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masalebis teqnologiaSi  gamoyenebuli  masalebis gawmendis, SenaerTebis 

sinTezis, legirebis, polikristalebis miRebis,  monokristalebisa da 

epitaqsiuri firebis  gazrdis meTodebi. Mmoyvanilia  eleqtronul 

teqnikaSi farTod gamoyenebuli   elentaruli masalebis fiziko-qimiuri da 

teqnologiuri Tvisebebi. 
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fakultetis sainJinro-fizikis fizikis programis bakalavriatisa da 

magistraturis studentebisaTvis. is garkveul sargeblobas moutans sxva 

monaTesave specialobis studentebsa da masalebis teqnologiiT 

dainteresebul mkiTxvels. 
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Sesavali. eleqtronuli teqnikis masalebis 

 teqnologiis miRwevebi 

 
   Eeleqtronuli teqnika warmoadgens Tanamedrove eleqtroteqnikuri, 

radioteqnikuri da avtomaturi mowyobilobebis safuZvels. eleqtronuli 

teqnikis masalebis warmoebis garTuleba  da gamoSvebuli produqciis 

nomenklaturis  gafarToeba momavali inJinrebisagan moiTxovs 

eleqtronuli  teqnikis masalebis teqnologiis safuZvlebis Rrma codnas, 

romelic aseve aucilebelia Sesabamis eleqtronul xelsawyoebSi mimdinare 

procesebis gaazrebisa da maTi teqnikuri diagnostikis sworad Catarebis 

saqmeSi. 

   eleqtronuli  teqnikis masalebis  miRebis teqnologiuri procesi 

warmoadgens im xerxebisa da procesebis erTobliobas, romelTa Catarebac 

aucilebelia nedleulidan dawyebuli saboloo namzadis Seqmnamde. 

   teqnologiuri procesi warmoebs teqnologiuri sqemis meSveobiT. Ees 

ukanaskneli aris im operaciebis mimdevroba, romlebic tardeba Sesabamis 

teqnologiur mowyobilobebsa da danadgarebSi. teqnologiuri sqema 

gulisxmobs sxvadasxva iseTi teqnologiuri operaciebis Serwymas, 

rogorebicaa:  siTburi, masaTagacvliTi, meqanikuri da qimiuri procesebi. 

   Eleqtronuli teqnikis masalebs iReben qimiko-teqnologiuri procesebis 

saSualebiT, romlebic Sedgebian mTeli rigi elementaruli  fizikuri, 

fiziko-qimiuri da qimiuri procesebisagan, romlebis Sedgebian Semdegi 

stadiebisagan: 

1).nedleulis momzadeba da moreagire  komponentebis miwodeba reaqciis 

zonaSi; 

2).qimiuri gardaqmnebi; 

3).reaqciis zonidan  miRebuli produqciis  gamoyofa. 

   pirvel stadiaze  mimdinareoben fizikuri procesebi, romelTa Sedegadac 

masalebi icvlian mxolod garegan formas an fizikur Tvisebebs  da  

qimiurad  ucvlelni gadadian meore stadiaze. Reaqciis zonaSi  moreagire 

komponentebis miwodeba xdeba an difuziiT anda konveqciT, an airebis 

absorbciiT anda desorbciiT, orTqlis kondensaciT, myari nivTierebis 

gadnobiT anda maTi  gaxsniT  siTxeSi, siTxeebis aorTqlebiT da a.S. 

   meore stadiaze adgili aqvs iseT procesebs, rodesac ZiriTadi masalebi 

ganicdian ufro Rrma gardaqmnebs, romelTa Sedegadac icvleba aramarto 

fizikuri Tvisebebi aramed masalis agregatuli mdgomareoba da qimiuri 

Tvisebebi. Mmoreagire sistemebSi Cveulebriv adgili aqvs ramdenime 

Tanmimdevrul an paralelur qimiur reqciebs, romleblebic warmoqmnian 

ZiriTad produqts da garda amisa mTel rig gareSe reaqciebs ZiriTad 

masalasa da minarevebs Soris, romelTa arsebobac nedleulSi gardauvalia. 

Yyovelive amis gamo ZiriTadi  produqtis garda miReba narCenebi, 
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romlebsac  aranairi Rirebuleba ar gaaCniaT.  gareSe roduqtebi SeiZleba 

miRebul iqnas, rogorc ZiriTadi reaqciis Sedegad aseve  gverdiTi 

reaqciebis meSveobiT, ZiriTad masalasa da minarevebs Soris. sawarmoo 

procesebis analizisas yuradRebas  aqceven ara  yvela  reaqcias aramed 

mxolod im reaqciebs, romlebic garkveul gavlenas axdenen ZiriTadi 

produqtis raodenobasa da xarisxze. 

   Mmesame stadiaze qimiuri gardaqmnebi ar xdeba, aq adgili aqvs mxolod 

produqtebis dayofas: gamoiyofa ZiriTadi produqti, narCeni produqtebi da 

darCeli sawyisi reagentebi, romelTa dabrunebac SesaZlebelia procesis 

dasawyisSi. 

   teqnologiuri procesis organizaciasa da optimizaciaSi did rols 

TamaSobs misi teqnologiuri reJimi. Teqnologiuri reJimi ewodeba im 

ZiriTadi faqtorebis (parametrebis)  erTobliobas, romlebic  gavlenas 

axdenen  procesis siCqareze, produqtis gamosavlianobasa da xarisxze. 

umravlesiEeleqtronuli  teqnikis masalebis warmoebis teqnologiis 

ZiriTadi parametria temperatura, wneva, reagentebis miwodebisa da Serevis 

xerxi da a.S. 

   teqnologiuri  procesebis droSi mimdinareobis  xasiaTis  mixedviT 

procesebi SeiZleba iyos perioduli, uwyveti da  kombinirebuli. 

   periduli procesi es iseTi procesia,  rodesac adgili aqvs saboloo 

produqtis  mTlianad an nawilobriv gadmotvirTvas Sesabamisi 

aparaturidan  garkveuli  drois periodis  Semdeg. Aparatis daclis 

Semdeg masSi tvirTaven sawyisi masalebis axal ulufas da teqnologiuri 

cikli meordeba. 

  Uuwyveti procesis dros  misi yvela stadia droSi uwyvetad mimdinareobs 

da saboloo produqtis gamoReba uwyvetad  mimdinareobs. 

   kombinirebuli  procesi an uwyveti procesia, romlis calkeuli 

stadiebi periodulad mimdinareobs an romlis erTi an ramdenime  stadia 

uwyvetad xorcieldeba. 

  uwyvet procesebs axasiaTebT mTeli rigi upiretesobebi periodul da 

kombinirebul procesebTan SedarebiT.  

   yovelive amis gamo eleqtronuli teqnikis warmoebis teqnologiaSi 

cdiloben gadavidnen  perioduli  procesebidam uwyvet procesebze. 

   ukanasknel periodSi  teqnologouri aparaturis SesaZleblobebis 

mniSvnelovnad gazrdisa da teqnologiuri procesebis Rrma gaazrebis gamo 

SesaZlebeli gaxda  Zalian maRali sisufTavis da kristalurad 

srulyofili masalebis miReba. gansakuTrebiT progresi Seexo iSviaT miwa 

elementebs da maT SenaerTebs. rogorc cnobilia iSviaTmiwa elementebi 

xasiaTdebian maRali dnobisa da aorTqlebis temperaturebiT rac xels 

uSlida maT gamoyenebas. amJamad damuSavebulia am masalebis maRali 

xarisxiT gawmendis meTodebi, romlebmac saSualeba Seqmnes miRebuliyo 
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unikaluri Tvisebebis xelsawyoebi. Aamis magaliTia iseTi SenaerTi 

rogoricaa samariumis monosulfidi, romlis fuZezec Seqmnil 

tenzogadamwoda gaaCnia iseTi Tvisebebi, romlebic  gacilebiT aRemateba 

yvela sxva aqamde arsebuli da gamoyenebuli masalebis Tvisebebs da aseTi 

magaliTebi uamravia. 

 

1. nadnobTa kristalizacia. Ddefeqtebi. Mminarevebis gavlena 

kristalizacis procesze 

 

E  eleqtronul teqnikaSi farTo gamoyeneba aqvT monokristaluR masalebs. 

isini SeiZleba  miRebul  iqnas myari fazidan, orTqlis an airadi fazidan 

an Txevadi fazidan. Ppirvel SemTxvevaSi  kristalis gazrda damyarebulia 

polimorful gardaqmnebze. Aamis magaliTia  rombuli gogirdis gadasvla 

monoklinurSi, grafitis – almasSi, TeTri kalis – ruxSi da a.S. 

monokristalebis  gazrda  myar  fazaSi SesaZlebelia krebiTi 

rekristalizaciis safuZvelze, rac gulisxmobs marcvlis zomebis gazrdas  

polikristalur  zodSi misi gaxurebisas  dnobis temperaturasTan  

miaxloebul temperaturamde. Am meTodiT zrdian mravali liTonis 

monokristalur  Zafebs, magaliTad  volframisa da molibdenis Zafebs 

varvarebis naTurebisaTvis. Unda aRiniSnos, rom es meTodi praqtikaSi 

iSviaTad gamoiyeneba. ZiriTad samrewvelo teqnologiur process 

warmoadgens kristalizacia airadi an orTqlis fazidan da gansakuTrebiT 

Txevadi fazidan. gansakuTrebiT kargadaa Seswavlili da farTod 

gamoiyeneba kristalizacia Txevadi fazidan. 

   orTqlis an Txevadi fazidan kristalis zrda sami ZiriTadi  

stadiisagan Sedgeba: 

1).arawonasworuli mdgomareobis warmoqmna – gadaJereba am gadaciveba; 

2). Kristalizaciis centrebis (Canasaxebis) warmoqmna; 

3).maTi wrfivi zomebis gazrda – sakuTriv kristalis gazrda. 

   mocemuli parametrebisadmi (temperatura, wneva da koncentracia) 

arawonasworuli mdgomareobis   gaCena kristaluri Canasaxebis warmoqmnis 

aucilebeli pirobaa. wonasworul pirobebSi kristaluri Canasaxebis 

TviTneburi gaCena warmoudgenelia. Ees imiT aixsneba, rom   axali formis 

nawilakebis  arsebobis pirobebi, romlebsac gaCniaT sawyisi mcire zomebi, 

mniSvnelovnad gansxvavdebian wonasworulisagan. 

 Aase magaliTad orTqlis wneva Zalian mcire zomis wveTis zemoT, 

gacilebiT maRalia msxvil wveTebTan SedarebiT. Aamis gamo wonasworul 

pirobebSi  orTqlis fazidan warmoqmnili mcire wveTi aorTqldeba  
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vinaidan mis zemoT wneva wonasworulze maRalia. Amitom kondensaciis 

procesis dasawyebad saWiroa didi gadajereba wonasworulTan SedarebiT. 

   Zalian mcire zomis kristalebis  dnobis temperature ramdenadme 

dabalia, vidre msxvilis. Aamdenad nadnobSi  kristaluri Canasaxebis 

TviTneburi warmoqmna moiTxovs gadacivebas im temperaturebamde, romlebic  

wonasworul temperaturebze gacilebiT dabla Zevs.  G 

   gadacivebis zrdasTan erTad kristalizaciis centrebis raodenoba 

izrdeba   garkveul maqsimalur mniSvnelobamde, xolo Semdeg mcirdeba.  es 

aixsneba atomebisa da molekulebis  Zvradobis SemcirebiT gadacivebis 

maRali xarisxis gamo. Yyovelive amis Sedegad mcirdeba kristaluri 

CanasaxisaTvis saWiro  atomebisa da molekulebis Serwymis albaToba. 

Ggadacivebis xarisxi agreTve gavlenas axdens  kristaluri Canasaxis zrdis 

wrfiv siCqareze. Gadacivebis gazrdasTan erTad Canasaxis zomebi izrdeba, 

rac zrdis maTi SenarCunebis albaTobas.. miaRwevs ra garkveul zomebs, 

Canasaxi iwyebs gadazrdas kristalSi.  

  ganvixiloT kristalebis zrdis pirobebi orTqlis fazidan, xsnaridan an 

nadnobidan. Kkristalis zrdisas orTqlis fazidan orTqlis atomebi an 

molekulebi yovndebian mis zedapirze an orTqldebian misi zedapiridan. 

kristalis zedapirze adsorbirebuli  molekula an atomi gadaadgildeba 

ra masze cdilobs kavSiri Seqmnas maqsimaluri raodenobis atomebTan, sam 

atomTan. aseTi adgilebis dakaveba iwvevs kristalis zrdas tangencialuri 

mimarTulebiT. 

  Yyvela adgilis dakavebis  Semdeg kristalis zedapiri izrdeba  sisqiT 

romlis zomac atomis an molekulis zomis tolia. Sevsebuli zedapiris 

Semdgomi zrdisaTvis saWiroa warmoiqmnas axali samganzomilebiani Canasaxi. 

Amrigad kristalis waxnagi izrdeba tangencialuri mimarTulebiT. 

Tangencialuri mimarTulebiT kristalis zrdis siCqare gacilebiT maRalia 

normaluri mimarTulebiT zrdis siCqareze. Yovelive amis gamo xdeba 

maRali retikularuli  simkvrivis waxnagis gamoZeveba, romelsac maRali 

normaluri zrdis siCqare gaaCnia da kristali SemoisazRvreba nela mzardi 

waxnagebiT. 

  gaTvlebi aCveneben, rom mdgradi organzomilebiani Canasaxis 

warmoqmnisaTvis saWiroa 20-25%-iani gadajereba. Mmagram zogjer  kristalis 

zrdas adgili aqvs 1#-iani gadajerebis drosac. Amis mizezia xraxnuli 

dislokaciis safexuris warmoqmna. 

  orTqlis fazidan kristalis zrdis  dadebiTi mxarea procesis dabali 

temperaturebi da zrdis dabali siCqareebi (mikronebi saaTSi). am 

SemTxvevaSi warmoiqmneba mcire raodenobis vakansiebi da maT mier 

warmoqmnili defeqtebi. moculobiT kristalebSi Termuli da meqanikuri 

daZabulobebi am dros didi araa, vinaidan kristali izrdeba TiTqmis 

Tavisufal garemoSi – konteinerTan kontaqti mcirea. 
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   orTqlis fazidan kristalebis zrdis naklia dabali mwarmoebloba da 

drois didi danaxarjebi mcire zomis kristalebis miRebis drosac ki. es 

meTodi gamosadegia  mxolod maRali orTqlis wnevis mqone masalebis 

kristalebis gasazrdelad. 

  orTqlis fazidan kristalizaciiT iReben iseT masalebs rogorebicaa  

siliciumis karbidi, 𝐴𝐼𝐼𝐵𝑉𝑖 tipis SenaerTebi da myari xsnarebi.  

  kristalebis zrdis procesi  xsnarebidan  analogiuria orTqlis fazidan 

zrdis procesis, Tu davuSvebT, rom gaxsnili nivTierebis nawilakebi 

iqcevian orTqlis fazis atomebis an molekulebis msgavsad. xsnaridan 

kristalis  zrdis arsebiTi Taviseburebaa mkvebavi masalis transportireba 

mzardi kristalis waxnagisaken moculobiTi difuziiT. 

  xsnaridan da orTqlis fazidan gazrdili kristalebi xasiaTdebian 

maRali struqturuli srulyofiT – vakansiebis mcire raodenobiT,rac 

Tavis mxriv ganapirobebs defeqtebis simcires. Magram erTdroulad maTi 

sisufTave naklebia, vinaidan adgili aqvs gamxsnelis gadasvlas mzard 

kristalSi. 

   xsnaridan  kristalebis zrda farTod gamoiyeneba naxevargamtari 

masalebis teqnologiaSi Sladi Zneldnobadi Sladi naerTebisa da maTi 

myari xsnarebis   moculobiTi kristalebis  misaRebad.  

  Nnadnobidan kristalizacia Tavisi meqanizmiT msgavsia  xnaridan 

kristalizaciis. 

   Canasaxis TviTneburi warmoqmnis meqanizms idealurad sufTa masalaSi 

Cven zemoT SevexeT. Tu nadnobSi arseboben gareSe minareuli CanarTebi, 

romlebsac kristalizaciis centris rolis Sesruleba SeuZliaT, am 

SemTxvevaSi arsebiTad mcirdeba gadacivebis an gadajerebis xarisxi.  

kristalizaciis procesSi uxnadi minarevebi mxolod maSin aCqareben 

kristaluri Canasaxebis warmoqmnas rodesac maTi struqtura da msgavsia im 

masalis struqturis romlis kristalizaciac xdeba. 

   Canasaxis TviTnebur warmoqmnaze did gavlenas axdens Txevadi masalis 

kontaqti  im  konteineris kedlebTan, romlebSic xsnari imyofeba. 

konteineris calkeuli detalebi (gamonaSverebi, bzarebi  da sxva detalebi)  

aqtiurad uwyoben xels Canasaxebis warmoqmnas. ama xels uwyobs aseve sxva 

faqtorebic: eleqtruli da magnituri  velebi, vibracia da a.S. 

  Mმravali liTonisaTvis eqsperimentalurad dadgenili maqsimaluri 

gadacivebis sidide aRwevs mniSvnelobas 0,2𝑇დნ  (𝑇დნ  masalis dnobis 

temperaturaa),  magram realur pirobebSi monokristalebis zrda xdeba 

ufro dabali gadacivebisas, rac aixsneba ara Canasaxebis TviTneburi 

warmoqmniT aramed maTze gareSe faqtorebis gavleniT. 

   masalaSi minarevebis Seyvanam SeiZleba gamoiwvios  dnobis temperaturis 

gazrda an Semcireba, es damokidebulia minarevisa da ZiriTadi masalis 

urTierTqmedebis xasiaTze. 
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   realur kristalebSi  yovelTvis SeiZleba arsebobdnen sxvadasxva 

defeqtebi, romlebic ZiriTadad ori saxisaa: wonasworuli da 

arawonasworuli. 

   wonasworul defeqtebs miekuTvnebian nulganzomilebiani anu werilovani 

defeqtebi, romlebic damokidebulia kristalis temperaturaze da amdenad 

ganixilebian kristalur meserTan siTbur wonasworobaSi myof defeqtebad. 

M magram cxadia es ar niSnavs imas, rom defeqtebis raodenoba mocemul 

temperaturaze mudmivi sididea. is gansazRvrulia wonasworobis damyarebis 

siCqariT.  Ufro xSirad defeqtebis raodenoba wonasworulze metia. 

   wertilovan defeqtebs miekuTvneba mesris  yovelgvari darRvevebi 

romelic gamowveulia masalis gaxurebiT an agznebiT (energetikuli 

defeqtebi) an kristalis agebulebis damaxinjebiT – atomis ar arseboba 

kristalis kvanZSi an piriqiT atomis CanergviT mesris kvanZebs Soris. 

   kristalis zedapiri Tavisi agebulebiT gansxvavdeba moculobisagan, 

vinaidan masze ganlagebuli gare atomebis kavSirebi darRveulia. Aamis gamo 

zedapiri xasiaTdeba airebisa da minarevebis adsorbciisadmi  gazrdili 

aqtivobiT. Nnaxevargamtaruli masalis zedapiris mdgomareoba  did 

gavlenas axdens mis eleqtrul Tvisebebze, magaliTad zedapirul 

gamtarobaze. 

   uxeS samganzomilebian  an moculobiT defeqtebs miekuTvnebian 

sicarielebi, meore fazis CanarTebi, kristaluri moculobebi romelTa 

orientacia gansxvavdeba ZiriTadi masalis orientaciisagan da sxva. 

  

 

 

N 

 

nax.1. wertilovani defeqtebis saxeebi: 1 – vakansia; 2 – kvanZTaSorisi atomi; 

3 – defeqti frenkelis mixedviT; 4 – Canacvlebis minareuli atomi;  5 – 

Canergili minareuli atomi; 6 – ufro didi valentobis Canacvlebis atomi 
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   erTganzomilebian an wrfiv defeqtebs miekuTvnebian dislokaciebi, 

romlebic, ori saxisaa sasazRvro dislokaciebi da xraxnuli 

dislokaciebi. 

