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reziume 

 
 

iSviaTmiwa elementebis (ime) SenaerTebs gaaCniaT mTeli rigi 
unikaluri Tvisebebi, rac gamowveulia ime-s atomebis eleqtronuli 
garsis agebulebis TaviseburebebiT. cnobilia,rom ime-s atomebs 
gaaCniaT Seuvsebeli 4f Sida garsi, romlis Sevsebac xorcieldeba 
TandaTan lanTanidan luteciumamde. amasTan adgili aqvs 4f 
mdgomareobis lokalizacias, vinaidanAN 4f  doneebi ganlagebulia 
atomis siRrmeSi da amdenad isini ekranirebulia gareSe 
zemoqmedebisagan. SenaerTis warmoqmnisas adgili aqvs ara 4f garsebis 
urTierTgadafarvas, aramed lokaluri doneebis warmoqmnas, romlebic 
atomuri doneebis msgavsad iqcevian. Sesabamisi SenaerTis Tviseba 
damokidebulia imaze, Tu rogor mdgomareobas daikavebs viwro 4f  
zona. Tu is moxvda akrZalul zonaSi, kristali naxevargamtaria,  
TuU savalento zonaSi _ dieleqtriki, xolo TuU 4f  zona 
gamtareblobis zonis farglebSi moxvda, maSin SenaerTi liTonur 
Tvisebebs avlens.  

ime-s erTnaxevriani sulfidebs gaaCniaT didi akrZaluli zonis 
sigane da amitom warmoadgenen perspeqtiul masalebs speqtris xilul 
ubanSi momuSave optoeleqtronul xelsawyoebis, polikristaluri 
optikuri keramikisa da Termoeleqtruli gardamqmnelebis 
Sesaqmnelad. ime-s  erTnaxevriani sulfidebi Zneldnobadi masalebia 
da, amdenad, SeuZliaT muSaoba maRal temperaturaze. miuxedavad maTi 
unikaluri Tvisebebisa, bevri maTgani Seswavlili ar aris, 
srulyofili moculobiTi kristalebisa da firebis miReba sakmaod 
rTul teqnologiur amocanas warmoadgens. 

mocemuli naSromis ZiriTad mizans warmoadgenda tuliumis, 
prazeodiumisa da neodiumis erTnaxevriani sulfidebis  Txeli 
firebis miReba, legireba da maTi optikuri, eleqtrofizikuri da 
meqanikuri Tvisebebis Seswavla. 

tuliumisa da prazeodiumis erTnaxevriani sulfidebis Txeli 
firebi miRebul iqna komponentebis ori damoukidebeli wyarodan 
vakuumur-Termuli aorTqlebis meTodiT. fuZeSreebad gamoyenebul iyo 
nadnobi kvarci, polikristaluri sitali, leikosafironi da 
monokristaluri siliciumi. rentgenodifraqciuli da
eleqtronografiuli monacemebiT dadgenil iqna miRebuli firebis 
fazuri Semadgenloba da kristaluri struqtura.  

yvelaze srulyofili firebi miRebul iqna fuZeSris 870 K 
temperaturaze. firebi Seesabameboda θ formas ( kuburi singonia, 

sivrculi jgufi  

 

 

d34I , struqturuli tipi Tl2O3),  mesris   mudmivaTi 
a = 12.46 Å. 

prazeodiumis erTnaxevriani sulfidis Txeli firebi miRebul 
iqna fuZeSris 970 K temperaturaze, firebi Seesabameboda γ formas   

(kuburi singonia, sivrculi jgufi d34I  struqturuli tipi Th3P4), 
mesris mudmivaTi   a = 8.91 Å. 

neodiumis erTnaxevriani sulfidis Txeli firebi miRebul iqna 
winaswar sinTezirebuli SenaerTis diskretuli vakuumur-Termuli  
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aorTqlebis meTodiT aRniSnul fuZeSreebze. srulyofili 
kristaluri firebi miRebul iqna fuZeSris 1000 K temperaturaze da 
Seesabamebodnen  γ  formas,  γ-Pr2S3-is  msgavsad,  mesris   mudmivaTi   
a = 8.60 Å. 

miRebuli erTnaxevriani sulfidebis Txeli firebis kuTri 
winaRoba maRali iyo ≈108 omi·m, rac damaxasiaTebelia Ln2S3  
SenaerTebisaTvis da miuTiTebs miRebuli SenareTebis steqiometriul 
SemadgenlobasTan siaxloves, rac dadasturda miRebul firebze 
Catarebuli mikrozonduri analiziTac. 

miRebuli firebis maRali  kuTri eleqtrowonaRoba arTulebs 
fotoeleqtruli Tvisebebis gazomvas da masalis gamoyenebas mTeli 
rigi praqtikuli miznebisTvis. amitom Catarebul iqna firebis 
legireba  kadmiumisa da tyviis atomebiT. amasTan tyviis atomebiT 
legireba ganxorcielda minarevis SemosazRvruli wyarodan difuziis 
meTodiT, risTvisac firebze winaswar vakuumur-Termuli aorTqlebis 
meTodiT vafendiT tyviis fenas da vawarmoebdiT 900 K –ze difuziur 
gamowvas. firebis kadmiumiT legirebas vaxdendiT daxurul 
moculobaSi airadi fazidan aseve 900 K temperaturaze. legirebis 
Semdeg firebs gaaCndaT eleqtronuli gamtarebloba, xolo kuTri 
winaRoba tyviiT legirbul firebSi 7-8 rigiT Semcirda, xolo 
kadmiumiT legirebul firebSi _ 3-9- rigiT. 

θ-Tm2S3-is firebze Seswavlil iqna arekvlisa STanTqmis speqtri 
1.2_5.2 ev energiaTa intervalSi. naCvenebia, rom  θ-Tm2S3-is firebis 
STanTqmis kidis formirebaSi monawileobas iRebs pirdapiri da 
arapirdapiri gadasvlebi, Sesabamisad 1.2 ev da 2.5 ev-ze. 
      γ-Pr2S3-is da γ-Nd2S3-is firebis STanTqmis koeficientis saxSiruli 
analiziT Sefasebulia maTi akrZaluli zonis sigane _ Sesabamisad 2.8 
ev da 2.9 ev. 

θ-Tm2S3-is, γ-Pr2S3-isa da γ-Nd2S3-is kadmiumiT da tyviiT 
legirebuli firebis fotogamtareblobis  da foto emZ-s speqtraluri 
da temperaturuli damokidebulebebis Seswavlam aCvena, rom 
fotomgrZnobiarobaSi ZiriTad rols TamaSoben aqceptoruli doneebi,  
romlebic   warmoiqmnebian  kaTionur qvemeserSi   maTi kompensaciiT 
kadmiumis an tyviis minarevis Seyvanis dros. 

kadmiumiT legirebul θ-Tm2S3-is-is firebSi Seswavlilia 
fotogamtareblobis xangrZlivdroiani relaqsacia. Sefasebulia 
relaqsaciuri barieris sidide 0.12_0.28 ev. dadgenilia tuliumis 
vakansiiT Seqmnili aqceptoruli donis ionizaciis energia. 

ukanasknel xanebSi Txeli firebis optikuri da eleqtruli 
Tvisebebisadmi interesis paralelurad didia daintereseba maTi 
meqanikuri TvisebebiTac, vinaidan xSirad saTanado eleqtrofizikuri 
Tvisebebis mqone firebs gaaCniaT dabali meqanikuri simtkice, rac 
xels uSlis maT gamoyenebas. winamdebare naSromSi firebis meqanikuri 
simtkice Seswavlil iqna e.w. sruli gaxexvis meTodiT, romlis 
principi mdgomareobs imaSi, rom firebis meqanikur simtkiceze da maTi 
fuZeSreze mikrobadobis xasiaTze SeiZleba vimsjeloT im samuSaos 
mixedviT, rac aucilebelia daixarjos firis fuZeSridan mTlianad 
gadasaxexad. am dros erTidaigive sisqis firebze erTidaigive 
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datvirTvisas  xdeboda muSa sxeulis _zamSis fena almasis pastiT _ 
gatareba manam, sanam firi mTlianad ar moSordeboda fuZeSres. 
daviTvaleT ra sruli gadaxexvisaTvis saWiro gasmaTa raidenoba da 
SevadareT is etalons, rogorc yvelaze dabali simtkicis masalas, 
tuliumis monoanTimonids, Catarebulma gamokvlevebma  DyS, θ-Tm2S3, γ-
Pr2S3, θ-Yb2S3, γ-Nd2S3 firebze, aCvenes, rom yvelaze maRali fardobiTi 
meqanikuri simtkice gaaCniaT leikosafironis fuZeSreze dafenil 
firebs, xolo yvelaze dabali _ siliciumis fuZeSreze dafenlebs. 
gamoTqmulia varaudi, rom leikosafironis fuZeSreze dafenili 
firebis maRali meqanikuri simtkice dakavSirebulia fuZeSresa da 
dafenili masalebis siTburi gafarToebis koeficientebis 
siaxlovesTan. 

samecniero literaturaSi arsebuli monacemebisa da mocemul 
naSromSi Sesrulebuli SedegebiT SeiZleba aisaxos iSviaTmiwa 
elementis erTnaxevriani sulfidebis Txeli firebis praqtikuli 
gamoyenebis perspeqtivebi. isini warmoadgenen dieleqtrikebs maRali 
optikuri gamWvirvalobis ubniT. maTi legireba kadmiumiT 
mniSvnelovnad zrdis am masalebis fotomgrZnobiarobas da 
perspeqtiuls xdis maT gamoyenebas fotomgrZnobiare xelsawyoebis 
Sesaqmnelad. 

naSromSi miRebuli Sedegebi uTuod xels uwyobs ime-s 
SenaerTebis Seswavlas da myari tanis fizikis mravali sakiTxis 
axlebur gaazrebsa.  
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S e s a v a l i 
 

 

iSviaTmiwa elementebis (ime) SenaerTebi xasiaTdebian mTeli rigi 

unikaluri fizikuri TvisebebiT. maT fuZeze Seqmnilia efeqturi 

luminoforebi, masalebi diskretuli da holografiuli informaciis 

Casawerad, polikristaluri optikuri keramika, mravali lazeruli 

masala, dieleqtrikebi eleqtronuli struqturisaTvis, 

Termoeleqtruli gardamqmnelebi da a.S.. ime-s sulfidebi 

Zneladdnobadi masalebia, amdenad maT SeuZliaT muSaoba maRal 

temperaturebze. TavianTi eleqtruli TvisebebiT isini warmoadgenen 

dieleqtrikebs, naxevradliTonebs da naxevargamtarebs. rogorc wesi, 

ime-s SenaerTebs gaaCniaT absoluturi mniSvnelobiT giganturi 

efeqtebi, xSirad ki principulad axali da unikaluri Tvisebebi. 

ukanaskneli aTi wlis ganmavlobaSi ime-s SenaerTbisadmimTel 

msoflioSi sul ufro mzardi interesi SeimCneva, rasac adasturebs 

Tundac is faqti, rom mxolod 2008 wels dagegmilia am masalebisadmi 

miZRvnili sami saerTaSoriso konferencia alabamaSi (aSS), drezdenSi 

(germania) da karpaCSi (poloneTi). saintereso da unikaluri Tvisebebis 

garda, interesi  gamowveulia mopovebuli ime-is raodenobis zrdiT, 

maRali sisufTavis miRweviT da, rac ara nakleb mniSvnelovania 

Rirebulebis SemcirebiT. 

ime-is SenaerTebis Tvisebebis unikalobas iwvevs ime-is atomebis 

eleqtronuli garsis agebulebis Taviseburebebi. rogorc cnobilia, 

ime-s atomebs gaaCniaT Seuvsebeli 4f  Sida garsi, romlis Sevsebac 

xorcieldeba TandaTan La-dan Lu-mde. amasTan adgili aqvs 4f 

mdgomareobis arsebiT lokalizacias, rac gamowveulia imiT, rom 4f 

doneebi ganlagebulia atomis siRrmeSi da amdenad isini 

ekranirebulia gareSe zemoqmedebisagan 5S2P6  eleqtronebiT. SenaerTis 

warmoqmnisas adgili aqvs ara 4f garsebis urTierT gadafarvas 

(vinaidan 4f  garsis radiusi – 0,3 Ǻ, atomebs Soris manZilis mxolod 
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10%-s Seadgens), aramed ~1028 m-3  koncentraciis lokaluri doneebis 

warmoqmnas, es ukanaskneli ki atomuri doneebis msgavsad iqcevian [1]. 

Sesabamisi SenaerTebis Tviseba damokidebulia imaze, Tu rogor 

mdgomareobas daikavebs viwro 4f  zona. Tu is moxvda akrZalul 

zonaSi, kristali xasiaTdeba naxevargamtaris TvisebebiT. Tu 4f  zona 

ganTavsda savalento zonaSi, maSin masala dieleqtrikia, xolo Tu 4f 

zona moxvda gamtareblobis zonis farglebSi, maSin SenaerTi 

liTonur Tvisebebs avlens. 

ime-s erTnaxevrian halkogenidebs gaaCniaT didi akrZaluli 

zonis sigane da amitom warmoadgenen perspeqtiul masalebs speqtris 

xilul ubanSi momuSave optoeleqtronuli xelsawyoebis Sesaqmnelad. 

unda SevniSnoT, rom halkogenidebis fizikuri Tvisebebi 

damokidebulia maTSi komponentebis raodenobriv Tanafardobaze da 

ime-s ionis valentobaze. ase magaliTad, samvalentiani ime-s 

monohalkogenidebi da 3:4 Tanafardobis SenaerTebi warmoadgenen 

liTonebs, orvalentiani ime-s monohalkogenidebi – naxevargamtarebs, 

erTnaxevriani ime-s halkogenidebi  ki – dieleqtrikebs. 

ime-is halkogenidebi,  garda praqtikuli gamoyenebisa, 

saintereso masalebia Teoriuli Seswavlis TvalsazrisiTac, vinaidan 

es xels uwyobs myari tanis fizikis mravali sakiTxis axleburad 

gaazrebas. 

ime-s halkogenidebis fizikuri Tvisebebis yovelmxrivi Seswavla 

da praqtikuli miznebisTvis gamoyeneba mniSvnelovnadaa damokidebuli 

am masalebis srulyofili moculobiTi kristalebis da Txeli 

firebis miRebis teqnologiis damuSavebaze. mniSvnelovan yuradRebas 

iqceven Txelfirovani obieqtebi, vinaidan Tanamedrove 

mikroeleqtronikis ganviTareba moiTxovs gansakuTrebuli Tvisebebis 

mqone firovani obieqtebis teqnologiis safuZvlebis damuSavebas. 

Txeli firebis sxvadasxva safenebze momzadebis problemis gadawyveta 

dakavSirebulia maTi  fizikuri Tvisebebis SeswavlasTan, firebis 

qimiuri da fizikuri Semadgenlobis, kristaluri struqturisa da 

maTi srulyofis xarisxTan kavSirSi. sainteresoa is faqtic, rom 

Txelfirovani obieqtebis Tvisebebi SeiZleba gansxvavdebodes 
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Sesabamisi moculobiTi obieqtebis Tvisebebisagan da amJamad maTi 

Sedareba xels uwyobs masalis Tvisebis ufro Rrmad Seswavlas, rac 

xSirad perspeqtiuls xdis maT praqtikul gamoyenebas.  

yovelive zemoTqmuli saSualebas gvaZlevs gamovitanoT daskvna, 

rom ime-s halkogenidebis, romlebsac miekuTvneba sulfidebi, 

srulyofili Txeli firebis miRebis teqnologiis damuSaveba da maTi 

fizikuri Tvisebebis Seswavla warmoadgens saintereso samecniero-

teqnikur amocanas. 

udavoa, Tu ramdenad saimedoa mocemuli SenaerTis 

eqsperimentulad dadgenili Tvisebebi, damokidebulia sakvlevi 

masalis srulyofaze, xolo es ukanaskneli, cxadia, ganpirobebulia 

masalis miRebis teqnologiis damuSavebis xarisxiT. Txelfirovani 

obieqtebis fizikuri Tvisebebi Tavisi specifiurobis gamo Zalian 

mgrZnobiarea rogorc Semadgenlobis, ise kristaluri mesris 

srulyofis mimarT. sulfidebis Txeli firebis miRbis teqnologia 

sustadaa damuSavebuli, zog SemTxvevaSi ki Sesabamisi masala 

samecniero literaturaSi saerTd ar aris mocemuli. 

mocemuli naSromis ZiriTad mizans warmoadgenda tuliumis, 

neodiumisa da prazeodiumis erTnaxevriani sulfidebis Txeli firebis 

miReba da fizikuri Tvisebebis gamokvleva optimaluri teqnologiuri 

reJimebisa da ZiriTadi fizikuri parametrebis dadgenis mizniT, 

risTvisac naSromSi dasmulia da gadawyvetilia Semdegi amocanebi: 

1. tuliumis, neodiumis da prazeodiumis erTnaxevriani 

sulfidebis Txeli firebis miRebis teqnologiis damuSaveba 

sxvadasxva fuZeSreze; 

2. firebis fazuri Semadgenlobisa da kristaluri mesris 

srulyofis gamokvleva teqnologiuri reJimebis parametrebTan 

damokidebulebiT; 

3. Tm, Nd   da Pr erTnaxevriani sulfidebis firebis malegirebeli 

elementebis da legirebis meTodikis SerCeva, legirebis procesis 

Catareba; 

4. Tm-is, Nd-is da Pr-is erTnaxevriani sulfidebis optikuri 

Tvisebebis Seswavla; 
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5. kadmiumisa da tyviis atomebiT legirebuli Tm-is, Nd-is da Pr-

is erTnaxevriani sulfidebis optikuri da fotoeleqtruli 

Tvisebebis Seswavla. 

6. miRebuli firebis fardobiTi meqanikuri simtkicis Seswavla. 

naSromis mecnieruli siaxle mdgomareobs SemdegSi:  

1. pirveladaa damuSavebuli Tm-is, Nd-is da Pr-is erTnaxevriani 

sulfidebis Txeli firebis miRebis teqnologia sxvadasxva fuZeSreze;  

2. pirveladaa Seswavlili Tm-is, Nd-is da Pr-is erTnaxevriani 

sulfidebis Txeli firebis legirebis SesaZlebloba. damuSavebulia 

am firebis Cd-sa da Pb-is atomebiT legirebis meTodika;  

3. pirveladaa Seswavlili Tm-is, Nd-is da Pr-is erTnaxevriani 

sulfidebis Txeli firebis optikuri Tvisebebi;  

4. pirveladaa gamokvleuli Tm-is, Nd-is da Pr-is erTnaxevriani 

sulfidebis Txeli firebis Cd-sa da Pb-is atomebiT legirebuli 

firebis eleqtrogamtarebloba da fotoeleqtruli Tvisebebi;  

5. pirveladaa Seswavlili Tm-is, Nd-is da Pr-is erTnaxevriani 

sulfidebis Txeli firebis fardobiTi meqanikuri simtkicis 

damokidebuleba fuZeSris temperaturaze firebis miRebis procesSi da 

Seswavlilia sxvadasxva fuZeSreze miRebuli firebis fardobiTi 

meqanikuri simtkice. 

naSromis praqtikuli Rirebuleba. disertaciaSi damuSavebuli 

Tm-is, Nd-is da Pr-is erTnaxevriani sulfidebis srulyofili Txeli 

firebis miRebis teqnologia sxvadasxva fuZeSreze SedarebiT martivi 

da efeqturi vakuumur-Termuli airTqlebis meTodiT SeiZleba 

gamoyenebul iqnas Sesabamisi mikroeleqtronuli xelsawyoebis 

dasamzadeblad. miRebuli firebis Cd-sa da Pb-is atomebiT legirebis 

Sedegad miRweuli maRali fotomgrZnobiaroba perspeqtiuls xdis maT 

fotomgrZnobiare xelsawyoebSi gamoyenebas. 

pirvelad Seswavlili eleqtruli, optikuri da fotoeleqtruli 

Tvisebebi xels uwyobs ime-is SenaerTebSi mimdinare fizikuri 

procesebis kanonzomierebisa da bunebis Sesaxeb arsebuli 

warmodgenebis ukeT gaazrebas, xolo mravali pirvelad miRebuli 
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eqsperimentis Sedegi SeiZleba gamoyenebul iqnas Sesabamisi dargis 

cnobarebSi. 

naSromis aprobacia. warmodgenili naSromis ZiriTadi Sedegebi 

moxsenebuli iyo 2007 wlis saerTaSoriso konferenciaze “Spin 

electronics:novel physical phenomenon and materials”.  

publikacia. disertaciis masalebze gamoqveynebulia 6 naSromi.  

disertacia Sedgeba Sesavlis,  5 Tavis, daskvnebisa da 

citirebuli literaturis nusxisagan. naSromis saerTo moculoba 

Seadgens 109 gverds. maT Soris nabeWdi gverdi, 47 ilustracia, 6 

cxrili, 78 citirebuli literatura. 

pirvel TavSi mocemulia im literaturis kritikuli mimoxilva, 

romelic exeba CvenTvis saitereso sulfidebis miRebis teqnologias, 

fazuri mdgomareobis diagramebs, kristalur struqturas da fizikur 

Tvisebebs. samecniero literaturis mimoxilvis safuZvelze 

Camoyalibebulia naSromis mizani da safuZvlebi. 

meore TavSi aRwerilia firebis teqnologiuri, makontrolebeli 

da fizikuri Tvisebebis Sesaswavli danadgarebi da gazomvis meTodika. 

kerZod, vakuumur-Termuli aorTqlebis meTodiT firebis misaRebi 

danadgarebi, fuZeSreebisadmi wayenebuli moTxovnebi, maTi gawmendis 

meTodika da firebis sisqis kontroli, firebis rentgenografiuli 

kvlevis meTodi, optikuri da fotoeleqtruli Tvisebebis Sesaswavli 

mowyobiloba-danadgarebi. 

mesame Tavi daTmobili aqvs vakuumur-Termuli  dafenis meTodiT 

firebis miRebis procesis Teorias da ganxilulia iseTi sakiTxebi. 

rogoricaa nivTierebis aorTqleba, firis ganawileba fuZeSreze, 

firebis warmoqmnis kinetika da struqtura, sxvadasxva parametris 

gavlena firebis struqturaze. kritikuladaa Sefasebuli vakuumur-

Termuli aorTqlebis meTodiT SenaerTis firebis miRebis 

saxesxvaobebi. 

Tavis meore nawili daTmobili aqvs Tm-is, Nd-is da Pr-is 

erTnaxevriani sulfidebis Txeli firebis miRebis aRweras, fazuri 

Semadgenlobisa da kristaluri struqturis seswavlas. 
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mesame nawilSi aRwerilia Tm-is, Nd-is da Pr-is erTnaxevriani 

sulfidebis Txeli firebis malegirebeli elementebisa da legirebis 

meTodebis SerCeva. aqve moyvanilia legirebis teqnologiuri reJimebi. 

meoTxe Tavi daTmobili aqvs Tm-is, Nd-is da Pr-is erTnaxevriani 

sulfidebis Txeli firebis optikuri Tvisebebis Seswavlas, kadmiumisa 

da tyviis atomebiT legirebuli firebis fotoeleqtruli Tvisebebis 

kvlevis monacemebs. ganxilulia kadmiumT legirebuli tuliumis 

erTnaxevriani sulfidia Txel firSi fotogamtareblobis 

xangrZlivdroiani relaqsaciis movlena. 

mexuTe YTavi daTmobili aqvs Tm-is, Nd-is da Pr-is erTnaxevriani 

sulfidebis Txeli firebis fardobiTi meqanikuri simtkicis gazomvis 

Sedegebs. 

naSromSi Catarebuli samecniero kvlevis miRebuli Sedegebi 

ganzogadoebulia daskvniT nawilSi. 

naSromis bolos moyvanilia citirebuli literatura. 
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                I Tavi 
 
literaturuli monacemebis mimoxilva 

 
 
mocemul TavSi mimoxilulia samecniero literaturaSi 

arsebuli monacemebi, romlebic exeba zogierTi ime-is CvenTvis 

saintereso sulfidebis miRebis teqnologias, maT fazur 

Semadgenlobas, kristalur struqturas, fizikur da meqanikur 

Tvisebebs. ganxilulia vakuumur-Termuli aorTqlebis meTodiT Txeli 

firebis miRebasTan dakavSirebuli sakiTxebi. 

winamdebare naSromi mTlianad exeba ime-s sulfidebis Txeli 

firebis miRebas da fizikuri Tvisebebis kvlevas, magram, miuxedavad 

amisa, CvenTvis saintereso nivTierebis Sesaxeb arsebuli samecniero-

literaturuli monacemebis mimoxilvisas SevexeT ara marto Txel 

firebs, aramed moculobiT obieqtebsac da es SeiZleba imiT aixsnas, 

rom aRniSnuli naerTebis Txeli firebis umravlesoba Cvens mier 

pirveladaa moRebuli da, amrigad, samecniero literaturaSi 

Sesabamisi informacia ar moipoveba. aqedan gamomdinare, am firebis 

Tvisebebi SesaZlebelia SevadaroT mxolod moculobiTi 

kristalebisaTvis arsebul monacemebs. gaTvaliswinebulia isic, rom 

zogjer Txeli firebis Tvisebebi gansxvavdeba moculobiTi obieqtebis 

Tvisebebisagan. aseTi Sedareba xels uwyobs masalis bunebaSi Rrmad 

Cawvdomas. 

 

 

1.1. zogierTi ime-gogirdi sistemis mdgomareobis 

fazuri diagramebi 

 

ime-is naxevargamtaruli Tvisebebis mqone SenaerTebidan bolo 

xans gansakuTrebuli yuradReba eTmoba sulfidebs, romelTa Sorisac 

gvxvdeba rogorc naxevargamtaruli, ise liTonuri gamtareblobis 

tipis mqone masalebi. magram eqsperimentalurad Tvisebebis 
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damokidebuleba ime-is sulfidebis Semadgenlobisgan sustada 

Seswavlili. aseTi mdgomareoba Seqmnilia imis gamo, rom ar arsebobs 

saimedo monacemebi sxvadasxva meTodiT miRebuli sulfidebis fazur 

da qimiur Semadgenlobaze. 

moculobiTi da Txelfirovani obieqtebis miRebis teqnologiis 

damuSavebisas gansakuTrebulad sayuradReboa e.w. mdgomareobis 

diagramis codna. mdgomareobis diagrama grafikulad aRwers 

wonasworobaSi myof fazebs cvladi parametrebis (Semadgenloba, wneva, 

temperatura) kombinaciebisas. 

