we have first found the resonance 
with the participation of the first direct zone E0 for some films of Ga1-xAlxP.  
     The investigation carried out for this system is employed successfully for quantitative 
analysis of the same system synthesized by ion implantation.  
     In the seventh chapter one of the actual fundamental processes of Raman scattering, 
resonance Raman scattering (RRS ) is studied. RRS enables one to enhance the intensity 
of common Raman scattering by some order by means of selecting the corresponding ex-
citing laser wavelength. This occurs when the wavelength energy of the exciting laser ap-
proaches to some electron transition energy of the object under investigation. In semicon-
ductors such intermediate levels are indirect, direct zones, exciton and other electronic 
levels. The resonance occurring with participation each of the mentioned intermediate lev-
els has its own theoretical ground and experimental manifestation. Thus RRS gives fun-
damental information about intermediate energy levels participating in resonance. Besides, 
its role in the field of analysis is great: it is possible to increase matter's detectivity with its 
aid by some order. More over, there is variety of RRS increasing detectivity even greater; 
it is now real to find single molecules by laser resonance Raman spectroscopy variety.  
     We studied two types of resonance: the resonance in indirect zone semiconductors, 
GaP and α-HgS, occurring with indirect zone mechanism, and resonance Raman scatter-
ing occurring with direct exciton mechanism in direct-zone semiconductor mixed crystals 
ZnTe1-xSex. We studied RRS for two compositions of these systems:  ZnTe0.6Se0.4 and 
ZnTe0.7Se0.3.  
    The RRS of indirect zone semiconductors GaP and α-HgS has been studied by various 
discrete wavelength lasers and dye lasers. It turned out that if weak resonance in GaP is 
going with indirect zone participation, the resonance in the second indirect zone semicon-
ductor cinnabar, α-HgS, is stronger. This fact is seen from the experimental dispersion 
curves too. Such experimental fact we explain with the peculiarity of zone structure of 
cinnabar. This peculiarity becoming apparent in RRS is the fact of existing weak direct 
zone in cinnabar. Thus, we can suppose that in α-HgS RRS occurs with intermediate 
mechanism to which besides indirect zone contibutes weak indistinct direct zone too.  
     RRS of classic direct zone semiconductors, ZnTe0.7Se0.3 and ZnTe0.6Se0.4, we studied  
with continuously working dye laser. The excitation of dye laser on dye Rodamin 6G oc-
curred with integral radiation of argon laser. 
     RS spectra of solid solutions ZnTe0.7Se0.3 at various wavelength excitation of dye laser 
show that after using a certain magnitude of exciting wavelength (E=1.983 eV) in RS 
spectrum appears phonon 2LO, the intensity of which rises sharply when the exciting 
quantum energy approaches to forbidden gap width E=2.135 eV of ZnTe0.7Se0.3. Simulta-
neously the intensities of LO and TO phonons increase sharply. The phonon intensity in-
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creases by almost five orders. The analogous spectra were recorded in case of mixed 
semiconductor ZnTe0.6Se0.4.  
     The comparison of dispersion curves obtained by experimental data and theoretical 
calculations show clearly that just as in semiconductors of A2B6 type, ZnTe, ZnSe, 
CdZnTe, in mixed crystals we have studied, in ZnTe0.7Se0.3 and ZnTe0.6Se0.4, also RRS 
occurs with exciton mechanism. 
     In Eighth chapter semiconductor surfaces modified by ion implantation are studied by 
laser Raman spectroscopy. During implantation the crystal structure is destructing- the de-
fects are formed. Defect formation may be so increased that after a certain critical limit 
the crystal changes into very disordered structure. The crystal structure transformation into 
disordered state depends on types of implanted ions and implantation conditions. Finally, 
the crystal may change into entirely amorphous phase. 
     Raman scattering is an important physical method with the aim for investigation of 
such phase transformations. But the main thing is that during Raman scattering study the 
object under investigation is not harmed.  
     By laser Raman spectroscopy we studied structure changes caused by argon and boron 
ions implantation near surfaces (111) of GaP and GaAs.  
     Analyzing the Raman spectra showing processes of GaP and GaAs implantation with 
various doses of various ions we arrived at a conclusion that at various stages of ion im-
plantation the above semiconductors undergo phase transformations. In various intervals 
of implantation doses we fixed with Raman spectra crystalline, microcrystalline, 
nanocrystalline, amorohous and very disordered structures with partially broken bonds. 
Internal mechanical stresses, induced due to increase of volume of elementary cell because 
of implantation, are also to be taken into consideration. But this is equivalent to uniaxial 
stress effect on the crystal. From one's part this fact causes a little shift of phonon frequen-
cies. A cluster mechanism of the mentioned phase transformation is suggested. Critical 
doses of amorphization of GaP and GaAs have been determined. 
      In the same chapter the questions of laser Raman spectroscopy identification and 
analysis of ternary semiconductors, GaAsxP1-x and GaxAl1-xAs, synthesized near surface 
GaAs by phosphorous and aluminum ions implantation are discussed.  
     The technological conditions of synthesizing by ion implantation have been investi-
gated; dynamical processes of distortion of long range ordering characterizing crystalline 
structure due to implantation and the dynamics of crystalline long range ordering recover-
ing as a result of post thermal treatment have been studied; The substrate temperature role 
during ion synthesizing has been determined. 
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                                               Sesavali 

 

     minda Zalian mokled warmogidginoTY Tanamedrove fundamen-

turi da praqtikuli gamoyenebis TvalsazrisiT metad aqtualuri 

sabunebismetyvelo mecnierebis erTerTi axalgazrda mimarTulebis – 

lazeruli raman speqtroskopiis saqarTveloSi ganviTarebis mokle 

istoria. 

    1965 wels, rodesac Seqmnili iyo mudmivi moqmedebis gazuri 

lazeri helium-neonis narev gazze, amerikelma mecnierma portom 

pirvelad gamoiyena es lazeri nivTierebaTa, kerZod, myari 

sxeulebis raman speqtrebis misaRebad. am periodidan iwyeba, 

SeiZleba iTqvas, “daviwyebuli” mZlavri fizika-qimiuri kvlevis me-

Todis renesansi. naxevargamtarebis msoflioSi cnobili speciali-

stebi erTbaSad gadavidnen am meTodis gamoyenebaze naxevargamtare-

bis kvlevisaTvis. aseTebia, magaliTad, germaneli manuel kardona, 

amerikeli elias burSteini da mravali sxva. 

    daaxloebiT 1968 wels ruseTSi, moskovis lebedevis saxelobis 

fizikis institutis landsbergis saxelobis optikis laborato-

riaSi profesor  m. m. suSCinskisa da doqtor  v. s. gorelikis 

xelmZRvanelobiT Camoyalibda yofil sbWoTa kavSirSi erTerTi 

pirveli jgufi, romelmac daiwyo lazeruli raman speqtroskopiis 

mimarTulebis ganviTareba. analogiuri jgufi cota mogvianebiT, 

albaT, 1970 wels, Seiqmna amave institutis akademikos  b. m. vulis 

naxevargamtarebis laboratoriis v. s. vavilovis radiaciul 

seqtorSi doqtor l. k. vodopianovis xelmZRvanelobiT. 

    am periodSi viyavi zemoTaRniSnuli seqtoris bolo kursis as-

piranti da CaverTe am jgufSi lazeruli raman speqtroskopiis mi-

marTulebiT samuSaod. aq Sevqmeni ori sxvadasxva tipis lazeruli 

raman speqtrometri. amaTgan erTerTi – infrawiTeli lazeruli ra-

man speqtrometri pirveli iyo yofil sabWoTa kavSirSi da am 

speqtrometrebze Sevasrule sxvadasxva naxevargamtaruli masalis 

optikuri Tvisebebis fundamenturi samecniero kvlevebi.     
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    1976 wels davbrundi saqarTveloSi da Tbilisis araorganuli 

qimiisa da eleqtroqimiis institutSi, saqarTveloSi pirvelad 

Sevqmeni sami sxvadasxva tipis lazeruli raman speqtrometri, maT 

Soris infrawiTelic. Cems mier konstruirebuli raman speqtrome-

trebis saSualebiT SevZeli saqarTveloSi pirvelad wamomewyo 

naxevargamtarebis, dieleqtrikebis, maRaltemperaturuli zegamtare-

bis, bunebrivi mineralebis, fsvnilebis, amorfuli sxeulebis, zed-

apirebis, biologiuri naerTebis, organuli da araorganuli Senaer-

Tebis fizika-qimiuri Tvisebebis rogorc fundamenturi kvlevebis 

Sesruleba, aseve am nivTierebaTa xarisxobrivi da raodenobrivi 

analazebis Catareba lazeruli raman speqtroskopiis saSualebiT.  

    amgvarad, lazeruli raman-speqtroskopia msoflios mowinave 

qveynebSi ganviTarda daaxloebiT 1965 wlidan, ruseTSi 1968 wlidan, 

xolo saqarTveloSi 1976 wlidan. 

   warmodgenili sadisertacio naSromi pirveli disertaciaa, ro-

melic Sesrulda saqarTveloSi axali samecniero mimarTulebis, 

“lazeruli raman-speqtroskopiis” TematikiT. 

    1928 wels aRmoCenili fizikuri efeqti, romelsac Semdeg in-

doeli mecnieris, ramanis, saxeli ewoda, exeba sinaTlisa da ma-

teriis urTierTqmedebas. rodesac gamosxiveba ecema nivTierebas (ne-

bismier agregatul mdgomareobaSi), sinaTlis gabneul nawilSi 

daimzireba dacemuli sinaTlis (amgznebi) ucvleli talRis sigrZis 

speqtraluri zoli da mcire sixSireebiT wanacvlebuli 

speqtraluri zolebi (satelitebi). es satelitebi ganlagebulia 

amgznebi sinaTlis sixSiris pikis marjvniv da marcxniv simetriu-

lad. grZeli talRis sigrZeebisaken wanacvlebul satelitebs 

ewodebaT stoqsis gabneva, xolo mokle talRis sigrZeebisaken 

wanacvlebuli pikebi gamoxataven antistoqsur gabnevas. aRmoCnda, 

rom wanacvlebuli sixSireebi zustad Seesabameba aRebuli naerTis 

Semadgeneli molekulebis rxevaTa infrawiTel sixSireebs. 

    aRniSnuli efeqtis aRmoCenisaTvis ramans 1930 wels nobelis 

premia mianiWes. samarTlianoba moiTxovs, aRiniSnos, rom igive 

efeqti TiTqmis erTdroulad daafiqsires rusma mecnierebma l. i. 

mandelStamma da g. s.  landsbergma, magram maTi Sroma odnav gvian 
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gamoqveynda. rusebi ramanis efeqts sinaTlis kombinaciur gabnevas 

uwodeben.   

    disertaciis ZiriTadi mizania saqarTveloSi pirvelad da-

fuZnebuli axali meTodis, lazeruli raman-speqtroskopiis, popu-

larizacia; am meTodiT naxevargamtarebisa da bevri sxva masalis 

fundamenturi Tvisebebis Seswavlisa da analizis upiratesobis, 

aqtualobis Cveneba; mikroeleqtronikisaTvis niSvnelovani 

naxevargamtarebis fundamenturi Tvisebebis Seswavla maTi fononuri 

speqtrebis gamokvlevis safuZvelze. gansakuTrebuli yuradRebaa ga-

maxvilebuli naxevargamtarebze, romlebic legirebulia sxvadasxva 

minarevebiT; Seswavlilia sxvadasxva tipis Sereuli naxevargam-

tarebi. sxvadasxva zonuri aRnagobisa da struqturis naxevargam-

tarebSi gamokvleulia rezonansuli ramanis gabnevis Taviseburebani. 

disertaciaSi didi adgili aqvs daTmobili ionuri implantaciis 

Sedegad modificirebuli naxevargamtaruli zedapirebis raman-

speqtroskopiiT Seswavlis aqtualur sakiTxebs; amorfuli, mikro da 

nanostruqturuli fazebis ionuri implantaciiT sinTezirebasa da 

Seswavlas; sammagi Sereuli naxevargamtarebis ionuri implantaciiT 

sinTezirebasa da maT gamokvlevas. disertaciaSi erTerTi mTavari 

da mniSvnelovani adgili aqvs daTmobili xelsawyoTmSeneblobis sa-

kiTxebs lazeruli speqtroskopiis mimarTulebiT.    

       disertaciis Sedegebi mravaljer iyo moxsenebuli araorganuli 

qimiisa da eleqtroqimiis institutis samecniero sabWoebsa da 

gafarToebul seminarebze; moskovis lebedevis saxelobis fizikis 

institutis (ФИАН)  radiaciuli fizikis seqtorisa da naxevargam-

tarebis laboratoriis samecniero seminarebze. egviptis qairos gi-

zas universitetis lazeruli institutis samecniero seminarze; 

amave institutis lazeruli speqtroskopiis laboratoriis magis-

trantebisa da doqtorantebis ramdenime Sekrebaze leqciebis saxiT. 

    sadisertacio naSromis ZiriTadi Sinaarsi asaxulia 21 SromaSi. 

aqedan 10 samecniero publikaciaa, 3 saerTaSoriso konferenciebis 

Sromebis krebulSia gamoqveynebuli, xolo danarCeni 8 saerTaSo-

riso konferenciebis gafarToebuli abstraqtia.  



   Tavi 1. literaturis mimoxilva 

 
   lazerul raman-speqtroskopiaSi pirveli samuSaoebi miZRvnili 

iyo martivi naxevargamtarebis fononebis sixSireTa gansazRvrisa da 

maTi tipebad dayofisadmi. dasawyisSi gamokvleuli iyo iseTi 

naxevargamtarebi, romlebic gamWvirvale iyo amgznebi lazeris 

talRis sigrZisaTvis. am SemTxvevaSi SesaZlebeli iyo am obieqtis 

gamokvleva moculobiTi agznebiT, gabnevis 900-iani konfiguraciiT.  

portom da misma TanamSromlebma Seiswavles pirveli rigis 

fononebi ZnO  [6] da CdS [7]. pirveli rigis LO  da TO  fononebis garda 

maT aRmoaCines LO fononebis obertonebi. maT gamoTqves varaudi, rom 

es dakavSirebulia rezonansul ramanis gabnevasTan, radganac 

speqtrebis asagznebad gamoyenebuli iyo lazeris  ori sxvadasxva 

talRis sigrZe. A3B5 tipis naxevargamtarebis gamokvlevis mizniT,  

romelTa umetesoba gaumWvirvalea speqtris xiluli diapazonisaT-

vis, muradianma da raitma gamoiyenes itrium-aluminis Zowis laze-

ris, YAG:Nd,  infrawiTeli gamosxiveba 1.06 mkm [8]. maT Seiswavles 

naxevargamtarebis GaAs, InP, AlSb, GaP pirveli rigis fononuri raman-

speqtrebi. aRsaniSnavia. rom mas Semdeg, rac lazeruli teqnika 

gaumjobesda, SesaZlebeli gaxda gaumWvirvale naxevargamtarebis 

fononebis gamokvlevac da aseTi saxis pirveli samuSao helium-

neonis lazeris gamoyenebiT Sesrulda siliciumze raselis mier [9]. 

radganac siliciumi He-Ne lazeris gamosxivebis, 632.8 nm mimarT 

gaumWvirvalea, amitom aseTi naxevargamtarebi Seiswavleba ramanis 

gabnevis arekvlis, ukuarekvlis konfiguraciiT. gaumWvirvale 

naxevargamtarebis raman-speqtrebis gamokvlevis TvalsazrisiT didi 

miRweva iyo parkeris mier siliciumis pirveli da meore rigis ra-

manis gabnevis gamokvleva argonis lazeris 488.0 nm agznebiT, 

agreTve germaniumis pirveli rigis fononuri raman-speqtrebis Ses-

wavla [10].      

   polarizaciuli da temperaturuli raman-speqtroskopiuli ga-

zomvebis, Teoriul-jgufuri analizisa da eqsperimentisa da Te-

oriis Sejerebis safuZvelze warmoebda rogorc fononebis klasi-

fikacia tipebis mixedviT, aseve naxevargamtarebis struqturuli 
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analizic. ase iqna gansazRvruli pirveli rigis fononebis six-

Sireebi sxvadasxva tipisa da struqturis naxevargamtarebSi; moxda 

maTi klasifikaciac [8-14]. 

    kristalebSi meore rigis fononebze ramanis gabnevis Zalian 

susti intensiobis gamo maTi raman-speqtrebi Seswavlili iqna 

mxolod lazerebis gamoyenebis Semdeg. naxevargamtarebSi gabnevis 

intensiobaTa temperaturul damokidebulebaTa gazomvebisa da gab-

nevis tenzoris dauyvaneli komponentebis TandaTanobiTi gan-

calkevebis safuZvelze Seswavlili iqna meore rigis fononebis 

klasifikacia [15-18]. am gamokvlevebze dayrdnobiT dadginda, rom 

speqtris mTlianad simetriuli komponenti Γ1 ZiriTadad ganpirobe-

bulia orfononiani obertonebiT da sakmaod zustad asaxavs erT-

fononian mdgomareobaTa simkvriveebs, gaormagebuls energetikuli 

Skalis mimarT. amasTanave, praqtikulad SesaZlebelia uarvyoT 

speqtris komponenti simetriiT Γ12. orfononiani raman-speqtrebis 

aseTi warmatebuli simartive ar axasiaTebT sxva myar sxeulebs, ma-

galiTad, tute-haloidur kristalebs. aseve ar exeba es Sedegi or-

fononian infrawiTel STanTqmas naxevargamtarebSi, germaniumsa da 

siliciumSi.         

    kristaluri naxevargamtarebis pirveli rigis raman-gabnevis 

procesSi monawileobas iReben fononebi, romelTa talRuri veqtori 

akmayofilebs SerCevis wess K≈0. fononebi, romelTac gaaCniaT didi 

K, daimzirebian mxolod gabnevis meore rigis raman-speqtrebSi. mra-

vali naxevargamtari atomebis tetraedruli koordinaciiT meserSi, 

SesaZlebelia miviRoT amorful fazaSi, romelTaTvisac talRuri 

veqtoris Senaxvis kanoni ukve aRar moqmedebs (es kanoni samar-

Tliania mxolod kristaluri mdgomareobisaTvis). amis gamo amor-

ful naxevargamtarebSi pirveli rigis ramanis gabnevis speqtrebi 

farTo speqtraluri zolebisagan Sedgeba da isini Seesabameba erT-

fononian mdgomareobaTa simkvriveebs [19-23]. garda amisa, mdgomare- 

obaTa es simkvriveebi xSirad asaxaven Sesabamisi kristalis gafar-

Toebul fononur mdgomareobaTa simkvriveebs [19]. es ki miuTiTebs, 
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rom amorful fazaSi SenarCunebulia axlo wesrigis mniSvnelovani 

nawili. 

    trigonaluri vercxliswylis sulfidis, kinovaris, wiTeli sin-

guris, α-HgS kristaluri meseris rxeviTi speqtri Seswavlili iyo 

sxvadasxva avtorTa mier [24-28] rogorc iw-speqtroskopiiT, aseve 

lazeruli raman-speqtroskopiiT. aRniSnul samuSaoebSi arsebobs 

Seusabamoba fononebis identifikaciis sakiTxSi. magaliTad, [26]-Si 

fononis piki, romelic mdebareobs 202 sm-1 sixSireze, miakuTvnes E1 

tipis rxevas, xolo [25]-Si am sixSireze fononuri piki saerTod ver 

aRmoaCines. e. i. am naxevargamtaris fononuri speqtri moiTxovs da-

zustebas, rac Cven gavakeTeT [29]. am samuSaoebamde kinovarSi saer-

Tod ar iyo Seswavlili ZiriTad fononur speqtrebze minarevebis 

gavlena. [29]-Si pirvelad SeviswavleT selenis izomorfuli minare-

vis gavlena wiTeli singuris pirveli rigis fononur raman-

speqtrze da aRmovaCineT, rom selenis minarevis izomorfuli Ca-

nacvleba kinovaris trigonalur meserSi warmoqmnis xvrelismier 

lokalur rxevas. 

   minarevebis izomorfuli Canacvlebis zegavlena naxevargamtarebis 

raman-speqtrebze gamokvleuli iyo GaP-Si [30]. dadgenili iqna, rom 

minarevis xasiaTisa da matricis Tvisebebis gaTvaliswinebiT, GaP-Si 

SeiZleba warmoiSvas lokaluri an xvrelismieri rxevebi. zogadad, 

lokaluri rxevebis Sesabamisi pikebi ganlagebulia kristalis op-

tikuri gaswvrivi rxevebis, LO fononebis maqsimaluri sixSiris 

zeviT da maTi intensiobebi utoldeba meore rigis fononuri 

gadasvlebis xazebis intensiobebs. ramanis speqtris ori 

speqtraluri xazi 593.8 da 569.7 sm-1  sixSireebze miakuTvnes boris 

ori izotopis, 10BGa  da 
11BGa   lokalur rxevebs Sesabamisad, romlebic 

izomorfulad Caanacvleben galiums. am pikebis intensiobaTa far-

doba 1:4 daaxloebiT asaxavs boris izotopebis bunebrivi gavr-

celebis Sefardebas. sxva xazebi albaTurad miakuTvnes lokalur 

modebs AlGa, SiGa da NP an OP.  

   GaAs-Si fosforis izomorfuli minarevis lokaluri rxeva 

Seiswavles [31]. fosforis minarevi GaAs-Si Caenacvleba da ikavebs 
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As-is adgils, wertilovani simetriiT Td. es Sroma mniSvnelovania 

imiT, rom lokaluri rxeva am SemTxvevaSi aRmoCenilia argonis 

lazeris 488.0 nm gamosxivebis agznebiT, romlisTvisac GaAs  

gaumWvirvalea. avtorebma lokaluri rxeva daafiqsires 357 sm-1 six-

Sireze. am samuSaoSi igive nimuSebis infrawiTeli 1.06 mkm lazeris 

agznebiT Seswavlisas avtorebma ver aRmoaCines verc LO fononi da 

verc lokaluri rxeva. speqtrSi Cans mxolod TO fononi. radganac 

naxevargamtarebis minarevebiT legirebisas adgili aqvs denis 

matareblebis didi raodenobiT warmoqmnas, amitom moculobiTi ag-

znebis SemTxvevaSi Tavisufali eleqtronebis mier mTlianad ek-

ranirebulia LO fononi da lokaluri rxeva. Sedegad, isini ar 

daimzireba. 488.0 nm agznebisas gamosxiveba naxevargamtaris zed-

apiris mxolod Txel fenaSi (ramdenime aseuli angstremis sisqeSi) 

aRwevs. rogorc cnobilia, aseTi fena gaRaribebulia denis Tavisu-

fali matareblebiT da amitom eqsperimentis aseT pirobebSi 

SesaZlebeli xdeba araekranirebuli LO fononisa da lokaluri 

rxevis damzera, rac am samuSaoSia ganxorcielebuli. 

   rodesac minarevebis koncentracia kristalSi SedarebiT mcirea, 

isini iwveven mxolod mcire SeSfoTebas da ZiriTadi kristalis 

rxeviTi maxasiaTeblebis garda warmoiqmneba sami tipis rxeva: lo-

kaluri, xvrelismieri da rezonansuli rxevebi [32]. minarevebis lo-

kaluri rxevebis sixSireebi kristalSi yvelaze maRali sixSireebia 

da isini yovelTvis optikuri Stos yvelaze maRali sixSiris zevi-

Taa. lokaluri rxevebis nairsaxeobaa xvrelismieri rxevebi da maTi 

sixSireebi; isini, rogorc Tavad saxelwodeba miuTiTebs, moTavse-

bulia akustikur da optikur Stoebs Soris xvrelSi. am ubanSi 

fononebis mdgomareobaTa simkvriveebi nolis toli unda iyos. Tu 

minarevis, defeqtis rxevis sixSire moTavsebulia fononur mdgo-

mareobaTa simkvrivis aranulovan, magram mcire sididis ubanSi, ma-

Sin vambobT, rom adgili aqvs rezonansuli anu kvazilokaluri 

rxevebis gamovlinebas. am SemTxvevaSi lokaluri rxevebi speqtrebSi 

ar daimzireba, magram adgili aqvs ZiriTadi kristalis rxeviTi 

zolebis cvlilebebs.  
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   minarevebiT SeSfoTebuli kristaluri meseris rxevebis Tavise-

burebani Seiswavleba masuri defeqtis miaxloebaSi,  

                                                             ε=1- m’/m  

sadac, m – ZiriTadi kristalis atomis masaa, xolo m’- Camnacvlebeli 

minarevis atomis masaa. kristalis rxevebs aseT SemTxvevaSi gansaz-

Rvravs masuri defeqtis parametri ε. rodesac msubuqi minarevis at-

omiT CavanacvlebT ZiriTadi kristalis mZime atoms, maSin ε>εcr (εcr 

raRac kritikuli sididea ε parametrisa) da am SemTxvevaSi warmoiqm-

neba minarevis lokaluri rxeva. aseTi rxevis amplituda Zalian 

didia minarevis axlos da misi sidide mkveTrad ecema minarevidan 

daSorebiT. e. i. am rxevis gavrceleba kristalSi perioduli tal-

Ris saxiT ar xdeba da igi lokalizebulia mxolod minarevis ax-

los. xvrelismieri rxeva warmoiqmneba, rodesac msubuq atoms Cava-

nacvlebT mZime atomiT. kvazilokaluri, rezonansuli rxevebis ga-

movlinebas ki unda velodeT, rodesac Canacvlebas vawarmoebT er-

Tidaigive masis atomiT. naxevargamtarebSi minarevebiT warmoqmnili 

lokaluri rxevebi ramanis gabneviT Seswavlili iyo SromebSi [33-34].   

   rodesac kristalSi minarevebis raodenoba ise izrdeba, rom Tavs 

iCens maT Soris urTierTmoqmedeba, ukve ar SeiZleba vilaparakoT 

kristalze, romelic mciredaa SeSfoTebuli minarevebiT, aramed 

saqme gvaqvs mouwesrigebel struqturasTan. mouwesrigebeli stru-

qturebi ZiriTadad or tipad iyofian: mouwesrigebeli myari 

xsnarebi izotopuri narevisa, anu Sereuli kristalebi da minise-

buri masalebi, romelTa mouwesrigebeli struqtura ufro sivr-

ciTia, vidre konfiguraciuli.  

   Sereuli kristalebis sistemebis zogadi formulaa AxB1-xC  an  

A1-xBxC. isini xasiaTdeba normaluri rxevebis ori tipiT: pirvels 

ewodeba “erTmodiani tipis”, xolo meores-“ormodiani tipis”. erT-

modiani qcevis Sereuli kristalebis raman an iw-speqtrebSi 

daimzireba mxolod erTi meseris rxeviTi zolebi (LO, TO  fononebi), 

romelTa sixSireebi uwyvetad icvleba sistemis erTi bolo kompo-

nentis maxasiaTebeli sixSiridan meore bolo wevris sixSiremde, Se-

madgenlobis cvlilebis Sesabamisad. ormodiani qcevis Sereuli 
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kristalebis SemTxvevaSi ki speqtrebSi daimzireba ori damoukide-

beli speqtraluri jgufi, romelTa sixSireebi axlosaa sistemis 

Semadgeneli ori bolo komponentis maxasiaTebel sixSireebTan da 

isini damoukideblad icvlebian garkveuli kanonzomierebiT, Se-

madgenlobis Sesabamisad. am tipis Sereuli kristalebis erTerT 

mTavari maxasiaTebelia lokaluri da xvrelismieri rxevebis warmo-

qmna [35-36].  

   Seiqmna Sereuli kristalebis rxeviTi dinamikis amsaxveli Te-

oriuli modelebi [32, 37-40]. am modelebis mixedviT SesaZlebelia 

Teoriulad gamovTvaloT Sereuli kristalebis sixSiruli Stoebis 

dispersiuli mrudebi, dadgenili kriteriumebis safuZvelze viwi-

naswarmetyveloT, Tu romeli tipis Sereul kristalebs SeiZleba 

mivakuTvnoT esa Tu is Sereuli sistema. Teoriuli mrudebis eq-

sperimentulTan SedarebiT ufro zustad davadgenT Sereuli 

kristalebis qcevis tipebs. 

   eqsperimentulad Sereuli kristalebi Seiswavleba ramanis gab-

neviT, iw-speqtroskopiiT (STanTqma, arekvla, gamosxiveba), zonuri 

kidis optikuri STanTqmis, luminescenciisa da eleqtronebis 

tunelirebis speqtroskopiiT. am meTodebidan yvelas gaaCnia Tavisi 

upiratesoba konkretul sakiTxebSi, magram ramanis speqtroskopia 

mainc gacilebiT moxerxebuli, informatuli da zusti meTodia.   

   adreul etapze eqsperimentalurad ufro Seiswavleboda  A3B5,  

A2B6 tipis ormagi naxevargamtarebis GaAs, GaP, InP, InAs, AlAs, AlP, GaSb, 

CdS, CdSe, CdTe, ZnS, ZnTe, ZnSe, HgSe  bazaze sinTezirebuli Sereuli 

naxevargamtarebis mravalferovani kombinaciebi [41-52]. am SromebSi 

gamokvleulia rogorc moculobiTi kristalebi, aseve sxvadasxva 

meTodebiT sinTezirebuli epitaqsialuri firebi. dadgenilia am 

Sereuli kristalebis fononebis yofa-qcevis kanonzomierebani (erT-

modian Tu ormodian naxevargamtarebs miekuTvnebian isini); agebulia 

am kanonzomierebis gamomxatveli koncentraciuli dispersiuli 

mrudebi eqsperimentuli monacemebis safuZvelze; bevr maTganSi es 

damokidebulebani gamoTvlilia sxvadasxva Teoriul modelebze 

dayrdnobiT, rac azustebs eqsperimentidan gamomdinare daskvnebs; 
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gamoTvlilia ormagi da sammagi Sereuli kristalebis mniSvnelovani 

optikuri parametrebi. 

   Semdeg etapze eqsperimentatorebis gansakuTrebuli yuradReba 

miiqcia A3B5 tipis naxevargamtarulma nitridebma, GaN, InN, AlN,  

Ga1-xInxN, Ga1-xAlxN, In1-xAlxN, GaAs1-xNx, GaP1-xNx, romelTa bazazec daiwyes 

mniSvnelovani optoeleqtronuli xelsawyoebis (sinaTlis diodebi, 

lazerebi) damzadeba. am naxevargamtarebisa da maT bazaze 

sinTezirebuli Sereuli kristalebis epitaqsialuri firebis 

fononuri raman-speqtrebi Seiswavles samuSaoebSi [53-65], sadac de-

talurad iqna Seswavlili am naerTebis kristaluri meseris 

rxeviTi dinamika. gairkva, Tu romeli tipis, erTmodian, Tu ormodian 

kristalebs miekuTvneba esa Tu is sistema. 

   am bolo xans zemoTCamoTvlili sistemebis garda, didi inten-

siobiT Seiswavleba A2B6 tipis Sereuli naxevargamtarebi, romlebic 

sinTezirebulia cinkis, beriliumis, magniumis, marganecis 

Jangeulebisa da xalkogenidebis safuZvelze. kerZod, samuSaoebSi 

[66-69] raman-speqtroskopiiT  Seiswavles Sereuli kristalebis  

ZnBe1-xOx,  Zn Be1-xSex,  Zn Mg1-xOx,  Zn Mg1-xSex,  Zn Mn1-xOs,  ZnMn1-xSes,   moduri 

struqtura da optikuri maxasiaTeblebi.           

   Sereuli kristalebis Cvens mier zemoT CamoTvlil mraval 

Sromebs Soris gansakuTrebiT aRsaniSnavia is samuSaoebi, romleb-

Sic garda kristaluri Sereuli naxevargamtarebisa Seswavlilia am 

naerTebis nanoganzomilebiani da amorfuli sistemebic. es sistemebi 

sinTezirebulia rogorc Cveulebrivi, qimiuri meTodebiT, aseve 

eqstremaluri ionuri implantaciis, eleqtronuli da lazeruli 

teqnologiebiT. aseTi arawonasworuli teqnologiebis saSualebiT 

SesaZlebeli gaxda iseTi Sereuli sistemebis sinTezireba, romelTa 

sinTezi wonasworuli qimiuri teqnologiuri meTodebiT aqamde 

SeuZlebeli iyo.  

   warmodgenil disertaciaSi Sereuli kristalebidan Seviswavle 

sami sistema: ZnTe1-xSes,  GaAs1-xPx,  Ga1-xAlxP. am sistemebidan yvelaze 

metad Seswavlilia GaAs1-xPx  [70], magram igi Seswavlilia moculo-

biTi agznebiT, YAG:Nd-is lazeris gamoyenebiT. Cven es sistema 
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SeviswavleT argonis lazeris gamoyenebiT, areklvis konfiguraciiT 

[71]. ZiriTadi mizani iyo ori: ramanis speqtrebis miRebis aseTi me-

TodiT gagveneitralebina plazmon-fononuri urTierTmoqmedebis 

xelisSemSleli faqtori, romelic iwvevs LO fononis intensiobis 

Semcirebas. es xdeba didi raodenobis Ddenis Tavisufali 

matareblebiT gaswvrivi LO fononis ekranirebis gamo. Semdgom, es 

monacemebi gamogveyenebina ionuri implantaciiT sinTezirebuli 

amave Sereuli kristalebis xarisxobrivi da raodenobrivi anal-

izisTvis.  danarCeni ori sistemidan pirveli, ZnTe1-xSes naklebadaa 

Seswavlili [72]. am sistemaSi pirvelad Seviswavle rezonansuli ra-

manis gabneva da moduri struqtura rezonansul pirobebSi [73-74]. 

mesame sistemis Ga1-xAlxP raman-gabneva [75-76] erTerTma pirvelma 

Seviswavle, xolo lazeris mokletalRovani agznebiT ki - pivelma. 

aseve pirvelad aRmovaCine am sistemaSi rezonansuli ramanis gabneva 

da amave meTodiT Sevafase epitaqsialuri Txeli firebis sisqeebi. 

miRebuli Sedegebi farTod gamoviyene ionuri implantaciiT 

sinTezirebuli Sereuli sistemebis Ga1-xAlxP xarisxobrivi da raode-

nobrivi analizisTvis [77-78].      

   myar sxeulebSi fononebze gabneva warmoebs Sualeduri, virtua-

luri eleqtronuli doneebis meSveobiT. amis gamo, ramanis gabnevis 

ganivkveTis sixSirul damokidebulebas dacemuli da gabneuli 

fotonebisaTvis unda gaaCndes gansakuTrebuloba, rodesac am 

fotonebis energiebi imyofebian zonebs Soris gadasvlis energieb-

Tan axlos. am dros adgili aqvs ramanis rezonansul gabnevas. es 

situacia SeiZleba gamoviyenoT eleqtronuli gadasvlebis Seswav-

lis mizniT. garkveuli gagebiT aseTi gamokvlevebi analogiuria 

modulaciuri speqtroskopiiT kvlevebisa [79]. rezonansuli ramanis 

gabnevisas sistemas moduliaciuri agzneba garedan ar moedeba, 

rogorc moduliaciuri speqtroskopiis SemTxvevaSi, aramed am rols 

fononebi asruleben. rezonansuli ramanis gabnevis (rrg) 

SemTxvevaSi ramanis gabnevis intensioba, efeqturoba mkveTrad iz-

rdeba, rodesac amgznebi lazeris sixSire uaxlovdeba gamosakvlevi 

obieqtis daSvebuli eleqtronuli gadasvlis sixSires. 
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   Cveulebrivi ramanis gabneviT viRebT informacias molekulebis, 

siTxeebis, myari sxeulebis dabalenergetikuli agznebuli doneebis 

Sesaxeb. es informacia Cadebulia sixSirul wanacvlebebSi, talRur 

veqtorsa k  da gabneuli fononis polarizaciaSi. aRniSnuli doneebi 

ZiriTadad miekuTvneba doneebs, romelTa energiebi naklebia 5x!0-2 eV. 

es energiebi aiTvleba sistemis ZiriTadi donidan. dacemuli da gab-

neuli gamosxivebis sixSireebs araviTari ZiriTadi datvirTva, in-

formacia ar gaaCniaT. mTavari informacia mxolod maT sxvaobebSia 

Cadebuli. 

   rrg-iT SesaZlebelia SeviswavloT gabnevis meqanizmi, romelsac 

TiTqmis yovelTvis gaaCnia eleqtron-fononuri urTierTmoqmedebis 

raRac garkveuli forma; ganvsazRvroT eleqtron-fononuri 

urTierTmoqmedebisa da deformaciuli potencialebis mudmivebi; 

miviRoT informacia virtualuri eleqtronuli doneebis Sesaxeb.        

   rrg Seswavlis mTavari problemaa vipovoT amgznebi lazerebis 

iseTi wyaro, romelTa energia SeiZleba vcvaloT gamosakvlevi 

obieqtis kritikuli wertilis energiis maxloblad. aseTebia argon-

isa da kriptonis mravalxaziani lazerebi. maTi speqtraluri xazebi 

diskretuladaa ganlagebuli da amitom maTi gamoyenebiT rezonansis 

Seswavlisas albaTuri da mosalodnelia, rom raime detali ga-

mogvrCes. es xarvezi daZleuli iqneba, Tu SevZlebT am mizniT saRe-

bavis lazeris gamoyenebas. saRebavis lazeri ori tipisaa: impul-

suri da mudmivi moqmedebis. orive tipis lazeri aqtiurad gamoi-

yeneba rrg Sesaswavlad naxevargamtarebSi [80-85]. saRebavis impul-

sur lazerebs gaaCniaT talRis sigrZis gadawyobis didi intervali, 

vidre mudmivi moqmedebis lazerebs. Tumca, mudmivi moqmedebis laz-

eri gacilebiT progresulia rrg Sesaswavlad, radganac am 

SemTxvevaSi ufro detaluri analizi xorcieldeba da registra-

ciisaTvis SesaZlebelia gamoviyenoT fotonebis daTvlis sistema. 

   rrg pirveli gazomvebi naxevargamtarebze Sesrulda kristal 

CdS-ze argonis lazeris diskretuli xazebis gamoyenebiT, romlebic 

gadafaraven diapazons 2.38 - 2.73 ev [86]. CdS-ze Semdgomma gazomvebma 

[87] daadastura adre aRmoCenili rezonansuli movlenebi da pir-

dapiri  STanTqmis kidis E0  siaxloves daafiqsira gabnevis ganivk-
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veTis antirezonansis (nulovani gabnevis) arseboba TO fononebisaT-

vis (magram ara LO fononebisaTvis). dadgenilia, rom gabnevis aseTi 

Tavisebureba ganpirobebulia fundamenturi STanTqmis kidis 

gadasvlisa da ufro maRali energetikuli gadasvlebis wvlilebis 

urTierT kompensaciis xarjiT. Sesabamisad, am gadasvlebis wvli-

lebi unda iyvnen sawinaaRmdego niSnisani. kristalebisaTvis, ro-

melTac gaaCniaT TuTiis krialas struqtura ramanis gabnevis 

ganivkveTSi aseTi kompensaciebi ar daimzireba. magaliTad, TuTiis 

krialas struqturis GaP-Si antirezonans adgili ara aqvs, rodesac 

igi Seiswavles lazerebis diskretuli xazebiT [88]. antirezonansi 

SeiZleba arsebobdes viurtcitis struqturis naxevargamtarebSi 

(CdS). 

   rogorc zemoT aRvniSneT, diskretuli xazebiT rrg Seswavlisas 

SeiZleba gamogvrCes diskretul wertilebs Soris arsebuli faqizi 

struqtura. am naklovanebis aRmosafxvrelad rrg SeswavlisaTvis 

lazeris diskretuli xazis gamoyenebisas SeiZleba uwyvetad 

vcvaloT gamosakvlevi obieqtis energetikuli xvrelis sidide gare-

gani zemoqmedebiT. garegan zemoqmedebad SegviZlia gamoviyenoT: tem-

peratura, erTmxriv mimarTuli daZabuloba, eleqtruli veli, 

Sereuli kristalebis efeqti. aseTi tipis eqsperimentebi Sesrulda 

SromebSi [89-91].  

   rrg didi miRwevebi mainc dakavSirebulia saRebavis lazerebis 

gamoyenebasTan [92]. sawyis etapze mudmivi moqmedebis saRebavis laz-

erebis gadawyobis speqtraluri diapazoni ZiriTadad ganisazRvre-

boda saRebavis rodamin 6G gadawyobis diapazoniT: 1.85–2.20 ev. mas 

Semdeg, rac iarborom gadawyobis es diapazoni gaafarTova axali 

efeqturi saRebavebis gamoyenebiT [93], igi gaxda gacilebiT farTo: 

1.55_2.90 ev.  

   uwyveti gadawyobis mudmivi moqmedebis saRebavis lazeriT Ses-

wavlili iqna ori tipis rezonansi E0  da E0+Δ0  GaP-Si [94] da ZnTe-Si 

[95]. aseve iqna Seswavlili ori tipis rezonansi amave naxevargam-

tarebSi E1  da E1+Δ1 zonebis monawileobiT. 
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    [96] mimoxilviT SromaSi ganxiluli iyo rrg LO fononze, gabne-

vis polarizaciuli konfiguraciis iseTi SemTxvevisaTvis, rodesac 

rg LO fononze SerCevis wesis Tanaxmad akrZalulia. am movlenam, 

romelic ganpirobebulia LO fononis eleqtruli veliT (frelixis 

tipis urTierTmoqmedeba),  mkvlevarTa-TeoretikosTa da eqsperimen-

tatorTa didi yuradReba miipyro. am SemTxvevaSi akrZalul LO 

fononze gabneva daimzireba mxolod dacemuli da gabneuli sinaT-

lis paraleluri polarizaciis dros. es akrZaluli rezonansi 

gacilebiT Zlieria, vidre SerCevis wesiT daSvebuli rrg LO  da TO  

fononebze [97-100]. 

   rrg ZiriTadad tardeboda naxevargamtarebze, romelTa atomebi 

kristalur meserSi tetraedruli koordiinaciiT arian erTmaneTTan 

dakavSirebulni. SemdgomSi udidesi yuradReba miiqcia rrg Seswav-

lam naxevargamtar Cu2O-Si, romelic gansxvavebuli struqturisaa. 

ram gamoiwvia aseTi interesi am masalisadmi? Cu2O-s heliumis tem-

peraturis pirobebSi 2.11 ev-ze gaaCnia yvelaze dabali donis eqsi-

toni. es is sididea, romlisTvisac arsebuli uwyveti moqmedebis 

saRebavis lazerebi idealuri amgznebi saSualebaa rrg-is Sesaswav-

lad. garda amisa, am naxevargamtaris eqsitoni mkveTradaa gamijnuli 

akrZaluli zonis kidisagan, igi mkveTria da amitom iqmneba metad 

xelsayreli momenti, raTa kargi garCevisunarianobiT SeviswavloT 

rrg, rodesac amgznebi da gabneuli kvantebis energiebi gaivlian 

eqsitonis energetikul piks. aseT SemTxvevaSi SesaZlebelia 

dafiqsirdes sxvadasxva tipis rezonansebis mkveTri suraTi. Sesa-

bamisad Teoriuli mosazrebebic ufro damajerebeli iqneba. es eqsi-

toni araa aqtiuri sinaTlis STanTqmis dipolur miaxloebaSi, ami-

tom eqsperimentalurad SeiZleba davafiqsiroT mxolod is rezo-

nansi, romlis drosac monawile fotonebidan erTerTi, vTqvaT, da-

cemuli, iwvevs kvadrupolur gadasvlas. am SemTxvevaSi ramanis gab-

nevaSi monawileoben araluwi (Cveulebriv, akrZaluli) fononebi. 

amgvarad, Cu2O SesaniSnavi obieqtia rrg Sesaswavlad da am mimar-

TulebiT bevri saintereso samuSao Sesrulda [101-115]. 
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   rogorc cnobilia, naxevargamtarebis energetikuli struqtura 

Sedgeba sxvadasxva, mkveTrad gansxvavebuli sidideebis energeti-

kuli zonebisagan,. jerjerobiT rrg-iT Seswavlilia mxolod im 

akrZalu;li zonebis wvlili rezonansSi, romelTa energetikuli in-

tervali gadaifareba amJamad arsebuli saRebavis lazerebisa da pa-

rametruli generatorebis energetikuli gadawyobis diapazoniT. am 

diapazonis gafarToebiT SesaZlebeli iqneba rrg SeviswavloT far-

Tozoniani naxevargamtarebis farTo klasi da maTi sxvadasxva ener-

getikuli zonebi.        