 

 
 

Nsax.2. sasazRvro dislokacia 

 

 
 

Nnax.3. xraxnuli dislokacia 

 

   organzomilebian an zedapirul dislokacebs warmoadgenen mcire 

kuTxiani sazRvrebi, marcvalTSoris sazRvrebi, oreulebi da TviT 

zedapiri. 
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Nnax. 4. Ppolikristalur masalaSi sxvadasxvanairad orientirebuli 

kristalitebis sqema. 

 

 

 
 

 

nax.5. polikristaluri liTonis mikrofotografia. marcvalTSoris 

sazRvrebis gamovlenilia mJaviT mowamvliT 

K  

    

  

http://upload.wikimedia.org/wikipedia/commons/c/ca/Crystallite.jpg
http://commons.wikimedia.org/wiki/File:CrystalGrain.jpg?uselang=ru
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2. maRali sisufTavis masalebis klasifikacia. 

 maTTan muSaobis wesebi 

M 
M  masalis  Tvisebebze did gavlenas axdens misi sisufTave. gansakuTrebiT 

es exeba naxevargamtarul  masalebs, romlebsac didi gamoyeneba aqvT 

eleqtronikaSi. Aase, magaliTad  kargad gawmendil, sakuTari gamtarobis 

germaniumSi minarevis Semcveloba oTaxis temperaturaze (298 – 300 K) ar 

unda aRematebodes  2,5 ∙ 1013 atoms  kubur santimetrS dariSxanisaTvis es 

sidide Seadgens daaxloebiT 4,5 ∙ 10−8% masis mixedviT. 

  Nnaxevargamtari masalebis teqnologiis Taviseburebas warmoadgens 

maRali sisufTavis sawyisi masalebis (liToni, araliTonebi da 

naxevargamtarebi) da daxmare masalebis (reaqtivebi, airebi da a.S,) 

gamoyeneba. gansakuTrebiT yuradRebas  moiTxovs aseve aseT masalebTan 

urTierToba  (transportireba, Senaxva da a.S.) raTa SenarCunebul iqnas  

maTi Tavdapirveli sisufTave. 

   Teoriulad masalisa da qimiuri individis sisufTavis cnebebi erTmaneTs 

emTxveva. sufTa masala warmoadgens qimiurad da da fizikurad 

erTgavarovan martiv masalas an qimiur narTs, romelic Sedgeba mxolod 

erTi garkveuli tipis atomebisagan (ionebisagan) an molekulebisagan  da 

romlebsac  gaaCniaT  mudmivi qimuri an fizikuri Tvisebebi. 

   idealurad sufTa masala xasiaTdeba qimiuri (minareuli atomebis ar 

arseboba)  da fizikuri (struqturuli defeqtebis ar arseboba) sisufTaviT. 

Rogorc minarevebi ase defeqtebi gavlenas axdenen masalis Tvisebaze. 

Rogorc wesi, kristaluri mesris damaxijeba gamowveulia myar tanSi 

minarevebis arsebobiT. Tavis mxriv minarevebi koncentrirdebian  masalis 

kristaluri struqturis  defeqtebTan. 

   realur pirobebSi absoluturad sufTa masalis miReba SeuZlebelia. 

rac naklebi rCeba gawmendil  masalaSi minarevi miT  ufro Znelia  misi 

moSoreba. erTdroulad mkveTrad ecema gawmendis siCqarec. Aamis Sedegad 

minarevis nulovani Semcvelobis miRweva Teoriulad moiTxovs usasrulod 

did danaxarjebsa da dros. Aamdenad sufTa masala realur pirobebSi 

yovelTvis Seicavs garkveuli raodenobis minarevebs da sisufTavis cnebac 

fardobiTia. 

  Ggermaneli qimikosis nodakis hipoTezis Tanaxmad nebismieri SedarebiT 

sufTa masalac ki minarevis saxiT Seicavs perioduli sistemis yvela 

elements. marTlac sakmaod maRali sisufTavis galiumis sulfidi, muxtis 

matarebelTa koncentraciiT ~ 1016 sm-3 (rac Seesabameba minarevebis 

Semcvelobas 10-5% masis mixedviT) rogorc mas-speqtrometrulma 

gamokvlevebma aCvenes  Seicavdnen daaxloebiT  72  minarevs. 
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   aseTi detaluri analizi rTulia, xangrZlivi, ZviradRirebuli da 

SeiZleba Sesruldes mxolod gansakuTrebul SemTxvevebSi. Aamitom 

praqtikaSi sufTa masalaSi analizirdeba  mxolod garkveuli raodenobis 

minarevebi – ZiriTadad isini, romlebic mavne gavlenas axdenen Tvisebebze. 

ZiriTadad warmoebis mier gamoSvebul produqciaSi analizirdeba 15 – 20 

elementi. 

   sufTa masalebSi minarevis Semcvelobis an koncentraciis gamosaxatavad 

sargebloben  procentebiT masis mixedviT - masuri %. xSirad am mizniT 

sargeboben aRniSvniT 𝑝𝑝𝑚 (𝑝𝑎𝑟𝑡  𝑝𝑒𝑟  𝑚𝑖𝑙𝑖𝑜𝑛) - erTi nawili milionze: 1 

𝑝𝑝𝑚 = 1 ∙  10−4% (masis mixedviT) an 𝑝𝑝𝑏 (𝑝𝑎𝑟𝑡  𝑝𝑒𝑟  𝑚𝑖𝑙𝑖𝑜𝑛) 

erTi nawili miliardze: 1 𝑝𝑝𝑏 = 1 ∙  10−7% (masis mixedviT). 

   saerTo sisufTavis aRsaniSnavad gamoiyebneba simbolo 𝑁, romelic 

aRniSnavs cxrianebis  raodenobas. magaliTad, aRniSvna 3𝑁 miuTiTebs, rom 

masala  Seicavs masis mixedviT 99,9% ZiriTad masalas, 5𝑁5 - 99,9995 % (masis 

mixedviT) da a.S. am SemTxvevaSi sidide 𝑁 miiReba  100% - dan   

gaanalizebuli minarevebis jamis gamoklebiT. sisufTavis aseTi gamosaxva 

aSkarad arasakmarisia, vinaidan ar asaxavs limitirebuli minarevebis  

raodenobas sufTa masalaSi.  

   sufTa masalebi moiTxoven maTTan muSaobis garkveuli wesebis dacvas, 

raTa ar moxdes maTi daWuWyianeba. Masalis Tvisebisagan gamomdinre isini 

SeiZleba inaxebodnen darCiliul kvarcis, minis, polieTilenis ampulebSi 

an qilebSi. 

  Pplastmasis saxuravi unda uzrunvelyofdes srul hermetulobas. 

darCilul ampulebSi ZiriTada inaxeba advilad daJangvadi masalebi, 

magaliTad dariSxani. Aam SemTxvevaSi darCilvis win ampulidan amotumbaven  

haers an aavseben inertuli airiT. maRali sisufTavis masalis  naWrebis 

taris kedlebTan xaxunis asacileblad taras avseben nominaluri 

moculobis 90 – 95 % - iT. Am pirobis Sesruleba darCiliuli ampulisaTvis 

SeuZlebelia vinaidan darCilvisas gaxurebam SeiZleba masSi myofi masala 

daazianos, amitom ampulaSi mirCilvis mxridan svamen specialur masala, 

romelic  darCilvis Semdeg xels SeuSlis masalis xaxuns taris  

kedlebTan.  

   ampulas ekroba etiketi, roelzedac datanilia monacemebi masalis 

Sesaxeb. 

   taridan amoRebis Semdeg sufTa maalebi moiTxoven gansakuTrebuli 

wesebis dacvas, romlebic reglamentirebulia Sesabamisi instruqciebiT. am 

masalebTan arasworma  moqcevam SesaZloa isini ise gaaWuWyianos, rom maT 

Semdgom gamoyenebas azri ar hqondes. 

   masalis gaWuWyianebis seriozuli wyaroa samuSao SenobaSi myofi mtveri 

da haeri. Qalaqis  haeri Seicavs didi raodenobis naxSirwylebs da 

gogirdis naerTebs, romelTa koncentraciac 0,15 g/m3 Seicavs. haerSi aseve 
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aRmoCenilia zeTebisa organuli siTxeebis  orTqli. oTaxis haerSi  aseve 

SeiZleba iyos qsovilebis boWkoebis kvali, liTonebisa da organuli 

masalebis nawilakebi, romelTa wyaroa tansacmelis da oTaxSi myofi avejis 

cveTa. 

   wvrili mtveri, romelic xasiaTdeba maRali sorbciuli TvisebebiT , 

STanTqavs didi  raodenobiT  airebsa da wylis orTqls. Termuli 

damuSavebisas  isini gamoiyofian  aparaturis moculobaSi da seriozulad 

aWuWyianeben masalas. 

   gaangariSebebma aCvenes, rom  vakuumirebuli ampulis Siga mxares 

dagrovili mtvris monomolekulurma  fenam SeiZleba vakuumis xarisxi 

gaauaresos ori rigiT. Yyovelive amis gamo saWiroa Senoba uzrunelyofili 

iyos iseTi mowyobilobebiT, romlebic uwrunveyofen Sesabamis sisufTaves. 

Tu amis SesaZlebloba ar aris saWiroa specialuri boqsebis gamoyeneba, 

romelTa SigniTac tardeba yvela saWiro operacia.  

   

3. ZiriTadi da damxmare masalebi. naxevargamtaruli SenaerTebis 

komponentebi da malegirebeli elementebi 

 
   Nnaxevargamtari  masalebis teqnologiaSi malegirebel elemetebad 

gamoyenebul masalebs  gaaCniaT  sxvadasxva dnobis temperaturebi orTqlis 

wnevebi. 

   maRali siusfTavis alumini farTod gamoiyeneba malegeribel elemetad. 

is aseve warmoadgens komponents zogierTi naxevargamtaruli masalisa da 

maTi myari xsnarebisaTvis. Eleqtronul xesawyoebSi maRali sisufTavis  

gamoiyeneba alumini gamoiyeneba eleqtronul-xvrelur kontaqtebad 

eleqtronuli gamtarobis mqone masalebze, mikrosqemebis elementebis 

dasamzadeblad, kondensatorebis firfitebisaTvis da a.S. 

   maRali sisufTavis alumini mdgradia wyalSi. Kkoncentrirebuli 

azotmJava  oTaxis temperaturaze ver xsnis mas, xolo ganzavebuli – xsnis. 

gogirdmJava sustad reagirebs aluminTan, marilJava ki saerTod ar 

moqmedebs masze.  mlRobi da azotmJavas narevSi alumini nela ixsneba. 

Tuteebi aqtiurad moqmedeben aluminze wyalbadisa da wyalSi xsnadi 

aluminatebis warmoqmniT. 

   Aluminis ZiriTadi fiziko – qimiuri Tvisebebia: dnobis temperatura – 

660,20𝐶; simkvrive 200𝐶 - ze 2,25 g/sm3. 

   tenian haerSi Senaxvsisa da haerze gaxurebisas  alumini  iJangeba. magram 

mis zedapirze warmoqmnili Txeli, mtkice firi metals icavs  Semdgomi 

daJangvisagan. 

   gamdnari alumini Zalian aqtiuria – advilad  iJangeba  da reagirebs  

mraval liTonTan da sxva masalebTan. temperaturis gazrda zrdis gamdnari 

aluminis reaqciis unars. Aase magaliTad 10000𝐶 - ze zemoT alumini 
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SesamCnevad reagirebs grafitTan da kvarcTan. Aamitom konteineris masalis 

SerCeva maRali sisufTavis aluminis gasadnobad seriozuli amocanaa. Aam 

mizniT saukeTeso Tvisebebi gaaCniaT alundas da aluminis  nitrids. 

   maRali sisufTavis bori  farTod gamoiyeneba malegirebel elementad 

siliciumisa da germaniumisaTvis, agreTve rogorc naxevargamtaruli 

SenaerTis komponenti. 

  Aarsebobs boris ori saxis  modifikacia: amorfuli da kristaluri. 

Boris dnobis temperaturaa - 20000𝐶. amorfuli boris simkvrivea 1,73, 

kristaluris  2,34 da Txevadis (dnobis temperaturaze) 2,08 g/sm3. 

   Cveulebriv temperaturebze bori inertulia. is ar  reagirebs wyalTan, 

ar iJangeba  haerze da ueTdeba sxva elemetebs. marilmJavasa da  mlRobi  

mJavas  xsnarebi  ar  reagireben borTan duRilis drosac ki;  

koncentrirebul da gogirdmJavasTan bori  iJangeba  bormJavamde, xolo 

koncentrirebul tuteebSi ixsneba wyalbadis  gamoyofiT, xolo 

koncentrirebul  tuteebSi ixsneba wyalbadis gamoyofiT.  

  maRali sisufTavis bismuti gamoiyeneba naxevargamtari masalebis 

teqnologiaSi  ZiriTadad rogorc naxevargamtari SenaerTis an maTi myari 

xsnarebis komponenti. 

  bismutis dnobis temperaturaa 2710𝐶, simkvrive – 10,07 g/sm3. 

  oTaxis temperaturaze bismuti mdgradia, rogorc tenian aseve mSral 

haerze. wyalsa da marilmJavaSi  bismuti ar ixsneba, magram azotmJavasa da 

koncentrirebul gogirdmJavaSi  kargad ixsneba. 

   maRali sisufTavis  galiumi naxevargamtari masalebis teqnologiaSi 

gamoiyeneba aqceptorul  minarevad da komponentad mravali 

naxevargamtarul SenaerTSi da maT myar xsnarebSi. Galiumis dnobis 

temperatura dabalia 28,90𝐶., simkvrive – 5,92 g/sm3.  

   maRali sisufTavis galiumi mdgradia wylis mimarT da  kargad  ixsneba 

mJaveebSi. Mwvave tuteebSi is nela ixsneba wyalbadis gamoyofiT. 

   mSral haerze oTaxis temperaturaze bismuti ar iJangeba, xolo  

temperaturis gazrdiT iwyeba intensiuri daJangva, romelic temperaturis 

Semdgomi  gazrdiT sul ufro intensiuri xdeba. 

   grafiti naklebad sveldeba galiumiT  kvarcTan SedarebiT. 

   maRali sisufTavis  indiumi naxevargamtari masalebis teqnologiaSi 

gamoiyeneba aqceptorul  minarevad da komponentad mravali 

naxevargamtarul SenaerTSi da maT myar xsnarebSi. Gindiumis dnobis 

temperaturaa 156,40𝐶., simkvrive – 7,98 g/sm3.  

   Tavisi qimiuri TvisebebiT indiumi axlosaa galiumTan, magram misgan 

gansxvavebiT ar ixsneba tuteebSi. civ ganzavebul mJaveeebSi indiumi sustad 

ixsneba, xolo  gaxurebisas xsnadoba izrdeba. 

   maRali sisufTavis kadmiumi ZiriTadad gamoiyeneba rogorc SenaerTis 

komponenti da iSviaTad, rogorc malegirebeli masala. 
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  kadmiumis dnobis temperaturaa 320,90𝐶, simkvrive 8,17 g/sm3. 

  mSral Hhaerze  kadmiumi ifareba Jangeulis muqi feniT, magram Jangis fena 

siRrmeSi ar vrceldeba. Hhaerze gaxurebisas kadmiumi iJangeba  𝐶𝑑𝑂 

warmoqmniT. 

   gamdnari  kadmiumi  maRal temperaturebzec ki ar xsnis grafits. Amdenad 

grafiti saukeTeso sakonteinero  masalaa kadmiumis gasadnobad. 

   dariSxanis dnobis temperaturaa  8170𝐶, simkvrive – 5,73 g/sm3. 

   dariSxans oTaxis temperaturaze gaaCnia SedarebiT dabali qimiuri 

aqtivoba. wyalSi is ar ixsneba. azotmJavaSi, mduRare tuteebSi dariSxani 

iJangeba.  marilJava dariSxanze moqmedebs Zalian sustad. 

   haerze Senaxvisas dariSxani  nela iJangeba, ifareba ra Jangeulis feniT. 

  KmaRali sisufTavis kala gamoiyeneba naxevargamtari masalebis 

malegirebel  (aqceptorul) masalad da komponentad zogierT 

naxevargamtar  SenaerTSi. Eleqtronul xelsawyoebSi kalas farTod 

iyeneben sarCilav nivTierebad da eleqtroduli SenaerTebis fuZed. 

  Kkalis dnobis temperaturaa 231,90𝐶, simkvrive ki – 7,30 g/sm3. 

   Cveulebriv temperaturebze kala Zalian mdgradi elementia. wyalTan ar 

reagirebs, xolo ganzavebul mJaveebSi Zalian nela ixsneba . 

koncentrirebul  marilmJavasa da azotmJavaSi ixsneba Zalian swyafad. 

   haerze oTaxis temperaturaze kala TiTqmis ar iJangeba, rac imis Sedgia, 

rom mis zedapirze warmoqmnil  Jangis Zalian Txel fenas damcavi  Tviseba 

gaaCnia.  Temperaturebze, romlebic gacilebiT aRemateba dnobis 

temperaturas, kala SesamCnevad iJangeba da warmoqmnis 𝑆𝑛𝑂2 Jangs. 

   azotTan da naxSirbadTan kala arcerT temperaturze ar urTierTqmedebs 

da amitom grafits iyeneben sakonteinero masalad maRaltemperaturuli 

procesebis dros. Ggarda amisa konteinerad gamoiyeneba alundi, kvarci da 

uJangavi foladi. 

   maRali sisufTavis  vercxliswyali  gamoiyeneba rogorc  komponenti 

naxevargamtarul SesaerTebSi da maT myar xsnarebSi. zogjer 

vercxliswyals iyeneben aqceptorul minarevad germaniumSi. 

  myari  vercxliswylis simkvrive 38,850𝐶 temperaturaze Seadgens 13,69 g/sm3, 

xolo Txevadis 200𝐶 - ze 13,55 g/sm3. vercxliswylis dnobis temperaturaa  -

38,870𝐶. 
   vercxliswyali dabalaqtiuri qimiuri elemetia. Mmasze OoTaxis 

temperaturaze ar moqmedebs ganzavebuli gogrdmJava da marilJava, aseve 

tuteebi. Ggaxurebisas vercxliswyali advilad ixsneba azotmJavasa da 

koncentrirebul gogirdmJavasTan. 

  maRali sisuTavis tyvia gamoiyeneba komponentad naxevargamtarul 

SenaerTebsa da myar xsnarebSi, aseve malegirebel minarevebad. 

  tyviis dnobis temperaturaa 327,40𝐶, simkvrive – 11,34 g/sm3. 
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   1300𝐶 - ze zemoT gaxurebisas tyvia iJangeba. 

   maRali sisufTavis gogirdi gamoiyeneba komponentad naxevargamtarul 

SenaerTebsa da maT myar xsnarebSi. 

   gogirdis dnobis temperaturaa 1190𝐶. gogirds gaaCnia ori modifikacia 

𝛼 simkvriviT 2.07 g/sm3, da 𝛽 modifikacia simkvriviT 1,96 g/sm3. Pirveli 

modifikacia yvelaze stabiluria: yvela sxva cdilobs gadavides masSi. 

   gogirdi aqtiuri elementia. Ggaxurebisas urTierTqmedebs liTonebis 

umravlesobasTan qmnis sulfidebs. marilmJavaSi ixsneba. azotmJava da 

koncentrirebuli gogirdmJava 3000𝐶 - ze reagirebs gogirdTan da miiReba 

naerTi 𝑆𝑂2. 

   HmaRali sisufTavis  tyvia gamoiyeneba komponentad naxevargamtarul 

SenaerTebsa da myar xsnarebSi. stibiumi  erT-erTi mTavari elementia, 

romelic farTod gamoiyeneba donorul minarevebad naxevargamtarul 

masalebSi. 

   stibiumis  dnobis  temperaturaa  6300𝐶,  xolo simkvrive – 6,69 g/sm3. 

