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S e s a v a l i 

Tanamedrove teqnologiebis ganviTarebis tempebi moiTxovs warmoebis 

Sesabamis manqana-meqanizmebs, maT Soris satransporto saSualebebs. saxalxo 

meurneobis mraval dargSi, analogiurad samTo sawarmoebSic didnakaduri 

sacalo, fxvier-natexovani da wvrilmarcvlovani tvirTebis erT-erTi 

perspeqtiuli da popularuli, uwyveti moqmedebis satransporto saSualebaa 

lenturi konveierebi. garegan xaxuns yuradReba mieqca warmoebis martivi 

iaraRebis Seqmnis droidan. es iqneboda cecxlis mopovebis, mSeneblobis Tu 

xafangebis dagebis sxvadasxva meTodebi. warmoebis iaraRebis TandaTanobiTi 

srulyofa, Tavis mxriv, dRis wesrigSi ayenebda moxaxune zedapirebis Teoriuli 

da praqtikuli sakiTxebis (SezeTva, cveTa da a.S.) kvleva-Seswavlas. ase Seiqmna 

mecnieრeba - tribologia (tribonika, triboteqnika, tribomeqanika, tribofizika, 

triboqimia da a.S.[1]). dadgenilia, rom msoflios energetikuli resursebis erTi 

mesamedidan naxevramde ama Tu im formiT ixarjeba xaxunze, amitom saxalxo 

meurneobis nebismier dargSi tribologiis sakiTxebis Seswavla Zalian 

mniSvnelovania. saerTaSoriso Jurnalis "vear"-is yofili redaqtori, doqtori 

salomoni amtkicebs: "tribonika aris xelovnebisa da azrovnebis saxeoba: 

mecnierebisa da teqnikis sxvadasxva sferos specialistTa moqnili 

kooperaciisadmi inteleqturi midgoma. es operaciebis analizis gamoyenebis 

xelovnebaa udidesi ekonomikuri mniSvnelobis amocanebis gadawyvetisaTvis, 

saxeldobr, kosmოsuri xomaldebidan sayofacxovrebo xelsawyoebamde gamoyene-

buli teqnikuri mowyobilobebis saimedoobaze, eqsploataciasa da cveTaze” [2]. 

tribologiis erT-erTi ZiriTadi amocanaa xaxunis Zalebis regulireba, romelic 

unda iyos minimaluri (magaliTad, mimyol meqanizmebSi) an maqsimaluri 

(magaliTad, amZravebSi, sadac dauSvebelia buqsaoba). 

pirveli, vinc daamuSava ZiriTadi mecnieruli debulebebi xaxunis Sesaxeბ, 

iyo leonardo da vinCi (1452-1519). mიs Semdeg frangma swavlulma giimon 

amontonma (1663-1705) didZali eqsperimentuli masalis safuZvelze Camoayaliba 

xaxunis cnobili Teoriebi. Sarl ogiusten kulonma (1736-1806) Seiswavla 

srialis xaxuni da amontonis kanoni maTematikurad aRwera. kulonis gamokvlevebi 

xaxunis dargSi fundamenturi mniSvnelobisaa. kvlevebSi gaTvaliswinebuli iyo 

masalis Tvisebebi, srialis siCqare, sakontaqto zedapiris farTobi da misi 

damuSavebis xarisxi, agreTve mSrali da sveli xaxuni. kulonma aseve misca 

ganmarteba statikur da kinetikur xaxuns. me-18 saukuneSi meqanikosma m. parentma 

gamoaqveyna daxril sibrtyeze srialis xaxunis kvlevis Sedegebi, xolo misma 

Tanamedrovem mkvlevar-mecnierma beranrd forest de belidorma (1698-1761) 



tribologia zogadi kursi                                               saleqcio konspeqti 

 
 

6 

pirvelma daaskvna, rom myari tanis ragind damuSavebuli zedapiri, mainc mqisea 

(xorkliania) da Sedgeba naxevarsferuli pikebisa da Rrmulebis simravlisagan. 

Sveicarielma maTematikosma leonard eilerma (1707-1783) me-18 saukunis 

samocian wlebSi Caatara zusti analizebis seria amontonis, parentisa da 

belidoris Sedegebis axsnis mizniT. man miiRo maTemaTikuri gamosaxuleba, 

moqnili Zafis amZrav blokze (wevis) xaxunis Zalis gansazRvrisaTvis. SemdgomSi 

kvlevebiT: xardim (1919w.), birim, frank filip  boudenma (1903-1968), emil 

iulius gumbelma (1891-1966w), aseve Tanamedrove mecnier - mkvlevarebma: i.v. 

kragelskim, grinvudma, viliamsonma, xantma, rabinoviCma, kurtelma, 

freitagom da sxvebma daadastures adreuli klasikuri Teoriis vargisianoba 

xaxunis procesis yvela momentis ganxilvisTvis da daazustes mravali 

konkretuli detali da SemTxveva. magaliTad, eileris kvlevebi, Tu miviRebT, rom 

moqnili Zafis drekadi srialis siCqare amZravi blokis mimarT maqsimaluria, 

samarTliania yvela Cveulebrivi tipis xaxunis amZravi meqanizmisaTvis, (e.i. 

swrafobis wertilSi sawevi organos daWimuloba maqsimaluria, xolo sawevi 

organos amZravze movlebis geometriuli kuTxe -αg da drekadi srialis kuTxe - 

d.s. daaxlovebiT erTmaneTis tolia). Tanamedrove Sexedulebebi xaxunis bunebaze 

daixvewa da dazustda meore msoflio omis Semdgom periodSi, raSic kvlevebis 

mimarTulebebiTa da miRebuli SedegebiT mniSvnelovani wvlili Seitanes 

grinvudma, viliamsonma, boudenma, teiborma, kragelskim, WiWinaZem da sxv.    

xaxunis amZravi meqanizmebis Seqmnasa da srulyofas or aseul welze meti 

xnis istoria aqvs. Teoriuli da inJinruli gaangariSebiTa da konstruqciul 

gadawyvetilebaTa sisruleSi moyvaniT dainteresebuli iyo mravali mkvlevari, 

konstruqtori, gamomgonebeli, praqtikosi. am sferos fundamentur mkvlevarTa 

ricxvs ekuTvnian: l. eileri, m. kretci, m. urazbaevi, grazgofi, n. petrovi, n. 

Jukovski, o. kammeri, a.iberi. mravali kvlevebi aqvT Catarebuli: a. spivakovskis, 

g.solods, v.andreevs, n. biliCenkos, v. dimitrievs, m. kotovs, b. kuznecovs, 

n. poliakovs, l. Saxmeisters, i.Stokmans da sxv. 

lenturi konveierebis muSaobis praqtikuli magaliTebi ki  gviCvenebs, rom 

amZravis wevis faqtori (е) arastabiluria, rac gamowveulia droSi sakontaqto 

zedapirebisaTvis reologiuri da sxva mravali gauTvaliswinebeli pirobis 

cvlilebiT. es mniSvnelovan gavlenas axdens konveieris teqnikur-ekonomikur 

maCveneblebze. amZravTa muSaobis srulyofisaTvis wlebis manZilze ixveweboda 

misi parametrebis mastabilizebeli kvanZebi da iqmneboda axali tipis specialuri 

amZravebic. miuxedavad Catarebuli RonisZiebebisa, maRali da stabiluri CaWidebis 

koeficientis () miReba-SenarCunebis sakiTxi, gansakuTrebiT atmosferuli 
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pirobebis cvalebadobisas (rodesac icvleba temperatura da amZravis sakontaqto 

zedapirebis xaxuni mimdinareobs, mSrali, zRvruli, sveli xaxunisas, Tixisa da 

sxva samTo qanebis wyalxsnarebiT sakontaqto zedapirebis daWuWyianebisas da a.S.) 

ar aris gadawyvetili. amitom, rezervebi amouwuravia stabiluri wevis faqtoris 

miRebamde, rogorc me-20 saukunis bolo wlebis Sromebic gviCvenebs [87], misi 

gadawyvetis gzebi mravalnairia, romelTagan erT-erTi perspeqtiuli mimarTulebaa 

vakuum-amZravebis gamoyeneba (xaxuni vakuumSi). am amZravebis kvlevebisas [22, 21, 60, 

93], sxva specialuri da Cveulebrivi amZravebisagan gansxvavebiT, miRebulia wevis 

Zalebisa da weviTi faqtoris miRebisa da misi SenarCunebis sruliad 

damakmayofilebeli Sedegebi. Sedegebis samarTlianoba dasturdeba xaxunis 

klasikuri TeoriiTac [82]. magaliTad, amZravis sakontaqto zedapirebis rgolur 

WvriteSi nebismieri siTxis (zeTisac ki) moxvedra [22, 60] iwvevs mSral xaxunTan 

SedarebiT wevis Zalebis gazrdas da, maSasadme, sxva amZravebTan SedarebiT 

vakuum-amZraviT momuSave lenturi konveieris ekonomiurobis garantia, gacilebiT 

maRalia. zemoT moyvanili faqtebis mixedviT vTvliT, rom lenturi konveierebis 

erT-erTi perspeqtiulia vakuumuri amZravi, romlis moqmedebis principi SeiZleba 

safuZvlad davudoT, rogorc doluri tipis, aseve rgolurad Sekrul saTavis, 

kudis da Sualedur wrfiv sawevorganoebian amZravebs. 

