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naSromis zogadi daxasiaTeba 

Temis aqtualoba. samTo eleqtromeqanikis mimarTuleba, romelic 

Seiswavlis da ikvlevs samTo manqana danadgarebs, amJamad viTardeba 

mecnierebisa da teqnikis uaxlesi miRwevebis gamoyenebiT. amJamad 

samTo eleqtromeqanikis mimarTulebiT aseTi mecnierebisa da 

teqnikis uaxlesi dargia plazmuri teqnologia. samTo saqmeSi 

plazmuri teqnologia SesaZlebelia gamoyenebul iqnas myari 

qanebis mosangrevad; myari qanebisagan samSeneblo masalebis 

dasamzadeblad da mosapirkeTeblad; plazmuri buRrvisaTvis; samTo 

mompovebeli industriis narCenebis gadasamuSaveblad. plazmuri 

Wris, SeduRebis, dafrqvevisa da daduRebis gamoyeneba SesaZlebelia 

samTo manqanebisa da danadgarebis warmoebis, montaJis da 

remontisaTvis 

kvlevis obieqti. plazmuri teqnologiebis gamoyeneba samTo 

saqmeSiMamJamad ganviTarebis stadiaSia da amitom am mimarTulebiT 

aucilebelia: samTo saqmeSi plazmuri teqnologiebis gamoyenebis 

Sesabamisi plazmuri Wavlis formirebis xerxebis Seqmna; samTo 

qanebisa da teqnologiuri danadgarebis detalebis dasamuSavebeli 

plazmatronebis Seqmna; samTo qanebisa da teqnologiuri 

danadgarebis detalebis dasamuSavebeli mZlavri, energodamzogi da 

ekologiurad usafrTxo plazmuri danadgaris damuSaveba; 

gamoyenebis saTanado plazmuri teqnologiebis damuSaveba. 

disertaciis ZiriTadi mizania plazmur teqnologiebSi axali 

mimarTulebis – samTo mrewvelobis plazmuri teqnologiebis 

damuSaveba. amisaTvis saWiro iyo samTo saqmeSi plazmuri 

teqnologiis gamoyenebis perspeqtiuli areebis dadgena da am 

areebSi plazmuri teqnologiis gamoyenebisaTvis aucilebeli 

plazmuri Wavlis formirebis xerxebis Seqmna, maTSi mimdinare 

fizikuri procesebis analizi da Sesabamisi eqsperimentuli 

danadgaris damuSaveba gamokvleva da danergva.  
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mecnieruli siaxle. plazmur danadgarebSi mimdinare 

eleqtrofizikuri procesebis analizis safuZvelze Cven SevadgineT 

plazmuri rkalis funqcionirebis Canacvlebis sqema da movaxdineT 

misi eleqtromagnituri procesebis analizi maTematikis klasikuri 

meTodebiT, SevqmeniT misi amonaxsnebis algoriTmi da programa, 

ramac saSualeba mogvca dagvemuSavebina samTo saqmeSi gamoyenebadi 

originaluri plazmuri Wavlis formirebis xerxebi da plazmuri 

danadgarebis konstruqciebi. elqtromagnituri procesebis analizi 

saSualebas iZleva CamovayaliboT plazmuri danadgaris denis 

wyaros mimarT wayenebuli is kriteriumebi, romlebic iZlevian 

plazmatronis efeqturi muSaobis saSualebas: plazmatronis 

efeqturi muSaoba muSa reJimSi uzrunvelyofilia kvebis wyaros 

damreci statikuri voltamperuli maxasiaTeblis SemTxvevaSi, 

rodesac maxasiaTeblis daxris kuTxe uaxlovdeba 900 – e. i. kvebis 

wyaro warmoadgens ara Zabvis wyaros, aramed denis wyaros, anu 

rodesac plazmuri rkalis winaaRmdegobis cvlilebisas icvleba 

Zabva da ara deni; uqmi svlis maqsimaluri Zabva unda iyos mxolod 

10-15%-iT meti vidre maqsimaluri muSa Zabva e. i. kvebis wyaros 

voltamperul maxasiaTebels unda hqondes marTkuTxedis forma e. i. 

kvebis wyaro unda iyos denis wyaro muSa da mokled CarTvis 

reJimSi da Zabvis wyaro uqmi svlis reJimSi; kvebis wyaros denisa 

da Zabvis pulsacia unda iyos minimaluri. am analizis safuZvelze 

Cven SevqmeniT, davamzadeT da gamovikvlieT marTkuTxa 

maxasiaTeblis mqone denis wyaro, romelic uzrunvelyofs 

plazmatronis stabilur da uavario muSaobas.  

    eqsperimentuli monacemebisa da Teoriuli gamoTvlebis 

safuZvelze Catarebulia plazmatronis anodis sxvadasxva 

meTodebiT gacivebis procesis SedarebiTi analizi. wyliT da 

haeriT konveqciuri gaciveba Sedarebulia wylis duRiliT 

gamowveul gacivebis procesTan. dadgenilia, rom wylis duRiliT 

eleqtrodebis gaciveba wyliT konveqciuri gacivebis 
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TanabarZaliania. miRebuli Sedegi iZleva realur safuZvels 

imisaTvis, rom Catardes sakonstruqtoro-samecniero samuSaoebi 

axali Taobis iseTi plazmatronebis Sesaqmnelad, romelTa 

eleqtrodebic gacivdeba plazmatronSi momaragebuli wylis 

duRiliT, xolo amavdroulad plazmawarmomqmnel airad 

gamoyenebuli iqneba am duRiliT miRebuli wylis orTqli. 

    am samuSaos Teoriul nawilSi Cven CavatareT agreTve myari 

qanis zedapirze plazmuri alis zemoqmedebis Tburi procesebis 

Teoriuli analizi. myar qanSi temperaturis gavrcelebis 

maTematikuri aRwera nebismier momentSi raTa ganisazRvros maRali 

temperaturis gavrcelebis norma, SeRwevadobis siRrme da 

Sesabamisad nafSvnis sisqe, efuZneba Tbogamtarobis gantolebas 1D 

sivrcisaTvis. am gantolebis amoxsna sasazRvro pirobebisaTvis, 

romelic iTvaliswinebs qanis zedapiris temperaturis cvlilebas 

nebismier momentSi da temperaturis maqsimalur gadaxras, 

gviCvenebs, rom temperaturis gavrceleba qanis masivSi eqvemdebareba 

talRisebr models. temperaturis talRis amplituda mcirdeba 

siRrmis xarisris maCvenebelTan, xolo teperatura yovel momdevno 

periodSi aRiwereba axali talRiT, romelic mimarTulia qanis 

masivis SigniT X-RerZis gaswvriv. Sesabamisad qanis Wris 

maqsimaluri siCqare ar aRemateba talRis gavrcelebis siCqares 

qanis masivSi. rodesac qanis masivSi siTbogadacema xdeba ufro 

intensiuri, zedapiris Sris temperatura da maSasadame 

temperaturuli gradienti qanis masivSi izrdeba, rac iwvevs 

Sinagani daZabulobis gazrdas. amas mivyavarT daskvnamde, rom 

rodesac sakmaod didi temperaturuli gradienti aris 

generirebuli, nebismieri myari qani iqneba afSvnili.  

    naSromSi warmodgenilia plazmuri burRis simZlavris 

gaangariSebis meTodika axali tipis plazmuri burRvis 

meTodebisaTvis, rodesac araa saWiro naburRi masalis amotana 

zedapirze. 
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naSromis ZiriTadi Sedegebi. 

    mocemul naSromSi samTo saqmeSi plazmuri teqnologiis 

gamosayeneblad Seqmnilia plazmuri Wavlis formirebis 

perspeqtiuli meTodebi, romelTagan ramdenime wardgenilia 

saerTaSoriso konferenciebze, dapatentebulia da danergilia 

warmoebaSi. EmaT Soris:  

plazmatronis kaTodis damzadebis meTodi (patenti # GE P 4440 B. 

