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Sesavali 

fotonika aris 21-e saukunis dargi, romlis 

amocanaa mowyobilobebis Seqmna da gamoyeneba 

sinaTlis gamomsxiveblebis, fotomimRebebisa da 

talRagamtarebis bazaze. fotonika aris  

gamoyenebiTi fizikis disciplina, romelic 

Seiswavlis fotonebis warmoqmnis, sxvadasxva 

garemoSi gavrcelebisa da gardaqmnis kanonebs 

praqtikuli gamoyenebis mizniT, iseve rogorc 

eleqtronika, romelmac teqnikuri revolucia 

moaxdina gasul saukuneSi, aris gamoyenebiTi   

fizikis disciplina, romelic Seiswavlis 

eleqtronebis gadatanis kanonebs praqtikuli 

mowyobilobebis Seqmnis mizniT. 

garda xiluli diapazonisa, fotonikaSi 

ganixilaven, agreTve, ultraiisfer,  infrawiTel da 

terahercul ubanSi mgrZnobiare mowyobilobebsac. 

maT Sesaqmnelad mosaxerxebelia III-V jgufis 

naxevargamtarebi da maTi myari xsnarebi ganieri 

akrZaluli zonisa da damuSavebis teqnologiuri 

meTodebis xelmisawvdomobis gamo. aseTi 

naxevargamtarebis gamtarobis zonis eleqtronisa da 

valenturi zonis xvrelis rekombinaciis Sedegad 

fotoni warmoiqmneba. magaliTad, naxevargamtarSi 

Seyvanili minarevebisagan damokidebulebiT  

galiumis fosfidis (GaP) bazaze miiReba mwvane, 

yviTeli an wiTeli sinaTlis gamomsxivebeli    

diodebi (sgd _ LED). 
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III-V jgufis naxevargamtarebi bunebrivi saxiT 

ar moipovebian, xelovnurad arian sinTezirebuli, 

amitom siliciumTan (Si) - Tan SedarebiT Zviria, 

magram, imis gamo, rom GaAs aris pirdapirzoniani 

naxevargamtari, romelSic eleqtronul-xvreluri 

gadasvlebi xdeba mxolod fotonebis STanTqmis an 

gamosxivebis Sedgad da xasiaTdebian eleqtronebis 

maRali ZvradobiT, GaAs – is bazaze damzadebuli 

mowyobilobebis swrafqmedeba maRalia da is 

jerjerobiT Seucvlelia strategiuli  

daniSnulebis marTvis mowyobilobebSi. 

wigni Seicavs TbilisSi kibernetikis 

institutSi 2011 wlis 24-25 Tebervals Catarebuli 

konferencia `fotonika 2011~_ze wardgenil masalebs. 

aRniSnuli seminari Catarda SoTa rusTavelis 

erovnuli samecniero fondis finansuri  

mxardaWeriT, granti (№GNSF/ST08/4-426); 

  



5 
 

qolesteruli Txevadi kristalebi - 

erTganzomilebiani fotonuri kristalebi - 

inforamaciul teqnologiebSi 

Gguram Wilaia, andro WaniSvili, gia petriaSvili 

gpetr41c@yahoo.co.uk 

 

informaciis nakadis swrafi zrda mkacr 

moTxovnebs uyenebs informaciis Caweris,  

damuSavebisa da damaxsovrebis sistemebs. Aam 

mimarTulebiT gansakuTrebiT sainteresoa 

qolesteruli Txevadi kristalebi [1-5]. zogadad 

miRebuli klasifikaciis Tanaxmad Txevadi 

kristalebi (Tk) iyofa or klasad: nematuri da 

smeqtikuri Tk. Nnematuri Tk xasiaTdebian 

orientaciuli mowesrigebiT, xolo smeqtikuri Tk-Si 

orientaciul mowesrigebas emateba fenovani dawyoba. 

Tu nematuri Tk-is molekulebi arian qiraluri 

(optikurad aqtiurni) an araqilarul nematikebs 

emateba Txevadkristaluri an ara    

Txevadkristaluri qiraluri molekulebi, am 

SemTxvevaSi warmoiqmneba sivrculad modulirebuli 

zemolekuluri spiraluri struqturაA, romეlic 

xasiaTdeba farTo perioduli diapazoniT (spiralis 

biji) -  ramdenime aseuli nanometridan 

usasrulobamde da wriulad polarizebuli 

sinaTlis spiralis RerZis gaswvriv gavrcelebisas 

bregis difraqciis Sedegad 100%-iani seleqturi 

arekvliT. Sebamamisad, arapolarizebuli sxivis 

arekvla ki 50% udris (sur.1). 

 

mailto:gpetr41c@yahoo.co.uk
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zemolekuluri perioduli struqturebi aseve 

gaaCnia qiralur smeqtikur C (SC) Tk-s, fazuri 

gadasvlis winamorbed TGB da cisfer fazebs (BP) [6-

7]. 

  
sur. 1 bregis arekvlis piki 

qolesterul Txevad 

kristalSi 

sur. 2 fotonuri kristalis 

energetikuli zonebi 

qolesteruli Tk-is erT-erTi saintereso  

Tviseba Tanamedrove midgomiT mdgomareobs imaSi,  

rom igi  SegviZlia ganvixiloT rogorc 

erTganzomilebiani  fotonuri  kristali.    

fotonuri kristalebi  ganixileba iseT 

struqturebad, romlebSic eleqtromagnituri 

talRebis garkveul sixSireebs ekrZalebaT 

gavrceleba (sur.2). im speqtralur ubnebs,   

romlebSic SeuZlebelia eleqtromagnituri 

talRebis gavrceleba, akrZaluli fotonuri zona 

ewodeba. qolesterul Tk-Si akrZaluli fotonuri 

zonis speqtraluri mdebareoba ganisazRvreba 

spiralis bijis (P)  periodiT B = Pñ sadac ñ 

gardatexis           saSualo           maCvenebelia,          xolo  
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naxevarsigane ormagi gardatexis maCveneblebis 

sididiT: 

 =PP n. 

qolesterikebis  unikaloba imaSi   

mdgomareobs, rom SegviZlia gare Zalebis 

zemoqmedebiT vcvaloT mocemuli struqturebis 

gardatexis maCveneblebi, wrfivi da  wriuli 

diqroizmebi, rac aixsneba qolesterikis akrZaluli  

fotonuri zonis speqtraluri  mdebareobis, 

naxevarsiganisa da sxva parametrebis marTvaSi. 

aRsaniSnavia spiralis bijis (seleqtiuri gabnevis 

talRis sigrZis)  umniSvnelo gare Zalebis 

moqmedebiT mniSvnelovani cvlilebis efeqti da 

rogorc aRniSnulia [5]-Si, Znelia moiZebnos iseTi 

makroskopuli parametri, romelic ise mgrZnobiarea 

molekuluri struqturis an kompoziciis 

cvlilebasTan mimarTebaSi, rogoric spiralis   

bijia. gareSe Zalebis gavleniT (eleqtruli, 

magnituri, akustikuri velebis, temperaturis 

cvlilebiT, sinaTlis zemoqmedebiT) seleqtiuri 

gabnevis talRis sigrZis cvlilebis SesaZlebloba 

iwvevs , rogorc Teoriul ise praqtikul interess. 

qolesterul Tk–Si daimzireba mravali tipis 

eleqtrooptikuli efeqtebi, romlebic 

damokidebulia Txevadkristaluri ujredis 

zedapiris damuSavebaze, spiralis bijis P sidideze,  

ujredis sisqisa da bijis Sefardebis sidideze, 

dieleqtrikuli anizotropiis  sidideze da 

modebuli    eleqtruli    velis   sidideze   [8-13].     es 
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efeqtebi umTavresad dakavSirebulia qolesteruli 

TkK- is teqsturul cvlilebebze. 

miRebulia da Seswavlilia axali 

eleqtrooptikuri efeqti qolesterul Txevad 

kristalebSi, kerZod, qolesterul-nematur fazuri 

gadasvlis efeqtSi garkveul pirobebSi damzerilia 

histerezisi: qolesterul Tk–Si dadebiTi -iT 

eleqtruli velis gazrdis da Semdgomi    

Semcirebisas daimzireba  Semdegi struqturuli 

(teqsturuli) cvlilebebi: planaruli- 

konfokaluri-homeotropuli-konfokaluri- 

planaruli. garkveul pirobebSi homeotropul- 

planaruli teqsturuli cvlilebisa daimzireba e.w. 

“axali teqstura”, romelsac difraqciuli meseris 

Tvisebebi gaaCnia (sur.3). es efeqti saSualebas   

iZleva imarTos eleqtruli veliT rogorc bregis 

difraqciis maqsimumi, iseve lazeris sxivis gadaxra 

[14-16]. 

 
sur..3 arekvlili sxivis intensivobis cvlileba eleqtrul    

velSi 
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sur. 3-ze naCvenebia arekvlili sxivis intensivobis 

cvlileba eleqtrul velSi. 

  
a b 
sur. 4. arekvlili sxivis feris damokidebuleba eleqtruli 

velis sidideze; a- eleqtruli velis zrdisas, b- eleqtruli 

velis Semcirebisas. 

 

qolesteruli Txevadi kristali warmoadgens    

narevs E7/S811; dacemuli sxivis kuTxe  = 40o, 

arekvlili sxivis kuTxe      =20o, spiralis biji P = 

1.1 µm.  

sxva praqtikuli gamoyenebidan aRsaniSnavia 

axali tipis infrawiTeli gamosaxulebis 

gardamqmneli struqtura – metali- dieleqtriki- Tk 

[17 – 20]. 
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sur.5. gamosaxulebis gardamqmnelis konfiguracia 
 

1-elqtrodebi, 2- dieleqtrikuli fenebi, 3- 

naxevargamtari, 4- Tk, 5- impulsuri Zabva, 6- lazeri, 

7- kolimatori. I- Semavali gamosaxuleba, II-

gamosavali gamosaxuleba. 

ganxilul iqna sxvadasxva eleqtrooptikuli 

efeqtebi, rac saSualebas iZleva gamosaxulebis 

gardamqmneli farTod gamoyenebul iqnas 

sainformacio teqnologiebSi, kerZod   

arkoherentuli infrawiTeli gamosaxulebis 

koherentul xilul gamosaxulebad trnsformaciaSi, 

gamosaxulebis damaxsovrebaSi. 

 Tu qolesterul Tk-s davamtebT saRebars, 

romelsac xazovani diqroizmi axasiaTebs, spiralur 

struqturas gadayavs xazovani diqroizmi 

wriulSi.Einducirebuli wriuli diqroizmi 

gamoisaxeba rogorc D = (Il − Ir) ( Il  + Ir ), sadac Il  da Ir 

warmoadgenen     marcxniv    da    marjvniv    mabrunebeli   
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wriulad polarizebul sinaTlis gasvlis 

koeficientebs  Sesabamisad. im SemTxvevaSi, 

rodesac sinaTlis STanTqmis da seleqtiuri   

gabnevis talRis sigrZeebi emTxvevian adgili aqvs 

STanTqmis Caqrobas. es efeqti rentgenis talRebis 

anomaliur STanTqmis (e.w. bormanis efeqti) 

analogiuria. 

eqsperimentalurad miRebulia raodenobrivi 

Tanxvedra TeoriasTan [21]. sur.6 warmodgenilia 

inducirebuli wriuli diqroizmi im SemTxvevaSi, 

rodesac spiralis biji  = 1,08 mk-s. xolo rodesac 

spiralis biji xilul areSia difraqciulad 

polarizebuli sinaTlis STanTqma  seleqtiuri 

arekvlis areSi icvleba. (sur.7) 

  
sur.6 wriuli diqroizmis 

talRis sigrZeze 

damokidebuleba qolesterul 

Txevad kristalebSi 

sur.7 seleqtiuri arekvlis 

pikis  mier STanTqmis Semcireba 

qolesterul Txevad 

kristalebSi 

 

aseve rodesac seleqtiuri gabnevis  da 

luminescenciis        talRis         sigrZeebi      emTxvevian 
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erTmaneTs adgili aqvs luminescenciis Caqrobas  [22-

23]. 

Txevadkristaluri teqnologiebis erTerT 

mniSvnelovan MmiRwevas warmoadgens misi 

parametrebis cvlilebis sinaTlis saSualebiT 

marTva [12,24]. cnobilia, rom SuqmgrZnobiare Txevadi 

Tk-is parametrebi Zlierad icvlebian sinaTlis 

sxivis moqmedebiT. Ees ZiriTadad dakavSirebulia    

Tk-s did optikur anizotropiasTan da misi 

molekulebis koleqtiuri reagirebis unarTan. bolo 

wlebSi intensiurad mimdinareobs qolesterul Tk- 

Si fotoefeqtze dafuZnebuli kvlevebi [25-29]. 

fotomgrZnobiare qolesteruli Tk-isK  unikaloba 

imaSi mdgomareobs, rom sinaTlis saSualebiT 

SegviZlia vcvaloT mocemuli struqturebis 

gardatexis maCveneblebi, wrfivi da  wriuli 

diqroizmebi, rac aixsneba qolesteruli Tk-isK  

akrZaluli  fotonuri zonis speqtraluri  

mdebareobis, naxevarsiganisa da sxva parametrebis 

marTvaSi. aRniSnuli kvlevebis Sedegad 

SuqmgrZnobiare Txevad kristalebisaTvis damzerili 

iqna spiralis bijis (feris) mniSvnelovani cvlileba 

nemato-qiralur narevebSi. fotoefeqti daimzireba, 

rodesac nemato-qiralur narevebSi an                   

qiraluri komponentia optikurad aqtiuri, an 

nematuri Tk, an orive komponenti. im SemTxvevaSi, 

rodesac gamoiyeneboda fotomgrZnobiare qiraluri 

danamati aromatuli eTeris bazaze miRebul iqna 

bijis Seuqcevadi cvlileba, romelmac 400     

nanometri     Seadgina.     arafotomgZnobiare      narevis 
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SemTxvevaSi maT daemata fotomgZnobiare molekulebi, 

magaliTad vitamini D, xolo 

fotrotransformirebadi nemat-uri Tk-is SemTxvevaSi 

ki azo- azoqsi- da dariCinis mJavis                                      

bazaze dafuZnebuli nivTierebebi [30-34]. aRsaniSnavia 

rom am klevebis Sedegebi SeiZleba gamoyenebul iqnas 

optikuri informaciis Caweris da            

damuSavebisaTvis, mzis gamosxivebis dozimeterebad. 

sur. 8 ferTa cvlileba mzis dasxivebiT 

fotomgrZnobiare qolesterul Tk ujredSi aris 

naCvenebi 

 
sur. 8. “samferiani kvadrati” 
 

mniSvnelovani Sedegebi iqna miRebuli 

fotoefeqtze cisfer fazaSi [35]. 

bolo wlebSi gansakuTrebuli yuradReba 

daeTmo qolesteruli Tk-ebis gamoyenebas marTvad   

lazerebSi. aseTi tipis lazerebSi qolesteruli    

Tk-ebi gamoiyeneba 2 gziT: qolesteruli  Tk-ebi, 

rogorc ganawilebul ukukavSiriani garemo an 

rogorc rezonatorebi [36]. 
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ganawilebul ukukavSirian qolesterul  Tk 

lazerebSi imis gamo rogorc zemoT iyo aRniSnuli,  

rodesac seleqtiuri gabnevisa  da luminescenciis 

talRis sigrZeebi emTxvevian erTmaneTs adgili aqvs 

luminescenciis Caqrobas, lazeruli gamosxiveba 

daimzireba seleqtiuri gabnevis  zonis mokle an 

grZeltalRovan kideebze   (sur.9) 

 
sur.9 lazeruli gamosxivebis piki akrZaluli zonis 

grZeltalRovan  kideze 

fotomgrZnobiare qolesterul Tk-Si   

pirvelad iqna ganxorcielebuli sinaTlis 

saSualebiT lazeruli generaciis uwyveti 

speqtraluri gadawyoba [37-38]. AaRsaniSnavia, rom  

azo- da azoqsi- naerTebis nematikebis SemTxvevaSi 

miRweul iqna , rogorc bijis ise am SenaerTebis 

gamoyenebiT damzadebuli qolesteruli 

Txevadkristaluri lazeris Seqcevadi marTva 

Suqdiodis dasxivebiT, orive rogorc 

grZeltalRovani ise mokletalRovani, 

mimarTulebiT, speqtris ultraiisferi ubnidan 

infrawiTel     ubnamde    [39].      გanxorcielebul    iqna  
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lazeruli kaskadi ori qolesteruli 

Txevadkristaluri ujredis saSualebiT.  TviTeul 

Txevadkristaluri ujreds daemata ori sxvadasxva 

saRebarebi, romelTaganac erTis luminescenciuri 

gamosxivebis ubani emTxveva meoris STanTqmis ubans  

[40] (sur. 10 da 11.) 

 
  

 
sur.10,11 erTi Txevadkristaluri lazeris mier meore 

Txevadkristaluri lazeris aRgzneba  
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aseve damzadebul iqna  sxvadasxva saRebar 

damatebuli 30 qolesteruli Txevadkristaluri 

lazeri, romelTa speqtrebi gamosaxulia sur.12. 

 
sur.12   lazeruli gamosxivebis gadawyoba optikuri speqtris 

xilul, axlo ultraiisfersa da axlo infrawiTel ubnebSi 

im SemTxvevaSi, rodesac qolesteruli Tk 

gamoyenebul iqna, rogorc rezonatori marTvad 

saRebar lazerebSi, ganxilul iqna samujredovani 

struqturebi: qolesteruli Txevadkristali-

saRebardamatebuli izotropuli siTxe- 

qolesteruli Txevadkristali [41-43] (sur.13).  
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sur.13 lazeruli gamosxivebis sqematuri suraTi samujredovan 

struqturebSi 

Catarebuli kvlevebi miuTiTebs imaze, rom 

SeiZleba aigos kompaqturi, speqtris farTo ubanSi   

Tanabrad da uwyvetad  gadawyobadi qolesteruli    

Tk lazerebi farTo gamoyenebiT sainformacio 

teqnologiebSi, medicinaSi da teqnikis mraval 

saxeobaSi [44]. 
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spiropiranebis nanoreaqtorebi 

fotonikisaTvis 

k. jafariZe, l. devaZe, j. maisuraZe, i. mJavanaZe,  
n. sefaSvili, c. zurabiSvili, g. petriaSvili, 

m.gugava  

devadze2005@yahoo.com 

anotacia 

samuSao fokusirebulia fotoqromuli spiropiranebis 
mniSvnelovani parametris – fotomgrZnobiarobis gazrdis 
gzebis Ziebaze. naCvenebia, rom fotomgrZnobiarobis  
gazrda molekulis modificirebasTan erTad SeiZleba 
spiropiranebis bazaze iseTi Txevadkristaluri 
kompoziciebis SeqmniT, romlebSic maTi micelebad - 
nanoreaqtorebad TviTorganizeba xdeba, rac zrdis 
sistemis fotomrZnobiarobas. firebi, romlebic 
spiropiraniT dopirebuli kompoziciebis polimerSi 
mikrokafsulirebiTaa integrirebuli, aseve, maRali 
fotomgrZnobiarobiT xasiaTdeba.  

sakvanZo sityvebi: fotoqromia, spiropiranebi, 
nanonawilakebi, nanoreaqtorebi, nemato-qiraluri 
Txevadi kristalebi. 

nanonawilakebis - nanozomis struqturebis 

(klasterebi, kompleqsebi, agregatebi, micelebi da 

sxv.) fizikur-qimiuri Tvisebebi gansxvavdeba rogorc 

calkeuli atomisa da molekulis, aseve masiuri 

sxeulis Tvisebebisgan. nanostruqturebis kvlevis 

Sedegad SesaZlebelia Seiqmnas da damuSavdes  

winaswar gansazRvruli, bunebriv masalebze ukeTesi 

Tvisebebis mqone nanomasalebi. axali 

nanostruqturebis    formirebisaTvis aucilebelia 

mailto:devadze2005@yahoo.com
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atomebisa da molekulebis nanozomis obieqtebad  

gaerTianebis kanonzomierebis dadgena, warmoqmnis 

pirobebis codna da kontroli. informaciuli 

teqnologiebisTvis organuli nanostruqturebis 

safuZvelze nanokompozituri masalebis Sesaqmnelad 

mniSvnelovania, rogorc nanozomis sistemebSi 

molekulaTSorisi (van-der-vaalsis Zalebis, 

donorul-aqceptoruli urTierTqmedebis, 

wyalbaduri bmebis  a.S.)  urTierTqmedebebis   

Sedegad  TviTawyobis SesaZlo meqanizmebis kvleva, 

aseve nanozomis sistemebSi eleqtronuli da 

optikuri Tvisebebis zomaze, Semadgenlobaze da 

sivrciT aRnagobaze damokidebulebis dadgena.  

spiropiranebi organul fotoqromul, 

bistabilur naerTTa mniSvnelovani klasia. 

bistabilur molekulebs da molekulur ansamblebs 

SeuZliaT garkveuli energetikuli barieriT 

gayofil or Termodinamikurad mdgrad 

mdgomareobaSi arseboba, romelTa Soris gadarTva 

gare zemoqmedebiT (sinaTle, siTbo, eleqtruli da 

magnituri velebi da sxv.) xdeba. bistabiluri, 

gadarTvis unaris mqone "Wkviani" (smart) molekulebi 

faqtobrivad nanoganzomilebis 2-bitiani sistemaa, 

romelic silikonuri tranzistoris funqcias 

asrulebs molekulur doneze. spiropiranis 

moculobiTi aRnagobis, arapolaruli, Seuferavi 

molekula ultraiisferi (ui) sinaTlis  

zemoqmedebiT gadadis koplanarul, Seferil,   

maRali dipoluri    momentis   mqone   merocianinul 
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formaSi. aseTi bipolaruli molekulebi ki 

SedarebiT iolad TviTorganizdebian, anu 

warmoqmnian nanonawilakebs.  

spiropiranebi praqtikul gamoyenebas  

pouloben sinaTliT marTvad iseT  mowyobilobebSi,  

rogoricaa informaciis Camweri (maT Soris 

samgazomilebianic), dammaxsovrebeli da 

gadamamuSavebeli sistemebi, arawrfivi optikuri 

masalebi, molekuluri kompiuterebi,  regulirebadi 

simkvrivis filtrebi, optikuri gadamrTvelebi, 

sxvadasxva saxis sensorebi, xelsawyoebi medicinisa 

da ekologiisaTvis da sxv. yvela CamoTvlil 

SemTxvevaSi spiropiraniT dopirebul masalas, sxva 

parametrebTan (stabiluroba, cikluroba, 

orfotoniani STanTqmis didi kveTi) erTad, unda 

axasiaTebdes maRali fotomgrZnobiaroba. msoflios 

mraval samecniero centrsa da firmaSi awarmoeben 

kvlevas spiropiranebis fotomgrZnobiarobis 

asamaRleblad, razec gamoqveynebuli Sromebisa da 

patentebis didi raodenoba metyvelebs.  

spiropiranebis fotomgrZnobiarobis 

gazrdisTvis axdenen  molekulis modificirebas 

ConCxis SecvliT, indolinur da qromenul nawilSi 

sxvadasxva eleqtronuli bunebis  

(eleqtrodonoruli da eleqtroaqceptoruli) 

Camnacvleblebisa da molekulaSi maTi poziciis 

varirebiT. aseTi midgomiT Cvens mier sinTezirebuli 

da Seswavlilia ramodenime aseuli spiropirani. 

indolinis     birTvis     Secvlam    azaindoliniT  
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saSualeba mogvca migveRo ui sinaTlisadmi 

gazrdili  fotomgrZnobiarobis spiropiranebi [1]. 

tetrahidroqinolinis nawarmebis  

fotomgrZnobiaroba xiluli sinaTlis mimarT 

aRemateba cnobili analogebisas [2]. 

Cvens mier mikvleulia, rom spiropiraniT 

dopirebuli kompoziciis efeqturi 

fotomgrZnobiarobis gazrda SesaZlebelia, agreTve, 

iseTi garemos SeqmniT, romelSic spiropiranis 

molekulebi TviTorganizdebian nanonawilakebad,  

anu nanoreaqtorebs warmoqmnian. 

rodesac  calkeuli molekulebi 

molekulaTSorisi Zalebis (van-der-vaalsis, 

wyalbaduri bmebis da a.S.) meSveobiT erTiandebian 

mdgrad zemolekulur struqturebad, isini  

asruleben “nanoreaqtorebis” funqcias: 

uzrunvelyofen reagentebis koncentrirebas da maT 

specifiur mikrogaremos, ris Sedegadac 

nanoreaqtorebSi icvleba reagentebis molekuluri 

dinamika, qimiuri gardaqmnebis meqanizmebi da 

siCqareebi, lokaluri muxtebi da maTi ganawileba, 

ionizaciis energia da swrafva eleqtronisadmi, 

konformaciebi da reaqciis unari. daikvirveba sxva 

anomaliebic mag. maRali xsnadoba. rac ufro 

naklebia nawilakis zoma, miT metia zedapirze 

arsebuli molekulebis wili saerTo raodenobaSi. 

mcire nawilakebis Termodinamikidan ki cnobilia, 

rom didi simrudis zedapirze mdebare molekulebs 

(atomebs) moculobaSi myof  nawilakebTan SedarebiT  
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damatebiTi potencialuri energia gaaCniaT. 

nanonawilakebis urTierTqmedeba sinaTlesTan 

mxolod maTTvis damaxasiaTebeli TaviseburebebiT 

xasiaTdeba, rac gamoixateba maT unikalur 

fotofizikur da fotoqimiur TvisebebSi. 

supramolekuluri struqturebi aqtiurni arian 

rogorc optikurad, aseve  fotoqimiurad. 

spiropiraniT dopirebuli kompoziciis 

ultraiisferi sxivebiT inducirebisas warmoqmnili 

merocianinuli koplanaruli, bipolaruli, 

molekulebi azotTan grZeli alkilis radikalis 

arsebobisas (mag. R= C14H29) 

 

R=C14H29 

liofiluri Tavi (dipoluri momenti=18 debai) 

SeiZleba ganvixiloT rogorc nawilaki, romelsac 

maRali dipoluri momentis mqone liofiluri Tavi 

da grZeli alkilis radikalis liofoburi kudi                                                                                        

aqvs.   
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grZeli alkilis radikalis liofoburi kudi (R=C14H29) 

aseTiMmolekula Tavisi agebulebiT 

micelebis warmoqmnis unaris mqone zedapirulad 

aqtiuri molekulebis msgavsia, rac gvafiqrebinebs, 

rom spiropiranis merocianinuli forma garkveul 

matricaSi SeiZleba micelebad struqturirdebodes. 

micelebis warmoqmnas adasturebs, agreTve   

matricaSi spiropiranis maRali xsnadobac, romelic 

zogierT SemTxvevaSi 15% _ ia (woniTi Tanafardoba). 

micelebis, anu nanoreaqtorebis warmoqmnis procesis 

CamrTveli (trigeri) aris ultraiisferi sinaTle     

( =  365 nm). 

xsnari _ dasxivebamde Sedgeba: matricis, 

spiropiranisa da masTan Termodinamikur 

wonasworobaSi arsebul merocianinuli formis 

molekulebisgan. Termodinamikuri wonasworobis 

mudmiva fotoqimiuri wonasworobis mudmivaze 

naklebia. KT<KPH, ui sinaTliT eqspoziciisas 

kompoziciis Termodinamikuri wonasworoba irRveva 

da ixreba merocianinuli formis molekulebisken   

da xsnari ifereba. merocianinuli formis 

molekulebis warmoqmnas da koncentraciis matebas 

Tan sdevs maTi micelebad struqturireba. 

(fotoinducirebis    da   micelirebis    procesebi 
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arainerciulia, e.i. ui sinaTlis CarTvisTanve   

iwyeba). micelirebis kritikuli koncentracia, Cven 

SemTxvevaSi, sakmaod dabalia, radgan es sidide 

ukuproporciulia molekulis kudis sigrZisa, 

romelic Sesaswavli spiropiranisTvis grZelia da 

udris C14H29. micelirebis procesSi xsnaris 

gaRaribeba merocianinuli molekulebiT, 

Termodinamikuri wonasworobis aRsadgenad iwvevs 

spiropiranis molekulebis gadasvlas 

merocianinulSi.  amgvarad, fotoqimiurad 

warmoqmnil merocianinul molekulebs emateba 

Termodinamikuri wonasworobis aRsadgenad 

warmoqmnili merocianinuli formis molekulebi,  

rac saboloo jamSi kompoziciis efeqtur 

fotomgrZnobiarobas zrdis. aqve aRvniSnoT, rom 

fotoqromuli naerTebis fotomgrZnobiarobad 

miRebulia is minimaluri energia, romelic optikur 

simkvrives erTi erTeuliT Secvlis. 

zemoxsenebuli spiropiranis fotomgrZnobiaroba 

SeviswavleT sxvadasxva polarobis Txevad da myar 

matricaSi. Kkvlevebi tardeboda spiropiraniT 

dopirebul eTanolSi, toluolSi, nematur da 

nemato-qiralur Txevad kristalebSi, 

meTilmetakrilatSi, polistirolSi da sxv.  

aRmoCnda, rom spiropiraniT dopirebul  

kompoziciebs Soris yvelaze meti 

fotomgrZnobiaroba aqvs kompozicias, romelic 

Seqmnilia nemato-qiraluri Txevadi kristalisa da 

spiropiranis  bazaze.   e.i.    aseTi  tipis  matrica   
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sistemis TviTorganizebas, anu micelebis warmoqmnas 

yvelaze ukeT uwyobs xels da amiT zrdis 

fotomgrZnobiarobas. 

 

micela 

praqtikuli gamoyenebisTvis spiropiraniT 

dopirebuli Txevadkristaluri kompoziciebis myar 

garemoSi ganTavsebisas sasurvelia maTi 

maxasiaTeblebi ar Seicvalos. amisTvis kompoziciis 

polimerSi integracias vaxdenT mikrokafsulirebis 

Cvens mier SemuSavebuli meTodiT [3]. spiropiraniT 

dopirebuli Txevadkristaluri kompoziciebis 

bazaze mikrokafsulirebiT Seqmnil polimerul 

firebs ultraiisferi sinaTlis mimarT iseTive 

maRali fotomgrZnobiaroba aRmoaCndaT, rogorc 

Txevadkristalur kompoziciebs. 

strategiiT “molekulidan masalamde” 

laboratoriuli nimuSis doneze SevqmeniT maRali 

fotomgrZnobiarobis masalebi 

nanoteqnologiebisTvis. 
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THE SPIROPYRAN NANOREACTORS FOR PHOTONICS 

K.Japharidze, L.Devadze, J.Maisuradze, I. Mjavanadze,  

N.Sephasvili, C.Zurabisvili, G.Petriasvili, M.Gugava  

rk focus on to find ways to increase photosensitivity an important parameter 

of tdevadze2005@yahoo.com 

Wo he photochromic spiropyrans. Shown to increase the sensitivity along 

with modification molecules can be created on the basis of spiropyrans   

liquid crystal composition of self-organization in micelle-nanoreactors, 

which increases the sensitivity of the system. Films received integration 

compositions in polymer by micro-capsulation, also, have a high 

photosensitivity. 

 Key words: photochromic, spiropiran, nanoparticls, nanoreactors, nemato-

qiral licuid crysta 
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heterostruqturuli mzis elementebi 
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ganxilulia maRali margi qmedebis koeficientisa da 
xangrZlivi vargisianobis mzis elementebis Seqmnis gzebi 
galiumis arsenidisa da III-V jgufis sxva naxevar-
gamtaruli SenaerTebis heterostruqturebis bazaze. 

sakvanZo sityvebi: mzis elementi, naxevargamtari, 

heterostruqtura, fotonuri energia. 

naxevargamtaruli mzis elementebi 

Tavdapirvelad gamogonil iqna 1953 wels; im   

droidan mzis elementebi warmoadgenen energiis 

ZiriTad wyaros kosmosuri aparatebisTvis. am 

sistemebis mimarT sul ufro mzardi   

moTxovnilebebi warmoSobs ufro maRali 

saeqspluatacio Tvisebebis, maRali margi qmedebis 

koeficientisa da xangrZlivi vargisianobis mqone 

mzis elementebis Seqmnis aucileblobas. problemis 

gadaWris erTerT gzas warmoadgens 

heterostruqturuli mzis elementebis SemuSaveba 

galiumis arsenidisa da III-V tipis sxva 

SenaerTebisagan. 

90-ian wlebamde mzis elementebi ZiriTadad 

mzaddeboda kristaluri, polikristaluri da 

amorfuli siliciumis gamoyenebiT, rac gacilebiT 

iafi teqnologiuri procesiT iyo gamowveuli, 

vinaidan GaAs mzis elementebis fasi daaxloebiT 10-

jer aRemateboda Si mzis elementebs. GaAs mzis 

elementebis mniSvnelovani gaiafeba (daaxloebiT 5-

mailto:orestkv@yahoo.com
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jer) mxolod 90-iani wlebSi daiwyo, rac masobrivi 

warmoebis dawyebam gamoiwvia.  

 
a 

 
b 

 
c 

sur.1. a mzis elementis konstruqcia, b misi ekvivalenturi 

eleqtruli sqema da c zonuri modelebi ganaTebis dawyebisa a) 

da Semdgom procesSi b). 

 

mzis elementis umniSvnelovanesi maxasiaTe-

belia efeqturoba (mqk) . monokristaluri Si bazaze 

damzadbuli mzis elementebi xasiaTebian =13-16% 

efeqturobiT. ramdenime naklis miuxedavad (sifaqize, 

maRali simkvrive), GaAs kristalebs gaaCniaT Zalze 

mniSvnelovani upiratesobebi Si-Tan SedarebiT: 30%- 

iT meti gamosavali simZlavre farTobis  

erTeulidan; 20%-iT maRali radiaciuli mdgradoba;  
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temperaturis mixedviT efeqturobis cvlilebis 2-

jer dabali koeficienti; 40-60%-iT ufro   

xangrZlivi muSaobis SesaZlebloba kosmosSi; 

energiis gardaqmnis 20-30%-iT ufro maRali 

efeqturoba. GaAs monokristals aqvs siliciumTan 

SedarebiT ganieri akrZaluli zona (1.40 eV), amitom 

ar SeuZlia 0.9 m - ze grZeli talRis sigrZis 

sinaTlis STanTqma. igive garemoeba gansazRvravs 

gajerebis denis dabal sidides Jrev = 10-9
 – 10-10

 A/cm2, 

GaAs-Tvis, rodesac es sidide Si-Tvis aris: Jrev = 10-6
 – 

10-7
 A/cm2. garda amisa unda aRiniSnos Ria wredis 

Zabvis maRali sidide da temperaturis mixedviT 

efeqturobis cvlis dabali sidide GaAs-Tvis.  

mzis elementebi farTod gamoiyeneba kosmosur 

mzis batareebSi. ukve arsebobs iseTi elementebis 

gamoyenebis gamocdileba, romlebic damzadebulia 

AlGaAs/GaAs, AlGaInP/GaAs da sxva nanohetero-

struqturebis bazaze. cnobilia, rom AlGaAs/GaAs 

heterostruqturuli mzis elementebi xasiaTdebian 

maRali efeqturobiT, rac gamowveulia AlGaAs-is 

farTozoniani optikuri fanjriT da GaAs-is maRali 

STanTqmisunarianobiT. aseTi mzis elementebi 

SeiZleba gamoyenebul iqnes intensiurad, maRali 

temperaturisa da maRali radiaciis pirobebSi. 

dReisTvis yvelaze xSirad GaAs mzis elementebi 

mzaddeba p-AlGaAs - p-GaAs - n-GaAs 

heterostruqturebis gamoyenebiT. sur. 1-ze naCvenebia 

msgavsi mzis elementebis zonuri diagramebi: a) 

struqtura,  romelSic   р-GaAs fena   integrirebuli 
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 eleqtruli veliT miiReba TuTiis (Zn) difuziT n-

GaAs-Si farTozoniani p-AlGaAs fenis zrdis dros; b) 

integrirebuli Zlieri eleqtruli veliani 

heterostruqturis zonuri diagrama; c) struqtura 

fonuri farTozoniani feniT, romelic qmnis 

potenciur bariers; d) struqtura fonuri  

potenciuri barieriT, romelic formirebulia 

maRallegirebuli n+ -GaAs feniT. 

 

sur.2. р-AlGaAs-p-n-GaAs heterogadasasvleliani mzis elementebis 

zonuri diagramebi 

AlGaAs/GaAs heterostruqtura misaRebia 

sxvadasxva optoeleqtronuli mowyobilobebisTvis, 

vinaidan GaAs aris pirdapirzoniani naxevargamtari. 

Tanac farTozoniani fanjris efeqti Zalze 

mniSvnelovania mzis elementebisTvis. es speqtruli 

ubnis mniSvnelovnad gazrdisa da misi zustad 

regulirebis saSualebas iZleva. 

STanTqmis maRali koeficientidan gamomdinare 

am III-V naxevargamtaruli  SenaerTis  aqtiuri  sisqe  
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didi sifrTxiliT unda iqnes SerCeuli mzis 

gamosxivebisagan energiis optimaluri gamosavlis 

misaRebad. struqturaSi nanometrebis sisqis fenebis 

gamoyenebiT miiReba mzis elementis ufro maRali 

mwarmoebluroba da garda amisa masalis xarjic 

mcirdeba; amis gamo heterostruqturuli mzis 

elementebis dasamzadeblad mizanSewonilia 

epitaqsiuri meTodebis gamoyeneba. aRmoCnda, rom 

AlGaAs/GaAs interfeisi xasiaTdeba defeqtebisa da 

rekombinaciuli centrebis dabali simkvriviT, rac 

ganpirobebulia praqtikulad identuri mesris 

parametrebiT epitaqsiuri fenis zrdis dros.  

 

sur. 3. mzis gamosxivebis energetikuli speqtri da sxvadasxva 

naxevargamtarebis gamoyenebiT gardaqmnadi Semadgenelebi. 

mzis energiis fotoeleqtruli gardaqmnis 

efeqturobis gazrdis erTerTi mTavari  

mimarTulebaa    e.w.  kaskaduri   (tandemuri)    mzis  
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elementebis damzadeba. es SesaZlebloba 

damyarebulia mzis gamosxivebis (xiluli, axlo 

infrawiTeli da infrawiTeli) energiis ufro 

efeqtur gamoyenebaze, gamosxivebis speqtrul 

Semadgenlebad dayofis gziT (sur.3). cnobilia 

kaskaduri mzis elementebis ori ZiriTadi  saxeoba. 

erT SemTxvevaSi gamoiyeneba SerCeviTi sarkeebi, 

romlebic gamosxivebas ramdenime speqtrul 

komponentad xleCen da mimarTaven maT sxvadasxva  

mzis elementebisaken. 

 
a 

 

b 
sur. 4. a) mravalgadasasvleliani mzis elementis agebis sqema; 

b) kaskaduri mzis elementi 

meore SemTxvevaSi garkveuli raodenobis mzis 

elementebi Tavsdeba erTi-meoreze (sur.4),  

akrZaluli zonis siganis Semcirebis mixedviT – 

sinaTlis sxivis gavrcelebis mimarTulebis  

gaswvriv. aseTi kaskadis zeda farTozoniani  

elementi gaTvlilia mzis speqtris mokletalRovani 
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Semadgenelis gardaqmnaze fotonuri energiis 

minimaluri danakargiT. Semdgomi SedarebiT 

viwrozoniani elementi gardaqmnis SedarebiT 

grZeltalRovan mzis gamosxivebas. Teoriuli 

gaTvlebiT naCvenebia, rom SesaZlebelia aseTi 

teqnologiiT 60%-mde efeqturobis miRweva [2]. 

 

sur.5. Teoriulad gamoTvlili efeqturoba sxvadasxva kaskaduri 

mzis elementebisaTvis. 