Cveulebriv temperaturebze ar urTierTqmedebs  wyalTan. 

    maRali sisufTavis  telurs gaaCnia naxevargamtaruli Tvisebebi: 

akrZaluli zonis sigane Sedagens 0,35 ev, eleqtrogamtaroba oTaxis 

temperaturaze tolia – 2 – 4 omi-1 sm-1, eleqtronebis Zvradobaa 1700, xolo 

xvrelebis – 1200 sm2/v∙wm, magram damoukideblad is naxevargamtarul 

teqnikaSi ar gamoiyeneba. 

  Nnaxevargamtari masalebis teqnologiaSi teluri gamoiyeneba mravali 

naxevargamtaruli SenaerTebis da maTi xsnarebis komponentad.  

  teluris dnobis teperaturaa 4500𝐶, kristaluri teluris simkvrivea 6,25 

g/sm3, amorfulis – 6,15 g/sm3. aRsaniSnavia, rom dnobisas teluris moculoba 

izrdeba 15% - iT. 

  teluri gogirdTan SedarebiT naklebaqtiuria. is xsneba tuteebSi, 

urTierTqmedebs azotmJavasa da gogirdmJavasTan. 

   haerze teluri mdgradia. Gaxurebisas qmnis teluris orJangs, romelic 

Zalian mdgradia, misi aorTqlebadoba gacilebiT naklebia TviT teluris 

aorTqlebadobaze. 

   maRali sisufTavis wiTeli fosfori  gamoiyeneba naxevargamtar 

masalaTa teqnologiaSi rogorc ZiriTadi komponenti mravali 

naxevargamtaruli masalis sinTezisaTvis. wiTeli fosfori gamoiyeneba 

difuziuri 𝑝 − 𝑛 gadasasvlelis Sesaqmnelad. wiTeli fosforis dnobis 

temperaturaa 5970𝐶, simkvrive – 2,30 g/sm3.  

   wiTeli fosfori aqtiuri nivTierebaa. Ggaxurebisas 2600𝐶 - ze is 

aldeba, gaaCnia piroforuli Tvisebebi (xaxunisa da dartymisas aldeba). 
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   maRali sisufTavis cinki naxevargamtar masalaTa teqnologiaSi 

gamoiyeneba mravali naxevargamtaruli SenaerTis da myari xsnaris 

komponentad da malegirebel elementad. 

   dnobis temperaturaa  419,50𝐶, simkvrive – 7,13 g/sm3. 

   cinki aqtiuri elementia, kargad ixsneba tuteebsa da mJaveebSi. 600 −

7000𝐶 temperaturebze cinki energiulad Slis wylis orTqls. cinki 

advilad  aRadgens mraval qloridsa da Jangeuls.  

  Eeleqtronuli teqnikis masalebis teqnologiaSi gansakuTrebuli 

yuradReba eqceva konteineris masalis sworad SerCevas. Kkonteineruli 

masalebi ori saxisaa: dabaltempraturuli (gamoiyeneba hidrometalurgiul 

procesebSi, maRali sisufTavis masalebTan urTierTobisas, sxvadsxva 

mowamvlis operaciebisaTvis, Bboqsebis, milebis da sxva dasamzadeblad) da 

maRaltemperaturuli (tigelebi, navebi, kamerebis kedlebi da sxva). 

   mokled SevexoT sakontineiro masalebis Tvisebebs. 

   organuli  mina – ufero, gamWvirvale  plastmasa. Mdgradia spirtis, 

zeTis, wylis da tuteebis mimarT, magram ixsneba aromatul naxSirwylebSi, 

magaliTad benzolSi. gamoiyeneba iseTi moculobebis dasamzadeblad, 

romlebic moiTxoven gamWvirvalobas. 

  viniplasti – poliqlorviniliani plastmasa narinjisferi Seferilobis. 

qimiurad ufro mdgradia vidre orgmina. maqsimaluri muSa temperaturaa 

800𝐶. 
   polieTileni – maRalmolekuluri  parafini. Garegnulad gavs parafins. 

mdgradia mJaveebis  (garda kocentrirebuli azotmJavisa) da tuteebis 

mimarT. maRal temperaturebze kargavs mdgradobas koncentrirebuli 

azotmJavas mimarT. Ggaxurebisas polieTeleni Savdeba, kargavs meqanikur 

simtkices. 

  ftoroplasti – polimeruli plastmasa. gaaCnia TeTri feri. Zalian 

mdgradia yvela cnobili agresiuli garemos mimarT. 

  Kkvarcis mina – siliciumis orJangi - 𝑆𝑖𝑂2. garegnulad TiTqmis ar 

gansxvadeba Cveulebrivi minisagan. gaaCnia maRali qimiuri mdgradoba 

TiTqmis yvela mJavas mimarT, gamonaklisia mlRobi mJava. 

  Kkvarcs gaaCnia Zaqlian dabali siTburi gafarToebis koeficienti (5 ∙ 10-7 

grad-1 oTaxis temperaturaze da 1,1 ∙ 10-8 grad-1 12000𝐶 - ze), amitom advilad 

itans temperaturaTa sxvaobebs, ase magaliTad  12000𝐶 - mde gaxurebul 

kvarcs Tu CavuSvebT yinulian wyalSiDis ar daimsxvreva. kvarcs gaaCnia 

Zalian dabali siTbogamtaroba.  

  Kkvarci myife masalaa, temperaturis gazrdisas 12000𝐶 - mde misi 

meqanikuri Tvisebebi 50 – 60 % -iT izrdeba. 

  Kkvarci mniSvnelovan rols TamaSobs eleqtronuli teqnikis masalebis 

teqnologiaSi rogorc sakonteinero, aseve samuSao kamerebis 

sakonstruqcio masala. 
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   kvarcis dabali qimiuri aqtivobis gamo misgan mzaddeba mravali 

WurWeli romelSic xdeba agresiuli nivTierebebis damzadeba-Senaxva. 

   kvarcis maqsimaluri samuSao temperaturaa 15000𝐶. 

   grafiti naxSirbadis erT-erTi alotropiuli saxesxvaobaa. Mas gaaCnia 

maRali qimiuri mdgradoba: marlmJavas, gogirdmJavas, mlRobi mJavas da 

sxvebis  mimarT. Mraval organul gamxsnelTan, gamdnar tuteebTan da 

umravles liTonebTan grafiti ar urTierTqmedebs. Gamonaklisia alumini, 

volframi, bori, siliciumi,molibdeni, tantali da sxva. 

  masalaTa teqnologiaSi grafiti gamoiyeneba winaRobis Rumelebis, 

maRalsixSiruli Rumelebis, ekranebis da sxva iseTi detalebis 

dasamzadeblad, romlebsac uwevT muSaoba maRali temperaturis, dabali 

wnevebis, inertuli da agresiuli airebis atmosferoSi. Ggrafitisgan 

amzadeben tigelebs, qimiur Wiqebs, navebs da a.S. grafitis maqsimaluri muSa 

temperaturaa 25000𝐶. 

   eleqtronuli teqnikis masalaTa teqnologiaSi gamoiyeneba sxvadasxva 

saxis airebi rogorc damxmare masalebi. yvelaze xSirad gamoiyeneba 

wyalbadi, argoni, heliumi. 

   maRali sisufTavis wyalbadi gamoiyeneba rogorc masalebis qloridebisa 

da Jangeulebis aRmdgeni, rogorc gadamtani airi. wyalbadTan muSaobisas 

unda gvaxsovdes, rom garkveul pirobebSi maRal temperaturaze is SeiZleba 

reaqciaSi Sevides zogierT elementTan da Seqmnas airadi hidridebi. 

wyalbadi aseve SeiZleba gaixsna gamdnar liTonSi. 

   maRali sisufTavis argoni da heliumi gamoiyeneba  damcav atmosferod 

monokristalebis gazrdisas. sufTa argoni aseve gamoiyeneba specialur 

boqsebSi damcav atmosferod sufTa masalebTan muSaobisas. 

 

 

4. Mminarevis ganawilebis  koeficientis cneba. Mmisi saxeebi. 

kavSiri maT Soris. Sxvadasxva faqtorebis gavlena  ganawilebis 

wonasworul da efeqtur koeficientebze. Masalis gawmenda 

normaluri kristalizaciiT.  Masalis gawmenda zonuri  

gadakristalebiT. 

 

rogorc praqtikam aCvena, mxolod qimiuri meTodebiT SeuZlebelia 

masalis saWiro sisufTavis miRweva. gasufTavebisas gamoyenebuli qimiuri 

reaqtivebi TviTon Seicaven minarevis garkveul raodenobas da aWuWyianeben 

gasawmend masalas. 
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naxevargamtari masalebis sisufTavis gasazrdelad damuSavebul da 

danergil iqna gawmendis kristalizaciuri meTodebi: normaluri mimarTuli 

kristalizacia da zonuri gadakristaleba. 

   normaluri mimarTuli kristalizacia mdgomareobs SemdegSi: navSi 

moTavsebul gasawmend masalas aTavseben cilindruli formis RumelSi da 

mas adnoben, Semdeg navi gamoyavT Rumelidan da iwyeba masalis gamyareba 

ise, rom myari faza izrdeba da Sesabamisad Txevadi mcirdeba Rumelidan 

navis gamosvlasTan erTad. (nax. 6). am dros minarevebi Tavs iyrian 

gamyarebuli zodis TavSi an boloSi. 

 

nax. 6. normaluri mimarTuli kristalizaciis 

 procesis sqema: 

       1 _Rumeli; 2 _ navi; 3 _ Txevadi faza; 4 _ myari faza. 

   zonuri gadakristalebis SemTxvevaSi (nax. 7) navSi moTavsebuli zodis 

gaswvriv gadaadgileben cilindrul Rumels, romlis siganec ramdenjerme 

naklebia gasawmendi zodis sigrZeze. Rumelis temperatura imdenad maRalia, 

rom is qmnis daaxloebiT zonis siganis gamdnar zonas, romlis 

gadaadgilebac zodis erTi bolodan meorisaken iwvevs minarevis gadasvlas 

zodis marcxena an marjvena boloSi. 

 

nax. 7. zonuri gadakristalebis procesis sqema: 

1 _ Rumeli; 2 _ navi; 3 _ Txevadi faza; 4 _ gadakristalebuli faza; 5 _ 

myari faza. 
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   minarevis Semcveloba zodSi zonis yoveli gavliT garkveul zRvramde 

mcirdeba. 

   normalurma mimarTulma kristalizaciam, miuxedavad misi sakmaod kargi 

efeqturobisa, naxevargamtari masalebis gawmendis saqmeSi farTo gamoyeneba 

ver hpova, vinaidan erTi ciklis Semdeg saWiroa kristalis gamoReba 

danadgaridan, gaWuWyianebuli nawilis moWra da sufTa nawilis navSi isev 

CatvirTva procesis gasameoreblad. es aZvirebs gawmendis process da xels 

uwyobs gasawmendi masalis gaWuWyianebas gadatvirTvisa da Semdgomi 

gadadnobis dros. yovelive zemoTqmulis gamo, zonuri gadakristaleba 

warmoadgens gawmendis farTod gavrcelebul kristalizaciur meTods, 

romelic mravali masalis Rrma gawmendisaTvis gamoiyeneba. 

   naxevargamtar masalaTa gawmendis aRniSnuli meTodebi gamoiyeneba 

gasufTavebis saboloo stadiaze minarevebis Zalze mcire raodenobis 

mosacileblad da agreTve monokristalebis gasazrdelad. amasTan erT 

procesSi SeiZleba Catardes rogorc gawmenda ise monokristalis gazrda. 

es ki mosaxerxebelia vinaidan erTi procesidan meoreze gadasvla, rogorc 

wesi dakavSirebulia masalis gaWuWyianebasTan. 

   naxevargamtari masalebis gawmendis kristalizaciur meTodebs 

safuZvlad udevT ZiriTadi nivTierebis Txevad da myar fazebSi minarevis 

sxvadasxva xsnadoba, amitom wonasworobaSi myofi Txevadi da myari fazebis 

Semadgenlobebi gansxvavebulia. es aris ZiriTadi piroba, romelic 

uzrunvelyofs minarevebis gadanawilebis SesaZleblobas nadnobis 

gamyarebis dros. 

   nadnobis kristalizaciisas minarevebisagan masalis gawmendis 

efeqturobis Sesafaseblad gamoiyeneba ganawilebis koeficienti, romelic 

warmoadgens myar fazaSi gaxsnili minarevis koncentraciis Sefardebas 

Txevad fazaSi minarevis koncentraciasTan. 

 

                           (1) 

 

   minarevis koncentraciebi orive fazaSi SeiZleba gamosaxul iqnas 

sxvadasxva erTeulebSi % (masis mixedviT), % (at.) an %(mol.) indeqsi 0 

niSnavs, rom K wonasworul pirobebs Seesabameba da amitom mas ganawilebis 

wonasworuli koeficienti ewodeba, ganawilebis koeficients zogadad 

SeiZleba hqondes Semdegi mniSvnelobebi: a _ wonasworuli pirobebis 

Sesabamisi; b _ erTis toli; g _ K0-sa da erTs Soris. amasTan es sidide 

SeiZleba iyos rogorc erTze meti ise erTze naklebi. Tu ganawilebis 
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koeficienti erTze metia maSin minarevis xsnadoba myar fazaSi metia 

minarevis sxnadobaze Txevad fazaSi da nax. 1, 2-ze gamosaxul SemTxvevebma 

minarevebi grovdebiani zodis marjvena boloSi, xolo Tu erTze naklebia 

minarevis xsnadoba myar fazaSi naklebia minarevis xsnadobaze Txevad 

fazaSi da minarevebi grovdebian zodis marcxena boloSi. Tu ganawilebis 

koeficientis mniSvneloba erTis tolia maSin minarevebis gadanawilebas 

saerTod ara aqvs adgili. 

   nadnobis kristalizaciiT gawmendis praqtikaSi ganxorcielebul 

procesSi ganawilebis koeficienti iSviaTad aRwevs Tavis wonasworul 

mniSvnelobas, Tumca garkveul SemTxvevebSi maT Soris gansxvaveba Zalian 

mcire SeiZleba iyos. ganawilebis koeficients, romelic gviCvenebs myar da 

Txevad fazebSi minarevebis koncentraciebs Soris damokidebulebas, 

kristalizaciis arawonasworul pirobebSi (kristalizaciis SedarebiT 

maRali siCqare da Txevadi fazis arasruli areva), ganawilebis efeqturi 

koeficienti ewodeba da aRiniSneba Kef simboloTi. 

   rogorc cnobilia, wonasworul pirobebSi kristalizacia imdenad nela 

mimdinareobs, rom nadnobSi gaxsnili minarevis koncentracia (CTx) 

erTnairia Txevadi fazis mTels moculobaSi (nax. 8, a), xolo gamyarebul 

fazaSi koncentracia Txevad fazaSi koncentraciis zustad K0 nawils 

Seadgens. Tu kristalizacia swrafad mimdinareobs, es debuleba ZalaSi ar 

aris. am SemTxvevaSi kristalizaciis fronti gadaadgilebis dros gaxsnil 

minarevebs ufro swrafad gandevnis, vidre igi nadnobis ZiriTad nawilSi 

moaswrebs difundirebas (roca K0<1). amitom kristalizaciis frontis win 

minareviT gamdidrebuli  Sre warmoiqmneba (nax. 8, b). gaxsnili minarevis 

koncentracia aq nadnobis ZiriTad nawilSi minarevis koncentraciaze metia, 

amitom pirveli da ara meore koncentracia gansazRvravs gamyarebul 

nawilSi minarevis raodenobas. 

   ganawilebis efeqturi da wonasworuli koeficientebi erTmaneTze 

damokidebulia bartonis, primis da slixteris gantolebiT. 

 

                                              (2) 

sadac    aris uganzomilebo sidide, romelsac kristalizaciis 

dayvanili siCqare ewodeba. igi Seicavs Kef-is ganmsazRvrel sam ZiriTad 

parameters: kristalizaciis siCqares f (sm/wm), kristalizaciis frontTan 

mimdebare minareviT gamdidrebul difuziuri Sris sisqes, romelic 
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damokidebulia nadnobis arevis xarisxze.  icvleba 10-3sm-dan (energiuli 

arevis) 10-1sm-mde (susti arevis SemTxvevaSi) da nadnobSi minarevis D (sm2/wm) 

difuziis koeficients. 

 

 

nax. 8. kristalizaciis moZravi frontis win arsebuli minarevis 

koncentracia kristalizaciis sxvadasxva pirobebisaTvis: 

  a _ wonasworuli pirobebi (kristalizaciis siCqare  

 umniSvneloa); b _ kristalizaciis garkveuli zRvruli  

                    siCqaris SemTxvevaSi 

 

gawmendis xarisxis gasazrdelad aucilebelia ganawilebis efeqturi 

koeficienti maqsimalurad mivuaxlovoT wonasworuls, amisaTvis ki saWiroa 

kristalizaciis siCqare f SevamciroT, marTlac (2) formulis analizi 

gviCvenebs, rom 

 

   roca f0,                                              (3) 

 

 

    roca f,                                           (4) 
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   Tu viciT da K0 sidideebi, SesaZlebelia gamovTvaloT Kef-is 

mniSvneloba, Tumca umetes SemTxvevaSi, am sidideebs iReben eqsperimentebis 

gziT, kristalizaciis konkretul pirobebSi. 

   gaTvlebma aCvenes, rom normaluri mimarTuli kristalizaciis procesis 

Catarebis Semdeg zodis gaswvriv minarevis ganawilebis gantolebas aqvs 

Semdegi saxe: 

 

            Cmy=K0C0(1-gmy)
K0 -1           (5) 

 

sadac C0 aris minarevis koncentraciis gawmendis procesis dawyebamde 

da iTvleba, rom is mudmivi sididea. 

  

 

sadac, mmy aris dakristalebuli zodis masa, xolo m0 

kristalizaciamde masa, e. i. gmy gviCvenebs dakristalebuli masa 

kristalizaciamde masis ra nawils Seadgens da mas gamyarebuli masis wili 

ewodeba. 

dakristalebuli zodis gaswvriv minarevis ganawileba gaTvlili 

wonasworuli koeficientis sxvadasxva mniSvnelobisaTvis mocemulia nax. 9-

ze. gaTvlisas daSvebulia, rom minarevis sawyisi koncentracia erTis 

tolia. 

rogorc naxazidan Cans mrudebis daxriloba da Sesabamisad gawmendis 

xarisxi miT ufro mniSvnelovnad izrdeba, rac metad gansxvavdeba K0 
erTisagan. 

zonuri gadakristalebis dros minarevis ganawileba zodis gaswvriv 

gamoisaxeba formuliT: 

 

 

                                                        (6)   

  es gantoleba saSualebas iZleva gamoviangariSoT minarevis koncentracia 

(Cmy) zodis gamyarebuli nawilis ganivkveTSi, zonis erTjeradi gavlis 

SemTxvevaSi, Tu cnobilia is erTnairia minarevis sawyisi koncentracia C0 

(iTvleba, rom gasawmendi zodis mTel sigrZeze), ganawilebis wonasworuli 

koeficienti K0 da gamdnari zonis sigane l. 
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nax. 9. minarevis ganawileba zodis gaswvriv normaluri   

     mimarTuli kristalizaciis procesisaTvis (K0-is           

                 sxvadasxva mniSvnelobisaTvis).                                                                   

 

  formula samarTliania 0<X<L-l intervalSi sadac L aris zodis mTliani 

sigrZe. 

   zonuri gadakristalebis gantolebiT aRwerili minarevis koncentraciis 

ganawileba gasufTavebul zodSi naCvenebia, nax. 10-ze. normaluri 

mimarTuli kristalizaciis dros minarevis ganawilebis mrudebisagan 

gansxvavebiT (nax. 9) zonuri gadakristalebis mrudebs K0<1 SemTxvevaSi aqvs 

amozneqili forma, maSasadame zonis erTi gavlis Semdeg gawmendis xarisxi 

naklebi iqneba. praqtikulad erTjeradi normaluri mimarTuli 

kristalizacia gawmendis efeqturobis TvalsazrisiT gamdnari zonis 3-4 

gavlis tolfasia. 

   arasakmao gawmenda, rac axasiaTebs zonur gadakristalebas erTi gavlis 

dros, SeiZleba gamosworebul iqnas procesis mravaljeradi ganmeorebiT, 

zonis gavlaTa ricxvis zrdiT. sasruli sigrZis zodis gaswvriv minarevis 

koncentraciis ganawilebis gamomsaxveli saerTo gantoleba zonis gavlis 

nebismieri ricxvisaTvis jer ar aris gamoyvanili. 

   nax. 11 - ze moyvanilia zonuri gadakristalebis procesis Catarebis 

Semdeg zodis gaswvriv minarevis miaxloebiTi naangariSevi ganawileba 

zonis gavlaTa sxvadasxva ricxvisaTvis. rogorc naxazidan Cans nimuSis 

gaswvriv zonis mravaljeradi gavlis Semdeg zodSi minarevis ganawileba 

miiswrafvis raRac zRvruli mniSvnelobisaken, romelic ukve aRar icvleba 

zonis Semdgomi gatarebiT. 
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nax. 10. zonuri gadakristalebis procesisaTvis zonis  

  erTi gavlis dros minarevis ganawileba zodis gaswvriv      

                     (K0 sxvadasxva mniSvnelobisaTvis) 

 

naxazidan Cans, rom gamdnari zonis 9-jer gatareba iZleva minarevis 

TiTqmis saboloo ganawilebas. Tu gatarebaTa ricxvi naklebia imaze, rac 

iZleva saboloo ganawilebas, koncentraciuli mrudebi Sordebian saboloo 

ganawilebis mrudebs. ase magaliTad zonis 5-jer gavlis Semdeg minarevis 

koncentracia nimuSis bolo 40%-ze arsebiTad saboloo ganawilebas 

emTxveva. maSin nimuSis sawyis 60%-ze minarevis koncentracia gacilebiT 

metia zRvrul mniSvnelobaze. 

