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Sesavali 
 

    iSviaTmiwa elementebis (ime) anTimonidebi mkvlevarTa did yuradRebas 

ipyrobs, rac gamowveulia maTi saintereso, xSirad urTerTsawinaaRmdego 

eleqtruli, siTburi, optikuri da sxva TvisebebiT  TvisebebiT [1,2]. ime-s 

monoanTimonidebi warmoadgenen naxevarmetalebs dnobis maRali 

temperaturiT da warmoadgenen perspeqtiul masalebs rezistorebis 

dasamzadebad. magram yvela es SenaerTi saTanadod Seswavlili ar aris. 

aseT naklebad Seswavlil saintereso Tvisebis mqone masalas miekuTvneba  

gadoliniumis monoanTimonidi [3-6]. kerZod misi adiabaturi ganmagnitebiT 

SesaZlebelia Zalian dabali temperaturebis miReba. am masalis 

moculobiTi kristalebis miRebis teqnologia kargad aris damuSavebuli, 

rasac ver vityviT  Txel firebze, romlebic did interess warmoadgenen 

mikroeleqtronikisaTvis. garda amisa cnobilia, rom xSirad Txel 

firebSi daimzireba iseTi efeqtebi, romlebsac adgili ara aqvs 

moculobiT kristalebSi. 

   warmodgenil angariSSi moyvanila monacemebi, romlebic exeba 

gadoliniumis monoanTimonidis Txeli firebis miRebis teqnologias 

sxvadasxva Semadgenlobis fuZeSreze da maTi meqanikuri, 

eleqtrofizikuri da optikuri Tvisebebis Seswavlas.  

 
 

1.Lliteraturuli monacemebis mimoxilva 

 

    rogorc zemoT SevniSneT samecniero literaturaSi ar arsebobs 

monacemebi gadoliniumis  stibiumTan SenaerTebis Txeli firebis  

miRebisa da Sesabamisad maTi Tvisebebis Sesaxeb Tumca damuSavebulia am 

SenaerTebis   moculobiTi  kristalebis miRebis teqnologia da 

Seswavlilia maTi Tvisebebi. 

    ime-s anTimonidebis    miRebas mraval problemas uqmnis ime-s maRali 
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dnobis  temperatura. amJamad damuSavebulia am masalebis miReba ori 

gansxvavebuli meTodiT: ampuluri meTodi da Sesabamisi komponentebis 

Sednoba. 

    ampuluri meTodi xorcieldeba or stadiad. pirvel stadiaze xdeba  

ime-s da stibiumis saTanado raodenobebis dayovneba stibiumis dnobis 

temperaturaze ramdenadme dabal temperaturaze ramodenime dRe-Ramis 

ganmavlobaSi, Semdeg  swarmoebs miRebuli fxvnilis dawnexva ise, rom 

man miiRos cilindris forma da Semdgom  is Tavsdeba tantalis RumelSi 

da swarmoebs mahomogenizirebel gamowva ~1700 𝐾𝐾 temperaturaze. 

    komponentebis SednobiT SenaerTebis sinTezi swarmoebs rkalur 

RumelSi Semdgomi mahomogenizirebeli gamowviT. unda aRiniSnos rom 

monoanTimonidebi SesaZlebelia aseve miRebul iqnas e.w. hidriduli 

meTodiTac, romlis arsic mdgomareobs  imaSi, rom Sesabamisi hidridis 

daSlisas warmoiqmneba maRaldispersiuli liToni, romelic aCqarebs 

monoSenaerTis miRebis process da amasTan erTad aumjobesebs mis  

   ime-s yvela anTimonids gaaCnia 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 tipis waxnagcentrirebuli meseri 

sivrculi jgufiT 𝐹𝐹𝐹𝐹3𝑚𝑚.  

    ime-s anTimonidebis qimiuri Tvisebebi Zalian sustadaa Seswavlili. 

msubuqi ime-s anTimonidebi daJangvisas qmnian anTimonitebs. Hhaerze 

sakmaod swrafad iJangebian  dianTimonidebi, isini agreTve 

urTierTqmedeben haeris tenTan [7, 8]. 

ime-s     monoanTimonidebis      moculobiTi          kristalebis 

eleqtrofizikuri parametrebi sakmaod kargadaa Seswavlili. kerZod maTi 

kuTri  winaRoba  temperaturis   gazrdiT   wrfivad   izrdeba,    aseve   

izrdeba   Termo   emZ,      koeficienti  umniSvnelod  mcirdeba. Hholis 

koeficientsa da Termo-emZ-s gaaCnia uaryofiTi niSani.  kuTri 

winaRobissidide da misi cvlilebis xasiaTi metyvelebs imaze, rom 

gamtareblobas gaaCnia liTonuri xasiaTi. 
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2. eqsperimentis meTodika 

 
2.1. Txeli firebis miRebis meTodika 

 
   warmodgenili naSromis erT-erTi mizani iyo gadoliniumis  

monoanTimonidis   Txeli firebis miRebis teqnologiis damuSaveba. 