GaAs-is safuZvelze damzadebuli 

fotoelementebis sferoSi progresi gamowveuli iyo 

heterostruqturebis damzadebis axali epitaqsiuri 

meTodebis SemuSavebiT. axali teqnologiebis 

gamoyenebis wyalobiT optimizirebuli iqna 

farTozoniani AlGaAs fanjris sisqe. amave fenam 

daiwyo mesame Semadgenelis funqciis Sesruleba 

fotoelementis samfenian interferenciul 

antiamreklav safarSi. SemoRebul iqna fonuri 

farTozoniani fena, romelic frontalur 

farTozonian fenasTan erTad uzrunvelyofs 

fotogenerirebuli matareblebis ormxriv  
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SezRudvas sinaTlis STanTqmis ubnis sazRvrebSi, 

rac amcirebs rekombinaciul danakargebs.  

sur.6-ze asaxulia teqnologiuri progresis 

dinamika, romelsac adgili hqonda sxvadasxva tipis 

mzis elementebis SemTxvevaSi. 

 

sur.6. teqnologiuri progresis dinamika mzis elementebis 

warmoebis sferoSi 

miRweuli progresis miuxedavad mzis energiis 

Rirebuleba dReisTvis jer kidev sakmaod maRalia. 

energiis am ekologiurad sufTa wyaros efeqturi 

gardamqmnelebis SemuSavebasTan erTad mecnierebis 

winaSe dgas agreTve mzis elementebis damzadebis 

teqnologiuri procesis gamartivebis sakiTxi, 

romlis mizania mzis energiis gaiafeba.  
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SeiZleba iTqvas, rom mzis elementebma Si 

bazaze ukve amowures TavianTi SesaZlebloba 

efeqturobis amaRlebis TvalsazrisiT da maTi 

SedarebiTi siiafis miuxedavad samomavlo  

gamoyenebis perspeqtiva nel-nela iklebs. aseTi 

elementebis warmoebis masStabebi gasuli 30 wlis 

manZilze sakmaod swrafad izrdeboda, Tumca 

amavdrould mzard energetikul moTxovnilebas es 

tempi ar akmayofilebs.  

 

sur.7. mzis elementebis simZlavris mixedviT fasisa da 

warmoebuli simZlavris dinamika. 

erTerTi gamosavali am situaciidan aris 

heterogadasasvleliani mzis elementebis warmoebis 

masStabis gazrda, rac ekonomikuri TvalsazrisiT 

gamarTlebuli rom iyos, unda eyrdnobodes 

damzadebis epitaqsiuri da sxva meTodebis 

ganviTarebas teqnologiuri procesis Rirebulebis 

maqsimalurad Sesamcireblad. sur.7–ze naCvenebia 
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mzis elementebis simZlavris mixedviT fasisa da 

warmoebuli simZlavris dinamika 
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talRagamtarebis klasifikacia da 

araerTgvarovnebis Semcveli samportiani 

talRgamtaris modeli 

daviT laferaSvili 

d.laferashvili@mia.gov.ge 

reziume 

aRwerilia sxvadasxva tipis talRgamtari samecniero 

literaturaSi miRebuli klasifikaciis mixedviT. 

ganxilulia talRagamtaris maTematikuri modeli da 

gamoTvlilia araerTgvarovnebebis Semcveli T-tipis 

samportian talRagamtarSi Canergili dieleqtrikuli 

cilindris optimaluri parametrebi 

1.Sesavali 

radioeleqtruli da sakomunikacio sistemebis 

ganviTarebis Tanamedrove tendenciebi gazrdil 

moTxovnebs uyenebs rogorc mTliani sistemebis,  

aseve maTi Semadgeneli gadamcemi da gardamqmneli 

elementebis efeqturobasa da eleqtromagnitur 

Tavsebadobas. mravalportiani (sami da meti portis 

Semcveli) talRagamtaruli gadasasvlelebi  

farTod gamoiyeneba mikrotalRur da 

optikurboWkovan teqnikaSi, zemaRali sixSireebis 

integralur sqemebSi da terahercul teqnologiaSi. 

kavSirgabmulobis Tanamedrove saSualebaTa 

efeqturi gamoyenebisaTvis aucilebelia didi 

gamtarunarianobisa da energiis mcire danakargebis 

mqone eleqtromagnituri talRebis gadamcemi   

arxebis – talRagamtarebis Seqmna. talRagamtari 

aris dieleqtrikuli   arxi,    romelic   gamoiyeneba 

mailto:d.laferashvili@mia.gov.ge
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 eleqtromagnituri energiis gadasacemad da 

SemosazRvrulia nebismieri formis gverdiTi 

zedapiriT an zedapirebiT. es zedapiri aris gamyofi 

or garemos Soris, romlis gavlisas mkveTrad 

icvleba garemos maxasiaTebeli erT-erTi 

parametrTagani (dieleqtrikuli ε an magnituri 

SeRwevadoba, gamtarebloba). 

       mikrotalRovani da optikuri mowyobilobebis 

umravlesobis moqmedebis principi dafuZnebulia 

maszed, rom talRebis arekvlis da gatarebis 

maxasiaTeblebi zedapirze, romelic hyofs 

gansxvavebuli eleqtruli da magnituri Tvisebebis   

ε  da  μ  garemos, eqvemdebarebian zemoqmedebas. 

zogadobis SezRudvis gareSe SeiZleba davuSvaT, rom  

gamyofi zedapiri aris  (x, y- sibrtye)  , xolo   

dacemis sibrtye aris (x, z- sibrtye). nebismieri  

dacemuli brtyeli talRa SeiZleba daiSalos or 

mdgenelad erTi aris paraleluri garemos gamyofi 

zedapirisa, e.i. is aris zedapiris paralelurad 

polarizebuli da hqvia (transverse electric ) TE- talRa 

anu s- polarizebuli talRa. meore talRa 

polarizebulia dacemis sibrTyeSi da misi  

magnituri veli mdebareobsgaremos gamyof  

zedapirze. am talRas hqvia) TM- talRa anu  p- 

polarizebuli talRa. umravles SemTxvevaSi 

dacemuli monoqromatuli TME- talRa aris TE da    

TM- talRebis wrfivi superpozicia. suraTze   

naCvenebia   TE-  talRis   arekvla   garemos  gamyof 
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 zedapirze da (a) da TM- talRis arekvla garemos 

gamyof zedapirze (b). 

 gamyofi zedapiris xasiaTis mixedviT  

arsebobs metaluri, atmosferuli da sxva tipis 

talRagamtarebi. talRagamtarul sistemebSi 

signalis energiis ganStoebisas aucilebelia 

talRagamtarTa mxrebis iseTi SeTanxmeba, romelic 

uzrunvelyofs muSa talRis energiis gatarebas 

saWiro mxarSi da  mis CaxSobas sxva mxrebSi. 

SeTanxmebis amocanis gadawyveta gansakuTrebiT 

mniSvnelovania mravalportiani talRagamtaruli 

gadasasvlelebisTvis, sixSireTa farTo diapazonSi 

sistemis maxasiaTeblebis  stabilurobis 

uzrunvelsayofad.  

 aRmoCnda, rom talRagamtaruli mxrebis 

praqtikulad dasaSvebi SeTanxmeba SesaZlebelia 

sixSireTa mxolod viwro zolisTvis da 

talRagamtaruli mxrebis ganivi kveTis zomebis 

mxolod gansazRvruli Tanafardobis pirobebSi. 

problemis gadasaWrelad saWiro gaxda 

konstruqciuli cvlilebis Setana mravalportiani 

talRagamtaruli gadasasvlelis geometriaSi da 

Seiqmna dieleqtrikuli araerTgvarovnebis Semcveli 

talRagamtarebi. 

talRagamtarul gadasasvlelebSi sxvadasxva 

maxasiaTeblebis mqone  talRagamtarTa nawilebis 

SesaTanxmeblad gamoiyeneba xelovnurad Canergili 

araerTgvarovnebebi (induqciuri Rero, zoli, 

diafragma).   aseTi   araerTgvarovnebebisa  an  maTi  
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kombinaciebis CarTviT xdeba talRagamtarSi 

SemaTanxmebeli mxrebis talRuri winaRobis 

cvlileba signalis sixSiruli awyobis mizniT. 

radioeleqtruli da sakomunikacio sistemebis 

optimizaciis amocana  aris erTerTi centraluri 

sakiTxi informaciis gadamcemi sistemebis 

konstruirebisas. optimaluri Tvisebebis mqone  

mravalportiani talRagamtaruli gadasasvlelebis 

seriul gamoSvebas win unda uZRodes maTi 

eleqtrodinamikuri analizisa da optimizaciis  

etapi. araerTgvarovnebebis Semcveli samportiani 

talRagamtaruli gadasasvlelis analizi xdeba 

zusti eleqtromagnituri Teoriis gamoyenebiT [1].  

2. talRagamtarebis klasifikacia 

ganvixiloT kavSirgabmulobaSi gamoyenebuli 

talRagamtarebis tipebi samecniero literaturaSi 

miRebuli klasifikaciis mixedviT. zogadad 

talRagamtars SeiZleba hqondes nebismieri mrudis 

forma da talRagamtaris RerZis gaswvriv cvladi 

ganivi kveTi 

 yvelaze metad gavrcelebulia talRagamtari, 

romelic SemosazRvrulia  liTonis cilindruli 

gverdiTi zedapiriT, aqvs RerZis gaswvriv ucvleli 

ganivi kveTi da, romelic  Sevsebulia erTgvarovani 

dieleqtrikiT. 

 ganivi kveTis formis mixedviT talRagamtari 

arsebobs marTkuTxa, mravalkuTxa, koaqsialuri, П-

tipis, H-tipis da sxva. is SeiZleba iyos  

erTxelbmuli an mravalbmuli. 
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 gadacemis xazisagan gansxvavebiT,  

caladbmuli talRagamtaris zomebi gadasacemi 

talRis sigrZis rigisaa an aRemateba mas. is 

gamoiyeneba didi simZlavris gatarebis SemTxvevaSi, 

misi naklia ganivi kveTis mniSvnelovani zomebi. 

magaliTad, roca gamavali talRis sigrZe λ=30 sm,. 

marTkuTxa talRagamtaris zomebi unda iyos 20-25 sm 

rigisa, e.i. mniSvnelovnad didi. amis gamo 

talRagamtari ZiriTadad gamoiyeneba zemaRali 

sixSiris diapazonSi (zms), e. i. f>109 hc sixSiris an 

λ<30 sm sigrZis talRebisaTvis. im SemTxvevaSi Tu  

λ<12 sm-ze radiolokaciur sadgurebSi maTi 

gamoiyeneba xdeba fiderul sistemebSi energiis 

gadasacemad signalis gadamcemidan gadamcem 

antenamde da mimRebi antenidan mimRebamde. 

 oradbmuli ganivi kveTis mqone  

talRagamtaris umartivesi magaliTia koaqsialuri 

xazi. 

zms fiderul sistemas warmoadgens 

talRagamtaruli traqti, romelic Sedgeba 

gansxvavebuli ganivi kveTis, formis, zomisa da 

simrudis mqone talRagamtaruli monakveTebisagan, 

brunviTi SeerTebebisa da sxva talRagamtaruli 

kvanZebisagan. sxvadasxva ganivi kveTis mqone  

talRagamtarebis SesaerTeblad gamoiyeneba 

talRagamtaruli gadasasvlelebi, romelTa ganivi 

kveTi mdored (TandaTan) icvleba.  
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Ee) v) z)         
sur.1. praqtikaSi gamoyenebuli gadacemis xazis tipebi: a) orgamtariani, 

b) brtyeli xazi, g) dieleqtrikuli  talRagamtari, d) erTgamtariani 

xazi, e) ekranirebuli orgamtariani xazi, v) koaqsialuri xazi, z) 

sworkuTxa talRagamtari, T) H  talRagamtari, i) mrgvali 

talRagamtari, k) elifsiseburi talRagamtari. 

 

gadacemis xazebi SeiZleba iyos Ria sur.1(a-d) 

da daxuruli sur.1 (e-z) tipisa. Ria tipis gadamcemi 

xazis SemTxvevaSi eleqtromagnituri veli 

ganawilebulia gadamcemi xazis mTel sivrceSi da 

energiis udidesi nawili Tavmoyrilia xazis 

siaxloves. Ria xazebze moqmedebs garemomcveli 

garemo daAaseTi xazebis parametrebi damokidebulia 

meteorologiur pirobebze (wvima, Tovli), rac 

zRudavs    maT   gamoyenebas    zemaRali   sixSiris 
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 diapazonSi. daxuruli tipis gadamcem xazebSi  

mTeli energia Tavmoyrilia gare garemosagan 

izolirebul sivrceSi, romelic SemosazRvrulia 

liToniT an sxva garsiT.  

praqtikaSi gamoyenebuli gadacemis xazebis 

tipebi naCvenebia sur.1-ze, sadac a) orgamtariani, b) 

brtyeli xazi, g) dieleqtrikuli  talRagamtari, d) 

erTgamtariani xazi, e) ekranirebuli orgamtariani 

xazi, v) koaqsialuri xazi, z) sworkuTxa 

talRagamtari. arsebobs agreTve H-tipis, mrgvali da 

elifsiseburi talRagamtarebi. 

multiportuli (sami an ufro maRali rangis) 

talRgamtaruli gadasasvlelebi  farTod aris 

gamoyenebuli mikrotalRovan ubanSi iseTi 

mowyobilobebis Sesaqmnelad rogoricaa  

mimmarTveli ganmStoebeli, simZlavris 

gamanawilebeli wredebi, multipleqserebi, 

filtrebi, fazuri wamnacvlebeli da sxva. aseTi 

mowyobilobebis muSaobis efeqturoba  

damokidebulia  talRagamtaris StoebSi SeTanxmebis 

xarisxze da maTi amocanaa uzrunvelyos sakmaod 

maRali energomomarageba saWiro StoebSi da  

energiis Caqroba (minimumamde Semcireba) danarCen 

StoebSi. mniSvnelovania, agreTve, signalis  

gatarebis stabilurobis miRweva saWiro sixSirul 

zolSi. zms teqnikaSi farTod gamoiyeneba  marTkuTxa 

talRgamtarebis  T -tipis SeerTebebi E da                 

H  sibrtyeebSi. 

regularul cilindrul tg-Si veli 

warmoadgens  sxvadasxva  tipis  talRebis  usasrulo  



49 
 

simravlis jams. yvela tipis talRebs zogjer ase 

aRniSnaven: TE  anu  H,  TM anu  E,  da  TEM (T aRniSnavs 

marTobulobas). Tu davuSvebT rom danakargebi ar 

gvaqvs, maSin yvela talRas aqvs Tavisi struqtura:  

TE _ talRebSi eleqtrul vels aqvs mxolod 

marTobuli mdgeneli, magram magnitur vels aqvs 

gaswvrivi da marTobuli mdgenelebi; 

TM _ talRebs aqvT magnituri velis marTobuli 

mdgeneli da yvela sxva mdgeneli eleqtruli 

velisaa; 

TEM _ talRebs saerTod ara aqvT grZivi mdgenelebi 

da SeiZleba arsebobdnen mxolod mravladbmul tg-

Si. e.i. tg-Si, romelsac erTi Sinagani gamtari mainc 

aqvs; 

m-is da n-is sxvadasxva mniSvnelobebisaTvis 

talRebis aRniSvnebi Caiwereba ase TMmn anu Emn , da   

TEmn anu Hmn; talRebs umciresi  m-iTa da n-iT  

ewodebaT umartivesebi. mag.: TM talRis SemTxvevaSi 

(Hz=0) umartivesia TM11 talRa, xolo talRebi TM10 da 

TM01 ganuxorcielebelia, radgan magnituri  

Zalwirebi Sekruli unda iyos. TE talRis SemTxvevaSi 

(Hz=0) SesaZlebelia talRebis arseboba, roca m=0,           

n 0  an  n=0, m 0 , radgan eleqtruli Zalwirebi 

SeiZleba iyos swori xazebi, romlebic iwyebian da 

mTavrdebian tg-is mopirdapire kedlebze, amitom 

umartives TE10 talRas miviRebT, roca (Ez=0) m=1, n=0 an 

(m=0, n=1).  

SerCeuli sixSiris qveda zRvris mqone 

decimetruli     da    ufro    grZeli    talRebis 
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SemTxvevaSi, signalebis gadamcemi konstruqciis 

damzadebisas aucilebelia zomebis didi sizustiT 

dacva. 

3. samkapa talRagamtari 

samkapa ewodeba eqvspolusas, romelic warmoiqmneba 

sami gadacemis xazis SeerTebiT. nax.2-ze naCvenebia 

samkapa talRagamtaris sqematuri gamosaxuleba.  

 

A A

III

II

I

induqciuri 

diafragma

F C

DG

 
nNax .2. T – tipis samkapa 

 

aseTi talRagamtaruli samkapebis umartivesi 

klasifikacia xdeba Semdegi Tvisebebis mixedviT: Tu 

talRagamtaris ganStoeba xdeba E sibrtyeSi, e.i. 

sibrtyeSi, romelic paraleluria E veqtorisa da Z 

RerZisa, maSin samkapas ewodeba talRagamtaruli E 

tipis samkapa an ubralod talRagamtaruli E   

samkapa,   xolo   Tu    talRagamtari  ganStovdeba 
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sibrtyeSi, sadac mdebareobs magnituri velis 

veqtori, maSin mas H tipis talRagamtari ewodeba 
 

 

 

F

C

B

t EE

G

D

III

II

I

B

 
nax. 3.  T – tipis samkapa 

 

 

      samkapas struqturis mixedviT xdeba Semdegi 

klasifikacia: samkapas T formis SeerTebebiTaT-tipis 

samkapas uwodeben (nax.2 da nax.3). xolo simetriul 

samkapas Y formis SeerTebebiT, Sesabamisad, Y-  

tipisas miakuTvneben (nax.4 da nax.5). aseTi tipis 

talRagamtarebis damzadeba SesaZlebelia 

analogiurad, koaqsialuri xazebis, mrgvali 

talRagamtarebisa da sxva gadacemis xazebis 

monakveTebisagan. 
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nax. 4.  Y tipis simetriuli samkapa 

 

 
nax. 5. Y tipis simetriuli samkapa 

 

davuSvaT, rom H10 talRa aRZrulia H-

sibrtyuli  T-tipis samkapas I mxarSi (nax. 2). 

vrceldeba ra talRagamtaris I mxris gaswvriv, 

talRa aRwevs talRagamtaris ganStoebis ubans. es 

ubani SegviZlia ganvixiloT rogorc marTkuTxa 

talRagamtari, romlis ganieri kedlis zoma 

usasrulod didia. amitom I mxridan gamosuli 

eleqtromagnituri    talRis   struqtura   waagavs 
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 Tavisufali sivrcis cilindruli TEM talRis 

struqturas. vrceldeba ra mocemul ganStoebaSi, 

cilindruli talRa Tavis gzaze xvdeba CDGF   

kedels da airekleba misgan. gamaval mxrebSi II-sa    

da III-Si arekvlili talRa dacemulTan erTad H10  

talRas aRagznebs. garda amisa, I mxarSic   

arekvlili cilindruli talRis nawili aRagznebs 

arekvlil talRas H10-s. nax. 2-dan, romelzec 

gamosaxulia ganStoebaSi eleqtruli velebis 

miaxloebiTi struqtura, Cans rom, mxrebi II da III 

aRigznebian simfazurad da radgan isini 

simetriulad arian ganlagebulni I mxaris mimarT, 

amitom H10 samfazuri talRebis amplitudebi tolia. 

imisaTvis, rom I mxars arekvlili talRa 

movaciloT, H-samkapaSi Canergilia induqciuri  

Rero, rogorc es naCvenebia nax. 3-ze. cilindruli 

talRa CDGF kedlidan airekvlamde nawilobriv 

airekleba am Rerodan da I mxarSi warmoiqmneba ori 

areklili talRa H10, erTi Rerodan da meore _ 

metaluri kedlidan. Canergili Reros diametri ise 

SeirCeva, rom CDGF kedlidan da Rerodan areklili 

talRebis amplitudebi iyos toli.. Tu Reros 

centrsa da CDGF kedels Soris manZili t= 4/ -s,  

maSin es ganapirobebs metaluri kedlidan areklili 

talRis fazis 1800-iT CamorCenas Rerodan areklil 

talRasTan SedarebiT. e.i. es talRebi akompensireben 

(aqroben) erTmaneTs. radgan areklili talRis 

amplituda I mxarSi 0-is tolia, amitom aseTi saxiT 

SeTanxmebul   H-samkapaSi   I   mxaridan   Semosuli  
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energia Tanabrad nawildeba II da III mxrebs Soris, 

amitom urTierTSeqcevadobis principis Tanaxmad 

adgili unda hqondes sawinaaRmdego movlenasac. e.i. 

Tu II da III mxrebSi erTdroulad aRgznebulia   

toli amplitudebis mqone simfazuri talRebi H10, 

maSin am talRebis energia Seikribeba da gaivlis I 

mxarSi. analogiurad, SeiZleba ganvixiloT  

SemTxveva roca aRigzneba mxolod II mxari an III 

mxari.  

H-tipis samkapa talRagamtarSi I da III mxrebi   

II mxris mimarT asimetriulada arian ganlagebuli, 

amitom II mxaris aRgznebisas I mxarSi ganStoebuli 

energia III mxarSi ganStoebuli energiis toli ar 

aris. igive iTqmis I da II mxarze III mxris mimarT da 

energia analogiurad araTanabrad gaiyofa III mxris 

aRgznebis SemTxvevaSic. garda amisa, unda aRiniSnos 

rom H-samkapa, romelic SeTanxmebulia I mxaris 

mxridan (nax. 2) SeuTanxmebelia II da III mxrebis 

mxridan.  

cxadia, H-tipis samkapebis yvela SesaZlo 

konstruqciidan mxolod Y-tipis SeerTeba (nax. 4) 

uzrunvelyofs simZlavris Tanabar ganawilebas 

gverdiT mxrebs Soris am samidan nebismieris 

aRgznebis SemTxvevaSi. 

gamovikvlioT energiis ganawileba E tipis 

samkapa talRagamtarSi, romlis sqematuri 

gamosaxuleba naCvenebia nax. 6-ze. ganvixiloT 

eleqtruli velis struqtura T-samkapas E-sibrtyul 

AA-kveTaSi.  sur. 6–dan  Cans, rom Tu energia modis 

I mxarSi,  samkapas II   da  III   mxrebis   simetriuli 
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ganlagebis gamo, maTSi aRigznebian amplitudiT 

toli da sawinaaRmdego fazebis mqone H10 talRebi. 

Semosuli eleqtromagnituri talRebis nawili, 

airekleba ra sibrtyidan CDGF  (nax.3), I mxarSi 

aRagznebs arekvlil talRas. imisaTvis, rom 

moaxdinon am arekvlili talRis kompensireba I 

mxarSi qmnian kidev erT arekvlil talRas simetri- 

E E

E

I

II III

 
nax. 6 

uli an asimetriuli induqciuri diafragmis 

gamoyenebiT (rogorc sur.3 –zea naCvenebi).. amasTan I 

mxarSi Semosuli energia Tanabrad nawildeba II da  

III mxrebs Soris. aqac, procesis Seqcevadobis 

principis Tanaxmad adgili unda hqondes   

Sebrunebul  movlenasac. mag.: Tu gansaxilvel 

samkapas II da III mxrebSi erTdroulad aRvagznebT 

toli amplitudis mqone sawinaaRmdego fazian 

talRebs, maSin maTi energia Seikribeba da I mxarSi 

wamova.  

radgan talRagamtaris ganikveTis zomebi 

talRis sigrZis Tanazomadia, maTSi 

eleqtromagnituri velis gavrcelebisa da aRgznebis 

amocana unda amoixsnas maqsvelis gantolebebis 

integrirebis   safuZvelze   mocemuli    sasazRvro 
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pirobebisa da wyaroebisaTvis. am amocanis amoxsnis 

meTodebi warmoadgenen talRagamtaris Teoriis 

Sinaarss. 

  

3.marTkuTxa talRagamtaris maTematikuri 

modeli 
talRagamtaris Teoriisa da praqtikuli 

gamoyenebis ZiriTadi sakiTxebia: 1) velis 

gavrcelebis pirobebis gamokvleva regularul 

talRagamtarebSi, e.i. talRagamtarSi, romelzec ar 

moqmedebs gareSe  velis wyaro da romelic ar 

Seicavs raime saxis araerTgvarovnebebs (amocana 

amoixsneba maqsvelis erTgvarovani gantolebebis 

integrebiT) da 2) saWiro struqturis velis   

agznebis yvelaze efeqturi meTodebis moZebnis 

amocana (amoixsneba maqsvelis araerTgvarovani 

gantolebebis integrebiT).  

harmoniuli talRebis SemTxvevaSi maqsvelis 

gantolebebidan eleqtruli da magnituri 

velebisaTvis tg-Si miiReba talRuri gantolebebi: 

0
22

=+ EE k  

0
22

=+ HH k  

sadac  /2/ == ck  aris talRuri ricxvi. 

marTkuTxa talRagamtarisaTvis (sur. 4) eleqtruli 

da magnituri velis nebismieri proeqcia unda 

akmayofilebdes talRur gantolebas: 

0
2

2

2

2

2

2

2

=+


+


+


 f
fff

k
zyx

              (1) 
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bernuli-furies meTodis Tanaxmad am gantolebis 

warmodgena SesaZlebelia Semdegi saxiT: 

           )()()(),,( zZyYxXzyxf =                 (2) 

(2)-is (1)-Si CasmiT miiReba gantolebebi X, Y, ZY 

funqciebisaTvis; xdeba maTi integreba, zogad 

intervalSi Semodis sasazRvro pirobebic ris 

Sedegadac idealuri gamtareobis kedlebiT 

SemosazRvrul usasrulod grZel tg-Si velis 

kompleqsuri amplitudis gegmilebisTvis  miiReba 

Semdegi gamosaxulebebi: 

eAE
z

xx b

y
n

a

x
m




−
= sincos  

(3) 

eAE
z

yy b

y
n

a

x
m




−
= cossin  

eAE
z

zz b

y
n

a

x
m




−
= sinsin  

eBH
z

xx b

y
n

a

x
m




−
= cossin  

eBH
z

yy b

y
n

a

x
m




−
= sincos  

eBH
z

zz b

y
n

a

x
m




−
= coscos  

sadac m da n nebismieri dadebiTi mTeli ricxvebia, 

xolo Ax, Ay, Az, Bx,By, Bz _ mudmivebia, romlebic tg-is 

aRgznebiT ganisazRvreba. bolo mamravli e
z−
 ki 

gansazRvravs talRis amplitudisa da fazis 

cvlilebas Z RerZis gaswvriv gavrcelebisas. 

talRagamtarSi Tu danakargebi ar arsebobs,  

rodesac  
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















+=

b

n

a

m

c
k


22

2

2

2

                         (4)

 

gavrcelebis mudmiva   SeiZleba ganisazRvros Ex, Ey, 

Ez -is gadiferencirebiTa da (1) gantolebaSi CasmiT:  

k
b

n

a

m 2

22

++= 














 
                           (5) 

gavrcelebis mudmiva SeiZleba iyos wminda 

warmosaxviTi:  j=  ( 1−=j ). amasTan  

 




 


k

k

c
c

b

n

a

m 2

22

==+ 
















                 (6)

 

e.i. idealuri tg milevis gareSe atarebs mxolod 

kritikul sixSireze maRali sixSiris rxevas, anu 

kritikul talRis sigrZeze  k
 naklebi talRis 

sigrZis mqone rxevas. e.i. aqvs filtris Tviseba. 

zRvruli sixSire k
 miT maRalia, rac ufro   

mcirea tg-is zomebi. amasTan nebismieri   talRis 

sigrZe tg-Si moxvedrisas izrdeba. talRis sigrZe  

tg-Si avRniSnoT  -iT.  -Ti talragamtarSi 

agznebuli talRis sigrZe   aRemateba imave   

talRis sigrZes Tavisufal sivrceSi: 






2

2

1
k

−

   

trigonometriuli    mamravlis(3)   gamosaxulebebSi 
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miuTiTebs mdgari talRis arsebobze tg-is kedlebis 

marTobuli mimarTulebiT. eleqtruli velis mxeb 

mdgenelebs kedlebze aqvT kvanZebi, m da n  ricxvebi 

gansazRvraven mdgari naxevartalRebis ricxvs, 

romlebic moTavsebulia a da b gverdebis gaswvriv, 

e.i. rac ufro metia m da n , miT ufro rTulia     

veli tg-s kveTaSi.  

regularul cilindrul tg-Si veli warmoadgens 

sxvadasxva tipis talRebis usasrulo simravlis 

jams. yvela tipis talRebi iyofa sam klasad: TE  anu  

H,  TM anu  E,  da  TEM (T aRniSnavs marTobulobas). Tu 

davuSvebT rom danakargebi ar gvaqvs, maSin yvela 

talRas aqvs Tavisi struqtura:  TE _ talRebSi 

eleqtrul vels aqvs mxolod marTobuli mdgeneli, 

magram magnitur vels aqvs gaswvrivi da marTobuli 

mdgenelebi; 

TM _ talRebs aqvT magnituri velis marTobuli 

mdgeneli da yvela sxva (samive) mdgeneli   

eleqtruli velisaa; 

TEM _ talRebs saerTod ara aqvT grZivi mdgenelebi 

da SeiZleba arsebobdnen mxolod mravladbmul tg-

Si. e.i. tg-Si, romelsac erTi Sinagani gamtari mainc 

aqvs; 

m-is da n-is sxvadasxva mniSvnelobebisaTvis 

talRebis aRniSvnebi Caiwereba ase TMmn anu Emn , da 

TEmn anu Hmn; talRebs umciresi  m-iTa da n-iT  

ewodebaT umartivesebi. mag.: TM talRis SemTxvevaSi 

(Hz=0) umartivesia TM11 talRa, xolo talRebi  TM10   

da   TM01   ganuxorcielebelia,    radgan   magnituri 
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Zalwirebi Sekruli unda iyos. TE talRis SemTxvevaSi 

(Hz=0) SesaZlebelia talRebis arseboba, roca m=0,           

n 0  an  n=0, m 0 , radgan eleqtruli Zalwirebi 

SeiZleba iyos swori xazebi, romlebic iwyebian da 

mTavrdebian tg-is mopirdapire kedlebze. amitom 

umartives TE10 talRas miviRebT, roca (Ez=0) m=1, n=0 an 

(m=0, n=1) (nax.7); 

arebuli sixSiris qveda zRvris arseboba 

decimetrul da ufro grZeli talRebis SemTxvevaSi 

konstruqciis  damzadebisas moiTxovs zomebis    

didi sizustiT dacvas.  

energia vrceldeba metaluri milis  SigniT, 

RruSi. masSi SeiZleba arsebobdnen E da H  tipis 

talRebi da marTkuTxa talRgamtarSi, romelic 

warmoadgens gadacemis xazis kerZo SemTxvevas, 

SeuZlebelia TEM tipis talRebis arseboba.  

dekartes koordinatTa sistemis saTave 

movaTavsoT marTkuTxedis erT-erT wveroSi, xolo 

sistemis gverdebi SevuTavsoT marTkuTxedis 

gverdebs. 

E talRis E da H veqtorebis ganivi mdgenelebi 

SeiZleba  gamoisaxos EZ
  grZivi mdgeneliT. amitom 

velis struqtura talRagamtarSi ganisazRvreba 

Semdegi gantolebis amoxsniT: 

   

x
E z




2

2  +

x

E y




2

2  + 
E z


2

⊥

 =0 ;              (7) 
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am gantolebis amoxsniT miiReba, rom kedlebi aris 

idealuri gamtari, amitom misi kedlebis zedapirze 

eleqtruli velis mxebi mdgeneli 0-is tolia.  

mocemul SemTxvevaSi am pirobidan gamomdinareobs, 

rom 0=E z
 , roca ,0=x ax =  da 0=E z

 , roca   

,0=y by = . (2) gantolebaSi daSvebiT, rom 0=x  da 

ax = , miviRebT or gantolebas: 

   0)sincos( =+
−

e
zi

yy
yDyCA



                          

  0)sincos)(sincos( =++
−

e
zi

yyxx
yDyCxBxA



      (8) 

        am gantolebas akmayofilebs y -is  

nebismieri mniSvneloba, roca 0=A  da 

            0sin =aB
x

  (9) 

analogiurad, Tu davuSvebT (2) gantolebaSi rom 

0=y  da by = , mivdivarT damokidebulebamde 0=C  

da 

    0sin =bD
y

                 (10) 

0B  da 0D  PpirobisaTvis toloba (4) da (5) 

sruldeba maSin, roca  

      ma
x

=  da  nb
y

=           (11) 

sadac m  da n  - nebismieri mTeli dadebiTi 

ricxvebia. roca 0=m  an 0=n  Ez
  grZivi mdgeneli 

igivurad nulis tolia, roca E  talRis   

ararsebobas Seesabameba.  amitom  1m  da  1n .  (6)  
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tolobidan vRebulobT  
x
 da 

y
- is mniSvnelobebs: 

      
a

m

x


 =   ; 

b

n

y


 =                 (11) 


x

CA ,,  da 
y
-is (2)-Si CasmiT miviRebT 

    eEE
zi

zz b

yn

a

xm  −
= sinsin

0
             (13) 

  sadac E z0
-iT aRiniSneba DB  namravli, romelic 

warmoadgens eleqtruli velis daZabulobis grZivi 

mdgenelis amplitudas. am sididis gansazRvra 

sasazRvro pirobiT ar xdeba, radgan velis  

mdgenelis amplituda damokidebulia wyaros 

simZlavreze, romelic aRZravs talRagamtarSi 

eleqtromagnitur vels.  

Tu gaviTvaliswinebT damokidebulebas velis 

marTobul da grZiv mdgenelebs Soris da Ez
  

nacvlad ki mis mniSvnelobas gamoviyenebT (8) 

gamosaxulebidan, aseve davuSvebT rom 0=H z
 , 

Sedegad SevZlebT velis marTobuli mdgenelis 

gansazRvras: 
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sadac 
2

⊥
 mniSvneloba 

222

yx
+=

⊥
 gamosaxulebisa 

da (7)-is gaTvaliswinebiT, tolia: 

    




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



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
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


+=

⊥

b

n
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

22

           (15) 

yvela mdgenelis cvlileba grZivi RerZis gaswvriv 

aRiwereba mamravliT e
zj−
. 

rogorc (9) da (10) gamosaxulebebidan  

gamomdinareobs, ganivi kveTis sibrtyeSi velis 

struqtura mdgari talRis struqturas Seesabameba, 

amasTan m  naxevartalRebis ricxvia a  gverdis 

gaswvriv, xolo n -naxevartalRebis ricxvia, b  

gverdis gaswvriv. amave gamosaxulebebis Tanaxmad 

mTeli ricxvebis m  da n  wyvils Seesabameba 

eleqtromagnituri velis garkveuli struqtura. 