25.07.2008). es meTodi iZleva plazmatronis iseTi kaTodis 

damzadebis SesaZleblobas, romlic imuSavebs nebismieri tipis 

gazis garemoSi (haeri,GJangbadi, naxSirorJangi, azoti, wylis 

orTqli, wyalbadi, inertuli airebi da ase Semdeg) da 

uzrunvelyofs srul Tbur kontaqts sakaTode Rerosa da 

gamacivebel Reros Soris.  

Ria tipis mZlavri plazmuri warmonaqmnis miRebis xerxi (patenti # 

GE P 4010 B. 12.25.2006), rac gamoixateba imaSi, rom 

TavisufaliMplazmuri Wavlis Caketili konturi hkveTs cvlad 

magnitur nakads, romelic ainduqtirebs masSi eleqtromamoZravebel 

Zalas. magnituri nakadi TavisufaliMplazmuri Wavlis Caketil 

konturSi aRZravs eleqtromamoZravebel Zalas, romelic am 

konturSi warmoSobs dens. es deni ar gadis arcerT plazmuri 

Wavlis warmomqmnel xelsawyoSi. amitom praqtikulad am denis 

Zalis sidide SezRuduli ar aris. amitom praqtikulad 

limitirebuli ar aris miRebuli plazmuri Wavlis temperatura da 

simZlavre. gaZlierebis koeficienti SeiZleba iyos 100 da meti. 

mZlavri plazmuri Wavlis miRebis xerxi (patenti #  GE P 4948 B. 

12.04.2010). zemoT ganxiluli Ria tipis mZlavri plazmuri 

warmonaqmnis miRebis xerxis gamoyeneba samTo saqmeSi 

mizanSewonilia gansakuTrebiT didi simZlavreebis saWiroebis 

SemTxvevaSi (200 kvt-s zemoT). 50-200kvt simZlavreebis 

SemTxvevebisaTvis Cven damuSavebuli gvaqvs mZlavri plazmuri 
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Wavlis miRebis sxva xerxi. es xerxi uzrunvelfyofs mZlavri 

plazmuri Wavlis miRebas uSualod erT plazmatronSi erT RerZze 

ramdenime rkalis SeTavsebiT, romelsac gaaCniaYyvela rkalis 

jamuri simZlavre, xolo plazmatronis jamuri deni 

gadanawilebulia ramdenime kaTodur da anodur laqaze. amasTan 

TiToeuli rkalis kaTodi da anodi mierTebulia kvebis wyarosTan 

calcalke, individualurad. maSasadame damoukidebeli qmedebis 

plazmatronebis dasaSvebi denis Zalis sidide izrdeba imdenjer, 

ramdenjerac gaizrdeba ase dawyvilebul eleqtrodTa raodenoba. 

plazmuriBburRvisMmeTodi, romelic safuZvels uyris burRvis 

principulad gansxvavebul teqnologias (ganacxadi patentis 

miRebaze # AP 011478. 2009, ). aqamde arsebuli WaburRilebisBburRvis 

nebismieri saburRi danadgari iTvaliswinebda naburRi masalis 

zedapirze amotanas, rac qmnis did sirTuleebs, gansakuTrebiT Rrma 

burRvis SemTxvevebSi. praqtikulad Cven pirvelad 

davamuSaveTBburRvis meTodi, rodesac naburRi masalis zedapirze 

amotana saWiro ar aris. xerxi iTvaliswinebs burRis nacmis 

plazmiT gaxurebas, am gaxurebuli nacmiT qanis gadnobas da 

gamdnar qanSi qanis gadnobisas qanis forianobis Semcirebis 

Sedegad qanis moculobis Semcirebisa da gamoyofili gazebis 

SekumSvis xarjze, nacmis CaRrmavebas qanSi. plazma axurebs maRal 

temperaturamde nacms, romelic adnobs qans. gamdnari qanSi xdeba 

forebis Sevseba da gazis gamoyofa, ris Sedegadac xdeba qanis 

moculobis Semcireba da SekumSuli gazis baliSis warmoSoba. 

milis simZimis Zalis gavleniT xdeba nacmis CaZirva gamdnarQqanSi. 

gamdanari qanis minimaluri moculba mudam rCeba ise, rom nacmis 

moculoba naklebi iyos gamdnariMqanis raodenobisa da qanis 

forianobis koeficientis namravlisa.Eam TanafardobiT 

ganisazRvreba burRvis siCqare. qanis mcire an saSualo forianobis 

SemTxvevaSi burRis amoRebis Semdeg gacivebuli qani qmnis uwyvet 

kedels amitom samagri milis CaSveba WaburRilSi saWiro ar aris. 
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magram qanis didi forianobis SemTxvevaSi kidev rCeba sicariele. am 

SemTxvevaSi sicarielis amosavsebad sicarielis areSi dnobis 

procesSi Caemateba damatebiTi masala, rac uzrunvelyofs 

sicarielis srulad Sevsebas. amis gamo plazmuri BburRis amoRebis 

Semdeg, rCeba mTliani kedeli, rac miiReba gamdnari qanisa da 

damatebuli gamdnari masalis gacivebis Semdeg. amis Sedegad 

burRvis damTavrebis Semdeg samagri milebis gamoyenebis 

aucilebloba ar arsebobs. maSasadame naburRi masalis (jer 

gamdnari da Semdeg gacivebuli qanis) zedapirze amotana saWiro ar 

aris da umravles SemTxvevaSi arc samagri milebis gamoyenebaa 

aucilebeli.  

eleqtrogamtaruli industriuli narCenebis plazmuri 

gadamuSavebis meTodi (ganacxadi patentis miRebaze #  AP 011977. 

21.10.2010). industriuli narCenebis gadamuSaveba sasargeblo 

produqtad an, mavneobis SemTxvevaSi, misi ganadgureba mecnierebisa 

da teqnilogiebis umTavresi amocanaa. es gansakuTrebiT 

mniSvnelovania ori mizezis gamo: 1. saqarTveloSi darCenilia 

mravali milioni tona samTo mompovebeli da metalurgiuli 

warmoebis narCeni, romelic faqtiurad mravali sasargeblo 

nivTierebis sabadoa; 2. saqarTvelo, rogorc momavali turizmis 

qveyana saWiroebs samrewvelo narCenebis gadamuSavebis 

uzrunvelyofas maRal doneze. narCenebis sruli gadamuSaveba 

miiRweva plazmur RumelebSi. Cvens mier damuSavebulia iseTi 

samrewvelo narCenebis plazmuri gadamuSavebis xerxi, romlebsac 

gaaCniaT plazmuri teqnologiisaTvis misaRebi eleqtrogamtaroba. 

esenia qvanaxSiris gamdidrebis narCenebi (tyibuli, axalcixe, 

tyvarCeli, sakmarisi eleqtrogamtarebloba 800-9000C temperaturebis 

dros) da metalurgiuli narCenebi (rusTavi, zestafoni, 

praqtikulad liTonuri eleqtrogamtarebloba) 
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disertaciis praqtikuli mniSvneloba. daproeqtebulia, 

damzadebulia, gamocdilia, gamokvleulia da danergilia 40kvt 

simZlavris araliTonuri masalebis dasamuSavebli plazmuri 

danadgari, romelic gankuTvnilia qanebis mosangrevad, qanebidan 

blokebis mosaWrelad, blokebis dasaWrelad, saamSeneblo 

masalebis mosapirkeTeblad da ase Semdeg. am danadgaris Teoriuli 

kvlevis Sedegad aRwerilia plazmuri rkalis kvebis wyaros 

marTkuTxa maxasiaTeblis miRebis principi da Catarebulia misi 

muSaobis procesis analizi klasikuri meTodiT; naCvenebia, rom 

plazmuri rkalis stabilurobas yvelaze kargad uzrunvelyofs 

aseTi tipis kvebis wyaro. masSi gansazRvrulia samfaza 

gammarTvelis ZiriTadi saproeqto parametrebi aseTi 

SemTxvevisaTvis, kerZod, ukuZabvebi diodebze, diodebis denebi, 

Zaluri transformatoris pirveladi da meoradi gragnilebis 

xazuri da fazuri denebi da Zaluri transformatoris pirveladi 

da meoradi gragnilebis xazuri da fazuri Zabvebi; Seqmnilia am 

parametrebis saangariSo algoriTmebi da programebi. 