   60-ian wlebSi msoflios mowinave samecniero centrebSi intensi-

urad daiwyes naxevargamtaruli mikroeleqtronuli xelsawyoTmSe-

neblobis erTerTi mniSvnelovani fizikuri eqstremaluri teqnolo-

giuri meTodis, ionuri legirebis (ionuri implantaciis) ganvi-

Tareba. am meTodma aseTi didi yuradReba im upiratesobaTa gamo 

miiqcia, rac mas gaaCnia tradiciul teqnologiebTan _ difuzia, 

Sednoba da mdnaridan legireba, SedarebiT:  ionuri implantaciisas 

naxevargamtaruli safeni imyofeba dabali temperaturis pirobebSi; 

am procesis Semdeg SesaZlebelia zustad ganvsazRvroT rogorc 

legirebuli minarevis koncentracia, aseve misi SeRwevis siRrme da 

ganawilebis profili; ionuri implantaciis teqnologia univer-

saluria da SesaZlebelia misi mTliani avtomatizacia.  

   aseTi progresi SeuZlebeli iqneboda im fizikuri movlenebisa da 

Tvisebebis kvlevebis gareSe, romlebiTac xasiaTdeba ionuri im-

plantaciis procesi naxevargamtarebSi. am kvlevaTa ZiriTadi aqcen-

tebi gakeTebulia Semdegi amocanebis gadasawyvetad: implantirebuli 

ionebis ganawilebis profilebisa da SeRwevis siRrmeebis zustad 

gansazRvra da winaswarmetyveleba, ionebis kanalirebisa da misi 

ararsebobis gaTvaliswinebiT; kristalur meserSi implantirebuli 

ionebisa da  implantaciis Sedegad inducirebuli defeqtebis 

adgilmdebareobis gansazRvra; am defeqtebis roli struqturul 

gardaqmnaTa procesSi; defeqtebis gamowvis procesebis monitoringi; 

sxvadasxva ionebiT safenis implantaciisas warmoqmnili axali 

fazebis identifikacia-monitoringi; implantirebuli ionebis 
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eleqtruli maxasiaTeblebis Sefaseba; ionuri implantaciis gamo-

yeneba naxevargamtaruli xelsawyoebis dasamzadeblad [116-125]. 

   mecnieruli kvlevebis axali meTodebis CarTva implantaciis 

procesebis Sesaswavlad misasalmebelia rogorc fundamenturi 

codnis gasaRrmaveblad, aseve erTerTi ZiriTadi miznis, srulyo-

fili naxevargamtaruli xelsawyoebis damzadebis gansaxor-

cielebladac.    

   fundamenturi da praqtikuli gamokvlevebis erTerTi aseTi axali 

sferoa ionuri implantaciiT modificirebuli naxevargamtarebis 

Seswavla lazeruli raman-speqtroskopiiT. 

   ionuri implantaciisas naxevargamtarebSi warmoiqmneba radia-

ciuli defeqtebi, mouwesrigebeli ubnebi, wvrilkristaluri klas-

terebi, amorfuli fazebi. implantirebuli safenis Termiuli da-

muSavebis Semdgom SesaZlebelia kristaluri meseris struqturis 

nawilobriv an mTlianad aRdgena, implantirebuli minarevebis 

eleqtrulad aqtivacia, axali naerTebis sinTezireba. am struqtu-

ruli gardaqmnebis Tu sxva mravali saintereso movlenebis moni-

tirongisTvis lazeruli raman-speqtroskopia aqtiurad gamoiyeneba. 

magaliTad, SromebSi [126-135] raman-speqtroskopiiT Seiswavles 

siliciumsa da almasSi sxvadasxva ionebis implantaciiT gamowveuli 

gardaqmnebi. implantacia mimdinareobda ionebis sxvadasxva energie-

biTa da dozebiT. raman-speqtrebis Cawera ki warmoebda amgznebi 

l;azerebis sxvadasxva talRis sigrZeebiT. es saSualebas aZlevda 

avtorebs informacia gardaqmnebis Sesaxeb mieRoT naxevargamtarebis 

sxvadasxva sisqis fenebidan. am gamokvlevebis  safuZvelze daadgi-

nes, rom dozebis gazrdiT am naxevargamtarebis  kristaluri stru-

qtura TandaTan gadadis amorful fazaSi. ramanis gabneviT Seafases 

amorfizaciis kritikuli dozebi da aRmoCnda, rom implantirebuli 

ionis masis an ionis energis gazrdiT amorfizaciis kritikuli 

dozebi mcirdeba. amave samuSaoebSi ramanis gabneviT iqna Sefase-

buli implantaciis Sedegad darRveuli kristaluri struqturis, 

Soreuli wesrigis aRdgenis sarisxi implantirebuli safenis Ter-

muli damuSavebis Semdeg. 
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    [136-149] SromebSi avtorebma ramanis gabneviT Seiswavles Si, GaP, 

InP, GaAs-Si ionuri implantaciiT Canergili sxvadasxva minarevebis 

mier lokaluri rxevebis warmoqmnis kanonzomierebani, eleqtruli 

aqtivaciis procesebi. legirebis Semdeg minarevebis aseTi gaaqti-

ureba SesaZlebelia Cveulebrivi Termuli gamowvis, Cqari gamowvis, 

impulsuri Tu mudmivi moqmedebis lazeruli gamowvebiT. am 

SromebSi gansazRvrulia inducirebuli lokaluri rxevebis six-

Sireebi, aqtivirebuli eleqtronebis Tu xvrelebis mier war-

moqmnili plazmon-fononuri bmebis sixSireebi da Sedarebulia 

sxvadasxva tipis gamowvebis efeqtianoba minarevebis aqtivaciis 

xarisxis gazrdis kuTxiT. 

   [150-162] Sromebi miZRvnilia ionuri implantaciis erTerTi 

saintereso sferosadmi: sxvadasxva naxevargamtarul safenSi 

sxvadasxva ionebis implantaciiT axali naerTebis sinTezirebisadmi. 

implantacias am SemTxvevaSi awarmoebdnen rogorc oTaxis, aseve 

maRal temperaturebze (cxeli implantacia). orive SemTxvevaSi 

pirvel etapze yovelTvis sinTezirdeba axali naerTis mTlianad an 

nawilobriv amorfuli faza. kristaluri naxevargamtaris misaRebad, 

rac eqvivalenturia implantaciis Sedegad darRveuli kristaluri 

meseris periodulobis aRdgenisa, gamoyenebulia Termuli an laz-

eruli gamowva. fazur gardaqmnaTa am procesebis monitoringis 

mizniT raman-speqtroskopiis gamoyeneba metad efeqturi aRmoCnda.     

. 
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     Tavi 2. lazeruli raman-speqtroskopiisa da myar    

          sxeulebTan gamosxivebis urTierTmoqmedebis  

                  mokle Teoriuli safuZvlebi;         

                        

    rodesac gamosxiveba gadis gamWvirvale nivTierebaSi, sxivis ra-

Rac nawili am nivTierebaSi yvela mimarTulebiT ganibneva. 1928 wels 

indoelma fizikosma ramanma aRmoaCina, rom sinaTlis es gabneuli 

nawili gansxvavdeba dacemuli sxivisagan. aRniSnuli nawili Seicavs 

gamosxivebas, romlis talRis sigrZeebi gansxvavdeba dacemuli 

amgznebi gamosxivebis talRis sigrZisagan. talRis sigrZeebis es 

wanacvleba damokidebulia gambnevi molekulis struqturaze. 

    amJamad ramanis gabnevis (rg) Teoria sruladaa Camoyalibebuli 

da dadgenilia, rom rg-is dros wanacvlebuli talRis sigrZeebis 

gamomwvevi meqanizmi igive kvanturi energetikuli doneebia, rac in-

frawiTeli (iw) STanTqmis dros. Ee.i. sxvaoba amgzneb talRis sigr-

Zesa da gabneuli sinaTlis talRis sigrZeebs Soris Seesabameba Sua-

iw ubans. marTlac, rom SevadaroT erTidaigive nivTierebis rg-is da 

iw-speqtrebi, davinaxavT did msgavsebas an identurobas. mokled, iw-

speqtroskopiaSi is rxevebia aqtiuri, romelTa molekuluri dipo-

luri momentebi icvleba rxevebis mixedviT; rg-isas ki is rxevebia 

aqtiuri (mJRavndeba speqtrebSi), romelTa molekuluri polarizeba 

icvleba rxevebis mixedviT. amrigad, rg da iw-speqtroskopia erT-

maneTis konkurentebi ki ara, aramed informaciis TvalsazrisiT 

erTmaneTis damatebebia.   

    gamoyenebis TvalsazrisiT zogierT SemTxvevaSi, eqsperimentisas 

iw-speqtroskopias unda mivaniWoT upiratesoba, zogjer ki rg Seucv-

lelia. asea, magaliTad, rodesac vikvlevT wyalxsnarebs. rg-is eq-

sperimentebisaTvis viyenebT minis an kvarcis kiuvetebs; iw-

speqtroskopiaSi ki, rogorc cnobilia, gamoiyeneba higroskopuli 

tutehaloiduri naerTebisagan damzadebuli kiuvetebi, romlebic 

wylisa da agresiuli xsnarebis mimarT aramdgradia.    aqedan Cans, 

rom rg did mniSvnelobas iZens biologiuri da araorganuli naer-

Tebisa da wylis damabinZurebeli obieqtebis gamokvlevis sferoSi. 
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rg-is sxva ufro specifikur upiratesobebze aq mets aRar vila-

parakebT. avRniSnavT mxolod erT garemoebas, romelic zogjer af-

erxebs rg-is gamoyenebas. esaa minarevebiT gamowveuli fotolumi-

nescencia (fl); Tumca, zogjer saTanado eqsperimentuli meTodikis 

gamoyenebiT SesaZlebelia luminescenciidan Tavis daRweva. 

    ramanis speqtris (rs) misaRebad gamosakvlevi nivTiereba unda 

gavasxivoT lazeris mZlavri, monoqromatuli talRis sigrZiT 

speqtris ultraiisfer, xilul, an axlo infrawiTel ubanSi. gasx-

ivebis ganmavlobaSi unda gamovikvlioT gabneuli gamosxiveba Sesa-

bamisi speqtrometriT. dacemuli (amgznebi) lazeris sxivis mimarT 

gabneuli sinaTlis mimarTuleba, romelic speqtrometris 

Sesasvlel xvrels ecema, eqsperimentTa umravles SemTxvevaSi qmnis 

oTxmocdaaTgradusian kuTxes. es kuTxe anu ramanis eqsperimentTa 

konfiguracia mravalnairia da igi damokidebulia amocanis mizanze, 

gamosakvlevi obieqtis agregatul mdgomarebasa da mis fizika-qimiur 

Tvisebebze. oTxmocdaaTgradusian gabnevas ZiriTadad iyeneben 

gamWvirvale obieqtebis Sesaswavlad yvela agregatul mdgomareo-

baSi. 180 - gradusiani gabneva gamoyenebulia ufro metad myar 

sxeulebSi poliaritonebis Sesaswavlad, xolo uku anu nulovani 

kuTxiT gabnevis konfiguracia gamoiyeneba gaumWvirvale myari 

sxeulebis raman-gabneviT gamokvlevis dros. aseTi kuTxeebiT ga-

mokvlevisas yvelaze zustadaa daculi dacemuli da gabneuli 

sxieebis poliarizaciuli veqtorebis kombinaciaTa Sesabamisoba 

speqtroskopiuli SerCevis wesebTan. rasakvirvelia, arsebobs gabne-

vis konfiguraciebi Sualeduri kuTxeebiTac.    

    ZiriTadad, ramanis xazebi (speqtri) Seadgens amgznebi lazeris 

speqtraluri xazis intensiobis 0,001%; Sedegad, ramanis speqtris 

aRmoCena da gazomva warmoadgens rTul problemas. es ar exeba re-

zonansul ramanis gabnevas (rrg), zedapiriT gaZlierebul ramanis 

gabnevas (zgrg),  zedapiriT gaZlierebul rezonansul ramanis gab-

nevas (zgrrg) da ramanis gabnevis sxva efeqtebs, romlebic gacile-

biT Zlieri intensiobebiT xasiaTdeba. saWiroa xazi gaesvas, rom 

zgrrg amJamad erTerTi umZlavresi analizuri meTodia biologe-

bisTvis, eleqtroqimikosebisaTvis da ekologebisaTvis.  
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    gabneuli gamosxiveba Sedgeba sami tipisagan, saxeldobr, sto-

qsis, antistoqsisa da releis gabnevisagan. am ukanasknelis talRis 

sigrZe zustad igivea, rac amgznebi lazeris talRis sigrZe da misi 

intensioba bevrad didia or danarCenze. ramanis speqtri war-

moadgens amgznebi lazeris speqtraluri xazis marjvniv da marcxniv 

simetriulad ganlagebuli speqtraluri xazebis erTobliobas. 

amgznebi xazis talRur ricxvze ufro didi talRuri ricxviT 

xasiaTdeba antistoqsis gamosxiveba, xolo stoqsis gamosxivebas 

Seesabameba pikebi, romelTa talRuri ricxvebic amgznebi lazeris 

talRur ricxvze mcirea. saWiroa aRiniSnos, rom ramanis wanacvleba 

identuria stoqsisa da antistoqsis gamosxivebisaTvis. es wanacv-

leba aseve erTidaigive sididisaa miuxedavad imisa, Tu romeli 

lazeris talRis sigrZiT vawarmoebT mocemuli naerTis rg-is 

speqtris agznebas. 

    antistoqsuri gamosxiveba intensiobiT naklebia stoqsis gabnev-

asTan SedarebiT da praqtikaSi rg-s speqtrebis Cawerisas ZiriTadad 

gamoiyeneba mxolod stoqsis gabneva. speqtris abscisaze ki, romel-

zedac gadazomilia ramanis wanacvlebebi, talRuri ricxvis magier 

iwereba ubralod sm-1-ebi. aseve ar iwereba niSani minusi stoqsis 

gabnevis SemTxvevaSi. 

    Cveulebrivi anu normaluri ramanis speqtroskopiaSi gamo-

sakvlevi nivTierebis speqtralurad agzneba warmoebs lazeris ga-

mosxivebis iseTi talRis sigrZiT, romelic Sorsaa am nivTierebis 

nebismieri eleqtronuli STanTqmis pikisagan. 

    nax. 2.1-ze warmodgenilia releisa da ramanis (stoqsis, antisto-

qsis) gabnevis meqanizmis amsaxveli suraTi:  
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            nax. 2.1  releisa da ramanis gabnevis amsaxveli sqema    

         

    pirveli sqeli isari asaxavs energiis cvlilebas molekulaSi,  

dacemuli lazeris sxivis fotonebTan misi urTierTmoqmedebisas. 

molekulis energiis zrda tolia fotonebis energiisa hν.� 

    meore viwro isari asaxavs im cvlilebas, romelsac adgili  

eqneboda im SemTxvevaSi, Tu molekula Sexvdeboda gamosxivebas ma-

Sin, rodesac molekula iqneboda mTavari eleqtronuli mdgomareo-

bis pirvel rxeviT doneze (rogorc wesi, aseT mdgomareobaSi mole-

kulebis mxolod mcire nawili imyofeba). 

    sqemis Sua nawilis ori isari asaxavs cvlilebebs, romlebic iw-

vevs releis gabnevas. am SemTxvevaSi araviTar energiis kargvas ara 

aqvs adgili, radganac releis gabnevisas molekulasa da fotons 

Soris mimdinareobs drekadi dajaxeba.  

    energiis cvlileba, romelic iwvevs stoqsisa da antistoqsis ga-

mosxivebas aradrekadi gabnevis Sedegad, sqemaze warmodgenilia 

marjvniv. es ori ukanaskneli releis gabnevisagan gansxvavdeba six-

SireebiT, romlebic Seesabameba +ΔE, energiebs, romlebic war-

moadgens ZiriTadi eleqtronuli mdgomareobis pirvel rxeviT dones 

(Tu molekulis kavSirebi aqtiuria iw-ubanSi, maSin maT mier 

STanTqmuli energiac iqneba  +ΔE. amgvarad, ramanis wanacvleba da 

iw-STanTqmis pikis sixSireebi erTidaigive iqneba). 

 40



    SefardebiTi dasaxleba am ori energetikuli mdgomareobisa 

iseTia, rom stoqsis gabneva Warbobs antistoqss. garda amisa, re-

leis gabneva ufro albaTuria, vidre rg, radganac ufro albaTuri 

procesia molekulisaTvis energiis gadacema ZiriTad mdgomareobaSi 

da reemisia imave molekulis ZiriTad mdgomareobaSi dabrunebiT. 

unda aRiniSnos, rom oTaxis temperaturaze antistoqsis 

speqtraluri xazebis  intensioba ufro sustia, vidre stoqsisa. amis 

mizezia is, rom am pirobebSi molekulebis mxolod mcire nawili 

imyofeba pirvel agznebul rxeviT mdgomareobaSi. stoqsisa da an-

tistoqsis speqtraluri xazebis intensiobaTa fardoba naerTis tem-

peraturis funqciaa da izrdeba temperaturasTan erTad.   

    rogorc zemoT aRvniSneT, Cveulebrivi ramanis efeqti metad 

susti efeqtia da misi analitikuri TvalsazrisiT gamoyeneba did 

xelovnebas moiTxovs. es efeqti SeiZleba gavaZlieroT 105 faqtoriT, 

Tu gamoviyenebT rrg. aseTi gaZliereba miiRweva im SemTxvevaSi, 

rodesac gamosakvlev nivTierebas aRvagznebT lazeris sxiviT, rom-

lis talRis sigrZe Tanxvdeba am naerTis romelime eleqtronul 

gadasvlas. normaluri rg da rrg Zalian xSirad gadaifareba 

fotoluminescenciiT, romelic 107-jer intensiuria, vidre rg. ma-

galiTad, amas adgili aqvs, rodesac aromatul naerTebs aRvagznebT 

xiluli an ultraiisferi lazerebiT. 

          nax. 2.2  iw, r, rg, winarezonansuli rg, rrg, da fl 

                   eleqtronuli da rxeviTi Termebis sqema 
  

    nax. 2.2-ze warmodgenilia iw (infrawiTeli), r (releis), rg (ra-

manis gabnevis), winarezonansuli rg, rrg (rezonansuli ramanis gab-

nevis) da fl (fotoluminescenciis)  eleqtronuli da rxeviTi Ter-

mebis sqema.                   
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   ramanis speqtroskopiaSi ramanis speqtris eqsperimentalurad Caw-

eris Semdeg saWiroa CavataroT garkveuli gamoTvlebi, raTa eq-

sperimentalurad miRebuli talRis sigrZeebidan gadavideT ramanis 

wanacvlebebze, romlebic gamoxatulia sm-1-ebSi. magaliTad, rodesac 

ramanis speqtris misaRebad asagznebad viyenebT popularuli ar-

gonis mwvane speqtralur xazs 514.5sm-1 (ufro zustad, 514.308sm-1), 

talRuri ricxvi Semdegnairad gamoiangariSeba: 

                   ν�=1/λ 0[nm]x107[nm]/[sm]=1/514.308x107=19 444sm-1 

am konkretul SemTxvevaSi releis gabnevas adgili eqneba igive six-

Sireze, rogoric gaaCnia amgzneb argonis mwvane xazs da es sixSire 

amis Semdeg gamoakldeba yvela im gabneul sixSires, romelic eq-

sperimentulad dafiqsirdeba stoqsisa Tu antistoqsis mxares. 

miviRebT ramanis speqtrs, romlis abscisac iqneba gamoxatuli sm-1 

erTeulebSi, xolo ordinataze gadazomili iqneba gabneuli sinaT-

lis intensiobebi. nax. 2.3 moyvanilia organuli naerTis CCl4  raman-

speqtri. 

 

 

                     nax. 2.3  CCl4  raman-speqtri 

   

    SesaZloa dagvWirdes ukugadasvlac. magaliTad, Tu ramanis piki 

daimzireba 3000sm-1 sixSireze, mis Sesabamis talRis sigrZes gamovi-

angariSebT Semdegnairad: 
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              λ rg=1/ν0-νrg[sm-1]xE7[nm]/[sm]=1/19 000-3000xE107=608.12nm 

amgvarad, mwvane speqtraluri xaziT agzneba am SemTxvevaSi iwvevs 

stoqsis gabnevis Sedegad reemisias yviTel speqtralur xazad. 

   unda aRiniSnos, rom es gadaangariSebebi gansakuTrebiT saWiroa 

TviTnakeTi, laboratoriuli tipis lazeruli raman-sistemebisaTvis, 

rogorsac Cemi lazeruli sistemebi warmoadgens. Tanamedrove, Zvi-

radRirebul raman-speqtrometrebs, romlebsac ucxouri firmebi 

awarmoeben, sruli avtomatizaciisa da kompiuterizaciis gamo 

msgavsi manipuliaciebi ar Wirdeba: am speqtrometrebSi aTvla war-

moebs rogorc talRis sigrZeebis, aseve ramanis wanacvlebis six-

Sireebis erTeulebSi.   
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    Tavi 3. lazeruli sistemebis xelsawyoTmSeneblobis  

 ^        ganviTarebis etapebi da Tanamedrove aspeqtebi; 

 

    pirvel raman-speqtrometrebSi dispersiul elementad gamoiyene-

boda maRali dispersiis mqone prizmebi. SemdegSi igi Secvala 

meqanikuri wesiT damzadebulma difraqciulma meserma. sul bolos 

ki farTod gamoiyeneba holografiuli difraqciuli meseri. es 

ukanaskneli iZleva kargi xarisxis speqtrebs, rolebic Tavisufalia 

parazitulad gabneuli sinaTlisagan, e.w. "sulebisagan". sulebis 

moSoreba Cveulebrivi, meqanikurad daWrili difraqciuli mesrebis-

agan SeuZlebelia, amitom isini xSirad uSlian xels eqsperimenta-

tors. speqtrometrebis progresi aseTi saxiT warimarTeboda: pirve-

lad gamoiyeneboda prizmuli speqtrometrebi; Semdeg igi Secvala 

ormagma difraqciulma speqtrometrebma; momdevno periodSi ramanis 

speqtrebis Casawerad gamoiyeneboda ormagi speqtrometrebi holo-

grafiuli difraqciuli mesrebiT. aseT speqtrometrebSi parazitu-

lad gabneuli sinaTle monimumamdea dayvanili. mcire periodis 

Sendeg ki Seiqmna sammagi raman-speqtrometrebi, romlebic iZleva 

idealur speqtrebs. 

    aRsaniSnavia rom raman-speqtrometrebis progresi amiT ar dam-

Tavrebula da amJamadac grZeldeba: amuSaveben raman-speqtrometrebs 

adamaris gardaqmniT da zogierTma firmebma ukve gamouSves raman-

speqtrometrebi furies gardaqmniT. 

    bolo periodSi raman-speqtrometrebis teqnikaSi gaCnda mimar-

Tuleba ufro martivi da iafi speqtrometrebis konstruirebisa, 

vidre Zvirfasi da rTuli ormagi da sammagi speqtrometrebia. es 

aris didi sinaTlis Zalis mqone erTmagi difraqciuli speqtromet-

risa da e.w. holografiuli notC-filtrebis erToblioba. aq idea 

mdgomareobs imaSi, rom erTmagi speqtrometris xarjze gaizardos 

speqtrometrSi Sesuli sasargeblo gabneuli sinaTlis raodenoba 

da notC-filtrma Seasrulos meore monoqromatoris misia – 

gaasufTaos speqtri parazitulad gabneuli sinaTlisagan. aseTi 

sistemis gamoyeneba mizanSewonilia maSin, rodesac fundamenturi 
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mecnieruli amocanisaTvis an analitikuri samuSaosTvis araa au-

cilebeli lazerul amgzneb talRis sigrZesTan Zalian axlos mis-

vla, e.i. ramanis mcire sixSireebis miReba, an ar aris Zalian maRali 

garCevisunarianobis miRebis moTxovnileba.  

    ase rom, amJamad raman speqtroskopia teqnikis TvalsazrisiT 

SegviZlia davyoT or ZiriTad nawilad: Cveulebriv, anu dispersiul 

raman speqtroskopiad da furies gardaqmniT speqtroskopiad. dis-

persiuli speqtroskopia ki iyofa sam nawilad: erTmagi speqtro-

metri da holografiuli notC-filtrebis sistema, ormagi monoqro-

matoriani speqtrometri da sammagi monoqromatoriani raman 

speqtrometri. unda aRvniSno, rom holografiuli difraqciuli me-

seris gamoyeneba nebismieri tipis dispersiul sistemaSia SesaZle-

beli, rac garantiaa ufro xarisxiani raman speqtrebis miRebisa. 

garda amisa, speqtrometrebis am gradacias unda daematos da calke 

gamoiyos e.w. mikro raman-speqtroskopia, romelSic raman-

speqtrometrTan SeuRlebulia didi garCevisunarianobis mqone opti-

kuri mikroskopi (ukanasknel periodSi eleqtronulic), rac saSu-

alebas iZleva miviRoT raman speqtrebi myari sxeulis zedapirze 

lazeris sxivis skanirebiT, ramdenime mikronis sivrciTi garCevisu-

narianobiT. TiToeuli zemoTmoyvanili speqtrometris gamoyenebis 

areals gansazRvravs dasmuli amocana da finansuri SesaZlebloba. 

    udidesi progresi ganicada ramanis signalis mimRebebma da 

speqtrebis registraciis sistemebma. ramanis efeqtis aRmoCenis 

pirvel etapze signalis deteqtorad gamoiyeneboda fotofirfita da 

susti intensiobis gabneuli sinaTlis registraciisaTvis saWiro 

iyo eqspozicia, romelic saaTebiT ganisazRvreboda. garda amisa, 

firis xarisxi ar iZleoda metad susti xazebis dafiqsirebis saSu-

alebas, maT intensiobebs gadafaravda firis Savi foni. pirveli 

progresi mdgomareobda fotoregistraciis fotoeleqtruliT 

SecvlaSi. am SemTxvevaSi signalis mimRebad gamoyenebuli iqna 

fotoeleqtronuli gamamamravlebeli feg-i. Seiqmna mravali 

sxvadasxva tipis feg-i. romelTa fotokaTodebi mgrZnobiarea 

speqtris sxvadasxva ubanSi. raman speqtroskopiaSi ZiriTadad 

damkvidrda ori tipis fotokaTodi: mravaltutemetaliani da Jang-
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bad-ceziumiani fotokaTodebi. aqedan pirveli Seucvlelia ramanis 

signalis dasafiqsireblad speqtris axlo ultraiisfersa da 

xilul areSi, xolo meore, ceziumiani fotokaTodiT vafiqsirebT 

ramanis signals Rrma wiTelidan axlo infrawiTel ubanSi. rodesac 

vlaparakobT, rom vafiqsirebT signals speqtris garkveul inter-

valSi, raman speqtroskopiaSi es niSnavs, rom ramanis speqtrebis ag-

zneba warmoebs lazerebiT, romelTa  gamosxivebis talRis sigrZeebi 

am ubnebSia moTavsebuli. amJamad  msoflioSi arsebuli feg-ebi 

speqtralurad mgrZnobiareni arian 300-12000 nm intervalSi. 1,2 mmk-is 

zeviT ufro didi, infrawiTeli talRebisaken arc erT metals an 

maT Senadnobebs ar gaaCnia eleqtronebisaTvis iseTi dabali ga-

mosvlis muSaobis sidide, rom maT igrZnon ufro grZeltalRiani 

gamosxiveba. 1,2 mmk-is zeviT ukve  gamoiyeneba dabal temperaturebze 

momuSave naxevargamtaruli fotowinaaRmdegobebi, magram maTi pa-

rametrebi ver Seedreba feg-ebisas. didad perspeqtiulia naxevargam-

taruli zvavismagvari fotoelementebi, romlebic faqtiurad war-

moadgens myarsxeulovan feg-ebs. samwuxarod, maTma teqnologiam 

jerjerobiT ver miaRwia iseT dones, rom isini masiurad gamovi-

yenoT. amJamad yvelaze perspeqtiuli da saukeTesoa feg-ebi, ro-

melTa kaTodebi da dinodebic damzadebulia naxevargamtaruli ma-

salebisagan. es masalebia ZiriTadad A3B5  tipis naxevargamtarebi 

GaAs, GaP, InP da maT safuZvelze sinTezirebuli Sereuli 

kristalebi: GaAsP, GaInP da sxva. aseTi feg-ebis upiratesoba mdgo-

mareobs imaSi, rom jer erTi, maTi fotokaTodebis kvanturi 

efeqturoba, e.i. eleqtronebis gamosavali, aTeulobiT aRemateba 

Cveulebriv metalkaTodianebisas; meore, aranaklebi upiratesoba 

imaSia, rom naxevargamtaruli kaTodebiani da dinodebiani feg-ebis 

speqtraluri mgrZnobiaroba Tanabaria speqtris sakmaod did inter-

valSi, e.i. es mrudi xasiaTdeba e.w. farTo platoTi. potencialurad 

SesaZlebelia aseTi feg-ebis damzadeba ufro grZeltalRovani in-

frawiTeli gamosxivebis registraciisaTvisac (ukve amzadeben), ma-

gram aseTi feg-ebi msoflio bazarze Zalian Zviria CveulebrivTan 

SedarebiT. Tanamedrove feg-ebs SeuZliaT igrZnon calkeuli 
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fotonebi da moaxdinon maTi registracia fotoeleqtronebis 

daTvlis meTodiT. 

    raman speqtrometri, romelic aRWurvilia mgrZnobiare, spe-

cialurad SerCeuli feg-iT, iTvleba erTarxian xelsawyod da mis 

mier registrirebuli minimaluri signali SemosazRvrulia feg-is 

mgrZnobiarobiT. garda amisa, aseT raman-sistemebSi speqtrebis Caw-

era  warmoebs difraqciuli meseris skanirebiT DdroSi. Tu eqsperi-

mentis amocana moiTxovs speqtris didi monakveTis Caweras, bune-

brivia, skanirebis dro izrdeba da eqsperiments didi dro Wirdeba. 

    amJamad raman speqtrebis registraciisaTvis gamoiyeneba ukve ax-

ali tipis, mravalarxiani mimRebebi, romelTagan yvelaze saukeTeso 

da popularulia CCD deteqtorebi. 

    aRniSnuli deteqtori awarmoebs speqtris didi intervalis didi 

mgrZnobiarobiT erTdroul registracias drois mcire monakveTSi. 

CCD warmoadgens naxevargamtarul xelsawyos, sadac zedapiris  

farTze ganlagebulia mikroeleqtronikuli teqnologiiT damzade-

buli siliciumis patara deteqtorebi, romelTa ricxvi sxvadasxvaa 

da maRali klasis CCD-eebSi igi tolia 1026x256, zogierTSi ki ufro 

meticaa. esaa am deteqtoris Zalian zogadi warmodgena. faqtiurad, 

igi warmoadgens signalis damgrovebels; iseTi warmodgena iqmneba, 

TiTqos erTis magier mravali feg-i afiqsirebs erTdroulad sig-

nals eqspoziciis periodSi. amitom, bunebrivia, misi mgrZnobiaroba 

didadaa gazrdili. garda amisa, SesaZlebelia raman-speqtris didi 

ubnis erTdrouli registracia wamebisa da wuTebis ganmavlobaSi. 

    rodesac raman-sistemebi agebulia CCD deteqtorebis gamoyene-

biT, ukve saWiroa ara speqtrometrebi, saWiroa speqtrografi. yovel 

SemTxvevaSi, sistemis bolo safexuri unda iyos speqtrografi, raTa 

CCD-s mgrZnobiare zedapirs gamosxiveba daeces ara speqtrometris 

viwro gamosasvleli xvrelidan, aramed speqtrografis farTo por-

tidan. amJamad raman-sistemebi, romlebic Sedgeba sxvadasxva talRis 

sigrZis gamosxivebis amgznebi lazerebisagan, erTmagi, ormagi, an 

sammagi speqtrografis, Zlieri optikuri mikroskopis, kriogenuli 

teqnikis, CCD deteqtorisa da kompiuterisagan, romliTac mTeli 
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sistema programulad imarTeba, yvelaze Tanamedrove da didi 

SesaZleblobebis mqone raman-sistemebia. aseT speqtrometrebs awar-

moeben aSS, safrangeTi, inglisi, iaponia da es sistemebi aseul 

aTasobiT dolari Rirs.   

   rac Seexeba amgzneb lazerebs, maT mimarT moTxovnebi, vfiqrob, 

Seicvala. adre, lazeruli raman-speqtroskopiis ganviTarebis 

pirvel etapze, yvela eqsperimentatori cdilobda hqonoda rac 

SeiZleba maRali simZlavris lazerebi, raTa mis xarjze gaezarda 

sistemis mgrZnobiaroba,  mieRo damakmayofilebeli raman-speqtrebi 

da aRmoeCina nivTierebaTa minimaluri koncentracia xsnarebSi an 

mcire raodenobis minarevebi kristalebSi. Tanamedrove etapze, Tu 

Seni raman-sistema SeiaraRebulia CCD-Ti da optomizirebuli 

speqtrometriT, sruliad araa saWiro erTi vatis an meti simZlavris 

monoqromatuli lazeriT aagzno speqtri. am SemTxvevaSi ukve ram-

denime milivatis simZlavris gamosxivebac ki sakmarisia dabali 

koncentraciis xsnarebis kargi xarisxis raman-speqtrebis misaRebad. 
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     Tavi 4. lazeruli raman-sistemebis konstruqciebi, 

          maTi praqtikuli gamoyenebis SesaZleblobebi 

                     da perspeqtivebi        

                        

     nebismieri lazeruli raman-sistema, lazeruli raman-

speqtrometri ZiriTadad Semdegi mTavari nawilisagan Sedgeba: 

amgznebi lazeri; erTmagi, ormagi an sammagi speqtrometri; signalis 

mgrZnobiare mimRebi; gamaZlierebeli da registraciis sistema. am 

kompleqss unda davumatoT gamosakvlevi nimuSis mosaTavsebeli 

mowyobiloba, romelic saSualebas mogvcems SeviswavloT gamo-

sakvlevi nimuSi ramanis gabnevis sxvadasxva konfiguraciuli sqeme-

biT. ramanis speqtrometri garda am ZiriTadi blokebisa, Seicavs 

kidev mraval sxva aqsesuars: optikur, meqanikur, kriogenul da sxva 

blokebsa Tu detalebs.  