samuSaos mizania vakuum-amZravis recipientebisa da sakontaqto zedapiris 

iseTi konstruqciis Seqmna, romelic lentis qveS, rgolur WvriteSi maqsimaluri 

da Tanabrad ganawilebuli vakuumis formirebas da regulirebas uzrunvelyofs. 

es sruliad misaRebia samTo sawarmoebis realuri (sveli xaxunis) pirobebisaTvis. 

kvlevis meTodika eyrdnoba Teoriul da eqsperimentul kvlevebs, 

maTematikur modelirebas da maT amonaxsns kompiuteruli uzrunvelyofiT da 

miRebuli kvlevis Sedegebis Semowmebas laboratoriul stendze fizikuri 

modelirebiT. 

mecnieruli debulebebi: 

a) avtonomiuri vakuumuri meqanizmebis moqmedebis siswrafe ganisazRvreba 

sakontaqto zedapiris dguSiseul sivrcesTan SemaerTebeli naxvretis geometriuli  

da drois erTeulSi masSi gadinebuli siTxis hidrodinamikuri parametrebiT; 

b) amZravis sakontaqto zedapirze myisuri, Tanabrad ganawilebuli da 

aucilebeli sididis vakuumis Seqmnis procesi mniSvnelovnad martivdeba da 

srulyofili xdeba, rgolur Wvritesa da dguSiseul sivrceSi wveTovani siTxis 

iZulebiTi SeyvaniT da SemdgomSi misi uwyvet nakadad gawoviT; 

g) amZravis muSaobis uxelsayrelesi reJimebi, romlis drosac mniSvnelov-

nad izrdeba amZravis wevis faqtori, arawrfiv funqciur damokidebulebaSia 
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makroelastohidrodinamikis marTvad procesebTan, romlebic mxedvelobaSi miiReba 

vakuum-dolisa da lentur sakisars Soris msgavsebisa da ganmasxvavebeli niSnebis 

ganxilvisas.  

samuSaos praqtikuli Rirebulebaa Teoriuli (kompiuteruli) da 

eqsperimentuli gamokvlevebis safuZvelze miRebuli Sedegebis gamoyenebis 

SesaZlebloba, rTul hidroteqnikur pirobebSi momuSave lenturi konveierebis, 

xaxunis amZravi meqanizmebis weviTi Tvisebebis asamaRleblad; amZravis sakontaqto 

zedapirze (rgolur WvriteSi) Tanabrad ganawilebuli da sakmarisi (0,95105 pa) 

vakuumis miRebis SemoTavazebuli meTodis (xerxis) praqtikuli realizaciis 

SesaZlebloba, lenturi konveieris vakuum-amZravebis (wevis faqtoris) muSaobis 

efeqturobis amaRleba. Tavis mxriv, stabiluri da maRali wevis faqtori amcirebs 

moTxovnas maRali simtkicis lentebis saWiroebaze (gansakuTrebiT horizontaluri 

da mcired daxrili danadgarebisaTvis). amis Sedegad qveiTdeba dgaris liTon-

tevadoba, izrdeba danadgaris samsaxuris vada da materialuri danaxarjebis 

maqsimalurad Semcirebis safuZvelze kidev ufro efeqturi xdeba vakuum 

amZraviani lenturi konveierebis muSaoba. 

mopovebuli literaturuli wyaroebis mixedviT dadginda, rom sakonveiero 

amZravebis kvlevebSi Cvens mier pirvelad iqna ganxiluli doluri amZravi, 

rogorc mZlavri lenturi sakisari, xolo iteraciis meTodebma saSualeba mogvca, 

Segvedgina sakontaqto zedapirebis optimaluri parametrebis gaangariSebis 

meTodika, romelic sruliad misaRebia nebismier samTo-geologiur pirobebSi 

momuSave sakonveiero vakuum-amZravebisaTvis. 

amZravebis gaangariSebis SemoTavazebuli meTodika SeiZleba gamoyenebul 

iqnes ara mxolod vakuum-amZravebSi, aramed rTul hidroteqnikur pirobebSi 

momuSave nebismieri amZravisTvisac. 
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1. xaxunis amZravebis tribologiis aspeqtebi 

 
 

lenturi konveieris maRali wevisfaqtoriani amZravebis Seqmna 

dakavSirebulia erTmaneTis mimarT mimoZravi zedapirebis urTierTqmedebis 

mecnieruli da teqnikuri sakiTxebis SeswavlasTan da tribologiis ZiriTadi 

amocanaa, romlis Seswavlac moiTxovs mravali disciplinis Rrma codnas. fizika, 

qimia, maTematika, meqanika, Termodinamika, masalaTamcodneoba, reologia, SezeTva, 

drekadoba, blant-drekadoba, drekadhidrodinamikuri SezeTva, Tbogadacema da a.S. 

 ai, arasruli nusxa im dargebisa, romelic saWiroa rTuli da 

urTierTdamokidebuli sferos manqanaTa saimedoobisa da urTierTis mimarT 

mimoZravi Semadgeneli kvanZebis (mag. amZravi dolisa da sakonveiero lentis 

sakontaqto zedapirebis rgoluri Wvrite; vakuum-meqanizmis cilindr-dguSebi; 

lentis sayrdeni mowyobilobebi da a.S.) xarisxiani daproeqtebisa da 

gaangariSebisas. Tanamedrove pirobebSi manqana-meqanizmebis moZravi nawilebis 

xaxunisa da cveTis regulirebis sakiTxebs eTmoba gazrdili yuradReba, radgan 

urTierTis mimarT mimoZravi wyvilis araregulirebadi xaxunis Zalebi iwvevs 

sakontaqto zedapirebis naadrev dazianebas da maTi aRdgenis samuSaoebze 

gaumarTleblad did xarjebs. winamdebare naSromi (leqciebis kursi) mniSvnelovan 

damxmarebas gauwevs specialistebs lenturi konveierebis amZravebisa da maTi 

urTierTmimarTmoZravi Serwymuli kvanZebis xaxunis Zalebis regulirebisa da 

Sesabamisad  manqana-meqanizmebis detalebisa da kvanZebis cveTis SemcirebaSi. 

viTvaliswinebT ra vakuumSi xaxunis process, vakuumuri meqanizmebis 

daproeqtebisas, konveieris amZravis amuSavebisTanave vazustebT vakuumis wyaros 

ZiriTadi kvanZebis (Cvens SemTxvevaSi cilindr-dguSebis muSa moculobebi, 

rgolur WvritesTan maTi SemaerTebeli recipientebi – naxvretebi da dguSebis 

maZravi mowyobilobebi) moZraobis mimarTulebas da parametrebis sidideTa 

cvlilebis diapazons. Sesabamisad amZravis rgolur WvriteSi zustdeba vakuumis 

qvezonebis kuTxuri sixSire da maTSi mosalodneli CaWidebis koeficienti, 

gauxSoebis mniSvnelobisa da xaxunis aucilebeli saxeobis (mSrali, zRvruli an 

sveli) Seqmnis SesaZleblobebis dadgena. aRniSnulis gaTvaliswinebiT Teoriuli 

da eqsperimentuli kvlevebisas aRmoCnda, rom sakonveiero lentis ara 

aucilebeli, magram maqsimaluri da sakmarisi sawyisi daWimuloba vakuum-dolebis 

SemTxvevisas ganisazRvreba gamosaxulebiT 2pRB  pRBS  anC  ; aseTi amZravi 

xasiaTdeba sakuTari wevis faqtoriT, romelic iangariSeba Semdegnairad: 
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vakuum-dolis sakuTari wevis faqtori, rodesac vakuumi iqmneba – CS -dan 
swS -ken 
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TiToeuli parametris gaangariSebis meTodika mocemulia Tematikis mixedviT 

Sesabamis TavebSi. 

cxrili   1.1. 

