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damxmare saxemZRvanelo gankuTvnilia manqanaTmSeneblobis teqnologiis yvela 

specialobis studentebisaTvis, romlebic muSaoben warmodgenil sakiTxebze.  

saxelmZRvaneloSi mocemuli saswavlo laboratoriuli samuSaoebis aRwera  

moicavs eleqtrofizikuri da eleqtroqimiuri damuSavebis meTodedebs da daniSnulia 

magistraturis studentebisaTvis. 

saxelmZRvanelo Sedgenilia avtorTa mier, saqarTvelos teqnikuri 

universtetis “manqanaTmSeneblobia teqnologiis” kaTedraze, mravali wlebis 

manZilze studentebTan muSaobis gamocdilebis safuZvelze da silabusis Sesabamisad. 

 

 

 

recenzentebi: asoc. prof. m. SvangiraZe. 
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laboratoriuli samuSao � 1 

gaWuWyianebuli detalebis ultrabgeriTi gawmenda 

 

 

1. laboratoriuli samuSaos mizani 

ultrabgeriTi danadgaris muSaobis principis gacnoba da gaWuWyianebuli 

detalebis gawmendis teqnologiis praqtikuli aTviseba. 

  

2. ZiriTadi cnebebi 

ultrabgeriTi gawmendis procesi aris ultrabgeriTi rxevebis da qimiurad 

aqtiuri Txevadi garemos erTdrouli zemoqmedeba WuWyian detalebze. 

ultrabgeriTi gawmendis procesi moicavs: kavitacias, did aCqarebas gamwmend 

garemoSi, adgilobriv hidrodinamikur nakadebs, siTbur efeqtebs da sxva movlenebs. 

Txevadi garemos Semadgenloba SeirCeva dasamuSavebeli detailebis masalis, 

gaWuWyianebis xarisxis da saxeobis mixedviT. Txevadi garemos misaRebad gamoiyeneba 

tuteebis, mJavebis da marilebis wyalxsnarebi, gansazRvruli temperaturuli 

reJimebis dacviT.  

gawmendis procesSi umniSvnelovanes rols asrulebs kavitacia anu siTxeSi 

adgilobrivi wnevis Semcirebis dros warmoqmnili airis an orTqlis burTulovani 

da kavernuli Sreebi, romlebic maRali wnevis garemoSi  gadasvlisas skdebian da 

lokalur ubnebSi  warmoqmnian damangreveli dartymis talRas daaxloebiT 200 gpa  

wneviT. gaumskdari kavitaciuri buStulebi aRweven detalis zedapirsa da  

gaWuWyianebis fenas Soris arsebul napralebSi, TviT gaWuWyianebis bzarebSi da 

intensiuri rxeviTi moZraobiT Slian WuWys. romelic gadadis Setivtivebul 

mdgomareobaSi da ixsneba gamwmend garemoSi. 

gamovlenilia gaWuWyianebis daSlis nairsaxeoba: Sreobrivi, emulsiuri, 

eroziuli, hidroabraziuli daSla da gaxsna. 

ultrabgeriTi gawmendis tipiuri  teqnologia  Seicavs rogorc sakuTriv 

garecxvas, aseve detalis zedapiris  pasiur mdgomareobaSi gadayvanisa da gaSrobis 

procesebs. 

zedapiris  pasiur mdgomareobaSi gadayvana xorcieldeba misTvis 

koroziamedegobis miniWebis mizniT. amisaTvis nakeTobas amuSaveben damJangavi 
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xsnarebiT (qromatebiT da nitratebiT) rac uzrunvelyofs zedapiris Txeli damcavi 

feniT dafarvas. 

gaWuWyianeba SeiZleba iyos araorganuli (meqanikuri nawilakebi, koroziis 

produqtebi,marili da a.S) da organuli (zeTi, cximi, laqi, saRebavi, sapoxi masala, 

emulsia, webo da a.S) 

detalis WuWyi da sarecxi saSualebebi erTmaneTis mimarT aris xsnadi (mag. 

cximebi-organuli gamxsnelebi) da uxsnadi (zeTi –wyali). daniSnulebis mixedviT 

teqnologiuri siTxeebi iyofa sarecx saSualebebad da damatebiTi damuSavebis 

siTxeebad. 

ultrabgeriTi gawmendis meTodi farTod gamoiyeneba mrewvelobis yvela 

dargSi da saremonto warmoebaSi.  

 

3. ultrabgeriTi gawmendis danadgari 

nax. 1.1  mocemulia detalebis gamwmendi erTerTi ultrabgeriTi danadgaris 

sqema, romelic aRWurvilia:  rezervuariT,  rxevebis warmomqmneli  diafragmiani 

gardamqmneliT - 4, rezervuarSi detalebis  transportirebadi jaWviani meqaniz-miT 

-5 da gamwmendi xsnaris gamfiltravi mowyobilobiT: romelic Sedgeba   

1- tumbosa da 2- filtrisagan. 

gasufTavebuli xsnari brundeba ukan avzSi gasufTavebuli detalebis 

Semxvedri dinebiT. zogjer aucilebelia mravalkameriani avzis gamoyeneba: sawyisi, 

Sualeduri da saboloo dasufTavebiT. 
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nax. 1.1.  ultrabgeriTi gawmendis danadgaris sqema: 1- tumbo,  2- filtri, 

3- generatori,  4- gardammqneli,   5- jaWviani transportiori. 

 

 

4. laboratoriuli  samuSaos Sesrulebis   mimdevroba 

 

1. ultrabgeriTi danadgaris muSa procesis gacnoba da sqemis Sedgena. 

2. dasamuSavebeli detalebis gaWuWyianebis  saxeobis gansazRvra. 

3. detalis gawmendis konkretuli procesis gansazRvra, gamwmendi xsnaris 

qimiuri Semadgenlobis da optimaluri pirobebis SerCeva. 

4. sakontrolo drois intervalis dadgena. 

5. gaWuWyianebuli detalis gawmenda ultrabgeriT danadgarze. 

6. gawmendis drois dadgena. 

