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2014-2015- wlebis dasrulebuli da mimdinare gegmiuri samecniero -kvleviTi 

samuSaoebis angariSi prioritetebis mixedviT 

 
 

2014-2015-2016 wlebSi ssip-ssstc `delta~-s mier 2015 wlis 20 aprils 

damtkicebuli gegmis Tanaxmad, instituti asrulebs Semdeg samecniero-

kvleviT samuSaoebs: 

prioriteti 1. samxedro daniSnulebis 6 daxuruli samecniero-kvleviT 

samuSaos sabazo dafinansebiT; 

prioriteti 2. 

metalurgiuli da masalaTmcodneobis, samoqalaqo profilis 7 samecniero-

kvleviT samuSaos. nacionaluri usafrTxoeba, axali masalebis damuSaveba, 

bunebrivi resursebis da warmoebis narCenebis racionaluri  gamoyenebis 

mimarTulebiT. sabazo dafinansebiT  

O 

sam sainiciativo Temas romelic biujetidan ar finansdeba.  

 

 

 QqvemoT moyvanil angariSSi  warmodgenilia prioriteti 2-is  7- proeqti.  

maT Soris erTi proeqti dasrulebulia da warmogidgenilia   mokle 

angariSis saxiT. (sruli angariSi damTavrebuli proeqtisa gadmogecemaT 

moTxovnis SemTxvevaSi).    

 
  
 

 

 



prioriteti 2. nacionaluri usafrTxoeba, axali masalebis 

damuSaveba, bunebrivi resursebis da warmoebis narCenebis 

racionaluri  gamoyeneba 

 

Tavi I. sabazo dafinansebiT Sesasrulebeli    metalurgiuli da 

masalaTmcodneobis samoqalaqo profilis 

samecniero-kvleviTi samuSaoebi 
 

1.samTo-metalurgiuli da momijnave sawarmoTa arakondiciuri 
narCenebisagan madanTermul RumelebSi ferosilikoaluminis warmoebis 
mizanSewonilobis teqnikuri da ekonomiuri dasabuTeba,2015-ww  
 
proeqtis xelmZRvaneli: t.m.d.j.mosia  
 
laboratoriaSi 2015 wels daiwyo da momaval welsac gagrZeldeba 
samuSaoebi gegmiuri samecniero-kvleviTi samuSaos  “samTo-metalurgiuli 
da momijnave sawarmoTa arakondiciuri narCenebisagan madanTermul 
RumelebSi ferosilikoaluminis warmoebis mizanSewonilobis teqnikuri da 
ekonomiuri dasabuTeba” samuSaos mizania samTo-metalurgiul da momijnave 
sawarmoTa wvrilfraqciuli  narCenebidan miRebuli kompaqtirebuli 
kazmebisagan da fraqcionirebuli maRalTixamiwaSemcveli liptobiolituri 
naxSirebisa da qanebisagan ferosilikoaluminis miRebis teqnologiis 
damuSaveba, sacdeli ubnis mowyoba, saTanado mowyobilobebiT misi 
kompleqtaciis teqnikuri gadawyvetis SerCeva. msxvillaboratoriuli (250-
500 kva simZlavris mudmivi denis madanTermuli Rumelis bazaze) sacdeli 
dnobebis Catareba da misi Sedegebis analizis safuZvelze 
ferosilikoaluminis warmoebis mizanSewonilobis teqnikuri da ekonomiuri 
dasabuTeba. 
saangariSo periodSi kvlevis kvartaluri gegmebis Sesabamisad Catarebulia: 

• Cveni qveynis samTo-metalurgiuli da  momijnave sawarmoTa warmoebis 
maRalTixa-miwiani narCenebis maragebis Taobaze informaciebis 
dazusteba. maTi SesaZlo gadamuSavebis teqnologiebze informaciis 
mogroveba da sistematizacia. 

• siliciumaluminiani Senadnobebis miRebis arsebuli xerxebis 

mimoxilva naxSiris gamdidrebis narCenebisa da Tboeleqtro-

sadgurebis nacrebis gamoyenebiT da prioritetuli mimarTulebebis 

gansazRvra. siliciumaluminiani Senadnobebis miRebis arsebuli 

xerxebis analizi da dadgenilia naxSiris gamdidrebis narCenebisa da 

Tboeleqtrosadgurebis nacrebis gamoyenebiT maTi miRebis 

prioritetuli mimarTulebebi; 



• aRniSnuli teqnologiis dasamuSaveblad dadgenil iqna tyibulis 
samTo-gamamdidrebel kombinatSi sacdeli nimuSebis 
warmomadgenlobiTi nimuSebis aRebis savaraudo wertilebi, maTi 
saxeebi;  

• aRebulia saanalizo sinjebi da  Catareblia maTi teqnikuri analizi, 
risTvisac saerTaSoriso standartis Sesabamisad avawyveT danadgari 
da CavatareT analizebic. dazustebulia  cdebisaTvis maTi momzadebis 
meTodebi, romelic iTvaliswinebs misaRebi liTonis SemadgenlobaSi 
aluminis Semcvelobis cvalebadobas farTo koncentraciul 
intervalSi, narCenebSi myari naxSirbadis raodenobasa da mTliani 
masis granulometriul Semadgenlobas. Tbo-eleqtrosadgurebis 
dagrovili widanacruli narCenebis warmomadgenlobiTi sinjebis 
aReba moxda rusTavis wida sayrelidan. 

• derivatografiuli meTodis gamoyenebiT Seswavlilia gamoyenebuli 

komponentebisa da kazmebis Termuli destruqciis procesebi, maTi 

mimdinareobis temperaturuli intervalebi da dinamika. 

• Seswavlilia sakazme masalebisa da kazmebis Tbofizikuri Tvisebebi 
(Tbomoxmareba,  siTbotevadoba da Tbogamtarobis koeficienti). 

• Sveduri universaluri kompiuteruli programuli kompleqsis 

“Thermocalc” gamoyenebiT Catarebulia ferosilikoaluminis 

gamodnobis dros mimdinare rTuli qimiuri gardaqmnebis winaswari 

prognozireba da gakeTebulia aqcentebi Senadnobisa da kazmebis 

savaraudo  Semadgenilobebze. 

• dadgenilia CaO-MgO-Al2O3-SiO2 sistemaSi oqsiduri nadnobebis 
siblantis, zedapiruli daWimulobisa da eleqtruli gamtareblobis 
temperaturasa da Sedgenilobaze damokidebulebebi 

Catarebuli kvlevebi gviCvenebs, rom samTo-metalurgiuli mrewvelobis 
narCenebi warmoadgenen teqnogenur sabadoebs, romlebic perspeqtiulia 
gadamuSavebisaTvis. Ees saSualebas iZleva gavzardoT mineralur-
nedleulebrivi kompleqsis maragebi, SevamciroT danaxarjebi ZiriTadi 
sasargeblo nedleulis gamdidrebaze. mineraluri nedleulisa da 
teqnogenuri produqtebis kompleqsuri gamoyenebis specifikas gaaCnia 
garkveuli Taviseburebebi. is ganisazRvreba dabali xarisxis nedleulidan 
sapasuxismgeblo da dasamzadeblad Zneli produqciis msxvil masStaburi  
warmoebiT da moiTxovs rogorc fundamenturi, aseve gamoyenebiTi 
kvlevebis Catarebas. mkafiod Cans maTi erTdrouli da urTierTmibmuli 
gadawyvetis aucilebloba.  

 
 

kvartaluri gegmis Sesabamisad egm-is gamoyenebiT damuSavebulia 
tyibulis naxSirebis mopovebisa da gamdidrebis arakondiciuri 

ნარჩენებისagan ferosilikoaluminis eleqtroTermuli warmoebis procesis 
modelirebis optimaluri algoriTmi da Seqmnilia teqnologiuri 
procesebis marTvis kompiuteruli programa. igi saSualebas iZleva sakazme 
masalebis Semadgenlobisa da xarjvis parametrebis cvlilebisas 



operatiulad davadginoT Senadnobis savaraudo Semadgenloba da SevitanoT 
saTanado cvlilebebi dnobis procesSi. 

eleqtrodnobis meTodiT naxSiris gamdidrebis gverdiTi 
produqtebidan da Tes-is nacrebidan ferosilikoaluminis miRebis 
procesisaTvis dadgenilia Senadnobis Semadgenlobis cvlilebis zRvrebi 
kazmis ZiriTadi komponentebis Semcvelobis farTo diapazonSi da 
ferosilikoaluminis miRebis optimaluri sqema.  
 