#   14,3αμ   μαe  #   14,3αμ   μαe  

1 0,2 0,628 1,87 8 0,9 2,826 16,733 

2 0,3 0,942 2,558 9 1.0 3,14 22,88 

3 0,4 1,256 3,498 10 1.1 3,454 31,295 

4 0,5 1,57 4,784 11 1.2 3,768 42.798 

5 0,6 1,884 6,542 12 1.3 4,082 58,53 

6 0,7 2,198 8,947 13 1,4 4,396 80,045 

7 0,8 2,512 12.235 14 1,5 4,71  

 

 

1.1. zogadi mimoxilva 

samecniero-teqnikuri progresi aris mudmiv gaumjobesebaSi myofi 

maRalmwarmoebluri teqnologiuri procesisa da warmoebis iaraRebis kompleqsis 

gegmiani gamoyeneba. misi erT-erTi mniSvnelovani rgolia satransporto manqana, 

romlis srulyofil teqnologiur funqciebze mniSvnelovnadaa damokidebuli 

sawarmos ekonomika. 

mrewvelobisa da meurneobis ganviTarebisa da momsaxurebis sferos 

srulyofisaTvis udidesi mniSvneloba aqvs arsebuli satransporto saSualebebis 

optimalur da mizanswraful gamoyenebas, risTvisac saWiroa maTi rekonstruqcia 

da srulyofa, cxovrebiTa da konkretuli pirobebiT warmoqmnili problemebis 

Sesabamisad. 

udidesi mniSvneloba aqvs rogorc samTamadno, aseve sxva sawarmoebis 

satransporto manqanebis optimalur da srulyofil eqspluatacia-momsaxurebas, 

risTvisac saWiroa maTi perspeqtiuli saxeebis, daniSnulebis, gaumarTaobis, 

mtyunebis mizezebisa da  gaumjobesebis mimarTulebaTa Rrmad Seswavla-analizi. 
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mrewvelobisa da meurneobis mraval dargSi didnakaduri tvirTebis 

gadazidvis erT-erTi perspeqtiuli satransporto danadgaria lenturi konveieri. 

maTi daproeqtebis, srulyofisa da warmoebis (mSeneblobis) problemebze muSaobs 

sxvadasxva qveynis mravali firma da sawarmo [46, 34, 35, 36]. daproeqtebisas didi 

yuradReba unda mieqces konveieris gamoyenebis ares (pirobebs) da gadasazidi 

tvirTebis fizikur-meqanikur Tvisebebs. maTi gaTvaliswinebiT unda moxdes 

sakonveiero danadgaris optimaluri parametrebis dadgena, sadac 

gaTvaliswinebuli unda iqnes yvela is ZiriTadi monacemi, romelic saWiro iqneba 

gaangariSebisa da mTlianad proeqtis mkafiod CamoyalibebisaTvis. 

lenturi konveieris amZravis ZiriTadi maCvenebelia maRali wevis faqtori, 

sakontaqto zedaprebis maRali saeqspluatacio parametrebi, samsaxuris vada da a.S. 

cnobilia, rom lenturi konveieris maqsimaluri sigrZe damokidebulia 

amZravis tipze (wevis faqtorze), lentis simtkiceze, mis sawyis daWimulobaze, 

tvirTis satransporto trasis profilsa da saWiro simZlavreze. amasTanave 

miTiTebulia [35, 36], rom yvelaze mtkice rezin-gvarliani lentis simtkicis 

zRvari, Cveulebriv, 60006300 dkn/sm farglebSia. misi Semdgomi gazrda ki 

ekonomikuri da teqnikuri TvalsazrisiT mizanSeuwonelia. ufro mtkice lentebis 

warmoebisas izrdeba misi masa da Rirebuleba, lentis Sepirapirebis sigrZe, 

dolis diametri, reduqtoris mgrexi momenti, dgaris gabarituli zomebi da 

liTontevadoba da konveieris sxva mravali parametri [34]. 

lenturi konveierebis mkvlevarebi, am simtkicis lentebis efeqturi 

(rodesac e SedarebiT didia) realizaciisaTvis gvTavazoben mravaldolian 

amZravebs Sualedur da kudis amZravebTan kompleqsSi. maTive kvlevebis Sedegebis 

mixedviT Q=4000 t/sT mwarmoeblobis horizontaluri konveieris maqsimaluri 

sigrZe erTdoliani amZravebis SemTxvevaSi ar aRemateba 850 m-s, ordolianisas ki 

1300 m-s. Tumca, literaturul wyaroebSi miTiTebulia 3,5 km sigrZis konveieris 

proeqtirebis SesaZlebloba ordoliani amZraviT. aseve miTiTebulia [36] rom 10 km 

sigrZis erTdgariani konveieris daproeqteba SeuZlebelia doluri tipis 

amZravebiT, vinaidan problemis gadawyvetisaTvis saWiroa 10000 dkn/sm da ufro 

meti simtkicis lenti [34]. Tanamedrove literaturul wyaroebSi konveiermSeneb-

obis miRwevebi aseTia: germaniis karierebze  “fortuna” da “xambaxi”  

eqspluataciaSi iyo 5 km sigrZis erTdgariani lenturi konveieri, mwarmoebloba 

Q=40000 t/sT, lentis sigane B=2,8 m da siCqare =7,5 m/wm, amZravebis saerTo 

simZlavre Nd=62000=12000 kvt [35] iyo. 

laipcigis gamofena-bazrobaze 1977w warmodgenili iyo germanuli firma 

“takraf”-is damzadebuli amZravi meqanizmi Zravis simZlavriT 1500 kvt. aseTi 

samblokiani meqanizmiT akrefili ordoliani amZravis bazaze miRebuli konveieris 
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mwarmoebloba Q=15400 m3/sT-ia, lentis sigane B=2,5 m, siCqare =6,0 m/wm, amZravebis 

saerTo simZlavre Nd=31500=4500 kvt [34]. 

msoflioSi yvelaze didi sakonveiero sistema daaproeqta da daamontaJa 

germanulma firma “krup”-ma. misi saerTo sigrZe Seadgenda 100 km-s, ganlagebuli 

iyo espaneTis saharaSi (afrika) maRaro “bu-karaa”-dan sazRvao portamde da 

emsaxureboda fosfatis nedleulis transportirebas. sakonveiero trasa 

Sedgeboda 6,8-dan 11,7 km-mde sigrZis TerTmeti konveierisagan 10 mln t/w 

mwarmoeblobiT. portSi konveieris gantvirTis punqti, sakonveiero sistemis 

datvirTvis punqtTan SedarebiT, 213 m-iT dabla mdebareobda. mTel trasas 

emsaxureboda 51 bazisuri amZravi meqanizmi, TiToeuli simZlavriT 378 kvt. jamuri 

simZlavre Seadgenda 19278 kvt-s, energiis xarjvis koeficienti - 0,0001 kvt.sT/tm; 

saTavisa da kudis amZravebi aRWurvili iyo (sakuTari) damoukidebeli damWimi 

mowyobilobebiT. lentis siCqare iyo 4,5 m/wm da sabadodan portamde tvirTi 

Cadioda 6,18 sT-Si [34]. 

sakonveiero transportis ganviTarebaSi mniSvnelovani nabijia didi 

britaneTis Saxta `selbi~-s daxril WaurSi 1984-85ww. erTdgariani 14930 m sigrZisa 

da D=2,674 m diametris erTamZravdoliani naxSirmzidi konveieri “staratklaidis” 

(didi britaneTi) da `realizacion de eqvifments industriis~ eqspluataciaSi 

Seyvana (proeqti daamuSava firma `andersonma” safrangeTi). amZravi ganlagebulia 

Saxtis zedapirze da moZraobaSi modis 25050 kvt simZlavris mudmivi denis 

ZraviT. brunvis sixSire, programuli teqnikis saSualebiT, 0-dan 60 wT-1-mde 

narnari regulirebiT icvleba konveieris datvirTvis reJimis mixedviT. amuSavebis 

momenti, romelic 4-5 wT mimdinareobs, damyarebul reJimSi muSaobis momentis 106 

% ar aRemeteba. tvirTiani damWimi mowyobiloba ganlagebulia uSualod amZravTan. 

awevis vertikaluri simaRlea 1000 m, mwarmoebluroba 3200 t/sT. gamoyenebulia 

lenti SТ-7100, romlis muSaunarianoba gaTvlilia 15 welze, xolo mTlianad 

konveirisa _ 30 welze. lentis siganea 1,3 m; maqsimaluri siCqare – 8,4 m/wm, awevis 

energiis xarjvis koeficienti – 0,00021 kvt.sT/t.m [34, 79]. 