 

 

     

  4.1  laboratoriuli tipis lazeruli raman-sistemis 

             konstruqcia speqtris xilul areSi amgznebi 

                         lazerebis gamoyenebiT  

 

    axla warmogidgenT im erTerTi lazeruli raman-sistemis makets 

da mokle aRweras, romelic avawye saqarTveloSi pirvelad da masze 

Sevasrule zogierTi naxevargamtaruli masalis gamokvleva.  

   nax. 4.1-ze warmodgenilia Cvens mier konstruirebuli lazeruli 

raman sistemis sqema. amgzneb wyarod gamoiyeneba argonis, kriptonis, 

helium-neonis, helium-kadmiumis, spilenZis lazerebi. is talRis 

sigrZeebi, romlebiTac xasiaTdeba zemoTCamoTvlili lazerebis ga-

mosxivebebi da romelTac viyeneb raman-speqtrebis asagznebad, moyva-

nilia cxrilSi 1. 

    es lazerebi ZiriTadad standartuli, qarxnuli warmoebisaa. 

amasTan erTad, gagvaCnia agreTve TviTnakeTi, laboratoriuli tipis 
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lazerebic. esenia kriptonisa da argonis lazerebi. Cvens mier kon-

struirebul argonisa da kriptonis lazerebs Semdegi parametrebi 

aqvs: kriptonis lazeris gamosxiveba aris erTmodiani, talRis sigr-

ZeebiT 530.9, 568.2, 647.1nm, integraluri simZlavre daaxloebiT erTi 

vati, vertikaluri polarizaciis gamosxivebiT. argonis lazeri 

xasiaTdeba Semdegi parametrebiT: erTmodiani, gamosxivebis talRis 

sigrZeebiT 457.9, 476.5, 488.0, 496.5, 501.7, 514.5 nm, integraluri 

 
     nax. 4.1  Cvens mier saqarTveloSi pirvelad konstruirebuli 
              lazeruli raman-sistemis zogadi sqema 
 

simZlavre daaxloebiT sami vati, vertikalurad polarizebuli ga-

mosxiveba. konstruirebuli laboratoriuli tipis argonisa da 

kriptonis ionuri lazerebi eqsperimentuli pirobebis ufro farTo  

varirebis saSualebas gvaZlevs. am garemoebas isic uwyobs xels, 

rom konstruirebulia larionovis sqemis maRaldeniani ori gam-

marTvel. isini kvebaven  lazerebis aqtiur elemetsa da magnitur 

solenoids da avtonomiurad muSaoben denis cvlilebis reJimSi. 

    speqtrebis misaRebad viyenebT ormag difraqciul speqtrometrs 

DFS-24, difraqciuli replikebiT 1200St/mm. am mesrebisTvis sinaTlis  

maqsimaluri koncentracia daaxloebiT speqtris yviTel ubanze 

modis; amitom Cvens mier gamoyenebuli lazerebis amgznebi talRis 

sigrZeebidan zogi maTganisTvis raman-speqtrebis misaRebad opti- 
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              cxrili 1  raman-speqtrebis asagznebad Cvens mier 
                     gamoyenebuli lazerebis talRis sigrZeebi 

 

 Lasers Laser Type Wavelenght 

(nm) 

Energy (eV) 

He-Ne gas 632.8 1.958 

Argon ion gas 514.5 

501.7 

496.5 

488.0 

476.5 

457.9 

2.408 

2.469 

2.495 

2.539 

2.600 

2.705 

Cripton ion gas 647.1 

568.2 

530.9 

520.8 

476.2 

1.914 

2.180 

2.33 

2.379 

2.601 

He-Cd gas 441.7 2.805 

Copper metal va-

pour 

510.6 

578.2 

2.428 

2.144 

YAG:Nd solid 1064.0 1.17 

Die solution 540.0-690.0 2.296-1.797 

 

maluri pirobebia, zogisTvis ki kompromisuli situaciaa. yvela 

lazeris amgznebi talRis sigrZisaTvis optimaluri pirobebis Seqm-

nis mizniT konstruirebulia sami sxvadasxva tipis raman speqtro-

metri. speqtrometrebi erTmaneTisagan gansxvavdeba  speqtraluri 

diapazonebiT da sxva optikuri parametrebiT. es saSualebas 

gvaZlevs SevqmnaT raman-speqtrebis agznebisa da registraciis opti-

maluri reJimebi. 

   lazeridan gamosuli gamosxiveba diafragmebis (d), prizmis (pr), in-

terferenciuli filtris (if), sarkeebis (s) da obieqtivis (ob) saSuale-

bebiT iwmindeba lazeris gamosxivebis fonisagan, plazmuri gamosx-

ivebis viwro speqtraluri zolebisagan; formirdeba mkacrad koli-
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mirebuli monoqromatuli gamosxiveba sasurveli mimarTulebiT, gab-

nevis dagegmili konfiguraciis Sesabamisad, da fokusirdeba gamo-

sakvlev naxevargamtarze (n). naxevargamtarSi gabneuli gamosxiveba 

Seikribeba kondensoris (k) saSualebiT da polarizaciis analiza-

toris  (p) DgavliT ecema ormagi monoqromatoris Sesasvlel xvrels 

(xv.1). fotoluminescenciis an ramanis gabnevis signali gamosasvleli 

xvrelidan ecema fotogamamravleblis (fg) kaTods da signalis 

gaZlierebisa da daxarisxebis Semdeg warmoebs fl-is an rg-is 

speqtrebis registracia TviTCamweriT LKS-004. rg-is susti intensio-

bis signalebis aRmoCena da gaZliereba warmoebs ori meTodiT: sin-

qronuli deteqtirebis meTodiT, modulatoris (m) da viwrozoliani 

gamaZliereblis (Lock-in-amplifier Uniphan 232B)-is saSualebiT; anda 

calkeuli fotonis daTvlis meTodiT, romlisTvisac viyenebT ger-

manuli warmoebis radiometrs 20046.  speqtris xilul ubanSi 

vmuSaobT zedmiwevniT kargad SerCeuli parametrebiani feg-iT FEU-79  

an  FEU-136. saWiroebis SemTxvevaSi  FEU-79  kaTods vacivebT daax-

loebiT –1000 C-ze, risTvisac avageT sami sxvadasxva tipis, 

gansxvavebul principebze moqmedi dabaltemperaturuli kriostati. 

aseT kriostatebSi FEU-79  kaTodis gacivebiT mivaRwieT signalTan 

xmauris Sefardebis gazrdas daaxloebiT rvamde, rasac didi 

mniSvneloba aqvs raman-speqtrebis registraciis dros.       

    garda zemoTaRwerili lazeruli raman-speqtrometrisa, avageT 

sxvadasxva tipisa da konstruqciis dabaltemperaturuli krio-

statebi, romlebic saSualebas gvaZlevs naxevargamtarebis fl-is da 

raman-speqtrebi gamovikvlioT azotisa da heliumis teperaturebze, 

rogorc fiqsirebul, aseve temperaturis cvlilebis reJimSi. es op-

tikuri, kompaqturi kriostatebi specialurad SevqmeniT raman-

speqtroskopuli gamokvlevebisaTvis im momentis gaTvaliswinebiT, 

rom rg-is gazomvebis dros amgznebi lazeris sxivis mimarTuleba, 

gamosakvlevi nimuSis – naxevargamtaris kristalografiuli RerZebi 

da gabneuli gamosxivebis Sekrebis kuTxe gazomvis sxvadasxva kon-

figuraciul sqemebSi qmnian gansxvavebul konfiguraciebs. 
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   naxevargamtarebis raman-speqtrebsa da fl-ze erTmxriv mimarTuli 

wnevis gavlenis Seswavlis mizniT Cveni raman-sistemebisaTvis 

SevqmeniT specialuri kriostati, romelic muSaobs azotis tempera-

turaze. 

   garda dabaltemperaturuli kriostatebisa, avageT agreTve 

maRaltemperaturuli kriostatic, romelic saSualebas gvaZlevs 

SeviswavloT naxevargamtarebi 180 C-idan 6000 C-mde. 

   amgvarad, Cvens mier Seqmnili lazeruli raman-sistema saSualebas 

iZleva CavataroT myari sxeulebis (kristaluri, Sereuli myari 

xsnarebi, amorfuli, miniseburi, fxvnilebi, wvrilkristaluri, 

nanokristaluri) farTomasStabiani fundamenturi kvlevebi da anal-

izuri samuSaoebi speqtraluri agznebis uaRresad farTo diapa-

zonSi, erTmxrivmimarTuli daZabulobis gavleniTa da temperatu-

rul intervalSi 100 K-idan 3000  K-mde. es gamokvlevebi SesaZlebelia 

Catardes rogorc moculobiT gamWvirvale kristalebze, aseve Txel 

firebzec. 

    aRwerili sistema saSualebas iZleva SevasruloT kvlevebi da 

analizuri samuSaoebi raman-speqtroskopiaSi siTxeebzec, romliTac 

umetesad dainteresebulni arian qimikosebi, biologebi, farmacev-

tebi, medikosebi, soflis meurnobis muSakebi, ekologebi da a.S.     

   zemoT aRwerili erTerTi lazeruli raman-sistema, romelic 

muSaobs speqtris xilul areSi lazeris agznebiT, warmovadgineT 

zogadad, erTobliobaSi yvela aqsesuarTan. es gavakeTeT im mizniT, 

rom Seiqmnas  srulyofili lazeruli raman-sistemis muSaobis 

saerTo suraTi, raTa SesaZlebeli iyos misi gamoyenebiT ga-

movikvlioT TiTqmis nebismieri nivTierebis fundamenturi fizika-

qimiuri Tvisebebi da vawarmooT analizuri samuSaoebi lazeruli 

raman-speqtroskopiisa da lazeruli fotoluminescenciis meTo-

debiT. 

    axla calk-calke mokled ganvixilavT raman-sistemebis im 

sxvadasva tipebisa da maTi Semadgeneli mniSvnelovani blokebis 

konstruqciebs, romlebic SevqmeniT. garda amisa, SeZlebisdagvarad 

Tanmimdevrulad ganvmartavT, avxsniT da mimovixilavT TiToeuli 
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blokis daniSnulebas, mniSvnelobas, konstruqciebis erTobliv fun-

qcias da maT Tanamedrove analogebs saerTaSoriso bazris mixedviT. 

 

 

   

     4.2  ramanis gabnevisa da fotoluminescenciis asagznebad 

        Cvens mier gamoyenebuli laboratoriuli tipis lazerebis 

            konstruqciebis gamoyenebis zogadi kriteriumebi 

                                         

      ramanis gabnevis meTodologiis ZiriTadi kanonia ramanis in-

tensiobis amgznebi talRis sigrZis meoTxe xarisxTan ukupropor-

ciuloba. e. i. didi intensiobis ramanis gabnevis misaRebad eqsperi-

mentatori unda cdilobdes gamoiyenos, rac SeiZleba mokletalRo-

vani agzneba. am ZiriTadi kanonis praqtikaSi ganxorcieleba mxolod 

survilze araa damyarebuli. survili SemosazRvrulia gamosakvlevi 

obieqtis fizika-qimiuri TvisebebiT, dasmuli amocaniTa da materi-

aluri resursebiT (gansakuTrebiT lazeruli teqnikis momx-

mareblebisaTvis  materialuri resursebi yovelTvis gasaTvalis-

winebelia).    

    rodesac gamosakvlevi obieqti sufTaa, minarevebis gareSe, rom-

lebic ar iwvevs luminescencias, akrZaluli zonis sigane Zalian 

didia an kristali Zalian gamWvirvalea struqturuli defeqtebis 

naklebobis gamo, maSin unda vecadoT, rom lazeris gamosxivebis 

amgznebi kvantebi rac SeiZleba didi energiis iyos da maTi energia 

akrZaluli zonis naxevarze mets uaxlovdebodes. im SemTxvevaSi, Tu 

minarevebis an defeqtebis gamo mokle talRebi iwvevs luminescen-

cias, maSin iZulebulni varT mokletalRovani aRgzneba SevcvaloT 

ufro grZeli talRebis agznebiT. am SemTxvevaSi ramanis gabnevis 

intensioba talRis sigrZis meoTxe xarisxis kanoniT ecema, magram 

samagierod metnaklebad an absoluturad vTavisufldebiT xelis-

SemSleli luminescenciis fonisagan da viRebT sufTa ramanis 

speqtrs. aseTi iyo aqamde ramanis speqtrebis Caweris klasikuri me-

Todologiuri midgoma. amJamad ukanasknel ocwleulSi mkafiod 

Camoyalibda Semdegi meTodologia, romelic myaradaa dakavSire-
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buli lazeruli raman-speqtrometrebis Tanamedrove dayofasTan: 

pirveli, esaa ramanis speqtrebis miReba xiluli speqtris ubanSi 

moTavsebuli talRis sigrZeebis agznebiT; meore, axlo iw-talRis 

sigrZeebiT; bolo Jams didi yuradReba miipyro ultraiisferi ubnis 

talRis sigrZeebiT ramanis gabnevis speqtrebis agznebam. aqac idea 

mdgomareobs luminescenciis ubnidan Tavis daRwevaSi. naTqvamidan 

gamomdinareobs Sedegi, rom ramansa da luminescenciaSi momuSave 

eqsperimentatorma gonivrulad unda dagegmos Tavisi amocanis Sesa-

tyvisi eqsperimenti da gamoiyenos eqserimentuli saSualebebis is 

arsenali, romelic mocemul momentSi Yvelaze metadaa momgebiani. 

    zemoTmoyvanili principebis praqtikaSi gatarebis mizniT ve-

cadeT aRgveWurva Cveni lazeruli laboratoria sxvadasxva talRis 

sigrZeebis lazerebiT. nawili imaTgan, risi SeZenis materialuri 

saSualebac gagvaCnda, qarxnulia, xolo nawili Cvens mieraa kon-

struirebuli. daviwyoT lazeruli raman-speqtroskopiis erTerTi 

mTavari lazerebiT, gazuri argonisa da gazuri kriptonis lazere-

bis Cveni konstruqciebis aRweriT.   

 

 

           4.3  laboratoriuli tipis argonisa da kriptonis  

                  gazis lazerebis Cveneuli konstruqciebi 

 

    keTilSobili ionuri gazebis, argonisa da kriptonis safuZ-

velze moqmed lazerebs konstruqciulad msgavsi saxe aqvT. kvarcis, 

beriliumis an grafitis sxvadasxva konstruqciis kapilaruli, 

daaxloebiT, erTmetriani sigrZis mili, hermetulad Camagrebulia 

gamdinare wyliT gacivebul garsacmSi. aqvea CamontaJebuli maRali 

denis (50 amperi) kaTodi da anodi. kaTodi unda iyos didi koncen-

traciis eleqtronebis wyaro. amis gamo Tanamedrove kaTodebi spe-

cialuri teqnologiebiT damuSavebuli spiralebia da maT ewodebaT 

pirdapiri varvarebis kaTodebi. isini ikvebeba avtonomiurad, daax-

loebiT 6 voltisa da 30 amperis denis wyaros saSualebiT. bune-

brivia, aseTi kaTodi civdeba gamdinare wyliT. anodi warmoadgens 

spiralurad daxveul spilenZis mils, romelic didi denebis gavlis 

 55



gamo agreTve intensiurad civdeba gamdinare wyliT. anodsa da ka-

Tods Soris modebulia Zabva mudmivi denis specialuri gammarT-

velidan. gammarTvelis saSualebiT SegviZlia vcvaloT lazeris 

aqtiuri elementis, milis deni. lazeris mili koaqsialurad mo-

Tavsebulia gaswvrivi magnituri velis solenoidSi. es solenoidi 

ikvebeba Tavisi kvebis wyaroTi, mudmivi denis gammarTveliT. imis 

mixedviT Tu rogori konstruqciisaa lazeris mili, Sesabamisad 

icvleba solenoidis konstruqcia da deniT kvebis wyaros parame-

trebi. Cven gagvaCnia ori tipis konstruqciis aqtiuri elementi: 

erTi, solenoidiT, romelic avtonomiuria milisagan da meore, so-

lenoidiT, romelic pirdapir milis kapilarzea daxveuli. pirvel 

SemTxvevaSi solenoidi SedarebiT wvrili mavTuliT daxveuli koWaa 

didi raodenobis amper-xviebiT, xolo meore SemTxvevaSi erTmili-

metriani spilenZis mavTuliT daxveuli erTi rigis koWaa. amitom 

pirvel SemTxvevaSi kveba moiTxovs daaxloebiT 4-10 volt Zabvas da 

Sesabamisad mcire denebs, xolo meore SemTxvevaSi solenoidis wi-

naaRmdegoba daaxloebiT erTi omia da sasurveli magnituri velis 

misaRwevad saWiroa 40-70 amperi da daaxloebiT 50-60 volti mudmivi 

Zabva. bunebrivia, rom meore tipis solenoidi moiTxovs ufro inten-

siur gacivebas gamdinare wyliT, vidre pirveli tipisa. ekonomiuri 

TvalsazrisiTac gansxvavdeba es solenoidebi erTmaneTisagan, magram 

solenoidis tips karnaxobs mxolod da mxolod lazeris aqtiuri 

elementis konstruqcia. lazeris Semadgeneli da erTerTi prin-

cipuli blokia optikuri rezonatori. igi warmoadgens ori di-

eleqtrikuli sarkis erTobliobas, romelTgan erTi 100% areklvis 

koeficientiT xasiaTdeba da igi lazeris gamosxivebas gareT ar uS-

vebs; meores gaaCnia naklebi areklvis koeficienti da es koefi-

cienti ganisazRvreba im talRis sigrZeze gamosxivebis simZlavris 

optimaluri mniSvnelobiT, romelic gvinda, rom miviRoT. am sarkes 

gamosxivebis gamosasvleli dieleqtrikuli sarke ewodeba. saerTod, 

rac ufro didia lazeruli gadasvlis gaZlierebis koeficienti, 

miT ufro naklebi areklvis koeficientiani sarkis gamoyeneba Seg-

viZlia rezonatorSi, raTa inducirebuli gamosxivebis didi nawili 

rezonatoris gareT gamoviyvanoT. rezonatorebi uamravi tipisaa da 
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maTzea damokidebuli lazeris sxivis parametrebi da xarisxi. cno-

bilia, rom lazeruli raman-speqtroskopiisaTvis lazeris sxivis 

parametrebs da xarisxs gadamwyveti Tu ara, udidesi mniSvneloba 

mainc aqvs. kargi speqtrebis misaRebad saWiroa lazeris sxivi iyos 

erTmodiani, adgili ar hqondes talRis sigrZis xtunaobas da misi 

simZlavre iyos droSi stabiluri.  

    nax. 4.2   naCvenebia Cvens mier agebuli ionizirebul argonsa da 

kriptonze momuSave gazuri lazerebis sqema. 

 

 

 

 

 

 

 

 

 

 

 

 

           

  

         

     nax. 4.2 laboratoriuli tipis argonisa da kriptonis ionuri 
             gazuri lazerebis Cveneuli konstruqciis zogadi sqema    

                  

    (I) da (II) aRniSnavs lazeris aqtiur elementebs, kriptonisa (Laser  

Kr) da argonis (Laser  Ar) gazebiT, Sesabamisad. erT masiur rkinis 

magidaze damontaJebuli gvaqvs am ori lazeris aqtiuri elementebi. 

orive aqtiuri elementi SeerTebulia Cvens mier konstruirebul 

maRali vakuumis sistemasTan (III). sistemas aqvs SesaZlebloba orive 

lazeris milidan erTdroulad an calk-calke gamotumbos haeri da 

daamyaros am milebSi vakuumi 10-6 mm vercxlis wylis svetisa, rode-

sac viyenebT Txevadi azotis CamWers. didi xnis ganmavlobaSi vakuu-
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muri danadgaris muSaobis Sedegad milebSi stabilurad myardeba 

zemoTaRniSnuli vakuumi, ris Semdegac viwyebT lazeris kaTodis 

aqtivacias: kaTods TandaTanobiT vumatebT Zabvas kvebis wyarodan 

da paralelurad vtumbavT milidan haers da kaTodidan gamoyofil 

sibinZures. am proceduras vawarmoebT manam, sanam kaTodis maqsi-

maluri Zabvisas ar mivaRwevT im maqsimalur vakuums, romelic 

gvqonda kaTodis gaxurebamde. amis Semdeg cota xniT am reJims 

SevinarCunebT da Semdeg, lazeris argonis an kriptonis milSi 

mcire  nakadiT, garkveuli doziT SevuSvebT argonis an kriptonis 

gazs, Sesabamisad. vakuums da SeSvebuli keTilSobili gazebis 

dozebs vakontrolebT vakuummetrebiT. gazebis SeSvebis sistema 

orive gazisTvis vakuumur sistemaSi gvaqvs CamontaJebuli. gazebis 

SeSvebis Semdeg aqtiuri elementebis vakuumur onkanebs (Valve) 

gadavketavT da isini mzadaa saTanado Zabvis miwodebis Semdeg 

daiwyon funqcionireba. 

    ionuri lazerebi keTilSobil gazebze did energodanaxarjebs 

moiTxovs. es ganpirobebulia aqtiuri elementis denebis didi 

simkvriviT: erTi metri sigrZis lazeris milSi, kapilaris dia-

metriT 4 mm, daaxloebiT oTxi vatis simZlavris gamosxivebis mis-

aRebad gvWirdeba kapilarSi gavataroT 50 amperi mudmivi deni. aseT 

reJimSi milze ecema daaxloebiT 300 volti Zabva, xolo mudmivi 

denis gammarTveli am dros mTlianad gamoimuSavebs 520 volt uqmi 

svlis Zabvas. danarCeni Zabva ecema balastur winaaRmdegobebze, 

romliTac vawarmoebT lazeris milis denis regulirebas. 

    nax. 4.2-ze  Cvens mier konstruirebuli mudmivi denis gammarT-

veli, romelic kvebavs lazeris mils, aRniSnulia (IV)-iT. es gam-

marTveli agebulia larionovis sqemis safuZvelze, eqvsi mZlavri 

siliciumis diodis gamoyenebiT. aseTi sqema denis nakleb pulsacias 

iZleva da amitom lazeris gamosxivebis simZlavre SedarebiT sta-

biluria. ufro meti stabilurobisaTvis, rodesac saWiroa, viyenebT 

mZlavr (LC) filtrs. milis denis regulaciisaTvis avageT mZlavri 

balasturi winaaRmdegobaTa bloki (V) da maT gaciebas vawarmoebT 

gamdinare wyliT. magnituri solenoidis (Solenoid) kvebisaTvis avageT 

meore mZlavri gammarTveli (VI). igi ikvebeba samfaza cvladi Zabvis 
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damadablebeli transformatoridan (VIII) da solenoidis magnituri 

velis regulacias vawarmoebT gammarTvelis denis varirebiT. vari-

rebas vawarmoebT an balasturi winaaRmdegobebis an samfaza 

regulirebadi avtotransformatoriT (VII). solenoidis magnituri 

veli kumSavs kapilaris ionur dens, zrdis mis simkvrives da Sesa-

bamisad izrdeba gamosuli gamosxivebis simZlavre. garda amisa, so-

lenoidis magnituri veli kapilaris ionuri svetis SekumSvisas 

aSorebs am svets kapilaris kedlebidan da amiT sagrZnoblad uS-

lis xels Cqari eleqtronebis mier kapilaris kedlis bombardire-

bas. amiT vicavT lazeris mils swrafi degradaciisagan. ase rom, 

lazeris milis regulireba SegviZlia rogorc mTavari gammarT-

velis balasturi winaaRmdegobebis, aseve solenoidis magnituri 

velis cvlilebebiT.  

    nax. 4.2-ze moyvanilia lazeris kaTodis (K) avtonomiuri kvebis 

bloki, romelic Sedgeba cvalebadi Zabvis damadablebeli trans-

formatorisa (X) da regulirebadi avtotransformatorisagan (IX). 

lazerebis anodi aRniSnulia (An)-iT. 

    lazeris milis kapilars impulsuri transformatoris blokis 

saSualebiT miewodeba maRali Zabvis pirveladi impulsi aqtiuri 

argonis an kriptonis gazis svetis Tavdapirveli maRali winaaRmde-

gobis gasarRvevad da plazmis warmosaqmnelad. es bloki nax. 4.2-ze 

araa moyvanili. 

    nax. 4.2-ze (rc)-Ti aRniSnulia keramikuli da qarsis kondensa-

torebis ori identuri bloki, romlebic mierTebulia magnituri 

solenoidis boloebsa da miwas Soris. es blokebi gankuTvnilia 

solenoidis mudmivi deniT kvebis wyaros gammarTvelis dasacavad, 

raTa igi ar daazianos maRali Zabvis garRvevis impulsma. 

    Cvens mier konstruirebuli maRali vakuumis sistemis danadgari, 

argonisa da kriptonis gazis dozirebuli SeSvebis blokiT nax. 4.2–

ze aRniSnulia (III)-iT. garda zemoTaRwerili blokebisa, Cvens mier 

konstruirebuli argonisa da kriptonis lazerebi Sedgeba agreTve 

sxvadasxva daniSnulebisa da funqciis releebis, magnituri gamSve-

bebisa (P)P da avtomatebisagan (A). maTi daniSnulebaa didi warmado-

bis gamacivebeli agentis, wylis Sewyvetis an Semcirebis SemTxvevaSi 
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maRali Zabvis avtomaturi gamorTva, avariis an sxva gansakuTrebul 

SemTxvevebSi maRali Zabvis avtomaturi gamorTva. denis gamzomi am-

permetrebi sqemaze aRniSnulia (a)-Ti.        

    nax. 4.2–ze (M)-iT aRniSnulia lazeris ori rezonatoruli di-

eleqtrikuli sarke. erTmetriani lazeris milis SemTxvevaSi erT-

modiani gamosxivebis misaRebad Cven viyenebT konfokalur rezona-

tors. rezonatoris erTi sarke, 100% areklvis koeficientiT, aris 5 

metris simrudis radiusiT, xolo meore, gamosxivebis gamomSvebi 

sarke radiusis gareSea, brtyelia. am sarkis areklvis koeficienti 

argonis lazerisaTvis, romelic xiluli speqtris lurj-mwvane 

ubanSi asxivebs, am speqtris Sua nawilSi daaxloebiT 92-96%-ia. 

kriptonis lazerisaTvis ki gamomSvebi sarkis areklvis koeficien-

tia 96-97.5%, radganac kriptonis lazeris gamosxiveba ZiriTadad 

koncentrirebulia speqtris wiTel ubanSi, sadac speqtraluri 

gadasvlebis gaZlierebis koeficienti dabalia. amitom rezonatoris 

vargisianobis asamaRleblad saWiroa gamosasvleli sarke iyos 

dasaSvebi normebis farglebSi rac SeiZleba maRali areklvis koe-

ficientiT. kriptonis lazeris gamosxivebis sxva talRebisaTvis, ma-

galiTad, yviTeli speqtraluri xazisaTvis, 586.2 nm, lazeruli 

efeqtis gaZlierebis koeficienti imdenad Zlieria, rom rezona-

toris vargisianoba sakmaod maRalia gamosasvleli sarkis areklvis 

koeficientis did intervalSi, daaxloebiT 88-95%.  

     praqtikulad, Cveni TviTnakeTi lazerebis konstruqciebi eq-

sperimentuli SesaZleblobebis did arCevans gvaZlevs: SegviZlia 

survilis, dasaxuli amocanisa da miznis miaRwevad SevarCioT da 

ganvaxorcieloT is optimaluri arCevani, rac yvelaze ukeT Seesa-

bameba gadasaWrel problemas. rezonatoris konstruqciuli arCevani 

ki TiTqmis yvelanairi gagvaCnia: SegviZlia avagoT lazerebi Siga 

sarkeeebiT, rac didi simZlavrisa da sarkeebis didi sicocxlisu-

narianobis garantiaa, magram samagierod gamosxiveba ar iqneba mkac-

rad polarizebuli; SegviZlia erTerTi sarke, rogorc wesi, 100%-

iani, SevcvaloT litrovis prizma-dieleqtikuli sarkiT. am 

SemTxvevaSi ukve gamosuli gamosxiveba polarizebuli iqneba erT 

sibrtyeSi. ramdenadac Siga sarkeebi kargia didi simZlavreebis 
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miRebis TvalsazrisiT (am SemTxvevaSi briusteris fanjrebi laze-

ris milze ar arsebobs da maTze optikuri danakargebic aRaraa), am-

denad isini Zalian mouxerxebelia speqtraluri diapazonis Secvlis 

an sxva mizniT operatiulad Sesacvlelad: saWiro xdeba lazeris 

milis hermetulobis darRveva da Semdgom didi sirTulis teqnolo-

giuri operaciebis Catareba.  

    Cven ufro xSirad viyenebT gare rezonatorebs isini lazerebis 

SesaZleblobebis varirebis ufro operatiul saSualebebs gvaZlevs, 

rac dasaxuli eqsperimentebis ufro swrafad ganxorcielebis ga-

rantiaa. gare rezonatoris sarkeebi meqanikurad magrdeba specialur 

samkoordinatul optikur samagrSi. am samagrebis saSualebiT Seg-

viZlia Zalian faqizad da zustad ganvaxorcieloT rezonatoruli 

sarkeebis iustireba; aseve, survilisamebr, eqsperimentis nebismier 

stadiaze lazeris sxva blokebTan kontaqtisa da maTi funqciis 

darRvevis gareSe SegviZlia rezonatoris sarkeebis Secvla. rezona-

toris sarkeebis Secvlas gvkarnaxobs dasmuli eqsperimentuli 

problema. magaliTad, miyenia rezonatoris iseTi sarkeebi, romlebic 

argonis lazerisaTvis ise maqvs SerCeuli optikuri speqtro-

fotometris gamoyenebiT, rom gamosxivebaSi iyos argonis lazeri-

saTvis damaxasiaTebeli yvela talRa: 456.5. 476.9, 497.9, 488.0. 496.5, 

501.7, 514.5 nm. radganac rezonatoris orive sarke dieleqtrikulia, 

amitom am talRebze gamosxivebuli lazeris simZlavreebi ar iqneba 

optimaluri yvelasaTvis. rogorc cnobilia, argonis lazeris Ziri-

Tadi talRebia 488.0 da 514.5 nm, romlebzedac nawildeba lazeris 

mTeli gamosxivebuli simZlavris daaxloebiT 80%. es gamowveulia 

am talRis sigrZeebze argonis ionis speqtralur gadasvlebze in-

ducirebuli gamosxivebis didi gaZlierebis koeficientiT. amitom am 

ubanSi sarkeebis optimizacia araa imdenad mniSvnelovani, gansa-

kuTrebiT 488.0 nm-isaTvis, romlis lazeruli efeqti lazeris mcire 

denebisas 514.5 nm gadasvlaze ufro didia. am msjelobidan gamomdi-

nareobs, rom Tu ramanis gabnevis an fotoluminescenciis Cveni eq-

sperimenti iTxovs, vTqvaT, 457.9 nm talRis sigrZis gamoyenebas, ro-

melic gamosxivdeba ionebis im speqtroskopuli gadasvlidan, ro-

melzedac gaZliereba mizerulia, ukve saWiro xdeba rezonatoris 
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vargisianoba maqsimumamde aviyvanoT. am mizniT optikuri 

speqtroskopiiT testirebuli sarkeebi mzada gvaqvs da amocanis 

moTxovnis mixedviT SevcvliT. aseTi midgoma saerToa Cvens mier 

konstruirebuli yvela laboratoriuli tipis lazerisadmi.  

    am Tavis bolos detalurad Sevafaseb Cems mier konstruirebuli 

lazeruli sistemebis yvela dadebiT da uaryofiT mxares, magram aq 

mokled davZen, rom eqsperimentis mimarTulebaTa cvlis aseTi op-

eratiuloba udaod didi upiratesobaa Cemi konstruqciebisa, rasac 

verc erTi firmis mier warmoebuli lazeruli sistema ver daiCemebs 

uzomod didi fasebis miuxedavad.   

    Cemi lazeruli sistemebis arsenalSi sakmaod didi adgili 

uWiravs qarxnuli tipis lazerebs da Cemi gemovnebiT gadakeTebul, 

modernizirebul da aRdgenil qarxnuli tipis lazerebs. es ukanask-

nelni ganaxlebulni da sicocxlisunarinobadabrunebulni arian 

zemoTaRwerili Cemi konstruqciebis principTa wyalobiT. albaT, 

msoflios verc erT laboratoriaSi ver naxavT 30 wlis winaT nayid 

gazuri argonis an kriptonis lazers muSa mdgomareobaSi (Tanac 

sabWoTa warmoebisas), miTumetes, aRdgenils da modernizebuls. im 

periodis ionizirebuli keTilSobili gazebis lazerebis 

sicocxlisunarianobis xangrZlioba 500 saaTs ar aRemateboda da 

praqtikulad am resurssac ver aRwevdnen.     

 

 

 

     4.4   infrawiTeli lazeruli raman-speqtrometris ramanis 

        speqtrebis amgznebi iw-lazeri Zowis kristalze, YAG:Nd+ 

 

    rogorc SesavalSi mogaxseneT, yofil sabWoTa kavSirSi pirveli  

iw-lazeruli raman speqtrometri iw-lazeriT Zowis kristalze 

YAG:Nd+, me avage moskovis ФИАН-Si akademikos a. m. proxorovis la-

boratoriasTan TanamSromlobiT.  

    iw-raman speqtrometrze mogvianebiT vilaparakebT, amjerad ki 

Sevexebi mxolod mis erTerT mTavar bloks, iw-lazers YAG:Nd+, 
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       pirveli lazeruli kristalebi  YAG:Nd+, romlebic yofil sab-

WoTa kavSirSi gazardes 1965-70 ww. akademikos proxorovis labora-

toriaSi akademikos osikos xelmZRvanelobiT da kristalografiis 

institutSi profesor bagdasarovis laboratoriaSi misi 

xelmZRvanelobiT, warmoadgendnen mcire gabaritebisa da arasruly-

ofil lazerul kristalebs. me momiwia aseTi kristalebis safuZ-

velze ФИАН-Si Semeqmna yofil sabWoTa kavSirSi pirveli iw-

lazeruli raman-sistema (iw-lazeruli raman-speqtrometri) da am 

speqtrometris gamoyenebiT Camewera viwrozoliani naxevargamtarebis 

GaAs, InP, CdTe ramanis gabnevis pirveli speqtrebi  YAG:Nd+-is agzne-

biT. es problema maSin udides sirTuleebTan iyo dakavSirebuli: ar 

iyo mgrZnobiare signalis deteqtorebi, Zalian Zneli iyo saTanado 

optimizirebuli optikuri sistemis awyoba. rac mTavaria, lazeruli 

kristalebi iyo Zalian dabali xarisxis. im periodSi Zalian bevri 

sxvadsxva warmoSobis lazeruli kristali gamovcade da TiTqmis 

yvelas, umetesobas mainc, gaaCnda daaxloebiT 50% talRis sigrZis 

xtunaobis koeficienti. es ki ramanis gabnevis speqtrebis miRebaSi 

erTerTi mTavari damabrkolebeli faqtoria.  

    70-iani wlebis Semdeg situacia Seicvala: daxurul insti-

tutebSi gazardes umaRlesi xarisxis YAG:Nd+-is lazeruli 

kristalebi da maT safuZvelze ukve TbilisSi, araorganuli qimiisa 

da eleqtroqimiis institutSi saqarTveloSi pirvelad Sevqmeni 

pirveli lazeruli iw-raman-sistema iw-lazeris YAG:Nd+-is agznebiT.    

     yvela lazeris zogadi sqema TiTqmis erTnairia: aqtiuri ele-

menti, romelic SeiZleba iyos sxvadasxva fizika-qimiuri Tvisebebis 

matarebeli nivTierebiT avsebuli (gazi, metali, a. S.) minis kapila-

ruli an arakapilaruli mili,  sxvadasxva tipis naxevargamtaruli 

masalebi, ionur kristalebSi Canergili F centrebi, saRebavebi, 

myarsxeulovani lazeruli kristalebi. Semdegi blokia aqtiuri 

elementis amgznebi sistema, kvebis wyaro, romelic sxvadasxva tipis 

lazerisaTvis, rasakvirvelia, sxvadasxvaa da gansxvavebulia. mesame 

bloki, pirveli amgznebi impulsis momcemi blokia da bolo, meoTxe 
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bloki optikuri rezonatoria.  aq ar vasaxeleb avtomatikasa da 

sxvadasxva aqsesuarebs. 

    aq ar vexebi impulsur lazerebs, radganac aq gamoyenebuli  

lazerebi TiTqmis yvela uwyveti moqmedebisaa, ori gamonaklisis 

garda: azotisa da spilenZis lazeris garda. es ori kvaziimpul-

suria. amaTgan spilenZis lazeris impulsebis ganmeorebis sixSire 

imdenad didia, 10-12 khc, rom am lazeris gamoyenebis SemTxvevaSi, 

signalebis registracias vawarmoebT imave eleqtronikiT, romleb-

sac viyenebT sxva uwyveti moqmedebis lazerebisaTvis. am SemTxvevaSi 

mgrZnobiarobis danakargebi didi ar aris., speqtraluri zolis 

formis analizs ki am SemTxvevaSi ar vawarmoebT. 