7. dakvirvebaTa cxrilis Sevseba.  
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                                                                            dakvirvebaTa cxrili 

detalis  #� detalis zoma,  mm gawmendis dro, t wT 

   

   

   

 

 

8. grafikis ageba 

 

                       t, wT 

      

 

 

                                                                                               

                                                                       detalis #� 

 

9. Sedegebis analizi  da daskvna. 

10. laboratoriuli samuSaos angaraSis gaformeba. 
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laboratoriuli samuSao № 2 

detalebis zedapirebis  eleqtroeroziuli ganmtkiceba 

 

 

1. laboratoriuli samuSaos mizani 

detalis zedapiris  eleqtroeroziuli ganmtkicebis teqnologiis praqtikuli 

gacnoba da aTviseba 

 

2. ZiriTadi cnebebi 

damuSavebis eleqtroeroziul meTodebs safuZvlad udevs liTonebis da sxva 

gamtarebis eleqtruli erozia, romlebSic eleqtruli ganmuxtvebi ganapirobebs 

namzadSi formis, zomis, zedapiris simqisis da sxva Tvisebebis cvlilebebs.  

eleqtroeroziul ganmtkicebas safuZvlad udevs eleqtroeroziuli 

impulsuri ganmuxtva ori  zedapirs Soris, es liTonis zedapirze iwvevs siTbur da 

meqanikur zemoqmedebas, ris Sedegadac  icvleba zedapiruli fenis fizikur-meqanikur 

Tvisebebi. am procesSi dasamuSavebeli namzadi gamoiyeneba kaTodad da iaraRi anodad. 

ganmuxtvis procesSi, detalis da iaraRis zedapirze, warmoqmneba eroziuli fosoebi 

(nax.2.1) da gamarTuli pulsirebuli denis gavleniT xorcieldeba anodidan 

liTonuri nawilakebis gadatana kaTodze – e.i. namzadis legireba. warmoqmnili, 

ganmtkicebuli cveTamedegi fena, xasiaTdeba gazrdili mikrosisaliT (1000…2000 

kgZ/mm2). nax. 2.1 _ warmodgenilia eleqtroeroziuli ganmtkicebis ganzogadoebuli 

modeli: a_eleqtro-eroziuli ganmuxtva; b_eleqtrodebze eriziuli fosoebis 

warmoqmna; g_eleqtrodebis kontaqti, romelsac Tan erTvis SeWidulobisa da masis 

gadatanis procesi; d_anodidan amomdnari  da kaTodze lrgirebuli  fenis  

Camoyalibeba. 

eleqtroeroziuli ganmtkiceba zrdis detalis zedapiris Tvisebebs: cveTis, 

koroziis da mxurvamtkice medegobisa da sxva fizikur-meqanikur  maxasiaTemlebs. 

ganmtkicebis  am meTodma gamoyeneba hpova saiaraRo mrewvelobaSi: iaraRebis, 

Stampebis da samarjvebis muSa zedapirebis cveTamedegobis asamaRleblad, 

eleqtromrewvelobaSi keTilSobili  liTonebiT lokalurad damuSavebaSi da sxva. 

 

 

 7



 

 

 

 

nax. 2.1   eleqtroeroziuli ganmtkicebis ganzogadoebuli modeli. 

       a _ eleqtro-eroziuli ganmuxtva;  

b _ eleqtrodebze eriziuli fosoebis warmoqmna;  

g _ eleqtrodebis kontaqti;  

d _ legirebuli  fenis Camoyalibeba. 

 

 

3. laboratoriuli samuSaos Sesrulebis mimdevroba 

1. eleqtroeroziuli  damuSavebis  procesis gacnoba, eskizis Sedgena da 

samuSao reJimebis dadgena.  

2. eleqtrodebis SerCeva.  

3. zedapiris damuSaveba_ganmtkiceba sxvadasxva eleqtrodebiT da reJimebiT. 

4. ganmtkicebuli zedapiris kontroli: datanili fenis sisalis da simqisis  

     gansazRvra. 

5. dakvirvebaTa cxrilis Sevseba.               
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 dakvirvebaTa cxrili 

 

detalis № detalis masala eleqtrodis 

masala 

miRebuli 

zedapiris 

sisale,  HRC 

miRebuli 

zedapiris 

nimqise, RZ

     

     

     

 

 

 

6. grfikis Sedgena  

 

                      HRC 

 

 

 

 

                                                                             detalis № 

 

 

7. Sedegebis analizi da daskvna. 

8. laboratoriuli samuSaos angariSis gaformeba. 
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laboratoriuli samuSao  № 3 

detalebis  eleqtroqimiuri damuSaveba 

 

 

1. laboratoriuli samuSaos mizani 

detalebis  eleqtroqimiuri damuSavebis procesis praqtikuli gacnoba da aTviseba 

 

2. ZiriTadi cnebebi 

eleqtroqimiuri damuSavebis meTods safuZvlad udevs liTonebis anoduri 

gaxsnis movlena, romelic mimdinareobs  eleqtrolitur garemoSi iaraRisa da 

namzadis   uSualo kontaqtis gareSe. 

eleqtrolitebi es aris nivTierebebi, romlebic nebismier mdgomareobaSi 

(kristaluri, Txevadi da xsnari)  xasiaTdebian  ionuri  gamtarobiT.  

liTonebis anoduri gaxsnis procesi mimdinareobs or gamtars 1-eleqtrod-

kaTodsa da eleqtrod-anods anu detals  Soris, romlebic mierTebulia mudmivi 

potencialis mqone denis wyarosTan (nax. 3.1). eleqtrolitSi CaSvebul 

eleqtrodebis zedapirebze mimdinareobs Seqcebadi reaqcia 

 

Me  ↔  Men+  +  ne 

  

sadac n  liTonis valentobaa;  Men+
- liTonis ioni; 

 e- eleqtroni.  

eleqtrodebze modebuli Zabvis zemoqmedebT, ionebi eleqtrolitSi iwyeben 

moZraobas erTi  eleqtrodidan meoresken. kaTodze xdeba wylis swrafi 

molekuluri daSla wyalbadis molekulis gamoyofiT 

 

H2O _ e  →   H+   +  OH⎯ 

H+   +  H+  →   H2 ↑  

anodze xdeba liTonis anoduri gaxsna da hidrooqsidis naleqis warmoqmna 

 

Me  →  ne  +  Men+ 

Men+   +  nOH⎯  →   Me(OH) 

 

erTdroulad warmoiqmneba molekuluri Jangbadi 

 10



 

2OH⎯  -   2e  →  H2O + O 

O  +  O  →  O2 ↑ 

 

liTonuri daSlis  produqti oqsidis saxiT gamoitaneba eleqtrolitis 

saSualebiT.  sawarmoo pirobebSi eleqtroqimiuri damuSaveba iyofa or jgufad: 

1. eleqtroqimiuri damuSaveba stacionalur eleqtrolitSi. 