rogorc cnobilia arsebobs Txeli firebis miRebis mravali meTodi, 

romelTagan Tavisi simartiviTa da efeqturobiT gamoirCeva vakuumur-

Termuli aorTqlebis meTodi, kerZod komponentebis ori damoukidebeli 

wyarodan aorTqlebis meTodi, romelic gamoyenebuli iyo mocemul 

naSromSi. am SemTxvevaSi xorcieldeba firis Semadgeneli komponentebis 

erTdrouli aorTqleba  sxvadasxva amaorTqleblidan da Semdeg maTi 

kondensacia fuZeSreze. 

    meTodis ganxorcieleba moiTxovs vakuumur danadgars, romelic 

rogorc wesi sami nawilisagan Sedgeba: vakuumuri kamera, vakuumuri 

sistema da eleqtruli wredi. 

    vakuumuri kamera Sedgeba ori seqtorisagan. pirvel seqtorSi xdeboda 

gadoliniumis monoanTimonidis firebis miReba komponentebis ori 

damoukidebeli wyarodan aorTqlebis meTodiT, xolo meoreSi -  

momzadebul firebze sakontaqto moednebis dafena eleqtrofizikuri 

parametrebis gasazomad. 

    nax.1-ze gamosaxulia vakuumuri kameris I seqtoris sqema. kameris zeda 

nawilSi damagrebulia fuZeSris gamaxurebeli Rumeli (2), romelzedac 

specialuri samarjviT fiqsirdeba fuZeSre da mis zemoT saTanado 

konfiguraciis Wrilis mqone niRabi. 

    kameris qveda nawilSi ganTavsebulia iSviaTmiwa liTonisa da stibiu-

misa  cilindruli formis amaorTqleblebi (4). amaorTqlebelebis 

damWerebis konstruqcia saSualebas iZleva martivad daregulirdes 

aorTqlebuli masalis orTqlis nakadis fuZeSreze dacemis kuTxe da 

aseve   manZilebi   fuZeSremde.   fuZeSris   gamaxurebel   Rumelsa  da  
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amaorTqleblebs Soris ganTavsebulia brtyeli safari (5), romelsac 

SeuZlia brunva vertikaluri RerZis irgvliv (5) safaris gaxsna xdeba 

maSin, rodesac kameraSi miRweulia da dafiqsirebuli dafenis yvela 

temperaturuli reJimi, xolo safari ixureba uSualod firis dafenis 

procesis dasrulebis Semdeg. 

   nax.2-ze naCvenebia vakuumuri kameris II seqtoris sqema. konstruqcia 

analogiuria I seqtoris konstruqciisa, gansxvavebaa mxolod qromisa da 

spilenZis amaorTqleblebSi. es ukanasknelebi warmoadgenen spiraluri 

formis volframis mavTulebisagan daxveul kalaTebs, romlebic 

TavianTi boloebiT Camagrebulia (5) eleqtruli kvebis mimyvanebTan. 

 

     

nax. 1. teqnologiuri danadgaris vakuumuri kameris mowyobiloba (I-

seqtori) 1 - vakuumuri kamera; 2 - fuZeSris gamaxurebeli; 3 - 

Termowyvili; 4 - iSviaTmiwa elementebisa da  stibiumisa  da bismutis 

amaorTqleblebi; 5 – safari. 
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nax. 2. teqnologiuri danadgaris vakuumuri kameris mowyobiloba (II-

seqtori) 1 - vakuumuri kamera; 2 – fuZeSris gamaxurebeli; 3 - 

Termowyvili; 4 - qromisa da spilenZis amaorTqleblebi; 5 - eleqtruli 

kvebis mimyvanebi. 

    erTgvarovani maRali xarisxis firebis misaRebad saWiroa 

gansakuTrebuli yuradReba mieqces fuZeSris masalas da mis 

gasufTavebas. samwuxarod, idealuri masalebi fuZeSreebis 

dasamzadeblad ar arsebobs.  imis da mixedviT, Tu ra moTxovnebi 

waeyeneba Txel firebs fuZeSreebad gamoiyenebian sxvadasxva masalebi. 

mocemul naSromSi fuZeSreebad gamoyenebuli iyo  sitalis, 

leikosafironis da monokristaluri siliciumis (8X15𝑋𝑋.5mm) zomis 

marTkuTxa paralelepipedis formis fuZeSreebi, romelTa zedapirebic 

polirebuli iyo da uswormasworobis zomebi ar aRemateboda 0.01 mkm. 

        

2.2. firebis  sisqis  kontroli 

   firebis sisqis gazomva maRali sizustiT sakmaod rTuli amocanaa. 

Cvens mier  firebis sisqis gazomva xdeboda farTod gavrcelebuli 

samrewvelo xelsawyoTi - linnikis mikrointerferometriT МИИ-4, 

romlis moqmedebis principi damyarebulia fuZeSridan da masze dafenili 

firidan areklili sinaTlis sxivebis interferenciaze. 
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   firis sisqis gazomva xdeboda fuZeSresa da firs Soris arsebuli 

safexuris gamoyenebiT. am SemTxvevaSi, rodesac aseTi sazRvari ar 

arsebobda an mkafio ar iyo xdeboda firis garkveuli nawilis 

meqanikurad moSoreba fuZeSridan da amrigad safexuris xelovnurad 

Seqmna. 