SedarebiT kargadaa Seswavlili ime-gogirdis temperatura-

Semadgenlobis mdgomareobis diagramebi, Tumca arc es araa 

Seswavlili yvela SesaZlo sistemisTvis. 

 

 

nax. 1.1  Yb-S sistemis mdgomareobis fazuri diagrama. 

 

nax.1.1_1.3-ze moyvanilia Yb-S, Dy-S   da  Nd-S sistemebis 

mdgomareobis fazuri diagramebi [2]. 
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Yb-S sistemaSi (nax.1.1) identificirebulia oTxi SenaerTi YbS, 

Yb3S4, Yb2S3 da Yb3S5, romelTagan ori YbS da Yb3S4 kongruentulad dneba 

Sesabamisad  2130°C  da 1809°C – ze  

 

 

 

nax. 1.2. Dy-S sistemis mdgomareobis fazuri diagrama. 

 

 

Dy-S  sistemaSi (nax.1.2.) arsebobs sami DyS, Dy5S7  da  Dy2S3 SenaerTi, 

romelTa dnobis temperaturebia Sesabamisad 2300°C, 1870°C da 1790°C . 

yvela es SenaerTi dneba kongruentulad. 
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nax. 1.3. Nd-S sistemis mdgomareobis fazuri diagrama. 

 

Nd-S  sistemaSi  (nax.1.3.) dafiqsirebulia xuTi SenaerTi: NdS, 

Nd3S4,  Nd5S7,  Nd2S3   da   NdS2.  maTgan  mxolod  NdS dneba 

kongruentulad 2240°C-ze. 

             Tm-S da Pr-S  sastemebis mdgomsreobis diagramebi literaturaSi 

aRwerili araa. 

 

 

 

1.2. zogierTi ime-is monosulfidebis moculobiTi 

kristalebisa da Txeli firebis miReba da kristaluri 

struqtura 

 

Sm, Yb da Dy-is monosulfidebis rogorc moculobiTi 

kristalebis, ise Txeli firebis miRebis teqnologia kargadaa 
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damuSavebuli, igive SeiZleba iTqvas maTi kristaluri struqturia 

Sesaxeb. 

cnobilia ime-is sulfidebis miRebis ori xerxi: 

1) sxvadasxva gacvliTi reaqciebis gamoyeneba; 

2) Semadgeneli komponentebis pirdapiri sinTezi [3] 

[3]-Si aRwerilia SmS monokristaluri moculobiTi nimuSebis 

miReba normaluri mimarTuli kristalizaciiT. maT gaaCniaT 

naxevargamtaruli Tvisebebi  Sm–is koncentraciisaTvis 50,0-50,4 at% 

SualedSi, xolo homogenurobis are Seadgens 50-54 at%  Sm.  [3,4]-Si 

iterbiumis monosulfidi sinTezirebul iqna komponentebis uSualo 

urTierTqmedebiT [5,6,7]. 

Dy-is monosulfidi miRebul iqna Dy2S3 –is maRal vakuumSi 

gaxurebiT aluminTan erTad [8]. 

SmS-is naxevargamtaruli Txeli firebi miRebul iqna winaswar 

sinTezirebuli SmS –is tantalis navidan pirdapiri Termuli 

aorTqlebiT.  Yb   -is monosulfidis Txeli firebi _ qarvis, minis da 

kalciumis ftoridis fuZeSreze vakuumur-Termuli aorTqlebis 

meTodiT [9,10], amasTan [9] naSromSi firebi miRebul iqna vakuumur-

Termuli aorTqlebis meTodiT komponentebis ori damoukidebeli 

wyarodan. 

YbS-is maRali xarisxis Txeli firebi miRebul iqna vakuumur-

Termuli aorTqlebis meTodiT sxvadasxva fuZeSreze (sitali, 

siliciumi, kvarci, safironi) [11]. DyS-is Txeli firebi aseve vakuumur-

Termuli aorTqlebis meTodiT miRebul iqna [12]-Si. 

ime-is monosulfidebi ZiriTadad kristaldebian NaCl  tipis 

kubur meserSi, sivrculi jgufiT Fm3m. 

unda aRiniSnos, rom sxvadasxva avtorebis monacemebi kargad 

emTxveva erTmaneTs  YbS-sTvis, Tu mxedvelobaSi ar miviRebT [13]-s, 

igive SeiZleba iTqvas   DyS-ze [14] naSromis gamoklebiT. 
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1.3. zogierTi ime-s erTnaxevriani sulfidis 

moculobiTi kristalebisa da Txeli firebis miReba da 

kristaluri struqtura 

 

monosulfidebis analigiurad ime-is erTnaxevriani sulfidebis 

miReba xdeba ori xerxiT: 

1) sxvadasxva gacvliTi reaqciebis gamoyeneba; 

2) Semadgeneli komponentebis pirdapiri sinTezi [5]. 

pirdapiri sinTezis meTodi monosulfidebisagan gansxvavebiT 

erTnaxevrian sulfidebSi karg Sedegs ar iZleva, rac ar SeiZleba 

iTqvas gacvliT reaqciebze, magaliTad qloridebis, Jangeulebis, 

uwylo sulfatebis urTierTqmedeba gogirdwyalbadTan. sayuradReboa 

meTodi, romelSic sawyisi produqti ime-is karbonatebi da natriumis 

radonidis nadnobia. am dros saboloo produqti 99_100%-iani 

sisufTaviT xasiaTdeba. [15] 

ime-s erTnaxevriani sulfidebidan damuSavebuli iyo Sm, Dy, Gd, 

Yb erTnaxevriani sulfidebis Txeli firebis miRebis teqnologia. 

Sm-is erTnaxevriani sulfidis firi CaF2, NaCl  da safironis 

fuZeSreze iqna miRebuli [16] naSromSi vakuumur-Termuli dafenis 

samtemperaturuli meTodiT. am meTodiT sitalis, minis, kvarcis da 

leikosafiris fuZeSreebze miRebul iqna Sm2S3 –is Txeli firebi [17] 

naSromSi. [18]-Si  Sm2S3-is amorfuli Txeli firebi miRebul iqna minis, 

kvarcis da  KBr-is fuZeSreze.  

[17]-Si pirvelad damuSavebul iqna Dy2S3-is Txeli firebis 

momzadebis teqnologia vakuumur-Termuli aorTqlebis 

samtemperaturuli meTodiT kvarcis, leikosafironis da sitalis 

fuZeSreze. 

Gd2S3 –is Txeli firebi diskretuli aorTqlebis meTodiT 

miRebul iqna [19]-Si. 

[20]-Si moyvanilia γ-Pr2S3  da  γ-Nd2S3 –is fxvnilebis miRebis 

meTodika                Pr6O11  da   Nd2O3 fxvnilebis sulfidizirebiT CS2 airis 

gamoyenebiT. 
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[21]-Si aRwerilia Gd-is erTnaxevriani sulfids kristalizaciis 

procesi homogenurobis areSi, agreTve am masalis legirebis meTodika 

Dy, Sm, Er  da Cu-iT. Semadgenlobis sinTezi xdeboda sulfidirebisa da 

oqsisulfidirebis reaqciiT. masulfidirebel agentad gamoyenebul 

iyo amoniumis rodanidis Termuli daSlis produqtebi. airgadamtanis 

rols asrulebda heliumi. sinTezisaTvis gamoyenebul iyo narevis 

safexurebrivi gaxurebis meTodi 950°С - mde, xolo sinTezirebuli 

Semadgenlobebis kristalizacia xorcieldeboda nadnobidan 

mimarTuli kristalizaciis meTodiT.   

ime-s erTnaxevrian sulfidebs gaaCniaT sxvadasxva polimorfuli 

forma gansxvavebuli kristaluri struqturiT erTidaigive SenaerTis 

farglebSi da is damokidebulia sinTezis, gamowvis da wrTobis 

pirobebze. am polimorful formaTa umravlesoba kristaldeba  Th3P4 

tipis struqturaSi. 

[22]-is Tanaxmad  Th3P4 struqturuli tipis sulfidebisaTvis 

damaxasiaTebelia defeqturi mesris warmoqmna, romlis yovli mecxre 

kvanZi vakanturia. 

garda  Th3P4 tipis struqturisa ime-is erTnaxevrian sulfidebs 

gaaCniaT La2S3, Nd2S3, Ho2S3  da korundis tipis struqturebi, romlebic 

aseve defeqturi agebulebisaa. 

Sm da Dy erTnaxevriani sulfidebis kristalografiuli 

monacemebi moyvanilia cxrilSi 1.1, Yb-is erTnaxevriani sulfidebis _ 

cxrilSi 1.2, xolo Tm-isa da    Nd-is erTnaxevriani sulfidebisa ki 

Sesabamisad cxrilebSi 3.1 da 3..2. 

 

 

 

 

 

 

 

 



  

                                                                                        cxrili 1.1. 

 

samariumisa da disproziumis erTnaxevriani sulfidebis kristalografiuli monacemebi

mesris mudmiva, ÅÅ  

sulfidi 

 

feri 

 

singonia 

sivrculi 

jgufi 

struqtu-

ruli 

tipi 
a b c 

Lliterat  

ura 

α - Sm2S3 muqi 
Sindisferi 

rombuli Pnma α - La2S3 7.33 
7.382 
7.382 

15.46 
15.372 
15.378 

4.00 
3.974 
3.974 

[5] 
[51] 
[52] 

β - Sm2S3 muqi 
yavisferi 

kuburi Fd3m β - Nd2S3 19.58 
_ _ 

[51] 

γ - Sm2S3 yviTeli kuburi d34I  Th3P4 8.448 
8.44 
8.43 

_ _ 
[14] 
[19] 
[19] 

α - Dy2S3 yavisferidan 
wiTel-

yavisframde 

rombuli Pnma α - La2S3 7.229 
7.28 

7.307 

15.136 
15.14 
15.23 

3.878 
3.88 
3.890 

[5] 
[52] 
[5] 

β - Dy2S3 mwvane monokli-
nuri 

P21/m δ - Ho2S3 10.17 
10.183 

4.02 
4.022 

17.57 
17.496 

[74] 
[52,14] 

γ - Dy2S3 Savi mwvane kuburi d34I  Th3P4 8.292 
8.303 

_ _ [22] 
[75] 

 1 
 



  

 

 

                                                                                                      cxrili 1.2. 

 

iterbiumis erTnaxevriani sulfidebis kristalografiuli monacemebi 

mesris mudmiva, ÅÅ sulfidi feri singonia sivrculi 

jgufi 

struqturuli 

tipi 

a b c 

literatura 

θ-Yb2S3 narinjisferi kuburi Ia3 Tl2O3 12.47 - - [5] 

ε-Yb2S3 yviTeli romboedruli R 3 c korundi 6.772 

6.784 

6.66 

- 

- 

- 

18.28 

18.29 

12.28 

[5, 76] 

[77] 

[13, 77] 

α-Yb2S3 narinjisferi kuburi I 4 3d Th3P4 8.224 

8.392 

- 

- 

- 

- 

[78] 

[5] 
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1.4. ime-s erTnaxevriani sulfidebis 

eleqtrofizikuri 

Tvisebebi 

 

ime-s erTnaxevriani sulfidebis eleqtruli parametrebi 

Seswavlili ar aris maTi Zalian maRali kuTri winaRobis gamo. 

ime-is samvalentiani La2X3 Semadgenlobis halkogenidebi, 

romlebsac ekuTvnian erTnaxevriani sulfidebi, Seqmnilia qimiuri 

valentobis wesiT. isini najeri naerTebia, romelTa kaTionuri 

qvemesris yoveli mecxre kvanZi vakanturia. isini dabal 

temperaturebze dieleqtrikebia, xolo oTaxis temperaturaze kuTri 

winaRoba ~1010 omi.sm tolia [3,23]. kuTri winaRobebis gacilebiT 

dabali mniSvnelobebi am SenaerTebSi xSirad gamowveulia 

Semadgenlobis gadaxriT steqiometriidan liTonis meti Semcvelobis 

mxares, an gareSe atomuri minarevebiT. 

Yb2S3 [24] da  Pr2S3 [3] SenaerTebSi adgili aqvs kuTri winaRobis 

naxevargamtarebisaTvis damaxasiaTebel tipiur eqsponencialur 

damokidebulebas temperaturaze. 

[25] naSromSi Seswavlilia Tm2S3 –is da masTan SemadgenlobiT 

axlos myofi SenaerTebis polimorful modofikaciebis kristaluri 

agebulebebis Taviseburebebi. naCvenebia, rom kristaluri wyobis 

SeqmnaSi did rols TamaSobs simetria. dagenilia kaTionuri da 

anionuri matricebis urTierTSeTanxmebis kanonzomierebebi, romlebic 

gansazRvraven elementaruli ujredis zomebs. dadgenilia kuTri 

kaTionuri moculobebis kavSiri simetriasTan. 

[26] naSromSi Seswavlilia  Gd2S3-is siTbogamtarebloba 

nimuSebisaTvis, romlebic Seicavdnen gadoliniumis Warb raodenobas. 

aRmoCnda, rom Gd-is koncentraciis zrdiT siTbogamtarebloba jer 

intensiurad mcirdeba, dam as Semdeg, rac miaRwevs minimums, 

gadoliniumis 0,25 at% SemadgenlobisTvis iwyebs ramdenadme zrdas. 
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[27]-Si Seswavlilia antiferomagnituri gadasvlebi da 

eleqtrogamtarebloba α-Gd2S3 –Si. Seswavlil iqna am masalis rogorc 

fxvnilebi, ise monokristalebi. aRmoCnda, rom magnitur amTviseblobas 

fxvnilebisTvis gaaCnis maqsimumi 4.2 K-ze. monokristalebisTvis kuTri 

winaRoba ufro naklebia Sesabamisi fxvnilebis kuTr winaRobaze da is 

sustadaa damokidebuli temperaturaze. 

ime-is sulfidebi perspeqtiuli masalebia optikuri sistemebis 

Sesaqmnelad. isini saSualebas iZlevian sinaTlis gamtarebloba 

gazrdil iqnas 80 %-mde [29]. amJamad gamoyenebul optikur keramikul 

masalebs marTalia gaaCniaT maRali maxasiaTeblebi, magram maTi 

meqanikuri da qimiuri mdgradoba dabalia. amitom intensiurad 

mimdinareobs aseTi masalebis Zieba, romlebsac sxva maRali  

maxasiaTeblebis garda gaaCniaT gazrdili Termomedegoba da 

gamWvirvalobis farTo ubani.  

kvlevebma aCvenes, rom aseT masalebs pirvel rigSi miekuTvnebian 

ime-s erTnaxevriani sulfidebi ( La2S3, Ce2S3, Gd2S3, Tb2S3, Tm2S3, Yb2S3). 

  

 

1.5. ime-is erTnaxevriani sulfidebis optikuri 

Tvisebebi da energetikuli speqtri 

 

ime-s erTnaxevriani sulfidebis maRali xarisxis steqiometruli 

Semadgenlobis moculobiTi kristalebisa da Txeli firebis miReba 

sakmaod rTul teqnologiur amocanas warmoadgens, romelic mTlianad 

dResac ar aris daZleuli. amitom ime-s erTnaxevriani sulfidebis 

optikuri Tvisebebi ar aris Seswavlili. 

kuTri winaRobebis maRali mniSvnelobebis gamo ime-s 

erTnaxevriani sulfidebi xasiaTdebian maRali gamWvirvalobiT 

speqtris sakmaod farTo areSi. STanTqmisa da arekvlis speqtrebis 

Taviseburebebi SeiZleba aixsnas np-savalento zonidan gamtareblobis 

zonaSi 5d,6s eleqtronuli gadasvlebiT da garda amisa eleqtronebis 

gadasvlebis monawileobiT 4f-doneebidan, romlebic ganlagebulebi 

arian savalento zonaSi [18,30] 
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Sm2S3 optikuri Tvisebebi Seswavlilia fxvnilebsa da Txel 

firebze 10 K temperaturaze. [30] naSromSi gazomil iqna  Sm2S3  

STanTqmis speqtri romlis saSualebiTac Sefasebulma akrZaluli 

zonis  siganem  Seadgina 2 ev. 

Yb2S3  optikuri  Tvisebebis gazomvam [17] aCvena, rom eqstremumebs 

Soris pirdapiri RreCo 2.4 ev rigisaa.STanTqmis kide, iseve rogorc 

Sm2S3  -Si gamowveulia arapirdapiri zonaTaSoris gadasvlebiT, solo 

akrZaluli zonis sigane Seadgens 2.04 ev da umciresi pirdapiri 

zonaTaSorisi RreCo tolia 4.2 ev [17,31]. 

Dy2S3 optikuri maxasiaTeblebi [32]–Si gamokvleul iqna 

moculobiT monokristalebze. naCvenebia, rom fundamenturi STanTqmiT 

gamowveuli zoli ganlagebulia 3-6ev-ze, xolo 2ev-dan damzerili 

STanTqmis koeficientis zrdas aqvs eqsponencialuri xasiaTi. aseTive  

damokidebuleba iyo aRmoCenili  Dy2S3   firebisTvisac [17]. [32]-Si 

STanTqmis kidis eqsponencialur damokidebulebas ukavSireben nimuSis 

araerTgvarovnebas, xolo [17]-Si TviT  Dy2S3 bunebasTan, sakuTriv mis 

kvaziamorfulobasTan, romelic ukavSirdeba kaTionuri vakansiebis 

maRal koncentracias. Dy2S3 akrZaluli zonis sigane 2.85 ev-ia [32]-is 

mixedviT, xolo  araa naklebi 2.9 ev-ze [17]-is mixedviT. umciresi 

pirdapiri zonaTaSorisi RreCo Seadgens 2.95 ev [33]. 

[34,35]-Si Seswavlilia Nd2S3 monokristalebis STanTqmis speqtri 

0.2_3.0 ev ubanSi. [32]-Si gamokvleulia Nd2S3 arekvlis speqtri 22 ev-mde. 

arekvlis koeficienti izrdeba fotonebis energiis zrdiT da aRwevs 

maqsimalur niSnuls 3.5_7 ev ubanSi. mkveTri maqsimumi SeimCneva 8_9 da 

13_15 ev ubanSi. analogiur damokidebulebas adgili aqvs La2S3-Si. 

 nax. 1.4-ze naCvenebia Nd2S3  optikuri funqciebis ε1(ω), ε2(ω) da 

energiis danakargebis funqciis speqtri [1].  

ε2(ω) sidide uSualod dakavSirebulia kombinirebul 

mdgomareobaTa simkvrivesTan zonaTaSorisi optikuri 

gadasvlebisaTvis. STanTqmis kididan dawyebuli ε2(ω) mkveTrad 

izrdeba.farTo maqsimumi 3-6ev energiaTa SualedSi albaT 

dakavSirebulia eleqtronebs zonaTaSoris gadasvlebTan gogirdis P-
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mdgomareobebiT Seqmnili savalento zonidan ime-s atomis 5d da  6s 

mdgomareobebiT Seqmnil gamtareblobis zonaSi [1]. am funqciebis 

spetri analogiuria sxva ime-s erTnaxevriani sulfidebis Sesabamisi 

speqtrebis.  Nd2S3  STanTqmis energia Seadgens 2.69 ev [34], La2S3  -Tvis – 

1.9ev [36], Ce2S3 –Tvis STanTqmis kidis energiismniSvneloba sxvadasxva 

naSromSi sxvadasxvaa – 2.0 ev [36] da 2.6 ev – [37]. 

 
nax. 1.4.  Nd2S3 optikuri funqciebis ε1(1), ε2(2) da energiis danakargebis 

funqciis –Imε-1 (3) speqtrebi. 
 
 

unda aRiniSnos, rom ime-s erTnaxevriani sulfidebis optikuri 

funqciebis speqtrebis detaluri analizi gaZnelebulia am 

SenaerTebis zonuri struqturis monacemebis aracalsaxovnebis gamo. 

 

 

 

1.6. I Tavis daskvnebi. sadisertacio naSromis mizani 

da amocanebi 

    
 
  disertaciis I TavSi mecnieruli literaturis mimoxilvis 

safuZvelze SeiZleba gakeTdes Semdegi daskvnebi: 

1. ime-is sulfidebi warmoadgenen mniSvnelovan interess rogorc  

mecnieruli kvlevis, ise praqtikaSi gamoyenebis TvalsazrisiT, 
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vinaidan maT gaaCniaT mravali unikaluri da xSirad bolomde 

Seuswavleli fizikuri Tvisebebi.  

2. ime-s sulfidebis maRali kristaluri srulyofa da 

steqiometriuli nimuSebis miReba warmoadgens sakmaod Znel  

teqnologiur amocanas, rac mTlianad daZleuli ar aris, rac 

ganapirobebs am masalebis fizikuri Tvisebebis Seswavlia 

dRevandel dones. 

3. Tanamedrove eleqtronuli teqnikisTvis didi mniSvneloba aqvs 

Sesabamisi Txelfirovani obieqtebis miRebis teqnologiis 

damuSavebas, miTumetes, rom maTi Tvisebebi SesaZlebelia 

mniSvnelovnad gansxvavdebodes Sesabamisi moculobiTi 

obieqtebisagan da maTi Sedareba xels ewyobs masalis Tvisebebis 

ufro Rrmad Seswavlas. samecniero literaturis mimoxilvidan 

Cans, rom ime-s sulfidebis Txeli firebis miRebis teqnologia 

mravali konkretuli SenaerTisaTvis araa damuSavebuli. 

4. srulad ar aris Seswavlili, zogjer ki Seuswavlelia da 

amdenad sainteresoc, rogorc mecnieruli kvlevis, ise 

praqtikuli gamoyenebis TvalsazrisiT sxvadasxva teqnologiuri 

parametrebis gavlena ime-s sulfidebis Txeli firebis fazur 

Semadgenlobasa da struqturaze, iseve, rogorc fuZeSris 

gavlena miRebuli firebis xarisxze. 

5. steqiometriuli Semadgenlobis ime-is erTnaxevrian  sulfidebs 

gaaCniaT maRali kuTri winaRoba, rac mniSvnelovnad zRudavs 

maT mecnierul kvlevas da praqtikul gamoyenebas, amitom 

aqtualuria maTi malegirebeli elementis SerCeva da legirebis 

teqnologiis damuSaveba. miT umetes, rom samecniero 

literaturaSi am mimarTulebiT monacemebi araa dafiqsirebuli. 

6. ime-is sulfidebis Txeli firebis fizikuri Tvisebebi 

arasakmarisadaa Seswavlili, zogierT SemTxvevaSi miRweuli 

parametrebi ki dazustebas moiTxovs maRali xarisxis 

steqiometriul nimuSebze da amdenad am SenaerTebis fozikuri 

Tvisebebis gaRrmavebuli kvleva aqtualuria samecniero-

teqnikuri TvalsazrisiT. 
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amgvarad miRebuli daskvnebis safuZvelze SeiZleba 

ganisazRvros mocemuli samuSaos mizani da amocanebi, romlebic 

SeiZleba Camoyalibebul iqnas Semdegnairad: 

1. Tm, Pr  da   Nd-is erTnaxevriani sulfidebis Txeli firebis miRebis 

teqnologiis damuSaveba. 

2. sxvadasxva teqnologiuri parametrebis gavlenis Seswavla ime-is 

sulfidebis Txeli firebis fazur Semadgenlobasa da struqturaze, 

fuZeSris masalis gavlenis dadgena firebis xarisxze. 

3. tuliumis, prazeodiumisa da neodiumis erTnaxevriani 

sulfidebis firebis malegirebeli elementis SerCeva da legirebis 

teqnologiis damuSaveba. 

4. Tm, Pr  da   Nd-is erTnaxevriani sulfidebis Txeli firebis 

zogierTi eleqtruli, Termuli, galvanomagnituri, optikuri da 

meqanikuri Tvisebebis gamokvleva maTi ZiriTadi fizikuri parametrebis 

dadgenis, dazustebis da moculobiTi obieqtebis Sesabamis 

TvisebebTan Sedarebis mizniT. 

5. kadmiumiTa da tyviiT legirebuli tuliumis, prazeodiumisa da 

neodiumis erTnaxevriani sulfidebis eleqtruli da fotoeleqtruli 

Tvisebebis Seswavla. 
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II Tavi  

 

Txeli firebis miRebis teqnologiuri, 

makontrolebeli da fizikuri Tvisebebis Seswavlis 

meTodebi 

 

am TavSi aRwerilia vakuumur-Termuli aorTqlebis meTodiT 

firebis miRebisTvis Cvens mier modernizebuli samrewvelo 

mowyobilobebi originaluri konstruqciis fuZeSris gamaxurebeli 

RumelebiTa da nivTierebis amaorTqleblebiT, romlebic asaorTqlebeli 

masalis sxvadasxva meTodiT gaxurebis (joulis siTbo,eleqtronebis 

nakadi) saSualebas iZlevian. aqve moyvanilia firebis qimiuri 

Semadgenlobis da maTi xarisxis makontrolebeli aparaturis aRwera, 

eleqtrofizikuri da optikuri parametrebis gasazomi originaluri 

aparaturis sqemebi, gamoyenebuli fuZeSris SerCevis kriteriumebi. 

 

 

2.1. vakuumur-Termuli aorTqlebis meTodiT firebis 

misaRebi danadgarebi 

 

arsebobs mTeli rigi meTodebi Txelfirovani obieqtebis 

miRebisaTvis: vakuumur-Termuli aorTqleba, kaToduri da plazmuri 

gafrqveva, Txevadfazuri  da airfazuri epitaqsia, eleqtroqimiuri 

gamoleqva. 

vakuumur-Termuli aorTqlebis meTodi erTerTi yvelaze 

universaluria da misi saSualebiT SeiZleba nebismieri nivTierebis 

Txeli firebis miReba. amisaTvis Cvens mier modernizebul iqna EУВН 75Р3 

da   ВУП-5  markis danadgarebi. orive Sedgeba sami ZiriTadi nawilisagan – 

vakuumuri kamera, vakuumuri sistema da eleqtruli nawili. 

vakuumuri sistemis sqema mocemulia nax. 2.1-ze. Tavdapirvelad xdeba 

vakuumuri kameris amotumbva meqanikuri tumboTi (8). kameraSi amgvarad 
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miiRweva ~10-2-10-3 mm.vwy.sv. vakuumi. ~10-6 mm.vwy.sv. sabooloo vakuumis miReba 

xorcieldeba (4) difuziuri tumboTi. airebis dabaltemperaturuli 

CamWeri (9), romelic Txevadi azotiT civdeba, amcirebs firebis 

gaWuWyianebis SesaZleblobas. kamerasa da difuziur tumbos acivebs 

wylis gacivebis sistema. maRali vakuumis mxridan ZiriTadi arxis 

gadaketva xdeba (3) CamketiT, xolo ZiriTadi da damxmare arxebis 

ganmxoloeba (6) CamketiT. haerSemSvebis rols asrulebs ventili (10). ~10-3 

mm.vwy.sv. vakuumis gazomva xdeba Termowyviluri manometrebiT (5,7), xolo 

maRali vakuumis gasazomad gamoiyeneba ionizaciuri manometri (1).  