samuSao Sedegebis realizacia. plazmuri danadgaris 

eqsperimentulma kvlevam da eqsperimentuli monacemebis analizma 

aCvena Semdegi: gadaRebuli plazmatronis voltamperuli 

maxasiaTebeli aCvenebs rom mniSvnelovnad gazrdilia Zabvis vardna 

rkalis erTeul sigrZeze, rac iZleva tradiciuli plazmatronebis 

simZlavris gazrdis saSualebas, rac miRweulia anodis arxisaTvis 

specialuri formis micemiT (cilindruli da konusuriFformebis 

monacvleobiT); plazmatronis voltamperuli maxasiaTebeli xistia, 

rac miRweulia plazmuri danadgaris optimaluri eleqtrofizikuri 

da eleqtromagnituri sqemiT. eqsperimentuli monacemebis 

safuZvelze ganszRvrulia plazmuri danadgaris optimaluri 

muSaobis are, rac sakmaod farTea da mocavs denis cvalebadobas 

50-250 amperis farglebSi da Zabvis cvalebadobas 80-200 voltis 
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diapazonSi da rac iZleva plazmuri danadgaris simZlavris 

regulirebis saSualebas 4-50 kvt farglebSi.  

    sadisertacio naSromSi miRebuli Sedegebi gamoyenebul iqna 

saqrTvelos teqnikur universitetSi Sesrulebuli saerTaSoriso 

samecniero-teqnologiuri centris (ISTC) grantSi (G-1255) Temaze: 

“iribi qmedebis plazmatronis Semcveli maRali resursis mqone 

plazmuri danadgarisa da damreci maxasiaTeblis mqone denis 

wyaros Seqmna” (2007 - 2009 ww.) da saqrTvelos teqnikuri 

universitetis grantSi: “Rrma burRvis plazmuri danadgaris 

Teoriuli safuZvlebisa da teqnikuri proeqtis damuSaveba” (2010w). 

samuSao aprobacia. samuSaos ZiriTadi debulebebi moxsenebuli da 

ganxiluli iqna Semdeg saerTaSoriso samecniero-teqnikur 

konferenciebze: 

1. Gelenidze D. “Development of Plasma Torches for Recycling Hazardous Industrial 
and Military Wastes”. The 20th International Conference on Solid Waste Technology 
and Management. Philadelphia, PA, USA. April 3-6, 2005. 

2. Batkhadze Z., Gelenidze D., Marquis F.D.S., Mostaghimi J., Gelenidze M., 
Chankvetadze Z. Svintradze T. “Plasma Facility for Basalt Filaments Production”. 
Materials Science and Technology (MS&T). Detroit, Michigan, USA, September 12-
20, 2007. 

3. Gelenidze D.M., Prof. Gogia G. K. “DEVELOPMENT OF PLASMA DEVICE FOR 
RECYCLING HAZARDOUS INDUSTRIAL AND MILITARY WASTES”. 
International Scientific-Technical conference “New Technologies In Modern 
Industry”. Tbilisi. April 29-30, 2010. 

4. geleniZe d. “plazmuri teqnologiebis samTo saqmeSi gamoyenebis 
SesaZleblobebis analizi”. samecniero komferencia “Tanamedrove 
samTo teqnologiebi”. Tbilisi. 18-19 maisi, 2010. 
http://www.mining.org.ge/ge/other_ge/Article_Gelenidze.pdf 

publikaciebi. disertaciis Temaze gamoqveynda 20 dabeWdili 

naSromi, maT Soris miRebulia 7 patenti da 3 winaswari dadebiTi 

gadawyvetileba.  

naSromis moculoba da struqtura. disertacia Sedgeba Sesavalis, 2 

Tavis da ZiriTadi daskvnisagan. naSromis moculoba Seadgens 

kompiuterze nabeWd 147 gverds, romelic Seicavs 9 cxrils da 39 

naxazs. 
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samuSaos ZiriTadi Sinaarsi 

literaturuli mimoxilva 

    literaturul mimoxilvaSi moZiebulia plazmur teqnologiebSi 

wamyvani qveynebis mecnierebis publikaciebi am dargSi, rogorebicaa 

aSS, evrokavSiris qveynebi, iaponia, CineTi da ruseTi. am 

publikaciebidan Cans, rom plazmuri teqnologia msoflio 

mecnierebis Pprioritetia, magram amave mimoxilvidan Cans, rom 

plazmuri teqnologiebis farTod danergva samTo saqmeSi 

Seferxebulia samTo saqmeSi plazmuri teqnologiis gamoyenebis 

specifiurobis gamo (didi simZlavreebi, SezRuduli garemo, 

muSaobis mZime pirobebi da sxva). Tu ganvixilavT plazmuri 

damuSavebis energiis balans nebismieri plazmuri procesisaTvis. 

aRmoCndeba, rom plazmatronis samTo saqmeSi misaRebi 

mwarmoeblurobis misaRwevad plazmatronis simZlavre 100 kvt-ze 

meti unda iyos.  iaf gazze xangrZlivad momuSave aseTi simZlavris 

plazmatronebi jer ar arseboben.  miuxedavad amisa plazmur 

burRvaze muSaoba daiwyo jer kidev 60-ian wlebSi (amis magaliTia 

amerikuli patenti [United States Patent #3467206, Plasma Drilling, 1969], 

romelic dapatentebulia 1969 wels) da intensiurad mimdinareobs 

dRemde, romlis magaliTia amerikuli patenti [United States Patent 

#7270195, Plasma Channel Drilling Process, 2007], romelic dapatentebulia 

2007 wels).  amitomac, Cveni mizania mZlavri plazmatronebis Seqmna.     

literaturuli kvlevis Sedegebi gviCvenebs, rom samTo 

stacionaruli danadgarebis montaJisa da remontis dros 

liTonebis Wris samuSaoebis Sesrulebisas teqnikuri da 

ekonomikuri TvalsazrisiT yvelaze ufro misaRebia plazmuri 

damuSaveba. am pirobebSic plazmuri damuSavebisas gadasawyveyia ori 

problema: plazmatronis medegobis problema da plazmatronis 

energomomaragebis problema. 
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Sedegebi da maTi gansja 

1. Teoriuli kvlevis Sedegebi 

1.1 plazmuri rkalis funqcionirebis Teoriuli safuZvlebi 

    mravalricxovani Teoriuli da eqsperimentuli namuSevrebi 

saSualebas iZleva CamovayaliboT plazmuri danadgaris mimarT 

wayenebuli kriteriumebi, romlebic iZlevian plazmatronis 

efeqturi muSaobis saSualebas. plazmuri rkalis moqmedebis 

principi SesaZlebelia warmovadginoT ise rogorc es mocemulia 

naxaz 1-ze, xolo plazmuri danadgaris Canacvlebis sqema naxaz 2-ze.

  

  

         naxazi 1.                                   naxazi 2.  

    aqedan SeiZleba davaskvnaT, rom plazmuri rkalis moqmedebis 

eleqtruli wredi unda Seicavdes aqtiuri R,  induqciuri L da 

tevadur C winaaRmdegobaTa optimalur kombinacias. procesis 

raodenobrivi analizisaTvis eleqtrodis 1 potenciali pirobiTad 

miviRoT nulis toli, maSin eleqtrodis 2 potenciali iqneba  u. 

rkalis potenciali rkalis nebismier z kveTaSi avRniSnoT u(x) – iT, 

maSin am kveTaze potencialTa sxvaoba ( ) ( ) .xuuxu −=Δ vTqvaT drois 

garkveul momentSi rkals aqvs minimaluri winaRoba Rmin  da is 

naxtomiseburad izrdeba Rmax – mde. Tu am momentSi aRmoCndeba, rom 

rkalis deni Semcirdeba dasaSvebze metad, maSin daiwyeba rkalis 

deionizacia da rkali Caqreba. maSasadame plazmuri rkalis 

stabiluri funqcionirebis gansazRvris amocana dadis rkalis 



 
 