   TeTri feris sinaTlis SemTxvevaSi firis sisqis saangariSo 

formulas Semdegi saxe aqvs: 

n
NN
NN

27.0d
21

43 ⋅
−
−

=  

sadac d - firis sisqea, mkm; 

N1, N2 - zolebs Soris intervalis gazomvisas aRebuli anaTvlebi; 

N3, N4 - zolis gadaRunvis sididis gazomvisas aRebuli anaTvlebi; 

n - zolebs Soris intervalebis ricxvi. 

   gazomvas vawarmoebdiT firis kideebze ramodenimejer sxvadasxva adgi-

las da firis saboloo sisqed viRebdiT am gazomvebis saSualo ari-

Tmetikuls. 

   aRwerili meTodikiT gazomvis sizuste maincdamainc maRali ar aris 

da Seadgens 10-30%. minimaluri sisqe, romlis gazomvac SesaZlebelia am 

mikrointerferometriT 0.03 mkm-is tolia. 

 

2.3. firebis  meqanikuri  Tvisebebis  kvlevis  meTodi 

 

xSirad mravalmxriv saintereso Tvisebebis mqone firebs gaaCniaT 

Zalian dabali adgezia fuZeSresTan, rac mniSvnelovnad zRudavs maT 

praqtikul gamoyenebas, amitom aucilebelia miRebuli firebis meqanikuri 

Tvisebebis Seswavla.  

   mocemul naSromSi adgeziis Sesaswavlad simartivis gamo SerCeul 

iqna meqanikuri, kerZod sruli gaxexvis meTodi. firebis meqanikur 

simtkicesa da maTi F   fuZeSreze    mikrobadobis   simtkiceze SeiZleba  
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vimsjeloT im muSaobis mixedviT, romelic aucilebelia daixarjos 

imisTvis, rom fuZeSridan mTlianad gadaixexos masze dafenili firi. 

meTodis gansaxorcieleblad Cvens mier awyobil iqna danadgari (nax. 3). 

(1) masiuri fila, romelzedac magrdeba sakvlevi nimuSi (2) eleqtromo-

toriT (7) modis nel moZraobaSi win da ukan. filis Sua nawilSi П 

magvar (3) dgarSi gadaadgildeba (6) Rero, romlis qveda nawilze  

mimagrebulia  firze  moxaxune  xelsawyos  muSa  ubani, xolo zedaze 

(5) diski, romelzec ewyoba saWiro  sididis tvirTi. disksa da sadgars  

Soris Camagrebulia  zambara (4), romelic isea SerCeuli, rom Rero exeba 

firis zedapirs, magram ar awveba mas. (8) warmoadgens eleqtrocecebs, 

romelTanac Sexebisas fila icvlis moZraobis mimarTulebas. (9) 

kolofSi damontaJebulia xelsawyos eleqtruli kvebis sqema. (6) RerZis 

qveda boloze damagrebulia zamSis ramodenime fena sisqiT araumetes 1 

mm. zamSis fena TamaSobs wamSleli fenis rols, 

 

 

nax. 3. firebis fardobiTi meqanikuri simtkicis gasazomi danadgaris 

sqema 

romelsac periodulad, garkveuli   gasmaTa    ricxvis Semdeg waesmeba 

specialuri almasis pasta. datvirTva Reroze SeirCeva iseTnairad, rom  
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aramtkice firic ki waiSalos ramodenime aTeuli gasmis Semdeg, vinaidan 

gasmis Zalian didi ricxvis SemTxvevaSi, gazomvis cdomileba cxadia 

mcirdeba. 

   amrigad, firis simtkice xelsawyos moxaxune zedapirze mudmivi dat-

virTvisas praqtikulad izomeba gasmaTa im ricxvis daTvliT, romelic 

saWiroa firis sruli waSlisaTvis. 

   vinaidan firis simtkicis aseTi meTodikiT gansazRvrisas arsebiT 

rols TamaSobs misi sisqe, yvela Cvens mier gamokvleul firs gaaCnda 

erTnairi sisqe 0,9 mkm. 

  

2.4. rentgenodifraqciuli  kvlevis meTodi 

 

   miRebuli firebis kristalurobasa da fazur Semadgenlobas 

vswavlobdiT rentgenodifraqciuli meTodiT - CuKα gamosxiveba, nikelis  

filtri, uwyveti Caweris reJimi 4x10-3grad/wm siCqariT. 

 

2.5. eleqtrofizikuri Tvisebebis kvlevis meTodebi 

 

   miRebuli firebis kuTri winaRobis, holis mudmivas da Termo-emZ-s 

gazomva xdeboda danadgarze, romelic gazomvebis Catarebis saSualebas 

iZleoda erT ciklSi. holis mudmivas gazomva xdeboda mudmivi magnitisa 

da mudmivi denis gamoyenebis meTodiT. 