 
 
2. `usxmulo glinviT~ sajavSne aluminis 8-11 mm-iani namzadebis  
warmoebis procesis optimaluri teqnologiuri parametrebis dadgena,  
2015w.  
proeqtis xelmZRvanelebi: g.qevxiSvili t.m.k. akad.doq. uf.mec Tan  
                            j.SaraSeniZe t.m.d. mTav.mec.Tan 
 
damuSavebulia am sakiTxTan dakavSirebiT arsebuli literatura. Rrma 
analizis safuZvelze dadgenilia sxvadasxva Taobis sajavSne aluminis 
Tvisebebi da aqedan gamomdinare TiToeuli maTganis gamoyenebis sfero. 
dReisTvis cnobilia sami Taobis sajavSne aluminis Senadnobebi:  
I- Taobis sajavSne furclebi warmoebuli iyo Mg-sa da  MnSi-iumis bazaze,  
II-TaobaSi ki ZiriTad malegurilebel elements ukve  Zn, Mg, Mn    
warmoadgenda, xolo III TaobaSi wamyvans spilenZi warmoadgens iSviaTi 
gamonaklisis garda, roca damatebiT 0,5% vercxli ixmareba.TiTqmis yvela 
Taobis SenadnobebSi malegirebeli elementebis raodenoba SenadnobSi 5-7-%-
is farglebSi meryeobs. sisalis mixedviT es Senadnobebi or jgufad 
iyofian: pirveli dabali da saSualo sisaslis  Senadnobebi (Hb-80-120) da 
meore maRali sisalis Hb-130-180-dan zeviT. pirveli jgufis sajavSne 
aluminis furclebi tyvia sawinaaRmdegoa. meore jgufi efeqturia naRmebis 
namsxvrevebis sawinaaRmdegod. 
Ggarda amisa saTao ofisidan mogvawodes dRes natos SeiaraRebaSi 
arsebuli aluminis sajavSne filis nimuSi, romelic kvlevebis procesSi 
gamoyenebuli iqna rogorc etaloni, Tavisi meqanikuri da struqturuli 
Tvisebebis mixedviT. xvadsxva meTodebiT dadgenilia am filis qimiuri 
Semadgenloba rogorc gairkva SenadnobSi malegirebeli elementebis 
jamuri raodenoba 2,3- 2,5 % ar aRemateba ( Mg-0,6-0,75%; Mn 0.8-0.92%;  
Si 1,2-1,35%). 
 rogorc vxedavT am filis qimiuri Semadgenloba sakmaod gansxvavdeba 
nebismieri Taobis SenadnobTa qimiuri Semadgenlobisgan e.i. is saWiro 
meqanikuri Tvisebebi rac sajavSne masalebis winaSe dgas Termuli 
daamuSavebisa da garkveuli sididis moWimvebis saSualebiT aris miRweuli, 
rac Cveni kvlevebis ZiriTad mimarTulebas warmoadgens. eqsperimentuli 
kvlevebis proceSi TiToeuli Taobis sajavSne aluminis Senadnobebis 
qimiuri Semadgenlobis mixedviT, iseve rogorc Cvens xelT arsebuli 
sajavSne filis qimiuri Semadgenlobis gaTvaliswinebiT Camosxmuli da 
damzadebulia sacdeli nimuSebi romlebic Seswavlis proceSi imyofebian. 
nimuSebi  miRebulia  CamosxmiT, mcire zomis yalibebSi deformaciis 



gareSe, raTa sxvadasxva sididis moWimvebis Semdeg dadgindes moWimvis 
optimaluri mniSvnelobebi. 
amJamad mimdinareobs Cvens xelT arsebuli monacemebis analizi da 
Teoriuli gaTvlebiT Sefasebul Camosxmis parametrebsa da 
eqsperimentalurad miRebul  parametrebs Soris gansxvavebis dadgena, 
cdomilebis koeficientis gansazRvra. 
rogorc wesi yoveli Camosxmis dros xdeba yvela ZiriTadi teqnologiuri 
parametris (gamowevis siCqare, glinebze warmoqmnili Zalebi, (temperatura 
liTonis da gamacivebeli wylis) paralelur reJimSi Cawera.  miuxedavad 
imisa warmatebiT Caiara Camosxmam Tu avariiT damTavrda warmoebs am 
Canawerebis analizi, rac sagrZnoblad gvexmareba sxvadsxva kveTis 
namzadisTvis Teoriulad optimaluri Camosxmis parametrebis gansazRvraSi. 
Mmagram aqamde Canawerebis simciris gamo ZiriTadi aqcenti gamowevis 
Zalebsa da siCqaris Soris urTierTdamokidebulebaze iyo gakeTebuli, rac 
praqtikulad gamoricxavda liTonis qimiuri Semadgenlobis gavlenis 
Seswavlas Camosxmis procesis stabilurobaze. swored amis gamo xSiri iyo 
Teoriulad gansazRvrul da realurad arsebul Camosxmis teqnologiur 
parametrebs Soris sxvaoba rac rig SemTxvevaSi avariis mizezi xdeboda. 
 dReisTvis dagrovda “usxmuli glinvis” meTodiT, sxvadasxva qimiuri 
Semadgenlobis liTonis Camosxmis Canawerebis sakmao raodenoba, rac 
saSualebas iZleva Teoriuli Sefasebis, prognozirebiT  gaviTvaliswinoT 
sxva parametrebTan erTad (siCqare da Zalebi). Ees procesi sakmaod 
Sromatevadia, magram swori meTodikis SemuSavebis SemTxvevaSi sagrZnoblad 
Seamcirebs sakmaod Rirebul da Sromatevad eqsperimentaluri kvlevebis 
xvedriT wils Camosxmis optimalur parametrebis Teoriulad gansazRvris 
proceSi.  
dadgenilia sxvadasxva Taobis sajavSne filis optimaluri qimiuri 
Semadgenloba da fiziko meqanikuri maxasiaTeblebi; damuSavda saCamosxmo-
saglinavi danadgaris rekonstruqciis proeqti, rac aucilebelia   
kompozituri (fenovani) sajavSne filebis Camosxmis da namzadebis sisqis 

gasazrdelad  30÷50 mm-de.  
 
Camosxmis procesis teqnologiuri parametrebis (gamowevis siCqare, glinebze 
warmoqmnili Zalebi, liTonis temperatura, qim. Sedgeniloba) Canawerebis 
detaluri analiziT SesaZlebeli gaxda nebismieri sisqisa da qim. 
Sedgenilobis aluminis SenadnobebisaTvis Teoriulad Camosxmis 
optimaluri teqnologiuri parametrebis gansazRvra, rac sagrZnoblad 
Seamcirebs sakmaod ZviradRirebul da Sromatevad eqsperimentalur 
kvlevebis xvedriT wils sxvadasxva daniSnulebis namzadebis Camosxmis 
teqnologiis dadgenis saqmeSi. damuSavda saCamosxmo-saglinavi danadgaris 
rekonstruqciis proeqti, rac saSualebas mogvcems sagrZnoblad gavzardoT 

Camosxmuli namzadebis sisqe (30÷50mm-de). ris gareSec SeuZlebelia 
kompozituri (fenovani) sajavSne filebis Camosxma. 
 

3. specialuri daniSnulebis maRal azotiani koroziamedegi 
foladebis damuSaveba,  2015w. 

 



proeqtis xelmZRvaneli: n.luarsabiSvili t.m.k. akad.doqt. mTav.mec.Tan 

 specialuri daniSnulebis koroziamedegi foladebidan damzadebuli 
nawarmi, romelic gamoiyeneba, rogorc samxedro aseve, samoqalaqo 
daniSnulebisaTvis metad Zvirfasia. 
cnobilia standartuli qrom-nikelis an nikelis fuZeze sxvadasxva 
elementebis damatebiT miRebuli rTuladlegirebuli koroziamedegi 
foladebi da Senadnobebi. magram ukanasknel wlebSi nikelis gaZvirebam da 
misma alergenobam adamianis organizmze, biZgi misca unikelo Senadnobebis 
miRebisaTvis miZRvnil kvlevebs. am mxriv mniSvnelovania axali 
maRalazotiani unikelo foladebi, romlebmac gamoamJRavnes unikalur 
Tvisebebi. kerZod simtkicis maRal maCveneblebTan erTad kargi 
plastikuroba, gazrdili koroziamedegoba da rac Zalze mniSvnelovania,  
nikelis azotiT SecvliT gamowveuli ekonomiuri efeqturoba. 
Ralazotiani foladebi warmoadgenen ZiriTadad qromiT, nikeliT, 
manganumiT, molibdeniT, vanadiumiT legirebul Zvirfas Senadnobebs, 
romlebic saerTo daniSnulebis foladebisagan gansxvavebiT gamoiyenebian 
viwro mimarTulebiT da gaaCniaT unikaluri fiziko-qimiuri da meqanikuri 
Tvisebebi.  
moviyvanT 2 magaliTs 
 
foladi  C Cr Mo Mn Ni  S Si Cu N 
Cronidur 30 0,25-

0,35 
14-16 0,85-

1,00 
1,00 0,5 - - - 0,3-0,5 

“Bio Dur 
108” 

0,05 21 0,8 23 0,03 0,005 0,40 0,10 0,97 

 
Cronidur 30 aris essenis firmis mier warmoebuli martensituli klasis 
foladi. igi gamoirCeva maRali koroziamedegobiT, kargi 
damuSevadobadobiT, Termuli damuSavebisas zomebis maRali stabilurobiT, 
xexviTYda polirebiT optimaluri xarisxiani zedapiris miRebis 
SesaZleblobiT, maRali simtkiciT da sisaliT (54-61RC) maRal dinamikur 
maxasiaTeblebTan erTad, kargi cveTamedegobiT, 500 gradusamde 
moSvebisadmi maRali mdgradobiT, gansakuTrebuli sisufTaviT, romelic 
miRweulia wnevis qveS eleqtrowiduri gadadnobiT, optimizirebuli da 
erTgvarovani mikrostruqturiT, romelic miiRweva specialuri 
individualuri WedviT mikrodispersuli, upiratesad qromis 6-10 mikroni 
zomis karbonitridebis CamoyalibebiT. 
gamoyenebis sferoebia: saaviacio mrewveloba, manqanaTmSenebloba, qimiuri 
mrewveloba, farmacevtuli da samedicino daniSnulebis iaraRebis warmoeba. 
samedicino daniSnulebiT, gansakuTrebiT inplantatebisaTvis 
dawinaurebulia karpenteris teqnologiuri korporaciis mier SemuSavebuli 
unikelo maRalazotiani qrom-manganumiani austenituri klasis foladi “Bio 
Dur 108” 
 amrigad, maRalazotiani foladebi miekuTvnebian gansakuTrebiT maRal 
xarisxian Senadnobebs, romelTa misaRebad aucilebelia Tanamedrove 
vakuumur-induqciuri, plazmuri dnobis da azotis wnevis qveS 
eleqtrowiduri gadadnobis mowinave teqnologiebis gamoyeneba. am 



teqnologiebis realizeba mxolod Tanamedrove aparaturiT da 
danadgarebiT aris SesaZlebeli, rac did kapital dabandebebs moiTxovs.    
 f.TavaZis metalurgiisa da masalaTmcodneobis institutSi arsebobs 
inteleqtualuri potenciali da teqnikuri saSualebebi, raTa es metad 
rTuli problema iqnas gadaWrili.  
damuSavdes specialuri koroziamedegi foladebis miRebis teqnologiebi 
qveynis Tavdacvis da samoqalaqo seqtorisaTvis. 
proeqtis mizania – Seiqmnas maRalazotiani specialuri daniSnulebis 
koroziamedegi foladebi.  
miznis misaRwevad gamoyenebuli iqna institutSi arsebuli simZlavreebi, 
danadgarebi, mowyobilobebi, xolo kvlevis dros warmoqmnili problemebis 
dasaZlevad moxda maTi modernizacia an axali eqperimentuli aparaturis 
Seqmna. 
Eeleqtro-widuri dnobis danadgari 
  

 
Seicvala maRali wnevis kameris konstruqciis detalebi, rac azotis wnevis 
10-dan 20 atmosferomde gazrdas uzrunvelyofs.  



