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reziume 
 

    samTo saqmeSi plazmuri teqnologiis gamoyenebis 
specifikurobis gamo (didi simZlavreebi, SezRuduli garemo, 
muSaobis mZime pirobebi da a.S.) plazmuri teqnologiis gamoyeneba 
aqamde SezRuduli iyo da praqtikaSi naklebad gamoyenebuli. 

    warmodgenili samuSaos ZiriTadi mizania samTo saqmeSi 
plazmuri teqnologiebis gamoyenebis safuZvlebis Seqmna. am miznis 
gansaxorcieleblad Sesrulebulia Semdegi samuSaoebi: 

    gamovlenilia samTo saqmeSi plazmuri teqnologiis gamoyenebis 
perspeqtiuli areebi: plazmuri Wavlis gamoyeneba myari qanebis 
mosangrevad; plazmuri Wavlis gamoyeneba myari qanebisagan 
damzadebuli samSeneblo masalebis mosapirkeTeblad; plazmuri 
burRva; samTo mompovebeli industriis narCenebis gadamuSaveba; 
liTonebis plazmuri Wris, SeduRebis, dafrqvevisa da daduRebis  
gamoyeneba samTo amwevi manqanebis, wyalsaqcevi, saventilacio da 
teqnologiuri danadgarebis warmoebisa da maTi remontisaTvis; 

    plazmur danadgarebSi mimdinare eleqtrofizikuri procesebis 
analizis safuZvelze Sedgenilia plazmuri rkalis funqcionirebis 
Canacvlebis sqema da Catarebulia misi eleqtromagnituri 
procesebis analizi maTematikis klasikuri meTodebis gamoyenebiT. 
Seqmnilia misi amonaxsnebis algoriTmi da programa, ris 
safuZvelzec damuSavebulia samTo saqmeSi gamoyenebadi 
originaluri plazmuri Wavlis formirebis xerxebi da plazmuri 
danadgarebis konstruqciebi;  

    elqetromagnituri procesebis analizis safuZvelze 
Camoyalibebulia plazmuri danadgaris denis wyaros mimarT 
wayenebuli is kriteriumebi, romlebic ganapirobeben plazmatronis 
efeqtur muSaobas. plazmatronis efeqturi muSaoba SesaZlebelia 
kvebis wyaros damreci statikuri voltamperuli maxasiaTeblis 
SemTxvevaSi, rodesac maxasiaTeblis daxris kuTxe uaxlovdeba 900-s, 
e. i. kvebis wyaro warmoadgens ara Zabvis wyaros, aramed denis 
wyaros, anu rodesac plazmuri rkalis winaaRmdegobis cvlilebisas 
icvleba Zabva da ara deni da 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, anu kvebis wyaro unda iyos denis wyaro muSa 
da mokled SerTvis reJimSi da Zabvis wyaro-uqmi svlis reJimSi; 

   eqsperimentuli monacemebisa da Teoriuli gamoTvlebis 
safuZvelze Catarebulia plazmatronis anodis sxvadasxva 
meTodebiT gacivebis procesis SedarebiTi analizi. wyliT da 
haeriT konveqciuri gaciveba Sedarebulia wylis duRiliT 
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gamowveul gacivebis procesTan. dadgenilia, rom wylis duRiliT 
eleqtrodebis  gaciveba wyliT konveqciuri gacivebis Tanabaria.  

    agreTve Catarebulia myari qanis zedapirze plazmuri alis 
zemoqmedebis Tburi procesebis analizi. qanSi temperaturis 
gavrcelebis maTematikuri aRwera efuZneba Tbogamtarobis 
gantolebas erTganzomilebiani 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. amas mivyavarT daskvnamde, 
rom rodesac sakmaod didi temperaturuli gradienti aris 
generirebuli, nebismieri myari qani iqneba afSvnili.  

    Teoriul nawilSi Catarebuli samuSaos safuZvelze Seqmnilia 
plazmuri Wavlis formirebis perspeqtiuli meTodebi da 
konstruqciuli gadawyvetebi, romelTagan ramdenime dapatentebulia 
da danergilia warmoebaSi. 

    plazmatronis kaTodis damzadebis meTodi, romelic  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. am meTodis arsi mdgomareobs 
imaSi, rom gamacivebeli Reros naxvretSi Tavsdeba 
mravalkomponentiani sakaTode fxvnilis narevi da maTi 
kompaqtireba xdeba afeTqebis talRis an impulsuri magnituri 
talRis meSveobiT. 

    Ria tipis mZlavri plazmuri warmonaqmnis miRebis xerxi 
gamoixateba imaSi, rom Tavisufali plazmuri Wavlis Caketili 
konturi hkveTs cvlad magnitur nakads, romelic ainduqtirebs 
masSi eleqtromamoZravebel Zalas. magnituri nakadi Tavisufali 
plazmuri Wavlis Caketili 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. 

    mZlavri plazmuri Wavlis miRebis xerxi uzrunvelyofs 
mZlavri plazmuri Wavlis miRebas uSualod erT plazmatronSi, 
erT RerZze ramdenime rkalis SeTavsebiT, romelsac gaaCnia yvela 
rkalis jamuri simZlavre, xolo plazmatronis jamuri deni 
gadanawilebulia ramdenime kaTodur da anodur laqaze. amiT 
plazmatronis dasaSvebi denis Zalis sidide izrdeba imdenjer, 
ramdenjerac gaizrdeba ase dawyvilebul eleqtrodTa raodenoba. 

    plazmuri burRvis meTodi, romelic iTvaliswinebs burRis 
nacmis plazmiT gaxurebas, am gaxurebuli nacmiT qanis gadnobas da 
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gamdnar qanSi misi gadnobisas forianobis Semcirebis Sedegad qanis 
moculobis Semcirebisa da gamoyofili gazebis SekumSvis xarjze 
nacmis CaRrmavebas qanSi. maSasadame gaburRuli masalis (jer 
gamdnari da Semdeg gacivebuli qanis) zedapirze amotana saWiro ar 
aris da umravles SemTxvevaSi arc samagri milebis gamoyenebaa 
aucilebeli. 

   eleqtrogamtari samrewvelo narCenebis plazmuri gadamuSavebis 
meTodi. Cvens mier damuSavebulia plazmuri gadamuSavebis xerxi 
iseTi samrewvelo narCenebisaTvis, romelTac plazmuri 
teqnologiisaTvis misaRebi eleqtrogamtaroba gaaCniaT. esenia 
qvanaxSiris (tyibuli, axalcixe, tyvarCeli, sakmarisi 
eleqtrogamtaroba 800-900 0C temmperaturis dros) gamdidrebis 
narCenebi da metalurgiuli narCenebi (rusTavi, zestafoni, 
praqtikulad liTonuri eleqtrogamtari). 

   daproeqtebulia, damzadebulia, gamocdilia, gamokvleulia da 
danergilia 40kvt. simZlavris araliTonuri masalebis 
dasamuSavebli plazmuri danadgari, romelic gankuTvnilia qanebis 
mosangrevad, masividan 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. 

    eqsperimentaluri monacemebis mixedviT miRebulia formulebi, 
romlebic iZlevian plazmatronis ganzogadebul voltamperul, 
Tburi da dawnevis maxasiaTeblebs da gansazRvrulia parametrebis 
kombinacia, romelTaTvisac 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 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 
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 an 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 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. 
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Two methods 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. 

Method of reception of the 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. 

A 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 a conductive).  
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Sesavali 

Temis aqtualoba. samTo eleqtromeqanikis mimarTuleba, romelic 

Seiswavlis da ikvlevs samTo amwevi manqanebis, wyalsaqcevi, 

saventilacio da teqnologiuri danadgarebis eleqtroteqnikur 

nawils, amJamad viTardeba mecnierebisa da teqnikis uaxlesi 

miRwevebis gamoyenebiT. samTo eleqtromeqanikis mimarTulebiT 

amJamad aseTi mecnierebisa da teqnikis uaxlesi dargia plazmuri 

teqnologia. samTo amwevi manqanebis, wyalsaqcevi, saventilacio da 

teqnologiuri danadgarebis warmoebasa da eqspluataciaSi 

plazmuri teqnologia SesaZlebelia gamoyenebul iqnas liTonebis 

saWrelad, gacveTili detalebis aRsadgenad, myari qanebis 

mosangrevad, myari qanebisagan samSeneblo masalebis dasamzadeblad, 

Rrma burRvisaTvis, metalurgiaSi, nano masalebis misaRebad da ase 

Semdeg.  

kvlevis obieqti. plazmuri teqnologiebis gamoyeneba samTo saqmeSiM 

amJamad ganviTarebis stadiaSia da amitom am mimarTulebiT 

aucilebelia:  

1. samTo saqmeSi plazmuri teqnologiebis gamoyenebis aris 

dadgena; 

2. samTo saqmeSi plazmuri teqnologiebis gamoyenebis Sesabamisi 

plazmuri Wavlis formirebis xerxebis Seqmna;  

3. samTo qanebisa da teqnologiuri danadgarebis detalebis 

dasamuSavebeli plazmatronebis Seqmna; 

4. samTo qanebisa da teqnologiuri danadgarebis detalebis 

dasamuSavebeli mZlavri, energodamzogi da ekologiurad 

usafrTxo plazmuri danadgaris damuSaveba; 

5. saTanado plazmuri teqnologiebis damuSaveba. 

    mocemul naSromSi samTo eleqtromeqanikis mimarTulebiT 

plazmuri teqnologiis gamoyenebis perspeqtiul areebad miCneulia: 
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1. liTonebis plazmuri Wrisa da SeduRebis gamoyeneba samTo 

amwevi manqanebis, wyalsaqcevi, saventilacio da teqnologiuri 

danadgarebis warmoebaSi;  

2. plazmuri Wris, SeduRebis, dafrqvevisa da daduRebis  

gamoyeneba samTo amwevi manqanebis, wyalsaqcevi, saventilacio 

da teqnologiuri danadgarebis remontisas; 

3. plazmuri Wavlis gamoyeneba myari qanebis mosangrevad;  

4. plazmuri Wavlis gamoyeneba myari qanebisagan samSeneblo 

masalebis dasamzadeblad da mosapirkeTeblad; 

5. plazmuri buRrva; 

6. samTo mompovebeli industriis narCenebis gadamuSaveba; 

7. plazmuri nano teqnologibis gamoyeneba samTo danadgarebis 

warmoebaSi. 

disertaciis ZiriTadi mizania samTo saqmeSi plazmuri 

teqnologiebis gamoyenebis safuZvlebis Seqmna. 

    am mimarTulebiT pirvel rigSi Cvens mier Camoyalibebulia 

samTo saqmeSi plazmuri teqnologiis gamoyenebis perspeqtiuli 

areebi: 

• plazmuri Wavlis gamoyeneba myari qanebis mosangrevad; 

• plazmuri Wavlis gamoyeneba myari qanebisagan samSeneblo 

masalebis dasamzadeblad da mosapirkeTeblad; 

• plazmuri buRrva; 

• samTo mompovebeli industriis narCenebis gadamuSaveba. 

   am naSromSi damuSavebuli plazmuri Wavlis Fformirebis 

xerxebi, plazmuri danadgarebi da maTi kvlevis Sedegebi ZiriTadad 

gankuTvnilia aq dasaxelebul areebSi gamosayeneblad[1-23]. 

  plazma aris nivTierebis meoTxe mdgomareoba (myari, Txevadi, 

gazobrivi da plazma), romelic warmoadgens nivTierebis 

damuxtuli da neitraluri nawilakebis erTobliobas. es niSnavs 

maRal samuSao temperaturas da maRali energiis nakads. plazmis 
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gamoyenebis mTavari interesi dResdReobiT fokusirebulia energiis 

maRal simkvriveze mis garemoSi. plazmis gamoyeneba teqnologiebSi 

mecnierebis uaxlesi miRwevaa da erTerTi misi pirveli 

prioritetia. plazma gamoiyenba industriis mraval dargSi. am 

naSromis mizania samTo mompovebel mrewvelobaSi teqnologiis 

axali mimarTulebis-plazmuri teqnologiis ganviTareba. 

   cnobilia plazmis miRebis mravali xerxi [24-105]. amaTgan samTo 

saqmeSi gamoyenebadi plazmuri teqnologiebi ZiriTadad 

dafuZnebulia eleqtrorkalur plazmaze. 

   samTo saqmeSi plazmuri teqnologiis gamoyenebis 

specifikurobis gamo (didi simZlavreebi, SezRuduli garemo, 

muSaobis mZime pirobebi da sxva) plazmuri teqnologiis gamoyeneba 

SezRuduli iyo da praqtikaSi gamoyenebuli iyo naklebad. Aamitom 

Cven mogvixda plazmuri Wavlis formirebis iseTi xerxebisa da 

danadgarebis damuSaveba (maTi originaloba dadasturebulia 

ramdenime patentiT da saerTaSoriso konferenciebze gakeTebuli 

moxsenebebiT), romelic saSualebas mogvcemda plazmuri 

teqnologiis gamoyenebas samTo saqmeSi [13-23].  

    samTo saqmeSi plazmuri teqnologiis gamoyenebis perspeqtiuli 

areebis dadgenis Semdeg Cven CavatareT plazmuri danadgarebis 

muSaobis Tburi da elqtromagnituri procesebis analizi, ramac 

saSualeba mogvca dagvemuSavebina iseTi plazmis formirebis 

xerxebi da plazmuri danadgarebi, romelTa gamoyeneba 

SesaZlebelia samTo saqmis im areebSi, romlebic Camoyalibebulia 

zemoT. 

    samuSaos samecniero siaxle mdgomareobs SemdegSi: 

    plazmur danadgarebSi mimdinare eleqtrofizikuri procesebis 

analizis safuZvelze Cven SevadgineT plazmuri rkalis 

funqcionirebis Canacvlebis sqema da movaxdineT misi 

eleqtromagnituri procesebis analizi maTematikis klasikuri 

meTodebiT($2.1.-2.2. $3.7.), [1-7]. SevqmeniT misi amonaxsnebis algoriTmi 
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da programa ($3.7.1-3.7.3.), [7]), ramac saSualeba mogvca dagvemuSavebina 

samTo saqmeSi gamoyenebadi originaluri plazmuri Wavlis 

formirebis xerxebi da plazmuri danadgarebis konstruqciebi ($3.7.1-

3.7.3.), ($4.1-4.3.), [3, 5, 9-11].  

   elqtromagnituri procesebis analizi saSualebas iZleva 

CamovayaliboT plazmuri danadgaris denis wyaros mimarT 

wayenebuli is kriteriumebi, romlebic iZlevian plazmatronis 

efeqturi muSaobis saSualebas. esenia: 

1. 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; 

2. uqmi savlis 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; 

3. 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 ($3.7.1-

3.7.3),  [1, 7]). 

    am samuSaos Teoriul nawilSi Cven CavatareTPplazmatronis 

muSaobis Tburi procesebis analizi Teoriuli da eqsperimentuli 

monacemebis safuZvelze ($ 2.3.,  [2, 4]). 

    Teoriuli gaangariSebebi Catarebuli iyo Tbogadacemis 

Teoriis eqsperimentuli formulebis gamoyenebiT. 
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    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 

TanabarZaliania. 

    miRebuli Sedegi iZleva realur safuZvels, rom Catardes 

sakonstruqtoro-samecniero samuSaoebi axali Taobis iseTi 

plazmatronebis Sesaqmnelad, romelTa eleqtrodebic gacivdeba 

plazmatronSi momaragebuli wylis duRiliT, xolo amavdroulad 

plazmawarmomqmnel airad gamoyenebuli iqnes am duRiliT miRebuli 

wylis orTqli. 

    am samuSaos Teoriul nawilSi Cven CavatareT agreTve myari 

qanis zedapirze plazmuri alis zemoqmedebis Tburi procesebis 

Teoriuli analizi ($2.4, [8, 12]). 

    siTbos didi intensivobis gamo plazmis nakadi axurebs myari 

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 xdeba qanis zeda Sris atkeCva. 

amis gamo, rodesac warmoqmnili daZabulobebi aWarbebs qanis 

rRvevis dasaSveb daZabulobebs, patara zomis nafSvenebi cildebian 

qans. 

   nafSvenebis mocilebis mimarTuleba damokidebulia plazmuri 

Wavlis gadaadgilebis mimarTulebaze. 

   myari qanis zedapirze temperaturis cvlilebis sidide da 

plazmuri nakadis didi kinetikuri energia (plazmuri nakadis 
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siCqare aWarbebes zebgeriT siCqares) iZleva qanis, rogorc 

zedapiruli, aseve siRrmiseuli Wris saSualebas. 

    myar 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. 

   am gantolebis amoxsna sasazRvro pirobebisaTvis, romelic 

iTvaliswinebs myari qanis zedapiris temperaturis cvlilebas 

nebismier momentSi da temperaturis maqsimalur gadaxras, 

gviCvenebs, rom temperaturis gavrceleba myari qanis masivSi 

eqvemdebareba talRisebr models. temperaturis talRis amplituda 

mcirdeba siRrmis xarisris maCvenebelTan, xolo teperatura yovel 

momdevno periodSi aRiwereba axali talRiT, romelic  mimarTulia 

myari qanis masivis SigniT X-RerZis gaswvriv.  

   es analizi gviCvenebs, rom temperaturis rxevebi myari qanis 

zedapirze eqvemdebareba talRis Teoriis principebs. Sesabamisad 

qanis Wris maqsimaluri siCqare ar aRemateba talRis gavrcelebis 

siCqares myari qanis masivSi. rodesac qanis masivSi siTbogadacema 

xdeba ufro intensiuri, zedapiris Sris temperatura da maSasadame 

temperaturuli gradienti myari qanis masivSi izrdeba, rac 

gvaZlevs Sinagani daZabulobis gazrdas. amas mivyavarT daskvnamde, 

rom rodesac sakmaod didi temperaturuli gradienti aris 

generirebuli, nebismieri myari qani iqneba afSvnili.   

dacvaze Ggamoitaneba. 

   mocemul naSromSi samTo eleqtromeqanikis mimarTulebiT 

plazmuri teqnologiis gamosayeneblad Seqmnilia plazmuri Wavlis 

formirebis perspeqtiuli meTodebi, romelTagan ramdenime 

wardgenilia saerTaSoriso konferenciebze, dapatentebulia da 

danergilia warmoebaSi. EmaT Soris: 
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plazmatronis kaTodis damzadebis meTodi ($3.1, 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. Aam meTodis arsi mdgomareobs imaSi, rom 

gamacivebeli Reros naxvretSi Tavsdeba mravalkomponentiani 

sakaTode fxvnilis narevi da isini dartymiTi talRiT 

kompaqtirdeba uwyvet myar tanad. gamacivebeli Reros da 

mravalkomponentiani sakaTode fxvnilis narevis kompaqtireba xdeba 

afeTqebis talRis an impulsuri magnituri talRis meSveobiT. 

upiratesoba eniWeba meore meTods, magram mis gansaxorcieleblad 

saWiroa sakmaod rTuli magnitur-impulsuri danadgari.Mamitom is 

gamoiyeneba kaTodebis seriuli warmoebis SemTxvevaSi. xolo 

kaTodebis mcire raodenobiT damzadebis SemTxvevaSi 

mizanSewonilia afeTqebiT gamkvrivebis meTodis gamoyeneba;  

Ria tipis mZlavri plazmuri warmonaqmnis miRebis xerxi ($3.2, 

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 arc erT 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 ($3.3, patenti # GE P 4948 B. 

12.04.2010, [6]). zemoT ganxiluli Ria tipis mZlavri plazmuri 
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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 sxva xerxi. 

   es xerxi uzrunvelyofs 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; 

plazmuriBburRvis MmeTodi, romelic safuZvels uyris burRvis 

principulad gansxvavebul teqnologias ($3.4, ganacxadi patentis 

miRebaze # AP 011478. 2009,  [3, 5, 7, 12]). 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 
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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. 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; 

eleqtrogamtari industriuli narCenebis plazmuri gadamuSavebis 

meTodi ($3.6, 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 uzrunvelhyofas maRal 

doneze. narCenebis sruli gadamuSaveba miiRweva plazmur 

RumelebSi.  
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   Cvens mier damuSavebulia iseTi samrewvelo narCenebis plazmuri 

gadamuSavebis xerxi, romlebsac plazmuri teqnologiisaTvis 

misaRebi eleqtrogamtaroba gaaCniaT. esenia qvanaxSiris gamdidrebis 

narCenebi (tyibuli, axalcixe, tyvarCeli, sakmarisi 

eleqtrogamtaroba 800-9000C temmperaturebis dros) da 

metalurgiuli narCenebi (rusTavi, zestafoni, praqtikulad 

liTonuri eleqtrogamtari). 

disertaciis praqtikuli mniSvneloba. 

   daproeqtebulia, damzadebulia, gamocdilia, gamokvleulia da 

danergilia 40kvt simZlavris ara liTonuri masalebis 

dasamuSavebli plazmuri danadgari ($4, [8-12]), 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. 
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samuSao Sedegebis realizacia. 

   am 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 

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. 

eqsperimentuli monacemebis mixedviT miRebulia formulebi, 

romlebic iZlevian plazmatronis:  

• ganzogadoebul voltamperul maxasiaTeblebs; 

• ganzogadoebul Tbur maxasiaTeblebs; 

• wnevis ganzogadoebul maxasiaTeblebs. 

   gansazRvrulia parametrebis kombinacia romlebisaTvisac es 

formulebi samarTliania.  

samuSao aprobacia. samuSaos ZiriTadi debulebebi moxsenebuli da 

ganxiluli iqna Semdeg saerTaSoriso samecniero-teqnikur 

konferenciebze: 
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naSromis moculoba da struqtura. disertacia Sedgeba Sesavalis, 2 

Tavisa da ZiriTadi daskvnisagan. naSromis moculoba Seadgens 

kompiuterze nabeWd 147 gverds, romelic Seicavs 9 cxrils da 39 

naxazs. 

publikaciebi. disertaciis Temaze gamoqveynda 20 dabeWdili 

naSromi, maT Soris miRebulia 7 patenti da 3 winaswari dadebiTi 

gadawyvetileba.  
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Tavi 1.Lliteraturuli mimoxilva 

$1.1 saidan momdinareobs disertaciaSi dasmuli problema 

    samTo eleqtromeqanikis mimarTuleba, romelic Seiswavlis da 

ikvlevs samTo amwevi manqanebis, wyalsaqcevi, saventilacio da 

teqnologiuri danadgarebis eleqtroteqnikur nawils, amJamad 

viTardeba mecnierebisa da teqnikis uaxlesi miRwevebis gamoyenebiT. 

samTo eleqtromeqanikis mimarTulebiT amJamad aseTi mecnierebisa 

da teqnikis uaxlesi dargia plazmuri teqnologia. samTo amwevi 

manqanebis, wyalsaqcevi, saventilacio da teqnologiuri 

danadgarebis warmoebasa da eqspluataciaSi plazmuri teqnologia 

SesaZlebelia gamoyenebul iqnas liTonebis saWrelad, gacveTili 

detalebis aRsadgenad, myari qanebis mosangrevad, myari qanebisagan 

samSeneblo masalebis dasamzadeblad, Rrma burRvisaTvis, 

metalurgiaSi, nano masalebis misaRebad da ase Semdeg. Mmecnierebis 

es dargi amJamad ganviTarebis stadiaSia da amitom am mimarTulebiT 

aucilebelia:  

1. samTo saqmeSi plazmuri teqnologiebis gamoyenebis aris 

dadgena; 

2. plazmuri teqnologiebis samTo saqmeSi gamoyenebisTvis 

Sesabamisi plazmuri Wavlis formirebis xerxebis Seqmna; 

3. samTo qanebisa da teqnologiuri danadgarebis detalebis 

dasamuSavebeli plazmatronebis Seqmna; 

4. samTo qanebisa da teqnologiuri danadgarebis detalebis 

dasamuSavebeli mZlavri, energodamzogi da ekologiurad 

usafrTxo plazmuri danadgaris damuSaveba; 

5. saTanado plazmuri teqnologiebis damuSaveba. 

    mocemul naSromSi samTo eleqtromeqanikis mimarTulebiT 

plazmuri teqnologiis gamoyenebis perspeqtiul areebad miCneulia: 
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1. liTonebis plazmuri Wrisa da SeduRebis gamoyeneba samTo 

amwevi manqanebis, wyalsaqcevi, saventilacio da teqnologiuri 

danadgarebis warmoebaSi; 

2. plazmuri Wris, SeduRebis, dafrqvevisa da daduRebis  

gamoyeneba samTo amwevi manqanebis, wyalsaqcevi, saventilacio 

da teqnologiuri danadgarebis remontisas; 

3. plazmuri Wavlis gamoyeneba myari qanebis mosangrevad; 

4. plazmuri Wavlis gamoyeneba myari qanebisagan samSeneblo 

masalebis dasamzadeblad da mosapirkeTeblad; 

5. plazmuri buRrva; 

6. samTo mompovebeli industriis narCenebis gadamuSaveba; 

7. plazmuri nano teqnologibis gamoyeneba samTo danadgarebis 

warmoebaSi. 