Tanamedrove konveierebis damWimi mowyobiloba lentis sawyisi daWimulobis  

avtomaturi regulirebis mizniT aRiWurveba gadamwodebiT. isev kvlevis stadiaSia 

damWimi mowyobilobis muSaobis avtomaturi regulirebis sistema, romelic 

programuli teqnikis saSualebiT uzrunvelyofs lentis sawyis daWimulobas 

garemo pirobebis, amZravis sakontaqto zedapirebis mdgomareobisa da konveierze 

tvirTnakadis sididis mixedviT [34]. 

moyvanili teqnikuri maCveneblebi saxasiaToa da minimalurad asaxavs 

danarCeni grZeldgariani lenturi konveierebis mravalsaxa parametrebs, 

romelTagan bevri amJamad moqmedebs msoflios sxvadasxva qveyanaSi. 
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ganxiluli magaliTebi da sxva arsebuli danadgarebic imis utyuari 

sabuTia, rom wevis Zalebis realizacia ZiriTadad xorcieldeba lentis sawyisi 

daWimulobis (SC) gazrdiT an amZravze moqnili sawevi organos Semoxvevis kuTxis 

(g) matebis xarjze misi wevis faqtoris (eg) gazrdiT. unda aRiniSnos, rom 

pirveli faqtori zrdis danadgaris liTontevadobas, xolo meore iwvevs moqnili 

sawevi organos (lentis) daRlilobiT cveTas _ gaSrevebas an gvarlis mavTulebis 

dazianebasa da simtkicis Sesustebas. arsebobs sxva problemebic, romlebic 

sruladaa warmodgenili SromebSi [72, 73]. 

amZravis wevis faqtoris (eg) gazrdis erT-erTi efeqturi saSualebaa 

sakontaqto zedapirebis CaWidebis (xaxunis) stabiluri koeficientis miReba-

SenarCuneba. am mimarTulebiT Sesrulebuli kvleviTi samuSaoebi iTvaliswinebs: 

amZravi dolis sakontaqto zedapirebis, an misi amonagis (maRalfriqciuli 

masaliT futirebis) sxvadsxva konfiguraciis (marTkuTxa, Sevronuli da a.S.) 

naWdevebs an specialuri amZravebis gamoyenebas (eleqtromagnituri, magnitoeleqt-

ruli, meqanikur-mimWer mowyobilobiani, pnevmokameriT, vakuumuri da a.S.) [41, 51, 22, 

60, 93, 50, 70, 81 da sxva]. 

xaxunis mecnieruli safuZvlebis fuZemdeblebad da adreuli Teoriis 

Semqmnelad iTvlebian: leonardo da vinCi, amontoni, kuloni, de lia giri, 

tomlinsoni, parenti, belidori da leonard eileri. am ukanasknelma winamorbedTa 

kvlevis Sedegebis axsnisaTvis Seasrula zusti analizis seria, riTac miiRo 

amZravi meqanizmebiT (doliT, borbliT) mwev organoze (bagirze, lentze) xaxunis 

Zalis maTematikuri gamosaxuleba. am mkvlevarebis Semdeg didi xnis manZilze 

xaxunis TeoriaSi mniSvnelovani samuSaoebi ar Seqmnila. am periodis mecnierebi 

xaxunis koeficientis angariSisas ar ganixilavdnen aranairi pirobebis gavlenas 

da Tvlidnen, rom f=const=0,250,3. [43]. 

xaxunis Teoriis mogvianebiTi mkvlevarebi: xardi, biri, gumbeli, ernsti, 

merCenti da bloki sakiTxis Seswavlisas iTvaliswinebdnen statikur da kinetikur 

pirobebs, sakontaqto zedapirebis mdgomareobas (tenianoba, simqise, temperatura), 

srialis siCqaresa da kuTr wnevas, rac  srulfasovnadaa warmodgenilia SromebSi 

[54, 55, 43, 76, 82, 83, 84]. 

liTonis, elastomerebisa da sxva sakompozicio masalebis xaxunis bunebis 

Tanamedrove Sexedulebebi Camoyalibda mTeli rigi (mravali) detaluri kvlevis 

safuZvelze, romelTa avtorebic arian: kragelski, WiWinaZe, grinvudi, viliamsoni, 

xanti, boudeni, teibori, rabinoviCi, kurteli, freitago, ariano, dere, roti, 

tirioni, Salamaxi, bartenevi, ratneri, groSi, deriagini da sxv. maT kvlevebSi 

yuradReba gamaxvilebulia faqtobrivi sakontaqto farTobisa da SemzeTi 

adsorbirebuli Sris sisqis gansazRvraze. amJamad cnobilia ramdenime 



tribologia zogadi kursi                                               saleqcio konspeqti 

 
 

14 

Tvalsazrisi garegani xaxunis bunebaze da misi ganmartebisaTvis Semotanilia 

cnebebi: moxaxune zedapirebis urTierTgadafarvis koeficienti [43] (a. WiWinaZis 

mier), xaxunis ormagi buneba (molekulur-meqanikuri), sakontaqto zedapirebs 

Soris mesame _ xaxunis Sre; plastikuri, drekadi da drekad-plastikuri 

deformacia; adgeziuri, kogeziuri, simSvidis, srialisa da gorvis, sveli, 

zRvruli da mSrali xaxunis, histerezisis, molekuluri (SeduRebis) bogirakebis, 

myari fazis wakveTis, zedapirze kavSirebis mimarTuli rekombinaciisa [44] da sxv. 

Sesaxeb. amgvarad, xaxuni disipaciuri procesia, romelic Sesabamisad aisaxeba 

winaRobebis gadalaxvasa da sakontaqto zedapirebis formis cvlilebebSi da 

damokidebulia mraval reologour faqtorze, amitom xSirad avtorTa kvlevis 

Sedegebi erTmaneTs srulad ar emTxveva da iwvevs polemikas. magaliTad, [82] 

kvlevebis mixedviT, xaxunis kieficienti umniSvnelod icvleba da normaluri 

Zalis 16-jeradi gazrda xaxunis kieficients zrdis mxolod orjer. germaniasa da 

CexoslovakiaSi Sesrulebuli kvleviTi samuSaoebis mixedviT ki dolisa da 

lentis sakontaqto zedapirebze kuTri wnevis 105-dan _ 7×105 pa-mde gazrdiT 

(dolis sakontaqto zedapiris maRalfriqciuli sworkuTxa naWdevebiani reziniT 

amogebis miuxedavad) xaxunis koeficienti mcirdeba 0,7-dan 0,46-mde, xolo Tu 

sakontaqto zedapirebi amavdroulad sveldeba da kaliumis marilebis an Tixis 

Semcveli xsnariT WuWyiandeba, maSin xaxunis koeficienti 0,7-dan 0,11-mde da ufro 

metadac [35]. xaxunis koeficientis fundamentur kvlevebSi [43] aRniSnulia, rom 

daSvebebi laboratoriuli eqsperimentebis dros, romelic iTvaliswinebs mxolod 

moxaxune sxeulebis bunebis gavlenas xaxunis koeficientis sidideze, arasakma-

risia da ufro metad damokidebulia mogvianebiT da Tanamedrove kvlevebSi 

moyvanil cnebebsa da pirobebze, romelsac, rogorc aRvniSneT, zogadad 

reologiuri ewodeba. 

yuradsaRebia erTi SeniSvna [43]: Tu myari tanis zedapiri gaTavisuflebulia 

afskisagan (rac SeiZleba ganxorcieldes vakuumSi an mkacr-gansakuTrebul reJimSi 

xaxunisas), maSin garegani xaxuni gadadis SinaganSi, zedapirebi eWideba-duRdeba da 

erTimeoris mimarT gadaadgilebisas mniSvnelovnad ziandeba. zogjer am movlenas 

`sufTa xaxuns~ uwodeben Tumca, misi garegan xaxunad ganxilva arsebiTad ar 

SeiZleba. paradoqsulia Sarlota iakobis 1912 wels Sesrulebuli pirveli 

samuSaos Sedegebi. vakuumSi xaxunis koeficientis mniSvneloba aRmoCnda bevrad 

dabali, vidre haerze [82]. SemdgomSi misi cdis meTodikis arasrulfasovneba 

dadasturda. uaxlesma kvlevebma aCvena, rom vakuumSi xaxuni ar aris principulad 

axali procesi. is emorCileba imave zogad kanonzomierebebs, rasac atmosferul 

pirobebSi. kerZod, vakuumSi xaxunisaTvis sruliad mizanSewonilia xaxunis 

molekulur-meqanikuri Teoria. aseve miTiTebulia, rom vakuumSi xaxunis adgeziuri 
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mdgeneli gacilebiT maRalia, vidre haeris garemoSi, Sesabamisad, didi unda iyos 

xaxunis koeficientic [82].  

es naSromi warmoadgens lenturi konveierebis vakuumuri amZravebis 

sakontaqto zedapirebis optimaluri parametrebis kvlevis mizniT Catarebul 

samuSaos, romelic ZiriTadad emyareba (sveli xaxunis pirobebSi) amZravis 

moxaxune zedapirebis (vakuum-doli, sakonveiero lenti) standartul parametrebs 

(B, D, v, , ) da iTvaliswinebs mTel sakontaqto zedapirze vakuumis (p) Tanabrad 

ganawilebis uzrunvelyofas, sakonveiero lentis parametrebis gaTvaliswinebiT 

(simqise, sixiste, konstruqcia, kuTri dawneva (P), gaglejis zRvari (Sg) da a.S.). 

specialuri literaturis mixedviT [34, 35] samTamadno sawarmoebSi 

Tanamedrove magistraluri sakonveiero transportis lentis moZraobis siCqare 

icvleba =58,4 m/wm; lentis simtkicis maragi (m) dinamikuri (statikuri) _ 

rezinqsovilianisaTvis m=6,0 (9,5), xolo rezingvarlianisaTvis m=6,3 (10); amZravi 

dolis maqsimaluri diametri D=2,452,674 m; gamoyenebuli maqsimalurad mtkice 

lentis tipi (2РТЛ-6000, ST-6000, an ST-7100), gaglejvis zRvari Sg=6000 an 7100 

dkn/sm, sigane B=2,438 m (lentis maqsimaluri sigane DIN-22102 germanuli standartis 

mixedviT B=3,2 m). 