13

wredis denis minimaluri mniSvnelobis gansazRvramde, rodesac 

rkalis winaRoba izrdeba (icvleba) naxtomiseburad  minimaluri  

Rmin  - dan maqsimalur Rmax mniSvnelobamde. warmodgenili Canacvlebis 

sqema (naxazi 2). saSualebas iZleva Sefasdes denisa da Zabvis, 

rogorc msxvil masStabiani ise, wvril masStabiani cvlilebebi da 

amiT ganisazRvros wredis calkeuli elementis gavlena plazmuri 

rkalis formirebaze. am naSromSi gaanalizebulia denisa da Zabvis 

msxvil masStabiani cvlilebebi, romlebic warmoiqmnebian plazmuri 

rkalis wredSi Suntirebis procesSi. SevadginoT gantolebaTa 

sistema kirxhofis kanonis mixedviT 

∂++= uir
dt
diLE ;            (1)        dt

dU
C

R
u

i ∂∂ +=
min

 .    (2) 

integrirebis sawyisi pirobebi grZeli rkalisaTvis iqneba 
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+
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REUt
u C
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=== ∂
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max00        

(4) 

xolo mokle rkalisaTvis ki 

( )
rR

Eit
i

mix +
=== 00 ;     (5)          ( )

rR
RE

Ut
uC

+
=== ∂

min

min00 .                     (6) 

sistemis integrireba Sesrulebulia operaciuli aRricxvis 

meTodebiT. grZeli rkalisaTvis amonaxsni iqneba: Zabva rkalze  
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mokle rkalisaTvis amonaxsni iqneba:  Zabva rkalze  
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rkalis deni 
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⎟⎟
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+−= αβ           (14) 

Catarebuli analizidan Cans, rom rkalis deni didad aris 

damokidebuli wredis tevadobaze da miT ufro pataraa, rac metia 

tevadoba. 

1.2. iribi zemoqmedebis plazmatronis eleqtrodebis gacivebis 

sistemebis SedarebiTi analizi. 

    eqsperimentuli monacemebisa da Teoriuli gamoTvlebis 

safuZvelze Catarearulia plazmatronis anodis sxvadasxva 

meTodebiT gacivebis procesis SedarebiTi analizi. wyliT da 

haeriT konveqciuri gaciveba Sedarebulia wylis duRiliT 

gamowveul gacivebis procesTan. dadgenilia, rom wylis duRiliT 

anodis gaciveba wyliT konveqciuri gacivebis TanabrZaliania. 

miRebuli Sedegi iZleva realur safuZvels imisaTvis, rom Catardes 

sakonstruqtoro-samecniero samuSaoebi axali Taobis iseTi 

plazmatronebis Sesaqmnelad, romelTa anodebic gacivdeba wylis 

duRiliT, xolo amavdroulad plazmawarmomqmnel airad 

gamoyenebuli iqnes duRiliT miRebuli wylis orTqli. 
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1.3. myari qanis zedapirze plazmuri alis zemoqmedebis Tburi 

procesis Teoriuli analizi 

    zogadad plazmuri zemoqmedeba niSnavs rom maRali 

temperaturis plazmuri ali zemoqmedebs qanis zedapirze, iwvevs ra 

intensiur gaxurebas qanis Txeli zedapirisa, rac Tavis mxriv 

warmoqmnis daZabulobas qanis zedapirul SreSi. es iZleva myari 

qanebis afSvniT plazmuri damuSavebis saSualebas, qanebis Wrisa da 

samSeneblo qvebis damzadebis saSualebas. qanebis afSvniT plazmuri 

damuSavebis meTodi axsnilia naxazze 3. 

 

naxazi 3. siTbos didi 

intensivobis gamo plazmis 

nakadi axurebs qanis zedapirs 

imdenad swrafad, rom siTbos 

gavrcelebis inerciulobis gamo, 

qanis qveda Sre ver aswrebs 

gaxurebas da warmoiqmneba didi 

temperaturuli gradienti qanis 

lokaluri nawilis zeda

da qveda Sreebs Soris. amitom sxvadasxvaa am Sreebis Tburi 

gafarToebisa da SekumSvis xarisxi, rac warmoqmnis meqanikur 

daZabulobebs am Sreebs Soris da rodesac warmoqmnili 

daZabulobebi aWarbebs qanis rRvevis dasaSveb daZabulobebs patara 

zomis nafSvnebi cildebian qans. qanis zedapirze temperaturis 

cvlilebis sidide da plazmuri nakadis didi kinetikuri energia 

(plazmuri nakadis siCqare aWarbebes zebgeriT siCqares) iZleva 

qanis rogorc zedapiruli aseve siRrmiseuli Wris saSualebas. 

qanSi temperaturis gavrcelebis maTematikuri aRwera nebismier 

momentSi raTa ganisazRvros maRali temperaturis gavrcelebis 

norma da SeRwevadobis siRrme da, Sesabamisad sisqe nafSvnisa, 

efuZneba Tbogamtarobis gantolebas 1D  sivrcisaTvis. siTbos 



 
 

16

gavrceleba qanis masivSi SeiZleba aRiweris Tbogamtarobis 

gantolebiT Semdegnairad:     

                  2

2

x
a
∂
∂

=
∂
∂ θ
τ
θ

                                                                             (1)                 

sadac: a  ‐ qanis Tbogamtaroba  vt/(m,0C); θ ‐ teperaturuli cvlileba 

qanSi; τ - dro procesis dawyebidan anSrevebamde; x -  manZili qanis 

zedapirsa da qanis masivs Soris. (1)  –  is  amonaxsni marTebulia 

sasazRvro pirobebisaTvis romelic iTvaliswinebs qanis zedapiris 

temperaturis cvlilebas nebismier momentSi da temperaturis 

maqsimalur gadaxras, romelic Caiwereba Semdegnairad: 

ττθ ,max, fff TT −=         (2)         da       fff T−= max, θθ τ                     (3) 

sadac τ,fT  - tempertura qanis zedapirze nebismier momentSi; maxfT  ‐ 

qanis maqsimaluri temperatura romelSic raRac nawili gamoeyofa 

qanis sxeuls patara natexebis saxiT qanis gadnobis gareSe. fT  -

qanis zedapiris tempertura am zedapiridan wina Sris atkeCvis 

momentSi; θf,τ - qanis zedapirze temperaturis cvlileba nebismier 

momentSi; θfmax - qanis zedapirze temperaturis maqsimaluri 

cvlileba.   (1) gantolebis amonaxsni (2) da (3) sasaZRvro pirobebis 

gaTvaliswinebiT gvaZlevs 

⎥
⎦

⎤
⎢
⎣

⎡
−⎥

⎦

⎤
⎢
⎣

⎡
−= x

az
x

azzfx *exp*2cos
000

max,
πππθθ τ                     (4) 

    (4) gviCvenebs rom temperaturis gavrceleba qanis masivSi 

eqvemdebareba talRisebr models. temperaturis talRis amplituda 

mcirdeba siRrmis xarisris maCvenebelTan, xolo teperatura yovel 

momdevno periodSi aRiwereba axali talRiT mimarTuls qanis 

masivis SigniT X-RerZis gaswvriv.  
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  1.4 plazmuri burRis simZlavris gaangariSebis meTodika axali 

tipis plazmuri burRvisMmeTodebisaTvis, rodesac araa saWiro 

naburRi masalis amotana zedapirze  

   gaangariSebisaTvis mocemulad miRebulia Semdegi parametrebi: v – 

burRvis siCqare, m/wm;  D –  burRis gare diametri, m;  C –  qanis 

siTbotevadobis koeficienti, kal/kg.0C  ; q -    qanis dnobis siTbo, 

kal/kg; F0 –  qanis forianobis koeficienti; Fe – qanis forianobis 

koeficienti burRis gavlis Semdeg; T0 – qanis temperatura burRvis 

procesis dawyebisas, 0C ; T  ‐ qanis dnobis temperatura, 0C ; ρ  -  qanis 

simkvrive, kg/m3 ; K1 – burRis Tburi margi qmedebis koeficienti; K2 - 

burRis eleqtruli margi qmedebis koeficienti; 

   burRis moxmarebuli eleqtruli simZlavre iangariSeba 

formuliT 
tKK

4,19QW
21

= , (1). sadac: t‐  droa, wm; W -burRis 

moxmarebuli eleqtruli simZlavre, vati; Q - burRis moxmarebuli 
siTbos raodenoba, kal.  
  burRis moxmarebuli siTbos raodenoba aris    

Q=Cm(T-T0)+qm,          (2) 

sadac m  aris gamdnari qanis masa, kg; gasadnobi qanis masa    

)F4(F
D3.14

e0

2 vtm
−

= ρ ,                (3).                     sadac t aris burRvis dro, wm.  