      YAG:Nd+-is Cveni konstruqcia moyvanilia nax. 4.3–ze. aq (I) aRniS-

navs lazeruli kristalis bloks, xolo (M)-optikuri rezonatoris 

dieleqtrikul sarkeebs. lazeruli kristalis  YAG:Nd+-is bloki 

Cven ramdenime tipisa da konstruqciis gvaqvs, magram aq ganvixilavT 

erTs, romelsac axla viyenebT. metalis bloki warmoadgens 

metalisagan damzadebul garss, romelic civdeba didi warmadobis 

gamdinare wyliT. garsis elifsuri fokusis erT centrSi moTavse-

bulia aqtiuri lazeruli kristali (YAG:Nd+), romlis zomaa 12x5 

mm. meore fokusSi moTavsebulia lazeruli kristalis amgznebi, 

kriptonis gazis kapilaruli naTura (Dkrfv 5000), romlis aqtiuri 

zonis sigrZe lazeruli kristalis zomas emTxveva. orive, kristali 

da naTura, moTavsebulia specialuri minis optikur blokSi, ro-

melic optikuri filtris rols asrulebs da Wris parazitul ul-

traiisfer gamosxivebas, raTa zedmetad ar gaaxuros lazeruli 

kristali da speqtris mxolod im ubniT aRagznos Nd-is ionebi, 

romlebic maqsimalurad efeqturad iwvevs inversiul efeqts 1.06 mkm 

gamosxivebis misaRebad. 
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      nax. 4.3 laboratoriuli tipis myarsxeulovani iw-lazeris  
                 YAG:Nd  Cveneuli konstruqciis zogadi sqema 
                    

    lazerul kristalSi inversiuli mdgomareobis Sesaqmnelad, 

rogorc zemoT aRvniSneT, viyenebT kapilarul kriptonis gazis 

naTuras Дкртв-5000, romlis simZlavre 5 kvt.-ia. aseTi maRali 

simZlavris gamoyofisas metad mniSvnelovania gacivebis problema, 

raTa ar daiwvas lazeruli kristali da naTura. am mizniT avageT 

lokaluri, Caketili konturis gacivebis sistema, romlis blokic 

nax. 4.3-ze aRniSnulia (II)-iT. es sistema Sedgeba uJangavi foladis 15 

litriani bakisagan, wylis saqaCi pompisagan, avtomatikisagan, ro-

melic naTuraze miwodebul kvebas momentalurad TiSavs Tu wyali 

Sewyda an saWiro wnevaze dabla daeca. bakSi Casxmuli gvaqvs dis-
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tilirebuli sufTa wyali, romelic tumboTi miewodeba da acivebs 

lazerul kristals da naTuras. distilirebuli wylis gamoyeneba 

Zlier amcirebs kristalsa da naTuraze naleqis gamoyofas, rac Ta-

vis mxriv, amcirebs simZlavris stabilurobas. maSin, rodesac 

kristali da naTura moTavsebulia minis filtris blokSi, dis-

tilirebuli wyali sufTaa. rodesac Cven gadavdivarT meore tipis 

lazeruli blokis gamoyenebaze, sadac minis optikuri bloki araa 

konstruqciulad gaTvaliswinebuli, maSin gacivebis agentSi, dis-

tilirebul wyalSi, garkveuli proporciiT vxsniT qromis marils, 

romelic optikuri filtris rols asrulebs. gvaqvs mesame tipis 

blokic, sadac optikuri filtris rols asrulebs blokisa da 

aqtiuri lazeruli kristalis Sesabamisi diametrisa da kedlis 

sisqis kvarcis mili, romelic Seicavs Er-is minarevs.  

    Caketili konturis sistemis distilirebuli wyali Tavis mxriv 

intensiurad civdeba magistraluri gamdinare wyliT. 

    kriptonis naTuris kvebisaTvis larionovis sqemiT 6 mZlavr 

siliciumis diodze avageT mudmivi denis gammarTveli (V), romlis 

uqmi svlis Zabvaa 200 volti. naTuris mudmiv dens varegulirebT 

samfaza avto transformatoriT (IV) an balasturi winaaRmdegobebis 

specialurad konstruirebuli blokiT (bloki sqemaze araa naCve-

nebi). es bloki intensiurad civdeba magistraluri gamdinare wyliT. 

mudmivi denis kvebis bloki aRniSnulia V-iT. samfaza 380 voltian 

qselsa da avtotransformators Soris moTavsebulia Zabvis dama- 

dablebeli mZlavri samfaza transformatori (380V : 160V), aR-

niSnuli sqemaze (III)-iT. gamarTuli mudmivi denis arastabilurobisa 

da pulsaciis Semcirebis mizniT sqemaSi CarTulia mZlavri 

reaqtiuli filtri (LC). 

   (Imp)-iT nax. 4.3-ze aRniSnulia maRali Zabvis impulsuri trans-

formatoris bloki, romliTac naTuris anods miewodeba misi wi-

naaRmdegobis gamrRvevi sawyisi impulsi 2000-5000 kvt-is farglebSi. 

impulsuri transformatori davaxvieT didi diametris, 200 mm-is 

feritul rgolze, xviebis SefardebiT 1:10. am transformatoris kve-

bisaTvis Zabis gamravlebis sqemiT   davamontaJeT Zabvis gamamravle-

beli bloki (IX). 
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    gazuri lazeris kvebis sistemisagan myar sxeulze momuSave 

lazeris kvebis wyaros konstruqcia gansxvavdeba imiT, rom mas 

sWirdeba e. w. morige rkalis kvebis bloki. am blokis daniSnulebaa, 

rom, rodesac kriptonis naTuris winaaRmdegoba impulsuri agznebiT 

gavarRvieT da igi ainTo, misi naTeba SevinarCunoT daaxloebiT 

erTi wuTiT, sanam naTuras ZiriTad kvebis wyaros mivuerTebdeT. am 

periodSi avtomaturi orpolaruli gadamrTveliT naTuris kvebas 

gadavaerTebT mudmivi denis gammarTvelze V, xolo morige rkalis 

kveba ki avtomaturad gamoirTveba. amis Semdeg lazeri iwyebs sta-

bilur muSaobas. morige rkalis sistema ramdenime blokisagan 

Sedgeba da nax. 4.3–ze aRniSnulia: orfaza avtotransformatori (VI), 

amamaRlebeli transformatori (220V : 1000V) (VII), bogiruli sqemiT 

awyobili mudmivi denis gammarTveli (VIII) da saindikacio da fil-

traciis bloki (a, V, rc). 

    lazeris kriptonis naTuris dens vcvliT 8 amperidan 32 am-

peramde. 8 amperi is zRvruli denia, rodesac kriptonis naTura sta-

bilurad anTia da generirebuli gamosxivebis simZlavres zRvruli 

mniSvneloba gaaCnia. 32 amperi ki is maqsimaluri denia, romelsac 

naTura uZlebs da stabilurad muSaobs. am dros gamomuSavebuli  

lazeris generaciis simZlavre maqsimaluria da igi udris daaxloe-

biT 12 vats Tu optikuri rezonatori iseTi sarkeebiT gvaqvs dakom-

pleqtebuli, rom miviRoT erTmodiani gamosxiveba. rodesac rezona-

tors avawyobT iseTi dieleqtrikuli sarkeebiT, rom miviRoT mra-

valmodiani gamosxiveba 1.06 mkm-ze, maSin Sesabamisad gamosxivebuli 

simZlavrec izrdeba. moduri struqturis arCevani, kerZod, erTmo-

dianis miReba winaswar SezRudulia aqtiuri kristalis diametriT. 

es kristali, romelzedac agebuli gvaqvs speqtroskopuli YAG:Nd+ 

lazeri, specialurad erTmodiani kristalia, rac ganpirobebulia 

misi mcire diametriT da didi sigrZiT. rezonatoris saSualebiT ki 

SegviZlia damatebiT miviRoT gamosxivebis mravalmodiani stru-

qtura. Tu piriqiT gvinda, didi diametris, igive sigrZis 

kristalisagan, romelic ukve mravalmodian kristalad iTvleba, 

mxolod rezonatoris SerCeviT erTmodian gamosxivebas ver 

miviRebT, Tu ar davayeneT rezonatoris SigniT kristalis diamet-
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ris Semamcirebeli diafragma. es ki Tavis mxriv, gamoiwvevs gamosx-

ivebuli simZlavris Semcirebas. 

    dasasruls, minda aRvniSno, rom rezonatoris stabilurobisaT-

vis rezonatoris orive sarke ganmxoloebulia lazeris kristalisa 

da kriptonis naTuris blokisagan, raTa rezonators SeZlebisdag-

varad SevumciroT sxvadasxva mizezebiT warmoSobili vibraciebi da 

gamosxivebis struqtura SeZlebis farglebSi iyos sufTa erTmo-

diani. kidev erTxel minda xazi gavusva, rom raman-speqtroskopiaSi 

xarisxiani raman-speqtrebis miRebisaTvis da kidev sxva problemebis 

gadsawyvetad, principulia gamosxivebis erTmodiani struqtura da 

talRis sigrZis stabiluroba. es ori ZiriTadi principi aq aRweril 

lazerul konstruqciebSi arsebuli saSualebebis farglebSi maqsi-

maluradaa daculi.      

 

 

          

          4.5  laboratoriuli tipis infrawiTeli lazeruli  

              raman-sistema Seqmnili saqarTveloSi pirvelad                  

 

    riTi gansxvavdeba Cvens mier konstruirebuli iw-lazeruli ra-

man-sistema adre aRwerili xiluli raman-sistemisagan. swori war-

modgenisaTvis minda ganvmarto, rom Cvens mier konstruirebulia 

sami raman-sistema: ori xiluli da erTi infrawiTeli. xiluli ori 

sistema  erTmaneTisagan monoqromatorebze dayenebuli difraqciuli 

mesrebiTY gansxvavdeba: TiToeul monoqromatorze iseTi optikuri 

parametrebis difraqciuli mesrebia dayenebuli, romlebic TavianTi 

speqtraluri diapazoniTa da sinaTlis maqsimaluri koncentraciiT 

optimaluria amgznebi lazerebis talRis sigrZeebis mimarT. gan-

vmartoT es formulireba. magaliTad, rodesac gvaqvs romelime or-

magi speqtrometri, mas gaaCnia talRis sigrZeTa cvlis garkveuli 

intervali, romelsac ganapirobebs masze dayenebuli ori di-

fraqciuli meseris erToblioba. garda am parametrisa, difraqciuli 

meseris Strixis profili gansazRvravs speqtraluri ubnis im in-

tervals, sadac maqsimaluria difragirebuli sinaTlis intensioba. 
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ramanis speqtri warmoadgens amgznebi lazeris sixSirisa da stoqsis 

an antistoqsis satelitebis sxvaobaTa erTobliobebs. es sxvaobebi 

infrawiTeli sixSireebia, romlebic qimiuri nivTierebis Se-

madgeneli molekulebis rxevaTa dinamikas axasiTebs. yvelaze didi 

sixSire, daaxloebiT, 3800 sm-1 gaaCnia O-H funqcionalur jgufs. sxva 

ZiriTadi funqcionaluri jgufebis sixSireebi, magaliTad, C-H, N-H,, 

C=S, S-H, C-O, C-C da a. S., ufro dabal sixSireebze fiqsirdeba. ami-

tom yvela qimiuri funqcionaluri jgufis registraciisaTvis iseTi 

difraqciuli meseri unda davayenoT ormag speqtrometrze, rom 

speqtralurma ubanma gadafaros diapazoni –5000 sm-1-idan  +5000 sm-1-

mde. aseT SemTxvevaSi davafiqsirebT yvela funqcionaluri jgufis 

rogorc stoqsis ramanis satelitebs, aseve antistoqsisasac. praqti-

kaSi weren ZiriTadad mxolod stoqsis speqtrebs. e. i. gvWirdeba 

diapazoni 0-idan 5000 sm-1-mde. dasawyisSi, Teoriul nawilSi, deta-

lurad ganvixileT ramanis sixSireTa angariSis detalebi. maT sa-

fuZvelze davrwmundebiT, rom 5000 sm-1 sakmaod didi intervalia da 

Tu gvinda ramdenime sxvadasxva talRis sigrZis lazeris gamoyeneba 

amgzneb wyarod, erTi meseriT am diapazonis gadafarva Znelia, 

radganac Strixis profili amis saSualebas ar iZleva: gabneuli si-

naTlis maqsimaluri koncentracia erTi profilis StrixiT sakmaod 

viwro speqtralur ubanSi xdeba. speqtroskopiaSi miRebulia, rom 

areklviTi difraqciuli meseris areklvis koeficientis maqsimumi 

80%-ze meti ver iqneba (aluminis danafaris SemTxvevaSi), Tugind 

misi zedapiri specialuri teqnologiiT iyos damuSavebuli; am 

maqsimumis areklvis koeficienti speqtris orive mxares  ar unda 

iyos 30%-ze naklebi mainc, raTa aseTi speqtrometri gamoviyenoT 

lazerul raman-speqtroskopiaSi normaluri intensiobis raman-

speqtrebis Casawerad. 

    zemoT moyvanil speqtroskopul Teoriul debulebaTa safuZ-

velze, imisaTvis, rom efeqturad gamoviyenoT Cvens mier raman-

speqtrebis asagznebad gamiznuli yvela lazeris gamosxivebis 

sxvadasxva talRis sigrZeebi, (cxrili 1), avageT sami sxvadasxva op-

tikuri maxasiaTeblis mqone lazeruli raman-sistema. TiToeuli es 

sistema gamiznulia garkveuli jgufis lazerebTan erTobliobaSi 
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samuSaod ise, rom ar SevcvaloT ormagi monoqromatorebis di-

fraqciul meserTa blokebi. aseTi meTodi, rasakvirvelia, ufro 

Zviri siamovnebaa da Sromatevadia, magram samagierod lazeruli 

sistemis parametrebi ufro stabiluria da Tavad sistema ufro 

farTo diapazonis eqsperimentul saSualebebs gvaZlevs. 

speqtraluri diapazonis efeqturad varireba sxva meTodiTacaa 

SesaZlebeli, magaliTad, erT speqtrometrSi difraqciuli mesrebis 

blokebis cvlilebiT. es gacilebiT iafia, gansakuTrebiT, Zvirad 

Rirebuli saRvargareTis firmebis mier warmoebuli standartuli 

raman-sistemebisaTvis, magram araa iseTi radikaluri, rogoric 

SesaZlebelia Cveni laboratoriuli tipis raman-sistemebis gamoyene-

biT. 

    es moTxovnebi gansakuTrebiT mkacria infrawiTeli raman-

speqtrometrebisaTvis. rogorc viciT (amaze adrec gvqonda 

yuradReba gamaxvilebuli), ramanis gabneva intensiobiT metad susti 

efeqtia. amitom, misi registrirebisaTvis, gansakuTrebiT, iw aRgzne-

biT, aucilebelia sistemis yvela blokis optimizacia.  

    iw-speqtrometri avageT Semdegi blokebiT: zemoTaRwerili iw-

speqtroskopiuli lazeriT YAG:Nd+, gamosxivebiT 1.06 mkm; ormagi 

speqtrometriT DFS-12, difraqciuli meseriT 300 St/mm. am meseris 

Strixebis profili isea moWrili, rom maT mier koncentrirebuli 

gabneuli sinaTlis intensiobis maqsimumi moTavsebulia daaxloebiT 

2 mkm-is maxloblobaSi. es SesaniSnavi pirobaa YAG:Nd+ lazeris ga-

mosxivebiT stoqsis raman-gabnevis speqtrebis Casawerad. mxolod 

difraqciuli meseris optimizacia araa sakmarisi iw-ramanis 

speqtrometris funqcionirebisaTvis. adre Cven ramdenimejer gavus-

viT xazi ramanis gabnevis mTavar princips – gabnevis intensiobis 

amgznebi sixSiris me-4 xarisxTan proporciulobas. es principi 

gvavaldebulebs gamoviyenoT amgznebi iw-lazeris didi simZlavreebi 

(rasac Cvens mier konstruirebuli iw-lazeri mTlianad uzrunvely-

ofs); susti signalis dasafiqsireblad gamoviyeneT axlo in-

frawiTeli ubnis, 1.06 mkm maxloblobaSi maqsimalurad mgrZnobiare 

deteqtori. deteqtoris problema iw-raman-speqtrometrisaTvis yve-
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laze mTavari da gadamwyvetia. ganvisiloT amitom es sakiTxi ufro 

dawvrilebiT. 

    axlo iw-ubani 1-2.5 mkm susti signalebis dafiqsirebis Tvalsaz-

risiT rTulia. es ganpirobebulia im mizeziT, rom 1..2 mkm-is Semdeg 

yvelaze mgrZnobiare deteqtorebis, fotogamamravleblebis mgrZno-

biaroba mkveTrad ecema da maTi klasikuri, metalis kaTodebi am 

speqtralur ubanSi oTaxis temperaturaze TiTqmis veRar afiqsire-

ben sust optikur signalebs. rac Seexeba sxva tipis, naxevargamta-

rul (fotowinaaRmdegobebi, fotodiodebi) deteqtorebs, isini nak-

lebefeqturia. am problemis gadaWra raRac doneze SeiZleba 

mxolod feg-s kaTodis gaciebiT. optimaluri gaciebisas mkveTrad 

mcirdeba feg-s xmauris mTavari komponenti, sibnelis deni, da ami-

tom am reJimSi feg-s SeuZlia im raman-signalebis dafiqsireba, rom-

lebsac oTaxis temperaturaze ver grZnobs.  am mizniT avageT sami 

kriogenuli, specialuri konstruqciis kriostati, romlebic erT-

maneTisagan gansxvavdeba feg-s kaTodis gaciebis sxvadasxva prin-

cipiT. 

    pirveli kriostatis moqmedebis principia feg-is kaTodis mWidro 

kontaqti kriostatis sicivis gamtar spilenZis blokTan. sicivis 

gadatanis gasaZliereblad viyenebT vakuumur sacxs spilenZis 

bloksa da feg-is kaTodis minis kolbis nawils Soris. kriostatis 

moculobaSi maRali vakuumis 10-5 mm v. w. s. damyarebis Semdeg, azotis 

perangSi vasxamT Txevad azots da garkveuli drois Semdeg spe-

cialuri konstruqciis spilenZis gacivebis gamtari bloki iZens 

stabilur dabal temperaturas. es temperatura vakuumuri sacxis 

wyalobiT swrafad gadaecema feg-is kaTods. is garemoeba, rom feg 

muSaobs maRali Zabvis gamyofi blokis meSveobiT da Zabvis gamyofi 

blokis winaaRmdegobebi feg-is kolbasTan axlosaa, qmnis garkveul 

sirTuleebs. Cveni erTerTi konstruqciiT,  feg-i mTlianad, Zabvis 

gamyofi blokianad moTavsebulia kriostatis moculobaSi da 

imyofeba maRali vakuumis pirobebSi. aseTi konstruqciis kriostatis 

gamoyenebisas saWiroa maRali vakuumis mudmivad kritikul saz-

RvrebSi SenarCuneba. Tu vakuumi nebismieri mizezis gamo odnav mainc 

am kritikul zRvars dabla daeca, moqmedebas iwyebs maRali Zabvis 
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ganmuxtvisas momqmedi gazuri ionizaciis kanonebi da feg-is muSaoba 

mkveTrad arastabiluri xdeba. am SemTxvevaSi swrafad unda gavaum-

jobesoT maRali vakuumi. am siZneleebisa da kaprizebis mosaxsnelad 

Cven SevqmeniT kaTodis azotiT gacivebis igive principze mo-

muSave,Ymagram konstruqciulad gansxvavebuli kriostati, romelSic 

maRal vakuumSi imyofeba feg-is kolbis mxolod kaToduri da di-

noduri mcire nawili. kolbis is nawili, sadac maRali Zabvis ga-

myofi blokis Semadgeneli winaaRmdegobebi, kondensatorebi da 

anoduri datvirTvis winaaRmdegobaa damontaJebuli, vakuumis gare-

Taa, atmosferul wnevis pirobebSi. konstruqciulad es orkameriani 

gayofa gadawyvetilia koaqsialuri, mZlavri, erTiani, specialuri 

rezinis vakuumuri manJetiT. praqtikam gvaCvena, rom aseTi konstru-

qciisas didi mniSvneloba aqvs feg-is kolbis kaToduri nawilis 

mWidro, magram mozomil kontaqts spilenZis metalis gacivebis 

gadamtan blokTan. es problema gadavwyviteT specialuri zambaruli 

fiqsatorebis saSualebebiT. feg-is gaciebis es sistema, albaT, 

ufro progresulia. amasTan, Cven SevqmeniT iseTi konstruqcia, rom 

kaTodi rac SeiZleba axlos iyos kriostatis optikuri kvarcis 

fanjarasTan, saidanac feg-is kaTods speqtrometris gamosasvleli 

xvrelidan gamosxivebis signali ecema. aseTi konstruqcia ar qmnis 

gamosasvleli xvrelidan did manZilze myof feg-is kaTodze susti 

signalis damatebiTi linziT fokusirebis saWiroebas, rac signalis 

danakargebis kidev erTi wyaroa. radganac civi kaTodi kriostatis 

kvarcis fanjarasTan (saidanac signali kaTods ecema) Zalian ax-

losaa, maRali vakuumis SemTxvevaSic ki, radiaciul Tbogadacemis 

xarjze kriostatis kvarcis fanjaraze kondensirdeba atmosferos 

Tbili haeri, rac signalis intensiobas mkveTrad amcirebs. amis gamo 

garedan kriostatis kvarcis am fanjaras specialuri mowyobilo-

bidan vuberavT Tbil haers da fanjara mudmivad sufTa da gamWvir-

valea. minda aRvniSno, rom, rodesac me es konstruqcia Sevqmeni, 

analogiur principebze momuSave feg-is gamacivebeli kriostatebi 

msoflio literaturaSi ar Semxvedria. maSinac da axlac ufro 

gavrcelebulia SedarebiT ufro martivi kriostatebi, romlebic 

muSaoben Txevadi azotis orTqlis Sebervis cikliT. 
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    Cven avageT Txevadi azotis orTqlis Sebervis ciklze momuSave 

feg-is gaciebis kriostatic. am konstruqciis kriostatis zogadi 

principebi cnobilia, Cven mxolod erTi siaxle SemovitaneT. esaa 

atmosferodan feg-is civi kaTodis iseTi konstruqciiT izolacia, 

romelic kaTods didi manZiliT ar daaSorebda speqtrometris ga-

mosasvlel xvrels. esaa kvarcis minisagan damzadebuli ormagi 

kedlebiani specialuri Wiqa, Termostati. am Wiqis Ziri Seqmnilia 

ori optikuri kvarcis 80 mm diametrisa da 2.5 mm sisqis fanjrisgan. 

es ori fanjara mkacrad paralelurad, erTmaneTisagan mcire man-

Zilis daSorebiT, daaxloebiT 5-8 mm, SeduRebulia kvarcis milebTan 

ise, rom mTlianobaSi qmnis ormag kedlian Wiqas. sanam sabolood 

SeduRdeba, Wiqis kedlebs Soris sivrce evakuirebulia haerisagan da 

masSi damyarebulia maRali. 10-5 mm v. w. s. vakuumi. es Termostati-

Wiqa Zalian mWidrod Capresilia penoplastis seqcionirebul garsSi, 

romelsac Tavis mxriv mWidrod ekvris gareTa metalis garsi, feg-is 

ekrani. feg-i Tavisi maRali Zabvis gamyofi blokiT moTavsebulia am 

hermetul garsTa erTobliobaSi. garsis SigniTa sivrceSi miliT, 

garkveuli dozirebiT, miewodeba Txevadi azotis orTqli azotis 

diuaridan. meore milis saSualebiT kriostatidan haeri pirvelad 

da Semdeg azotis naxmari orTqli gamoidevneba atmosferoSi. aseTi 

cikliT civdeba rogorc feg-is kaTodi, aseve misi Zabvis gamyofi. 

Termostati-Wiqis Cveneuli konstruqciis wyalobiT kaTodi axlosaa 

speqtrometris gamosasvlel xvrelTan da amitom damatebiTi linzis 

dayeneba araa saWiro. erTaderTi, rasac konstruqcia saWiroebs, esaa 

Sesasvleli kvarcis fanjrebis Seberva Tbili haeriT, kondensaciis 

Tavidan asacileblad. kondensaciis problemas gavrcelebul msgavs 

konstruqciebSi agvareben fanjarasTan damontaJebuli mini-

RumelebiT, magram Cveni azriT Tbili haeriT Seberva ufro moxerxe-

bulia, konstruqciac araa gadatvirTuli. 

    Cvens iw-raman-speqtrometrze signalis Casawerad viyenebT iw-

fegs FEU-83. misi gaciebiT Cveni kriostatebis saSualebiT mivaRwieT 

sibnelis denis Semcirebas sami rigiT. paralelurad, Rrma Dgacie-

bisas, daaxloebiT samjer ecema sasargeblo signalis intensiobac. 

e. i. Cvens mier konstruirebuli kriostatebis wyalobiT FEU-83 sig-
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nalTan xmauris Sefardeba gavaumjobeseT daazloebiT 300-jer. 

aseTi konstruqciis iw-raman speqtrometrze damontaJebam ramanis 

gabnevis speqtrebis dafiqsirebis saSualeba mogvca. sxva 

SemTxvevaSi, feg-is kaTodis gacivebis gareSe es SeuZlebelia.                  

    mesame bloki, romelic Cvens mier konstruirebul iw-raman-

speqtrometrs xilulisagan ganasxvavebs, gabneuli sinaTlis 

Semkrebi optikaa. am konstruqciis speqtrometrSi igi mxolod kvar-

cisaa, maSin, rodesac xilul speqtrometrSi minis optikac Seg-

viZlia gamoviyenoT. Semkrebi optikis garda kvarcisaa agreTve yvela 

saxis kriogenuli kriostatis fanjarac. 

    aq minda davumato, rom jer kidev samocdaaTian wlebSi vecade, 

raman-speqtrebi Camewera GaAs-is naxevargamtaruli inJeqciuri di-

oduri lazerebis gamoyenebiT, romlebic damzadebuli iyo 

akademikos basovis kvanturi fizikis laboratoriaSi, profesor m. a. 

popovis naxevargamtaruli lazerebis seqtoris, doqtor p. m. elisee-

vis jgufSi. maTTan TanamSromlobiT Cven SevqmeniT meore iw-

lazeruli raman-speqtrometri GaAs-is inJeqciuri lazeris agznebiT. 

am periodis naxevargamtaruli inJeqciuri lazerebi xasiaTddebod-

nen gamosxivebis zolis didi sididiT (daaxloebiT 1 nm), lumines-

cenciis uzarmazari foniT da rac mTavaria, gamosxivebis talRis 

sigrZis xtunaobis didi koeficientiT. sxvadasxva meTodebis gamo-

yenebiT vecadeT migveRo stabiluri kargi xarisxis raman-speqtrebi, 

magram imdroindeli lazeris teqnikuri maxasiaTeblebi amis saSu-

alebas ar iZleoda. amis gamo am sasargeblo mimarTulebis ganvi-

Tareba droebiT gadaido. imedi gvqonda, rom GaAs-is lazeris ga-

mosxivebis ubanSi (daaxloebiT 835.0-865.0 nm intervali), feg-is 

gacilebiT meti mgrZnobiarobis xarjze, vidre esaa YAG:Nd+-is ga-

mosxivebis ubnisaTvis, gadavfaravdiT  GaAs-is lazeris teqnikuri 

parametrebis xarvezebs. amJamad msoflioSi lazerul raman-

speqtroskopiaSi raman-speqtrebis asagznebad inJeqciuri naxevargam-

taruli dioduri lazerebis gamoyenebis es mimarTuleba erTerTi 

yvelaze saWiro da gavrcelebuli mimarTulebaa. mxolod aseTi 

lazeruli teqnologiebiT ikvleven amJamad samedicino, biologiuri, 

farmacevtuli, ekologiuri obieqtebis, kvebis produqtebisa Tu  
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xelovnebis nimuSebis raman-speqtrebs efeqturad. Cven am samuSaoebis 

sawyis etapze videqiT, magram maSindeli sabWoTa teqnologiebi im 

miznis misaRwevad, rac Cafiqrebuli gvqonda, sakmarisi ar aRmoCnda.  

    Cveni raman-sistemebi agebulia 1976-78 ww. mas Semdeg bevri ram 

Seicvala: sul sxva saxe miiRo meTodologiurma azrovnebam da ar-

naxuli progresi ganicada lazerulma da optikur-speqtroskopulma 

teqnikam: ganaviTares da dainerga maRali mgrZnobiarobis mra-

valarxiani deteqtorebi, CCD; maRali mgrZnobiarobis erTarxiani 

feg-bi, naxevargamtaruli Sereuli kristalebis safuZvelze 

damzadebuli farTospeqtraluri diapazonis kaTodebiT, maT Soris 

iw-ubnisTvisac. maRali mgrZnobiarobis naxevargamtaruli deteqtori 

GaInAs axlo iw-ubnisaTvis, 1-5 mkm. iw-ubanSi susti efeqturobis 

mqone dispersiuli speqtrometri Secvales mixelsonis interfer-

ometriT da warmoiSva Tvisobrivad axali raman-sistema, furie-

gardaqmniTi raman-speqtrometri, FT-RS. raman-sistemebTan SeauRles 

optikuri da eleqtronuli mokroskopebi da a.S. moxda mTlianad 

mTeli lazeruli sistemis avtomatizacia kompiuterisa da nairnairi 

programebiT. 

    SesaZleblobaTa farglebSi maqsimalurad vcdilob progress ar 

davSorde da rac SesaZlebelia, vanxorcieleb lazeruli sistemebis 

ganaxleba-modernizacias. ufro radikalurs didi finansebi 

sWirdeba.    

 

     PP.S. 

    minda sabolood Sevajamo da reziumes saxiT warmovadgino Cems 

mier saqarTveloSi pirvelad, 1976 wels konstruirebuli sami 

sxvadasxva tipis lazeruli raman-sistemis mxolod ZiriTadi gan-

masxvavebeli bazuri blokebis optikuri parametrebi:  

   pirveli lazeruli raman-sistema agebulia ormagi monoqroma-

toris DFS-12 bazaze. am monoqromatorSi damontaJebulia ori di-

fraqciuli meseri Semdegi parametrebiT: 600 St/mm; Strixebis pro-

fili ganapirobebs sinaTlis maqsimalur koncentracias speqtris 

yviTel-wiTel ubanSi; meseri muSaobs difraqciis pirvel rigSi da 

speqtraluri diapazoni ganisazRvreba intervaliT, daaxloebiT 350 
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– 1200 nm, dispersia tolia 1 nm/mm. signalis mimRebad viyenebT feg-s 

mravaltutemetaliani kaTodiT FEU-79. amgznebi lazerebis gamosx-

iveba xilul areSia ganlagebuli. 

   meore lazeruli raman-sistema agebulia ormagi monoqromatoris 

DFS-24 bazaze. am monoqromatoris difraqciuli mesrebis parametre-

bia: 1200 St/mm, sinaTlis maqsimaluri koncentracia speqtris iisfer-

lurj ubanSi, muSaobs speqtris pirvel rigSi, speqtraluri diapa-

zonia 300 - 850 nm, dispersia 0.45 nm/mm. signalis mimRebad viyenebT 

feg-s mravaltutemetaliani kaTodiT FEU-79. amgznebi lazerebis ga-

mosxiveba xilul areSia ganlagebuli. 

   mesame, infrawiTeli lazeruli raman-sistema agebulia ormagi 

monoqromatoris DFS-12 bazaze mesrebis Semdegi parametrebiT: 300 

St/mm, sinaTlis maqsimaluri koncentracia speqtris axlo in-

frawiTel 2 mmk ubanSi, muSaobs speqtris pirvel rigSi, 

speqtraluri diapazonia 1 – 3 mmk da dispersia daaxloebiT 1.5 nm/mm 

tolia. signalis mimRebad viyenebT feg-s cezium-Jangadis kaTodiT 

FEU-83. amgznebi lazeris gamosxiveba infrawiTel areSia 1.06 mmk da 

viyenebT zemoTaRweril YAG:Nd+  Zowis Cveni konstruqciis lazers  

       disertaciaSi ganxiluli zogierTi eqsperimenti Sesrulebulia 

agreTve sazRvargareTuli firmebis mier warmoebul standartul 

lazerul raman-speqtrometrebzec: franguli firmis, Coderg PH-800 da  

amerikuli firmis BBrucker iw-raman-speqtrometrze FT-RS  FRA106. 

pirveli dispersiuli tipisaa xiluli lazerebis agznebiT, xolo 

meore agebulia furie-gardaqmnis principze infrawiTeli agznebiT. 
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    Tavi 5. naxevargamtaruli masalebisaTvis fononebis  

           identifikacia-klasifikacia, lokaluri da 

 xvrelismieri rxevebis koncefcia da maTi 

 Seswavla zogierT naxevargamtarSi 

 

5.1  naxevargamtarebSi fononebis klasifikaciisa da minarevebis 

           lokaluri da xvrelismieri rxevebis principebi 

 

    ramanis gabneva da infrawiTeli speqtroskopia SesaniSnevi me-

Todebia naxevargamtarebisa da saerTod uamravi saxeobis qimiuri 

naerTebis struqturaTa da molekuluri bmebis dasaxasiaTeblad. 

naxevargamtarebSi struqturaTa identifikaciis mizniT didi 

mniSvneloba gaaCnia fononebis identifikacia-klasifikacias. e. i. 

Cven unda davaxarisxoT fononebi - rogori simetriis, tipis da ra 

raodenobis arian Teoriulad. amas Teoriul-jgufuri analizis 

saSualebiT vawarmoebT. amis Semdeg eqsperimentalurad, in-

frawiTeli da ramanis speqtrebis Caweris Sedegad miRebul 

speqtrebs vudarebT Teoriul-jgufuri analizis safuZvelze nawi-

naswarmetyveleb fononebis pikebis raodenobas. raman-speqtroskopiis 

saSualebiT eqsperimentalurad vawarmoebT orientirebuli monok-

ristalebis polarizaciul gazomvebs da vaxarisxebT fononebs maTi 

simetriisa da tipebis mixedviT. polarizaciuli raman-speqtrebis 

analizisas mxedvelobaSi viRebT,  romeli simetriis gabnevis ten-

zorisa da Sesatyvisi polarizaciuli eqsperimentebis konfigura-

ciebisas arian gamovlenilni esa Tu is fononebis jgufebi. Te-

oriul-jgufuri analizis safuZvelze vikvlevT, romeli fononia 

aqtiuri infrawiTel speqtrebSi da romeli ramanis gabnevaSi. aseTi 

procedurebis gonivrulad Sejerebis Semdeg Sedgeba saboloo 

cxrili, sadac yvela fononi klasificirebuli da identificire-

bulia. imisaTvis, rom daviwyoT Teoriul-jgufuri analizi, 

Tavdapirvelad gvWirdeba, rentgenis monacemebiT an Teoriuli ga-

moTvlebiT vicodeT,  romel kristalur simetrias miekuTvneba ga-

mosakvlevi naxevargamtari, kristali. es saWiroa imitom, rom 
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swored kristaluri simetriis mixedviTaa Sedgenili yvela is 

fononebis saidentifikacio cxrili, romlebsac viyenebT Teoriul-

jgufuri analizis procesSi. 

    sruldeba sawinaaRmdego speqtroskopuli amocanac. rodesac ara 

gvaqvs kristalis simetriis monacemebi, polarizaciuli raman-

speqtrebisa da infrawiTeli speqtrebis saSualebiT vadgenT gamo-

sakvlevi  naxevargamtaris albaTur struqturas. 