 

 

 
nax. 2.1. teqnologiuri danadgaris vakuumuri sistemis sqema. 

 
 

УВН 75Р3 markis vakuumur kameraSi Seqmnilia ori seqtori. pirvel 

seqtorSi xdeba firebis miReba komponentebis ori damoukidebeli 

wyarodan aorTqlebis meTodiT, meoreSi _ eleqtrofizikuri parametrebis 

gasazomad sakontaqto moednebis dafena.  
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nax. 2.2. (I)  УВН 75P3  teqnologiuri danadgaris vakuumuri kameris 

mowyobiloba (I-seqtori) 
 

 

nax. 2.2.(II) УВН 75Р3  teqnologiuri danadgaris vakuumuri kameris 
mowyobiloba (II-seqtori) 
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nax.2.2. (I)-ze naCvenebia  vakuumuri kameris I seqtoris sqema. zeda 

nawilSi damagrebulia fuZeSris gamaxurebeli Rumeli (2), romelzec 

fiqsirdeba fuZeSre saTanado konfiguraciis mqone niRbiT (3). 

konstruqcia saSualebas iZleva amaorTqleblebsa da fuZeSris 

gamaxurebel Rumels Soris manZili saWiroebis mixedviT davareguliroT. 

kameris qveda nawilSi ganTavsebulia tuliumis da gogirdis 

amaorTqleblebi (4), romelTa damWerebis konstruqcia saSualebas iZleva 

daregulirdes aorTqlebuli masalis orTqlis nakadis fuZeSreze 

dacemis kuTxe da manZilebi. gamaxurebelsa da amaorTqlebels Soris 

moTavsebulia safari (5), romelic brunavs eleqtroZraviT (УВН 75Р3) da 

kameris gareT gamoyvanili saxeluriT (  ВУП-5 ). safaris gaxsnaxdeba  

maSin, roca kameraSi miRweuli da dafiqsirebulia yvela temperaturuli 

reJimi, safaris daxurva ki xdeba uSualod firis dafenis procesis 

dasrulebis Semdeg. 

nax.2.2 (II)-ze naCvenebia  kameris II seqtori sqema. gansxvaveba I 

seqtorisagan mxolod qromisa da spilenZis amaorTqleblebia, romlebsac 

spiraluri formis kalaTebis forma aqvT da boloebiT mimagrebulia (5) 

eleqtruli kvebis mimyvanebTan. 

I da II seqtorebi teqnologiur procesebSi urTierT  

gaWuWyianebisagan  dacvisaTvis erTmaneTisagan izolirebulia uJangavi 

foladis Txeli tixariT. kameris yvela detali, romelic ganicdis 

siTbur zemoqmedebas, damzadebulia iseTi masalisagan, romelic ar Sedis 

reaqciaSi gogirdTan, tuliumTan, qromTan da spilenZTan, gaxurebisas ar 

orTqldeba, gaaCnia dnobis maRali temperatura. aseTi masalebia 

molibdeni, tantali, vilframi, grafiti da uJangavi foladi. 

amaorTlebeli  unda  akmayofilebdes  mTel  rig  moTxovnebs:     

a)  amaorTqleblis masalis orTqlis wneva bevrad naklebi unda iyos 

asaorTqlebeli masalis orTqlis wnevaze; b) amaorTqleblisa da 

asaorTqleblis masalas Soris qimiur reaqcias adgili ar unda hqondes; 

g) amaorTqlebeli unda uzrunvelyofdes saWiro temperaturas,  

aorTlebisaTvis saWiro siCqares, temperaturis stabilurobas da 

orTqlis nakadis saTanado simkvrives; d) saSualebas unda iZleodes  

amaorTqlebelsa da fuZeSres Soris manZilisa da orTqlis nakadis 
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dacemis kuTxis regulirebis; e) amaorTqlebeli unda iyos mravaljeradi 

gamoyenebis. 

nax.2.3-ze naCvenebia amaorTqlebeli, romlis grafitisagan 

damzadebul korpuss (3) aqvs centraluri RerZis gaswvriv ori gamWoli 

naxvreti: (7) – Si jdeba molibdenis cilindruli tigeli (8) tuliumisa 

da gogirdis asaorTqleblad da (13) – alundis orarxian milSi gayrili 

qromel-alumelis Termowyvili (11), romelic uSualod exeba tigelis 

fskers. kvarcis milebSi Casmulia volframis spiralebi (9), romlebic 

denis gavlisas xurdeba da sasurvel temperaturas iZleva. 

amaorTqleblis irgvliv ganlagebulia tantalis Tburi ekranebi (4, 5, 6). 

isini ar exebian arc amaorTqlebels da arc erTmaneTs.  

 

 

        nax. 2.3. ime-s da gogirdis amaorTqleblis konstruqciis sqema 

 

maTi daniSnulebaa siTbos gafantvis minimumamde Semcireba da 

temperaturis stabiluroba. tigeli SesaZloa volframisac iyos, magram 

 
 

42



  

misi meqanikuri damuSaveba ufro rTulia. yoveli aorTqlebis procesis 

Semdeg tigeli unda gamoiwvas. 

nax. 2.4-ze mocemulia fuZeSris gamaxureblis sqema, romelic 

amavdroulad fuZeSris samagris rolsac asrulebs. gamaxureblis 

korpusi uJangavi foladisaa (1), romelSic horizontalurad gayrilia 

kvarcis mili (2), volframis spiraliT (3). korpusze damagrebulia 

molibdenis kilitisagan damzadebuli ekranebi (5,6) da fuZeSris samagrebi 

(7), damzadebuli uJangavi foladisagan. fuZeSreebi samagrze 

dafiqsirebulia beriliumiani brinjaos trafaretiT (8). spirals 

eleqtruli kveba miewodeba mimyvanebiT (10). aRniSnuli konstruqciis 

RumeliT SesaZlebelia  FfuZeSris gaxureba  1300 K-mde. 

 

 

 

nax. 2.4. fuZeSris gamaxureblis sqematuri gamosaxuleba 

 

ime-s SenaerTebis miReba diskretuli aorTqlebis meTodiT xdeboda 

ВУП-5  markis vakuumur postze, romelic Cvens mier iqna modernizebuli 

(nax. 2.5). samuSao magidaze (7), romelic vakuumur kameraSia (6) 

miTavsebuli, ganTavsebulia navis formis (1) tantalis, molibdenis an 

volframis  kilitisagan damzadebuli amaorTqlebeli. vibromkvebavs (2), 

romelic dozirebulad awvdis mimmarTveli Raridan (3)  masalas 

amaorTqlebels, SesaZloa sasurveli mdebareoba mivceT. aseve sasurvel 
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mdebareobas iWers fuZeSris gamaxurebeli (5), romelic dafarulia 

safariT (4). safaris gaxsna-daketva kameris gareT gamoyvanili RilakiT 

xdeba. amaorTqleblis temperaturis gazomva xdeboda ОПИР-17   markis 

pirometriT. 

 
nax. 2.5.  ВУП-5 markis vakuumuri postis sqematuri gamosaxuleba 

 

 qromisa da spilenZis sakontaqto moednebis dasafenad gamoyenebul 

iyo 5 mm diametric volframis mavTulisagan damzadebuli konusis 

formis kalaTa. sasurveli formis Sabloni fuZeSreze specialuri 

samagrebiT magrdeboda. 

 

@2.2. fuZeSrisadmi wayenebuli moTxovnebi da gawmendis 

meTodika 

 

samwuxarod, idealuri masalebi fuZeSreebis dasamzadeblad ar 

arsebobs. imis mixedviT, Tu ra moTxovnebi waeyeneba Txel firebs, 

fuZeSreebad gamoiyeneba is masala, romelic daakmayofilebs am 

moTxovnebs. vakuumur-Termuli aorTqlebiT firebis momzadebisas 

fuZeSreebis masalebisTvis umTavresia: 
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1. dasafeni masalis mimarT qimiuri inertuloba; 

2. kargi adgezia firis masalasTan; 

3. dasafeni masalis da fuZeSris siTburi gafarToebis koeficientebis 

sidideTa siaxlove; 

4. maRali Termomedegoba; 

5. sakmarisi meqanikuri simtkice; 

6. maRali moculobiTi da zedapiruli kuTri eleqtrowinaRoba; 

7. kargi vakuumuri Tvisebebi; 

8. atomurad gluvi zedapirebis arseboba. 

naSromSi fuZeSreebad gamoyenebul iyo minis, kvarcis, sitalis, 

leikosafironis da monokristaluri siliciumis 8x15x0,5 mm zomis 

marTkuTxa parelepipedis formis fuZeSreebi,  romelTa zedapirebic 

polirebuli iyo, uswormasworobis zomebi ki ar aRemateboda 0.01 mkm-s. 

fuZeSris zedapiris sisufTave gadamwyveti faqtoria maRali xarisxis 

fuZeSresTan Zlieri adgeziis mqone firebis momzadebis saqmezSi. kargad 

gawmendili fuZeSre aseve warmoadgens winaswar aucilebel pirobas 

kargad ganmeorebadi Tvisebebis mqone Txeli firebis aRwarmoebisTvis. 

gawmendis meTodikis SerCeva damokidebulia fuZeSris bunebaze, 

gaWuWyianebis tipze da damuSavebis xarisxze. yvelaze farTod 

gavrcelebuli gaWuWyianebis saxeebia: haeridan gamoleqili nawilakebi, 

TiTis anabeWdebi, wylis orTqli, zeTis kvali, damzadebis da SefuTvisas 

darCenili boWkoebi da a.S. rogorc wesi, gawmendis meTodis SerCeva 

gaWuWyianebis mravali saxeobis da gawmendis meTodebis farTo arCevanis 

gamo ufro empiriul xelovnebas warmoadgens, vidre mecnierebas. 

fuZeSris gawmendis procesi moiTxovs kavSiris gawyvetas rogorc 

minarevis molekulebs, ise am molekulebsa da fuZeSris molekulebs 

Soris. es SesaZlebelia moRweul iqnas rogorc qimiuri meTodebiT, 

magaliTad gamxsnelSi gawmendiT, aseve minarevis atomebis asaorTqleblad 

sakmarisi energiis modebiT, magaliTad gaxurebiT an ionuri 

bombardirebiT. rogorc wesi, gawmendis procesi maSinve damTavrebulad 

iTvleba, rogorc ki moSorebul iqneba minarevis fena, magram xSirad 

dasaSvebia TviT fuZeSris masalis odnav mowamvlac, rac gawmendis 

process aumjobesebs. sxvadasxva gamxsnelebiT gawmendis procesi tardeba 
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vakuumuri sistemis gareT, maSin, rodesac gawmendis procesi gaxurebiT an 

ionuri bombardirebiT xorcieldeba vakuumur kameraSi. 

zogadad cnobilia fuZeSris gawmendis Semdegi meTodebi: qimiuri 

gawmenda, gaxureba vakuumSi, fuZeSris damuSaveba mRvivari ganmuxtviT, 

Sesabamisi zedapiris eleqtronebiT bombardireba, ultrabgeriTi gawmenda 

da a.S. xSirad gawmendis efeqturobis misaRwevad gamoiyeneba CamoTvlili 

meTodebis kombinacia. 

qimiuri meTodiT gawmendisas reagentebad gamoiyeneba mJavebisa da 

tuteebis wyalxsnarebi, aseve iseTi organuli gamxsnelebi, rogorebicaa 

spirtebi, ketonebi da qlorovani naxSirwyalbadebi. mJavebiT gawmendis 

efeqti imaSia, rom maT zogierTi Jangeulebi da cximebi gadahyavT wyalSi 

xsnad mdgomareobaSi. 

gawmendis efeqturi saSualebaa gamowva maRal temperaturaze vakuumSi. 

Tu maRal vakuumSi moTavsebul fuZeSres gavaxurebT 600-1000°C-mde, adgili 

eqneba mTeli rigi minarevebis molekulebis mocilebas zedapiridan. 

fuZeSris zedapiris sisufTavis Semowmebis primrtiuli xerxi 

mocemulia [38]-Si. es meTodi amave dros efeqturicaa da pirobiTad 

‘‘daorTqlebis figurebis’’@meTodi ewodeba. am dros eqsperimentatorma 

odnav unda Seuberos suli Sesamowmebel zedapirs. orTqli kondensirdeba 

fuZeSris zedapirze da warmoqmnis e.w. ‘‘daorTqlebis figurebs’’. Tu 

fuZeSre sakmaod ar aris gawmendili, warmoiqmneba mqrqali 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, romelsac ‘‘sunTqvs Sav figuras” 

uwodeben. specialurma gamokvlevebma aCvenes, rom iseT fuZeSreebze, 

romlebzedac warmoiqmneba ‘‘sunTqviTi Savi figurebi’’, miiReba maRali 

xarisxis kargi adgeziis firebi. 

mocemul samuSaoSi fuZeSreebis gawmendas vawarmoebdiT Semdegnaerad: 

Tavdapirvelad xdeboda fuZeSreebis damuSaveba 20% NaOH xsnarSi, Semdeg 

fuZeSreebi irecxeboda distilirebul wyalSi. amis Semdeg xdeboda 

zedapiris mowamvla 30%HCl+60%HNO3+10%H2O nareviT. marilmJavas da 
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azotmJavas koncentracia Seadgenda 99.8%. mowamvlis Semdeg fuZeSre 

irecxeboda isev diatilirebuli wyliT da amis Semdeg isini 

gadaitaneboda vakuumur kameraSi, sadac xdeboda maTi gamowva 30-45 wT-is 

ganmavlibaSi  600-1000°C temparaturaze  ~106 mm.vwy.sv. vakuumis pirobebSi. 

xSirad vakuumur kameraSi gamowvis win fuZeSreebs vwmendiT 1-2 wT-is 

ganmavlobaSi aqtivizirebuli naxSiris fxvniliT, romelic datanil iyo 

mfiltrav qaRaldze, fxvnilis narCenebs vaSorebdiT cximmocolebuli 

sufTa qaRaldiT. 

УВН 75Р3 danadgarze firis momzadebisas vawarmoebdiT fuZeSris 

zedapiris gasufTavebas eleqtronuli bombardirebiT 1-2 wT-is 

ganmavlobaSi. gawmendis am meTods aqvs erTi nakli, romelic mdgomareobs 

gasawmendi masalis gaWuWyianebaSi kaTodidan aorTqlebuli advilad 

aqroladi volframis orJangiT – WO2, agreTve naxSirwyalbadis daSlis 

produqtebiT, romelic yovelTvis aris narCeni airSi. 

 mravalricxovanma eqsperimentma aCvena, zemoT aRwerili naCvenebi 

teqnologiiT damuSavebul fuZeSreze momzadebuli firebis struqtura 

sakmaod srulyofilia da adgeziac maRalia.  

 

 

 

2.3. firebis sisqis kontroli 

 

 firebis sisqis gazomva maRali sizustiT sakmaod rTuli amocanaa. 

Cvens naSromSi momzadebuli firebis sisqis gazomva xdeboda farTod 

gavrcelebuli samrewvelo xelsawyoTi – linnikis mikrointerferometriT 

MИИ-4, romlis moqmedebis principi damyarebulia fuZeSridan da masze 

dafenili firidan areklili sinaTlis sxivebis interferenciaze. 

firis sisqis gazomva xdeboda fuZeSresa da firs Soris arsebuli 

safexuris gamoyenebiT. im SemTxvevaSi, roca 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: 
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                                               d = 0.27  n
NN
NN

21

43

−
−

                                                             (2.1) 

                                                             

 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 

adgilas da firis saboloo sisqed am gazomvebis saSualo ariTmetikuls 

viRebdiT. 

     aRwerili meTodikiT gazomvis sizuste ar aris mniSvnelovnad maRali 

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

mikrointerferometriT ~0,03 mkm-s tolia. 

 

 

2.4. rentgenodifraqciuli da eleqtronografiuli kvlevis 

meTodi 

 

fazuri Semadgenlobisa da kristalurobis kontroli gansakuTrebiT 

mniSvnelovanis axali SenaerTis firebis miRebisas, vinaidan maTi codna 

saSualebas iZleva gazomili fazuri parametrebi mieweros Sesabamis 

naerTs da ara mxolod konkretul nimuSs. 

arsebobs fazuri analizis meTodebi: fiziko-qimiuri, 

eleqtrofizikuri anu difraqciuli – rentgenuli, eleqtrono- da 

neitrono-grafiuli. 

rentgenodifraqciuli meTodi gdmoirCeva simartiviT, radgan ar 

moiTxovs nimuSis momzadebis rTul procedurebs. amasTan is gamoirCeva 

maRali sizustiT kristaluri mesris parametrebis gansazRvrisTvis.  

rentgenodifraqtogramebis gadaReba mimdinareobda ДРОН-1 tipis 

rentgenul aparatze nikelis filtriT CuKα monoqromatul gamosxivebaze 

uwyveti Caweris reJimSi 1 grad/wT siCqariT. mesris parametris ufro meti 
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sizustiT dadgenisaTvis Caweris reJimi SesaZloa Semcirdes 0,25 grad/wT –

mde. impulsebis diapazoni 200-500 imp/wm iyo. amaCqarebeli Zabva  U =45 kv, 

anoduri deni  I=22 mla. diafragmebis sidide kolimatorisa da 

mricxvelisTvis Sesabamisad 0,5 da 0,4 mm, firebi magrdeboda samagrze ГП-5, 

romelic uzrunvelyofs mis brunvas firis zedapiris normalis 

paralelurad.  

eqsperimentalurad miRebul rentgenodifraqtogramebze arsebul 

maqsimumebs vadarebdiT qimiuri SenaerTis arekvlis maqsimumebs, romlebsac 

viRebdiT  ASTM (American Society for Testing Materials) katalogidan an arsebuli 

sxva samecniero literaturidan. 

eqsperimentulad miRebuli rentgenodifraqtogramebis saSualebiT 

vadgendiT miebuli firis kristaluri mesris parametrebs. 

zogierT SemTxvevaSi es meTodi naklebad efeqturi iyo, radgan 

rentgenis sxivebi Rrmad aRwevs nimuSSi da SesaZloa dafiqsirdes 

fuZeSris maqsimumebic. amitom rentgenodifraqciul meTods avsebs 

eleqtronografiuli analizis meTodi, sadac rentgenis sxivebs cvlis 

eleqtronebis nakadi. am SemTxvevaSi 20-100 kv ZabvisTvis eleqtronebis 

talRis sigrZe 1÷2 rigiT naklebia rentgenis talRis sigrZeze da tolia 

0,08-0,03Å. eleqtronuli difraqciis suraTi SeiZleba miRebul iqnas 

fotofirze. gamoyenebul iyo УЭМВ-100К   markis eleqtronuli mikroskopi 

75-100 kv amaCqarebeli ZabviT. 

 

2.5. qimiuri Semadgenlobis kvlevis meTodebi 

 

qimiuri naerTebis Txeli firebis qimiuri Semadgenlobis dasadgenad 

farTod gamoiyeneba rentgenuli mikroanalizis (rma) da eleqtronuli 

oJe-speqtroskopiis (eos) meTodebi. rma –iT ganisazRvreba firis mTel 

sisqeSi SenaerTis integraluri qimiuri Semadgenloba, xolo eos-iT _ 

firis zedapirze, amitom es meTodebi iZlevian amomqurav pasuxs firis 

qimiuri Semadgenlobis Sesaxeb. 

rma maRali lokaluri mgrZnobiarobiT (10-13_10-15 g), maRali 

sizustiT da nimuSis mTlianobis daurRvevlobiT xasiaTdeba. sakvlevi 

 
 

49



  

obieqtis bombardireba xdeba eleqtronebis koniT, e.w. mikrozondiT, 

diametriT 1 mkm-mde. eleqtronebis energia 10-30 kev-ia. bombardirebisas 

adgili aqvs nimuSis elementisaTvis damaxasiaTebel rentgenul 

gamosxivebas, rac registrirdeba kristalospeqtrometriT an 

energodispersiuli deteqtorebiT. miRebuli talRis intensivobas 

adareben sufTa elementis intensivobas, rac detalurad aRwerilia [39]-

Si. 

firebis qimiuri Semadgenlobis dadgena xdeboda “CAMEBAX-

MICROBEAM”  danadgarze  Peleqtro_gamomTvleli manqanisDPPDP-11/73   

gamoyenebiT. 

eos saSualebas iZleva gamokvleul iqnas qimiuri kavSiris tipi da 

firis Semadgenloba uSualod zedapirTan axlos erTi monofenis rigis 

toli monomgrZnobiarobiT. es meTodi aregistrirebs 0,1 at%-mde 

koncentracias. amave dros am meTodiT SesaZlebelia, firebis sisqis 

gazomva, raodenobrivi analizis Catareba [40]. 

mocemul naSromSi kvleva tardeboda “Riber”  markis oJe 

speqtrometrze. 

 

2.6. iSviaTmiwa ionis valentobis gansazRvris meTodika 

 

aRniSnuli SenaerTebis mimarT gansakuTrebuli dainteresebis 

mizezi maT mier cvladi valentobis gamovlenaa. ime  –s umravlesobaSi 

valentobis ricxvi +3 da +4 Sorisaa, xolo Ce  da Pr   +2 da +3 Soris. 

amJamad Sualeduri valentobis dadgenis gavrcelebuli meTodia  

rentgenoskopiuli meTodi, konkretulad rentgenoeleqtronuli meTodi 

da rentgenis xazebis wanacvlebis da rentgenuli absorbciuli LLIII-

speqtroskopia [40]. am ukanaskneliT xdeboda Cvens mier Sualeduri 

valentobis gansazRvra. am meTods safuZvlad udevs STanTqmis  LII da LIII    

speqtrebSi mTavari maqsimumis energiis damokidebuleba eleqtronebis 

ricxvze. maqsimumis wanacvleba 0.2-0.3 ev sizustiT dadgenili energiis 

skalaze 7-8 ev-is tolia da saSualebas iZleva Sualeduri valentobis 

mqone ionis konfiguraciis gansazRvrisTvis.  
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ime-s valentobis dadgena xdeboda САРФ (Спектрометр 

автоматизированный рентгеновский флуоресцентный) markis modernizebul 

danadgarze talRis sigrZis farTo diapazonSi. rentgenis sxivi jer 

kristal-analizators xvdeba, Semdeg iSleba speqtrad da Sedis tubusSi. 

mis boloebze dayenebulia silfonebis sistema, romelic uzrunvelyofs 

qordis cvlilebas vulf-bregis sxvadasxva kuTxeebisaTvis. kristalis 

qordis sigrZis cvlileba saSualebas iZleva ganisazRvros gamosxivebis 

talRis sigrZe. speqtrometris gareT ganTavsebuli deteqtoris 

rezistiuli anodis boloebidan viRebT informacias qvantis koordinatis 

Sesaxeb, romelic damuSavebis Semdeg gamoiyvaneba orkoordinatian 

TviTCamwerze. 

 

 

2.7. eleqtrofozikuri, optikuri da fotoeleqtruli 

Tvisebebis kvlevis meTodika 

 

2.7.1. kuTri winaRobisa da holis mudmivas gansazRvra 

kuTri winaRobisa da holis mudmivas temperaturuli 

damokidebulebis Seswavla xdeboda nax.2.6-ze sqematurad naCveneb 

danadgarze. 

 
nax. 2.6 kuTri winaRobisa da holis mudmivas temperaturaze 

 damokidebulebis Sesaswavli danadgaris blok-sqema 
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danadgari Sedgeba sami ZiriTadi nawilisagan: 

1. gamosakvlevi firis eleqtruli kvebisa da gazomvis sistema; 

2. nimuSis temperatures gamzom-maregulirebeli sistema; 

3. magnituri uzrunvelyofis sistema. 

pirvel sistemas ganekuTvneba kvebis bloki (1), marTvis bloki (2) da 

gamzomi bloki (3). marTvis blokiT xdeba nimuSSi gamavali denis 

mimarTulebis cvla, sididis regulireba , signalebis saWiro polarobiT 

miwodeba gamzom blokze – cifrul voltmetrze. kvebis bloki 

uzrunvelyofs nimuSze stabiluri denis miwodebas. 

meore sistemis Semadgeneli nawilebia: gamaxurebeli (10), 

gamaxureblis kvanZis wyaro (5), romelsac marTavs temperaturis 

regulatori (6), romelic spilenZ-konstantis TermowyviliT (9) iRebs 

informacias nimuSis temperaturis Sesaxeb da Sesabamisad cvlis 

gamaxurebelSi gamaval dens. Termowyvilidan miRebuli informacia 

aisaxeba potenciometrze (7). 

mesame sistema Sedgeba eleqtromagnitisagan (8) da magnitis kvebis 

regulirebis blokisagan, riTac SeiZleba eleqtromagnitis polarobis 

Secvla da denis varireba. 

nimuSi magrdeba minis kriostatis specialur samagrze. 10-4-10-5 

mm.vwy.sv.-mde amotumbuli kriostati SeaqvT magnitSi ise, rom ganTavsdes 

polusis centralur ubnebs Soris. gamoTvlebi xdeba Semdegi 

formulebiT: 

          
2

UU
U

↓−↑
=

++
+ hh
h ; 

2
U ↓− −

hU
U

↑
=

−
− h
h  

2
U(U

U
−+↑

=
+

+ h
h

)1 ↓−
h                                   (2.2)       

sadac “+” da “_” niSnebi da isrebi gviCvenebs nimuSSi gamavali denis 

da magnituri veils polarobas. holis mudmivas saangariSod gamoiyeneba 

formula 

                                     
IH

10dU
R

8⋅⋅
= h

h                                                                        (2.3) 

Uh - holis Zabvaa (mv), H - magnituri veils daZabulobaa, d  - nimuSis 

sisqea (mkm), I  -nimuSSi gamavali deni (mka). magnituri veils daZabulobis 

mniSvneloba gazomvebis pirobebSi 20 kerstia. 
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2.7.2. Termo emZ-s gansazRvra 

 

Termo-emZ-s koeficientis temperaturaze damokidebulebis 

Sesaswavli danadgaris sqema moyvanilia nax.2.7-ze. nimuSi magrdeba 

specialur spilenZis damWerze (1), romelzec damontaJebulia ori 

gamaxurebeli (2,3). damWeris erTi bolo CaSvebulia Txevadazotian 

diuaris WurWelSi. nimuSis boloebs Soris iqmneba ~10K-is toli 

temperaturuli gradienti. diferencialuri TermowyvilebiT (6,8) da 

cifruli voltmetrebiT (9,10) izomeba nimuSis "cxeli" da "civi" boloebis 

temperaturebi. TermowyvilebSi aRZruli Termo-emZ miewodeba 

temperaturis maRali sizustis regulatorebs (4,5), romlebic marTaven 

nimuSis gamaxureblis simZlavres da uzrunvelyofen temperaturebis 

saWiro stabilizacias. Termo emZ, romelic gasazom nimuSSia aRZruli, 

miewodeba cifrul voltmetrs (11) an eleqtrometrul gamaZlierebels (7) 

an potenciometrs (12). gasazomi nimuSis "cxeli" da "civi" boloebis 

temperaturebi Termowyvilebis, cifruli voltmetrebis da spilenZ-

konstantani Termowyvilebis magraduirebeli cxrilebiT ganisazRvreba da 

gamoiTvleba firis temperaturuli gradienti da saSualo temperatura. 