2. eleqtroqimiuri damuSaveba gamdinare eleqtrolitSi. 

namzadis zedapiridan namatis moxsnis da damuSavebis zonidan gamotanis xerxis 

mixedviT, arsebobs eleqtroqimiuri damuSavebis ori meTodi:  

1. eleqtroqimiuri (anodur)-hidravlikuri. 

2 eleqtroqimiur-meqanikuri. 

anodur-hidravlikuri damuSaveba damyarebulia liTonebis lokalur anodur 

gaxsnasa da daSlis produqtebis hidravlikuri nakadiT mocilebis principze. 

masalebis  eleqtroqimiur-meqanikuri damuSaveba dafuZnebulia kombinirebul 

principze, kerZod, namzadis zedapiris anoduri daSlis produqtis meqanikur 

mocilebiT damuSavebis zonidan. 

eleqtroqimiuri damuSaveba iZleva zedapiris simqises  6-9 kl diapazonSi  

Ra 2,5…0,1 mkm, misi mniSvneloba damokidebulia damuSavebis saxeobaze, dasamuSavebel 

masalaze, eleqtrolitze da damuSavebis pirobebze. 

Savi da sasufTao  eleqtroqimiuri damuSaveba, nebismier  reJimze,  iZleva 

meqanikuri sasufTao damuSavebis Sesabamis usworobebs. 

eleqtroqimiuri damuSaveba, meaqnikurisagan gansxvavebiT, gamoiyeneba nebismieri 

sisalis detalebis dasmuSaveblad, amasTan, rac metia sisale, miT ufro maRalia 

teqnologiuri maCveneblebi. 
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nax. 3.1.  eleqtrolizis sqema:  1 - eleqtrodi-anodi;   2 - eleqtroliti; 

                   3 – eleqtrodi-kaTodi;   4  - kvebis wyaro. 

 

 

 

 

3. laboratoriuli samuSaos Sesrulebis mimdevroba 

 

1. eleqtroqimiuri damuSavebis  procesis gacnoba. 

2. eskizis Sedgena: eleqtroqimiuri damuSaveba stacionalur eleqtrolitSi. 

3. dasamuSavebeli masalisa da eleqtrodebis SerCeva. 

4. kontrolis drois intervalis SerCeva. 

5. nimuSebis gazomva damuSavebamde da damuSavebis Semdeg. 

6. dakvirvebaTa cxrilis Sevseba. 
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dakvirvebaTa cxrili 

 

damuSavebis dro 

t wT 

eleqtroliti Zabva, 

volti 

moxsnili  fena 

a, mkm 

    

    

    

 

 

 

 

7.  grfikis Sedgena  a mkm / t wT 

 

                 a, mkm 

                                

 

 

                                                                                     t, wT 

 

 

 8.  Sedegebis analizi da daskvna. 

 

 9.  laboratoriuli samuSaos angariSis gaformeba. 
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   laboratoriuli samuSao № 4 

detalebize mikronaxvretebis miRebis lazeruli  teqnologiis aTviseba 

 

 

1. laboratoriuli samuSaos mizani 

impulsuri moqmedebis lazeris danadgaris muSaobis  principis gacnoba da 

mikronaxvretebis miRebis praqtikuli aTviseba 

 

2. ZiriTadi cnebebi 

lazeruli teqnologiiT masalebis damuSavebas safuZvlad udevs gamosxivebis 

koncentrirebuli nakadis (1) urTierTqmedeba dasamuSavebeli detalis (2)  

zedapirTan  (nax. 4.1)  

 

 
 

 

nax. 4.1.   lazeris gamosxivebis  dasamuSavebel zedapirze fokusirebis sqema 

F – safokuso manZili,  S – miwodeba. 

 

 

 14



teqnologiuri lazeris rezonatoris fanjridan gamosuli gamosxiveba 

warmoadgens konas, romlis diametric ramdenime milimetridan aTeul milimetramdea. 

zemoqmedebis zonaSi, energiis  saTanado koncentraciis, simZlavris da simkvrivis 

misaRebad,  aucilebelia gamosxivebis fokusireba. 

fokusur laqaSi gamosxivebis simkvrivis sidide saorientaciod ganisazRvreba 

(myarsxeuliani  lazerebisaTvis- nax.4.2, fokusirebis mrgvali laqis SemTxvevaSi) 

formuliT:  

2
vt/sm2

4
D
Eq

π
=    

sadac  E - gamosxivebis energies sididea, romlis monacemic aiReba danadgaris marTvis 

pultidan;  D- detalis zedapirze  zemoqmedebis laqis diametri. 

zemoqmedebis zonaSi gamosxivebis nakadis maRali simkvrive saSualebas iZleva: 

gavaxuroT, davaduRoT da avaorTqloT nebismieri masala mikro-miliwamebiT 

gazomili drois ganmavlobaSi. lazeruli damuSavebis muSa procesebis saorientacio 

parametrebi warmodgenilia cxrilSi.         

 

1. cxrili _ lazeruli damuSavebis  procesebi 

 

 

procesis saxeoba 

drois 

diapazoni, 

 wm 

gamosxivebis 

simkvrivis 

diapazoni, vt/sm2

siTburi energies 

diapazoni, 

 j/sm2

1. zomiTi  damuSaveba 

(Wra, gaxvreta) 

 

10
-5
-10

-3

 

10
7
-10

9

 

10
2
-10

4

2. dnoba,   SeduReba 10
-5
-10

-1
10

5
-10

6
10

2
-10

4

3. zedapiruli damuSaveba:  

wrToba, legireba 

 

10
-1
-10 

 

10
4
-10

5

 

10
4
-10

5

 

 

muSaobis reJimis mixedviT arsebobs: impulsur-perioduli, impulsuri da 

uwyveti moqmelebis lazerebi, gamoyenebuli muSa nivTierebis mixedviT arsebobs 

myarsxeuliani, airadi, Txevadi da naxevradgamtaruli okg. 

impulsuri moqmedebis lazeris teqnologiuri danadgari (nax. 4.2)  Sedgeba: 
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1- dammuxtavi mowyobilobis; 2- tevadobis; 3- marTvis sistemis; 4- anTebis blokis; 

5- lazeris Tavis; 6- gacivebis sistemis; 7- gamosxivebis energiis stabilizaciis 

sistemis; 8- gamosxivebis energiis gadamwodis; 9- optikuri sistemis; 10- lazeris 

sxivis; 11- dasamuSavebeli detalis; 12- magidis da 13- programuli marTvis 

sistemisagan. 