   SerCevis wesis Tanaxmad, zogierTi molekulis rxevebis nawili 

aqtiuria infrawiTel speqtroskopiaSi, nawili ki raman-

speqtroskopiaSi. ase rom, es ori meTodi erTmaneTs avsebs da orive 

speqtruli meTodiT miRebuli informacia nivTierebis Sigamoleku-

luri rxevebis Sesaxeb srulia. 

   raman-speqtroskopiis gamoyenebisas qimikosebi da biologebi, er-

Tis mxriv, da fizikosebi, meores mxriv, ori sxvadasxva midgomiT 

sargebloben: qimikosebi, gansakuTrebiT organikosebi nivTierebaTa 

analizisas iyeneben molekulis e.w. wertilovani jgufis simetriis 

cnebaze dafuZnebul  Teoriul aparats. fizikosebi ki upiratesobas 

e.w. faqtor-jgufur analizs aniWeben. Tumca qimikosTa is nawili, 

romelsac uxdeba molekuluri kristalebis, polimerebis an araor-

ganuli kristalebis Seswavla, iZulebulia faqtor-jgufuri anal-

izic gamoiyenos. Ggarda amisa, fizikosisaTvis kristalebSi rxevebis 

gavrceleba fononebia, qimikosi ki ZiriTadad exeba molekulis Se-

madgeneli atomebis rxevebs da maTi damakavSirebeli qimiuri bmebis 

cvlilebebs am rxevebis dros. 

   aseTi meTodebiT SeviswavleT naxevargamtarul sufTa bunebriv 

mineral wiTel singurSi, α-HgS (kinovari), pirveli rigis fononebi. 

movaxdineT maTi klasifikacia da ganvsazRvreT fononebis six-

Sireebi. amis Semdeg gamovikvlieT “WuWyiani”, selenis izomorfuli 

minareviT legirebuli kinovari da pirvelad aRmovaCineT selenis 

xvrelismieri rxeva.        

    infrawiTeli speqtroskopia da ramanis gabneva mSvenieri meTo-

debia myar sxeulebSi minarevebis aRmosaCenad. gansakuTrebiT mar-

tivia iw-speqtrebiT wvrili minarevebis gansazRvra, romelTa Te-

oriuli aRwerac Tavsdeba wyalbadur modelSi. aseT SemTxvevaSi 
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minarevis radiusi moicavs matriculi kristalis meseris mxolod 

ramdenime mudmivas. minarevis potenciali TiTqmis igivea, rac erTi 

protonis saboloo muxtis kulonuri potenciali. es suraTi 

analogiuria wyalbadis atomisa, romelsac gaaCnia eleqtroni 

efeqturi masiT m* da es wyalbadis atomi CaZirulia garemoSi di-

eleqtrikuli mudmivaTi ε. es ori faqtori advilad akmayofilebs 

boris wyalbadis models da Sedegad miviRebT kristalur matri-

caSi wvrili minarevis ionizaciis energias 
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magaliTisaTvis, GGaAs-is SemTxvvaSi ad = 17 nm. amitom donori 

vrceldeba GaAs-is meseris mudmivas ramdenime manZilze da amtkicebs 

Teoriis kanonierebas.  GaAs-isaTvis Ed = 5.3 meV = 43 cm-1. es niSnavs, 

rom mxolod infrawiTel fotonebs SeuZliaT minarevebis ionizacia 

an eleqtronebis gadayvana erTerT aRgznebul wyalbadur doneze, 

rac eqsperimentebisas warmoqmnis maxasiaTebeli STanTqmis erT 

speqtralur zols an am zolebis serias. 

    zemoTganxiluli martivi Teoria ar sruldeba Zlieradbmuli 

minarevebisaTvis, romelTa radiusi lokalizebulia kristaluri me-

seris parametris sidideze. aseT SemTxvevaSi ukve eleqtrostati-

kuri potenciali gansxvavdeba kulonuri formisagan. am SemTxvevaSi 

Semodis e.w. centraluri ujredis Sesworeba, romelic iwvevs ioni-

zaciis energiis wanacvlebas. es Sesworeba axasiaTebs calkeul 

minarevebs da is Tavad Seicavs minarevis maxasiaTebel informacias. 

martiv wyalbadur Teorias sxva problemebic gaaCnia, magram igi 

metad sasargeblo sastarto wertilia wvrili minarevebis in-

frawiTeli fotoagznebiT analizisaTvis. 
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    meore gza minarevebis aRmoCenisa myar sxeulebSi mdgomareobs 

minarevebis rxeviTi modebis analizSi. rogorc cnobilia, myar 

sxeulebSi meseris perioduli struqturis gamo masSi vrceldeba 

fononuri rxevebi. rodesac myar sxeulSi Segvyavs sxvadasxva saxis 

minarevi, masSi meseris perioduloba mcired irRveva da myar 

sxeulSi SeiZleba warmoiSvas axali, lokaluri rxeva. wrfivi jaW-

vuri modelis Tanaxmad K = 0 maxloblad TO optikuri sixSire maqsi-

maluri daSvebuli sixSirea. Tu jaWvSi atoms CavanacvlebT ufro 

msubuqi minarevis atomiT Mimp, xolo Zalis mudmivas cvlileba um-

niSvnelo iqneba, maSin minarevis maxasiaTebeli sixSire gamoisaxeba 

formuliT: 
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sadac Mnn kristalis atomis masaa, ganTavsebuli minarevis axlo me-

zoblad, romelic urTierTmoqmedebs minarevis atomTan, xolo χ pa-

rametria, romelic asaxavs kavSirebis urTierTmoqmedebis ge-

ometriul detalebs. mTavari, romelic  (5.3) formulidan gamomdi-

nareobs isaa, rom ωimp > ωMAX = ωTO.  es niSnavs, rom minarevTan da-

kavSirebuli rxevebi mTel kristalSi fononebis msgavsad ver gavr-

celdeba. Sesabamisad, igi aris lokaluri rxeviTi moda (LVM). lo-

kaluri rxevis amplituda proporciulia minarevebis koncentra-

ciisa, rac minarevebis raodenobrivi analizis Catarebis SesaZle-

blobas iZleva. saerTod, raodenobrivi analiziT Tu mis gareSe, 

lokaluri rxevebi kargi meTodia naxevargamtarebSi minarevebis aR-

moCenisa.    

    iw-speqtroskopiiT idealuri naxevargamtaruli meseris rxevebis 

sixSireebis gansazRvra sakmaod Sromatevadia, Tanac, gaswvrivi 

fononis sixSiris misaRebad unda gvqondes maRalomiani naxevargam-

tari, rom denis Tavisufali gadamtanebis koncentracia minimaluri 

iyos. defeqtebis lokaluri da xvrelismieri sixSireebis gansaz-

RvrisTvisac igive problemebia gadasalaxi. sul sxva situaciaa ra-
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manis gabnevisas. es aris yvelaze pirdapiri da zusti optikuri me-

Todi, rogorc idealuri meseris rxevaTa sixSireebis, aseve de-

feqtebis, minarevebis lokaluri da xvrelismieri rxevebis Sesas-

wavlad.   

    idealuri kristalebis fizikuri Tvisebebi xSir SemTxvevebSi 

ganpirobebulia am kristalebSi defeqtebis arsebobiT. es defeqtebi 

SeiZleba sxvadasxva tipis iyos: dawyebuli elementaruli, werti-

lovani defeqtidan, romelic warmoadgens meseris ZiriTadi erTerTi  

atomis izotopur Canacvlebas sxva atomiT,  damTavrebuli krista-

luri meseris sruli mouwesrigeblobiT – klasterebis sxvadasxva 

kombinaciebiT. defeqtebis aseTi nairsaxeoba mkveTrad moqmedebs 

kristalebis meqanikur, Termul, eleqtrul, magnitur, optikur 

Tvisebebze. 

    kritaluri meseris defeqtebis fizikuri bunebis gamokvlevis 

sirTule ZiriTadad maT nairsaxeobasa da arastabilurobaSia 

(droTa ganmavlobaSi maT SeiZleba warmoqmnan kompleqsebi, asocia-

ciebi da a. S.). am sirTuleebis Tavidan asacileblad maTi Sewavla 

unda daviwyoT martivi defeqtebidan. aseTia izotopurad Canacvle-

badi defeqti, rodesac Casanacvlebeli da Camnacvlebuli atomebi 

miekuTvnebian elementebis mendeleevis perioduli sistemis er-

Tidaigive jgufs. am miaxloebaSi kristaluri meseris defeqtad moi-

azreba mxolod masuri defeqti, gamowveuli atomebis CanacvlebiT, 

xolo atomebs Soris moqmedi drekadobis     Zalis konstantebi 

praqtikulad ucvleli rCeba. 

    kristalebis eleqtruli, fotoeleqtruli, Termoeleqtruli, 

optikuri (eleqtronuli procesebi) Tvisebebis Seswavla iZleva 

mxolod defeqtebis bunebis Seswavlis irib saSualeba. meores 

mxriv, kristalebis optikuri Tvisebebis Seswavla, romlebic da-

kavSirebulia kristaluri meseris rxevis dinamikis gamokvlevebTan, 

warmoadgens defeqtebis fizikuri bunebisa da simetriis Seswavlis 

pirdapir meTods. aseTi optikuri meTodebia Soreuli infrawiTeli 

speqtroskopia (iw-speqtroskopia) da lazerebiT agznebuli ramanis 

gabneva (lrg), lazeruli raman speqtroskopia (lrs).    
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    umartivesi masuri defeqtis SemTxvevaSi, kristaluri meseris 

rxevebis Tvisebebs gansazRvravs masuri defeqtis parametri ε=1-m`/m, 

sadac m – kristaluri meseris ZiriTadi atomis masaa, xolo m`- Ca-

nacvlebuli minarevuli atomis masaa. am masuri parametris niSanze 

da sididezea damokidebuli kristaluri meseris rxevaTa Tvisebebi, 

kerZod, rogori tipis defeqturi rxeviTi moda gamomJRavndeba eq-

sperimentsa da Teoriul gamoTvlebSi. defeqti amJRavnebs lokalur 

rxevas, rodesac mZime meseris atomi Canacvldeba minarevis msubuqi 

atomiT, e. i. ε>εkr (εkr raRac kritikuli sididea ε parametrisa). lo-

kaluri rxevis sixSire yovelTvis warmoiqmneba optikuri Stos 

maqsimumis zeviT. lokaluri rxevis specialuri gamovlinebaa 

xvrelismieri rxeva. igi warmoiqmneba meseris rxevebSi im 

SemTxvevaSi, Tu meseris msubuqi atomi Canacvldeba ufro mZime 

minarevuli atomiT. misi sixSire aRiZvreba optikuri Stos minimumis 

qveviT da garda amisa, misi warmoqmnis aucilebeli pirobaa xvrelis 

arseboba optikur da akustikur Stoebs Soris (mdgomareobaTa 

simkvrivis nulovani mniSvnelobiT). Tu defeqtis rxevaTa sixSire 

moTavsebulia mcire sididis mdgomareobaTa simkvrivis, magram ara 

nulovani simkvrivis intervalSi, maSin vambobT, rom kristalur me-

serSi defeqtebi warmoqmnian rezonansul, anu kvazilokalur 

rxevebs. am SemTxvevaSi lokaluri rxevebi ar warmoiqmneba, magram 

adgili aqvs ZiriTadi kristaluri meseris rxevaTa speqtraluri 

zolebis sixSireTa cvlilebebs. aseTi situacia warmoiqmneba, rode-

sac kristaluri meseris atomi Canacvldeba TiTqmis misi toli 

minarevuli atomis masiT. 

    atomebis lokaluri rxevebis eqsperimentulad dasafiqsireblad 

sasurvelia maTi Seswavla orfononian mdgomareobaTa simkvriveTa 

intervalis zeviT; e. i. rodesac lokaluri rxeva ωlok>2ωTO (ωTO – 

kristaluri meseris ganivi optikuri fononis rxevis sixSirea). 

xvrelismieri rxevebis eqsperimentulad aRmoCena sakmaod Zneli da 

iSviaTia misi winapirobebis sakmao simkacris gamo.   

    kristaluri meseris rxevis Teoria, rodesac meseri Seicavs de-

feqtebs, martivia Tu ganvixilavT “masuri defeqtis” miaxloebaSi. am 

SemTxvevaSi grinis funqciis teqnikis gamoyenebiT SesaZlebelia ga-
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movTvaloT defeqtebis rxevebis sixSireebi Semdegi sekularuli 

gantolebidan: 

                                                               det|E-G(ω)C(ω)|=0                                            (5.4) 

sadac G(ω) – idealuri kristalis grinis funqciis matricaa, C(ω) – 

defeqtebiT inducirebuli SeSfoTebis matricaa da E–erTeulovani 

matricaa. 

    grinis funqcia idealuri meserisaTvis SegviZlia miviRoT 

kristalis fononuri mdgomareobebis simkvrividan ρ(ω):                    

E 

                           )(
2

)()(
0

22 ων
ω
π

ωω
ωωνω

ω

idG
M

+
′−

′′
= ∫               (5.5) 

amrigad, Tu gvecodineba mdgomareobaTa simkvriveebi (da Sesabamisad, 

grinis funqcia), Cven SegveZleba ganvsazRvroT lokaluri rxevebis 

sixSireebi martivi gantolebidan: 

                                                         (5.6) 1)(1
2 =ωεω G

sadac G1(ω) – grinis funqciis G(ω) realuri nawilia. 

    fononebis mdgomareobaTa simkvriveebi ρ(ω) SeiZleba gan-

vsazRvroT civi neitronebis gabneviT da rentgenis eqsperimente-

bidan. meores mxriv, maTi gamoTvla Teoriuladacaa SesaZlebeli. es 

problema gadawyvetili iqna TuTiis krialas struqturis 

naxevargamtarebisaTvis grinis funqciis teqnikis gamoyenebiT [32]. am 

SromaSi daadgines parametr ε damokidebuleba lokaluri da xvrel-

ismieri rxevevebis sixSireebTan. gamoTvlebi Sesrulda modificire-

buli xusti ionis modelis gamoyenebiT. es modeli iTvaliswinebs, 

rom zigetis mier SemoRebul ionis efeqtur muxtSi mxedvelobaSia 

miRebuli yvela mokle radiusis aracentraluri Zalebi, iseve 

rogorc meore mezoblisa da yvela grZeli radiusis Zalebi. garda 

amisa, gaTvaliswinebulia drekadobis sami mudmiva.                
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           5.2  kinovaris, α-HgS pirveli rigis fononebis 

                     identifikacia-klasifikacia  

 

      trigonaluri vercxliswlis sulfidis kristaluri meseris 

rxeviTi speqtri Seswavlili iyo sxvadasxva avtorTa mier [24-28] 

rogorc iw-speqtroskopiiT, aseve lazeruli raman-speqtroskopiiT. 

aRniSnul  samuSaoebSi arsebobs Seusabamoba fononebis identifi-

kaciis sakiTxSi. magaliTad, [26]-Si fononis piki, romelic mde-

bareobs 202 sm-1 sixSireze, miakuTvnes E tipis rxevas, xolo [25]-Si am 

sixSireze fononuri piki saerTod ver aRmoaCines.  

   saerTaSoriso literaturis monacemebis Sedarebam gvaCvena, rom 

kinovaris raman-speqtrebis identifikaciisas arsebobda fononebis 

mikuTvnebis gansxvavebuli versiebi. yvela es monacemi eyrdnoboda 

bunebrivi mineralebis gamokvlevas da arcerT maTganSi ar iyo aR-

niSnuli maTi sisufTavis xarisxi. swored am mizniT, Cven Seviswav-

leT sxvadasxva sabadodan mopovebuli kinovarebi da maTi sisufTave 

winaswar Semowmebuli gvqonda eleqtronuli paramagnituli rezo-

nansisa da rentgenis saSualebiT. amave dros gagvaCnda laborato-

riuli wesiT miRebuli kinovaric, romelic specialurad ar iyo 

legirebuli raime minareviT.A misi raman-speqtrebis SeswavliT 

davrwmundiT bunebrivi sufTa mineralis raman-speqtrebTan mis ab-

solutur TanxvedraSi. 

   sxva samuSaoebisagan gansxvavebiT, Cveni gamokvlevis Tavisebureba 

imaSi mdgomareobs, rom SeviswavleT didi raodenobis bunebrivi  

mineralebi teritoriulad didi manZiliT daSorebuli da sxvadsxva 

bunebrivi klimaturi pirobebis mqone sxvadasxva geologiuri saba-

doebidan. aseTi midgomis mizania davadginoT sufTa kinovaris 

zusti maxasiaTebeli raman-speqtri da avxsnaT zedmeti pikebis war-

moqmnis mizezebi.  

   bolo dros raman-speqtroskopiis teqnikis ganviTarebam SesaZle-

beli gaxada misi gamoyeneba antikuri da Suasaukunovani epoqebis 

xelovnebis nimuSebis Seswavlis mizniT. magaliTad samuSaoebSi [163-

165] rg Seswavlili iqna egvipturi, italiuri, espanuri, Cinuri fai-

furis, ferweruli, da sasuliero xelovnebis nimuSebi. am SromebSi 
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raman-teqnikiT identificirebul iqna imdroindeli saRebavebis pig-

mentebi. gaSifrul iqna ferTa gamebis Seqmnis teqnikis zogierTi 

saidumloebani. aRmoCnda, rom am ferebis umetesi nawili miRebulia 

bunebrivi mineralebis safuZvelze warmoebuli pigmentebis saSuale-

bebiT. am pigmentebidan kinovari gamoyenebulia rogorc erTerTi 

mTavari saSualeba wiTeli ferebis misaRebad. oqrosferi Seferi-

lobisaTvis ki Zalian xSiradaa gamoyenebuli minerali realgari 

AsS.  droTa ganmavlobaSi wiTeli kinovaris pigmentma SeiZleba gani-

cados degradacia, gadavides metacinabaritis fazur mdgomareobaSi 

da adre arsebuli naTeli wiTeli ferebi gamuqdes, gadavides Sav 

ferebSi. Cven aq winaswar davZenT, rom wiTeli kinovaris feri 

mkveTrad icvleba selenis minarevis damatebiTac da misi koncen-

traciis gazrdiT sul ufro da ufro muqdeba. rodesac koncentra-

cia 1% da metia, kinovari xdeba gaumWvirvale. 0.36%-mde selenis 

minarevis Semcveloba ar iwvevs kinovaris wiTeli feris dakargvas. 

am TvalsazrisiT mniSvnelovania HgS-is yvela alotropiuli mdgo-

mareobisa da dabinZurebis raman-speqtrebiT identifikacia. es 

mniSvnelovania xelovnebis nimuSebis raman-speqtrebiT analizis 

drosac pigmentebis klasifikaciis mizniT.       

    meore mizani mdgomareobs davadginoT, SesaZlebelia Tu ara 

bunebrivi mineralis kinovaris raman-speqtrtebi gamoyenebuli iqnas 

sabadoebis albaTuri identifikaciis erTerT saSualebad. magali-

Tad, SromaSi [164] Seswavlili iyo xelovnebis nimuSis, mefe herodes 

sasaxlis kedlebis moxatulobaTa ferebi. analizi Sesrulda SEM 

mikroskopisa da raman-speqtroskopiis saSualebebiT da identifici-

rebuli iqna kinovaris pigmenti. speqtrebis informaciaze dayrdno-

biT gairkva, rom pigmenti ar iyo damzadebuli espaneTis antikuri 

xanis almadinis kinovaris sabadodan mopovebuli mineralis bazaze. 

albaTur wyaroebad ganisazRvra espaneTis sabado tarna, CineTis hu-

nanis provincia da italiis toskanis monte amiatas kinovaris saba-

doebi. swored am sabadoebidan mopovebuli kinovaris mineralebis 

raman-speqtrebi Seadares mefe herodes sasaxlis kedlebis moxatu-

lobaTa sinjebidan miRebul raman-speqtrebs.   
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       A2B6 jgufis TiToeuli ormagi naxevargamtari, romelic nor-

malur pirobebSi (oTaxis temperatura, atmosferuli wneva) 

kristaldeba Zn, Cd, Hg urTirTmoqmedebiT S, Se, Te-Tan, erTi ga-

monaklisis garda warmoqmnis TuTiis (Td
2) an viurcitis (C6V

4) stru-

qturas. es 

     nax. 5.1  kinovaris struqturis sqematuri xedi c RerZis gaswvriv    

 

erTaderTi gamonaklisia wiTeli kinovari, minerali singuri, α-HgS. 

igi normalur pirobebSi stabilur formas warmoqmnis D3
4 simetriis           

struqturis saxiT, romelic oratomiani analogia trigonaluri 

elementaruli naxevargamtarebisa Se  da Te. trigonaluri α-HgS 

Sedgeba helikonuri Hg –S – Hg – S spiralebisagan,  romlebic 

paraleluradaa ganTavsebuli mesame rigis c-RerZis mimarT. atomebs 

Soris manZili spiralSi Hg-S=2,36 Å, xolo spiralebs Soris umok-

lesi manZilia 3.2 Å [24]. am struqturis sqematuri xedi c RerZis 

gaswvriv mocemulia nax. 5.1-ze. 

   wiTeli singuri miekuTvneba D3
4 sivrciT jgufs da misi eqviva-

lenturi wertilovani simetriis jgufis D3 maxasiaTebelTa tipebi  

moyvanilia csrilSi 2.       
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         cxrili 2  wertilovani simetriis jgufis D3  
                     maxasiaTebelTa tipebi 
 

D3  E 2C3 3C2      Basis functions N0  Raman 
  active 

 Infrared 
   active 

A1 
A2 
 
E 
 

 1 
 1 
 
 2 

 1 
 1 
 
-1 

 1 
-1 
 
 0 

Z2; X2+Y2 
Z 
 
(X,Y); (X2-Y2, -2XY); 
   (YZ, -ZX) 

 2 
 3 
 
 5 

   Yes 
    No 
 
    Yes 

    No 
    Yes 
 
    Yes 

 

 

α-HgS struqtura SegviZlia warmovidginoT rogorc NaCl-is defor-

mirebuli struqtura. wiTeli singuris heqsagonaluri elementa-

ruli ugredi, romelic Seicavs HgS-is sam molekulas, naCvenebia 

nax. 5.2-ze.  

 

    nax. 5.2  wiTeli singuris heqsagonaluri elementaruli ujredi 

  

    vercxliswylis sulfidi bunebaSi gvxvdeba ori modifikaciiT: 

maRaltemperaturuli β-faza-metacinabariti TuTiis krialas stru-

qturiT da dabaltemperaturuli α-faza-wiTeli singuri 

trigonaluri elementaruli ujrediT. 280-3400C intervalSi mde-

bareobs fazuri gadasvlis wertili [24], amitom erTob Znelia la-
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boratoriul pirobebSi am kristalebis gazrda da iZulebuli vi-

yaviT ZiriTadad gvemuSava bunebriv mineralebze.  

    faqtor-jgufuri analizi α-HgS fononebisaTvis briliuenis 

zonis centrSi K=0, gvaZlevs fononebis Semdeg klasifikacias 

rxevis tipebis mixedviT: 

 

                                                           U=2A +3A1 +5E                         (5.7)  

 

   am formulaSi ori AAtipis sruliad simetriuli rxeva aqtiuria 

mxolod rg-speqtrebSi, sami tipis A1 antisimetriuli rxeva araaqti-

uria rg, magram aqtiuria iw-speqtrebSi, xolo orjeradad gadag-

varebuli xuTi tipis E rxeva erTdroulad aqtiuria rogorc rg, 

aseve iw-speqtrebSi.  

    gamokvlevis mizniT movagroveT sami kategoriis bunebrivi 

kristalebi α-HgS: pirveli kategoria kristalebisa nikitovkis sa-

badodan warmoadgendnen oreulebs, romlebic ar Seicavdnen selenis 

minarevebs da amitom isini mivakuTvneT sufTa, uminarevo 

kristalebs. kristalebis meore kategoria, miRebuli xaidarkanis sa-

badodan, Seicavdnen selenis minarevs sxvadasxva koncentraciiT - 

0.1%, 0.26%, 0.56% da 1%. am kristalebSi selenis koncentraciebi gan-

sazRvruli iyo eleqtronuli paramagnituri rezonansiT (epr) da 

rentgenofazuri analiziT. es kristalebi polikristaluri iyo. me-

same kategoria α-HgS kristalebisa saqarTvelos afxazeTisa da 

raWis sabadoebidan iyo.  

   rg speqtrebs vwerdiT ormagi monoqromatoris DFS-24 bazaze age-

buli laboratoriuli tipis raman-speqtrometrze. infrawiTeli 

lazeris agznebiT raman-speqtrebis Caweras ki vawarmoebdiT rogorc 

Cveni konstruqciis infrawiTel lazerul raman-speqtrometrze, 

aseve “brukeris” firmis standartul, furie gardaqmniT raman-

speqtrometrze FRA106. agznebis wyaroebad gamoiyeneboda helium-

neonis lazeris gamosxiveba  λL=632.8Anm, kriptonis lazeris gamosx-

iveba λL=568.2Anm da infrawiTeli lazeris YAG:Nd+ gamosxiveba 1.06 

mkm. signalis mimRebad viyenebdiT FEU-79, azotis temperaturaze ga-
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ciebul FEU-83 da GaInAs naxevargamtarul deteqtors, romelic 

civdeboda azotis temperaturaze. registracias vawarmoebdiT 

fotonebis daTvlis sistemiT. rg speqtrebis Cawera xdeboda 2980K da 

800K temperaturebze.  

    uminarevo α-HgS-is akrZaluli zonis sigane 2980K-ze 2.1 ev-ia 

[166]. amitom am kristalSi rg-is asagznebad λ=632.8 nmA (kvantis ener-

gia 1.96 ev) gamoyeneba metad momgebiania signalis gaZlierebis 

mizniT - adgili aqvs winarezonansul gaZlierebas. aseTive, ufro 

kargi situaciaa, rodesac α-HgS rg speqtrs vwerT  λL=568.2 nmA (kvan-

tis energia 2.18 ev) agznebiT 800K-ze. azotis temperaturaze α-HgS 

akrZaluli zonis sigane tolia 2.23 ev. rezonansuli da wina-

rezonansuli efeqtebisagan Tavis daRwevis mizniT (Tu ramanis 

speqtrebis Cawerisas arsebobda maTi zegavlena) ki kinovaris raman-

speqtrebs vwerdiT infrawiTeli lazeris agznebiT, 1.06 mkm. 

 

            

                nax. 5.3  α−HgS  rg speqtri. agzneba λL=632.8 nm 

 

    nax. 5.3-ze moyvanilia rg speqtri sufTa α-HgS-sTvis, Cawerili 

λL=632.8Anm agznebiT oTaxis temperaturaze. azotis temperaturaze 

Cawerilma raman-speqtrebma gviCvena, rom speqtralur ubanSi 50-200 
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sm-1 arsebuli susti intensiobis speqtraluri zolebi meore rigis 

fononebs miekuTvneba. garda amisa, azotis temperaturaze Cawerili 

raman-speqtrebis speqtraluri xazebi wanacvlebulia maRali six-

Sireebisaken oTaxis temperaturaze Cawerili speqtrebisagan 

gansxvavebiT da am zolebis naxevarsiganeebi mkveTrad daviwroebu-

lia.     

    cxrilSi 3 movanilia kinovaris fononebis sixSireebi, romlebic 

ganvsazRvreT eqsperimentulad oTaxisa da azotis temperaturebze. 

 

        cxrili 3 kinovaris fononebis sixSireebi oTaxisa da 
                    azotis   temperaturebze  
  

Symmetry of 
phonons 

Phonon frequency 
according RS (cm-1) 
          T=2980 K 

Phonon frequency 
according RS (cm-1) 
          T=800 K 

       A1               44              49 

      A1              256             262 

         TO 
      E 
         LO 

 
              88 

              
             92 

         TO 
      E 
         LO 

             105 
 
             147 

            112 
 
            150  

         TO 
      E 
         LO 

             284 
 
             292 

             291 
 
             301 

         TO 
      E 
         LO 

             346 
 
             353 

             351 
 
             361 

         

 

          5.3  selenis izomorfuli minarevis xvrelismieri 

                  rxevis identifikacia kinivarSi, α-HgS          

 

    nax. 5.4b-ze warmodgenilia oTaxis temperaturaze Cawerili α-

HgS-is rg speqtri, romelic legirebulia 0.56% seleniT. es speqtri 

imiT gansxvavdeba 5.4a-ze moyvanili sufTa kristalis rg speqtrisa-

gan, rom nax. 5.4b-ze mkafiod Cans saSualo intensiobis piki  
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             nax. 5.4 sufTa (a)  da selenis minareviani α−HgS (b)  
                                          rg speqtri. agzneba λL=632.8 nm 
 

203 sm-1 da mcire intensiobis sustad gamokveTili safexuri 226 sm-1, 

romelic ar daimzireba sufTa mineralSi.                

   azotis temperaturaze Caweril rg speqtrSi es ori zoli 

ganirCeva ufro mkveTrad, maTi intensioba ar mcirdeba, aramed iz-

rdeba da oTaxis temperaturaze mcire, TiTqmis SeumCneveli stru-

qtura 226 sm-1 azotis temperaturaze iRebs mcire intensiobis, magram 

gamokveTili speqtraluri zolis saxes. misi sixSire wanacvlebulia 

maRali sixSireebisaken da tolia 232 sm-1. selenis minarevis max-

asiaTebeli meore ufro intensiuri piki 203 sm-1 azotis tempera-

turaze wanacvldeba maRali sixSireebisaken da misi sixSire xdeba 
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209 sm-1. am pikis intensiobac izrdeba. orive pikis intensiobebi, rom-

lebic axasiaTebs selenis izomorfuli minarevis xvrelismier 

vevaSi kino-

elismier 

rxevas, izrdeba selenis koncentraciis zrdiT.  

   rodesac selenis koncentracia 1%-ia, α-HgS TiTqmis gaumWvirvale 

xdeba λL=632.8Anm-is mimarT, rac imaze mianiSnebs, rom selenis didi 

koncentraciebi iwvevs α−HgS-is akrJaluli zonis wanacvlebas 

grZeli talRebisaken. selenis Semcvelobis gazrdiT α−HgS gadadis 

Sereul sammag kristalSi HgS1-xSex. Sereuli kristalis warmoqmnisas 

ki kinovaris faza gadadis metacinabaritis, β−HgS  fazaSi, romlis 

akrZaluli zonis sigane 1.4 eV tolia. aseTi Sereuli kristalis 

akrZaluli zonis sigane ki mcirdeba selenis koncentraciis gaz-

rdiT. Cven aq ar vamtkicebT, rom 1% selenis damatebiT ukve adgili 

aqvs fazur gardaqmnas, magram cxadia wiTeli modifikaciis kino-

varis akrZaluli zonis siganis Semcireba. yovel SemTx

varis naTeli wiTeli feri gadadis TiTqmis Sav FferSi. 

   SromaSi [32] gamoTvlili iyo lokaluri da xvreluri rxevebi, 

rodesac oratomian wrfiv jaWvSi erTerTi atomi Canacvldeba misi 

izotopuri atomiT. aseT SemTxvevaSi iTvleba, rom atomebs Soris 

moqmedi Zalebi naklebad icvleba da speqtrebis cvlilebis mTavari 

faqtoria ZiriTadi meseris atomisa da misi izotopis masebs Soris 

sxvaoba. masis gavlena gaTvaliswinebulia parametriT "masis de-

feqti" e=1-M'/M, sadac M aris ZiriTadi meseris atomis masa, xolo  

M'-Canacvlebuli izotopisa. Tanaxmad [32]-isa, rodesac meseris 

msubuqi atomi Canacvldeba ufro mZime izotopiT da e uaryofiTi 

ricxvia, maSin akustikur da optikur Stoebs Soris warmoiqmneba 

xvrelismieri rxeva. α-HgS-Si (M=32) (M=79), e=-1.47; amis gamo SeiZleba 

davaskvnaT, rom Cvens mier raman-speqtrebSi damzerili ori piki 203 

da 226 sm-1 sixSireebze mioekuTvneba α-HgS-Si selenis xvr

rxevebs da ara  E  tipis orjeradad gadagvarebul rxevebs. 

   sainteresoa aRvniSnoT, rom SeviswavleT didi raodenobis α−HgS 

mineralebis raman-speqtrebi saqarTvelos abxazeTisa da raWis re-

gionebidan,  ruseTis nikitovkis regionidan. es mineralebi 

sxvadasxva dros da  sxvadasxva pirebis mier iyo mopovebuli. am re-
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gionebis verc erTi mineralis raman-speqtrSi ver aRmovaCineT se-

lenis minarevis xvrelismieri  rxeva. es rxevebi ver davafiqsireT 

verc infrawiTeli, 1..06 mkm  da verc xiluli, 632.8 nm  agznebebiT; e.i. 

selenis xvrelismieri rxevebi ar dafiqsirda arc rezonansuli ag-

znebidan Zalian Sors myofi talRis sigrZisaTvis da arc rezonan-

sTan axlos myofi talRis sigrZisaTvis Sesabamisad. am regionebidan 

mopovebuli yvela mineralis raman-speqtrebiT gansazRvruli opti-

kuri fononebis klasifikacia Seesabameba cxrilSi 3 warmodgenil 

sufTa kinovaris Cveneul klasifikacias. rac Seexeba Sua aziis re-

spublikis yirgizeTis xaidarkanis sabadodan miRebul minerals, 

mcire raodenobiT gvqonda, magram uklebliv yvela α−HgS raman-

speqtrebma daafiqsires selenis xverilsmieri rxevis maxasiaTebeli 

ori speqtraluri zoli. aseTi statistikis gamo gvinda SemogTa-

vazoT kinovaris mineralebis sabadoebis Zalian zogadi albaTuri 

identifikaciis meTodi raman-speqtroskopiis gamoyenebiT. igi mdgo-

mareobs raman-speqtrebiT selenis minarevis xvrelismieri rxevis 

dafiqsirebasa an misi ararsebobis dadasturebaSi. amis Sedeg Seg-

viZlia vimsjeloT romeli albaTuri sabadodan aris es kinovari, 

radganac Cveni gazomvebis statistikis Tanaxmad α−HgS-Si minar

 

ev 

ratoriaSi sinTezirebuli kinovari Seicavs se-

selenis arseboba an ararseboba sabados maxasiaTebeli Tvisebaa.  

       amgvarad, saqarTvelos abxazeTisa da raWis regionebi, ruseTis 

nikitovkis sabado, saidanac mopovebul kinovaris mineralebSi raman-

speqtrebma ver aRmoaCines selenis izomorfuli minarevis xvrelis-

mieri rxeva, mivakuTvneT sabadoebs, saidanac mopovebuli wiTeli 

singuris mineralebi ar Seicaven selenis minarevs. yirgizeTis xai-

darkanidan miRebuli α−HgS mineralebi ki, romlebSic Cven aR-

movaCineT selenis minarevis xvrelismieri  rxeva, mivakuTvneT saba-

dos, sadac bunebrivi geologiuri pirobebi albaT iseTia, rom am 

naturalur labo

lenis minarevs.   

    nax. 5.3-ze warmodgenilia kinovaris ramanis speqtri helium-

neonis lazeris talRis sigrZis 632.8 nm (1.96 ev) agznebiT. fononebis 

klasifikacia mocemulia cxrilSi 3 eqsperimentis im pirobebSi, 

 93



rodesac amgznebi kvantis energia kinovaris akrZaluli zonis 

sidideze naklebia 0.14 ev-iT. am SemTxvevaSi adgili aqvs e.w. winare-

zonansul process da amitom maxasiaTebeli fononebis intensiobebi 

mainc gazrdilia iseTi talRis sigrZis agznebiT miRebuli fonone-

bis intensiobebTan SedarebiT, rodesac araviTar rezonans ara aqvs 

adgili. aseTi situacia iqmneba maSin, rodesac kinovaris ramanis 

speqtri CavwereT YAG:Nd+ lazeris talRis sigrZis 1.06 mmk agznebiT. 

1.06 mkm (1.17 eV) agznebiT Cawerili raman-speqtrebi Tavisufalia re-

zonansuli efeqtebisagan, radganac YAG:Nd+ lazeris amgznebi kvan-

tis energia oTaxis temperaturaze TiTqmis orjer naklebia α−HgS 

akrZaluli zonis siganeze. raman-speqtri principul  gansxvavebas 

Tan. 

degi warmodgenilia cxrilSi 4. Sedegebis Tanaxmad, rodesac 

i sxvadasxva mniSvnelobisaTvis   
    
 

L (nm) 
f -

u.) 

s 
.u.) 

s 
.u.) 

ar gviCvenebs.   

    ori sxvadasxva talRis sigrZeebis (632.8 nm da 1.06 mkm) agznebiT 

seleniT legirebuli kinovaris raman-speqtrebis oTaxis tempera-

turaze  Cawerisas davafiqsireT xvrelismieri rxevebis intensiobaTa 

mcire gaZliereba 632.8 nm agznebisas. radganac xvrelismieri rxevis 

zoli 226 sm-1 mcire intensiobisaa, amitom didi cdomilebis gamo 

misTvis miaxloebiT raodenobriv analizs ar moviyvanT. am proce-

duras CavatarebT mxolod ufro intensiuri 203 sm-1 speqtraluri 

zolisaTvis. seleniT legirebuli kinovaris mineralebi yvela an 

fxvnilebi an polikristalurebi iyo. amitom polarizaciuli da 

sxva speqtraluri cdomilebebis gamoricxvis mizniT, selenis 

xvrelismieri rxevis zolis intensioba 203 sm-1 ganvsazRvreT kino-

varis ZiriTadi fononebis 256 sm-1, 290 sm-1 da 346 sm-1 fardobeb

Se

 

      cxrili 4  kinovarSi selenis xvrelismieri rxevis  
                  intensiobaTa fardoba amgznebi talRis 
                  sigrZis or
    

      Wavelengths of 
exciting laser λ

Ra  o  intensitio
ties 
   I203/I256  (a.

Ratio of intensitie
    I203/I290  (a

Ratio of intensitie
    I203/I346  (a

             632.8           0.067             1.17             0.32 
             1064           0.038              0.5             0.16 
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raman-speqtrebis agznebas vawarmoebT 632.8 nm-iT, romlis fotonis 

kvantis energia axlosaa kinovaris arapirdapiri zonis energiasTan 

da Seqmnilia winarezonansuli piroba,  adgili aqvs xvrelismieri 

rxevis TiTqmis orjer gaZlierebas 203 sm-1 sixSireze.   

 

 

 

             5.4 GaP-Si dariSxanis xvrelismieri da aluminis 

                     lokaluri rxevebis raman-speqtrebi  

 

    nax. 5.5 naCvenebia GaP-s raman-speqtri, rodesac masSi Txevadi 

epitaqsiis procesSi Seyvanilia daaxloebiT 12% dariSxanis 

minarevi. speqtrebis agznebas vawarmoebdiT argonis lazeris tal-

Ris sigrZiT, 488.0 nm. orientacia safenisa da firisa aris (001). ami-

tom speqtrSi daomzireba mxolod firis damaxasiaTebeli LO fononi 

397 sm-1. garda LO fononisa, romlis intensioba didia, daimzireba  

 

 

        
   nax. 5.5  epitaqsialuri firis GaP:12%As. rg speqtri, romelic  
            asaxavs izomorfuli minarevis As xvrelismier rxevas. 
            orientacia (001). agzneba 488.0 nm 
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SedarebiT mcire intensiobis speqtraluri zoli 274 sm-1 sixSireze. 

zemoT ganxiluli Teoriisa da imis gamo, rom sufTa GaP-Si es piki 

ar daimzireba, igi mivakuTvneT dariSanis izomorfuli Canacvlebis 

gamo warmoqmnil xvrelismier rxevas. LO fononis mcire sixSiruli 

wanacvleba sufTa GaP-s LO fononisagan (Cveni gazomvebiT igi mde-

bareobs 402 sm-1 sixSireze), gamowveulia minarevis didi koncentra-

ciiT, ris gamoc faqtiurad ukve gvaqvs Sereuli kristali da mo-

qmedebas iwyebs Sereuli kristalebis fononebis yofaqcevis prin-

cipi.  

   5.6-ze moyvanilia raman-speqtri. romelic asaxavs GaP-s matricaSi 

epitaqsiiT legirebuli msubuqi aluminis minarevis efeqts. speqtris 

asagznebad gamoyenebulia helium-kadmiumis lazeris gamosxiveba 

441.6 nm talRis sigrZiT. speqtrze daimzireba saSualo intensiobis 

piki 398 sm-1 sixSireze. igi Seesabameba firis LO fononis rxevas. 