 

2.6. firebis optikuri  Tvisebebis  kvlevis  meTodi 

 

     mocemul samuSaoSi gazomil iqna miRebuli firebis  arekvlisa da 

gamWvirvalobis speqtrebi energiebis 0.05-5.5 ev ubanSi oTaxis 

temperaturaze. eqsperimentalur bazad gamoyenebuli iyo   universaluri 

speqtralur-gamomTvleli     kompleqsi      КСВУ-2   da   infrawiTeli  
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speqtralur-gamomTvleli kompleqsi КСВУ-2 da infrawiTeli 

speqtralur-gamomTvleli kompleqsi КСВИ. miRebuli Sedegebis 

damuSaveba xdeboda kramers-kronigis dispersiuli Tanafardobebis 

safuZvelze [9,10]. 

 

3. eqsperimentis Sedegebi da maTi ganxilva 

 

3.1. gadoliniumis monoanTimonidis  Txeli firebis miReba da 

rentgenuli  analizis  Sedegebi 

 

   GdSb  Txeli firebi miRebul iqna komponentebis ori damoukidebeli 

wyarodan  vakuumur Termuli aorTqlebis meTodiT, romlis arsic 

mdgomareobs masalis Semadgeneli komponentebis erTdroul aorTqlebasa 

da kondensaciaSi fuZeSreze. steqiometriuli Semadgenlobis firebis 

miRebis teqnologiuri procesis warmatebiT Catareba moiTxovs 

komponentebis aorTqlebis temperaturis, amaorTqleblebis fuZereebidan 

daSorebisa da daxris kuTxeebis, fuZeSris temperaturis   zust 

SerCevas. aRniSnuli parametrebidan romelime maTganis optimaluri 

mniSvnelobidan gadaxram SesaZlebelia gamoiwvios miRebuli firis 

Semadgenlobis darRveva. kargi adgeziisa da srulyofili kristaluri 

struqturis firebis misaRebad didi mniSvneloba aqvs fuZeSris 

Semadgenlobas da mis iseT parametrs, rogoricaa wrfivi siTburi 

gafarToebis koeficienti, dnobis temperatura. garda amisa fuZeSre ar 

unda Sediodes qimiur reaqciaSi dasafen masalasTan. zemoT naxsenebi 

Tvisebebis gaTvaliswinebiT fuZeSris masalebad SerCeul iqna 

monokristaluri siliciumi, sitali da leikosafironi. arcerTi es 

masala arc gadoliniumTan da arc stibiumTan ar qmnis qimiur naerTs. 

siliciumis dnobis temperatura sakmaod maRalia 14150C, xolo siTburi 

gafarToebis    koeficienti     dabali – 1,2 x 10-6 grad-1  [11].     sitali 
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warmoadgens masalas, romelic miiReba minis mimarTuli kristalizaciiT. 

sitalis mikrostruqura xasiaTdeba mcire zomis kristalitebis 

arsebobiT, romlebsac principSi sxvadasxva Tviseba gaaCniaT sxvadasxva 

kristalografiuli mimarTulebiT, magram imis gamo rom isini 

mouwesrigeblad arian ganlagebuli sivrceSi anizotropia ar SeimCneva. 

sitali xasiaTdeba mravali mniSvnelovani Tvisebis erTobliobiT: maRali 

meqanikuri simtkice, Termuli mdgradoba, darbilebis maRali   

temperatura (daaxloebiT 14400 C), wrfivi siTburi gafarToebis 

koeficientis dabali mniSvneloba – 2,0 x 10-6 grad-1[11]. sitali 

praqtikulad ar STanTqavs wyals. leikosafironis (xelovnuri korundi) 

- 𝐴𝐴𝐴𝐴2𝑂𝑂3 darbilebis temperaturaa – 20300C, wrfivi siTburi gafarToebis 

koeficienti - 5,7 x 10-6 grad-1[11]. leikosafironic xasiaTdeba wylis 

Ddabali STanTqmiT. SevniSnoT, rom gadoliniumis monoanTimonidis 

siTburi gafarToebis koeficinti tolia 14,1 x 10-6 grad-1[12] Cvens mier 

gamoyenebul siliciumis, sitalisa da leikosafironis fuZeSreebs 

gaaCndaT marTkuTxa paralelepipedis forma zomebiT 15x8x1mm. fuZeSrebis 

zedapiri polirebuli iyo qarxnuli wesiT da zedapiris 

uswormasworobis zomebi ar aRemateboda 0,01 mkm-s. 