(1), (2) da (3) –  dan vRebulobT plazmuri burRis moxmarebuli 

eleqtruli simZlavris saangariSo formulas     

 )eF  (FK K

q] )T [C(TvD3.3
W

021

0
2

−

+−
=

ρ .   

2.Pplazmuri Wavlis formirebis originaluri xerxebisa da 

konstruqciebis damuSaveba 

    zemoT Camoyalibebuli literaturuli analizisa da Teoriuli 

kvlevebis safuZvelze Cven SevqmeniTPplazmuri Wavlis formirebis 

originaluri xerxebi da konstruqciebi, romlebmac saSualeba 

mogvca dagvemuSavebina samTo saqmeSi gamoyenebadi originaluri 
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plazmuri danadgarebi da teqnologiebi. mocemul naSromSi samTo 

eleqtromeqanikis mimarTulebiT plazmuri teqnologiis 

gamosayeneblad Seqmnilia plazmuri Wavlis formirebis  

perspeqtiuli xerxebi, romelTagan ramdenime wardgenilia 

saerTaSoriso konferenciebze, dapatentebulia da danergilia 

warmoebaSi. maT Soris erTi damuSavebulia saerTaSoriso grantiT 

(CRDF). sadisertacio naSromSi moyvanilia aqamde dapatentebuli 

yvela xerxi. avtoreferatis moculobis SezRudulobis gamo aq 

aRwerilia mxolod ramdenime. 

2.1. plazmuri Wavlis gamaZliereblis Seqmna da kvleva 

    mZlavri plazmuri Wavlis misaRebad ZiriTadad gamoiyeneba 

eleqtrorkaluri plazmatronebi. aseTi tipis plazmatronebSi 

eleqtruli rkalis deni mTlianad gadis plazmatronis 

eleqtrodebSi da denis Zalis momateba iwvevs misi mwyobridan 

gamosvlas. agreTve aseTi tipis plazmatronebSi plazmuri Wavlis 

formirebis are SemosazRvrulia myari kedlebiT da rkalis denis 

gazrda iwvevs misi rRvevas. es zRudavs plazmuri teqnologiebis 

gamoyenebas. naSromSi zemZlavri plazmuri warmonaqmnis miReba 

gaTvaliswinebulia iseTi mZlavri Caketili plazmuri Wavlis 

SeqmniT, romelic ar aris SemosazRvruli myari kedliT da 

Seqmnilia im deniT, romelic ar gadis plazmatronis 

eleqtrodebSi. mZlavri plazmuri Wavlis misaRebad aucilebelia 

ramdenime problemis gadawyveta: pirveli problemaa myari kedlebiT 

SemousazRvreli Caketili plazmuri Wavlis Seqmna (plazmuri 

amaCqareblebisagan gansxvavebiT). am problemis gadasawyvetad 

gaTvaliswinebulia minimum samkuTxa Caketili plazmuri Wavlis 

Seqmna (1, 2, 3) (nax. 4) minimum sami damxmare plazmuri Wavlisagan (4, 

5, 6). amasTan samkuTxa, Caketili plazmuri Wavlis Seqmna 

SesaZlebelia sami damxmare plazmuri WavliT an sami Ggazis alis 

WavliT (gazis alis Pplazmis gamaZlierebeli); meore problemaa 

Caketil plazmur WavlSi damatebiTi energiis Cawodeba. Caketili 
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plazmuri Wavli Seadgens SezRuduli zomebis mqone mxolod erT 

xvias. amitom masSi sakmarisi eleqtromamoZravebeli Zalis Seqmna 

rTuli teqnikuri problemaa. am problemis gadawyveta proeqtSi 

gaTvaliswinebulia Semdegnairad: 

 

(naxazi 4) Caketili plazmuri 

Wavli moTavsdeba magnituri 

koWis 7 ramdenime xviis 

SigniT, romlis boloebi 

erTmaneTTan SeerTebulia, 

xolo am koWis erT-erT 

xviaze moTavsdeba erTi 

dengamtari xvia 8, romelic 

miuerTdeba impulsur kvebis 

wyaros 9. amis Sedegad 

eleqtromamoZravebeli Zala, 

romelic warmoiqmneba

Caketil plazmur WavlSi, toli iqneba magnituri koWis xviaTa 

raodenobisa da dengamtar xviaze miwodebuli Zabvis namravlisa. es 

iZleva Caketil plazmur WavlSi denis SeuzRudavi gazrdis 

saSualebas am denis eleqtrodebSi gauvlelad. Teoriulad iqmneba 

plazmuri Wavlis simZlavris SeuzRudavi gazrdis saSualeba. 

amdenad es meTodi iZleva saSualebas Seiqmnas mravali mZlavri 

sxvadasxva daniSnulebis plazmuri danadgari. maT Soris es meTodi 

SesaZloa aRmoCndes erT-erTi gza marTvadi Termoguluri reaqciis 

ganxorcielebisaken;  mesame ZiriTadi problemaa myari kedlebiT 

SemousazRvreli Caketili plazmuri Wavlis mdgradobis 

parametrebis gansazRvra. rogorc cnobilia, parametrebis 

garkveuli erToblibisas, plazmur amaCqareblebSi plazma qreba, 

rac xels uSlis plazmis iseTi maRali koncentraciebisa da 

temperaturebis miRebas, rac sakmarisi iqneba, magaliTad, marTuli 

Termoguluri reaqciebis misaRebadac ki. mocmuli plazmuri Wavlis 
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gamaZlierebelSiPplazmuri Wavlis gaqroba SeuZlebelia, vinaidan 

myari kedlebiT SemousazRvreli Caketili plazmuri Wavlis 

arseboba ganpirobebulia damoukidebeli plazmuri wyaroebiT, 

romelTa eleqtrodebSi ar gadis Caketili plazmuri Wavlis 

ZiriTadi deni.  

2.2. mZlavri plazmuri Wavlis miRebis xerxi 

   zemoT ganxiluli Ria tipis mZlavri plazmuri warmonaqmnis 

miRebis xerxis gamoyeneba samTo saqmeSi mizanSewonilia 

gansakuTrebiT didi simZlavreebis saWiroebis SemTxvevaSi (200kvt-s 

zemoT). 50-200kvt simZlavreebis SemTxvevebisaTvis Cven damuSavebuli 

gvaqvs mZlavri plazmuri Wavlis miRebis xerxi, romelic aRwerilia 

qvemoT: es xerxi uzrunvelfyofs mZlavri plazmuri Wavlis miRebas 

uSualod erT plazmatronSi erT RerZze ramdenime rkalis 

SeTavsebiT, romelsac gaaCniaYyvela rkalis jamuri simZlavre, 

xolo plazmatronis jamuri deni gadanawilebulia ramdenime 

kaTodur da anodur laqaze. amasTan TiToeuli  rkalis kaTodi da 

anodi mierTebulia kvebis wyarosTan calcalke, individualurad. 

tradiciul plazmatronebSi (damoukidebeli qmedebis 

plazmatronebi miliseburi kaTodiTa da anodiT) dasaSvebi 

simZlavre ganisazrvreba plazmatronis kaTodisa da anodis 

dasaSvebi denis Zalis sididiT. maSasadame, SemoTavazebuli mZlavri 

plazmuri Wavlis miRebis xerxis am variantis gamoyenebis 

SemTxvevaSi, milisebur eleqtrodebiani damoukidebeli qmedebis 

plazmatronebis dasaSvebi denis Zalis sidide gaizrdeba imdenjer, 

ramdenjerac gaizrdeba ase dawyvilebul eleqtrodTa raodenoba. 

damuSavebuli gvaqvs mZlavri  plazmuri Wavlis miRebis 2 varianti: 