      

 

nax.2.7 Termo-emZ-s gasazomi danadgaris blok-sqema. 
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            B7-21  cifruli voltmetriT swarmoebda dabalomiani (0.1 mgomamde) 

nimuSebis Termo-emZ-s, xolo maRalomiani nimuSebis Termo-emZ-s gasazomad 

gamoiyeneboda eleqtrometruli gamaZlierebeli. 

diferencialuri Termo-emZ-s koeficientis mniSvnelobas vangari-

SobdiT formuliT: 

                             
TΔ
ε

=α                                       (2.4) 

sadac ε- gazomili Termo-emZ-s sididea, ΔT temperaturis gradienti. 

 
 

 

2.7.3. optikuri da fotoeleqtruli Tvisebebis kvlevis 

meTodika 

 

tuliumis, prazeodiumisa da neodiumis  erTnaxevriani sulfidebis 

arekvlisa da gamWvirvalobis speqtrebi energiebis 0.05-6.0 ev ubanSi oTaxi-

sa da Txevadi azotis temperaturebze gazomil iqna [41] naSromSi 

gamoyenebuli modernizirebuli universaluri speqtralur-gamomTvleli 

kompleqsiT КСВУ-2 da infrawiTeli speqtralur-gamomTvleli kompleqsiT 

КСВИ. 

universaluri speqtralur-gamomTvleli kompleqsi КСВУ-2 

gamoyenebuli iyo arekvlis da gamWvirvalobis speqtris Sesaswavlad, 

fotonebis energiis 1-6 ev intervalSi. mowyobilobis SemadgelobaSi 

Sedis monoqromatori МДР-23, fotoeleqtruli maregistrirebeli 

mowyobiloba ФЭП-4, eleqtronul-gamomTvleli manqana «Электроника Д3-28», 

komutaciis mowyobiloba, gamosxivebis wyaro Tavisi stabilizatoriT, 

kiuveturi kamera, cifruli voltmetri Щ1516 da sabeWdi manqana "Consul-

260" (nax.2.8) 

 gamosxivebis wyarodan (1) sinaTle, romlis rolsac 220-350 nm 

intervalSi deiTeriumis naTura da 350-1000 nm ubanSi varvarebis naTura 

asrulebs, (2) sarkuli kondensoris  daxmarebiT, fokusirdeba (4) mono-

qromatoris (3) xvrelze. madispersirebel elementebad gamoyenebuli iyo 

sami difraqciuli meseri Strixebis raodenobiT 1 mm-ze: 1200 energiis 
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koncentraciiT 500 nm-is maxloblad, 1200 energiis koncentraciiT 250 nm-

is maxloblad da 600 energiis koncentraciiT 1000 nm-is ubanSi. 

monoqromatoris (5) gamosasvleli xvreli gamoyofs gamosxivebis 

garkveul speqtralur intervals, romelic xvdeba (6) kiuvetur 

ganyofilebaSi. aq ganTavsebulia gamosakvlevi nimuSebi. kiuvetur kamerSi 

arekvlis speqtris gasazomad moTavsebulia specialuri mowyobiloba 

sarkeebiT da nimuSis samagriT. amis Semdeg gamosxiveba fokusirdeba (7) 

fotoeleqtronuli gammarTvelis Sesasvlel fanjaraSi (ФЭУ-100 _ 200-600 

nm farglebSi da ФЭУ-62 _ 600-1000 nm farglebSi). eleqtrulad 

gardaqmnili signali Zlierdeba (8) mudmivi denis gamaZlierebliT, Semdeg 

arCeuli reJimis mixedviT midis saWiroebis mixedviT Sesabamisad (9)  ЛК-4-

003 TviTCamwerze an cifrul voltmetrze (10). es signali Semdeg gadadis 

komutaciis mowyobilobaSi (11) da bolos egm-Si (12). amis Semdeg 

damuSavebuli informacia SeiZleba  amobeWdil iqnas (13). (15,16,17) blokebi 

warmoadgenen skanirebis marTvis mowyobilobas.  

 

 

 
nax. 2.8  КСВУ-2 kompleqsis funqcionaluri sqema 
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ganvixiloT optikuri mudmivebs Soris cnobili Tanafardobebi  da 

maTi kavSiri eleqtronul gadasvlebTan. umniSvnelovanesi optikuri 

parametrebis gansazRvris yvelaze moxerxebuli da gavrcelebuli 

meTodia brtyel paralelur nimuSSi sinaTlis gamWvirvalobisa da 

arekvlis gazomva. Tu davuSvebT, rom nimuSis sisqe d gacilebiT metia 

sinaTlis talRis sigrZeze, maSin gamWvirvaloba T da arekvla R, roca 

sinaTle marTobulad an TiTqmis marTobulad ecema nimuSis zedapirs, 

STanTqmis α koeficientTan da arekvlis R koeficientTan dakavSirebulia 

[42]-Si moyvanili formulebiT 

                       d22

d2

eR1
e)R1(T α−

α−

−
−

=                                 (2.5)        

                                                                                                                         (2.6) )Te1(R dα−±=

)()()(* 11

R

 

(2.4) SedarebiT  Sromatevad angariSs moiTxovs, amitom α-s 

gamosaTvlelad Cveulebriv iyeneben cxrilebs an nomogramebs. (2.5) 

formula αd-s 0.001 sizustiT gaTvlis saSualebas iZleva. 

kristalis optikuri Tvisebebi SeiZleba mTlianad iqnas aRwerili 

kompleqsuri dieleqtrikuli SeRwevadobiT: 

                                                ωε+ωε=ωε                                                                 (2.7) i

22 kn −=

nk22

sadac ε1 - namdvili nawilia da is dakavSirebulia gardatexisa da 

STanTqmis maCvenebleblebTan TanafardobiT 

                                                                                                    (2.8) 1ε

xolo ε2 - kompleqsuri dieleqtrikuli SeRwevadobis warmosaxviTi 

nawili  

                                                              =ε                                                                       (2.9) 

sinaTlis normaluri dacemisas n da k gansazRvraven arekvlis 

koeficients Semdegi TanafardobiT: 

                                                        22

22

k)1n(
k)1n(R

++
+−

=                                                                (2.10)              

xolo STanTqmis koeficienti  
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ω π                                             =
λ

=
k4

c
k2

∞

α                                                                (2.11)    

Tu muxtis matareblebs erTi niSani aqvT da gamtareblobis zona 

xasiaTdeba dispersiis kvadratuli izotropuli kanoniT,  maSin 

dieleqtrikuli SeRwevadobis namdvili da warmosaxviTi nawilebi 

SeiZleba Caiweros maRalsixSiruli dieleqtrikuli SeRwevadobis ε ,  

muxtis Tavisufali gadamtanebis plazmuri sixSirisa ωp da muxtis 

matareblebis relaqsaciis τ drois  meSveobiT [43] 

                                                 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

τω+
τω

<−ε=ω ∞ 22

22
p

1 1
1)(ε                                                       (2.12)      

                                               
122

2
p

+τω
τ

<
ω
ω

∞)(2 ε=ωε                                                          (2.13)    

maSin, rodesac gamtareblobisa da savalento zonebis absoluturi 

eqstremumebi K
r
 sivrcis sxvadasxva wertilebSi imyofebian, eleqtronebis 

fononebTan urTierTqmedebis gamo SesaZlebeli xdeba arapirdapiri 

gadasvlebi, magram aseTi gadasvlebis albaToba gacilebiT naklebia 

pirdapiri gadasvlebis albaTobasTan SedarebiT. 

STanTqmis koeficients arapirdapiri daSvebuli gadasvlebisas 

Semdegi saxe aqvs [43] 

                                   
1e

)EE(
KT/E

2
ii

p −
±−ωh

2/1)( ωαh

B=α                                                              (2.14)  

sadac Ep – fotonis energiaa.  damokidebulebis grafiks ωh

2/1
e )(α

pi EE

-

gan gaaCnia ori wrfivi ubani. erTi wrfe Seesabameba  

damokidebulebas, romelic abscisTa RerZs gadakveTs ω = +h

2/1
d )α

p

 

wertilSi, xolo meore wrfe aRwers (  damokidebulebas da abscisTa 

RerZs kveTs wertilSi i EE −=ω

iE

h . monakveTis sigrZe  RerZTan  da 

 wrfeebis gadakveTis wertilebs Soris tolia 2Ep. am monakveTis 

SuaSi imyofeba wertili 

ωh 2/1
d )(α

2/1
e )(α

=ωh . 

arapirdapiri zonaTaSoris gadasvlebisaTvis STanTqmis koeficienti 

α -sTvis gvaqvs proporcia: 

                                              α                                                                     (2.15)    3
pi )EE(~ ±−ωh
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arekvlisa da gamWvirvalobis eqsperimentulad miRebuli speqtrebis 

damuSaveba da maxasiaTebli optikuri parametrebis speqtraluri 

damokidebulebis dadgena moxda eleqtronul-gamomTvleli manqaniT. am 

mizniT Seiqmna  ori programa∗. pirveli programa iTvaliswinebs 

arekvlisa da gamWvirvalobis speqtrebis mixedviT R-arekvlis da α 

STanTqmis koeficientebis, k STanTqmis da n gardatexis maCveneblebis, 

dieleqtrikuli SeRwevadobis namdvili ε1 da warmosaxviTi ε2 nawilebis 

energiis danakargebis funqciis -Imε-1  dadgenas. meore programa 

gamoiyeneba STanTqmis kideze STanTqmis koeficientis sixSiruli 

damokidebulebis gasaanalizeblad, amis safuZvelze ki eleqtronis 

optikuri gadasvlebis energiis da xasiaTis dasadgenad.  

fotoeleqtruli Tvisebebis (fotogamtaroba, foto emZ) kvleva 

Catarda danadgarze, romelic awyobili iyo ИКМ-1 monoqromatoris 

bazaze**, romelic pirobiTad SeiZleba sam nawilad daiyos: a) optikuri; 

b) eleqtruli da g) Termul-kriogenuli. 

optikuri sqema (nax.2.9) moicavs Semdeg elementebs:  infrawiTeli 

speqtrometri (1), optikuri kvanturi generatori ЛГ-75 (2), brtyeli da 

sferuli sarkeebi (3, . . . 9), sinaTlis modulatori (10) da gamosxivebis 

wyaro _ varvarebis halogenuri naTura (13). sxivi SeiZleba mivmarToT 

sadgarze (14), Tu gazomvebi oTaxis temperaturaze mimdinareobs, 

Termostatis sarkmelSi (15) maRaltemperaturuli gazomvebisas an 

optoakustikur gardamqmnelze (17) prizmebis graduirebisas. sinqronuli 

deteqtorisaTvis sayrdeni signalis formireba xdeba varvarebis naTuriT 

(18) da fotodiodiT (19), xolo modulacia (10) mwyvetariT. helium-neonis 

airuli lazeri ЛГ-75 20 mvt simZlavris λ=0.6328 mkm talRis sigrZis 

gamosxivebas iZleva. 

gamzomi nawilis blok-sqema moyvanilia nax.2.10-ze. sakvlevi nimuSi 

(1) mierTebulia eleqtrometrul gamaZlierebelTan (4) S2 gadamrTve- 

liT. meores mxriv is mierTebulia S1 gadamrTvelTan. roca S1 
                                                 

∗ programa Sedgenilia stu-s axali naxevargamtaruli masalebis laboratoriaSi 
doc. l.glurjiZis mier 

** danadgari awyobil iqna stu-s axali naxevargamtaruli masalebis 
laboratoriaSi doc. d.gziriSvilis mier 
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gamorTulia, izomeba foto emZ, xolo roca CarTulia – fotogamtaroba; 

am dros nimuSs (2) datvirTvis winaRobiT  uerTdeba (3) mudmivi denis 

Zabva. gaZlierebis Semdeg nimuSSi aRZruli foto emZ-s an 

fotogamtarobis cvladi Zabva miewodeba seleqciur gamaZlierebels (5), 

xolo Semdeg sinqronul deteqtors (6). maszeve (7) fotodiodidan (8) 

fazis mabrunebel-maformireblis gavliT xvdeba sayrdeni  Zabva.  

 

 
 
nax. 2.9  fotoeleqtruli Tvisebebis Sesaswavli danadgaris optikuri 

sqema 
 . 

 
 
 

nax. 2.10  fotoeleqtruli Tvisebebis Sesaswavli mowyobilobis 
eleqtrogamzomi nawilis blok-sqema 
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sakvlevi signalis kontroli xorcieldeba eleqtronuli 

osciloskopiT ЭО-7 (9). deteqtirebuli signali gasazomad S4 gadamr-

TveliT miewodeba P363 potenciometrs da TviTCamwers (11). graduirebisa 

da prizmebis intensivobis araerTgvarovnebis koeficientis gansazR-

vrisaTvis seleqciuri gamaZlierebeli-sinqronizatori S3 gadamrTveliT 

gamoirTveba eleqtrometruli gamaZliereblisagan da miuerTdeba opto-

akustikur gardamqmnels (10). 

eleqtrowinaRobis gasazomad nimuSi S2 gadamrTveliT uerTdeba 

mudmivi Zabvis wyaros (13) datvirTvis winaRobiT (14). datvirTvis winaRo-

bidan Zabva S4 gadamrTveliT gasazomad miewodeba P363 potenciometris 

Sesasvlels. 
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  III Tavi  

ime-s sulfidebis Txeli firebis   miRebis   

teqnlogia, kristaluri struqtura, 

fazuri da qimiuri analizi 

 

3.1. Txeli firebis miReba vakuumur-Termuli 

aorTqlebis meTodiT  

3.1.1. amaorTqleblebi. firis ganawileba fuZeSreze 

 

Txeli firebis miRebis teqnologiuri procesis sworad 

warmarTvisTvis didi mniSvneloba eniWeba amaorTqleblis rogorc 

konstruqciis ise, aseve masalis  SerCevas. amaorTqlebeli unda iyos 

martivi konstruqciis da amave dros damzadebuli unda iyos iseTi 

masalisagan, romelic ar aWuWyianebs gasazrdel firs da gaaCnia 

dnobis maRali temperatura. arsebobs amaorTqleblis ori ZiriTadi 

tipi: gamaxureblebi arapirdapiri gaxurebiT da gamaxureblebi 

pirdapiri anu uSuali gaxurebiT. 

arapirdapiri gaxureba _ am tipis amaorTqleblebSi eleqtruli 

deni gadis spiralSi, saidanac gamoyofili siTbo axurebs tigels, 

romelSic asaorTqlebeli masalaa moTavsebuli. cxadia, spiralis da 

tigelis masala iseTi unda iyos, rom maTi orTqlis wneva 

asaorTqlebeli masalis wnevasTan SedarebiT rac SeiZleba naklebi 

iyos. asaorTqlebeli masala gamdnar mdgomareobaSi kargad unda 

asvelebdes gamaxurebels, rac aucilebelia kargi siTburi kontaqtis 

uzrunvelsayofad.gamaxurebelsa da asalrTqlebel masalas Soris ar 

unda mimdinareobdes qimiuri reaqcia. 

gamaxureblisTvis masalis SerCeva dResac umTavres problemad 

rCeba. Txelfirovani masalebis teqnologiaSi ZiriTadad gamoiyeneba 

volframi, molibdeni da tantali. iseTi masalebi, rogorebicaa rkina, 

nikeli da qromeli gamoiyenebian mxolod gansakuTrebul SemTxvevebSi. 
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volframis amaorTqleblis damzadebisas gamoiyeneba 

ararekristalizebuli volframis mavTuli, winaaRmdeg SemTxvevaSi 

1000°C-ze zeviT gaxurebisas volframi myife xdeba da Semdgomi 

eqspluatacia SeuZlebelia. ararekristalizebuli vilframis mavTuli 

xasiaTdeba maRali drekadobiT da advilad iRebs sasurvel formas. 

spiralis daxvevisas rekomendirebulia misi gaxureba 100 °C-mde. am 

dros mavTulis drekadoba maqsimaluria. saWiro formis volframis 

amairTqlebelis daxvevis Semdeg aucilebelia misi zedapiris gawmenda, 

rac miiRqeva misi mowamvliT 20%-iani kaliumis an natriumis   

hidroJangis xsnarSi da Semdeg  garecxviT distilirebuli wyliT. 

arsebobs arapirdapiri gaxurebis e.w. naviseburi konstruqciis 

amaorTqleblebi, romlebic tigeliani amaorTqleblebisagan 

gansxvavebiT ar iZlevian asaorTqlebeli masalis mimarTul nakads, 

rac garkveul sirTules qmnis SenaerTis firebis steqiometriis 

gacvis TvalsazrisiT. 

pirdapiri aorTqlebis konstruqciis amaorTqleblebSi 

asaorTqlebeli masala, romelic moTavsebulia Sesabamisi 

konstruqciis konteinerSi ortqldeba sakmarisi simZlavris 

eleqtronebis nakadiT an lazeris sxiviT. am tipis amaorTqleblebis 

dadebiTi mxarea is, rom asaorTqlebeli masala naklebad WuWyiandeba, 

vinaidan is faqtiurad ar Sedis kontaqtSi konteinerTan da garda 

amisa am meTodiT  SesaZlebelia iseTi masalebis aorTqleba, romelTa 

orTqlis wneva dabalia da arapirdapiri gaxurebis meTodiT 

aorTqleba SeuZlebelia. meTodis uaryofiTi mxarea konstruqciis 

SedarebiT sirTule da is faqti, rom aorTqlebis procesSi 

garTulebulia orTqlis nakadis kontroli, rac gansakuTrebiT 

aucilebelia SenaerTebis firebis miRebisas. 

 

3.1.2. Txeli firebis warmoqmnis kinetika da struqtura. 

sxvadasxva parametrebis gavlena firis struqturaze. 

 

molekuluri nakadis kondensaciisas adgili aqvs gadasvlas 

airadi fazidan Txevad – kondensirebul fazfSi. es procesi 
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ganpirobebulia fuZeSreze dacemuli atomebis da fuZeSris zedapiris 

urTierTqmedebis xasiaTiT. zedapirTan dajaxebisas atomi kargavs Warb 

siTbur energis da gadadis adsorbirebul mdgomareobaSi. am dros, Tu 

safenis temperatura Zalian dabali araa, xolo Warbi Tburi energiis 

relaqsaciis dro _ didi, adsorbirebul atomebs gaaCniaT sakmaod 

didi difuziuri Zvradoba fuZeSris zedapirze da amiT mniSvnelovnad 

ganisazRvreba kondesatis warmoqmnis Semdgomi procesi. 

kondensatis warmoqmna. adsorbirebul mdgomareobaSi atomebis 

yofnis dro SemosazRvrulia da ganisazRvreba formuliT       

               τ1 = τ01 exp(Ea/ κT)                                                     (3.1) 

sadac  Ea -adsorbirebuli atomis energiaa; 

                                  τ01 = (h/kT) [1- exp(-h/kT)]-1                                         (3.2)            

 τ01 - 10-3 wm rigisaa. 

adsorbirebul mdgomareobaSi myofi moZravi atomebi SeiZleba 

ganvixiloT, rogorc T temperaturis (es temperatura SeiZleba ar 

Seesabamebodes safenis temperaturas), “organzomilebiani 

orTqlidajaxebis Sedegad atomebi qmnian kompleqsebs, ris gamoc 

mcirdeba atomebis xelaxla aorTqlebis albaToba. am kompleqsebis 

(Canasaxebis) zrdas mivyavarT kondensatis warmoqmnamde. warmoqmnili 

kondensirebuli fenis struqtura ganisazRvreba am Canasaxebis 

ricxviT, maTi urTierTorientaciiT da zrdis procesSi 

urTierTqmedebiT. 

unda aRiniSnos, rom “Canasaxis” meqanizmi araa universaluri da 

ver aRwers zogierT zRvrul SemTxvevas. magaliTad, Zalian dabal 

temperaturaze difuziis zedapiruli koeficienti mcirea, xolo 

adsorbirebuli atomebis sicocxlis xangrZlivoba _ didi, ris 

safuZvelzec kondensacia warmoadgens adsorbirebuli atomebis 

dagrovebis process, an magaliTad, kondensirebuli atomebis safenTan 

Zlieri urTierTqmedebisas atomebi uzrunvelyofen fenis formirebas 

da zrdas. es procesi ar moiTxovs mdgradi kompleqsebis warmoqmnas: 

atomTa mdgradi mdgomareobebi SeiZleba iyos wertilovan an sxva 

defeqtebSi maTi Camagrebis adgilebi, monofenis warmoSobis adgilebi 

da sxva. gansxvavebuli orientaciis mqone safenze metalis 
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kondensaciisas, iseve rogorc neitralur safenze, kondensaciis 

sawyisi etapi warmoadgens Canasaxovani nawilakebis warmoqmnis da 

zrdis process [44,45]. 

Txeli firebis ZiriTadi struqturuli maxasiaTblebia – zomebi, 

forma da orientacia, kristalis Senebis simWidrove da defeqtebis 

ganawileba, daZabulobebi, zedapiruli reliefis ganviTareba _ 

yovelive es mWidro kavSirSia kondensatis warmoqmnasa da meorad 

procesebTan, rac mimdinareobs firSi kondensaciis sawyis da 

saboloo etapebze kondensaciis pirobebis cvliT, riTac SesaZloa 

vcvaloT firis struqtura, romlis Camoyalibeba Semdegi 

TanmimdevrobiT mimdinareobs: 

1. kondensaciis siCqaris zrdiT kristalitebis saSualo zomebi 

izrdeba   rogorc sawyis etapze, Canasaxis zedapiruli 

simWidrovis SemcirebiT, aseve rekristalizaciuri procesebis 

gavleniT; 

2. sisqis zrdiT kristalitebis zomebi izrdeba, rac           

yvelaze xSirad gamowveulia ufro xelsayreli orientaciis da 

swrafad mzardi kristalitebis koncentraciis zrdis  gamo. 

3.  vakuumuri pirobebis gauareseba iwvevs  kristalizaciis zedapiris 

gaWuWyianebas, kristalitebis zomebis Semcirebas da firis 

struqturuli Camoyalibebis maxasiaTeblebis Semcirebas. 

4.  firebis gamowva ganapirobebs maTi struqturuli maxasiaTeblebis 

gaumjobesebas. Tumca-Ra ufro efeqturia ara raime temperaturaze 

gamowva, aramed firis miReba am temperaturaze, vinaidan pirveladi 

(zedapiruli) procesebi advilad aqtiurdeba, vidre gardaqmnis 

procesebi. 

5. sisqis zrdasTan erTad xdeba firis struqturuli mdgomareobis 

kanonzomieri cvlileba. am dros mimdinareobs wonasworul 

mdgomareobasTan etapobrivi miaxloeba. 

kondensaciisa da Sesabamisad firis Camoyalibebis procesi 

mniSvnelovnadaa damokidebuli kondensaciis kinetikur parametrebze –

fuZeSris temperatura, dacemuli  molekuluri konis simkvrive, 

romelic gansazRvravs adsorbirebuli atomebis koncentracias, 
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safenze dafenili atomebis urTierTqmedebis xasiaT, misi potenciur 

reliefi da sxva. 

 

 

3.1.3. Txeli firebis miReba vakuumur – Termuli 

aorTqlebis meTodiT 

 
sxvadasxva fuZeSreze liTonis an sxva masalis Txeli firis 

dafenis procesi vakuumur-Termuli aorTqlebis meTodiT mimdinareobs 

or etapad: nivTierebis aorTqleba vakuumSi da misi kondensacia 

fuZeSreze [38]. 

 aorTqlebis procesi vakuumSi asaorTqlebeli masalis 

aorTqlebiT swarmoebs. am dros molekulebis da atomebis kinetikuri 

energia zedapirul SreebSi izrdeba, isini swydebian amaorTqleblis 

zedapirs da gadadian Tavisufal sivrceSi. temperaturis da 

molekulaTa energiis zrdasTan erTad izrdeba im nawilakTa ricxvic, 

romelTac unari aqvT mowydnen asaorTqlebeli masalis zedapirs. 