 
 

 
 
damuSavda proeqti plazmuri dnobis danadgaris sadnobi tigelisaTvis: 10-15 
kg masis sadnobi tigeli Txevadi liTonis eleqtro-magnituri momreviT 
uzrunvelyofs plazma-widuri dnobis stabilur process, liTonis qimiur 
erTgvarovnebas da maRal xarisxs. moZiebulia masalebi aRniSnuli nadnobis 
dasamzadeblad.    
sxvadasxva qveynebSi arsebuli miRwevebis analizi aCvenebs, rom azotis 
maRali Semcvelobis misaRwevad eleqtrowiduri gadadnobis prcesSi azotis 
maRali wneva ar aris sakmarisi nadnobSi misi maRali koncentraciis 
misaRebad, vinaidan airovani mdgomareobidan Txevadi widis gavliT 
(romelic barieris rols TamaSobs) azotis Txevad liTonSi gadasvla 
gaZnelebulia. amitom iyeneben maRalazotian fxvnilovan naerTebs, rogoric 
aris siliciumis nitridi an qromis nitridi. vinaidan, Cven SemTxvevaSi 
siliciumis arseboba, rogorc feritwarmomqmneli elementisa, ar aris 



sasurveli, ZiriTadi yuradReba eTmoba eleqtrowiduri gadadnobis 
procesSi qromis nitridis fxvnilis  gamoyenebiT.  
unda aRiniSnos, rom qromis nitridis fxvnilebis mwarmoeblebi (ZiriTadad 
Cinuri kompaniebi) gvTavazoben wvrildispersul fxvnilebs. gamdnar widaze 
mirTvis dros ki rekomendirebulia 0,5-1 mm zomis fxvnilebi. institutis 
Tms laboratorias aqvs SesaZlebloba miRebul iqnas eqsperimentisaTvis 
aucilebeli mcire raodenobis qromis nitridi. 
institutis dislokaciis Secvlis gamo demontaJi gaukeTda induqciur da 
plazmur sadnob Rumels da eleqtrowiduri dnobis danadgars. amitom 
sakvlevi Senadnobebis miReba moxdeba saamqros mSeneblobis damTavrebis da 
danadgarebis montaJis Semdeg, romelic 2016 wlis pirvel kvartalSi 
dasruldeba. 
amJamad mimdinareobs  da 2016 wlis pirvel da meore kvartalSi 
gagrZeldeba Semdegi samuSaoebi: 
1. rentgenul difraqtometrebs «ДРОН-2 , ДРОН-4» mowveuli ukraineli 

specialistis mier Cautarda profilaqtikuri saremonto da 
modernizaciis samuSaoebi. orive danadgri muSaobs gamarTulad. 
gayvanil iqna interneti, rac saSualebas gvaZlevs gvqondes wvdoma 
msoflios monacemTa bazebTan. 

2. mimdinareobs eqsperimentuli xelsawyos dakompleqteba 
gogirdwyalbadis Semcvel areebSi foladebis koroziuli 
maxasiaTeblebis asaRebad. 

3. mimdinareobs samuSaoebi difraqtometr ДРОН-2- saTvis 
maRaltemperaturuli kameris montaJisa da saeqsploatecio reJimebis 
dasadgenad. 

4. Catarebulia arsebuli sakvlevi foladebis nimuSebis Termuli 
damuSaveba (wrToba + moSveba sxvadsxva temperaturebze) da 
metalografiuli analizi. 

5. Catarda Termuli damuSavebis dros myari xsnaridan nitridebis da 
karbonitridebis gamoyofis procesis rentgenografiuli kvleva. 

6 gamokvleuli iqneba  gogirdwyalbadis Semcvel areebSi (zRvis wyali da 
navTobi) foladebis koroziuli maxasiaTeblebze Termuli damuSavebis 
gavlena.  

7 moxdeba eleqtrowiduri gadadnobis danadgaris modernizacia, montaJi 
da gaSveba. 

8 plazmudi dnobis danadgaris montaJi da dnobis Catareba. 
9 miRebul iqneba foladi samedicino daniSnulebisaTvis. 

 
 

1. mSenebare eqsperimentuli korpusis pirvel sarTulze gansalagebeli 
plazmuri dnobis da eleqtrowiduri gadadnobis danadgarebis 
adgilmdebareobis da maTi funqcionirebisaTvis aucilebeli 
komunikaciebis (elqtromomarageba, teqnikuri wyali, ventilacia, 
ganaTeba) gayvanasTan dakavSirebiT Catarda mosamzadebeli samuSaoebi 
saproqto organizaciasa da mSeneblebTan erTad. 
 

 



2. moZiebul iqna cifruli TviTCamweri Termomagnitometruli kvlevis 
Sedegebis kompiuteruli damuSavebis mizniT; 
 

 

3. moZiebulia ultrabgeriTi generatori da mimdinareobs modeluri 
kvlevebi  Txevad liTonebSi gazis buStebis warmoqmnis meqanizmis da 
malegirebeli elementebis Seyvanis meqanizmis gamosavlenad; 
 

 

4. mimdinareobs Termuli damuSavebis dros nitridwarmoqmnis procesis 
kvleva; 
 

5. mimdinareobs eleqtrowiduri gadadnobis danadgarisaTvis maRali 
wnevis kameris modernizacia. 
 

Catarda mosamzadebeli samuSaoebi saproqto organizaciasa da 

mSeneblebTan erTad. მოხდა kvlevis Sedegebis kompiuteruli damuSavebა; 
mimdinareobs modeluri kvlevebi  Txevad liTonebSi gazis buStebis 
warmoqmnis meqanizmis da malegirebeli elementebis Seyvanis meqanizmis 
gamosavlenad; mimdinareobs Termuli damuSavebis dros nitridwarmoqmnis 
procesis kvleva; mimdinareobs eleqtrowiduri gadadnobis danadgarisaTvis 
maRali wnevis kameris modernizacia. 
 
                   

 
 
 

 

 

 

 

 

 

 

 

 



4. Ti-B-C-N sistemis keramikuli masalebis fuZeze gradientuli 
sajavSne elementebis miRebis teqnologiebis SemuSaveba, 2015w  
 
samecniero konsultati:  g.TavaZe t.m.d. profesori, erov. akd. akademikosi 

samuSaos xelmZRvanelebi: g.oniaSvili  t.m.d. prpfesori labora.xelmZR. 

                         z.aslamazaSvili, t.m.k. akd.doq. mTav. mec.Tan 

Tms meTodiT Ti-B-N da Ti-B-N-C  sistemebis erTdroulad ori keramikis 

fuZeze gradientuli masalebis miRebis SesaZleblobis Sesaswavlad                                 

Cvens mier SemoTavazebuli iyo Semdegi sistemebi:  

1- Ti-B-C-N-Cu;  
2.Ti, Ti-B-C-N-Cu ;  
3. Al, Ti-B-C-N-Cu ;  
4. Ti-Al, Ti-B-C-N;  
5.X18H15, Ti-B-C-N-Cu;  
6. Ti-Cr-C- X18H15;  
7. X18H15, Ti-B-C-N-Cu ;  
8. TH50, Ti-B-C-N-Cu;   
9. Ti-B-N-Cu,TH50;  
10. Ti-B-C-N-Cu,TH50IITi-B-N-Cu.      A 
SerCeuli sistemebisaTvis miRebulia nimuSebi. kazmebidan momzadebuli 
dawnexili briketebi Tavsdeboda wnexformaSi. sinTezis procesis 
inicirebisaTvis gamoiyeneboda volframis spirali winaswar gamomSral 200-
800 mkm dispersiulobis  qviSaSi, romelic TamaSobs Tboizolatoris rols 
da romlis  Semdeg xdeba nimuSze damwnexavi Zalis gadacema. 
nimuSebis miReba xdeba sinTezisa da kompaqtirebisaTvis aucilebeli 
winaswar eqsperimentulad gansazRvruli yvela parametris (winaswar 
dawnexvis dro, inicrebis dawyebisa da xangrZlivobis dro, winaswar 
dawnexvisas wnevis qveS dayovnebis dro, ukve sinTezirebuli nimuSis wnevis 
qveS dayovnebis dro, agreTve winaswar da saboloo dawnexvis wnevebis 
mniSvnelobebis optimaluri sidideebi) gaTvaliswinebiT. 
Seswavlilia Tms meTodiTBTi-B-N da Ti-B-C-N  sistemebis keramikis fuZeze 
gradientuli masalebis miRebis SesaZlebloba da dadgenilia, rom Cvens 
mier SerCeul sistemebSi SesaZlebelia winaswardasaxuli Tvisebebis mqone 
gradientuli masalebis miReba.  dadgenilia sinTezisa da kompaqtirebis 
optimaluri parametrebi.  
 
mimdinareobs  ori keramikis fuZeze Ti-B-N   Ti-B-N-C  gradientuli masalebis 
sacdeli nimuSebis damzadeba; განსაზღრულია ori keramikis fuZeze 
optimalur pirobebSi miRebuli gradientuli nimuSebis fizikur-meqanikuri 

Tvisebebi; sawyisi komponentebis saboloo produqtad gardaqmnis Tanmimdevrobis codna 

saSualebas gvaZlevs davadginoT ara marto kazmebis optimaluri Semadgenloba da 

masalebis miRebis teqnologiuri parametrebi, aramed gavakeToT prognozireba am 

masalebis saeqspluatacio Tvisebebis Sesaxeb. დადგენილია რომ xarisxiani 



gradientuli masalis misaRebad aucilebelia oridan erTi piroba mainc 
Sesruldes esenia: fenebis sinTezis siCqareebi unda iyos daaxloebiT 
Tanabari, an fenebi unda Seicavs TiTo mainc msgavs fazas. 
 