 

 

 

 

nax. 4. 2. myarsxeuliani lazeris blok-sqema 
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3. laboratoriuli samuSaos Sesrulebis mimdevroba 

 

1. lazeris danadgaris  muSaobis  principis gacnoba da eskizis Sedgena. 

2. damuSavebis teqnologiuri procesis Seswavla da reJimebis SerCeva: 

• lazeris gamosxivebis simkvrivis diapazonis SerCeva cxrilidan. 

• optikuri sistemis gacnoba da  fokusuri linzisaTvis  zemoqmedebis zonis      

     diametris gansazRvra formuliT 

D = F . θ 

         sadac:  F _ linzis fokusuri manZilia, (F = 10 sm),  θ _ sxivis gaSlis 

kuTxe,  

          romelic danadgaris sapasporto   maxasiaTebelia. 

• mikronaxvretebis miReba gamosxivebis energies sxvadasxva mniSvnelobebisaTvis:  

E = 7, 10, 15, 20, 25 j. 

3. miRebuli naxvretebis diametris _D  gazomva (mikroskopiT). 

4. yoveli naxvretisaTvis nakadis simkvrivis realuri sididis gansazRvra  

      formuliT: 

q = 4 E / π D2    
vt/sm

2 

 

5. dakvirvebaTa cxrilis Sevseba. 

 

 

 dakvirvebaTa cxrili 

 

naxvretis  № 

 

gamosxivebis 

energia – E, j 

 

naxv.  diametri 

- D, sm 

nakadis realuri 

simkvrive 

– q, vt/sm 2
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6. urTierTdamokidebulebis grfikis Sedgena  D / q  

            

 

          D, sm 

 

                                                         

                                                            q , vt/sm2
 

7.  Sedegebis analizi da daskvna,. 

8. laboratoriuli samuSaos angariSis gaformeba.  
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laboratoriuli samuSao № 5 

lazeruli wertilovani SeduReba 

 

 

1. laboratoriuli samuSaos mizani 

impulsuri moqmedebis lazeris danadgarze SeduRebis teqnologiis gacnoba da 

aTviseba 

  

2. ZiriTadi cnebebi  

lazeruli SeduReba, sxva meTodebisagan gansxvavebiT,  gamoyeneba  sxvadasxva 

masalisa da formis mqone detalebis, konstruqciebis da elementebis SesaerTeblad.  

lazeruli SeduReba gamoiyeneba sxvadasxva saxis nakeris misaRebad: 

pirgadadebuli, pirapir da a.S., sxvadasxva siRrmesa da sigrZeze; furclovani 

masalis, mavTulis da masiuri filis hermetuli SeerTebisaTvis  (nax. 5.1)     

 

 

 

 

 

nax. 5.1.   lazeruli SeduRebis sqemebi: a - pirapiri, b - gadadebiTi. 
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lazeruli SeduReba mimdinareobs gamosxivebis simZlavris simkvrivis dabali 

maCveneblebiT, radgan SeduReba saWiroebs  masalis mxolod gaxurebasa da gadnobas.  

gamoiyeneba impulsuri, impulsur-perioduli da uwyveti moqmedebis lazerebi.  

impulsuri meTodiT xorcieldeba sxvadasxva konfiguraciis detalebis 

wertilovani da nakeriani SeduReba.  impulsuri  nakeriani SeduReba warmoiqmneba 

SeduRebis wertilebis erTmaneTze dataniT da xasiaTdeba gadafarvis koeficientiT:   

 

K = L / D 

sadac  L _ SeduRebis wertilebis gadafarvis sigrZea; D _ SeduRebis 

wertilis diametri. 

impulsurii meTodi xasiaTdeba dabali siCqariT, amitom praqtikaSi 

ZiriTadad gamoiyeneba uwyveti SeduReba, maRali mwarmoeblobis  CO2  lazerebiT. 

lazeruli SeduReba farTod gamoiyeneba mrewvelobis sxvadasxva dargebSi: 

xelsawyoTmSeneblobaSi, TviTmfrinavTmSeneblobaSi, gemTmSeneblobaSi, saaTebis 

warmoebaSi da a.S. 

 

 

3. laboratoriuli samuSaos Sesrulebis mimdevroba 

1.  lazeruli SeduRebis sqemis ageba. 

2.  damuSavebis procesis Seswavla da reJimebis SerCeva. 

• energies mudmivi sididisaTvis  E = 25 j 

• ganfokusirebisaTvis  Fgan = Ffok +  (2, 4, 6, 8) mm,  

    sadac  Ffok = 30 mm 

3.  SeduRebis laqis diametris_ D   gazomva (mikroskopiT).  

4.  simkvrivis realuri sididis gansazRvra  formuliT: 

q = 4 E / π D 2 vt/sm
2 

 

5.  dakvirvebaTa cxrilis Sevseba. 
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                                                             dakvirvebaTa cxrili 

 

 

SeduRebis 

wertilis  № 

 

gamosxivebis energia

–E, j 

 

lRobis diametri 

-D,  sm 

nakadis realuri 

simkvrive 

- q,  vt/sm2

    

    

    

 

 

6.  urTierTdamokidebulebis grfikis Sedgena.  

 

 

                 q, vt/sm2

 

                                          

 

                                                 D, sm 

 

7.  Sedegebis analizi da daskvna 

8.  laboratoriuli samuSaos angariSis gaformeba.  
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laboratoriuli samuSao #6 

plazmur-rkaluri procesis volt-amperuli maxasiaTeblebisa da 

siTburi balansis dadgena. 

 

 

1. laboratoriuli samuSaos mizani 

plazmur danadgarze, romelic gankuTvnilia sxvadasxva teqnologiuri 

procesebis gansaxorcieleblad moixsnas (dadgindes) kvebis wyarosa da plazmuri 

sanTuris volt-amperuli maxasiaTeblebi, romelTa saSualebiTac dadgindeba rkalis 

optimaluri parametrebi, rac Tavis mxriv aucilebeli pirobaa muSa procesis 

stabilurobisaTvis. aseve, kalorimetruli mowyobilobiT dadgindes plazmur-

rkaluri procesis margi qmedebis koeficienti (mqk). 