gemraniaSi Catarebulma Teoriulma kvlevebma, rezingvarliani lentebis 

simtkicis Teoriul zRvrad CaTvala 10 000 da 20 000 dkn/sm, Sesabamisi 

saorientacio masiT 84 da 152,5 dkn/m2 [34], xolo =5,2 m/wm siCqarisa da B=2,2 m 

lentis siganisas amZravis moTxovnili (saWiro) simZlavre Sesabamisad 10 700 da 

23 500 kvt-is tolad. lentis simtkicis es Teoriuli SesaZleblobebi 

gvafiqrebinebs, rom amZravis wevis faqtoris gazrdis SesaZlebloba jer kidev ar 

amowurula, miT umetes, rom vakuumSi xaxunis koeficienti maRalia da amasTan 

stabiluri [82]; 

zemoTqmulis mixedviT vadgenT amZravis bazisur models Semdegi 

parametrebiT: ST tipis lentis sigane B=3,2 m, dolis diametri D=2,674 m; lentis 

maqsimaluri siCqare maqs=8,4 m/wm, simtkicis zRvari gaglejaze Sg=7100 dkn/sm 

(Teoriuli 10 00020 000 dkn/sm), simtkicis maragis dinamikuri (statikuri) 

koeficienti m=6,3 (10), mwarmoebloba Q=40 000 t/sT (q=1323 dkn/m), amZravis 

simZlavre Nd=12 00015 150 kvt. 

lentis simtkicis maragis dinamikuri koeficientis (mdin=6,3) mixedviT 

dolze lentis swrafobis wertilSi SesaZlo maqsimaluri myisuri daWimuloba 

Ssw.din=Sgamg/mdin=7100320/6,3=360 635 dkn. 

lentis simtkicis maragis statikuri koeficientis (mstat=10) mixedviT 

Ssw.stat=SgamgB/mstat=7100320/10=227 200 dkn. 
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Semdeg amZravis SerCeva xdeba cnobili wesis mixedviT [94]. 

 
 
 

1.1.1. uwyveti reJimis transportis gamoyenebis areali 

XIX saukunis 90-ian wlebSi SemuSavebuli iyo samrewvelo transportis 

ganviTarebis generaluri mimarTulebebi [1], romelebic dResac aqtualuria. masSi 

gaTvaliswinebuli iyo samTo sawarmoebisaTvis uwyveti, cikluri, ciklur-

nakaduri moqmedebis transportisa da gardamavali struqturuli rgolebis 

ganviTarebis koncefcia, sadac yuradReba ZiriTadad gamaxvilebuli iyo 

damuSavebis teqnologiebSi fxvier-natexovani tvirTebis im kondiciamde dayvanaze, 

romelic farTo gzas miscemda hidravlikuri, sakonveiero, sabagiro, axal 

specializebul (magaliTad, pnevmokonteineruli [2]) da sxva, maT Soris cikluri 

moqmedebis transportis miznobriv gamoyenebas. es niSnavs, rom nebismieri 

(sabadoTa Saxturi, Ria wesiT damuSavebisa da sxva mravali konkretuli 

SemTxvevebisaTvis) teqnologiuri procesis Semadgeneli operaciebis dalageba 

aucileblad unda moxdes im rigiT, rom racionaluri satransporto teqnikis 

gamoyeneba dadebiTad aisaxos tvirTis transportirebisa (tona km–is Rirebule-

basa) da produqciis saboloo TviTRirebulebaze. magaliTad, Tu tvirTebis 

mopovebisas miiReba aragabarituli tvirTebi, romlebic aucileblad unda 

daqucmacdes, maSin es operacia unda Sesruldes transportirebamde, rac 

gansazRvravs optimaluri (miznobrivad gamarTlebuli) satransporto saSualebe-

bis SerCeva-gamoyenebis sakiTxs. koncefciis proeqtSi pirdapiraa miTiTebuli, rom 

sakonveiero transportis gamoyenebisas gazrdilia moTxovnaNAiseT nomenkla-

turul mowyobilobebze, rogorebicaa samsxvrev-saxarisxebeli, mkvebavi da a.S. 

agregatebi, romelTa sqemaSi CarTva, miuxedavad damatebiT finansuri xarjebisa, 

gamarTlebulia, vinaidan zrdis danadgarebis muSaobis saimedoobas, xangamZleobas 

da iZleva mniSvnelovan mogebas (ekonomikur efeqts). 

msjelobis mizania, ciklurTan SedarebiT, uwyveti moqmedebis transportis 

gamoyenebiT  tvirTbrunvaSi miRebuli dadebiTi  Sedegebis asaxva da dasabuTeba, 

romlis Semdgomi gamoyeneba saSualebas iZleva, sawarmoebi aRiWurvos perspeq-

tiuli satransporto sistemebiT. aRsaniSnavia isic, rom aseTi satransporto 

sistemebis avtomatizaciis  xarisxi maRalia, xolo muSaoba  saimedo. 

sayovelTaod cnobilia pirdapirproporciuli funqciuri damokidebuleba 

uwyvet reJimze momuSave satransporto saSualebaTa qvemoT warmodgenil para-

metrebs Soris aseTia 

Q ൌ fሺq, 𝑣ሻ ,                                    ( 1.1 ) 
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sadac: Q aris uwyveti reJimis satransporto manqanis mwarmoebluroba, t/sT; 

 q – uwyveti reJimis satransporto manqanis grZivi datvirTva, dkn/m; 

 𝑣 – tvirTnakadis anu tvirTmzidi organos siCqare, m/wm. 

Sesabamisad, uwyveti reJimis satransporto danadgaris mwarmoebluroba 

(t/sT) toli iqneba 

Q ൌ 3,6 q𝑣,                                   ( 1.2 ) 

ciklur reJimze momuSave satransporto saSualebaTa warmodgenil parame-

trebsaGda mwarmoeblurobas Soris funqciur damokidebulebas eqneba Semdegi saxe: 

Q ൌ f ൬
G , 𝑣

L
൰ 

mwarmoeblurobasTan pirdapirproporciul funqciur damokidebulebaSia 

ciklur reJimze momuSave satransporto saSualebaTa parametrebi: tvirTmzidi 

WurWlis tvirTamweoba, (G, dkn) da WurWlis moZraobis siCqare, (v, m/wm), xolo 

ukuproporciul damokidebulebaSia satransporto gzis sigrZe (L, m) anu zidvis 

manZili. 

ciklur reJimze momuSave satransporto saSualebebis erTi sruli ciklis 

xangrZlivoba (T ൌ  
ଶ

୴საშ
 ϑ) Sedgeba misi datvirTuli (G, dkn. - sasargeblo) da 

carieli (G, dkn. - usargeblo – mkvdari wonis) svlisagan, n-raodenobis 

WurWlebis datvirTvisa,  gaclisa da  samanevro operaciebisaTvis saWiro 

droisagan (ϑ, წმ); amitom mizanSewonilia, sasargeblo tvirTbrunvis dazustebis 

mizniT cikluri reJimis transportis mwarmoebluroba ganvsazRvroT rogorc 

sasargeblo tvirTisa da mkvdari wonis moZraobis cal-calke gamoTvlil 

sidideTa jami.  A 

amgvarad, mkvdari wonis tvirTis moZraobis mixedviT  Qც ൌ 𝑛G, xolo sasar-

geblo tvirTis wonis mixedviT Qდ ൌ 𝑛ሺG  Gሻ. Tu ciklebis raodenoba saaTSi 

iqneba nც ൌ 3600vსაშ /ሺ  2L  ϑvსაშሻ, maSin cikluri reJimis transportis saaTobrivi 

mwarmoebluroba ganisazRvreba damokidebulebiT: 

Qსთ ୀ൫Qც  Qდ൯nც ൌ ሾnცG  nሺG  Gሻሿ nც                     ( 1.3 ) 

masSi zemoT mocemuli mniSvnelobebis CasmiT, miviRebT: 

.
v2L

nG3,6v x 2

v2L

nG3,6v
Q 0

saS

saS

saS

saS
sT  




                             ( 1.4 ) 

(1.4) gamosaxulebis pirveli Sesakrebi cikluri reJimis transportis  moZravi 

Semadgenlobis sasargeblo tvirTis wonaa, xolo meore Sesakrebi  moZravi 

Semadgenlobis (usargeblo anu mkvdar wona), romelic maZravi meqanizmisa da 

tvirTmzidi WurWlis jamuri wonaa) taris wona, Tu gaviTvaliswinebT, rom  taris 

woniTi koeficienti ( Kტ) 
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Kt ൌ
ୋబ