 

       nax. 5.6  epitaqsialuri firis GaP:Al  rg speqtri, romelic  

               asaxavs izomorfuli minarevis Al lokalur rxevas.              

                orientacia (001). agzneba λL=441.6 nm                   
    

mcire intensiobis piki 442 sm-1-ze, romelic speqtrSi naTlad Canx, 

eqsperimentisa da Teoriis safuZvelze (matricis mZime atomi gal-

iumi Canacvldeba ufro msubuqi aluminis atomiT) mivakuTvneT izo-

morfuli aluminis minarevis lokalur rxevas. igi daimzireba opti-

kuri LO fononuri Stos maqsimaluri sixSiris zeviT. speqtrSi Cans 

TO fononis Sesabamisi mcire intensiobis pikic. 
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                5.5   bunebrivi mineralebis realgarisa da 

                    auripigmentis lazeruli raman-speqtrebi 

         

    kinovaris Semdeg vagrZelebT saqarTvelos mineralebis Seswav-

las lazeruli raman speqtroskopiiT da axla mokled ganvixiloT 

auripigmenti, orpimenti As2S3  da realgari As4S4. 

    amJamad msoflios wamyvan muzeumebSi Camoyalibda lazeruli 

raman-speqtroskopiis laboratoriebi, romelTa saSualebiTac de-

talurad ikvleven msoflios xelovnebis nimuSebs:  freskebs, 

naxatebs, ZvelTaZvel xelnawerebs, mumiebs, ferad minebs, faifurs 

da a.S. am mimarTulebis erTerTi lideria londonis xelovnebis 

muzeumi, romlis lazerul laboratoriaSi Seiswavles xelovnebis 

mravali sxvadasxva nimuSi. am kvlevaTa mizania daadginon Zvirfasi 

xelovnebis nimuSebis SeqmnaSi gamoyenebul ferTa saidumloebani – 

saRebavebis, melnis Semadgenloba; ra nivTierebebis bazaze arian  

isini damzadebulni. AaRmoCnda, rom es nivTierebebi ZiriTadad bune-

brivi mineraluri pigmentebi da maTi kombinaciebia. Aauripigmenti 

erTerTi mTavari da gavrcelebuli pigmentia Suasaukuneebis xelov-

nebis nimuSebSi oqrosferi ferebis Sesaqmnelad, kinovari da real-

gari ki ZiriTadia wiTeli ferebis Sesaqmnelad. asevea ZvelTaZvel 

egviptur mumiebSi. Ees daadgines lazeruli raman-speqtroskopiiT.     

bunebrivi mineralebis pigmentebis identifikacia mniSvnelovania 

agreTve xelovnebis nimuSebis restavraciisa da konservaciis 

sferoSi.     

    nax. 5.7-ze moyvanilia Cvens mier Cawerili mineralis, auripigmen-

tis raman-speqtri. kinovaris speqtris Sesaxeb msjeloba zemoT iyo. 

yvela speqtri CavwereT helium-neonis lazeris talRis sigrZis 632,8 

nm agznebiT.  

    bunebrivi minerali realgari wiTeli feris kristalia metad 

rTuli struqturiT. igi monoklinuria, tetramolekuluri elemen-

taruli ujrediT. wertilovani simetriis jgufia C2h. kristali age-

bulia As4S4 molekulebiT, romlebic erTmaneTTan SekavSirebulni 

arian van-der-vaalsis ZalebiT. OoTxi gogirdis atomi da oTxi da-

riSxanis atomi realgaris molekulaSi erTmaneTTan dakavSirebulia  
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       nax. 5.7  bunebrivi mineralis As2S3 (saqarTvelos sabadodan) 

                rg speqtri. polikristaluri. agzneba 632.8 nm  
 

kovalenturi bmebiT da qmnian kvadratebs da tetraedrebs Sesa-

bamisad. radganac realgaris elementaruli ujredi Sedgeba oTxi 

As4S4  molekulisagan, romlebic erTmaneTTan dakavSirebulni arian 

van-der-vaalsis ZalebiT,  igi araa pasuxismgebeli ramanis speqtris 

warmoqmnaze. Aamitom unda ganvixiloT mxolod As4S4-is erTi mole-

kulis simetria, romelic miekuTvneba C2v wertilovani simetriis 

jgufs. jgufur-Teoriuli analizis safuZvelze mivdivarT fonone-

bis Semdeg warmodgenamde: 

 

               Γ=6A1(R+IR)+4A2(R)+4B1(R+IR)+4B2(R+IR)                               (5.8) 

 

    rogorc (5.8)-idan Cans, realgaris raman-speqtrSi simetriis kanonis 

Tanaxmad aqtiuria 18 fononi. Aam fononebis klasifikacia sakmaod 

rTulia, Tundac iyos saSualeba, gazomvebi CavataroT karg, orien-

tirebul kristalebze. cxrilSi 5 moyvanilia realgaris im fonone-

bis sixSireebi, romlebic aqtiurni arian ramanis speqtrSi.        
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         cxrili 5 Cvens mier ramanis speqtriT dafiqsirebuli  
                    realgaris fononebis sixSireebi 
                   

nimuSi 
fononebis      

sixSire (sm-1) 

116 

148 

160 

177 

184 

194 

221 

234 

realgari 

AAs4S4 

246 

263 

276 

290 

304 

322 

341 

353 

368 

realgari 

As4S4 

403 

 

    bunebrivi minerali auripigmenti As2S3 warmoadgens oqrosfer 

kristals monoklinuri struqturiT. tetramolekuluri elementa-

ruli ujredi miekuTvneba C2h wertilovani simetriis jgufs. stru-

qtura Sedgeba As2S3 molekulebis fenebisagan, sadac AsS spiraluri 

jaWvi ganlagebulia c RerZis garSemo. es fenebi  paraleluria (010) 

sibrtyisa da erTmaneTTan dakavSirebulia van-der-vaalsiis ZalebiT, 

xolo TviT fenebSi atomebi dakavSirebulni arian erTmaneTTan 

kovalenturi bmebiT. 

    ramanis speqtris gansasazRvrad unda gamoviyenoT erT fenaSi 

moTavsebuli erTi molekulis As2S3   elementaruli ujredi, ro-
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melic miekuTvneba C8 wertilovani simetriis jgufs. jgufur-

Teoriuli analizis safuZvelze auripigmentis ramanis speqtri 

SeiZleba warmovadginoT Semdegi saxiT: 

 

                         Γ=5A΄(R+IR)+4A΄΄(R+IR)                                            (5.9) 

 

    rogorc vxedavT, (5.9)-is Tanaxmad auripigmentis raman speqtrSi 

unda daimzirebodes 9 fononi. eqsperimentulad Cvens mier Caweril 

raman-speqtrSi ki daimzireba ufro meti raodenobis fononi. Ees 

zedmeti fononebi albaT unda mivakuTvnoT kombinaciur fononebs. 

cxrilSi 6 warmodgenilia Cvens mier ramanis speqtrSi damzerili 

fononebis sixSireebi. Ees fononebi cxrilSi moyvanilia klasifi-

kaciis gareSe, radganac jerjerobiT SeuZlebelia auripigmentis 

kristalebze polarizaciuli gazomvebis Catareba. 

 

            cxrili 6 Cvens mier auripigmentis raman-speqtrSi  
                       damzerili fononebis sixSireebi 
 

                

NnimuSi 

fononebis        

sixSire sm-1 

27 

37 

64 

72 

106 

138 

156 

205 

294 

314 

358 

A 
  
  
  
 a
u
r
ip
ig

me
nt

i 
  
  

A
sS

3 
   

   
   

   
   

   
   

   
  

385 
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      Tavi 6. naxevargamtaruli Sereuli kristalebis 

             tipebi, Teoriuli modelebi da maTi 

             eqsperimentuli gamokvleva lazeruli 

             raman-speqtroskopiiT;    

 

 

     6.1  fononebis yofa-qcevis mixedviT Sereuli kristalebis 

                           tipebad dayofis Teoriuli modelebi 

 
    Sereuli kristalebi naxevargamtaruli mikroeleqtronuli sel-

sawyoebis erTerTi sabaziso masalebia. magaliTad, maT bazaze 

mzaddeba sinaTlis gamomsxivebeli diodebi da lazeruli diodebi.  

    Teoriis Tanaxmad Sereuli kristalebi miekuTvnebian an erTmo-

diani an ormodiani yofaqcevis kristalebs. arseboben Sualeduri 

xasiaTisac. erTmodiani kristalebis SemTxvevaSi kristalebis me-

seris rxevaTa maxasiaTebeli LO da TO fononebis sixSireebi icvleba 

uwyvetad Semadgenlobis cvlilebasTan erTad. magaliTad, erTmo-

diani Sereuli kristalis, CdsZn1-xS-is SemTxvevaSi, rodesac vcvliT 

Semadgenlobas, CdS-is maxasiaTebeli LO da TO fononebis sixSireebi 

icvlebian uwyvetad da sabolood miaRweven Sereuli kristalis 

meore kidura wevris ZnS-is maxasiaTebel LO da TO fononebis six-

Sireebs.  ormodiani kristalebis SemTxvevaSi, garda imisa, rom 

garkveuli kanoniT icvlebian LO da TO fononebis sixSireebi, 

adgili aqvs agreTve zemoTnaxsenebi lokaluri da xvrelismieri 

rxevebis warmoqmnas, romelTa maxasiaTebeli fononebis sixSireebic 

agreTve icvlebian garkveuli kanoniT Semadgenlobis cvlilebasTan 

erTad.  

   Sereuli kristalebi SeiZleba iyos kuburi, heqsagonaluri, a.S. 

struqturis, rogorc Semadgenlobis mTel intervalSi, aseve Se-

madgenlobis garkveul mcire intervalSi. miuxedavad struqturaTa 

aseTi mravalsaxeobisa, fononur sixSireTa damokidebuleba koncen-

traciaze maxasiaTebelia kristalis an erTmodiani an ormodiani 

qcevisa.  
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   arsebobs oTsi mTavari Teoriuli modeli, romelTa safuZvelzec 

xdeba fononur sixSireTa koncentraciaze damokidebulebis 

grafikebis Teoriuli gaangariSeba-ageba. eqsperimentuli monacemebiT 

agebuli aseTi grafikebis Tanxvedra TeoriulTan kargi kriteriumia 

sxvadasxva tipis Sereuli kristalebis erTmodian an ormodian 

kristalebad dasayofad. es  Teoriuli modelebia: wrfivi jaWvuri 

modeli, virtualuri kristalis modeli, klasteruli modeli, qao-

turad ganawilebuli elementebis izowanacvlebis modeli mis 

sxvadasxva modifikaciebTan erTad.  

 

 

             6.2  Sereuli epitaqsialuri firebis GaAsP 

                                          lazeruli raman-speqtroskopia 

 

    pirveli Sereuli kristalebis kompleqti, romelic Cven ga-

movikvlieT, aris optoeleqtronuli xelsawyoTmSeneblobaSi cno-

bili A3B5 jgufis  masala GaAsP. rogorc yvelasTvis cnobilia, am 

masalaze mzaddeba kargi xarisxis sinaTlis gamomsxivebeli diodebi 

speqtris wiTel, narinjisfer da yviTel speqtralur diapazonebSi. 

aseve mzaddeba lazeruli diodebic. es masalebi lazeruli raman-

speqtroskopiiT adre iyo Seswavlili [70]. aRniSnul  SromaSi es ma-

salebi gamokvleuli iyo moculobiTi agznebiT, helium-neonis laz-

eris 632.8nm da Zowis lazeris 106.0nm gamosxivebebiT. unda aRiniSnos 

erTi metad mniSvnelovani meToduri garemoeba raman-

sepeqtroskopiaSi: rodesac iseTi naxevargamtari, rogoricaa GaAs 

(igi gamosakvlevi kristalebis erTerTi komponentia), Seiswavleba 

rg-iT, fononur speqtrs xSirad edeba plazmon-fononuri urTierT-

moqmedebis speqtri. fononur speqtrze plazmonebis zegavlena metia, 

rodesac agzneba moculobiTia da naxevargamtarebSi didi raodeno-

biTaa eleqtroaqtiuri minarevebi (didia Tavisufali eleqtronebis 

raodenoba). Cven SeviswavleT sami sxvadasxva Semadgenlobis zustad 

iseTi epitaqsialuri firebi, romelTa safuZvelzec awarmoeben si-

naTlis gamomsxivebel diodebs zemoTmoxsenebul sam speqtralur 

diapazonSi. e,i. am firebSi eleqtronebis koncentracia didia, daax-
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loebiT 1019sm-3 rigis. amitom, aseTi firebi SeviswavleT zedapiruli 

arekvlis meTodiT argonis lazeris 488.0 nm gamosxivebiT. aseT eq-

sperimentul pirobebSi xelisSemSleli fotoluminescenciidan Se-

darebiT daSorebulni varT. garda amisa, radganac gamosakvlev 

Sereul kristalebSi 488.0 nm-is gamosxivebis SeRwevis skin-fena mci-

rea, daaxloebiT 100.0 nm, amitom plazmonebis zegavlena fononur 

speqtrze naklebia. es gamowveulia zedapirTan eleqtronebiT ga-

Raribebuli fenis arsebobasTan, romlis warmoqmnac ganpirobebulia 

zedapiruli sivrciTi muxtis, zedapiruli velis arsebobiT. amgva-

rad, saSualeba gveZleva es Sereuli kristalebi diagnostirebis 

TvalsazrisiT bunebriv pirobebSi SeviswavloT da amasTan erTad 

sagrZnoblad SevamciroT an movspoT is xelisSemSleli faqtorebi, 

rac damaxasiaTebelia moculobiTi agznebisas. 

    Sereuli kristalebi GaAs1-xPx, romlebic SeviswavleT, war-

moadgens epitaqsialur firebs. es firebi dafenilia (001) ori-

entaciis GaP-s safenze. nax. 6.1-ze moyvanilia GaP, GaAs0.15P0.85  

GaAs0.35P0.65 GaAs0.6P0.4, da GaAs-is rg-is speqtrebi Sesabamisi Tanmimdev-

robiT. am speqtrebis asagznebad gamoviyeneT argonis lazeris ga-

mosxiveba 488.0 nm talRis sigrZiT.   

   yvela gamokvleuli kristali kuburi simetriisaa da miekuTvneba 

Td  wertilovan simetrias. amitom, Tanaxmad SerCevis kanonisa, Cvens 

mier Seswavlili zedapiris (001) raman-speqtrebSi aqtiuri unda iyos 

mxolod  LO fononebi. gabnevis am konfiguraciis Tanaxmad Sereuli 

kristalebis TO fononebi ar daimzireba.       

   nax. 6.1-ze warmodgenili speqtrebic amas adasturebs. naxazidan 

Cans, rom Sereuli firebis raman-speqtrebSi GaP da GaAs-sagan 

gansxvavebiT daimzireba ori kategoriis LO fononi – LO1 da LO2. 

aqedan pirveli, LO1 asaxavs GaP-msgavsi qvemeseris atomebis gaswvriv 

rxevas, xolo meore, LO2 ki GaAs-s msgavsi qvemeseris atomebis gasw-

vriv rxevas. am ori qvemeseris maxasiaTebeli gaswvrivi fononebis 

rxevebi icvleba Semadgenlobis cvlilebasTan erTad garkveuli ka-

nonzomierebiT.  
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   nax, 6.1  rg-is speqtrebi GaP, GaAs0.15P0.85  GaAs0.35P0.65 GaAs0.6P0.4, da  
              GaAs-is TanmimdevrobiT. firebis orientacia (001). 

              agzneba λL=488.0 nm  
 

  cxrilSi 7 moyvanilia Cvens mier damzerili fononebis sixSireebi. 

am monacemebiT avageT nax. 6.2-ze warmodgenili grafikebi, romlebic  

asaxavs am Sereuli naxevargamtaris Semadgenlobis damokidebulebas 

gaswvrivi LO  fononebis sixSireebze. rogorc grafikidan. aseve ra-

man-speqtrebidanac Cans, rom garda sixSireTa cvlilebisa, am sis-

temisaTvis damaxasiaTebelia fosforis lokaluri rxevis warmoqmna, 

rodesac GaAs-is qvemeserSi Canacvlebulia ufro msubuqi izomor-

fuli minarevi fosfori. es ki damaxasiaTebelia ormodiani qcevis 

naxevargamtarebisaTvis. 

 
 
 
 
 
 
 
 

 104



            cxrili 7 Sereul naxevargamtarebSi GaAs1-xPx  Cvens 
                                              mier damzerili fononebis sixSireebi   
  

Semiconductors LO2 (cm-1) LO1 (cm-1) 
GaP         402 
GaP0.85As0.15       274        397 
GaP0.65As0.35       276        393 
GaP0.39As0.61       280         375 
GaAs       292  

 

    

       nax. 6.2  Sereuli naxevargamtarebis GaAs1-xPx  LO fononebis 

                sixSireebis damokidebuleba Semadgenlobaze, x  
 

    cnobilia, rom Sereuli kristalebi TavianTi yofaqcevis kanon-

zomierebiT iyofa or ZiriTad klasad [40], erTmodiani qcevisa 

da ormodiani. nax. 6.2-ze warmodgenili damokidebulebebi gviCvenebs, 

rom Sereuli kristali GaAs1-xPx  miekuTvneba ormodiani qcevis 

kristalebs. es grafikebi gamodgeba ucnobi koncentraciebis Sesa-

faseblad, magaliTad, ionuri legirebiT sinTezirebuli sammagi 

Sereuli naxevargamtarebis SemadgenlobaTa Sesafaseblad. 
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               6.3  Sereuli kristalebis ZnTexSe1-x  lazeruli 

                               raman-speqtroskopia                          

 

    Cvens mier gamokvleuli meore sistema Sereuli kristalebisa 

aris A2B6  jgufis naxevargamtarebi ZnTexSe1-x. es sistema, romelic 

SeviswavleT, warmoadgens moculobiT kristalebs. isini gamoWrilia 

kubebis saxiT da kubis yvela gverdi optikurad polirebulia. 

kristalebi polikristaluria da maTi orientireba ar Catarebula. 

amitom rg-speqtrebSi SeuZlebelia akrZalvis kanonebis dacva, ris 

gamoc speqtrebis Cawerisas LO da TO fononebs ver davacalkevebT 

ise, rogorc es wina SemTxvevaSi gavakeTeT.  

    am sistemis raman-speqtrebis misaRebad gamoviyeneT kriptonis 

lazeris gamosxivebis agzneba 568.2nm talRis sigrZiT (2.18 ev). 

paralelurad, speqtrebi CavwereT agreTve helium-neonis lazeris 

gamosxivebis 632.8nm talRis sigrZiT (1.98 ev), romelic Sorsaa gamo-

sakvlevi naxevargamtarebis akrZaluli zonis sididisagan. am 

SemTxvevaSi rrg gamoricxulia yvela SemadgenlobisaTvis. krip-

tonis lazeriT aRgznebisas ki ukve sufTa ZnTe-isTvis vqmniT 

speqtris Caweris winarezonansul pirobebs. aseT pirobebSi es sis-

tema arasdros  gamoukvleviaT.     

 

       nax. 6.3  ZnTexSe1-x sistemis Semadgenlobis, x  damokidebuleba  

                akrZaluli zonis sidideze, E0  
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  imisaTvis, rom naTeli iyos Cveni argumentacia, nax. 6.3-ze moyva-

nilia am sistemis Semadgenlobis, x damokidebuleba akrZaluli 

zonis sidideze E0 [178]. rogorc vxedavT, am damokidebulebas gaaCnia 

minimumi. amitom am SemadgenlobebisaTvis ukve kriptonis lazeris 

kvantis energia 2.18ev metia minimumis maxlobeli Sesabamisi Se-

madgenlobebis akrZaluli zonis siganeze, maSin, rodesac ZnTe da 

ramdenime Semadgenloba mTlianad gamWvirvalea am gamosxivebisaTvis. 

ufro Tanabari pirobebis Seqmnis mizniT, speqtrebis asagznebad ga-

moviyeneT kidev saRebavis lazeris gamosxivebis talRis sigrZe 

589.8nm (2.102 ev). nax. 6.4-ze warmodgenilia ZnTe-is ori raman-speqtri. 

erTi, 632.8nm da meore, 589.8nm talRis sigrZeebis agznebiT. speqtrebi 

naTlad gviCveneben sxvaobas: rezonansul pirobebSi Caweril 

speqtrebSi SevZeliT jeradi 2LO fononis dafiqsireba. ra sididi-

Tac ar unda gavzardoT helium-neonis lazeris gamosxivebis inten-

sioba, an gavadidoT speqtrometris mgrZnobiaroba, amas ver mivaR-

wevT, radganac jeradi fononebis gamovlineba am SemTxvevaSi  

        nax. 6.4  ZnTe-is ori raman-speqtri. erTi, 632.8nm da  
                  meore, 589.8nm talRis sigrZeebis agznebiT 
                
fizikur meqanizmSia Cadebuli. es meqanizmia fononebis kaskaduri 

meqanizmi da misi ganxorcieleba xdeba maSin, rodesac amgznebi 
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lazeris kvantis energia da naxevargamtaris akrZaluli zonis si-

gane garkveul Tanafardobas miaRwevs. am dros warmoiqmneba an wi-

narezonansuli an rezonansuli situacia, magram am efeqtis aRmoCena 

yvela tipis naxevargamtarSi araa SesaZlebeli. nax. 6.5-ze moyvanilia 

Cvens mier Seswavlili Sereuli kristalebis   ramanis speqtrebi, 

rodesac agzneba warmoebda saRebavis lazeris gamosxivebis 589.8 nm 

talRis sigrZiT. cxrilSi 8 moyvanilia damzerili fononebis six-

Sireebi.  

          cxrili 8  ZnTexSe1-x  Cvens mier dafiqsirebuli fononebi      

Semiconductor 
composition  x 

LO (cm-1) TO  (cm-1) 2LO  (cm-1) 

ZnTe     203     170.7      409.5 
ZnTe0.9Se0.1     207.3     173.5      415 
ZnTe0.8Se0.2     210     176      423.2 
ZnTe0.7Se0.3     215.7     177      436.9 
ZnTe0.6Se0.4     221.3     179.7      450.5 
ZnSe     250     205  

  

   nax. 6.5  Sereuli naxevargamtarebis ZnTexSe1-x  raman-speqtrebi 
             sxvadasxva SemadgenlobisaTvis. agzneba 589.8 nm 
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    am monacemebis safuZvelze avageT OLO, TO  da 2LO fononebis kon-

centraciuli damokidebuleba (nax. 6.6). am grafikebis saxe dia-

metralurad gansxvavdeba pirvelad ganxiluli da Seswavlili sis-

temis grafikebisagan. meore sistemis grafikebis saxe gviCvenebs, rom 

sistema ZnTexSe1-x  miekuTvneba erTmodiani qcevis kristalebs. 

 

            nax. 6.6  LO, TO  da 2LO fononebis koncentraciuli   
                     damokidebuleba sistemisaTvis  ZnTexSe1-x  
  

    am ganxilul konkretul SemTxvevaSi, erTmodiani yofaqcevisas, 

Sereuli naxevargamtarebis ZnTexSe1-x maxasiaTebeli fononebi OLO, TO  

da 2LO monotonurad icvlebian Semadgenlobis mixedviT; ormodiani 

kristalebis maxasiaTebeli Tviseba ki gamoixateba Llokaluri, an 

xvrelismieri rxevebis warmoqmnasa da amitom, sxva tipis grafikul 

saxeSi, rac ilustrirebuli iyo pirveli sistemis, GaAs1-xPx Seswav-

lis procesSi.  
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            6.4  Sereuli epitaqsialuri firebis Ga1-xAlxP      

                      lazeruli raman-speqtroskopia 

eviTi dinamika ganxilulia 

 

samzadeblad, radganac mas gaaCnia farTo 

agreTve aralegirebuli firebic. aRniSnuli firebi gazrdili iyo 

  

 

     Sereuli kristali Ga1-xAlxP warmoadgens saintereso, magram Se-

darebiT naklebad Seswavlil masalas naxevargamtaruli mik-

roeleqtronikisTvis. gansakuTrebuli yuradReba am masalis mimarT 

gamowveulia imiT, rom radganac mas axasiaTebs farTo akrZaluli 

zona, SesaZlebelia misi gamoyeneba sinaTlis gamomsxivebeli xel-

sawyoebis dasamzadeblad xilul ubanSi. magaliTad, mis safuZvelze 

damzadebuli iqna naxevargamtaruli heterostruqturuli raman-

lazerebi [167]. am SenaerTis optikuri Tvisebebi naklebadaa Seswav-

lili, xolo kristaluri meseris rx

mxolod ramdenime samuSaoSi [75-76, 168]. 

    Nraman-speqtroskopiis meTodiT regularulad vswavlobT ionuri 

legirebiT modificirebul naxevargamtarebs, gansakuTrebiT, ionuri 

legirebiT sinTezirebul rTul naxevargamtarebs. erTdroulad, 

Cveulebrivi qimiuri meTodebiT, magaliTad, Txevadfazuri epi-

taqsiiT sinTezirebuli amave naxevargamtarebis Seswavlis Sedegad  

gveqneba standartebi - ionuri sinTezirebiT warmoqmnili firebis 

xarisxobrivi identifikaciisa da maTi raodenobrivi SefasebisaTvis. 

aRniSnuli samuSao swored am mizans emsaxureba. meores mxriv ki, 

GaxAl1-xP-Si fononebis identifikacia da am SenaerTis moduri stru-

qturis Seswavla saWiroa amJamad metad saWiro oTxmagi naxevargam-

taris (AlxGa1-x)0,5In0,5P  raman-speqtrebis interpretaciisTvis. es da-

kavSirebulia imasTan, rom am SenaerTis Semadgeneli komponentebia 

GaxAl1-xP da GaxIn1-xP. GaAs-is safenze epitaqsialurad dazrdili aR-

niSnuli oTxmagi naxevargamtari amJamad farTod gamoiyeneba 

speqtris xilul areSi sinaTlis gamomsxivebeli mikroeleqtronuli 

xelsawyoebis da

akrZaluli zona. 

   SeviswavleT didi raodenobis  n- da p-tipis Sereuli naxevargam-

tarebis Ga1-xAlxP epitaqsialuri firebi ramanis gabeviT. gamovikvlieT 
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Txevadfazuri epitaqsiiT (001) orientaciis GaP safenebze. firebis 

sisqe icvleboda 5-idan 18 mmk intervalSi. 

    raman-speqtrebs viRebdiT ormagi monoqromatoris ДФС-24 bazaze 

konstruirebul laboratoriuli tipis lazerul raman speqtro-

metrze. agznebis wyarod viyenebdiT argonis lazeris gamosxivebas 

514.5, 488.0, 457.9nm da helium-kadmiumis lazeris gamosxivebas 441,6nm 

talRis sigrZeebze.  

    nax. 6.7-ze warmodgenilia sxvadasxva Semadgenlobis Sereuli 

kristalebis Ga1-xAlxP raman-speqtrebi, Cawerili 488.0nm talRis 

sigrZis agznebiT. rogorc suraTidan Cans, samive Semadgenlobis ra-

man-speqtrSi mudmivad daimzireba GaP safenis maxasiaTebeli LO da 

TO fononebis Sesabamisi pikebi 402 da 366sm-1 sixSireebze Sesabamisad.  

 

 
      nax. 6.7  sxvadasxva Semadgenlobis Sereuli kristalebis 
               Ga1-xAlxP raman-speqtrebi: agzneba 488.0 nm. 
  

es pikebi daimzireba yovelTvis, rodesac amgznebi talRis sigrZe 

mTlianad ar STainTqmeba Ga1-xAlxP firis mier; amitom xdeba safenidan 

signalis agzneba. garda amisa, SerCevis wesis Tanaxmad GaP (001) ori-

entaciis zedapiridan ar unda daimzirebodes TO fononis Sesabamisi 

piki. e.i. unda vifiqroT, rom safenze firis dazrdisas adgili aqvs 
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safenis zedapiris orientaciis cvlilebas, rac SesaZloa, gamow-

veulia daZabulobebiT. mravali firis Seswavlisas aRmoCnda, rom 

zogierTi (001) orientaciis GaxAl1-xP firis raman-speqtrebic gviCvene-

ben TO fononis Sesabamis piks, rac aseve albaT miuTiTebs firis 

zedapiris gadaxras (001) orientaciidan. amrigad, raman-speqtrebis 

saSualebiT SesaZlebelia, vakontroloT zrdis teqnologiuri 

procesebi da vimsjeloT rogorc firis, aseve safenis xarisxze. 

amave naxazidan Cans, rom Sereuli Ga1-xAlxP naxevargamtaris raman-

speqtrSi daimzireba speqtraluri pikebi, romelTa sixSireebi 

gansxvavdebian GaP safenis damaxasiaTebeli LO fononis Sesabamisi 

pikis soxSirisagan. gansxvavebul sixSireze raman-speqtrSi warmoiqm-

neba ori axali piki. aqedan erTi Seesabameba AlP qvemeseris LO 

fononis rxevas, xolo meore GaP qvemeseris LO fononis rxevas. orive 

pikis Sesabamisi sixSireebi icvleba garkveuli kanoniT, Sereuli 

kristalis Semadgenlobebze damokidebulebis mixedviT. es suraTi 

asaxulia nax. 6.8-ze,    romelzedac  moyvanilia GaxAl1-xP firebis LO 

fononis sixSiris damokidebuleba Sereuli kristalis x koncentra-

ciaze. es damokidebuleba miuTiTebs, rom sistema GaxAl1-xP miekuTvneba 

  

   

 

               

 

 

 

 

 

 

          

 

 

         nax. 6.8  LO fononis sixSiris damokidebuleba Sereuli 
                  kristalis GaxAl1-xP  koncentraciaze,  x.       
 

 112



ormodiani qcevis kristalebs, rac Seesabameba infrawiTeli 

speqtroskopiiT miRebul Sedegebs.  

 

 

        nax. 6.9  raman-speqtrebi Ga0.3Al0.7P SemadgenlobisaTvis  
                lazeris sxvadasxva talRis sigrZeebiT agznebisas.  
   

    nax. 6.9-ze warmodgenilia raman-speqtrebi Ga0.3Al0.7P Semadgenlo-

bisaTvis lazeris sxvadasxva talRis sigrZeebiT agznebisas. suraTi-

dan Cans, rom rodesac speqtris misaRebad viyenebT mokle talRebs, 

GaP safenis LO fononis intensioba 402sm-1 sixSireze TandaTanobiT 

mcirdeba da rodesac agznebas vawarmoebT helium-kadmiumis lazeris 

gamosxivebis talRis sigrZiT  441.6nm, GaP safenis LO fononis max-

asiaTebeli piki saerTod qreba. paralelurad, izrdeba LO fononis 

intensioba 487sm-1, romelic axasiaTebs AlP msgavsi qvemeseris rxevas 

Ga0,3Al0,7P sistemaSi.                     

  nax. 6.10-ze warmodgenilia 487sm-1 sixSireze LO fononisa  da 402sm-1 

sixSireze LO fononis intensiobebis fardobis damokidebuleba 

amgznebi fotonebis energiaze. 
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                 nax. 6.10  I487/I402  fardobis damokidebuleba  
                           amgznebi fotonebis energiaze.                        
            

   Ga0.3Al0.7P sistemis pirdapiri akrZaluli zonis sigane E0 udris 

3.5ev [169]. nax. 6.10 gviCvenebs, rom rodesac amgznebi kvantis energia 

sididiT uaxlovdeba Ga0.3Al0.7P pirdapir zonas, daimzireba susti re-

zonansi. moyvanili suraTi srulad ver gadmoscems rezonansuli ra-

manis gabnevis suraTs, radganac amgznebi kvantebis energiebi sididiT 

sakmaod Sorsaa pirdapiri zonis siganisagan. dasrulebuli suraTi 

gveqneba im SemTxvevaSi, Tu saSualeba mogvecema agznebisaTvis ga-

moviyenoT lazeris ufro mokle talRis sigrZeebi. garda amisa, 

ufro koreqtuli iqneba, Tu LO487 fononis intensiobas SevufardebT 

etalonuri kristalis CaF2 fononis rxevis intensiobas. 

    is garemoeba, rom sistemas, GaP safeni + GaxAl1-xP firi, vikvlevT 

lazeris gamosxivebis sxvadasxva talRis sigrZeebiT, SesaZleblobas 

gvaZlevs raman-speqtroskopiis saSualebiT SevafasoT epitaqsialuri 

firebis daaxloebiTi sisqeebi. 

    Tanaxmad [170] samuSaosi,  ramanis gabnevis intensioba 

 

                            I=(IoR/2α)(1-exp2αd)                                          (6.1) 

 

 114



sadac I0 – dacemuli gamosxivebis intensiobaa, R0 – gabnevis ganivkve-

Tia, α—STanTqmis koeficientia, d – firis sisqea. 

    Tu vivaraudebT, rom firi GaxAl1-xP ezrdeba GaP safens cicabo 

frontiT, maSin SesaZloa davuSvaT, rom gabnevis intensioba war-

moadgens safenisa da firis ramanis gabnevis intensiobebis jams 

 

                      IsaerTo=If.+Isaf.exp(-2αf.d)                          (6.2) 

 

                                            If.=(I0Rf./2αf.)[1-exp(-2αf.d)]                        (6.3) 

 

                                            Isaf.=(I0Rsaf./2αsaf.)exp(-2αf.d)                     (6.4) 

 

    Tu aviRebT intensiobebis Sefardebas, SesaZlebeli iqneba gamovian-

gariSoT firebis sisqeebi 

 

       Isaf./If.=(Rsaf.αf./Rf.αsaf.)x[exp(-2αf,d)]/[1-exp(-2αf.d)]        (6.5) 

 
    zemoTaRwerili meTodiT SevafaseT Ga0,3Al0,7P Semadgenlobis firis 

sisqe da miviReT d=12,5mmk. igive firis sisqe, gazomili Cveulebrivi 

mikroskopuli meTodiT, gvaZlevs sidides d=12mmk. 

    amrigad, ramanis speqtroskopiiT SeviswavleT didi raodenobis 

epitaqsialuri firebi Ga1-xAlxP  lazeris sxvadasxva talRis sigrZee-

bis agznebiT. davadgineT, rom es Sereuli naxevargamtari miekuTvneba 

ormodiani qcevis kristalebs. aRmovaCineT am sistemaSi rezonansuli 

ramanis gabneva pirdapiri zonis maxloblobaSi da ramanis speqtre-

biT SevafaseT epitaqsialuri firebis sisqeebi.       
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       Tavi 7. rezonansuli ramanis gabnevis Seswavla  

         gansxvavebuli struqturis, zonuri aRnagobisa 

               da  Semadgenlobis naxevargamtarebSi 

 

             7.1  naxevargamtarebis rezonansuli ramanis  

                            gabnevis mokle Teoria        

 

      rogorc cnobilia, kristalebSi fononebis talRurma veqtorma 

K SeiZleba miiRos nebismieri mniSvneloba briluenis zonis far-

glebSi, romlis maqsimaluri mniSvnelobaa π/d, sadac d  meseris mud-

mivaa. es maqsimumi tolia 3 x 108 sm-1. amgznebi lazeris talRis sigr-

Zes, romlis talRuri ricxvia 20 000 sm-1,  kristalis SigniT gaaCnia 

talRuri veqtori daaxloebiT 2 x 105 rigisa (talRuri veqtori = 2π 

x gardatexis koeficienti x talRuri ricxvi) da sinaTlis 900-iani 

gabnevisas talRuri ricxvis Senaxvis kanonis moTxovnis Tanaxmad 

anihilirebuli an warmoqmnili fononebis talRuri ricxvi iqneba 

daaxloebiT 2 x 2 x 105.  rogorc Cans, es sidide naklebia π/d-ze da 

fononebs, romlebic mniSvnelovania pirveli rigis ramanis gabnevaSi, 

gaaCniaT sakmaod didi talRis sigrZeebi meseris mudmivasTan Se-

darebiT. Aamas adasturebs isic, rom kristalebis umravlesobaSi me-

seris rxevebs gaaCniaT talRuri ricxvis maqsimumi, romelic Ziri-

Tadad moTavsebulia intervalSi 50 sm-1 – 1000 sm-1. ramanis gabnevaSi 

aqtiuri pirveli rigis fononebis K veqtoris simcires mivyavarT 

Teoriul gamartivebebTan. 

    rezonansuli ramanis gabnevisas (rrg)  amgznebi kvantis energia 

uaxlovdeba naxevargamtaris akrZaluli zonis siganes da am dros 

ramdenime rigiT izrdeba ramanis gabnevis efeqturoba.Ees metad 

mniSvnelovani efeqtia praqtikuli TvalsazrisiT, radganac am 

efeqtis pirobebis Seqmnisas analitikuri TvalsazrisiT SesaZlebe-

lia ramdenime rigiT gavzardoT meTodis aRmoCenisunarianoba.  

    mikroskopuli TvalsazrisiT naxevargamtarebSi rrg SeiZleba 

gamovxatoT feimanis diagramiT. ramanis efeqtis warmodgenisaTvis 

feimanis diagramis eqvsi nairsaxeoba arsebobs. Aaq moviyvanT erTs, 
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romelic iZleva SedarebiT ufro zogad warmodgenas am efeqtis 

Sesaxeb da aRwers rrg-is SedarebiT dominirebul process (nax. 71).     

 

 

         

 

     

fotoni 
 
fononi 
 
eleqtroni 
 
 
xvreli 
 
HER 

 
HPR 

 

 

 

 

 

 

             Nnax. 7.1  pirveli rigis ramanis gabnevis  
              dominirebuli  procesis feimanis erTeri diagrama              
  

    rodesac amgznebi lazeris sinaTlis kvanti ecema kristals, 

Tavdapirvelad naxevargamtarSi warmoiqmneba eleqtron-xvrelis (e – 

h) wyvili; Semdeg xdeba eleqtronis gabneva erT fononze, romelsac 

gadaecema gabnevis Sedegad eleqtronis mier dakarguli energia. 

sabolood eleqtroni rekombinirebs xvrelTan da rekombinaciis 

procesSi gamosxivdeba fotoni, romlis sixSire naklebia dacemuli, 

amgznebi lazeris kvantis sixSiresTan SedarebiT. Mnax. 7.1-ze moyva-

nil feimanis diagramaze HER da  HEP  warmoadgenen gamosxivebisa 

(fotonebisa) da eleqtronebis, eleqtronebisa da fononebis 

urTierTmoqmedebis hamiltonianebs Sesabamisad. 

   zemoTmoyvanili feimaniseuli diagramuli meTodis eqvivalen-

turad, romliTac warmodgenilia ramanis gabnevis albaToba, fermis 

oqros wesis Tanaxmad, aq moviyvanT ramanis gabnevis albaTobis ga-

mosaxulebas mesame rigis SeSfoTebis Teoriis Sesabamisad [93]. 
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sadac i aRniSnavs sawyis mdgomareobas, f aRniSnavs saboloo mdgo-

mareobas, xolo  α  da  β  Sualeduri mdgomareobebia; ω0  fononis 

sixSirea.  (6)  gantolebis marjvena mxares gvaqvs naklebad rezonan-

suli wevrebi, romlebic warmoadgenen feimanis mikroskopuli 

procesebis danarCen xuT wevrs, romlebic zemoT vaxseneT da isini 

gaerTianebulni arian  C mudmivaSi. (6) gantolebis mniSvneli Sei-

cavs namravls (Eβ – ħωl) da (Eα – ħωs). ase rom, ramanis gabnevis rezo-

nansuli gabneva Tavs iCens maSin, rodesac ωl axloa an Eβ – sTan an 

(Eα + ħω0)-sTan.  (Eβ – ħωl)  ewodeba Semomavali rezonansi, xolo (Eα – ħωs)  

gamomavali rezonansi. Γα  da Γβ  Caqrobis koeficientebia. 

   rodesac amgznebi lazeris kvantis energia uaxlovdeba 

naxevargamtaris eleqtronuli gadasvlebis energiebs, maSin adgili 

aqvs ramanis gabnevis (rg) intensiobis mkveTr zrdas da am movlenas 

ewodeba rezonansuli ramanis gabneva (rrg). cnobilia, rom ramanis 

gabnevis intensiobis speqtraluri damokidebuleba  iZleva 

mniSvnelovan informacias im Sualeduri eleqtronuli doneebis 

Sesaxeb, romlebic monawileobas Rebuloben rezonansSi. imis mixed-

viT, Tu rogori tipisaa is eleqtronuli energetikuli doneebi 

(pirdapiri zona, arapirdapiri, eqsitonuri da a. S.), romlis saSu-

alebiTac mimdinareobs rrg-is procesi, Sesabamisad icvleba rg-is 

intensiobebic. rrg-is maxasiaTebelia dispersiuli mrudi, romelic 

gamoxatavs amgznebi lazeris gamosxivebis kvantis energiebis da-

mokidebulebas LO, TO, 2LO, an sxva tipis fononebze ramanis gabnevis 

intensiobasTan.  rezonansi SeiZleba iyos daSvebuli SerCevis ka-

nonis Tanaxmad an akrZaluli. Sesabamisi saxe eqneba dispersiul 

mrudsac.     

    eqsperimentalurad rrg-is damzerisaTvis saWiroa lazeruli ra-

man-speqtrometri, romelic aRWurvili iqneba sxvadasxva lazeriT, 

raTa did energetikul intervalSi SegveZlos amgznebi kvantebis  
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energiebis cvlileba. bunebrivia, amgznebi kvantebis energiebis in-

tervali unda emTxveodes Sesaswavli naxevargamtarebis romelime 

eleqtronuli gadasvlis energiebs. rrg-is detalurad Seswavlis 

mizniT gamoiyeneba saRebavis lazeri, romlis agznebac warmoebs ar-

gonis an kriptonis lazerebiT. aseTi eqsperimentaluri teqnika re-

zonansis uwyvetadcvalebadi kvantis energiebiT Seswavlis saSuale-

bas iZleva. mxolod argonisa da kriptonis lazerebis SemTxvevaSi 

ki unda davkmayofildeT mxolod diskretuli energiebiT agznebiT. 

am SemTxvevaSi SesaZlebelia rezonansis raRac detali dispersiul 

mrudSi gamogvrCes. rrg-is Seswavla SesaZlebelia agreTve, Tu da-

vafiqsirebT amgznebi kvantis energias da vcvliT akrZaluli zonis 

sidides temperaturiT an erTmxriv mimarTuli daZabulobiT, an 

varizonuli (Sereuli) kristalebis saSualebebiT. rasakvirvelia, 

yvelaze kargia, rodesac gvaqvs SesaZlebloba rrg-is Seswavlisas 

gamoviyenoT saRebavis Llazeri.    