 

2. ZiriTadi cnebebi da mosazrebebi 

denis wyaros, romelic kvebavs plazmur rkals unda gaaCndes saTanado 

simZlavre (denis Zala 400-500 a, Zabva 300-320 v), uzrunvelhyos rkalis pirveladi 

saimedo anTeba da misi stabiluroba muSaobis procesSi. kvebis wyaros volt-

amperuli maxasiaTeblebi unda iyos mkveTrad vardnili rac namzadis sisqis 

cvalebadobisa da sanTuris sxvadasxva simaRleze orientaciis pirobebSi ganapirobebs 

plazmuri rkalis erTnair SeRwevadobas da ganaWeri zedapiris maRal xarisxs. 

naTqvamis sailustraciod 1-mrudi (nax. 6.1.) eTanadeba plazmuri kvebis wyaros, 

romelic garkveul ubanze mkveTrad vardnili (vertikaluri) maxasiaTebliTaa 

warmodgenili, xolo 2- 2  mrudeebi ki TviTon rkalis maxasiaTeblebia, romlebic 

agebulia Zabvis vardnis sxvadasxva parametrebisaTvis. aseTi maxasiaTeblebis mqone 

kvebis wyaroebi uzrunvelyofen rkalis pirveladi anTebis uavario reJims da 

teqnologiuri procesis stabilurobas muSaobis mTel ciklSi.  

′

plazmuri rkalis volt-amperuli maxasiaTeblobis arseboba saSualebas mogvcems 

yovel konkretul SemTxvevaSi Wris parametrebis optimizaciis mizniT momsaxure 

personals gaewios saTanado rekomendaciebi. 

laboratoriuli samuSaos meore nawili gankuTvnilia kalorimetruli 

mowyobilobis gamoyenebiT Seswavlil iqnas plazmur rkalze gamoyofili siTburi 

balansis ganawileba da dadgindes procesis margi qmedebis koeficienti. 
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nax. 6.1. kvebis wyaros (1) da sxvadasxva sigrZis rkalis (2-2’) volt-

amperuli maxasiaTeblebi

 

 

siTburi balansis dasadgenad plazmur danadgarze damontaJebulia 

kalorimetruli mowyobiloba, romelic saSualebas gvaZlevs cdebis Catarebis 

momentSi dadgindes anodze (namzadze) da plazmur sanTuraze gadacemuli siTburi 

simZlavre, rkalis mier garemosadmi gadacemuli siTburi simZlavre ultraiisferi 

da infra-wiTeli gamosxivebis saxiT. 

kalorimetruli danadgari naxevrad konstruqciuli SesrulebiT mocemulia me-

6.2 naxazze. 

muSaobis procesSi badros eniWeba brunviTi Zraoba wriuli siCqariT V=20m/wm, 

danadgars miewodeba eleqtruli kveba da ainTeba plazmuri rkali. badros 

Rrutaniani RerZis sasualebiT miewodeba gamacivebeli siTxe (wyali), romelic 

sistemis gavlis Semdeg grovdeba wyalSemkrebSi. danadgari aRWurvilia ori 

TermometriT, romlis saSualebiTac izomeba gamacivebeli wylis temperatura 

Semaval nawilSi da wylis SemkrebSi. 
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nax. 6.2 kalorimetruli danadgari mbrunavi badroTi da wylis 

mimwodebeli komunikaciebiT. 

1- Wiagadacemis reduqtori; 2-brunavi badro; 3- lilvi; 4- denis 

mimyvani momWerebi; 5- gacivebis sitema; 6- mudmivi denis eleqtruli 

Zrava; 7- plazmuri sanTura; 8- kaTodi; 9- wyalSemkrebai (diuaris 

WurWeli); 10-Termometri; 11- plazmuri Wavli. 

 

3. laboratoriuli samuSaos Catarebis meTodika 

 

a) plazmur rkalze gamoyofili siTburi simZlavris balansi SeiZleba ase 

Camoyalibdes 

q rk. = qa + qp + qg + qkon. 
romelSic q rk. _ rkalze gamoyofili siTburi simZlavrea, kal/wm; 

          qa   _ anodze (namzadze) gadacemuli siTburi simZlavre, kal/wm; 

          qp  _ siTburi simZlavre gadacemuli plazmur sanTuraze, kal/wm; 

          qg  _ gamosxivebaze dakarguli siTburi simZlavre, kal/wm; 

          qkon._ konveqtiur siTbogadacemaze dakarguli simZlavre, kal/wm. 

b) plazmur rkalze gamoyofili siTburi simZlavre iangariSeba 

qrk = 0,24 IU  

sadac I – denis Zala rkalze, a;   U – Zabvis vardna rkalze, vol.;  0,24 

(zustad 0,239) kal/vt gadamyvani koeficientia eleqtruli erTeulidan siTburSi. 

 

g) anodze (mbrunav badroze) gadacemuli siTburi simZlavre iangariSeba 
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qa = Gwy
. Cwy (t2 – t1)   kal/wm. 

sadac Gwy _ gamacivebeli wylis xarjia, l/wT; 

      Cwy _ wylis kuTri siTbotevadobaa, kal/gr 0C; 

      t1  da t2 _ wylis sawyisi da saboloo temperaturebia, 0C. 

d) siTburi gamosxivebis siTburi simZlavre iangariSeba tolobiT 

qg = 4,9 . ε  ⋅⎟
⎠
⎞

⎜
⎝
⎛

4

100
T  Б   kal/wm  

sadac  ε  _ rkalis sisufTavis xarisxia (2 . 10-4); T _ plazmuri rkalis 

temperaturaa 0C;  Б _ plazmuri Wavlis gamosxivebis zedapiruli farTobia da 

tolia Б = πd . p m2, Tavis mxriv d da p _ plazmuri Wavlis diametri da rkalis 

svetis sigrZea, metrebSi. 

e) plazmur sanTuraze gadacemuli siTburi simZlavre 

qp = qkaT + qsaqS. 
eqsperimentlurad dadgenilia, rom kaTodze gadacemuli simZlavre       

qkaT. = 3,4% qrk;  xolo saqSenze gadacemuli simZlavre ki  qsaqS. = 6% qrk. 
v) plazmur-rkaluri procesis margi qmedebis koeficienti % iangariSeba 