1) mZlavri plazmuri Wavlis miRebis xerxi erTi kaTodiTa da 

ramdenime anodiT; 2) mZlavri plazmuri Wavlis miRebis xerxi 

ramdenime kaTodiTa da ramdenime anodiT. mZlavri plazmuri Wavlis 

miRebis xerxi ramdenime kaTodiTa da ramdenime anodiT naCvenebia 

me-5 naxazze.   
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naxazi 5. plazmatronSi 

plazmuri Wavlis formirebis 

areSi 2 mili 1-is meSveobiT 

CavawvdiT airs (Hhaeri, argoni, 

wyalbadi da ase Semdeg an maTi 

narevi). kaTodi 4 da anodi 5 

Soris avanTebT pirvel rkals 

(rkali 3). es rkali ikvebeba 

denis wyaro 6-dan. Semdeg 

kaTodi 8 da anodi 9 Soris 

avanTebT meore rkals (rkali 7). airis gaxurebis Sedegad 

warmoiqmneba mZlavri plazmuri Wavli 15, romelsac gaaCnia orive 

rkalis jamuri simZlavre, xolo plazmatronis jamuri deni 

gadanawilebulia or kaTodur da or anodur laqaze. Cveulebriv 

plazmatronebis (damoukidebeli qmedebis plazmatronebi 

miliseburi kaTodiTa da anodiT) simZlavre ganisazrvreba 

plazmatronis kaTodisa da anodis dasaSvebi denis Zalis sididiT. 

maSasadame, SemoTavazebuli mZlavri plazmuri Wavlis miRebis 

xerxis am variantis gamoyenebis SemTxvevaSi, milisebur 

eleqtrodebiani damoukidebeli qmedebis plazmatronebis dasaSvebi 

denis Zalis sidide gaizrdeba imdenjer, ramdenjerac gaizrdeba ase 

dawyvilebul eleqtrodTa raodenoba.  

2.3. plazmuri BburRvis axli MmeTodi  

    plazmuri BburRvis axali meTodi iTvaliswinebs  burRis nacmis 

plazmiT gaxurebas, am gaxurebuli nacmiT qanis gadnobas da nacmis 

CaRrmavebas gamdnar qanSi qanis gadnobisas qanis forianobis 

Semcirebis Sedegad qanis moculobis Semcirebisa da gamoyofili 

gazebis SekumSvis xarjze. (naxazi 6) 
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naxazi 6. milze 1 wamocmulia 

izolatori 3, kaTodi 4 da nacmi 9, 

romelic Caewodeba qanSi 2. nacmSi 9 

moTavsebulia anodi 5 da kaTodi 4. 

kaTod 4 da anod 5 Soris anTia rkali 

7, romelic ikvebeba denis wyaro 11- dan 

da axurebs kaTod 4 da anod 5 Soris 

moTavsebul gazs maRal temperaturamde 

da warmoqmnis plazmas 6. plazma 6 

axurebs maRal temperaturamde nacms 9, 

romelic adnobs qans 2. 

gamdnar qanSi 10 xdeba forebis Sevseba da gazis gamoyofa, ris 

Sedegadac xdeba qanis moculobis Semcireba da SekumSuli gazis 8 

baliSis warmoSoba. milis 1 simZimis Zalis gavleniT xdeba nacmis 9 

CaZirva gamdnarQqanSi 10 manam, sanam SekumSuli gazis 8 wneva ar 

gautoldeba nacmze 9 milis 1 dawoliT gamowveul wnevas. nacmis 9 

(Sesabamisad mTlianad burRis) gadaadgileba xdeba manam, sanam 

denis wyaro 11-dan rkals 7 miewodeba imdeni energia, rom 

SekumSuli gazis 8 wnevaMqanis 1-dan axal axali gamdnari masidan 

gamoyofili sivrcidan, iqneba naklebi nacmze 9 milis 1 dawoliT 

gamowveul wnevaze. amiT uzrunvelyofilia burRis gadaadgileba 

qanSi ise, rom ar moxdes naburRi qanis amotana zedapirze.  

2.4.  samTo warmoebis narCenebis plazmuri gadamuSavebis meTodebis 

damuSaveba 

    Cvens mier damuSavebulia iseTi samrewvelo narCenebis plazmuri 

gadamuSavebis xerxi, romlebsac kargi eleqtrogamtaroba gaaCniaT. 

esenia qvanaxSiris gamdidrebis narCenebi (tyibuli, axalcixe, 

tyvarCeli) da metalurgiuli narCenebi (rusTavi, zestafoni). 

maRaliEeleqtrogamtarobis mqone narCenebis plazmuri 

gadamuSavebis xerxi mdgomareobs SemdegSi: RumelSi 
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eleqtrogamtaruli narCenis briketsa da anods Soris anTia 

plazmuri rkali, romelsac deni miewodeba kvebis wyarodan. 

eleqtrogamtaruli narCenis briketi dneba da iSleba or nawilad: 

gamdnari sasargeblo nivTierebisa da Slakis saxiT. SlakSi 

gadasuli maRali temperaturisEeleqtrogamtaruli narCenis nawili 

iwvis nacmidan Cawodebul JangbadSi. wvis siTbo emateba plazmur 

rkalSi gamoyofil siTbos da monawileobs mTlianad 

eleqtrogamtaruli narCenis dnobaSi. mTlianad RumelSi 

moxmarebuli jamuri siTbos raodenoba Sedgeba plazmuri rkalidan 

gamoyofil siTbosa da wvis Sedegad miRebuli siTbosgan. RumelSi 

myardeba wvis Sedegad miRebuli SedarebiT dabali da plazmuri 

rkalidan miRebuli maRali temperaturis gasaSualebuli 

temperatura. amiT wvis Sedegad miRebuli siTbos raodenobas 

emateba plazmuri rkalidan miRebuli siTbos is raodenoba, 

romelc sakmarisia Eeleqtrogamtaruli narCenis briketis 

gasadnobad. amgvarad izogeba plazmur rkalSi miwodebuli 

eleqtruli energia da mcirdeba kvebis wyaros simZlavre.  

2.5. plazmuri danadgarebisaTvis marTkuTxa maxasiaTeblis mqone 

kvebis wyaros Seqmna da misi moqmedebis Teoriuli safuZvlebis 

damuSaveba. 

    marTkuTxa maxasiaTeblis mqone plazmuri danadgaris kvebis 

wyaros moqmedebis principi mdgomareobs SemdegSi: damreci 

maxasiaTeblis mqone transformatoris pirveladi da meoradi 

gragnilebis dacilebis manZilis regulirebiT formirdeba damreci 

maxasiaTeblebi. magram, radganac masTan mimdevrulad mierTebulia 

xisti maxasiaTeblis mqone transformatori, Zabva masze ar 

SeiZleba iyos xisti maxasiaTeblis mqone transformatoris Zabvaze 

meti da uqmi svlis Zabva ganisazRvreba am transfrmatoriT. amrigad 

formirdeba plazmuri danadgaris kvebis wyaros marTkuTxa 

maxasiaTebli. eleqtromagnituri procesebi aseTi tipis kvebis 

wyaroSi Zireulad gansxvavdeba im eleqtromagnituri 



 
 

24

procesebisagan, romelic mimdinareobs Zabvis wyaroSi, romelic 

kargad aris Seswavlili. sadisertacio naSromSi Catarebulia 

plazmuri danadgaris elqtromagnituri procesebis analizi 

klasikuri meTodiT, rodesac plazmuri rkali ikvebeba marTkuTxa 

maxasiaTeblis mqone denis wyarodan, romelic Seicavs bogiruli 

sqemis samfaza gammarTvels. analizis Sedegad gansazRvrulia 

marTkuTxa maxasiaTeblis mqone kvebis wyaros   ventilebis ukuZabvebi 

da denebi; Zaluri transformatoris pirveladi da meoradi 

gragnilebis fazuri da xazuri Zabvebi; Zaluri transformatoris 

pirveladi da meoradi grgnilebis fazuri da xazuri denebi da 

naCvenebia, rom gamarTuli Zabvis amplituduri mniSvneloba udris 

xazuri Zabvis amplituduri mniSvnelobas, xolo fazuri Zabvis 

amplituduri mniSvneloba 1,5 jer naklebia xazuri Zabvis 

amplitudur mniSvnelobaze.  

2.6. sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro-

plazmatronis” kompiteruli kvlevis Sedegebi.  