   fuZeSris zedapiris sisufTave warmoadgens gadamwyvet faqtors 

maRali xarisxis, fuZeSresTan Zlieri adgeziis  mqone firebis miRebis 

saqmeSi. kargad gawmendili fuZeSre aseve warmoadgens winaswar 

aucilebel pirobas kargad ganmeorebadi Tvisebebis mqone Txeli firebis 

aRwarmoebisaTvis. rogorc specialurad Catarebulma kvlevebma aCvenes 

yvelaze farTod gavrcelebuli gaWuWyianebis saxeebia: haeridan 

gamoleqili nawilakebi, TiTis anabeWdebi, zeTis kvali, damzadebisa da 

SefuTvisas darCenili boWkoebi, wylis orTqli da a.S. fuZeSris 

gawmendis procesi moiTxovs kavSiris gawyvetas rogorc minarevis 

molekulebs aseve am molekulebsa da fuZeSris molekulebs Soris. es 

SesaZlebelia    miRweul   iqnas,    rogorc   qimiuri  meTodebiT aseve 
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minarevebis asaorTqleblad sakmarisi energiis modebiT, magaliTad 

gaxurebiT an ionuri bombardirebiT. rogorc wesi, gawmendis procesi 

damTavrebulad iTvleba, rogorc ki minarevis fena moSorebul iqneba, 

xSirad dasaSvebia TviT fuZeSris masalis odnav mowamvlac, rac 

gawmendis process aumjobesebs.sxvadasxva gamxsnelebiT gawmendis 

procesi tardeba vakuumuri sistemis gareT, maSin rodesac gawmenda 

gaxurebiT an ionuri bobmardirebiT xorcieldeba vakuumur kameraSi. 

   mocemul naSromSi fuZeSreebis gawmendas vaxdendiT jer 20%NaOH 

xsnarSi, xolo Semdeg  vrecxavdiT distirebuli wyliT, xolo Semdeg 

mowamvlas vagrZelebdiT narevSi 30%HCL+60%HNO3+10%H2O. azotmJavasa da 

marilmJavas koncentracia Seadganda 99,8%, xolo sawyisi sisufTave 

maRali iyo. mowamvlis Semdeg fuZeSres vrecxavdiT isev distilirebuli 

wyliT da amis Semdeg isini gadagvqonda vakuumur kameraSi sadac vaxdenT 

mis gamowvas 600 – 10000C temperaturaze daaxloebiT 10-6 mm.vwy.sv. wnevaze 

30 – 45wT-is ganmavlobaSi. xSirad vakuumur kameraSi gamowvis win 

fuZeSreebs vwmenddiT aqtivizirebuli naxSiris fxvnili, romelic 

winaswar datanili gvqonda mfiltrav qaRaldze, fxvnilis narCenebs 

vacilebdiT cximmocilebuli qaRaldiT. zogierT SemTxvevaSi zedapiris 

gawmendas vaxdendiT qimiuri mowamvlis Semdeg eleqtronebiT 

bombardirebiT 1 – 2 wT – is ganmavlobaSi. magram am meTods aRmoaCnda 

erTi nakli, romelic mdgomareobs gasawmendi zedapiris gaWuWyianebaSi 

kaTodidan ( volframi) aorTqlebuli advilad aqroladi volframis 

orJangiT – WO2, agreTve naxSirwyalbadis daSlis produqtebiT, romelic 

yovelTvis aris narCeni airis atmosferoSi. amdenad es meTodi karg 

Sedegs iZleva maSin, rodesac bombardirebis xangrZlivoba ar aRemateba 2 

wT-s. [13]-Si aRwerilia zedapiris sisufTavis Semowmebis primitiuli 

magram efeqturi meTodi, romelsac pirobiTad ewodeba daorTqlebis 

figurebis meTodi. misi gamoyenebisas eqsperimentatorma odnav unda 

Seuberos Sesamowmebel zedapirs,    am   dros    amosunTquli orTqli 
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kondensirdeba zedapirze da qmnis e.w. “daorTqlebis figurebs”. Tu 

fuZeSre sakmaod kargadaa gawmendili warmoiqmneba mqrqali 

erTgavarovani zedapiri, romelic Sedgeba wylis mcire zomis 

wveTebisagan. Tu zedapiri kargadaa gawmendili, wylis orTqlis 

molekulebs Soris SeWidulobis Zalebi naklebia vidre am molekulebsa 

da fuZeSris atomebs Soris da amitom wyali kondensirdeba  optikurad 

erTgvarovani fenis saxiT, romelic warmoadgens  Sav sarkisebur wylis 

afsks. wylis aseT afsks ewodeba “sunTqvis Savi figura”. eqsperimentebma 

aCvenes, rom iseT fuZeSreebze, romlebzedac warmoiqmneba “sunTqviTi Savi 

figurebi” miiReba maRali xarisxis kargi adgeziis firebi. 

   firebis miRebas vawarmoebdiT УВН-75Р3 markis modernizebul  

danadgarze. gadoliniumisa da stibiumis amaorTqleblebidan 

fuZeSeebamde manZili Sesabamisad toli iyo 50 da 40 mm-is, xolo 

amaorTqleblebis RerZebis daxris kuTxeebi fuZESris normalis mimarT 

erTnairi iyo da Seadgenda   250 C. firis dafenis procesSi vakuumi 

kameraSi toli 10−6  mm. vwy.sv-is. fuZe Sreebis temperatura sxvadasxva 

eqsperimentSi icvleboda 900-1250 К farglebSi, firebis dafenis siCqare 

Seadgenda 60-100 Å წმ� . sawyis masalebad gamoyenebuli iyo ГдМ – 1 

gadoliniumi da Су 0000 markis stibiumi. firis sisqes vzomavdiT linikis 

inerferenciuli mikroskopiT. mravalricxovanma eqsperimentebma aCvenes, 

rom fuZeSris masala arsebiT gavlenas ar axdens miRebuli firebis 

fazur Semadgenlobasa da kristalurobaze. amasTan erTd unda aRiniSnos 

miRebuli firebis dabali mdgradoba atmosferul haerze – maTi 

dayovneba atmosferul haerze 3 - 4 dRis ganmavlobaSi iwvevs firebis 

Seferilobis cvlilebas, xolo difraqtogramaze damatebiTi pikebis 

gaCenas, romlebic ar ekuTvnis gadoliniumis monoanTimonids. amdenad 

aucilebelia firebis Senaxva vakuumSi. 