TanafardobiT 

 

 =η  . 100%  

    qa

    qrk
 

4. laboratoriuli samuSaos Sesrulebis Tanamimdevroba 

 

a) gaiwyos plazmuri danadgari me-2 naxazze warmodgenili sqemis mixedviT; 

b) SeirCes plazmis warmomqmneli SekumSuli haeris da gamacivebeli wylis xarji, 

plazmuri sanTuris saqSenis (formis mimcemi bunikis) diametri; 

g) SeirCes plazmur rkalze denis Zalisa da Zabvis vardnis safexurebi, romlis 

mixedviTac unda moxdes aRniSnuli parametrebis dadgena; 

d) CairTos kalorimetruli samarjvis badros mabrunebeli meqanizmi; ainTos 

plazmuri rkali da simZlavris (denis Zala, Zabva) SerCeuli safexurebisaTvis 

Termometris (an Termowyvilis) saSualebiT gaizomos gamacivebeli wylis 

temperatura Semaval da gamomaval nawilebSi; 

e) dadgindes procesis margi qmedebis koeficienti da miRebuli Sedegebis 

safuZvelze gakeTdes daskvnebi. 
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5. laboratoriuli samuSaos Sesrulebis magaliTi 

sawyisi monacemebi da pirobebi 

 

a) plazmuri rkalis volt-amperuli maxasiaTeblebi aigos ori SemTxvevisaTvis: 

pirveli rodesac sanTuris kidura nawili (saqSeni) mbrunavi badrodan (anodi) 

mocilebulia 10 mm-iT da meore rodesac mocilebulia 17 mm-iT. plazmis 

warmomqmneli airis xarji 2,5 m3/sT, saqSenis diametria 4 mm, gamacivebeli siTxis 

(wylis) xarji 1,5 m3/sT (416,6gr/wm);  

b) volt-amperuli maxasiaTeblebi orive SemTxvevisatvis datanili iyos kvebis 

wyaros gare statikur maxasiaTeblebze kerZod denis Zalis maqsimaluri mniSv-

nelobisaTvis I=400 a. cdebi Catardes denis Zalis 150 --- 400 a intervalSi 50 

a diskretulobiT. cdebiT miRebuli Sedegebi grafikuli gaformebiT mocemulia  

me-6.3. naxazze 

 

                                                 dakvirvebaTa cxrili 

safexurebi 1 2 3 4 5 6 

denis Zala I, a 150 200 250 300 350 400 

Zabvis vardna U, v   
H = 10 mm 80 83 85 95 105 110 

Zabvis vardna U, v   
H = 17 mm 90 95 110 120 130 135 

 

 

g) plazmur rkalze miwodebuli I=400 a denis Zalisa da  U=110 v Zabvis vardnis 

SemTxvevisaTvis viangariSoT siTburi simZlavre 

 

qrk=0,24   IU=0,24 . 400 . 110=10560   kal/wm 
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nax. 6.3. kvebis wyaros gare statikuri (1-2-3) da plazmuri rkalis volt-amperuli  

(4-5) maxasiaTeblebi. 

 

 

d) anodze gamoyofili siTburi somZlavre gaiangariSeba 

qa = Gwy 
.  Cwy (t2 – t1) 

romelSic  Gwy = 1,5m
3/sT = 1500000 g/sT = 416,6 gr/wm; 

C = 0,998 kal/gr0C 

t1 = 100C  sawyisi 

t2 = 220C saboloo 

qa = 416,6 
.  
0,998 (22-10) ≈ 4990 kal/wm 

anodze gamoyofili siTburi simZlavre % tolia 

                                        (qa)% =      
.    100 = %3,47100

10560
4990

=⋅  
 qa
 qrk

 

e) rkalis mier gamosxivebaze daxarjuli siTburi simZlavre iangariSeba 

 

 qg ⋅⎟
⎠
⎞

⎜
⎝
⎛=

4

100
9,4 Tε  Б 

rkalis sisufTavis xarisxi ; plazmis temperatura SerCeul 

simZlavreze miviRoT ; plazmuri rkalis gamosxivebis farTi, 

rodesac saqSenis diametri 

4102 −⋅=ε

CT 015000=

004,0=d m, rkalis sigrZe 12,0=l m tolia    
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00151,012,0004,014,3 =⋅⋅== ldF π m2

sabolood gveqneba 

qg= 75000151,0
100

150001029,4
4

4 =⋅⎟
⎠
⎞

⎜
⎝
⎛⋅⋅ −

 kal/wm 

procentebSi gadaangariSebiT 

qg= %1,7100
10560

750
=⋅  

v) viangariSoT sanTuraze gadacemuli siTburi simZlavre 

kaTods gadaecema mTeli simZlavris 3,4% anu 

 

qa= 360
100

4,310560 =  kal/wm 

analogiurad formismimcem buniks gadaecema 6% 

qb= 634
100

610560 =  kal/wm 

z) garemosadmi konveqtiuli siTbogadacemis simZlavre tolia 

qkon = qrk_ (qa + qa + qb + qg)=10560 _ (4490 + 360 + 634 +750)=3826 kal/wm. 

% saTanadod iqneba 

qkon = %2,36100
10560
3826

=⋅  

T) plazmur-rkaluri procesis margiqmedebis koeficienti ganxiluli 

SemTxvevisaTvis tolia 

=η
r

a

q
q %3,47100

10560
4990100 =⋅=⋅     

TvalsaCinoebisaTvis rkalze gamoyofili siTburi balansi SeiZleba ase 

warmovadginod 

 

siTburi sim-

Zlavre gadac. 

rkalze,  

kal/wm 

siTburi 

simZlavre 

anodze,  

kal/wm 

siTburi 

simZlavre 

kaTodze, 

kal/wm 

siTburi 

simZlavre 

bunikze, 

kal/wm 

siT. simZl. 

konveqt. 

gamosx. 

kal/wm 

siTburi 

gamosxiveba 

kal/wm 

10560 4990 360 634 3826 750 

100% 47,3 3,4 6,0 36,2 7,1 
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Catarebuli laboratoriuli samuSao kvleviTi xasiatisaa da saSualebas 

gvaZlevs CamovayaliboT Semdegi mosazrebebi: 

1. plazmuri sanTuris simaRleze dayenebis cvalebadobam 5 mm-is (H=10---15mm) 

farglebSi gamoiwvia Zabvis vardnis gazrda plazmur rkalze 20 voltiT  

(U=100---120v), ramac ganapiroba Tavis mxriv denis Zalis cvalebadoba 10 a 

(I=360---350 a); es ki gavlenas ar axdens rkalis namzadSi SeRwevadobaze da 

ganaWeri zedapiris xarisxze. 