    Cvens mier damuSavebuli sistemis: “marTkuTxa maxasiaTeblis 

mqone kvebis wyaro-plazmatronis” moqmedebis Teoriuli 

safuZvlebisa da amave sistemaSi CarTuli samfaza Zaluri 

gammarTvelis eleqtromagnituri procesebis analizis safuZvelze 

da am sistemebis eleqtromagnituri procesebis kvlevebis 

safuZvelze (Sesabamisi algoriTmebisa da programebis gamoyenebiT), 

rogorc damyarebul aseve gardamavali reJimebisaTvis, miRebulia 

Semdegi daskvnebi: 1) rkalis nominaluri denis aRdgenis siCqare 

yovelTvis metia Suntirebis procesSi rkalis winaarmdegobis 

cvalebadobisa.  amitom rkalis anoduri laqis nebismieri 

mdebareobis SemTxvevaSi rkalis deni rCeba praqtikulad mudmivi. es 

praqtikulad uzrunvelyofs plazmatronis stabilur 

funqcionirebas, rac afarToebs plazmuri danadgaris 

teqnologiuri gamoyenebis ares da zrdis misi muSaobis 

xangamZleobas; 2) am programebis gamoyenebiT SesaZlebelia 
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marTkuTxa maxasiaTeblis mqone denis wyaros yvela Zaluri 

elementis parametrebis gaangariSeba. am gaangariSebaTa Sedegi 

aCvenebs, rom marTkuTxa maxasiaTeblis mqone denis wyaros aqvs 

gamoyenebis didi perspeqtiva mZlavri stacionaluri plazmuri 

danadgarebisaTvis, rogoricaa plazmuri burRva, samTo 

mrewvelobis narCenebis gadamuSaveba, qanebis plazmuri mongreva, 

samSeneblo masalebis damuSaveba da ase Semdeg. 

3.  eqsperimentaluri kvlevis Sedegebi 

3.1 samTo saqmeSi gamoyenebadi plazmuri danadgarebis damuSaveba, 

damzadeba, gamocda 

    Cvens mier damuSavebulia damzadebulia da gamocdilia 40 kvt 

simZlavris plamuri danadgari, romelic gankuTvnilia 

araliTonuri masalebis dasamuSaveblad, kerZod: qanebis 

mosangrevad, qanebidan blokebis mosaWrelad, blokebis dasaWrelad, 

saamSeneblo masalebis mosapirkeTeblad da ase Semdeg (naxazi 7). 

rkali

wyali

dasamuSavebeli detali plazmuri Wavli

denis
wyaro

korpusi

kaTodi

izolatori

anodi

gazi
(haeri)

1

2

3

4

5

6

7

8

5

10

11 ( + )

( - )

 

naxazi 7. rkali 1 anTia 

kaTod 2 da anod 3 Soris, 

romelic qmnis plazmuri 

Wavls 4. plazmatrons gazi 

(am SemTxvevaSi haeri) 

Caewodeba gazmomaragebis 

sistemidan 5 xolo 

gasacivebeli wyali 

plazmatrons Caewodeba 

wyliT momaragebis 

sistemidan 6, romelic am 

SemTxvevaSi Seicavs wylis 

avzs da tumbos

plazmatrons deni miewodeba specialuri denis wyarodan 7. 

plazmuri Wavli mimarTulia dasamuSavebeli detalisaken 8. 

plazmatroni awyobilia korpusze 9, anodi da kaTodi 



 
 

26

erTmaneTisagan izolirebulia izolatorebiT 10 da 11. plazmuri 

danadgaris kvlevis procesis foto mocemulia naxazze 8, xolo 

muSaobis procesi asaxulia TandarTul klipSi. 

 

naxazi 8. plzmuri 

danadgaris erToblivi 

gamocda kanadis torontos 

universitetis profesoris 

javad mostahimis 

monawileobiT 

 

3.1. samTo saqmeSi gamoyenebadi plazmuri danadgarebis 

eqsperimentaluri kvlevis Sedegebi 

    eqsperimentulad gamokvleulia plazmatronis voltamperuli 

maxasiaTeblebi ZiriTadi parametrebis mixedviT. naSromSi 

voltamperuli maxasiaTeblebis kvlevis Sedegebi asaxulia 

cxrilebSi da grafikebis saxiT. miRebuli plazmatronis 

voltamperuli maxasiaTeblebi aCvenebs rom mniSvnelovnad 

gazrdilia Zabvis vardna rkalis erTeul sigrZeze, rac iZleva 

tradiciuli plazmatronebis simZlavris gazrdis saSualebas, rac 

miRweulia anodis arxisaTvis specialuri formis micemiT 

(cilindruli da konusuri Fformebis monacvleobiT); plazmatronis 

voltamperuli maxasiaTebeli xistia, rac miRweulia plazmuri 

danadgaris optimaluri eleqtrofizikuri da eleqtromagnituri 

sqemiT; eqsperimentaluri monacemebis safuZvelze ganszRvrulia 

plazmuri danadgaris optimaluri muSaobis are, rac sakmaod 

farTea da mocavs denis cvalebadobas 50-250 amperis farglebSi da 

Zabvis cvalebadobas 80-200 voltis diapazonSi da rac iZleva 

plazmuri danadgaris simZlavris regulirebis saSualebas 4-50kvt 

farglebSi. 
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     agreTve eqsperimentulad gamokvleulia optimaluri 

teqnologiuri parametrebi, romlebic Seesabamebian zedapirebis 

modnobas dekoratiulobisa da simagris TvalsazrisiT da 

maqsimalur efeqturobas xelovnuri samSeneblo masalebis 

zedapirebis modnobas dekoratiulobisa da simagris TvalsazrisiT.  

    sadiserTacio naSromSi miRebuli Sedegebi gamoyenebuli iqna 

saqrTvelos teqnikuri universitetSi Sesrulebuli saerTaSoriso 

samecniero-teqnologiuri centris (ISTC) grantSi (G-1255) Temaze: 

“iribi qmedebis plazmatronis Semcveli maRali resursis mqone 

plazmuri danadgarisa da damreci maxasiaTeblis mqone denis 

wyaros Seqmna” (2007-2009 ww.) da saqrTvelos teqnikuri 

universitetis grantSi: “Rrma burRvis plazmuri danadgaris 

Teoriuli safuZvlebisa da teqnikuri proeqtis damuSaveba” (2010w). 

                                  daskvnebi 

1. Camoyalibebulia samTo saqmeSi plazmuri teqnologiis 

gamoyenebis perspeqtiuli areebi: myari qanebis mongreva; myari 

qanebisagan samSeneblo masalebis damzadeba da mopirkeTeba; 

plazmuri buRrva da samTo mompovebeli industriis narCenebis 

gadamuSaveba; 

2. plazmur danadgarebSi mimdinare eleqtrofizikuri 

procesebisa da eleqtromagnituri procesebis analizis safuZvelze 

miRebulia plazmur danadgarebis stabiluri da efeqturi muSaobis 

kriteriumebi da Cvens mier pirvelad dadgenilia, rom plazmuri 

danadgarebis kvebis wyaros statikur da dinamiur voltamperul 

maxasiaTebelebs unda hqondeT marTkuTxa maxasiaTeblis forma; 

3. eqsperimentuli monacemebisa da plazmatronSi mimdinare 

Tburi procesebis Teoriuli analizis safuZvelze Catarebulia 

plazmatronis anodis sxvadasxva meTodebiT gacivebis procesis 

SedarebiTi analizi. wyliT da haeriT konveqciuri gaciveba 

Sedarebulia wylis duRiliT gamowveul gacivebis procesTan. 
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dadgenilia, rom wylis duRiliT eleqtrodebis gaciveba wyliT 

konveqciuri gacivebis TanabarZaliania. 