   miRebuli firebis kristalurobasa da fazur Semadgenlobas 

vadgendiT rentgenuli meTodiT. rentgenodifraqtogramebis    gadaRebas  
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 vawarmoebdiT ДРОН -1 markis difraqtometrze   gamosxivebiT. nax.4-ze 

moyvanilia sitalis fuZeSreze dafenili gadoliniumis monoanTimonidis 

Txeli firis rentgenodifraqtograma. 

 

 

 
nax.4. gadoliniumis monoanTimonidis rengenodifraqtograma 

(FfuZeSre – sitali, firis sisqe – 1,2 mkm) 

 

     analizma aCvena, rom firebs gaaCniaT   NaCl  tipis kristaluri meseri  

6.25 Å-is toli kristaluri mesriT, rac karg SesabamisobaSia 

gadoliniumis monoanTimonidis moculobiTi kristalis literaturul 

monacemebTan [8].  

 

3.2. gadoliniumis monoanTimonidis firebis fardobiTi meqanikuri 

Tvisebebis Seswavla 

 

   rogorc zemoT aRvniSneT firis fardobiTi meqanikuri simtkice 

izomeba mudmivi datvirTvisas  gasmaTa im ricxvis daTvliT, romelic sa-

Wiroa firis sruli waSlisaTvis. vinaidan firis simtkicis aseTi 

meTodikiT gansazRvrisas arsebiT rols TamaSobs misi sisqe, yvela Cvens 
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mier gamokvleul firs gaaCnda erTnairi sisqe 0,9 mkm. datvirTva yvela 

firze erTnairi iyo da Seadgenda 400 grams.  Catarebulma kvlevebma 

aCvenes, rom ime-s anTimonidebs Soris yvelaze dabali meqanikuri 

simtkice gaaaCniaT TmSb firebs. 0, 9 mkm sisqis firis sruli gaxexvisaTvis 

400 g datvirTvis dros saWiroa     63   gasma. gasmaTa es raodenoba 

aRebul iqna erTeulad. mocemuli firis sruli gadaxexvisaTvis saWiro 

raodenobis Sefardeba 63 -Tan  warmoadgens swored fardobiT meqanikur 

simtkices (fms). 

   nax.5-ze moyvanilia siliciumis, sitalisa da leikosafironis 

fuZeSreze dafenili  TmSb da  GdSb  firebis fms. rogorc naxazidan 

vxedavT yvelaze maRali fms gaaCniaT safironze dafenil firebs, 

yvelaze dabali siliciumze dafenilebs, xolo sitalze dafenili 

firebis fms saSualedoa maT Soris. 

 

         

siliciumi                    sitali             leikosafironi 

 

nax.5. sxvadasxva fuZeSreze (siliciumi, sitali, leikosafironi) 

dafenili tuliumisa da gadoliniumis firebis (1 – GdSb, 2 – TmSb) 

fardobiTi   meqanikuri simtkice.  

   fardobiTi meqanikuri simtkicis zrdis erT-erTi SesaZlo mizezi 

fuZeSris masalis mimdevrobiT siliciumi,   sitali,      leikosafironi 
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 SeiZleba iyos gadoliniumis monoanTimonidis siTburi gafarToebis 

koeficientis sididis miaxloeba fuZeSris masalis siTburi gafarToebis 

koeficientTan amave mimdevrobiT. 

     cnobilia, rom firebis adgeziaze did gavlenas axdens dafenili 

firis dafenis temperaturidan oTaxis temperaturamde gacivebis siCqare. 

Cvens Catarebul iqna eqsperimentebis seria, romlis mizanic iyo 

dagvedgina Tu ra gavlenas axdenas gadoliniumis monoanTimonidis 

firebis gacivebis siCqare adgeziaze. qvemoT moyvanilia safironis 

fuZeSreze dafenili firebis sxadasxva siCqariT gacivebis reJimebi  10−6 

mm. vcwy. sv. vakuuumis pirobebSi 

 

cxrili I 
 
          firis temperatura, K                                      gacivebis dro, wT 
                  1029 0 
 864 5 
 649 10 
        454 15 
        410 20 
  389 25 
  350 30 
      332 35 
       321 40 
   315 45 
   312 50 
      
   pirvel cxrilSi moyvanili reJimi Seesabameba gacivebis im SemTxvevas, 

rodesac dafenis procesis dasrulebis Semdeg Rumelis eleqtruli kveba 

maSinaTve gamovrTeT da firi civdeboda “bunebriv pirobebSi”, gacivebis 

saSualo siCqare 14 grad/wT. 