Zalian Znelia gaTvlil iqnas gamdnari zonis gavlaTa ricxvi, romelic 

saWiroa minarevis saboloo ganawilebis misa Rwevad, amitom gaangariSebis 

gasamartiveblad xmaroben Semdeg martiv gamosaxulebas. 
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- 

 

 

nax. 11. minarevis ganawileba zodis gaswvriv zonuri gadakristalebis 

procesisaTvis zonis gavlaTa sxvadasxva ricxvisaTvis K0=0,1 da l/L=1/5 

mniSvnelobebisaTvis.  

1, 2, 3, ... ,9 _ zonis gavlaTa raodenoba, 10 _ zonis gadaadgilebis 

mimarTuleba, 11 _ minarevis sawyisi ganawileba; 12 _ minarevis saboloo 

ganawileba 

 

5. Mmonokristalebis gazrda brijmen-stokbargeris meTodiT 

 

   Tanamedrove mikroeleqtronikaSi naxevargamtaruli xelsawyoebisa da ims 

dasamzadeblad gamoyenebul masalebs waeyenebaT mTeli rigi specifikuri 

moTxovnebi. pirvel rigSi minarevebis Semcveloba dasaSvebi mniSvnelobis 

toli unda iyos da maT unda gaaCndeT monokristaluri struqtura. 

ukanaskneli moTxovna ganpirobebulia imiT, rom polikristalur masalaSi 

marcvlebs Soris sazRvari Zalian Zlier zegavlenas axdens muxtis 

gadamtanebis moZraobaze, iwvevs eleqtruli muxtis nakadebSi 

arakontrolirebad cvlilebebs da mkveTrad auaresebs xelsawyoebis 

muSaobas. magram monokristalic SeiZleba Seicavdes didi raodenobiT 

defeqtebs, rac aseve uaryofiTad moqmedebs Sesabamisi xelsawyos 

parametrebze. ase magaliTad, dislokaciebi amcireben muxtis ZiriTadi 

gadamtanebis Zvradobas da araZiriTadi gadamtanebis sicocxlis 
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xangrZlivobas, p-n gadasasvlelis ukudenis sidides da a.S. am defeqtebis 

Tavidan asacileblad saWiroa Seiqmnas saTanado pirobebi monokristalis 

zrdis dros. es pirobebi dakavSirebulia zrdis meTodisa da reJimebis 

SerCevaze. 

monokristalis gazrda SeiZleba Catardes nadnobidan, orTqlis 

fazidan an nivTierebis Sesabamisi gamxsnelis xsnaridan kristalizaciiT. 

amJamad mikroeleqtronikaSi gamoyenebuli masalebis monokristalebis 

miReba ZiriTadad swarmoebs nadnobidan kristalizaciis meTodebiT. mokled 

SevexoT maT. 

zemoT ganxiluli normaluri mimarTuli kristalizaciis meTodiT 

nimuSis gawmendis garda SesaZlebelia naxevargamtari masalis 

monokristalis gazrda. normaluri mimarTuli kristalizaciiT 

monokristalis miRebis meTods brijmenis meTodsac uwodeben. es meTodi 

yvelaze martivia mimarTuli kristalizaciis meTodebs Soris da 

gansakuTrebiT farTod gamoiyeneba im SemTxvevaSi, rodesac myar fazaSi 

difuziuri procesebi gaZnelebulia, xolo nadnobSi igi sakmaod srulad 

mimdinareobs specialuri zomebis miRebis gareSe. 

cnobilia brijmenis meTodis ori varianti: horizontaluri da 

vertikaluri. nax. 12-ze naCvenebia vertikaluri variantis sqema. 

wawvetebuli konusuri Tavis mqone ampulaSi (konteineri), romelic 

damzadebulia ufro Zneldnobadi masalisagan vidre gasazrdeli kristalis 

nivTiereba, aTavseben gasazrdeli masalis polikristalur natexebs. 

ampulas amotumbaven da hermetizaciis Semdeg aTavseben RumelSi, romelsac 

axureben ise, rom ampulaSi myofi masala gadnes. amis Semdeg konteiners 

gadaadgileben ise, rom is TandaTan gamovides, zeda Rumelidan 

atmosferoSi an meore RumelSi romlis temperaturac naklebia gasazrdeli 

masalis dnobis temperaturaze (am SemTxvevaSi meTods xSirad brijmen-

stokbargeris meTodsac uwodeben). am dros adgili aqvs konteineris 

gacivebas im bolodan, romelic gamova zeda Rumelidan. konteineris 

wawvetebul nawilSi Caisaxeba kristalizaciis centri, kristalizaciis 

fronti gadaadgildeba Txevadi fazis mimarTulebiT da kristali TandaTan 

daikavebs mTels konteiners. 

   aRweril meTods simartivesTan erTad gaaCnia didi naklic, kerZod 

mzardi kristali imyofeba konteineris kedelTan kontaqtSi da imis gamo, 

rom naxevargamtari masalebis didi nawili xasiaTdeba aramWidro wyobis 

struqturebiT (liTonebisagan gansxvavebiT, isini gamyarebisas 

farTovdebian) gamyarebisas mzardi kristali awveba konteineris kedels da  
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nax. 12. brijmen-stokbargeris meTodiT monokristalis miRebis sqema:  

1 _ konteineri; 2 _ Txevadi faza; 3 _ myari faza; 4 _ zeda Rumeli; 

5 _ qveda Rumeli; 6 _ tixari 

 

cxadia TviTonac ganicdis aseTive dawolas kedlidan, yovelive amis gamo 

kristalSi warmoiqmneba mniSvnelovani meqanikuri Zabvebi, rac iwvevs 

   kristalSi sxvadasxva saxis defeqtebis gaCenas. uares SemTxvevaSi 

SesaZlebelia kristali daimsxvres kidevac. aRwerili movlena sakmaod 

Serbilebulia orzoniani Rumelis gamoyenebis SemTxvevaSi. 

   nax. 13-ze naCvenebia brijmen-stokbargeris meTodiT gazrdili DySb 

monokristalis suraTi. 

 

 

 

nax. 13. brijmen-stokbargeris meTodiT miRebuli DySb 

                 monokristalis saxe 
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     brijmenis meTodiT TiTqmis SeuZlebelia mTels konteinerSi erTi 

kristalis gazrda. nax. 14 - ze sqematurad naCvenebia SnTe zemoT moyvanili 

kristalis ganivkveTi misi Sesabamisi momwavlelebiT damuSavebis Semdeg. 

rogorc naxazidan Cans gazrdili masala Seicavs sami sxvadasxva 

orientaciis kristals. 

 

 

 

 

nax. 14. brijmen-stokbargeris meTodiT gazrdili SnTe monokristalis 

ganivkveTis saxe qimiuri damuSavebis Semdeg 

M 

 

6. monokristalebis gazrda Coxralskis meTodiT 
 

   gacilebiT maRali xarisxis monokristalebi miiReba nadnobidan amowevis 

meTodiT, romelsac Coxralskis meTodsac uwodeben (nax. 15). 
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   procesi tardeba 1 hermetul kameraSi, romelSic Seqmnilia vakuumi an 

inertuli airis atmosfero. 

 

 

 

nax. 15. Coxralskis meTodiT monokristalis gasazrdeli  

                      danadgaris sqema: 

1 _ hermetuli kamera; 2 _ gamaxurebeli; 3 _ zeda Woki; 4 _ tigeli;  

        5 _ nadnobi; 6 _ sadedi; 7 _ sarkmeli; 8 _ qveda Woki 

 

   gasazrdeli masala Tavsdeba qveda Wokze damagrebul tigelSi, romelic 

ganTavsebulia 2 gamaxurebeli ujredis SigniT, romlis rolsac Zalian 

xSirad asrulebs winaRobis Rumeli (mag: grafitis gamaxurebeli) an 

maRalsixSiruli induqciuri gaxurebis wyaro. 7 zeda Wokis qveda boloze 

magrdeba 6 monokristaluri sadedi. rogorc zeda ise qveda Woks SeuZlia 

nebismieri mimarTulebiT brunva da gadaadgileba vertikalurad. 

  procesi Semdegnairad tardeba: guldasmiT mowamlul, garecxil da 

gaSrobil masalas CatvirTaven tigelSi da qveda Wokis meSveobiT 

ganalageben saxurebel ujredSi saWiro simaRleze. 7 zeda Wokis qveda 

boloze dafiqsirebuli sadedi warmoadgens mcire zomis monokristals, 

romelic gamoWrilia im masalis monokristalisagan, ra masalis gazrdac 

surT. unda aRiniSnos, rom arsebobs samecniero Sromebi, romlebSic 

aRwerilia SemTxvevebi, roca sadedis masala da gasazrdeli kristalis 

masala gansxvavebulia. yovelive amis Semdeg axdenen kameris amotumbvas 
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saWiro vakuumis Seqmnamde. procesi SeiZleba Catardes vakuumSi an inertuli 

airis atmosferoSi, am ukanasknel SemTxvevaSi airi kameraSi SeyavT 

amotumbvis procesis dasrulebis Semdeg. saxurebel ujredze simZlavris 

TandaTanobiT gazrdiT tigelSi moTavsebul masalas adnoben da garkveuli 

drois ganmavlobaSi gadaxurebul mdgomareobaSi ayovneben. es aucilebelia 

nadnobis gawmendisaTvis maTSi gaxsnili minarevebisagan, ZiriTadad 

Jangeulebisagan, romlebic aucileblad faraven CatvirTuli masalis 

zedapirs, imisaTvis, rom Tavidan iqnas acilebuli aqroladi naerTebisa da 

minarevebis monokristalur sadedze dajdoma, mizanSewonilia nadnobis 

winaswari gaxurebisas sadedis miyvana gaxurebul zonaSi nadnobis 

sarkesTan. maSin, roca nadnobis sarke gaiwmindeba, CarTaven temperaturis 

avtomaturi regulirebis sistemas, romelic nadnobis temperaturas miiyvans 

im donemde, romelic cotaTi aRemateba masalis dnobis temperaturas. 

sadeds nela miiyvanen nadnobis sarkesTan, masTan kontaqtis damyarebamde da 

zeda Woks maSinve gaaCereben (kontaqtis momentis damzera SeiZleba 

vizualurad an SeiZleba misi dafiqsireba avtomaturi mowyobilobiT). 

tigelis mdebareobam gamaxureblis mimarT, gamaxureblis konfiguraciam da 

tigelis brunvam unda uzrunvelyos nadnobSi temperaturis saTanado 

ganawileba, romlis drosac yvelaze civi wertili moTavsebuli iqneba 

nadnobis sarkis centrSi. am wertilis temperatura ramdenadme maRali unda 

iyos masalis dnobis temperaturaze. tigelis kedlis temperatura mTeli 

procesis ganmavlobaSi masalis dnobis temperaturaze maRali unda iyos, es 

saWiroa tigelis kedlebze parazituli kristalizaciis Tavidan 

asacileblad. sadeds da gadaxurebul nadnobs  Soris kontaqtis 

damyarebis Semdeg, sadedi modneba da gamyofi sazRvari nadnobi-sadedi 

moTavsebuli aRmoCndeba nadnobis sarkis zemoT (nax. 16). gamyofi sazRvris 

simaRle damokidebulia nadnobis gadaxurebasa da sadedis gavliT wyliT 

gacivebadi Wokisagan siTbos mocilebis pirobebze.  

   nadnobis cilindruli svetis maqsimaluri simaRle miiRweva maSin, 

rodesac am svetis wona tolia gamyof sazRvarze moqmedi zedapiruli da 

Wimulobis Zalebis. 

                   2ПRn=hTxПR2g                 (7) 

   sadac n aris zedapiruli daWimulobis koeficienti, R _ nadnobis svetis 

radiusi; h _ nadnobis svetis simaRle; Tx _ siTxis simkvrive; g _ simZimis 

Zalis aCqareba. 
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nax. 16. gamyofi sazRvris mdebareoba Coxralskis meTodiT  

                monokristalis gazrdis dros 

 

   Wokebis brunvis meqanizmis CarTvis Semdeg (tigeli nadnobiT da sadedi 

urTierTsawinaaRmdego mimarTulebiT brunaven), awarmoeben zeda-sadediani 

Wokis gadaadgilebas zemoT. monokristalis gazrdis procesi ramdenime 

etaps moicavs: 

1. mzard kristalze `welis~ (`yelis~) warmoqmna; 

2. `diametrze gasvla~. 

   mzard kristalze `welis~ warmoqmna saSualebas iZleva Tavidan iqnas 

acilebuli SemTxveviT Casaxuli kristalebis zrda (nax. 17). garda amisa 

amisa `weli~ amcirebs sadedSi arsebuli dislokaciebis gadasvlis 

SesaZleblobas mzard kristalSi. 

`diametrze gasvla~ niSnavs mocemuli orientaciis mqone 

monokristalis gazrdas saWiro diametramde, ris Semdegac xorcieldeba 

monokristalis zrda. monokristalis zrdis siCqare sididiT naklebia 

vidre `welis~ gamoyvanisas kristalizaciis siCqare. 

nax. 18-ze naCvenebia Coxralskis meTodiT gazrdili SnTe 

monokristalebis saxe. 
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nax. 17. xelsayrelad orientirebuli kristalis zrdis uzrunvelyofa 

`yelis~ warmoqmniT Coxralskis meTodis  

                       ganxorcielebisas: 

1 _ tigeli; 2 _ `yeli~; 3 _ xelsayrelad orientirebuli kristali;  

                        4 _ nadnobi; 5 _ sadedi 

 

   Coxralskis meTods monokristalebis gazrdis sxva meTodebTan 

SedarebiT gaaCnia mTeli rigi upiratesobebi; kristalis formireba xdeba 

Tavisufal garemoSi, ise rom is ar ganicdis araviTar meqanikur 

zemoqmedebas konteineris kedlebisagan; mzardi kristalis zomebi SeiZleba 

Tavisuflad Seicvalos mowyobilobis konstruqciis farglebSi. 

temperaturis cvlileba nadnobSi da gamyof sazRvarze SeiZleba 

ganxorcieldes operatoris survilisamebr (magaliTad: tigelis 

mdebareobis SecvliT gamaxureblis mimarT, sxvadasxva ekranebis dayenebiT, 

damatebiTi Rumelebis damontaJebiT da a.S.). kristalis amowevis da brunvis 

siCqareebi ganisazRvreba operatoris mier, romelsac saSualeba aqvs  

vizualurad daakvirdes zrdis process. yvelaferi es saSualebas iZleva 

erTmaneTTan Sedarebul iqnas zustad fiqsirebuli zrdis pirobebiT 

miRebuli monokristalebis Tvisebebi da SerCeul iqnas zrdis optimaluri 
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nax. 18. Coxralskis meTodiT gazrdili SnTe monokristalebis  

                             saxe 

 

pirobebi. yovelive zemoTqmulis gamo Coxralskis meTodi warmoadgens 

srulyofili struqturisa da minarevis Tanabari ganawilebis mqone 

monokristalebis miRebis yvelaze gavrcelebul meTods. 

 

 

7.Nnaxevargamtari  masalebis legirebis teqnologia 

 
   Tanamedrove naxevargamtaruli xelsawyoebisa da integraluri 

mikrosqemebis teqnologiaSi erT-erTi bazuri procesia minarevebis 

kontrolirebadi Seyvana siliciumis kristalSi _ legireba.  

   siliciumis legirebas sxvadasxva minareuli atomebiT awarmoeben misi 

iseTi eleqtrofizikuri parametrebis Sesacvlelad rogorebicaa 

gamtareblobis tipi, kuTri winaRoba, muxtis arawonasworuli gadamtanebis 

sicocxlis xangrZlivoba.  

   planarul teqnologiaSi siliciumis legirebisaTvis gamoiyeneba ori 

meTodi: minarevebis difuzia da minarevis aCqarebuli ionebis Canergva _ 

ionuri implantacia. ganvixiloT TiToeuli maTgani cal-calke.  
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7.1. difuziis cneba. fikis kanonebi 

    

   difuzia, ufro sworad heterodifuzia an qimiuri difuzia warmoadgens 

siTburi moZraobis Sedegad minarevis atomebis Tanmomdevno gadaadgilebis 

process kristalur meserSi.  

  amJamad iTvleba, rom myar kristalur sxeulebSi da maT Soris 

naxevargamtarebSi difuzia ganpirobebulia maTSi wertilovani defeqtebis 

arsebobiT. kristaluri mesris nebismier atoms SeuZlia SeiZinos energia, 

romelic mniSvnelovnad aWarbebs atomebis saSualo konetikur energias, 

gadalaxos mezobeli atomebis mier Seqmnili potenciuri barieri da 

gadaadgildes Tavisi pirveladi wonasworuli mdgomareobidan meoreSi. 

amasTan Tu kristaluri mesris yvela mezobeli kvanZi dakavebulia, mas 

SeuZlia ganTavsdes mxolod kvanZebs Soris. e.i. erTdroulad adgili aqvs 

Tavisufali kvanZis-vakansiis da kvanZTaSoris atomis warmoqmnas (nax. 19, a) 

am tipis defeqtebs ewodeba defeqtebi frenkelis mixedviT. kristalis 

zedapirze myofma atomebma SeiZleba miiRon iseTi energia, rom mowydnen 

zedapirs, ris gamoc maT adgilze gaCndeba vakansiebi, romlebic SeiZleba 

Semdgom gadaadgildnen kristalis siRrmeSi. defeqtebi Tavisufali 

kvanZebis _ vakansiebis saxiT atareben Sotkis defeqtebis saxels. (nax. 19, b).  

 

nax. 19. wertilovani defeqtebi kristalebSi: 

a _ frenkelis mixedviT; b _ Sotkis mixedviT  

 
mendeleevis perioduli sistemis III da V jgufis elementebi 

koncentraciis gradientis arsebobisas kristalSi gadaadgildebian ise, 

rom ikaveben vakansiebis adgilebs _ e.w. difuziis vakansiuri meqanizmi (nax. 
20, a). es minarevebi qmnian Canacvlebis myar xsnarebs. perioduli sistemis 

sxva jgufis, magaliTad I da VII elementebisaTvis, damaxasiaTebelia 

difuziis kvanZTaSorisi meqanizmi. (nax. 20, b).  
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nax. 20. naxevargamtaris kristalSi minarevis difuziis  

                      meqanizmebi   

 

   difuziis procesebi aiwereba fikis pirveli da meore kanonebiT.  

   fikis pirveli kanoni axasiaTebs erTi nivTierebis atomebis meoreSi 

SeRwevis siCqares am atomebis droSi mudmivi nakadebisa da maTi 

koncentraciebis gradientis SemTxvevaSi.  