$1.2. ra aris ukve cnobili am problemis Sesaxeb 

    plazmuri teqnologibis gamoyeneba daiwyo gasuli saukunis 60-

iani wlebidan da swrafad ganviTarda mecnierbisa da teqnikis 

dargSi. amJamad plazmuri teqnologibi mecnierebis erTerTi 

ZiriTadi prioritetia [24-105]. Cven am TavSi SevecadeT gagverkvia 

plazmis arsi, am teqnologiebis ZiriTadi miRwevebi plazmis 

industriaSi da dagvedgina samTo saqmisa da mis monaTesave 

dargebis is areebi, sadac perspeqtiulia plazmuri teqnologibis 

gamoyenaba da gamogvevlina is samecniero problemebi, romelTa 

gadawveta mogvcmda misi am dargSi gamoyenebis saSualebas. xolo 

Semdgom paragrafebSi mocemulia am problemebis kvlevebisa da aq 

dasmuli amocanebis gadawyvetis Sedegebi. Aam analizSi ZiriTadad 

gamoyenebulia[24-105] naSromebSi mocemuli masalebi.  

   plazma aris nivTierebis meoTxe mdgomareoba (myari, Txevadi. 

gazobrivi da plazma), romelic warmoadgens nivTierebis 

damuxtuli da neitraluri nawilakebis erTobliobas. plazmas 

ukavia samyaros 99% da mas mravali gamoyeneba aqvs. plazmis 

gamoyeneba teqnologiebSi mecnierebis uaxlesi miRwevaa da erTerTi 
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misi pirveli prioritetia. plazma gamoiyenba industriis mraval 

dargSi. am naSromis mizania samTo mompovebel mrewvelobaSi 

teqnologiis axali mimarTulebis - plazmuri teqnologiis 

ganviTareba. cnobilia plazmis miRebis mravali xerxi [1-105]. amaTgan 

samTo saqmeSi gamoyenebadi plazmuri teqnologiebi ZiriTadad 

dafuZnebulia eleqtro-rkalur plazmaze, romlis miRebis principi 

axsnilia naxazze (nax.1) 

       

deni 100 a
tem. 4000 grad

deni 300 a
tem. 4100 grad

deni 100 a
tem. 4000 grad

deni 300 a
tem. 15000 gr.

kaTodi

anodi

denis
wyaro

gazi

plazma

Tavisufali rkali plazmuri rkali

 
           naxazi 1. plazmatronis moqmedebis principi. 
    vTqvaT anodsa da kaTods Soris anTia Tavisufali rkali 

romlis denia 100 amperi da temperatura 40000 gradusi. Aamis Semdeg 

deni gavzardeT 300 amperamde. amiT moimatebs rkalis ganivkveTis 

farTobi, temperatura ki moimatebs mcired, vTqvaT gaxdeba 41000 

gradusi. Mmagram Tu rkals SemovsazRvravT nacmiT, maSin rkali ver 

gafarTovdeba da imatebs temperatura. miviRebT plazmur Wavls 

(4000-200000 gradusi), romlis gamoyenebac SeiZleba mravali 

teqnologiuri daniSnulebiT.  

   rkali es aris TviTmWeri eleqtruli ganmuxtva warmoqmnili 

eleqtrodebze Zabvis vardniT. denis simkvrive rkalSi maRalia. 

rkals axasiaTebs maRali sikaSkaSe da radiaculi gamosxiveba.Ees 
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aris maRalturbulenturi ganmuxtvis procesi da mdgradobis 

darRveva iwvevs rkalis Caqrobas. am garemoebis gamo unda Semovides 

rkalis stabilizaciis meqanizmebi. stabilizacia gulisxmobs 

Seiqmnas da SenarCundes e.w. sasazRvro pirobebi, romlebic 

uzrunvelyofen rkalis mdgrad mdgomareobaSi yofnas. agreTve 

niSnavs rkalis svetis SekumSvas rac ganapirobebs masSi denis 

uwyvet gavlas. Ria tipis rkalis stabilizacia xdeba mxolod 

bunebrivi konveqciiT. sxva saxis stabilizacia gulisxmobs 

damatebiTi meqanizmebis CarTvas rogoricaa wylis an gazis 

nakadebi, kameris kedlebi da gare magnituri veli.  

P plazmatroni aris mowyobiloba romelic axdens rkalis 

stabilizebas. sxva sityvebiT rom vTqavaT, is kumSavs rkals, 

efeqturad acivebs rkalis gare fenas da gansazRvravs rkalis 

traeqtorias. gazis nakadiT stabilizacia aris martivi da xSirad 

gamoyenebadi meTodi (nax. 2). am meTodiT, mdovre civi airis nakadis 

gare fena Semoragvavs rkalis svets da kumSavs mas. nakadi SeiZleba 

iyos grigalisebri (radialuri) da RerZuli, rac damokidebulia 

Cawodebis xerxze. 

       

 
naxazi 2. plazmuri nakadis gaziT stabilizaciis sqemebi: a, 

stabilizeba gazis aqsialuri nakadiT; b, stabilizeba gazis 
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radialuri nakadiT; 1- kaTodi; 2- gazis nakadi; 3- anodi-saqSeni; 4- 

gamacivebeli arxi; 5- plazmis nakadi (plazmuri Wavli). 

    pirvel SemTxvevaSi grigalisebriU(radialuri) nakadi 

warmoqmnis centridanul Zalebs, romlebic gadaadgileben civ airs 

anodis kedlis mimarTulebiT, xolo nakadis RerZuli komponenti 

ivseba civi airis nakadiT rac iwvevs rkalis Zlier SekumSvas, e.i. 

izrdeba rkalis energiis simkvrive da temperatura. rogorc wesi 

rkalis stabilizebis es meTodi gamoiyeneba Wris da dafrqvevis 

plazmatronebSi, sadac rkalis sigrZe aris mokle, magram TviTon 

rakali ufro intensiuria. 

    meore SemTxvevaSi anu e.w. RerZulad dastabilirebul rkals 

aqvs laminaluri nakadi da airis civi nakadi miiswrafis moicvas 

rkalis cxeli mili da maSasadame rkali ufro grZelia vidre 

pirvel SemTxvevaSi. aseTi tipis plazmatronebi gamoiyeneba 

sxadasxva saxis masalebis dasamuSaveblad. 

$1.2.1 industriuli plazmatronebi 

   industriuli daniSnulebis plazmuri danadgari ZiriTadSi 

Sedgeba plazmatronisagan (sadac formirdeba plazmuri nakadi) 

romelic ikvebeba mudmivi denis tipis kvebis wyarosagan da maRali 

eleqtruli sixSiris mqone oscilatorisagan, romelic 

uzrunvelyofs sastarto ganmuxtvas plazmatronis eleqtrodebs 

Soris. damxmare mowyobilobebia: airis balonebi, Tu 

plazmamaformirbel airad ar viyenebT haers (haeris miwodeba 

plazmatronSi xdeba kompresoris meSveobiT), wylis miwodebis 

martivi sistema plazmatronis kaTodisa da saqSenis gasaciveblad 

Tu plazmatronis simZlavre metia 10kvt-ze.  

   kvebis wyaros, plazmatronis da damxmare mowyobilobebis 

parametrebis saTanado SerCeva uzrunvelyofs plazmuri danadgaris 

gamarTul muSaobas. naxaz 3-ze naCvenebia tipiuri plazmuri 

dafrqvevis danadgari. cxril 1-Si moyvanilia msoflioSi cnobili 
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firmebis mier gamoSvebuli plazmuri danadgarbis ZiriTadi 

teqnikuri maxasiaTeblebi da maTi gamoyenebis sferoebi. 

 

    
 
naxazi. 3. plazmuri dafrqvevis danadgaris sqematuri gamosaxuleba: 

1- mudmivi denis kvebis wyaro; 2- kvebis wyaros marTvis pulti; 3- 

gazis miwodebis marTvis pulti; 4- fxvnilis miwodebis meqanizmi; 5- 

plazmatroni; 6- plazmuri Wavli; 7- dasamuSavebeli detali; 8- 

dasamuSavebeli detalis damWeri; 9- Slangebi; 10- gazis balonebi. 

 
 
cxrili 1. maRali simZlavris industriuli plazmatronebi 
 
damamzadebeli 
firmebi 

simZl
avre 
(MW) 

volt/ 
amperi 
  (V/A) 

airis 
xarji 
Nm3/hr 

kaTodis 
tipi 

eleqtrode
bis masala 

gamoyenebis 
sfero 

Metko 0,1 40/2000 5 (Ar) Rero volframi- 
spilenZi 

plazmuri 
dafrqveva 

Ionarc 0,35 300/1200 Ar Rero volframi- 
spilenZi 

cirkoniumis 
warmoeba 

Linde-Retech 0,7 250/3000 60 milisebri spilenZi plazmuri 
gadadnoba 

Daido 1.0 250/5000 -- Rero volframi- 
spilenZi 

narCenebis 
gadamuSaveba 

Westinghouse 2.0 1000/2000 250 milisebri spilenZi narCenebis 
gadamuSaveba 

PEC 4.5 900/5000 175 milisebri spilenZi gaxureba 
cicxvSi 
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Tioxide 5.0 1700/3500 2000 milisebri spilenZis 
naWeri  

titanis 
orJangi 

Aero-Spatiale 5.0 2630/1900 1850 milisebri spilenZi fero-
marganeci 

SKF 7.0 3500/2200 1500 milisebri spilenZi aRdgena 
mtvridan

Voest-Alpine 7.5 830/12000 – (Ar) Rero volframi- 
spilenZi 

foladis 
gadadnoba 

Huls 8.0 7000/1200 4000 milisebri foladi/ 
spilenZi 

qimiuri 
sinTezi 

 
      ZirTadSi, didi simZlavris mqone plazmatronebi orgvaria: 

esenia plazmatronebi milisebri da Rerosebri eleqtrodebiT.  

   plazmatroni SesaZlebelia iyos pirdapiri qmedebis, rodesac 

rkali anTia plazmatronis eleqtrodsa da dasamuSavebel detals 

Soris, da iribi qmedebis, rodesac rkali anTia plazmatronis 

kaTodsa da plazmatronis anods Soris. amasTan pirdapiri qmedebis 

plazmatroni SeiZleba iyos pirdapiri polarobis plazmatroni, 

rodesac anodi aris  dasamuSavebeli detali da ukupolarobis 

plazmatroni, rodesac dasamuSavebeli detali aris kaTodi. 

   ufro didi gamoyeneba aqvs pirdapiri polarobis plazmatronebs.  

      plazmatronis normaluri funqcionirebisaTvis aucilebelia 

kvebis wyaro akmayofilebdes mTel rig pirobebs: SesaZlebeli unda 

iyos kvebis wyaros  denisa da Zabvis regulireba, SesaZlebeli unda 

iyos kvebis wyaros mimdevrobiT an paraleluri CarTva, 

SesaZlebeli unda iyos rogorc plusi, aseve minusi momWerebis 

damiweba da, rac mTavaria, kvebis wyaros unda qondes specifikuri 

statikuri da dinamiuri maxasiaTeblebi da voltamperuli 

maxasiaTebeli. Cveni gamocdilaba aCvenebs, rom saukeTesoa 

marTkuTxa voltamperuli maxasiaTebeli.    

   rkalis maxasiaTebeli ZiriTadad uaryofiTia, ese igi denis 

gazrdisas mcirdeba Zabva da denis Semcirebisas ki Zabva izrdeba. 

amitom kvebis wyaros voltamperuli maxasiaTebeli unda iyos 

damreci. kvebis wyaros mokled CarTvis deni mcired unda 

aRematebodes muSa dens da uqmi svlis Zabva mcired unda 
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aRematebodes muSa Zabvis maqsimalur mniSvnelobas. am pirobebs 

yvelaze ufro kargad akmayofilebs kvebis wyaro marTkuTxa 

voltamperuli maxasiaTebeliT, romelic damuSavebulia Cvens mier 

da aRwerilia qvemoT. 

$1.2.2. plazmatronSi gamoyenebuli gazebi 

P plazmatronSi plazmamaformirebeli airis xarji da denis 

simZlavre saTanadod unda iyos gawonasworebuli, raTa miviRoT 

mdgradi rkali. airis nakadi guldasmiT unda iyos SerCeuli 

radgan eleqtruli deni, Sesabamisad eleqtruli rkali 

warmoiqmneba am nakadSi da aris misi Caqrobis saSiSroeba an 

piriqiT ara sakmarisi miwodebisas ver miiRweva saTanado e.w. 

siTburi pinC-efeqti rac uzrunvelyofs rkalis gamodevnas 

saqSenidan. Seusabamo miwodeba airis xarjisa da eleqtro energiisa 

plazmatronSi iwvevs eleqtrodebis Zlier dazianebas. yvelaze 

metad gamoyenebadi plazmamaformirebeli ariebia argoni, heliumi, 

azoti, haeri da wyalbadi. plazmamaformirebeli airis SerCeva 

damyarebulia Semdeg Tvisebebze; siTboSemcveloba (entalpia), 

reaqtiuloba da Rirebuleba. energiis Semcveloba oratomian 

azotsa da wyalbadSi ufro maRalia vidre argonsa da heliumSi. 

agreTve airis SerCeva xdeba imisda mixedviT Tu ra masalis 

damuSaveba gvinda. magaliTad feradi liTinebis SeduRebisas 

saWiroa inertuli garemo, raTa ar moxdes reaqcia JangbadTan, am 

SemTxvevaSi iyeneben inertul airebs rogoricaa argoni. reaqtiuli 

airebi rogorebicaa wyalbadi, Jangbadi(haeri) da azoti gamoiyeneba 

raTa miRweul iqnas damatebiT plazmis  TboSemcvelobis amaRleba, 

Jangvis procesis intensifcireba da detalis zedapiris azotireba. 

      argoni gamoiyeneba plazmur danadgarSi, rogorc 

plazmamaformirebeli airi, Tbogadamcemi garemo da damcavi 

inertuli Sre. is agreTve saWiroebs SedarebiT dabal Zabvas 

eleqtruli rkalis svetis SenarCunebisaTvis xolo misi dabali 

siTbogamtaroba xels uwyobs viwro, SekumSuli rkalis svetis 
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formirebas da Sesabamisad warmoqmneba ufro “cxeli” rkali. Tu 

amasTanave argoni gamoiyeneba rogorc damcavi airi, maSin rkali 

SedarebiT gafarTovdeba gaxdeba ra naklebad koncentrirebuli da 

intensiuri. Tu argoni ar aris gamoyenebuli rogorc damcavi Sre 

maSin rkali ufro daWimulia da SekumSuli radgan garSemomcveli 

haeri Seicavs Jangbads da azots romlebic argonTan SedarebiT 

Znelad ionizirdebian. 

   wyalbadi upirveles yovlisa gamoiyeneba rogorc ganmJangveli 

agenti. misi fizikuri Tvisebebi SesaniSnavi saSvalebaa plazmuri 

nakadis siTboSemcvelobis da siTbogadacemis gazrdisaTvis.  

   SeduRebisa da dnobis procesSi wyalbadi gamoiyeneba masalaSi 

plazmis Wavlis SeRwevadobisa da denadobis gasazrdelad da 

agreTve zedmeti Jangbadis mosacileblad. 

$1.2.3.PZabvebis ganawileba eleqtrorkalur plazmur nakadSi 

       plazmuri Wavli SesaZlebelia miviRoT pirdapiri qmedebis 

plazmatronebSi, sadac eleqtruli rkali anTia kaTodsa da 

dasamuSavebel liTons Soris (es ukanaskneli aris anodi) da iribi 

qmedebis plazmatronebSi sadac eleqtruli rkali anTia kaTodsa 

da saqSens Soris, am SemTxvevaSi saqSenia anodi. 

   pirdapiri qmedebis plazmatronebSi plazmuri Wavlis 

operirebisaTvis saWiroa dabali plazmamaformirebeli airis nakadi 

da SedarebiT maRali Zabva (cxrili 2). 

   plazmuri rkalis saerTo Zabva(Varc) tolia rkalis sxvadasxva 

adgilebze mosuli ZabvaTa vardnis jamisa. esenia: kaTodis 

midamo(Vc); saqSenis arxis Sesasvleli midamo (Vcn); saqSenis arxi 

(Vn); saqSenis arxis gamosasvlelis midamo (Van) da anodis midamo.   

Zabvis vardnis sidide kaTodsa da anodze umniSvneloa plazmuri 

rkalis jamur ZabvasTan SedarebiT. volframis kaTodis SemTxvevaSi 

Vc toli 5 - 8 voltis da spilenZis saqSenisas Va daaxloobiT 

igivea. eleqtruli veli saqSenis SesasvlevSi da mis arxSi aris 
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daaxloebiT erTidaigive. saqSenis midamoSi rkalis sveti 

cilindruli tipisaa da misi diametri naklebia vidre saqSenis Siga 

diametri. saqSenis gareT rkalis diametri izrdeba, xolo nakadis 

siCqare da temperatura klebulobs. 

    SesaZlebelia gakeTdes Semdegi zogadi daskvnebi: 

1. plazmuri rkalis Zabva damokidebulia saqSenis zomaze 

(diametri, sigrZe, manZili kaTodamde da a.S.), rkalis denze, 

airis nakadis Semadgenlobasa da xarjze, saqSensa da 

dasamuSavebel masalas Soris manZilze; 

2. erTidaigive plazmamaformirebeli airisaTvis, plazmuri 

rakalis SekumSvasTan erTad izrdeba misi intensivoba. 

SekumSvis xarisxi izrdeba saqSenis gasasvlelis SemcirebiT an 

plazmamaformirebeli aris nakadis gazrdiT; 

3. erTidaigive denis SemTxvevaSi oratomiani 

plazmamaformirebeli airebis SemTxvevaSi plazmuri rkalis 

Zabva iqneba ufro maRali radgan isini maRali 

siTboSemcvelobisani arian da amitom meti energiaa saWiro 

ionizaciis procesisaTvis; 

4. gazis erTidaigive temperaturebis SemTxvevaSi rkalis 

danakargebi iqneba TiTqmis erTidaigive da amis gamo Uufro 

maRali TboSemcvelobis gazis gamoyeneba iqneba ufro efeqturi. 

 
cxrili 2. rkalis Zabvebi plazmuri Wrisa da  plazmuri  
dafrqvevis SemTxvevebSiP 
 
 gazi 
 

pirdapiri qmedebis 
rkali 
 

iribi qmedebis 
rkali 

argoni  110–300 25–50 
azoti 150–400 60–100 
argoni da wyalbadi 130–350 80–100 

azoti da wyalbadi 150–400 90–150 
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$1.2.4. plazmatronis margi qmedebis koeficienti 

    ganvixiloT pirdapiri qmedebis plazmatroni sadac anodi 

dasamuSavebeli liTonia.  Parc(Varc.Iarc) rkalis eleqtruli simZlavrea 

da is aris jami kaTodze gadacemuli simZlavrisa, plazmuri 

rkalis gamosxivebis da konveqciis simZlavreebisa, saqSenze 

gadacemuli simZlavrisa da anodze anu dasamuSavebel liTonze 

gadacemuli simZlavrisa. plazmatronis dasamuSavebeli liTonis 

gaxurebis margi qmedebis koeficienti tolia  

h = (Pwork-piece)/(Varc.Iarc). 
   pirdapiri qmedebis plazmatronSi, dasamuSavebeli liTonis 

gaxurebis margiqmedebis koeficienti tolia miwodebuli energiis 

70–80% -isa. plazmatronis konstruqciis da plazma maformirebeli 

airis xarjis optimaluri SeTavsebis SemTxvevaSi SesaZlebela 

ufro maRali procentis miRebac. iribi qmedebis plazmatronis 

margiqmedebis koeficienti tolia (damokidebulia 

plazmmaformirebel airze) 40-50% - sa. eqsperimentebis safuZvelze 

romlebic Catarda novorosiiskSi udidesi qarTveli mecnieris 

arCil quTaTelaZis mier dadginda Reros tipis kaTodiani 

plazmatronis m.q.k. –is η gamosaTvleli empiriuli formula 

 

,)(1085,51 5.0265.0
3.0

265.02
5

⎥⎦
⎤

⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

⎥
⎦

⎤
⎢
⎣

⎡
×=

− −
−

d
l

d
Gpd

Gd
I

η
η

 

sadac:  

I rkalis denia (A);  

G airis xarji (kg/s); 

d diametria, l saqSenis sigrZea (m);  

p aris wneva rkalis areSi, Pa.  

   formula misaRebia Semdeg sazRvrebSi 5 mm< d < 80 mm; 1 atm < p < 50 

atm; 5 g/s < G < 5000 g/s; 5 kW < P < 50 MW; and I < 6000 A. 
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$1.2.5. plazmatronis eleqtrodebi 

K  kaTodi aris eleqtruli rkalis ganmuxtvis eleqtronebis 

wyaro. is Rebulobs maRal temperaturas el. rkalisagan da 

eleqrtonebi gamoiyofian Termoeleqtronulad. kaToduri laqa anu 

adgili sadac el. rkali mTavrdeba kaTodze damokidebulia 

kaTodis masalaze, mis gacivebaze da rkalis denze. rodesac kaTodi 

damzadebulia Zneldnobadi liTonisagan, sakmarisad gacivebulia, 

rkali SekumSulia amasTan kaTodis denis simkvrive 100 a/mm2-ze metia 

da is axurebs mxolod kaTodis dabolovebas. sxva saxis kaTodebis 

SemTxvevaSi el. rkali gadaadgildeba kaTodis zedapirze magnituri 

velis an grigaluri tipis nakadis meSveobiT, am SemTxvevaSi kaTodi 

intensiurad civdeba wyliT.  

B  tradiciulad kaTods amzadeben volframisagan, Torirebuli 

volframisagan, grafitisagan, splenZisagan, cirkoniumisagan da 

hafniumisagan. volframis eleqtrodebi operireben inertul 

garemoSi amitom plazmamaformirebel airad iyeneben argons da 

azots. mcire simZlavreebis SemTxvevaSi kaTodis bolos aqvs 

konusisFforma, xolo didi simZlavreebis SemTxvevaSi kaTodis 

bolos aqvs wakveTili konusis Fforma. 

    rodesac plazmamaformirebel airad gamoiyeneba haeri 

eleqtrodi (kaTodi) mzaddeba hafniumisagan an cirkoniumisagan. am 

eleqtrodebis SemTxvevaSi moqmedebis procesSi eleqtrodis 

wveroze warmoiqmneba Jangeulis danafari, romelic dabal 

temperaturebze warmoadgens izolators. amitom aseTi kaTodis 

normaluri funqcionirebisaTvis aucilebelia maRali temperatura, 

misi Jangeulis dnobis temperaturasTan miaxloebuli temperatura. 

   araTermoeleqtruli kaTodebi gamoiyenebian didi simZlavreebisa 

da eleqtrodebis Jangbadis an sxva qimiurad aqtiur garemoSi 

funqcionirebisaTvis. isini arian Rru, rgolis an brtyeli formis 

da kaTodur laqas xelovnurad gadadgileben kaTodis zedapirze 

magnituri velebis an meqanikuri (gazis nakadi, eleqtrodebis 
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brunva) zemoqmedebis saSualebiT.Mmisi mdgradoba SedarebiT 

dabalia da rkalis Zabva ki maRali.   

   plazmatronebSi saqSenze(anodze) mosuli siTbogadacema sakmaod 

maRalia 160 vt/mm2. amitom igi ZiriTadad mzaddeba maRalxarisxovani 

spilenZisagan, romelsac gaaCnia didi Tbogadacema. aseve gamoiyeneba 

grafiti da Zneldnobadi liTonebi. sxva masalebi, romlebsac 

gaaCnia dabali siTbogadacema sagrZnoblad amcirebs saqSenis 

muSaobis resurs. saqSenis konstruqcia gansazRvravs plazmuri 

rkalis svetis mdgradobas, xolo misi gamosasvleli plazmuri 

nakadis simkvrives. plazmatronis margiqmedebis koeficienti miT 

ufro maRalia rac ufro gazrdilia rkalis SekumSva. ZiriTadSi 

gvxvdeba ori saxis saqSenebi: sigrZisa da diametris mcire fardobiT 

L/D = (~ 1) da didi fardobiT L/D >1 

     pirveli saxis anods aqvs ufro farTo diametri da gamoiyeneba 

pirdapiri qmedebis plazmatronSi.  

   meore tipis saqSenis Tburi datvirTva ufro didia da is 

gamoiyeneba iribi qmedebis plazmatronebSi. 