ୋ
      anu       G ൌ KტG  ,                       ( 1.5 ) 

gamosaxuleba  SeiZleba warmovadginoT (^1.6 ) gantolebis saxiT, sadac usargeblo 

anu mkvdari G wonac gamosaxuli iqneba sasargeblo tvirTis G wonisa  da taris 

woniTi Kტ koeficientis saSualebiT: 

,
v2L

nGK3,6v  2

v2L

nG3,6v
Q

saS

tsaS

saS

saS
sT  





                           ( 1.6 ) 

saidanac  SeiZleba sasargeblo tvirTis  wonasTan  jeraduli SefardebiT (1.7) 

gamosaxulebiT ganisazRvros usargeblo, anu mkvdari tvirTis wonac: 

).2K(1
v2L

nG3,6v
Q t

saS

saS
sT 





                               ( 1.7 )  

cikluri reJimis satransporto saSualebis saxeobisa da taris woniTi 

koeficientis cvalebadobis Sesabamisad meryeobs mkvdari tvirTis wonac, romlis 

gansazRvra aseve Zalian martivia, Cven mier SemoTavazebuli meTodiT, mocemuli 

konkretuli taris woniTi koeficientisaTvis (1.7) gamosaxulebisa  da sawarmos 

mwarmeblurobis saSualebiT. 

xsenebuli koncefciis proeqtisa da ganxiluli masalis mixedviT SevecadeT 

realuri suraTi Segveqmna tyibulis SaxtisaTvis.  Sps “saqnaxSiris” (ji-ai-ji 

jgufis) wevrebTan erTad SeviswavleT Saxtis ZiriTadi (sasargeblo) 

tvirTbrunvis sruli konveierizaciis sakiTxi, romelic Sps “saqnaxSiris” 

administraciis mier didi xnis winaTaa dagegmili, magram dResac gadauWreli 

problemaa. 

tvirTgamtari gvirabebis naxazebis winaswari ganxilvisa da problemuri 

ubnebis CamonaTvalis Sedgenis Semdeg Saxtis xelmZRvanelebTan EerTad adgilze 

SeviswavleT sakiTxis yvela wvrilmani, romelic Semdeg ganxilul iqna Sps 

“saqnaxSiris”  (ji-ai-ji jgufis)  perspeqtiuli ganviTarebis sabWos sxdomaze. 

Cveni azriT, gvirabebis minimaluri gawmendiTi da mcire sarekonstruqcio 

samuSaoebis Sesrulebis Semdeg, +582 horizontis tvirTgamtari Stolnisa da +275 

horizontis aRmosavleTis savele Strekis sruli konveierizacia SesaZlebeli 

iqneba: a) StolnaSi erTi sakonveiero dgariT (dgaris sigrZiT ൎ3 000 m) ZiriTadi 

tvirTebis zidva brma Wauris mimRebi bunkeridan zedapiramde (sakonveiero amZravi 

ganTavsdeba dRiseul (nulovan doneze) zedapirze wiaRiseulis  mimRebi bunkeris 

maxloblad); b) +275 horizontis aRmosavleTis savele StrekSi #9 Surodan 

centralur kverSlagamde da SemdgomSi skipis satvirTav mimReb bunkeramde 

specialuri proeqtis Sedgenis Semdeg, aseve erTdgariani konveieris saSualebiT. 

yovelive amis miRweva SesaZlebelia maRali sakuTari wevisfaqtoriani sakonveiero 

vakuumuri amZraviT lentis sawyisi daWimulobis Semcirebis xarjze da tyibulis 
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Saxtis sazid gvirabebSi Sesabamisi erTdgariani lenturi konveierebis 

ganTavsebiT. maRali da sakuTari wevisfaqtoriani sakonveiero amZraviT [3] lentis 

sawyisi daWimulobis Semcirebis xarjze, viyenebT ra naklebad Rirebul lentebs, 

miaxloebiT SeiZleba iTqvas, rom danadgaris kapitalRirebuleba da saeqsplu-

atacio momsaxurebis xarjebi  TiTqmis naxevrdeba. 

sacnobaro literaturis [4] monacemebis mixedviT, taris woniTi koeficienti 

Kტ icvleba: a) qvanaxSiris mcire da didtvirTulobis WurWlisaTvis 

(vagonetebisaTvis) Sesabamisad 0,85-dan - 0,47-mde; b) madnebSi momuSave WurWlebi-

saTvis Sesabamisad 0,75-dan - 0,24-mde; avtotransportisaTvis 1,22-dan - 0.364-mde. 

rac Seexeba Sps “saqnaxSiris” tvirTgamtar gvirabebSi, sakonveiero tran-

sportis danergviT miRebul efeqts is: Saxtis wliuri mwarmoeblurobisa, (1.7) 

gamosaxulebisa da taris woniTi koeficientis mixedviT, saorientaciod minimum 

SeiZleba ase Sefasdes: 

1) Qწლୀ300 000 ტ/წ;           2) Saxtis Qწლୀ 1 000 000 ტ/წ; 

mkvdari tvirTi Seadgens:  

           1) 300 0000,94=282 000 t/w;       2) 1 000 0000,94=940 000 t/w 

             300 000  1,7 = 510 000 t/w;    1 000 000  1,7=1 700 000 t/w; 

Ria wesiT mopovebisas da avtotransportiT zidvis SemTxvevaSi, analogiuri 

meTodiT SeiZleba mkvdari tvirTis wliuri raodenobisa da misi  gadaadgilebiT 

gamowveuli Sesabamisi zedmeti wliuri kapitaldanaxarjebis gansazRvra. 

        1) karieris Qწლୀ 300 000 ტ/წ;      2) karieris   Qწლୀ 1 000 000 ტ/წ; 

mkvdari tvirTi Seadgens: 

        1) 300 000  0,728 = 218 400 t/w;    2) 1 000 000 0,728 =728 000 t/w; 

          300 000  2,44 = 732 000  t/w;  1 000 000  2,44 = 2 440 000 t/w; 

ekonomikuri efeqtis gaangariSebisas proeqtis mowyobilobaTa baza 

itvirTeba sawarmos konkretuli momaragebis monacemTa Rirebulebis mixedviT da 

zustdeba samuSaos teqnologiuri procesis Semadgeneli operaciebis rigiTobis  

zustad dacvis Sesabamisad; rigiToba zustdeba da mtkicdeba saTanado kompen-

tenturi organoebisa da pirTa monawileobiTa da xelmoweriT da jdeba monacemTa 

bazaSi. amgvarad, uwyveti da cikluri reJimis satransporto manqanebis ZiriTadi 

parametrebis gaTvaliswinebiT upiratesi satransporto saSualebis gansazRvris 

meTodis SemuSavebiT dadgenilia, rom yvela SemTxvevaSi, Tu sxva aucilebloba ar 

arsebobs, fxvier-natexovani tvirTebis yvelaze xelsayrel satransporto 

saSualebad unda vaRiaroT teqnologiuri procesis Sesabamisi, uwyveti reJimiT 

momuSaveTagan romelime maTgani, magaliTad, lenturi konveieri, radgan 

maRalmwarmoebluria da SesaZlebelia avtomatizaciis maRali xarisxi. 
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1.1.2. garegani xaxunis Seswavlis (safuZvlebi) istoria 

garegani xaxunis Seswavlas safuZveli Caeyara warmoebis martivi iaraRebis 

Seqmnis droidan. warmoebis iaraRebis TandaTanobiTi daxvewis aucileblobam ki, 

Tavisi mxriv, gamoiwvia moxaxune zedapirebis praqtikuli sakiTxebis (SezeTva, 

cveTa da a.S.) eqsperimentuli kvleva da Teoriuli analizi. ase Seiqmna 

tribologia. mecnierebis am mimarTulebis erTerT ZiriTad amocanas 

warmoadgens xaxunis Zalebis regulireba, - ukiduresad Semcireba amyol 

meqanizmebSi an maqsimalurad gazrda amZravebSi, raTa ar davuSvaT buqsaoba.  

pirveli vinc daamuSava ZiriTadi mecnieruli debulebebi xaxunis Sesaxeბ iyo 

leonardo da vinCi (1452-1519). mიs Semdeg kulonma (1736-1806) Seiswavla srialis 

xaxuni da amontonis eqsperimentebis Sedegad gacxadebuli kanoni maTematikurad 

aRwera 

F=f P                     (1.8) 

 sadac F aris xaxunis Zala, f - xaxunis koeficienti, P - normaluri Zala, 

kulonis gamokvlevebi xaxunis dargSi fundamentaluri mniSvnelobisaa. 

Sveicarielma maTematikosma eilerma me-18 saukunis samocian wlebSi Caatara zusti 

analizebis seriali amontonis, parentisa da belidoris Sedegebis axsnis mizniT. 

man miiRo maTemaTikuri gamosaxuleba, moqnili Zafis amZrav blokze (wevis) xaxunis 

Zalis gansazRvrisaTvis.  