   meore da mesame cxrilSi moyvanali reJimebi Seesabameba im 

SemTxvevebs, rodesac gacivebis siCqares xelonurad varegulirebdiT, anu 

firis gamaxurebeli Rumelis spiralSi gamaval dens vamcirebdiT 

TandaTan ise, rom firis gacivebis drom pirvel SemTxvevaSi Seadgina 95 

wT., (gacivebis saSualo siCqare 8 grad/wT) xolo meore SemTxvevaSi – 120 
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 wT. (gacivebis saSualo siCqare 6 grad/wT) 

 

cxrili II 
 
          firis temperatura, K                                      gacivebis dro, wT 
                  1036 0 
 950 5 
 901 10 
        825 15 
        790 20 
   682 25 
   640 30 
      601 35 
       532 40 
   501 45 
   601 50 
      530                     55 
    509                     60 
                                       476                                                                              65 
                                       436                                                                              70 
                                       398                                                                              75 
                                       356                                                                              80 
                                       335          85 
                                       313                                                                              90 
                    307                                       95 

cxrili III 
 
          firis temperatura, K                                      gacivebis dro, wT 
                  1033 0 
                                     1001 5 
 961 10 
        900 15 
        885 20 
  845 25 
 797 30 
     703 35 
      729 40 
 700 45 
  663 50 
     641          55 
                                      608                                                                               60 
                                      571                                                                               65 
                                      556                                                                               70 
                                      532                                                                               75 
                                                                         18 

          



 
 

        501                                                                               80 
                                      471                                                                               85 
                                      453                                                                               90 
                                       432                                                                               95 
                                       401                                                                             100 
                                       367                                                                              105 
                                       348                                                                              110 
                                       316                                                                              115 
                                       308                                                                              120 
 

  
   cdebma aCvenes, rom gacivebis saSualo siCqaris SemcirebiT firebis 

fms izrdeba daaxloebiT 10-12%. gacivebis siCqaris Semdgomi Semcireba ki 

ukve ar iwvevs firebis fms-is Semdgom cvlilebas. miRebuli 

eqsperimentuli monacemebi SeiZleba aixsnas im garemoebiT, rom gacivebis 

optimaluri reJimis pirobebSi firi aRwevs wonasworul mdgomareobas, 

masSi arsebuli defeqtebi minimumamdea dasuli rac firebis adgezias 

uwyobs xels.  

 

3.3. gadoliniumis monoanTimonidis Txeli  firebis eleqtrofizikuri 

Tvisebebi 

 

       nax. 6–9 –ze moyvanilia eleqtrofizikuri parametrebis 

damokidebuleba temperaturaze 90-700 K ubanSi. rogorc nax. 6 – dan Cans 

temperaturis mTel ubanSi kuTri winaRoba wrfivad da sustad izrdeba. 

kuTri winaRobis sidide da temperaturaze damokidebulebis xasiaTi 

analogiuria aseTi damokidebulebis tuliumis, iterbiumis, samariumisa  

da prazeodiumis mono da dianTimonidebisaTvis. nax. 8 da 9 – dan Cans, 

rom mTels temperaturul intervalSi holis mudmivas da Termo –emZ-s 

gaaCnia uaryofiTi niSani. Hholis mudmivas absoluturi mniSvneloba 

mniSvnelovnad da arawrfivad mcirdeba. Termo emZs absoluturi 

mniSvneloba wrfivad izrdeba. kuTri winaRobisa da holis mudmivas 

mniSvnelobebis gazomvis Sedegebi gamoyenebuli iqna muxtis matareblebis 
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(eleqtronebis) Zvradobisa da koncentraciis gamosaTvlelad erTzoniani 

miaxloebiT. Uunda aRiniSnos, rom aseTi miaxloeba mTlad koreqtuli 

ara aris. rogorc nax 10 da 11 – dan Cans eleqtronebis koncentracia  

sustad izrdeba, xolo Zvradoba mcirdeba. 

   eleqtrofizikuri parametrebis temperaturaze damokidebulebis 

xasiaTi da maTi absoluturi sididis mniSvnelobebi saSualebas gvaZlevs 

davaskvnaT, rom gadoliniumis monoanTimonidi warmoadgens naxevrad 

liTons. 

       

    

 
nax.7.gadoliniumis monoanTimonidis Txeli firis kuTri winaRobis 

damokidebuleba temperaturaze (fuZeSre sitali, firis sisqe – 1.1 mkm) 
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Nnax.8. gadoliniumis  monoanTimonidis Txeli firis holis mudmivas 

damokidebuleba temperaturaze (fuZeSre sitali, firis sisqe – 1.1 mkm) 

 
 

 
nax.9. gadoliniumis monoanTimonidis Txeli firis Termo emZ-s 

damokidebuleba temperaturaze (fuZeSre safironi, firis sisqe – 1,2 mkm) 
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    N 

nax.10.Egadoliniumis monoanTimonidis Txel firSi eleqtronebis 

Zvradobis damokidebuleba temperaturaze (fuZeSre sitali, firis sisqe – 

1.1 mkm) 