4.marTkuTxa samkapas maTematikuri modelis 

cifruli damuSavebis Sedegebi 

 marTkuTxa samkapa talRagamtarSi Canergili 

cilindruli araerTgvarovnebis araerTgvarovnebis 

geometriuli zomebi gamoTvlilia Seqmnili 

maTematikuri     modelis    cifruli    damuSavebis 
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safuZvelze. talRagamtaruli gadasasvlelebis 

Sesaxeb Catarebuli mravalricxovani Sromebis 

analizi gviCvenebs, rom Sewyvilebuli Stoebis 

praqtikulad gamoyenebadi  SeTanxmebis miRweva 

SeiZleba mxolod sixSiris viwri zolSi da   

mxolod talRagamtaris mxrebis ganivi kveTis 

zomebis garkveuli  Sefardebis dros. amitom aseTi 

gadasasvlelis SeTanxmebis pirobebis 

gsaumjobeseblad aucilebelia gadasasvlelis 

geometriis saTanadod Secvla. am mizniT xdeba 

sxvadasxva formis araerTgvarovnebebis CarTva. maTi 

gamoyenebiT xdeba talRuri winaRobis regulireba 

mTavar da Sesarwymel mxareebSi manam   Sesarwymel 

mxareebSi ar miiRweva SeTanxmebis saWiro 

maxasiaTebeli. ganxilulia SemTxveva, rodesac 

araerTgvarovnebas qmnis samportiani gadasasvlelis 

mTavar StoSi xelovnurad Canergili cilindruli 

formis dieleqtrikuli  Rero.   

miuxedavad imisa rom xelovnuri CarTvebis 

gavlena kargad aris Seswavlili Cveulebriv 

talRagamtarebSi, talRagamtarul gadasasvlelebSi 

maTi ganxilvisas Cndeba sirTuleebi da amitom 

mravali movlena talRagamtaruli gadasasvlelebSi 

sxvadasxva xelovnuri CarTulebebiT bolomde 

kargad ar aris gagebuli.  

gamosakvlevi amocanis geometria aris 

marTkuTxa sakoordinato sistemaSi mocemuli  

samkapa, anu  samportiani talRgamtaruli 

gadasasvleli mis mTavar StoSi ganTavsebuli 

cilindruli   formis   ReroTi   (sur.6).   marTkuTxa 
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talRgamtarebis  T-tipis SeerTebebi xdeba H  

sibrtyeSi. jer ganvixilavT im SemTxvevas, roca 

cilindruli Rero warmoadgens karg gamtar  

masalas, Semdeg amocanis amoxsnas ganvavrcobT 

dieleqtrikuli cilindruli Reros  

SemTxvevisaTvis. karteziuli koordinatTa saTave 

aRebulia Canergili  cilindris centrSi. vuSvebT, 

rom mocemuli araerTgvarovani geometriis mqone 

talRagamtaris agzneba xdeba misi sakuTari talRiT 

H10-iT, romelic ecema mTavari Stoze (zemodan) da 

vpoulobT eleqtromagnitur vels, romelic 

warmoiqmneba talRagamtaris sxvadasxva ubanSi 

cilindrul Rerosa da gadasasvlelze talRis 

difraqciis Sedegad. 

dieleqtrikuli Reros SemTxvevis 

gansaxilvelad  Semodis axali sasazRvro pirobebi 

da SeTavsebis hirobebi dieleqtrikuli  

cilindruli Reros zedapirze da sasazRvro 

sidideebis amocanas kvlav mivyevarT algebrul 

gantolebaTa sistemamde, sadac CarTuli 

dieleqtrikis maxasiaTebeli parametrebis 

gamosaTvlelad saWiroa garkveuli cvlilebebi.  

gamoyvanilia talRgamtaruli samkapas simZlavris 

balansis gantoleba da Cawerilia misi 

normalizirebuli forma, riTac dasrulebulia 

Teoria samportiani talRgamtaruli gadasasvlelisa 

mis mTavar StoSi xelovnurad Canergili 

cilindruli ReroTi. daSvebulia, rom dacemuli 

talRa mTavar StoSi  sruliad  ganisazRvreba misi 

eleqtruli      komponentiT,     romelic    droze 
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damokidebulebulia eqsponencialuri  tie   kanoniT. 

arekvlili, gatarebuli da interferirebuli 

harmonikebis jamuri veli samkapas ubnebSi 

warmodgenilia furies mwkrivis saxiT da 

cilindrul Reroze gabneuli veli ganixileba 

rogorc veli, gabneuli orelementian periodul 

meserze, romelic Sedgeba talRgamtaris marcxeba   

da marjvena kedlebze cilindruli Reros sarkuli 

gamosaxulebebisagan. furies koeficientebis 

mosaZebnad gamoyenebulia nulovani pirobebi  

metalis Rerosa da talRgamtaris kedlis gamyof 

zedapirze, agreTve SeTanxmebis (Sewyvilebis) 

sasazRvro pirobebi samkapas centraluri da 

gverdiTi ubnebis gamyof zedapirze. talRgamtaruli 

gadasasvlelis Stoebis SeTanxmebis sasazRvro 

pirobebis gamoyenebiT miiReba funqcionaluri 

gantolebebi Rerodan da gadasasvlelidan 

arekvlili talRebis modaluri speqtris 

amplitudebisaTvis. miRebuli funqcionalur 

gantolebaTa sistema gardaqmnilia Semdgomi 

analizisaTvis ufro moxerxebul dayvanil formaSi, 

risTvisac gamoyenebulia sakuTrivi funqciebis 

orTogonalobis piroba da dirakis funqciis 

filtraciis Tviseba. zusti eleqtromagnituri 

Teoria iqna gamoyenebuli  E-sivrceSi 

talRagamtarul samkapaSi difraqciis movlenis 

Sesaswavlad. eleqtrodinamikis amocana 

araerTgvarovani sistemisaTvis mis mier  

gadawyvetili iqna meore rigis algebrul 

gantolebaTa  amoxsniT samkapas mTavar StoSi velis 
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ucnobi koeficientebis miRebis mizniT, ris  

Sedegadac  Seqmnili iyo algoriTmi da monacemTa 

kompiuteruli damuSavebis Sedegad miRebuli iyo 

ricxviTi Sedegebi. gamokvleuli iyo gabnevis 

maxasiaTeblebi samportian  gadasasvlelSi,   

rodesac mTavar StoSi Canergili iyo cilindruli 

formis dieleqtrikuli Rero, Seswavlili iyo 

dacemuli talRis arekvlis, gatarebisa da 

gardatexis maxasiaTeblebi. (10) – Si  ganviTarebuli 

Teoriis safuZvelze  miRebuli programuli paketis 

saSualebiT SesaZlebelia talRagamtarSi Canergili 

dieleqtrikuli cilindris optimaluri  

parametrebis gamoTvla. magaliTad, im   

SemTvevisaTvis rodesac talRgamtaris mTavari Stos 

siganea -  a, sigrZe – b, Tu dacemuli talRis sigrZe 

= 1.32538 mk. da talRagamtarSi Canergil 

araerTgvarovnebas qmnis dieleqtrikuli cilindri, 

romlis dieleqtrikuli SeRwevadoba = 3.8, maSin  

misi diametri unda SeirCes ise, rom Sesruldes 

pirobebi: =/2a 1.509, 1/ =ab da =ad / 0.25, sadac d - 

cilindris diametria.  

 daskvna 

ganviTarebuli Teoriis safuZvelze    

miRebuli programuli paketis saSualebiT 

gamoTvlilia Semdegi eleqtrodinamikuri 

maxasiaTeblebi: arekvlis koeficienti, jamuri 

areklili energia, jamuri gatarebuli energia, 

energiis danakargi da nawinaswarmetyvelebia 

cilindris        optimaluri      parametrebi    im 
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SemTvevisaTvis, roca talRis sigrZe = 1.32538; 

=/2a 1.509; cilindris dieleqtrikuli SeRwevadoba 

= 3.8 da 1/ =ab ; =ad / 0.25, sadac talTagamtaris 

mTavari Stos siganea  a, sigrZe - b, xolo d - 

cilindris diametria.  
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struqturuli mouwesrigeblobebi GaMnSb-is 
firebSi da maTi gavlena anomalur holis 

efeqtze 

vladimer miqelaSvili 

fizikis departamenti, stu 

vmikelashvili@gmail.com 

 nanospintronika emyareba ra magnituri 

naxevargamtarebis gamoyenebas, warmoadgens 

mecnierebisa da inJineriis axal sferos. es 

ganpirobebulia sainformacio teqnologiebSi 

sruliad axali masalebisa da xelsawyoebis 

ganviTarebiT, romlebSic gamoyenebulia ara mxolod 

eleqtronis muxti, aramed misi kvantur-meqanikuri 

Tavisuflebis xarisxi, sxvagvarad spini.                

kvantur-interferenciuli efeqtebis eqspluatacias 

mivyavarT kvanturi kompiuteris Seqmnisaken. 

 dResdReobiT mecnierTa Zalisxmeva 

mimarTulia nanomasStaburi mravalfenovani 

struqturebis Seqmnisaken, romelic Sedgeba 

feromagnituri metalisa da aramagnituri 

naxevargamtaris monacvleobiTi fenebisagan, sadac 

Seiswavleba  spinuri inJeqciis, manipulaciis, 

kontrolisa da deteqtirebis problemebi. didi 

mniSvneloba eniWebaT naxevargamtarebs, romlebic 

saukeTeso spinur inJeqtorebad gvevlinebian. am 

problemebis gadasawyvetad SerCeulia gaxsnili 

magnituri naxevargamtarebi, romlebSic magnitur 

minarevTa ionebi garkveuli procentuli     

fardobiTaa warmodgenili(mag: 5 at %). aseTi 

naxevargamtaruli SenaerTebi gamoirCevian spinuri 

mailto:vmikelashvili@gmail.com
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polarizaciis maRali xarisxiTa da holis efeqtiT 

oTaxis temperaturis pirobebSi, rac erT-erT 

mniSvnelovan winapirobas qmnis spintronuli 

xelsawyos praqtikuli realizebisaTvis. 

 miuxedavad rigi mravalricxovani kvlevebisa 

gasxnili magnituri naxevargamtarebis   

teqnologiaSi, am SenaerTTa wonasworuli sinTezis 

pirobebi mainc Semoifarglebian (III, Mn) V 

sistemebisaTvis Mn-is xsnadobis dabali limitiT (5 

at%)[1]. aqedan GaMnAs –is SemTxvevaSi Sesabamisad 

gvaqvs xvrelebis koncentraciisa (p=3.5×1020 sm-3) da  

kiuris temperaturis dabali (TC ≈ 160 kelvini) 

mniSvnelobebi.  

 molekulur-sxivuri epitaqsiisa da misi 

modifikaciebisagan gansxvavebiT lazerul-plazmuri 

sinTezis teqnologiebi uzrunvelyofen, ara    

mxolod gazrdil koncentraciebs (NMn≈1021 sm-2), 

aramed maRali legirebiT gamowveuli magnituri 

mouwesrigeblobebis kontrolis SesaZleblobas[2].   

am koncentraciebze III-Mn-V sistemebi warmoadgenen 

Zlier mouwesrigebel garemos, romelTa 

mowesrigebuloba dakavSirebulia rogorc 

statistikurad ganawilebul Mn-is donorTa 

xasiaTTan, ise  gazrdis defeqtebTan da Zlier 

kompensaciasTan, rasac iwveven Mn-is metastabiluri 

donorebi. 

 Cveulebriv Mn-s III-V SenaerTebSi rogorc 

magnituri minarevis, ise aqceptoris funqcia akisria 

da    enacvleba    GaAs-is    SemTxvevaSi   Ga-is   atomebs. 
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Tumca maRali koncentraciebisas igi ikavebs 

kvanZTaSoris mdgomareobebsac sadac donorad 

gvevlineba. maRali koncentraciebisas igi agreTve 

qmnis granulebs, romelic Sedgeba Mn-is 

SenaerTisagan V jgufis minarevTan, rogoricaa:   

MnAs, MnSb, rac ukve feromagnitur metalebs 

warmoadgenen. amgvarad, gvaqvs 3 tipis 

mouwesrigebloba: struqtureli (sxvadaxva fazis 

granulebi), magnituri (magnitur ionTa 

araerTgvarovani ganawileba, rasac mivyavarT 

lokaluri magnituri momentebis fluqtuaciamde),   

da eleqtruli (damuxtul minarevTa   

araerTgvarovani ganawileba, rac iwvevs 

fluqtuaciur potencials). SemdgomSi Cven vaCvenebT 

Tu ramdenadaa damokidebuli gaxsnili magnituri 

naxevargamtaris feromagnitur Tvisebebze 

mouwesrigeblobebis gavlena lazeruli meTodebiT 

momzadebul GaMnSb –is magaliTze. rogorc 

avRniSneT Mn-is maRali koncentraciebisas  

yalibdeba metaluri feromagnituri granulebi. 

 GaSb:Mn-is firebi sinTezirebuli iqna 

lazeruli plazmidan dafenis meTodiT. firebi 40-   

140 nm sisqiT dafenili iqna GaAs(100)-is fuZeSreze, 

romlis temperatura icvleboda Ts ≈ 200-400 ˚C –mde, 

rac ganapirobebda xvrelebis koncentraciis 

cvlilebas p= 5×1020 - 3×1019 sm-3 sazRvrebSi. 

 numuSTa struqturis maRali xarisxi da MnSb-

is granulebi advilad SegviZlia davinaxoT sur. 1 a 

da sur. 1 b- ze. 
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sur. 1 ა. (Ga,Mn)Sb nimuSis eleqtronul difraqciuli 

suraTi. gadidebuli are gviCvenebs {440} matricis da MnSb-is 

refleqsebs. 

 

 
sur. 1 b.  (Ga,Mn)Sb nimuSis eleqtronuli mikroskopiis suraTi, 

romelic matricaSi granulebis demonstrirebas axdens 

 

erT-erTi yvelaze efeqturi gza gmn 

struqturebis Sesaswavlad da spinpolarizebuli 

muxtis        gadamtanebis       deteqtirebisaTvis       aris 
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anomaluri holis efeqti(ahe). cnobilia, rom holis 

veli magnitur masalaSi Sedgeba ori    

komponentisagan 

xaxH MjRBjRE += 0                                              (1) 

sadac B –magnituri induqciaa, M – 

damagnitebuloba, Jx –denis simkvrive, R0 – lorencis 

ZalebiT gamowveuli normaluri holis koeficienti, 

Ra  - anomaluri holis efeqtis koeficienti. 

damagnitebulobis sapirispirod holis  

efeqtis maxasiaTeblebi damokidebulia xvrelebis 

koncentraciaze(romelic Tavis mxriv damokidebulia 

dafenis temperaturaze Ts). sur. 2 aRniSnavs   

magnituri veils damokidebulebas holis winaRobaze 

Rxy (B), romelic miRebulia T= 77 K (sur. 2 a)  da T=293 

K (sur. 2 b) temperaturebze GaSb:Mn –saTvis  

sxvadasxva xvrelebis koncentraciebisas. 

 
sur. 2. holis winaRobis magnitur velTan damokidebuleba 

GaMnSb/GaAs struqturebisaTvis  :  1 – p = 5×1020sm-3, Ts =200 ˚C; 2 – 

p = 1.5×1020sm-3, Ts =200 ˚C; 3 – p = 3×1019sm-3, Ts =440 ˚C. 

  gazomvebi Sesrulda (a) -77k da (b) – 293k 

temperaturebze. b-saTvis zeda CanarTi aRniSnavs Rxy 

(B) damokidebulebas nimuS 1-saTvis, roca B >0.4 t; 



75 
 

qvemo CanarTi ki gviCvenebs igive damokidebulebas 

roca -0.2<B<0.2 t.  

 muxtebis koncentracia gamoTvlili iqna Rxy      

(B) mrudis daxrilobidan B > 0.4-0.5 t velisas. maRali 

velisas am damokidebulebis wrfivi xasiaTi 

moyvanilia sur 2 b CanarTze. suraTidan Cans, rom 

holis efeqti 1 da 2 nimuSebisaTvis anomaluria T=   

77 da 300K temperaturebze, rodesac 3 mrudis 

SemTxvevaSi mcire koncentraciebze gvaqvs 

Cveulebrivi holis efeqtis SemTxveva. nimuS 1 da 2-  

is SedarebiT Cans, rom xvrelTa koncentraciis  

kleba axSobs ahe-is histerezisul xasiaTs. 

 detalurad, winaaRmdegobis veli nimuS 1-

saTvis Bc=0.29t 77K – ze da ahe-is histerezisi oTaxis 

temperaturamde arsebobs(Bc=6.5 mt,  qveda CanarTi   

sur 2 b). amavdroulad nimuS 2-saTvis Bc=0.058t 77k –

ze  da histerezisi ar daimzira 300k –ze. ahe-is 

dominirebisas cvladi(spontanuri) holis winaRoba     

𝑅𝑥𝑦
𝑆  proporciulia  spontanuri damagnitebulobis Ms 

[3,4]. 

xvrelebis koncentraciis Zlieri 

damokidebuleba ahe-is efeqtze warmoSobs azrs, rom 

es gansxvavebebi xvrelebis koncentraciebze unda 

iyos damokidebuli. Tavisufal muxtis gadamtanTa 

urTierTqmedeba feromagnitur CanarTebTan Cans, rom 

unda ganisazRvros Sotkis barieris arsebobiT 

matricasa da klasteris gamyof zedapirTan(Cvens 

SemTxvevaSi MnSb/GaSb sazRvari). es urTierTqmedeba 

damokidebulia    ara     marto    feromagnituri  fazიs 



76 
 

Semadgenlobaze, aramed xvrelTa koncentraciaze, 

romlis zrdasac mivyavarT Sotkis barieris 

Semcirebamde. es faqti iwvevs Zlier gvirabul 

gacvlas Tavisufal muxtis gadamtanebsa da 

feromagnitur klasterebs Soris, amitom ahe xdeba 

ufro gamokveTili. meore mxriv dafenis  

temperaturis zrdas mivyavarT klasterTa zomis 

zrdisaken.  

winaaRmdegobis velis didi mniSvneloba da 

damagnitebis mrudis mkveTri zrda histerezisul 

mrudze, migviTiTebs klasterTa domenur 

struqturaze, rac niSnavs, rom winaaRmdegoba 

izrdeba klasteris zrdasTan erTad. albaT unda 

CavTvaloT, rom MnSb-is klasteris zoma 10 nm-ze 

mcirea da urTierTqmedeba gamowveulia GaSb:Mn 

matricaSi muxtis gadamtanebis SuamavlobiT. 

daskvnis saxiT SegviZlia vTqvaT, rom 

zelegirebuli masalis, rogoricaa -  GaSb:Mn  

feromagnituri Tvisebebis ZiriTad ganmsazRvrel 

faqtors warmoadgens magnituri nanoklasterebis 

formireba. 

samuSao Sesrulebulia saerTaSoriso fondis 

mxardaWeriT ISTC –proeqti G1335. 
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galiumis arsenidze liTonebis 

eleqtroqimiuri da qimiuri dafena  

TinaTin laferaSvili 

lafera2002@yahoo.com 

warmodgenilia galiumis arsenidis zedapirze liTonebis 

eleqtroqimiuri dafenis originaluri meTodi, romlis 

mixedviT uSualod liTonis Txeli fenis dafenis win 

xdeba naxevargamtaris zedapiris Jangisagan 

eleqtroqimiuri gasufTaveba. eleqtrolitad 

gamoyenebulia liTonis qloridis wyalxsnari, romelic 

erTdroulad Seicavs, rogorc naxevargamtaris 

eleqtroqimiurad gamwmend nivTierebas, aseve dasafeni 

liTonebis ionebsac. warmodgenili teqnologiiT 

damzadebulia idealuri Sotkis diodebi, aRwerilia maTi 

eleqtrofizikuri maxasiaTeblebis kvlevis Sedegebi. 

sakvanZo sityvebi: eleqtroqomiuri dafena, liToni,  

naxevargamtari, Sotkis diodi. 

1. Sesavali 

naxevargamtarze   liTons afenen sxvadasxva  

meTodiT: qimiuri, eleqtroqimiuri, vakuumuri, 

lazeruli, magnetronuli, molekulur_sxivuri 

epitaqsiiT da sxva. liTonis dafenis  

eleqtroqimiuri meTodi ar saWiroebs  maRali 

vakuumis Sesaqmnelad saWiro ZviradRirebul 

danadgarebs; ekonomiuria, radgan Zvirfasi 

liTonebisa da denis danaxarji mcirea; garda amisa, 

es meTodi galiumis arsenidze (GaAs) feromagnituri 

mailto:lafera2002@yahoo.com
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liTonis (Fe) epitaqsiuri gazrdis saSualebas   

iZleva [1].  

2. GaAs-ze liTonebis (Fe, Ni, Pd)  eleqtroqimiuri 

dafena 

III-V jgufis naxevargamtarebze liTonebis 

dafenis eleqtroqimiuri meTodi aRwerili iyo [2-3]-

Si. naxevargamtarul firfitaze liTonis 

eleqtroqimiuri meTodiT dasafenad mas erT 

zedapirze ukeTdeba omuri kontaqti, romelzec 

mierCileba mavTuli denis misayvanad, Semdeg  

naxevargamtaris zedapiri omuri kontaqtiT da masze 

mirCiluli mavTuli daifareba qimiurad mdgradi 

laqiT, xolo meore zedapiri kvlav sufTavdeba 

saTanado xsnarebSi qimiuri damuSavebiT daLliTonis 

dasafenad myisierad Tavsdeba WiqaSi - 4                

(ix. sur.1), romelSic Casxmulia winaswar 

damzadebuli eleqtroliti.  

galiumis arsenidze Sotkis diodis misaRebad 

eqsperimentSi gamoyenebuli iyo Coxralskis   

meTodiT gazrdili 200 – 250 mk sisqis n-tipis 

monokristaluri GaAs – is firfitebi, (100) 

kristaluri orientaciiTa da  eleqtronebis 

koncentraciiT 1016-1017sm-3. naxevargamtarul 

firfitaze liTonis Txeli firis dasafenad 

eleqtroliti mzaddeba Sesabamisi liTonis 

qloridis wyalxsnarze HCl  da  NaOH-is iseTi 

raodenobis damatebiT, rom eleqtrilitis 

mJavianobis Sesabamisi  pH  iyos (1.5 – 2,0)  intervalSi.  
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liToniT dafarvamde jer xdeba naxevargamtaris 

zedapiris eleqtrolituri gasufTaveba; Semdeg 

naxevargamtarze modebuli Zabva myisierad icvleba 

sawinaaRmdego polarobiT da imave xsnarSi, erTian 

teqnologiur procesSi (xsnaridan nimuSis 

amouReblad) liToni efineba naxevargamtaris 

zedapirs. dafenis procesSi Tavidan gadis mcire deni 

naxevargamtarze liTonis Canasaxebis 

warmosaqmnelad, ramdenime wuTis Semdeg denis 

simkvrive izrdeba liTonis dafenis siCqaris  

gazrdis mizniT.  

 

sur.1. naxevargamtarze liTonis eleqtroqimiuri dafenis 

danadgaris sqema 

naxevargamtarze liTonis eleqtroqimiuri 

meTodiT dafenis martivi mowyobilobis sqema 

naCvenebia sur.1-ze. mudmivi denis wyaroze (1) 

mierTebulia    ampermetri   (2),   cvladi   winaRoba    
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wredSi gamavali denis Sesacvlelad (3)  da Wiqa (7) 

eleqtrolitiT (4), romelSic moTavsebulia 

naxevargamtaruli firfita(5) da meore      

eleqtrodi (6); 7 –kvarcis Wiqaa. 

 eqsperimentebisTvis SerCeuli iyo eleqtrolitebi 

da GaAs-ze dafenili iyo sxvadasxva liToni. 

aRwerili teqnologiis gamoyenebiT adre Cvens mier 

damzadebuli da Seswavlili iyo Sotkis idealuri 

diodebi galiumis fosfidis bazaze [2-5], agreTve 

Sotkis diodebi GaAs-ze III jgufis liTonebis In, Ga 

da Al eleqtroqimiuri dafeniT [5]. aq warmodgenilia 

feromagnituri liTonis  Fe-is,  agreTve Pd-isa       

da Ni-is eleqtroqimiuri dafenis reJimebi (cxr. I).  

cxrili I.  GaAs –ze liTonebis eleqtroqimiuri dafena 

liToni marili 
raodenoba 

gr/l 
anodi pH 

Fe FeCl2 32 -35 Pt 1.5 

Ni NiCl2.6H20 30 Ni 1.5 

Pd PdCl2 32-35 Pt 1.5 

 

3. aluminis eleqtroqimiuri dafena GaAs -is      

zedapirze aluminis qloridisYwyalxsnaridan 

   saintereso AaRmoCnda aluminis qloridis 

wyalxsnaridan III-V jgufis naxevargamtarebze 

aluminis eleqtroqimiuri meTodiT dafenis 

SesaZlebloba [4,5], rac Cvens mier naCvenebi iyo 

eqsperimentuli    monacemebis    kvlevebis    Sedegad. 
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 TumcaRa, eleqtroqimiis kanonebis Tanaxmad 

wyalxsnaridan aluminis gamoZeveba SeuZlebeli   

unda iyos. 

  cnobilia, rom mrewvelobaSi gamoyenebuli  

alumini mTlianad miiReba 1886 wels holis mier 

SemoTavazebuli eleqtroqimiuri meTodiT 1000 0C 

temperaturaze rkinis abazanaSi, romelic asrulebs 

kaTodis  rols. eleqtrolitia  galRobili 

krioliti Na3ALF6, romelSic gaxsnilia AL2O3.. 

aluminis Jangs  Rebuloben misi mineralebis [ALHO2, 

AL(OH)3] narevidan saTanado gasufTavebis Semdeg.  

eleqtrolizorSi iyeneben  naxSiris anodebs. denis 

gavlisas gamoyofili siTbo eleqtrolits 

unarCunebs galRobil mdgomareobas 1000 0C-ze. 

anoduri reaqcia mimdinareobs  naxSirJangis 

monawileobiT 

                 C + 2O2- → CO2 + 4e 

kaToduri reaqciaa 

                 AAL3+ + 3e → AL 

eleqtrolizis procesSi  miRebuli liTonuri 

alumini grovdeba  eleqtrolizoris  Ffskerze, 

saidanac mas gadmoasxamen.  

  kiTxvas -- SesaZlebelia Tu ara  aluminis 

eleqtroqimiuri dafena  misi marilebisY 

wyalxsnaridan -- xSirad uaryofiTad  pasuxoben, 

radgan   ZabvaTa   mwkrivSi    alumini    wyalbadis    
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marcxniv  mdebareobs e.i. ufro Zlieri aRmdgenia 

vidre wyalbadi, eleqtrolizis  dros unda  aRdges 

wyalbadi  da gamoiyos kaTodur  sivrceSi  H2.  

meores mxriv alumini, romelic eleqtrolitSi 

disocirebuli marilis ALCL3-is saxiT aris 

warmodgenili Sedis wyalTan reaqciaSi  

                  AL+++ +3Cl -+ 3H2O -> AL(OH)3 + 3HCL 

ris Sedegadac  wyalSi uxsnadi  fuZe  gamoileqeba  

da eleqtrolitSi aluminis Tavisufali ioni  aRar 

unda iyos. amis Tavidan acileba SesaZlebelia 

xsnarze marilmJavas damatebiT. xdeba sawinaaRmdego 

reaqciac 

                  AL(OH)3 + 3HCL -> ALCL3+ 3H2O 

da eleqtrolitSi kvlav gaCndebian  Tavisufali  

ionebi, romelTa  gadaadgileba SesaZlebelia 

eleqtruli  velis  moqmedebiT anodidan  

kaTodisaken. 

anodad gamoyenebuli alumunis firfita SeiZleba 

imavdroulad iyos aluminis ionebis wyaroc.  

rogorc cnobilia, wyalSi moTavsebisas alumini  

swrafad  ifareba aluminis  Jangis Txeli  feniT, 

romelic icavs  mas Semdgomi  koroziisagan,  Tumca 

eleqtrolitSi arsebuli agresiuli  qloris 

adsorbcia Jangis  fenaze da misi reaqcia  JangTan 

warmoqmnis    AL(OH)2CL-s,  Slis    Jangis   fenas   da 
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aSiSvlebs  liTons, ris Semdeg xsnarSi 

SesaZlebelia ganxorcieldes Semdegi  procesebi: 

             AL-> AL3+ + 3e 

                              AL3+ + 4CL--.>ALCL4
- 

                              ALCL4
  +2H2O -→ AL(OH)2CL + 2H+ + 3CL- 

an 

                             AL + 3CL- 
→ ALCL3 + 3e 

                            ALCL3 + 3H2O → AL(OH)3 + 3H+ + 3CL-  

miRebuliE AL(OH)2CL  da   AL(OH)3   wyalSi uxsnadi  

fuZeebia da  naleqis saxiT unda gamoiyos, risi 

acilebac SesaZlebelia xsnarze HCl –isa da NaOH-is 

iseTi raodenobis damatebiT,  rom eleqtrolitis   

pH =1,5. maTi urTierTqmedebis Sedegad  miiReba NaOCL  

romelic  disocirdeba da miiReba Na+ da Zlieri  

damJangavi  ioni OCL-- ase, rom  xsnarSi   denis 

gatarebisas erTdroulad SeiZleba  gvqondes 

kaTionebi  Na+, AL3+, H+,  da anionebi  OH-, CL-, CLO-.  

eleqtrolitSi denis gatarebisas anodze gamoiyofa 

CL2,  xolo  kaTodur  sivrceSi gamoZevdeba   

wyalbadi da gamoileqeba    alumini.    

  meore kiTxvaa, Tu raze SeiZleba aluminis 

eleqtroqimiuri gamoleqva, e.i. risi gamoyeneba 

SeiZleba  kaTodad. radgan ZabvaTa mwkrivSi alumini 

moTavsebulia wyalbadis marcxniv, praqtikaSi 

gamoyenebuli liTonebis win, es niSnavs imas, rom   

igi qimiurad  ufro   aqtiuria,  e.i.  ufro   advilad 
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gascems eleqtrons da misi aRdgena neitralur  

mdgomareobaSi sxva praqtikaSi gamoyenebad 

liTonebTan urTierTqmedebisas ar xdeba.   

   kaTodad SeiZleba  iseTi naxevargamtaris 

gamoyeneba, romlis zedapiri  didi raodenobiT  

Seicavs uaryofiTad  damuxtul qimiurad aqtiur  

zedapirul  centrebs (magaliTad, III-V jgufis  

naxevargamtarebSi aseT centrebs qmnian defeqtebi:  

AsGa da PGa - GaAs-isa da GaP-s SemTxvevaSi, Sesabamisad), 

aseT SemTxvevaSi eleqtrilizis   dros  kaTodTan  

miaxloebisas xdeba aluminis  kaTionebis  CaiWera  

qimiurad aqtiur  zedapirul  centrebze  da  

naxevargamtaris  zedapirze aluminis liTonur 

Canasaxebi warmoiqmnebian.  xdeba kaToduri  reaqcia 

iqneba 

                 AL3+ + 3e ->AL 

da  eleqtrolizis Semdgom procesSi am Canasaxebze  

gazrdili alumini warmoqmnis erTian  liTonur  

fenas, romlis sisqe  damokidebuli  unda iyos 

xsnarSi  liTonis  koncentraciaze, mis 

temperaturaze,  e.i. denis simkvrivesa da dafenis 

droze. liToniT dafarvis Semdeg firfitebs   

vWridiT (1_4) mm2 zomis nimuSebad da vzomavdiT 

voltamperul, volttevadur da  fotospeqtrul 

maxasiaTebels mokleCarTul mdgomareobaSi. 

liTonisa da naxevargamtaris kontaqtSi  denis 

gavlis meqanizmis dasadgenad, gamyofi zedapiris 

idealurobis    koeficientisa    da     kontaqturi 
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potencialis an zedapiruli barieris simaRlis 

gamosaTvlelad (sayovelTaod aRiarebuli 

meTodebiT [2,3] struqturebis voltamperuli 

maxasiaTebeli izomeboda stacionarul reJimSi 

(mudmivi denis pirobebSi), sur. 2-ze naCvenebi 

eleqtruli sqemis gamoyenebiT. gazomvebs   

vatarebdiT oTaxis temperaturaze.  

 

    sur.2. voltamperuli maxasiaTeblis gadasaRebi sqema 

volttevaduri maxasiaTebeli izomeboda 10 mhc-ze  

sixSireze L2-28 xelsawyos gamoyenebiT. sur.2-ze 

naCvenebia galiumis arsenidsa da galiumis  

fosfidze aluminis qloridis wyalxsnaridan 

liTonis eleqtroqimiuri dafeniT miRebuli    

Sotkis diodebis  voltamperuli masiaTebeli  

diodze modebuli gareSe Zabvis dadebiTi 

mniSvnelobebisaTvis (pirdapiri wanacvlebisas).  

denis Zabvisgan damokidebulebis  grafiki agebulia 

naxevradlogariTmul masStabSi (V,lnJ)  (nax.2 – is 

marjvena mxare). volt_tevaduri maxasiaTebeli 

gazomili diodze modebuli gareSe Zabvis  

uaryofiTi mniSvnelobebisaTvis agebuli iyo   (V,C-2)  

koordinatebSi (nax.2 – is marcxena mxare).  
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sur..3 .Al/GaAs ESotkis diodis voltamperuli (marjvniv)  da  

volttevaduri maxasiaTebeli (marcxniv)        

sur.3_dan Cans, rom (V,lnJ)  da   (V, C-2)  

damokidebuleba aris wrfivi, xolo (V,lnJ) 

damokidebulebidan gamoTvlili idealurobis 

koeficienti axlosaa erTTan, rac miuTiTebs maszed, 

rom liTonsa da naxevargamtars Soris aris uSualo 

kontaqti (Sualeduri Jangis fenis gareSe),  

kontaqtze denis svlis meqanizmi kargad aRiwereba 

Termoeleqtronuli emisiis  betes TeoriiT da 

eqsperimentulad miRebuli Sotkis barieris simaRle 

karg TanxvdenaSia sxva avtorebis mier zemaRali 

vakuumis pirobebSi damzadebuli Al/GaAs 

Sotkisbarieris simaRles (0.7 _ 08) ev. 

4. Sotkis diodebis damzadeba naxevargamtarze 

liTonis qimiuri dafeniT  

galiumis arsenidsa   da galiumis fosfidze 

Sotkis diodebis dasamzadeblad viyenebdiT agreTve 
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oqros da nikelis dafenis qimiur meTods [6], am 

meTodiT  Sotkis diodebis dasamzadeblad  

eqsperimentSi gamoyenebulia Coxralskis meTodiT 

gazrdili n - tipis  naxevargamtaruli 

monokristalebi 1016 – 1017 sm-3 koncentraciiT da     

250 - 300 mk sisqiT. 

Sotkis diodebis damzadebis teqnologiuri 

safexurebi iyo Semdegi: naxevargamtaruli 

kristalebi ixexeboda (iSlifeboda) M7 da M3 

mikrofxvniliT; prialdeboda almasis AM-1 pastiT; 

irecxeboda CCl4-Si da acetonSi ramdenjerme 

wamoduRebiT; da xdeboda naxevargamtaris 

zedapirebis  qimiuri damuSaveba galiumis  

fosfidisa  samefo wyalSi (HCl + HNO3),  xolo 

galiumis arsenidisa xsnarSi  (H2SO4 + H2O2  +  H2O) 

ramdenime wamis ganmavlobaSi wamoduRebiT; amis 

Semdeg nimuSebi kargad irecxeba  distilitebul 

wyalSi da axlad damuSavebul kristalebs erT 

zedapirze ukeTdeba omuri kontaqti In-is SednobiT 

inertuli gazis atmosferoSi 3-5 wT-is   

ganmavlobaSi, 500 - 600 0C-ze, (Sesabamisad GaAs - isa  

da GaP-s SemTxvevaSi); Semdeg omuri kontaqtis 

Semcveli naxevargamtaris zedapiri da kristalis 

gverdebi ifareba qimiurad mdgradi laqiT;  misi 

SeSrobis Semdeg sufTavdeba narevSi 0.5%BBr2+99.5% 

CH3OH;  ramdenjerme irecxeboda sufTa meTanolSi   

da nimuSi swrafad Tavsdeba kvarcis WiqaSi Casxmul 

xsnarSi liTonis qimiurad dasafenad. GaAs-ze 

liTonebis dasafenad saWiro xsnarebis  
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Semadgenloba da dafenis pirobebi mocemulia 

cxrilSi II. 

dafenis Semdeg miRebuli l-n struqturas 

vaclidiT laqs jer meqanikurad, Semdeg acetonSi 

ramdenjerme wamoduRebiT, vWridiT 1 - 4 mm2  

farTobis  nimuSebad da vzomavdiT maxasiaTeblebs. 

gadaRebuli volt-amperuli, volttevaduri da 

fotodenis dacemuli talRis energiaze 

damokidebulebebis cxrilebi 

cxrili II. GaAs-ze liTonebis (Au, Ni)  qimiuri meTodiT dafenis    

pirobebi 

liToni xsnaris Semadg. 
raod. 
g/l 

temp.   
0C 

dro 
wT. 

Au HAuCl4 . 3H2O + HF 0.5 20 0.5 - 1 

Ni 

NiCl2 . 6H2O + 

NaH2PO2.H2O + 

H3C6H5O7  + 

NH4CL  + NH4OH 

30 

10 

65 

50 

90 - 100 1 - 3 

miewodeba kompiuters. romelic „delfi 2“ – Si 

Cawerili programiT aagebs (U,lnI) da (U,1/C2)  

grafikebs, gamoTvlis idealurobis koeficients da 

Tu misi mniSvneloba erTTan axlosaa (rac imas 

niSnavs rom gamosakvlev diodSi denis gavlis 

meqanizmis aRwera SesaZlebelia betes 

Termoeleqtruli emisiis Teoriuli modeliT),  

gamoTvlis diodis parametrebs da mniSvnelobebs 

dabeWdavs, winaaRmdeg SemTxvevaSi iZleva signals, 

rom    diodi     araidealuria    da   gamoTvlebi  
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arakoreqtulia. diodebis gazomili(I-V, C-V, da IF – hυ) 

maxasiaTeblebis mixedviR  gamoTvlili parametrebis   

mniSvnelobebi warmodgenilia  cxrilSi II. 

cxrili III. galiumis arsenidze damzadebuli Sotkis   

diodebis idealurobis koeficienti da potencialuri 

barieri 

struqtura 
idealurobis 

koeficienti, n 

Bbarieris 
simaRle ev. 

J/V C/V PR 

Au/GaAs 1.15 – 1.17 0.91 0.92 0.93 

Ga/GaAs 1.05 – 1.07 0.90 0.90 0.90 

Al/GaAs 1.07 – 1.09 0.87 0.80 – 

In/GaAs 1.05 – 1.07 0.70 0.72 0.7 

Pt/GaAs 1.07 – 1.09 0.95 0.98 – 

Fe/GaAs 1.02 – 1.05 0.80 0.81 – 

Ni/ GaAs 1.03 – 1.05 0.9 0.9 0.9 

Pd/GaAs 1.05 – 1.07 0.9 0.9 0.9 

eqsperimentuli Sedegebidan Cans, rom liTonis GaAs 

–ze dafenis warmodgenili meTodebi idealuri 

Sotkis diodebis damzadebis SesaZleblobas iZleva. 

Chemical and Electrochemical Deposition of Metals on 

GaAs 

T.Laperashvili 

                      lafera2002@yahoo.com 

SUMMARY 

The original method of metal electrodepositing on GaAs surface is  

prezented. In this method electrochemical etching of semiconductor’s  

surface   occurs   just   before   depositing   of  metal from the solution, which  

mailto:lafera2002@yahoo.com
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contains etching material and metal ions together. For that, semiconductor’s 

surface cleaning process and metal deposition carries out in the same 

technological process. 

Keywords: electrodepoziting. metal, semiconductor, Shottky diode 
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liTonisa da naxevargamtaris kontaqtis 

gamoyeneba naxevargamtaruli masalebis 

paramertrebis Sesaswavlad 

ilia imerliSvili, TinaTin laferaSvili 

Sesavali 

      naxevargamtaruli xelsawyoebis da 

integraluri sqemebis konstruirebisaTvis misi 

elementebis maTematikuri gaTvlis amocana 

mdgomareobs imaSi, rom mowyobilobis mimarT 

teqnikuri moTxovnis Sesabamisi eleqtruli 

maxasiaTeblebis misaRebad, winaswar SeirCes sawyisi 

naxevargamtaruli masala aucilebeli 

eleqtrofizikuri parametrebiT, roca cnobilia 

calkeuli elementebis geometriuli zomebi, 

difuzuri areebis konfiguracia, omuri kontaqtebi 

da sxva. gaTvlis amocanis warmatebiT  

ganxorcieleba SeiZleba Tu arsebobs maTematikuri 

modeli, romelic mowyobilobis gamosaval 

maxasiaTeblebs daakavSirebs mis eleqtrofizikur 

parametrebTan da topologiasTan. 

  eqsperimentulad  miRebuli  naxevargamtaruli 

xelsawyoebis maxasiasiaTeblebis Teoriuli 

analizis saSualebiT xSirad SesaZlebeli xdeba 

naxevargamtaruli masalis ZiriTadi  parametrebis 

gansazRvra. Cveni amocana iyo  naxevargamtaruli 

mowyobilobebis ZiriTadi Semadgeneli elementebis 

eleqtrofizikuri maxasiaTeblebis manqanuri  

damuSavebis    meTodebis   Zieba   naxevargamtaruli  
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masalis  ZiriTadi   parametrebis  gansazRvris 

mizniT.  Seqmnili iqna   programa “gadamrCeveli”     

da "SMS Det." masalis parametrebis gamosaTvlelad 

Sotkis diodebis saSualebiT. 

fizikuri movlenebi Sotkis kontaqtebSi 

    Sotkis diodi aris naxevargamtarisa da   

liTonis da gammarTveli kontaqti. sur.1-ze  

naCvenebia galiumis arsenidze rkinis dafenis 

Sedegad miRebuli Sotkis diodis sqematuri  

gamosaxuleba. Fe/GaAs qmnis S farTobis mqone Sotkis 

kontaqts, xolo naxevargamtaris (GaAs) meore mxares 

gakeTebuli aqvs omuri kontaqti indiumis SelRobiT  

500 0C - ze  azotis  atmosferoSi.F diodis wredSi 

CasarTavad, rogorc  barierul aseve omur   

kontaqtze, mirCilulia mavTulebi.  Sotkis martivi 

Teoriis Tanaxmad, aseT kontaqtSi liTonisa da 

naxevargamtaris sasazRvro zedapiris mimdebare d 

sisqis fenaSi iqmneba moculobiTi muxti, romlis 

ganawilebis simkvrive d areSi mudmivia, xolo d    

aris gareT nulia (sur.2a).  

    Sotkis diodi, romelic mravali 

naxevargamtaruli mowyobilobisa  da 

naxevargamtaruli sqemis aucilebeli komponentia, 

xSirad gamoiyeneba  naxevargamtaruli epitaqsialuri 

zedapirebis gamosakvlevad. erT-erTi             

farTod gavrcelebuli meTodia naxevargamtarul 

Txel zedapirebSi muxtis matarebelTa 

koncentraciis gansazRvris volt-tevaduri meTodi, 

risTvisac gamosakvlev zedapirze mzaddeba Sotkis 
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diodi. Sotkis diodis tevadoba ganisazRvreba 

brtyeli kondensatoris tevvadobis analogiurad.  

 

sur. 1. Fe/GaAs Sotkis diodis sqematuri  gamosaxuleba. 

metalisa da naxevargamtaris daaxloebisas atomuri 

rigis manZilze, rodesac n-tipis naxevargamtaridan 

eleqtronis gamosvlis muSaoba naklebia metalis 

gamosvlis muSaobaze, xdeba eleqtronebis upiratesi  

gadasvla naxevargamtaridan metalSi, ris gamoc 

gamyofi zedapiris mimdebare naxevargamtarul Txel 

fenaSi iqmneba dadebiTad damuxtuli   

lokalizebuli moculobiTi muxti, romelic 

dinamikuri wonasworobis damyarebisas aRwevs W 

sisqes. rogorc cnobilia, Sotkis martivi Teoriis 

Tanaxmad metalsa da naxevargamtars  Soris iqmneba 

potencialuri barieri, romelsac Sotkis barieri 

ewodeba, xolo moculobiTi muxtis fenis sisqes – 

Sotkis barieris sigane ewodeba. sur. 2-ze naCvenebia 

liTonisa da n-tipis naxevargamtaris kontaqtze 

potencialuri barieris formirebis energetikuli 

diagrama, sakontaqto masalebis uSualo 



95 
 

(naxevargamtaris zedapirze Jangis fena ar aris) 

Sexebisas. 

 

sur.2. liTonisa da n-tipis naxevargamtaris kontaqtze 

potencialuri barieris formirebis energetikuli diagrama. 