 

5. TiB2, ZrB2 -ის და TiB2 /TiC, TiB2 /Al 2O3 , ZrB2/ZrC-ს კომპოზიციური კერამიკული 
მასალების მიღება,2015w 
 
proeqtis xelmZRvaneli: j.baRdavaZe t.m.d. mTav.mec.Tan 

ganvixileT literaturaSi arsebuli Cvens mier Sesaswavli masalebis 
miRebis Sesaxeb Sesrulebuli samuSaobi. moZiebuli iqna maT Sesaxeb 
uaxlesi literaturuli monacemebi da Catarda maTi analizi. mimoxilvam 
gviCvena, rom praqtikaSi gamoyenebis maRali moTxovnis gamo TiC, TiB2, ZrC, 
ZrB2, TiB2 /TiC, ZrB2/ZrC, Al2O3/TiB2 keramikuli naerTebisa da sxva kompoziciuri 
masalebis miRebas didi yuradReba eqceva. mravalferovani Tvisebebis mqone 
am masalebis mi-saRebad damuSavebulia sxvadasxva meTodebi. amitom 
mizanSewonilia miRebis iseTi xerxis SerCeva, romelic ekonomiuri 
TvalsazrisiT nakleb xarjebs moiTxovs. Cvens SemTxvevaSi, zemoT 
aRniSnuli masalebis misaRebad SerCeuli iqna karboTermuli da 
liTonTermuli meTodebi, romelTa yvelaze xelsayreli reJimis 
dadgenisaTvis saWiroa zemoTaRniSnuli masalebis miRebis procesebis 
sruli Termodinamikuri analizi, rac naklebi eqsperimentis Catarebis 
saSualebas mogvcems. garda amisa erTi reaqciiT SesaZlebeli gaxdeba 
mravalnaerTiani sxvadasxva Sedgenilobis keramikuli kompoziciuri 
masalebis miReba. am mizniT CavatareT TiB2- is da TiB2/TiC, TiB2/Al2O3 
kompoziciuri masalebis miRebis procesebis sruli Termodinamikuri 
analizi (sTa) kompiuteruli programa ASTRA-4  programis gamoyenebiT. 
viangariSeT zogierTi naerTis ucnobi Termodinamikuri maxasiaTeblebi:  
TiC0.1 O0,9 oqsikarbidebisaTvis: ΔH0

298 = - 1257 kal/moli, ΔHdn.=10733 kal/moli, 
Cpa0.=17.393 kal/moli. K. 
TiC0.75 O0.25 oqsikarbidebisaTvis: ΔH0

298=-68925 kal/moli, ΔHdn.=37090 kal/moli,  
CpTx.= 66.02kal/moli., K.Tdn.=2804 K. 
TiC0.4 O0.6  oqsikarbidebisaTvis: ΔH0

298 = - 95420 kal./moli, ΔHdn.=14198 
kal./moli, CpTx.=16.989 kal./moli.K, Tdn.=2453 K. 
TiAl- saTvis: ΔHdn.=6553 kal/moli, H0

298- H0
0 =1954.5 kal/moli, 

AlB2 - saTvis: ΔH0
298 = -36090 kal/moli, ΔHdn =13849kal/moli, 

CpTx=29.01 kal/moli, K 
Sesrulebulia TiO2 da B2O3–is aluminTan urTierTqmedebis procesis 
Termodinamikuri analizi Semdegi reqaciisaTvis:  

3TiO2 + 3B2O3 + 10Al = 3TiB2 + 5Al2O3 

am sistemis sruli Termodinamikuri analizis Sedegebi literaturaSi ar 
moipoveba. amitom interes iwvevs aRniSnuli sistemis sTa-s Sesruleba.    
Termodinamikurma analizma gviCvena, rom procesi maRaltemperaturuli 



egzoTermuli efeqtiT mimdinarebs da aRdgena 500 K-is qvemoT mTavrdeba. 
aucileblia aRiniSnos, rom am temperaturaze procesi praqtikulad ar 
ganxorcieldeba da sistema moiTxovs gadaxurebas, romlis Semdeg reaqcia 
TviTdinebiT mimdinareobs. Catarebulia Ti-B-O-C sistemis sruli 
Termodinamikuri analizi. aRniSnul sistemaSi Sesrulebulia 10 
Sedgenilobis Termodinamikuri analizi. samuSaoSi warmodgenilia mxolod 
ori Sedgenilobis Termodinamikuri analizis Sedegebi: 1. TiO2  -38.14 mas.%; 
B2O3   - 33.25 mas.%; C-28.61 mas.%; 2. TiO2  - 49.07 mas.%;  B2O3   - 21.40 mas.%;  C-
29.53 mas.%; 

ganxiluli sistemis sTa literaturaSi ar moipoveba. 
angariSi Catarebulia 500-2000 K temperaturul SualedSi 500 bijiT 
vakuumSi. Termodinamikurma analizma gviCvena, rom TiB2 – is misaRebad 
eqsperimentebi saWiroa CavataroT 1250 K- is zeviT, xolo TiB2 – is da TiC-s 
narevis misaRebad 1200 K-is zeviT. 
Catarebulia  ZrB2-is da ZrB2/ZrC kompoziciuri masalebis miRebis 
procesebis Termodinamikuri analizi. ukanasknel wlebSi didi moTxovnaa 
kompoziciur masalebze, romlebic gamoirCevian iseT TvisebebiT, rogoricaa 
simtkice, cveTabzar da koroziamedegoba, mdgradoba neitronebis dasxivebis 
mimarT. aseTi masalebi da maTi gamoyenebiT Seqmnili danafarebi SeiZleba 
gamoyenebul iqnas agreTve sxvadsxva, maT Soris specialri daniSnulebis 
nakeTobaTa dasamzadeblad. kompoziciaSi Semavali bori da cirkoniumi 
ganapirobeben aseTi tipis kompoziciuri masalis gamoyenebis 
perspeqtiulobas, rogorc atomur mrewvelobaSi, aseve kosmosuri 
kvlevebisaTvis. maTi miReba qimiuri meTodebiT, kerZod aRdgeniTi 
procesebis gamoyenebiT, saWiroebs farTo kvlevebis Catarebas. xelsayreli 
reJimis dadgenisaTvis saWiroa zemoT aRniSnuli masalebis miRebis 
procesebis sruli Termodinamikuri analizis Sesruleba.  am mizniT 
CavatareT ZrB2-is da ZrB2/ZrC kompoziciuri masalebis miRebis procesebis 
sruli Termodinamikuri analizi (sTa) kompiuteruli programa ASTRA-4 
programis gamoyenebiT. 

Sesrulda naxSirbadis ZrO2 da B2O3-Tan urTierTqmedebis sruli 
Termodinamikuri analizi (sTa). 

sawyisi Sedgenilobebi Seesabameboda Semdegi reaqciebis ste-qiometriebs: 

ZrO2 + B2O3  + 5C = ZrB2 + 5СО                        (1) 

2ZrO2 + B2O3  + 8C = ZrB2 + ZrC + 7СО           (2) 

ganxiluli sistemebis sTa literaturaSi ar moipoveba.  

Termodinamikurma analizma gviCvena, rom (1) reaqciis mixedviT ZrB2–is 
misaRebad saWiroa eqsperimentebis Catareba vakuumSi, 1250 K-ze maRal 
tempera-turaze, xolo (2) reaqciis Tanaxmad narevis ZrB2/ZrC misaRebad 
eqsperimentebi unda Catardes vakuumSi 1350 K–ze maRal temperaturaze. 