Cveulebriv, gaxurebisas masala jer dneba, xolo Semdgom gadadis 

orTqlis mdgomareobaSi. magram arsebobs masalebi, romlebic Txevadi 

fazis gamotovebiT gadadian orTqlis fazaSi. am process myari 

sxeulis sublimacia ewodeba. 

aorTqlebisas mimdinare procesebi pirvel rigSi damokidebulia 

sistemaSi vakuumis xarisxze, romelic Tavis mxriv xasiaTdeba 

molekulis Tavisufali ganarbenis saSualo sigrZiT – esaa manZili, 

romelsac gadis molekula or Tanmimdevrul dajaxebas Soris (λ). imis 

mixedviT, Tu rogoria Tanafardoba amaorTqlebelsa da fuZeSres 

Soris manZilsa (d) da Tavisufali ganarbenis sigrZes Soris, 

ansxvaveben : maRal vakuums, roca  λ ›› d, saSualo vakuums, roca  λ≈d 

da dabal vakuums, roca  λ ‹ d. 

   aorTqlebisas dabal vakuumSi aorTqlebuli masalis atomebi 

kondensatorisken anu fuZeSrisken moZraobisas ganicdian mravlobiT 

dajaxebebs airis molekulebTan da amgvarad maTi traeqtoria 

texilia. aorTqlebuli molekulebis sawyisi orientacia am dros 

 
 

65



  

darRveulia da miuxedavad ekranis mdebareobisa, WurWlis kedlebze 

miiReba sakmaod erTgvarovani fena. 

Tu aorTqleba saSualo vakuumSi mimdinareobs, dabali wnevis 

dros atomebis umetesi nawili aRwevs WurWlis kedlebs, moZraobs ra 

sworxazovnad, airis molekulebTan dajaxebebis gareSe da mxolod 

atomTa garkveuli nawili ganicdis airis molekulebTan dajaxebas da 

gadaixreba sawyisi mimarTulebidan. amis gamo WurWlis kedeli ekrans 

miRma naklebad iqneba dafaruli aorTqlebuli nivTierebis feniT, 

vidre danarCeni nawili da kedelze miiReba ekranis Crdili. 

maRal vakuumSi aorTqlebisas atomebi toveben ra 

amaorTqleblis zedapirs, miZraoben erTmaneTisagan damoukideblad, 

dajaxebebis gareSe. maTi traeqtoria wrfea da ar icvleba WurWlis 

kedelze kondensaciamde. am SemTxvevaSi ekranis miRma kedelze Cndeba 

mkveTri Crdili, romelic zustad Seesabameba ekranis geometriul 

Crdils. 

aorTqlebuli atomebisa da molekulebis nakads, romelic 

Tavisi gavrcelebis gzaze ar ganicdis dajaxebebs da, amrigad, ar 

icvlis traeqtorias, molekuluri nakadi ewodeba. nakadis wrfivoba 

saSualebas iZleva dadgindes msgavseba molekulur da sinaTlis 

nakads Soris da geometriuli optikis kanonebi gavrceldes 

molekuluri nakadisTvisac. amasTan airis kinetikuri Teoriidan 

gamomdinare molekulis Tavisufali ganarbenis saSualo sigrZe λ 

ukuproporciulia airis wnevisa: 

                                        λ = 
p

mc
N 2

2

2 232
1

δπδπ
=                                           (3.3.) 

sadac, N - 1 sm2 airSi molekulaTa raodenoba mocemuli wnevisa da 

temperaturisTvis;  

                δ  - molekulis efeqturi diametri, sm; 

                m - molekulis masa; 

                c  -  saSualo kvadratuli siCqare. 

    aorTqlebis siCqare, anu nivTierebis raodenoba, romlis 

aorTqleba xdeba 1 sm2 zedapiridan 1 wm-is ganmavlobaSi, 

ganisazRvreba formuliT:   
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                      ω ≈ 6· 10-4 TM /                                                      (3.4.) 

              M - molekuluri masa 

              T -  absoluturi temperatura. 

sxvadasxva Senadnobebisa da SenaerTebis Txeli firebis miReba 

dakavSirebulia mTel rig siZneleebTan, radgan aorTqlebisas xdeba 

Senadnobis daSla Semadgenel komponentebad, romlebic sxvadasxva 

siCqariT aorTqldeba (sxvadasxva orTqlis drekadobis gamo). safenze 

am dros rTuli Semadgenlobis firi miiReba. pirveli fena 

gamdidrebulia Senadnobis ufro msubuqi komponentiT, Semdgomi ki – 

mZimiT.  

arsebobs Senadnobis Txeli firebis miRebis ramodenime meTodi: 

1) uSualod SenaerTis aorTqleba; 2) komponentebis monacvleobiT 

aorTqleba da dafena; 3) diskretuli aorTqleba; 4) ori 

damoukidebeli wyarodan aorTqleba. 

pirveli meTodi gamoiyeneba mxolod im SenaerTebisTvis, 

romelTa Semadgeneli elementebs msgavsi  duRilis wertilebi da 

orTqlis drekadoba aqvT. am dros nadnobi ar fraqcionirebs 

aorTqlebis temperaturis farglebSi da miiReba sasurveli 

Semadgenlobis firi. 

meore meTodi dafuZnebulia mravalSriani elementebis 

urTierTdifuziis movlenaze. gamoiyeneba mxolod atomebis maRali 

difuziis koeficientis dros, romlis saSualebiTac miiRweva firis 

erTgvarovneba da steqiometriuloba. 

mesame meTodi gamoiyeneba SenadnobebisTvis, romelTa Semadgenel 

komponentebs erTmaneTisagan sagrZoblad gansxvavebuli aorTqlebis 

siCqare aqvT. arsebobs mravali konstruqciuli modeli am meTodis 

gansaxorcieleblad, magram yuradReba unda mieqces im pirobas, rom 

Senadnobis nawilakebis siCqare am Senadnobis siCqaris toli unda 

iyos. es  piroba miT ufro samarTliania, rac ufro mcirea 

nawilakebis zomebi da rac ufro xSiri da Tanabaria maTi miwodeba 

amaorTqlebelze. gansakuTrebiT zedmiwevniT unda SeirCes 

amaorTqleblis temperatura, radgan sakmaod maRal temperaturaze 

nawilakebi SeiZleba aireklon amaorTqleblisgan ise, rom ver 
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moaswron gadnoba, xolo dabali temperaturisas nawilakebi 

mogrovdebian amaorTqlebelze auorTqleblad. uzrunvelyofili unda 

iyos agreTve fxvnilis Tanabari miwodeba da danakargebis minimaluri 

raodenoba. 

meoTxe meTodi dakavSirebulia mniSvnelovan sirTuleebTan, rac 

gamowveulia aorTqlebis intensivobis mudmiv regulirebasa da 

SenarCunebiT steqiometruli SenaerTis miRebisTvis. 

 

3.2. tuliumis, prazeodiumisa da neodiumis 

erTnaxevriani sulfidebis Txeli firebis miReba. fazuri 

Semadgenloba da kristaluri struqtura. 

 

samecniero literaturaSi aRwerili ar aris Tm2S3, Pr2S3  da Nd2S3   

firebis miRebis teqnologia. naSromSi pirvelad iqna damuSavebuli am 

SenaerTebis Txeli firebis miRebis teqnologia vakuumur-Termuli 

aorTqlebis meTodiT nadnobi kvarcis, polikristaluri sitalis, 

leikosafironis da monokristaluri siliciumis fuZeSreebze, 

rentgenodifraqciuli da eleqtronografiuli kvlevebiT ki dadgenil 

iqna miRebuli firebis fazuri Semadgenloba da kristaluri 

struqtura. firebis dafena swarmoebda УВН 75Р3 da  ВУП-5 markis 

Cvens mier modernizebul danadgarebze (nax. 2.2, nax.2.3.) 

 

3.2.1. tuliumis erTnaxevriani sulfidis Txeli firis 

miReba 

 

tuliumis erTnaxevriani sulfidis erTfaza firebis miRebis 

teqnologia samecniero literaturaSi aRwerili ar aris. [46]-Si 

Catarebul iqna winaswar sinTezirebuli  Tm2S3-is  Semadgenlobis 

SenaerTis aorTqlebiT firis momzadebis eqsperimenti sxvadasxva 

fuZeSreze vakuumur-Termuli aorTqlebis meTodiT. dafenis procesSi 

fuZeSris temperatura toli iyo 300-400 K, vakuumi _ 10-5 mm.vwy.sv., 

fuZeSreebad gamoyenebuli iyo  NaCl, KCl da naxSirbadi. rogorc 
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avtorebi aRniSnaven, erTfaza firis miReba ver moxerxda. miRebuli 

firebi Seicavdnen TmS,  γ-Tm2S3  da  θ-Tm2S3 fazebs. cnobilia Tm2S3 –is 

sami polimorfuli forma γ, δ da θ. monacemebi maTi kristaluri 

struqturisa da mesris parametrebis  Sesaxeb  moyvanilia  cxr.3.1. -Si.  

winamdebare naSromSi Tm2S3 firebis miReba swarmoebda 

komponentebis ori damoukidebeli wyarodan vakuumur-Termuli 

aorTqlebis meTodiT [47,48]. miRebuli firebis sisqe icvleboda 1-7 mkm 

farglebSi. tuliumisa da gogirdis amaorTqleblebis   temperatura  

Sesababisad  toli  iyo 1200 K   da 370 K. tuliumis amaorTqleblis 

daSoreba fuZeSridan Seadgenda 40 mm-s, xolo gogirdis  

amaorTqleblisa – 120 mm-s.  amaorTqleblebis   RerZebis  daxris 

kuTxeebi fuZeSris normalis mimarT daaxloebiT erTnairi iyo da 

utoldeboda 30°-s. dafenis siCqare saSualod toli iyo 150 Ǻ/wm. 

fuZeSreebad gamoyenebuli iyo paralelepipedis formis (15x8x1mm) 

sitals, leikosafirons da monokristaluri siliciums firfitebi. 

eqsperimentebma aCvenes, rom fuZeSris masala Tm2S3-is  SesamCnev 

gavlenas ar axdens arc miRebuli firebis kristalur struqturaze 

da arc fazur Semadgenlobaze. asaorTqlebel masalebad gamoyenebuli 

iyo maRali sisufTavis B-6 markis gogirdi da ТуМ-1 markis liTonuri 

tuliumi (kontrolirebadi minarevebis jamuri Semcveloba Seadgenda: 

La≤  0.03%, Er,Lu,Yb jamuri Semcveloba ≤0.1%,  Fe≤0.01%, Cu≤0.01%, Ta,  Mo an 

Nb≤0.02%). 



  

cxrili 3.1. 

 

tuliumis erTnaxevriani sulfidis kristalografiuli monacemebi 

 

mesris mudmiva-!Å 

!

Tm2S3polimor

fuli forma!
feri singonia 

sivrculi 

jgufi 

struqturuli 

tipi 

a b c 

literatu

ra 

δ-Tm2S3 wablisferi monoklinuri   _ Y2S3 17.363 3.960 10.039 [1] 

γ-Tm2S3  Ria-yavisferi kuburi Ia3 Th3P4 8.22 _ _ [46] 

θ-Tm2S3 muqi-yavisferi kuburi d34I  Tl2O3 10.50 

12.489 

12.46 

_ 

_ 

_ 

_ 

_ 

_ 

[46] 

[49] 

[49] 

 1 
 



  

fuZeSris temperaturas vcvlidiT 770 K–dan 1270 K-mde. kargad 

Camoyalibebuli  polikristaluri firebi miviReT 870 K  fuZeSris 

temperaturis SemTxvevaSi. 

 
nax.3.1  θ-Tm2S3 Txeli firis rentgenodifraqtograma (fuZeSre-

leikosafironi, Tf=870 K; sisqe – 2.5.mkm). 
 
 

 

nax.3.2 θ-Tm2S3 Txeli firis zedapirze Tm (a) da S (b) ganawilebis 
gamosaxuleba rentgenis meorad sxivebSi da firis zedapiris 

mikrofotografia (g) 
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momzadebuli firebis fazuri Semadgenlobisa da kristalurobis 

dasadgenad gadaRebul iqna rentgenodifraqtogramebi CuKα 

gamosxivebaze nikelis filtriT uwyveti Caweris reJimSi 0.25 grad/wT 

siCqariT. nax.3.1-ze  moyvanilia leikosafironis fuZeSreze dafenili 

Tm2S3 Txeli firis rentgenodifraqtograma. misi identifikaciiT 

dadginda, rom firi Seesabameba  Tm2S3-is  θ-formas. miRebuli 

rentgenodifraqtogramis saSualebiT gaTvlili mesris mudmiva toli 

iyo a=12,46 Ǻ da is  karg SesabamisobaSia [49]–Si moyvanil parametrTan 

Tm2S3  fxvnilisTvis. miRebuli firebi xasiaTdebian kargi mdgradobiT 

haerze, razec metyvelebs is faqti, rom firebis ramodenime dRiT 

haerze dayovneba ar iwvevs rentgenodifraqtogramaze damatebiTi 

maqsimumebs gaCenas. 

 momzadebuli firebis rentgenulima mikrozondurma analizma 

aCvena,  rom firebi Seicavdnen 40.2 at% Tm da 59.8 at% S. rogorc 

rentgenis meorad sxivebSi gadaRebuli zedapiris suraTidan Cans 

(nax.3.2), momzadebuli firis zedapirze  tuliumi da gogirdi 

ganawilebulia  Tanabrad. momzadebul firebs gaaCniaT muqi yavisferi 

Seferiloba. 

 
 

3.2.2. prazeodiumis erTnaxevriani sulfidis Txeli firis 

miReba                             

 

prazeodiumis erTnaxevriani sulfidis 0,6-1,8 mkm sisqis Txeli 

firebi momzadda komponentebis ori damoukidebeli wyarodan 

vakuumur-Termuli aorTqlebis meTodiT. dafenis procesSi Pr-is 

amaorTqleblis temperatura toli iyo 1970 K, gogirdis 

amaorTqleblis _ 350K, fuZeSris temperaturas vcvlidiT  950 K - 990 

K.  prazeodiumis amaorTqleblis daSorebs fuZeSridan Seadgenda 35 

mm-s, xolo  gogirdis amaorTqleblis _ 120 mm-s. amaorTqleblebis 

daxris kuTxe fuZeSris normalis mimarT orive SemTxvevaSi erTnairi 

iyo da Seadgenda  40°-s. dafenis siCqare sxvadasxva eqsperimentSi 

icvleboda 60-90 Å/wm. fuZeSreebad, iseve rogorc tuliumis 

erTnaxevriani sulfidis Txeli firebis moRebis dros,  gamoyenebuli 
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iyo leikosafironis, sitalis da monokristaluri siliciumis  

firfitebi.  

momzadebuli firebis fazuri  Semadgenloba da kristaluroba 

Seswavlil iqna rentgenografiuli da eleqtronografiuli 

meTodebiT. tipiurma rentgenodifraqtogramam (nax.3.5.) aCvena, rom 

zemoTmoyvanil teqnologiur reJimebSi miRebul iqna  kargad 

Camoyalibebuli  polikristaluri  kuburi singoniis γ-Pr2S3 Ffiri 

(struqturuli tipi Th3P4,   sivrculi jgufiT d34I ) mesris parametriT 

a=8.91 Å, romelic kergad eTanxmeba γ-Pr2S3-is moculobiTi kristalis 

mesris mudmivas   a=8.923 Å  [15]. 

 rentgenulma da eleqtronografiulma analizma aCvena, rom  

fuZeSris gamoyenebuli masalebi, iseve rogorc tuliumis 

erTnaxevriani sulfidis SemTxvevaSi, ar axdenen SesamCnev gavlenas 

miRebuli firebis fazur Semadgenlobasa da kristalurobaze. 

rentgenulma mikrozondurma analizma aCvena, rom firebi Seicavdnen 

40,3 at% prazeodiums da 59,7 at% gogirds. yvela fuZeSreze dafenili 

firebi xasiaTdebodnen sakmaod maRali mdgradobiT haerze. 

momzadebuli firebi Ria yviTeli an yviTeli iyo. 

 

 

 

nax.3.3. γ-Pr2S3 –is firis rentgenodifraqtograma (fuZeSre 
safironi,Tf=950K, firis sisqe 1,6mkm) 
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3.2.3. neodiumis erTnaxevriani sulfidis Txeli firis 

miReba 

  

mocemul samuSaoSi pirvelad iqna miRebuli Nd2S3    Txeli 

firebi winaswar sinTezirebuli SenaerTis diskretuli vakuumur-

Termuli aorTqlebis meTodiT [50]. (Nd2S3 –is moculobiTi  

kristalebi mogvawoda d.i.mendeleevis saxelobis qimiko-teqnologiuri 

universitetis TanamSromelma i.g.orlovam, risTvisac uRrmes 

madlobas vuxdiT mas). 

firis miReba ganxorcielda Cvens mier modernizirebul  ВУП-5 

danadgarze, romlis kameris Siga mowyobiloba  naCvenebia nax.2.5-ze. 

rogorc cnonilia, Sladi SenaerTis vakuumur-Termuli 

diskretuli aorTqlebis   erTerTi problemaa masalis 

amaorTqleblis temperaturisa da asaorTqlebeli nivTierebis 

marcvlebis optimaluri zomebis SerCeva. gansakuTrebiT didi 

mniSvneloba aqvs asaorTqlebeli masalis zomebis erTgvarovnebas da 

zomas. Tu marcvlis wrfivi zoma optimalurze didia, SesaZlebelia 

man ver moaswros aorTqleba, xolo optimalurze naklebi zomis 

SemTxvevaSi aorTqlebuli masali aRmavali nakadi xels SeuSlis 

vibromkvebavidan amaorTqlebelSi masalis moxvedras, rac masalis 

SesamCnev danakargebs iwvevs. Cvens mier Catarebulma eqsperimentebma 

aCvenes, rom marcvlebis optimalur zomad SeiZleba CaiTvalos 0.05_0.10 

mm. marcvli zomebis erTgvarovnebas vaRwevdiT maTi gacriT 

specialur sacerSi. steqiometriuli Semadgenlobis firebis misaRebad 

aucilebelia vibromkvebavi erTnairi siCqariT awvdides masalas 

amaorTqlebels.yvela naxsenebi parametric SerCeul iqna empiriulad.  

masalis aorTqleba xdeboda tantalis kilitisagan damzadebuli 

navidan. amaorTqlebis temperatura toli iyo ~2300 K, fuZeSris 

temperaturas sxvadasxva eqsperimentebSi vcvlidiT 700–dan 1270 K–mde. 

fuZeSred gamoyenebul iyo nadnobi kvarcis, monokristaluri 

siliciums, sitalsa da leikosafirons marTkuTxa paralelepipedis 

formia firfitebi. manZili fuZeSridan amaorTqleblamde toli iyo 

~100 mm-is; dafenis xangrZlivoba sxvsdasxva eqsperimentebSi meryeobda 

 74
 



  

100-dan 120 wm-mde, xolo dafenis siCqare icvelboda 20-dan 85 Ǻ/wm. 

miRebul iqna firebi, romelTa sisqe Seadgenda 0,2 _ 2,0 mkm. 

momzadebuli firebis fazuri Semadgenloba da kristaluroba 

Seswavlil iqna rentgenodifraqciuli da eleqtronografiuli 

meTodebiT.  

        [5]-Si  naCvenebia, rom neodiumis erTnaxevrian sulfids gaaCnia 

sami polimorfuli  forma _ α, β, γ, romelTa kristaluri 

struqturisa da parametrebis Sesaxeb monacemebi moyvanilia cxr.3.2.-Si. 

aRniSnuli polimorfuli formebis arseboba ganpirobebulia 

SenaerTis miRebis, gamowvis da wrTobis temperaturuli reJimebiT. α 

formas Seesabameba rombuli singonia, xolo  β   da  γ  formas _  

kuburi  singonia.  β   da  γ  formebi erTmaneTisagan gansxvavdeba   

struqturuli tipebiT. β formas gaaCnia  Nd2S3 struqturuli tipi _ 

Fdm3 sivrculi jgufi, xolo γ _ aseve kuburi simetriisaa, oRond 

1 4 3d  sivrculi jgufiT da  Th3P4  struqturuli tipiT.  unda 

SevniSnoT, rom β   da  γ  formebis Sesabamisi mesris parametrebi 

SesamCnevad gansxvavdeba  erTmaneTisagan β formisaTvis  a=19.92 Ǻ,   

xolo  γ -sTvis parametri TiTqmis orjer naklebia  a=8.592 Ǻ. 

Catarebul iqna mravalricxovani eqsperimentebi firebis fazur 

Semadgenlobaze fuZeSris temperaturis gavlenis Sesaswavlad. 

fuZeSris dabal temperaturaze _ 470 K, miRebuli firebi amorfuli 

iyo, rac eTanxmeba  [51] naSromis Sedegebs. 

fuZeSris SedarebiT maRal _ 750-850 K  tempereturaze dafenil 

firebs gaaCndaT wvrilmarcvlovani struqtura, rasac adasturebs 

Sesabamisi rentgenodifraqciuli maqsimumebis gafarToebisa da 

intensivobis analizi.  

      γ- Nd2S3   firebis ufro srulyofili struqtura SeimCneva 

fuZeSris  temperaturis 1000 K-mde gazrdiT – difraqciuli 

maqsimumebi ufri maxvilia. fuZeSris temperaturis 1270 K-mde gazrdiT 

difraqtogramebze adgili qonda damatebiTi maqsimumebs gaCenas, 

romelTa mdebareoba kargad emTxveva gaangariSebul monacemebs 

neodiumis erTnaxevriani sulfidis β –formisTvis.   maSasadame, 

SeiZleba davaskvnaT, rom fuZeSris temperaturis gazrdiT     adgili 
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aqvs β-Nd2S3-is formirebas. nax.3.4-ze  moyvanilia fuZeSris 1000 K-ze 

dafenili Nd2S3 firis tipiuri  rentgenodifraqtograma. miRebul 

firebs gaaCndaT muqi-yviTeli Seferiloba.  ufro maRal 

temperaturaze  (1270  K-mde)  dafenili firebs _ muqi-lalisferi, rac 

emTxveva [3,52]-Si moyvanil monacemebs γ  da  β-formebisaTvis.  

miRebuli eqsperimentaluri Sedegebis safuZvelze SeiZleba 

iTqvas, rom fuZeSris 850-1000 K  temperaturul SualedSi 

temperaturis cvlileba gavlenas ver axdens miRebuli firebis fazur 

Semadgenlobaze da adgili aqvs γ-Nd2S3   formis firis Camoyalibebas 

mesris mudmivaTi   a=8.60 Ǻ, rac  kargad Seesabameba literaturaSi 

moyvanil monacemebs moculobiTi kristalebisaTvis. Cvens mier 

miRebuli  γ-Nd2S3 firis kuTri winaRoba toli iyo ~108 omi.m-s. aseTi 

maRali winaRoba damaxasiaTebelia Ln2S3 SenaerTebisTvis da miuTiTebs  

miRebuli SenaerTis steqiometriul SemadgenlobasTan siaxloves. 

fuZeSris temperaturis gazrda 1270 K-mde iwvevs firSi ori _ γ da β 

formis Tanaarsebobas, razedac garda rentgenodifraqtogramisa, 

metyvelebs firebis Seferlobis cvlilebac. 

iseve, rogorc tuliumisa da prazeodiumis erTnaxevriani 

sulfidebi, neodiumis erTnaxevriani sulfidis firebic xasiaTdebian 

sakmaod maRali mdgradobiT haerze  da fuZeSris masala gavlenas ar 

axdens firebis kristalur struqturasa da fazur Semadgenlobaze  

rentgenuli mikroanalizis monacemebis  mixedviT firebi Seicaven 

40.3 at% neodiums da 59.7 at% gogirds da rogorc nax.3.5-dan Cans, 

firis Semadgeneli komponentebi – neodiumi da gogirdi  Tanabradaa 

ganawilebuli firis zedapirze.  

 

                                                                                



  

                                                                                                      

 

                                                                                                     cxrili 1.4. 

 

 

neodiumis erTnaxevriani sulfidis kristalografiuli monacemebi 

  

 

 

mesris mudmiva-!Å!

Nd2S3 

poli-

morfu-

li 

forma 

feri singonia 
sivrculi 

jgufi 

struqturuli 

tipi 

a b c 

literatu-

ra 

α-Nd2S3 Savi-wiTeli rombuli Pnma α-Ln2S3 7.442 15.519 15.519 [3] 

β-Nd2S3  muqi-lalisferi kuburi Fd3m β-Nd2S3 19.92 - - [52] 

γ-Nd2S3 muqi-yviTeli kuburi I 4 3d Th3P4 8.527 - - [3]      

 1 
 



  

 
nax. 3.4 γ-NNd2S3 Txeli firis rentgenofraqtograma (fuZeSre _ 

leikosafironi, Tf=1000K K, sisqe _ 2 mkm). 
 

 

 
nax.3.5. γ-Nd2S3 Txeli firis zedapirze Nd(a) da S(b) ganawilebis 

gamosaxuleba rentgenis sxivebSi da firis zedapiris 
mikrofotografia (g). 
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amrigad, SeiZleba Tqvas, rom   diskretuli vakuumur-Termuli  

aorTqlebis meTodiT SesaZlebelia erTfaza maRali xarisxis γ 

formis Nd2S3  firis miReba da fuZeSris optimaluri temperatura 

Seadgens~1000 K. 

 
 

 
3.3. tuliumis, prazeodiumis da neodiumis 

erTnaxevriani sulfidebis Txeli firebis legireba 

 

qimiuri valentobis wesiT Seqmnili iSviaTmiwa elementebis 

erTnaxevriani sulfidebi gajerebuli naerTebia, sadac kaTionuri 

mesris yoveli mecxre kvanZi vakanturia. Ln2X3 tipis SenaerTebi dabal 

temperaturaze izolatorebia. oTaxis temperaturaze kuTri winaRoba 

108 omi.m-s uaxlovdeba. ufro dabali winaRobebi gamowveulia an 

minareuli atomebis arsebobiT, an ime-is mxares steqiometriidan 

gadaxriT [3]. raRa Tqma unda, steqiometriuli Semadgenlobis mqone 

sufTa masalebis  gamoyeneba SeuZlebelia mikroeleqtronuli 

xelsawyos Sesaqmnelad. swored amitom aris saintereso am 

Semadgenlobis firebis legireba da misi Tvisebebis Seswavla. 