 

              J=-D grad N                      (8)  

   sadac N aris minarevis atomebis koncentracia, J _ minarevis atomebis 

nakadis simkvrive e.i. minarevis atomebis raodenoba, romlebic drois 

erTeulSi gaivlian erTeul farTSi; D _ difuziis koeficienti.   

  am kanonis mixedviT Tu raime garemoSi arsebobs minarevebis araTanabari 

ganawileba (koncentraciis gradienti) am SemTxvevaSi warmoiqmneba minarevis 

atomebis mimarTuli difuziuri nakadi, romelic cdilobs gaaTanabros 

koncentraciebi.  

   minarevis difuziis siCqare kristalis sxvadasxva kristalografiuli 

mimarTulebebiT _ sxvadasxvaa e.i. adgili aqvs anizotropias. Cveulebriv 

pirobebSi es anizotropia sustia, gansakuTrebiT kuburi simetriis 

mesrebSi, romlebsac ekuTvnis siliciumi. garda amisa im temperaturebze, 

romlebzedac atareben difuziis process atomebis upiratesi gadaadgileba 

yvelaze `xelsayreli~ mimarTulebiT gadafarulia brounis uwesrigo 

siTburi moZraobiT.  

koncentraciis gradients moculobiTi difuziis SemTxvevaSi gaaCnia 

sami mdgeneli koordinatTa RerZebis mixedviT. Tu difuziis siRrme 

gacilebiT naklebia im farTis ganiv zomebze, romlebSic xdeba difuzia da 

davuSvebT, rom difuzia mimdinareobs mxolod erTi _ X RerZis 

mimarTulebiT, maSin fikis erTganzomilebian gantolebas aqvs Semdegi saxe  
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                                                     (9) 

 

 

aq  aris minarevis koncentraciis gradienti x RerZis mimarTulebiT.  

fikis meore kanoni gansazRvravs gaxsnili minarevis dagrovebis 

siCqares nebismier sibrtyeSi, romelic marTobulia difuziis mimarTulebis.  

erTganzomilebian SemTxvevaSi  

 

                                                      (10) 

  

sadac     aris difundirebadi nivTierebis koncentraciis cvlileba 

drois mixedviT. 

am formulaSi gaTvaliswinebulia difuziis koeficientis 

damokidebuleba minarevis koncentraciisagan. Tu difuziis koeficienti 

SeiZleba CaiTvalos mudmivad, maSin gveqneba  

                                                                                   

                                                      (111) 

 

es daSveba samarTliania umravles praqtikul SemTxvevaSi. difuziis 

koeficienti damokidebulia temperaturaze, Semdegi TanafardobiT  

                                                      (12) 

  

sadac D0 aris mudmiva romelic difuziis koeficientis tolia 

usasrulod maRal temperaturaze; E _ difuziis aqtivaciis energiaa, K-

bolcmanis koeficienti K=8,6167.10-5 ev/K. T-absoluturi temperatura.  

winaswar dasaxuli parametrebis mqone struqturebis misaRebad 

aucilebelia naxevargamtarSi minarevebis ganawilebis xasiaTis codna, 

romelic Tavis mxriv damokidebulia procesis Catarebis pirobebze.  

arCeven difuziis or ZiriTad SemTxvevas: difuzia minarevis usasrulo 

wyarodan da difuzia minarevis sasruli wyarodan.  

minarevis usasrulo wyarodan difuziis SemTxvevaSi naxevargamtaris 

moculobaSi Sesuli minareuli atomebis raodenoba tolia zedapirze 
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mosuli minareuli atomebis raodenobis. am SemTxvevaSi gantolebis 

amonaxsns sawyisi da sasazRvro pirobebisaTvis  

Nx,t=0,   roca  t=0 

Nx,t=N0,  roca  t>0  da  x=0 

aqvs Semdegi saxe 

                                                                           

                                                     (13) 

  

aq erfc warmoadgens cdomilebaTa integralis erTamde damatebis 

funqcias. X aris minarevebis naxevargamtarSi SeRwevis siRrme.  

                                               

                                                      (14) 

 

    sadac                                            (15)     

 

minarevis sasruli wyarodan difuzias adgili aqvs maSin, rodesac 

minarevis sawyisi raodenoba Tavmoyrilia naxevargamtaris Zalian Txel 

zedapirul fenaSi da tolia Q,  xolo garedan damatebiT minareuli 

atomebis miwodebas adgili ara aqvs. am SemTxvevaSi sawyisi da sasazRvro 

pirobebi ase Caiwereba  



























 Q Tu

0 da Tu

0 da Tu

 da Tu

Q
0

tx,

tx,

tx,

dxNt0

dx

dN
  t0 0x

N ,x  0t

0N 0,x  0t

                                                        (16) 

am SemTxvevaSi difuziis gantolebebis amonaxsns aqvs saxe 











Dt

x
NN otx

4
exp

2

,
                                                          (17)      

     sadac,         
Dt

N


Q
0                              (18) 

difuziis procesze mravali faqtori axdens gavlenas. minarevis 

difuziis movlena mWidrod aris dakavSirebuli erTi nivTierebis meoreSi 
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zRvrul xsnadobasTan. yvela fazaSi zRvruli xsnadoba es aris myar tanSi 

elementis koncentraciis maqsimaluri SesaZlo mniSvneloba nebismier 

temperaturaze. myar fazaSi xsnadoba gansazRvravs mocemuli tipis 

minarevis koncentraciis zeda zRvars. difuzantis maqsimaluri 

koncentracia naklebi unda iyos maqsimaluri xsnadobis zRvarze. difuziis 

procesze gavlenas axdens naxevargamtaris kristaluri struqtura da 

zedapiris sisufTave.  

7.2. difuziis Catarebis teqnika 

   mas Semdeg rac gadasasvlelebis Sesaqmnelad minarevis naxevargamtarSi 

difuziuri Seyvanis procesi pirvelad iqna gamoyenebuli P-N dRemde 
mimdinareobs misi srulyofis procesi. is mimarTulia difuziuri fenebis 
iseTi ZiriTadi parametrebis aRwarmoebadobis gasazrdelad, rogorebicaa _ 

minarevis zedapiruli koncentracia da sisqe, maTi regulirebis diapazoni, 
agreTve Catarebuli procesis saerTo Rirebulebis Semcireba.  
   xSirad minarevis lokaluri difuziis process atareben or stadiad. 

pirvelad firfitis zedapirze qmnian SedarebiT Txel difuziur fenas 

minarevis maRali koncentraciiT, amis Semdeg firfitas axureben 

atmosferoSi, romelic ar Seicavs minarevs, am dros xdeba minarevis 

gadanawileba zedapiruli fenidan firfitis siRrmeSi. difuziis am meTods 

gaaCnia upiratesoba erTstadian difuziasTan SedarebiT: ukeTesad 

xorcieldeba misaRebi difuziuri fenis parametrebis kontroli da 

mikrosqemebis aRwarmoebadoba, vinaidan winaswari porveli stadia tardeba 

SedarebiT dabal temperaturaze da amitom mniRbavi (damcavi) fena 

SesaZlebelia ufro Txeli iyos erTstadian difuziasTan SedarebiT.  

   cnobilia difuziuri procesis Catarebis ori meTodi: difuzia daxurul 

moculobaSi (boqs-meTodi) da difuzia Ria milSi.  

   daxurul moculobaSi difuziis procesis Catarebis sqema naCvenebia nax. 

21-ze.  

winaswar qimiurad damuSavebuli kvarcis ampulis 3 erT boloSi 

aTavseben siliciumis firfitebs 1, romlebSic unda iyos Seyvanili 

Sesabamisi minarevi. ampulis meore mxares aTavseben 2 minarevis natexebs. 

ampulas amotumbaven da ganrCilaven, ris Semdegac aTavseben RumelSi 4. 

Rumels axureben saTanado temperaturamde da awarmoeben difuziur 

gamowvas saWiro drois ganmavlobaSi.  
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nax. 21. daxurul moculobaSi difuziis procesis Catarebis  

                            sqema:  

1 _ siliciumis firfita; 2 _ minarevis wyaro; 3 _ kvarcis ampula;  

                             4 _ Rumeli 

 

nax. 22. (a,b,g)-ze naCvenebia Ria milSi difuziis procesis Catarebis 

sqemebi.  

 

 

 

 

 

 

       a) 

 

       b) 

 

       g) 

 

 

 

nax. 22. Ria milSi difuziis procesis Catarebis sqema: 

1 _ siliciumis firfita; 2 _ milis gamosasvleli; 3 _ gadamtani airi; 4 

_ difuzanti; 5 _ Rumeli; 6 _ mili; 7 _ barboteri; 8 _ airis nakadis  

gamzomi; 9 _ onkani;  
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    a _ variantis SemTxvevaSi siliciumis 1 firfitaze winaswar, raime 

meTodiT daaqvT, minarevis fena, ris Semdegac mas aTavseben milSi 6 da am 

ukanasknelSi atareben 3 airs (Ar, N2 da sxva) da axureben 5 Rumels.  

   b _ variantis ganxorcielebisas minarevis (fosforis) wyaros 

warmoadgens PCl3 siTxe 4, romelic Casxmulia 7 _ barboterSi, masSi 

gadamtani airis _ N2 ~10 sm3/wT gavlisas PCl3 orTqli gadaitaneba 5 RumelSi. 

6 milSi Sedis kidev airis ori nakadi: azotis ZiriTadi nakadi 1000 sm3/wT 

siCqariT, da Jangbadis nakadi ~15 sm3/wT siCqariT. Jangbadis nakadi saWiroa 

minarevis Jangeuls warmosaqmnelad. milSi saTanado temperaturaze 

mimdinareobs Semdegi reaqciebi  

                                        4PCl3+5O2=2P2O5+6Cl2                                 (19) 

       2P2O5+5Si=5SiO2+4P                                     (20) 

   rogorc vxedavT reaqciis Sedegad warmoiqmneba elementaruli minarevi 

(P) da siliciumis orJangi. reaqciis produqtebi da aseve SiO2 Senadnobi 

PP2O5-Tan qmnis fosforo-silikatur minas Semdegi reaqciiT.  

      4P2O5+XSiO24P2O5
.XO2                                       (21) 

  warmoqmnili mina Txeli fenis saxiT faravs siliciumis firfitis 

zedapirs da imyofeba ra Txevad mdgomareobaSi, warmoadgens minarevis 

saSualedo wyaros, romelic siliciumis firfitas miewodeba ufro 

Tanabrad. garda amisa minis fena siliciumis firfitas icavs 

aorTqlebisagan da gareSe nawilakebis moxvedrisagan.  

   minarevis Txevadi wyarodan difuziis nakls warmoadgens is garemoeba, 

rom rogorc TviTon wyaroebi ise reaqciis produqtebi momwamvleli 

nivTierebebia.  

   g _ varianti iTvaliswinebs minarevad myari wyaros gamoyenebas. rogorc 

naxazidan Cans am SemTxvevaSi gamoiyeneba ori Rumeli 5 romelTa 

meSveobiTac damoukideblad iqmneba ori temperaturuli zona. marjvena _ 

difuziis zonaSi aTavseben siliciumis firfitebs 1, xolo marcxena _ 

wyaros zonaSi aTavseben minarevis wyaros, Cvens SemTxvevaSi P2O5, difuziis 

zonaSi, romlis sigrZea ~300 mm qmnian 900-11000C temperaturas, xolo 

minarevis wyaros zonaSi, romlis sigrZea 60 mm 215-3000C temperaturas, ufro 

maRal temperaturebze P2O5 orTqleba Zalian swrafad, xolo ufro dabalze 

adgili aqvs cud aRwarmoebadobas. milSi 6 atareben airis nakads ~1500 

sm3/wT siCqariT. airis daniSnulebaa minarevis Semcveli orTqlis gadatana 

minarevis wyaros zonidan difuziis zonaSi sadac mimdinareobs  reaqciebi. 

unda aRiniSnos, rom aRwerili meTodis ganxorcielebis SemTxvevaSi 

SeuZlebelia yvela teqnologiuri parametris saimedo gakontroleba. 

pirvel rigSi es exeba wylis orTqls, romelsac Zlier STanTqavs 
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forforis anhidridi _ P2O5. praqtikulad SeuZlebelia minarevis wyaros 

zonaSi wylis orTqlis gauWuWyianebeli P2O5 moTavseba. wylis orTqlis 

arseboba minarevis wyaroSi mniSvnelovnad zrdis minarevis Si firfitaze 

zedapiruli koncentraciis fantvas, rac warmoadgens minarevis myari 

wyarodan difuziis meTodis ZiriTad nakls. am naklisagan Tavisufalia 

zemoT aRwerili difuziis meTodi orTqlis fazidan.  

 

8.3 ionuri implantacia 

   ionuri implantacia warmoadgens minarevis ionizirebuli atomebis 

Canergvis process myarsxeulovan fuZeSreSi. ionur implantacias 

difuziasTan SedarebiT gaaCnia mTeli rigi upiratesobebi. erT-erTi maTgani 

mdgomareobs imaSi, rom minarevis Seyvana siliciumis firfitaSi 

SesaZlebelia ufro dabal temperaturebze. amasTan Canergili minarevebis 

ganawilebis profili da koncentracia SesaZlebelia daregulirebul iqnas 

erTmaneTisagan damoukideblad. garda amisa ionuri implantaciis dros 

minarevis koncentracia ar aris SemosazRvruli, ise rogorc amas adgili 

aqvs difuziis procesis ganxorcielebisas, rodesac es koncentracia 

SemosazRvrulia minarevis zRvruli xsnadobiT difuziis Sesabamis 

temperaturaze.  

ionuri implantaciis naklia minarevis ionis ara Rrma SeRweva 

fuZeSreSi. magaliTad boris da fosforisaTvis is Seadgens ~0.2-0.4 mkm. es 

ki aucilebels xdis ionuri implantaciis procesis gamoyenebas legirebis 

difuziur procesebTan erTad.  

nax. 23 -  ze naCvenebia ionuri implantaciis danadgaris sqema.  

 

        nax. 23. ionuri implantaciis danadgaris sqema:  

1 _ minarevis wyaros kamera; 2 _ TermokaTodi; 3 _ magnituri mas-

analizatori; 4 _ samiznis kamera; 5 _ samiznis firfita;  

                  6 _ samiznis gamaxurebeli.    
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   minarevis ionebis wyaros warmoadgens vakuumuri kamera 1, romelSic 

Seqmnilia 1,33.10-3 pa gaiSviaTeba. kameraSi xdeba malegirebeli minarevis 

ionizacia. ionizirebadi nivTierebebi, romlebic Seicaven saWiro minarevs 

SesaZlebelia imyofebodnen myar an airad mdgomareobaSi. magaliTad 

fosforis ionebis misaRebad SesaZlebelia gamoyenebuli iyos P2O5 an PF5, 

boris ionebis misaRebad airi BF3. malegirebeli minarevebis orTqlis 

ionizacia xdeba 2 TermokaTodis mier emitirebuli eleqtronebiT. dadebiTi 

ionebis eqstragireba maTi warmoqmnis ubnidan xdeba uaryofiTad damuxtuli 

mafokusirebeli zondiT. aCqarebuli da fokusirebuli ionebis nakadi 

xvdeba 3 magnituri mas-speqtrometris magnitur velSi, romelic aiZulebs 

ionebs imoZraon rkalze romlis R radiusi ganisazRvreba magnituri velis 

daZabulobiT H, amaCqarebeli ZabviT V da ionis masiT M. 

q

MU

H
R

21


                     (22) 

   amrigad sxvadasxva masis ionebi imoZraveben sxvadasxva traeqtoriiT. Tu 

ionebis Tavdapirvel konaSi ZiriTadi minarevebis ionebis garda, arseboben 

sxva gareSe minarevebis ionebic moxdeba maTi separireba masis mixedviT da 

ZiriTadi minarevis ionebi Seikribebian erT konaSi, romelSic ukve gare 

minarevis ionebi aRar iqnebian. ionebis separireba masis mixedviT 

uzrunvelyofs ionuri imlantaciis erT-erT upiratesobas difuziasTan 

SedarebiT, kerZod Casanergi minarevis Zalian maRal sisufTaves. samiznis 

kameraSi 4 gaTvaliswinebulia fuZeSris (samiznis) 5 gaxureba 6 

gamaxurebliT.  

ionuri implantaciis reJimebis gansazRvrisas ZiriTadi parametrebia 

aCqarebuli ionebis energia da dasxivebis doza. Tu ionis muxtia q, xolo 

amaCqarebeli Zabva U maSin ionis mier SeZenili energia gamoiTvleba 

formuliT 

                   E=qU,j                             (23) 

Cveulebriv ionizaciis jeradoba n=1,2,3 amitom  

                   q=ne                                                               (24) 

sadac e eleqtronis muxtia.  
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   dasxivebis doza es aris samiznis firfitis erTeulovani farTis 

mabombardirebeli ionebis raodenoba mocemul droSi. vTqvaT firfitis 

erTeul farTze t droSi daeca Q sididis muxti maSin dasxivebis doza 

iangariSeba formuliT 

2m

ioni
,

q
N

Q
                   (25)    

magram Q=jt kl/m2   (31) sadac j ionuri denis simkvrivea, amitom  

2m

ioni
,

ne

jt
N                     (26) 

viciT, rom e=1.6.10-19 k xolo praqtikaSi Q ganzomilebaa mkk/sm2 maSin  

2sm

ioni
,1025.6 12

n
N

Q
            (27) 

   SevniSnoT, rom ionuri implantaciis dros legirebis profili 

regulirdeba ionebis energiiT (E), xolo minarevebis koncentracia _ 

dasxivebis doziT (N).  

   ionuri implantaciis dros implantirebuli ionebi mravalgzis ejaxebian 

samiznis atomebs da eleqtronebs, ris gamoc isini kargaven Tavis energias 

da Cerdebian. am Sejaxebebis gamo samiznis masalaSi Cndeba wertilovani 

defeqtebi da zogierT SemTxvevaSi SesaZlebelia gaCndes amorfuli ubnebic 

ki. garda amisa legirebul fenaSi muxtis Tavisufal matarebelTa 

koncentracia Canergili ionebis koncentraciaze naklebia, rac 

eqsperimentalurad dadgenilia izotopebis Canergvis meTodiT. Canergili 

ionebi SesaZlebelia ganTavsdnen rogorc kristaluri mesris kvanZebSi ise 

kvanZTaSoris. mxolod kvanZebSi ganTavsebuli ionebi qmnian muxtis 

Tavisufal gadamtanebs, maSin rodesac kvanZTaSoris ganTavsebuli ionebi 

eleqtrul aqtivobas ar avlenen.  

ionuri legirebis Semdeg gaCenili defeqtebis koncentraciis 

Sesamcireblad awarmoeben naxevargamtaruli firfitebis gamowvas, romelic 

mdgomareobs legirebuli firfitis gaxurebaSi garkveul temperaturamde 

da am temperaturaze dayovnebaSi garkveuli drois ganmavlobaSi. gamowvis 

temperatura da xangrZlovoba damokidebulia dasxivebis dozaze. rac 

maRalia doza miT meti temperaturaa saWiro gamosawvavad. 

8.4. legirebuli fenebis maxasiaTeblebis Seswavlis meTodebi 

   legirebuli fenebis ZiriTadi parametrebia fenis eleqtrowinaRoba, p-n 

gadasasvlelis siRrme, minarevis zedapiruli koncentracia.  
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   legirebuli fenis kuTri winaRoba izomeba oTxzondiani meTodiT. 

amisaTvis siliciumis firfitis zedapirze erTi wrfis gaswvriv erTnair 

manZilze ganalageben oTx zonds. gare zondebSi gaatareben dens, xolo 

Siga zondebiT zomaven Zabvis vardnas kompensaciuri meTodiT (nax. 24). Tu 

legirebuli fena firfitis mxolod erT mxaresaa is garkveuli miaxloebiT 

SeiZleba ganxilul iqnas, rogorc usasrulod mcire sisqisa da 

SemosazRvruli zomebis mqone fena, maSin Siga zondebs Soris Zabvis vardna 

iangariSeba formuliT  

 5.0ln2ln
22

ln
2

ln
2












SS IR

S

S

S

SIR
U        (28) 

 

I

U
RS 5324.4

                        (29) 

   sadac Rs fenis kuTri winaRobaa, S _ zondebs Soris manZili. Tu fenas 

SemosazRvruli zomebi aqvs, rogorc amas adgili aqvs siliciumis realuri 

firfitebisaTvis legirebuli feniT, ricxviTi koeficienti  formulaSi 

gaiangariSeba nimuSis geometriuli zomebis gaTvaliswinebiT.  