$1.2.6. plazmuri Wra da SeduReba 

   plazmuri Wris da SeduRebis plazmatronebi gamoiyeneba uJangavi 

foladis, feradi liTonebis, mxurvalmtkice Senadnobis 

dasamuSaveblad da ase Semdeg.Pplazmuri Wris mTavari upiratesoba 

gaxlavT TiTqmis uxiwvo konveiruli Wra. agreTve Wris zonis 

minimaluri sisqe da minimaluri Tburi zemoqmedebis zona. 

plazmamaformirebel da damcav airad argonis gamoyenebis 

SemTxvevaSi Wrisa da SeduRebis zedapirze dabalia widis 

warmonaqmnis masStabi. plazmuri Wris SemTxvevaSi ZiriTadad 

gamoiyeneba pirdapiri qmedebis plazmatronebi, rodesac rkalis 

anods warmoadgens dasamuSavebeli detali. 100kvt simZlavris 

plazmatronebis saeqpluatacio teqnikuri monacemebi moyvanilia 

pirvel cxrilSi. am cxrilSi moyvanilia agreTve wylis qveS 
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plazmuri Wris saeqpluatacio teqnikuri monacemebi. plazmuri Wris 

margiqmedebis koeficienti izrdeba masalis sisqisa da Wris 

siCqaris gazrdiT. wylis qveS plazmuri Wris margi qmedebis 

koeficienti 10–20% - iT naklebia, vidreHhaerze plazmuri Wris 

SemTxvevaSi. plazmuri Wris  Tburi zegavlenis zonaHhaerze Wris 

SemTxvevaSi 300 mikronia. wylis qveS plazmuri Wris SemTxvevaSi es 

zona sagrZnoblad klebulobs. 

      haeris plazmatronebSi plazmamaformirebel aired iyeneben 

haers. am SemTxvevaSi kaTodad gamoyenebulia hafniumi, niobiumi, 

spilenZi an cirkoniumi.Hhaeris gamoyeneba sagrZnoblad amcirebs 

procesis TviTRirebulebas, magram eleqtrodebis eqspluataciis 

xangrZlivoba mcirdeba da plazmuri nakadi SedarebiT naklebad 

stabiluria gansakuTrebiT warmoqmnisas. plazmuri Wris zusti 

TviTRirebuleba damokidebulia ramdenime faqtorze maT Soris 

samuSaos saerTo moculobize.  

   fardobiT erTeulebSi 12 mm sisqis foladis furclebis Wris 

SedarebiTi Rirebuleba aseTia: 

acetilenis saWrisiT –  4.5 

argonis plazmiT ---------- 5.4 

haeris plazmiT ------------- 1.5 

   plazmuri rkaliT SeduReba (p.r.) ufro ganaxlebuli versiaa 

eleqtrorkaluri SeduRebisa volframis eleqtrodiT damcavi airis 

garemoSi (v.d.a.g.). “v.d.a.g.” SeduRebas aqvs Ria tipis rkali romelic 

arastabiluria da axasiaTebs gamrudeba sxvadasxva mimarTulebiT 

dabali diapazonis denebSi. denis gazrdisas izrdeba rkalis 

simZlavre da misi diametric. es iwvevs koncentrirebuli 

simZlavris Semcirebas dasamuSavebel liTonis SeduRebis areSi, 

ris Sedegadac vRebulobT didi zomis SenaduR nakers da farTo 

gaxurebis zonas. SeduRebis plazmatronSi “v.d.a.g.” SeduRebis 

xelsawyosgan gansxvavebiT aris ori nakadi romelic iZleva 
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koncentrirebul plazmur rkals romelsac aqvs viwro svetisebri 

forma. igi dastabilirebulia eleqtrodis RerZis gaswvriv da 

ufro intensiuria vidre “v.d.a.g.” SeduRebis rkali. svetis 

temperaturaa 10,000-20,000 K SedarebiT 8,000-14,000 K.  

      plazmuri SeduRebis, “vdag” SeduRebis da eleqtronul-sxivuri 

SeduRebis(e.s.) Sedareba mocemulia me-3 cxrilSi. rogorc 

cxrilidan Cans plazmuri SeduReba zogierTi monacemiT 

Camouvardeba eleqtronul-sxivur SeduRebas, magram Rirebulebis 

TvalsazrisiT, masze gacilebiT momgebiania. 

cxrili. 3 SeduRebis procesis Sedareba 

parametrebi gazis garemoSi volframis 
eleqtrodiT SeduReba 

plazmuri 
SeduReba 

eleqtronul-
sxivuri 
SeduReba 

dnobis siRrme (mm) 0.5–5 0.1–10 0.5–200 
maqsimaluri 
simZlavre (kv) 

4–6   15 100 

kuTri simZlavre 
(va/m3) 

108 108–1010 1013 

danadgaris zoma patara saSualo Zalian didi 
xarjis Sedareba 1  1.2–2 5–10 

SeduRebis siCqare neli saSualo Cqari 
deformacia maRali zomieri Zalian dabali 

 
cxrili 4. plazmuri Wris zogierTi eqsperimentuli monacemi  

operirebis garemo operireba haerSi operireba wylis qveS 
 

dasamuSavebeli 
masala 

naxSirbadmcire 
(rbili) 
foladi 

uJangavi 
foladi 

uJangavi 
foladi 

uJangavi 
foladi 

Al  U 

sisqe (mm) 55 50 125 20 19 21 

plazmamaformireb
eli airi 
 

N2 N2 N2 + H2 Ar N2 Ar 

airi xarji litri 
wamSi 
 

50 50 50 + 5 40 40 35 

Zabva (vol.) 
 

150 140 210 150 128 180 

deni (amp.) 
 

500 550 550 250 320 200 

Sesasvlelis 75 77 115 38 41 36 
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simZlavre (kvt) 
 
Wris siCqare(mm/wT) 200 300 100 360 320 280 

gaWris sisqe(mm) 14 15 18 7 12 10 

Wris m.q.k. (%) 
 

34 37 25 17 6  7 

 
P$1.2.7. plazmuri dafrqveva 

   Tanamedrove manqana danadgarebis sxvadasxva detalebi da 

kvanZebi operireben iseT pirobebSi sadac isini unda iyvnen 

erTdroulad meqanikurad mtkice da cveTisadmi gamZle. aseTi 

detalebis an kvanZebis damzadeba erTgvarovani masalisgan TiTqmis 

SeuZlebelia an Zalian Zvirad Rirebulia gansakuTrebiT samTo 

saqmeSi sadac manqana danadgarebi didi zomawonis liTonis 

konstruqciebisagan mzaddeba. plazmuri dafrqvevis teqnologia 

erTerTi yvelaze farTod gamoyenebadi teqnologiaa masalebis 

sxvadasxva Tvisebebis (cveTamedegi, koroziamedegi da 

mxurvalmedegi) mqone nivTierebebiT dafarvis industriaSi.  

D dasafari nivTiereba fxvnilis an mavTulis saxiT Caewodeba 

plazmur nakadSi, am nakadis maRali entalpia da didi siCqare 

saSualebas iZleva gaxurebuli an gamdnari dasafari nivTierebis 

nawilakebi maRali siCqariT datanil iqnen dasafar masalaze 

romelic aseve xurdeba imave plazmuri nakadiT rac uzrunvelyofs 

dafarvis maRal xarisxs.Pplazmuri dafrqvevis mTavari 

upiratesobebia: 

− SesaZlebelia nebismieri fxvnilis dafrqveva. dafarvis sisqe 

meryeobs ramodenime mikronidan TiTqmis santimetramde; 

− dasamuSavbeli detalis Tavdapirveli temperatura SesaZlebelia 

iyos 500C –ze naklebi da dafrqvevis temperatura iyos 250 °C 

mcire; 

− SeuzRudavia dasafari detalis zoma da forma da dafrqvevis 

procesi SedarebiT swrafia; 
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− adgili aqvs rogorc meqanikur aseve metalurgiul SeerTebas. 

P  plazmuri dafrqvevisas gamoiyeneba iribi qmedebis plazmatroni 

(nax. 3.) 

P plazmuri dafrqvevisas, danafaris xarisxi urTierT 

damokidebulia bevr parametrze (cxrili 4). es parametrebi 

dakavSirebulia plazmasTan (kvebis wyaro, plazmawarmomqmneli airis 

tipi da misi nakadis siCqare, rkalis tipi, plazmatronis 

konstruqcia); fxvnilTan (Sedgeniloba, fizikuiri Tvisebebi, 

damzadebis xerxi, nawilakebis zoma), fuZesTan (Sedgeniloba, 

zedapiris damuSaveba, zedapiris simqise, temperatura), fxvnilis 

miwodebasTan (miwodebis sistemis tipi, miwodebis siCqare, gadamtani 

airis tipi, Cawodebis kuTxe da naxvreti) da dafrqvevis 

procedurasTan (manZili plazmatronsa da dasamuSavebel zedapirs 

Soris, dafrqvevis kuTxe, plzmis gazi, dafrqvevis atmosfero).  

    aucilibelia dafrqvevis parametrebis optimaluri SerCeva 

maRalxarisxiani danafaris misaRebad nebismieri specifikuri 

gamoyenebisaTvis. 

    cveTamedegi feniT dafarva romelic moicavs oqsidebiT, 

karbidebiT da nitridebiT dafarvas, gamoiyeneba sakisrebis, 

saWrisebis,Fformebis, yalibebis da sxva misTana zedapirebis 

dasafarad.   

    mxurvalmtkice feniT dafarva gamoiyeneba liTonebis 

zedapirebze sxvadasxvagvari cxeli nakadebiT mosuli simxurvalis 

Sesamcireblad.Dam SemTxvevaSi dasafari masalebi Sedgeba MCrAlY-

Senadnobis da cirkoniumis Jangebisagan. mxurvalmtkice feniT 

faraven airturbinebs, Sida wvis Zravebs, raketis saqSenebs da a. S. 

mxurvalmtkice masalebiT dafarul fenas unda hqondes dabali 

Tbogamtaroba, Jangvis maRali winaaRmdegoba da Tburi dartymis 

gaumjobesebuli maxasiaTebeli. 
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P plazmuri dafrqvevis specialuri teqnologia Seiqmna damcavi 

airebiT atmosferul garemoSi dasafrqvevad. es teqnologia 

cnobilia rogorc haer-plazmuri dafrqveva.Pplazmuri dafrqveva 

Cveulebriv atmosferul garemoSi xelsayrelia JangeulebisaTvis. 

Tumca mTavari problema liTonebis, Senadnobebis da 

interliTonuri naerTebis plazmuri dafrqvevisas aris zemoT 

CamoTvlili masalebiT narevi plazmuri nakadis kontaqti haeris 

JangbadTan. Sedegad vRebulobT gaWuWyianebul zedapirs, amitom 

Semodis damcavi meqanizmebi. esenia kontrolirebad garemoSi, 

inertul garemoSi, an vakumSi dafrqveva. dafrqveva mimdinareobs 

dabali wnevis kameraSi an inertuli aris kameraSi.Ee.w. vakum-

plazmuri dafrqvevisas kameridan haeri amoqaCulia mikronebis 

donemde da Semdeg savsea plazmuri airiT mTeli dafrqvevis 

ganmavlobaSi.Pplazmuri dafrqveva uJangbado garemoSi saSualebas 

iZleva dasafari zedapiri iyos gaxurebuli maRal temperaturamde 

mTeli dafarvis procesisas, ris Sedegadac xdeba zedapiruli 

difuzia da vRebulobT namdvil metalurgiul CaWidebas. 

 
cxrili. 4. dafrqvevis sxvadasxva teqnoilogiebis  Sedareba 
 
parametri oreleqtrodiani 

rkali 
plazmuri 
dafrqveva 

plazmuri 
dafrqveva vakuumSi 
 

gazis xarji (m3/h) 70 4 2–8

plazmis temperatura (K) 
 

6000 6000 8000

gazis are N2, O2 A, N2, O2, H2 A, He 
nawilakebis siCqare (m/s) 
 

250 250 250–600

adgezia (1 dan 10 
baliani SefasebiT) 
 

6 6 9 

SeWiduloba 
 

maRali maRali umaRalisi 

fasi (1 dan 10 baliani 
SefasebiT) 
 

1 5 10 
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dafrqvevis maqsimaluri 
mwarmoebloba (kg/h) 
 

15 5 10 
 

simZlavre (kW) 
 

4–6 30–80 50–100

dnobis energia (kW/kg) 
 

0.2–0.4 12–20 10–20

masala liToni nebismieri nebismieri  

 
   plazmuri dafrqvevisas gamoiyeneba iribi qmedebis plazmatroni 

(nax. 3). 

$1.2.8. plazmuri metalurgia 

   plazmuri Rumelis danergvam metalurgiaSi Seqmna pirobebi 

maRali xarisxis produqciis warmoebisaTvis. amasTan igi 

finansuradac ufro momgebiania sxva meTodebTan SedarebiT. am 

Rumelebs gaaCniaT dnobis maRali margi qmedebis koeficienti da 

SeuZliaT awarmoon Senadnobebi dabali naxSirbadis, dabali 

wyalbadis da dabali Jangbadis SemcvelobiT. 

   pirdapiri qmedebis plazmuri danadgaris gamoyeneba 

metalurgiaSi xasiaTdeba energiis maRali koncentraciiT, maRali 

Termuli mqk-iT, SesaniSnavi siTbosi da masaTacvlis pirobebiT. am 

plazmur RumelebSi rkali anTia pirdapir gasadnob masalaze an 

rkalis siTbo gadaecema gamdnar masas plazmuri Wavlis 

saSualebiT. 

   plazmuri rkaliT gadadnoba gviCvenebs rom is xarisxiTa da 

TviTRirebulebiT ufro konkurentulia sxva meTodebTan SedarebiT 

rogorebicaa eleqtrorkaluri gadadnoba vakuumSi da eleqtronul 

sxivuri gadadnoba. sisufTavis mzardma moTxovnilebam ganapiroba 

civqvediani Rumelebis gavrceleba. Rumelis civi qvedi aris 

intensiurad gacivebadi spilenZis qvedi sadac kazmi dneba, 

sufTavdeba da xelmeored myardeba. plazmuri nakadi adnobs kazms 

da gamdnari liToni miedineba qvedis gaswvriv warmoqmnis ra widas 

spilenZis qvedze. winaswar gadnobili liToni, romelic warmoqmnis 

widas, xels uSlis gamdnari liTonis pirdapir Sexebas spilenZis 
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zedapirTan. eleqtrorkaluri gadadnoba vakuumSi, civqvediani 

eleqtronul-sxivuri dnoba da civqvediani plazmuri dnoba 

miekuTvnebian maRal teqnologiebs. civqvediani eleqtronul sxivuri 

dnoba damuSavda gasuli saukunis samocian wlebSi xolo 

civqvediani plazmuri dnobis teqnologia or aTeul wels iTvlis. 

maTi Sedareba titanis gamodnobisaTvis mocemulia me-5 cxrilSi. 

cxrili 5. titanis civqvediani eleqtronul sxivuri da civqvediani 

plazmuri gamodnobis teqnologiebis Sedareba.  

 eleqtronul sxivuri Pplazmuri 
 

W-isa  Cr-is 
gamoyofa 

TiTqmis 100% - ani 
efeqti 
 

TiTqmis 100% - ani 
efeqti 

qimiuri 
Semadgenloba 

aqroladi elementebis 
sruli kompensacia 
 

TiTqmis udanakargo 
procesi 

 O2 – is 
Semcvelobis 
Semcireba 

titanis madnis 
damatebiT 

titanis madnis 
damatebiT 

gamoyenebis 
gamocdileba 

sayovelTaod 
damkvidrebuli 
teqnologia 

mimdinareobs warmoebaSi 
damkvidrebis procesi 

 
   plazmuri daSlis teqnologia warmoadgens SesaniSnav 

teqnologias sasargeblo wiaRiseulis da nedleulis daSlisaTvis. 

es teqnologia SeiZleba gamoviyenoT siTbomdgradi 

oqsidebisaTvisac ki. momatebul temperaturebze es oqsidebi 

disocirdebian, roca disociaciis wneva aRemateba Jangbadis 

parcialur wnevas garemomcvel garemoSi.  

   radgan plazmuri airebi ar Seicaven Jangbads, mdgradi 

narevebi(Sedgeniloba) rogorebicaa kvarci(kaJmiwa), aluminis Jangi 

da magnezia iSlebian. cirkoniumis silikatis(cirkonis qviSa) daSla 

cirkoniumis orJangad da kvarcad teqnologiuri procesebisaTvis 

mniSvnelovania. plazmuri dnobis teqnologia saSualebas iZleva 

rkinis pirdapiri gamodnobisa da sxvadasxva feroSenadnobebis 



 21

warmoebis SesaZleblobas (feroqromi, feromanganumi, 

ferosiliciumi, feromolibdeni, ferovanadiumi, 

ferosilikoalumini).  

   plazmuri teqnologiis gamoyeneba gulisxmobs or 

SesaZleblobas, teqnologiuri sqema damyarebulia mTlianad 

plazmur teqnologiaze an  plazmuri sistemis modificirebas 

arsebuli tradiciuli sistemisaTvis. 

   tyibulis qvanaxSiris narCenebis plazmur RumelebSi 

gadamuSaveba da ferosilikoaluminis miRebis teqnologiis 

damuSaveba am sadisertacio naSromis erTerTi ZiriTadi mizania.  

$1.3. ra alternatiuli meTodebia ukve SemuSavebuli dasmuli 

problebis gadaWrisaTvis 

    samTo saqmeSi plazmuri teqnologia SesaZlebelia gamoyenebul 

iqnas liTonebis saWrelad, plazmuri dafrqveviT da daduRebiT 

gacveTili detalebis aRsadgenad, myari qanebis mosangrevad, 

Spurebis gasaburRad, myari qanebisagan samSeneblo masalebis 

dasamzadeblad da ase Semdeg. 

    am miznebis gansaxorcieleblad saWiro plazmatronebis 

simZlavre SesaZlebelia daiyos sam jgufad: 

1. plazmuri Wris plazmatronebi- 5-30 kvt; 

2. dafrqvevisa da daduRebis plazmatronebi- 20-100 kvt; 

3. samTo qanebis dasamuSavebeli plazmatronebi- 200-1000 kvt. 

   plazmuri Wris (5-30kvt.) simZlavris plazmatronebis samTo 

saqmeSi gamoyenebis area liTonis Wris samuSaoebi samTo 

stacionaruli danadgarebis montaJisa da remontis dros.  

D didi simZlavris plazmatronebis samTo saqmeSi gamoyenebis saqme 

ufro rTuladaa. 

   samTo saqmeSi plazmuri teqnologiis gamoyenebis erTerTi 

magaliTia plazmuri burRis gamoyeneba, romelic gamosaxulia 

naxazze 4. 
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 naxazi 4. plazmuri burRi.E1- nodi; 2- kaTodi; 3- haeris 

tangencialuri miwodebis arxi; 4- saburRi Stanga; 6- korpusi; 7- 

rkali. 

P plazmuri burRis moqmedebis principi mdgomareobs SemdegSi: 

SekumSuliHhaeriPplazmur burRSi Caewdeba Rru StangiT, romelic 

iyofa or nawilad. erTi nawili Sedis rkalis moqmedebis areSi, 

qmnis plazmur Wavls da adnobs qans.Mmeore ufro didi nawili 

acivebs eleqtrodebs, gamodis gareT da gamoaqvs gamdnari da 

morRveuli masala.  

   plazmuri dadnobiT aRdgenili satexi (doloto) mocemulia 

naxazebze 5-8 
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naxazi 5. satexis kbilebi       Pnaxazi 6. satexis kbilebi aRdgenis  
            aRdgenamde                            Semdeg 
 
 

                                               

Pnaxazi 7. satexis korpusi aRdgenamde 
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Pnaxazi 8. satexis korpusi aRdgenis Semdeg 

 
$1.4. ra naklovanebebi aqvs cnobil meTodebs da ra naklovanebebia 

aRmofxvrili sadisertacio naSromSi 

    ganvixiloT plazmuri damuSavebis energiis balansi nebismieri 

plazmuri procesisaTvis.  

   energiebis balansis gantolebas aqvs aseTi saxe  

                               ηWp = Wg + Wd 

sadac Wp aris plazmatronSi gamoyofili energia; 

                                    Wp = I U t = N t 

Wg – masalis gaxurebaze wasuli energia; 

                                        Wg = C M (td – t0)  T 

Wd  – masalis gadnobaze wasuli energia; 

                                     Wd = qd M  

η   aris procesis margi qmedebis koeficienti (η = 0.5-0.7); 

M – damuSavebuli masalis masa, kg; 

C  – masalis kuTri siTbotevadoba, j/kg.0C; 

t0 - masalis sawyisi temperatura, 0C; 
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td - masalis dnobis temperatura, 0C; 

qd - masalis dnobis siTbo, j/kg; 

t   – plazmatronis moqmedebis dro, wm; 

T – masalis gaxurebaze wasuli dro, wm; 

   gaangariSebebi aCvenebs, 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 [24], romelic 

dapatentebulia 1969 wels) da intensiurad mimdinareobs dRemde, 

romlis magaliTia amerikuli patenti [25], romelic dapatentebulia 

2007 wels). amitomac Cveni mizania mZlavri plazmatronebis Seqmna.  

literaturis kvlevis Sedegebi agreTve 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 gadasawyvetia ori 

problema: 

 plazmatronis medegobis problema; 

 plazmatronis energo momaragebis problema. 

Y yovelive zemoT Tqmulidan SeiZleba davaskvnaT, rom samTo 

saqmeSi gamoyenebadi plazmuri danadgarebisa da plazmuri 

teqnologiebis Sesaqmnelad aucilebelia sami ZiriTadi problemis 

gadawyveta. esenia: 

 mZlavri plazmuri danadgarebis Seqmna; 

 plazmatronis medegobis problema; 

 plazmatronis energo momaragebis problema. 
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   amisaTvis ki saWiroa:  

 plazmuri Wavlis formirebis iseTi xerxebis damuSaveba  

romelic saSualebas mogvcemda plazmuri teqnologiis samTo 

saqmeSi gamoyenebis saSualebas; 

 samTo qanebisa da teqnologiuri danadgarebis detalebis 

dasamuSavebeli mZlavri, energodamzogi da ekologiurad 

usafrTxo plazmuri danadgarebis damuSaveba, Teoriuli da 

eqsperimentuli kvleva; 

 damuSavebuli plazmuri danadgarebis saangariSo 

algoriTmebisa da programebis Seqmna, samrewvelo nimuSebis 

daproeqteba, damzadeba, gamocda, Sesabamisi teqnikuri 

monacemebis dadgena da danergva. 

 

Tavi 2. Sedegebis gansja 

$2.  samTo saqmeSi gamoyenebadi plazmur danadgarebSi mimdinare 

eleqtromagnituri da Tburi Pprocesebis Teoriuli safuZvlebi 

   samTo saqmeSi plazmuri teqnologiis gamoyenebis specifiurobis 

gamo (didi simZlavreebi, SezRuduli garemo, muSaobis mZime 

pirobebi da sxva) plazmuri teqnologiis gamoyeneba SezRuduli 

iyo da praqtikaSi gamoyenebuli iyo naklebad.Aamitom Cven mogvixda 

plazmuri Wavlis formirebis iseTi xerxebis damuSaveba (maTi 

originaloba dadasturebulia ramdenime patentiT da saerTaSoriso 

konferenciebze gakeTebuli moxsenebebiT) romelic saSualebas 

mogvcemda plazmuri teqnologiis samTo saqmeSi gamoyenebis 

SesaZleblobas.Mmomdevno paragrafebSi warmodgenilia samTo 

qanebisa da teqnologiuri danadgarebis detalebis dasamuSavebeli 

mZlavri, energodamzogi da ekologiurad usafrTxo plazmuri 

danadgarebis damuSavebis, Teoriuli da eqsperimentuli kvlevisa da 

danergvis Sedegebi. 
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   Cvens mier Seqmnili samTo saqmeSi gamoyenebadi plazmuri 

danadgarebi SeiZleba davyoT sam Jgufad: 

1. araliTonuri masalebis plazmuri Wrisa da mopirkeTebis  

danadgarebi, romelTa gamoyeneba SesaZlebelia saSeni masalebis 

monoliTebis mosaWrelad sabados masividan da misi blokebad 

dasanawileblad. ZiriTadad xdeba Rarebis amoWra masivSi da mere 

ki monoliTis mocileba masividan solebis meSveobiT. plazmatroni 

gamoiyeneba agreTve monoliTebisa da blokebis pasirebisaTvis. 

Semdgom Pplazmatroni gamoiyeneba qvis dasamuSavebel qarxnebSi 

blokebis saSen filebad dasaWrelad, filebis pasirebisaTvis da 

mosapirkeTeblad modnobiT; 

2. plazmuri saburRi danadgari burRva afeTqebis samuSaoebisa 

da saZiebo samuSaoebisaTvis Spurebisa da WaburRilebis 

gasaTxrelad da Rrma burRvis sawarmoeblad; 

3. samTo industriis narCenebis plazmuri gadamuSavebis 

danadgarebi. 

   am danadgarebis daproeqtebas da damzadebas, gamocdas da 

danergvas win uZRoda plazmuri danadgarebSi mimdinare mTeli rigi 

procesebis analizi, romelmac Cven saSualeba mogvca 

dagvemuSavebina samTo saqmeSi gamoyenebadi originaluri plazmuri 

Wavlis formirebis xerxebi da plazmuri danadgarebis 

konstruqcibi. 