 

 

3.3.1. malegirebeli elementis SerCeva 

 

erTnaxevrian sulfidebSi iSviaTmiwa elementebs samis toli 

valentoba aqvT. amitom maTi Canacvlebis gziT gansazRvruli 

gamtareblobis tipis misaRwevad malegirebel elementebad 

gamoyenebul unda iyos perioduli sistemis meore an meoTxe jgufis 

elementebi. am dros aqceptoris roli unda Seasrulon II jgufis 

elementebma, xolo donoris – IV jgufis elementebma, romelTa 

lokalizacia xdeba samvalentiani ime-s  submesris kvanZebSi. Tu 

malegirebeli atomi moTavsda kristaluri mesris kvanZebs Soris, am 

SemTxvevaSi arsebobs albaToba imisa, rom II da IV jgufis elementebma 
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donoris roli Seasrulon. es albaToba damokidebulia geometriul 

da eleqtroqimiur faqtorebze.  

minareuli atomebis kristaluri mesris kvanZebSi ganlageba 

ium_rozeris geometriuli faqtoris Tanaxmad, SesaZlebelia, roca  

rmin minareuli atomebis radiusebsa da   rime matricis atomebis 

radiusebs Soris sxvaoba ar aRemateba 15%-s. am dros saqme gvaqvs 

Canacvlebis myar xsnarTan da  0,85 < rmin / rime<1.15.      

Canergvis myar xsnarSi minareuli atomebis kvanZebs Soris 

ganTavsebis pirobaa rmin < sadac – ime-sa da gogirdis uaxloes 

atomebs Soris manZilia. Tm2S3-Si es manZilia 12.46 Å, Nd2S3 –Si _ 2.85 Å,   

Pr2S3 -Si _ 8.9 Å. Canacvlebis myari xsnarebis warmoqmnis pirobaa 

minareuli da matriculi atomebis eleqtroqimiuri msgavseba _ 

elementebi qimiuri daZabulobis rigSi erTmaneTTan axlos unda 

imyofebodnen, winaaRmdeg SemTxvevaSi adgili eqneba qimiuri naerTis 

warmoqmnas. 

S-Lnr S-Lnr

yovelive amis safuZvelze Catarebuli analizis, legirebis 

procesis Catarebis simartivis da malegirebeli elementis 

toqsiurobis gaTvaliswinebiT Cvens mier miRebuli tuliumis, 

prazeodiumisa da neodiumis erTnaxevriani sulfidebis Txeli firebis 

malegirebel elementebad SerCeul iqna II jgufis elementi  kadmiumi 

da IV jgufis elementi tyvia. 

 

 

            3.3.2. legirebis meTodis SerCeva 

 
praqtikaSi farTod gavrcelebulianaxevargamtari masalebis 

firebis legirebis ori meTodi: 

      1. legireba uSualod firis zrdis procesSi; 

2. winaswar miRebuli firis legireba minarevis difuziiT. 

Cvens mier firebis miReba swarmoebda komponentebis ori 

damoukidebeli wyarodan da diskretuli aorTqlebis meTodebiT, 

romlebic  saSualebas ar iZleva firis miRebis procesSi 

erTdroulad ganxorcieldes misi, legirebac, radgan Zalian maRalia 
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malegirebeli elementis mier axali qimiuri naerTis Seqmnis 

albaToba. amitom Cvens mier SerCeul iqna winaswar miRebuli firis 

legireba minarevis difuziiT. arsebobs  am meTodis  sami saxesxvaoba: 

 1. difuzia  Ria milSi gatarebuli airis nakadiT;  

      2. difuzia naxevraddaxurul moculobaSi; 

      3. difuzia daxurul moculobaSi.  

Cvens mier gamoyenebul iqna difuzia daxurul moculobaSi, 

romelic gamoirCeva procesis simartiviT da firis gaWuWyianebis 

naklebi albaTobiT. 

vinaidan kadmiumi xasiaTdeba orTqlis maRali drekadobiT, 

legirebisas adgili aqvs orTqlis fazaSi myofi kadmiumis atomebis 

adsorbcias firis zedapirze da Semdeg maT difuzias firis siRrmeSi. 

am dros, rogorc wesi aired fazaSi myofi atomebis raodenoba 

gacilebiT metia firSi difundirebuli atomebis ricxvze. difuziis 

temperaturisa da drois varirebiT SesaZlebelis sakmaod farTo 

diapazonSi vcvaloT minarevis zedapiruli koncentracia. 

wonasworuli koncentracia proporciulia orTqlis wnevis da 

myardeba ara myisierad, aramed garkveuli drois Semdeg. Tuki 

wonasworoba difuziis droze nakleb droSi miiRweva, zedapiruli 

koncentracia SeiZleba CaiTvalos mudmivad. daxurul moculobaSi 

difuziis Catarebisas es piroba umravles SemTxvevaSi sruldeba. amave 

dros gaTvaliswinebuli unda iyos difuzantis orTqlis wnevis 

temperaturaze damokidebuleba. zogierTi minarevisTvis orTqlis 

wneva imdenad maRalia temperaturaze, rom SeiZleba moxdes ampulis 

rRveva. 

tyviiT legirebisas airadi fazidan legirebis meTodi  ar 

gamodgeba, radgan tyviis wonasworuli wneva Zalian  dabalia im 

temperaturebze, romlebzec firis masalis daSlas adgili ara aqvs. 

amitom firze winaswar vakuumur-Termuli aorTqlebiT vafendiT 

tyvias, Semdeg ki vatarebdiT difuziuri gamowvis process kvarcis 

daxurul ampulaSi inertuli airis garemoSi. es meTodi Seesabameba 

difuzias sasruli simZlavris wyarodan. 
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 3.3.3. legirebis teqnologia 

 

steqiometriuli Semadgenlobis ime-is  erTnaxevriani sulfidebis 

Zalian maRali kuTri eleqtrowinaRoba mniSvnelovnad arTulebs 

fotoeleqtruli Tvisebebis gazomvas da masalis gamoyenebas mTeli 

rigi praqtikuli miznebisaTvis. aRniSnuli firebis 

fotogamtareblobis speqtraluri da temperaturuli damokidebulebis 

gazomva pirvelad SesaZlebeli gaxda maTi kadmiumiT da tyviiT 

legirebis Semdeg. 

Tm2S3, Pr2S3 da Nd2S3-is Txeli firebis tyviis atomebiT legireba 

Catarebul iqna daxurul moculobaSi minarevis SemosazRvruli 

wyarodan difuziis meTodiT. am meTodis gansaxorcieleblad firebs 

tyviiT winaswar vfaravdiT 10-6 mm.vwy.sv vakuumSi Termuli aorTqlebis 

meTodiT.. dafenis procesSi fuZeSris temperatura ~400 K –s toli iyo, 

xolo tyviis amaorTqleblis temperatura _ ~1300 K, dafenili tyviis 

fenis sisqe 8-15 mkm-is rigis iyo. dafenis Semdeg firs nela vacivebdiT 

oTaxis temperaturamde vakuumSi, ris  Semdegac mas vaTavsebdiT 

winaswar, marilmJavas, azotmJavasa da mlRobi mJavas nareviT 1 saaTis 

ganmavlobaSi qimiurad damuSavebul kvarcis ampulaSi, romelsac 

amovtumbavdiT ~10-5 mm.vwy.sv.-mde, ampulas vavsebdiT speqtralurad 

sufTa argoniT da misi ganrCilvis Semdeg mas vaTavsebdiT difuziur 

RumelSi, romelsac vaxurebdiT ~900 K-mde da vawarmoebdiT difuziur 

gamowvas 18_25 saaTis ganmavlobaSi.    

procesis dasrulebis Semdeg nimuSs vaciebdiT oTaxis 

temperaturamde da firis zedapiridan tyviis narCens vacilebdiT 

meqanikuri polirebiT.  

Tm2S3,  Pr2S3 da Nd2S3 - is Txeli firebis kadmiumiT legireba 

xdeboda daxurul moculobaSi airadi fazidan. zemoT naxsenebi 

meTodiT qimiurad damuSavebuli ampulis sxvadasxva mxares 

vaTavsebdiT firs da ~10-15 g raodenobis maRali sisufTavis kadmiums. 

amis Semdeg ampulas vtumbavdiT da ganrCilvis Semdeg vaTavsebdiT 
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specialurad awyobil orseqcian horizontalur RumelSi, romelsac 

vaxurebdiT ~900 K–mde. am temperaturaze kadmiumis orTqlis wneva 

sakmaod maRalia ~1.3·10-2 mm.vwy.sv. difuziur vawarmoebdiT gamowvas  

15_45 saaTis ganmavlobaSi. amis Semdeg oTaxis temperaturamde 

gaciebul firs meqanikuri polirebiT vacilebdiT zedmet kadmiums. 

rentgenografiuli da eleqtronografiuli meTodebiT 

vawarmoebdiT firebis fazuri analizis kontrols, legirebisas 

SesaZlo meore fazis gaCenis gamosavlenad. rogorc kvlevebma 

gviCvenes, arc tyviiT da arc kadmiumiT zemoT naxseneb reJimebSi 

firebis legirebisas damatebiTi fazis warmoqmnas adgili ara aqvs. 

 

 

 

 3.4. III Tavis daskvnebi 

  

III TavSi aRwerili Tm, Pr  da Nd -is  erTnaxevriani sulfidebis 

miRebis,  legirebis, kristaluri struqturis Seswavlisa da 

Catarebuli fazuri da qimiuri analizis safuZvelze SeiZleba 

gakeTdes Semdegi daskvnebi: 

1. pirvelad damuSavebul iqna tuliumisa da prazeodiumis 

erTnaxevriani sulfidebis Txeli firebis miRebis teqnologia 

komponentebis ori damoukidebeli wyarodan vakuumur-Termuli 

aorTqlebis meTodiT,  neodiumis erTnaxevriani sulfidis Txeli 

firebis miRebis teqnologia winaswar sinTezirebuli masalis 

diskretuli vakuumur-Termuli aorTqlebis meTodiT. 

2. rentgenodifraqciuli da eleqtronografiuli meTodebiT 

Catarebul iqna Tm2S3,  Pr2S3 da Nd2S3 – is firebis fazuri da 

kristaluri struqturis srulyofis kontroli. naCveneb iqna, rom 

Tm2S3 -is firebs gaaCniaT θ  forma (kuburi singonia, sivrculi jgufi 

I 4 3d, struqturuli tipi Tl2O3), xolo Pr2S3   da  Nd2S3 –is firebs _ γ 

forma (kuburi singonia, sivrculi jgufi I 4 3d,    struqturuli tipi 

Th3P4). dadgenil iqna maTi mesris parametrebis sidideebi  θ -Tm2S3 -
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sTvis  a=12,46 Å,   γ-Pr2S3-sTvis  a=8,91 Å, γ-Nd2S3 –sTvis a=8,60 Å, 

romlebic kargad eTanxmeba Sesabamisi Semadgenlobis moculobiTi 

kristalebis parametrebs. 

3. SerCeulia Tm, Pr da Nd-is  erTnaxevriani sulfidebis 

malegirebeli elementebi. damuSavebulia legirebis teqnologia 

kadmiumiTa da tyviiT. 

4. rentgenuri mikrozonduri analiziT dadgenilia firebSi 

elementebis atomuri Semadgenloba: 

   a)  Ө-Tm2S3-Si   40.2 at% Tm, 59.8 at% S 

   b)  γ-Pr2S3-Si    40.29 at%  Pr, 59.71 at%  S    

      g)  γ-Nd2S3-Si   40.3 at%  Nd, 59.7 at% S . 
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IV Tavi  

optikuri da eleqtrofizikuri Tvisebebi 

 

 

am TavSi moyvanilia Tm, Pr da Nd erTnaxevriani sulfidebis Txeli 

firebis arekvlisa da gamWvirvalobis speqtraluri damokidebulebis 

Seswavlis Sedegebi. amave TavSi gadmocemulia tyviiT da kadmiumiT 

legirebuli firebis fotogamtareblobisa da foto emZ-s 

speqtraluri damokidebulebebi. gaanalizebulia malegirebeli 

elementebis gavlena firebis fotoeleqtrul Tvisebebze. 

 

4.1. tuliumis erTnaxevriani sulfidis Txeli firebis 

optikuri Tvisebebi 

 

  θ-Tm2S3-is arekvlisa da STanTqmis speqtri Seswavlil iqna 

1.2_5.2 ev energiaTa intervalSi. naxaz 4.1-ze moyvanilia arekvlisa da 

STanTqmis speqtrebi, xolo nax.4.2-ze STanTqmis koeficientis 

sixSiruli damokidebulebis grafiki. rogorc moyvanili grafikebidan 

Cans, erT eleqtronvoltze nalebi energiebisaTvis masalas gaaCnia 

maRali gamWvirvaloba, rac damaxasiaTebeli ime-s sulfidebisaTvis da 

rac iwvevs mkveTrad gamoxatul interferenciul efeqtebs [55]. magram 

3 ev-ze maRali energiebisaTvis STanTqma imdenad maRalia, rom 

SesaZlebelia arekvlis speqtris gadaReba SedarebiT Txel firebSi. 

amitom nax. 4.1-ze STanTqmis koeficientis speqtraluri 

damokilebuleba naCvenebi mxolod 1.2_2.8 ev areSi (nax.4.1. mrudi 2), 

xolo arekvlis speqtrisa _ 1.2_5.2 ev areSi (nax.4.1. mrudi 1). 

STanTqmis monotonuri zrda iwyeba 1.2 ev-dan, xolo arekvlis 

mkveTr Semcirebas adgili aqvs 4.9 ev energiidan, rac miuTiTebs 

ganxilul ubanSi zonaTaSorisi eleqtronuli gadasvlebis did 

wvlilze optikuri speqtris CamoyalibebaSi.  3.9 ev-ze susti 
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struqtura da arekvlis koeficientis dabali mniSvneloba  SesaZloa 

miuTiTebdes arekvlis speqtris Taviseburebaze.  

STanTqmis kideze SeimCneva gansxvavebuli daxrilobis ori ubnis 

arseboba. cnobilia, rom [30] ime-is erTnaxevriani halkogenidebSi 

eleqtronebis gadasvla zonebis eqstremumebs Soris emorCileba 

SerCevis wess, rac gamowveulia imiT, rom savalento zona 

formirebulia halkogenis p  mdgomareobiT da gamtareblobis zona ki 

_ ime-s ionis s da d mdgomareobiT. 4fn-1 mdgomareobebi  ganTavsebulia 

SedarebiT Rrmad savalento zonis siRrmeSi [31,55]. amrigad, STanTqmis 

koeficientis speqtraluri damokidebulebis mrudis sxvadasxva 

daxriloba SesaZloa dakavSirebuli iyos pirdapir da arapirdapir 

zonaTaSoris gadasvlebTan. 

marTlac, rogorc nax.4.2 (1)-ze moyvanili grafikuli analizidan 

Cans, dabal energiebze STanTqmis speqtris eqsperimentuli monacemebi 

kargad aRiwereba damokidebulebiT  

 

nax.4.1. arekvlis (1) da STanTqmis speqtrebi (2) 
(fuZeSre- leikosafironi, T f =870 K,sisqe _ 2.5 mkm) 
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                                            αħω ≈ (ħω - ΔE)2                                                           (4.1) 

romelic, rogorc cnobilia [49]damaxasiaTebelia eleqtronebis 

arapirdapiri gadasvlebisaTvis. (4.1) gantolebisa da Sesabamisi 

eqsperimentaluri monacemebis safuZvelze SeiZleba davaskvnaT, rom 

energetikuli RreCos sigane Seadgens 1.2 ev-s. ħω>2.4 ev energiebisaTvis 

STanTqmis koeficienti  mkveTrad izardeba (nax.4.2 mrudi 2) da 4.2 

formulis Sesabamisi damokidebuleba ganmsazRvreli xdeba 

                  αd  =  ( α - αio ) ≈ ( ħω - Ed )                         (4.2)  

am formulaSi αio   warmoadgens STanTqmis koeficientis sidides 

ħω≈2.4 ev-ze, rodesac  adgili aqvs  α (ħω ) damokidebulebis Sesabamisi 

mrudis daxrilobis cvlilebas. gaangariSebuli pirdapiri 

energetikuli RreCos sidide zonis eqstremumebs Soris Ed =2.5 ev-ia. 

 

 

nax. 4.2. θ-Tm2S3-is Txeli firis STanTqmis koeficientis 
sixSiruli damokidebuleba arapirdapiri (1) da pirdapiri (2) 

zonaTaSorisi eleqtronuli gadasvlebisas (fuZeSre- 
leikosafironi, T f =870 K, sisqe _ 2.5 mkm) 
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amrigad, Cvens mier pirvelad miRebuli θ-Tm2S3-is kristaluri 

firis STanTqmis koeficientis sixSiruli damokidebulebis analizis 

safuZvelze naCvenebia, rom STanTqmis kidis formirebaSi wvlili 

SeaqvT eleqtronebis arapirdapir da pirdapir zonaTaSoris 

gadasvlebs Sesabamisad 1.2 ev da 2.5 ev energiebze.  

 

 

4.2.prazeodiumis erTnaxevriani sulfidis Txeli 

firebis optikuri Tvisebebi 

 

leikosafironis fuZeSreze dafenili prazeodiumis 

erTnaxevriani sulfidebis Txel firebze fotonebis energiaTa ubanSi 

0..2-3.0 ev da 300 K  temperaturaze gazomil iqna gamWvirvalobisa da 

arekvlis speqtrebi. firebi miRebul iqna komponentebis ori 

damoukidebeli wyarodan vakuumur-Termuli aorTqlebis meTodiT (ix. 

III Tavi, 3.2.2). gazomvebi Catarda  Ria yviTeli Seferilobis rva firze. 

firebs Seesabameboda γ forma - kuburi singonia, struqturuli tipi 

Th3P4,   sivrculi jgufi In3d, mesris parametri a=8.91 Å. 

 

nax. 4.3. γ-Pr2S3-is firebis arekvlis (1) da gamWvirvalobis (2)          
speqtrebi (fuZeSre – leikosafironi,   Tf=950K , sisqe – 1,8 mkm) 
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nax.4.3-ze moyvanilia γ-Pr2S3-is Txeli firis arekvlisa da 

gamWvirvalobis speqtrebi infrawiTel ubanSi energiebze, romlebic 

gacilebiT naklebia γ-Pr2S3-is moculobiTi kristalis akrZaluli 

zonis siganeze, romelic rogorc cnobilia [65] tolia 2.8 ev. rogorc 

naxazidan Cans, speqtris am ubanSi yvela struqtura SeiZleba mieweros 

interferenciul efeqtebs. interferenciuli zolebis energetikuli 

mdgomareobebis mixedviT daTvlil iqna gardatexis koeficienti 

n=2.56±0.05, amasTan talRis sigrZis λ=1.5·10-4 sm sididemde gardatexis 

koeficienti damokidebuli  ar  aris  talRis sigrZeze. nax.4.4-ze 

mocemulia  arekvlis speqtraluri  damokidebuleba xolo nax.4.5-ze    

gamWvirvalobisa. 

 

nax.4.4.  γ-Pr2S3 firebis arekvlis speqtraluri damokidebuleba 
STanTqmis kidis maxloblobaSi (fuZeSre–leikosafironi,   Tf=950K , 

sisqe – 1,8 mkm) 
 

 

nax.4.5.  γ-Pr2S3 firebis gamWvirvalobis speqrtaluri 
damokidebuleba STanTqmis kidis maxloblobaSi (fuZeSre – 

leikosafironi,  Tf=950 , sisqe – 1,8 mkm) 
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speqtraluri damokidebuleba fundamenturi STanTqmis kidis 

maxloblobaSi. 

nax.4.6-ze moyvanilia STanTqmis α koeficientis speqtraluri 

damokidebuleba STanTqmis kidesTan. rogorc naxazidan Cans, 

fotonebis energiis gazrdiT STanTqmis koeficienti monotonurad 

izrdeba. Cvens mier Catarebulma STanTqmis koeficientis sixSireze 

damokidebulebis analizma aCvena, rom fotonebis energiis ubanSi  ħω 

=2-3 ev eqsperimentaluri monacemebi ar lagdebian arc pirdapiri 

daSvebuli gadasvlebis Sesabamis damokidebulebaze αħω~(ħω-ΔΕgd)1/2 da 

arc arapirdapiri gadasvlebis Sesabamis damokidebulebaze. magram 

energiaTa mTels ubanSi  sixSiruli  damokidebuleba  kargad 

aRiwereba formuliT α = α0 exp(r ħω). amrigad, SeiZleba davaskvnaT, rom 

γ-Pr2S3-is firebs Seesabameba STanTqmis eqsponencialuri kide. am 

TvalsazrisiT Cvens mier miRebuli monacemebi kargad eTanxmebian 

rogorc monacemebs Dy2S3-is firebis  [17], aseve moculobiTi 

kristalebisaTvis [53] da rogorc qvemoT vnaxavT  γ-Nd2S3 -is 

firebisaTvis [60]. [54] naSromis avtorebi amtkiceben, rom  STanTqmis  

koeficientis  eqsponencialuri  zrda  damaxasiaTebelia  

La2S3 –is monokristalebisaTvis 

 

 

nax.4.6 γ-Pr2S3 firebis STanTqmis koeficientis speqtraluri 
damokidebuleba 
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 [53] naSromis avtorebis azriT STanTqmis koeficientis 

eqsponencialuri kide ganpirobebulia masalaSi aRmoCenili 

mikroaraerTgvarovnebiT da amgvarad, rogorc isini Tvlian, α-s   

eqsponencialuri zrda gamowveulia ara masalis bunebiT, aramed 

konkretuli Seswavlili nimuSis TaviseburebiT. [54] naSromis 

avtorebis azriT ki aRmoCenili speqtraluri damokidebuleba 

damaxasiaTebelia swored La2S3 –is kvaziamorfulobasTan, romelic 

Tavis mxriv gamowveulia kaTionuri vakansiebis maRali koncentraciiT. 

[17] naSromis avtori Dy2S3-is rentgenografiuli da 

eleqtronografiuli kvlevebis safuZvelze amtkicebs, rom SemCneuli 

eqsponencialuri zrda damaxasiaTebelia masalisaTvis. Cvenis azriT, 

iseve rogorc  Dy2S3-is da  γ-Nd2S3-is firebisaTvis [17,60], STanTqmis 

koeficientis eqsponencialuri kide   γ-Pr2S3-is firebSi gamowveulia 

kaTionebis vakansiebis maRali koncentraciebiT.  

rogorc cnobilia, STanTqmis koeficientis eqsponencialuri 

kidis SemTxvevaSi akrZaluli zonis siganis dadgena SesaZlebelia 

mxolod im SemTxvevaSi, Tu cnobilia am koeficientis cvlilebis saxe 

eqsponencialuri kidis zemoT [54]. vinaidan Cvens SemTxvevaSi 2.8 ev 

energiamde STanTqmis koeficienti aRiwereba eqsponencialuri kanoniT, 

SeoZleba mxolod is davaskvnaT, rom γ-Pr2S3-is akrZaluli zonis 

sigane aranakleb 2.8 ev-ia.       

 

 

4.3. neodiumis erTnaxevriani sulfidis Txeli 

firebis optikuri Tvisebebi 

 

leikosafironis fuZeSreze miRebuli neodiumis erTnaxevriani 

sulfidebis Txel firebze fotonebis energiaTa ubanSi 0..2-3.0 ev da 

300 K  temperaturaze gazomil iqna gamWvirvalobisa da arekvlis 

speqtrebi [50]. firebi pirvelad iqna miRebuli winaswar sinTezirebuli 

SenaerTis diskretuli vakuumur-Termuli aorTqlebis meTodiT (ix. III 

Tavi 3.2.3). gazomvebi Catarda yviTeli Seferilobis xuT firze. firebs 
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Seesabameboda γ -forma _kuburi singonia, Th3P4 struqturuli tipi, 

mesris mudmiva  a=8.60Å.  

nax.4.7-ze mocemulia arekvlisa (1) da gamWvirvalobis (2) 

speqtraluri damokidebuleba energiaTa ubanSi ωh <<ΔEg , sadac ΔEg≈2.9 

ev.   ime-s sxva erTnaxevriani sulfidebis analogiurad (Sm2S3, Yb2S3, 

Dy2S3, Pr2S3)  γ-Nd2S3-is firebs infrawiTel ubanSi gaaCniaT maRali 

gamWvirvaloba. arekvla Seadgenda ~20%-s.  

 

nax. 4.7. γ-Nd2S3 Txeli firis arekvlis (1) da gamWvirvalobisa (2) 

speqtraluri damokidebulebebi energiaTa ubanSi <<ΔEg 
(fuZeSre-leikosafironi, sisqe-2,0 mkm). 

ωh

 

naxazidan Cans, rom yvela struqtura interferenciuli 

efeqtebiTaa gamowveuli da  interferenciuli zolebis energetikuli 

mdgomareobebiT gansazRvruli  gardatexis maCvenebeli  n=2,58± 0,05. 

nax.4.8-ze naCvenebia gamWvirvalobis, nax. 4.9-ze ki arekvlis 

koeficientebis speqtraluri damokidebuleba fotonebis energiisTvis, 

romlebic fundamenturi STanTqmis kidesTan axlosaa, nax.4.10-ze 

mocemulia STanTqmis koeficientis speqtri, aSkaraa, rom STanTqmis 

koeficientis zrda monotonuri xasiaTisaa fotonebis energiis 

zrdasTan erTad. 
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nax. 4.8. γ-Nd2S3 Txeli firis arekvlis speqtraluri damokidebuleba 
STanTqmis kidesTan (fuZeSre-leikosafironi, sisqe-2,0 mkm). 

 

STanTqmis koeficientis sixSiruli analizi Catarebul iqna 

ħω=2_3ev ubanSi, romelmac aCvena,  rom rogorc γ-Pr2S3-isSemTxvevaSi,  

eqsperimentis monacemebi ar Seesabameba arc pirdapiri  _ αħω ~ (ħω - 

ΔΕg)1/2       da  arc  

arapirdapiri gadasvlebis damokidebulebas _ αħω ~ (ħω - ΔΕg)2. 

samagierod sixSiruli damokidebuleba energiaTa mTels ubanSi  

kargad  aRiwereba  formuliT  α =α0expГħω da kargad Seesabamebian  γ-

Nd2S3 –is moculobiTi kristalebis kvlevis Sedegebs [53].  