 

 

 

 

 

 

 

 

 

 

nax. 24. kuTri winaRobis gazomvis sqema oTxzondiani meTodiT 
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p-n gadasasvlelis siRrmis dasadgenad yvelaze farTod gamoiyeneba 

meTodi, romlis arsi mdgomareobs siliciumis firfitaSi daxrili, 

sferuli an cilindruli Slifis Seqmnasa da Slifis ubanze qimiuri 

reagentebis zemoqmedebaSi, romlebic sxvadasxva Seferilobas aZleven 

eleqtronuli da xvreluri gamtareblobis ubnebs.  

nax. 25-ze naCvenebia firfitis ganivkveTi daxrili (a) da sferuli (b) 

Slifebis SemTxvevaSi.  

 

nax. 25. firfitis ganivkveTi daxrili (a) da sferuli (b) Slifis  

                           SemTxvevaSi  

  mcire 1-50 daxris kuTxeebis mqone daxrili Slifebis damzadeba 

saSualebas iZleva gafarToebul iqnas sakvlevi difuziuri ubani. am 

SemTxveveaSi p-n gadasasvlelis siRrme iangariSeba formuliT 

                                                 d0=dtg                                              (30) 

   sferuli Slifis dasamzadeblad iyeneben liTonis 30-100 mm diametris 

sferos, romelic brunavs legirebuli firfitis zedapirze ise, rom 

Sexebis adgils ganuwyvetliv miewodeba abraziuli suspenzia. warmoqmnili 

sferuli Rrmuli ufro Rrma unda iyos vidre p-n gadasasvlelis siRrme. am 

SemTxvevaSi p-n gadasasvlelis ganlagebis siRrme iangariSeba formuliT 

            R

dD
d

2

1

4

22

0




                       (31)              
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p-n gadasasvlelis gamosavlen momwamvlelad yvelaze xSirad 

gamoiyeneba narevi, romelic Sedgeba koncentrirebuli mlRobi mJavas HF da 

0,1% HNO3-gan. am momwamvlelis gavleniT Slifis p-tipis ubani muqdeba, 

xolo n-tipis fers ar icvlis. 

legirebuli fena SesaZlebelia aproqsimirebul iqnas rogorc 

koncentracia mudmivia xolo fenebs Soris _ gansxvavebuli. oTxzondiani 

meTodiT zomaven zedapirul gamtareblobas nso, Semdeg gadaSlifaven 

calkeuli elementaruli fenebis erToblioba, romelTa sazRvrebSi 

minarevebis  mcire sisqis fenas da isev gazomaven zedapirul 

gamtareblobas ns. muxtis Tavisufali gadamtanebis saSualo koncentracia 

iangariSeba formuliT 

          




e
C SSo

i


                    (32) 

 aris muxtis gadamtanebis saSualo Zvradoba. 

Zvradoba  warmoadgens minarevis koncentraciis funqcias amitom (32) 

formula umjobesia amoixsnas ara Ci mimarT aramed Ci mimarT da Ci unda 

gaiTvalos Ci =f(Ci) mrudidan.  

8. sufTa polikristaluri siliciumis miReba da monokristalebis 

gazrda. siliciumis epitaqsiuri pirebis miReba 

 

E eleqtronul teqnikaSi farTod gamoiyeneba siliciumi. Siliciumi 

perioduli sistemis meoTxe jgufis elementia. Kristaldeba almasis tipis 

kubur meserSi. Mmesris parametri Seadgens 5,4297 Å  oTaxis temperaturaze. 

Siliciumis dnobis temperatura sakmaod maRalia da Seadgens siliciumi  

perioduli sistemis meoTxe jgufis elementia. Mmas gaaCnia almasis tipis 

kuburu meseri parametriT 5,49297 Å 200𝐶 tempertauraze. 

  oTaxis temperaturze siliciumi qimiurad mdgradia. wyalSi ar ixsneba. ar 

regirebs mraval mJavasTan., magram kargad ixsneba mlRobi da azotmJavas 

narevSi.   

   siliciumi mdgradia haerze 9000𝐶 - mde gaxurebisas. Aam temperaturaze 

zemoT intensiurad iJangeba da miiReba siliciumis orJangi. 

  sufTa polikristaluri siliciumi  miiReba ori meTodiT: 

1) misi haloiduri naerTebis -  qlorsilanebis (siliciumis tetraqloridi 

an triqlorsilani) aRdgena wyalbadiT; 

2). Hidridebis Termuli daSliT (ZiriTadad monosilani). 
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   meTodebis pirveli jgufi aiwereba saerTo formuliT: 

 

𝑆𝑖𝐶𝑙4 + 2𝐻2 = 𝑆𝑖 + 4𝐻𝐶𝑙 

𝑆𝑖𝐶𝑙3 + 𝐻2 = 𝑆𝑖 + 3𝐻𝐶𝑙 

 

E es meTodi gamoirCeva sawysi masalebis maRali sisufTaviT da aparaturis 

simartiviT. meTodis naklia – mcire gamosavlianoba procesis bolo etapze 

Termuli aRdgena; procesismaRali temperatura  da sawyisi da saboloo 

produqtebis maRali koroziuli  aqtivoba. Preqaciis Sedegad gamoyofili 

airadi  produqtebis gauvneblobis aucilebloba. 

  Mmonosilanis Termuli daSlis meTodis upiratesobaa sawyisi produqtis 

Zalian maRali sisufTaviT miRebis SesaZleblba, rac imis mizezia, rom 

hidridebi Zalian mcire raodenobis naerTebs qmnian elementebTan; garda 

amisa SesaZlebelia reaqciis Catareba SedarebiT dabal temperaturebze; 

maRali gamosavlianeba saboloo etapze – Termuli daSla; aparaturis 

koroziis  dabali done; peaqciis saboloo produqti ar moiTxovs 

specialuri zomebis miRebas. 

  meTodis naklia sawyisi produqtis – monosilanis dabali gamosavlianoba 

misi miRebis stadiaze. Yyovelive amis gamo polikristaluri siliciumis 

Rirebuleba gacilebiT maRalia vidre pirveli meTodis SemTxvevaSi.  

  meTodis naklia isic, rom monosilans axasiaTebs TviT aaleba haeris 

jangbadTan Sexebisas, rac am meTodas afeTqeba saSiSs xdis. Es nakli 

arsebiTia da amdenad meTodma farTo gamoyeneba ver hpova. 

  reaqcias Semdegi saxe aqvs: 

 

𝑆𝑖𝐻4 = 𝑆𝑖 + 2𝐻2 

   amJamad polikristaluri siliciumis udidesi raodenoba miiReba 

wyalbaduri aRdgeniT misi haloiduri SenaerTebidan. 

   Siliciumis moculobiTi monokristalebi miiReba Coxralskis meTodiT 

an zonuri gadakistalebiT.  Pirveli meTodi gamoiyeneba dabal omiani (ara 

umetes 250 omi ∙ sm) monokristalebis gasazrdelad, romlebsa gaaCniaT didi 

diametri (40 mm da meti). Mmeore meTods gamoyeneba aqvs maRalomiani (2000 

omi ∙ sm  da meti) SedarebiT dabali diametris (30 mm da naklebi). 

  Coxralskis meTodiT gazrdili monokristalebi Seicaven daaxloebiT 1 – 

2 rigiT met Jangbadis minarevebs (daaxloebiT 5 ∙ 1017 at/sm3) vidre utigelo 

zonuri gadakristalebiT miRebuli monokristalebi (daaxloebiT 1 ∙ 1017 

at/sm3). Ggarda amisa  utigelo zonuri gadakristaleba saSualebas iZleva 
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miRebul iqmnas Zalian sufTa monokristalebi, romlebic Seicaven 

arakontrolirebadi minarevebis minimalur raodenobas, romlebic 

Coxralskis meTodis gazrdisas gadadian siliciumSi kvarcis tigelidan. 

   Coxralskis meTodiT gazrdili monokristalebi kristalurad ufro 

srulyofilebi arian vidre zonuri gadakristalebiT miRebulebi. 

Miuxedavad amisa zonuri gadakristalebiT miRebul monokristalebSi 

dislokaciebis ganawileba ufro Tanabaria kristalis moculobaSi. 

  siliciumis epitaqsiurma firebma  farTo gamoyeneba hpoves rogorc 

naxevafabrikatebis (firfitebi 𝑝 − 𝑛  gadasasvleliT) aseve planaruli 

teqnologiiT xelsawyoebisa da integraluri sqemebis dasamzadeblad. 

  siliciumis epitaqsiuri zrda mimdinareobs siliciumis pirfitaze. sxva 

monokristaluri naxevargamtaris fuZeSreze siliciumis epitaqsiuri 

firebis gazrdis mcdelobam nayofi ar gamoiRo. Samagierod siliciumis 

epitaqsiuri firebi kargad izrdeba safironze, kvarcze, aluminis samJangze, 

korundze, beriliumis Jangze.  

  siliciumis epitaqsiuri firis misaRebi danadgari Sedgeba ori ZiriTadi 

nawilisagan: 

1).air-orTqlis miwodebis sistema da reaqtorisagan. 

   reaqtori warmoadgens kvarcis an liTonis reaqtors, romelSic 

ganlagebulia FuZeSris samagri, romelic xurdeba maRali sixSiris denebiT. 

Samagri dazadebulia molibdenis, grafitias, siliciumis orJangis an 

siliciumis karbidisagan.  

 

 

9. sufTa polikristaluri germaniumis miReba da misi monokristalebis 

gazrda. epitaqsiuri fenebis miReba 

 

   germaniumi perioduli sistemis meoTxe jgufis elementia. Mmas gaaCnia 

almasis tipis  kuburi meseri. oTaxis temperaturaze mesris parametri 

tolia 5,49297 Å, simkvrive ki Seadgens 5,35 g/sm3. Ggermaniumis dnobis 

temperaturaa  958,50𝐶.  

  oTaxis temperaturaze  germaniumi qimiurad mdgradia. wyalSi, romelic 

ar Seicavs Jangbads germaniumi praqtikulad ar ixsneba. marilmJavasa da 

ganzavebul gogirdmJavaSi germaniumi aseve ar ixsneba. azotmJavaSi oTaxis 

temperaturaze germaniumi mniSvelovnad ixsneba. 

  yvelaze xSirad germaniumis teqnologiisas gamoiyeneba orJangi da 

monoJangi, germaniumis  tetraqloridi, aseve tetraiodidi, romelic 

gamoiyeneba epitaqsiuri firebis misaRebad. 
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   𝐺𝑒𝑂2 SeiZleba iyos rogorc amorfuli aseve kristaluri. Aamorfuli 

orJangi miiReba gamdnari orJangis swrafi gacivebisas. Kkatalizatoris 

arsebobisas amorfuli mdgomareoba 10000𝐶 - mde gaxurebisas gadadis 

kristalur mdgomareobaSi, xolo 10350𝐶 - ze tetragonaluri modifikacia 

gadadis heqsagonalurSi. 

  Ggermaniumis polikristalebis miReba xdeba misi orJangis wyalbadiT 

aRdgeniT. Reaqciebs Semdegi saxe aqvs: 

 

𝐺𝑒𝑂2 + 𝐻2 = 𝐺𝑒𝑂 + 𝐻2𝑂 

𝐺𝑒𝑂 + 𝐻2 = 𝐺𝑒 + 𝐻2𝑂 

𝐺𝑒𝑂2 + 2𝐻2 = 𝐺𝑒 + 2𝐻2𝑂 

 

  Ees reaqciebi mimdinareobs mimdinareobs uwyveti moqmedebis milis formis 

reaqtorebSi. 

   maRali sisufTavis polikristaluri germaniumis miRebis ZiriTadi 

pirobaa maqsimaluri sisufTavis  uzrunvelyofa yvela operaciis 

Catarebisas. Ggamoyenebuli reaqtorebi damzadebuli unda iyos maRali 

sisufTavis masalisagan. wyalbadi, rogorc moreagire airi winaswar 

gawmendili unda iyos Sesabamisi meTodikiT. 

  wyalbadiT aRdgenili germaniumis orJangidan miRebuli polikristaluri 

germaniumidan (kuTri winaRobiT 20  omi ∙ sm) SemdgomSi gadis gawmendas 

kristalizaciuri meTodebiT. 

  Ggawmendis utigelo meTodma ver hpova Sesabamisi gavrceleba dabali 

warmadobis gamo. farTod gamoiyeneba tigeliani meTodi, rodesac 

gasawmendi masala Tavsdeba grafitis tigelSi, xolo tigeli kvarcis 

milSi, romelic amoitumbeba, aivseba inertuli airiT, wyalbadisa  da 

inertuli airis nareviT. Semdeg  maRalsixSiruli induqtoriT iqmneba 

gamdnari zona, romlis gadaadgilebiTac miiRweva gawmendis efeqti. G 

  aseTi meTodiT gawmendili germaniumis polikristalidan Coxralskis 

meTodiT zrdian monokristals, danadgarSi romelic gawyobilia kvarcis 

detalebiT. yelaze xsirad germaniumis monikristals zrdian [111] 

mimarTuelebiT, Tumca aris SemTxvevebi, rodesac zrda xdeba [100] an [211] 

mimarTulebiTac.  kristalis zrdis siCqare Seadgens  0,5 – 2,0 mm/wT. 

gazrdili monokristalis masa aRwevs 0,5 kg, xolo diametri 30 – 40 mm-ia. 

   orTqlis fazidan germaniumis epitaqsiuri firebis miRebam iseTi farTo 

gavrceleba ver hpova, rogorc siliciumisaTvis. Mmiuxedavad amisa am mizniT 

gamoiyeneba igive meTodika da aparatura rogoric siliciumisaTvis.. 

germaniumis epitaqsiuri fir miiReba germaniumis tetraqloridis aRdgeniT 

wyalbadiT: 
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𝐺𝑒𝐶𝑙4 + 2𝐻2 = 𝐺𝑒 + 4𝐻𝐶𝑙 
 

Procesis msvlelobisas Semcirebul temperaturebze nawilobriv 

mimdinareoben reaqciebi: 

 

𝑆𝑖𝐶𝑙4 + 𝐻2 = 𝐺𝑒𝐶𝑙2 + 2𝐻𝐶𝑙 

2𝐺𝑒𝐶𝑙2 = 𝐺𝑒 + 𝐺𝑒𝐶𝑙4. 

 

10. naxevargamtaruli araSladi da Sladi SenaerTebis miRebis meTodebi 

naxevargamtaruli SenaerTebi SeiZleba miRebuli iqnas yvela cnobili 

qimiuri reaqciiT: SeerTebis, Canacvlebis, daSlis, Jangva-aRdgenis da a.S. 

yvelaze xSirad gamoiyeneba SeerTebis reaqcia, kerZod sawyisi, winaswar 

gaangariSebuli raodenobis komponentebis Sednoba da SenaerTis Semdgomi 

kristalizacia nadnobidan. SenaerTebis sinTezis temperaturuli reJimebi 

ganisazRvreba im konkretuli sistemebis mdgomareobis diagramebidan, 

romelSic warmoiqmnebian naxevargamtaruli fazebi. 

imisdamixedviT, Tu ra sawyis komponentebTan gvaqvs saqme, 

naxevargamtaruli naerTebis miRebis ZiriTadi meTodebi dayofilia or 

jgufad: pirdapiri da arapirdapiri. 

pirdapir meTodSi, pirvelad produqtebad, misaRebi naerTis 

elementarul formaSi myof komponentebs iyeneben, romlebic ama Tu im 

agregatul mdgomareobaSi imyofebian. amasTan, naerTis sinTezi sawyisi 

komponentebis difuziuri an qimiuri urTierTqmedebis Sedegad 

xorcieldeba. 

sinTezis iseT meTods, rodesac naxevargamtaruli naerTis miRebis 

dros erT-erTi komponenti qimiur naerTs warmoadgens, arapirdapiri anu 

qimiuri meTodi ewodeba. 

ganvixiloT pirdapiri meTodiT naxevargamtaruli SenaerTis miReba, 

rodesac es SenaerTi xasiaTdeba disociaciis dabali wneviT (e.w. araSladi 

SenaerTi). am SemTxvevaSi SenaerTis sinTezi SeiZleba Catardes erT 

garkveul temperaturaze da amitom aseT sinTezs erTtemperaturulsac 

uwodeben. am meTodis ganxorcieleba martivia da is mdgomareobs SemdegSi: 

saWiro raodenobis winaswar gasufTavebul komponentebs aTavseben 
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konteinerSi (ampulaSi), saidanac amotumbaven haers da awarmoeben saTanado 

temperaturaze Sednobas. 

  erTtemperaturuli sinTezis meTodi erT-erTi yvelaze farTod 

gavrcelebuli da martivi meTodia naxevargamtaruli SenaerTebis miRebis 

meTodebs Soris, misi upiratesobebia: 

1. sinTezis dros steqiometriis miRwevis simartive (steqiometriuli 
Semadgenloba _ Semadgenloba romelic Seesabameba mocemuli SenaerTis 
formulas); 

2. komponentebis minimaluri danakargi; 
3. gamoyenebuli aparaturis simartive; 

4. komponentis siWarbisa da gareSe nivTierebebis ar arseboba, rac 

uzrunvelyofs miRebuli masalis maRal sisufTaves. 
   miuxedavad zemoT aRniSnulisa, meTods gaaCnia mTeli rigi, zogierT 

SemTxvevaSi seriozuli, naklovanebebi. 

1. misi gamoyeneba SeiZleba mxolod dabali aqroladobis mqone 
komponentebidan SenaerTebis misaRebad, winaaRmdeg SemTxvevaSi 

komponentebis maRalma aqroladobam SeiZleba gamoiwvios Semadgenlobis 
mniSvnelovani gadaxra steqiometriidan; 

2. am meTodiT Znelia im SenaerTebis sinTezi, romlebic warmoiqmnebian 
periteqtikuri reaqciiT. 