Sesrulebulia eqsperimentebisaTvis saWiro danadgarebis rekonstruqcia, 
reabilitacia. kompoziciuri da keramikuli masalebis miReba xorcieldeba 
gaxurebiT maRal temperaturaze. amitom eqsperimentebis Casatareblad 
saWiroa Semdegi danadgarebi: silitis maRalvakuumuri danadgari, 
maRaltemperaturuli grafitis maxurebliani danadgari da agreTve 
burTuliani maRali energiis wisqvili. yvela es danadgri saWiroebda 
reabilitacias da eqsperimentis CatarebisaTvis srul mzad yofnaSi 
moyvanas, rac warmatebiT ganxorcielda Cvens mier kerZod, grafitis 
maxureblian RumelSi maRali vakuumis miReba gaZnelebuli iyo amitom 
gadavwyviteT dagvemzadebia uJangavi foladis hermetuli retorta ramac 
SesaZlebeli gaxada maRali vakuumis miReba. maxureblad avirCieT Cvens mier 
damontaJebuli silitis Rumeli, romelic maqsimum 11000C -s iZleva. 
miuxedavad imisa rom Cvens mier aCeuli karboTermuli meTodiT eqsperimenti 
maRal vakuumSi gacilebiT dabal temperaturebze mim-dinareobs mainc 
zogierTi procesisaTvis 11000C ar aris sakmarisi da amitom nawili cdebis 
Casatareblad saWiroa tamanis tipis (grafitis maxurebliani) Rumeli, 
romelic agreTve saWiroebda reabilitacias, rac warmatebiT ganxorcielda. 
eqsperimentebisaTvis saWiro narevebis misaRebad viyenebT burTulian 
maRali energiis wisqvils,(1000br/w) romelic rekonstruirebuli da 
reabilitirebulia Cvens mier.  

eqsperimentisaTvis saWiro fxvnilebis momzadeba da sacdeli nimuSis miReba  

TiB2 fxvnilis miReba: Termodinamikuri angariSidan gamomdinare TiB2-is 
misaRebad aviReT TiO2, B2O3--is da grafitis narevi, romelic damuSavda Cvens 
mier damontaJebul maRali energiis wisqvilSi 30 saaTis ganmavlobaSi. 
miRebuli fxvnili davabriketeT da tige-liT movaTavseT silitis RumelSi. 
narevi gavaxureT 900-10800C–ze 3 saaTis gan-mavlobaSi. narevis damuSaveba 
gavagrZeleT tamanis RumelSi, argonis atmosferoSi  14000C – ze 3 saaTis 
dayovnebiT. 

ZrB2 fxvnilis miReba: ZrB2-is misaRebad aviReT ZrO2, B2O3-is da grafitis 
narevi, ro-melic damuSavda maRali energiis wisqvilSi 30 saaTis 
ganmavlobaSi. miRebuli fxvnili dabriketda. 

TiB2 / TiC narevis miReba: Termodinamikuri angariSidan gamomdinare TiB2 / TiC 
narevis misaRebad aviReT TiO2, B2O3-is da grafitis narevi, romelic 
damuSavda maRali energiis wisqvilSi 30 saaTis ganmavlobaSi. miRebuli 
fxvnili davabriketeT. 

TiB2 / Al2 O3 narevis miReba: TiB2 / Al2O3 narevis misaRebad aviReT TiO2, B2O3-is 
da aluminis da TiO2, H3BO3-is da aluminis fxvnilebis narevebi, romelic 
davamuSaveT maRali energiis wisqvilSi 70 saaTis ganmavlobaSi. 

ZrB2 / ZrC narevis miReba: Termodinamikuri angariSidan gamomdinare 
ZrB2 / ZrC narevis misaRebad aviReT ZrO2, B2O3-is da grafitis narevi, 
romelic damuSavda maRali energiis wisqvilSi 30 saaTis ganmavlobaSi. 
miRebuli fxvni-li davabriketeT.  



Termodinamikuri angariSidan gamomdinare TiB2/TiC narevis misaRebad 
aviReT TiO2, B2O3- is da grafitis narevi, igi davamuSaveT maRali energiis 
wisqvilSi (1000 br/w) 30 saaTis ganmavlobaSi. miRebuli fxvnili davabri-
keteT da tigeliT movaTavseT Semdgomi damuSavebisaTvis tamanis RumelSi 
argonis atmosferoSi ~ 14000 C – ze 3 saaTis dayovnebiT. 

sur.1-ze naCvenebia miRebuli fxvnilis rentgenograma, saidanac Cans, 
rom ZiriTadad miiReba TiB2/TiC narevi; Termodinamikuri analizidan gamom-
dinare maTi fardoba miaxloebiT 50-50 % -ia. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



6.fxvnilovani borSemcveli kompoziciuri masalebis miReba neitron-
STanTqmeli da cveTamedegi danafarebisaTvis, 2014-2015ww 
 
proeqtis xelmZRvaneli: z.mirijanaSvili, t.m.akad.doqtori,laboratoriis 
ufrosi 
   
ukanasknel periodSi  mkvlevarTa interesi mimarTulia fizikur-qimiur 
TvisebaTa sruliad axali kompleqsis mqone  masalebis miRebaze. aseT 
masalaTa ricxvs miekuTvneba  aluminis oqsidiT ganmtkicebuli qromis da 
titan - qromis boridebi. isini gamoirCevian: maRali simtkiciT, cveTa- da 
koroziamedegobiT, maRali eleqtro- da TbogamtarobiT, da radiaciuli 
gamosxivebis mimarT medegobiT. aseTi masalebi da maT fuZeze Seqmnili 
danafarebi SeiZleba gamoyenebuli iqnas sxvadasxva, maT Soris specialuri 
daniSnulebis nakeTobaTa dasamzadeblad. amavdroulad aseT produqciebze 
farTo momxmarebels warmoadgenen manqanaTmSeneblobis da eleqtronikis 
sawarmoebi, saaviacio, metalurgiuli qarxnebi, navTobgadasamuSavebeli 
kompaniebi, qvis dammamuSavebeli da samTo-gamamdidrebeli sawarmoebi, 
saiuveliro, individualuri Sromis obieqtebi da sxva. 
amJamad amierkavkasiis respublikebSi da TurqeTSi zemoaRniSnuli 
liTonuri fxvnilovani masalebi da maTgan damzadebuli nakeTobebi 
praqtikulad ar iwarmoeba, Tumca moTxovnileba fxvnilTa metalurgiis 
meTodebiT damzadebul  aseTi tipis produqciebze yovelwliurad 
matulobs, romlis dakmayofilebac xorcieldeba sazRvargareTis firmebiT. 
samuSaos  amocanebi da Sesrulebis vada  

1. Termodinamikuri analiziT Sesaswavl sistemebSi ( CrCI3-B,  CrCI3- B2O3 –
AI,   CrCI3- (B)B2O3– (Ti)TiO2-AI) Semavali elementebisa da naerTebis 
koncentraciebis gansazRvra rogorc kondensirebul, aseve airovan 
fazebSi (2014 w); 

2. aluminis oqsidiT ganmtkicebuli qromisa da titan-qromis boridebis 
miRebis optimaluri teqnologiuri parametrebis dadgena da 
teqnologiuri sqemis damuSaveba (2014 w);   

3. fxvnilovani kompoziciuri masalebis sacdeli partiebis miReba (2015 

w); 
4. eleqtro-naperwkluri legirebis da eleqtro-rkaluri SeduRebisaTvis  

Secxobili da fxvnilgula eleqtrodebis damzadebis optimaluri 

reJimis dadgena (2015 w); 
5. sacdeli liTonnakeTobaTa damzadeba. gacveTili zedapirebis aRdgena-

ganmtkiceba da maTi zogierTi Tvisebebis kvleva (2016 w).  

1.1.  Catarda Sesaswavli sistemebis CrCI3-B,  CrCI3- B2O3 –AI,   CrCI3-B2O3–TiO2-AI   
Termodinamikuri analizi 298-2800K temperaturul intervalSi. ganisazRvra 

sistemebSi Semavali elementebisa da naerTebis koncentraciebi rogorc 

kondensirebul, aseve airovan fazebSi. Termodinamikuri gaangariSeba 

Catarda programuli kompleqsis meSveobiT kazmSi 29, 35, 47, 52, da 58 boris 

masuri wilis Tanaobisas.  



rogorc kvlevebma gviCvena kondesirebul fazaSi yvelaze meti raodenobiT 
warmodgenilia TiB2, romelic 15000K-ze zeviT umniSvnelod iklebs. aseve 
TiB2-ze naklebi raodenobiT warmoiqmneba CrB.  rac Seexeba CrB2,  is  pirvelad 
Cndeba 19000K da maqsimums aRwevs 20000 K-ze, Semdeg mcirdeba da 25000 K –is 
zemoT saerTod qreba.  
gamoyenebul programas araaqvs ormagi boridebis warmoqmnis Termodinamikis 
gaangariSebis SesaZlebloba. amitom dasaSvebia programis mier gamoTvlili 
qromisa da titanis boridebi romelime kombinaciaSi  iZleodnen ormag 
boridebs warmoqmnis SesaZleblobas. es dadginda  praqtikuli kvlevebis 
Sedegad sakvlev sistemebSi ormagi boridebis warmoqnis SesaZlebloba. 
Catarda sistemis Termodinamikur analizi im SeTxvevisTvis, rodesac boris 
is steqiometriuli raodenobaa aRebuli, romelic sakmarisia qromis da 
titanisdiboridebis warmosaqmnelad  
qromisa da titanis diboridebis warmoqmnis maqsimaluri albaTobis 
pirobebis dadgenis mizniT gaangariSda 13000 K temperaturaze 
kondensirebuli fazebis wonasworuli Sedgeniloba boris sxvadasxva 
odenobis ( 20,9, 28, 34, 38 da 44 ) masuri wilebis damatebis pirobebSi.  
sistemebis CrCI3-B,  CrCI3- B2O3 –AI,   CrCI3-B2O3–TiO2-AI Termodinamikuri 
analizidan Cans,  rom saTanado kinetikuri pirobebis Seqmnis SemTxvevaSi 
praqtikulad misaReb temperaturul zRvrebSi da kazmSi boris 
steqiometriuli raodenobis arsebobisas, iqmneba pirobebi qromisa da 
titanis ormagi boridebis warmoqmnisaTvis, romelic ganmtkicebulia 5% 
aluminis oqsidiT.   
1.2. Sefasda qromis diboridis (CrB2), titanis diboridis (TiB2), maTi cal-

calke da aluminis oqsidTan (Al2O3) erTad  aRebuli fxvnilovani 
kompozitebisTvis neitronuli dacvis unari. Sefasebis gaangariSebisas 
miRebul iqna, rom danafarebis forianoba Seesabameboda 5%. kompozitebSi 