 

      

 

            7.2  arapirdapirzoniani naxevargamtarebis α-HgS 

                 da GaP rezonansuli raman-speqtroskopia 

       

     

    α-HgS akrZaluli zonis sigane oTaxis temperaturaze 2.1 ev to-

lia da igi miekuTvneba arapirdapirzonian naxevargamtarebs [166]. 

STanTqmis koeficienti im energetikul intervalSi, romelSic re-

zonansuli ramanis gabneva SeviswavleT (2.0 – 2.142 ev), icvleba  

α=3 – 500 sm-1 diapazonSi. amrigad, rezonansuli gamokvleva Cava-

tareT  α-HgS-is akrZaluli zonidan qveviT 0.1 da zeviT 0.042 ev-is 

daSorebiT.  

    gamosakvlevi nimuSebi warmoadgendnen muzeumidan aRebul bune-

briv mineralebs, romlebic Cveni gradaciiT miekuTvnebian sufTa, 

uminarevo kristalebs. kinovari Zlier diqroiduli kristalia da 

Sesabamisad lazeris sxivis eleqtruli veqtoris kristalis c RerZ-
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Tan perpendikularuli, Tu paraleluri ganlagebis mixedviT 

STanTqmis koeficienti iRebs gansxvavebul sidideebs. amis gamo 

yvela eqsperimentSi vcdilobdiT, E veqtori yofiliyo c RerZis 

perpendikularulad. 

    laboratoriuli lazeruli raman-speqtrometri, romelzec 

vawarmoebdiT speqtrebis Caweras, konstruirebuli iyo Cvens mier. 

dispersiul elementad gamoiyeneboda replika 600 St/mm, romlis 

Strixebis profili iseTi iyo, rom moexdina sinaTlis koncentracia 

speqtris wiTel-yviTel ubanSi. speqtrometris dispersia iyo daax-

loebiT 1 nm/mm. signalis mimRebad gamoiyeneboda fotogamamravle-

beli FEU-79. registracia warmoebda sinqronuli deteqtirebisa da 

TviTCamweris saSualebiT.. speqtrebis asagznebad viyenebdiT Spectra 

Physics-is saRebavis lazers 340, romlis agznebasac vawarmoebdiT 

Spectra Physics-is argonis lazeris 165 integraluri gamosxivebiT. 

kriptonisa da YAG:Nd+-is laboratoriuli tipis lazerebi ki Cvens 

mier iyo konstruirebuli. 

 

 

       nax. 7.2  kinovaris ramanis speqtri helium-neonis lazeris 
                talRis sigrZis 632.8 nm (1.96 ev) agznebiT 
                    

    nax. 7.2-ze warmodgenilia kinovaris ramanis speqtri helium-

neonis lazeris talRis sigrZis 632.8 nm (1.96 ev) agznebiT. eqsperi-
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mentis am pirobebSi, rodesac amgznebi kvantis energia kinovaris 

akrZaluli zonis sidideze naklebia 0.14 ev-iT, adgili aqvs e.w. wi-

narezonansul process da amitom maxasiaTebeli fononebis inten-

siobebi gazrdilia. rodesac kinovaris ramanis speqtri CavwereT 

YAG:Nd+ lazeris gamosxivebis talRis sigrZis 1.06 mmk agznebiT, re-

zonansi ar daimzireba. am speqtrebs vwerdiT Cvens mier konstruire-

bul infrawiTel YAG:Nd+ lazerul raman-sistemaze, aseve Bruker-is 

firmis standartul furie-gardaqmniT lazerul raman-

speqtrometrze FRA106.   

    rezonansuli ramanis gabneva zemoTmoyvanil speqtralur inter-

valSi SeviswavleT nax. 7.2-ze naCvenebi ramanis speqtris ori, 44 da 

256 sm-1 A1 tipis fononebisaTvis. am fononebis intensiobebis gazom-

vebis paralelurad gavzomeT agreTve farTo akrZaluli zonis (10 

ev) kristalis CaF2-is  ramanis intensiobebi 322sm-1 sixSireze. gavzo-

meT saRebavis lazeris gamosxivebis TiToeuli talRis sigrZis ag-

znebiT damowveul ramanis gabnevis intensioba. radganac fluori-

tis, CaF2 akrZaluli zona 10 ev-ia,  amitom 322 sm-1 sixSiris fononis 

intensioba ar ganicdis dispersias Cveni eqsperimentis farglebSi 

moTavsebuli saRebavis lazeris amgznebi energiebis mimarT. Sedegad, 

es intensioba gamodgeba etalonad da kinovaris ramanis inten-

siobebi 44 da 256 sm-1 sixSireebze gavzomeT am etalonuri intensio-

bis mimarT. e.i. Seswavlili fononebis intensiobebi normirebulia 

fluoritis fononis intensiobiT. am proceduram saSualeba mogvca 

gamogvericxa cdomilebebi, rodesac eqsperimentSi ar viTvalis-

winebT lazeris intensiobis cvlilebas, feg-is mgrZnobiarobis 

speqtralur damokidebulebas, optikuri sistemis speqtraluri 

gadacemis koeficientis mniSvnelobas da ramanis gabnevis mTavar ka-

nons, ν4-is ramanis gabnevis intensiobasTan proporciul damokide-

bulebas. α-HgS-Si amgznebi lazeris gansxvavebuli talRis sigrZee-

bis SeRwevis skin-fenis sxvadasxva mniSvnelobebis gasaTvaliswine-

blad ki gamoviyeneT zalenis mier [171] SromaSi mocemuli kinovaris 

STanTqmis koeficientebis grafikebi, romlebic asaxaven kinovaris 

akrZaluli zonis damikidebulebas STanTqmis koeficientze. 
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    aseTi procedurebis Catarebis Semdeg kinovaris ori fononisaT-

vis 41 da 256 sm-1 sixSireebze miviReT dispersiuli mrudebi, romle-

bic asaxaven α-HgS-Si rezonansuli ramanis gabnevis suraTs.      

   nax. 7.3-ze asaxulia rezonansuli ramanis gabnevis intensiobis 

dispersiuli mrudis saxe α-HgS-is  A1  tipis fononebisaTvis 44 sm-1  

da 256 sm-1 sixSireebze. orive dispersiuli mrudi gviCvenebs ramanis 

gabnevis intensiobis GgaZlierebas, magram xasiaTi sxvadasxvanairia: 

256 sm-1 sixSiris fononis intensioba rezonansis efeqtiT izrdeba 

rvajer, maSin rodesac, fononis intensioba 44 sm-1 sixSireze iz-

rdeba xuTjer.  

     

 

          nax. 7.3  rezonansuli ramanis gabnevis intensiobis 

                   dispersiuli mrudis saxe α-HgS-is  A1  tipis  
                   fononebisaTvis 44 sm-1  da 256 sm-1 sixSireebze  

 

   rezonansuli dispersiuli mrudis  iseTi suraTi, rogoric war-

modgenilia nax. 7.3-ze, rodesac rezonansis saSualebiT intensioba 

Zlierdeba daaxloebiT mxilod erTi rigiT, miuTiTebs imaze, rom 

rezonansi mimdinareobs arapirdapiri akrZaluli zonis meSveobiT.  

    gamovikvlieT rezonansuli ramanis gabneva GaP-Si, romelic 

aRiarebulia, rogorc arapirdapirzoniani naxevargamtari. rogorc 
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cnobilia, GaP-s arapirdapiri zona oTaxis temperaturaze Eg=2.26 eV, 

xolo misi pirveli minimaluri pirdapiri akrZaluli zona oTaxis 

temperaturaze moTavsebulia E0= 2.78 eV-ze. GaP-Si rezonansis Ses-

wavlisas, rogorc dasawyisSi mogaxseneT, amgznebi lazerebis disk-

retuli kvantebis energiebiT gadavfareT arapirdapiri da pirdapiri 

zonebis energetikuli diapazoni. rezonansis Seswavlas vawarmoeb-

diT GaP-s (111) zedapiridan; amitom rezonansi daimzireboda orive, 

LO da TO fononze. eqsperimentis Sedegebi mocemulia nax. 7.4-ze; aq 

warmodgenilia rezonansuli ramanis gabnevis dispersiuli mrudebi 

GaP-s LO da TO fononebisaTvis. am SemTxvevaSic gamoTvlis 

teqnologia iseTivea, rogorc kinovaris SemTxvevaSi. rogorc nax. 

7.4-idan Cans, rezonansi arapirdapiri zonis farglebSi Zalian 

sustia, TiTqmis SeumCnevelic, xolo pirdapiri zonis monawilebiT 

ki gacilebiT Zlieri.  Tavis mxriv, GaP-s pirdapirzoniani rezonansi 

ramdenime rigiT sustia, vidre ZnSeTe pirdapirzoniani rezonansi. am 

Sereuli nasevargamtarebis rezonansi (ganxilulia qvemoT) mimdi-

nareobs pirdapiri eqsitonis monawileobiT da am meqanizmiT inten-

siobis gaZliereba xdeba eqvsi-Svidi rigiT.     

    rac Seexeba α-HgS-s, aq rezonansi gacilebiT ufro Zlieria, 

vidre klasikuri arapirdapirzonian GaP-s rezonansi arapirdapiri 

zonis monawileobiT, magram sustia, vidre rezonansuli ramanis gab-

neva GaP-Si pirdapiri zonis meqanizmiT. es gvaiZulebs vivaraudoT, 

rom α-HgS-Si, romelic oTaxis temperaturaze arapirdapiri zoniT 

xasiaTdeba, rrg mimdinareobs  romeliRac Sualeduri meqanizmiT da 

misi xasiaTi ufro axlosaa pirdapirzoniani naxevargamtarebis rrg-

is xasiaTTan. 
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                       nax. 7.4  rezonansuli ramanis gabnevis dispersiuli  
                     mrudebi GaP-s LO da TO fononebisaTvis.  
 

    am eqsperimentuli faqtebis interpretaciisaTvis saWiroa kino-

varis zonuri struqturis Taviseburebebis gaTvaliswineba. im mcire 
raodenobis SromebSi, sadac eqsperimentulad da Teoriulad Ses-

wavlilia kinovaris akrZaluli zonis sidide da forma, gamoTqmu-

lia mosazreba, rom α-HgS-s oTaxis temperaturaze  gaaCnia arapir-

dapiri diqroiduli akrZaluli zona; magram erT SromaSi, sadac 

akrZaluli zonis struqtura Seiswavles heliumis temperaturaze, 

aRmoaCines mcire intensiobis pirdapiri gadasvla [171]. 

    nax 7.5-ze warmodgenilia kinovaris briliuenis zonisa (bz) da 

energetikuli zonuri struqturis sqematuri saxe  A da Γ wer-

tilebis SemaerTebeli xazis gaswvriv. aqvea naCvenebi Tu romeli 

gadasvlebia daSvebuli, rodesac dacemuli sxivis eleqtruli 

velis veqtori kristalis c RerZis perpendikularuli an parale-

luria [172]. 
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           nax. 7.5  kinovaris briliuenis zonisa (bz) da zonuri  

                    struqturis sqematuri saxe  A da Γ wertilebis 
                    SemaerTebeli xazis gaswvriv. 
            

    nax. 7.5-idan  naTlad Cans, rom kinovaris savalento zonis 

maqsimumi mdebareobs (bz)-is A wertilSi da igi A1 simetriisaa. gam-

tareblobis zonis minimumi ki moTavsebulia Γ wertilSi Γ1 

simetriiT. amrigad, kinovars gaaCnia arapirdapiri zona A1 - Γ1  

gadasvliT. 

    kinovarSi pirdapiri gadasvla mimdinareobs savalento zonis Γ3 

mdgomareobidan  gamtareblobis zonis Γ1 mdgomareobaSi. gadasvla 

Γ3 - Γ1 daSvebulia mxolod maSin, rodesac sinaTlis eleqtruli 

veqtori kristalis c RerZis perpendikularulia.  

    Teoriul gamoTvlebze dayrdnobiT savalento zonis maqsimumi 

Zalian mdored ecema A - Γ xazis gaswvriv. gamoTvlili sxvaobis 

sidide A1 da Γ3 doneebs Soris tolia 0.05 eV. es gamoTvlili sidide 

Tanxvdeba zalenis [171] eqsperimentul monacemebs, kerZod, mis mier 

kinovarisTvis gazomil arapirdapiri da pirdapiri zonis sidideebs 

Soris sxvaobas. 

    amrigad, zemoTmoyvanili Teoriuli ganxilvis safuZvelze da 

kinovaris struqturis Taviseburebidan gamomdinare (igi Zalian 

wagrZelebulia c RerZis gaswvriv), SeiZleba davaskvnaT: kinovaris 

arapirdapiri da pirdapiri zonebi Zalian mcired gansxvavdeba erT-

maneTisagan; savalento zonis maqsimumi Zalian mdored ecema; amitom 
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kinovarisTvis rrg-is Cvens mier miRebuli eqsperimentuli Sedegebi 

asaxavs arapirdapiri da pirdapiri zonebis erTobliv wvlils re-

zonansSi.  

 

 

 

7.3 Sereuli naxevargamtaruli kristalebis  

     Zn Te1-xSex rezonansuli raman-speqtroskopia. 

 

    gabneuli gamosxivebis intensiobis damokidebuleba amgznebi 

kvantis energiaze gamokvleulia sxvadasxva kristalSi. ZnTe1-xSex-Si 

SeviswavleT gabneuli  gamosxivebis  intensiobis  rezonansuli 

gaZliereba, rogorc pirveli rigis fononebze briliuenis zonis 

centrSi, aseve rrg meore rigis fononebze da mravalfononur 

procesebze.  

   rrg Teoria pirveli da meore rigis gabnevisaTvis kristalebSi, 

romelTac gaaCniaT TuTiis krialas struqtura,  Seswavlili  iyo  

[97] samuSaoSi, e. w. kvazistatikur  miaxloebaSi,  eqsitonuri  

efeqtis gauTvaliswineblad. kvazistatikuri  miaxloeba  gulisx-

mobs,  rom  rrg procesSi monawile fononis sixSire ωp  gacilebiT  

naklebia,  vidre gamosaxuleba |ω-ω0+iΓ|,   

                                                          ωp<<|ω-ω0+iΓ|                                                (7.2)  

sadac  ω-lazeris gamosxivebis sixSirea, ω0-sixSire, romelic Seesa-

bameba rezonansSi monawile akrZaluli zonis siganes da Γ-am zonis 

siganea. Tanaxmad [97] samuSaosi, raman-gabnevis (rg) tenzori gamois-

axeba Semdegi formuliT:  
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sadac ω0-energiaa im akrZaluli  E0  zonis, romlis axlosac adgili 

aqvs rezonanss; C”≈2  uganzomilebo mudmivaa; a0 -meseris mudmivaa, 

xolo ξ=u(1,1,1)1/8xa0 qvemeseris wanacvlebaa fononebis gavrcelebis 

(111) mimarTulebiT. δ(1)ω0-valenturi zonis gaxleCis sididea, ro-

melic gamowveulia qvemeseris wanacvlebiT ξ=1. SesaZlebelia, 

agreTve, igi HaRiweros Semdegnairad deformaciuli potencialis d0 

saSualebiT:  

                                                    0
0

0
)1( )2( d

a
=ωδ .                          (7.4)                

   gantoleba  (7.3)  damakmayofileblad  aRwers  rrg  eqsperimen-

tul monacemebs meoTxe da  A3B5  tipis naxevargamtarebisaTvis,  ma-

gram iZleva SesamCnev gansxvavebas, gansakuTrebiT E0 zonis maxlob-

lobaSi, A2B6 ggufis naxevargamtarebisaTvis. es gansxvaveba Teoriasa 

da eqsperiments Soris gamowveulia im mZlavri eqsitonuri efeqtiT, 

romelic arsebobs am naxevargamtarebSi da araa gaTvaliswinebuli 

(7.3) formulaSi.  

   rrg eqsitonuri efeqti gaTvaliswinebuli iqna [95] samuSaoSi, 

romelSic Seiswavleboda rrg ZnTe-Si. am samuSaos Tanaxmad rg-is 

tenzori TO fononebisaTvis, romelTaTvisac gaTvaliswinebulia  

eqsitonuri  wvlili, gamoisaxeba Semdegi formuliT:  
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sadac 
ex

ex E
X ω

= , Cex -proporciulia eqsitonis oscilatoruli Zal-

isa da Eex =E0 –Ef  (Eex -eqsitonis kavSiris energiaa).  

   raman-gabnevis tnzorSi  LO fononebisaTis gaTvaliswnebul  unda 

iqnas wrmoqmnili makroskopuli eleqtuli veli da [95]-is  Tnaxmad 

miviRebT, rom  
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sadac ρ-dayvanili masis  simkvrivea;  ε∞-infrawiTeli  dieleqtri-

kuli mudmiva; ωLO da ωTO  ki  LO  da TO fononebis sixSireebia  K=0-is 

dros da χe -pirveli rigis eleqtro-optikuri tenzoris eleqtro-

nuli nawilia. unda aRvniSnoT, rom gantoleba (7.6) samarTliania 

kristalis gamWvirvalobis SemTxvevaSi.  

    rrg SeviswavleT  A2B6  tipis naxevargamtarebis Sereul 

kristalebSi, ZnTe0.7Se0.3  da ZnTe0.6 Se0.4. isini warmoadgendnen kuburi 

formis kristalebs zomiT 4x4x4 mm, romelTa yvela waxnagi  optiku-

rad iyo polirebuli. kristalebi polikristaluri iyo, amitom wax-

nagebi ar iyo orientirebuli da amdenad am samuSaoSi ver SevZeliT 

akrZaluli da dasaSvebi rezonansebis gamijvna.  

   ZnTe1-x Sex    akrZaluli  zonis  siganis  E0  damokidebuleba Se-

madgenlobaze, x, gamokvleuli iyo [173]-Si, sadac naCvenebia, rom am 

damokidebulebas gaaCnia minimumi. aRniSnuli samuSaodan SevafaseT 

E0 gamosakvlevi kristalebisa da miviReT: rodesac x=0.3 maSin E0 =2.135, 

xolo x=0.4 dros E0 =2.145eV.  

   rrg eqsperiments vanxorcielebdiT oTaxis temperaturaze uku-

gabnevis sqemiT. rg speqtris asagznebad viyenebdiT 375-is modelis 

saRebavis lazers. saRebavis lazeris agznebas vanxorcielebdiT 

firma "Spectra Physics" 165 modelis argonis lazeriT. rg speqtrebis 

registracias vawarmoebdiT TviTnakeTi laboratoriuli tipis ra-

man-speqtrometrze ormagi monoqromatoriT DFS-12. modernizebuli 

monoqromatori aRWurvili iyo difraqciuli meseriT 600 St/mm,  ro-

melic axdenda areklili sinaTlis koncentracias 600.0Anm ubanSi 

da  muSaobda difraqciis  pirvel  rigSi.  saRebavis  lazerSi  

samuSao  siTxed viyenebdiT saRebavs rodamin 6G  da amitom gamosx-

ivebis talRis sigrZe uwvetad icvleboda 625.0-575.0Anm (1.939-2.15eV) 

intervalSi.  

   rodesac kristalis agznebas vawarmoebT speqtraluri ubnis 

aseTi farTo diapazoniT, naxevargamtaris STanTqmis  koeficienti  

icvleba  TiTqmis sami-oTxi rigiT. amitom rg intensiobis ga-
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moTvlis  dros  Semogvaqvs Sesworeba skin-fenis sidideze dace-

muli da gabneuli sinaTlis talRis sigrZeebisaTvis. am mizniT 

viRebdiT ZnTe-is STanTqmis koeficientis speqtrs [174]-dan. aqedan 

aRebul damokidebulebas vamTxvevdiT ZnTe0.7Se0.3   da ZnTe0.6Se0.4  

akrZaluli zonis siganeebs - 2.135, 2.145 eV Sesabamisad da amrigad 

miRebuli, damTxveuli STanTqmis koeficientis speqtrebidan viReb-

diT Sesworebebs. rg intensiobis TiToeul gazomvas vawarmoebdiT 

orientirebuli monokristalis CaF2  pirveli rigis fononis 322 sm-1  

rg intensiobasTan fardobaSi. radganac CaF2 gaaCnia akrZaluli 

zonis didi sigane (10eV), amitom misi rg intensioba araa damokide-

buli amgznebi kvantis energiis sidideze. rg speqtris aseTi meTo-

diT Cawera da intensiobis gamoTvla avtomaturad  gamoricxavs  

monoqromatoris  gadacemis  koeficientisa da gabnevis kanonis ν4-is 

moqmedebas., fotogamamravleblis mgrZnobiarobis damokidebulebas 

talRis sigrZeze.  

     nax. 7.6-ze moyvanilia ZnTe0.7Se0.3  myari xsnarebis rg speqtrebi 

saRebavis lazeris sxvadsxva talRis sigrZeebis agznebisas. moyva-

nili speqtrebidan Cans, rom amgznebi talRis sigrZis garkveuli 

sididis gamoyenebis Semdeg (E =1.983 eV) rg speqtrSi warmoiSveba 2LO 

fononi, romlis intensioba mkveTrad izrdeba, rodesac amgznebi 

kvantis energia uaxlovdeba ZnTe0.7Se0.3 akrZaluli zonis siganes  

E=2.135. erTdroulad, mkveTrad izrdeba LO da TO fononebis inten-

siobac.  fononebis intensioba matulobs  TiTqmis  xuTi  rigiT. 

analogiuri  speqtrebi  iqna Cawerili   ZnTe0.6Se0.4 Sereuli 

naxevargamtarisTvisac.  



 

  

        nax. 7.6  ZnTe0.7Se0.3  myari xsnarebis rg speqtrebi saRebavis  
                 lazeris sxvadsxva talRis sigrZeebis agznebisas.         
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          nax. 7.7  ZnTe0.7Se0.3-Si  TO  fononisTvis  fardobiTi   
                  intensiobis damokidebuleba amgznebi kvantis 
                  energiis sidideebze. Teoriuli mrudi 
                  (punqtiriT), gaangariSebuli (7.3)-is mixedviT. 
                       

    nax. 7.7-ze moyvanilia ZnTe0.7Se0.3-saTvis eqsperimentuli  wer-

tilebi, romlebic  gamosaxaven  TO  fononisTvis  fardobiTi   in-

tensiobis damokidebulebas amgznebi kvantis energiis sidideebze. 

amave naxazzea moyvanili(7.3)-is mixedviT gaangariSebuli Teoriuli 

mrudi (punqtiriT). rogorc Cans, es mrudi SeusabamobaSia eqsperi-

mentul wertilebTan. formula (7.5)-iT gamoTvlili Teoriuli 

mrudi, romelic imave nax. 7.7-zea warmodgenili uwyveti xaziT, 

SesaniSnavad aRwers eqsperiments energiebis im ubanSi, sadac 

kristali gamWvirvalea, 2.135 eV qveviT. rogorc zemoT iyo aR-

niSnuli, (7.5) gamoyvanilia eqsitonuri meqanizmis gaTvaliswinebiT.  
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   nax. 7.8 da 7.9-ze moyvanilia Sesabamisad LO da 2LO-saTvis fardo-

biTi intensiobis damokidebuleba amgznebi kvantebis energiis  

sidideebze. eqsperimentuli wertilebis garda moyvanilia (7.6)-is 

mixedviT gamoTvlili Teoriuli mrudebic. analogiuri suraTebi.              

nax. 7.8  LO -saTvis fardobiTi         nax. 7.9 2LO -saTvis fardobiTi  
     intensiobis damokidebuleba       intensiobis damokidebuleba 
     amgznebi kvantebis energiis         amgznebi kvantebis energiis 
          sidideze.                          sidideze.         
 

gvaqvs Sereuli xsnaris ZnTe0.6Se0.4-is SemTxvevaSic.  

   amrigad, eqsperimentuli monacemebis Teoriul mrudebTan  Se-

dareba naTlad gviCvenebs, rom iseve, rogorc A2B6 tipis  

naxevargamtarebSi, ZnTe, ZnSe, CdZnTe, Cvens mier Seswavlil Sereul 

kristalebSic ZnTeSe rrg mimdinareobs eqsitonuri meqanizmiT. 
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   Tavi 8.  lazeruli raman-speqtroskopiis gamoyeneba 

             ionuri implantaciiT modificirebuli 

          naxevargamtaruli zedapirebis monitoringis 

                             mizniT     

                           

     8.1  borisa da argonis ionebis implantaciiT modificirebuli 

           GaP-s kristaluri meseris rxeviTi dinamikis Seswavla 

                      lazeruli raman-speqtroskopiiT  

 

       ionuri implantacia erTerTi mTavari teqnologiuri meTodia 

naxevargamtarebis seleqtiuri legirebisa. am meTodis upiratesoba 

mdgomareobs imaSi, rom ionuri implantaciisas SesaZlebelia zus-

tad ganvsazRvroT rogorc legirebuli ionebis koncentraciebi, 

aseve maTi ganawilebis profili. meores mxriv, implantaciisas 

kristalis struqtura irRveva – warmoiqmneba defeqtebi. defeqtebis 

warmoqmna SesaZlebelia imdenad gaizardos, rom implantaciis gark-

veuli kritikuli zRvaris Semdeg kristali gadavides Zlier mou-

wesrigebel struqturaSi. kristaluri struqturis gadasvla mou-

wesrigebel mdgomareobaSi damokidebulia implantirebuli ionebis 

tipsa da implantaciis pirobebze. sabolood, kristali SeiZleba 

gadavides uwyvet amorful fazaSi.@@@@@@@ 

    ramanis gabneva mniSvnelovani fizikuri meTodia aseTi fazuri 

gardaqmnebis gamokvlevis mizniT. gansakuTrebuli ki isaa, rom ra-

manis gabnevis Seswavlisas ar xdeba gamosakvlevi obieqtis dazianeba 

    ionuri implantaciis procesSi kristalur meserSi warmoiqmneba 

radiaciuli defeqtebi, romelTa koncentracia izrdeba dasxivebis 

dozasTan erTad. garkveuli kritikuli dozis Semdeg kristali 

gadadis amorful mdgomareobaSi. amorfizacias ufro advilad 

ganicdian iseTi naxevargamtarebi, romelTac metad aqvT gamoxatuli 

kavSirebis kovalenturi xasiaTi. 

   rogorc cnobilia, kristalebSi arsebobs rogorc axlo, ise 

Soreuli wesrigi da pirveli rigis ramanis gabnevaSi monawileobs 

briluenis zonis centris fononebi K=0. kristalis rg speqtri war-
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moadgens viwrozolebiani speqtraluri xazebis erTobliobas. amor-

ful naxevargamtarebSi Soreuli wesrigis ararsebobis gamo 

darRveulia SerCevis wesi; amitom dasaSvebia gamosxivebis urTierT-

moqmedeba kristalis araaqtiur modebTanac. ase rom, amorful 

fazaSi Kyvela rxeva aqtiuri xdeba. amas ki mivyavarT rg speqtris 

struqturis waSlasTan. speqtri iRebs farTozolian saxes. 

   gamokvlevis mizniT aviReT GaP monokristaluri firfitebi erTi 

milimetris sisqiT. eleqtronebis koncentracia n=5x1016 sm-3. fir-

fitebis orive zedapiri iyo optikurad polirebuli da orientire-

buli [111] mimarTulebiT. polirebis xarisxs vamowmebdiT rg 

speqtris HCaweriT da varCevdiTY iseT nimuSebs, romelTa LO da TO 

fononebis speqtraluri zolebis naxevarsigane intensiobis 

maqsimumze ar aRemateboda  ΔLO=5 sm-1 da ΔTO=6.5 sm-1 Sesabamisad. Kyvela 

polirebuli nimuSis zedapiris naxevars vfaravdiT folgiT. alumi-

nis diskebze damagrebul aseT firfitebs vaTavsebdiT implanta-

toris High Voltage Europa vakuumur kameraSi, sadac mimdinareobda maTi 

implantacia 110  kev  energiis ionebiT, dozebis Semdegi sidideebiT: 

argonis ionis SemTxvevaSi D=1012, 3x1012, 9x1012, 3x1013,  8x1013, 2x1014, 

6x1014, 2x1015 ioni/sm2; boris ionis SemTxvevaSi ki D=1x1013, 3x1013, 1x1014, 

2x1014, 6x1014, 1x1015, 2x1015, 1x1016 ioni/sm2.Kyvela SemTxvevaSi vcdilob-

diT, rom amaCqareblis deni Kyofiliyo minimaluri, raTa ar 

momxdariyo nimuSebis rekristalizacia gamowviT. deni ar aRemate-

boda 0.05 mka/sm2. implantaciis Semdeg fifrfitis naxevars vaSoreb-

diT folgas da es zedapiri warmoadgenda etalons raman-speqtrebis 

Cawerisas. rs Caweras vawarmoebdiT laboratoriuli tipis raman-

speqtrometrze. nimuSebis agzneba rs Casawerad xdeboda argonis 

lazeris gamosxivebis talRis sigrZeebiT 514,5 nm, 457.9 nm  da helium-

kadmiumis lazeris gamosxivebis talRis sigrZiT 441.6 nm. amgznebi si-

naTlis dacemis kuTxes mkacrad vafiqsirebdiT da misi sidide 

TiTqmis yovelTvis Seesabameboda briusteris kuTxes.  

   GaP miekuTvneba kuburi simetriis kristalebs. SerCevis wesis 

Tanaxmad (111) orientaciis zedapiris lazeris gamosxivebiT agzne-
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bisas  rg-Si  gamoCndeba rogorc LO, aseve TO fononebi. Cvens mier 

registrirebul rg-speqtrSi GaP-sTvis LO=402 sm=1,  TO=366 sm-1.  

 

 

          

        nax. 8.1 ramanis gabnevis speqtrebi, 110  kev  energiis  
                argonis ionebiT implantirebuli GaP-si dozebiT:  
                                9x1012 (a), 3x1013 (b),  2x1014 (c)   da 6x1014 (d) ioni/sm2. 
     

   nax. 8.1-ze warmodgenilia 110  kev  energiis argonis ionebiT da 

dozebiT: 9x1012, 3x1013,  2x1014   da 6x1014 ioni/sm2 implantirebuli GaP-s 

ramanis gabnevis speqtrebi. rogorc speqtrebi gviCvenebs, SedarebiT 

mcire dozebiT implantirebis Semdeg kristaluri GaP-s mkveTri LO da 

TO speqtraluri zolebis intensioba mcirdeba, xolo maTi naxevarsi-

gane dozis zrdasTan erTad farTovdeba. garda amisa, adgili aqvs 

speqtraluri pikebis wanacvlebas dabali sixSireebisaken daaxloe-

biT 2.5 sm-1 farglebSi. dozis Semdgomi gadideba iwvevs LO da TO 

fononebis naxevarsiganeebis imdenad gafarToebas, rom isini er-

Tiandebian da warmoqmnian farTo, ustruqturo zols. aq aRwerili 

speqtrebi Cawerilia argonis lazeris gamosxivebiT  λL=514.5 nm.  

    nax. 8.2-ze naCvenebia LO da TO  fononebis speqtraluri zolebis 

naxevarsiganis damokidebuleba argonis ionebiT implantaciis 

dozebze. speqtraluri zolis mcire wanacvleba, intensiobis Semci-

reba da naxevarsiganis gafarToeba naxevargamtarSi SeiZleba gamow-

veuli iyos Tavisufali eleqtronebis ricxvis gazrdiT, rodesac am 
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eleqtronebis plazmuri rxeviT gamowveuli gaswvrivi eleqtruli 

veli  

 

           nax. 8.2  LO da TO  fononebis speqtraluri zolebis  
                   naxevarsiganis damokidebuleba argonis ionebiT 
                   implantaciis dozebze. 
 

urTierTmoqmedebs LO fononTan (sxvaTa Soris, am efeqtis saSuale-

biT raman-speqtroskopia saSualebas iZleva ukontaqto meTodiT gan-

vsazRvroT Tavisufali eleqtronebis koncentracia naxevargamtarSi) 

da LO fononis pikis magier gvaqvs plazmon-LO fononis urTieTTmo-

qmedebis speqtraluri zoli Tavisi parametrebiT; garda amisa, 

naxevargamtarSi Seqmnili mouwesrigebloba da meqanikuri daZabu-

lobebic iwvevs speqtruli zolis formis, sididis da energiis 

cvlilebebs. radganac argonis ionebiT implantacia ar iwvevs GaP-s 

eleqtronebiT gamdidrebas, amitom nax. 8.1-ze moyvanili  rs  da nax. 8.2-

ze moyvanili damokidebuleba argonis ionebisaTvis gviCvenebs, rom 

implantaciis dozis gadidebiT kristaluri GaP meseri TandaTan 

gadadis mouwesrigebel mdgomareobaSi da izrdeba Sinagani daZabu-
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loba. analogiuri damokidebulebaa moyvanili nax. 8.3-ze GaP-s (111) 

zedapiris boris ionebiT implantirebis SemTxvevaSi. 

 

          

          nax. 8.3  LO da TO  fononebis speqtraluri zolebis  
                   naxevarsiganis damokidebuleba boris ionebiT 
                   implantaciis dozebze. 
  

   rodesac implantaciis doza kidev ufro izrdeba, kristaluri me-

seris mouwesrigebloba aRwevs kritikul zRvars da GaP -s kristali 

mTlianad gadadis amorful mdgomareobaSi. amorfizaciis kritikuli 

dozis gansazRvris mizniT avageT dozis damokidebuleba rg normire-

bul intensiobaze  

 

                             In =1-I/I0                                                              (8.1)   

 

sadac  I0 aris etalonuri GaP-s rg-is intensioba, xolo I aris 

sxvadasxva doziT legirebuli GaP-s rg-is intensioba.  
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   naxazebze 8.4 da 8.5-ze moyvanilia es damokidebulebani GaP:Ar  da  

GaP:B-is SemTxvevaSi Sesabamisad. 

  

       nax. 8.4  implantaciis dozis damokidebuleba rg normirebul  
                intensiobaze GaP:Ar   SemTxvevaSi. 
    

    rodesac mrudi gadadis gajerebis mdgomareobaSi, im dozas 

vTvliT amorfizaciis kritikul dozad [128-129]. am meTodiT gansaz-

Rvruli amorfizaciis kritikuli doza argonis ionisaTvis tolia 

8x1014 ioni/sm2, xolo boris ionis SemTxvevaSi - 2x1015 ioni/sm2. orive 

SemTxvevaSi ionebis energia tolia 110 kev-isa. rogorc Cans, mZime 

ionebiT (Ar ) implantaciis dros GaP kristaluri meseris gadayvana 

amorful mdgomareobaSi xdeba ufro dabali dozebis dros, vidre 

msubuqi ionebiT (B) implantaciisas. aqve minda aRvniSno, rom amor-

fizaciis kritikuli doza ramanis gabneviT pirvelad gansazRvruli 

iqna siliciumsa [128] da almasSi [129], xolo A3B5  jgufis 

naxevargamtarebSi, kerZod GaP da GaAs ionuri implantaciiT gamow-

veuli amorfizaciis kritikuli dozis Sefaseba raman-

speqtroskopiis gamoyenebiT SevasruleT Cven [175].   
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      nax. 8.5  implantaciis dozis damokidebuleba rg normirebul  
               intensiobaze GaP:B   SemTxvevaSi. 
                           

   boris ionebiT implantaciis SemTxvevaSi movaxdineT implantire-

buli nimuSebis izoqronuli gamowva 400.500. 600, 700, 800 da 9000 C-

ze erTi saaTis xangrZliobiT. gamowvis win yvela nimuSi dafaruli 

iyo damcavi  SiO2-is 100 nm sisqis feniT da gamowva warmoebda ar-

gonis gazis nakadSi. gamowvis yoveli stadiis Semdeg nimuSs 

vaTavsebdiT raman-speqtrometrSi da vwerdiT rs-s helium-kadmiumis 

lazeris agznebiT,  λL=441.6 nm. rs-ma gviCvena, rom D=1x1016 ioni/sm2, 

110 kev energiis boris ioniT legirebuli  GaP, 7000 C-ze erTi 

saaTiT gamowvis Semdeg mouwesrigebeli mdgomareobidan krista-

lurSi gadadis. aRsaniSnavia, rom boris ionebiT legirebisas GaP-Si 

eleqtronebis ricxvi ar gaizarda, radganac gamomwvari nimuSis rs 

xasiaTdeba speqtraluri zolis iseTive naxevarsiganiT, rogorc 

etalonuri GaP-si. e.i. boris ionebiT legirebisas adgili ara aqvs   

LO fonon-plazmonis urTierTqmedebas. amgvarad, iseve, rogorc ar-
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gonis ionis implantaciis SemTxvevaSi, boris ionis implantirebisa-

sac speqtraluri zolis naxevarsiganis gafarToebas iwvevs ara 

  

 

          nax. 8.6  boris ioniT implantirebuli GaP-s safenis  
                   izoqronuli gamowvis suraTi  
                  

boris, rogorc minarevis aqtivacia, aramed implantaciis dros war-

moqmnili defeqtebi, kristaluri meseris mouwesrigebloba da 

meqanikuri daZabulobani. boris ioniT implantirebuli GaP-s saf-

enis izoqronuli gamowvis suraTi mocemulia nax. 8.6-ze. 

   suraTi gviCvenebs, Tu rogor TandaTanobiT aRsdgeba kristaluri 

struqtura Termuli damuSavebis Semdeg. 7000C-ze aRdgenilia 

Soreuli wesrigis TiTqmis 90%.  

   amrigad, lazeruli raman-speqtroskopia metad moxerxebuli da 

informatuli meTodia ionuri legirebiT modificirebuli 

naxevargamtarebis zedapirebis fizika-qimiuri Tvisebebis diag-

nostirebisaTvis. 
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           8.2  boriTa da argoniT implantirebuli GaAs  

                     lazeruli raman-speqtroskopia 

 

    lazeruli raman-speqtroskopiiT SeviswavleT GaAs-is krista-

luri struqturis amorfulSi gadasvlis dinamika, rodesac am 

naxevargamtaris bombardirebas vawarmoebT borisa da argonis ione-

bis sxvadasxva dozebiT.           

    monokristaluri maRalomiani GaAs-is zodidan gamoWrili iqna 

firfitebi, romelTa zedapirebi orientirebuli iyo (111) mimarTule-

biT. firfitebis orive zedapiri optikurad iyo polirebuli. opti-

kurad polirebuli zedapiris erT naxevars vfaravdiT aluminis 

folgiT, meore naxevris implantacias ki vawarmoebdiT argonisa, an 

boris ionebiT. implantirebuli ionebis energia toili iyo 110 kev-

isa; dozebi ki icvleboda farTo intervalSi. implantaciis dros 

deni minimalurad mcire iyo, raTa implantaciis procesSi gamowvis 

Sedegad ar momxdariyo darRveuli kristaluri struqturis 

aRdgena. es deni ar aRemateboda 0.4 mk.amp./sm2. argonis ionebiT im-

plantirebas vawarmoebdiT Semdegi dozebiT: D=1012; 3x1012; 9x1012; 

3x1013; 8x1013; 2x1014; 6x1014; 2x1015 ioni/sm2. boris ionebiT implantirebas 

ki vawarmoebdiT Semdegi dozebiT: 1x1013; 3x1013; 1x1014; 2x1014; 6x1014; 

1x1015; 2x1015; 1x1016 ioni/sm2.  folgiT dafaruli firfitis erT 

naxevars, romelSic Cqari ionebi ver aRwevda,  ramanis speqtrebis 

registraciisas viyenebdiT etalonad.  

    ramanis speqtrebis Caweras vawarmoebdiT laboratoriuli tipis 

lazerul raman-speqtrometrze, romelic Cvens mier iyo konstruire-

buli ormagi monoqromatoris DFS-12-is bazaze. dispersiul elemen-

tad gamoiyeneboda difraqciuli meseri 600 St./mm, romelic 

arekvlili sinaTlis koncentracias axdenda speqtris wiTel-yviTel 

ubanSi da muSaobda speqtris pirvel rigSi. speqtrometris foku-

suri manZili iyo 800 mm. signalis mimRebad viyenebdiT FEU-79 foto-

gamamravlebels. raman-speqtrebis aRgznebas vawarmoebdiT argonis 

lazeris gamosxivebis talRis sigrZiT 514.5 nm. yvela gazomva 

tardeboda oTaxis temperaturaze. 
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rodesac  GaAs-is implantirebas vawarmoebT 110 kev energiis msubuqi 

boris ionebiT, maSin am ionebis safenSi SeRwevis siRrme daaxloe-

biT 460 nm-ia; imave energiis ufro mZime ionis, argonis implantire-

bisas SeRwevis siRrme ki - daaxloebiT 110 nm. argonis lazeris ga-

mosxivebis talRis sigrZisaTvis 514.5 nm GaAs-Si SeRwevis skin-fena 

tolia daaxloebiT 100.0 nm. amrigad, Cveni eqsperimentuli pirobebis 

Tanaxmad orive ioniT implantirebis SemTxvevaSi ramanis gabneviT 

vawarmoebT mxolod implantirebuli Txeli fenebis monitorings.  