Sსწ / Sჩ = e                                  (1.9.)   

 saidanac                Sსწ = SC  e                                   (1.10.) 

wevis Zala           F=Sსწ – SC = SC(e-1)                         (1.11.) 

sadac Ssw aris moqnili Zafis (lentis, bagiris) daWimuloba amZravze swrafobis 

wertilSi; SC - moqnili Zafis daWimuloba amZravi blokidan Camoqanebis 

wertilSi; ℮=2,71 - neperis ricxvi; μ - moqnili Zafis amZravi blokis 

zedapirTan CaWidebis koeficienti; 

 

 

1.1.3. lenturi konveierebis amZravebis Teoriuli da eqsperimentuli 

kvlevis Sedegebis zogadi analizi 

xaxunis amZravi meqanizmebis Seqmnasa da srulyofas or aseul welze meti 

xnis istoria aqvs. Teoriuli da inJinruli gaangariSebiT da konstruqciul 

gadawyvetilebaTa sisruleSi moyvaniT dainteresebuli iyo mravali mecnieri, 

konstruqtori, gamomgonebeli, praqtikosi. am sferos fundamentalur mkvlevarTa 

ricxvs ekuTvnian: l. eileri, m. kretci, m. urazbaevi, grazgofi, n. petrovi, n. 

Jukovski, o. kammeri, a. fiberi... 
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mravali kvleva aqvT Catarebuli a. spivakovskis, g.solods, v.andreevs, n. 

biliCenkos, v. dimitrievs, m. kotovs, b. kuznecovs, n. poliakovs, l. Saxmeisters, 

i.Stokmans da sxv. 

l. eileris kvlevebis mixedviT, xaxunis amZravis wevis Zala iangariSeba (1.9.) 

formuliT da samarTliania yvela Cveulebrivi tipis xaxunis amZravi 

meqanizmisaTvis: F=Sსწ – SC = SC(e-1). 

sadac  aris amZrav blokze moqnili Zafis Semoxvevis kuTxe; 

 - moqnil Zafze amZravi blokiT ganviTarebuli  xaxunis Zala. 

SemdgomSi am gamosaxulebam gamoyenebis sferos mixedviT sxvadasxvanairi 

interpretacia ganicada. rogorc lenturi konveierebis muSaobis praqtikuli 

magaliTebi gviCvenebs, amZravis wevis faqtori (е) arastabiluria. is, damokide-

bulia droSi sakontaqto zedapirebisaTvis reologiuri da sxva mravali 

gauTvaliswinebeli pirobis cvlilebebze. aRniSnuli faqti mniSvnelovan gavlenas 

axdens konveieris teqnikur-ekonomikur maCveneblebze. amZravebis muSaobis srulyo-

fisaTvis wlebis manZilze ixveweboda misi parametrebis mastabilizebeli kvanZebi 

da iqmneboda axali tipis specialuri amZravebi.  

miuxedavad Catarebuli RonisZiebebisa, maRali da stabiluri CaWidebis 

koeficientis () miReba-SenarCunebis sakiTxi, gansakuTrebiT atmosferuli 

pirobebis cvalebadobisas (rodesac icvleba temperatura da amZravis sakontaqto 

zedapirebis xaxuni mimdinareobs mSrali, zRvruli, sveli xaxunisas, Tixisa da 

sxva samTo qanebis wyalxsnarebiT sakontaqto zedapirebis daWuWyianebisas da a.S.) 

ar aris gadawyvetili. amitom, rezervebi amouwuravia stabiluri wevis faqtoris 

miRebamde, rasac me-20 saukunis bolo wlebis Sromebic gviCvenebs [87]; misi 

gadawyvetis gzebi mravalnairia, romelTagan erT-erTi perspeqtiuli mimarTulebaa 

vakuum-amZravebis gamoyeneba. am amZravebis kvlevebisas [22, 21, 60, 93], sxva 

specialuri da Cveulebrivi amZravebisagan gansxvavebiT, miRebulia wevis Zalisa 

da weviTi faqtoris miRebisa da misi SenarCunebis sruliad damakmayofilebeli 

Sedegebi. Sedegebis samarTlianoba dasturdeba xaxunis klasikuri TeoriiTac [82]. 

magaliTad, amZravis sakontaqto zedapirebis rgolur WvriteSi nebismieri siTxis 

(zeTisac ki) moxvedra [22, 60] iwvevs mSral xaxunTan SedarebiT wevis Zalebis 

gazrdas da, maSasadme, vakuumamZraviT momuSave lenturi konveieris ekonomiku-

robis garantia, sxva amZravebTan SedarebiT, gacilebiT maRalia. zemoT moyvanili 

faqtebis mixedviT vTvliT, rom lenturi konveierebidan erT-erTi perspeqtiulia 

vakuumuri amZravi, romlis moqmedebis principi SeiZleba safuZvlad davudoT, 

rogorc doluri tipis saTavisa da kudis, aseve rgolurad Sekrul wrfiv 

sawevorganoebian Sualedur amZravebsac. miuxedavad am sferoSi mkvlevarTa 

mravalwliani muSaobisa, Sedegebi ki damajerebelia, magram, Cveni azriT, 
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SesaZleblobis mxolod minimumia gakeTebuli. logikuri analizisa da 

mecnierulad dasabuTebuli debulebebis mixedviT mizanSewonilad migvaCnia 

vakuum-amZravebis rekonstruqcia-srulyofisas gaTvaliswinebul iqnes:  

a) recipientebis (vakuum-arxebis) naxvretebamde dayvaniT da hidroaero-

dinamikis (makroelastohidrodinamikis) TvalsazrisiT amZravebis sakontaqto 

zedapirebis ufro metad (arsebulTan SedarebiT) gamartiveba; 

b) urTierTdamokidebulebis uzrunvelyofa amZravi vakuum-dolis kuTxur 

siCqaresa (brunvis sixSiresa) da rgoluri Wvretidan siTxis (wveTovanis, 

gazisebris) drenaJirebis (gawovis) siCqares Soris; 

g) sakontaqto zedapirebis (rgolur) WvriteSi maRali da Tanabrad 

ganawilebuli gauxSoebis miRebisa da amZravis sakontaqto zedapiridan lentis 

narnarad (aglejvis gareSe) gayris (gacilebis) uzrunvelyofa.  

SemdgomSi mogvianebiTi kvlevebiT: xardim (1919w. ), birim, boudenma, gumbelma 

(1925w), aseve Tanamedrove mecnier-mkvlevarebma: i.v.kragelskim, grinvudma, 

viliamsonma, xantma, rabinoviCma, kurtelma, freitagom da sxvebma aCvenes adreuli 

klasikuri Teoriis vargisianoba xaxunis procesis yvela momentis ganxilvisTvis 

da amasTan dazustebul iqna mravali konkretuli detali da SemTxveva. ase 

magaliTad  eileris  formula (1.2.) samarTliania yvela Cveulebrivi tipis 

xaxunis amZravi meqanizmisaTvis, Tu miviRebT, rom moqnili Zafis drekadi srialis 

siCqare amZravi blokis mimarT maqsimaluria (e.i. swrafobis wertilSi sawevi 

organos daWimuloba maqsimaluria, xolo sawevi organos amZravze movlebis 

geometriuli kuTxe - αg. da drekadi srialis kuTxe - αd.s. daaxloebiT erTmaneTis 

tolia, αg=αd.s.). 

Tanamedrove Sexedulebebi xaxunis bunebaze daixvewa da dazustda meore 

msoflio omis Semdgom periodSi. kvlevebSi TavianTi mimarTulebebiTa da 

miRebuli SedegebiT mniSvnelovani wvlili Seitanes grinvudma, viliamsonma, 

boudenma, teiborma, kragelskim, WiWinaZem da sxv. 

klasikuri Teoriis Sedegebze dayrdnobiT Seiqmna da samrewvelo gamocdebi 

gaiara xaxunis amZravebma, romlebSic ZiriTadi cvladi sididea sawevi organos 

(lentis) sawyisi daWimuloba – SC an amZrav dolze (dolebze) moqnili sawevi 

organos Semoxvevis kuTxe (180...530) Sedegebi warmodgenilia cxrilSi 1.2. 
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ცხრილი 1.2. 