Al2O3 –is Semcveloba ar aRemateboda 5%, xolo samkomponentian 

kompozitebSi CrB2-isa da TiB2-is Semcveloba daaxloebiT Tanabari iyo. 
miRebuli danafarebis sisqe  Seesabameboda 100 mkm. aseT danafarebSi 
gamoTvlil iqna neitronebis mSTanTqmeli centrebis (10B) atomebis 
koncentraciebi da danafarebis masalaSi neitronebis SeRwevis  Sesabamisi 
siRrmeebi. am Sedegebis safuZvelze dadgenili da tabulirebulia 
neitronuli dasxivebis im dozebis mniSvnelobebi, romlisganac saimedo 
dacvas uzrunvelyofs ama Tu im Semadgenlobisa da sisqis danafarebi.   
zemoaRniSnuli gamosaxulebebis V = V p + Σ Vi formulaSi CasmiT miviRebT V = Σ (Mi / ρi) 
/ (1 – p). aqedan ukve იანგარიშება komponentebis moculobiTi wili ci = Vi / V da 
neitronmSTanTqmeli boris atomebis koncemtracia N = NA (1 – p) Σ (ni Mi / μi) / Σ 
(Mi / ρi).    
 komponentebis masisa da nimuSebSi boris atomebis koncentraciebis sawyisi 

saangariSo monacemebi aRebulia rogorc cnobaridan ( Ed.-in-Ch. W.M.Haynes. CRC),  
Handbook of Chemistry and Physics. 2013–2014. Boca Raton. Taylor & Francis Group), aseve 
Cvens mier Catarebuli gaangariSebis safuZvelze. unda aRiniSnos, rom rvave 
nimuSis forianoba identuria da tolia p = 0,05. 
 

 
 



                                                                                                                                       cxrili 1 
komponentebis masisa da nimuSebSi boris atomebis koncentraciebis sawyisi 

saangariSo monacemebi 
 

sawyisi monacemebi nimuSebis Sedgeniloba Mi, g 
i kompone

nti 
ni µi,  

g/moli 
ρi, 

g/sm3 
I II III IV V VI VII VIII 

1 CrB2 2 73.618 5.22 74 0 74 74 0 0 74 74 
2 TiB2 2 69.489 4.38 0 71 0 0 71 71 71 71 
3 Al2O3 0 101.961 3.99 0 0 7.5 4 7 4 15 7.5 
N, 1022 sm–3    8.1 7.2 7.2 7.6 6.5 6.8 6.8 7.2  

    
 cxrilSi moyvanili monacemebidan Cans, rom  Sesabamis danafarebSi boris 
atomebis koncentraciebis mniSvnelobebi  icvleba Zalian viwro diapazonSi 
N ≈ (6.5 – 8.1) ∙ 1022 sm–3. 
garda neitronebis SeRwevadobis siRrmisa D = 1 / N σ , ganisazRvreba aseve 
10B birTvSi    
neitronebis SeRwevadobis kveTi. aRniSnulidan gamomdinare e.w. “Tburi 

neitronisaTvis” (σ ≈ 3835 bar)  gveqneba  D=(30-40) mkm.  amitom, daaxloebiT 
100 mkm sisqis danafarebSi  neitintronuli nakadis intensioba 10 – 20 jer 
unda Semcirdes. 

 
2.1. optimaluri teqnologiuri parametrebis dadgena 
 
Seswavlil iqna fxvnilovani CrB2; CrB2 - Al2O3;     (Ti,Cr)B2 da (Ti,Cr)B2-Al2O3 

miRebis procesebi. kvlevis obieqtebad SerCeul iqna qromis qloridi, 

elementaluri bori (an boris anhidridi), titanis oqsidi (an fxvnilovani 

titani) da liTonuri aluminis fxvnili.  

Termografiuli , derivatografiuli  da volumografiuli meTodebiT 
miRebuli kvlevis Sedegebis SejerebiT  aixsna   kazmSi (1-4)   mimdinare 

Termiuli efeqtebis  xasiaTi.  CrCI3  -  B                                           (კაზმი #1) 
CrCI3 -  B -  B2O3  - AI                      (კაზმი#2) 
CrCI3 -  -Ti - B  -  B2O3  - AI             (კაზმი#3) 
CrCI3 -   2B2O3 - TiO2 – AI                  (კაზმი#4) 

      -6- 
sareaqcio masaSi qromis qloridisa  da elementaluri boris narevSi 
(ixile sur.4 b),  boris  raodenoba Seesabameba rogorc  qromis qloridis  
liTonur qromamde aRdgenas, ise  qromis boridis maRali fazis  
warmoqmnas. 

 
sareaqcio masis narevis (fxvnilovani qromis qloridi, elementaluri bori, 

titanis oqsidisa  da fxvnilovani aluminiT  aRdgenis  procesSi (sur.4 a) 

ZirTadad monawileobs alumini, romelic daaxloebiT igive temperaturaze 

(6600С) erTgroulad reagirebs qromis qloridTan da titanis oqsidTan, 

xasiaTdeba Zlieri egzoTermulobiT. gamoyofili siTbos xarjze temperatura 



sareaqcio zonaSi swrafad, araumetes 1-1,5 wT, TviTneburad izrdeba 950-9750С-
mde, rac xels uwyobs (Ti,Cr)B2-is warmoqmnas .  boroTermiasTan  SedarebiT 

sareaqcio  kazmis (#3 da #4) aluminiT aRdgenis upiratesoba  mdgomareobs  

aRdgenis procesis swrafad warmarTvaSi da warmoqmnili meoradi produqtis  

AlCl3  dabali orTqlis drekadobis gamo, 1800 C-ze mTlianad aorTqlebaSi. es 

udaod efeqturi da dadebiTi movlenaa damuSavebuli teqnologiuri 

procesebis ganxorcielebis SemTxvevaSi. garda aRniSnulisa advili 

gansaxorcielebelia  gamoyofili AlCl3  uvnebelyofa gamdnar  NaCl 
barbatirebiT   (am dros warmoiqmneba  mdgradi kompleqsuri marili  - NaAlCl4). 
 
2.2. ტექნოლოგიური სქემა 
dadginda kazmis Semadgeneli komponentebis optimluri raodenoba..   
laboratoriul pirobebSi eqsperimentebi tardeboda vertikaluri tipis mcire 

warmadobis reaqtorSi (daaxloebiT 50 g kazmisgan dabriketebul nimuSebze). 

damuSavda Sesabamisi kazmidan  aluminoTermuli aRdgeniT fxvnilovani CrB2- AI2O3  da 
(Ti,Cr)B2 - AI2O3sacdeli partiebis miRebis procesis  ganxorcielebis optimaluri 

teqnologiuri sqema, romelic moicavs:  

1. kazmis Serevas mbrunav amrevSi; 2. kazmis briketirebas   3. argonis atmosferoSi 

kazmis aRdgenas Saxturi tipis RumelSi; 4.  burTulebian wisqvilSi cxoburis 

daqucmacebas da svel dafqvas; 5. pulpis centrifugirebas (garecxva-gamowurvas); 6. 

saSrob karadaSi fxvnilis gaSrobas da 7. fxvnilebis gacras. 
3.fxvnilovani kompoziciuri masalebis sacdeli partiebis miReba 
faifuris wisqvilSi Sereuli komponentebis da  aluminis fxvnilTan erTad 
dawnexili (100-150 mpa) briketebis argonis atmosferoSi  aRdgeniT,  9500С 
produqtebis 1 saaTis ganmavlobaSi homogenuri mowvis Sedegad miRebul iqna  
CrB2 da (TiCr)B2- Al2O3 sacdeli fxvnilebi.  maTi rentgeno-fazuri analizebiT 
(სურათი 5 ა, ბ) dadginda, rom 9500C  ერთი saaTis dayovnebiT rengenogramaze  
fiqsirdeba mxolod   CrB2 an (Ti,Cr)B2 fazebi.  
am fazebis warmoqmnis meqanizi SeiZleba aixsna Semdegnairad. aRdgeniTi 
procesis dros gamoiyofa didi raodenobiT siTbo (1 kg produqtis 
miRebisaTvis 1150-1375 kkal), romelic iwvevs temperaturis zrdas 
mareagirebel narevSi, rac iwvevs mWidro kontaqtSi myofi boris, titanis 
da qromis marcvlebis urTierTqmedebas. 
 boridebis marcvlebi ZiriTadad Rrublisebri formisaa. fiqsirdeba aseve 
nemsisebri da sferisebri formebic. marcvlebis zoma meryeobs <40 – 100 mkm 

farglebSi. fxvnilebis Tavisufali nayari simkvrive meryeobs 1,22-1,28 g/sm3; 
fxvnilebis SenjRreviT nayaris simkvrivea 1,6-1,9 g/sm3 .  