γ-Pr2S3-is firebis kvlevis zemoT moyvanili Sedegebis analogiurad 

SeiZleba davaskvnaT, rom γ-Nd2S3 –is firebis akrZaluli zonis sigane 

2.9 ev-ia. 

unda SevniSnoT, rom γ-Pr2S3-isa da γ-Nd2S3 –is optikuri 

parametrebis kvlevis Sedegebi Zalian axlos aris erTmaneTTan. es 

garemoeba albaT gamowveulia imiT, rom am masalebis 

kristalografiuli monacemebi _ kristaluri mesris forma, singonia, 

streqturuli tipi, mesris mudmivebi Zalian axlos aris erTmaneTTan. 
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nax. 4.9. γ-Nd2S3 Txeli firis gamWvirvalobis speqtraluri 
damokidebuleba STanTqmis kidesTan (fuZeSre-

leikosafironi, sisqe-2,0 mkm) 
 

 

nax. 4.10. γ-Nd2S3 Txeli firis STanTqmis koeficientis speqtraluri 
damokidebuleba (fuZeSre-leikosafironi, sisqe-2,0 mkm). 
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4.3. kadmiumiTa da tyviiT legirebuli tuliumis, 

prazeodiumisa da neodiumis erTnaxevriani sulfidis 

Txeli firebis eleqtrofizikuri da 

fotoeleqtruli Tvisebebi 

 

imisaTvis, rom SeviswavloT malegirebeli nivTierebis, kerZod 

kadmiumis da tyviis gavlena tuliumis, prazeodiumisa da neodiumis 

erTnaxevriani sulfidebis Txeli firebis eleqtrul da 

fotoeleqtrul Tvisebebze, aseve dadgindes minarevis ionizaciis 

energia 80-500K  temperaturul intervalSi, Seswavlil iqna 

fotogamtareblobisa da foto eleqtromamoZravebeli Zalis 

speqtraluri damokidebuleba  0,2-3,3 ev energiaTa intervalSi,  oTaxis 

temperaturaze gazomil iqna kuTri winaRoba. Termo emZ-s gazomviT 

dadginda legirebuli firebis gamtareblobis tipi. rogorc 

kadmiumiT, ise tyviiT legirebul firebs gaaCniaT eleqtronuli 

gamtarebloba. kadmiumiT legireba sxvadasxva nimuSebSi iwvevs firebis 

sawyisi kuTri winaRobis Semcirebas 3-9 rigiT, xolo tyviiT legireba 

7-8 rigiT. 

fotoeleqtruli parametrebis yvela ricxobrivi monacemi 

fotonebis energiaTa ubanSi 0.2-3.3 ev da temperaturul SualedSi 80-

500K gaangariSebul iqna fotonebis toli raodenobebisaTvis, 

romlebic Seesabamebodnen dacemuli gamosxivebis 0-13 vt/sm2 

intensivobas.  

nax. 4.11, 4.12 da 4.13 naCvenebia tyviiT legirebuli  θ-Tm2S3-is, γ-

Pr2S3-isa da γ-Nd2S3-is Txeli firebis fotogamtareblobis speqtraluri 

damokidebulebebi. rogorc vxedavT, TiToeuli SenaerisTvis yvela 

temperaturaze  SesamCnevia  energiaTa  maqsimumebi  Sesabamisad 0,510 

ev, 0,505 ev da 0,49 ev energiaze, romelic Seesabameba tyviis ZiriTad 

donorul mdgomareobas. 
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nax. 4.11. fg-is speqtraluri damokidebuleba sxvadasxva temperaturebze 
Tm2S3:Pb firebSi 

 

 

nax. 4.12. fotogamtareblobis speqtraluri damokidebuleba 
sxvsdasxva temperaturebze tyviiT legirebuli γ-Pr2S3  firisaTvis 
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nax.4.13. fotogamtareblobis speqtraluri damokidebulebebi sxvadasxva 

temperaturebze tyviiT legirebuli γ-Nd2S3 Txeli firisaTvis. 

 

nax. 4.14. nazi struqtura tyviiT legirebuli θ-Tm2S3-is firis 
fg-is speqtrSi 

 

garda amisa, 112 K–ze da  ħω =0,435 ev energiaze θ-Tm2S3-isTvis  

nax. 4.14-dan  Cans, rom  Cndeba naklebi intensivobis maqsimumi, 

romelic TandaTan qreba temperaturis zrdiT. analogiuri  nazi 
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struqtura SeimCneva  γ-Pr2S3-isaTvis  ħω =0,420 ev energiasa da 120 K-ze 

(nax. 4.15), xolo γ-Nd2S3-isaTvis 0,43 ev energiasa da 115 K  

temperaturaze (nax.4.16). SeiZleba vivaraudoT, rom zemoT naxsenebi 

sxvadasxva firebze damzerili pikebi Sesabamisad 0.510 ev, 0.505 ev, 0.49 

ev-ze dakavSirebuli arian tyviis donoruli donis aRgznebiT da 

tyviis ZiriTad da pirvel aRgznebul mdgomareobebs Soris 

energetikuli intervalebi tolia  0.075 ev - θ-Tm2S3-Tvis, 0.085 ev - γ-

Pr2S3-Tvis da 0,06 ev - γ-Nd2S3-Tvis. 

 

 

 

nax.4.15. fg-is speqtrSi  nazi struqtura γ-Pr2S3 –is tyviiT 
legirebuli firebisTvis 120 K temperaturisas 
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nax. 4.16.  nazi struqtura tyviiT legirebuli γ-Nd2S3 Txeli firis 
fotogamtareblobis speqtrSi 115 K-ze. 

 

naxazebze 4.17, 4.18 da 4.19 moyvanilia kadmiumiT legirebuli θ-

Tm2S3-is, γ-Pr2S3-isa da γ-Nd2S3-is Txeli firebis fotogamtareblobis 

speqtraluri damokidebulebebi. fotomgrZnobiarobis speqtraluri 

damokidebuleba grZeltalRovan kidesTan migvaniSnebs, rom am 

SenaerTebSi STanTqmis kidis formirebaSi eleqtronebis pirdapiri 

zonaTaSorisi gadasvlebi monawileobas ar iReben. 

fotogamtareblobis sixSiruli damokidebuleba eqsponencialurTan 

axlosaa, rac kargad eTanxmeba optikuri parametrebis speqtraluri 

damokidebulebebis kvlevebis Sedegebs. Tu gaviTvaliswinebT imas, rom 

firebSi tyviisa da kadmiumis minarevebis difuziis siCqare sakmaod 

maRalia da legirebis Semdeg firebs gaaCniaT eleqtronuli 

gamtarebloba, garda amisa firebis gamowvisas adgili aqvs sawyisi 

maRali kuTri winaRobis aRdgenas,  SeiZleba vifiqroT, rom rogorc 

kadmiumis, ise tyviis minareuli atomebi legirebis Semdeg 

ganlagdebian kristaluri mesris kvanZebSi.   
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                  nax.4.17. fg-is speqtraluri damokidebuleba 
sxvadasxva       temperaturebze     Tm2S3:Cd firebSi. 

 

 

nax. 4.18. fotogamtareblobis speqtraluri damokidebuleba 
sxvsdasxva temperaturebze kadmiumiT legirebuli γ-Pr2S3 firisaTvis 
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nax.4.19. fotogamtareblobis speqtraluri damokidebulebebi 

sxvadasxva temperaturebze kadmiumiT legirebuli γ-Nd2S3 Txeli 
firisaTvis. 

 
 nax.4.20-ze warmodgenilia foto emZ-s speqtraluri 

damokidebuleba tyviiT da kadmiumiT legirebul Tm2S3 firebSi 

Sesabamisad 122 K da 113 K  temperaturebze. 

 
nax. 4.20. foto-emZ-s speqtraluri damokidebuleba Tm2S3:Pb da 

Tm2S3:Cd firebSi Sesabamisad 122 K da 113 K  temperaturebze 
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nax. 4.21-ze ki igive damokidebuleba Pr2S3-is tyviiTa da kadmiumiT 

legirebul firebSi Sesabamisad 113 K da 121 K temperaturebze. 

aRsaniSnavia, rom gansakuTrebiT kadmiumiT legirebul firebSi 

maRali fotomgrZnobiaroba SeiniSneba da es imaze metyvelebs, rom 

ime-is erTnaxevriani sulfidebi warmoadgenen perspeqtiul masalebs 

fotomgrZnobiare struqturebis Sesaqmnelad. 

fg-isa da foto-emZ-s speqtraluri damokidebulebebi arsebiTad 

gansxvavdeba kadmiumiTa da tyviiT legirebibuli firebisaTvis, rac 

albaT dakavSirbulia imasTan, rom kadmiumi qmnis Txel donorul 

dones, razec miuTiTebs is faqti, rom raime struqturis aRmoCena 

speqtris grZeltalRovan ubanSi 0.2 ev energiamde ver moxerxda, rac 

maze metyveleba, rom Sesabamisi maqsimumi Zevs Rrma infrawiTel ubanSi 

da amdenad SeiZleba davuSvaT, rom dabal temperaturebzec ki adgili 

aqvs kadmiumis donoruli mdgomareobis ionizacias da misi ZiriTadi 

roli fotoprocesebSi mdgomareobs aqceptorebis kompensaciaSi, e.i. 

fotomatareblebis sicocxlis xangrZlivobis gazrdasa da 

fotomgrZnobiarbis gazrdaSi sakuTari speqtris ubanSi, rogorc es 

kargad Cans eqsperimentaluri monacemebidan. 

 

 

 

nax. 4.21. tyviiT (1) da kadmiumiT (2) legirebul  firebSi foto-
emZ-s speqtraluri damokidebuleba 
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Seswavlil iqna fg da foto-emZ-ze temperaturis gavlena nimuSze 

dacemuli gamosxivebis fiqsirebuli talRis sigrZis dros speqtris 

rogorc minareul, ise sakuTar ubanSi. aRsaniSnavia, rom yvela 

firisaTvis adgili hqonda temperaturisagan fotomgrZnobiarobis 

Cveulebriv, eqsponencialurTan miaxloebul damokidebulebas. 

 

4.5. xangrZlivi relaqsacia kadmiumiT legirebul 

tuliumis erTnaxevriani sulfidis Txel firebSi 

 

maRalomiani, farTozoniani naxevargamtarebi, romelTa ricxvsac 

miekuTvneba ime-s erTnaxevriani sulfidebi, warmoadgenen saintereso 

masalebs optoeleqtronuli teqnikisTvis [61]. am SenaerTebSi 

aRmoCenilia rigi saintereso efeqtebisa [27,28,62], maT Soris  

fotogamtareblobis egereT wodebuli xangrZlivi relaqsacia (xr). 

miCneulia, rom xr-is mizezs warmoadgens nimuSSi potenciuri 

barierebis arseboba, rac dakavSirebulia garkveul 

araerTgvarovnebasTan. rogorc cnobilia ime-is erTnaxevriani 

sulfidebi xasiaTdebian kaTionur qvemeserSi sakuTari statistikurad 

ganawilebuli struqturuli defeqtebis arsebobiT. am mxriv  isini 

udao interess imsaxureben. 

Cvens mier Seswavlil iqna fg-is xr-is zogierTi 

kanonzomierebebi kadmiumiT legirebul Ө-Tm2S3 firebSi.  

III TavSi aRwerili meTodiT miRebuli firebis kuTri winaRoba 

legirebamde Seadgenda ~1010 omi.m, legirebis Semdeg ki kuTri winaRoba 

toli iyo 40 omi.m.  

winaRobis temperaturuli, speqtraluri, droiTi da 

luqsamperuli damokidebulebebis Seswavla swarmoebda mikro egm-iT 

aRWurvil КСВУ-23 danadgarze. egm-iT swarmoebda eqsperimentis marTva 

da miRebuli Sedegebis damuSaveba. 

rogorc kadmiumiT legirebuli Ө-Tm2S3 –is fg-s Seswavlam 

aCvena, (nax.4.22) xangrZlivdroiani procesebi daimzireba rogorc  

monoqromatuli  ganaTebis gamorTvis, ise CarTvis dros. 
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nax. 4.22. fg-is kinetika  T=110  dros (λ=470 nm,   J=150 mvt/sm2) 
(punqtiri Seesabameba ganaTebis Sewyvetas) 

 

 

rogorc cnobilia, xr-s safuZvlad udevs muxtis arawonasworuli 

matareblebis sivrculi gancalkeveba masalis araerTgvarovnebiT 

gamowveuli eleqtruli velebiT.  aqedan gamomdinare, bunebrivia, rom 

rekombinacia dakavSirebulia potenciuri Ep barieris gadalaxvasTan 

da muxtis arawonasworuli matareblebis sicocxlis xangrZlivoba 

gamoiTvleba formuliT 

                                           τ= τ0exp(Ep/kT)                                                                 (4.2) 

xolo stacionaruli koncentracia formuliT _ 

                                      Δn= α β J τ                                                                      (4.3) 

sadac  α  - STanTqmis koeficientia,  β  - qvanturi gamosavali, J   

- sinaTlis intensivoba. cxadia, muxtis matarebelTa gancalkeveba 

iwvevs eleqtruli velebis gaCenas, romlebic akompensireben masalis 

araerTgvarovnebebs, ris gamoc  Ep  Δn  zrdasTan erTad Semcirdeba. 

amitom relaqsaciis myisieri droebi unda izrdebodnen  wrfivad  

drois mixedviT [64].  relaqsaciis myisieri droebi Cvens mier 

gansazRvrul iqna relaqsaciis mrudebis mxebebis  daxris kuTxeebis 

meSveobiT (nax..4.23).  
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nax. 4.23. relaqsacis (1) da fg-is stacionaruli mniSvnelobis 
dadgenis  (2) maxasiaTeblebi. ng-is relaqsaciuri mrudebi T=115 

K (3),  T=125 K (4)  
 

rogorc naxazidan Cans, am ori procesis maxasiaTebel myisier 

droebs gaaCniaT erTmaneTTan axlos myofi mniSvnelobebi. τ–s maRali 

mniSvneloba (τ > 105 wm-s) iwvevs imas, rom  sinaTlis wyaros 

gamorTvidan ramodenime wamSi firis gamtarebloba praqtikulad 

wyvets cvlilebas, rCeba ra arsebiTad meti mis bnelur mniSvnelobaze. 

es movlena [7]-Si ( σ* >σ0) ganxilulia, rogorc narCeni gamtarebloba 

(ng) an rogorc speqtraluri mexsiereba (vinaidan  σ*  sidide 

damokidebulia gamosxivebuli talRis sigrZeze). 

nax.4.24-ze naCvenebia Tm2S3:Cd-is firis  fg-isa da ng-is luqs-

amperuli maxasiaTeblebi. Teoriis mixedviT [64] ganaTebis mcire 

intensivobebis SemTxvevaSi fg da ng wrfivad izrdeba, xolo didi 

ganaTebisas (roca Δn mniSvnelovnad cvlis Ep-s), fg-is stacionaruli 

mniSvneloba avlens subwrfiv xasiaTs, xolo ng – miiswrafvis 

gajerebisaken. 
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nax.4.24. fg (1) da ng (2) damokidebuleba gamosxivebis intensivobaze 110 

K  dros ( λ =470 nm) 
 

sxvadasxva temperaturebze gazomili ng–is relaqsaciuri 

mrudebis  analiziT SesaZlebeli  relaqsaciuri barieris sididis 

Sefaseba 

Ep= [T1T2 k lnτ1/ τ2] : [T2-T1]                     (4.4) 

relaqsaciis procesSi is iRebs mniSvnelobebs 0,12_0,28 ev.  

cxadia, rom Ep-s bneluri mniSvneloba kidev ufro maRalia. 

 Tm2S3:Cd -is fg da ng gazomvebi Catarda  fotonebis energiaTa 

0,6_6 ev intervalSi 110 K  temperaturaze (nax.4.25).  fotogamoZaxilze 

maRali foni SeimCneva ħω>1,6 ev-dan. mTels speqtrSi SeimCneva  fg-is 

da ng-s erTnairi jeradoba.  

fg-is grZeltalRovan kides Cven  vukavSirebT eleqtronebis 

gadasvlas kompensirebuli Rrma aqceptoruli doneebidan minareul 

zonaSi. fg-is piki 2,65 ev-ze, rogorc Cans, gamowveulia muxtis 

matarebelTa aRgznebiT savalento zonidan donorul zonaSi. am 

gadasvlis  da fotomgrZnobiarobis wiTeli sazRvris  energetikuli 

mdgomareobis analiziT Sefasebul iqna tuliumis vakansiebiT 

Seqmnili aqceptoruli doneebis  ionizaciis energia. is toli 

aRmoCnda ~0,9 ev-is.  
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nax. 4.25. fg-is (1) da ng-is (2) speqtri 120 K  temperaturaze (fg 
nirmirebulia fotonebis erTidaigive raodenobaze  J=0,065 mvt/sm2) 

 

struqtura 2.95 ev-ze ganpirobebulia eleqtronebis zonaTaSoris 

gadasvlebiT da energetikuli mdgomareobiT kargad eTanxmeba 

optikuri kvlevis Sedegebs [48]. 

 

 

4.6. IV Tavis  daskvnebi 

 

am TavSi aRwerili ime-is erTnaxevriani sulfidebis optikuri, 

fotoeleqtruli da eleqtrofizikuri Tvisebebis kvlevis Sedegad 

SeiZleba gavakeToT Semdegi daskvnebi: 

1. pirvelada Seswavlilia θ-Tm2S3-is,  γ-Pr2S3-isa da γ-Nd2S3-is 

arekvlisa da STanTqmis speqtrebi 0,2_5,2 ev energiaTa ubanSi. 

  naCvenebia, rom θ-Tm2S3 firebis STanTqmis kidis formirebaSi 

monawileobas iReben eleqtronebis pirdapiri da arapirdapiri 

zonaTaSorisi gadasvlebi Sesabamisad 1.2 ev da 2.5 ev energiebze. 

 

γ-Pr2S3-isa da γ-Nd2S3-is firebis STanTqmis koeficientebis 

sixSiruli analiziT Sefasebulia maTi akrZaluli zonis sigane _ 

Sesabamisad 2.8 ev da 2.9 ev. 
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2. pirvelad Seswavlilia θ-Tm2S3-is,  γ-Pr2S3-isa da γ-Nd2S3-is 

kadmiumiT da tyviiT legirebuli firebis fotogamtareblobisa da 

foto emZ-s speqtraluri da temperaturuli damokidebulebebi. 

naCvenebia, rom fotomgrZnobiarobaSi ZiriTad rol TamaSoben 

aqceptoruli doneebi, romlebic warmoiqmnebian kaTionur qvemeserSi 

maTi kompensaciiT kadmiumis an tyviis minarevis Seyvanis dros.  

3. kadmiumiT legirebul θ-Tm2S3-is firebSi Seswavlilia 

fotogamtareblobis xangrZlivdroiani relaqsacia. Sefasebulia 

relaqsaciuri barieris sidide _ 0.12-0.28 ev. dadgenilia tuliumis 

vakansiiT Seqmnili aqceptoruli donis ionizaciis energia. 
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                 V Tavi 

 

tuliumis, prazeodiumisa da neodiumis 

erTnaxevriani sulfidebis Txeli firebis 

fardobiTi meqanikuri simtkice 

  

 

Txeli firebis optikuri da eleqtruli Tvisebebisadmi 

interesis paralelurad didia daintereseba maTi meqanikuri 

Tvisebebis mimarTac. 

firebis meqanikuri Tvisebebis Sesaswavlad aucileblad 

Seswavlil unda iqnes kvlevis Sedegebis kavSiri firebis 

struqturasTan. cnobilia, rom firis adgeziis maxasiaTeblebi 

damokidebulia firis zrdis sawyis etapze mimdinare procesebze. 

amitom sainteresoa Canasaxis warmoqmnis meqanikuri Seswavla, raTa 

ukeT iyos gaazrebuli firis Semdgomi zrdis procesi. danarCeni 

meqanikuri Tvisebebi ZiriTadad firis zrdis Semdgom procesebSi 

ganisazRvreba – amorfuloba, polikristaluroba Tu 

monokristaluroba, rac didadaa damokidebuli firis miRebis 

meTodebze. 

firebis adgeziis Seswavlis ori meTodi SeiZleba ganvixiloT: 

meqanikuri da Canasaxis warmoqmnis. 

adgeziis meqanikuri meTodis (cxr.5.1) Seswavlisas [67] es 

ukanaskneli ganixileba rogorc mTeli firis meqanikuri Tviseba, 

magram firis moSoreba fuZeSridan dakavSirebulia suZeSrisa da 

firis calkeuli atomebis dacilebasTan, aqedan gamomdinare 

mikroadgezia SeiZleba aixsnas calkeuli atomebis atomur ZalTa 

jamuri moqmedebiT. Sesabamisad SesaZloa moiZebnos fuZeSris 

calkeuli atomebis adsorbciul energiasa da firis saerTO adgezias 

Soris urTierTkavSiri,   amave dros ki calkeuli atomebis 
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adsorbciis energia erTdroulad gansazRvravs fuZeSreze 

kondensirebuli atomebis qcevas, maszea damokidebuli is drois 

intervali, romelSic adsorbirebuli atomi zedapiridan aorTqldeba 

da akontrolebs Canasaxis warmoqmnas fuZeSreze. 

 

                                                        cxrili 5.1.             

Txeli firebis adgeziis gazomvis meqanikuri meTodebi  

 

meTodi principi 

1 2 

gadaRunva fuZeSres gadaRunaven firis moSorebamde 

SekumSva fuZeSres kumSaven firis moSorebamde 

gaxexva firs xexaven mis srul moSorebamde fuZeSridan 

gaxureba da 

moSveba 

gaxureba Semdgomi moSvebiT SesaZleblobas iZleva 

firi moSordes fuZeSres warmoqmnili Termuli 

daZabulobebis gamo 

gakawvra 

zondiT kawraven firs. paralelur arxebs Soris 

manZils amcireben manam sanam firi ar moSordeba 

fuZeSres 

dartyma dartymiT texaven fuZeSres da aSoreben firs 

Cazneqva 

fuZeSres Cazneqaven firis sawinaaRmdego mxares. 

Cazneqisas firi ibzareba da SeiZleba is moSordes 

fuZeSres 

aSreveba 
firs mowyveten fuZeSrisagan specialuri adgeziuri 

lentiT 

gadatvriTva 

firs fuZeSresTan erTad aniWeben did aCqarebas, am 

dros adgili aqvs gadatvirTvebs rac iwvevs firis 

aZrobas 

amobervis 

gaCena 

firs afenen FfuZeSreze ise, rom garkveul ubnebze 

adgili ar hqondes adgezias, Semdeg am ubnebSi 

SeyavT haeri da zomaven im wnevas, romlis drosac 

adgili aqvs firis aZrobas 
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       adsorbciis energiis sidide SesaZloa miRebul iqnes Canasaxis 

warmoqmnis sawyis stadiaze zrdis procesze eleqtronuli 

mikroskopuli dakvirvebiT. Canasaxis warmoqmnis meTodi sakmaod 

rTuli gansaxorcielebelia, radgan saWiroebs eleqtronuli 

mikroskopis qveS kunZulebis simkvrivis daTvlas, rac gulisxmobs 

fuZeSridan kunZulebis mocilebis SesaZleblobas maTi 

erTmaneTisadmi wanacvlebis saSiSroebis gareSe. 

Cvens naSromSi adgeziis Sesaswavlad samartivisaTvis SerCeul 

iqna meqanikuri – sruli gaxexvis meTodi. firebis meqanikuri 

simtkicesa da maTi fuZeSreze mikrobadobis xarisxze SeiZleba 

vimsjeloT im samuSaos mixedviT, rac aucilebelia daixarjos, raTa 

fuZeSridan mTlianad gadaixexos masze dafenili firi. meTodis 

gansaxorcieleblad Cvens mier awyobil iqna danadgari (nax.5.1)  

romelic analogiuria [68]. 

 

 

nax. 5.1 firebis fardobiTi meqanikuri simtkicis gasazomi 
danadgaris sqema 

 

masiuri fila (1), romelzec magrdeba sakvlevi nimuSi (2) 

eleqtromotoriT (7),  nela moZraobs win da ukan. filis Sua nawilSi 

П-s magvar (3) sadgarSi gadaadgildeba (6) Rero, romlis qveda 
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nawilze damagrebulia firze moxaxune xelsawyos muSa ubani, xolo 

zedaze (5) diski, romelzec Tavsdeba saWiro wonis tvirTi. disksa da 

sadgars Soris Camagrebulia zambara (4), romelic isea SerCeuli, rom 

Rero exeba firis zedapirs, magram ar awveba mas. (8) eleqtrosacecebia, 

romelTanac Sexebisas fila icvlis miZraobis mimarTulebas. (9) yuTSi 

CamontaJebulia xelsawyos eleqtruli kvebis sqema. (6) RerZis qveda 

boloze damagrebulia zamSis ramodenime fena sisqiT araumetes 1 mm. 

zamSis fena asrulebs wamSleli fenis rols, romelsac periodulad, 

ramodenime gasmis Semdeg waesmeba specialuri pasta. datvirTva 

Reroze SeirCeva ise, rom aramtkice firic ki waiSleba ramodenime 

aTeuli gasmis Semdeg,radgan gasmis Zalian didi ricxvis SemTxvevaSi, 

gazomvis cdomileba cxadia mcirdeba.  

firis simtkice xelsawyos moxaxune zedapirze gasmaTa ricxvis 

daTvliT izomeba. es firis sruli waSlisTvisaa saWiro. imis gamo, 

rom am meTodSi mTavar rols firis sisqe TamaSobs, yvela Cvens mier 

gamokvleuli firi erTidaigive sisqisaa 0.8 mkm. 

 

             
1. TmSb                   3  -  DyS                          5  - θ - Tm2S3 

                                                            2  -  γ – Pr2S3            4  -  θ - Yb2S3                            6  -  γ - Nd2S3 

nax.5.2. siliciumis, sitalisa da leikosafironis fuZeSreze 
miRebuli zogierTi ime-s anTimonidebisa da sulfidebis Txeli 

firebis fardobiTi meqanikuri simtkice. 
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  nax.5.2-ze naCvenebia siliciumis, sitalis da leikosafironis 

fuZeSreebze miRebuli zogierTi ime-s anTimonidisa da sulfidebis 

Txeli firebis fardobiTi meqanikuri simtkicis amsaxveli diagrama. 

firebis sisqe 0.8 mkm, xolo datvirTva Reroze 0.5 kg. SesamCnevia, rom 

miuxedavad dafenili masalisa, dabali fardobiTi meqanikuri 

simtkiciT gamoirCeva siliciumis FfuZeSreze dafenili firebi. 

yvelaze maRali meqanikuri simtkiciT ki gamoirCeva leikosafironi, 

rac SesaZloa ganpirobebulia firebis masalebis siTburi 

gafarToebis koeficientis miaxloebiT fuZeSreebis masalebis sgk-Tan 

(cxr.5.1).  