4. myari qanis zedapirze plazmuri alis zemoqmedebis Tburi 

procesebis analizis safuZvelze dadgenilia, rom temperaturis 

gavrceleba myari qanis masivSi eqvemdebareba talRisebr models da, 

rodesac sakmaod didi temperaturuli gradienti aris 

generirebuli, nebismieri myari qani iqneba afSvnili; 

5. Seqmnilia patentebiT daculi plazmuri Wavlis formirebis  

Semdegi perspeqtiuli meTodebi da konstruqciuli gadawyvetebi: 1) 

mravalkomponentiani sakaTode fxvnilis narevis afeTqebis talRiT 

an impulsuri magnituri talRiT kompaqtirebiT plazmatronis 

kaTodis damzadebis meTodi, rac iZleva plazmatronis iseTi 

kaTodis damzadebis SesaZleblobas, romlic imuSavebs nebismieri 

tipis gazis garemoSi da uzrunvelyofs srul Tbur kontaqts 

sakaTode Rerosa da gamacivebel Reros Soris; 2) Ria tipis mZlavri 

plazmuri warmonaqmnis miRebis xerxi, rac gamoixateba imaSi, rom 

TavisufaliMplazmuri Wavlis Caketili konturi hkveTs cvlad 

magnitur nakads, romelic ainduqtirebs masSi eleqtromamoZravebel 

Zalas. magnituri nakadi TavisufaliMplazmuri Wavlis Caketil 

konturSi aRZravs eleqtromamoZravebel Zalas, romelic am 

konturSi warmoSobs dens. es deni ar gadis arc erT plazmuri 

Wavlis warmomqmnel xelsawyoSi. amitom praqtikulad am denis 

Zalis sidide SezRuduli ar aris da SesaZlebelia nebismieri 

simZlavris plazmatronis damzadeba; 3) mZlavri plazmuri Wavlis 

miRebis xerxi uzrunvelfyofs mZlavri plazmuri Wavlis miRebas 

uSualod erT plazmatronSi erT RerZze ramdenime rkalis 

SeTavsebiT, romelsac gaaCnia Yyvela rkalis  jamuri simZlavre, 

xolo plazmatronis jamuri deni gadanawilebulia ramdenime 

kaTodur da anodur laqaze. maSasadame plazmatronis dasaSvebi 

denis Zalis sidide izrdeba imdenjer, ramdenjerac gaizrdeba ase 

dawyvilebul eleqtrodTa raodenoba; 4) plazmuriBburRvisMmeTodi, 
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romelic iTvaliswinebs  burRis nacmis plazmiT gaxurebas, am 

gaxurebuli nacmiT qanis gadnobas da gamdnar qanSi qanis 

gadnobisas qanis forianobis Semcirebis Sedegad qanis moculobis 

Semcirebisa da gamoyofili gazebis SekumSvis xarjze nacmis 

CaRrmavebas qanSi.QmaSasadame naburRi masalis (jer gamdnari da 

Semdeg gacivebuli qanis) zedapirze amotana saWiro ar aris da 

umravles SemTxvevaSi arc samagri milebis gamoyenebaa aucilebeli; 

5) qvanaxSiris gamdidrebis narCenebisa (tyibuli, axalcixe, 

tyvarCeli) da metalurgiuli narCenebis (rusTavi, zestafoni) 

plazmuri gadamuSavebis meTodebi; 

6. daproeqtebulia, damzadebulia, gamocdilia, gamokvleulia da 

danergilia 40kvt simZlavris araliTonuri masalebis 

dasamuSavebli plazmuri danadgari, romelic gankuTvnilia qanebis 

mosangrevad, qanebidan blokebis mosaWrelad, blokebis dasaWrelad, 

saamSeneblo masalebis mosapirkeTeblad da a. S.;  

7. am danadgaris Teoriuli kvlevis Sedegad gansazRvrulia 

plazmuri danadgaris ZiriTadi saproeqto parametrebi aseTi 

SemTxvevisaTvis, kerZod, ukuZabvebi diodebze, diodebis denebi, 

Zaluri transformatoris pirveladi da meoradi gragnilebis 

xazuri da fazuri denebi da Zaluri transformatoris pirveladi 

da meoradi gragnilebis xazuri da fazuri Zabvebi; Seqmnilia am 

parametrebis saangariSo algoriTmebi da programebi; 

8. eqsperimentaluri monacemebis analizis Sedegad miRebulia 

formulebi, romlebic iZlevian plazmatronis ganzogadoebuli 

voltamperul, Tbur da wnevis maxasiaTeblebs da gansazRvrulia 

parametrebis kombinacia, romlebisaTvisac es formulebi 

samarTliania. 
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Abstract 

     The using of the plasma technology in Mining was limited because of the its 
specificity (the large capacities, the limited environment, the poor condition of work etc.) 
and was less used on practice.  

    The main aim of the work is the development of a new direction in the plasma 
technology - the plasma technologies of Mining Industry. For implementation of this goal 
the following activities were done: The perspective areas of using the plasma technology 
in Mining have been detected. This is the using plasma-flow to break the solid rocks; to 
process a surface of the building materials made from the solid rocks; to drill rocks; to 
recycle the mining industry wastes; to produce and repair the equipment of Mining 
Industry.  The replacement scheme of the plasma-arc operation was done which is based 
on the analysis of the electrophysical processes occurring in plasma equipment and 
analysis of electromagnetic processes was conducted by using the classical mathematic 
methods. Its an algorithm of solutions and a program were created on base of which the 
original methods of the plasma-flow formation and the designs of plasma device were 
developed for using in Mining. On base of the analysis of electromagnetic processes those 
criteria of power-supply of plasma-device were established that provide an effective 
operation of plasma-torch. The effective operation of the plasma torch is possible when 
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the current-voltage characteristic of power-source is a slant line and its tilt angle close to 
900. The power-supply is not a "voltage-supply" it's a "current-supply" ie. When the 
plasma-arc resistance is changing the voltage is changing not the current and the 
maximum voltage of idling should be only 10-15% more than maximum working-
voltage. The current-voltage characteristic of the power-source should have a rectangle 
shape, ie, the power-source should be a "current source" in the working and short circuit 
regime and a "voltage source" in a idling regime. On the basis of the experimental data 
and theoretical calculations the comparative analysis of the cooling process of an anode 
by different methods has been done.  

    The convective cooling (by water and by air) was compared with the cooling-process 
caused by the boiling of water. It is established that the cooling of the electrodes by the 
boiling of water is equal to the convective cooling by water. Also, the analysis of the 
thermal processes of plasma-flow action on the surface of the solid rock was done. The 
mathematical description of the temperature distribution in rock is based on the equation 
of thermal conductivity for the 1D space. The solution of this equation for the boundary 
conditions, which stipulates the changing of the temperature of the rock surface at any 
instant and the maximum temperature deviation, shows that the temperature distribution 
in rock is subordinated to wave model. That leads us to the conclusion that when a 
sufficiently large temperature gradient is generated, any hard rock will be broken.  

    On the basis of this work, carried out in the theoretical part, the advanced methods of 
the plasma-flow formation and the design solutions are created, some of which are 
patented and introduced in production. 

A method of plasma-torch cathode production, which gives opportunity to make such 
cathode that would work for any type of gas (air, oxygen, carbon, nitrogen, water, steam, 
hydrogen, inert gases, and so on)  and would provide full thermal contact between a rod 
of cathode and a rod of cooling. The essence of these methods is that the multicomponent 
mixture of a cathode is placed in the hole of the cooling rod and happens their compaction 
by the blast wave or the pulsed magnetical wave. 

A reception method of an open-type plasma-formation is that a closed contour of the 
free plasma crosses the variable magnetic flow which induces the electromotive force in 
it. The magnetic flow induces the electromotive force in the closed, open-type plasma-
contour that creates the current in this contour. This current doesn't flow in plasma-
torches and its force-power is not limited. 

The plasma processing method of the conducting industrial wastes. We have 
developed the plasma-processing method for the industrial wastes which have the 
conductivity acceptable for Plasma technology. There are the wastes of the enriched coal 
(Tkibuli, Akhaltsikhe, Tkvarcheli, enough conductivity during 1800-19000 temperatures) 
and metallurgical wastes (Rustavi, Zestaponi, almost all conductive). 

Method of reception of powerful plasma jet. A method provides creation of several 
combined electric-arc in the plasma-torch on one axis. Which has the summed power of 
these electrical-arcs, and the summed current of the plasma-torch is redistributed on 
several cathode and anode spot, by this the allowable value of the current-force is 
increased by the amounts of so paired electrodes.  
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