 
4. Secxobili da fxvnilgula eleqtrodebis damzadebა 
damuSavda teqnologiuri parametrebi da damzadda miRebuli fxvnilebidan 
eleqtro-naperwkluri legirebisaTvis Secxobili (50x4x4 mm) da eleqtro-
rkaluri SeduRebisaTvis fxvnilgula (Ф4х1300 mm)  eleqtrodebi. es 
eleqtrodebi Semdgom gamoyenebul iqneba eleqtro naperwkluri legirebiT 



da eleqtro rkaluri SedeRebiT  liTon-nakeTobaTa zedapirebis aRdgena-

ganmtkicebisaTvis და მათი ზოგიერთი თვისებების შესასწაკლად. 
 

   qlorid-oqsiduri kazmis aluminoTermioiT aRdgenis Sedegad miRebuli 
Сr2В-AI2O3 da (CrTi)B2-AI2O3 fxvnilebidan zedapiris eleqtronaperwkluri 

legirebisaTvis damzadda eleqtrodebi (4x4x40 mm).  
eqsperimentebi Catarda «ЭФИ–68В» da «Элитрон 502А» tipis eleqtro-
naperwkluri legirebis danadgar-mowyobilobebze.  dadginda, rom 8 
amperamde mokle CarTvis denis pirobebSi legirebuli Sreebis sisqe yvela 
SemTxvevaSi miiReboda 0,05-0,130 mm farglebSi, rac gamowveulia 
eleqtronaperwkluri legirebis danadgaris simZlavris parametrebze. 
   standartuli Sedgenilobis ВК6 sali Senadnobis eleqtrodebiT 
legirebis Semdeg ganmtkicebuli fenis mikrosisale icvleba 1000-1400 H 

zRvrebSi. Сr2В-AI2O3 და (CrTi)B2-AI2O3 ფხვნილებიდან damzadebuli 
eleqtrodebiT legirebis SemTxvevaSi miRebuli mikrosisale 200-300 
erTeuliT izrdeba.  
   daginda, rom gluvi zedapiris misaRebad legireba unda ganxorcieldes 
jer uxeSi  reJimiT (200 herci sizSirisa  6 amp denis Zalis pirobebSi) 
danafaris sisqis 50-70 mkm miRwevamde, xolo Semdeg, igive  zedapiri unda 
ifarebodes SedarebiT rbili reJimiT (100-150 herci rxevis sizSiris da 5 amp 
denis Zalis pirobebSi) danafarebis 20-40 mkm sisqis damatebiT. 

   dadginda, rom sacdeli fxvnilebidan (Сr2В-AI2O3 და (CrTi)B2-AI2O3) 
damzadebuli eleqtrodebiT legirebuli zedapirebis cveTamedegoba igive 
rigisaa, rac standartuli sali SenadnobebiT dafaruli zedapirebi.  

 

damTavrebuli proeqti, 2014-2015ww. 
  
7.gvian Suasaukuneebis qarTuli iaraR-saWurveli.  
 
proeqtis xelmZRvaneli: g.inaniSvili i.m.d. MmTav. mec. Tan 

 
gvian Sua saukuneebis qarTuli iaraRis warmoebis Seswavlis mizniT, 
Sesrulebulia saqarTvelos erovnul muzeumSi daculi XVIII-XIX 
saukuneebis iaraR-saWurvilis interdisiplinaruli kvlevis Sesabamisi, 
pirveli wlis gegmiT gaTvaliswinebuli kvleva-Ziebis sawyisi etapis 
samuSao.  
Catarebulia iaraR-saWurvilis vizualuri daTvaliereba misi koroziuli 
daculobis gansazRvriT, stilistur-warmomavlobiTi analizi, dadgenilia 
kulturuli kuTvnileba. Eeqsportis eqspertiza moicavs pasportizaciis 
ZiriTad maxasiaTeblebs: gamoyofilia sabrZolo da TavdacviTi 
saSualebebi, klasifikaciiT ganxorcielda qarTuli tipis xmlis 
identifikacia.  
dadgenilia iaraR-saWurvlis damzadebis teqnologiuri sqema. 
gansazRvrulia iaraRis teqnikuri parametrebi, rac gvaZlevs 
gvianSuasaukuneebis eTnografiuli iaraRis istoriul-teqnologiuri 



Sefasebis da Sesabamisad samuzeumo eqsponatis teqnikuri eqspertizis 
Sesrulebis saSualebas. Sesrulebuli samuSao, romelic sruldeboda 
klalendaruli gegmis mixedviT SesaZlebloba gvaqvs gavakeToT Semdegi 
daskvnebi: 
1. iaraRis fondSi daculi qarTuli iaraR-saWurvlis calkeuli saxeobebis 
klasifikaciiT garkveulia koleqciis geografiuli diapazoni, maTi 
warmomavlobis ZiriTadi gzebi. 

2. qarTuli warmomavlobis iaraR-saWurvlis koleqciebidan gamoiyo 
qarTuli xmlebis Svidi saxeoba - gorda, kaldimi, kabiani, daviTferuli, 
xevsuruli, Wolauri, Tbilisuri. 

3. Seswavlili iaraRis sisale Seadgens HB=250-450kgZ/mm2 maCvenebels, 
gamoirCeva fxamaxvilobiT da cveTamedegobiT. 

4. Seswavlili saiaraRo eqsponatebis morfologiuri da makro-
mikrostruqturuli analiziT dadgenilia qarTuli iaraR-saWurvlis 
damzadebis Semdegi teqnologiuri sqema: 

qarTuli xmlis masala-naxSirbadiani foladi, miRebuli normalizaciisa da 
wrTobis procesis gamoyenebiT. struqturuli aRnagobiT ganpirobebulia 
foladis masalis maRali sisale, Wris unari, amave dros drekadobisa da 
plastikurobis kargi maxasiaTeblebi. 

5. qarTuli iaraR-saWurvlis metalografiuli da qimiuri analizi, 
struqturuli Tavisebureba da fazuri ganawilebis saxe SesaZlebels xdis 
davadginoT masalis miReba-damuSavebis teqnologiuri sqema: damzadebulia 
rkinis pirdapiri aRdgenis an pudlingis procesebis gamoyenebiT miRebuli 
foladisagan, quraSi danaxSirbadianebuli da gamWoli cementaciiT 
damuSavebuli namzadiT. Seswavlili maRalnaxSirbadiani foladi 
SesaZlebelia, rogorc adgilobrivi, ise importuli warmoebis produqti 
iyos. 

6. XVIII-XIX saukuneebis qarTuli iaraR-saWurvlis kompleqsuri gamokvlevis 
Sedegebi, misi sabrZolo Tviseba-monacemebis gansazRvrisa da kavkasiis 
regionis iaraRwarmoebis sistemaSi Setanili mniSvnelovani wvlilis 
amsaxvelia. amave dros iaraRis istoriul-teqnologiuri Seswavlis sqema 
samuzeumo eqsponatebis klasifikaciis arsebuli formis dazustebisa da 
teqnikuri eqspertizis SesaZleblobas ganapirobebs. 

 

 
 
 
 
samecniero sabWos Tavmjdomare, 
saxelmwifo da g.nikolaZis premiebis 

laureati q.m.d., profesori:                                      /j.xanTaZe/         

                           
 



. naxSirbadisa da boris nitridis izostruqturuli  nanomasalebis 
(boWkoebis, milakebis, firebis, liTonSemcveli klasterebis) miRebis 
meTodebis damuSaveba 
 
proeqtis xelmZRvanelebi:  inJineri l.ruxaZe  
                             t.m.akad.doqtori l.CxartiSvili  

 
damuSavebulia, Jangbadis dabali parcialuri wnevis pirobebSi  eTilis 

spirtis Termuli disociaciiT 750-800oC gaxurebul rkinis safeneze   
rkiniT dopirebuli naxSirbadis klasterebis miRebis meTodi.  
temperaturis, Jangbadis parcialur wnevis, naxSirwyalbadebis raodenobis 
anu simkvrivis, reaqtorSi pirolizebuli masis gadaadgilebis  siCqarisa da 
safenebis zedapiris mdgomareobisa da temperaturis cvlilebis mixedviT  
SesaZlebelia miRebuli iqnas sxvadasxva zomis 40-300nm-is magnituri 
naxSirbadis klasterebi.  eleqtronuli mikroskopuli kvlevebiT 
dadgenilia miRebuli magnituri naxSirbadis klasterebis formebisa da 
zomis cvlilebebi teqnologiuri parametrebisagan damokidebulebiT. 
  dadgenilia, rom organuli naxSirwyalbadis - eTilis spirtis  Termuli 
disociaciiT Jangbadis dabali parcialuri wnevis pirobebSi saTanado 
teqnologiuri parametrebis SerCeviT erTi da igive aparaturuli 
gaformebis pirobebSi SesaZlebelia miRebuli iqnas sxvadasxva geometriuli 
zomis naxSirbadis nanomilakebi, nanoboWkoebi, nanofirebi da magnituri 
klasterebi. 

literaturuli wyaroebidan moZiebulia nanoboWkoebis da nanomilakebis 
gamoyenebis sferoebi. kerZod, es masalebi farTo gamoyenebas poulobs 
eleqtrul xelsawyoebSi eleqtromagnituri talRebis ekranirebisaTvis, 
alternatiul energetikaSi sawvavi wyalbadis nanorezervuarebis 
Sesaqmnelad, rezinebis warmoebaSi danamatad, maTi meqanikuri 
maxasiaTeblebis gazrdis mizniT da a.S. 
 

 
Jangbadis dabali parcialuri wnevis pirobebSi  eTilis spirtis 

Termuli disociaciiT miRebulia  naxSirbadis nanofirebi. dadgenilia 
optimaluri parametrebi - disociaciis temperatura, sareaqcio areSi 
naxSirwyalbadis miwodebis raodenoba drois erTeulSi. Seswavlilia 
miRebuli nanofirebis struqtura eleqtronuli mikroskopuli kvlevebiT. 
dadgenilia, rom disociaciis temperaturis  cvlilebiT droSi 
SesaZlebelia vareguliroT naxSirbadis firis sisqe da nawilakebis zomebi. 
eleqtronuli mikroskopuli kvlevebiT  Seswavlilia naxSirbadis 
nanofirebis struqtura. dadgenilia, rom firebis mdgeneli kristalitebis 
zomebi icvleba 50-250 nm-is farglebSi. literaturuli wyaroebis analizis 
safuZvelze moZiebulia  naxSirbadis nanofirebis  praqtikuli gamoyenebis 
sferoebi. mag.: eleqtronikaSi - eleqtronuli avtoemisiis wyaroebis 
Sesaqmnelad, kompoziciur masalebSi - ganmamtkicebel komponentebad, 
biologiaSi - platformebis Sesaqmnmelad genebis transportisaTvis da a.S. 