2. kalorimetrirebis meTodiT Catarebuli cdebiT dadginda plazmur rkalze 

gamoyofili siTburi simZlavris balansi da procesis margi qmedebis koeficienti, 

romelmac mTeli simZlavris 47,3% (η rk=0,47) Seadgina.  
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laboratoriuli samuSao #7 

furclovani masalebis plazmur-rkaluri Wris procesis 

parametrebis optimizacia. 

 

 

1. laboratoriuli samuSaos mizani 

Seswavlil iqnas praqtikulad furclovani masalis plazmur-rkaluri Wris 

procesi laboratoriuli danadgaris gawyobiT, eqsperimentis momzadebiT da 

CatarebiT; moxdes Teoriulad gaangariSebuli parametrebis dazusteba cdebis 

Catarebis dros; ganaWeri zedapiris saxasiaTo ubanze Caiweros profili grama, 

saTanado damuSavebiT da gaangariSebiT, dadgindes simqisis klasi. 

 

2. ZiriTadi cnebebi da damokidebulebebi 

dengamtari furclovani masalebis plazmur-rkaluri Wris parametrebze mravali 

faqtori moqmedebs, romelTagan SeiZleba gamovyoT: plazmur rkalze miwodebuli 

denis simZlavre, sanTuris saqSenis diametri da misi arxis sigrZe, rkalis 

stabilizaciisaTvis gamoyenebuli airi, misi eleqtrofizikuri maxasiaTeblebi da 

xarji, sanTuris gadaadgilebis siCqare, misi dacileba namzadis zedapiridan, kvebis 

wyaros volt-amperuli maxasiaTeblebi da sxva. CamoTvlili parametrebis garkveul 

intervalSi meryeoba gavlenas axdens Wris procesis stabilurobaze plazmuri 

Wris optimaluri parametrebis dadgena, ganaWeri zedapiris xarisxis kvleva 

saSualebas iZleva aRniSnuli procesi gamoyenebuli iqnas sxvadasxva masalebis 

ganmacalkevebeli operaciebis SesrulebisaTvis. 

warmodgenili parametrebis kvleva farTo speqtriT laboratoriul samuSaoSi 

SeuZlebelia, ris gamoc SemovifarglebiT ramodenime sakiTxis SeswavliT, kerZod 

konkretuli sisqis furclovani masalis magaliTze moxdeba Wris siCqaris 

parametrebis optimizacia; Seswavlili iqneba zedapiris xarisxi da dadgindeba misi 

simqisis klasi. 

sawyis momentSi empiriuli firmuliT SerCeuli sisqis furclovani 

masalisaTvis gaiangariSeba Wris siCqaris sidide 
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dnSJв
IUV

δ
η24,0

=  

 

romelSic  J - liTonis simkvrivea dnobis temperaturaze;  - ganaWeris sigane; в

δ  - masalis sisqe;  η  - plazmur-rkaluri Wris sruli mqk;       

I - rkalze miwodebuli denis Zala;  U - Zabvis vardna rkalze;      

Sdn - masalis siTboSemcveloba dnobis temperaturaze. 

laboratoriuli danadgari gaiwyoba plazmuri sanTuris xazobrivi 

gadaadgilebis angariSiT miRebuli siCqaris uzrunvelsayofad; plazmis anTebisa da 

danadgaris CarTvis Semdeg muSaobis procesSi vizualuri dakvirvebiT xdeba sanTuris 

gadaadgilebis siCqaris dazusteba im mosazrebiT, rom plazmurma rkalma moaxdinos 

namzadis sruli gancalkeveba, amasTan ganaWeris qveda nawiburze ar warmoiqmnas 

gamyarebuli liTonis wveTebi, miRebuli kedlebi iyos erTmaneTis paraleluri 

zedapiris minimaluri simqisiT. danadgaris marTvis pultze fiqsirdeba cdiT 

miRebuli yvela parametri, romelic unda CaiTvalos optimalurad. 

laboratoriuli samuSaos momdevno etapze saWiroa moxdes ganaWeri zedapiris 

xarisxobrivi Sefaseba kerZod mravali faqtoridan SemovifargloT ganaWeri 

zedapiris simqisiT, risTvisac saxasiaTo ubanze profilografis saSualebiT 

Caiwereba profilograma, romlis saTanado damuSavebiT da gaangariSebiT dadgindeba 

simqisis klasi. 

sast 2789-73 mixedviT simqisis klasis dasadgenad saWiroa ganisazRvros 

Semdegi parametrebi: RT- profilis sasualo ariTmetikuli gadaxra; Rz - profilis 

usworobaTa simaRle gazomili aT saxasiaTo wertilSi;  Rmax - profilis 

usworobaTa udidesi simaRle; Sm - usworobaTa biji gazomili profilis Sua 

xazTan. profilis parametrebis gaangariSeba SemoTavazebuli meTodikiT xdeba Semdegi 

formulebiT: 

3
5

1

5

1
minmax

3

10
5

1
⋅⎟
⎠

⎞
⎜
⎝

⎛
−

⋅
= ∑ ∑

= =i i
iiZ hh

V
R    mkm 

                   ∑
−

⋅
⋅

=
n

i
iynV

R
1

3

3

101
T

  mkm 

                       

∑
=

⋅
= n

i
iSnV

S

1

1

h

   mm 
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romelSic V3 - profilogramis vertikaluri gadidebis sididea; Vh – profi-

logramis horizontaluri gadidebaa; n - usworobaTa bijebis ricxvia;  himax  da himin 

- maqsimaluri ordinatebia gazomili profilis Sua xazidan. 

profilis usworobaTa udidesi simaRle Rmax ganisazRvreba, rogorc manZili   

Sverilebisa da Rrmulebis xazebs Soris bijis farglebSi. 