 

                                                        cxrili 5.2. 

 
zogierTi iSviaTmiwa elementis sulfidebis fuZeSris masalis 

(siliciumi, sitali, leikosafironi) siTburi gafarToebis 
koeficientebi) 

 

SenaerTi 

siTburi 
gafarToebis 
koeficienti,

, grad-1 610⋅α

saSualo 
mniSvneloba 

temperaturaTa 
intervalisaTv

is, K 

literatu
ra 

1 2 3 4 

LaS 11,62 300-1350 [69] 

CeS 12,37 ″ ″ 

PrS 14,3 ″ ″ 

NdS 15,35 ″ ″ 

EuS 14,2 ″ [70] 

Tm2S3 9,8 ″ [69] 

Ce2S3 13,2 ″ ″ 

Pr2S3 12,09 ″ ″ 

Nd2S3 12,9 ″ ″ 

Sm2S3 11,8 300-800 [71] 

siliciumi 2,54-4,75 300-1050 [72] 

sitali 4-6 298-573 [73] 

leikosafiro
ni 

7-10 298-573 ″ 
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maSasadame, tuliumisa da neodiumis erTnaxevrian sulfidebis 

Txeli firebis fardobiTi meqanikuri simtkicis wrfivad zrda 

ganpirobebulia firebis momzadebis procesSi fuZeSris temperaturis 

zrdiT. yvela Seswavlvli firisTvis es parametri damokidebulia  

fuZeSris masalaze da izrdeba siliciumi_sitali_leikosafironi 

mimdevrobiT. 

 

5.1. V Tavis  daskvna 

      

1. sruli gaxexvis meTodiT Seswavlilia θ-Tm2S3-is,  γ-Pr2S3-isa da γ-

Nd2S3-is firebis fardobiTi meqanikuri simtkice. naCvenebia, rom 

firebis miRebis procesSi fuZeSris temperatures gazrda iwvevs 

meqanikuri simtkicis zrdas. dadgenilia, rom gamoyenebuli fuZeSris 

masala (siliciumi, sitali, leikosafironi) arsebiT gavlenas axdens 

dafenili firebis fardobiT meqanikur simtkiceze. 

 

 

 

naSromSi Catarebuli samuSaos Sedegebi  SeiZleba 

CamovayaliboT Semdegi daskvnebis saxiT: 

 

d  a  s  k  v  n  e  b  i 

 

1. Catarebulia  EEУBH 75P3 da BУП-5 markis vakuumuri danadgare-

bis modernizacia komponentebis ori damoukidebeli wyarodan da 

diskretuli vakuumur-Termuli aorTqlebis meTodiT iSviaTmiwa 

elementebis sulfidebisa Txeli firebis misaRebad. Seqmnilia 

originaluri konstruqciis fuZeSris gamaxurebeli da komponentebis 

amaorTqleblebi joulis siTboTi da eleqtronul-sxivuri gaxurebiT. 

2. pirvelad damuSavebulia θ formis (kuburi singonia, 

struqturuli tipi Tl2O3) Tm2S3  da γ formis (kuburi singonia, 

struqturuli tipi Th3P4 ) Pr2S3   Txeli firebis miRebis teqnologia 
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komponentebis ori damoukidebli wyarodan vakuumur-Termuli 

aorTqlebis meTodiT da γ formis Nd2S3 Txeli firis miRebis 

teqnologia winaswar sinTezirebuli SenaerTis diskretuli vakuumur-

Termuli aorTqlebis meTodiT. 

3. pirvelad Catarebulia θ-Tm2S3-is,  γ-Pr2S3-isa da γ-Nd2S3-is 

firebis legireba kadmiumisa atomebiT orTqlis fazidan da tyviis 

atomebiT myari fazidan.   

4. rentgenodifraqciuli da eleqtronografiuli meTodebiT Cata-

rebulia miRebuli firebis fazuri Semadgenlobisa da mesris 

kristaluri srulyofis kontroli. gaTvlilia mesris parametris 

mniSvnelobebi, rentgenuli mikroanaliziT dadgenilia firebis 

qimiuri Semadgenloba, romelmac aCvena, rom isini Seesabameba steqi-

ometrias. rentgenis sxivebSi Seswavlilia ime-s da gogirdis 

zedapiruli ganawileba da naCvenebia, rom komponentebi firebis 

zedapirze ganawilebulia Tanabrad. 

6. Seswavlilia θ-Tm2S3-is,  γ-Pr2S3-isa da γ-Nd2S3-is arekvlis, 

STanTqmisa da gamWvirvalobis speqtrebi. naCvenebia, rom θ-Tm2S3 

firebis STanTqmis kidis formirebaSi monawileobas iReben 

eleqtronebis pirdapiri da arapirdapiri zonaTaSorisi gadasvlebi 

Sesabamisad 1.2 ev da 2.5 ev energiebze, γ-Pr2S3-isa da γ-Nd2S3-is STanTqmis 

koeficientebis sixSiruli analiziT Sefasebulia maTi akrZaluli 

zonis sigane Sesabamisad aranakleb 2.8 ev da aranakleb 2.9 ev. 

7. pirvelad Seswavlilia θ-Tm2S3-is,  γ-Pr2S3-isa da γ-Nd2S3-is 

kadmiumiT da tyviiT legirebuli firebis fotogamtareblobisa da 

foto emZ-s speqtraluri da temperaturuli damokidebulebebi. 

naCvenebia, rom fotomgrZnobiarobaSi ZiriTad rol TamaSoben 

aqceptoruli doneebi, romlebic warmoiqmnebian kaTionur qvemeserSi 

maTi kompensaciiT kadmiumia an tyviis minarevis Seyvanis dros.  

8. kadmiumiT legirebul θ-Tm2S3-is firebSi Seswavlilia 

fotogamtareblobis xangrZlivdroiani relaqsacia. Sefasebulia 

relaqsaciuri barieris sidide _ 0.12-0.28 ev, dadgenilia tuliumis 

vakansiiT Seqmnili aqceptoruli donis ionizaciis energia. 

      9.  sruli gaxexvis meTodiT Seswavlilia θ-Tm2S3-is,  γ-Pr2S3-isa 
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da γ-Nd2S3-is firebis fardobiTi meqanikuri simtkice. naCvenebia, rom 

firebis miRebis procesSi fuZeSris temperatures gazrda iwvevs 

meqanikuri simtkicis zrdas. dadgenilia, rom gamoyenebuli fuZeSris 

masala (siliciumi, sitali, leikosafironi) arsebiT gavlenas axdens 

dafenili firebis fardobiT meqanikur simtkiceze da izrdeba 

TanmimdevrobiT siliciumi_sitali_leikosafironi. 

  

samecniero literaturaSi arsebuli monacemebisa da mocemul naS-

romSi Sesrulebuli samuSaos Sedegebis analizi saSualebas iZleva 

daisaxos ime-s erTnaxavriani sulfidebis praqtikuli gamoyenebis per-

speqtivebi. ime-s erTnaxevriani sulfidebi warmoadgenen dieleqtrikebs 

maRali optikuri gamWvirvalobis ubniT. maTi legireba gansakuTrebiT 

kadmiumiT mniSvnelovnad zrdis am masalebis fotomgrZnobiarobas da 

perspeqtiuls xdis maT gamoyenebas Sesabamisi fotomgrZnobiare 

xelsawyoebis Sesaqmnelad. ime-s erTnaxevriani sulfidebi aseve 

perspeqtiuli Termoeleqtruli masalebia. isini xasiaTdebian maRali 

Termoeleqtruli efeqturobiT. 

naSromSi miRebuli Sedegebi uTuod xels Seuwyobs ime-is 

SenaerTebis Seswavlas da myari tanis fizikis mravali sakiTxis 

axlebur gaazrebas. 

   

 

 
       samuSaos ZiriTadi Sedegebi gamoqveynebulia Semdeg 

publikaciebSi: 

   
1. 3. З.У. Джабуа, Т.С. Лочошвили, М.Г. Тетелошвили, К.Д. Давитадзе, Г.А. 

Мазмишвили, Л.Н. Глурджидзе. Приготовление тонких пленок полуторного 

сульфида тулия. Сообщения АН Грузии, т. 150, №1, с. 106-107, 1994.  

2.  A.V.Gigineishvili, Z.U.Dzhabua, K.D.Davitadze, L.N.Glurdzhidze. Optical properties of  

Tm2S3 thin films. Thin Solid Films, 261, 1995, p.248-250. 

3.   Z. Jabua, T. Dadiani, K. Davitadze, M. Stamateli. Mechanical strength of some rare earth 

sulphide and anthimonide thin films. GEN, Novel Materials, p.26-30, 2006. 

 
 

116



  

4. З.У.Джабуа, Т.О.Дадиани, А.В.Гигинеишвили, М.Ю.Стаматели, К.Д.Давитадзе, 

Г.Н.Илуридзе. Оптические и фотоэлектрические свoйства нелегированных и 

легированных кадмием и свинцом тонких пленок полуторного сульфида неодима. 

ФТТ, т.48, вып.8, с.1397-1400, 2006. 

5.  K. Davitadze. Photoelectrical properties of cadmium- and  lead-doped thulium 

sesquisulfide thin films. Internacional conference “Spin electronics: Novel physical 

phenomenon and materials” Georgia, 2007.  

6. К.Д. Давитадзе, Л.И. Лучков, З.У.Джабуа. Долговременная релаксация 

фотопроводимости в легированных  кадмием  пленках    Tm2S3. В печати. 

 

 
l i t e r a t u r a 

 

1.   Жузе В.П. Оптические свойства редкоземельных полупроводников.ЖВХО им. Д.И.   
Менделеева. 1981, т.XXVI, №6, с.95-102 

 
2. Миронов К.Е., Камарзин А.А., Соколов В.В., Васильева И.Г., Попова Е.Д. Сульфиды 

редкоземельных металлов. В кн.Редкоземельные полупроводники. Баку, ЭЛМ, 1981,с.52-92 
 
3.   Голубков А.В., Гончарев Е.В., Жузе В.П., Логинов Г.М., Сергеева В.М., Смирнов 

И.А.  Физические свойства халькогенидов редкоземельных элементов. Л., Наука, 1973,260 с. 
 
4. Голубков А.В., Сергеева В.М. О существовании областей гомогенности 

монохалькогенидов редкоземельных элементов. ЖВХО им.Д.И.Менделеева, 1981, т. .XXVI,  
№6, с.45-53 

 
5. Ярембаш Е.И., Елисеев А.А. Халькогениды редкоземельных элементов. Синтез и 

кристаллизация. М., Наука, 1975, c.258. 
 
6. Елисеев А.А., Кузьмичева Г.М., Линде С.А. Синтез и рентгенографические 

исследования сульфидов иттербия. Труды МИТХТ им.М.В.Ломоносова, 1973, №3, вып.1, с.35-
42. 

 
7. Didchenko R., Gortsema F.P. Some electric and magnetic properties of rare earth 

monosulfides and nitrides. J.Phys.Chem.Solids. Pergamon press. 1963, v.24, p. 863-870. 
 
8.   Parapodits C., Suryanarayanan R. Preparation of rare earth chalkogenide thin films by the 

co-evaporation technique. J.Cryst.Growth., 1972, 13/14, p. 389-392. 
 
9. Paparodits C. Preparation of rare earth chalkogenide thin films. J.Cryst.Growth., 1972, 

13/14, p.106-109. 
 
10.   Suryanarayanan R., Ferre J., Briat B. Low-temperature optical absorption and magnetic 

circular dischroim of YbTe thin films. Phys.Rev (b), v.9, p.554-557. 
 

 
 

117



  

11.    Francillon M., Jerome A., Achard J.C., Melfait G. Pesistivitet propertietes optiqes sous 
pression normale resistivite sous haut pression de monochalkogenures d’ytterbium divalent. J.de 
Phys., 1970, t.31, p.709-717. 

 
12.  Guittard M., Chimie minerale-Domaines d’homogenete de type NaCl formes les 

monsulfures des tarres rares. Compt. rend. ac. sci. Paris, 1995, t261, p. 2109-2114. 
 
13. Радзиковская С.В., Марченко В.Н. Сульфиды редкоземельных металлов и 

актинидов. Киев. Наукова Думка, ИПМ АН УССР, 1966, с.140-145. 
 
14. Гризик А.А., Елисеев А.А., Толстова В.А., Шмидт Е.В. Синтез и 

рентгенографические исследования сульфидов диспрозия.  ЖНХ,  1992,  т.17,  с. 11-15. 
 
15.Васильцев В.К., Камарзин А.А., Дорощенко Н.А.  Способ приготовления 

полуторных сульфидов РЗЭ. Авторское свидетельство №167498, бюлл.№2,1965. 
 
16. Suryanarayanan R., Brun G. A compact multi-source multi-substrate evaporator for thin 

films studies of rare earth sulfides. Thin Solid films, 1976, v.35, p. 263-271. 
 
17.   Кехайов Т.Д. Приготовление тонких пленок моносульфида иттербия, диспрозия и 

полуторного сульфида самария, иттербия и дтспрозия и исследование их некоторых 
физических свойств.Диссертация на соискание ученой степени кандидата физико-
математических наук. Тбилиси, 1980, 192с. 

 
18.   ИванченкоЛ.А. Исследование некоторых оптических характеристик 

халькогенидов РЗЭ. Автореферат диссертации на соискание ученой степени кандидата 
технических наук. Киев, 1972, с.28. 

 
19.  Садовская О.А., Елисеев А.А., Павлов А.В. Получение пленок моносульфидов 

европия и иттербия и полуторного сульфивф гадолиния. Тезисы докладов ІІІ Всесоюзной 
конференции по физике и химии редкоземельных полупроводников. Тезисы докладов. 
Тбилиси, 1983 г., с.111. 

 
20.    S. Harai, K. Suzuki, K. Shimakage, S. Nishimura, Y. Uemura, M. Mitomo. Preparation 

of    -Pr2S3 and    -Nd2S3 powders by sulfurization of Pr6O11 and  Nd2O3 powders using CS2 gass, and 
their sintezing. J.Japan Inst.Metals. 67, N1, (2003), p.15-21. 

 
21.    Н.В. Лугуева. Теплопроводность поликристаллов соединении А2В6 и сульфидов  

РЗЭ. Автореферафт диссертации на соискание ученой степени кондидата физ.-мат. наук. 
Махачкала, 2006г. 

 
22.   Самсонов Т.В. Тугоплавкие соединения редкоземельных металлов с неметаллами. 

М., Металлургия, 1964, 244с. 
 

          23.   Батиров Т.М., Верховская К.А., Карамзин А.А., Маловицкий Ю.М., Лисован В.И., 
Фридкин В.М. Обьемный фотовольтаический эффект и фотопроводимость в сульфидах 
редкоземельиых металлов. ФТТ. 1992, т.24, с.1313-1317 
 
          24. Шапшиева Н.Л., Кузьмичева Г.Л., Исканова Т.Г., Елисеев А.А. Термоэлектрические 
свойства сульфидов иттербия. Изв.АН СССР. Неорг.мат., 1978, т.14, с.21-26. 
 

25.  Борисов С.В., Подберезская Н.В., Первухина Н.В., агарилл С.А. Особенности 
кристаллического строения полиморфных модификации Tm2S3  и близких по составу 
соединений. ЖСХ, 1998, т.39, №4, с.669-675. 

 
 

118



  

26. Лугуев С.М., Лугуева Н.В., Соколов В.В. Теплопроводность   с избыточным 
содержанием гадолиния. ФТТ, 2000, т.42, вып.6. 

 
27.  Ebisu S., Iijima Y., Iwasa T., Nagata S. Antiferromagnetic transition and electric 

conductivity in  α-Gd2S3. J.Physics and Chemistry of solids, 2003, v65, N6, p.1113-1120. 
 
28.  Кричевцов Б.Б. Анизотропия линейного и квадратного по магнитному полю 

двупреломления света в редкоземельных полупроводниках  γ-Ln2S3 (Ln  =Dy, Pr, Gd, La). 
ЖЭТФ, 2001, т.119, вып.5, с.954.  

 
29. Кертман А.В. Оптическая сульфидная керамика. СОЖ (Соросовский – 

Oбразовательный Журнал), 2000, №2, с.93-98 
 
30.  Suryanarayanan R. Valence related optical and other studies of Sm and Tm 

chalcogenides. Phys.Stat.Sol.(b), 1978, v.85, p.9-25. 
 
31. Глурджидзе Л.Н., Гигинеишвили А.В., Бжалава Т.Л., Санадзе В.В. Оптические  

свойства тонких пленок полуторного сульфида иттербия у края фундаментального 
поглащения. ФТТ, 1982, т.24, с.1844-1848. 

 
32. Жузе В.П., Калин М.Г., Сидоров К.К., Старцев Г.П., Шелых А.И. Оптические 

свойства и электронная структура моносульфида самария. ФТТ, 1978, т.20, с.3049-3054. 
 
33. Гигинеишвили А.В., Кехайов Т.Д., Глурджидзе Л.Н., Санадзе В.В. Спектры 

отражения и прозрачности тонких пленок полуторного сульфида диспрозия. Тезисы докладов 
XI республиканской научно-методической конференции физиков высших учю зав. ГССР. 
Тбилиси, 1980, с.84 

 
34.  Henderson J.R., Muramoto, Loh E., Gruber J.B. Electronic structure of rare 

sesquisulphides crystals. J.Chem.Phys., 1967, v.47, p.3347-3356.  
 
35. Henderson J.R., Muramoto, John B., Gruber J.B., Menzel R. Optical spectrum of crystals 

Nd2S3. J.Chem.Phys. 1970, v.52, p.2311-2314. 
 
36. Марченко В.И., Сердюк В.Д. Получение и исследование свойств соединении РЗМ. 

Сборник трудов под редакцией  Г.В.Самсонова. Киев, 1975, с.38-64. 
 
37.  Kurnik S.W., Mayer C. Optical spectrum of Ce2S3. J.Phys. and Chem. Solids, 1964, v.25, 

p.15-19. 
 
38.  В.В.Слуцкая. Тонкие пленки в технике СВЧ. М., Советское радио, 1967, 456 с. 
 
39.   Рид С. Электронно-зондовый микроанализ. М., Мир, 1987, 423с. 
 
40.  Методы анализа поверхностей. Под ред. А.Зандерна, М., Мир, 1979, 240с. 
 
41. gigineiSvili a.v. zogierTi iSviaTmiwa  SenaerTebis optikuri 

Tvisebebi da zonuri struqturis parametrebi. disertacia fizika-maTematikis 
mecnierebaTa doqtoris samecniero xarisxis mosapoveblad. Tbilisi, 1997w, 
gv.34-38. 

 
42.  Кордона М. Модуляционная спектроскопия. Пер. с английского языка под 

редакцией Н.А.Коплянского. М., Мир, 1972, 416 с. 
 

 
 

119



  

43.   Уханов Ю.Н. Оптические свойства полупроводников. М., Наука, 1977, 336 с. 
 
44. Хирс Д., Паунд Г. Испарение и конденсация. Пер.с англ. М., Металлургия, 1966. 
 
45. Холломон Д., Тарнбалл Д. Образование зародышей при фазовых превращениях. 

Успехи физики металлов. Пер.с англ., М., Металлургия, 1959, т.1, 304с. 
 
46. Набока Н.М., Палатник Л.С., Шевченко В.Я. Структура и свойства тонких пленок 

на основе соединений РЗЭ. ЖВХО им. Д.И.Менделеева. т.XXVI, №6,1981,с.31-39. 
 
47.   Джабуа З.У., Лочщшвили Т.С., Тетелошвили М.Г., Давитадзе К.Д., Мазмишвили 

Г.А., Глурджидзе Л.Н. Приготовление тонких пленок полуторного сульфида тулия. 
Сообщ.АН ГССР, 1994, т.150, с.107. 

 
48. Gigineishvili A.V., Dzhabua Z.U., Davitadze K.D., Glurdzhidze L.N. Optical properties 

of Tm2S3 thin films. Thin Solid Films, 1995, v.261, p.148-150. 
 
49. Кузмичева Г.М., Старина Е.И., Хлюстова С.Ю., Чернышев В.В. Кристаллическая 

структура Ө-Tm2S3. Журнал неорганической химии, 1990, т.35, вып.4, С.869-873. 
 
50.  Jabua Z.U., Davitadze K.D., Dadiani T.O., Gigineishvili A.V., Stamateli M.I. 

Preparation, alloying, optical and photoelectric properties of Neodium sesquisulphides. GEN, 
2004, N3, p.27-35. 

 
51.   Flahaut J., Guittard M., Patrie M. Les polisukfures des elements des terres rare. Bull. 

Soc. Chim. France. 1959, N11-12, p.1917-1920 
 
52.  Елисеев А.А., Успенская С.Н., Федоров А.А. О кристаллической структуре 

полуторных сульфидов РЗЭ. ЖСХ, 1972, т.13, с.77-80. 
 
53.   Жузе В.П., Камарзин А.А., Карин М.Г., Сидоркин К.К., Шелых А.Н. Оптические 

свойства и электронная структура сесквисульфатов редкоземельных металлов в области 
фундаментального поглащения. ФТТ, 1999, т.21, с.3410-3425. 

 
54.  Константинов В.Л., Скорняков Г.П., Камарзин А.А., Соколов В.В. Оптические 

свойства  монокристаллов     La2S3  . Изд. АН СССР, Неорг.мат., 1978, т.14, с.843-851. 
 
55.  Глурджидзе Л.Н., Кехайов Т.Д., Бжалава Т.Л., Джабуа З.У., Санадзе В.В. 

Оптические  свойства тонких пленок полуторного сульфида свмврия. ФТТ, 1979, т.21, №11, 
с.3496-3499. 

 
56.  Glurdjidze L.N., Kechaiov T.D., Gzirishvili D.G., Bzalava T.L., Sanadze V.V. 

Phys.Stat.Sol. (Russ), 1980, 22, 3, p.660. 
 
57. Gzirishvili D.G., Tsivtsivadze D.M., Sanadze V.V., Glurdjidze L.N. 

Bull.Acad.Sci.Georgia,1981, 104, 1, p.37. 
 
58.   Biub R. Fotoconductivity of status solidi (IL, Moscow, 1962). 
 
59.   Glurdjidze L.N., Gzirishvili D.G., Koshoridze S.I., Jabua Z.U., Sanadze V.V. 

Phys.Stat.Sol.(Russ.), 1982, 24, 5, p.1403. 

 
 

120



  

60.   Jabua Z.U., Dadiani T.O., Gigineishvili A.V., Stamateli M.I., Davitadze K.D., Iluridze 
G.N. Phys.Stat.Sol. (Russ.), 2006, 48, 6, p.1397. 

 
61.   Смирнов Н.А. Редкоземельные полупроводники – перспективные развития и 

применение. Журнал Всесоюзного химического общества им.Д.И.Менделеева, 1981, т.26, №6, 
с.602-611. 

 
62.   Жузе В.П., Камарзин А.А., Соколов В.В., Моловицкая Ю.Н., Бульченко В.П., 

Смирнов И.А., Шелых А.Н. Пьезоэлектрический эффект в Ln2S3.     Письма в ЖЭТФ. 1980, т.6, 
№23, с.1431-1432.  

 
63.   Джабуа З.У., Глурджидзе Л.Н., Дадиани Т.О., Санадзе В.В. Легирование тонких 

пленок полуторного сульфида кадмием. Сообщения АН ГССР, 1981, Т.104, №3, с.669-671. 
 
64.     Шенкман Ь.К., Шик А.Я. Долговременные релаксации и щсефеочная 

проводимость в полупроводниках. Физика и технология полупроводников, 1976, т.10, №2, 
с.209-2033. 

 
65.    Физические свойства чфлькогенидов редкоземельных элементов. Наука, Л. 

(1973). 
 
66.    Глурджидзе Л.Н., Пзиришвиди Д.Г., Вжфбуа З.У., Санадзе В.В. ФЕЕ, 25, 3, С.935 

(1983). 
 
67.    Кембелл Д. Механические свойства тонких пленок. В кн.: Технология тонких 

пленок. т.2, М., «Советское радио», 1977, с.255-261. 
 
68.   Синельников К.Д., Шкляровская Н.Н.  Зависимость механической прочности 

алюминевых покрытий от температуры стекло-подложки. Труды физического отделения 
физико-математического факультета Харьковского Государственного Университета им. 
А.М.Горького, 1950, т.2, с.9-15. 

 
69.   Марченко В.Н., Самсонов Г.В. Тепловое расширение некоторых сульфидов РЗМ. 

ФТТ, 1963, т.15, с.631-635. 
 
70.   Лашкарев Т.В., Дудкин Е.М., Падерно Ю.Б. Сб.:Химическая связь в 

полупроводниках и термодинамика. Минск, Наука и Техника, 1966, с.281-302. 
 
71.  Тауц Я. Оптические свойства полупроводников. М., Наука, 1977, с.366. 
 
72.  Новикова С.И. Тепловое расширение твердых тел. М., Наука, 1974, с.158, 
 
73. Технология тонких пленок. т.1. Под Редакцией Л.Майселла, Р.Гленга. Перевод с 

английского под редакцией М.И.Елинсова, Г.Г.Смолка, М., Сов.радио, 1977, с.37-49. 
 
74. Логинов Г.М., Сергеева В.М., Брыжина М.Ф. Антиферромагнетизм моносульфидов   

Gd, Dy и Er, ЖЭТФ, 1996, т.59, с.1948-1951. 
 
75. Bader S.D., Phillips N.E., Machan D.B. Heat capacity and  receptivity of metallic SmS at 

high pressure. Phys. rev. B., 1973, v.7, p.4686-4689. 
 
76. Brixner L.H. Structure and electrical properties of some new rare earth arsenides, 

antimonides and tellurides. J.Inorg.Nucl.Chem., 2000, v.15, p.199-201. 
 

      77.   Flahaut J., Domange L., Guittard M., Lories J. Les sulfures d’ytterbium. Bull Societe 

 
 

121



 

 
 

 

122

Chim. France, 1962, t. 241, p. 102-105. 
 
     78.   Eatough N. L., Webb W. A., Hall H. T. High pressure, Th3P4 type polymorphs of rare 
earth sesquchalcogenides. J. Inorg. Nucl. Chem. 1969. v. 8. p. 2069-2071. 
 

  

 

 

 

 

 

 

 