 

sur.3. muxtisa (a) da velis ganawileba( b)  l-n kontaqtze  
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v. Sotkis mier iqna daSvebuli, rom kontaqtis 

mimdebare W sisqis naxevargamtarul fenaSi 

ionizirebuli muxti ganawilebulia Tanabrad,    

xolo veli icvleba wrfivad, rogorc naCvenebia  

sur.3-ze. aRmoCnda, rom realuri kontaqtebis 

maxasiaTeblebi kargad aRiwereba puasonis 

gantolebis amoxsniT 

, 
(1) 

sadac MKS  sistemis erTeulebSi  ρ aris 

naxevargamtarSi muxtis matarebelTa simkvrive, ε – 
dieleqtrikuli mudmivaa.am sasazRvro pirobebis 

daSvebiT. miRebuli iqna, rom Sotkis diodis 

tevadoba iseTi brtyeli kondensatoris tevvadobis 

tolia, romlis Semonafenebis farTobi Seesabameba 

Sotkis kontaqtis farTobs, dieleqtrikuli mudmiva  

- naxevargamtaris dieleqtrikul mudmivas, xolo 

Semonafenebs Soris manZili Sotkis diodis 

kontaqtur areSi moculobiTi muxtis sisqis tolia.  

aseT pirobebSi Sotkis diodis tevadobis (C)    

diodze modebuli  Zabvisagan (U) damokidebuleba 

ganisazRvreba formuliT: 

( ) ( )UNqW
dU

dQ
VC Bd −== 0 , (2) 

sadac W0-aris moculobiTi muxtis sisqe Ddiodze 

Zabvis   modebis   gareSe,    ε=εS·ε0    -kombinirebuli 

http://en.wikipedia.org/wiki/Mks_system_of_units
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dieleqtrikuli SeRwevadoba (εS-naxevargamtaris 

dieleqtrikuli SeRwevadobaa, xolo ε0=8.85·10-12 

absoluturi dieleqtrikuli SeRwevadoba),  Nd- 

naxevargamtarSi ionizirebuli muxtis koncentracia, 

ФB- Sotkis barieris simaRle, xolo U- diodze 

modebuli gareSe Zabva; am formulaSi W0 

ganisazRvreba Semdegnairad: 

0

0
0

C

S
W S

= , (3) 

sadac C0-aris tevadoba nulovani wanacvlebis dros, 

S-kontaqtis farTobi; Tu sidideebi gazomolia   

MKSA sistemis erTeulebSi Sotkis kontaqtis 

mimdebare naxevargamtarSi  ionizirebuli muxtis 

koncentracia gamoiTvleba formuliT 

2

810*42.1

Sb
Nd


= , (4) 

sadac b aris (U,1/C2) grafikuli damokidebulebis 

daxris koeficienti da gamoiTvleba formuliT: 

( )
U

Cb



=

2
1

, (5) 

 puasunis gantolebis Tanaxmad  d areSi liTonidan 

dacilebis x koordinatisagan damokidebulebiT 

eleqtruli veli icvleba wrfivad, xolo  

eleqtruli  potenciali  kvadratuli  kanoniT. Tu  
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realuri kontaqtebis fizikuri maxasiaTeblebi 

kargad aRiwerebian am daSvebebis safuZvelze 

miRebuli TeoriiT, maT Sotkis kontaqtebi Eewodeba 

da aseTi struqturebis  voltamperuli da 

volttevaduri maxasiaTeblebis analizis  

safuZvelze SesaZlebelia ganisazRvros 

naxevargamtaris parametrebi:  minarevebis 

koncentracia, maTi energetikuli ganawileba 

akrZalul zonaSi, gamtarobis zonis struqturis  

dadgena da sxva.  naxevargamtarze liTonis   

dafenili zedapiris xarisxis maCvenebeli aris 

Sotkis barieruli diodis idealurobis 

koeficientis (n) mniSvneloba. is eqsperimentulad 

ganisazRvreba Sotkis diodis  voltamperuli 

damokidebulebidan da garkveuli pirobebis  

dacvisas, misi mniSvneloba axlos unda iyos erTTan 

(gamyof zedapirze eleqtronis sarkuli arekvlis 

pirobebis gaTvaliswinebiT diodis idealurobis 

koeficientis Teoriuli mniSvneloba n=1.02), aseT 

SemTxvevaSi voltamperuli maxasiaTeblidan 

potencialuri barieris gamoTvla SeiZleba 

formuliT:  

, 
(6) 

sadac  S aris gammarTveli kontaqtis farTobi; -

aris gajerebis deni da misi mniSvneloba miiReba 

eqsperimentulad               damokidebulebis  

0J

)ln,( JU
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eqstrapolaciiT, roca ; A*- riCardsonis 

mudmivas efeqturi mniSvneloba aiReba 

literaturidan, magaliTad (111) orientaciis 

GaP_sTvis  a/grad2. 

potenciuri barieris gansazRvra SeiZleba volt-

tevaduri maxasiaTeblidan grafikulad, Tu es 

ukanaskneli  agebulia  koordinatebSi . am 

damokidebulebidan barieris simaRle gamoiTvleba 

formuliT 

, 
(7) 

sadac  aris difuzuri potenciali, romelic 

miiReba  wrfivi damokidebulebis 

eqstrapolaciiT abscisTa RerZze. 

Sotkis barieris simaRle ganisazRvreba, agreTve, 

fotospeqtraluri (hυ,IF
1/2) maxasiaTeblidanac. 

rogorc cnobilia [4] Sotkis diodebSi metalidan 

fotoemitirebuli eleqtronebis naxevargamtarSi 

gadasvliT ganpirobebuli fotodeni , fauleris 

kanonis Tanaxmad proporciulia  _isa,   

roca  metia ramdenime _ze. Tu (IF
1/2 – hυ) 

damokidebulebis    sworxazovneba    kargad    aris   

0=U

150* =A

( )2
1,
C

U

q

kT
EU)UC( F0B ++=−

0U

( )2
1,
C

U

J

2)( Bh  −

)( Bh  − kT
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daculi gamosakvlevi diodebis speqtrSi, barieris 

simaRle miiReba grafikulad (IF
1/2 – hυ) 

damokidebulebis eqstrapolaciiT, roca fotodeni 

nolis tolia. 

, 

sadac  aris  wrfivi damokidebulebis 

eqstrapolacia  energetikul RerZze. Tu 

volt_amperuli, volt_tevaduri da speqtruli 

maxasiaTeblebidan gamoTvlili Sotkis barieris 

sidideebi erTmaneTs emTxvevian eqsperimentis 

cdomilebis farglebSi es maCvenebelia imisa, rom 

gamosakvlevi struqturebis fizikuri parametrebi 

kargad aRiwerebian liTonisa da naxevargamtaris 

mWidro kontaqtis Teoriuli modeliT da am 

SemTxvevaSi  SeiZleba misi gamoyeneba Sotkis 

kontaqtis eleqtro_fizikuri da naxevargamtaruli 

masalis fizikuri parametrebis dasadgenad 

.     Seqmnilia  programa, romelic  realuri 

diodebis  eqsperimentulad gazomili volt-

amperuli, volt- tevaduri da fotospeqtruli 

maxasiaTeblebis cxrilis saxiT warmodgenili 

monacemebisa naxevargamtaris maxasiaTebeli 

parametrebis  kompiuterSi Seyvanis Semdeg aagebs 

saTanado maxasiaTeblebis grafikul gamosaxulebabs 

da gamoTvlis diodis saTanado parametrebs. 

magaliTad, voltamperuli maxasiaTeblidan 

gamoTvlis idealurobis  koeficients  da  Tu  misi  

0)(   hhJB =−

0h  h~J
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mniSvneloba meti aRmoCnda 1.1-ze, iZleva signals,  

rom  „diodi araidealuria“, xolo Tu n<1.1-ze, 

gamoTvlis barieris simaRles, gadadis 

volttevaduri maxasiaTeblis damuSavebaze, 

gamoTvlis Sotkis barieris simaRles, siganes,  

 

sur.4. Sotkis diodis parametrebis gamosaTvleli algoriTmi 
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ionisebuli muxtis koncentraciac da Semdeg  

gadadis speqtruli maxasiaTeblis damuSavebaze, 

gamoTvlis barieris simaRles, erTmaneTs Seadarebs 

Sotkis barieris samive meTodiT  gamoTvlil 

mniSvnelobebs  da Tu baris mniSvnelobebi  

erTmaneTs emTxveva cdomilbis farglebSi,   

dabeWdavs gamoTvlis Sedegebs, winaaRmdeg  

SemTxvevSi iZleva signals gamoTvlebi 

arakoreqtulia. amrigad, programa axdens 

eqsperimentSi gamoyenebuli struqturebis  

gadarCevas “idealur” da “araidealur” diodebad. 

sur.4-ze naCvenebia algoriTmi „gadamrCeveli“. 

naxevargamtaris gamtarobis zonis struqturis 

dadgena Sotkis diodis volt-amperuli da 

volttevaduri maxasiaTeblebis erToblivi 

kvlevis Sedgad 

     liTonisa da naxevargamtaris  Sotkis  

kontaqtis voltamperuli  maxasiaTeblis 

Seswavlisas naxevradlogariTmul masStabSi agebul 

lnI-V grafikul  gamosaxulebaze nacvlad swori 

xazisa mravali mkvlevaris  mier miRebuli iyo 

texili xazi mkveTrad gansxvavebuli daxris 

koeficientebiT [1-3]. es movlena  pirvelad axsnili 

iyo [2]-Si Sotkis barierze pirdapiri wanacvlebis 

Zabvis modebis SemTxvevaSi kontaqtSi gamavali denis 

svlis meqnizmis pirobebis cvlilebiT, rac 

naxevargamtaris gamtarobis zonis TaviseburebebTan 

iqna dakavSirebuli. [2]-Si warmodgenil models 

safuZvlad uZevs  daSveba imis  Sesaxeb,  rom  Sotkis 
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kontaqtze muxtis matareblebiT  gaRaribebul  

fenaSi  eleqtronis gasvlis dro  xdeba gacilebiT 

didi  relaqsaciis droze, roca eleqtronis 

kinetikuri energia meti aRmoCndeba gamtareblobis 

zonis centraluri da satelituri zonebis  qveda 

kideebs Soris energetikul sxvaobaze, ise rom, 

gaRaribebul fenaSi qvezonaTSorisi  gabnevis  

ugulebelyofa aRar SeiZleba. zomierad  

legirebuli naxevargamtaris SemTxvevaSi (n<1017sm-3) 

liTonsa da naxevargamtars Soris Seqmnil barierze 

denis gavlaSi monawileoben is eleqtronebi, 

romelTa saerTo energia  barieris simaRleze metia. 

roca  denis gavlaSi  monawile  eleqtronebis  

energia  mkveTrad gansxvavdebaAA voltamperul 

maxasiaTebelze warmoiqmneba  erTmaneTisagan daxris  

 

 sur5. GaAs-is zonuri struqtura 
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koeficientiT gansxvavebuli,   Vm ZabviT gayofili 

ubnebi, sadac lnI-V maxasiaTebeli  muxls akeTebs. es 

Teoria SemdgomSi  ganviTarebuli iyo [3]-Si, romlis 

mixedviT naxevargamtaris gamtarobis zonis 

centraluri da satelituri  zonebis qveda kideebs 

Soris energetikuli sxvaoba pirdapir gamoiTvleba 

Semdegi martivi gamosaxulebiT:                                        

E0=(V0–Vm)q+kBT                                    (8) 

      sadac V0 1/C2-is  Zabvaze damokidebulebis Zabvis 

RerZTan gadakveTis wertilia, q aris eleqtronis 

muxti, kB - bolcmanis mudmiva. eqsperimentSi  

gamoyenebuli iyo GaAs-Tan SedarebiT  ganierzoniani 

n-tipis naxevargamtarebi  Coxralskis meTodiT   

gazrdili specialurad aralegirebuli galiumis  

fosfidi,  romlis voltamperuli da volttevaduri 

maxasiaTeblebi, sur.6 –zea naCvenebi. es meTodi 

saSualebas iZleva zemoT naCvenebi tipis grafikis 

mixedviT dadgenili iqnas ucnobi Sedgenilobis 

sammagi naerTebis zonuri struqtura. Cven es meTodi 

gamoviyeneT rTuli  Sedgenilobis   

naxevargamtarebis GaAlAs, GaAlP zonuri struqturis 

Sesaswavlad. masze Txevaduri   epitaqsiiT  

gazrdili GaAlP,  galiumis arsenidze Txevadi   

epitaqsiiT  gazrdili GaAlAs da Txelfirovani  GaSe. 

Sotkis diodebi  miRebuli iyo oqros  qimiuri da 

indiumisa da aluminis eleqtroqimiuri dafeniT. 

nimuSebis sisqe iyo 200-250 mikroni. pirvelad   

nimuSis  erT  mxares   ukeTdeboda  indiumis  omuri 
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kontaqti gasufTavebuli wyalbadis atmosferoSi  

500-5500 C temperaturaze ramdenime wuTis 

ganmavlobaSi gamowviT, GaSe-ze omuri kontaqtis 

misaRebad  gamoyenebuli iyo  vercxlis   pasta,    

misi SeSrobis Semdeg  nimuSebi  omuri kontaqtiTa 

da masTan mierTebuli mavTuliT ifarebida qimiurad 

mdgradi laqiT,  garda zedapiris im nawilisa,   

sadac xdeba barieruli kontaqtis  dafena.  

 
 
sur.6. Al//GaP Sotkis diodis voltamperuli (marjvniv) daMA 

volttevaduri (marcxniv)  maxasiaTebeli. 

laqis SeSrobis Semdeg  nimuSebi iwamleboda  

qimiurad,  irecxeboda   distilirebul  wyalSi  da 
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swrafad   ideba eleqtrolitSi barieruli  

kontaqtis dasafenad. liTonebis dafena   xdeboda 

adre aRwerili meTodebiT [4-5]. liTonis dafenis  

Semdeg nimuSebs laqi ecleboda meqanikurad, 

irecxeboda acetonSi, meTanoilSi an distilirebul  

wyalSi, iWreboda 1-3 mm2  farTis nimuSebad da  

izomeboda  voltamperuli da  volttevaduri  

maxasiaTeblebi. voltamperuli maxasiaTebeli 

izomeboda 10-11-10-2 amperis farglebSi, tevadoba  

gazomili iyo 10 mhc sixSireze. sur.8-ze 

warmodgenilia  GaAs-is zonuri struqtura, 

xolo sur.6-ze Al//GaP Sotkis diodis voltamperuli  

da volttevaduri  maxasiaTebeli.  
cxrili II 

struqtura V0
 Vm1 Vm2 ΔE1 ΔE2 

In/GaP 0.78 0.27  0.51eV  

Al/GaP 1.03 0.51  0.52eV  

Au/GaP 1.3 0.8  0.50eV  

Au/AlxGa1-xAs 

x=0.1-0.2 
0.9 0.23 0.50 0.63eV 0.4eV 

Al/GaAs 0.8 0.45  0.35  

Au/GaSe 0.62 0.08 0.17 0.52 0.45 

analogiuri maxasiaTeblebi iyo miRebuli cxr.II-Si 

CamoTvlili struqturebisTvis da cxrilSi 

mocemuli gamoTvlili mniSvnelobebi karg 

TanxvdenaSia sxva meTodebiT gansazRvrul 

literatur monacemebTan. 
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     Sotkis diodebis volttevaduri da   

voltamperuli maxasiaTeblebis erToblivi kvlevis 

safuZvelze gamoTvlili iyo naxevargamtaris 

gamtarobis zonis qvezonaTSoris energetikuli 

svvaobebis mniSvnelobebi: V0=0,78, Vm=0,27, ΔE=0,51eV  - 

In/GaP;V0=1,3, Vm=0,8, ΔE=0,50eV for Au/GaP;V0=1,05, Vm=0,52, 

ΔE=0,53eV  -  Al/GaP;V0=0,9, Vm1=0,23, Vm2=0,50,  ΔE1=0,63eV , 

ΔE2=0,4eV  -  Au/Alx Ga1-x As (x=0,1-0,2);V0=1,58-1,62, Vm1=0,35, 

Vm2=0,85, ΔE1=0,70eV , ΔE2=1,2eV  for Au/Alx Ga1-x P (x=0,2-

0,3);V0=1,05, Vm=0,52, ΔE=0,53eV for Al/GaP;V0=0,8, Vm=0,35, 

ΔE=0,35eV  -  Al/GaAs;V0=0,62, Vm1=0,08, Vm2=0,17,   ΔE1=0,52eV , 

ΔE2=0,45eV   -  Au/GaSe; rac karg TanxvdenaSia 

literaturidan cnobil saTanado monacemebTan. es 

aris maCvenebeli imisa, rom eqsperimentuli diodebi 

kargad aRiwerebian liTonisa da naxevargamtaris 

kontaqtis Teoriuli modeliT. 
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galiumis arsenidze Sotkis barieris 

warmoqmnis meqanizmebi 

TinaTin laferaSvili, orest kviciani  

lafera2002@yahoo.com, orestkv@yahoo.com  

 

galiumis arsenidze sxvadasxva liTonis qimiuri da 
eleqtroqimiuri dafeniT damzadebulia Sotkis  
barieruli diodebi (Sbd). Seswavlilia maTi eleqtruli 
da fotoeleqtruli maxasiaTeblebi. liTonisa da 
naxevargamtaris kontaqtze Sotkis barieris formirebis 
Teoriuli modelebis analizis safuZvelze naCvenebia,  
rom GaAs zedapirze Sotkis barieris formireba aixsneba 
defeqtebis modeliT. 

sakvanZo sityvebi: Sotkis diodi, galiumis arsenidi, 

metalebis dafena 

1. Sesavali 

Sotkis barieruli diodi (Sbd) mravali 

naxevargamtaruli mowyobilobis mniSvnelovani 

sabaziso elementia. Tanamedrove  teqnologiaSi   

misi gansakuTrebuli rolis gamo didi praqtikuli 

da Teoriuli mniSvneloba aqvs liTonisa da 

naxevargamtaris gamyof zedapirze mimdinare 

fizikuri, qimiuri da metalurgiuli procesebis 

kvlevas, radgan aRniSnuli procesebi  

mniSvnelovanwilad ganapirobeben Sotkis barieris 

warmoqmnas da mis simaRles, rac am struqturebis 

ZiriTad maxasiaTebels warmoadgens. Sotkis  

diodebis praqtikuli gamoyenebis didi istoriis 

miuxedavad jer kidev ar aris Camoyalibebuli 

erTiani Teoria, romelic srulyofilad axnis  

mailto:lafera2002@yahoo.com
mailto:orestkv@yahoo.com
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Sotkis barieris formirebis meqanizms. arsebuli 

warmodgenebis srulyofis mizniT didi    

mniSvneloba aqvs sxvadasxva teqnologiuri procesiT 

miRebuli Sotkis diodebis axali       

eqsperimentuli monacemebis mopovebas da maT 

analizs.  

III-V jgufis naxevargamtarebze Ldamzadebuli 

Sotkis diodebis kvleva kibernetikis institutSi 

Cven daviwyeT gasuli saukunis 70-ian wlebSi, 

miRebuli iyo idealuri Sotkis diodebi galiumis 

fosfidze (GaP) da damuSavebuli iyo diodebis 

maxasiaTebeli parametrebis (barieris simaRle, 

sigane, idealobis koeficienti) gazomvis meTodika; 

GaP-ze liTonebis eleqtroqimiuri dafeniT miRebuli 

„idealuri“ Sotkis diodebis eleqtruli               

da fotoeleqtruli maxasiaTeblebis kvlevis 

Sedegad aRmoCnda Sotkis barieris simaRlis 

mniSvnelobebi gansxvavdeba bardinis modelis 

mixedviT mosalodneli sidideebisagan (barieris 

simaRle In/GaP - sTvis 0.6 - 0.8 eV, xolo Pt/GaP - sTvis 

_ 1.45 eV iyo miRebuli, Tumca bardinis modelis 

mixedviT barieris simaRle ar aris damokidebuli 

dafenili liTonis gamosvlis muSaobaze da GaP –

sTvis 1.1 eV-is toli unda iyos). Cveni   

eqsperimentuli Sedegebisa da literaturaSi 

arsebuli monacemebis analizis safuZvelze 

CamovayalibeT galiumis fosfidze Sotkis barieris 

formirebis Teoriuli modeli, romliTac 

damakmayofileblad     aixsneba   Sotkis   barieris  
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simaRlis Zlieri damokidebuleba dafenili liTonis 

gvarobaze. 

galiumis arsenidis (GaAs) unikaluri 

Tvisebebisa da masze damzadebuli Sotkis  

barieruli diodebis terahercul teqnologiaSi  

gansakuTrebuli rolis gamo ganvixilavT galiumis 

arsenidze Sotkis barieris formirebis meqanizmebs 

da mocemul naSromSi warmovadgenT GaAs-ze 

liTonebis eleqtroqimiuri da qimiuri dafenis   

gziT miRebuli Sotkis diodebis volt-amperuli, 

volt-tevaduri da fotospeqtruli maxasiaTeblebis 

kvlevis Sedegebi.  

 

2.Sotkis barieris formirebis Teoriuli 

modelebis mimoxilva 

pirveli Teoriuli modeli, romliTac 

garkveulwilad aixsna metal-naxevargamtaris 

kontaqtze barieris formirebis meqanizmi, ekuTnis v. 

Sotkis da n. motts [1,2]; am modelis mixedviT 

barieris simaRle ganisazRvreba metalis gamosvlis 

muSaobiT φM da naxevargamtaris afiniturobiT χS 

(eleqtronuli msgavsebiT);  

SMB  −=  

SemdgomSi j. bardinma aCvena [3], rom 

kovalenturi naxevargamtarebis SemTxvevaSi ΦB 

sustad aris damokidebuli φM-ze; man dauSva 

mosazreba, rom naxevagamtaris zedapirze arseboben 

uwyvetad ganawlebuli lokalizebuli zedapiruli 

mdgomareobebi,         romlebic        xasiaTdebian 
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neitralurobis doniT – φ0, rac gansazRvravs   

Sotkis barieris simaRles:  

0−= gB E  

wina ori modelis kombinacias warmoadgens s. 

zi-s wrfivi modeli [4,5], romlis mixedviT Sotkis 

barieris simaRle warmoadgens metalis da 

naxevargamtaris parametrebis wrfiv funqcias:  

oMB S  += , 

sadac 0≤S≤1 naxevargamtaris S-ionurobidan 

damokidebulebiT, saidanac zRvrul SemTxvevebSi 

miiReba Sotkis (S=1) da bardinis (S=0) modeli.  

1965 wels v. hainem Caatara arsebuli  

Teoriuli modelebis kritikuli analizi da 

daaskvna, rom lokalizebuli zedapiruli 

mdgomareobebi liTonisa da naxevargamtaris mWidro 

kavSiris dros ar SeiZleba arsebobdnen [6]. haines 

Teoriis mixedviT metalis eleqtronuli talRuri 

funqciebi aRweven naxevargamtarSi da maTi kudebi 

warqmnian inducirebul mdgomareobebs, romlebic 

bardiniseuli zedapiruli mdgomareobebis rols 

asruleben. 

kontaqtebis Semdgomma gamokvlevebma aCvena, 

rom idealuri metal-naxevargamtaris kontaqti 

teqnologiurad ver xorcieldeba da realuri 

struqturebis  gamyof sazRvarze sinamdvileSi 

yovelTvis arsebobs 10-20 Å da ufro meti sisqis 

Sualeduri fena, romelic metaluri TvisebebiT 

xasiaTdeba. is warmoiqneba sakontaqto masalebis  

qimiuri   urTierTqmedebisa   da  difuziis Sedegad, 
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xolo barieri gacilebiT ufro adre formirdeba 

Seualeduri fenis warmoqmnamde [9], amitom haines 

Teoria liTonis mier inducirebuli zedapiruli 

mdgomareobebis bunebis Sesaxeb mxolod miaxloebiT 

aRwers realur situacias. 

zemoT aRniSnuli modelebi gamoricxavs 

kontaqtze metalsa da naxevargamtars Soris 

urTierTqmedebas. j.filipsma da j.endriusma 

siliciumze damzadebuli Sotkis diodebis kvlevis 

Sedegad aCvenes [7], rom kontaqtze adgili aqvs  

qimiur urTierTqmedebas da barieris simaRles 

garkveul wilad gansazRvravsSesabamisi qimiuri 

reaqciis siTbo. maT mier Camoyalibebuli iyo   

Sotkis barieris formirebis qimiuri modeli.  

1978 wels mkvlevarebis jgufma 

speqtroskopiuli meTodebis gamoyenebiT daadgines, 

rom III-V naxevagamtarebis akrZalul zonaSi 

zedapiruli mdgomareobebi ar arsebobs [9].  

kontaqtis zedapiris maxloblad gamosvlis  

muSaobis pirdapiri gazomviT aCvenes, rom fermis 

donis piningi SeiZleba miRweul iqnas liTonis erT 

monofenaze naklebis dafenis SemTxvevaSic. barieris 

simaRle TiTqmis ar icvleba submonofemebidan   

ufro sqel fenebze gadasvlisas da Au-s SemTxvevaSi 

InP, GaAs da GaSb-ze stabilurdeba Au-s pirveli 0.15 

monofeniT. es mianiSnebs, rom fermis donis piningi 

aixsneba mikroskopuli efeqtebiT. liTon- 

naxevargamtaris gamoyofi sazRvris maxloblad 

arsebobs are, sadac liToni Sereulia 

naxevargamtaris    atomebTan,    anu    adgili   aqvs 
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naxevargamtaruli masalis atomebis gadanacvlebas 

gamyof zedapirze. es gadanacvleba 

arasteqiometrulia, anu Sedgenili naxevargamtaris 

erTerTi komponenti gamyof zedapirs scildeba  

ufro aqtiurad vidre meore komponenti. 

es Sedegebi safuZvlad daedo barieris 

formirebis e.w. defeqtur models [9,10], romelic 

SeiZleba Camoyalibdes Semdegi saxiT: gamyof 

zedapirze potencialuri barieris formirebaSi 

gadamwyvet rols asruleben naxevargamtaris 

zedapirze an mis maxloblad arsebuli  

struqturuli da antistruqturuli defeqtebi da 

maTi kompleqsebi; aRniSnuli defeqtebi warmoiqmneba 

naxevargamtaris atomebis metalSi gadanacvlebis 

Sedegad;  naxevargamtaris zedapirze metalis  

dafenis procesSi naxevargamtaris atomebi iReben 

sakmaris energias (naxevargamtaris zedapirze 

kondensaciis siTbos) da warmosaqmnian defeqtebs, 

romlebsac naxevargamtaris akrZalul zonaSi 

Seesabameba energetikuli doneebi, da romelTa 

maxlobladac fiqsirdeba fermis done. aseTi 

fiqsaciisTvis sakmarisia 1014 cm-3 koncentraciis 

eleqtronuli mdgomareobebis simkvrive. 

rig SemTxvevebSi defeqturi modeli ver xsnis 

eqsperimentulad miRebul zogierT faqts, amitom 

warmoiSva defeqturi modelis garkveulwilad 

ganzogadebis aucilebloba, kontaqtur nivTierebebs 

Soris reaqciis gaTvaliswinebiT. ganzogadebuli an 

erTiani defeqturi modeli SeiZleba Camoyalibdes 

Semdegnairad [11]:  dabali  warmoqmnis  siTbos mqone 
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naxevargamtaris mier adsorbirebuli atomebi 

advilad qmnian defeqtebs, anu zedapirul 

mdgomareobebs; xolo maRali warmoqmnis siTbos 

mqone naxevargamtarebSi defeqtebi ar warmoiqmneba. 

Sotkis barieris simaRle am SemTxvevaSi 

ganisazRvreba isev metalis gamosvlis muSaobiT, 

naxevargamtaris afiniturobiT da e.w. zedapiris 

ionurobis parametriT. 

1981 wels Seiqmna kidev erTi modeli - e.w. 

efeqturi gamosvlis muSaobis modeli, romelic 

eyrdnoba Sotkis models [12], magram barieris 

simaRlis liTonis gamosvlis muSaobaze susti 

damokidebuleba asaxsneladaixsneba imiT, rom  

gamyof zedapirze liTonsa da naxevargamtars Soris 

urTierTqmedebis Sedegad warmoiqmneba sxvadasxva 

faza da yoveli maTgani xasiaTdeba sakuTari 

gamosvlis muSaobiT, xolo mTliani zedapiri 

xasiaTdeba garkveuli efeqturi gamosvlis   

muSaobiT: 

 −= effB  

es modeli sworad usvams xazs gamyofi zedapiris 

maxloblad warmoqmnili sxvadasxva struqturebisa 

da fazebis mniSvnelobas. Tumca Teoria uSvebs 

mikroklasterebis arsebobas, xolo eqsperimentebma 

aCvenes, rom barieri formirdeba dafenili liTonis 

iseTi sisqis dros (0.2 monofena), rodesac 

mikroklasterebis warmoqmna SeuZlebelia. 

saintereso modeli iqna warmodgenili j. 

terzofis mier [13], romlis mixedviTac fermis   

donis  piningi  gamowveulia  liToniT inducirebuli 
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mdgomareobebiT. potencialuri barieris simaRle 

ganisazRvreba ori komponentiT. pirveli  

Semadgeneli dakavSirebulia zedapirul dipolTan, 

romelic warmoiqmneba metalisa da naxevargamtaris 

gamosvlis muSaobebs Soris sxvaobis Sedegad. meore 

komponenti dakavSirebulia metalis mier 

inducirebuli zedapirul mdgomareobebTan. 

Sotkis barieris bunebis asaxsnelad Teoriuli 

modelebis warmodgena dRemde grZeldeba;           

maTi simravlis miuxedavad am droisTvis arsebuli 

informacia Sotkis barieris bunebis Sesaxeb ar 

eqvemdebareba erTian aRweras. 

eqsperimentuli nawili 

2.1. GaAs Sotkis diodebis damzadeba 

Sotkis diodebis misaRebad eqsperimentSi 

gamoyenebuli iyo Coxralskis meTodiT gazrdili 

200–250 mk sisqis n-tipis monokristaluri GaAs – is 

firfitebi (100) kristaluri orientaciiTa da 

(1016_1017) sm-3 eleqtronebis koncentraciiT. GaAs-ze 

alumini (Al) davafineT eleqtroqimiurad[ ], oqro   

(Au) qimiuri meTodiT[ ], rogorc  aRwerili iyo 

galiumis fosfidis SemTxvevisTvis 

 

2.2. Sotkis barieris simaRlis gazomvis meTodebi 

 

eqsperimentulad gadaRebuli volt-amperuli, 

volttevaduri da fotodenis dacemuli talRis 

energiaze   damokidebulebebis  cxrilebi  miewodeba 
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kompiuters. romelic „delfi 2“ – Si Cawerili 

specialuri programiT aagebs (V,lnI) da (V,1/C2) 

grafikebs, gamoTvlis idealurobis koeficients da 

Tu misi mniSvneloba erTTan axlosaa (rac imas 

niSnavs rom gamosakvlev diodSi denis gavlis 

meqanizmis aRwera SesaZlebelia Termoeleqtruli 

emisiis Teoriuli modeliT, gamoTvlis diodis 

parametrebs da mniSvnelobebs dabeWdavs, winaaRmdeg 

SemTxvevaSi iZleva signals, rom diodi 

araidealuria da gamoTvlebi arakoreqtulia.  

3.miRebuli Sedegebis da maTi analizi 

     voltamperuli maxasiaTeblis analizi 

gviCvenebs, rom denis svlis meqanizmi kargad 

aRiwereba Termoeleqtronuli emisiis TeoriiT 

 
sur.1. Al/GaAs da Au/GaAs Sotkis diodebis volt-

tevaduri 
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sur.2. Al/GaAs da Au/GaAs Sotkis diodebis volt-

tevaduri 

cxrilSi III naCvenebia galiumis arsenidze 

Cvens mier damzadebuli Sotkis diodebis ZiriTadi 

parametrebis idealurobis koeficientisa da 

potencialuri barieris mniSvnelobebi. 

cxrili I.GGaAs Sotkis diodebis maxasiaTeblebi 

struqtura 

idealurobis 

koeficienti, 

n 

barieris simaRle, 

ev. 

I/V C/V PR 

Au/GaAs 1.15 – 1.17 0.91 0.92 0.93 

Ga/GaAs 1.05 – 1.07 0.90 0.90 0.90 

Al/GaAs 1.07 – 1.09 0.87 0.80 – 

In/GaAs 1.05 – 1.07 0.70 0.72 0.7 

Pt/GaAs 1.07 – 1.09 0.95 0.98 – 

Fe/GaAs 1.02 – 1.05 0.80 0.81 – 

Ni/ GaAs 1.03 – 1.05 0.9 0.9 0.9 

Pd/GaAs 1.05 – 1.07 0.9 0.9 0.9 

 

cxrilSi warmodgenili monacemebis mixedviT 

agebuliSotkis barieris liTonis gamosvlis 

muSaobaze damokidebuleba naCvenebia sur. 3 -ze. 
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sur.3. barieris simaRlis damokidebuleba liTonis 

eleqtrouaryofiTobaze 

 daskvna 

Seswavlili iyo galiumis arsenidze Sotkis 

diodis formirebis meqanizmis Sesaxeb arsebuli 

Teoriuli modelebisa da Cvens mier miRebuli 

eqsperimentuli Sedegebis analizi gviCvenebs, 

rom rTulia vinmes daeTanxmo. realobasTan 

axlosaa defeqtebis modeli 

literatura: 

1. Schottky W.Z., „Zur Halbleitertheorie der Sperrschicht- und 

Spitzengleichrichter“, Zeitschrift für Physik, Volume 113, Issue 5-6,  

pp. 367-414 (1939). 

2. Mott N. F., „The Theory of Crystal Rectifiers“, Proc. R. Soc. Lond. 

A171, pp. 27-38 (1939). 

 

 



120 
 

3. Bardeen J., „Surface States and Rectification at a Metal Semi-

Conductor Contact“, Phys. Rev. Lett., Vol.71, #10, pp. 717-729   

(1947). 

4. Rhoderick E.H., [Metal-Semiconduntor contacts], Clarendon Press-

Oxford,1978 

5. Sze S. M., Kwok K.Ng., [Physics of Semiconductor Devices], John 

Wiley and Sons Inc. (2007). 

6. Heine V., „Theory of Surface States“, Phys. Rev. Vol.138, #6A, pp. 

A1689–A1696 (1965). 

7. Andrews J. M., Phillips J. C., „Chemical Bonding and Structure of 

Metal-Semiconductor Interfaces“, Phys. Rev. Lett. Vol.35, #1, pp. 56–

59 (1975).  

8. Brillson L. J., „Transition in Schottky Barrier Formation with   

Chemical Reactivity“, Phys. Rev. Lett. Vol.40, #4, pp.260–263 (1978). 

9. Spicer W. E., Chye P. W., Skeath P. R., Su C. Y., and Lindau I., New 

and unified model for Schottky barrier and III–V insulator interface 

states formation, J. Vac. Sci. Technol. Vol.16, #5, pp. 1422-1436 

(1979). 

10. Walukiewicz W., Mechanism of Schottky barrier formation: The role  

of amphoteric native defects, J. Vac. Sci. Technol. B Vol.5, #4, pp. 

1062-1068 (1987). 

11. Spicer W. E., Liliental‐Weber Z., Weber E., Newman N., Kendelewicz 

T., Cao R., McCants C., Mahowald P., Miyano K., and Lindau I., The 

advanced unified defect model for Schottky barrier formation, J. Vac. 

Sci. Technol. B Vol.6, #4, pp. 1245-1252 (1988). 

12. Freeouf J. L. and Woodall J. M., Schottky barriers: An effective work 

function model, Appl. Phys. Lett. Vol.39, #9, pp. 727-729 (1981). 

13. Tersoff J., Schottky Barrier Heights and the Continuum of Gap States, 

Phys. Rev. Lett. Vol.52, #6, pp. 465–468 (1984). 

  



121 
 

galiumis arsenidze mcirewinaRobiani omuri 

kontaqtebis miReba da kvleva 

TinaTin laferaSvili, orest kviciani, ia Rlonti, 

TinaTin guliaSvili, vladimer miqelaSvili 

naxevargamtarebze indiumis mcirewinaRobiani omuri 
kontaqtis damzadebis optimaluri reJimis SesarCevad 
vswavlobdiT  denis svlis meqanizmisa da kontaqturi 
winaaRmdegobis cvlis damokidebulebas TermodamuSavebis 
temperaturaze  da droze. naxevargamtaris erT  mxares 
jer ukeTdeboda sufTa indiumis ramdenime wertilovani 
omuri kontaqti zemoT aRwerili teqnologiiT, erT-erT 
kontaqtze  mierCileboda mavTuli, amis Semdeg 
kontaqtiani  zedapiri  mavTuliT  ifarebida qimiurad 
mdgradi laqiT da meore zedapirze  eleqtroqimiurad 
vafendiT  sufTa indiums, Semdeg  laqs vaclidiT,  
nimuSebs  vamtvrevdiT 1-2 mm2 farTobis  nawilebad da 
vaxdendiT erTjerad TermodamuSavebas azotis 
atmosferoSi sxvadasxva temperatutaze 10 wuTis 
ganmavlobaSi. 

aRwerilia III-V jgufis naxevargamtarebze 

(GaAs, GaP, InP) omuri kontaqtebis misaRebad saWiro 

teqnologiuri danadgari  da omuri kontaqtis 

kontaqturi winaRobis gazomvis meTodika. 

eqsperimentuli gamokvlevebis mixedviT, III_V 

jgufis iseTi naxevargamtarebisaTvis, rogoricaa 

GaAs, GaP, InP, dabali potencialuri barieris miReba 

liTonis SerCeviT ver xerxdeba. dabali da saSualo 

koncentraciiT (n<1017-1018 sm-3) legirebul 

naxevargamtarebSi muxtis ZiriTad matarebelTa 

maRali  koncentraciis  misaRebad axdenen kontaqtis  
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mimdebare naxvargamtaruli fenis saTanado 

minarevebiT (donorebiT an aqceptorebiT) legirebas 

imdenad maRal koncentraciamde, rom sakmaod 

daviwrovebul potencialur barierSi SesaZlebeli 

gaxdes eleqtruli muxtis gadamtanebis kvantur-

meqanikuri gvirabuli gasvla, anu moxdes muxtis 

gadamtanebis (eleqtronebis an xvrelebis) veluri 

emisia. velur emisiis movlenaze dafuZnebuli omuri 

kontaqtis gvirabuli modelis [6,8,11] mixedviT, 

kontaqtze arsebobs sakmaod maRali potencialuri 

barieri, magram igi gamWvirvalea muxtis  

matarebelTa gvirabuli gasvlisaTvis (tuneli-

rebisaTvis). yovelive zemoT Tqmulidan 

gamomdinareobs, rom praqtikaSi saSualo da dbali  

koncentraciiT legirebul (n) naxevargamtarebze 

omuri kontaqtis misaRebad saWiroa sakontaqto 

masalad iseTi minarevebis Semcveli liTonuri 

Senadnobis (m) gamoyeneba, romelic naxevargamtaris 

zedapiris gadagvarebamde (n+) legirebis 

SesaZleblobas iZleva. am SemTxvevaSi kontaqtis 

omuroba aixsneba imiT, rom magaliTad n/n+/m 

struqturaSi n/n+ gadasasvlelze barieri ar aris, 

xolo n+/m gadasasvlelze barieri gamWvirvalea 

matarebelTa tunelirebisaTvis. 

omuri kontaqtis ZiriTadi maxasiaTebeli 

parametria misi kuTri winaaRoba Rc, romelsac 

kontaqtur winaRobasac uwodeben da ase gamoisaxeba 

( ) 0

1

=

−

= Vc dV
dIR

   ,
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sadac V _ kontaqtze modebuli Zabvaa, I _ masSi 

gamavali deni. 

kontaqtSi denis gavlis meqanizmis zemoT 

CamoTvlili Teoriuli modelebis gaTvaliswinebiT 

gamoTvlili kontaqturi  winaRobis mniSvnelobas 

Termoeleqtronuli emisiisaTvis ZiriTadad 

gansazRvravs eqsponencialuri mamravli exp(ФB/kT), 

Termoveluri  emisiisaTvis _  exp(ФB/E00cothE00/kT), 

xolo  veluri emisiisaTvis  _  exp(ФB/E00) [8]. aq ФB 

potencialuri barieris simaRlea, k _ bolcmanis 

mudmiva, T _ temperatura,  E00 
_ sidides ewodeba 

gvirabuli gavlis parametri da misi mniSvneloba  

moicema  formuliT: 

*00

2

sm

Nqh
E

d


=  (1) 

sadac q – eleqtronis muxtia, Nd - daionizebuli 

muxtis  koncentracia, m -_ naxevargamtarSi muxtis 

ZiriTadi matareblebis efeqturi masa, εs -

naxevargamtaris dieleqtrikuli SeRwevadoba, h  _ 

plankis mudmiva. E00 kontaqtis maxasiaTebeli 

mniSvnelovani  parametria da tolia liTonisa da 

naxevargamtaris kontaqtze Seqmnili difuzuri 

potencialis im mniSvnelobisa, romelzec 

naxevargamtarSi moculobiTi muxtis kideze myofi  

da gamtarobis zonis minimumis Sesabamisi energiis 

mqone eleqtronis  gvirabuli gasvlis albaToba  

aris  e-1   (e  neperis  ricxvia).   E00-is  saSualebiT 
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SesaZlebelia winaswari gansazRvra imisa, kontaqti 

omuri iqneba, Tu gammarTveli. kerZod, Tu kTE00, 

denis svlis meqanizmSi dominirebs 

Termoeleqtronuli emisiis procesi da miiReba 

gammarTveli kontaqti Sotkis barieriT. Tu kT<E00 ,  

gvaqvs  veluri gamtaroba da miiReba omuri   

kontaqti, kTE00  ki Sualeduri SemTxvevaa. 

praqtikaSi galiumis arsenidze omuri 

kontaqtebis misaRebad yvelaze xSirad iyeneben 

metalurgiul evteqtikas, romelic Seicavs 88% Au, 

12% Ge da emateba 5 woniTi procenti Ni. 400-500 0C-ze 

30 wamis ganmavlobaSi Sednobis Sedegad miRebuli 

iyo omuri kontaqti, romlis kontaqturi winaRoba 

naklebia10-6 omsm2_ze. omuri kontaqtis formirebis 

meqanizms ase xsnian: pirvel etapze 3000C - ze Ge  

swrafad difundirebs sakontaqto areSi, Au aris 

gamxsneli GaAs-saTvis. GaAs iSleba – Au+GaAs = 

AuGa+As; Ni+As → NiAs. 4000C-ze mimdinareobs Ga-is 

autdifuzia oqroSi, Ge ikavebs Au-is vakantur 

adgils da am SemTxvevaSi moqmedebs rogorc   

donori. am modelis farglebSi Catarebuli 

Teoriuli gamoTvlebis [12] Tanaxmad, 10-5omsm2 _ ze 

naklebi kontaqturi winaRobis misaRebad saWiroa 

maRallegirebul fenaSi donorebis  koncentracia 

iyos aranaklebi 5.1019sm-3_sa, Tumca eqsperimentulad 

damtkicda, rom AuGe_is an AuGeNi_is liTonuri  

Senadnobebis epitaqsiuri gazrdac ki ar iZleva GaAs-

is zedapiris germaniumis (1-4)·1018sm-3–ze meti 

koncentraciiT  legirebis saSualebas. Praqtikulad 
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ki miRebuli iyo 5.10-7<Rc<5.10-6 omsm2 kontaqturi 

winaRobis mqone omuri kontaqti Ge-iT legirebul 

10·1017sm-3 koncentraciis GaAs-ze. es Seusabamoba 

TeoriasTan saeWvod xdis zemoTaRwerili da 

literaturaSi kargaddamkvidrebuli omuri 

kontaqtis formirebis Teoriuli modelis 

samarTlianobas aseT SemTxvevebSi. am   

winaaRmdegobis mosaxsnelad Seqmnili iyo omuri 

kontaqtis varizonuli modeli [11], romlis mixedviT 

omuri kontaqtis In/GaAs  formireba SeiZleba aixsnas 

imiT, rom GaAs-is zedapirze indiumis dafenisa da 

misi Semdgomi TermodamuSavebis Sedegad liTonsa   

da naevargamtars Soris izrdeba     Ga1-xInxAs-is 

(0<X<1) varizonuli fena, heterostruqtura InAs/Ga1-

xInxAs/GaAs bariers ar Seicavs, xolo InAs-is 

zedapirze nebismieri liTonis da maT Soris  

indiumis dafenisas miiReba omuri kontaqti. Cven 

CavatareT eqsperimentuli kvleva  am debulebis 

samarTlianobis dasadgenad.   amJamad arsebobs 

naxevargamtarebze metalebis dafenis sxvadasxva  

meTodi: Termuli, kaTodyri  da ionuri dafrqveva, 

metalis  dafena gazuri fazidan, molekuluri 

epitaqsia, qimiuri  da eleqtroqimiuri dafena. 