 

 

             nax. 8.7  ramanis speqtrebi GaAs-is boris ionebis 
                     sxvadasxva doziT legirebis Semdeg.  
  

    GaAs miekuTvneba kuburi simetriis kistalebs Td simetriiT. aseTi 

struqturisaTvis (111) zedapiridan miRebuli ramanis gabnevis  (rg) 

speqtri Sedgeba ori viwro speqtraluri zolisagan. erTi Seesa-

bameba LO gaswvriv fonons 292 sm-1 sixSireze da meore ganiv TO 

fonons 268 sm-1-ze.             
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   nax. 8.7 moyvanilia Cvens mier Cawerili ramanis speqtrebi GaAs-is 

boris ionebis sxvadasxva doziT legirebis Semdeg. aqvea naCvenebi 

etalonuri  GaAs-is ramanis speqtric (nax. 8.7a). speqtrebi mkafiod 

gviCvenebs, rom implantirebuli ionebis nakadis gazrdiT safenis LO 

da TO fononebis sixSireebi inacvleben dabali sixSireebisken, 

mcirdeba intensiobebi da asimetriulad farTovdeba speqtraluri 

zolebis naxevarsiganeebi. TiTqmis analogiuri eqsperimentuli su-

raTi miviReT GaAs-is safenis argonis ionebis sxvadasxva dozebiT 

iplantirebisas. am SemTxvevaSi ufro mZime ionis argonis im-

plantaciisas sixSiris wanacvleba, intensiobis Semcireba da 

naxevarsiganis gafarToeba xdeba ufro dabali dozebisaTvis, vidre 

es iyo mubuqi boris SemTxvevaSi.   

    zemoTmoyvanili eqsperimentuli monacemebis safuZvelze avageT 

LO  fononis Sesabamisi speqtraluri zolis naxevarsiganis da-

mokidebulebebi implantirebuli borisa da argonis ionebis 

dozebze, rodesac implantirebas vawarmoebdiT 110 kev energiebiT. es 

damokidebulebebi moyvanilia nax. 8.8-ze. grafikebi gviCvenebs, rom 

dozis momatebiT arawrfivi kanoniT farTovdeba LO  fononebis 

 

       nax. 8.8   LO  fononis Sesabamisi speqtraluri zolis  

                naxevarsiganis damokidebulebebi implantirebuli  
                borisa (a) da argonis (b) ionebis dozebze.    
naxevarsiganeebi. amave dros Cans, rom ufro mZime ionebiT (magali-

Tad, argoni) implantirebisas saWiroa ufro naklebi doziT implan-
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tireba, raTa naxevarsiganis imave sididiT gafarToebas mivaRwioT, 

rogorc msubuqi ionebis (magaliTad, bori) SemTxvevaSi.                   

    davafiqsireT sixSiris maqsimaluri wanacvleba 3.5 sm-1 -iT. 

    rogorc aRvniSneT, mesame parametri, romelic icvleba ionebiT 

implantirebisas, aris LO da TO fononebis intensiobebi. nax. 8.7-idan 

Cans, rom es intensiobebi TandaTanobiT mcirdeba, rodesac izrdeba 

implantirebis doza. garkveuli dozis Semdeg ki, romelsac kriti-

kuli doza ewodeba, LO da TO fononebis viwro pikebi TiTqmis qreba 

da maT magier speqtri iRebs ustruquro, farTo zolis xasiaTs. 

speqtris aseTi xasiaTi migviTiTebs, rom aRniSnuli doziT implan-

tirebisas kristaluri GaAs  gadavida amorful fazaSi.  

    kristaluri  GaAs-is amorful fazaSi gadasvlis dinamikis 

raodenobrivi analizis mizniT avageT  normalizebuli intensiobis 

In  damokidebulebis grafiki implantirebuli ionebis dozasTan (8.1).  

                                 
0

1
I
II n −=                             

aq I0 aris kristaluri (standartuli) GaAs-is rg-is intensioba, 

xolo I – sxvadasxva dozebiT implantirebuli GaAs-is  rg-is inten-

siobebia. normalizebuli intensioba nulis tolia, rodesac safenSi 

defeqtebi ar arsebobs, xolo is erTis tolia, rodesac kristali 

mTlianad gadasulia amorful fazaSi.                                          

     es damokidebuleba argonis ionebiT implantirebis SemTxvevaSi 

moyvanilia nax. 8.9-ze, xolo boriT implantirebisas nax. 8.10-ze. 

grafikebi migviTiTebs, rom inplantaciis dozis zrdiT kristalur 

meserSi izrdeba defeqtebis koncentracia, romlebic Tanaxmad nax, 

8.7-isa iwvevs kristaluri struqturis mouwesrigebel mdgomareobaSi 

gadasvlas, xolo kritikuli dozis miRwevisas ukve imdenad didi 

koncentraciaa defeqtebis klasterebisa, rom maTi gadafarvis Sede-

gad kristaluri struqtura gadadis amorful mdgomareobaSi.   
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    nax. 8.9  implantaciis dozis damokidebuleba rg normirebul  
                intensiobaze GaAs:Ar   SemTxvevaSi.  
 

 

   nax. 8.10  implantaciis dozis damokidebuleba rg normirebul  
              intensiobaze GaAs:B  SemTxvevaSi.  
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    idealur samganzomilebian kristalSi ubani, romlis sazRvreb-

Sic fononebis sivrciTi korelaciuri funqcia vrceldeba, usasru-

lod didia. amis Sedegia, rom fononebis gavrceleba brtyeli tal-

RebiT gamoixateba da pirveli rigis ramanis gabnevisas adgili aqvs 

q=0 SerCevis wesis dacvas. rodesac kristalis aCqarebuli ionebiT 

bombardirebisas warmoiqmneba didi raodenobiT defeqtebi, ko-

relaciuri funqcia xdeba sasrulo sididis. am SemTxvevaSi SerCevis 

kanoni q=0 ganicdis relaqsacias. am relaqsaciis Sesabamisad ko-

relaciuri funqciac mcirdeba da iRebs sasrulo mniSvnelobas. eq-

sperimentulad aseT SemTxvevebSi ramanis gabnevaSi adgili aqvs 

fononebis sixSireTa wanacvlebas dabali sixSireebisaken, inten-

siobebis Semcirebas da fononebis maxasiaTebeli speqtraluri 

zolebis naxevarsiganeebis asimetriul gafarToebas. analogiur eq-

sperimentul gamovlinebasTan gvaqvs saqme, rodesac vafiqsirebT 

wvrilkristaluri naerTebis raman-speqtrebs. swored wvrilkrista-

luri naxevargamtar Si Seswavlisas SemoiRo mecnierma riCterma e. w. 

“fononTa SemosazRvris” koncefcia [176], romlis Tanaxmadac wvril-

kristalur masalebSi adgili aqvs fononTa sixSireebis wanacvlebas 

da naxevarsiganeebis asimetriul gafarToebas. amis mizezia is, rom 

pirdapir sivrceSi wvrilkristaluri masalebis fonononebi Semo-

sazRvrulia sferoebSi diametriT L. aseTi fononebis aRwera ki war-

moebs Sebrunebul sivrceSi talRuri paketiT, romlis talRuri 

veqtori k moTavsebuli intervalSi Δk≈L-1. 

     amrigad, fononebis sixSireTa dabali sixSireebisaken wanacvleba, 

naxevarsiganeebis asimetriuli gafarToeba da intensiobaTa cvli-

lebebi maxasiaTebelia ara marto wvrilkristaluri arametaluri 

masalebisaTvis, aramed am efeqtebis gamomwvevi mizezia agreTve 

kristalebSi inducirebuli defeqtebi. saboloo jamSi am parametre-

biT SesaZlebelia xarisxobrivad da raodenobrivad Sefasdes 

kristalis xarisxi. 

    nax. 8.7-ze moyvanili raman-speqtrebi gviCvenebs, rom etalonuri 

GaAs, aris monokristaluri safeni orientirebuli (111) zedapiriT, 

radganac SerCevis wesis Tanaxmad daimzireba viwro speqtraluri 
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zolebi LO  da TO  fononebis Sesabamis sixSireebze (nax. 8.7a); Semdegi 

speqtrebi nax. 8.7b da 8.7c  asaxavs safenis kristaluri struqturis 

darRvevis suraTs da migviTiTebs, rom am dozebiTa da energiiT 

oTaxis temperaturaze boris implantirebisas GaAs-is kristaluri 

meseri gadasulia mouwesrigebeli struqturis fazaSi. am speqtre-

bidan Cans, rom ramanis speqtri Sedgeba ori aditiuri komponentisa-

gan: Semcirebuli intensiobis LO  da TO  fononebis pikebisagan, ro-

melTa maqsimumebi mcire sididiTaa wanacvlebuli dabali sixSiree-

bisaken etalonuri safenis sixSireebisagan da maTi naxevarsiganeebi 

asimetriuladaa gafarToebuli; meore komponenti, rogorc speqtre-

bidan Cans, aris farTo ustruqturo zoli. speqtris pirveli 

nawili mivakuTvneT wvrilkristalur GaAs, xolo meore komponenti-

amorful α-GaAs. nax. 8.7c-ze moyvanili ramanis speqtri ki mTlianad 

Seesabameba α-GaAs-is maxasiaTebel ramanis speqtrs. ionuri bom-

bardirebiT gamowveuli struqturuli gardaqmnis aq aRwerili 

xarisxobrivi suraTi ganmtkicebulia nax. 8.8, 8.9 da 8.10 moyvanili 

naxevradraodenobrivi grafikebiT. 

    analogiuri msjeloba SegviZlia CavataroT argonis ionebiT 

legirebis SemTxvevaSic, mxolod raodenobrivi Sedegi iqneba 

gansxvavebuli boris ionebiT legirebis SemTxvevisagan. kerZod, 110 

kev energiis boris ionebiT GaAs-is OoTaxis temperaturaze legire-

bisas amorfizaciis kritikuli doza tolia 8x1015 ioni/sm2. igive en-

ergiis argonis ionebiT oTaxis temperaturaze legirebisas ki 

amorfizaciis kritikuli doza tolia 2x1014 ioni/sm2. es sidideebi 

miRebulia nax. 8.8 da 8.9-ze warmodgenili grafikebidan da dazuste-

bulia nax. 8.7-ze moyvanili ramanis speqtrebiT.  

    Cveni eqsperimentuli Sedegebis safuZvelze da literaturul 

monacemebze dayrdnobiT gTavazobT GaAs-is kristaluri struqturis 

ionuri legirebiT darRvevis Semdeg meqanizms: mcire dozebiT im-

plantirebisas kristalur struqturaSi warmoiqmnebian mcire zomis 

defeqtebis klasterebi, sadac adgilobrivi wertilovani simetria 

SenarCunebulia. es klasterebi, marcvlebi mcire zomisaa. klas-

terebs Soris sivrceebSi gacilebiT didi moculobiT SenarCunebu-
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lia kristaluri struqtura. Tavad mcire raodenobis wvril-

kristaluri klasterebi SenarCunebuli kristaluri struqturisagan 

gamoyofilia ubnebiT sadac defeqtebi kvanZTaSorisaa Camjdari da 

SenarCunebuli kristaluri struqturac Seicavs mcire raodenobis 

defeqtebs, romlebic ramanis speqtrebze did gavlenas ver axdens. 

Sedegad, ramanis speqtrebi gviCvenebs LO da TO fononebis intensio-

baTa mcire sididiT Semcirebas, naxevarsiganeebis odnav gafarToe-

bas da pikebis dabali sixSireebisaken mcire wanacvlebas. raman-

speqtrebis Tanaxmad implantaciis am etapze GaAs-Si Tanaarseboben 

mcire koncentraciiT wvrilkristaluri klasterebi nanogan-

zomilebis marcvlebiT, zomiT 100-500 Å da didi moculobiT 

kristaluri periodulobis mqone sivrce mcire raodenobis defeqte-

biT. saSualo dozebiT legirebisas defeqturi ubnebis raodenoba 

izrdeba, erTdroulad izrdeba wvrilkristaluri klasterebis 

raodenobac. implantaciis am etapze kristaluri daurRveveli 

struqturis wili saerTo struqturaSi Zalian mcire xdeba; erT-

droulad matulobs agreTve wvrilkristaluri, nanoganzomilebis 

marcvlebis wilic. amaze migviTiTebs LO da TO fononebis intensio-

baTa didi sididiT Semcireba, pikebis maqsimumebis dabali sixSiree-

bisaken wanacvlebis ufro didi sidide da naxevarsiganeebis Zalian 

didi sididiT gafarToeba; Tanac es gafarToeba Zlier 

asimetriulia. implantaciis am etapze kristalSi kvlav Tanaarse-

boben nanokristaluri da mouwesrigebeli struqturis GaAs;  maT 

raodenobriv Tanafardobas gansazRvravs ramanis maxasiaTebeli 

zolebis intensiobaTa fardobebi. Semdgom etapze dozebis kidev 

ufro gazrdiT defeqturi ubnebi ise farTovdeba, rom isini 

arRveven ukve nanokristaluri marcvlebis lokalur simetriasac, 

da Sedegad, saxezea uwyveti amorfuli GaAs-is sinTezi. amaze mi-

uTiTebs raman-speqtris ustruqturo FfarTo zolad gardaqmna. 

sxvadasxva safenebisa da ionebis kombinirebiT, implantaciis reJime 

bis parametrebis varirebiT davrwmundiT, rom Cvens mier Camoyalibe-

buli meqanizmis ricxviTi parametrebi icvleba did intervalSi.      
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    implantirebuli naxevargamtaruli zedapirepis ramanis speqtre-

biT Seswavlisas jer kidev adreul SromebSi SevamCnieT, rom im-

plantaciis garkveuli reJimebisas ramanis speqtrebSi uwyveti amor-

fuli fazis maxasiaTebeli speqtri zogjer ar fiqsirdeba. es gansa-

kuTrebiT gamoxatulia mZime ionebiT didi dozebiT legirebisas. 

aseT SemTxvevebSi daimzireba mxolod LO da TO fononebis pikebis 

gaqroba; α-GaAs-is maxasiaTebeli usruqturo farTo zoli ki ar 

vlindeba. Cven vfiqrobT, rom α-GaAs-is mZime ionebiT didi dozebiT 

implantirebisas maRali koncentraciiT warmoiqmnebian gawyvetili 

kavSirebi, romelTa boloebi Tavisufladaa dakidebuli. es ki bune-

brivia, gamoiwvevs Ga –As kavSirebis rxevebis intensiobaTa Semcire-

bas. radganac amorful naxevargamtarebSi ramanis gabnevis 

efeqturoba isedac mcirea, SesaZloa, rom gawyvetili kavSirebis 

didi koncentraciisas raman-speqtrometrma α-GaAs-is maxasiaTebeli 

speqtri verc daafiqsiros. 

    amgvarad, Cveni azriT, naxevargamtarebis ionuri implantaciisas 

kristaluri meseris rRvevis dinamika sam Tanmimdevrul etaps gaiv-

lis. 

          

 

         

 8.3  ionuri implantaciiT sinTezirebuli sammagi Sereuli 

          kristalebis GaAsxP1-x da GaxAl1-xAs lazeruli  

                        raman speqtroskopia        

    

    rogorc cnobilia, ionuri implantacia amJamad farTod          

gamoiyeneba naxevargamtaruli masalebis Tvisebebis modificirebis 

mizniT.     am mimarTulebiT mniSvnelovania axali ormagi da sammagi 

naxevargamtaruli SenaerTebis sinTezireba. ionuri implantaciT 

sinTezirebuli ormagi da sammagi naxevargamtarebi Seswavlili iyo  

[150-153] samuSaoebSi. 

   ionuri implantaciiT naerTebis sinTezirebisas adgili aqvs 

rogorc didi raodenobiT radiaciuli defeqtebis, aseve amorfuli 

fazis warmoqmnas. amitom  kristaluri fazis misaRebad Semdgom 
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saWiroa maRaltemperaturuli gamowva maRal vakuumSi an inertuli 

airis areSi. lazeruli raman speqtroskopiiT ionuri inplantaciiT 

sinTezirebuli sammagi naxevargamtari GaAsxP1-x      pirvelad Seswav-

lili iyo Cvens mier [177]. TiTqmis erTdroulad warmodgenili iyo 

analogiuri samuSao [154]. aRniSnuli samuSaos avtorebis mtkicebiT 

sammagi naerTis kristaluri faza miiReba pirdapir, e.w. cxeli im-

plantaciis dros da am SemTxvevisTvis araviTari Semdgomi   Ter-

muli damuSaveba araa saWiro.   

    lazeruli raman speqtroskopiiT Cven gamovikvlieT kristaluri 

Sereuli sammagi naxevargamtarebis  GaAsxP1-x da GaxAl1-xAs ionuri im-

plantaciiT sinTezirebis teqnologiuri pirobebi.  

    GaAs polirebuli zedapirebis ionur implantacias vawarmoebdiT 

70 kev. fosforisa da 100 kev. aluminis ionebiT, 1,8x1017 ioni/sm2 da 

2,8x1016 ioni/sm2 dozebiT. Sesabamisad zedapirebis orientacia iyo 

(111) pirvel SemTxvevaSi da (001) meore SemTxvevaSi. fosforiT im-

plantaciis dros GaAs safeni imyofeboda oTaxis temperaturaze, 

xolo aluminis ioniT implantaciisas 4000C temperaturaze. 

    rogorc [178] SromaSi vaCveneT, GaAs fosforiT implantaciisas 

warmoiqmneba erTfaziani amorfuli sammagi Sereuli naxevargamtari  

α-GaAsxP1-x. amorfuli faza warmoiqmneba agreTve cxeli implantaciis 

drosac, rodesac implantacia warmoebda 4500C temperaturaze. nax. 

8.11-ze warmodgenilia (111) orientaciis etalonuri GaAs da fos-

foris legirebiT warmoqmnili α-GaAsP-is    raman-speqtrebi. SerCevis 

wesis Tanaxmad, kristaluri GaAs-is raman speqtrSi Cans LO fononis 

maxasiaTebeli piki 290sm-1 sixSireze da TO fononis maxasiaTebeli 

piki 268sm-1. amorfuli naerTis raman-speqtri ki xasiaTdeba ori 

farTo zoliT: erTi maTgani Seesabameba Ga-As  kavSiris rxevas, 

xolo meore Ga-P kavSiris rxevas. 
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       nax. 8.11  (111) orientaciis etalonuri GaAs da fosforis 
                legirebiT warmoqmnili α-GaAsP    raman-speqtrebi. 
 

    kristaluri struqturis aRsadgenad gamoviyeneT Termuli ga-

mowva maRal vakuumSi. gamowvamde implantirebul GaAs zedapirs 

vfaravdiT  daaxloebiT 100 nm sisqis SiO2 damcavi feniT, raTa xeli 

SegveSala kristalidan fosforisa da dariSxanis aorTqlebisaTvis. 

gamowvas vawarmoebdiT 500, 700 da 8500 C temperaturebze erTi 

saaTis ganmavlobaSi. aRniSnul temperaturebze gamowvis Semdeg Caw-

erili raman-speqtrebis saerTo suraTi warmodgenilia nax. 8.12. 

speqtrebidan naTlad Cans, rom gamowvis Sedegad α-GaAsxP1-x     Tan-

daTan gadadis kristalur mdgomareobaSi da 8500 C temperaturaze 

TiTqmis mTlianad xdeba kristaluri fazis aRdgena, Tumca mcire 

raodenobis radiaciuli defeqtebi mainc igrZnoba. amas adasturebs 

amorfuli fazisTvis damaxasiaTebeli farTo zolebis daviwroeba 

gamowvis temperaturis zrdasTan erTad da axali pikebis warmoqmna 

370sm-1 da 345sm-1  sixSireebze. es pikebi Cven mivakuTvneT kristaluri 

sammagi naerTis GaAsP LO   da  TO    fononebis rxevas. isini asaxaven 
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sinTezirebul sammag naxevargamtarSi GaP-s magvari qvemeseris 

rxevebs. 

 

           nax. 8.12  α-GaAsxP1-x-is 500 (b), 700 (c) da 8500 C (d)  
                     temperaturebze erTi saaTis ganmavlobaSi gamowvis 
          Semdeg Cawerili raman-speqtrebi. (a) – etalonuri GaAs 
   

 

    aRniSnuli sammagi naerTis sinTezirebas adasturebs agreTve 

etalonuri GaAs  LO fononisagan 12 sm-1 sixSiriT wanacvlebuli 

pikis warmoqmna 278sm-1 sixSireze. es piki miekuTvneba sinTezirebuli 

kristaluri GaAsP LO  fononis rxevas, romelic asaxavs GaAs-is mag-

vari qvemeseris rxevebs. 

       nax. 8.13 warmodgenilia (001) orientaciis GaAs ramanis speqtri 

implantaciamde da aluminis cxeli implantaciis Semdeg. SerCevis 

wesis Tanaxmad (001) orientaciis GaAs zedapiris raman-speqtrSi 

daimzireba mxolod LO fononis Sesabamisi piki 290 sm-1  sixSireze. 

aluminis implantaciis Semdeg ki, rogorc suraTidan Cans, LO 

fononis Sesabamisi mkveTri piki qreba da warmoiqmneba farTo 

speqtraluri zoli, romelic asaxavs Ga-As kavSiris rxevas; amave 

dros 360 sm-1 ubanSi warmoiqmneba mcire intensiobis farTo zoli, 
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romelic asaxavs Al-As kavSiris rxevas. es ori eqsperimentuli faqti 

miuTiTebs, rom cxeli implantaciis drosac warmoiqmneba amorfuli 

α-GaxAl1-xAs. garda amisa, raman-speqtrebidan Cans, rom 284 sm-1 six-

Sireze warmoiqmneba mcire intensiobis mkveTri piki, romelic 6 sm-1 

sididiTaa wanacvlebuli kristaluri GaAs-s  LO   fononidan. amitom 

es piki Seesabameba cxeli implantaciis Sedegad warmoqmnil mcire 

raodenobis kristalur GaAlAs-s. amrigad, aluminis ioniT GaAs 

cxeli implantaciis dros warmoiqmneba α-GaAlAs, romelSic mcire 

raodenobiT Setivtivebulia sammagi naxevargamtaris kristaluri 

faza.  

 

      

         nax. 8.13  (001) orientaciis etalonuri GaAs da aluminis 

                 legirebiT warmoqmnili α-GaAlAs  raman-speqtrebi. 
 

    rogorc fosforiT legirebisas, am SemTxvevaSic kristaluri 

meseris aRsadgenad gamoviyeneT  vakuumSi maRaltemperaturuli ga-

mowva 500, 700 da 8500C temperaturebze. miRebuli Sedegebis amsax-

veli raman-speqtrebi warmodgenilia nax. 8.14-ze. raman-speqtrebidan 

Cans, rom 5000C temperaturaze gamowvisas α-GaxAl1-xAs maxasiaTebeli 
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farTo zoli mkveTrad ixliCeba or viwro pikad sixSireebiT 281 sm-1 

da 263 sm-1. es sixSireebi 6 sm-1-iT da 5sm-1-iTaa wanacvlebuli eta-

lonuri GaAs LO da TO fononebis maxasiaTebeli sixSireebisagan. es 

ori piki axasiaTeben kristalur GaAlAs-Si GaAs qvemeseris rxevas da 

miekuTvnebian LO1 da TO1 fononebs, Sesabamisad. erTdroulad, 360 sm-1 

sixSireze adgili aqvs axali pikis warmoqmnas, igi Cven mivakuTvneT 

kristalur GaAlAs-Si AlAs qvemeseris rxevas, romelic gamoisaxeba 

LO2 fononiT. 700 da 8500C temperaturebze gamowvisas GaAlAs 

kristaluri faza sul ufrodaufro srulyofili xdeba radia-

ciuli defeqtebis gaqrobis gamo. amas mkafiod asaxavs LO1, TO1 da 

LO2 fononebis maxasiaTebeli pikebis intensiobis mkveTri zrda da 

maTi naxevarsiganeebis daviwroeba gamowvis temperaturis zrdasTan 

erTad.  

          nax. 8.14  α-GaxAl1-xAs-is 500 (b), 700 (c) da 8500 C (d)  
                     temperaturebze erTi saaTis ganmavlobaSi gamowvis                  
          Semdeg Cawerili raman-speqtrebi. (a) – etalonuri GaAs 
   

  

    rogorc eqsperimentis pirobebidanaa cnobili, GaAs-is safenis 

orientacia iyo (001) da amitom ramanis speqtrSi daimzireboda 

mxolod LO fononi. implantaciisa da gamowvis Semdeg sinTezire-
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bul sammag naerT GaAlAs-is raman-speqtrSi ki Cans rogorc LO1,  LO2   

fononebi, aseve TO  fononic. amasTanave speqtrebidan Cans, rom TO  

fononis intensioba gacilebiT naklebia LO1  fononis intensiobasTan 

SedarebiT. amitom SegviZlia davaskvnaT, rom gamowvis Sedegad 

aRdgenili sammagi naerTis kristaluri meseri polikristaluria. 

yovel SemTxvevaSi, is ar imeorebs safenis orientacias (001). 

      amrigad, GaAs-is fosforiTa da aluminiT implantaciisas da 

Semdgom vakuumSi maRaltemperaturuli gamowvis Sedegad sinTezire-

bulia kristaluri sammagi SenaerTebi GaAsP da GaAlAs. davadgineT, 

rom aRniSnuli SenaerTebis srulyofili kristaluri fazebi 

miiReba mxolod Semdgomi Termuli damuSavebis Sedegad, miuxedavad 

imisa, ionebis implantacia tardeboda oTaxisa Tu maRal tempera-

turebze. 

    dasasruls, minda aRvniSno, rom kategoriuli mtkiceba, ionuri 

implantaciis Sedegad srulyofili kristaluri faza sinTezirdeba  

pirdapir cxeli implantaciisas, Semdgomi gamowvis gareSe, Tu 

kristaluri faza yalibdeba Semdgomi Termuli damuSavebis Sedegad, 

albaT araa mizanSewonili. aseTi daskvnis gakeTebisas aucileblad 

unda gaviTvaliswinoT is mravali cvalebadi parametri konkretuli 

eqsperimentisas., romelic did gavlenas axdens Sedegebze.   
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                       ZiriTadi daskvnebi 

 

    warmodgenili samuSaos ZiriTadi Sedegebi SeiZleba Semdeg-

nairad CamovayaliboT: 

1.  1976 wlidan saqarTveloSi Cems mier pirveladaa dafuZnebuli da 

ganviTarebuli axali, ultraTanamedrove fundamenturi samecniero 

mimarTuleba “lazeruli raman-speqtroskopia”. warmodgenili dis-

ertacia pirveli eqsperimentuli naSromia am mimarTulebiT da igi    

Sesrulebulia saqarTveloSi dafuZnebul da ganviTarebul lazer-

uli speqtroskopiis eqsperimentul bazaze. aRniSnuli axali mimar-

Tuleba mniSvnelovania rogorc fundamenturi mecnierebis, aseve 

analizuri da industriuli mimarTulebebis specialistebisaTvis. 

igi erTnairad saintereso, saWiro da Sedegiania fizikosebisaTvis, 

mikroeleqtronikisa da naxevargamtarebis specialistebisaTvis, 

qimikosebis, biologebis, medikosebis, farmacevtebis, geologebis, 

ekologebis, kvebis da soflis meurneobis muSakebisaTvis. 

2.  saqarTveloSi pirvelma Sevqmeni da ganvaviTare TviTnakeTi la-

boratoriuli tipis sami sxvadasxva saxeobis lazeruli raman-

sistema gansxvavebuli parametrebiTa da daniSnulebiT. maT Soris 

gamorCeulia infrawiTeli lazeruli raman-speqtrometri Tavisi 

aqsesuarebiT. aseTi tipis lazeruli raman-sistema yofil sabWoTa 

kavSirSi pirvelma me Sevqmeni 1970 wels. aRniSnul sistemebze Sevas-

rule saxvadasxva tipis naxevargamtarebis, dieleqtrikebis, amor-

fuli da nanomasalebis, epitaqsialuri firebis, araorganuli da 

organuli qimiuri naerTebis, bunebrivi mineralebis, maRaltempera-

turuli zegamtarebis fundamenturi da analizuri samuSaoebi. 

3.  pirvelad Seviswavle saqarTvelos abxazeTisa da raWis sabadoe-

bis naxevargamtaruli bunebrivi mineralis, kinovaris, α-HgS fonon-

uri speqtri lazeruli raman-speqtroskopiiT. pirveli rigis Ziri-

Tadi fononebis identifikaciis garda kinovarSi pirvelad aR-

movaCine selenis izomorfuli minarevis xvrelismieri rxevis dama-

dasturebeli lokaluri fononuri rxeva. am statistikur gamokvle-

vaTa safuZvelze pirveladaa SemoTavazebuli kinovaris sabadoebis 

albaTuri identifikaciis meTodi ramanis gabnevis speqtrebis saSu-
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alebiT. aseTi daskvna mniSvnelovania antikuri da Suasukunovani 

epoqis xelovnebis nimuSebis pigmenturi saRebavebis identifikaciis 

TvalsazrisiT.  

4.  saqarTvelos mineralebidan raman-speqtroskopiiT SeviswavleT 

agreTve raWis mineralebi realgari da auripigmenti. kinovaris min-

eralebTan erTad es mineralebi, maT safuZvelze damzadebuli pig-

menturi saRebavebi gamoiyeneba antikuri da Suasaukunovani xelovne-

bis nimuSebis mosaxatad. am Zveli, unikaluri simdidris ferTa 

identifikaciisa da konservaciis mizniT dRes sazRvargareT inten-

siurad gamoiyeneba bunebrivi mineralebis lazeruli raman-

speqtroskopia. Tu Cven ramaniT movaxdenT pigmentis identifikacias, 

davadgenT, romeli sabadodan SeiZleba iyos es minerali, SesaZle-

bloba iqmneba farda avxadoT ferweruli nimuSebis bevr saidumlos. 

am mimarTulebiT saqarTvelos xelovnebis nimuSebi elian Cvens ga-

mokvlevebs. 

5.  SeviswavleT Sereuli kristalebis sxavadasxva tipebi. aRmoCnda, 

rom Sereuli kristali GaAs1-sPx  fononebis yofa-qceviT miekuTvneba 

ormodian Sereul kristalebs; es Sereuli sistema Cven pirvelad 

SeviswavleT argonis lazeris 514,5 nm talRis sigrZis agznebiT, 

romlisTvisac es Sereuli naxevargamtarebis sistema gaumWvirvalea. 

Sereuli naxevargamtarebis sistema ZnTe1-xSex  SeviswavleT helium-

neonis 632.8 nm da kriptonis lazeris 568.2 nm talRis sigrZeebis ag-

znebiT. meore SemTxvevaSi adgili aqvs winarezonansul agznebas da 

amitom pirveli rigis LO da TO fononebis garda SevZeliT meore 

rigis 2LO fononebis yofa-qcevisTvisac migvedevnebina Tvali. aR-

moCnda, rom es sistema miekuTvneba erTmodiani qcevis Sereul 

kristalebs. mesame sistema GaAl1-xPx  Cven erTerTma pirvelebma 

SeviswavleT, lazerebis sxvadasxva talRis sigrZeebis gamoyenebiT 

ki pirvelebma. Cveni originaluri meTodikis saSualebiT zustad 

ganvsazRvreT GaP-s magvari qvemeseris Sesabamisi LO optikuri Stos 

fononebis rxevis sixSireebi da amitom mkacrad davadgineT, rom 

GaAl1-xPx  naxevargamtarebis epitaqsialuri Sereuli sistema mie-

kuTvneba ormodiani yofa-qcevis Sereul kristalebs.  
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6.   GaAl1-xPx  naxevargamtarebis sistemis Seswavlam amgznebi lazere-

bis sxvadasxva talRis sigrZeebiT saSualeba mogvca am Sereul sis-

temaSi pirvelad dagvefiqsirebina rezonansuli ramanis gabneva pir-

dapiri E0 zonis monawileobiT.  am efeqtis garda, Cven pirvelad 

SevZeliT lazeruli raman-speqtroskopiiT am sistemaSi Segvefase-

bina epitaqsialuri firebis sisqeebi. am meTodiT gansazRvruli 

sisqeebi karg TanxvedraSi aRmoCndnen mikroskopiT Sefasebul 

sisqeebTan.                      

7.  arapirdapirzonian naxevargamtarebSi GaP da α−HgS, prdapirzonian 

naxevargamtarebSi ZnTe, ZnTe1-xSex SeviswavleT rezonansuli ramanis 

gabneva da davadgineT is optimaluri talRis sigrZeebi, romelTa 

gamoyenebac ramanis speqtrebis asagznebad optimaluria dasmuli 

amocanis gadawyvetis mizniT. ZnTe1-xSex-is Sereul kristalebSi rrg 

pirvelma Seviswavle. 

8.   rezonansuli raman-speqtrebis SeswavliT davadgineT, rom, Tu 

GaP-s kristalSi ramanis gabneva erTmniSvnelovnad mimdinareobs 

arapirdapiri zonis rezonansis meqanizmiT, amas ver vityviT arapir-

dapirzoniani kinovaris, α−HgS SemTxvevaSi: am kristalis zonuri 

struqturis Taviseburebebis gaTvaliswinebiT rezonansuli ramanis 

gabnevisas unda gaviTvaliswinoT susti pirdapiri zonis wvlilic.      

9.  pirvelad iqna Seswavlili rezonansuli ramanis gabneva Sereul 

kristalebSi ZnTe1-xSex. rezonansuli ramanis gabneva TO, LO, 2LO 

fononebze ori sxvadasxva Semadgenlobis kristalebisaTvis 

SeviswavleT uwyveti moqmedebis saRebavis lazeris gamoyenebiT. eq-

sperimentis Teoriul modelebTan SedarebiT davadgineT, rom 

Sereul naxevargamtartebSi ZnTe1-xSex pirveli pirdapiri E0 zonis 

maxloblad rezonansi, iseve, rogorc ZnTe-Si mimdinareobs eqsi-

tonuri meqanizmiT.  

10.  lazeruli raman-speqtroskopia erTerTma pirvelebma gamoviyeneT 

ionuri implantaciiT modificirebuli A3B5 tipis naxevargamtarebis 

zedapirebis monitoringis mizniT. am mimarTulebiT erTerTma 

pirvelebma SeviswavleT zogierT naxevargamtarebSi ionuri im-
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plantaciis Sedegad kristaluri Soreuli wesrigis darRvevisa da 

Semdgomi Termuli  gamowviT misi aRdgenis dinamika. 

11.   lazeruli raman-speqtroskopiiT GaP da GaAs  birisa da argonis 

ionebis sxvadasxva dozebiTa da energiebiT implantaciisas 

SeviswavleT kristaluri struqturis TandaTanobiTi rRvevis 

procesi. am destruqciul procesSi davafiqsireT kristaluri, 

wvrilkristaluri, nanokristaluri da mTlianad amorfuli stru-

qturuli fazebis arseboba. lazeruli raman-speqtroskopiiT am 

naxevargamtarebSi erTerTma pirvelebma raodenobrivad SevafaseT 

amorfizaciis kritikuli dozebi. aRmoCnda, rom kritikuli dozebis 

sidideebi damokidebulia safenis Tvisebebze, implantirebuli ione-

bis masaze, implantaciis energiasa da temperaturaze.  

12.  davadgineT, rom GaAs-is  safenSi aluminisa da fosforis ione-

bis didi dozebiT imlantirebisas oTaxisa da 4000C temperaturaze, 

warmoiqmna sammagi Sereuli erTfaziani amorfuli sistemebi  

α-GaAsAl da α−GaAsP, Sesabamisad. ramanis speqtrebis saSualebiT gan-

vaxorcieleT sinTezirebuli fazebis identifikacia da ga-

movikvlieT sinTezirebul struqturaTa damokidebuleba ionuri 

teqnologiis pirobebze. 

13.  ionuri implantaciiT sinTezirebuli sammagi amorfuli sisteme-

bis Termuli gamowvebis Sedegad sinTezirebuli iqna am amorfuli 

fazebis Sesabamisi kristaluri sammagi erTfaziani naxevargamta-

ruli firebi GaAs1-xPx, GaAs1-xAlx.  lazeruli raman speqtroskopiiT 

identificirebulia am sammagi amorfuli fazebis kristaluri stru-

qturis aRdgenis dinamikuri suraTi. 

14.  mravali sxvadasxva tipisa da bunebis nivTierebaTa gamokvlevis 

safuZvelze davadgineT is zRvruli aparaturuli SesaZleblobebi, 

romlebic gaaCnia Cems mier konstruirebul lazerul raman-

sistemebs; Sesabamisad im amocanaTa daaxloebiTi nusxac, romelTa 

gadaWrac am lazeruli sistemebiTaa SesaZlebeli.                              
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