$2.1. plazmuri rkalis funqcionirebis Teoriuli safuZvlebi 

   plazmuri teqnilogia aris didi energo Semcvelobis 

teqnologia. amitom yoveli axali plazmuri danadgaris Seqmnisas 

aucilebelia plazmatronisa da plazmuri rkalis kvebis wyaros 

optimizacia, rogorc energo moxmarebis TvalazrisiT aseve misi 

statikuri da dinamikuri voltamperuli maxasiaTeblebis 

gamokvleva.Aamitom aucilebelia sistemis “plazmuri rkali-kvebis 

wyaro” analizis meTodikis damuSaveba da yoveli axalad Seqmnili 
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plazmuri danadgaris muSa procesis analizi am meTodikis 

gamoyenebiT. 

   eleqtruli rkalis statikuri da dinamikuri maxasiaTeblebis 

mkacri maTematikuri aRwera, romelic mogvcemda rkalis stabiluri 

funqcionirebis pirobebis dadgenis saSualebas, amJamad ar 

arsebobs. aseTi amoxsnadi gantolebaTa sistemis arseboba 

saSualebas mogvcemda aRgvewera eleqtruli rkalis statikuri da 

dinamikuri maxasiaTeblebi da SegveTanxmebina is kvebis wyaros 

statikur da dinamikur maxasiaTeblebTan. aseTi ram amJamad ar 

arsebobs, magram mravalricxovani Teoriuli da eqsperimentuli 

namuSevrebi[1-105] saSualebas iZleva CamovayaliboT plazmuri 

danadgaris mimarT wayenebuli kriteriumebi, romlebic iZlevian 

plazmatronis efeqturi muSaobis saSualebas: 

1. plazmatronis efeqturi muSaoba 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; 

2. uqmi savlis 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 reJimSi da Zabvis wyaro uqmi svlis 

reJimSi; 

3. kvebis wyaro denisa da Zabvis pulsacia unda iyos minimaluri. 

    am TvalsazrisiT ganvixiloT plazmuri rkali rogorc denis 

momxmarebeli. 

    plazmuri rkalis moqmedebis principi SesaZlebelia 

warmovadginoT ise rogorc es mocemulia nax. 9-ze, plazmuri 

danadgaris gamartivebuli sqema naxaz 10-ze, xolo plazmuri 

danadgaris Canacvlebis sqema naxaz 11-ze. 
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naxazi 9. plazmuri rkalis moqmedebis principi: 1- kaTodi; 2- anodi; 

3- rkali. 

 
 

     
   
naxazi 10. plazmuri danadgaris gamartivebuli sqema: К-kaTodi;   C- 

saqSeni;  D- rkali;  A- anodi. 
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naxazi 11. plazmuri danadgaris Canacvlebis sqema 

    aqedan SeiZleba davaskvnaT, rom plazmuri rkalis moqmedebis 

eleqtruli wredi unda Seicavdes aqtiuri R, induqciuri L da 

tevadur C sinaaRmdegobaTa optimalur kombinacias.  

$2.2. plazmuri danadgaris eleqtromagnituri procesis Teoriuli 

safuZvlebi 

    wina paragrafebSi Cven CamovayalibeT samTo saqmeSi gamoyenebadi 

plazmuri Wavlis miRebis optimaluri xerxebi da kriteriumebi, 

romlebsac unda akmayofilebdes plazmuri danadgaris Zaluri 

elementebi, rom uzrunvelyofil iqnas plazmatronis stabiluri 

funqcionireba. Sesabamisad Cven SevqmeniT plazmuri danadgaris 

Zaluri nawilis eleqtruli sqema, romelic uzrunvelyofs 

plazmatronis stabilur da energetikulad efeqtur 

funqcionirebas. is Seicavs damreci maxasiaTeblis mqone 

transformators, xisti maxasiaTeblis mqone transformators, 

gammarTvels da TviTon palzmatrons.Aaucilebelia am sqemis 

moqmedebis eleqtromagnituri procesebis analizi da TiToeuli 

elementis gaangariSebis meTodikis damuSaveba. 

    plazmuri rkalis funqcionirebis oscilogramaze SeiniSneba 

sami maxasiaTebeli sixSire. esenia: dabali sixSiris rxevebi (300 hc), 

msxvilmasStabiani sixSiris rxevebi (1khc rigisa) da mcire 
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masStabiani rxevebi (100khc rigisa). 300hc sixSiris rxevebi 

dakavSirebulia cvladi denis gamarTvasTan. am rxevebs aqvT mcire 

amplituda da faqtiurad plazmuri rkalis funqcionirebaze 

gavlenas ar axdenen. 100khc rigis sixSiris rxevebs, romlebic 

albaT dakavSirebulia rkalis sxva da sxva ubanze velis lokalur 

cvlilebebze, agreTve aqvT mcire amplituda da plazmuri rkalis 

funqcionirebaze umniSvnelo gavlenas axdenen. es rxevebi plazmuri 

rkalis stabilurobaze axdenen gavlenas imdenad ramdenadac zed 

edebian msxvilmasStabiani sixSiris rxevebs da cvlian maT 

amplitudas daaxloebiT 5 – 10% - iT.  

    ZiriTad SeSfoTebebs, romlebic gavlenas axdenen plazmuri 

rkalis stabilurobaze, warmoadgenen 1 khc rigis msxvilmasStabiani 

sixSiris rxevebi. es rxevebi ZiriTadad gamowveulia 

egreTwodebuli Suntirebis procesebiT, rac mdgomareobs SemdegSi: 

dauSvaT drois garkveul momentSi rkals uWiravsOOA mdgomareoba 

(naxazi 9).Aaerodinamiuri da eleqtrodinamiuri Zalebis zegavleniT 

rkalis anodi gadadgildeba gazis nakadis mimarTulebiT. magram 

rkalis sigrZe usasrulod ar SeiZleba gaizardos. raRac momentSi 

Zabva rkalis Snursa da saqSenis kedels Soris gaxdeba sakmarisi 

rkalis Snursa da saqSenis kedels Soris gazis fenis gasarRvevad, 

moxdeba eleqtruli garRveva da rkali daSuntdeba. Semdgom 

Suntirebis esPprocesi 1khc rigis sixSiriT ganmeordeba. 

    am 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 
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momentSi aRmoCndeba, rom rkalis deni Semcirdeba dasaSvebze metad, 

maSin daiwyeba rkalis deionizacia da rkali Caqreba. 

    maSasadame plazmuri rkalis stabiluri funqcionirebis 

gansazRvris amocana dadis rkalis wredis denis minimaluri 

mniSvnelobis gansazRvramde, rodesac rkalis winaRoba izrdeba 

naxtomiseburad icvleba minimaluri Rmin-dan maqsimalur 

mniSvnelobamde, Rmax –mde. 

    vTqvaT r, L da C winaaRmdegobebSi Seyursulia Sesabamisad 

rkalis wredis aqtiuri, induqciuri da tevaduri winaaRmdegobebi. 

am SemTxvevaSi plazmuri rkalis funqcionirebis procesi msagavsia 

im eleqtromagnituri procesebisa, romlebic xdeba eleqtrul 

wredSi gadamrTvelis gadarTvisas erTi winaaRmdegobidan meore 

winaaRmdegobamde. warmodgenili Canacvlebis sqema 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 msxvilmasStabiani  

cvlilebebi, romlebic warmoiqmnebian plazmuri rkalis wredSi 

Suntirebis procesSi. amasTan miRebulia, rom erTi 

winaaRmdegobidan meore winaaRmdegobaze gadarTvis drois 

monakveTSi rkalis deni aswrebs damyarebas grkveul 

mniSvnelobamde, xolo gadarTva xdeba momentalurad. 

   vipovoT denisa da Zabvis mniSvnelobebi gadarTvis Semdeg 

momentebSi. amisaTvis SevadginoT gantolebaTa sistema kirxhofis 

kanonis mixedviT 

∂++= uir
dt
diLE                                                              (2.1) 

dt
dU

C
R
u

i ∂∂ +=
min

 .                                                            (2.2) 
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integrirebis sawyisi pirobebi grZeli rkalisaTvis iqneba 

( )
rR

Eiot
i

+
===

max

0
;                                                     (2.3) 

( )
rR

REUt
uC

+
=== ∂

max

max00                                                         (2.4) 

xolo mokle rkalisaTvis ki 

( )
rR

Eit
i

mix +
=== 00     ;                                                    (2.5)     

( )
rR

REUt
uC

+
=== ∂

min

min00 .                                            (2.6) 

   sistemis integrireba Sesrulebulia operaciuli aRricxvis 

meTodebiT.  

   grZeli rkalisaTvis amonaxsni iqneba: 

Zabva rkalze  
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   (2.7) 

rkalis deni 
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rα                                           (2.9) 
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.1
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   mokle rkalisaTvis amonaxsni iqneba: 

Zabva rkalze  
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rkalis deni 
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sadac 

;1
2
1

max
⎟⎟
⎠

⎞
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⎝

⎛
+=

CRh
rα                                                       (2.13) 

.11
max
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⎠

⎞
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⎝

⎛
+−= αβ

                                                    (2.14) 

    Catarebuli analizidan Cans, rom rkalis deni didad aris 

damokidebuli wredis tevadobaze da miT ufro pataraa, rac metia 

tevadoba. 

$2.3. iribi zemoqmedebis plazmatronis eleqtrodebis gacivebis 

sistemebis SedarebiTi analizi 

    am paragrafSi eqsperimentuli monacemebisa da Teoriuli 

gamoTvlebis safuZvelze Catarebulia plazmatronis anodis 

sxvadasxva meTodebiT gacivebis procesis SedarebiTi analizi. 

wyliT da haeriT konveqciuri gaciveba Sedarebulia wylis 
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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 iqneba duRiliT miRebuli wylis orTqli. 

   am samuSaos mizania eqsperimentuli monacemebisa da Teoriuli 

gaTvlebis safuZvelze dagvemtkicebina mcire simZlavris  (13 kvt-

mde) iribi zemoqmedebis plazmatronis anodis gacivebis 

SesaZlebloba wylis duRiliT gamowveuli siTbogacvliT. 

   13kvt. simZlavris plazmatronis eleqtrodebis normalur 

gacivebaze rogorc eqsperimentebi gviCveneben [99, 100], ikargeba 

siTbos 20%, aqedan 15,5% anodis gacivebaze modis. plazmatronis 

konveqciuri da duRiliT gamowveuli gacivebis procesebis 

SedarebiTi analizis mizniT Teoriuli gamoTvla vawarmoeT orive 

SemTxvevisaTvis. Tanabar pirobebisaTvis gamoTvla vawarmoeT ПГ-3 

tipis plazmatronis magaliTze misi anodisa da mimdebare ubnis 

konstruqciuli zomebidan gamomdinare. am plazmatronis gacivebis 

sistema milebis nakadiT ganivi garsSemodinebis procesis msgavsia 

[101]. Cven SemTxvevaSi milis funqcias asrulebs plazmatronis 

anodi. konveqciuri gacivebis gamoTvla vawarmoeT rogorc wyliT 

gacivebis, aseve haeriT gacivebis SemTxvevisaTvis. 

   rogorc cnobilia [101], wyliT konveqciuri gacivebis SemTxvevaSi 

gasacivebeli milis saSualo zedapiruli Tbogacemis koeficientis 

gaangariSebisaTvis, SeiZleba gamoyenebuli iqnes empiriuli 

formula: 

( ) 0,250,60 PrPrPr0,28ReNu wykwywywy ⋅= ⋅
360 ,

,                       (2.21) 

sadac: 
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wy

wy

wy λ
dα

Nu
⋅

=  nuseltis kriteriumia;  

wy

wy

ν
dv

Re
⋅

=
  reinoldsis kriteriumia;  

wy

wy

wy a

ν
Pr =

 prandtlis kriteriumia gamacivebeli wylis saSualo 

temperaturis  dros;  

k

k

k a

ν
Pr =  prandtlis kriteriumia anodis gare kedlis 

temperaturis dros;  

wyα - Tbogacemis koeficientia, vt/m2.oC;  

d -   anodis gare diametria, d= 0,022 m; 

wyλ - gamacivebeli wylis saSualo temperaturis dros 

Tbogamtarobis koeficientia,  

wyλ = 0,612 vt/m2.oC;  

wy
ν - kinematikuri siblantis koeficientia wylis saSualo 

temperaturis dros, m2/wm;  

k
ν - igive koeficientia anodis gare kedlis temperaturis dros, 

m2/wm;  

wya - temperatura gamtarobis koeficientia macivebeli wylis 

saSualo temperaturis dros m2/wm;  

ka  - igive koeficientia gare kedlis temperaturis dros m2/wm;  

wyv - macivebeli wylis nakadis siCqarea m/wm anodis 

garsSemodinebis dros da  gamoiTvleba Semdegnairad: 
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           1,044
104,52

109,4
2F
Qv 5

5

=
⋅⋅
⋅

== −

−

wy ,                    (2. 22) 

 
sadac Q - wylis xarjia, m3/wm; 

 F - anodis garSemo wylis arxis kveTis farTobia, m2. 

(2.22) formulaSi Q iyofa 2-ze imitom, rom nakadi anodis 

garsSemodinebis dros iyofa orad. 

(2.21) formulas iyeneben, roca Re>103. am formulis gamosaTvlelad, 

rogorc vxedavT, aucilebelia anodis gare  kedlis temperaturis 

CT o,k  codna. es temperatura saZiebo parametria da mis 

mniSvnelobis dadgena xdeba TandaTanobiTi miaxloebis gziT 

niutonis formulis gamoyenebiT: 

   
wyk

wy TT
qα
−

= ,                           (2. 23) 

sadac q anodis gare kedlidan wyalze gadacemuli Tburi nakadis 

simkvrivea, vt/m2: 

                   ,610
0,002
2000

ω
Wq ===                                (2.24) 

sadac  

W - macivebeli wylis mier anodis gacivebaze waRebuli siTboa, vt; 

ω anodis  gare zedapiris  farTobia, m2. 

   (2.23) formulaSi Tk – s vaniWebT iseT mniSvnelobas, romlis 

drosac (2.23) da (2.21) formulebiT gaTvlili α – s mniSvnelobebi 

erTmaneTs maqsimalurad miuaxlovdebian. Tk – s aRniSnuli 

mniSvneloba iqneba anodis gare kedlis saZiebo temperatura. (2.23) 

formulaSi 
wy

T gamacivebeli wylis saSualo temperaturaa ( Co ) da 

gamoiTvleba Semdegnairad: 
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      23,5
2

2126
2

TT
T =

+
=

+
= wycwyT

wy                            (2.25) 

 wyTT - anodis garSemodinebis Semdeg gamTbari wylis tempereturaa 

( Co ): 

         26215TΔtT =+=+= wycwyT ,                            (2.26) 

C21T o=wyc  macivebeli civi wylis temperaturaa; Δt - wylis 

temperaturuli nazardia gaTbobis Semdeg: 

      5
41700,094

2000
CG

WtΔ
p

=
⋅

=
⋅

= ,                                 (2.27) 

sadac pC  wylis siTbotevadobaa, j/kg.oC amgvarad (2.23) formula 

miiRebs saboloo saxes: 

               23,5T
10α

6

−
=

k

,                                    (2.28)             

    (2.28) da (2.21) formulebis analizi gviCvenebs, rom roca  

C120T o=k  (2.27) da (2.21) formulebiT gamoTvlili α–s mniSvnelobebi 

erTmaneTs emTxvevian da tolia 10300α≈  vt/m2.oC. macivebeli wylis 

saSualo temperaturisa da anodis gare kedlis temperaturis 

gaTvaliswinebiT (2.24) formuliT gamoTvlis dros gamoyenebuli 

iqna masSi Semavali parametrebis Semdegi mniSvnelobebi:  

.101.47,108.05ν,101.71,102.52ν 7777 −−−− ⋅=⋅=⋅=⋅= wywykk aa  

    viciT, ra anodis gare kedlis temperatura, anodis Sida 

zedapiris, anu rkalmaformirebeli kameris Siga kedlis saSualo 

temperatura TS SeiZleba ganvsazRvroT cilindruli detalebis 

gamosaTvleli cnobili formuliT [102]: 

 

              

( )

S

kSsp

d
dlgd

TTλ2
q

−
= ,                               (2.29)  
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spλ = 354 spilenZis Tbogamtarobis koeficientia vt/m2.oC; dS anodis 

Siga diametria, m. 

(9) formulis gardaqmniT miviRebT: 

            C144120
3542

0,790,02210T
2λ

d
dlnqd

oo
6

=+
⋅

⋅⋅
=+

⋅
= k

sp

S
ST ,      (2.30) 

    amgvarad, rogorc Teoriuli gamoTvlebi gviCveneben, anodis 

wyliT konveqciuri gaciveba dadebiT Sedegs gvaZlevs. aRniSnuli 

eqsperimentebiTac dasturdeba – plazmatroni normalurad civdeba. 

 

$2.3.1. plazmatronis anodis haeriT garsSemodinebis dros 

konveqciuri gacivebis gaangariSeba 

    milebis haeriT garsSemodinebis dros Tbogadacemis 

koeficienti, roca Re > 103 gamoiangariSeba formuliT [101]: 

      
0,60Re0,245Nu hh = ,                                (2.31) 

sadac 
h

h
h λ

dαNu ⋅
=  nuseltis kriteriumia haeriT gacivebis dros;  

h

h
h ν

dvRe ⋅
=  reinoldsis ricxvia haeriT gacivebis dros;  

hλ = 0,0276 haeris Tbogamtarobis koeficientia 40oC temperaturis 

dros, vt/(m2·oC);  

hν =1,7·10-5 haeris kinematikuri siblantis koeficientia 40oC 

temperaturis  dros , m2/wm. 

   rogorc praqtikuli gamocdilebidan cnobilia gamacivebeli 

haeris xarjs plazmawarmomqmnel haeris xarjTan SedarebiT iReben 

daaxloebiT 20-jer mets. aqedan gamomdinare 13 kvt simZlavris mqone 

plazmatronisaTvis aseTi xarji iqneba Q= 50 · 10-3 m3/wm (58.2· 10-3 

m3/wm). maSin macivebeli haeris nakadis siCqare m/wm toli iqneba:  
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            555,6
104,52

1050
2F
Qv 5

3

=
⋅⋅
⋅

== −

−

h ,                   (2.32) 

xolo             

                  719011
101,7
0,022555,6

ν
dvRe 5 =

⋅
⋅

=
⋅

= −
h

h
h . 

maSin (2.31) formulidan miviRebT hα =1003 vt/m2.oC rogorc vxedavT 

haeriT gacivebis dros Tbogacemis koeficienti sakmaod dabalia. 

imisaTvis rom gavigoT anodis gare kedlis temperatura kT , 

ganvsazRvroT haeris temperaturuli nazardi anodis 

garsSemodinebis Semdeg:  

 34,2
10051058,2

2000
CpG

WtΔ 3 =
⋅⋅

=
⋅

= −
hh

 ,                     (2.33) 

sadac hCp  haeris siTbotavadobaa 40oC temperaturis dros. haeris 

temperatura anodis garsSemodinebis Semdeg toli iqneba: 

               54,22034,2TΔtT =+=+= cT hh                 (2.24) 

sadac chT  civi haers temperaturaa, oC. 

   maSin anodis gare kedlis temperatura kT  oC SeiZleba 

ganvsazRvroT niutonis formuliT: 

              103437
1003
10

2
TT

α
qT

6

=+=
+

+= hchT

k , 

    aseTi temperaturis dros anodi cxadia aramuSaunariania. e.i 

ПГ3 tipis plazmatronis anodis konstruqciis SemTxvevaSi anodis 

haeriT gaciveba  SeuZlebelia.  

 

$2.3.2. plazmatronis anodis wylis duRiliT gacivebis gaangariSeba 

   wylis duRilis dros Tbogacemis koeficientis gamosaTvlelad 
SeiZleba visargebloT Semdegi formuliT [101]: 

    ,q
0045P0,1
P3,4α 3

2
0,18

⋅
−

=                              (2.35) 
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sadac Πa101P 5⋅=  wnevaa, romlis drosac mimdinareobs duRilis 

procesi, maSin: 

                ( ) 3415710
00450,1

3,4α 3
26 =⋅

−
= ,  

   rogoc vxedavT Tbogacemis koeficienti duRilis dros, wyliT 

konveqciuri gacivebis dros analogiur koeficients 3,3- jer 

aRemateba. Tumca, rogorc qveviT davinaxavT, aduRebiT anodis 

gacivebis dros anodis kedlebis temperatura ramdenadme metia, 

vidre konveqciuri gacivebis dros, rac duRiliT gacivebis dros 

macivebeli garemos anu aduRebuli wylis SedarebiT maRali 

temperaturiTaa gamowveuli. 

   temperaturuli dawneva, romelic aucilebelia duRilis dros 

mocemuli Tburi nakadis gasatareblad anodis gare zedapiridan 

gamacivebel wyalze, gamoiTvleba niutonis formuliT: 

                      
29

α
qTT ==− orTqk . 

Πa101 5⋅  wnevis dros orTqT =100oC, maSin anodis gare zedapiris 

temperatura toli iqneba: 

                      12929100T =+=k . 

anodis Sida zedapiris temperaturis Co  gamosaTvlelad 

gamoviyenoT (10) formula, maSin miviRebT: 

                      153129
3542

0,790,02210T
6

=+
⋅

⋅⋅
=k . 

   amgvarad anodis Siga da gare kedlebis temperaturebis miRebuli 

mniSvnelobebi srulad damakmayofilebelia. plazmatronma SeiZleba 

normalurad imuSaos. wylis duRiliT plazmatronis anodis 

gacivebis procesi mTlianobaSi wyliT konveqciuri gacivebis  

TanabarZaliania. amasTan, anodis gacivebis procesSi miRebuli 

orTqli gamoyenebuli iqneba plazmawarmomqmnel airad. 
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   imisaTvis, rom ganisazRvris im rezervuaris moculoba, romelic 

damagrdeba plazmatronze da masSi moTavsdeba macivebeli wyali, 

saWiroa gaviangariSoT wylis orTqladqcevis siCqare kg/wm: 

                     r
QG h=    

sadac  

hQ = 2,6 plazmatronis eleqtrodebis gacivebaze daxarjuli siTboa, 

kvt; r =2256,8 orTqlaqcevis siTboa, kj/kg. 

maSin: 

                001150,
82256,

62,G ==  kg/wm,   anu 144,G=  kg/sT, 

   e.i. 1 litri wylis aorTqlebas dasWirdeba 15 wT. 10kvt 

simZlavris plazmatronebisaTvis 15 wuTSi aorTqldeba SedarebiT 

naklebi (800 gr) wyali. aRniSnuli Teoriuli gaangariSebebi iZleva 

safuZvels, rom Seiqmnas iseTi mcire simZlavris iribi zemoqmedebis 

orTqlize momuSave plazmatroni, romlis eleqtrodebi gacivdeba 

plazmatronze damagrebul, mcire tevadobis rezervuarSi 

moTavsebuli wyliT da aRar iqneba saWiro wylis mimyvani da 

gamomyvani milebi. 

   aseT SemTxvevaSi mniSvnelovnad martivdeba plazmatronis 

konstruqcia da izrdeba misi praqtikuli gamoyenebis 

SesaZlebloba.E 

&2.4. myari qanis zedapirze plazmuri alis zemoqmedebis Tburi 

procesis Teoriuli analizi. 

   zogadad plazmuri zemoqmedeba niSnavs rom maRali temperaturis 

plazmuri ali zemoqmedebs qanis zedapirze, iwvevs ra qanis Txeli 

zedapiris intensiur gaxurebas, rac Tavis mxriv warmoqmnis 

daZabulobas qanis zedapirul SreSi. es iZleva myari qanebis 

afSvniT plazmuri damuSavebis saSualebas. qanebis Wris da 

samSeneblo qvebis damzadebis saSualebas. 
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   qanebis afSvniT plazmuri damuSavebis meTodi axsnilia naxazze 
(nax. 12). 
 

                 

(-)

(+)

haer
i

plazma

plazmatroni

qani gaxurebuli qani

 
naxazi 12. qanebis afSvniT plazmuri damuSavebis procesi. 

    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 xdeba qanis zeda Sris atkeCva(afSvna). amis gamo, 

rodesac warmoqmnili daZabulobebi aWarbebs qanis rRvevis dasaSveb 

daZabulobebs patara zomis nafSvenebi cildebian qans. 

   nafSvnis mocilebis mimarTuleba damokidebulia plazmuri 

Wavlis gadaadgilebis mimarTulebaze. 

   qanis zedapirze temperaturis cvlilebis sidide da plazmuri 

nakadis didi kinetikuri energia (plazmuri nakadis siCqare 

aWarbebes zebgeriT siCqares) saSualebas iZleva qanis rogorc 

zedapiruli aseve siRrmiseuli Wris saSualebas. 
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   qanSi temperaturis gavrcelebis maTematikuri aRwera nebismier 

momentSi, rom ganisazRvros maRali temperaturis gavrcelebis 

norma da SeRwevadobis siRrme da, Sesabamisad sisqe nafSvnisa, 

efuZneba Tbogamtarobis gantolebas  1D sivrcisaTvis. 

   siTbos gavrceleba qanis masivSi SeiZleba aRiweris 

Tbogamtarobis gantolebiT Semdegnairad:      

                                                2

2

x
a
∂
∂

=
∂
∂ θ
τ
θ

                                                      (2.41)                 

sadac: 

a  - qanis Tbogamtaroba vt/(m, 0C); 

θ - qanis zedapiris teperaturuli cvlileba; 

τ - Sris anSrevebisa da gamoyofis dro; 

x - siTbos gavrcelebis manZili qanis zedapiridan qanis siRrmeSi 

nebismieri momentisaTvis. 