3. am meTodiT gaZnelebulia da zogjer SeuZlebelic ki, Zneldnobadi 

fazebis miReba, radgan sinTezis ganxorcielebisaTvis aucilebelia 
komponentebis gaxureba dnobis temperaturaze maRla. siZnele 
dakavSirebuli specialuri gamaxureblebis  gamoyenebasa da konteineris 

masalis SerCevasTan. 
pirdapiri erTtemperaturuli sinTezis meTodi SeiZleba gamoyenebul 

iqnas mxolod im naxevargamtaruli SenaerTebis sinTezisaTvis, romelTa 

Semadgenloba praqtikulad damokidebuli araa wnevisgan. unda aRiniSnos, 

rom mocemuli meTodi zogierT SemTxvevaSi SeiZleba gamoyenebul iqnas 

SenaerTis misaRebad maRali aqroladobis mqone komponentebidanac, oRond 

im pirobiT, rom SenaerTis disociaciis wneva gacilebiT naklebia vidre 

komponentebis orTqlis wneva imave temperaturaze da aRwevs araumetes 0,1 

atm. am dros komponentebis gaxureba unda mimdinareobdes frTxilad 

iseTnairad, rom temperaturis zrdis siCqare ar aRematebodes komponentebs 

Soris reaqciis siCqares, winaaRmdeg SemTxvevaSi SeiZleba konteineri 

gaskdes. 

   erTtemperaturuli sinTezis meTodiT SesaZlebelia iseT farTod 

cnobili SenaerTebis sinTezi, rogoricaa InSb, GaAs, Bi2Te3 da sxva. 

   nax. 26 -ze naCvenebia erTtemperaturuli sinTezis danadgaris sqema. 
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nax. 26. erTtemperaturuli sinTezis danadgaris sqema:  

1 _ Rumeli; 2 _ kvarcis mili; 3 _ konteineri CanatvirTiT; 4 _ 

Termowyvili; 5 _ Termo emZ-s gamzomi xelsawyo; 6 _ Zabvis regulatori 

 

kvarcis ampulas (konteiners) romelsac gaaCnia cilindruli forma 

winaswar daamuSaveben azotmJavasa da marilmJavas nareviT, garecxaven 

distilirebuli wyliT da gasaSrob karadaSi gaaSroben 100-1500C 

temperaturaze. ampulis kedlis sisqe unda Seadgendes 1,5-3mm, diametri _ 

~10-20mm, sigrZe _ 15-20sm. maRali sisufTavis sawyis komponentebs saWiro 

raodenobiT, romelic winaswar gaiangariSeba steqiometriisa da misaRebi 

SenaerTis raodenobis gaTvaliswinebiT, aTavseben ampulaSi da ampulas 

amotumbaven ~10-3mm. vwy.sv ris Semdegac ampulas ganrCilaven da aTavseben 

sinTezis danadgaris RumelSi. Rumelis temperaturas zrdian garkveuli 

reJimiT, romelic damokidebulia komponentebis aqroladobasa da reaqciis 

siCqareze. InSb SemTxvevaSi ampulas axureben 6500C-mde daaxloebiT 1,5-2 sT-is 

ganmavlobaSi. am temperaturis miRwevis Semdeg Rumels specialuri 

meqanizmiT moiyvanen rxeviT moZraobaSi komponentebis kargi Serevis 

uzrunvelsayofad, es operacia yovel 10-15 wT-is intervaliT unda 

ganmeordes. sinTezis procesis xangrZlivobaa ~4-5 sT. ris Semdegac Rumels 

aciveben 1,5sT-is ganmavlobaSi ~5000C-mde. ufro swrafi gacivebisas InSb 

zodis zedapirze warmoiqmnebian dendritebi da `nemsebi~, rac 

dakavSirebulia swrafi gacivebisas kristaluri blokebis mier zodis 

zedapirze im nadnobis gamoZevebisagan, romelmac ver moaswro gamyareba. 

amis Semdeg Rumels gamorTaven da sistema civdeba TavisiT. 
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   Tu disociaciis dabali wnevis mqone SenaerTis misaRebad sakmarisia 

mxolod temperaturis kontroli, disociaciis maRali wnevis (Sladi 

SenaerTi) mqone SenaerTis misaRebad saWiroa rogorc temperaturis, aseve 

wnevis kontroli, winaaRmdeg SemTxvevaSi mocemuli Semadgenlobis mqone 

SenaerTis miReba SeuZlebelia. temperaturisa da wnevis damoukidebeli 

regulireba da kontroli SesaZlebelia sinTezis e.w. ortemperaturuli 

meTodis saSualebiT. am meTodSi araaqroladi komponenti moTavsebuli 

unda iyos ortemperaturuli Rumelis ufro maRali T1 temperaturis mqone 

zonaSi, xolo aqroladi _ dabaltemperaturuli T2 temperaturis zonaSi 

(T1> T2). Cveulebriv T1 10-200C-iT maRali unda iyos misaRebi SenaerTis dnobis 

temperaturaze. damyarebuli temperaturuli reJimis dros aqroladi 

komponenti aorTqldeba ra T2 temperaturaze, STainTqmeba gamdnari (an 

myari) araaqroladi komponentiT. nadnobis Semadgenloba ganisazRvreba T1 

temperaturiT da sistemaSi wnevis mniSvnelobiT, romelic Tavis mxriv 

regulirdeba T2 temperaturiT. T2 temperaturis saSualebiT sistemaSi wnevis 

kontrolirebadi regulirebisaTvis unda vicodeT aqroladi komponentis 

najeri orTqlis wnevis damokidebuleba temperaturaze.  

   ortemperaturuli meTodis dadebiTi mxareebia: 

1. iseTi SenaerTebis sinTezis SesaZlebloba, romlebic xasiaTdebian 
dnobis temperaturisa da disociaciis wnevebis maRali mniSvnelobiT; 
2. am meTodiT SesaZlebelia periteqtikuri fazebisa da iseTi SenaerTebis 

sinTezi, romlebsac myar fazaSi gaaCniaT fazuri gardaqmna; 
   meTodis naklovani mxareebia:L 

1. wneva _ temperatura _ Semadgenlobis diagramebis codna, romlebic 

amJamad cnobili araa yvela sistemisaTvis; 
2. wneva _ temperatura _ Semadgenlobis diagramebis codna warmoadgens 
aucilebel, magram arasakmaris pirobas ortemperaturuli sinTezis 

Casatareblad. garda Termodinamikuri parametrebisa (P,t) mxedvelobaSi unda 

iqnas miRebuli kinetikuri parametrebic. 
   ortemperaturuli sinTezis meTodiT iReben iseT cnobil 

naxevargamtarul SenaerTebs, rogorebicaa InAs, CuP2 da sxva. 

   gavecnoT ortemperaturuli sinTezis meTods InAs magaliTze. danadgaris 

sqema mocemulia nax. 27 - ze. 

  kvarcis ampulas romlis kedlis sisqe 3-4 mm-ia, Siga diametri 10-20 mm 

winaswar daamuSaveben ise, rogorc zemoT iyo aRwerili. winaswar 

gaangariSebuli raodenobis In da As natexebs aTavseben ampulis 

sawinaaRmdego boloebSi. angariSis dros gaTvaliswinebuli unda iyos As 

naWarbi, romelic saWiroa ampulaSi wnevis Sesaqmnelad. angariSs awarmoeben 

mendeleev-klapeironis gantolebiT, iTvaliswineben ra ampulis moculobas 
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da sinTezis temperaturas. angariSis Catarebisas mxedvelobaSi unda iyos 

miRebuli is garemoeba, rom As orTqlis Semadgenlobaa As4. ampulas 

miuerTeben vakumur posts da Seqmnian ~10-3 mm.vwy.sv gaiSviaTebas, ris 

Semdegac mas ganrCilaven. ampulas aTavseben orzonian RumelSi ise, rom As 

moTavsebuli iyos `civ~ zonaSi, xolo In _ `cxelSi~. `civi~ zonis 

temperaturaa _ 5650C, xolo `cxelis~ _ 9500C. am temperaturaze As orTqlis 

wneva tolia InAs disociaciis wnevisa (0,33 atm). imis gamo, rom 

urTierTqmedebas adgili aqvs In nadnobSi, wonasworoba myardeba sakmaod 

swrafad. In da As sinTezisaTvis sakmarisia 1-2 sT. amis Semdeg `cxeli~ zonis 

temperaturas 0,5-1 sT-is ganmavlobaSi amcireben 6000C-mde, xolo Semdeg 

`civi~ zonis temperaturas _ 300 – 3500C-mde da Semdeg nela amcireben orive 

Rumelis temperaturas oTaxis temperaturamde. 

 

 

 

nax. 27. ortemperaturuli sinTezis danadgaris sqema:  

1 _ maRaltemperaturuli Rumeli; 2 _ dabaltemperaturuli Rumeli;  

3 _ kvarcis mili; 4 _ Termowyvilebi; 5 _ dariSxani (As); 6 _ indiumi 

(In);  7 _ kvarcis ampula 

 

11. sxvadasxva masalebis Txeli firebis miRebis teqnologia 

 

   integraluri mikrosqemebis damzadebis Tanamedrove teqnologiaSi farTo 

gamoyenebas pouloben Txeli firebi (sisqiT 5 mkm-de). isini asruleben 

mravalricxovan funqcias. naxevargamtarul ims-Si Txeli dieleqtrikuli 

firebi gamoiyenebian rogorc mniRbavi danafarebi lokalizebuli 

legirebuli ubnebis misaRebad. isini asruleben dacvis funqciasac, icaven 
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p-n gadasasvlelis gamosavals siliciumis firfitis zedapirze garemos 

zemoqmedebisagan sqemis damzadebis yvela etapze. SemdgomSi damcavi fenebi 

uzrunvelyofen ims eleqtruli parametrebis stabilurobas eqsploataciis 

procesSi. ims-Si dieleqtrikuli fenebi xSirad asruleben saketis 

izolatoris rols.LliTonebis Txeli firebi ims-Si gamoiyenebian rogorc 

sakontaqto ubnebi.  

amJamad cnobilia Txeli firebis miRebis mravali meTodi: vakuumur-

Termuli dafena, ionur-plazmuri dafena da a.S. TiToeul am meTods gaaCnia 

Tavisi upiratesobebi da naklovanebebi, romlebic ganpirobebulia firis 

masaliT da daniSnulebiT.  

 

11.1. Txeli firebis miReba vakuumur-Termuli aorTqlebis meTodiT 

   vakuumur-Termuli aorTqlebis meTodiT firis dafenis procesi 

sxvadasxva fuZeSreze SeiZleba daiyos or etapad: vakuumSi nivTierebis 

aorTqleba da aorTqlebuli masalis kondensacia fuZeSreze. dafenis 

procesis sqema naCvenebia nax. 28 -ze.  

 

nax. 28. vakuumur-Termuli aorTqlebis meTodiT Txeli firebis  
                         dafenis sqema:  

1 _ vakuumuri kamera; 2 _ fuZeSris samagri _ gamaxurebeli; 3 _ 
fuZeSris sayrdeni; 4 _ amaorTqlebeli; 5 _ asaorTqlebeli masala; 

               6 _  sayrdeni fila; 7 _ safari; 8 _ fuZeSre 
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   vakuumuri kameris 1 SigniT damontaJebulia fuZeSris 2 samagri-

gamaxurebeli 3, dasafeni masalis 5 amaorTqlebeli 4, safari 7, romelic 

ixsneba maSin, rodesac kameris SigniT damyarebulia yvela saWiro 

temperaturuli reJimi da iketeba dafenis procesis damTavrebis Semdeg.  

   firis dafenis procesis sworad warmarTvisaTvis didi mniSvneloba aqvs 

amaorTqleblis konstruqcias. nax. 29-ze moyvanilia mavTulisa da liTonis 

kilitisagan damzadebuli naviseburi amaorTqleblis saxeebi. mavTulis 

gamaxurebels ZiriTadad amzadeben volframisagan, xolo naviseburs 

tantalis an molibdenis kilitisagan. 

 

  

 

nax. 29. mavTulis da liTonis kilitisagan damzadebuli 

                      amaorTqleblebi:  
a _ maryuJis magvari; b _ spiraluri; g _ kalaTis magvari; d _ kilitis 

CaRrmavebuli; e _ kilitis CaRrmavebuli Al2O3 danafariT; v _ naviseburi 
 

   vakuumur-Termuli aorTqlebis praqtikaSi Zalian farTo gamoyeneba hpova 

e.w. tigelianma amaorTqleblebma, (nax. 30), romlebic saSualebas iZlevian 

miRebul iqnas aorTqlebuli masalis stabiluri, mimarTuli nakadi. tigeli 

ZiriTadad mzaddeba molibdenis an tantalisagan  
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nax. 30. tigeliani amaorTqleblis sqema: 

1 _ sayrdeni; 2 _ keramikis mili; 3 _ korpusi; 4,5,6 _ ekranebi; 7 _ 

tigelis bude; 8 _ tigeli; 9 _ denimyvanebi; 10 _ samagri; 11 _ 
Termowyvili; 12 _ samagri; 13 _ Termowyvilis bude; 14 _ grafitis 

cilindri; 15 _ kvarcis mili; 16 _ gamaxurebeli spirali 
 
 

 

stabiluri saWiro temperaturis misaRebad gamoyenebuli fuZeSris 

gamaxureblis sqema, romelic aseve fuZeSris samagris rols TamaSobs 

naCvenebia nax. 31 - ze.  
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nax. 31. fuZeSris samagr-gamaxureblis sqema:  

1 _ sayrdeni; 2 _ grafitis cilindruli korpusi; 3 _ cilindruli 

ekranebi; 4 _ tigeli; 5 _ tigelis Casadebi bude; 6 _ spiraluri 

Rumeli; 7 _ Rumelis kvebis mimyvanebi; 8 _ Termowyvili 

 

  aorTqlebis dros mimdinare procesebi pirvel rigSi damokidebulia 

kameraSi vakuumis xarisxze. maRali vakuumis  10_5 _ (10-6 mm. vwy. sv.) 

pirobebSi aorTqlebuli nivTierebis atomebi datoveben ra masalis 

zedapirs, moZraoben erTmaneTisagan damoukideblad wrfivad ise, rom ar 

ejaxebian arc narCeni airis molekulebs da arc erTmaneTs da ar icvlian 

moZraobis Tavdapirvel mimarTulebas fuZeSreze dajaxebamde.AaorTqlebuli 

atomebis an molekulebis aseT nakads molekuluri nakadi ewodeba. 

aRmoCnda, rom molekulur nakadebze SeiZleba gavrceldes geometriuli 

optikis is kanonebi, romlebic gamoiyenebian ganaTebulobis gaTvlis dros:  

1. amaorTqleblis zedapiridan am zedapiris normalis     mimarT  

kuTxiT aorTqlebuli nawilakebis intensiuroba proporciulia cos-isa;  

2. wertilovani amaorTqleblisaTvis fuZeSris erTeulovan zedapirze 

erT wamSi mosuli atomebis raodenoba ukuproporciulia amaorTqleblidan 

safenamde manZilis kvadratisa.  

masalis aorTqlebis siCqare, e.i. amaorTqleblis 1 sm2 zedapiridan 1 wm-

Si aorTqlebuli masalis raodenoba gamoiTvleba formuliT  

T

M

T

M
p 41060588.0            (33) 
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sadac aris aorTqlebis siCqare, g/sm2wm; P _ najeri orTqlis wneva (10-

2mm.vwy.sv); M _ molekuluri wona; T _ absoluturi temperatura K. 

Tu elementaruli masalis vakuumur-Termuli aorTqlebis meTodiT 

firis dafena did siZneles ar warmoadgens, amis Tqma ar SeiZleba 

SenaerTebisa da Senadnobebis Sesaxeb. Senadnobis gaxurebisas xdeba misi 

daSla Semadgenel komponentebad, romlebic orTqldebian sxvadasxva 

siCqariT, rac Tavis mxriv damokidebulia orTqlis drekadobasTan da maT 

raodenobriv TanafardobasTan SenadnobSi. fuZeSreze am dros miiReba firi, 

romlis Semadgenlobac Zalian rTulad icvleba sisqis mixedviT. pirveli 

fena gamdidrebulia advilad aqroladi komponentiT, xolo Semdegi _ 

Znelad aqroladiT.  

arsebobs Senadnobisa da advilad Sladi SenaerTebis firebis miRebis 

ramdenime meTodi:  

1. winaswar sinTezirebuli masalis aorTqleba;  

2. TiToeuli Semadgeneli elementis rig-rigobiT dafena fuZeSreze da 

Semdeg miRebuli mravalfeniani struqturis gamowva maRal temperaturaze;  

3. diskretuli aorTqleba;  

4. orive komponentis erTdrouli aorTqleba sxvadasxva wyarodan.  

pirveli meTodi gamoiyeneba im Senadnobisa da SenaerTebis firebis 

misaRebad, romelTa Semadgenel elementebs gaaCniaT daaxloebiT erTmaneTis 

toli dnobisa da duRilis temperaturebi da orTqlis drekadobebi. am 

SemTxvevaSi isini aorTqlebis temperaturaze fraqcionirebas ar ganicdian 

da iZlevian firebs, romelTa Semadgenloba axlosaa asaorTqlebeli 

masalis SemadgenlobasTan.  

meore meTodi, romelic damyarebulia mravalfeniani firis (nax. 32) 

komponentebis urTierTdifuziasTan SeiZleba gamoyenebul iqnas maSin, 

rodesac erT elements meoreSi gaaCnia difuziis maRali koeficienti, ris 

gamoc araa saWiro firis gaxureba Zalian maRal temperaturebamde.  

 

  nax. 32. mravalfeniani firi  
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   mesame meTodi _ mravali swrafi diskretuli aorTqlebis meTodi _ 

gamoiyeneba iseTi Senadnobebisa da SenaerTebis SemTxvevaSi, romelTa 

Semadgeneli komponentebis aorTqlebis siCqareebi mniSvnelovnad 

gansxvavdeba erTmaneTisagan. es meTodi damyarebulia imaze, rom Senadnobis 

wvrilad daqucmacebuli nawilakebi Tanabrad miewodebian amaorTqlebels, 

romelic winaswar aris gaxurebuli aorTqlebis temperaturamde. am 

SemTxvevaSi xdeba maTi myisieri aorTqleba.  

  konstruqciulad aseTi mowyobiloba SeiZleba sxvadasxvanairi iyos, 

magram nebismier SemTxvevaSi nawilakebis miwodeba xdeba iseTi siCqareebiT, 

romlebic tolia am Senadnobis aorTqlebis siCqaris. maSin damyarebul 

mdgomareobaSi amaorTqleblis zemoT sivrceSi erTdrolad orTqlis 

mdgomareobaSi imyofebian Senadnobis yvela komponentebi imave 

TanafardobiT,  ra TanafardobiTac Sedian isini SenadnobSi da safenis 

zedapirze avtomaturad SeiZleba miRebul iqnas miRebuli Semadgenlobis 

firi. moyvanili mtkiceba miT ufro samarTliania, rac naklebia nawilakebis 

zoma da miT ufro xSirad da Tanabrad miewodeba isini amaorTqlebels.  

  unda aRiniSnos, rom diskretuli aorTqlebisas marTalia fraqcionirebas 

mainc aqvs adgili, magram TiToeul porciaSi masalis raodenoba imdenad 

mcirea, rom firSi araerTgvarovneba SeimCneva mxolod ramodenime 

monoatomuri Sris sisqeSi. es potenciuri araerTgvarovnebebi mcirdeba imis 

xarjze, rom amaorTqlebelze masalis miwodeba xdeba uwyvetad. 

diskretuli aorTqlebis dros gansakuTrebiT didi mniSvneloba aqvs 

amaorTqleblis temperaturis SerCevas, vinaidan Zalian maRali 

temperaturis dros nawilakebi aireklebian amaorTqleblidan ise, rom ver 

aswreben aorTqlebas, xolo Semcirebuli temperaturis dros masalis 

marcvlebi grovdebian amaorTqlebelSi ise, rom arc dnebian da arc 

orTqldebian. amaorTqleblis temperatura iseTi unda iyos, rom 

SesaZlebeli iyos yvelaze naklebad aqroladi komponentis aorTqleba.  

  amis garda, uzrunvelyofili unda iyos fxvnilis Tanabari miwodeba 

amaorTqlebelze da minimumamde unda iyos dayvanili nawilakebis 

danakargebi amaorTqlebelze miwodebisas.  

   nax. 33 - ze moyvanilia diskretuli aorTqlebis meTodiT SenaerTebisa 

da Senadnobebis firebis miRebis sqema.  
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nax. 33. diskretuli aorTqlebis meTodiT Txeli firebis  

                        miRebis sqema:  

1 _ fuZeSre; 2 _ amaorTqlebeli; 3 _ transportiori; 4 _ konteineri;  

                             5 _ ekrani 

 

konteinerSi aTavseben Senadnobis saTanado zomis marcvlebs, romelic 

Semdgom miewodeba amaorTqlebels. amaorTqlebelze masalis misawodeblad 

SesaZlebelia transportioris nacvlad gamoyenebuli iyos sxva 

konstruqciis mowyobilobebic. mag. vibromkvebavi, arqimedes xraxni da sxva.  