 

Nnax.11. Egadoliniumis monoanTimonidis Txel firebSi eleqtronebis 

koncentraciis damokidebuleba temperaturaze (fuZeSre sitali, firis 

sisqe – 1.1 mkm) 
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3.4 gadoliniumis monoanTimonidis Txeli firebis optikuri Tvisebebi 

 
   Cvens mier gazomil iqna gadoliniumis monoanTimonidis Cvens mier 

momzadebuli firebis arekvlisa da STanTqmis speqtrebi speqtris farTo 

ubanSi 0.05 – 5.5 ev  oTaxis temperaturaze. 

   nax. 12 –ze moyvanilia arekvlis speqtri. rogorc naxazidan Cans 0.287 

ev energiaze SeimCneva kargad gamoxatuli grZeltalRovani minimumi; 

kargad gamoxatuli arekvlis zoli maqsimumiT 0.41 ev-ze da  minimumiT 2.1 

ev-ze. 

   nax.13-ze moyvanilia STanTqmis speqtri romelzedac SeiZleba gamoiyos 

sami Tavisebureba: SedarebiT maRali gamWvirvalobis ubani 0.45 ev 

siaxloves; struqtura 0.25 ev-ze da STanTqmis mkveTri zrdis ubani 

energiebisaTvis, romlebic aRemateba 0.1 ev-s. 

   samwuxarod arekvlisa da STanTqmis speqtrebis calsaxa axsna 

SeuZlebelia. erTaderTi rac SeiZleba danamdvilebiT iTqvas isaa, rom 

mkveTri minimumi arekvlis speqtrSi da Sesabamisi STanTqmis 

koeficientis grZeltalRovani gazrda  SeiZleba miekuTvnos muxtis 

gadamtanebis plazmur  rxevebs. 

   rogorc nax.14 –dan Cans dieleqtrikuli SeRwevadobis namdvili 

nawilis speqtris infrawiTel ubanSi ɛ1 miiswrafis Zalian maRali 

uaryofiTi mniSvnelobebisaken, rac miuTiTebs imas, rom optikur 

procesebSi Zalian did rols TamaSoben muxtis Tavisufali gadamtanebi. 

ɛ1 samjer icvlis niSans, amasTan orjer dadebiTi daxriT 0.15 ev da 0.31 

ev-ze. SevniSnoT, rom 0.31 ev-ze energia Seesabameba Sesabamis energias 

danakargebis funqciis maqsimumze, rac imaze miuTiTebs, rom es energia 

Seesabameba plazmur rezonans. Aam energiis sixlovis gamo STanTqmis 

zolis energiasTan StanTqma Zalian Zlieria, xolo agznebebi 

dempirirebulia da amitom “namdvili” plazmuri  STanTqmis sixSire unda 

aRematebodes am sixSiris Teoriul mniSvnelobas. 
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Nnax.12. Agadoliniumis dianTimonidis Txelifirebis arekvlis speqtri 

(fuZeSre - leikosafironi, firis sisqe – 1.2 mkm) 

 

 
Nnax.13. gadoliniumis monoanTimonidis Txeli firebis STanTqmis speqtri 

(fuZeSre – leikosafironi, firis sisqe 1.2 mkm) 
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Nnax.14. gadoliniumis monoanTimonidis Txeli firebis dieleqtrikuli 

dieleqtrikuli SeRwevadobis speqtri (fuZeSre – leikosafironi, firis 

– sisqe 1.2 mkm) 

 
4.Ddaskvnebi 

 

    damuSavebulia gadoliniumis monoanTimonidis Txeli firebis miRebis 

teqnologia komponentebis ori damoukidebeli warodan vakuumur-

Termuli aorTqlebis meTodiT sxvadasxva fuZeSreze  (siliciumi, 

sitali, leikosafironi). rentgenografiuli meTodiT dadgenilia, rom 

miRebuli firebi erTfazaa,    gaaCniaT   NaCl  tipis kristaluri meseri          

6,25 Å -is toli kristaluri mesris parametriT.  

   Seswavlilia miRebuli firebis fardobiTi meqanikuri simtkice. 

naCvenebia, rom is damokidebulia fuZeSris masalaze da firebis 

gacivebis reJimze dafenis temperaturidan oTaxis temperaturamde. 

    gazomilia  ZiriTadi   dieleqtrofizikuri   parametrebis   (kuTri  
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winaRoba, holis mudmiva da TermoemZ) damokidebuleba temperaturaze                                

farTo intervalSi. naCvenebia, rom firebi warmoadgenen naxevaliTonebs. 

   Ppirvelad Seswavlilia miRebuli firebis arekvlisa da STanTqmis 

speqtrebi 0.05 – 5.5 ev energiebis intervalSi. miRebuli monacemebis 

safuZvelze agebulia dieleqtrikuli SeRwevadobis namdvili nawilisa 

da danakargebis funqciis damokidebuleba fotonebis energiaze. 

naCvenebia, rom optikuri parametrebis speqtrebs gaaCniaT sakmaod rTuli 

xasiaTi 
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