        (2.41) – is amonaxsni marTebulia sasazRvro pirobebisaTvis 

romelic iTvaliswinebs qanis zedapiris temperaturis cvlilebas 

nebismier momentSi da temperaturis maqsimalur gadaxras, romelic 

Caiwereba Semdegnairad: 

                                              ττθ ,max, fff TT −=                                                 (2.42) 
da 

                                                fff T−= max, θθ τ                                                    (2.43) 
sadac: 

τ,fT     - tempertura qanis zedapirze nebismier momentSi; 

maxfT  - maqsimaluri temperatura mocemuli qanisaTvis, rodesac 

raRac nawili gamoeyofa qanis sxeuls patara natexebis saxiT qanis 

gadnobis gareSe; 
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fT  - qanis zedapiris tempertura am zedapiridan wina Sris 

anSrevebis momentSi;  

τθ ,f     - qanis zedapirze temperaturis cvlileba nebismier momentSi; 

maxfθ  - qanis zedapirze temperaturis cvlilebis maqsimumi. 

     movlenis sruli aRwera unda moicavdes qanis zedapirze 

temperaturis cvlilebas, romelic damokidebulia plazmatronis 

gadaadgilebis tipze. rodesac plazmatroni gadadgildeba grZivad 

misi moZraoba gavs qanqara meqanizms da misi traeqtoria aris mrudi 

romelsac gaaCnia garkveuli radiusi. plazmatronis ukuqceviT-

winsvliTi gdadagileba qanis zedapiris gaswvriv, roca manZili 

plazmatronis saqSensa da qanis zedapirs Soris mudmivi sididea 

(anu plazmatroni gadaadgildeba ise rom manZili tolia afSxvnili 

natexebis sisqisa) warmoqmnis teperaturis harmoniul rxevas qanis 

zedapirze Semdegi formulis Sesabamisad: 

                             ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

0
max,

2cos
zff
πθθ τ                                              (2.44) 

aqac: 

Z0   - sruli ciklis xangrZlivoba roca alis zemoqmedeba qanis 

zedapirze harmoniulia; 

τ  - gazomili dro ciklis dawyebidan(dro nebismier momentSi, 

romelic aiTvleba ciklis dawyebidan);  

0

2
z
π

- rxevis kuTxuri sixSire romelic Seesabameba plazmatronis 

gdaadgilebas qanis zedapiris mimarT. 

    aq ganxilul SemTxvevaSi harmoniuli rxevis cikili tolia 

plazmatronis marSrutisa(traeqtoriisa) qanis zedapiris gaswvriv.  

                                             z1=0,5z0                                                                        (2.45) 
Tu gaviTvaliswinebT (2.45) tolobas maSin (2.44) SeiZleba ase 

Caiweros: 
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                                           ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

1
max, 2

2cos
zff
πθθ τ                                  (2.46) 

 sadac     10 z≤≤ τ  

   siTbogamtarobis gantolebisa(2.41) da (2.42); (2.43) sasazRvro 

pirobebis gamoyenebiT Cven vRebulobT temperaturis gavrcelebis 

maxasiaTeblebs qanis masivSi mocemul momentSi.  

   Tu siTbogamtarobis gantolebas (2.41) warmovadgenT ori 

damoukidebeli funqciis saxiT da gaviTvaliswinebT (2.42) da (2.43)  

sasazRvro pirobebs, amoxsnis Sedegad miviRebT:  

                           ⎥
⎦

⎤
⎢
⎣

⎡
−⎥

⎦

⎤
⎢
⎣

⎡
−= x

az
x

azzfx *exp*2cos
000

max,
πππθθ τ              (2.47) 

   (2.47) gviCvenebs rom temperaturis gavrceleba qanis masivSi 

eqvemdebareba talRisebr models. temperaturis talRis amplituda 

mcirdeba siRrmis mixedviT, xolo teperatura yovel momdevno 

periodSi aRiwereba axali talRiT romelic mimarTulia qanis 

masivis SigniT X-RerZis gaswvriv.  

 

$3.Pplazmuri Wavlis formirebis originaluri xerxebisa 

da konstruqciebis damuSaveba 

   zemoT Camoyalibebuli literaturuli analizisa da Teoriuli 

kvlevebis safuZvelze Cven SevqmeniT Pplazmuri Wavlis formirebis 

originaluri xerxebi da konstruqciebi, romlebmac saSualeba 

Segviqmna dagvemuSavebina samTo saqmeSi gamoyenebadi originaluri 

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 
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danergilia warmoebaSi. maT Soris erTi damuSavebulia 

saerTaSoriso grantiT (CRDF).  

   kerZod Seqmnilia plazmuri Wavlis formirebis Semdegi xerxebi: 

$3.1. plazmatronis kaTodis damzadebis xerxi  

    plazmatronis kaTodis damzadebis xerxi [14] 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 uzrunvelhyofs srul Tbur kontaqts sakaTode 

Rerosa da gamacivebel Reros Soris. es miiRweva imiT, rom 

gamacivebeli Reros naxvretSi Tavsdeba mravalkomponentiani 

sakaTode fxvnilis narevi da isini dartymiTi talRiT 

kompaqtirdeba uwyvet myar tanad. gamacivebeli Reros da 

mravalkomponentiani sakaTode fxvnilis narevis kompaqtireba xdeba 

afeTqebis talRis an impulsuri magnituri talRis meSveobiT; 

mravalkomponentiani sakaTode fxvnilis narevis fuZe Seicavs 70% -

ze met iseT masalas, romelic xasiaTdeba Semdegi teqnikuri 

monacemebiT: dnobis temperatura metia 2000 K-ze, kaTodis 

gamosvlis muSaoba naklebia 4 voltze, simkvrive metia 6 g/cm3-ze, 

Tbogamtaroba metia 6 w/mk-ze, eleqtrogamtaroba metia 20 j/m- ze, 

da qimiuri medegobis temperatura metia 2000 K-ze an aqvs 

TviTaRdgenis Tviseba; mravalkomponentiani sakaTode fxvnilis 

narevis danamati Seicavs masalas, romlis gamosvlis muSaoba da 

ionizirebis Zabva 1,5-jer metia fuZis masalis gamosvlis muSaobisa 

da ionizirebis Zabvaze; mravalkomponentiani sakaTode fxvnilis 

narevis fuZe Seicavs Semdeg masalebs an maT kombinaciebs: 

cirkoniumi (Zr), cirkoniumis nitrati (ZrN), cirkoniumis boridi 

(ZrB2), FHhafniumi (Hf), hafniumis nitrati (HfN), hafniumis boridi 

(HfB2), hafniumis karbidi (HfC), volframis karbidi (WC); 

mravalkomponentiani sakaTode fxvnilis narevis danamati Seicavs 
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Semdeg masalebs an maT kombinaciebs: liTiumi (Li ), bariumi (Ba), 

natriumi (Na), naxSirbadi (C), alumini (Al) an maTi Jangeulebi, 

bariti (BaSO4), kalciti (CaCO3), kiri (CaO), rutili (Ti O2). 

    rodesac gamacivebeli Reros da mravalkomponentiani sakaTode 

fxvnilis narevis kompaqtireba xdeba impulsuri magnituri talRis 

meSveobiT, plazmatronis kaTodi, romelic Sedgeba mraval 

komponentiani sakaTode fxvnilis narevisa da gamacivebeli 

Rerosagan, moTavsebulia magnitur-impulsuri danadgaris magnituri 

velis koncentratorSi. magnitur-impulsuri danadgari Sedgeba 

transformatoris, gammarTvelis, kondensatorebis batareis, 

kontaqtorisa da magnituri velis koncentratorisagan. 

kontaqtoris CarTvisas magnituri velis koncentratorze xdeba 

maRali Zabvis ganmuxtva da masSi warmoiqmneba maRali intensivobis 

magnituri velis impulsi, rac mravalkomponentiani sakaTode 

fxvnilis narevs SemouWers gamacivebel Reros. 

    im SemTxvevisaTvis, rodesac gamacivebeli Reros da 

mravalkomponentiani sakaTode fxvnilis narevis kompaqtireba xdeba 

afeTqebis talRis meSveobiT plazmatronis kaTodi, romelic 

Sedgeba mravalkomponentiani sakaTode fxvnilis narevisa da 

gamacivebeli Rerosagan, moTavsebuliaMamfeTq masalaSi.MamfeTq 

masalis afeTqebisas afeTqebis talRis meSveobiT 

mravalkomponentiani sakaTode fxvnilis narevs SemoeWireba 

gamacivebeli Rero. 

       Cvens mier damuSavebul plazmatronebSi gamoyenebulia masalaTa 

aseTi kombinacia: viRebT 95% hafniumis fxvnils da 5% baritis 

fxvnils, kargad aurevT erTmaneTSi da movaTavsebT spilenZis 

ReroSi gakeTebul 3 mm diametris naxvretSi. ase Semzadebul 

kaTods movaTavsebTMamfeTq masalaSi da avafeTqebT. ase 

damzadebuli kaTodi kargad muSaobs Hhaeris garemoSi.  

 



 49

$3.2. plazmuri Wavlis gamaZliereblis Seqmna da kvleva 

   plazmuri teqnologia farTod gamoiyeneba metalurgiul, 

manqanaTmSenebel da qimiur mrewvelobaSi, mavne samrewvelo da 

sameurneo narCenebis gadasamuSaveblad da gasauvnebelhyofad da a. 

S. ZiriTadad yvelgan moiTxoveba mZlavri plazmuri wyaroebi 

(plazmatronebi). mZlavri plazmuri Wavlis misaRebad ZiriTadad 

gamoiyeneba eleqtro-rkaluri plazmatronebi. aseTi tipis 

plazmatronebSi eleqtruli rkalis deni mTlianad gadis 

plazmatronis eleqtrodebSi da denis Zalis momateba iwves 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 

[13].  

   fizikuri procesebi, romlebic mimdinareoben mZlavri,Pplazmuri 

rkalis denisagan gantvirTuli eleqtrodebis mqone, myari 

kedlebiT SemouzRudavi, Caketili plazmuri Wavlis 

gamaZlierebelSi (plazmuri warmonaqmnis mdgradoba, denis 

simkvrive, pinC-efeqti, gamosxiveba, saorientacio teqnikuri 

parametrebi da a. S.) gamokvleuli ar aris, vinaidan myari kedlebiT 

SemouzRudavi, Caketili plazmuri Wavli aqamde cnobili ar iyo. 

   mZlavri plazmuri Wavlis misaRebad aucilebelia ramdenime 

problemis gadawyveta: 

1. pirveli problemaa myari kedlebiT SemousazRvreli Caketili 

plazmuri Wavlis Seqmna (plazmuri amaCqareblebisagan 

gansxvavebiT). am problemis gadasawyvetad gaTvaliswinebulia 
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minimum samkuTxa Caketili plazmuri Wavlis Seqmna (1, 2, 3) (nax. 

13) minimum sami damxmare plazmuri Wavlisagan (4, 5, 6). amasTan 

samkuTxa Caketili plazmuri Wavlis Seqmna SesaZlebelia sami 

damxmare plazmuri WavliT (plazmuri Wavlis  

plazmisPgamaZlierebeli) an sami Ggazis alis WavliT (gazis 

alis Pplazmis gamaZlierebeli); 

2. meore problemaa Caketil plazmur WavlSi damatebiTi energiis 

Cawodeba. Caketili plazmuri Wavli Seadgens SezRuduli zomebis 

mqone mxolod erT xvias. amitom masSi sakmarisi 

eleqtromamoZravebeli Zalis Seqmna rTuli teqnikuri problemaa. 

am problemis gadawyveta proeqtSi gaTvaliswinebulia 

Semdegnairad: 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 

warmoiSveba 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; 

3. 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 
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sakmarisi iqneba, magaliTad, marTuli Termoguluri reaqciebis 

misaRebadac ki. mocmuli plazmuri Wavlis gamaZlierebelSi 

plazmuri Wavlis gaqroba SeuZlebelia, vinaidan myari kedlebiT 

SemousazRvreli Caketili plazmuri Wavlis arseboba 

ganpirobebulia damoukidebeli plazmuri wyaroebiT, romelTa 

eleqtrodebSi ar gadis Caketili plazmuri Wavlis ZiriTadi 

deni.   

 naxaz 13–ze axsnilia plazmuri Wavlis gaZlierebis xerxi. 

 

   
naxazi 13. plazmuri Wavlis gaZlierebis xerxi: 1, 2 da 3- plazmuri 

Wavvlis Caketili konturi; 4, 5 da 6- plazmuri Wavlis 

warmomqmneli xelsawyoebi; 7- magnituri gulana; 8- magnituri xvia; 

9- dengamtari xvia; 10 kvebis wyaro. 

    TavisufaliMplazmuri Wavlis Caketili konturi (1, 2, 3) 

Seqmnilia Sesabamisad 4, 5 da 6Mplazmuri Wavlis warmomqmneli 

xelsawyoebiT. plazmuri Wavlis erTerT monakveTze plazmuri 

Wavli gadis Caketil magnitur gulanaSi 7, romelic sasurvelia 

damzadebuli iyos amorfuli magnituri masalisagan. gulanaze 

daxveulia dengamtari xvia 9, romeliTac gulanaSi aRiZvreba 



 52

magnituri nakadi.   SemoTavazebuli plazmuri Wavlis moqmedebis 

principi mdgomareobs SemdegSi: avanTebT 4, 5 da 6Mplazmuri Wavlis 

warmomqmnel xelsawyoebs. miviRebT 1, 2 da 3 plazmur Wavlebs. 

plazmur Wavlebs ganvaTavsebT erT sibrtyeSi ise rom erTmaneTi 

gadakveTon xelsawyodan Wavlis gamosvlis siaxloves 2 – 3 mm 

dacilebiT. amasTan erTeT Wavls gavatarebT Caketil magnitur 

gulanaSi 7-Si. ase Seiqmneba TavisufaliMplazmuri Wavlis Caketili 

konturi (1, 2, 3), romelic faqtiurad tolfasia transformatoris 

erTi meoradi xviisa. 9 xviis 9 kvebis wyarisTan mierTebisas 9 xvia 7 

magnitur gulanaSi qmnis magnitur nakads romelic (1, 2, 3) 

TavisufaliMplazmuri Wavlis Caketili konturSi aRZravs 

eleqtromamoZravebeli Zalas, romelic am konturSi warmoSobs 

dens. es deni ar gadis arc erT Mplazmuri 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. 

   am meTodis gamoyenebiT SesaZlebelia daproeqtdes da damzaddes 

Semdegi tipis plazmuri danadgarebi: 

1. mZlavri plaZmuri burRi; 

2. mZlavri metalurgiuli plazmuri Rumeli axali masalebis 

misaRebad; 

3. mZlavri plazmuri Rumeli mavne samrewvelo da sayofacxovrebo 

narCenebis gadasamuSaveblad; 

4. magnitohidrodinamikuri generatori wvis Tburi energiis 

eleqtrul energiaSi pirdapir gardasaqmnelad; 

5. mZlavri plazmuri naTura.    

   am xerxis unikaloba mdgomareobs imaSi, rom praqtikulad 

pirvelad Seiqmna plazmis gamaZlierebeli SeuzRudav garemoSi 

klasikuri gagebiT. kerZod Seiqmna plazmuri rkalis denisagan 

gantvirTuli eleqtrodebis mqone, myari kedlebiT SemouzRudavi, 
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Caketili plazmuri Wavlis gaZlierebis meTodi, rac saSualebas 

mogvcems Seiqmnas mravali sxva da sxva saxis mZlavri plazmuri 

danadgari da SesaZlebelia aRmoCndes erT-erTi SesaZlo gza 

marTvadi TermobirTvuli reaqciis ganxorcielebisaken. 

   kvlevebis SedegebisMmeTodis potciuri momxmareblebi arian 

teqnikuri universitetebi, samecniero-kvleviTi institutebi da 

kompaniebi, romlebic ikvleven, amuSaveben da amzadeben plazmur 

teqnologiur danadgarebs. 

   SemoTavazebuliPplazmuri Wavlis gamaZlierebelis ramdenime 

kvanZze ukve arsebobs ramdenime patenti, xolo masSi Setanil axal 

ideebze ukve gakeTebulia ganacxadebi saqarTvelos patentis 

miRebaze. agreTve gaTvaliswinebulia ganacxadebis gakeTeba 

saerTaSoriso patentebis miRebaze. 

   zemoT Tqmulidan SeiZleba davaskvnaT, rom Seqmnilia plazmuri 

Wavlis gaZlierebis 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. amitom praqtikulad 

limitirebuli ar aris miRebuli plazmuri Wavlis temperatura da 

simZlavre. gaZlierebis koeficienti SeiZleba iyos 100 da meti. 

& 3.3. 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 [17]. 
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   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 miuerTebulia kvebis wyarosTan calcalke, individualurad. 

tradiciul plazmatronebSi (damoukidebeli qmedebis 

plazmatronebi miliseburi kaTodiTa da anodiT) plazmatronis 

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 da 2. mZlavri  plazmuri Wavlis miRebis xerxi 

ramdenime kaTodiTa da ramdenime anodiT. 

   mZlavri plazmuri Wavlis miRebis xerxi erTi kaTodiTa da 

ramdenime anodiT naCvenebia me-14 naxazze. 

   plazmatronSi plazmuri Wavlis formirebis areSi 2 mili 1-is 

meSveobiT CavawvdiT airs (haeri, 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 4 da 

anodi 8 Soris avanTebT meore rkals (rkali 7). airis gaxurebis 

Sedegad warmoiqmneba mZlavri plazmuri Wavli 12, romelsac gaaCnia 

orive rkalis jamuri simZlavre, xolo plazmatronis jamuri deni 

gadanawilebulia or anodur laqaze. Cveulebrivad aRwerili tipis 

plazmatronebSi (damoukidebeli qmedebis plazmatronebi 

centraluri kaTodiT) kaTodis dasaSvebi denis Zalis sidide 2-jer 

da metjer aRemateba anodis dasaSvebi denis Zalis sidides. 
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maSasadame SemoTavazebuli mZlavri plazmuri Wavlis miRebis 

xerxis gamoyenebis SemTxvevaSi centralur kaTodiani 

damoukidebeli qmedebis plazmatronebis dasaSvebi denis Zalis 

sidide ganisazRvreba mxolod kaTodis dasaSvebi denis Zalis 

sididiT. 

   mZlavri plazmuri Wavlis miRebis xerxi ramdenime kaTodiTa da 

ramdenime anodiT naCvenebia me-15 naxazze. 

   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. Cveulebrivad 

plazmatronis 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. 

   SesaZlebelia mravali sxva varianti imisdamixedviT Tu ramdenia 

izolirebuli kaTodebisa da anodebis raodenoba.  
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naxazi 14. mZlavri plazmuri Wavlis miRebis xerxi erTi kaTodiTa 

da ramdenime anodiT: 1- mili; 2- plazmuri Wavlis formirebis are; 

3- pirveli rkali; 4- kaTodi; 5- pirveli anodi; 6- pirveli kvebis 

wyaro; 7- meore rkali; 8- meore anodi; 9- meore kvebis wyaro; 10 da 

11- anoduri laqebi; 12- plazmuri Wavli; 13 da 14 izolatorebi.  
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naxazi 15. ramdenime kaTodiTa da ramdenime anodiT mZlavri 

plazmuri Wavlis misaRebi xerxis ganxorcielebis sqema: 1- mili; 2- 

plazmuri Wavlis formirebis are; 3- pirveli rkali; 4- kaTodi; 5 -  

anodi; 6- pirveli kvebis wyaro; 7- meore rkali; 8- meore kaTodi; 9- 

anodi; 10- meore kvebis wyaro; 11- kaToduri laqa; 12- anoduri laqa; 

13- meore kaToduri laqa; 14- meore anoduri laqa; 15- plazmuri 

wavli; 16 da 17 – izolatorebi. 

 

$3.4. plazmuriBburRvis axliMmeTodi da burRis simZlavris 

gaangariSeba am meTodisaTvis 

    am paragrafSi ganxilulia plazmuri BburRvis axli MmeTodi da 

burRis simZlavris gaangariSeba am meTodisaTvis. plazmuri burRvis 

axali meTodi iTvaliswinebs  burRis nacmis plazmiT gaxurebas, am 

gaxurebuli nacmiT qanis gadnobas da nacmis CaRrmavebas gamdnar 
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qanSi. es xdeba qanis gadnobisas qanis forianobis Semcirebis 

Sedegad qanis moculobis Semcirebisa da gamoyofili gazebis 

SekumSvis xarjze. SemoTavazebuli xerxi uzrunvelfyofs burRis 

nacmis CaRrmavebas qanSi qanis nawilis zedapirze gamotanis gareSe. 

amiT martivdeba WaburRilis gayvanaY da izrdeba burRvis siCqare.  

    plazmuriBburRvis 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.  

    meTodi ganekuTvneba burRvis teqnologiebs. kerZod Rrma 

burRvis teqnikas.  

    cnibilia meqanikuri burRvis xerxebi [102], romelTa naklia is, 

rom yvela es xerxi iTvaliswinebs morRveuli masalis zedapirze 

amotanas, rac arTulebs burRvis process. 

    cnibilia agreTve Termiuli burRvis xerxi [103], romelic 

iTvaliswinebs gazis sanaTurebis WavliT qanis morRvevas da gazis 

nakadis meSveobiT morRveuli masalis gamotanas zedapirze. Mmagram 

Rrma burRvis SemTxvevaSi am procesis ganxorcieleba SeuZlebelia 

maRali wnevebis gamo.  

    cnibilia agreTve plazmuri burRvis xerxic [104], romelic 

iTvaliswinebs plazmuri  WavliT qanis morRvevas da gazis nakadis 

meSveobiT morRveuli masalis gamotanas zedapirze. Rrma burRvis 

SemTxvevaSi am procesis ganxorcieleba agreTve SeuZlebelia 

maRali wnevebis gamo.  