Cveulebriv, metalis  dafena xdeba naxevargamtaris  

winaswar damuSavebul  zedapirze. zedapiris 

damuSavebaSi igulisxmeba  moSlifva, gaprialeba, 

qimiuri, eleqtroqimiuri  da gazuri  mowamvla da 

sxva. aseTi damuSavebis Sedegad naxevargamtaris 

zedapiri ifareba  rTuli Semadgenlobis Jangis 

feniT, romlis sisqe GaAs-saTvis 10-60 A0-ia. 
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ZiriTadi monacemebi im liTonebis Sesaxeb, 

romlebic gamoiyeneba  GaAs-ze omuri kontaqtebis 

misaRebad da kontaqtis miRebis reJimebis Sesaxeb, 

aRwerilia literaturaSi. informaciis analizidan 

Cans, rom GaAs-ze sakontaqtid ZiiTadad gamoiyeneba 

Semdegi metalebi In, Pt,  Au, Sn, Ag da liTonebis 

Senadnobebi AuNi, AuNiGe, AuGe, InNi, InNiGe. 

eqsperimentebma aCvenes, rom  CamoTvlil liTonTa 

didi umravlesoba  3500C-ze maRal temperaturaze 

TermodamuSavebis Sedegad iZleva intermetalur 

naerTebs amis Tavidan asacileblad jer afenen 

paladiums da Semdeg erT an ramdenime  liTonis 

fenas. 

naxevargamtarebze omuri kontaqtebis  

dasamzadeblad gamoviyeneT danadgari, romlis sqema 

mocemulia nax.1–ze. yvela kvarcis milisebr qilebze 

(1–6) Semoxveulia eleqtroRumeli; 1, 2 – Si 

moTavsebulia mopaladiumirebuli alumageli, 

romelic xels uwyobs airSi arsebuli Jangbadis 

wylis orTqlad gardaqmnas da Txevadazotian  

TermosSi Cadgmuli specialuri minisagan 

damzadebul WurWelSi (7, 8) kondensirdeba.  

teqnologiuri procesis damTavrebis Semdeg 

SesaZlebelia iqidan wylis gadmosxma; 3, 4–Si sufTa, 

gamomSrali alumagelia, xolo 5, 6–Si silikogeli.  

nimuSebis Termuli damuSaveba xdeba 

eleqtroRumelSi Cadgmul kvarcis reaqtorSi 

moTavsebul grafitis nimuSebi gamosawvavad   

Caiwyoba  kvarcis  an grafitis kasetaSi da Tavsdeba 
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 kvarcis reaqtorSi, romelSic gadis Jangbadisagan 

gawmendili airovani azoti. eqsperimentulad 

dadasturda, rom galiumis arsenidze (GaAs) omuri 

kontaqtis misaRebad saWiroa indiumis SelRoba 500 0C 

_ze 3_5 wT_is ganmavlobaSi.  kasetaSi, Sigve  

magrdeba temperaturis gasazomi Termowyvili. 

 

nax.1. danadgari omuri kontaqtis  dasamzadeblad 

omuri kontaqtis formirebis meqanizmis 

Sesaswavlad omur kontaqtze mierCileba mavTuli 

(denis misayvanad), Semdeg  naxevargamtaris zedapiri 

(omuri kontaqtiT) da masTan mibmuli mavTuli 

daifareba qimiurad mdgradi laqiT, meore zedapiri 

kvlav sufTavdeba saTanado  xsnarebiT damuSavebiT 

da myisierad Tavsdeba winaswar damzadebul 

eleqtrolitSi. dafenis Semdeg nimuSi iWreboda 

nawilebad da maTi TermodamuSaveba xdeboda  

sxvadasxva temperaturaze. 
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nax. 2. GaAs - ze indiumis SelRobiT miRebuli nimuSebis   

volt-amperuli maxasiaTeblebi, abscisaTa RerZze 

gadazomilia  Zabva V (mv), ordinatTa RerZze _ deni I (ma).  

kontaqtis winaRobis gamosaTvlelad  

gazomili iyo voltamperuli maxasiaTebeli. nax.2-ze 

naCvenebia  GaAs_ze 500 0C temperaturaze  indiumis 

SelRobiT miRebuli nimuSebis volt amperuli 

maxasiaTeblebi. nax.2–dan Cans, rom voltamperuli 

damokidebuleba aris wrfivi  da simetriuli 

koordinatTa saTavis mimarT, rac imis maCvenebelia, 

rom miRebuli kontaqtebi aris omuri. Tumca 

mimdinare procesebis calsaxad interpretaciisa da 

Teoriuli modelis Ddasadgenad saWiroa Catardes 

kompleqsuri kvleva kontaqturi fenebis 

struqturul analizTan erTad 
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TermodamuSavebis gavlena naxevargamtarisa 

da liTonis kontaqtis fotoeleqtrul 

maxasiaTeblebze 

TinaTin laferaSvili, orest kviciani, 

daviT laferaSvili, ia Rlonti 

warmodgenilia galiumis arsenidsa da 

galiumis  fosfidze indiumis dafeniT miRebuli 

struqturebis TermodamuSavebis gavlena 

struqturebis  eleqtrul da fotoeleqtrul 

maxasiaTeblebze. 

liTonebs III–V jgufis naxevargamtarebze 

vafendiT qimiuri da eleqtroqimiuri meTodiT [1-2]. 

sur.1-ze naCvenebia eleqtroqimiuri dafeniT  

miRebuli In/GaP Sotkis diodis voltamperuli 

maxasiaTebeli agebuli naxevradlogariTmul (V,lnI) 

masStabSi. diodze pirdapiri mimarTulebiT 

modebuli Zabvis mcire mniSvnelobebisTvis, (V,lnI)  

damokidebuleba warmoadgens swor xazs, rac 

maCvenebelia imisa, rom diodis eleqtruli 

maxasiaTeblebis gamosaTvlelad DSeiZleba betes 

Termoeleqtruli emisiis Teoriis gamoyeneba. am 

grafikidan gamoTvlili idealurobis koeficientis 

mniSvneliba n<1.1 miuTiTebs imaze, rom miRebul 

liTonisa da naxevargamtaris gamyof zedapirze ar 

arsebobs Jangis an sxva gansxvavebuli Sualeduri 

fena. 
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sur.1. In/GaP Sotkis diodis  voltamperuli maxasiaTebeli 

naxevradlogariTmul masStabSi,  diodze pirdapiri da 

ukumimarTulebis Zabvis modebisas. 

 

galiumis fosfidze indiumis eleqtroqimiuri 

dafeniT miRebuli struqturis speqtralur 

maxasiaTebelze adreve iyo SeniSnuli  

erTmaneTisagan mkveTrad gamijnuli 

fotomgrZnobiarobis ori ubani. am movlenis 

asaxsnelad daSvebuli iyo indiumisa da galiumis 

fosfidis kontaqtze masalebis urTierTqmedebis 

SesaZlebloba, kerZod galiumis fosfidSi galiumis 

atomebis nawilobrivi Canacvleba indiumiT da 

gardamaval fenaSi In1-XGaxP sammagi myari xsnaris 

patara kunZulebis miReba ukve oTaxis  

temperaturaze. 
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sur.2. GaAs-sa da GaP –ze metalebis dafeniT miRebuli diodis 

Sotkis barieris damokidebuleba liTonis gamosvlis 

muSaobaze, wre Seesabameba GaAs-s, xolo oTxkuTxedi GaP-s 

sur.2-ze warmodgenilia  GaAs-sa da GaP-ze   

metalebis dafeniT miRebuli Sotkis diodis 

ZiriTadi maxasiaTeblis – Sotkis barieris 

damokidebuleba  metalis eleqtrouaryofiTobaze.  

  

liTonisa da naxevargamtaris kontaqtis 

TermodamuSaveba 

nimuSebis TermodamuSaveba xdeboda  

gawmendili azotis atmosferoSi. mocemul naSromSi 

warmodgenilia III-V naxevargamtarebze metalebis 

qimiuri da eleqtroqimiuri dafenis meTodebi. In/GaP 

struqturis magaliTze naCvenebia, rom SeiZleba III-V 
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naxevargamtarebze III jgufis metalebis dafenisa da 

misi Semdgomi TermodamuSavebis gamoyeneba kvantur-

wertilovani struqturebis miRebis teqnologiur 

safexurad. 

III-V jgufis naxevargamtarebze metalebis 

dafena  xdeboda qimiuri meTodiT eqsperimentSi 

gamoyenebulia Coxralskis meTodiT gazrdili n 

- tipis  naxevargamtaruli monokristalebi 1016 – 

1017 sm-3 koncentraciiT da 250 - 300 mk sisqiT. 

galiumis arsenidsa (GaAs)  da galiumis 

fosfidze (GaP) Sotkis diodebis damzadebis 

teqnologiuri safexurebi iyo Semdegi: 

naxevargamtaruli kristalebi ixexeboda 

(iSlifeboda) M7 da M3 mikrofxvniliT; 

prialdeboda almasis AM-1 pastiT; irecxeboda 

CCl4-Si da acetonSi ramdenjerme wamoduRebiT; 

da xdeboda naxevargamtaris zedapirebis   

qimiuri damuSaveba galiumis fosfidisa  samefo 

wyalSi (HCl + HNO3),  xolo galiumis arsenidisa 

xsnarSi  (H2SO4 + H2O2  +  H2O) ramdenime wamis 

ganmavlobaSi wamoduRebiT; amis Semdeg nimuSebi 

kargad irecxeba  distilirebul wyalSi da 

axlad damuSavebul kristalebs erT zedapirze 

ukeTdeba omuri kontaqti In-is SednobiT 500 -   

600 0C- ze, Sesabamisad GaAs - isa  da GaP- s 

SemTxvevaSi K(omuri kontaqtis Sednoba xdeba 

inertuli   gazis   atmosferoSi   3 – 5   wT-is 
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ganmavlobaSi); Semdeg naxevargamtaris zedapiri 

omuri kontaqtiT  da kristalis gverdebi 

ifareba qimiurad mdgradi laqiT;  misi   

SeSrobis Semdeg 3 wT-is ganmavlobaSi 

sufTavdeba narevSi 0.5%BBr2  +  99.5% CH3OH;  

ramdenjerme irecxeboda sufTa meTanolSi; amis 

Semdeg nimuSi swrafad Tavsdeba kvarcis WiqaSi 

Casxmul xsnarSi metalis qimiurad dasafenad. 

indiumis dafenis Semdeg liTon-

naxevargamtaris struqturas scildeboda 

qimiurad mdgradi laqi jer meqanikurad, Semdeg 

acetonSi ramdenjerme wamoduRebiT. vWridiT 20 

- 25 mm2 farTobis  nimuSebad.  

 

sur.3. eqsperimentulad damzadebuli diodi 

miRebuli metal-naxevargamtaruli gadasasvlelis 

bazaze Sotkis diodebis dasamzadeblad kristali 

magrdeba spilenZis korpusSi da aqvs sur.1-ze 

naCvenebi konfiguracia. 
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TermodamuSavebis gavlena liTonisa da 

naxevargamtaris kontaqtis fotoeleqtrul 

maxasiaTebelze 

Seswavlili iyo TermodamuSavebis gavlena 

In/GaP diodebis eleqtrul da fotoeleqtrul 

maxasiaTeblebze. sur.2.-ze In/GaP Sotkis diodis 

barieris simaRlis damokidebuleba  diodis 

TermodamuSavebis temperaturaze, saidanac Cans, rom 

struqturebi 5-30 wuTis ganmavlobaSi 

TermodamuSavebisas 4000C-mde barierul diodebad 

rCebian, barieris simaRle TiTqmis ar icvleba  

(sur.2), xolo speqtralur maxasiaTebelze 

mniSvnelovnad izrdeba infrawiTel ubanSi  

STanTqmis efeqturoba galiumis fosfidis   

STanTqmis mokletalRovan ubanTan SedarebiT.  

 
sur.4. In/GaP Sotkis diodis barieris simaRlis damokidebuleba  

diodis TermodamuSavebis temperaturaze 
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sur.5-ze naCvenebia 2900C–ze 10 wuTis 

ganmavlobaSi TeramodamuSavebuli In/GaP diodis 

speqtraluri maxasiTebeli 0.2 volti Zabvis 

ukumimarTulebiT modebis SemTxvevaSi. aRmoCnda,   

rom es grZeltalRovani ubani eTanadeba In1-XGaxP 

sammagi myari xsnaris STanTqmis ubans.   

struqturebis omuri kontaqtis mxridan ganaTebisas 

mokletalRovani ubani moiWreba da miiReba axlo 

infrawiTel ubanSi mgrZnobiare eletromagnituri 

gamosxivebis efeqturi deteqtori. 

 
sur.5. .In/GaP Sotkis diodisfotospeqtruli maxasiaTebeli 

diodis 2900C–ze 10 wuTis ganmavlobaSi TermodamuSavebis 

Semdeg.  

 

galiumis arsenidsa da galiumis fosfidze oqros 

Txeli (250 – 500A) firiT dafenili struqturebi 

warmoadgenen maRalefeqtur mzis elementebs 

gamosxivebis iisfer da ultraiisfer ubanSi. sur.4–

ze naCvenebia Au/GaP diodis speqtruli  
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maxasiaTebeli gadaRebuli speqtrofotometr 

„Avantes“ –is gamoyenebiT. 

 
sur.6. Au/GaP diodis speqtruli maxasiaTebeli 

sur5-ze naCvenebia Au/GaP struqturis sxvadasxva 

temperaturaze 30 wuTis ganmavlobaSi 

TermodamuSavebis Semdeg gadaRebuli speqtruli 

maxasiaTeblebi. suraTidan Cans, rom Cvens mier 

damzadebuli diodebis speqtruli maxasiaTebeli 

mdgradia 6000C  temperaturaze  30 wuTis  

ganmavlobaSi TermodamuSavebis mimarT. sainteresi 

aRmoCnda  indiumis dafeniT miRebuli struqturebis 

speqtruli maxasiaTebelis cvlileba imave reJimSi 

(In/GaP da Au/GaP struqturebi erTdroulad iyo 

Cawyobili grafitis kasetaSi)DTermodamuSavebis 

Sedegad gaCnda  fotomgrZnobiare ubani  wiTel da 

infrawiTel ubanSi, rogorc sur.7,8-zea naCvenebi. 
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sur.7. Au/GaP struqturis speqtruli maxasiaTebeli 

TermodamuSavebis Semdeg. 

 

sur.8. In/GaP struqturis speqtruli maxasiaTebeli 

TermodamuSavebis Semdeg. 
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daskvna 

amrigad, III-V jgufis naxevargamtarebze 

eleqtroqimiuri da qimiuri dafeniT miRebuli 

struqturebis eleqtruli da fotoeleqtruli 

Tvisebebis Seswavlis safuZvelze miRebuli 

SedegebiT naCvenebia, rom Mmetalisa da 

naxevargamtaris kontaqti aris aramarto 

eleqtromagnituri gamosxivebis deteqtori, an 

moxerxebuli saSualeba naxevargamtaris 

parametrebis Sesaswavlad, aramed igi aris 

teqnologiuri safexuri funqcionalurad axali 

nanostruqturebis dasamzadeblad, kerZod  III-V 

jgufis naxevargamtarebze III jgufis elementebisa  

da maTi myari xsnarebis dafeniTa da dabal-

temperaturuli TermodamuSavebiT SesaZlebelia 

struqturebis miReba saintereso fotonuri 

TvisebebiT. 
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teraherculi sixSiris  gamomsxiveblebi da 

fotonuri mimRebebi III-V jgufis 

naxevargamtarebis kvanturwertilovani 

struqturebis bazaze 

 

TinaTin laferaSvili, daviT laferaSvili,  

orest kviciani 

1. Sesavali 

      momavlis kvantur informaciul teqnolo-

giebSi gamoyenebuli iqneba efeqturi  erTfotoniani 

wyaroebi. ukve arsebuli kvanturi wertilebi 

saukeTeso erTfotoniani wyaroebia da SesaZlebelia 

maTSi emisiis marTva. III-V jgufis naxevargamtarebis 

kvanturwertilovani struqturebi warmoadgenen 

Tanamedrove teraherculi teqnologiis sabaziso 

elementebs, rogorc teraherculi gamomsxiveblebis, 

aseve teraherculi deteqtorebisa da mimRebi 

antenebisaTvis. 

      kavSirgabmulobis Tanamedrove saSualebaTa 

efeqturobis gasazrdelad aucilebelia didi 

gamtarunarianobisa da energiis mcire kargvebis  

mqone signalis gadamcemi arxebis anu 

eleqtromagnturi talRagamtarebis Seqmna. aseT 

sistemebSi signalis energiis ganStoebis, dayofisa 

da gardaqmnisas aucilebelia talRagamtaruli 

gadasasvlelebis SeTanxmeba, ese igi muSa talRis 

energiis saWiro mimarTulebiT gatarebis sakmarisad 

maRali donis miRweva, xolo sxva mimarTulebebiT 

misi     CaxSoba.     es    amocana     gansakuTrebiT 
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mniSvnelovania mravalarxiani talRagamtaruli 

sistemebis stabiluri maxasiaTeblebis uzrunvel-

sayofad sixSireTa farTo diapazonSi, rac ver 

miiRweva erTgvarovani mravalportiani talRa-

gamtaruli arxebiT. ase, magaliTad, erTgvarovani 

samportiani T-sebri (samkapa) da oTxportiani 

jvrisebri talRagamtaruli gadasasvlelebis 

kvlevebma E  da H sibrtyeebSi aCvenes, rom 

talRagamtaruli mxrebis praqtikulad dasaSvebi 

SeTanxmeba miiReba sixSireTa mxolod viwro 

zolisTvis da amasTan erTad talRagamtaruli 

mxrebis ganivkveTTa zomebis mxolod gansazRvrul 

TanafardobaTa pirobebSi [1]. am problemis 

gadasaWrelad iqmneba principulad axali tipis 

mowyobilobebi, fotonurkritaluri talRagamtariT 

dakavSirebuli integraluri sqemebi.  

      fotonuri kristali iqmneba xelovnurad 

naxevargamtarul masalaSi araerTgvarovnebebis, 

magaliTad haerovani xvrelebis seriis CanergviT.  

fotonuri kristalis ZiriTadi maxasiaTebelia 

zonuri struqtura, romelic gansazRvravs mxolod  

garkveuli sixSiris brtyeli talRis gavrcelebis 

SesaZleblobas garemoSi.  

       kvanturi wertilebi aris adamianis mier 

Seqmnili xelovnuri atomebi. termini kvanturi 

wertilebi (Quantum dot’s) SemoRebuli iqna mark ridis 

mier da ixmareba mravlobiT ricxvSi. kvanturi 

wertilebi aris 1-100 nanometris zomis 

naxevargamtaruli struqturebi, romlis eqsitonebi 

SezRuduli  arian  samive  sivrcul  ganzomilebaSi. 
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aseT struqturebs aqvT Tvisebebi, romelTac 

Sualeduri mdgomareoba uWiravs moculobiTi 

naxevargamtarebis Tvisebebsa da diskretuli 

molekulis Tvisebebs Soris. 

      iseT kvlevebs, romelic aRmoaCens  nanozomis 

masalebis axal Tvisebebs, xSirad nanomecnierebas 

uwodeben, xolo nanoteqnologia ganixilavs 

sakiTxebs, Tu rogor iqnas  gamoiyeebuli nanozomis 

masalebSi aRmoCenili Taviseburebebi saWiro 

daniSnulebis teqnikuri mowyobilobebis misaRebad 

da teqnologiuri procesebis misaRwevad. zogierTi 

aseTi mowyobiloba ukve gamoiyeneba medicinaSi, 

eleqtronikaSi, robototeqnikasa da energiis 

sawarmoeblad. kvanturi wertilebis bazaze 

damzadebulia sinaTlis gamomsxivebeli diodebi da 

dioduri lazerebi, teraherculi sixSiris   

mimRebebi, mzis elementebi, tranzistorebi. 

perspeqtiulia maTi gamoyeneba kvantur 

kriptografiasa da kompiuterebSi logikuri 

elementebis (qubitebis) Sesaqmnelad. optikurad 

aqtiuri kvanturi wertilebis miRebis erT-erTi 

cnobili meTodia III-V naxevargamtarebis 

TviTorganizebadi zrda, rodesac TviTorganizebadi 

kunZuli Canergilia masalaSi, romlis akrZaluli 

zona metia kunZulis masalis akrZalul zonaze. 

magaliTad, rodesac GaAs-Si Canergilia InAs-is 

kunZulebi [1]. Cvens mier In/GaP struqturis  

magaliTze naCvenebi iyo, rom SeiZleba III-V 

naxevargamtarebze III jgufis metalebis dafenisa da 

misi Semdgomi TermodamuSavebis gamoyeneba kvantur-
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wertilovani struqturebis miRebis teqnologiur 

safexurad. 

2. kvanturi wertilebis fizikuri buneba 

kvanturi wertilebis ZiriTadi Tavisebureba 

aris is, rom kristalis zomebis SecvliT xdeba 

naxevargamtaruli masalis akrZaluli zonis cvla, 

rac SeuZlebelia moculobiT naxevargamtarSi. 

leimanis ganmartebiT kvanturi wertilebi aris 

naxevargamtarebi, romelTa maxasiaTeblebi Zlieraa 

damokidebuli individualuri kristalis zomebsa da 

formaze. magaliTad, flourescenciis SemTxvevebSi, 

kristalis zomebis Semcireba iwvevs gamosxivebuli 

sinaTlis wanacvlebas wiTelidan lurji 

sinaTlisaken. 

mkvlevarebi nanostruqturis analizs xSirad 

akeTeben masalaSi eleqtronuli mdgomareobebis 

simkvrivis mixedviT. moculobiT naxevargamtarSi 

eleqtronul mdgomareobaTa simkvrive eleqtronis 

energiidan kvadratuli fesvis proporciulia. 

rogorc sur.1-ze aris  naCvenebi, moculobiT 

kristalSi eleqtronul mdgomareobaTa simkvrivis 

uwyveti speqtri kvanturi wertilebis SemTxvevaSi 

gardaiqmneba eleqtronul mdgomareobaTa  

diskretul seriad. kvantur ormoSi eleqtronebi 

SezRuduli arian erTi mimarTulebiT Txel firSi, 

romlis sisqe ramdenime nanometria. rogorc sur.1- 

dan Cans kvanturi ormos eleqtronul  

mdgomareobaTa simkvrive Sedgeba safexurebisagan da 

zonis kide wainacvlebs maRali energiebisaken.  
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sur.1. naxevargamtarul struqturebSi eleqtronul 

mdgomareobaTa simkvrivis damokidebuleba energiaze.  

 

kvantur wertilebSi energetikuli ganawileba 

diskretulia da eleqtronul  mdgomareobaTa 

simkvrive aRiwereba   delta-funqciis msgavsi   

maxvili pikebis seriisagan, romlebic warmoadgenen 

eleqtronis energiis diskretul sakuTar 

mniSvnelobebs. imis gamo, rom eqsperimentul 

nimuSebSi yvela kvanturi wertili ar aris   

erTnairi zomisa, gansxvavebaa sakuTar energiebSi da 

mdgomareobaTa simkvrivis pikebi Sesabamisad 

mdebareoben kvanturi wertilis saSualo zomis 

Sesabamisi energiis mimdebare areSi [2]. 

3. kvanturi wertilebis miRebis teqnologia 

 

kvanturwertilvani sistemis miRebis 

umartivesi    meTodia   makroskopuli    kristalis 
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meqanikuri damtvreva - dafqva. mowesrigebuli 

nanostruqturebis formirebisas  xdeba brtyeli 

kristaluri zedapiris gadawyoba borcvebisa da 

brtyeli ubnebis periodul struqturad zedapiris 

Tavisufali energiis Sesamcireblad. nanokristali 

aris monokristali, romlis diametri ramdenime 

nanometria. nanokristaluri qvanturi wertili ki 

aris nanokristali, romlis akrZaluli zona 

naklebia mis  garemomcveli masalis akrZalul 

zonaze. tipiuri qw-is diametri 500 nm-is 

ganzomilebisaa. qvanturwertilovani sistemis fers 

gansazRvravs maTi geometruli zomebi. 

optikurad aqtiuri kvanturi wertilebis 

miRebis erT-erTi cnobili meTodia III-V 

naxevargamtarebis TviTorganizebadi zrda, rodesac 

TviTorganizebadi kunZuli Canergilia masalaSi, 

romlis akrZaluli zona metia kunZulis masalis 

akrZalul zonaze. magaliTad, rodesac GaAs-Si 

Canergilia InAs-is kunZulebi. stranski-krastanovis 

(S–K) meTodis mixedviT fuZeSreze (GaAs) gazuri 

fazidan epitaqsis meTodiT xdeba gansxvavebuli 

naxevargamtaris (InAs) fenis zrda [2]. mimdevrobiT 

xdeba fenis epitaqsia fenaze, ris Sedegadac miiReba 

gazrdili naxevargamtaris Txeli firi, romelic 

kritikuli sisqis miRwevis Semdeg gadadis 

kunZulovan modaSi. am meTodiT miRebuli iyo  InAs–

GaAs da InP-GaAs struqturebSi kunZulebis tipiuri 

simkvrive 109 - 1012 sm-2, rac damokidebulia gazrdis 

pirobebze. kvanturi wertilebis TviTansamblirebiT 
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SesaZlebeli xdeba kunZulebis formireba 

epitaqsiuri zrdis procesSi. 

epitaqsiis Cveulebriv procesSi xdeba erTi 

atomuri fenis zrda meoreze. kunZulebis formireba 

moxdeba im SemTxvevaSi,  Tu iarsebebs didi 

gansxvaveba masalebis meseris parametrebs Soris 

da/an dafenili masalis zedapiruli energia 

gansxvavdeba fuZeSris zedapiruli energiisagan. 

dafenili masala axdens misi potencialuri energiis 

minimizacias fuZeSreSi kunZulebis  formirebis 

gziT. am meTodis gamoyenebiT                

damzadebulia lazeruli struqtura, romelSic 

ramdenime kunZulovani fena erTmaneTze erTi meoris 

wverzea ganTavsebuli.Etipiuri kvanturi wertilis 

simaRle 15 nm da sigane 15-25 nm-ia. es ki imas niSnavs, 

rom erT kvantur wertilSi gvaqvs bevri eleqtroni 

da xvreli. eleqtronis ZiriTadi mdgomareobis 

gamoTvlili dawnexis energia aris 180 mev 13.6 nm 

simaRlis qvanturi wertilebSi. sur.2–ze naCvenebia 

qvanturi wertilis zrdis procesi S–K  meTodis 

mixedviT, romelic  iwyeba atomuri fenis fenaze 

zrdiT, magram, roca fenis sisqe miaRwevs  

 
 
sur.2 S–K  meTodiT qvanturi wertilis zrda 
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kritikuls, daiwyeba kunZulis formireba. sur.3 –ze  

naCvenebia n-GaAs–Si Canergili  InAs – is qvanturi 

wertilebis sqematuri gamosaxuleba (a), da InAs – is 

gazrdili kunZulis gamosaxuleba [ ] –is mixedviT. 

 
sur.3. n-GaAs–Si Canergili  InAs – is qvanturi wertilebis 

sqematuri gamosaxuleba (a) da InAs – is gazrdili kunZulis 

gamosaxuleba (b). 

 

tipiuri kvanturi wertilis simaRlea 5 – 15 nm,   

sigane 15 – 25 nm, es imas niSnavs, rom masSi aris 

mravali eleqtroni da xvreli. 

qvanturi wertilebis zomebi didad aris 

damokidebuli gazrdis temperaturasa da sxva 

pirobebze. magaliTad III da Vjgufebis elementTa  

Sefardebaze.  qvanturi wertilebis saSualo zomaa 

10-50 nm, fluqtuacia 10% dan 30%-mde. InGaAs-GaAs 

kvanturwertilovani lazerebi aasxiveben 1,3 mkm 

sigrZis talRas, rac Zalian mniSvnelovania 

kavSirgabmulobis gavrcelebuli optikurboWkovan 

sistemebTan Tavsebadobis TvalsazrisiT. 

…………… 
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sur.4. gamosxiveba InP/GaP struqturidan 

 mTavari sirTulea gamosxivebuli erTmodianiA 

monofotonis gavrcelebisaTvis efeqturi gadacemis 

arxis ararseboba.fotonuri kristali aris masala 

gardatexis maCveneblis perioduli  

modulaciisaTvis erTi, ori an sami mimarTulebiT, 

Erac aiZulebs fotonebs lokalizebuli iqnen 

diskretul energetikul mdgomareobebze. fotonuri 

kristalis aRwera SeiZleba fotonuri akrZaluli 

zonuri struqturis gamoyenebiT, iseve rogorc, 

naxevargamtarul masalaSi xdeba eleqtronuli 

gadsvlebis aRwera naxevargamtaris zonuri    

TeoriiT. 

http://images.iop.org/objects/opo/news/15/11/8/091114.jpg
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4. erTmodiani  monofotonuri gamosxivebis 

efeqturi gadacema 

erTmodiani monofotonuri gamosxivebis 

efeqturi gadacema SesaZlebelia kvanturi wertilis 

CanergviT fotonur kristalur talRagamtarSi, 

rogorc naCvenebia sur.5-ze. 

 

sur.5 fotonur kristalur talRagamtarSi Canergili   

kvanturi  wertili  

 aseT talRagamtarSi sinaTlis gavrceleba 

SeiZleba mniSvnelovnad SeizRudos, rac aZlierebs 

sinaTlesa da masalas Soris urTierTqmedebas, ris 

Sedegadac  talRagamtarSi fotonis emisia swrafad 

izrdeba da rogorc acxadeben [ ], maT mier naCvenebi 

iqna, rom xdeba gamosxivebuli monofotonebis 89%-  

is urTierTqmedeba talRagamtarTan 50% ze  meti 

efeqturobiTa da  uprecentod  farTo gatarebis 

zoliT 20 nm.[1]. 

 bolo xans monofotonis Zlieri lokalizebis 

SesaZlebloba  iyo  damzerili  fotonur-kristalur 
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talRagamtarSi. am qsperimentebma aCvenes 

maRalefeqturi koherentuli  monofotonuri 

wyaroebis gamoyenebis SesaZlebloba nanofotonikis 

struqturebSi. 
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kompensirebuli naxevargamtarebis 

fotogamtaroba 

orest kviciani, TinaTin laferaSvili, daviT 

laferaSvili, ilia imerliSvili 

Sesavali 

informaciis swrafi damuSavebis amocanebis 

warmatebiT gadasaWrelad aucilebeli gaxda 

kvlevebis warmoeba saWiro maxasiaTeblebis mqone 

axali tipis arawrfivi mowyobilobebis  

Sesaqmnelad.P 21-e saukuneSi perspeqtiulia iseTi 

mowyobilobebi, romlebSic signalis marTva 

SesaZlebeli iqneba rogorc eleqtruli, aseve 

optikuri da magnituri veliT. wredi arawrfivia Tu 

misi parametrebi damokidebulia masSi gamavali  

denis an Zabvis sidideze. arawrfivi mowyobilobis 

bazaze  SesaZlebelia ormdgradmdgomareobiani anu 

bistabiluri elementebis miReba mexsierebis an 

logikuri sqemebis Sesaqmnelad. aseTi 

mowyobilobebis erT-erTi elementia optikuri 

gadamrTveli III –V jgufis naxevargamtarebis   

bazaze. didi kuTri  winaRobis naxevargamtari  

miiReba masalis iseTi minarevebiT erToblivi 

legirebis Sedegad, romlebic iwveven muxtis 

Tavisufali matareblebis kompensacias. 

imis gamo, rom galiumis fosfidis legireba 

advilad xdeba sxvadasxva tipis minarevebiT da 

SesaZlebelia maRalomiani kompensirebuli masalis 

miReba,    romelic     fotomgrZnobiarea     rogorc 
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sakuTriv, aseve minarevul ubanSi, xolo 

arawonasworuli muxtis rekombinacias xSirad Tan 

sdevs xiluli gamosxiveba, galuiumis fosfidi aris 

moxerxebuli masala naxevargamtarebSi inJeqciuri 

denebisa da plazmis gavrcelebis meqanizmebis 

Sesaswavlad. 

aq warmodgenilia Sedegebi, romlebic 

miRebuli iyo nawilobriv kompensirebuli galiumis 

fosfidis bazaze damzadebuli uaryofiTi 

diferencialuri winaRobis ubnis Semcveli S - tipis 

voltamperili maxasiaTeblis mqone 

naxevargamtaruli optoeleqtruli gadamrTvelis 

voltamperuli da fotospeqtruli maxasiaTeblebis 

eqsperimentuli kvlevebis safuZvelze.      