meoTxe meTodi _ SenaerTis komponentebis erTdrouli aorTqleba ori 

damoukidebeli wyarodan dakavSirebulia mniSvnelovan siZneleebTan, rac 

gamowveulia fuZeSreze steqiometriuli Semadgenlobis misaRwevad 

calkeuli komponentebis aorTqlebis intensivobis regulirebasa da 

SenarCunebasTan, Tumca unda aRiniSnos, rom ori komponentis damokidebuli 

aorTqleba sxvadasxva temperaturaze da maTi Semdgomi erToblivi 

kondensacia erTidaimave fuZeSreze gamoricxavs warmoqmnili SenaerTis 

daSlisa da fraqcionirebis problemas, romelsac adgili aqvs mravali 

SenaerTisa da Senadnobis uSualo aorTqlebis dros. amasTan SesaZlebelia 

Catardes iseTi masalebis erToblivi dafena, romlebic erTmaneTTan ar 

qmnian arc SenaerTs da arc myar xsnarebs. meTodis gansaxorcielebeli 

mowyobiloba sqematurad naCvenebia nax. 34-ze.  
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nax.  34. komponentebis ori damoukidebeli wyarodan vakuumur-Termuli 

aorTqlebis meTodiT SenaerTebis firebis misaRebi  

                       danadgaris sqema:  

1 _ vakuumuri kamera; 2 _ fuZeSris gamaxurebeli; 3 _ safari;  

             4 _ amaorTqleblebi; 5 _ Termowyvilebi 

 

   fuZeSreze kondensaciis siCqare, pirvel rigSi ganisazRvreba aorTqlebis 

temperaturaze wonasworuli orTqlis wneviT P*(T). vinaidan aorTqleba 

erTnairad albaTuria yvela mimarTulebiT cxadia orTqlis nakadis 

simkvrive mcirdeba amaorTqlebidan daSorebis gazrdiT. mcire farTis 

amaorTqleblisaTvis fuZeSreze wnevis mniSvneloba SeiZleba gaiTvalos 

formuliT:  

 Tp
r

Ae *

2

coscos
Pr




                 (34)  

   sadac Ae aorTqlebis farTia,  da  Sesabamisad aorTqlebisa da 

dacemis kuTxeebia; r _ manZili amaorTqlebidan fuZeSris mocemul 

wertilamde.  

   fuZeSreze kondensaciis saWiro siCqaris miRweva xdeba empiriulad 

amaorTqleblebis temperaturebis cvlilebiT.  
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   aRwerili meTodis mTavari problemaa amaorTqleblebis iseTi 

ganlagebis moZebna, rodesac fuZeSre erTnairadaa eqsponirebuli orive 

komponentis orTqlis mier. mocemuli formulis Tanaxmad fuZeSreze wnevis 

efeqturi mniSvneloba damokidebulia TiToeuli komponentis dacemis  

kuTxeebze da maT Soris didma sxvaobam SeiZleba gamoiwvios firis 

Semadgenlobis didi cvlileba. es ZiriTadad exeba Senadnobebis firebs. 

qimiuri SenaerTebis firebis Semadgenloba naklebad mgrZnobiarea 

amaorTqleblebis ganlagebis mimarT da orTqlis nakadebis mkacr 

kontrolsac ar moiTxovs. es movlena SeiZleba aixsnas im garemoebiT, rom 

SenaerTis kondensaciis siCqare, damokidebulia ara marto Sesabamisi 

komponentebis orTqlis wnevebis Tanafardobaze, aramed zedapirul 

siCqarezec.  

   iseve rogorc kondensaciis saWiro siCqare. dafenis geometriuli 

parametrebis SerCeva-dazusteba xdeba ZiriTadad empiriulad arsebuli 

Teoriuli mosazrebebis gaTvaliswinebiT.  

 

11.2. Txeli firebis miReba kaToduri gafrqveviT 

    

   liTonebis Txeli firebi, romlebsac gaaCniaT aorTqlebis maRali 

temperatura da orTqlis dabali wneva mizanSewonilia miRebul iqnan ara 

vakuumur-Termuli aorTqlebiT, vinaidan es moiTxovs maRaltemperaturul 

amaorTqleblebs, aramed kaToduri gafrqveviT, romlis sqemac moyvanilia 

nax. 35-ze. 

   kameris SigniT ganTavsebulia 1 wyliT gacivebadi kaTodi, romelic 

damzadebulia asaorTqlebeli masalisagan, anodi 2, fuZeSre 5 da 4 kvarcis 

Wiqa. Tu 7,5.10-4 _ 7,5.10–5 mm.vwy.sv wnevis dros anodsa da kaTods Soris 

movdebT 1-3 kv Zabvas kameraSi ainTeba mRvivari ganmuxtva. kameraSi myofi 

samuSao airis, magaliTad Ar, ionebi aCqardebian da eleqtrul velSi 

daiwyeben kaTodis dabombvas da adgili eqneba kaTodis masalis gafrqvevas, 

romelic gamoileqeba fuZeSreze. kvarcis Wiqa kameras icavs gafrqveuli 

masaliT gaWuWyianebisagan.  

   maRali sisufTavis Txeli firebis misaRebad saWiroa Semcirdes 

qimiurad aqtiuri airebis parcialuri wneva da gaizardos dafenis siCqare, 

amisaTvis saWiroa vakuumur kameraSi mesame eleqtrodis Seyvana da 

Sesabamisad meTods sameleqtroduli an rogorc xSirad uwodeben ionur-

plazmuri meTodi ewodeba. am meTodis ganxorcielebisas masalis gafrqveva 

xdeba ara kaTodis bombardirebiT mRvivari ganmuxtvis aRgznebuli ionebiT, 

aramed specialuri samiznis dabombviT airadi ganmuxtvis plazmis ionebiT.   
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nax. 35. kaToduri gafrqvevis meTodiT firebis misaRebi  

                      danadgaris sqema:  
1 _ kaTodi; 2 _ anodi; 3 _ kvarcis Wiqa; 4 _ vakuumuri kamera;  
                           5 _ fuZeSre 

 
  

   nax. 36-ze naCvenebia ionur-plazmuri meTodiT firebis misaRebi 

danadgaris sqema. 

  kameris zeda nawilSi ganTavsebulia anodi 4, xolo qvedaSi volframis 

kaTodi 7. mesame eleqtrods warmoadgens 5 samizne, romelic dasafeni 

masalis wyaros warmoadgens. fuZeSre 2 _ aris eleqtrodi, romlis 

zedapirzec xdeba gafrqveuli masalis kondensireba. 3 Rumelis 

daniSnulebaa fuZeSris gaxureba. fuZeSris win ganTavsebulia moZravi 

safari 1, xolo wyaros gverdiT uZravi ekrani 6. kameraSi qmnian _ ~1.3.10-4 pa 

tol vakuums, axureben fuZeSres da rTaven kaTodis varvarebis dens. 

kaTods axureben im temperaturamde, romelic saWiroa maRali simkvrivis 

Termoeleqtruli denis misaRebad. gaxurebul kaTodsa da anods modeben 

Zabvas da kameraSi SeuSveben inerteul airs 1.33 (10-2_10-1) pa wneviT.  
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nax. 36. ionur-plazmuri dafenis danadgaris sqema:  

1 _ safari; 2 _ fuZeSre; 3 _ fuZeSris gamaxurebeli Rumeli; 4 _ anodi;  

5 _ samizne; 6 _ uZravi ekrani; 7 _ kaTodi 

 

  ganmuxtvis anTeba xdeba teslas maRalsixSiruli transformatoriT, an 

SeiZleba anTeba moxdes anoduri Zabvis mcire gazrdiT Tu 

Termoeleqtronuli deni maRalia.  

  ganmuxtvisas warmoqmnili dabali energiis dadebiTi ionebi bombaven 

fuZeSres da asufTaveben mas. amis Semdeg asaorTqlebeli masalis samiznes 

mosdeben uaryofiT potencials da xdeba am ukanasknelis bombardireba 

plazmis dadebiTi ionebiT, romelTa energiac sakmarisia samiznis masalis 

gafrqvevisaTvis. samiznidan amotyorcnili atomebi moZraoben samiznis 

pirdapir ganTavsebuli fuZeSrisaken.  

  aRweril sameleqtrodul sistemaSi magnituri velis gamoyeneba iwvevs 

kameraSi arsebuli eleqtronebis moZraobas spiraluri traeqtoriiT, rac 

zrdis airis atomebis ionizaciis xarisxs.  

  unda aRiniSnos, rom sameleqtrodian sistemebSi gafrqveva xdeba 0,67 pa 

wnevebze, maSin rodesac oreleqtrodian sistemaSi amas adgili aqvs 4-6.6 pa 

wnevebze. ufro dabal wnevebze dafena aumjobesebs firis adgeziasa da 

struqturas, vinaidan am SemTxvevaSi gafrqveul atomebs gaaCniaT maRali 

energia da SeuZliaT fuZeSreSi Sevidnen erTidan or atomur fenamde.  
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11.3. firebis miReba airfazuri epitaqsiiT 

    

   erTi nivTierebis kristaluri fenis wazrdas imave (an sxva) kristalis 

(fuZeSris) zedapirze misi kristalografiuli orientaciis gameorebiT, 

anda fuZeSris zedapiris kristalografiuli sibrtyis mimarT sxva mkacrad 

gansazRvruli orientaciiT, epitaqsia ewodeba (berZnuli sityvebisagan epi _ 

zed, taqsis _ wesierad ganlageba). 

   epitaqsiuri firis miRebis procesi mniSvnelovnad aris damokidebuli 

fuZeSresa da mis temperaturaze. 

   rogorc wesi epitaqsiuri firis miReba SesaZlebelia mxolod maSin, 

rodesac fuZeSre warmpoadgens monokristals. amasTan mecnier ruaies 

Tanaxmad, safenisa da firis kristaluri mesris parametrebs Soris 

gansxvaveba ar unda aRematebodes 15%-s Tumca, rogorc gamokvlevebma aCvena, 

mravali sistemisaTvis es wesi ar sruldeba da epitaqsiuri firis gazrda 

SeimCneva maSinac, rodesac mesris parametrebs Soris gansxvaveba 15%-ze 

metia. es imas niSnavs, rom am parametrebis siaxlove, ar warmoadgens 

epitaqsiis mimdinareobis arc aucilebel da arc sakmaris pirobas. 

   epitaqsiuri wazrdisaTvis iyeneben sxvadasxva meTodiT damzadebul 

fuZeSres: haerze an vakuumSi gaxleCil kristals, axlad gazrdil, 

meqanikurad gaprialebul da qimiurad amoWmul zedapirs da sxva. atomurad 

gluv zedapirze nawilakebs gaaCniaT gazrdili Zvradoba, rac xels uwyobs 

ufro srulyofil epitaqsias. 

   fuZeSris temperatura, rogorc gamokvlevebma aCvenes mniSvnelovan rols 

asrulebs epitaqsiuri firebis xarisxze. fuZeSris temperaturis gazrda 

aumjobesebs epitaqsiuri firis srulyofas da arsebobs fuZeSris 

garkveuli kritikuli temperatura, romelsac epitaqsiis temperatura 

ewodeba. 

   monokristaluri firi warmoiqmneba maSin, rodesac fuZeSris 

temperatura epitaqsiis temperaturaze maRalia, xolo polikristaluri _ 

rodesac fuZeSris temperatura kritikulze dabalia. yoveli wyvili 

Sesazardi nivTierebisaTvis arsebobs sakuTari epitaqsiis temperatura, 

magram es ar warmoadgens am wyvilis erTniSna maxasiaTebels da Tavis 

mxriv, damokidebulia dafenis siCqareze, vakuumis xarisxze da fuZeSris 

zedapiris gaWuWyianebaze. 

   epitaqsiuri firis xarisxze did gavlenas axdens dafenis siCqare. 

saerTod dafenis dabali siCqareebis dros miRebuli firebi ufro 

srulyofilia, vinaidan dabali siCqariT mzardi Canasaxi orientirebulia 

ufro sworad, vidre swrafad mzardi, magram zogierT sistemaSi maRali 
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siCqariT dafena iwvevs epitaqsiis gaumjobesebas. TiTqmis eWvs ar iwvevs, 

rom es garemoeba gamowveulia ara Canasaxebis orientaciis gaumjobesebiT, 

aramed maTi simWidroviT. 

arsebobs epitaqsiuri firebis gazrdis ori meTodi: airfazuri 

epitaqsia da Txevadfazuri epitaqsia. 

airfazuri epitaqsia aris epitaqsiuri firis miRebis iseTi  

meTodi, rodesac saWiro Semadgenlobis firis misaRebad gamoyenebuli erTi 

an ramdenime reagenti airad fazaSi imyofeba da is farTod gamoiyeneba 

integrluri mikrosqemebis teqnologiaSi. 

  ganvixiloT galiumis nitridis Txeli firebis miRebis teqnologia 

airfazuri epitaqsiiT. 

   GaN epitaqsiuri firis misaRebi danadgaris sqema Rumelis temperaturul 

profilTan erTad moyvanilia nax. 37-ze. gamoyenebis win (0001) orientaciis 

monokristaluri safironis firfitebs recxaven jer cxeli HNO3+3HCl-is 

narevSi, xolo Semdeg _ gamoxdili wyliT, aTavseben reaqtoris fuZeSris 

samagrze qveda milidan 20 mm manZilze da daaxloebiT 20 wT-is 

ganmavlobaSi aSroben ~10000C-ze speqtralurad sufTa argonis WavlSi. 

kvarcis reaqtoris qveda milSi mis bolosTan aTavseben 

 

 

nax. 37. galiumis nitridis epitaqsiuri firis misaRebi danadgaris 

sqema (a) da Rumelis temperaturuli profili (b): 

1 _ kvarcis reaqtori; 2 _ Rumeli; 3 _ fuZeSris samagri; 4 _ navi 

CanatvirTiT; 5 _ rotametrebi; 6 _ airadi argoni; 7 _ Txevadi amiaki;  

8 _ barbotiori. 
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konteiners Ga CanatvirTiT. CarTaven Rumelis eleqtrokvebas da roca 

fuZeSris zonaSi temperatura miaRwevs ~10200C (am dros galiumis zonaSi 

temperatura unda iyos ~9400C) daiwyeben amiakis miwodebas 50 l/sT siCqariT. 

amis Semdeg iwyeben HCl-is orTqlis miwodebas barboteriT miaxloebiT 0,4 

l/sT siCqariT. process atareben 25-30 wT-is ganmavlobaSi. misi damTavrebis 

Semdeg jer Sewyveten HCl-is miwodebas, Semdeg ki amiakis miwodebasac da 

aciveben reaqtors oTaxis temperaturamde. 

   mocemul samuSaoSi gamoyenebulia xelsawyo barboteri, romelic 

saSualebas iZleva HCl-is orTqli saWiro kontrolirebadi raodenobiT 

miewodos reaqtors. nax. 38-ze moyvanilia barboteris konstruqciis sqema. 

   barboteri warmoadgens kvarcis WurWels 500-750 sm3 moculobiT.  

gadamtani  airi    masSi    Sedis  1  miliT,  romelic  TiTqmis  WurWlis  

 

 

 

nax. 38. barboteris konstruqciis sqema: 

1 _mili gadamtani airis misawodeblad; 2 _ siTxis Casasxmeli 

naxvreti; 3 _ reaqtorSi orTqlis misawodebeli mili; 4 _ kvarcis 

fxvnili; 5 _ Rumeli 

 

fskeramde midis da romelsac boloSi gaaCnia naxvretebiani burTula airis 

ufro Tanabari miwodebis mizniT. reaqtorSi HCl orTqliT gajerebuli 

airis miwodeba xdeba 3 milis gavliT. barboteris avseba HCl xdeba 2 

naxvretiT, romelic ixureba mWidro sacobiT. saWiroebis SemTxvevaSi 

barboterSi myofi siTxis gaxureba xdeba 4 niqromis spiraliani RumeliT. 
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11.4. Txeli firebis sisqis gazomvis meTodebi 

   Txeli firebis sisqis gazomva maRali sizustiT sakmaod rTuli 

amocanaa. ganvixiloT sisqis gazomvis zogierTi gavrcelebuli meTodi.  

   mikroawonvis meTodi. vTqvaT fuZeSris wonis namati dafenis procesis 

Semdeg Seadgens P maSin firis sisqe d iangariSeba formuliT.  

s

P
d






                          (35) 

   sadac  aris firis masalis kuTri wona; S _ firis zedapiris farTi.  

   am meTodiT firis sisqis gazomvisas igulisxmeba, rom firis masalis 

simkvrive masiuri masalis simkvrivis tolia da firis masala 

ganawilebulia Tanabrad.  

   sasworis mgrZnobiarobisa da firis farTisagan damokidebulebiT 

meTodis mgrZnobiaroba Seadgens 1-10 mkm/m2. 

   mravalsxiviani interferometriis meTodi. meTodis arsi mdgomareobs 
fuZeSridan da firis zedapiridan areklili koherentuli sxivebis fazebs 
Soris sxvaobis miRebaSi. gazomvis win nimuSze iReben e.w. safexurs _ firis 

mkveTr gverdiT sazRvars fuZeSreze. es miiRweva fuZeSris nawilobriv 
SeniRbviT dafenis win an dafenili firis nawilobrivi moSorebiT qimiurad. 

morigeobiT ganlagebuli naTeli da bneli zolebi L bijiT rogorc firis 

zedapirze ise fuZeSreze erTmaneTis mimarT wanacvlebulia l sididiT, 

rogorc es Cans nax. 39-ze.  
 

 

 

nax. 39. interferenciuli zolebis wanacvlebis suraTi 
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   interferenciuli mikroskopiT zomaven l wanacvlebas. firis sisqe 

iangariSeba formuliT 

L

l
d 

2

                        (36)   

   sadac  aris monoqromatuli sinaTlis talRis sigrZe.  

   gazomvis sizuste Seadgens 2-3 nm saukeTeso interferometrebze da 15-30 

nm Cveulebrivze. miRebuli GaN firis sisqis gazomva xdeba MИИ-4 

interferenciuli mikroskopiT. firfitas, romelzedac dafenilia GaN 

moaTavseben mikroskopis magidaze ise, rom safexuri dafenil firsa da 

fuZeSres Soris moxvdes xedvis areSi da okularSi ganTavsebuli iyos 

vertikalurad. amis Semdeg akvirdebian interferenciuli zolebis 

gardatexas (nax. 22) safexurze. okular-mikrometriT zomaven jer manZils 

yvelaze intensiur xazsa da mezobel xazs Soris (erTi zolis SigniT) _X. 

Semdeg gansazRvraven Sua zolis wanacvlebas safexurze _ x danayofi. 

firis sisqe iangariSeba formuliT d=0,27x/x mkm. 

   ferebis damzera. dieleqtrikuli firebis (SiO2, Ae2O3, Si3N4  da a.S.) sisqis 

dasadgenad akvirdebian firis fers. Tu firis zedapirze sxivis dacema 

normalurTan axlosaa da firebi sakmaod Txelia (1 mkm naklebi), maSin 

manZili mezobel interferenciul maqsimumebs Soris imdenad didia, rom 

firi mTlianad erTi ferisaa. firis sisqis gazrdiT firis Seferiloba 

icvleba, amasTan erTidaigive, feri SeiZleba ganmeordes ramodenimejer 

manam, sanam firis sisqe /4-is jeradia. amitom sisqis gasazomad feris 

mixedviT unda vicodeT ara marto Sesabamisi feris talRis sigrZe aramed 

interferenciis rigic K=1,2,3,…... Tu firis gardatexis maCvenebelia n maSin 

firis sisqe  

n
Kd

1

4


                   (37) 

   sadac   mocemuli feris Sesabamisi talRis sigrZea.  

   mgrZnobiaroba Seadgens 20-30 nm. misi naklia subieqtivizmi _ sxvadasxva 

adamianebi erTidaigive sisqis firis fers aRiqvamen sxvadasxvanairad.  

   grZivi eleqtrowinaRobis gazomvis meTodi. dafenis kameraSi fuZeSris 

meTodis gverdiT aTavseben cnobili geometriuli zomebis mqone firfitas 

_ `mowmes~. gamzomi xelsawyo _ bogiruli kompensaciuri sqema, 

dagraduirebulia. sisqe iangariSeba formuliT  

Rh

L
d                          (38) 
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sadac  _ kuTri winaRobaa, R _ firis winaRoba `mowmeze~ kontaqtebs 

Soris; L, h _ firis sigrZe da sigane. meTodis mgrZnobiarobaa 1-5 nm, xolo 

gasazomi firis zRvruli sisqea 1-5 nm.  
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