    Cvens mier damuSavebuli plazmuriBburRvis axliMmeTodi 

uzrunvelfyofs burRis nacmis CaRrmavebas qanSi qanis zedapirze 

amotanis gareSe. amiT martivdeba WaburRilis gayvana da izrdeba 

burRvis siCqare.  

    me-16 naxazze axsniliaPplazmuri burRvis meTodi, rodesac 

plazmuri burRis anodi da kaTodi izolirebulia qanisagan. 
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naxazi 16. plazmuri burRvis meTodis ganxorcielebis sqema, 

rodesacPplazmuri burRis anodi da kaTodi izolirebulia 

qanisagan: 1- mili; 2- qani; 3- izolatori; 4- kaTodi; 5- anodi; 6- 

plazma; 7- rkali; 8- SekumSuli gazis baliSi; 9- nacmi; 10- gamdnari 

qani; 11- denis wyaro. 

   milze 1 wamocmulia izolatori 3, kaTodi 4 da nacmi 9, romelic 

Caewodeba qanSi 2. nacmSi 9 moTavsebulia anodi 5 da kaTodi 4.  

kaTodsa 4 da anods 5 Soris anTi rkali 7, romelic ikvebeba denis 

wyarodan 11 da axurebs kaTodsa 4 da anods 5 Soris moTavsebul 

gazs maRal temperaturamde da warmoqmnis plazmas 6. plazma 6 

axurebs maRal temperaturamde nacms 9, romelic adnobs qans 2. 

gamdnari qanSi 10 xdeba forebis Sevseba da gazis gamoyofa, ris 
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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 wyarodan 11 rkals 7 miewodeba imdeni energia, rom SekumSuli 

gazis 8 wneva Mqanis 1-dan axal axali gamdnari masidan gamoyofili 

sivrcidan, iqneba naklebi nacmze 9 milis 1 dawoliT gamowveuli 

wnevaze. amiT uzrunvelyofilia burRis gadaadgileba qanSi ise, rom 

ar moxdes naburRi qanis amotina zedapirze. 

   me-17 naxazze axsniliaPplazmuri burRvis meTodi, rodesac 

qanisagan izolirebulia mxolodPplazmuri burRis kaTodi. 
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 naxazi 17. burRvis meTodis ganxorcielebis sqema, rodesac 

qanisagan izolirebulia mxolodPplazmuri burRis kaTodi: 1- mili; 

2- qani; 3- izolatori; 4- kaTodi; 5- anodi; 6- plazma; 7- rkali; 8-

SekumSuli gazis baliSi; 9- nacmi; 10- gamdnari qani; 11- denis wyaro; 

12-buferuli are; 13-dabali temperaturebis are; 14 da 15- Samotis 

izolatorebi: 16 da 17- dengamtarebi. 

 
   milze 1 wamocmulia nacmi 9, romelic Sedgeba temperaturamedegi 

anodis 5 da qimiurad, temperaturulad da meqanikurad medegi 

damcavi safarisagan 3. nacmi 9 Caewodeba qanSi 2. nacmSi 9 
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moTavsebulia anodi 5 da kaTodi 4. kaTodsa 4 da anods 5 Soris 

anTia rkali 7, romelic ikvebeba denis wyarodan 11 dengamtarebiT 

16 da 17 da axurebs kaTodsa 4 da anods 5 Soris moTavsebul gazs 

maRal temperaturamde da warmoqmnis plazmas 6. plazma 6 axurebs 

maRal temperaturamde nacms 9, romelic adnobs qans 2. gamdnari 

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 wneva Mqanis 1-dan axal axali gamdnari masidan 

gamoyofili sivrcidan, iqneba naklebi nacmze 9 milis 1 dawoliT 

gamowveuli wnevaze. amiT uzrunvelyofilia burRis gadaadgileba 

qanSi ise, rom ar moxdes naburRi qanis amotina zedapirze. 

   plazmuri burRvis xerxis ganxorcielebis konkretuli varianti, 

rodesac plazmuri burRis anodi da kaTodi izolirebulia 

qanisagan, aseTia (naxazi 16):  

   temperaturamedegi foladis mili 1, Samotis izolatori 3, 

volframis kaTodi 4, volframis anodi 5 da nacmi 9 – iT Seqmnili 

kvanZi aiwyoba hermetiulad ise, rom maT Soris moTavsebul gazs 

(magaliTad argons) gaaCndes garkveuli wneva (magaliTad 

atmosferuli wneva).Aanods da kaTods marTkuTxa maxasiaTeblis 

mqone denis wyarodan 11 miewodeba 180 volti Zabva. kaTodi 4 da 

anodi 5 Soris ainTeba rkali 7 (magaliTad oscilatoris meSveobiT, 

romelic moTavsebulia denis wyaroSi 11). rkali 7 axurebs kaTodsa 

4  da anods 5 Soris moTavsebul gazs maRal temperaturamde da 

warmoqmnis plazmas 6. plazma 6 axurebs maRal temperaturamde 

nacms 9, romelic adnobs qans 2. gamdnari qanSi 10 xdeba forebis 

Sevseba da gazis gamoyofa, ris Sedegadac xdeba qanis moculobis 



 63

Semcireba da SekumSuli gazis 8 baliSis warmoSoba. milis 1 

simZimis Zalis gavleniT xdeba nacmis 9 CaZirva gamdnarQqanSi 10. 

gamdanari qanis minimaluri moculba mudam rCeba ise, rom nacmis 

moculoba naklebi iyos gamdnariMqanis raodenobisa da qanis 

forianobis koeficientis namravlisa.Eam TanafardobiT 

ganisazRvreba buerRvis siCqare. amiT uzrunvelyofilia burRis 

gadaadgileba qanSi ise, rom ar moxdes naburRi qanis amotina 

zedapirze. 

   plazmuri burRvis xerxis ganxorcielebis meore konkretuli 

varianti, rodesac qanisagan izolirebulia mxolodPplazmuri 

burRis kaTodi, aseTia (naxazi 17): 

   foladis mili 1, nacmi 9, romelic Sedgeba volframis anodisa 5 

da naxSirbadiani kaJbadis (SiC) damcavi safarisagan 3, volframis 

kaTodi 4, Samotis izolatorebi 14 da 15 – iT Seqmnili kvanZi 

aiwyoba hermetiulad ise, rom iqmneba ori are: pirveli are, 

romelSic anTia rkali 7 (temperatura 30000C – dan 40000C – mde) da 

warmoiqmneba plazma 6 (temperatura Q18000C – dan 20000C – mde) da 

meore buferuli are (temperatura Q5000C – dan 6000C – mde), 

violframis qimiuri rRveva ukve ar mimdinareobs.Aanods 5 da 

kaTods 4 dengamtarebiT 16 da 17 marTkuTxa maxasiaTeblis mqone 

denis wyarodan 11 miewodeba 180 volti Zabva. kaTodi 4 da anodi 5 

Soris ainTeba rkali 7 (magaliTad oscilatoris meSveobiT, 

romelic moTavsebulia denis wyaroSi 11). rkali 7 axurebs kaTods 

4 da anods 5 Soris moTavsebul gazs maRal temperaturamde da 

warmoqmnis plazmas 6. plazma 6 axurebs maRal temperaturamde 

nacms 9, romelic adnobs qans 1. gamdnari qanSi 10 xdeba forebis 

Sevseba da gazis gamoyofa, ris Sedegadac xdeba qanis moculobis 

Semcireba da SekumSuli gazis 8 baliSis warmoSoba. milis 2 

simZimis Zalis gavleniT xdeba  nacmis 9 CaZirva gamdnarQqanSi 10. 

gamdanari qanis minimaluri moculba mudam rCeba ise, rom nacmis 
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moculoba naklebi iyos gamdnariMqanis raodenobisa da qanis 

forianobis koeficientis namravlisa.Eam TanafardobiT 

ganisazRvreba burRvis siCqare.Aam SemTxvevaSic uzrunvelyofilia 

burRis gadaadgileba qanSi ise, rom ar moxdes naburRi qanis 

amotina zedapirze. 

 

$3.5.Pplazmuri burRvis xerxi, romelic gamoricxavs samagri 

milebis gamoyenebas 

   xerxi isev 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.Qqanis mcire an saSualo forianobis SemTxvevaSi 

burRis amoRebis Semdeg gacivebuli qani qmnis uwyvet kedels 

amitom samagri milis CaSveba WaburRilSi saWiro ar aris. 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. Sedegad amisa 

burRvis damTavrebis Semdeg samagri milebis gamoyenebis 

aucilebloba ar arsebobs. amiT martivdeba WaburRilis gayvana da 

eqspluatacia.  

   me-18 naxazze axsniliaPplazmuri burRvis es xerxi.  

   plazmuri rkali 1 anTia kaTodi 2 da nacmi 3 Soris. nacmi 

daculia temperaturulad da qimiurad medegi SemonafeniT 4. nacmi 

axurebs qans 5 da miiReba gamdnari qani 6. qanis gadnobis Sedegad 

xdeba forebis Sevseba da warmoiqmneba sicariele 7. nacmis gamdnar 

qanSi CaRrmavebis Sedegad gamdnari qani avsebs am sicarieles, ris 
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xarjzec xdeba nacmis CaRrmaveba qanSi (amiT xorcieldeba burRvis 

procesi) da naburRi qanis amotana zedapirze saWiro ar aris. 

magram qanis didi forianobis SemTxvevaSi kidev rCeba sicariele. am 

SemTxvevaSi sicarielis amosavsebad sicarielis areSi dnobis 

procesSi Caemateba damatebiTi masala 8, rac uzrunvelyofs 

sicarielis srulad Sevsebas. amis gamo plazmuri BburRis amoRebis 

Semdeg, rCeba mTliani kedeli, rac miiReba gamdnari qanisa da 

damatebuli gamdnari masalis gacivebis Sedegad. Sedegad amisa 

burRvis damTavrebis Semdeg samagri milebis 9 gamoyenebis 

aucilebloba ar arsebobs. plazmur rkals deni miewodeba denis 

wyarodan 10 gamtarebis 11 meSveobiT. denis wyaros (_) mierTebulia 

kaTodTan, xolo (+) samagri miliT miewodeba nacms (anods), eseigi 

(+) damiwebulia. SesaZlebelia (+) miwisagan izolirebuli iyos da 

ise miewodos nacms. sicarieles damatebiTi masala miewodeba 

masalis mimwodebeli meqanizmiT 12. kaTodi, nacmi da izolatori 13 

daculia inertuli airiT 14 (magaliTad argoniT). 
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naxazi 18. plazmuri burRvis xerxi damatebiTi masalis CamatebiT 

   damatebiTi masalis CamatebiT plazmuri burRvis xerxis 

ganxorcielebis konkretuli varianti aseTia (naxazi 18):  

   Samotis izolatoris 13 da volframis kaTodi 2 da volframis 

nacmi (anodi) 3  – iT Seqmnili kvanZi aiwyoba hermetiulad ise, rom 

maT Soris moTavsebul gazs (magaliTad argons) gaaCndes garkveuli 

wneva (magaliTad atmosferuli wneva).Aanods da kaTods marTkuTxa 

maxasiaTeblis mqone denis wyaro 10-dan miewodeba 180 volti Zabva. 

kaTodi 2 da anodi 3 Soris ainTeba rkali 1 (magaliTad 

oscilatoris meSveobiT, romelic moTavsebulia denis wyaro 10-Si). 

rkali 1  axurebs kaTodsa 2  da anods 3 Soris moTavsebul gazs   

maRal temperaturamde da warmoqmnis plazmas 1. plazma axurebs 

maRal temperaturamde nacms 3, romelic adnobs qans 5. gamdnari 
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qanSi 6 xdeba forebis Sevseba da gazis gamoyofa, ris Sedegadac 

xdeba qanis moculobis Semcireba da SekumSuli gazis 7 baliSis 

warmoSoba. milis 9 simZimis Zalis gavleniT xdeba  nacmis 3 CaZirva 

gamdnarQqanSi 6. gamdanari qanis minimaluri moculba mudam rCeba 

ise, rom nacmis moculoba naklebi iyos gamdnariMqanis raodenobisa 

da qanis forianobis koeficientis namravlisa. am TanafardobiT 

ganisazRvreba burRvis siCqare. 

Q  qanis mcire an saSualo forianobis SemTxvevaSi burRis amoRebis 

Semdeg gacivebuli qani qmnis uwyvet kedels amitom samagri milis 

CaSveba WaburRilSi saWiro ar aris. magram qanis didi forianobis 

SemTxvevaSi kidev rCeba sicariele. am SemTxvevaSi sicarielis 

amosavsebad sicarielis areSi dnobis procesSi Caemateba 

damatebiTi masala 8, rac uzrunvelyofs sicarielis srulad 

Sevsebas. amis gamo plazmuriBburRis amoRebis Semdeg, rCeba 

mTliani kedeli, rac miiReba gamdnari qanisa da damatebuli 

gamdnari masalis gacivebis Semdeg. Sedegad amisa burRvis 

damTavrebis Semdeg samagri milebis 9 gamoyenebis aucilebloba ar 

arsebobs. 

   SemoTavazebuli plazmuriBburRvisMmeTodebis siaxle 

ganapirobebs misi parametrebis dadgenisa da am parametrebis 

SedarebiT analizis aucileblobas burRvisMsxva meTodebTan 

mimarTebaSi.QqvemoT warmodgenilia plazmuri burRis simZlavris 

gaangariSebis meTodika SemoTavazebuli plazmuri 

burRvisMmeTodebisaTvis. 

   gaangariSebisaTvis mocemulad miRebulia Semdegi parametrebi: 

1. v – burRvis siCqare, m/wm; 

2. D – burRis gare diametri, m; 

3. C – qanis siTbotevadobis koeficienti, kal/kg.0C 

4. q -  qanis dnobis siTbo, kal/kg; 

5. F0 – qanis forianobis koeficienti; 
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6. Fe – qanis forianobis koeficienti burRis gavlis Semdeg; 

7. T0 – qanis temperatura burRvis procesis dawyebisas, 0C ; 

8. T  - qanis dnobis temperatura, 0C ; 

9. g  -  qanis simkvrive, kg/m3 ; 

10. K1 – burRis Tburi margi qmedebis koeficienti; 

11. K2 - burRis eleqtruli margi qmedebis koeficienti; 

   burRis moxmarebuli eleqtruli simZlavre iangariSeba 

formuliT 

                                      
tKK

4,19QW
21

= ,                                                             (2.51) 

sadac: 

t - droa, wm; 

W - aris burRis moxmarebuli eleqtruli simZlavre, vati; 

Q - burRis moxmarebuli siTbos raodenoba, kal. 

   burRis moxmarebuli siTbos raodenoba aris 

                                        Q=Cm(T-T0)+qm,                                                     (2.52) 

sadac m aris gamdnari qanis masa, kg; 

gasadnobi qanis masa 
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D3.14

e0

2 vtgm
−

= ,                                                 (2.53) 

sadac t aris burRvis dro. wm. 

       (2.51), (2.52) da (2.53) – dan vRebulobT plazmuri burRis 

moxmarebuli eleqtruli simZlavris saangariSo formulas 
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$3.6. samTo warmoebis narCenebis plazmuri gadamuSavebis meTodebis 

damuSaveba 

    adamianis arsebobis Sedegad warmoSobili 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 narCenebi, 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 kargi eleqtrogamtarebloba 

gaaCniaT. esenia qvanaxSiris gamdidrebis narCenebi (tyibuli, 

axalcixe, tyvarCeli) da metalurgiuli narCenebi (rusTavi, 

zestafoni). 

    rigiTi da xarisxovani foladebis miRebis procesis saboloo 

etaps warmoadgens zedmeti Jangbadis moSoreba anu ganJangva.Aam 

mizniT gamoiyeneba aqtiuri ganmJangveli Zvirad Rirebuli 

pirveladi an meoradi 99% sisufTavis alumini. ganJangvas atareben 

Rumelidan cicxvSi foladis gamoSvebis procesSi. Mmagram aluminis 

mcire wonis gamo, romelic foladTan SedarebiT samjer ufro 

msubuqia, igi tivtivebs liTonis zedapirze, ganicdis daJangvas 

haerisa da widis zemoqmedebiT da amis Sedegad usargeblod 

ikargeba 70-90% alumini, rac uaryofiTad moqmedebs foladis 

TviTRirebulebaze. amis gamo gamoiyeneba aluminis Senadnobebi 

sxvadasxva damamZimebel elementebTan, e.w. kompleqsuri 

ganmJangvelebi. erTerTi aseTi farTod gamoyenebuli ganmJangvelia 
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ferosilikoalumini. foladis ganJangvis garda ferosilikoalumini 

gamoiyeneba feroSenadnobebis: feromolibdenis, frovanadiumis da 

sxvaTa misaRebad. amdenad ferosilikoalumini warmoadgens 

mravalmxrivi gamoyenebis Senadnobs.  

    ferosilikoaluminis gamodnoba warmoebs maRal temperaturul 

pirobebSi specialur RumelebSi. tradiciuli teqnologiiT sakazme 

masalad gamoiyeneba boqsitebi da maTi gadamuSavebis Sedegad 

miRebuli eleqtrokorundebi. 

   ekonomikuri TvalsazrisiT mizanSewonilia aratradiciuli 

xerxiT ferosilikoaluminis misaRebd ufro iafi masalebis 

gamoyeneba, rogoricaa alumosilikatebi, qvanaxSiris gamdidrebis 

narCenebi da TbosadgurebSi qvanaxSirebis dawvis Sedegad miRebuli 

Slakebi (widebi).  

   gansakuTrebiT mniSvnelovania qvanaxSiris gamdidrebis narCenebis 

da widebis gamoyeneba rogorc ekologiuri aseve ekonimikuri 

TvalsazrisiT.Ees erTerTi iSviaTi SemTxvevaa rodesac warmoebis 

mavne narCenebis gadamuSaveba did ekologiur efeqtTan erTad did 

ekonimikur efeqts iZleva da sainteresoa rogorc saxelmwifo aseve 

kerZo mewarmeebisaTvis. milionobiT tona qvanaxSiris gamdidrebis 

narCenebis gadamuSavebiT sagrZnoblad gaumjobesdeba tyibulis 

ekologiuri garemo da Tavidan iqneba acilebuli narCenebis 

miwispiruli da miwis zeda momwamvleli gavlena. xolo rac Seexeba 

ekonomikur efeqts TviTon ferosilikoaluminze didi 

moTxovnilebaa saerTaSoriso bazarze da misi gayidva did mogebas 

moutans warmoebas.  

   tyibulis qvanaxSiris gamdidrebis narCenebis Qprocentuli 

qimiuri Semadgenloba saSualod aseTia: 

qvanaxSiri ---------- 8.8 

Al2O3 ------------------- 17 

Si O2 -------------------- 40 

Fe2 O3 ------------------  14.3 
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CaO  --------------------  0.5 

teni --------------------- 19.4 
    Cvens mier damuSavebuli am narCenebis Pplazmuri gadamuSavebis 

xerxi saSualebas iZleva miviRoT mTeli masis 40% 

ferosilikoalumini, romelis Rirebuleba iqneba aranakleb orjer 

mcire vidre nebismieri sxva gziT miRebuli ferosilikoaluminis 

Rirebuleba. 

   yofili sabWoTa kavSiris funqcionirebis periodSi rusTavis 

metalurgiuli kombinatis ara racionaluri muSaaobis Sedegad mis 

mimdebare teritoriebze dagrovilia milionobiT tona 

metalurgiuli narCenebi. am metalurgiuli narCenebis umetesuba 

Seicavs 70%-mde rkinas, ufro met rkinas vidre nebismieri rkinis 

madani. Cvens mier damuSavebuli am narCenebis Pplazmuri 

gadamuSavebis xerxi saSualebas iZleva miviRoT foladebi, 

romelTa Rirebuleba iqneba aranakleb orjer mcire vidre 

nebismieri sxva gziT miRebuli foladebis Rirebuleba. 

   maRaliEeleqtrogamtarobis mqone narCenebis plazmuri 

gadamuSavebis xerxi mdgomareobs SemdegSi (nax. 19). 

 

 



 72

 
naxazi 19. maRaliEeleqtrogamtarobis mqone narCenebis plazmuri 

gadamuSavebis meTodis ganxorcielebis sqema: 1- Rumeli; 2-

eleqtrogamtaruli narCenis briketi. 3- anodi; 4- plazmuri rkali; 

5- kvebis wyaro; 6- gamdnari sasargeblo nivTiereba; 7- Slaki; 8 da 9 

– nacmi; 10- gamosaSvebi Rari. 

    RumelSi 1 Eeleqtrogamtari narCenis brikets 2 da anod 3 

Soris anTia plazmuri rkali 4, romelsac deni miewodeba kvebis 

wyarodan 5. eleqtrogamtari narCenis briketi dneba da iSleba or 

nawilad: gamdnari sasargeblo nivTierebis 6 da Slakis 7 saxiT. 

SlakSi gadasuli maRali temperaturisEeleqtrogamtaruli narCenis 

nawili iwvis nacmidan 8 Cawodebul JangbadSi. wvis produqti 

plazmuri Rumelidan gaedineba nacmidan 9. wvis siTbo emateba 

plazmur rkalSi gamoyofil siTbos da monawileobs 

mTlianadEeleqtrogamtari narCenis dnobaSi. sasargeblo 

nivTierebis gamdnari masa Rumelidan gamoiyofa gamosaSvebi 

Raridan 10. 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 eleqtrogamtari 

narCenis briketis gasadnobad. amgvarad izogeba plazmur rkalSi 

miwodebuli eleqtruli energia da mcirdeba kvebis wyaros 

simZlavre. vinaidan eleqtrogamtari narCenis briketzeUuSualod 

anTia plazmur rkali, miRebuli temperatura yovelTvis sakmarisia 

nebismieri masalis eleqtrogamtari narCenis gasadnobad. 

    amiT uzrunvelyofilia nebismieri eleqtrogamtari narCenis 

gasadnobad sakmarisi temperaturis miReba da specialuri 

eleqtrodebisa da eleqtruli energiis  xarjis Semcireba. 
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    am xerxiT naxSiris gamdidrebis narCenebidan meqanikurad 

naklebad mdgradi briketebidan ferosilikoaluminis gamodnobis 

procesi mdgomareobs SemdegSi (nax. 19): RumelSi 1EnaxSiris 

gamdidrebis narCenis brikets 2 da anod 3 Soris anTia plazmuri 

rkali 4, romelsac deni miewodeba kvebis wyarodan 5. plazmuri 

rkalis zemoqmedebiT naxSiris gamdidrebis  narCenis briketi dneba 

da iSleba or nawilad: gamdnari ferosilikoaluminisa 6 da 

naxSiris didi raodenobis Semcveli Slakis 7 saxiT. naxSiris didi 

raodenobis Semcveli maRali temperaturis Slakis nawili iwvis 

nacmidan 8 Cawodebul JangbadSi. wvis produqti plazmuri 

Rumelidan gaedineba nacmidan 9. wvis siTbo emateba plazmur 

rkalSi gamoyofil siTbos da monawileobs mTlianadEnaxSiris 

gamdidrebis narCenis briketis dnobaSi. miRebuli 

ferosilikoaluminis gamdnari masa Rumelidan gamoiyofa 

gamosaSvebi Raridan 10. 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 

naxSiris gamdidrebis  narCenis briketis gasadnobad. amgvarad 

izogeba plazmur rkalSi miwodebuli eleqtruli energia da 

mcirdeba kvebis wyaros simZlavre. vinaidan EnaxSiris gamdidrebis  

narCenis briketze uSualod anTia plazmuri rkali, miRebuli 

temperatura yovelTvis sakmarisia nebismieri 

SemadgenlobisEnaxSiris gamdidrebis  narCenis gasadnobad. 

    ferosilikoaluminis ase gamodnobisas klebulobs moxmarebuli 

eleqtruli energiis raodenoba. Sedegad amisa naxSiris gamdidrebis 

narCenebidan gamodnobili ferosilokoaluminis fasi ara nakleb 2-

jer naklebia sxva wesiT miRebuli ferosilokoaluminis fasze. 
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    am xerxiT metalurgiuli narCenebis meqanikurad naklebad 

mdgradi briketebidan foladis  gamodnobis procesi mdgomareobs 

SemdegSi (nax. 20): 

   RumelSi 1 metalurgiuli narCenis brikets 2 da anod 3 Soris 

anTia plazmuri rkali 4, romelsac deni miewodeba kvebis wyarodan 

5. metalurgiuli narCenis briketi dneba da iSleba or nawilad: 

gamdnari liTonisa 6 da Slakis 7 saxiT. SlakSi gadasuli maRali 

temperaturis metalurgiuli narCenis nawili iwvis nacmidan 8 

Cawodebul JangbadSi. wvis produqti plazmuri Rumelidan gaedineba 

nacmidan 9. wvis siTbo emateba plazmur rkalSi gamoyofil siTbos 

da monawileobs mTlianad metalurgiuli narCenis dnobaSi. 

gamdnari liTonis masa Rumelidan gamoiyofa gamosaSvebi Raridan 

10. mTlianad RumelSi moxmarebuli jamuri siTbos raodenoba 

Sedgeba plazmuri rkalidan gamoyofil siTbosa da wvis Sedega 

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 metalurgiuli narCenis 

briketis gasadnobad. amgvarad izogeba plazmur rkalSi 

miwodebuli eleqtruli energia da mcirdeba kvebis wyaros 

simZlavre. vinaidan metalurgiuli narCenis briketze UuSualod 

anTia plazmur rkali, miRebuli temperatura yovelTvis sakmarisi 

nebismieri masalis metalurgiuli narCenis gasadnobad. 

   amis Sedegad metalurgiuli narCenebidan gamodnobili liTonis 

fasi ara nakleb 2-jer klebulobs. 

   am xerxiT naxSiris gamdidrebis narCenebidan meqanikurad 

sakmarisad mdgradi briketebidan ferosilikoaluminis gamodnobis 

procesi mdgomareobs SemdegSi (nax. 20): 
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 naxazi 20. sakmarisad mdgradi briketebidan ferosilikoaluminis  

gamodnobis ganxorcielebis sqema: 1- Rumeli; 2 da 3- EnaxSiris 

gamdidrebis  narCenis briketebi; 4- plazmuri rkali; 5- kvebis 

wyaro; 6- gamdnari ferosilikoalumini; 7- naxSiris Semcvleli 

Slaki; 8 da 9- nacmi; 10- gamosaSvebi Rari. 

    RumelSi 1 EnaxSiris gamdidrebis  narCenis briketebs 2 da 3 

Soris anTia plazmuri rkali 4, romelsac deni miewodeba kvebis 

wyarodan 5. naxSiris gamdidrebis narCenis briketebi dnebian da 

iSlebian or nawilad: gamdnari ferosilikoaluminisa 6 da 

naxSiris didi raodenobis Semcveli Slakis 7 saxiT. naxSiris didi 

raodenobis Semcveli maRali temperaturis Slakis nawili iwvis 

nacmidan 8 Cawodebul JangbadSi. wvis produqti plazmuri 

Rumelidan gaedineba nacmidan 9. wvis siTbo emateba plazmur 

rkalSi gamoyofil siTbos da monawileobs mTlianadEnaxSiris 

gamdidrebis narCenis briketis dnobaSi.FmiRebuli 

ferosilikoaluminis gamdnari masa Rumelidan gamoiyofa 

gamosaSvebi Raridan 10. mTlianad RumelSi moxmarebuli jamuri 
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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 

naxSiris gamdidrebis narCenis briketebis gasadnobad. amgvarad 

izogeba plazmur rkalSi miwodebuli eleqtruli energia da 

mcirdeba kvebis wyaros simZlavre. vinaidanEnaxSiris gamdidrebis  

narCenis briketebze uSualod anTia plazmuri rkali, miRebuli 

temperatura yovelTvis sakmarisia nebismieri 

SemadgenlobisEnaxSiris gamdidrebis  narCenis gasadnobad. 

    ferosilikoaluminis ase gamodnobisas klebulobs moxmarebuli 

eleqtruli energiis raodenoba. Sedegad amisa naxSiris gamdidrebis 

narCenebidan gamodnobili ferosilokoaluminis fasi ara nakleb 2-

jer naklebia sxva wesiT miRebuli ferosilokoaluminis fasze. 