SemoTavazebulia optikuri gadarTvis meqanizmis 

modeli aseT struqturebSi. 

ormxrivi inJeqcia kompensirebul naxevar-

gamtarebSi 

cnobilia, rom or mdgrad mdgomareobiani 

uaryofiTi diferencialuri winaRobis mqone deniT 

kontrolirebadi naxevargamtaruli gadamrTvelebis 

miReba SesaZlebelia oTxfeniani p-n-p-n 

tiristorebis, p-i-n diodebis da e.w. grZeli   

diodebis bazaze, romlebSic gadarTvis meqanizmi 

xorcieldeba kontaqtebidan sapirispiro niSnis 

muxtis matareblebis (eleqtronebis da xvrelebis) 

ormxrivi inJeqciis Sedegad. aseTi elementis   

mTavari  maxasiaTebeli  aris  zRurbluri  Zabvis Vth  
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Sefardeba narCen ZabvasTan  VH (Vth - es aris Zabva, 

romelzec gadamrTveli elementi didwinaRobiani 

reJimidan gadadis mcire winaRobis reJimSi. 

sasurvelia, Sefardeba Vth/ VH  iyos didi.  

nawilobriv kompensirebul naxevargamtarSi 

muxtis matarebelTa ormxrivi inJeqciis Sedegad 

voltamperul maxasiaTebelze uaryofiTi 

diferencialuri winaRobis Semcveli ubnis gaCenis 

SesaZlebloba Teoriulad iwinaswarmetyvela 

lampertma. misi Teoriis Tanaxmad zRurbluri da 

narCeni Zabvebi proporciulia eleqtronebis da 

xvrelebis emiterebs Soris manZilis kvadratisa da 

maTi CamWeri centrebis Sesabamisi minarevebis 

koncentraciisa. 

denis gavlis meqanizmi kompensirebul 

naxevargamtarebSi Seswavlili iyo lampertis mier. 

man ganixila srulad kompensirebuli  

naxevargamtari, roca eleqtronebis sicocxlis 

xangrZlivoba arsebiTad usasrulod didia. es 

niSnavs imas, rom Zalian mcire modebuli 

ZabvebisaTvis nimuSSi gamavali deni aris 

ganpirobebuli kaTodidan inJeqtirebuli 

eleqtronebiT, Sezuduli moculobiTi muxtiT da 

proporciuli modebuli Zabvis kvadratisa. Zabvis 

gazrdisas, zRurblur mniSvnelobamde, romelic 

sakmarisi aRmoCndeba imisaTvis, rom anodidan 

inJeqtirebuli xvrelebic gavidnen mTel kristalSi, 

xvreluri CamWeri centrebis nawili Seivseba, rac 

gamoiwvevs   xvrelebis   sicocxlis  xangrZlivobis 
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gazrdas da eleqtronebis sicocxlis   

xangrZlivobis Semcirebas; aseT pirobebSi xvrelebs 

ufro iolad SeuZliaT gasvla mTel kristalSi, 

myardeba dadebiTi ukukavSiri xvrelebis inJeqciis 

donesa da maTi sicocxlis xangrZlivobis zrdas 

Soris, rac ganapirobebs uaryofiTi  

diferencialuri winaRobis ubnis gaCenas volt-

amperul maxasiaTebelze. 

 
sur.1. volt-amperuli maxasiaTebeli lampertis mixedviT. 

rodesac eleqtronebisa da xvrelebis 

sicocxlis xangrZlivobebi erTmaneTs gautoldebian 

nimuSSi gamavali deni ganpirobebuli orive tipis 

matareblebis gavliT, iqneba SezRuduli 

rekombinaciiT. lampertis mier miRebuli iqna, rom 

deni Zabvebis am ubanSic V.>V3 proporciulia Zabvis 

kvadratisa. xolo roca modebuli Zabvis gadidebis 

Sedegad bolos da bolos inJeqciis siCqareebi 

gadaaWarbeben  rekombinaciis  siCqares,  deni gaxdeba 
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eleqtronul-xvreluri, SezRuduli moculobiTi 

muxtiT da proporciuli 3V . volt-amperuli 

maxasiaTebeli am modelisaTvis Tvisobrivad 

mocemulia sur.-1-ze. 

aRmoCnda, rom maRalomiani naxevargamtaris 

SemTxvevaSi (  = 102 –109 om.sm) omur kontaqtze  

modebuli Zabvis gadidebisas  voltamperuli 

maxasiaTeblis wrfivoba irRveva, xdeba muxtis 

ZiriTadi matareblebis upiratesi gadasvla 

naxevargamtarSi, rac iwvevs moculobiTi muxtis 

dagrovebas naxevargamtarSi. am SemTxvevaSi amboben, 

rom gvaqvs inJeqciuri kontaqti[5]. Tu  kontaqtidan 

xdeba masalaSi mxolod erTi tipis muxtis 

matareblis (eleqtroni an xvreli) inJeqcia mas 

monopoluri inJeqcia hqvia, xolo ormagi inJeqcia 

aris sxvadasxva niSnis muxtis matareblebis  

gadasvla masalis mopirdapire zedapirze 

ganlagebuli kontaqtebidan. 

naxevargamtarSi kontaqtebidan muxtis 

matarebelTa ormagi inJeqciis Sedegad deniT 

kontrolirebadi uaryofiTi diferencialuri 

winaRobis Semcveli S-tipis voltamperuli 

maxasiaTeblis mqone struqturis miRebaa 

SesaZlebeli. aseTia e.w. grZeli diodi, igi p-n 

gadasasvlels ar Seicavs da mis mopirdapire 

zedapirze ganlagebul kontaqtebs Soris manZili 

gacilebiT metia muxtis matarebelTa difuzur 

sigrZeze amitom uwodes mas “grZeli diodi”. aseTi 

struqturis Teoriuli volt-amperuli 
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maxasiaTeblis grafiki ormag logariTmul  

masStabSi naCvenebia sur.1-ze.      

nimuSebis damzadebis teqnologia 

 eqsperimentSi gamoyenebuli iyo Coxralskis 

meTodiT gazrdili specialurad aralegirebuli 

galiumis  fosfidis nimuSebi, romelTa legireba 

xdeboda erTdroulad Jangbadisa da cinkis 

difuziiT kvarcis daxurul ampulaSi. gamosakvlevi  

diodebi damzadebuli iyo didwinaRobian galiumis 

fosfidis monokristalebze romelTa ganivi kveTis 

mikroskopuli daTvalierebiT gadasasvleli ar iyo 

dafiqsirebuli, miaxloebiT 1 mm2 diametris 

aragammarTveli kontaqtebi mzaddeboda indiumis 

SelRobiT gasufTavebuli wyalbadis atmosferoSi 

6000 C  temperaturaze 5 wuTis ganmavlobaSi. stoqsis 

meTodiT gansazRvruli kuTri winaRobaa ρ=108 - 

1010om.sm.  miRebuli struqtura metali-

naxevargamtari-metali (m/n/m), romlis zedapiris 

farTi 4-5 mm2 -ia magrdeba diodis orgamosasvlelian 

spilenZis korpusSi. zeda kontaqtis mirCilva  xdeba 

vercxlis mavTuliT. diodis boloebze garkveuli 

sididis Zabvis modebisas    naxevargamtarul 

masalaSi xorcieldeba muxtis matarebelTa ormagi 

inJeqcia - eleqtronebisa da xvrelebis inJeqcia 

naxevargamtaris sapirispiro mxareze ganlagebuli 

aragammarTveli kontaqtebidan, romelTa Soris 

manZili d=150 - 200 mk ia. radgan aseT struqturebSi 

kontaqtur areebs Soris manZili gacilebiT metia  
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muxtis matarebelTa difuzur sigrZeze L = 0.5 - 2 mk, 

maT grZeli diodebi ewodebaT.  

diodebis voltamperuli maxasiaTebeli 

 gadaRebuliaBUdiodebis voltamperuli da 

fotospeqtruli maxasiaTeblebi. sur.2-ze naCvenebia 

Cvens mier damzadebuli struqturis volt-amperuli 

maxasiaTeblis grafiki agebuli naxevrad 

logariTmul masStabSi. 

 
sur.2. GaP–s bazaze damzadebuli grZeli diodis    

voltamperuli maxasiaTebeli ormag logariTmul masStabSi. 

rogorc suraTidan Cans struqturebis 

voltamperuli maxasiaTebeli  Sedgeba ramdenime 

ubnisagan, romlebic aRiwerebian: omis kanoniT, 

kvadratuli  damokidebulebiT (I-V2), gvaqvsDdenis 

swrafi zrdis   ubani, struqturis uaryofiTi 

diferencialuri  winaRobis  ubani  da  kvlav  Cndeba 



159 
 

 xarisxobrivi (I-V) damokidebuleba. sur.3–ze 

naCvenebia imave diodis volt amperuli  

maxasiaTebeli naxevrad logariTmul masStabSi. 

 
sur.3. GaP–s bazaze damzadebuli grZeli diodis   voltamperuli 

maxasiaTebeli naxevrad logariTmul masStabSi. 

 GaP bazaze damzadebuli grZeli diodis      

volt-amperul maxasiaTebelze Cveni azriT pirvelad 

dafiqsirebuli ramdenime kvvadratuli ubnis 

arseboba miuTiTebs imaze, rom moculobiTi muxtiT 

SezRuduli deni SeiZleba ganpirobebuli iyos 

minarevebis ramdenime Gjgufis arsebobiT, rac 

Teoriulad nawinaswarmetyvelebi iyo lampertis  

mier kompensirebul naxevargamtarebsa da 

dieleqtrikebSi inJeqciuri denebis Seswavlisas. 
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diodebis speqtruli maxasiaTebeli 

Seswavlili iyo damzadebuli diodebis 

fotospeqtruli maxasiaTebeli. aRmoCnda, rom 

kompensirebuli GaP-s bazaze damzadebuli diodi 

xasiaTdeba ori mdgradi mdgomareobiT, aris 

fotomgrZnibiare da oTaxis temperaturaze CarTul 

mdgomareobaSi anaTebs kaSkaSa mwvaned, gadarTvamde 

susti wiTeli an yviTeli naTeba aqvs. amasTan    

erTad, oTaxis temperaturaze xiluli signalis 

marTva SesaZlebelia rogorc eleqtruli, aseve 

optikuri signaliT, anu SesaZlebelia 

ganxorcieldes sinaTlis marTva sinaTliT. 

nimuSebis voltamperuli da speqtruli 

maxasiaTeblebis erToblivi kvlevis safuZvelze 

naCvenebia, rom misi erTi mdgradi mdgomareobidan 

meoreSi gadarTva da ukan gadmorTva SesaZlebelia 

rogorc eleqtruli aseve optikuri signaliT. 

sxvadasxva sisqis nimuSebSi zRurbluri Zabva 20 - 60 

v. da deni gadarTvamdeA0.038 -0.064, narCeni Zabva 6.5 -

2.4 v. da Sesabamisi deni 0.4 - 0.6 ma. aris. 

eqsperinentebma aCvenes, rom zRurblTan  

miaxloebuli Zabvidan elementis CarTva  

SesaZlebeli xdeba 560 nm talRiT, xolo gamorTva 

750 nm talRiT dasxivebisas. 

sur.4-ze mocemulia diodis STanTqmis 

speqtraluri maxasiaTebeli gadaRebuli modebuli 

Zabvis sxvadasxva mniSvnelobaze (V= 10, 20, 60v). 
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sur.4. diodis STanTqmis speqtraluri maxasiaTebeli 

eqsperimentuli Sedegebis analizi 

 miRebuli Sedegebis asaxsnelad davuSvaT, rom 

eqsperimentSi gamoyenebul naxevargamtarSi            

optikurad aqtiuri centrebi arian Rrma  

aqceptorebi, romelTa koncentraciaa NA, da maTi  

energetikuli done mdebareobs 0,5 ev qveviT 

gamtareblobis zonidan. es Rrma aqceptoruli 

doneebi nawilobriv kompensirebuli arian wvrili 

donorebiT, romelTa koncentraciaa ND. radgan 

aqceptorebi mdebareoben imdenad Rrmad, rom mcire 

agznebaa sakmarisi imisaTvis, rom CaWerili 

eleqtronebi gadavidnen gamtareblobis zonaSi. 

vinaidan aris aqceptoruli doneebis Rrma 

lokalizacia akrZaluli zonis naxevris zemoT.  

uaryofiTad ionizebul aqceptorebs uCndebaT  

Zalian  didi CaWeris  kveTi Warbi xvrelebisaTvis, 

maSin  roca  neitralur aqceptorul centrebs aqvT 
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bevrad patara CaWeris kveTi n eleqtronebisaTvis.  

is faqti, rom aqceptoruli doneebi warmoadgenen 

situacias sadac h>>n aris is ZiriTadi piroba 

romelic ‘S tipis diodebis miRebis SesaZleblobas 

iZleva. 

Cveni nimuSebisaTvis gamoTvlili parametrebis 

mixedviT SeiZleba davaskvnaT, rom  moculobiTi  

muxtiT SezRuduli denebi ganpirobebulia 

centrebiT, romelTa Sesabamisi energetikuli 

doneebia 0.7 – 0.9 ev. gamtareblobis zonis  qvemoT,   

rac SeiZleba Seesabamebodes Jangbads  galiumis  

fosfidSi. Jangbadi TamaSobs ZiriTad rols diodis 

optikuri CarTvis meqanizmSi. Jangbadi galiumis 

fosfidSi aris Rrma donori,  magram is SeiZleba 

iyos erTxel ionizirebuli, orjer ionizirebuli, 

mas SeuZlia Seqmnas molekuluri kompleqsuri 

centri II jgufis metalTan. 

erToblivi kvlevis safuZvelze naCvenebia, rom 

optikuri gadarTvis meqanizmi ganpirobebulia 

kompensirebul naxevargamtarSi muxtis matareblebis 

sxvadasxva CaWeris kveTis mqone  centrebis 

erToblivi arsebobiT gamowveuli arawrfivi 

prosebiT. 

nimuSebis voltamperuli da speqtruli 

maxasiaTeblebis erToblivi kvlevis safuZvelze 

naCvenebia, rom optikuri gadarTvis meqanizmi 

ganpirobebulia naxevargamtarSi muxtis 

matareblebis   sxvadasxva    CaWeris  kveTis   mqone  
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centrebis erToblivi arsebobiT gamowveuli 

arawrfivi prosebiT. 

vTqvaT Cven nimuSebSi aqtiuri centrebia Rrma 

donorebi. es Rrma donoruli doneebis Sesabamosi 

Jangbadis atomebi nawilobriv kompensirebuli arian 

wvrili aqceptorebiT NA koncentraciis cinkiT. 

radgan donorebi mdebareoben imdenad Rrmad, rom 

sakmarisia  mcire agzneba imisaTvis rom CaWerili 

xvrelebi gadavidnen savalento zonaSi. dadebiTad 

ionizebul donorebs uCndebaT Zalian  didi CaWeris  

kveTi Warbi eleqtronebisaTvis maSin roca 

neitralur donorul centrebs aqvT bevrad patara 

CaWeris kveTi  xvrelebisaTvis. is faqti rom 

donoruli doneebi warmoadgenen situacias sadac 

n>>h aris is ZiriTadi piroba, romelic HiZleva ‘S 

tipis diodebis miRebis SesaZleblobas. 

Cveni nimuSebisaTvis gamoTvlili   

parametrebis mixedviT SeiZleba davaskvnaT, rom  

moculobiTi muxtiT SezRuduli denebi 

ganpirobebulia centrebiT, romelTa  Sesabamisi 

energetikuli doneebia 0.7 – 0.9 ev. gamtareblobis 

zonis  qvemoT. galiumis FfosfidSi Rrma doneebis 

mravalricxovani kvlevebidan Cans, rom aseTi 

centrebis Seqmna naxevargamtarul masalaSi 

SesaZlebelia  spilenZis,  qromis, Jangbadisa da 

maTTan dakavSirebili minarevuli kompleqsebiT [13], 

romelTa calsaxa identifikaciisaTvis saWiroa 

damatebiTi kvlevebis  warmoeba. Jangbadi galiumis 

fosfilSi  aris  Rrma  donori,   magram is SeiZleba 
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iyos eleqtrulad neitraluri, erTxel 

ionizirebuli an orjer ionizirebuli, mas SeuZlia 

Seqmnas molekuluri kompleqsuri centri II jgufis 

metalTan, amitom suraTi SeiZleba iyos AZalian 

rTuli. 

amrigad, inJeqciis dabali donidan maRal 

donemde Secvlisas xvrelebis sicocxlis  

xangrZlivoba gaizrdeba 
n

p




jer, anu zustad 





n
v

v
rp

-

jer. lampertis Teoriis Tanaxmad narCeni, anu 

minimaluri Zabvis (Vg) gazomviT SesaZlebelia  

gamoiTvalos efeqturi kveTi ( 0 ), saidanac 

neitraluri minarevuli centrebi axdenen 

eleqtronebis CaWeras. analogiurad garRvevis Zabvis 

gazomviT SeiZleba miRebul iqnes efeqturi kveTis 

mniSvneloba (
−

P ), saidanac erTjer uaryofiTad  

damuxtul minarevul centrebs  SeuZliaT xvrelis 

CaWera. 

daskvna 

 maRalomian nawilobriv kompensirebul 

galiumis fosfidze miRebuli uaryofiTi winaRobis 

Semcveli S-tipis voltamperuli maxasiaTeblis  

mqone struqturebis volt-amperuli da foto-

speqtruli maxasiaTeblis eqsperimentuli kvlevis 

Sedegebi     gviCveneben,     rom      volt-amperuli 
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maxasiaTebeli kargad aRiwereba lampertis   

modeliT. 
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omuri kontaqtebi III-V jgufis 

naxevargamtarebze 

TinaTin laferaSvili, orest kviciani  

 Sesavali 

III_V jgufis naxevargamtarebis bazaze 

Seqmnili teqnikuri  mowyobilobebisadmi (sinaTlis 

gamomsxivebeli diodebi – LED, FfotomimRebebi, 

inJeqciuri lazerebi, eleqtromagnituri signalis 

deteqtorebi da sxva) interesis gazrdam gamoiwvia   

am naxevargamtarebze mcirewinaRobiani omuri 

kontaqtebis miRebasTan dakavSirebuli mecnieruli 

kvlevis gaaqtiureba. liTonisa da naxevargamtaris 

omuri kontaqtis Sesaxeb arsebuli informaciis [1 – 

11] analizi cxadyofs, rom realuri kontaqtebis 

kvlevebis Sedegad miRebul monacemebi zogjer 

ewinaaRmdegeba omuri kontaqtebis Teoriuli 

modelis mixedviT mosalodnel Sedegs. sakiTxs 

arTulebs liTonisa da naxevargamtaris kontaqtze 

mimdinare qimiuri, fizikuri da metalurgiuli 

procesebis mravalferovneba, romelTa gaTvalis-

wineba Teoriuli modelis Seqmnisas ver xerxdeba. 

amis garda, Tanamedrove teqnologiis ganviTarebam  

warmoqmna axali problemebi, kerZod nano- 

teqnologia iyenebs iseT struqturebs, romelTa 

geometruli parametrebi nanometris zomisaa, xolo 

maTi funqcionirebisaTvis aucilebeli omuri 

kontaqtebis realuri zomebi _ gacilebiT didi 

(mikrometri)   da   am   problemis   dasaZlevad   – 
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 nanoteqnologiis aqtiuri elementebisa da maTi  

omuri kontaqtebis zomebis SesabamisobaSi   

mosayvanad mkvlevrebisagan jer kidev  didi 

mecnieruli  samuSaoa Casatarebeli. 

omuri kontaqtis formirebis fizikuri 

safuZvlebi 

liTonisa da naxevargamtaris M(l-n) omuri 

kontaqti aris naxevargamtaruli sqemis an 

mowyobilobis elementi, romelic uzrunvelyofs 

denis gavlas wredSi da ar cvlis aqtiuri 

elementebis muSaobis princips. liTonisa da 

naxevargamtaris kontaqts ewodeba omuri, Tu misi 

voltamperuli  maxasiaTebeli aris wrfivi da is 

simetriulia masze modebuli Zabvis polarobis 

mimarT. amasTan, kontaqtis winaRoba gacilebiT 

naklebi unda iyos naxevargamtaruli 

mowyobilobisGwinaRobaze. 

ganvixiloT kontaqtis formirebis procesi 

liTonisa da naxevargamtaris sazRvarze. nax.1-ze 

mocemulia liTonisa da n _ tipis naxevargamtaris 

energetikuli diagramebi, roca isini erTmaneTisagan 

izolirebuli arian (erTmaneTs ar exebian). 

nebismieri liToni xasiaTdeba liTonidan  

eleqtronis gamosvlis muSaobiT (фm), romelic 

liTonSi fermis doneze myofi eleqtronis vakuumis 

doneze gadasayvanad saWiro energiaa. naxevar-

gamtaris   gamtarobis   zonis  minimumisa  (Ec)   da 



168 
 

savalento zonis maqsimumis (Ev) mdebareoba 

energetikul diagramaze ganisazRvreba 

naxevargamtaris eleqtrouaryofiTobiT (), akrZa-

luli zonis siganiTa (Eg) da naxevargamtarSi 

eleqtronis eleqtrostatikuri energiiT (qфs), sadac 

q eleqtronis muxti, xolo фs naxevargamtaridan 

eleqtronis gamosvlis muSaobaa, romelic 

naxevargamtarSi fermis doneze myofi eleqtronis 

vakuumis doneze gadasayvanad aris saWiro.  

 

nax.1. liTonisa da n _ tipis naxevargamtaris energetikuli 

diagrama 

ganvixiloT l-n kontaqtze mimdinare fizikuri 

procesebi liTonisa da n-tipis naxevargamtaris 

uSualo Sexebisas. am SemTxvevisTvis liTonisa da n-

tipis naxevargamtaris kontaqtis energetikuli 

diagrama naCvenebia me-2 naxazze. 
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.  

nax.2. liTonisa da n - tipis naxevargamtaris kontaqtis 

energetikuli diagrama. 

Tu naxevargamtaridan eleqtronis gamosvlis  

muSaoba (фs) naklebia liTonidan eleqtronis 

gamosvlis muSaobaze (фm), rogorc nax.2_zea 

warmodgenili, naxevargamtaridan liTonSi  

gadasuli eleqtronebis nakadi meti aRmoCndeba         

liTonidan naxevargamtarSi gadasuli eleqtronebis 

nakadze, ris Sedegadac naxevargamtari daimuxteba 

dadebiTad, xolo liToni uaryofiTad. es gamyof 

zedapirze warmoqmnis eleqtrul vels, romelic 

mimarTulia naxevargamtaridan liTonisaken da ar 

uSlis xels eleqtronebis gadasvlas liTonidan 

naxevargamtarSi, xolo naxevargamtaridan gamosuli 

eleqtronebisaTvis ki warmoadgens garkveul 

potencialur bariers. 

Sotkis Teoriis [1-3] Tanaxmad liTonisa da n–

tipis naxevargamtaris gamyof sazRvarze 

formirebuli potencialuri barieris simaRle ( ФB)  

gamoiTvleba formuliT: 
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ФB= фm - 

n-tipis naxevargamtaris SemTxvevaSi, Tu 

фm   

maSin miiReba gammarTveli kontaqti, xolo, Tu  

фm  

miiReba omuri kontaqti.  

mravalricxovani eqsperimentebiT aris 

dadasturebuli, rom liTonisa da III-V jgufis 

naxevargamtaris realuri sistemebis umravle-

sobisaTvis kontaqti gammarTvelia da imis mixedviT, 

Tu rogoria naxevargamtarSi minarevebis kon-

centracia, kontaqtSi gamaval  dens ganapirobebs 

denis gavlis sxvadasxva meqanizmi: 

1)  mciredlegirebuli naxevargamtarebis SemTxvevaSi  

Termoeleqtronuli emisia (nax.3a), 

2) saSualod legirebuli naxevargamtarebisTvis 

Termoveluri emisia (nax.3-b),   

3) Zlierad legirebuli naxevargamtarebisaTvis _ 

veluri emisia (nax.3-g). 

sur.3-ze isic aris naCvenebi, rom 1) SemTxvevaSi 

miiReba gammarTveli kontaqti, xolo 3) SemTxvevaSi  

_ omuri. 
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nax.3. denis gavlis meqanizmi liTonisa da naxevargamtaris 

kontaqtSi. 

omuri kontaqtebis formirebis Sesaxeb 

Teoriidan gamomdinareobs, rom konkretul 

naxevargamtaze omuri kontaqtebis misaRebad saWiroa 

iseTi liTonis SerCeva,'romlis gamosvlis muSaoba 

unda iyos naklebi eleqtronis  gamosvlis   

muSaobaze n-tipis naxevargamtaris SemTxvevaSi da 

meti p-tipis naxevargamtaris SemTxvevaSi. realurad 

am pirobebis damakmayofilebeli kombinacia mcirea  

da  maSinac ki, roca aseTi wyvilebi moiZebneba l-n 

gadasasvlelze formirebuli potencialuri 

barieris simaRle xSirad naklebad aris  

damokidebuli  liTonis  gvarobaze   da  ZiriTadad 
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ganpirobebulia naxevargamtaris zedapirze  

arsebuli zedapiruli mdgomareobebiT. 

omuri kontaqtebis miRebis meTodebi   

naxevargamtarze omur kontaqtTan miaxloe-

buli Tvisebebis mqone kontaqtis misaRebad 

gamoyenebuli liToni unda akmayofilebdes Semdeg 

ZiriTad moTxovnebs: naxevargamtarSi unda zrdides 

denis ZiriTad matarebelTa koncentracias an iyos 

neitraluri, unda iyos urTierTgaxsnadi  naxevar-

gamtarTn, hqondes naxevargamtarTan SedarebiT 

dabali dnobis temperatura an hqmnides 

adviladdnobad evteqtikas, dnobis temperaturaze 

xasiaTdebodes orTqlis  dabali wneviT, hqondes  

maRali siTbo da Eeleqtrogamtarebloba, liTonis 

wrfivi gafarToebis koeficienti axlos unda iyos 

naxevargamtaris wrfivi gafarToebis koeficientTan, 

raTa kontaqtze ar Seiqmnas meqanikuri daZabuloba 

da ar gaCndes bzarebi. meqanikurad mdgradi 

kontaqtis misaRebad saWiroa liTons naxevar-

gamtaris zedapirTan hqondes kargi adgezia da 

naxevargamtaruli xelsawyos muSaobis pirobebSi ar 

unda xdebodes fazuri gardaqmna. 

praqtikaSi omuri kontaqtebis miRebis 

ramdenime farTod gavrcelebuli  meTodi arsebobs. 

maTgan yvelaze popularulia naxevargamtaris 

zedapirze maRallegirebuli n+ da p+-tipis  fenebis 

Seqmna Sesabamisad, n da p-tipis naxevar-

gamtarebisaTvis. roca n+ da  p+- fenaSi  matarebelTa 
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koncentracia imdenad  didia, rom m-n kontaqtze 

maRali potencialuri barieris arsebobis 

SemTxvevaSic ki barieris sigane anu moculobiTi 

muxtis sisqe iseTi mcirea, rom SesaZlebeli xdeba 

masSi matarebelTa qvantur meqanikuri tunelireba, 

maSin barierSi denis svlis meqanizmi  ganisazRvreba 

veluri emisiiT da miiReba kontaqti omuri 

maxasiaTebliT. aseTi didadlegirebuli fena 

SeiZleba Seiqmnas winaswar (liToniT dafarvamde) an 

liTonis (liTonuri Senadnobebis) dafenisa  da misi 

Semdgomi TermodamuSavebis  procesSi. 

meore meTodad SeiZleba CaiTvalos SemTxveva, 

roca kontaqtze potencialuri barieri ar aris  an  

misi simaRle umniSvnelo xdeba. Tu amis miRweva 

liTonis SerCeviT ar xerxdeba, saWiroa 

naxevargamtaris  zedapiruli  fenis  legireba   

iseTi minarevebiT, romlebic eleqtronul 

mdgomareobebs hqmnian naxevargamtaris akrZalul 

zonaSi gamtareblobis zonis fskeris an savalento 

zonis zeda sazRvris  maxloblad,  Sesabamisad n    

da p-tipis naxevargamtarebisaTvis. am SemTxvevaSi 

fermis energiis mibma (pining) xdeba  da es ukanaskneli  

gansazRvravs potencialuri barieris sidides. 

omuri kontaqti miiReba naxevargamtarze 

liTonis dafenisa da Semdgomi TermodamuSavebis 

procesSi naxevargamtaris zdapirze amorfuli an 

Zlier mouwesrigebeli fenis Seqmnis gziT. es fena 

Cndeba   sasazRvro   areSi   (interface)    sakontaqto 
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masalebis Serevis Sedegad maTi kristaluri meseris 

parametrebs Soris  didi sxvaobis arsebobis dros. 

omuri kontaqtis miReba SeiZleba agreTve, 

naxevargamtaris zedapiris mimdebare fenaSi iseTi  

defeqtebis SeqmniT, romlebic warmoadgenen  

rekombinaciul centrebs. Tu maTi simkvrive  sakmaod 

didia, l-n kontaqtSi gamaval denSi    

madominirebeli  xdeba rekombinaciuli  deni da 

aseTi kontaqtis voltamperuli maxasiaTebeli 

omuria. 

naxevargamtarze mcirewinaRobiani dabal-

omiani omuri kontaqtis misaRebad naxevargamtaris  

zedapirze zrdian zedapiris marTobuli 

mimarTulebiT  cvladi akrZaluli zonis mqone (e.w. 

varizonul) naxevargamtars. aseT naxevargamtarSi  

eleqtronis gamosvlis muSaoba koordinatis 

funqciaa. naxevargamtaris zedapirze Seqmnili  

Sualeduri kontaqturi varizonuli masalis 

saTanado SerCeviT SesaZlebeli xdeba l-n   

kontaqtze mkveTri barieris mTlianad moSla an 

Semcireba im donemde, rom eleqtronebis gadasvla 

barierze SesaZlebeli gaxdes Termoeleqtronuli  

emisiis meqanizmiT.  

kontaqturi winaRobis gazomva 

omuri kontaqtis kontaqturi winaRobis 

gasazomad amzadeben specialuri konfiguraciis omur 

kontaqtebs. 
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xSirad iyeneben RerZuli simetriiT 

naxevargamtaris wina da ukana mxares [1] an 

erTidaimave zedapirze [2] damzadebul kontaqtebs,   

es ukanaskneli saWiroebs naxevargamtaris   

zedapirze gamtari firis mezastruqturis Seqmnas   

[3]. naxevargamtarul firfitaze moTavsebuli ori 

omuri kontaqtis Semcveli struqturis mTliani 

winaaRmdegoba SeiZleba warmodgenili iqnas Semdegi 

formuliT [4] 

R=Rc+Rsystem+Rm+Rp 

sadac Rc aris omuri kontaqtis kontaqturi 

winaaRmdegoba, Rsystem -realuri kontaqtis 

konfiguraciiT ganpirobebuli gabnevis winaRoba, Rm-  

kontaqtebs Soris moqceuli masalis mimdevrobiTi 

winaRoba, Rp -zondirebiT gamowveuli winaRoba. 

omuri kontaqtis kontaqturi winaaRmdegobis 

gazomvis umartivesi meTodis mixedviT 

naxevargamtars orive mxares ukeTdeba brtyeli 

planaruli kontaqtebi RerZuli simetriiT. mTliani 

sistemis liToni-naxevargamtari-liToni (l-n-l) 

voltamperuli maxasiaTebel naxevargamtaris kuTri 

winaRoba, t-firfitis sisqea, maSin (l-n-l) sistemis 

saerTo winaRoba gamoiTvleba formuliT: 

R=t/A+2Rc/A, 

Tu aviRebT sxvadasxva sisqis nimuSebs da avagebT  

RA-s     funqcionalur     damokidebulebas    t-sgan  
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SeiZleba grafikulad ganisazRvros -s da Rc-s 

mniSvnelobebi. 

kontaqturi winaRobis  gamosaTvlelad 

yvelaze xSirad iyeneben meTods [1], romelic  

efuZneba l-n-l sistemis gazomil saerTo winaRobis 

kontaqtis farTobisagan damokidebulebis 

gansazRvras. am meTodis originalur versiaSi n/g-is 

ukana zedapirze ukeTdeba erTiani brtyeli omuri 

kontaqti, xolo wina zedapirze sxva da sxva  

diametris kontaqtebi. kontaqturi winaaRmdegoba 

miiReba m-n/g-m sistemis gazomili saerTo 

winaaRmdegobis naxevargamtaruli firis sisqis 

kontaqtis farTobTan damokidebulebis grafikidan, 

Tu naxevargamtaris kuTri winaaRmdegoba cnobilia. 

am meTodis gamoyenebis pirobaa denis Tanabari 

ganawileba mTel kontaqtze. kontaqturi winaRoba 

izomeba brtyel kontaqtsa da mis marTobulad  

Tanabrad daSorebul sxva da sxva farTobis 

kontaqtebs Soris. gazomili winaRgoba gamoisaxeba 

formuliT 

                      R=Rp+(B/2d)+4Rc/ d2 

sadac Rp-zondiT ganpirobebuli winaRobaa, romelic 

ar aris damokidebuli kontaqtis diametrze, meore 

wevri - kontaqtis konfiguraciiT ganpirobebuli 

winaRoba romelic pirdapirproporciulia n/g-is 

kuTri winaRobisa () da icvleba 1/d -  

damokidebulebiT, B  proporciulobis koeficientia  

                                              B=2/ Arctan4/(d/c) 
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[2]-is Tanaxmad  d-s SevarCeva SeiZleba ise (d<t), rom B 

CaiTvalos 1-is tolad. mesame wevris mniSvneloba 

icvleba 1/d2 -is proporciulad da misi saSualebiT 

gamoiTvleba kontaqtis kuTri winaaRmdegoba. Tu 

ukana mxares kontaqtis winaRoba mcirea, mas 

ukuagdeben. am meTodis modifikaciaa keramidas mier 

warmoadgenili meTodi[6], romelic iyenebs [1] 

proceduras, magram winaRobis  gazomva xdeba 

naxevargamtaruli firfitis erT zedapirze 

ganlagebul kontaqtebs Soris. am meTodis  

upiratesoba is aris, rom  saWiroebs metalizaciis 

mxolod erT process da misi gamoyeneba SeiZleba 

Txeli firebis SemTxvevaSi. am versiaSi n/g   

firfitis erTidaimave zedapirze erTmaneTidan S 

manZilze ganlagdeba sxvadasxva  diametris mravali 

wriuli kontaqti. izomeba winaRoba or uaxloes 

kontaqts Soris da aigeba R(S,d) mrudebis ojaxi. S 

kontaqtebs Soris manZilia, d–kontaqtis diametri. 

aigeba R(S) damokidebuleba da xdeba misi 

interpolacia nulze. Tu kontaqtis konfiguraciiT 

ganpirobebuli Rs winaRoba cnobilia, kontaqturi 

winaRoba ganisazRvreba grafikulad 1/d2-ze damo-

kidebulebidan. 

rogorc zemoT avRniSneT, meTodi, romelic 

dafuZnebulia erTganzomilebiani wrfivi  

transmisiis modelze saWiroebs maRalomian 

fuZeSreze gamtari firis mezastruqturis Seqmnas.  

Tu kontaqtis winaRoba gacilebiT didia nimuSis 

moculobiT   winaaRmdegobasTan   SedarebiT,   misi 
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gansazRvra advilia voltamperuli maxasiaTeblidan 

mcire Zabvebis  (U<10mv)  modebisas. Tu kontaqturi 

winaaRmdegoba moculobiTi winaaRmdegobis 

Tanazomadia -- gamoiyneba Soklis meTodi [4],   

romlis Tanaxmad p-tipis fuZeSreze jer daafenen    

n-tipis Txel fenas, Semdeg xdeba viwro safexurebis 

izolireba mowamvliT da daefineba liTonis 

TxeliFfena (sur.1). ori zondi gamoiyeneba denis 

gasatareblad zolis gaswvriv, xolo sxva or  

zondze modebulia Zabva. or wertils Soris Zabvis 

vardnis wertilebs Soris manZilze funqcionaluri 

damokidebuleba iZleva Lp wrfivi gadacemis sigrZes, 

rogorc es naCvenebia sur.1g-ze. kontaqturi 

winaaRmdegoba ganisazRvreba formuliT 

                       Rc=L2 

 -dafenili Txeli naxevargamtaruli  firis kuTri 

winaRobaa, romlis gansazRvra eqsperimentSi 

SeiZleba magaliTad van-der-pos meTodiT. 

kontaqturi winaRobis gazomvis oTxzondiani 

meTodis [1] mixedviT gamosakvlevi struqtura 

warmoadgens usasrulod mcire sisqis  naxevar-

gamtarul zedapirze erTi swori xazis gaswvriv 

ganlagebul oTx identur eqvidistanciur wriul 

kontaqts, romlisTvisac Sesrulebuli unda iyos 

pirobebi d<<S da t<<S.  d-aris kontaqtis diametri' S 

aris manZili kontaqtebs Soris, t - naxevargamtaruli 

fenis sisqea. am meTodis originalur versiaSi [7] (1) 

formulaSi Rs 
da Rp wevrebi ugulebelyofilia da  
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kontaqturi winaaRmdegoba gansazRvrulia 

gantolebiT: 

SRc=R-Rm=U#
bc/Ibd  - Ubc/Iad 

Zabvis vardna Ubc da U*
bc izomeba b da c zondebs  

Soris, roca deni Ibd da Iad gadis b,d da a,d zondebs 

Soris Sesabamisad. es  meTodi  xSirad  gamoiyeneba  

Txelfirovani struqturebis SemTxvevaSi da  

gadamuSavebuli iyo rigi avtorebis mier [1,8,9]. [1]-is 

mixedviT 

Rc=R-Rm-Rsystem=U*
bc/Ibd-Ubc/IadF1-RsF2 

sadac 

F1=ln(4S/A}/2in2 

F2=Ym/22m(m!)2/Ym/m+1(m!)22m_1 

Y=pd2/4RcAw 

aq A-kontaqtis farTobia, R-gazomili winaRobaa,GG-

kontaqtebs Soris moqceuli naxevargamtaris kuTri 

winaRoba, Rs aris gabnevis winaRoba.  F1  aris faqtori, 

romelic ganpirobebulia potencialis gadana-

wilebiT zedapirul fenaSi, F2 aris korelaciis 

faqtori Rs winaamdegobisaTvis. iTvleba, rom   

zondiT ganpirobebuli winaaRmdegoba umniSvneloa. 

unda avRniSnoT, rom 10-5omsm2-ze naklebi 

winaRobis  gasazomad yvela eqsperimentuli meTodi 

arazustia, radgan liTonis kuTri winaRoba 

praqtikulad amave ganzomilebisaa. 
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praqtikuli  omuri kontaqtebi 

 A3B5 jgufis naxevargamtarebze (GaAs, GaP) omuri 

kontaqtis misaRebad xSirad  gamoiyeneba liTonuri 

narevi, romelic Seicavs 88% oqros, 12% germaniums 

da 5 woniT procent nikels [1]. mraval 

naxevargamtarze omuri kontaqtis miReba  SeiZleba, 

agreTve, indiumis GgamoyenebiTac [2]. winamdebare 

SromaSi aRwerilia galiumis fosfidze  In, In(Te2%), 

In(Zn10%) da In(Ga) metalurgiuli narevebis 

gamoyenebiT omuri kontaqtebis damzadebis teqno-

logia da warmodgenilia kontaqturi winaRobis  

gamoTvlis Sedegebi. Seswavlilia liTonisa da 

naxevargamtaris kontaqtSi denis gavlis   

meqanizmebis cvla TermodamuSavebis reJimis 

cvlilebis Sedegad. sakontaqto masalad 

eqsperimentSi gamoyenebuli iyo n-tipis specialurad 

aralegirebuli galiumis fosfidis mono-

kristaluri firfitebi (111) kristaluri 

orientaciiTa da 5.1016 sm-3 koncentraciiT.  

firfitebis sawyisi sisqe 250-300 mk iyo. firfitebs 

vWridiT 5x5 mm2 zomis nawilebad, meqanikurad 

vSlifavdiT M3 da M7 mikrofxvnilebis gamoyenebiT, 

vaprialebdiT AM-1 emulsiiT, vrecxavdiT 

diqloreTanSi da acetonSi ramdenjerme 

wamoduRebiT. Semdeg vwamlavdiT samefo wyalSi, 

vrecxavdiT distilirebul wyalSi da vaSrobdiT 

filtris qaRaldiT. nimuSis sisqes vzomavdiT 

mikrometris saSualebiT an Txeli firfitebisaTvis 

MUU-4 mikroskopis gamoyenebiT. amis Semdeg zedapirs 
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vasufTavebdiT spirtiT da vukeTebdiT 4-6 mcire 

zomis wertilovan kontaqts gansakuTrebulad  

sufTa indiumis SednobiT gasufTavebuli wyalbadis 

atmosferoSi 6000C-ze 3-5 wuTis ganmavlobaSi. 

Kdamzadebuli kontaqtebis omurobas vamowmebdoT 

oscilografze. Tu voltamperuli maxasiaTebeli  

iyo wrfivi da simetriuli, kontaqtebi omuri iyo da 

vaxdendiT gazomvebs van der pos danadgarze  da 

viTvlidiT naxevargamtaruli masalis parametrebs 

(kuTri  winaaRmdegoba, koncentracia da  Zvradoba)   

G   sakontaqto masalad  gamoyenebuli iyo 

gansakuTrebiT sufTa liTonebi: indiumi, TuTia da 

teluri. MliTonuri Senadnobebi damzadebuli iyo 

daxurul ampulaSi 10-4-10-5 pa vakuumis pirobebSi,   

800-8500C temperaturaze erTi saaTis ganmavlobaSi 

TermodamuSavebis Sedegad. naxevargamtarul nimuSs 

erTi mxridan  vukeTebdiT brtyel kontaqts, xolo 

meore zedapirze standartuli saWreliT moWril   

!,2-1,3 sm diametris mqone  wriul kontaqts. liTonis 

kontaqtis SelRoba naxevargamtarTan xdeboda 

grafitis kasetaSi, gawmendili azotis atmosferoSi 

5 wuTis ganmavlobaSi. kontaqtebs erCileboda 

nikelis mavTuli.  vrecxavdiT  ganzavebul 

marilmJavaSi,  Semdeg distilirebul  wyalSi. 

   struqturis voltamperul maxasiaTebels 

vzomavdiT mudmivi denis pirobebSi, oTaxis 

temperaturaze.  voltamperuli maxasiaTeblis 

tipiuri grafiki mocemulia sur.4-ze. saidanac Cans, 

rom     miRebuli     kontaqtebi     aris     omuri.   