 

3. laboratoriuli samuSaos Sesrulebis Tanamimdevroba 

1. SevarCioT  furclovani foladis masala sisqiT δ , misi marka da fizikur-

meqanikuri maxasiaTeblebi; 

2. warmodgenili empiriuli formuliT ganisazRvros plazmuri Wris siCqare; 

3. momzaddes plazmuri danadgari eqsperimentis Casatareblad: plazmuri sanTuris 

gadamaadgilebeli agregatis saSualebiT SeirCes grZivi gadaadgilebis siCqare, 

dayendes namzadi da plazmuri sanTura saWiro parametrebis dacviT, dayendes 

SekumSuli haerisa da gamacivebeli wylis xsrjebi, CairTos kvebis wyaro; 

4. avanToT plazma, SerCeul parametrebze gasvlis Semdeg CairTos sanTuris 

gadamaadgilebeli meqanizmi da vizualuri dakvirvrbiT moxdes Wris siCqaris 

koreqcia; 

5. eqsperimentis Catarebis procesSi pultze arsebuli sazomi xelsawyoebidan 

aRebul iqnas saTanado anaTvlebi; 

6. gaWrili zedapiris saxasiaTo ubanze Caiweros profilograma, moxdes misi 

damuSaveba, gaangariSebul iqnas RT, Rz, S da Rmax; dadgindes zedapiris simqisis 

klasi;  

7. miRebul Sedegebze dayrdnobiT gakeTdes saTanado daskvnebi. 

 

     4. laboratoriuli samuSaos Sesrulebis magaliTi 

a _ sawyisi monacemebi 

plazmuri WriT muSavdeba fol. 3 sisqiT б=22 mm; misi meqanikuri 

maxasiaTeblebia: denadobis xRvari бT=30 kgZ/mm2, droebiT winaRoba бϐ=50 kgZ/mm2, 

sisale  HB=185 kgZ/mm2, liTonis simkvrive J=7,85 gr/sm3, siTboSemcveloba Sdn=64 

kal/gr. plazmis parametrebia: denis Zala I=300 a, Zabvis vardna rkalze  U=120 v, 

SekumSuli haeris xarji 3 m3/sT, wylis xarji 0,5 m3/sT, ganaWeris sigane  ϐ=0,6 sm, 

margi qmedebis koeficienti (mqk) η =0,4. 
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b _ laboratoriuli samuSaos Catarebis msvleloba 

warmodgenili empiriuli formuliT viangariSoT plazmuri Wris siCqare 

wT
sm

wm
sm 3000,52,5

2,663
3456

642,26,085,7
1203004,024,0

=≈==
⋅⋅⋅
⋅⋅⋅

=V  

eqsperimentis Catarebis procesSi saWiro gaxda siCqaris koreqcia (Sesworeba) 

Semcirebis xarjze, vinaidan plazmuri rkali ver aswrebda furclis sisqis 

( 22=δ mm) mTlian gadnobas da namzadis gancalkevebas. moTxovnili pirobebis dacviT 

optimalur siCqared saWiroa CaiTvalos V=145---150 sm/wT. 

laboratoriuli samuSaos am nawilis mimarT daskvnis saxiT SeiZleba iTqvas: 

1. siCqaris saangariSo empiriuli formula sruliad ver asaxavs mimdinare process; 

saWiroebs damatebiTi eqsperimentebis Catarebas da miRebuli Sedegebis analizis 

safuZvelze Wris siCqaris koreqcias. 

2. plazmuri Wris siCqareebs Soris (Teoriuli da praqtikuli) sxvaoba, romelic 

Seadgens ∆V=Vang_Vfaq.=300_150=150 sm/wT, ganpirobebulia masalis siTbogamta-

reblobiT, danakargebiT ultraiisfer da infrawiTel gamosxivebaze, siTburi 

simZlavris danakargebze, romelic gadaecema da Tan gahyveba gamdnari liTonis 

masas; 

 

g. ganaWeri zedapiris xarisxis Sefaseba 

 

profilograma Caiwera plazmuri ganaWeris ( 22=δ mm) nimuSis trasaze, 

romelic zeda zedapiridan mocilebulia 12mm (nax.71). 

 

 

nax. 7.1. furclovani masalis (δ =22 mm) plazmuri Wris nimuSi, romlis H=12mm 

trasaze Caiwera profilograma; denis Zala I=300a, Zabvis vardna U=120v, Wris 

siCqare V=150 sm/wT. 
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nax. 7.2-ze mocemulia  H=12mm trasaze Cawerili profilograma, romelic 

Caiwera profilograf-profilometrze modeli 201 (qarxana ,,kalibri”). 

 

 

nax. 7. 2 profilograma Cawrili 22=δ mm. nimuSze 

 

profilogramis damuSavebis Semdeg simqisis klasis dasadgenad saWiro 

parametrebi Semdegia: 

 

h-is mniSvnelobebi 

sabazo sidididan 
1 2 3 4 5 

      hmin 29 31 38 43 43 

      hmax 61 50 64 54 50 

 

biji prof. Sverilebze 1 2 3 4 5 

       Si 23 19 25 15 6 

 

SeniSvna: radgan plazmur-rkaluri Wra xasiaTdeba SedarebiT uxeSi zedapiriT 

(gazrdili simqisiT) amitom RT simqisis parametrs ar vangariSobT. 

 

( ) ( )[ ] 1901043433831295054645061
1005
1 3 =⋅++++−++++
⋅

=ZR   mkm 

profilis biji Sverilebis xazTan 
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( ) 44,0615251923
540

1
=++++

⋅
=S   mm 

profilis udidesi simaRle SerCeul trasaze 

35,0
100

2964

3

min1max3
max =

−
=

−
=

V
hh

R   mm 

sabolood SeiZleba daiweros 

 

Rz mkm RT mkm Rmax mkm S mm 

190 _ 350 0,44 

 

miRebuli parametrebi (Rz, Rmax da S) sast2789-73 mixedviT moTavsebulia    

Rz=320---160 mkm intervalSi da eTanadeba zedapiris simqisis 1-klass. 

Tu miRebuli zedapiris simqisis klasi eTanadeba detalis samuSao naxaziT 

mocemul simqises, maSin igi SeiZleba gadaeces uSualod awyobis (magaliTad 

SeduRebis) ubans, xolo Tu moTxovnilia simqisis ufro maRali klasi, maSin 

sawiroa Sesruldes damatebiTi meqanikuri damuSaveba.  
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