A am xerxiT metalurgiuli narCenebis meqanikurad sakmarisad 

mdgradi briketebidan foladis gamodnobis procesi mdgomareobs 

SemdegSi (nax. 20): 

    RumelSi 1 metalurgiuli narCenis briketebs 2 da 3 Soris 

anTia plazmuri rkali 4, romelsac deni miewodeba kvebis wyarodan 

5. metalurgiuli narCenis briketebi dnebian da iSlebian or 

nawilad: gamdnari liTonisa 6 da Slakis 7 saxiT. SlakSi gadasuli 

maRali temperaturis metalurgiuli narCenis nawili iwvis nacmidan 

8 Cawodebul JangbadSi. wvis produqti plazmuri Rumelidan 

gaedineba nacmidan 9. wvis siTbo emateba plazmur rkalSi 

gamoyofil siTbos da monawileobs mTlianad metalurgiuli 

narCenis dnobaSi. gamdnari liTonis masa Rumelidan gamoiyofa 

gamosaSvebi Raridan 10. mTlianad RumelSi moxmarebuli jamuri 

siTbos raodenoba Sedgeba plazmuri rkalidan gamoyofil siTbosa 

da wvis Sedega miRebuli siTbosgan. RumelSi myardeba wvis Sedegad 
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miRebuli SedarebiT dabali da plazmuri rkalidan miRebuli 

maRali temperaturis gasaSualebuli temperatura. amiT wvis 

Sedegad miRebuli siTbos raodenobas emateba plazmuri rkalidan 

miRebuli siTbos is raodenoba, romelic sakmarisia metalurgiuli 

narCenis briketebis gasadnobad. amgvarad izogeba plazmur rkalSi 

miwodebuli eleqtruli energia da mcirdeba kvebis wyaros 

simZlavre. vinaidan metalurgiuli narCenis briketebzeUuSualod 

anTia plazmur rkali, miRebuli temperatura yovelTvis sakmarisia 

nebismieri masalis metalurgiuli narCenis gasadnobad.  

    Sedegad amisa metalurgiuli narCenebidan gamodnobili 

foladis fasi klebulobs ara nakleb 2-jer.  

$3.7. plazmuri danadgarebisaTvis marTkuTxa maxasiaTeblis mqone 

kvebis wyaros Seqmna da misi moqmedebis Teoriuli safuZvlebis 

damuSaveba. 

    disertaciis am paragrafSi aRwrilia hlazmuri rkalis kvebis 

wyaros marTkuTxa maxasiaTeblis miRebis principi da Catarebulia 

misi muSaobis procesis analizi klasikuri meTodiT; naCvenebia, rom 

hlazmuri 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.    

   zogadad plazmuri danadgaris kvebis wyaros unda SeeZlos 

muSaoba samive reJimSi. kvebis wyaro unda iyos denis wyaro muSa da 

mokled CarTvis reJimSi da Zabvis wyaro uqmi svlis reJimSi. 

maSasadame plazmuri danadgaris kvebis wyaros idealur SemTxvevaSi 

unda qondes marTkuTxa maxasiaTebli. qvemoT aRwrilia hlazmuri 

rkalis kvebis wyaros marTkuTxa maxasiaTeblis miRebis principi 
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(nax. 21) da Catarebulia misi muSaobis procesis analizi klasikuri 

meTodiT. 

 
                     

  
naxazi 21. marTkuTxa maxasiaTeblis mqone plazmuri danadgaris 

kvebis wyaros sqema. 1- xisti maxasiaTeblis mqone transformatori; 

2- damreci maxasiaTeblis mqone transformatori; 3- gammarTveli; 4- 

denis momxmarebeli (plazmatroni). 

    marTkuTxa maxasiaTeblis mqone plazmuri danadgaris kvebis 

wyaro Seicavs xisti maxasiaTeblis mqone transformators  mcire 

fantvis nakadiT 1; damreci maxasiaTeblis mqone transformators 

didi fantvis nakadiT 2 da gammarTvels 3, romelic mierTebulia 

denis momxmarebelTan (Cvens SemTxvevaSi plazmatronTan) 4. 

    damreci maxasiaTeblis mqone transformatoris pirveladi 

gragnilebi mierTebulia mkvebavQqselTan xolo meoradi gragnilebi 

mierTebulia xisti maxasiaTeblis mqone transformatoris pirvelad 

gragnilebTan mimdevrobiT.  

    damreci maxasiaTeblis mqone transformatoris maxasiaTebelebi 

mocemilia nax. 22-ze; xisti maxasiaTeblis mqone transformatoris 

maxasiaTebeli mocemilia  naxaz. 23-ze da marTkuTxa maxasiaTeblis 

mqone plazmuri danadgaris kvebis wyaros maxasiaTebelebi 

mTlianad mocemilia naxaz. 24-ze. 
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naxazi 22. damreci maxasiaTeblis mqone transformatoris  

maxasiaTebelebi. 

 

        
naxazi 23. xisti maxasiaTeblis mqone transformatoris 
maxasiaTebeli 
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naxazi 24. marTkuTxa maxasiaTeblis mqone plazmuri danadgaris 

kvebis wyaros maxasiaTebelebi. 

    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 (nax. 22). 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 (nax. 24). 

    qvemoT aRwerilia Cvens mier damuSavebuli marTkuTxa 

maxasiaTeblis mqone plazmuri danadgaris kvebis wyaros 

samrewvelo nimuSi, romelic gamoyenebul iqna ISTC-s mier 

dafinansebuli G-1255 proeqtis Sesrulebisas (2007-2009 wlebi).    
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    damreci maxasiaTeblis mqone transformatori daproeqtebulia 

400v uqmi svlis Zabvaze, 30-260v muSa reJimis Zabvebze da 50- 300a 

denis Zalebze. xisti maxasiaTeblis mqone transformatori 

daproeqtebulia 260v uqmi svlis Zabvaze, 260v muSa reJimis Zabvebze 

da 50-300a muSa reJimis denis Zalebze. Sesabamisad damuSavebuli 

marTkuTxa maxasiaTeblis mqone plazmuri danadgaris kvebis wyaros 

samrewvelo nimuSis teqnikuri monacemebia: uqmi svlis Zabva 260v; 

muSa reJimis Zabva 30-260v; muSa reJimis denis Zalebi 50-300a da 

mokled SerTvis denis Zalebi 55-310a. 

    eleqtromagnituri procesebi aseTi tipis kvebis wyaroSi 

Zireulad gansxvavdeba im eleqtromagnituri procesebisagan, 

romelic mimdinareobs Zabvis wyaroSi, romelic kargad aris 

Seswavlili. 

    qvemoT moyvanilia plazmuri danadgaris elqtromagnituri 

procesabis analizi klasikuri meTodiT, rodesac plazmuri rkali 

ikvebeba marTkuTxa maxasiaTeblis mqone denis wyarodan, romelic 

Seicavs bogiruli sqemis samfaza gammarTvels (naxazi 25). 

    analizis gamartivebis mizniT SemoRebulia Semdegi daSvebebi: 

• kvebis wyaro aris idealuri denis wyaro; 

• diodebi idealuria: denis gatarebis mimarTulebiT diods 

winaaRmdegoba nulis tolia, xolo sawinaaRmdego 

mimarTulebiT ki usasrulod didi; 

• eleqtruli winaaRmdegoba mxolod aqtiuria da wrfivi.  
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naxazi 25. marTkuTxa maxasiaTeblis mqone denis wyarize mierTebuli 

samfaza gammarTvelis Canacvlebis sqema: CC- denis wyaro; iA;  iB  da  iC 

–denis wyaros fazuri denebia; iA
’  ,  iB

’ da  iC
’ – aris denebi 1, 2 da 3 

ventilebSi; iA
’’ ,  iB

’’ da  iC
’’– aris denebi 4, 5 da 6 ventilebSi. 

   analizis dros mocemulad iTvleba datvirTvis deni da Zabva da 

mkvebavi wredis Zabvebi, xolo saZiebelia ventilebis denebi, 

ventilebis uku Zabvebi da Zaluri transformatoris gragnilebis 

fazuri da xazuri denebi da Zabvebi. denis wyaroze gammarTvelis 

muSaobis principi gansxvavdeba Zabvis wyaroze gammarTvelis 

muSaobis principisagan, rac Cans qvemoT mocemuli analizidan. 

radgan gammarTveli ikvebeba denis wyarodan, fazuri Zabvebisa da 

denebis myisieri mniSvnelobebi (JA, JB, JC, iA, iB, iC) ar aris 

damokidebuli datvirTvaze 
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⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

−=

−=

=
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3
2sin(

;)
3
2sin(

;sin

πα

πα

α

CmC

BmB

AmA

Ji

Ji

Ji

                                                                                   (2.61) 

sadac JAm=JBm=JCm=JФm  aris fazuri denebi. magaliTad A fazisaTvis 

gveqneba 

A                        .2 AФm JJ =                                                        (2.62) 
   fazuri denebis mrudeebi naCvenebia me-26 naxazze. am mrudeebis 

ZiriTadi gansxvaveba Zabvis wyaros mrudeebisagan mdgomareobs 

imaSi, rom denis wyarodan kvebis SemTxvevaSi fazur denebs ar 

SeiZleba Hqondes wyvetebi da naxtomebi. amis fizikuri arsi 

mdgomareobs imaSi, rom datvirTvis nebismier cvalebadobas Tan 

sdevs datvirTvis Zabvis Sesabamisi cvalebadoba da SenarCundeba 

denis Tavdapirveli sinusoidaluri forma. 

   sqmis (naxazi 25) ventilebis denebis Sesabamisi mrudeebis forma 

mocemulia me-26 naxazze (nax. 6, в, г, е, ж, з, и). 

   drois ОО1 monakveTze ventilebis kaToduri jgufidan dens 

atareben me-4 da me-6 ventilebi, xolo anoduri jgufidan-ventili 2; 

drois О1О2 monakveTze ventilebis kaToduri jgufidan dens 

atarebes me-4 ventili, xolo anoduri jgufidan-ventilebi 2 da 3; 

drois О2О3 monakveTze ventilebis kaToduri jgufidan dens 

atareben me-4 da me-5 ventilebi, xolo anoduri jgufidan-ventili 2 

da ase Semdeg. maSasadame drois nebismier momentSi dens atarebs 

sami ventili: ori ventili erTi jgufidan da erTi ventili meore 

jgufidan. nebismier ventilSi denis gatarebis dro Sedgens 

periodis naxevars - 
2
T
. 
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naxazi 26. marTkuTxa maxasiaTeblis mqone kvebis wyaros denebisa da 

Zabvebis mrudeebi muSa reJimebSi. 

   gammarTvelis gamarTuli denis myisieri mniSvnelobebi drois 

nebismier momentSi ganisazRvreba Semdegnairad:  

 ОО1 drois monakveTSi 

                          BCAd iiiOOi −=+=)( 1                                                             (2.63) 

О1О2 drois monakveTSi 

                         ( )CBAd iiiOOi +−==)( 21                                                        (2.64) 
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О2О3 drois monakveTSi 

                             CBAd iiiOOi −=+=)( 32                                                      (2.65) 

(ОО1, О1О2, О2О3 aris drois monakveTebi kuTxur ganzomilebebSi da 

sididiT udris 300). drois sidideebi drois sxva monakveTebSi 

Caiwereba analogiurad. 

   gamomdinaree aqedan SeiZleba davaskvnaT, rom gamarTuli denis 

amplituduri mniSvneloba udris fazuri denis amplitudur 

mniSvnelobas 

                                  ,2 ФmAdm JJJ ==                                                           (2.66) 

sadac JA aris fazuri denis efeqturi mniSvneloba. vinaidan 

datvirTva aqtiuria, gamarTuli Zabvis amplituduri mniSvneloba 

iqneba  

                                      .2 RJU Adm =                                                            (2.67) 

me-6 naxazze mocemulia gamarTuli denis mrudi romlis pulsaciis 

sixSirea f =300 Hz. 

am mrudis furies mwkrivebad daSla gvaZlevs 

               ....
1113

12cos2
57
6cos213

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅

−
⋅

−=
ttii dmd

ωω
π                       (2.68) 

gamarTuli denis cvalebadobis periodi Seadgens 
6
T , amitom misi 

saSualo mniSvneloba iqneba 

  .35,123
3

sin33 3/

00
ср

3

AAdmdd JJtdtJtdiJ ==⎟
⎠
⎞

⎜
⎝
⎛ +== ∫∫ π

ωπω
π

ω
π

ππ

      (2.69) 

gamomdinare aqedan gamarTuli Zabvis saSualo mniSvneloba iqneba 

                                Adссd JRRJU 35,1ср ==                                                   (2.70) 

gamarTuli denis efeqturi mniSvneloba iqneba 
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                          ∫ ==
3

0

2 355,13
π

ω
π Add JtdiJ .                                              (2.71) 

aqedan fazuri denis efeqturi mniSvneloba iqneba 

                               .747,0 dA JJ =                                                                    (2.72) 

vinaidn erTi fazis ventilebi naxevari periodis ganmavlobaSi dens 

atareben monacvleobiT, Ria ventilze Zabva nulis tolia, xolo 

Caketil ventilze, rogorc Cans me-6 naxazidan, modebulia 

gamarTuli Zabva. amitom (7)-is Tanaxmad 

                              .2 AdmBm RJUU ==                                                     (2.73) 
   fazuri denebis mrudeebis forma mocemulia me-6 naxazze (nax. 6, к, 

л, и м). radgan gammarTveli ikvebeba denis wyarodan da fazuri 

denebis wyvetebi SeuZlebelia, drois ОО1 monakveTSi А da С fazebis 

potencialebi erTmaneTis tolia da aqvT sawinaaRmdego niSani, 

Tumca maTSi gadis sxvadasxa deni da В fazis potenciali udris А 

da С fazebis potencialTa jams. 

   vinaidan О1 momentSi, С fazis deni gadis nulze, am momentSi Zabva 

naxtomiseburad icvlis niSans. drois О1О2 monakveTSi В da С 

fazebis potencialTa jami udris А fazis potencials, aRebuls 

sawinaaRmdego niSniT. О2 momentSi В fazis deni gadis nulze da 

naxtomiseburad icvlis niSans В fazis potenciali 

   drois О2О3  monakveTSi А da В fazebis potencialTa jami udris 

А fazis potencials, aRebuls sawinaaRmdego niSniT. О2 momentSi В 

fazis deni gadis nulze da naxtomiseburad icvlis niSans В fazis 

potenciali 

    drois О2О3  monakveTSi А da В fazebis potencialTa jami udris 

С fazis potencials, aRebuls sawinaaRmdego niSniT. О3 momentSi А 
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fazis deni gadis nulze da naxtomiseburad icvlis niSans da ase 

Semdeg. 

    moyvanili msjelobis Tanaxmd fazuri Zabvis mrudi warmoadgens 

naWer naWer wyvetil funqcias pirveli rigis wyvetebiT. magaliTad  

А fazisaTvis gveqneba 

              (2.74) 
sadac Uфm  aris А fazis amplituduri mniSvneloba.  

   es funqcia simetriulia ordinatebisa da koordinatTa saTavis 

mimarT da amitom Seicavs mxolod kent harmonikebs da furies 

mwkrivebad daSla mosaxerxebelia periodis 1/4 monakveTSi. 

Sesabamisad furies koeficientebi moiZebneba gamosaxulebiT 

 

( )

( ) ....,2,1,0,12sinsin
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2
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⎥
⎦
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⎡
⎟
⎠
⎞

⎜
⎝
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Φ
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gгдеtdtgtU

ttdgtUb
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π

ωωω

ωωωπ
π

                         (2.75) 

   roca  g=0  me-(15) gamosaxulebis integrireba gvaZlevs  

                 .
4

233
1 mUb Φ

+
=

π
π

                                                                              (2.76) 
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    roca 1≥g , me-(15) gamosaxulebis integrireba gvaZlevs  

( ) ( ) ( ) ( )

( )212 121

12312
3

cos12312
3

sin3

+−

+−++−+
= Φ

+ g

ggggUb m
g

ππ

π            (2.77) 

   Tu (2, 76) da  (2. 77)  CavsvamT furies mwkrivSi, miviRebT  

( ) ( ) ( ) ( )

,)12sin(
)12(1
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3
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3

sin3
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(2.78)                         

    maSasadame Zabvis mrudis danaSalSi ar aris 2 da 3 ricxvebis 

jeradi sixSiris harmonikebi. 

   drois nebismier momentSi fazuri da xazuri ZabvebisaTvis 

samarTliania gamosaxulebebi 

                        
.
;
;

ACCA

CBBC

BAAB

UUU
UUU
UUU

−=
−=
−=

                                                                      (2.79) 

amitom SesaZlebelia fazuri Zabvis mrudeebis mixedviT xazuri 

Zabvis mrudeebis ageba. 

   zogadad xazuri Zabvis analizuri gamosaxuleba iqneba 
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                                         (2.80) 

sadac  UΛm  aris xazuri Zabvis amplituduri mniSvneloba  

   es funqcia agreTve simetriulia ordinatebisa da koordinatTa 

saTavis mimarT da amitom xazuri Zabvis mrudeebis furies 

koeficientebi moiZebneba gamosaxulebi 

( ) ( ) ,12sin
6

sin12sin4 2/

0

6/

0
12 ⎥

⎦

⎤
+⎟

⎠
⎞

⎜
⎝
⎛ ++⎢

⎣

⎡
+= ∫∫Λ

+

ππ

ωωωπωω
π

tdtgtttdgUb m
g     (2.81) 

sadac g = 0, 1, 2, 3 … 

radgan intervalSi 

       ( ) ,012sin
6/

0

=+∫ Λ

π

ωω ttdgU m                                              (2.82) 

furies mwkrivis koeficientebi moiZebneba gamosaxulebiT 

 

          ( ) ,12sin
6

sin4 2/

6/
12 ∫ +⎟

⎠
⎞

⎜
⎝
⎛ += Λ+

π

π

ωωωπ
π

tdtgtUb mg                         (2.83) 

sadac g = 0, 1, 2, 3 … 

roca  g = 0 , 
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               ,0 6
932

mUb Λ
+

=
π
π

                                                                    (2.84) 

roca  g>0 , 
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sin12
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sin2
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g

ggggUb m
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π           (2.85) 

 (2.84) da (2.85) CasmiT furies trigonometriul mwkrivSi miviRebT 

xazuri ZabvisHharmoniul mwkrivs  

( ) ( ) ( ) ( )
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  (2.86)     

   maSasadame amiT gansazRvrulia marTkuTxa maxasiaTeblis mqone 

kvebis wyaros:     

• ventilebis ukuZabvebi da denebi; 

• Zaluri transformatoris pirveladi da meoradi grgnilebis 

fazuri da xazuri Zabvebi; 

• Zaluri transformatoris pirveladi da meoradi grgnilebis 

fazuri da xazuri denebi; 

 am formulebiT Catarebuli gaangariSebebi gviCvenebs, rom 

gamarTuli Zabvis amplituduri mniSvneloba udris xazuri Zabvis 

amplitudur mniSvnelobas, xolo fazuri Zabvis amplituduri 

mniSvneloba 1,5 jer naklebia xazuri Zabvis amplitudur 

mniSvnelobaze.  

$3.7.1. sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro-

plazmatronis” damyarebuli reJimebis eleqtromagnituri 

procesebis sakvlevi algoriTmebisa da programebis damuSaveba 

   qvemoT moyvanilia algoriTmebi da programebis fragmenti da am 

programebiT agebuli grafikebi, romelebic gankuTvnilia sistemis: 
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“marTkuTxa maxasiaTeblis mqone kvebis wyaro-plazmatronis” 

damyarebuli reJimebis eleqtromagnituri procesebis gamsakvlevd 

(naxazi 27 ) 

 
 
 
 
 
 
 
 
 
           
            
            
            
            
            
X=Xl=Xc=2.5 5   5 5 5 5 5 5 5
g={1…7}            
            
            
            
Ulm=537 537.4   537.4 537.4 537.4 537.4 537.4 537.4 537.4
            
  Q 30   0 30 60 90 120 150 180
120+Q 150   120 150 180 210 240 270 300
240+Q 270   240 270 300 330 360 390 420
            
            
            
 uab 237.5   0 237.5 505.4 486.2 504.9 234.2 -0.87
ubc 234.2   504.9 234.2 -0.87 -241 -506 -486 -504
ucd -486   -506 -486 -504 -231 1.746 244.1 506.5
            
iab  47.495   0 47.495 101.08 97.234 100.97 46.835 -0.175
            
            
            
/iab/ 47.495   0 47.495 101.08 97.234 100.97 46.835 0.1746
            
ibc 46.835   100.97 46.835 -0.175 -48.15 -101.2 -97.23 -100.9
            
/ibc/ 46.835   100.97 46.835 0.1746 48.155 101.19 97.234 100.86
            
icd -97.23   - -97.23 -100.9 -46.18 0.3491 48.815 101.3
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101.19

            
/icd/ 97.234   101.19 97.234 100.86 46.175 0.3491 48.815 101.3
            
i=/iab/+/ibc/+/icd/ 191.56   202.17 191.56 202.12 191.56 202.51 192.88 202.34
 
 
 
 
 
 
 
 
            
          
 
          
          
          
          
          
          
 
 
 
 
 
 
          
          
          
          
          
          
          
          
          
          
          
          

 
naxazi 27 sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro-  

plazmatronis” damyarebuli reJimebis eleqtromagnituri 

procesebis sakvlevi programebis fragmenti da am programebiT 

agebuli grafikebi. 
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$3.7.2. sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro-

plazmatronis” gardamavali reJimebis eleqtromagnituri 

procesebis sakvlevi algoriTmebisa da programebis damuSaveba 

    qvemoT moyvanilia  algoriTmebi da programebis fragmenti da 

am programebiT agebuli grafikebi, romelebic gankuTvnilia 

sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro-

plazmatronis” gardamavali reJimebis eleqtromagnituri 

procesebis gamsakvlevd (naxazi 28) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
           
           
           
           
n 1 0 1 2 3 4 5 6
           
y    0.785   0.785 0.785 0.785 0.79 0.79 0.785 0.785
           
 Q   0.3925   0 0.393 0.785 1.18 1.57 1.963 2.355
           

In = 200 A 200   200 200 200 200 200 200 200
           

Umin  = 75 V 75   75 75 75 75 75 75 75
           

Umax  = 300 V 300   300 300 300 300 300 300 300
           

Rn 1   1 1 1 1 1 1 1
           

Rmin  0.5   0.5 0.5 0.5 0.5 0.5 0.5 0.5
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Rmax  1.5   1.5 1.5 1.5 1.5 1.5 1.5 1.5
           

xL = xC = x  5   5 5 5 5 5 5 5
           

ULm  536   536 536 536 536 536 536 536
           
           
           
a 1.9243   1 1.924 3.703 7.13 13.7 26.39 50.78
           
           
SIN(Q+y+5*3.14/6) -0.6072   -0.257 -0.607 -0.86 -0.99 -0.97 -0.8 -0.503
SIN(Q+y+20.9+5*3.14/6) -0.3885   -0.711 -0.389 -0.01 0.38 0.7 0.921 1
SIN(Q+y+4,19+5*3.14/6) 0.9915   0.966 0.992 0.866 0.61 0.26 -0.13 -0.499
           

iA -42.544   -9.189 -42.54 -76 -96.3 -98.6 -83.1 -53.16
           

/ia/ 42.544   9.189 42.54 76.03 96.3 98.6 83.07 53.16
           

iB -27.22   -25.42 -27.22 -0.57 36.6 71.6 96.25 105.8
           

/IB/ 27.22   25.42 27.22 0.573 36.6 71.6 96.25 105.8
   

iC 69.469   34.51 69.47 76.16 59.2 26.5 -13.5 -52.74
           

/iC/ 69.469   34.51 69.47 76.16 59.2 26.5 13.48 52.74
           

i=/iA/+/iB/+/iC/ 139.23   69.12 139.2 152.8 192 197 192.8 211.7
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naxazi 28. sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro-  

plazmatronis” damyarebuli reJimebis eleqtromagnituri 

procesebis sakvlevi programebis fragmenti da am programebiT 

agebuli grafikebi. 

 

$3.7.3. sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro-

plazmatronis” kompiteruli kvlevis Sedegebi.  

   wina paragrafebSi damuSavebuli sistemis: “marTkuTxa 

maxasiaTeblis mqone kvebis wyaro-plazmatronis” moqmedebis 

Teoriuli safuZvlebisa da  amave sistemaSi CarTuli samfaza 

Zaluri gammarTvelis eleqtromagnituri procesebis analizis 

safuZvelze da Sesabamisi algoriTmebisa da programebis 

gamoyenebiT am sistemebis eleqtromagnituri procesebis kvlevebis 

safuZvelze, rogorc damyarebul aseve gardamavali reJimebisaTvis, 

miRebulia Semdegi daskvnebi: 

− 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 mis 

xangamZleobas. 

− am programebis gamoyenebiT SesaZlebelia 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, plazmuri mongreva da samSeneblo masalebis 

damuSaveba da ase Semdeg. 
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$4. samTo saqmeSi gamoyenebadi ara liTonuri masalebis 

plazmuri Wrisa da mopirkeTebis danadgarebis damuSaveba, 

damzadeba, gamocda da gamokvleva 

   Cvens mier damuSavebulia damzadebulia da gamocdilia 40 kvt 

simZlavris plamuri danadgari, romelic gankuTvnilia ara 

liTonuri masalebis dasamuSaveblad, kerZod: qanebis mosangrevad, 

qanebidan blokebis mosaWrelad, blokebis dasaWrelad, saamSeneblo 

masalebis mosapirkeTeblad da ase Semdeg (nax. 29) 

          
naxazi 29. ara liTonuri masalebis plazmuri Wrisa da 

mopirkeTebis danadgaris blok sqema. 1-rkali; 2-kaTodi; 3-anodi; 4-

plazmuri Wavli; 5- gazmomaragebis sistema; 6-wyliT momaragebis 

sistema; 7-denis wyaro; 8-dasamuSavebeli detali; 9-plazmatronis 

korpusi; 10 da 11 –izolatorebi. 
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   rkali 1 anTia kaTod 2 da anod 3 Soris, romelic qmnis plazmur 

Wavls 4. plazmatrons gazi (am SemTxvevaSi haeri) Caewodeba 

gazmomaragebis sistemidan (kompresoridan) 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 awobilia korpusze 9. anodi da kaTodi erTmaneTisagan 

izolirebulia izolatorebiT 10 da 11. plazmatronis foto 

mocemulia naxazze 30, danadgaris foto mocemulia naxazze 31, 

xolo muSaobis Pprocesi asaxulia TandarTul klipSi. 