182 
 

voltamperuli maxasiaTeblidan ganisazRvreba 

sistemis kontaqti-naxevargamtari-kontaqti saerTo 

winaarmdegoba Rt, xolo omuri kontaqtis kontaqturi 

winaaRmdegoba Rc gamoiTvleba rogorc  

naxevarsxvaoba gazomil Rt winaaRmdegobasa da 

kontaqtebs Soris moqceul masalis Rs 

winaaRmdegobas Soris formuliT 

                  Rc=1/2(Rt – Rs) 

sadac Rs = d/S, S aris kontaqtis farTobi,  

naxevargamtaris kuTri winaaRmdegoba, d 

naxevargamtaruli firfitis sisqea. kontaqtis  

winaRoba  daiyvaneba farTobis erTeulze. aRmoCnda, 

rom kontaqturi winaRoba =0.2 om/sm kuTri 

winaaRobis mqone galiumis fosfidze In(Te2%) 

Senadnobis gamoyeneba iZleva  3,2 10-4 omsm2 kontaqtur 

winaRobas da In(Zn10%)-isa 3.210-3 omsm2-s. gamoTvlis 

Sedegebma gviCvena, rom zomierad legirebuli 

naxevargamtarebisaTvis kontaqturi winaRoba 

mniSvnelovnad ar aris damokidebuli sakontaqto 

liTonSi damatebuli minarevis gvarobaze. 

GaAs-ze indiumis mcirewinaRobiani omuri 

kontaqtis miRebis optimaluri reJimis SerCeva 

naxevargamtarebze indiumis mcirewinaRobiani 

omuri kontaqtis damzadebis optimaluri reJimis 

SesarCevad vswavlobdiT  denis svlis meqanizmisa   

da kontaqturi winaaRmdegobis cvlis damoki-

debulebas TermodamuSavebis temperaturaze  da 

droze. naxevargamtaris erT mxares jer ukeTdeboda  
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sufTa indiumis ramdenime wertilovani omuri 

kontaqti zemoT aRwerili teqnologiiT, erT-erT 

kontaqtze mierCileboda mavTuli, amis Semdeg  

kontaqtiani zedapiri mavTuliT ifarebida qimiurad 

mdgradi laqiT da meore zedapirze  eleqtro-

qimiurad  vafendiT  sufTa indiums, Semdeg  laqs 

vaclidiT, nimuSebs  vamtvrevdiT 1-2 mm2 farTobis  

nawilebad da vaxdendiT erTjerad Termo- 

damuSavebas azotis atmosferoSi sxvadasxva 

temperatutaze 10 wuTis  ganmavlobaSi. 

volt-amperuli maxasiaTebeli izomeboda 

stacionarul reJimSi aRmoCnda, rom 2500-3000C-mde 

TermodamuSavebisas In/GaP kontaqti rCeba barieruli 

da denis svlis meqanizmi ZiriTadad ganisazRvreba 

Termoeleqtronuli emisiiT. TermodamuSavebis 

tempereturis TandaTan gazrdisas barieri mcirdeba, 

kontaqturi winaaRmdegoba mcirdeba da 4500C-ze 

TermodamuSavebisas kontaqti xdeba omuri. Aam 

movlenas Cven imiT vxsniT, rom evteqtikis 

temperaturaze ufro dabal temperaturazec 

naxevargamtarsa da metals Soris mimdinareobs 

myarfazovani reaqcia, ris Sedegadac SesaZlebelia 

cvladi Semadgenlobis saSualedo fenis warmoqmna. 

SeiZleba struqturis romelime gadasasvlelze an 

oriveze arsebobdes  potencialuri barieri. magram 

igi imdenad dabali xdeba, rom oTaxis   

temperaturaze ionizirebuli muxtebisaTvis advili 

gadasalaxia. amiT SeiZleba aixsnas is faqti, rom  

indiumi karg omur kontaqts iZleva rogorc n aseve 
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p tipis masalaze. roca sufTa In-is nacvlad  GaP-s 

zedapirze  davafineT  In-isa da Ga-is myari xsnari, 

rac advili mosaxerxebelia Cvens mier damuSavebuli 

teqnologiis gamoyenebiT, aRmoCnda, rom omuri 

kontaqtis miReba SeiZleba  350-4000C-ze. Ga–is 

damateba albaT amcirebs masalis xsnadobis 

temperaturas da igive reaqcia iwyeba ufro dabal 

temperaturaze. is faqti, rom GaP-s zedapirze 

mimdinareobs myarfazovani reaqcia, Cvens mier 

naCvenebi iqna adre aseTi struqturebis 

voltamperuli, volttevaduri [5] da speqtraluri 

maxasiaTeblebis [6] Seswavlis safuZvelze. 

aRwerilia III-V jgufis naxevargamtarebze 

(GaAs, GaP, InP) omuri kontaqtebis misaRebad saWiro 

teqnologiuri danadgari da omuri kontaqtis 

kontaqturi winaRobis gazomvis meTodika. 

eqsperimentuli gamokvlevebis mixedviT, III_V 

jgufis iseTi naxevargamtarebisaTvis, rogoricaa 

GaAs, GaP, InP, dabali potencialuri barieris miReba 

liTonis SerCeviT ver xerxdeba. dabali da saSualo 

koncentraciiT (n<1017-1018 sm-3) legirebul 

naxevargamtarebSi muxtis ZiriTad matarebelTa 

maRali koncentraciis misaRebad axdenen kontaqtis 

mimdebare naxvargamtaruli fenis saTanado 

minarevebiT (donorebiT an aqceptorebiT) legirebas 

imdenad maRal koncentraciamde, rom sakmaod 

daviwrovebul potencialur barierSi SesaZlebeli 

gaxdes eleqtruli muxtis gadamtanebis kvantur-

meqanikuri  gvirabuli  gasvla  anu  moxdes  muxtis 
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gadamtanebis (eleqtronebis an xvrelebis) veluri 

emisia. velur emisiis movlenaze dafuZnebuli omuri 

kontaqtis gvirabuli modelis [6,8,12] mixedviT, 

kontaqtze arsebobs sakmaod maRali potencialuri 

barieri, magram igi gamWvirvalea muxtis matarebelTa 

gvirabuli gasvlisaTvis (tunelire-            

bisaTvis). yovelive zemoT Tqmulidan gamo-

mdinareobs, rom praqtikaSi saSualo da dbali  

koncentraciiT legirebul (n) naxevargamtarebze 

omuri kontaqtis misaRebad saWiroa sakontaqto 

masalad iseTi minarevebis Semcveli liTonuri 

Senadnobis (m) gamoyeneba, romelic naxevargamtaris 

zedapiris gadagvarebamde (n+) legirebis 

SesaZleblobas iZleva. am SemTxvevaSi kontaqtis 

omuroba aixsneba imiT, rom magaliTad n/n+/m 

struqturaSi n/n+ gadasasvlelze barieri ar aris, 

xolo n+/m gadasasvlelze barieri gamWvirvalea 

matarebelTa tunelirebisaTvis. 

omuri kontaqtis ZiriTadi maxasiaTebeli 

parametria misi kuTri winaaRoba Rc, romelsac 

kontaqtur winaRobasac uwodeben da ase gamoisaxeba: 

( ) 0

1

=

−

= Vc dV
dIR  

sadac V _ kontaqtze modebuli Zabvaa, I _ masSi 

gamavali deni. 

kontaqtSi denis gavlis meqanizmis zemoT 

CamoTvlili     Teoriuli     modelebis      (nax.3)  
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gaTvaliswinebiT gamoTvlili kontaqturi   

winaRobis mniSvnelobas Termoeleqtronuli           

emisiisaTvis ZiriTadad gansazRvravs 

eqsponencialuri mamravli exp(ФB/kT), Termoveluri  

emisiisaTvis _  exp(ФB/E00cothE00/kT), xolo  veluri 

emisiisaTvis  _  exp(ФB/E00) [8]. aq ФB potencialuri 

barieris simaRlea, k _ bolcmanis mudmiva, T _ 

temperatura,  E00 
_ sidides ewodeba gvirabuli  

gavlis parametri da misi mniSvneloba  moicema  

formuliT: 

*00

2

sm

Nqh
E

d


=  

sadac q – eleqtronis muxtia, Nd - daionzebuli 

muxtis  koncentracia, m -_ naxevargamtarSi muxtis 

ZiriTadi matareblebis efeqturi masa, εs -

naxevargamtaris dieleqtrikuli SeRwevadoba, h  _ 

plankis mudmiva. E00 kontaqtis maxasiaTebeli 

mniSvnelovani  parametria da tolia liTonisa da 

naxevargamtaris kontaqtze Seqmnili difuzuri 

potencialis im mniSvnelobisa, romelzec 

naxevargamtarSi moculobiTi muxtis kideze myofi   

da gamtarobis zonis minimumis Sesabamisi energiis 

mqone eleqtronis  gvirabuli gasvlis albaToba  

aris e-1 (e neperis ricxvia). E00-is saSualebiT 

SesaZlebelia winaswari gansazRvra imisa kontaqti 

omuri iqneba, Tu gammarTveli. kerZod, Tu kTE00, 

denis svlis meqanizmSi dominirebs 

Termoeleqtronuli   emisiis   procesi   da  miiReba 
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gammarTveli kontaqti Sotkis barieriT. Tu kT<E00 ,  

gvaqvs  veluri gamtaroba da miiReba omuri kontaqti, 

kTE00  ki Sualeduri SemTxvevaa. 

praqtikaSi galiumis arsenidze omuri 

kontaqtebis misaRebad yvelaze xSirad iyeneben 

metalurgiul evteqtikas, romelic Seicavs 88% Au, 

12% Ge da emateba 5 woniTi procenti Ni. 400-500 0C-ze 

30 wamis ganmavlobaSi Sednobis Sedegad miRebuli 

iyo omuri kontaqti, romlis kontaqturi winaRoba 

naklebia 10-6omsm2_ze. omuri kontaqtis formirebis 

meqanizms ase xsnian: pirvel etapze 3000C - ze Ge  

swrafad difundirebs sakontaqto areSi, Au aris 

gamxsneli GaAs-saTvis. GaAs iSleba – Au+GaAs = 

AuGa+As; Ni+As → NiAs. 4000C-ze mimdinareobs Ga-is 

autdifuzia oqroSi, Ga ikavebs Au-is vakantur 

adgils da am SemTxvevaSi moqmedebs rogorc   

donori. am modelis farglebSi Catarebuli 

Teoriuli gamoTvlebis [12] Tanaxmad, 10-5omsm2 _ ze 

naklebi kontaqturi winaRobis misaRebad saWiroa 

maRallegirebul fenaSi donorebis  koncentracia 

iyos aranaklebi 5.1019sm-3_sa, Tumca eqsperimentulad 

damtkicda, rom AuGe_is an AuGeNi_is liTonuri  

Senadnobebis epitaqsiuri gazrdac ki ar iZleva GaAs-

is zedapiris germaniumis (1-4)·1018sm-3–ze meti 

koncentraciiT legirebis saSualebas. praqtikulad 

ki miRebuli iyo 5.10-7<Rc<5.10-6 omsm2 kontaqturi 

winaRobis mqone omuri kontaqti Ge-iT legirebul 

10·1017sm-3 koncentraciis GaAs-ze. es Seusabamoba 

TeoriasTan   saeWvod   xdis   zemoTaRwerili  da 
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literaturaSi kargad damkvidrebuli omuri 

kontaqtis formirebis Teoriuli modelis 

samarTlianobas aseT SemTxvevebSi. am   

winaaRmdegobis mosaxsnelad Seqmnili iyo omuri 

kontaqtis varizonuli modeli [14,12], romlis 

mixedviT omuri kontaqtis In/GaAs  formireba SeiZleba 

aixsnas imiT, rom GaAs-is zedapirze               

indiumis dafenisa da misi Semdgomi  

TermodamuSavebis Sedegad liTonsa da  

naevargamtars Soris izrdeba     Ga1-xInxAs-is (0<X<1) 

varizonuli fena, heterostruqtura InAs/Ga1-

xInxAs/GaAs bariers ar Seicavs, xolo InAs-is 

zedapirze nebismieri liTonis da maT Soris  

indiumis dafenisas miiReba omuri kontaqti. Cven 

CavatareT eqsperimentuli kvleva  am debulebis 

samarTlianobis dasadgenad. amJamad arsebobs 

naxevargamtarebze metalebis dafenis sxvadasxva  

meTodi: Termuli, kaToduri  da ionuri dafrqveva, 

metalis dafena gazuri fazidan, molekuluri 

epitaqsia, qimiuri  da eleqtroqimiuri dafena. 

Cveulebriv, metalis  dafena xdeba naxevargamtaris  

winaswar damuSavebul zedapirze. zedapiris 

damuSavebaSi igulisxmeba moSlifva, gaprialeba, 

qimiuri, eleqtroqimiuri da gazuri  mowamvla da 

sxva. aseTi damuSavebis Sedegad naxevargamtaris 

zedapiri ifareba rTuli Semadgenlois Jangis   

feniT, romlis sisqe GaAs-saTvis 10-60 A0-ia. 

ZiriTadi monacemebi im metalebis Sesaxeb, 

romlebic   gamoiyeneba   GaAs-ze  omuri kontaqtebis 
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misaRebad da kontaqtis miRebis reJimebis Sesaxeb 

informaciis analizidan Cans, rom GaAs-ze 

sakontaqtid ZiiTadad gamoiyeneba Semdegi metalebi 

In, Pt,  Au, Sn, Ag da metaluri Senadnobebi AuNi, AuNiGe, 

AuGe, InNi, InNiGe. eqsperimentebma aCvenes, rom  

CamoTvlil liTonTa didi umravlesoba 3500C-ze 

maRal temperaturaze TermodamuSavebis Sedegad 

iZleva intermetalur naerTebs. amis Tavidan 

asacileblad jer afenen paladiums da Semdeg 

liTonis erT an ramdenime  fenebs. 

rogorc cnobilia, arsebobs naxevargamtarze 

liTonebis dafenis sxvadasxva meTodi: qimiuri, 

eleqtroqimiuri, vakuumuri, lazeruli, magne-

tronuli, molekulur_sxivuri epitaqsia da sxv. 

GaAs_ze indiumis dasafenad Cven avirCieT 

eleqtroqimiuri meTodi ara marto siiafis gamo 

(Zvirfasi liTonebis danaxarji mcirea, ar   

saWiroebs  maRali vakuumis Sesaqmnelad saWiro 

Zvirad Rirebul danadgarebsa da  denis xarjebs), 

aramed imitomac, rom es sakmaod faqizi da 

Sromatevadi meTodi naxevargamtarze liTonis 

metalis fenebis bunebriv zrdaze (uSualod zrdis 

procesSi) Tundac fotografirebiT dakvirvebis 

saSualebas iZleva. 

naxevargamtarebze omuri kontaqtebis  dasa-

mzadeblad gamoviyeneT danadgari, romlis sqema 

mocemulia me_4 nax–ze.  yvela kvarcis milisebr 

qilebze (1–6) Semoxveulia eleqtroRumeli; 1, 2 – Si 

moTavsebulia     mopaladiumirebuli     alumageli, 
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romelic xels uwyobs airSi arsebuli Jangbadis 

wylis orTqlad gardaqmnas da Txevadazotian  

TermosSi Cadgmuli specialuri minisagan 

damzadebul WurWelSi (7, 8)  kondensirdeba.  

teqnologiuri procesis damTavrebis Semdeg 

SesaZlebelia iqidan wylis gadmosxma; 3, 4–Si sufTa, 

gamomSrali alumagelia, xolo 5, 6–Si silikogeli. 

epitaqsiis Catareba SeiZleba eleqtroRumelSi 

Cadgmul kvarcis reaqtorSi moTavsebul grafitis 

kasetaSi, Sigve magrdeba temperaturis gasazomi 

Termowyvili. 

nimuSebi gamosawvavad Caiwyoba kvarcis an 

grafitis kasetaSi da Tavsdeba kvarcis reaqtorSi, 

romelSic gadis Jangbadisagan gawmendili airovani 

azoti. eqsperimentulad dadasturda, rom galiumis 

arsenidze (GaAs) omuri kontaqtis misaRebad saWiroa 

indiumis SelRoba 500 0C _ze 3_5 wT_is ganmavlobaSi.  

omuri kontaqtis formirebis meqanizmis Sesaswavlad 

omur kontaqtze mierCileba mavTuli (denis 

misayvanad), Semdeg  naxevargamtaris zedapiri (omuri 

kontaqtiT) da masTan mibmuli mavTuli daifareba 

qimiurad mdgradi laqiT da  SiSvel zedapirze 

indiumi efineba eleqtroqimiurad. 

eqsperimentuli Sedegebis analizma gviCvena, 

rom zomierad legirebuli naxevargamtarebisaTvis 

kontaqturi winaaRmdegoba mniSvnelovnad ar aris 

damokidebuli sakontaqto metalSi damatebuli 

minarevis gvarobaze, amitom eqsperimentis Semdgom 

etapze       galiumis     fosfidis       zedapirze 
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eleqtroqimiuri meTodiT vafendi sufTa indiums da 

vswavlobdi  denis svlis meqanizmisa da kontaqturi 

winaaRmdegobis cvlis damokidebulebas Termo-

damuSavebis temperaturaze  da droze. 

aRmoCnda, rom 2500-3000C-mde Termo-

damuSavebisas In/GaP kontaqti rCeba barieruli da 

denis svlis meqanizmi ZiriTadad ganisazRvreba 

Termoeleqtronuli emisiiT. TermodamuSavebis 

temperaturis TandaTan gazrdisas barieri mcirdeba, 

kontaqturi winaaRmdegoba mcirdeba da 450-5000C-ze 

TermodamuSavebisas kontaqti xdeba omuri. Aam 

movlenas Cven imiT vxsniT, rom evteqtikis 

temperaturaze ufro dabal temperaturazec 

naxevargamtarsa da metals Soris mimdinareobs 

myarfazovani reaqcia, ris Sedegadac SesaZlebelia 

cvladi Semadgenlobis saSualedo fenis warmoqmna. 

SeiZleba struqturis romelime gadasasvlelze an 

oriveze arsebobdes potencialuri barieri, magram 

igi imdenad dabali xdeba, rom oTaxis   

temperaturaze ionizirebuli muxtebisaTvis advili 

gadasalaxia. amiT SeiZleba aixsnas is faqti, rom  

indiumi karg omur kontaqts iZleva rogorc n aseve  

p tipis masalaze. roca sufTa In-is nacvlad          

zedapirze  davafine  In-isa da Ga-is myari xsnari rac 

advili mosaxerxebelia Cvens mier damuSavebuli 

teqnologiis gamoyenebiT, aRmoCnda, rom omuri 

kontaqtis miReba SeiZleba  350-4000C-ze. Ga–is 

damateba albaT amcirebs masalis xsnadobis 

temperaturas  da   igive reaqcia iwyeba ufro dabal 
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temperaturaze. is faqti, rom GaP-s zedapirze 

mimdinareobs myarfazovani reaqcia, Cvens mier 

naCvenebi iqna adre aseTi struqturebis 

voltamperuli, volttevaduri [5] da speqtraluri 

maxasiaTeblebis [6] Seswavlis safuZvelze. 
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samedicino daniSnulebis magnituri 

nanosiTxeebis sinTezi 

S. kekutia, v. miqelaSvili, j. marxulia, l. sanebliZe,  
m. WavWaniZe 

bolo aTwleulebSi nanoteqnologiebis 

SeswavlaSi miRweulma warmatebebma dasabami misca 

axal mimarTulebas – nanokompozituri masalebis 

kvlevas. es ukanaskneli warmoadgens Txevad an 

polimerul garemoSi Sewonil magnituri an 

aramagnituri nanonawilakebis sistemebs.  

nanokompoziturma nivTierebam (an nanonawilakebis 

suspenziam) kvlav miipyro sayovelTao yuradReba da 

dResac inarCunebs aqtualobas [1]. nanomasalebis 

ganviTareba xels uwyobs mecnierebaSi ara mxolod  

axali movlenisa da axali Teoriis kvlevis 

stimulirebas, aramed savaraudod industriul 

revoluciasac. 

 

sur. 1. magnituri nanosiTxe magnitis zemoqmedebis qveS 

nanostruqturebi, romlebic Seqmnilia mcire, 

zRvruli zomis araorganuli myari sxeulebisagan 

TavianTi zomisa da dakvantvis maCveneblebis gamo 

SesamCnevad  gansxvavdeba  Cveulebrivi   kristaluri 
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mdgomareobebisagan eleqtruli da optikuri 

TvisebebiT. nanokompozitebi poulobs farTo 

gamoyenebas inJineriisa da medicinis TiTqmis yvela 

sferoSi, kerZod, nanosiTxe SeiZleba gamoyenebuli 

iqnas  mrewvelobis mraval sferoSi, dawyebuli 

transportis saSualebebidan, damTavrebuli energiis 

warmoebiT da moqnili eleqtronikiT [2]. 

magnituri siTxeebi warmoadgens wvril-

dispersuli magnituri nanonawilakebis  koloidur 

xsnarebs da Cveulebrivad aramdgrad 

magnetoreologiur siTxeebs, romlebic Sedgeba 

ufro didi zomis magnituri nawilakebisagan (sur.1) 

[3]. gadamtani siTxe SeiZleba iyos polaruli an 

arapolaruli. magnituri nanonawilakebis sinTezi 

iyofa or mimarTulebad: fizikuri da qimiuri 

procesi. zogierTi masalebi romlebic  

nanosiTxeebSi gamoiyeneba, aris oqsiduri Al2O3, CuO, 

Fe2O3, Fe3O4, nitriduli AlN, SiN, karbiduli – SiC, TiC, 

metaluri – Ag,  Au, Cu, Fe,  naxevargamtaruli – TiO2 

masalebi;  erT, or da mravalgarsiani naxSirbadis 

nanomilakebi da kompozituri masalebi, rogoricaa 

nanonawilaki birTvi – polimeri garsi kompozitebi. 

1960 wlidan dawyebuli, rodesac pirvelad iqna 

sinTezirebuli es nivTierebebi, maTi teqnologiur - 

samedicino gamoyenebis sfero mudmivad ganicdis 

gafarToebas. orfazian Txevadi koloidebSi, 

romelic Seicavs farTo speqtris Cveulebriv, 

aramagnitur siTxeebSi (gadamtanebSi) Setivtivebul 

fero   an   feri   nanonawilakebs,     stabiluroba 



196 
 

ganpirobebulia im faqtiT, rom es ufro mkrivi 

nanostruqturuli nivTierebebi ganicdis brounis 

moZraobas (sur.2). 

 

sur. 2. magnituri siTxeebis agebulebis principuli sqema. 

magnituri nawilakebi dafarulia surfaqtantiT. suraTi 

Seesabameba nawilakebis damagnitebulobis erTdomenian 

mdgomareobas (aRniSnulia isrebiT). 

medicinaSi didi imedis momcem gamoyenebad 

zogadad ganixileba samkurnalo saSualebebis 

miznobrivi miwodeba, hiperTermia, ujredebis 

gancalkeveba da kontrastuli damzera. 

magnituri siTxeebi unda iyos SeTavsebadi  

biologiur garemosTan. aseTi sistemebi 

dafuZnebulia biologiurad aqtiuri molekulebiT 

Semogarsul magnitur nawilakebze. amgvarad, 

nawilakebi dakavSirebulia biologiuri 

polieleqtrolitis molekulebTan, romelic   

Seicavs or an met polifunqcionalur qimiur   

jgufs, romelic pasuxismgebelia molekulis rTuli 
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zedapirul kavSirsa da Seqmnili ormagi eleqtruli 

fenis stabilizaciaze. 

maRali adsorbciuli Tvisebebis Serwyma 

detoqsikaciur da imunomastimulirebel 

SesaZleblobebTan saSualebas mogvcems es masala 

gamoviyenoT klinikaSi Cirqovan-anTebiTi 

daavadebebis samkurnalod. magnituri siTxeebis 

upiratesoba antibiotikebTan SedarebiT imaSi 

mdgomareobs, rom isini ar iZleva rezistentuli 

baqteriuli formebis Seqmnis SesaZleblobas, 

radganac nawilakebis ujredebTan Sewebeba mxolod 

fizikuri bunebisaa,Mmag., Hib-meningitis  

mkurnalobisas mTavar  problemas warmoadgens  

mikrobis mzardi winaaRmdegoba antibiotikebis 

mimarT. 

winamdebare samuSao aris erTgvari   

gagrZeleba im saqmianobisa,  romlis drosac 

vladimer WavWaniZis saxelobis kibernetikis 

institutis soxumis samedicino kibernetikis 

laboratoriaSi mravali wlis manZilze prof. m. 

axalaias xelmZRvanelobiT muSavdeboda gonieri 

masalebis axali klasis – magnituri siTxeebis (ms) 

miRebis teqnologia [4]. maRali adsorbciuli 

Tvisebebis, detoqsikaciuri da 

imunomastimulirebeli SesaZleblobebis Sexameba 

iZleva maTi warmatebuli gamoyenebis saSualebas 

klinikaSi, rac damtkicda afxazeTis omSi. 

sinTezis fizikuri meTodebi moicavs 

meqanikuri   daqucmacebis    da   inertuli    airis 
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kondensaciis teqnikas, mogvianebiT ganviTarda 

qimiuri meTodebi, rogorebicaa qimiuri daleqvis, 

qimiuri aorTqlebiT dafenis, mikro-emulsiebi, sprei 

pirolizi, da Termuli gafrqveva. agreTve 

sonoqimiuri meTodi ganviTarda suspenziis 

Sesaqmnelad, sadac rkinis nanonawilakebi 

stabilizdeba oleinis mJaviT [5]. 

yovelive amis bazaze da Tanamedrove 

literaturuli analizisa da miRwevebis 

gaTvaliswinebiT kibernetikis institutSi momzadda 

magnituri nanosiTxeebis miRebis Tanamedrove 

teqnologia – qimiuri daleqvis meTodi, romelic 

sayovelTao TvasazrisiT iZleva wvrildispersiuli 

nanonawilakebis ufro mcire zomebs  da gamoirCeva 

SedarebiT maRali stabilizaciiT matarebel 

siTxeSi. 

magnituri nanonawilakebis biologiuri 

gamoyeneba ZiriTadad fokusirebulia simsivnis 

ujredebis gamokvlevaze. Fe3O4 nanonawilakebi, 

romlebic antibiotikebiTaa dafaruli moiazreba, 

rogorc magniturad kontrolirebadi farmacevtuli 

agentebi baqteriebiT dazianebuli qsovilebisa da 

organoebis aRsadgenad an samkurnalod. amasTan, 

rkinis oqsidebi, rogoricaa magnetiti (Fe3O4), aris 

erT-erTi stabiluri oqsidaciis kuTxiT da 

amJRavnebs mniSvnelovan damagnitebulobas. agreTve 

igi gamoirCeva naklebi toqsiurobiT, rac misi 

gamoyenebis areals afarToebs [6]. 
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eqsperimentaluri nawili. magnetitis 

nanonawilakebis sinTezisaTvis erT-erTi efeqturi 

meTodia qimiuri daleqvis meTodi. eqsperimentSi 

gamoiyeneba rkinis samvalentiani  da orvalentiani  

marilebis wyalxsnarebi, gamxsnel garemos 

warmoadgenda natriumis hidroqsidi ( NaOH ). 

distilizebuli deionizeburi wyali (dw), romelic 

gamoyenebulia mTeli eqsperimentis ganmavlobaSi 

xsnaris mosamzadeblad. eqsperimentSi gamoyenebamde 

gaizoma misi gamtarebloba romelic Seadgenda 15 mg 

omi / sm da mets. reaqciis Sedegad tute garemoSi      

O4H6NaClSONaOFe8NaOH2FeClFeSO 2424334 +++=++       (1)                 

xsnari gadaiqceva Savi feris suspenziad, rac 

metyvelebs magnetitis formirebaze.  

 

sur. 3 magnituri nanosiTxis formireba qimiuri daleqvis 

Sedegad 

atmosferul pirobebSi mTliani eqsperimentuli 

nawilis blok-sqema mocemulia nax 1 –ze. samedicino 

gamoyenebis kuTxiT sinTezi moicavs Semdeg etapebs: 
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wvrildispersiuli nano-nawilakebis warmoeba 

gadamtan siTxeSi, maTi stabilizacia, medikamenturi 

saSualebebiT maTi datvirTva. 

kristalizaciis centrebis formireba da 

Semdgomi zrda mimdinareobs Serevis meSveobiT. 

sawyis etapze, reaqciis Semdgom unda moxdes xsnaris 

kargad moreva 1 sT ganmavlobaSi. amis            

Semdgom kolbis fskerze garedan movaTavsebT 

magnits. ramdenime xanSi advilad SegviZlia 

davinaxoT ori fazis gamoyofa (sur..3). 

mas Semdeg rac magnetitis nawilakebi magnitis 

gavleniT miekvreba kolbis fskers, frTxilad unda 

gadavRvaroT xsnaris  2/3  magnitis mouSoreblad da 

kidev davamatoT distilirebuli wyali. kargad 

SevanjRrioT da davdoT magnitze. operacia  

meordeba manam , sanam pH ar miaRwevs mniSvnelobas  

7.5 - 8.5. eTanolis meSveobiT xsnaris garecxva  

saWiroa wylis Semadgeneli nawilebis  

mosaSoreblad, amisaTvis eTanolSereuli xsnari 5 

wuTis ganmavlobaSi unda SevaTboT, raTa eTanoli 

aorTqldes. amis Semdgom xdeba ferofazis 

stabilizeba, romelsac Tan axlavs van der   

vaalsisa da magnituri dipol-dipol 

urTierTqmedebiT gamowveuli agregaciis dablokva 

barieris warmoqmnis Sedegad. nawilaki 

SeiZlebaDdacul iqnas zedapirulad aqtiuri 

nivTierebiT (surfaqtantebiT), eleqtruli ormagi 

feniT an bioTavsebadi nivTierebiT da bolo xanebSi 

dadgenili   H -kavSierebiT.   Surfaqtantebi   aris 



201 
 

molekulebi, romlebic Sedgeba ori kargad 

gamokveTili nawilisagan: pirveli aris zeTSi   

xsnadi (hidrofoburi) da meore – wyalSi xsnadi 

(hidrofiluri). hidrofoburi nawili   

arapolarulia da Cveulebrivad moicavs alifatur 

an naxSirwyalbadovan naSTs (radikals). 

hidrofiluri nawili  polarulia da Cveulebrivad 

moicavs polarul jgufebs, romlebic aqtiurad 

urTierTqmedebs  wyalTan (kerZod, hidroqsilis, 

karboqsilis da ionuri jgufebi). amgvarad, feritis 

nawilakebis stabilizaciisTvis arapolarul areSi 

saWiroa ubralo surfaqtacia; hidrofiluri nawili 

adsorbirdeba aqtiuri nawilakis zedapirze da 

amitom hidrofoburi nawili xdeba SeTavsebadi 

gamxsnelTan. wylis msgavs polarul areSi,    

garegani hidrofiluri fenis warmosaqmnelad  

saWiroa surfaqtantis ori fena. 

Cven SemTxvevaSi stabilizatorad (da 

samkurnalo saSualebadac) gamoyenebulia  

askorbinis mJava: ferofazis mSrali moculobis 10  

%. narevi imyofeba 1sT intensiuri morevis qveS, 

sabolood miiReba stabilizeburi, samkurnalo 

saSualebiT dafaruli rkinis oqsidis 

nanonawilakebi, romelic Semdgom damuSavdeba 

ultrabgeriT (150 vt simZlavre) sul mcire naxevari 

saaTis ganmavlobaSi, raTa daiSalos darCenili 

warmoqmnili aglomeratebi. amis Semdgom miiReba 

homogenuri dispersiuli xsnari. miRebul sistemas 

ukeTdeba centrifugireba 4000 br/wT siCqariT erTi 

saaTis gamnavlobaSi  da Semdgom gadaitaneba   
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wyalsa Tu sxva gadamtan siTxeSi gamoyenebidan 

gamomdinare. 

 

nax.1.. samedicino daniSnulebis magnituri nanosiTxis miRebis 

qimiuri daleqvis meTodi. 
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rac Seexeba fizikur parametrebs, nanosiTxis 

simkvrive da nanonawilakebis moculobiTi wili 

ganisazRvreba gravimetruli meTodiT, xolo 

siblante ganisazRvreba kapilaruli meTodiT 

viskozimetris daxmarebiT, rac Cveni Semdgomi 

kvlevis sagania. rentgenis difraqciuli suraTidan 

ganisazRvreba  kristalis zoma debai-Sereris 

formulis gamoyenebiT: 

                   



cos

K
Dxrd =                  (2) 

sadac K –aris nawilakis formis faqtori (K=0.9),  λ - 

rentgenis talRis sigrZe   ( λ=1.54 angstremi), β –    

aris difraqciul suraTze wiris sifarTe, romelic 

aRebulia maqsimumi intensiurobis naxevris tolad, 

xolo θ  – aris bregis kuTxe. nawilakebis magnituri 

Tvisebebi Seiswavleba damagnitebulobisa da 

magnituri amTviseblobis mrudeebidan. magnituri 

diametris saSualo zoma (dm) da dafaruli 

nawilakebis koncentracia gamoiTvleba lanJevenis 

(Langevin) gantolebidan [6] : 
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sadac dm  - magnituri nawilakis diametria, kb – 

bolcmanis mudmiva (kb= 1,38X10-23 nm/k), T –   

absoluturi temperatura, μ0 – vakuumSi magnituri 

SeRwevadoba(μ0 = 1,26X10-6 n/a2), Ms – nimuSis gajerebis 

damagnitebuloba, MB – gajerebis damagnitebuloba 

moculobiT magnetitSi (Ms=0,92X106 a/m). 

arsebobs ori midgoma SerCeul sinTezis 

procesSi. esaa erT da or safexuriani teqnika. erT 

safexuriani teqnikis gamoyenebisas erTdroulad 

xdeba nanonawilakebis sinTezi da dispergireba 

matarebel siTxeSi, xolo or safexuriani  

nanosiTxis sinTezisas qimiuri an fizikuri   

meTodiT, jer warmoiqmneba nanonawilakebi, Semdgom 

xdeba maTi stabilizeba da Semdgom gadaitaneba 

saboloo gadamtan siTxeSi. 

Sedegebi da daskvna. Cvens mier SemuSavebuli 

magnituri nanonawilakebis miRebis qimiuri daleqvis 

meTodi or-safexuriani sinTezis teqniloogiiT 

warmoadgens magnetitis (Fe3O4) nanonawilakebis 

miRebis damuSavebul meTods, romelic moicavs, 

rogorc nanonawilakebis miRebis qimiur meTods 

garecxvis procedurebTan erTad, aseve 

nanonawilakebis stabilizeba/surfaqtacias, 

ultrabgeriT damuSavebas, centrifugirebas da maT 

saboloo gadamtan siTxeSi moTavsebas. es 

kompleqsuri meTodi sayovelTao TvasazrisiT  

iZleva wvrildispersiuli nanonawilakebis mcire 

zomebs    da    gamoirCeva     SedarebiT     maRali  
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stabilizaciiT gadamtan siTxeSi. am yvelafers 

emateba SerCeuli masalis aratoqsikuroba da 

bioTavsebadoba, rac winapirobaa samedicino 

gamoyenebisaTvis. 
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naxevargamtarze barieruli da omuri 

kontaqtebis damzadebis teqnologia 

jano marxulia 

kibernetikis instituti 

 

Sesavali 

liTon–naxevargamtaruli kontaqtebis kvleva 

warmoadgens Zalze mniSvnelovan amocanas, rogorc 

praqtikuli ise Teoriuli TvalsazrisiT [1]. 

SeiZleba iTqvas, rom bolo or aTwleulSi  

Cven gavxdiT mowme naxevargamtarul eleqtronikaSi 

momxdari revoluciisa, rac gamoixateba naxevar-

gamtarul masalaTmcodneobaSi miRweul did 

warmatebebSi [2]. 

miuxedavad imisa, rom Tanamedrove eleqtro-

nikaSi, naxevargamtaruli mowyobilobebi  ZiriTad 

iwarmoeba siliciumis bazaze, am bolo periodSi 

mikro da nanoeleqtronikis Zalze swrafma 

ganviTarebam ganapiroba binarul naxevargamtarul 

SenaerTebisadmi moTxovnebis mkveTri zrda. 

mravalricxovanma kvlevebma aCvena, rom sxvadasva 

tipis naxevargamtaruli mowyobilobebis 

dasamzadeblad gansakuTrebiT saintereso da saWiro 

kargi maxasiaTeblebi gaaCniaT perioduli sistemis  

III da V jgufis elementebisagan warmoqmnil   

binarul   naxevargamtarul   SenaerTebs  (e.w   III-V      
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tipis naerTebi). romelsac saTaveSi udgas galiumis 

arsenidi (GaAs) [3,21].  

 naxevargamtaruli SenaerTebidan galiumis 

arsenids gaaCnia garkveuli upiratesoba  

siliciumTan SedarebiT, kerZod, is xasiaTdeba 

muxtis matarebelTa maRali ZvradobiTa da gabnevis 

dabali simZlavriT. galiumis arsenidi warmoadgens 

farTozonian naxevargamtars, misi akrZaluli zonis 

sigane tolia 1.38 ev-is, amitomac mis safuZvelze 

damzadebul mowyobilobebs SeuZlia imuSaon 350 0C-

mde temperaturebze. muxtis ZiriTad matarebelTa 

mcire sicocxlis xangrZlivoba (10-9 – 10-10 wm)    

zrdis GaAs safuZvelze damzadebuli diodebis 

sixSirul diapazons da saSualebas iZleva 

damzaddes mowyobilobebi ukeTesi impulsuri 

TvisebebiT. es upiratesobebi ganapirobebs mis 

farTod gamoyenebas, maRalsiCqarian eleqtronul 

mowyobilobebSi,  optikoeleqtronul xelsawyoebSi, 

lazerul da gvirabul diodebSi, fotomimRebebSi, 

birTvuli gamosxivebis deteqtorebisa da  

diskretul zemaRalsixSirul integralur sqemebSi 

[1-3]. naxevargamtarul mrewvelobaSi mas gamoyenebis 

masStabiT uWiravs mesame adgili siliciumisa da 

germaniumis Semdeg. galiumis arsenidis bazaze 

damzadebuli naxevargamtaruli mowyobilobebi erT 

da igive sixSireze generireben gacilebiT nakleb 

xmaurs vidre siliciumis safuZvelze damzadebuli 

mowyobilobebi. swored zemoT xsenebuli 

upiratesobebis   gamo,   galiumis   arsenidi farTod 
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gamoiyeneba naxevargamtarul lazerebSi, calkeul 

radarul sistemebSi. galiumis arsenidis bazaze 

damzadebul naxevargamtaruli mowyobilobebs aseve 

gaaCniaT sxvebTan SedarebiT ufro maRali 

radiaciuli medegoba, rac ganapirobebs maT 

gamoyenebas radiaciuli gamosxivebis pirobebSi, 

magaliTad kosmosSi momuSave mzis batareebSi. 

galiumis arsenidi aris pirdapirzoniani 

naxevargamtari rac aseve warmoadgens mis kidev erT 

upiratesobas. is SeiZleba gamoyenebuli iqnas 

optoeleqtronul mowyobilobebSi, sinaTlis 

gamomsxivebel diodebSi, naxevargamtarul 

lazerebSi. Ga-s da As-is kristaluri mesris 

mudmivebis praqtikulad idealuri SeTanxmebulobis 

gamo, maT atomur Sreebs gaaCniaT mcire meqanikuri 

daZabuloba, amitomac maTgan SesaZlebelia 

faqtiurad nebismieri sisqis firebis gamozrda [1-4]. 

zemaRalsixSiruli naxevargamtaruli 

eleqtronika, radioeleqtronikis rogorc 

damoukidebeli mimarTuleba Camoyalibda gasuli 

saukunis 70-ian wlebSi [3]. sxvadasxva faqtorebidan, 

romlebmac Zlieri biZgi misces am mimarTulebis 

ganviTarebas, gansakuTrebulad aRsaniSnavia n – n+   

da n+ - n - n+ galiumarsenidiseuli epitaqsialuri 

struqturebis teqnologiaSi, fotoliTografiaSi, 

aseve naxevargamtaris zedapiris damuSavebisa da   

misi liTonizaciis meTodebSi miRweuli warmatebebi. 

aseTma progresma ganapiroba Seqmniliyo 

srulyofili   gammarTveli   da     aragammarTveli 
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(omuri) liTon-naxevargamtaruli kontaqtebi (mnk), 

romlebic SemdgomSi gaxdnen Sotkis diodebis (Sd), 

generatoruli ganis diodebis (gd), xolo cota 

mogvianebiT ki velis tranzistorebis Seqmnis 

safuZveli. 

am SromaSi ganxilulia liTon-naxevar-

gamtaruli kontaqtebis tipebi da ZiriTadi 

maxasiaTeblebi, naxevargamtaruli Txeli firebisa  

da zedapiruli fenebis miRebis meTodebi, zogadad 

ganxilulia naxevargamtarze barieruli da omuri 

kontaqtebis damzadebis Tanamedrove teqnologiebi, 

ZiriTadi aqcenti gamaxvilebulia naxevargamtarebze 

liTonebis dafenis eleqtoqimiur meTodze. 