 
 



8. kolxeTis Savi metalurgiis istoriidan (axlad aRmoCenili 
Zv.w. I aTaswleulis rkinis warmoebis kera yulevidan) 

 
naxevari wlis angariSi 
 
istoriuli kolxeTis teritoriaze arqeologiuri kvleva-ZiebiT aRmoCenili 
rkinis metalurgiuli warmoebis kerebi mravalricxovan masalas Seicaven 
rkinis miRebis civberviTi procesis teqnologiurad SeswavlisaTvis. dRes 
cnobilia metalurgiuli kerebi dasavleT saqarTvelos regionidan, 
romlebic aq ganviTarebul sxvadasxva gamadnebis sistemis calkeul 
madangamosavlebs ukavSirdeba da Sesabamisad garkveuli tipis nedleuliT 
funqcionirebdnen. 
rogorc specialur literaturul wyaroebSi aRiniSna, istoriulad 
TiToeuli Zegli rkinis kulturis ganviTarebis garkveul arqeologiur 
kulturaTa monakveTs moicavs da samTo-metalurgiuli regionisaTvis 
damaxasiaTebeli lokaluri teqnologiuri maCveneblebiT gamoirCeva. 
mxedvelobaSi miiReba magnetituri da hematituri rkinis madnis ganlagebis 
sqema, mTiani da mTiswina zonis karierebiT, zRvispira qviSnari magnetitis 
danaleqiT. Sesabamisad gamoyenebuli madnis gamdidrebis, gamowvis Tu 
Secxobis operaciaTa organizaciul-teqnikuri SesaZleblobebiT. 
SavizRvispira diunebze ganlagebuli sadgomebis Seswavlam uSualod 
magnetituri danaleqis mopoveba-gadamuSavebiT dakavebuli obieqtebi 
gamoavlina. Zeglebi Zv.w. VIII – VII ss periodSi kolxeTis winareantikuri 
rkinis metalurgiuli warmoebis teqnologiiT gansazRvruli sarewebis 
funqcias asrulebdnen. 
aRniSnuli monacemebis mixedviT, zRvispira diunuri dasaxlebebi 
magnetituri qviSebis ZiriTad mompovebel sawarmoebad warmogvidgeba, sadac 
magnetituri qviSrobi rkinis madnis flotaciiT gamdidrebis teqnologiuri 
procesi sruldeboda. 
saqarTvelos teritoriaze rkinis metalurgiis ganviTarebis istoriulad 
uwyveti procesis warmosaxva SesaZlebelia aRniSnuli arqeologiuri 
monapovari masalebis kompleqsuri Seswavlis Sedegebis gaTvaliswinebiT. 
gansakuTrebuli mniSvnelobisaa kolxeTis rkinis metalurgiuli centris 
amsaxveli arqeologiuri masala, romelic mopovebulia samxreT-aRmosavleT 
SavizRvispireTisa da centraluri kolxeTis regionebSi. gamovlenilia 
ramdenime aTeuli saxelosno-obieqtis Semcveli oTxi metalurgiuli kera, 
romelTa funqcionirebis periodi moicavs Zv.w. II aTaswleulis 
miwurulidan, vidre antikuri xanis CaTvliT. aRniSnuli Zeglebidan 
aRmoCenili sawarmoo narCenebi (qurebi, widebi, metalurgiuli 
aRWurviloba) gvaZlevs SerCeuli lokaluri Zeglis sruli istoriul-
teqnologiuri daxasiaTebis saSualebas. 
kolxeTis metalurgiuli centris warmoebis Rumelebi warmodgenilia Zv.w. 
II aTaswleulidan – I aTaswleulis Sua xanebiT daTariRebuli civberviTi 
procesisaTvis damaxasiaTebeli qurebiT. gaTvaliswinebulia arqeologiuri 
gaTxrebiT miRebuli da dazustebuli saxelosnoebis samuSao sivrcis 
zomebi, quraTa ganlagebis sqema, agreTve arqeologTa mier gamoqveynebuli 
obieqtebis aRwerilobiTi masala da SeniSvnebi. TemiT gaTvaliswinebuli 



kvleva-Ziebis meTodis mixedviT gamoyenebuli iqneba kolxeTis rkinis 
metalurgiul centrSi Semavali Semdegi Zeglebi: 

1. Woroxis auzis metalurgiuli kera, warmoebiT `Warnali~; 
2. Coloq-oCxamuris metalurgiuli kera, warmoebiT `jixanjuri~; 
3. sufsa-gubazeulis metalurgiuli kera, warmoebiT `askana~, `mziani~; 
4. xobi-oCxomuris metalurgiuli kera, warmoebiT `WoRa~; 
5. yulevis (md. xobis SesarTavi) metalurgiuli dasaxleba. 

jer kidev kompleqsurad Seuswavlel metalurgiuli warmoebis Zeglebs 
Soris ganixileba yulevis rkinis metalurgiuli sawarmoo kera, sadac 
mopovebulia rkinis nawarmis miReba-damuSavebis Sesabamisi artefaqtebi. maT 
Soris istoriul-teqnologiuri TvalsazrisiT didi mniSvnelobisaa 
saxelosnos konstruqciisa da naxevarfabrikatis rkinis lugvis nimuSebi, 
romelTa kvleva warmodgenili Temis mecnierul-Teoriuli da 
teqnologiuri eqsperimentis ZiriTad obieqts warmoadgens. 
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7.gvian Suasaukuneebis qarTuli iaraR-saWurveli.  
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gvian Sua saukuneebis qarTuli iaraRis warmoebis Seswavlis mizniT, 
Sesrulebulia saqarTvelos erovnul muzeumSi daculi XVIII-XIX 
saukuneebis iaraR-saWurvilis interdisiplinaruli kvlevis Sesabamisi, 
pirveli wlis gegmiT gaTvaliswinebuli kvleva-Ziebis sawyisi etapis 
samuSao.  
Catarebulia iaraR-saWurvilis vizualuri daTvaliereba misi koroziuli 
daculobis gansazRvriT, stilistur-warmomavlobiTi analizi, dadgenilia 
kulturuli kuTvnileba. Eeqsportis eqspertiza moicavs pasportizaciis 
ZiriTad maxasiaTeblebs: gamoyofilia sabrZolo da TavdacviTi 
saSualebebi, klasifikaciiT ganxorcielda qarTuli tipis xmlis 
identifikacia.  
dadgenilia iaraR-saWurvlis damzadebis teqnologiuri sqema. 
gansazRvrulia iaraRis teqnikuri parametrebi, rac gvaZlevs 
gvianSuasaukuneebis eTnografiuli iaraRis istoriul-teqnologiuri 
Sefasebis da Sesabamisad samuzeumo eqsponatis teqnikuri eqspertizis 
Sesrulebis saSualebas. Sesrulebuli samuSao, romelic sruldeboda 
klalendaruli gegmis mixedviT SesaZlebloba gvaqvs gavakeToT Semdegi 
daskvnebi: 
1. iaraRis fondSi daculi qarTuli iaraR-saWurvlis calkeuli saxeobebis 
klasifikaciiT garkveulia koleqciis geografiuli diapazoni, maTi 
warmomavlobis ZiriTadi gzebi. 



2. qarTuli warmomavlobis iaraR-saWurvlis koleqciebidan gamoiyo 
qarTuli xmlebis Svidi saxeoba - gorda, kaldimi, kabiani, daviTferuli, 
xevsuruli, Wolauri, Tbilisuri. 

3. Seswavlili iaraRis sisale Seadgens HB=250-450kgZ/mm2 maCvenebels, 
gamoirCeva fxamaxvilobiT da cveTamedegobiT. 

4. Seswavlili saiaraRo eqsponatebis morfologiuri da makro-
mikrostruqturuli analiziT dadgenilia qarTuli iaraR-saWurvlis 
damzadebis Semdegi teqnologiuri sqema: 

qarTuli xmlis masala-naxSirbadiani foladi, miRebuli normalizaciisa da 
wrTobis procesis gamoyenebiT. struqturuli aRnagobiT ganpirobebulia 
foladis masalis maRali sisale, Wris unari, amave dros drekadobisa da 
plastikurobis kargi maxasiaTeblebi. 

5. qarTuli iaraR-saWurvlis metalografiuli da qimiuri analizi, 
struqturuli Tavisebureba da fazuri ganawilebis saxe SesaZlebels xdis 
davadginoT masalis miReba-damuSavebis teqnologiuri sqema: damzadebulia 
rkinis pirdapiri aRdgenis an pudlingis procesebis gamoyenebiT miRebuli 
foladisagan, quraSi danaxSirbadianebuli da gamWoli cementaciiT 
damuSavebuli namzadiT. Seswavlili maRalnaxSirbadiani foladi 
SesaZlebelia, rogorc adgilobrivi, ise importuli warmoebis produqti 
iyos. 

6. XVIII-XIX saukuneebis qarTuli iaraR-saWurvlis kompleqsuri gamokvlevis 
Sedegebi, misi sabrZolo Tviseba-monacemebis gansazRvrisa da kavkasiis 
regionis iaraRwarmoebis sistemaSi Setanili mniSvnelovani wvlilis 
amsaxvelia. amave dros iaraRis istoriul-teqnologiuri Seswavlis sqema 
samuzeumo eqsponatebis klasifikaciis arsebuli formis dazustebisa da 
teqnikuri eqspertizis SesaZleblobas ganapirobebs. 

 
 
angariSebi mosmenilia samecniero sabWos mier. 
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