                                
N                    naxazi 30. Pplazmatronis foto  

 

$4.1. plazmatronis voltamperuli maxasiaTeblebis  kvleva ZiriTadi 

parametrebis mixedviT 

   plazmatronis voltamperuli maxasiaTeblebis kvleva 

Catarebuli iqna Semdegi ZiriTadi parametrebis mixedviT: plazmis 

warmomqmneli gazis xarji G, kg/s, rkalis deni I, A da geometriuli 

zomebi. cdebis Sedegebi moyvanilia me-6 cxrilSi:  
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cxrili 6. plazmatronis parametrebis cvalebadobis cxrili 40 kvt 

simZlavris plazmur danadgarze Catarebuli cdebis mixedviT  

 
 
   TvalsaCinoebisaTvis me-6 cxrilSi naCvenebia PG-3R tipis 
plazmatronis voltamperuli maxasiaTeblebi cilindruli formis 
anodisaTvis da PG-401 tipis plazmatronis voltamperuli 
maxasiaTeblebi konusuri formis anodisaTvis.  
 

cd. 
#   

denis 
Zala 
I, A 

rkalis 
Zabva, 
 U, V 

gazis 
xaRji, 
10³. G, 
kg/с 

anodis 
naxvre 
tis 
diametri 
10³. d, m 

wneva 
saqSenis 
krit-li 
kveTiswin, 
10-4  Pkp, 
H/m² 

saqSenis 
krit-li 
kveTis 
diametri  
10³ dkp, m 

Tburi   
m. q. k. 
    ή 

dkp/d 

1 
 

100÷260 250÷205 2,80 5 15,7÷17,9 4,5 0,70÷0,80 0,900 

2 
 

90÷240 205÷163 1,43 5 16,0÷20,3 3,4 0,64÷0,75 0,680 

3 
 

100÷250 170÷130 1,10 5 14,6÷16,5 3,2 0,62÷0,71 0,640 

4 
 

95÷240 210÷158 1,66 4,5 17,2÷20,6 3,5 0,68÷0,80 0,777 

5 
 

100÷250 220÷163 2,01 5,5 14,0÷17,7 4,3 0,70÷0,80 0,782 

6 
 

100÷235 230÷175 2,21 6 12,1÷15,2 4,7 0,71÷0,79 0,783 

7 
 

92÷250 223÷163 1,85 5 11,0÷13,0 5 0,71÷0,81 1,000 

8 
 

100÷245 228÷173 1,85 5 8,21÷10,0 7 0,74÷0,83 1,400 

9 
 

102÷240 232÷179 1,85 5 6,47÷7,35 8 0,75÷0,84 1,600 

10 
 

100÷240 240÷189 1,85 5 3,81÷4,25 12 0,75÷0,86 2,400 

11 
 

95÷250 202÷163 1,85 5 14,1÷16,6 3,9 0,7÷0,8 0,780 
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naxazi 31.  PG-3R tipis da PG-401 tipis plazmatronebis  

voltamperuli maxasiaTeblebi: A,B,C,D -  PG-401 tipis 

plazmatronebis voltamperuli maxasiaTeblebi; A1, B2, C1, D2 – PG-3R 

tipis plazmatronebis voltamperuli maxasiaTeblebi.  

 
aRniSvnebi 10-3. G1 kg/s 10-3. d, m 10-3. dkp, m 

А 2,8 5,0 4,5 
А1 2,74 “---“ “---“ 
В 1,85 “---“ 3,9 
В1 1,82 “---“ “---“ 
С 1,43 “---“ 3,4 
С1 1,41 “---“ “---“ 
D 1,1 “---‘ 3,2 
D1 1,07 “---“ “---“ 

 
PG-401 tipis plazmatronebis voltamperuli maxasiaTeblebis 

grafikebi uwyveti wrfeebia, xolo PG-3R tipis plazmatronebis 

voltamperuli maxasiaTeblebis grafikebi ki punqtiruli. 
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   naxazidan (nax. 31) Cans, rom PG-401 tipis plazmatronebis 

voltamperuli maxasiaTeblebi ganlagebulia ufro zemoT, vidre 

PG-3R tipis plazmatronebis voltamperuli maxasiaTeblebi. es imas 

niSnavs, rom erTidaigive dasaSvebi denis sidideebze PG-401 tipis 

plazmatronis rkalze Zabva ufrometia vidre PG-3R tipis 

plazmatronis rkalze, maSasadame konusuri formis anodis mqone 

plazmatronis dasaSvebi simZlavre ufro metia, vidre cilindruli 

formis anodis mqone plazmatronisa. 

      PG-3R tipis PG-401 tipis plazmatronebis voltamperuli 

maxasiaTeblebis analizi, romlebic naCvenebia naxazze (naxazi 31) 

aCvenebs, rom Zabvis momateba PG-401 tipis plazmatronebis rkalze 5-

17% - iT metia PG-3R tipis plazmatronebis rkalze ZabvasTan 

SedarebiT. amis Sedegad igive procentebSi izrdeba PG-401 tipis 

plazmatronSi generirebuli eleqtruli simZlavre N, WT; entalpia i, 

j/kg da temperatura T, K. analogiuri Sedegebia miRebuli 

plazmatronebis sxva reJimebSi muSaobisas.  

   naxazidan 31 Cans agreTve, rom PG-401 tipis plazmatronebis 

voltamperuli maxasiaTeblebis grafikebis daxris kuTxeebi 

Semcirebulia, rac zrdis plazmatronis muSaobis stabilurobas. 

 

$4.2 marTkuTxa maxasiaTeblis mqone kvebis wyaros Semcveli 

plazmuri danadgaris damuSaveba damzadeba da kvleva. 

   zemoT moyvanili analizis sfuZvelze Cven davamuSaveT teqnikuri 

proeqti da damzadebul iqna marTkuTxa maxasiaTeblis mqone kvebis 

wyaros Semcveli plazmuri danadgari. kvebis wyaros blok sqema 

mocemolia 32-e naxazze, xolo foto suraTi- 33-e naxazze. 



 101

              

 
 
naxazi 32. marTkuTxa maxasiaTeblis mqone kvebis wyaros blok sqema 



 102

 
 

naxazi 33. marTkuTxa maxasiaTeblis mqone kvebis wyaros foto 

suraTi 

   am kvebis wyaros gamocdis Sedegad dadginda misi teqnikuri 

maxasiaTeblebi, romelic mocemulia me-7 cxrilSi.  
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cxrili 7. marTkuTxa maxasiaTeblis mqone kvebis wyaros teqnikuri 

maxasiaTeblebi 

dasaxeleba  
 

sidide 

mkvebavi samfaza denis Zabva, V 
 

380 

sixSire, Hz 
 

50, 60 

uqmi svlis Zabva , V 
 

200 

nominaluri deni , А 
 

80-200 

muSa Zabvebi, V 
 

100-180 

CarTvis xangrZlivoba, Cx, % 
 

100 

moxmarebuli simZlavre, KW 
 

40 

kvebis wyaros gaciveba  
 

ventilirebiT 

gabarituli zomebi, mm 
 

650 х 750 х 1200 

danadgaris masa, kg 
 

   350 

 
   kvebis wyaro muSaobs Semdegnairad: plazmatronze uqmi svlis 

Zabvis miwodebisTanave plazmatronis kaTodsa da anods Soris 

oscilatoris meSveobiT rkali aRigzneba avtomaturad. 

plazmatronis gamorTva xdeba avtomaturad rkalis Caqrobisas an 

kvebis wyaros gamorTviT qselidan. kvebis wyaro damontaJebulia 

foladis karkasze, moTavsebulia rkinisYyuTSi da Seicavs Zalur 

regulirebad transformators cicabod vardnili maxasiaTebliT, 

xisti maxasiaTeblis mqone transformators, gamarTvis bloks, 

ventilators, gamzom, gamSveb da maregulirebel aparaturas.  

gamarTvis bloki awyobilia samfaza bogiris sqemiT. 

 
 
 



 104

 
 
naxazi 34. plazmuri danadgaris foto. 

      Semdgom dadgenil iqna maRalresursiani plazmatronis PG-401-is 

parametrbi marTkuTxa maxasiaTeblis mqone kvebis wyarosTan 

erToblivi muSaobis SemTxvevaSi, gadaRebul iqna misi 

voltamperuli maxasiaTeblebi plazmis warmomqneli haeris 

sxvadasxva xarjis (G, kg/wm), denis (I, a.) sxvadasxva mniSvnelobis da 

sxvadasxva geometriuli zomebisaTvis. 

   miRebuli voltamperuli maxasiaTeblebi praqtikulad ar 

gansxvavdeba im maxasiaTeblebisagan, romlebic gadaRebul iqna 

standartuli kvebis wyaroze muSaobisas. magram gansakuTrebiT 

TvalsaCino iyo plazmatronis stabiluri muSaoba marTkuTxa 

maxasiaTeblis mqone kvebis wyarosTan erToblivi muSaobis 
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SemTxvevaSi. amasTan am SemTxvevaSi plazmatronis anodis 

xangamZleoba gaizarda 2 jer. 

    34-e naxazze naCvenebia plazmuri danadgaris foto, xolo 35-e 

naxazze plazmuri danadgari muSaobis procesSi. 

 

 
 
naxazi 35. plazmuri danadgari samuSao mdgomareobaSi. 

   gamokvleul iqna agreTve  PG-401 tipis plazmatronebis Tburi 

maxasiaTeblebi marTkuTxa maxasiaTeblis mqone kvebis wyarosTan 

erToblivi muSaobis SemTxvevaSi. rogorc eqsperimentebma gvaCvena 

plazmatronis Tburi margi qmedebis koeficienti ar aris 

damokidebuli kvebis wyaros tipze. magram rogorc cxrilidan Cans 

am koeficientis mniSvnelobebi sakmaod maRalia da 10-20%-iT 

aRemateba sxva cnobili cilindruli formis mqone anodiani 

plazmatronebis maCveneblebs.  
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$4.3. bunebrivi samSeneblo masalebis zedapirebis plazmuri 

modnobiT damuSavebis parametrebis kvleva. 

    Cvens mier damuSavebulia, damzadebulia da gamocdilia 40 kvt 

simZlavris plazmuri danadgari, romelic gankuTvnilia 

araliTonuri masalebis dasamuSaveblad, kerZod: qanebis 

mosangrevad, qanebidan blokebis mosaWrelad, blokebis dasaWrelad, 

saamSeneblo masalebis mosapirkeTeblad da ase Semdeg Catarebulia 

eqsperimentaluri kvlevebi PG-401 tipis plazmatronis optimaluri 

teqnologiuri parametrbis dasadgenad bunebrivi qvebis bazaltisa 

da andezitis zedapirebis modnobiT damuSavebisaTvis. gamoyenebul 

iqna plazmatronis konstruqciuli Sesrulebis ori varianti: 

ZiriTadi varianti- eleqtrodebs Sorisi sadgmeliT da 

eleqtrodebs Sorisi sadgmelis gareSe. modnoba xdeboda naxevrad 

avtomatur reJimSi. plazmatroni gadaadgildeba samSeneblo 

masalis zedapirze specialuri programis mixedviT. asTnairad 

ganisazRvra plazmatronis gadaadgildebis optimaluri siCqareebi 

(V, sm/wm), romlebic Seesabamebian maqsimalur efeqturobas 

samSeneblo masalebis zedapirebis dekoratiulobisa da simagris 

TvalsazrisiT.   

    qvemoT me-8 cxrilSi moyanilia zogierTi optimaluri 

teqnologiuri parametrebi, romlebic Seesabamebian maqsimalur 

efeqturobas bunebrivi qanebis zedapirebis modnobisas 

dekoratiulobisa da simagris TvalsazrisiT. 

 

 

 

 

 



 107

cxrili 8. optimaluri teqnologiuri parametrebi, romlebic 

Seesabamebian maqsimalur efeqturobas bunebrivi qanebis zedapirebis 

modnobas dekoratiulobisa da simagris TvalsazrisiT. 

   
  
36-e naxazze naCvenebia plazmiT modnobili bazaltisa da andezitis 

zedapirebi. 

dasamuSa
vebeli 
masalis 
dasaxele
ba 

cd. 
#  

plazmat
ronis 
eleqtr
uli 
simZlav
re 
N, WAT 
 

plazmat
ronis 
gadaadg
ilebis 
siCqare, 
V, sm/c 

erT 
gavlaze 
mod-li 
zedapiris 
sigane 
б, sm  

plazmat
ronis 
daxris 
kuTxe 

manZili 
plazmatr
onsa da 
masalis 
zedapirs 
Soris  

ι, sm     

plazmis 
nakadis 
gamodinebis 
reJimi 

bazalti 1 
 
2 
 
3 
 
4 
 
5 

3,5 
 
4,8 
 
8 
 
11 
 
19 

2,5 
 
5 
 
10,3 
 
10,8 
 
15 
 

 
 
0,7 

 
 
30 - 35 

 
 
0,5 – 0,7 

turbulenturi 
 
laminaruli 
 
gardamavali 
 
turbulenturi 
 
turbulenturi 
 

andeziti 1 
 
2 
 
3 
 
4 
 
5 

3,5 
 
4,8 
 
8 
 
11 
 
19 

2,7 
 
5 
 
11 
 
12 
 
15 
 

 
 
0,7 

 
 
30 - 35 

 
 
0,5 – 0,7 

turbulenturi 
 
laminaruli 
 
gardamavali 
 
turbulenturi 
 
turbulenturi 
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naxazi 36. plazmiT modnobili bazaltisa da andezitis zedapirebi. 

   warmodgenili plzmuri danadgaris gamocdebi Catarda 

saqarTvelos teqnikuri universitetis plazmis laboratoriis 

bazaze kanadis torontos universitetis profesoris monawileobiT.   

   37-e naxazze naCvenebia plzmuri danadgaris erToblivi gamocda. 
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naxazi 37. plzmuri danadgaris erToblivi gamocda kanadis 

torontos universitetis profesoris monawileobiT. 

   Semdgom Catarebuli eqsperimentaluri samuSaobis bazaze 

ganisazRvra sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro– 

plazmatronis” stabiluri muSaobis are, romelic warmodgenilia 

38-e naxazze. 
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naxazi 38. sistemis: “marTkuTxa maxasiaTeblis mqone kvebis wyaro– 

plazmatronis” stabiluri muSaobis are. 1 plazmatronis 

maxasiaTeblebi; 2. kvebis wyaros maxasiaTeblebi; 3. plzmuri 

danadgaris stabiluri muSaobis are. 

    am naxazidan (nax. 38) Cans, rom plazmatronis deni faqtiurad 

ganisazRvreba kvebis wyaroze winaswar dayenebili deniT da 

icvleba mxolod 5%-iT mis mimarT. warmodgenil areSi plzmuri 

danadgaris muSaobisas plzmuri danadgaris stabiluri muSaobis 

gamo plazmatronis xangamZleoba izrdeba 2-2,5 jer. garda amis 

gamiricxulia plazmatrnis gafuWeba plzmuri danadgaris reJimebis 

SemTxveviTi darRvevebis gamo, rac uaRresad mniSvnelovania 

plzmuri danadgaris funqcionirebis xasiaTis gamo.  

   Sedegad  SeiZleba davaskvnaT, rom plazmatronis xangamZleoba 

da funqcionirebis stabiluri muSaoba yvelaze srulad 

uzrunvelyofilia marTkuTxa maxasiaTeblis mqone kvebis wyaroze 

muSaobisas. 
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$4.4. plazmatronis saqSenis kritikuli kveTis win wnevis 

cvalebadobis xasiaTis kvleva. 

   gamokvleulia PG-401tipis plazmatronis saqSenis kritikuli 

kveTis (saqSenis Sesasvlelis) win P parametris (wnevis) 

cvalebadobis xasiaTi plazmatronis marTkuTxa maxasiaTeblis 

mqone kvebis wyarosTan erToblivi muSaobis SemTxvevaSi. miRebuli 

wnevis maxasiaTeblebi praqtikulad ar gansxvavdeba im 

maxasiaTeblebisagan, romlebic gadaRebul iqna standartuli kvebis 

wyaroze muSaobisas.   

$4.5. xelovnuri samSeneblo masalebis zedapirebis plazmuri 

modnobiT damuSavebis parametrebis kvleva. 

    Catarebulia eqsperimentaluri kvlevebi PG-401 tipis 

plazmatronis optimaluri teqnologiuri parametrbis dasadgenad 

xelovnuri samSeneblo masalebis zedapirebis modnobiT 

damuSavebisaTvis. gamoyenebul iqna plazmatronis konstruqciuli 

Sesrulebis ori varianti: ZiriTadi varianti- eleqtrodebs Sorisi 

sadgmeliT da eleqtrodebs Sorisi sadgmelis gareSe. modnoba 

xdeboda naxevrad avtomatur reJimSi. plazmatroni gadaadgildeba 

samSeneblo masalis zedapirze specialuri programis mixedviT. 

aseTnairad ganisazRvra plazmatronis gadaadgildebis optimaluri 

siCqareebi (V, sm/c), romlebic Seesabamebian maqsimalur efeqturobas 

samSeneblo masalebis zedapirebis dekoratiulobisa da simagris 

TvalsazrisiT.   

    qvemoT me-9 cxrilSi moyanilia zogierTi optimaluri 

teqnologiuri parametrebi, romlebic Seesabamebian maqsimalur 

efeqturobas xelovnuri samSeneblo masalebis modnobas 

dekoratiulobisa da simagris TvalsazrisiT. 
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cxrili 9. optimaluri teqnologiuri parametrebi, romlebic 

Seesabamebian maqsimalur efeqturobas xelovnuri samSeneblo 

masalebis zedapirebis modnobas dekoratiulobisa da simagris 

TvalsazrisiT. 

 
   39-e naxazze naCvenebia plazmiT modnobili xelovnuri 

samSeneblo masalebis  zedapirebi. 

 
 

dasamuSav
ebeli 
masalis 
dasaxele
ba 

cd. 
#   

plazma
tronis 
eleqtr
uli 
simZ., 
N, WAT 

plazmat
ronis 
gadaadg
ilebis 
siCqare, 
V, sm/c 

erT 
gavlaze 
modnobi
li 
zedapir
is 
sigane 
б, sm  

plazma
tronis 
daxris 
kuTxe 

manZili 
plazmatr
onsa da 
masalis 
zedapirs 
Soris  

ι, см     

plazmis 
nakadis 
gamodinebis 
reJimi 

betoni 
M400 
Semavsebe
li 
RorRi 

1 
 

2 
 

3 
 

4 
 

5 

3,5 
 

4,8 
 

8 
 

11 
 

19 

2,6 
 

5,5 
 

10,5 
 

11 
 

15,5 

 
 

0,7 
 
 

 
 

30 - 35 

 
 

0,5 – 0,7 

turbulenturi 
 
laminaruli 
 
gardamavali 
 
turbulenturi 
 
turbulenturi 
 

betoni 
M300 
Semavsebe
li 
RorRi 

1 
 

2 
 

3 
 

4 
 

5 

3,5 
 

4,8 
 

8 
 

11 
 

19 

2,7 
 

5,5 
 

10,6 
 

11 
 

15,6 

 
 

0,7 

 
 

30 - 35 

 
 

0,5 – 0,7 

turbulenturi 
 
laminaruli 
 
gardamavali 
 
turbulenturi 
 
turbulenturi 
 

betoni 
M300 
Semavsebe
li 
RorRi da 
dek-uli 
TeTri 
cementi 

1 
 

2 
 

3 
 

4 
 

5 

3,5 
 

4,8 
 

8 
 

11 
 

19 

2,6 
 

5,6 
 

10,7 
 

11,5 
 

16 
 

 
 

0,7 

 
 

30 - 35 

 
 

0,5 – 0,7 

turbulenturi 
 
laminaruli 
 
gardamavali 
 
turbulenturi 
 
turbulenturi 
 



 113

 
 
naxazi 39. plazmiT modnobili betonis filebis zedapirebi: а – M 

300 markis betonis fila RorRis SemavsebliT; б– 400 markis betonis 

fila RorRis SemavsebliT;  в– TeTri dekoraciuli betonis fila 

RorRis SemavsebliT.  

   rogorc cxrilidan Cans betonis filebis zedapirebis modnobis 

optimaluri siCqareebi 5-7%- iT metia bunebrivi qanebis zedapirebis 

modnobis optimalur siCqareebze. 

 

                     $5. daskvna 

    sadisertacio naSromi warmoadgens avtoris damTavrebul 

Teoriul da eqsperimentalur gamokvlevebs, romelTa ZiriTadi 

mizania plazmuri teqnologiebSi axali mimarTulebis – samTo 

industriuli mrewvelobis plazmuri teqnologiis safuZvlebis 

Seqmna. kerZod samTo saqmeSi plazmuri teqnologiis gamoyenebis 



 114

perspeqtiuli areebis gamovlena, plazmur danadgarebSi mimdinare 

eleqtro fizikuri da eleqtro magnituri procesebis analizi, 

plazmatronis muSaobis Tburi procesebis analizi Teoriuli da 

eqsperimentaluri monacemebis safuZvelze, myari qanis zedapirze 

plazmuri alis zemoqmedebis Tburi procesebis Teoriuli analizi, 

plazmuri danadgaris denis wyaros mimarT wayenebuli im 

kriteriumebis da dgena, romlebic uzrunvelyofen plazmatronis 

stabilur da efeqturi muSaobas, samTo saqmeSi gamoyenebadi 

originaluri plazmuri Wavlis formirebis meTodebisa da 

plazmuri danadgarebis konstruqcibis damuSaveba, samTo qanebis 

plazmuri damuSavebis teqnologiis damuSaveba, 40 kvt simZlavris 

ara liTonuri masalebis dasamuSavebli plazmuri danadgaris 

daproeqteba, damzadeba, gamocda, gamokvleva da danergva. 

   naSromis ZiriTadi Sedegebi mdgomareobs SemdegSi: 

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 bunebrivi marTkuTxa maxasiaTeblis 

forma; 

3. eqsperimentaluri monacemebisa da plazmatronSi mimdinare 

Tburi procesebis Teoriuli analizis safuZvelze Catarearulia 

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. qanis zedapirze plazmuri alis zemoqmedebis Tburi 

procesebis analizis safuZvelze dadgenilia, rom temperaturis 

gavrceleba qanis masivSi eqvemdebareba talRisebr models da, 

rodesac sakmaod didi temperaturuli gradienti aris 

generirebuli, nebismieri myari qani iqneba atkeCili(afSvnili); 

5. Seqmnilia patentebiT daculi plazmuri Wavlis formirebis  

Semdegi perspeqtiuli meTodebi da konstruqciuli gadawyvetebi:  

6. 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; 

7. Ria tipis mZlavri plazmuri warmonaqmnis miRebis xerxi, rac 

gamoixateba imaSi, rom TavisufaliMplazmuri Wavlis Caketili 

konturi hkveTs cvlad magnitur nakads, romelic ainduqtirebs 

masSi eleqtro mamoZravebeli Zalas. magnituri nakadi 

TavisufaliMplazmuri Wavlis Caketili konturSi aRZravs eleqtro 

mamoZravebeli 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; 

8. mZlavri plazmuri Wavlis miRebis xerxi uzrunvelfyofs  

mZlavri plazmuri Wavlis miRebas uSualod erT plazmatronSi erT 

RerZze ramdenime rkalis SeTavsebiT, romelsac gaaCnia yvela 

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; 
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9. plazmuriBburRvisMmeTodi, 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; 

10. qvanaxSiris gamdidrebis narCenebisa (tyibuli, axalcixe, 

tyvarCeli) da metalurgiuli narCenebis (rusTavi, zestafoni) 

plazmuri gadamuSavebis meTodebi. 

11. daproeqtebulia, damzadebulia, gamocdilia, gamokvleulia da 

danergilia 40kvt simZlavris ara liTonuri masalebis 

dasamuSavebli plazmuri danadgari, romelic gankuTvnilia qanebis 

mosangrevad, qanebidan blokebis mosaWrelad, blokebis dasaWrelad, 

saamSeneblo masalebis mosapirkeTeblad da ase Semdeg;  

12. 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; 

13. eqsperimentuli monacemebis analizis Sedegad miRebulia 

formulebi, romlebic iZlevian plazmatronis ganzogadoebul 

voltamperul, Tburi da wnevis maxasiaTeblebs da gansazRvrulia 

parametrebis kombinacia, romlebisTvisac es formulebi 

samarTliania. 
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