 

1. liTon-naxevargamtaruli kontaqtebis tipebi da 

ZiriTadi maxasiaTeblebi 

naxevargamtaruli xelsawyos eleqtrodebis 

SeerTeba eleqtronuli mowyobilobis sxva 

elementebTan xorcieldeba liTonuri gamtarebiT, 

amitom nebismieri naxevargamtaruli xelsawyo 

yovelTvis Seicavs liTonsa da naxevargamtars  

Soris kontaqtur ares. idealur SemTxvevaSi aseT 

kontaqtebze Zabvis vardna unda iyos nulovani, 

sinamdvileSi ki liTonuri gamomyvanebis 

naxevargamtarTan realur kontaqtebs gaaCniaT 

sasrulo winaRoba, Tumca maTi volt-amperuli 

maxasiaTebeli axlosaa wrfivTan, amitomac maT   

omur kontaqtebs uwodeben [5,8]  
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liTon-naxevargamtaris kontaqtis damokide-

buleba masze modebuli Zabvis polarobaze   

pirvelad aRmoCenil iqna 1874 wels [6]. gansazRvrul 

pirobebSi liTon-naxevar-gamtarul kontaqts 

SeiZleba gaaCndes arawrfivi voltamperuli 

maxasiaTebeli (“gammarTveli” kontaqtebi). aseTi 

kontaqtebi ar SeiZleba gamoyenebul iqnan   

xelsawyos eleqtrodebis liTonur gamtarebTan 

SesaerTeblad. Tumca gammarTveli kontaqtebis 

Tvisebebi safuZvlad udevs mTel rig sasargeblo 

naxevargamtarul xelsawyoebs [5]. 

1938 wels v.Sotkim gamoTqva idea imis Sesaxeb, 

rom potencialuri barieri liTon-naxevargamtaris 

sazRvarze, romelic gansazRvravs kontaqtis 

gammarTvel Tvisebebs, warmoiSoba naxevragamtarSi 

uZravi moculobiTi muxtis warmoqmniT [6-7].  

 zemoTqmulidan gamomdinare, SeiZleba gamovyoT 

liTon-naxevargamtaruli kontaqtebis ori tipi: 

➢ aragammarTveli (omuri); 

➢ gammarTveli an barieruli. 
liTon-naxevargamtaruli kontaqti  

fenomenologiuri gansazRvrebis mixedviT, 

warmoadgens omurs, Tu ki denis damokidebuleba 

kontaqtze arsebul ZabvasTan wrfivia Zabvis im 

mniSvnelobebamde, romelic bevrad aRemateba kT/q-s       

( q-eleqtronis muxti, k – bolcmanis mudmiva, T, 0K – 

temperatura) [7]. 
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 omurTan miaxloebuli kontaqtebis miReba 

SesaZlebelia liTonis SednobiT, romelic zrdis 

naxevargamtarSi muxtis ZiriTad matarebelTa 

koncentracias [7].  

liTon-naxevargamtaris uSualo kontaqti iqneba 

ventiluri (Sotkis diodi), Tu liTonsa da 

naxevargamtars Soris arsebobs gvirabulad-

gaumWviri potencialuri barieri, da omuri, Tu   

aseTi potencialuri barieri ar aris, an is 

gvirbulad gamWvirvalea. barieri SeiZleba 

warmoiqmnas liTonsa da naxevargamtaris gamosvlis 

muSaobaTa sxvadasxvaobis xarjze (Sotkis modeli)  

an naxevargamtaris akrZalul zonaSi ganTavsebul 

zedapiruli mdgomareobebis maRali  

koncentraciebis xarjze (bardinis modeli). 

umravlesoba III-V tipis naxevargamtarebisTvis 

sruldeba bardinis modeli [7]. 

kontaqtis erT-erT mniSvnelovan maxasiaTebels 

warmoadgesn kuTri winaRoba nulovani  

wanacvlebisas  

Rc =  

(sadac V-kontaqtze modebuli Zabvaa, J –masSi 

gamavali denis Zalis simkvrive). 

eqsperimentalurad dadasturda, rom mcire Rc
  

misaRebad  saWiroa an legirebis maRali xarisxi, 

anda barieris mcire simaRle (anda orive erTad). 

0
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swored am mosazrebebidan amodian omuri  

kontaqtebis damzadebisas. 

farTozonian naxevargamtarebze Cveulebriv 

rTulia kontaqtebis damzadeba mcire barieruli 

simaRliT. garda amisa, gamoyenebul liTonebs 

yovelTvis ar gaaCniaT sakmaod mcire gamosvlis 

muSaoba. aseT SemTxvevebSi omuri kontaqtebis 

dasamzadeblad naxevargamtaris zedapirze qmnian 

damatebiT maRallegirebul Sres. aseTi Sris Seqmna 

SesaZlebelia sxvadasxva meTodebiT: wvrili 

difuziiiT, gadakristalirebiT, kontaqtis masalis 

erTerTi komponentTaganis difuziiT, ormagi 

epitaqsiiT, ionuri implantaciiT. GaAs da aseve sxva 

AIII BV tipis naxevargamtarebisagan omuri kontaqtebis 

misaRebad gamoiyeneba sxvadasxva meTodebi, 

rogoricaa: formireba, anodireba, dafrqveva, 

eleqtrolizi [9-10]. 

garda amisa, omur kontaqtebs aseve uyeneben   

sxva moTxovnebsac. magaliTad, rogorc wesi omuri 

kontaqtebi unda iyvnen arainJeqtirebadni, gaaCndeT 

kargi Tbogamtarebloba da sxv. 

idealuri omuri kontaqtis Seqmna, romelic 

srulad pasuxobs  sxvadasxva moTxovnebs, 

praqtikulad SeuZlebelia. amitomac realuri omuri 

kontaqtebi warmoadgenen metad Tu naklebad 

idealurTan miaxloebuls [8]. 

zms-mowyobilobebis swrafi ganviTareba 

stimuls  iZleva   Catardes   kvlevebi   Sotkis  ba- 
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rieruli diodebis parametrebis gaumjobesebis 

mimarTulebiT. didi yuradReba eqceva maTi 

damzadebis teqnologiur procesebs, sadac 

gansakuTrebuli mniSvneloba aqvs naxevar-gamtaris 

zedapiris xarisxs [12]. 

 

2. naxevargamtarze liTonis dafenis meTodebi 

mikroeleqtronikis swrafma ganviTarebam 

saWiro gaxada didi raodenobiT principulad axali 

naxevargamtaruli mowyobilobebis, integraluri da 

hibriduli mikrosqemebis damzadeba. am 

mimarTulebebis ganviTarebaSi gansakuTrebuli  

roli akisria naxevargamtarul kristalsa da 

liTonur firebs, n/g kristalsa da gamtarebs Soris 

kontaqtebis miRebis xerxebis daxvewas da axali 

meTodebis danergvas [14].  

liTon-naxevargamtaris kontaqtebis damza-

debis teqnologiuri simartivis miuxedavad,  

liTonis da naxevargamtaris gamyof zedapirze 

procesebis buneba bolomde garkveuli ar aris da 

amis mizezi xSirad aris idealuri, Teoriul 

modelebTan miaxloebuli ganmeorebadi Tvisebebis 

mqone liTonisa da naxevargamtaris kontaqtis  

miRebis sirTule, rac ganpirobebulia kontaqtur 

areSi mimdinare qimiuri, fizikuri da   

metalurgiuli procesebis mravalmxrivobiTa da 

sirTuliT [15]. 
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cnobilia, rom liTon-naxevargamtaris 

kontaqtur zonaSi gamarTva mniSvnelovanwilad 

SeiZleba icvlebodes naxevargamtaris zedapiris 

damuSavebis pirobebze da kontaqtis miRebis xerxze. 

aucilebelia kidev imis gaTvaliswineba, rom 

naxevargamtaruli kristalis zedapirul Sreze 

arsebulma defeqtebma SesaZloa gamoiwvios ara 

mxolod zedapiruli an sasazRvro difuzia 

kontaqtur zonaSi, aramed arsebiTi zegavlena 

moaxdinos kristalis siRrmeSi minarevTa difuziis 

procesebze dislokaciebisa da mikrobzarebze 

gavliT, romlebic SeiZleba warmogvidges rogorc 

difuziuri arxebi. 

arsebobs liTonur gamtarebsa da 

naxevargamtarul kristalebs Soris omuri  

kontaqtis miRebis sxvadasxva xerxebi, romlebsac 

iyeneben naxevargamtarul mowyobilobisadmi 

wayenebuli daniSnulebisa da moTxovnilebis  

Sesabamisad. miRebis xerxebis mixedviT kontaqtebi 

SeiZleba iyvnen: urTierTSeWiduli, rac miiRweva 

gamtaris naxevargamtarul kristalTan meqanikuri 

urTierTmiWeris gziT; mirCiluli; Sednobili; 

kontaqtebi miRebuli specialuri pastiT da 

amalgamiT, liTonuri fenis n/g-s zedapirze 

datanebiT (vakuumuri dafrqveva, liTonis 

naxevargamtarul kristalze qimiuri an 

eleqtrolituri gziT dafena) zemoTCamoTvlili 

ramodnime meTodis kombinaciiT [14]. 
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 liTon-naxevargamtaruli kontaqtis miRebis 

farTod gavrcelebuli xerxia naxevargamtarul 

zedapirze Txeli liTonuri firis dafena. aseTi 

Txeli fenebis datanebis teqnologia sakmaod   

kargad aris damuSavebuli. 

naxevargamtarul kristalis zedapirze 

firebis datana warmoadgens mxolod Sualedur 

teqnologiur cikls mowyobilobis Seqmnisas, 

ramdenadac SemdgomSi aucilebelia 

liTonizirebuli zedapirebis liTonuri gamtarebiT 

SeerTebis uzrunvelyofa.  

2.1 Txeli firebisa da zedapiruli fenebis 

miRebis meTodebi 

 Txeli firebi farTod gamoiyeneba naxevar-

gamtarul da hibridul integralur mikrosqemebSi 

gamtaruli SeerTebis, rezistorebis, 

kondensatorebis Sesaqmnelad. saWiro eleqtro-

fizikuri parametrebis garda maTgan moiTxoveba im 

masalasTan kargi adgezia (urTierTSekavSirebis 

simyare) romelzedac daitaneba firi. zogierT 

masalas SeiZleba gaaCndes fuZeSresTan cudi  

adgezia (magaliTad, oqros siliciumTan). am 

SemTxvevaSi fuZeSreze Tavdapirvelad afenen Txel 

qvedaSres kargi adgeziiT, xolo amis Semdgom masze 

afenen ZiriTad masalas, romelsac am ukanasknelTan 

gaaCnia kargi adgezia [16]. 

arsebobs Txeli firebisa da zedapiruli 

fenebis   miRebis   sxvadasxva   meTodebi,   yvelaze    
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xSirad samecniero kvlevebSi gamoiyeneba Semdegi 

meTodebi: 1) CVD – procesi (Chemical vapor deposition) 2) 

PVD –procesebi (physical vapour deposition) maT Soris 3) 

vakumur Termuli gafrqveva. 

CVD – procesi es aris qimiuri procesi,  

romelic gamoiyeneba maRali sisufTavis myari 

masalebis misaRebad.  

tipiur CVD – procesSi, fuZeSre Tavsdeba erT  

an ramodenime nivTierebis orTqlSi, romlebic 

reaqciaSi SesvliT an daSliT, fuZeSris zedapirze 

axorcieleben Sesabamisi saWiro nivTierebis 

warmoqmnas. xSirad warmoiqmneba reaqciis airadi 

produqtebi, romelic kameridan gaitaneba airuli 

WavliT (nakadiT). 

PVD – procesebi aRniSnaven meTodTa jgufs,   

romelTa meSveobiTac SesaZlebelia zedapiruli 

fenebis (Txeli firebis) miReba dafrqvevis gziT 

vakuumSi, romlis drosac zedapiruli fena miiReba 

dafenadi masalis orTqlis pirdapiri kondensaciiT 

[16,20]. 

gamoyofen PVD –procesebis Semdeg stadiebs: 

1. dasafeni nivTierebis nawilakebisagan Semdgari 

gazis (orTqlis) Seqmna; 

2. orTqlis transporti substratamde; 

3. orTqlis kondensacia substratze da 

zedapiruli fenis formireba; 
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PVD – procesebis jgufs ganekuTneba qvemoT 

CamoTvlili teqnologiebi, aseve am procesebis 

reaqtiuli variantebi. 

aorTqlebis meTodebi (evaporative deposition): 

➢ Termuli aorTqleba 

➢  lazeruli sxiviT aorTqleba (pulsed laser 

deposition, pulsed laser ablation): atomebi da ionebi 

orTqldebian impulsur reJimSi momuSave 

lazeriT. 

➢ eleqtruli rkaliT aorTqleba (arc evaporation, 

Arc-PVD): atomebi da ionebi masalis sawyisi 

mdgomareobidan Tavisufldebian da gadadian 

airad fazaSi or eleqtrods Soris   

eleqtrul rkalSi gamavali Zlieri denis 

moqmedebis Sedegad. 

➢ epitaqsia molekuluri sxiviT; 

➢ gafrqveva (sputtering) - amosavali masala 

ganifrqveva  ionuri nakadiT bombardirebiT   

da gadadis gazur (airad) fazaSi. 

➢ dafrqveva ionuri sxivis mxardaWeriT (ion beam 

assisted deposition, IBAD) 

➢ ionTa implantacia  

PVD – procesebis meSveobiT Rebuloben 5 mkm-de  

sisqis zedapirul fenebs, am meTodiT Cveulebriv 

zedapiruli fenis datanebis Semdeg, fena ar 

saWiroebs damatebiT damuSavebas. 
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nax.1. vakuumSi zedapirebisa da obieqtebis ionur-sxivuri 

damuSavebis tipiuri sqemebi 
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naxevargamtarze Txeli kontaqtebis misRebad, 

konkretulad ki idealuri Sotkis diodis 

dasamzadeblad aucilebelia liTonisa da 

naxevargamtaris uSualo kontaqtis miReba,  

risTvisac ZiriTadad gamoiyenaba liTonis   

vakuumuri dafeqveva, qimiuri da eleqtroqimiuri 

dafena. qvemoT dawvrilebiT iqneba ganxiluli 

liTonebis eleqtroqimiurad dafenis meTodi. 

3. eleqtroqimiuri dafena  

 liTonebis da maTi nadnobebis nebismieri 

eleqtruli dafenisas, es iqneba zedapiris liToniT 

dafarva Tu eleqtruli kontaqtebis miReba, 

yovelTvis    mTavari   mizania  –  miRebul    iqnas  
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wvrilmarcvlovani, Tanabari (priala), araforovani, 

danaleqTan kargad SeWiduli, saWiro fizikur-

meqanikuri, koroziuli da eleqtruli Tvisebebis 

mqone nimuSebi.  

 liTonebis eleqtrodaleqvis procesis  

stadiebi. liTonTa eleqtrodaleqvis (dafenis) 

procesi zogad SemTxvevaSi SeiZleba warmovadginoT 

Semdegi stadiebis saxiT: 

 (MZ+∙sol)el
 → (MZ+∙sol)s

 →  (MZ+)ad
 → Mad

 → M. (1) 

stadiebi:  1  2        3        4 

 stadia 1 – eleqtrolitis moculobidan  

(indeqsi el), kaTodis zedapirTan (indeqsi s)  

difuziis, konveqciis an migraciis xarjze qvemoT 

CamoTvlili ionebis miyvana: 

a) Tavisufali mcired solvatirebuli (wyalxsnarSi 

–hidratirebuli) MZ+∙sol liTonis ionTa;  

b) ionebis, romlebic nawilobriv an  mTlianad 

dakavSirebulia anionTan  

X- : MXn
(Z-n)+ ;    

g) L- ligandTan ML(z-m)+ ∙sol sol kompleqsSi 

koordinirebuli ionebis  miyvana:  

 liTonTa ionebis difuziis siCqare eleqtrodis 

brtyel zedapirTan id denis erTeulebSi zogadad 

aRiwereba gantolebiT  

id,i=zF(Di/δi)10-3(Ci-Cd,i)              (2) 
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 sadac id,i
  - i-uri nawilakebis difuziuri denis 

simkvrivea, a/sm2; z – maTi muxti; Di – i-uri nawilakebis 

difuziis koeficienti, sm2/wm; - eleqtrolitSi 

difuziuri Sris sisqea; Ci da Cd,i – i-uri nawilakebis 

koncentaciaa xsnaris moculobaSi da difuziuri 

Sris sazRvarze huis gare damuxtuli Sris 

sazRvariT, an Tu huis sazRvari ar aris, maSin 

helmholcis sazRvriT, mol/l. amis ilustracias 

axdens nax. 3. 

 

Cvens SemTxvevaSi (2) gantolebas aqvs saxe                

id = nF(D/δ)10-3(CM
z+- CM

z+,d), xolo difuziuri 

gadaZabva ,romelic damokide-bulia CM
z+ xsnaris 

moculobasa da  CM
z+,d  kaTodis zedapirze liTonis 

ionTa koncentaciis gradientze gamoisaxeba Semdegi 

gantolebiT 

ηd=(RT/nF)ln(CM
z+/CM

z+) = (RT/nF) ln(l – id/id,lim) 

i

d
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aq F –aris faradeis ricxvi, T-temperatura  

kelvinebSi, R –omuri winaRoba, n –eleqtronTa 

koncentracia (sm-3) -gadaZabva; unda aRiniSnos rom 

kaTodur gadaZabvas aq gaaCnia uaryofiTi niSani [21]. 

 stadia 2 – nawilobrivi an sruli desolva-

tireba, anu Mz+ liTonis ionTa gamoTavisufleba 

disociaciis xarjze, rTuli nawilakebis ionzacia 

(kopleqsebSi xSirad arasruli), maTi kaTodis 

zedapirze adsorbcia (indeqsi ad). stadia 2 Sedgeba 

mTeli rigi elementaruli aqtebisagan. 

eleqtrolizis pirobebze damokidebulebiT 

desolvatacia, ionizacia da liTonis rTuli ionis 

adsorbcia SeiZleba xorcieldebodes mimdevrobiT  

an paralelurad. es qimiuri reaqciebi, romlebic 

dakavSirebuli ar arian Jangva-aRdgeniT  

procesebTan, SeiZleba iwvevdnen kaToduri 

procesebis damuxruWebas, Tu ionTa 

gamoTavisuflebis siCqare Tanazomadi iqneba  

kaTodze maT ganmuxtvis siCqarisa. am dros 

warmoSobili qimiuri gadaZabva x aRiwereba 

gantolebiT  

ηx= (ν/p)(RT/nF)ln(CM
z+/CM

z+,i) = (ν/p)(RT/nF)ln(l – ix/ix,lim) 

sadac  - steqiometriuli koeficientia qimiur 

reaqciebSi liTonis ionebis Semcveli 

nawilakebisaTvis; p – liTonis ionebiT am reaqciebis 

wesrigi; CM
z+ da CM

z+
,i  - kaTodTan liTonis ionTa 

koncentraica denis gareSe da denis gavlisas; ix da 

ix,lim –  gare  da  zRvruli  denis  simkvrive, romelic 






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gamowyveulia qimiuri reaqciis  msvlelobis 

siCqariT. qimiuri gadaZabva, difuziurisgan 

gansxvavebiT, damokidebuli ar aris xsnaris morevis 

intensivobaze. 

 stadia 3 – kaTodze liTonis ionTa ganmuxtvis 

eleqtroqimiuri stadia. 

(Mz+)ad+ne- →(M0)ad 

 roca z > 1 ganmuxtva Cveulebriv mimdinareobs 

safexureobrivad. difuziuri SezRudvebisa da 

gverdiTi reaqciebis ararsebobisas liTonTa   

ionebis aRdgenis siCqare damokidebulia maT CM
z+ 

xsnarSi koncentraciaze da  ganmuxtvis stadiaze  

gadaZabvaze, romelic ganpirobebulia eleqtrod-

eleqtrolit sazRvarze muxtis gadataniT. 

i = nFkCM
z+ + e-βηnF/RT = i0 e-βηnF/RT 

am gantolebis   mimarT amoxsniT, vRebulobT 

tafelis gantolebas 

-η = (RT/βnF) ln (i/i0) = a+blgi 

aq  - gadatanis koeficientia;  

a = - (RT/ βnF)ln i0 = (b/βn) lg i0 

 stadia 4 – liTonis aRdgenili Sxam-atomebis 

(M0)ad migracia kaTodis zedapirze da maTi 

kristalizacia. fazuri gadaZabva f , romelic 

dakavSirebulia kristaluri mesris agebis 

sirTuleebTan, SeiZleba Caiweros Semdegi 

gantolebis saxiT   








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ηf =(RT/nF)ln(Cad,i/Cad) 

sadac Cad
  da Cad,i  - liTonTa Sxam-atomebis 

koncentraciaa denis gareSe da denis gavlisas. 

 elementarul aqtebs, romlebic akontroleben 

me-4 stadias da kompaqturi fenis miRebis mTel 

proces, warmoadgenen Semdegi procesebi: Sxam-  

atomTa migracia; maTi Sesvla (ganTavseba) 

kristaluri mesris sibrtyeze, wiboze, wveroze; 

Canasaxebis warmoqmna da a.S. 

 liTonTa kaTodur gamoyofaze zemoqmedebas 

axdenen Semdegi faqtorebi; 

 kaToduri denis simkvrive: es warmoadgens 

ZiriTad faqtors.  kaToduri denis optimaluri 

simkvrive ganisazRvreba kaToduri polarizaciuli 

mrudebisa da efeqturi denis mniSvnelobebis (denis 

mixedviT gamosvla) analizidan, romelic miRebulia 

eqsperimentalurad ramodenime kaToduri denis 

simkvrivisas liTonis eleqtrodafenis gziT. 

ukanaskneli Cveulebriv airCeva logariTmul 

masStabSi. 

B liTonis buneba.  liTonebi gacvliT denze 

damokidebulebiT iyofian sam jgufad: pirveli 

jgufi: oqro, vercxli, vercxliswyali, teluri, 

taliumi, indiumi, tyvia, kadmiumi, kala, spilenZi, 

bismuti, TuTia: gamoyofis mcire gadaZabva (erTeuli 

da aTeuli milivolti), didi gacvliTi deni (01 –   

500  ma/sm2), daleqvis marcvlebis didi zomebi (1 – 10  

mkm da meti) 
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meore jgufi: rkina, nikeli, kobalti, qromi,   

platina, rodiumi, da sxv: gamoyofis didi gadaZabva  

(aseuli milivolti), mcire gacvliTi deni (0.1 – 10  

mka/sm2) mcire marcvlebi (0.1 mkm –ze naklebi) 

mesame jgufi: - molibdeni, volframi, titani, 

germaniumi, tantali da sxva liTonebi, romlebic 

wyalxsanarebidan sufTa saxiT ar gamoiyofian. 

 pH  -is zegavlena.  

   kaToduri  aRdgenis  kinetikaze,   aseve 

liTonis dafenis xarisxze da denis efeqturobaze  

arsebiT gavlenas axdens xsnaris pH. mJave garemoSi, 

mcire pH-isas liTonis gamoyofas (gansakuTrebiT 

meore jgufis liTonebis), Tan axlavs wyalbadis 

gamoyofa, rac amcirebs (zogjer ki Zalian Zlierad), 

denis efeqturobas da auaresebs daleqvis xarsxs. 

masSi warmoiqmneba meqanikuri gadaZabva, bzarebi, 

feSeri fena. xsnaris pH –isa da kaToduri denis (am 

ukanaskneli gazrda iwvevs pH-is zrdas kaTodur 

areSi H+ ionebis ganmuxtvis Sedegad) momatebiT 

izrdeba hidroqsidebis warmoSobisa da maTi 

liTonur danaleqSi CarTvis albaToba, rac 

Cveulebriv dauSvebelia. aqedan gasagebia, rom pH –  

is optimaluri miniSvneloba moicema mcire 

diapazonSi, kaToduri denis simkvrivis  

mniSvnelobis, xsnaris Semadgenlobisa da dafenadi 

liTonis Tvisebebis gaTvaliswinebiT.  

eleqtrolizis procesSi pH-is mudmivi  

mniSvlelobis    SesanarCuneblad    eleqtrolitSi 
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 SehyavT nivTiereba, romelic axdens pH-is 

cvlilebis buferirebas. magaliTad, cnobil 

nikelirebis sulfatur eleqtrolitSi SehyavT 30 

g/l boris mJava pH-is 5.0_5.5  diapazonSi 

Sesanaruneblad [21, 28]. 

 xsnarebis sisufTave axdens arsebiT zegavlenas 

liTonTa eleqtrodafenis procesze, miRebuli   

fenis Tvisebebze da mis naxevargamtarTan kontaqtis 

xarisxze. zedapirulad-aqtiuri da maRalmolekulu-

ri organuli nivTierebebi, iseTebi rogoricaa, 

laurilsulfati, -naftoli, tribenzilamini, 

tetrabuTilamoniumi, paratoluidinsulfomJava, 

Jelatini da sxva. kaTodis zedapiris aqtiur   

ubnebze adsorbirebisas, Tundac mcire raodenobis 

SemTxvevaSic ki (naklebi vidre 0.01 mol/l)   

amcireben liTonis gamoyofis siCqares da  

saSualebas iZlevian miRebul iqnas priala, 

mbrwyinavi fenebi. am minarevebma da aseve wylis, 

reagentebis, aparaturis, sxva dabinZurebebma 

liTonis daleqil fenaSi Canergvisas, SeiZleba 

arsebiTad gaauareson liTonis da kontaqtis 

Tvisebebi. liTonTa kaTodur gamoyofaze 

zemoqmedebas axdens aseve  xsnaris Semadgenloba da 

xsarSi kompleqsebis warmoqmna. 

  LliTonTa da nadnobTa eleqtrodafenis  

kinetika naklebadaa damokidebuli naxevargamtaruli 

kaTodis Tvisebebze. amasTan kaTodur procesebSi 

naxevargamtarebze da warmoqmnadi kontaqtebis 

TvisebebSi   daimzireba   Semdegi    Taviseburebebi:  


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daleqvis denis dabali simkvrive, liTonis firis 

SeWidebis (adgezia) dabali simtkice, 

gansakuTrebulad es vlindeba mciredlegirebad 

naxevargamtarTan, kaToduri gadaZabvis 

damokidebuleba naxevargamtaris kristalografiul 

orientaciaze da aseve misi donoruli minareviT 

legirebis xarisxze, liTon-naxevargamtaruli 

kontaqtebis unipolaruli gamtarebloba. 

 

3.1 eleqtrolitis SerCeva da LliTonTa dafenis 

pirobebi 

 eleqtronulad dafenadi LliTonis dafenis 

xarisxze da eleqtronulad dafenili liTon-

naxevargamtaris gammarTveli kontaqtebis 

voltamperul maxasiaTebelze, gansakuTrebiT ki maT 

ukudenebze, arsebiT zegavlenas axdenen 

gamtareblobis tipi da muxtis matarebelTa 

koncentracia (donoruli minareviT naxevargamtaris 

legirebis xarisxi), daJangvis produqtebis firis 

sisqe da zedapiris Semadgenloba, eleqtrolitis 

Semadgenloba, misi sisufTave, eleqtrolizis 

pirobebi, Semdgomi TermodamuSaveba. 

 oqsiduri zedapiruli firebi, romelTa sisqe 

aRemateba 10 _ 100 nm-s gansakuTrebiT uSlian xels 

naxevargamtarze liTonebis (aseve nadnobebis) 

eleqtrodafenas da auareseben kontaqtebis 

voltamperul maxasiaTeblebs [21]. 
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  eleqtrolitebis SerCevisas upiratesoba 

eniWeba eleqtrolitebs, romlebic Seicaven 

ftoridionebs (germaniumi siliciumisaTvis) an 

dafenadi liTonis kompleqsur ionebs. optimaluri 

Sedegebis misaRebad aucilebelia sawyisi  

reaqtivebis da gamxsnelebis  maRali sisufTave da 

arakorodirebadi anodi (saukeTeso anodia –

speqtralurad sufTa, naxSiris anodi). amitomac 

naxevargamtarze liTonebis eleqtrodafenisas 

Cveulebriv Tavs arideben eleqtrolitSi Semaval 

komponentTa simravles. gansakuTrebiT 

arasasurvelia eleqtrolitSi spilenZis ionTa 

minarevi. maRal temperaturebze is Zalze aqtiuria, 

moZravia da liTonebis dafenisas  arRvevs 

gammarTvel kontaqtebs [24,28]. 

 naxevargamtarze  eleqtronulad dafenadi 

liTonis an nadnobis SerCeva damokidebulia im 

moTxovnebze romelic waeyeneba miRebad struqturas. 

liTonis (nadnobis) buneba, romelic efineba iseT 

naxevargamtarebze rogoricaa germaniumi, siliciumi, 

galiumis arsenidi da sxv., ar axdens iseT 

ganmsazRvrel zegavlenas volt-amperul 

maxasiaTebelze, kerZod, ki barieris simaRleze, 

romelic gamomdinareobs naxevargamtarul fizikaSi 

arsebuli unipolaruli gamtareblobis Teoriidan. 

 omuri  kontaqtebis damzadebisas upiratesobas 

aniWeben, pirvel rigSi, plastikur liTonebs, raTa 

Tavidan acilebul iqnas meqanikuri daZabulobebi da 

struqturuli   darRvevebi,   meore   rigSi,  ki  im 
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elementebs romliTac legirebulia naxevargamtari, 

an im elementebiT, romlebic masTan imyofebian 

perioduli sistemis erT jgufSi. p-tipisTvis is 

Cveulebriv aris indiumi, TuTia, kadmiumi, kala,  

tyvia, da maTi nadnobebi, n-tipisTvis – bismuti, 

teluri an misi nadnobi vercxlTan, an oqrosTan. 

 gammarTveli kontaqtebis damzadebisas 

ZiriTadad  n-tipis naxevargamtarebze (germaniumi, 

siliciumi, galiumis arsenidi da sxv), 

eleqtrodafenisas upiratesobas aniWeben 

Zneladdnobad liTonebs da nadnobebs, romlebic 

mdgradia denis maRali datvirTvebisadmi da 

romelTac gaaCniaT mcire wrfivi gafarToebis 

koeficienti. upirvelesad es aris nikeli, qromi, 

platinisebri liTonebi, nikelis volframTan 

nadnobi da sxv. 

 naxevargamtarze (n/g fuZeSreze) liTonis 

eleqtroliturad dafenis procesze gavlenas   

axdens maravali faqtori: eleqtrolitis 

Semadgenloba, eleqtrodis masalis qimiuri 

Semadgenloba, mocemul eleqtrolitSi 

eleqtroduli potenciali, eleqtrolitSi gamavali 

eleqtruli denis mniSvneloba da mimarTuleba, 

eleqtrolitis temperatura da sxva. 

 liTonebis galvanuri dafenis procesebis 

ganxorcielebisas  gansakuTrebuli yuradReba unda 

mieqces gamoyenebuli eleqtrolitebis sisufTaves. 

damzadebul eleqtrolitSi ar unda iyos minarevebi, 

romlebis  Secvlian  dafenadi  firebis     (fenebis) 
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 Semadgenlobasa da maT eleqtrofizikur Tvisebebs. 

ase, magaliTad eleqtrolitSi donoruli  

minarevebis arseboba iwvevs imas, rom xvreluri 

gamtarobis mqone naxevargamtarul masalaSi ver 

miviRebT karg omur kontaqtebs. eleqtrolitSi sxva 

(gverdiTi) minarevebis arsebobam SeiZleba  

gamoiwvios fenebis ganSreveba, liTonuri fenis 

gamoberva, dafenadi Sris (fenis) sisqis 

araerTgvarovneba. (minarevebi eleqtrolitSi 

SeiZleba aRmoCndnen liTonis, spilenZis, brinjaos, 

nikelis, aluminis da sxva saxis WurWlidan, 

romelSic is droebiT imyofeboda. amitomac 

naxevargamtaruli mowyobilobis damzadebisas 

eleqtrolitebi unda momzaddes da Seinaxos  

mxolod keramikul, SuSis, viniplastur, kvarcis an 

ftoropastur WurWelSi. eleqtrolitSi minarevebi 

SeiZleba moxvdes wylidanac, romelic warmoadgens 

mis Semadgenel nawils. Cveulebrivi sayofacxovrebo 

moxmarebis wyali aseve distilirebuli wyalic ki 

Seicavs didi raodenobiT sxvadasxva liTonTa  

ionebs. amitomac naxevargamtarul warmoebaSi 

eleqtrolitebis dasamzadeblad iyeneben mxolod 

deionizirebul wyals [23-24]. 

 garda amisa, eleqtrolitSi arasasurveli 

minarevebi SeiZleba moxvdes anodis masalidanac, 

amitomac aucilebelia misi sisufTavisa da 

Semadgeneli komponentebis kontrolireba. 

minarevebis mosacileblad, romlebic SesaZlebelia 

aRmoCndes misi meqanikuri damuSavebisas  

(Stampirebis,   xaratuli   damuSavebisas    da   a.S) 



231 
 

damzadebul anodebs utareben specialur mowamvlas 

da saguldagulod recxaven deionizirebuli wyliT 

[24,27]. 

cxrili 1. naxevargamtaruli fuZeSreebis da firfitebis 

tipiuri dabinZurebis wyaroebi 

dabinZureba SesaZlo wyaroebi 

boWko (neiloni, 

celuloza da a.S) 

tansacmeli, qsovili, qaRaldis nakeTobebi 

silikatebi mTis qanebi, qviSa,niadagi, nacari, ferfli 

mJavebi zogierT liTonTa Jangvis produqtebi 

zeTebi da cximebi manqanuri damuSavebis zeTebi, TiTis 

anabeWdebi,cximebi sxeulis Ria nawilebidan, 

Tmis movlis saSualebebi, 

malamoebi,losionebi 

silikonebi aerozolebi TmebisTvis, kremebi, ,xelis 

losionebi,saponi 

liTonebi manqanuri damuSavebisa da gaSlifvis 

fxvnilebi da narCenebi; liTonis qilis 

nawilakebi  

ionuri minarevebi sunTqvis produqtebi,TiTebis anabeWdebi 

(natriumis qloridi); minarevebi gamwmendi 

sxnarebidan, romlebic Seicaven ionur 

detergentebs; minarevebi winaswari qimiuri 

operaciebisgan, iseTebi, rogoricaa mowamvla 

da liTonizacia 

araionuri 

minarevebi 

araionuri detergentebi, dasamuSaveblad 

gamoyenebadi organuli masalebi 

xsnadi minarevebi gamwmendi gamxsnelebi da xsnarebi 

 

zedapiruli dabinZurebebis mosacileblad 

gamoiyeneba sxvadasxva meTodebi, romelTa fizikur 

principebze SeimuSaveben gasufTavebis procesebs. 

procesebis msvlelobis meqanizmis mixedviT 

gasufTavebis yvela meTodi klasificirdeba or  
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jgufad fizikurad da qimiurad, xolo gamoyenebis 

saSualebebis mixedviT ki – Txevadad mSralad   

(nax.4). 

 

sur. 4. fuZeSreebis (firfitebis) gasufTavebis meTodTa 

klasifikacia 

  amosaval nivTierebebs, romlebic gamoiyeneba 

eleqtrolitebis dasamzadeblad, uyeneben 

sfecifikur moTxovnebs, romelic dakavSirebulia 

dafenis teqnologiur procesTan: Tbomedegoba, 

mJavebSi, tuteebSi da wyalSi xsnadoba, mdgradoba 

dRis sinaTlisadmi, mdgradoba xangrZlivad 

Senaxvaze, droSi Semadgenlobis ucvleloba da a.S. 

masalebi, romlisganac mzaddeba eleqtroliti, ar  

unda gamoileqebodes eleqtrolitis sxva  

Semadgenel      nawilebTan       urTierTqmedebisas.  
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eleqtrolitur dafenis reJimis cvalebadobisas 

(temperatura, denis simkvrive, urTerSerevis   

siCqaris (morevis) cvlileba da sxv) eleqtroliti  

ar unda warmoqmnides buStukebs, myar danaleqebs da 

airad gamonayofebs [25-26]. 

 eleqtruli deni, romelic gadis  

eleqtrolitSi dafenis procesisas, SeiZleba iyos 

mudmivi (droSi aracvalebadi) aseve cvalebadic 

(drois mixedvis garkveuli saxiT cvalebadi). 

eleqtruli denis SerCeva xdeba dafenis  

moTxovnebis, da sasurveli Sedegebis miRebis 

Sesabamisad. 

 zemoTqmulidan gamomdinare galvanuri dafenis 

procesi SeiZleba daiyos oTx stadiad. pirveli 

stadia moicavs eleqtruli denis zemoqmedebiT 

eleqtrolitis moculobaSi LliTonis damuxtuli 

ionebis warmoqmnas. meore stadia mdgomareobs 

liTonis damuxtuli ionebis eleqtrolitis 

moculobidan naxevargamtarul safenis zedapirze 

(kaTodze) gadatanaSi. mesame stadia warmoadgens 

sakuTriv eleqtroqimiur reaqcias, romlis 

msvlelobisas damuxtuli ionebi naxevargamtarul 

safenis zedapirze gadaiqcevian adsorbirebul 

ionebad da atomebad. meoTxe stadiaze mimdinareobs 

n/g safenis zedapirze adsorbirebuli ionebis 

difuziis procesi liTonuri firis zrdis 

adgilebSi. (monakveTebSi). naxevargamtarul 

mowyobilobebisa da integraluri mikrosqemebis 

warmoebaSi gamoiyeneba spilenZis, vercxlis, oqros, 
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kalis, TuTiis, kadmiumis, qromis da indiumis 

galvanurad dafenis meTodebi [4, 25]. 

amrigad, dReisaTvis arsebul, naxevargamtarze 

barieruli da omuri kontaqtebis damzadebis 

sxvadasxva teqnologiaTagan, naxevargamtarebze 

liTonebis eleqtroqimiuri dafenis meTodiT 

SesaZlebelia miRebuli iqnas saWiro 

maxasiaTebelebis mqone omuri da barieruli 

kontaqtebi. meTodis upiratesobas warmoadgens is, 

rom sxva danarCen meTodebTan SedarebiT is    

yvelaze iafi meTodia, romelic saSualebas iZleva 

miviRoT sisqis mixedviT kontrolirebadi fena 

rTuli konfiguraciis  zedapirzec ki, ar saWiroebs 

specialur danadgarsa da amasTan vakumuri 

dafrqvevisgan gansxvavebiT gamoirCeva dasafeni 

liTonebis xarjvis mizeruli raodenobiT. garda 

amisa, eleqtroqimiuri mowamvlisa da anodirebis 

procesebs, naxevargamtarze liTonebis 

eleqtroqimiur dafenebs omuri da gammarTveli 

kontaqtebis miRebis mizniT gaaCniaT   

gansakuTrebuli praqtikuli mniSvneloba  naxevar-

gamtarul naerTebis bazaze aqtiuri struqturebis 

damzadebisas. meores mxiv fizikuri movlenebisa 

(eleqtrogamtarebloba, naxevargamtaris Sinagani 

struqtura, zedapiris struqtura) da qimiuri 

procesebis erToblivi analizi saSualebas iZleva 

ufro GRrmad gaverkveT naxevargamtaruli masalebis 

bunebaSi, zedapiris mdgomareobaSi da maTze garemos 

zemoqmedebis xasiaTSi. 
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