ლენტური 

კონვეიერის 

ამძრავების 

უპირატესი 

საანგარიშო 

სქემები 
 

  

 

 

№ 1 2 3 4 5 

გრად./რად. 180/3,14 270/4,71 420/7,326 480/8,373 530/9,245 

µα 

0,2 0,628 0,942 1,4652 1,6746 1,849 

0,3 0,942 1,413 2,1978 2,5119 2,7735 

0,4 1,256 1,884 2,9304 3,3492 3,698 

0,5 1,57 2,355 3,663 4,1865 4,225 

0,6 1,884 2,826 4,3956 5,0238 5,547 

0,7 2,198 3,297 5,1282 5,8611 6,4715 

0,8 2,512 3,768 5,8608 6,6984 7,396 

0,9 2,826 4,239 6,3954 7,5357 8,3205 

1,0 3,14 4,17 7,236 8,373 9,245 

wevis faqtori  e 

0,2 1,87 2,558 4,309 5,309 6,317 

0,3 2,558 4,09 8,945 12,234 15,88 

0,4 3,498 6,542 18,568 28,19 39,91 

0,5 4,784 10,463 38,549 64,957 100,32 

0,6 6,542 16,733 80,0,13 149,67 252,16 

0,7 8,947 26,76 166,094 344,88 633,81 

0,8 12,235 42,798 344,78 794,7 1593,09 

0,9 16,733 68,447 587,505 1831,16 4004,25 

1,0 22,88 109,47 1485,7 4219,4 10064,7 
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1.2.  lenturi konveierebis vakuum-amZravebis konstruqciuli 

sqemebis klasifikacia da analizi  

 
 

dasaxuli miznis ganxorcielebisaTvis CavatareT sapatento da 

literaturuli mokvleva vakuum-amZravebis konstruqciebis, konstruqciuli 

sqemebis, Teoriuli da eqsperimentuli kvlevebis sferoSi. mokvleuli masalebis 

analizma aCvena, rom konkretuli pirobebisaTvis amZravebis sakontaqto zedapiris 

parametrebis dadgena, xdeboda naxvretebSi, milsadenebSi, recipientebis fasonur 

nawilebsa da rgolur WvriteSi siTxis (haeris) dinebis winaaRmdegobis 

gauTvaliswineblad, xolo vakuumis formireba sakontaqto zedapirebs  Soris – 

pirobiT rgolur WvriteSi ganixileboda raRac 𝑡 droSi da ara dolis (amZravis, 

brtyelas) brunvis sixSiris Sesabamisad. aRniSnulia reinoldsis, prandtlis da 

nusseltis kriteriumebis gamoyenebis Sesaxeb [93, 20]; miuxedavad amisa, araferia 

naxsenebi knudsenis kriteriumis, vakuum-tumbos moqmedebis siswrafis, sakontaqto 

rgoluri Wvritis efeqturi amotumbvisa da rTuli labirinTuli recipientebis 

gamtarobis Sesaxeb. bundovnadaa warmodgenili koleqtorebis (urTierTis mimarT) 

moZravi nawilebis hermetizaciis xarisxi, maTi resursebi da saimedooba. yuradsa-

Rebia koleqtoriani vakuum-amZravebis konstruqciebis naklebi efeqturobac im 

cnobili faqtis gaTvaliswinebiT, romlis mixedviT, blant reJimSi gazebis 

(siTxeebis) dinebisas, wriuli kveTis milsadenebisadmi gamtaroba 

ukuproporciulia misive sigrZisa da gazis dinamikuri siblantis koeficietis [22]. 

nairsaxeobaTagan amorCeuli da ganxiluli ramdenime saxasiaTo nimuSis 

saSualebiT movaxdinoT vakuum-amZravebis konstruqciaTa da konstruqciul 

sqemaTa klasifikacia da maTi Semdgomi analizi. klasifikacia movaxdineT: (1)_ 

konstruqciis niSniT; (2) _ konveieris dgarSi ganlagebis niSniT; (3) _ vakuumis 

Seqmnis principis niSniT da (4) _ zedapiris konstruqciis niSniT (nax. 1.1). 

pirveli niSnis mixedviT arsebobs (5) saTavis, (6) Sualeduri da (7) _ kudis 

amZravebi. 

meore niSnis mixedviT arsebobs (8) _ doluri [18, 61, 62] da (9) _ rgolurad 

Sekruli amZravebi wrfivi sawevi brtyelaTi [15, 18].   

mizanSezonilad migvaCnia, rom garda doluri amZravebisa, saTavisa da 

kudis amZravebad gamoviyenoT rgolurad Sekruli wrfivi sawevi brtyelaTi 

warmodgenili srulyofili Sualeduri amZravebic. es saSualebas mogvcems, 

gamoviyenoT erTi tipis amZravi meqanizmebi sigrZeSi praqtikulad SeuzRudavi 

                                                 
nax.1.1-ze miTiTebulia, klasifikaciis safexuris nomeri 1, 2, 3, ... 36. 
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konveieris mTel dgarSi. Sesabamisad konveieris mTeli simZlavre Tanabrad 

ganawildeba dgaris ubnebSi, rac Seamcirebs sakonveiero lentis sawyis 

daWimulobas (SC) da mis saWiro simtkices (Sg). amZravebis aRniSnuli saxiT 

warmodgena uzrunvelyofs unifikaciis maRal dones da ufro moxerxebuls gaxdis 

eqspluatirebisa da remontis process. 

 

mesame niSnis mixedviT vakuum-amZravebis konstruqciebisa da konstruqciuli 

sqemebis farTo asortimentSi gamokveTilia sami ZiriTadi jgufi: (10) _ amZravebi 

vakuumis bunebrivi warmoqmniT; (11) _ amZravebi vakuumis garegani wyaroTi _ vakuum-

tumboTi da (12) _ amZravebi avtonomiuri vakuumuri meqanizmebiT. sakontaqto 

rgolur WvriteSi vakuumis (10) bunebrivad warmoqmnis idea (10), romelic 

elastikuri masaliT an misi sawovarebiT xorcieldeba (nax.1.2) [52] (s.m. 543573), 

maTive dabali simtkicis gamo 

araprqtikulia. (11) _ vakuum-tumboTi 

da (13) _ wrfivi an (14) _ wriuli, 

(15) _ centraluri da Tundac (16) _ 

periferiuli ganlagebis koleqto-

rebiT gauxSoebis Seqmnas (17) _ 

saerTo rezervuarSi, misi Semdgomi 

dakavSirebiT sakontaqto zedapir-

Tan (18) _ burTula-zambaruli 

sarqvelebiT (nax. 1.3) (p.1054010), (19) _ 

mkveTar-gamanawilebliT (nax. 1.4) [49]; 

an uSualod (20) _ perforaciebiT 

[15] (s.m. 1104070) naklebad saimedoa, 

vinaidan Tundac erTi elementis (18, 
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19 an 20) mtyuneba (an atmosferosTan mokled SerTva) gamoiwvevs gauxSoebis 

saerTo (17) _ rezervuarSi vakuumis kargvas da Sesabamisad wevis Zalebis arasta-

bilurobas (Semcirebas). rac Seexeba 3, 11, (13 an 14), (15 an 16), 21 sqemebiT (ix. nax. 

1.1) rgolur WvriteSi vakuumis Seqmnis (cxr. 1.1) mravalgzis nacadi praqtikulad 

ganxorcielebuli [7, 8] xerxebia. 

 

literaturuli wyaroebidan [71, 54, 55] cnobilia, rom blant reJimSi gazebis 

(siTxeebis) dinebisas, mrgvali kveTis milsadenebis gamtarunarianoba 

ukuproporciul damokidebulebaSia misive sigrZisa da gazis dinamikuri 

siblantis koeficientisadmi 

zemoT aRniSnulisa da 

vakuum-amZravi sadguris (nax. 

1.6) [12] (s.m.581030) gare qselis 

mixedviT SeiZleba gakeTdes 

daskvna aseTi koleqtoriani 

amZravebis saeqspluatacio da 

saremonto xarjebis naklebad 

ekonomikurobaze. Tu dolis 

recipientebis labirinTebsa 

(nax. 1.7) [11] (s.m.543572) da 

koleqtoris moZravi nawi-

lebis hermetizaciis sa-

kiTxsac gaviTvaliswinebT, 

naTeli gaxdeba rTuli da 

sakmarisad didi sigrZis vakuum-arxebis mcire (U) gamtarunarianobis gamo gamaux-

Soebeli meqanizmis moqmedebis siswrafisa (St) da sakontaqto zedapirebSorisi 

nax. 1.4 

nax. 1.5 
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rgoluri Wvritedan siTxis drenaJirebis (gawovis) anu efeqturi amotumbvis sis-

wrafis (Sef) Seusabamod mcire mniSvneloba amZravis sakontaqto zedapiris xazovan 

siCqaresTan. da bolos, rogorc koleq-

toriani vakuum-amZravebis kvlevis 

Sedegebidan Cans [5, 17], koleqtori 

mniSvnelovnad amcirebs tumbos gamo-

yenebis koeficients, radgan amZravis 

sakontaqto zedapirebis rgoluri 

Wvritidan  siTxis  gawova da masSi  

saWiro gaiSviaTebis miReba xorciel-

deba (recipientebis) rTuli, didi sig-

rZis vakuum-arxebis saSualebiT (reci-

pients adgens: vakuum-tumbos gare 

qseli [12]  (s.m.581030), koleqtoris wrfivi an rgoluri sakani, amZravis torsuli 

badros radialuri naxvretebi, dolis msaxvelis paraleluri grZivi arxebi masSi 

CamontaJebuli gamosacvleli filtrebiT (nax.1.7) [11] (s.m.543572) da bolos, rgolur 

WvritesTan damakavSirebeli per-

foraciebi an grZivi Rarebi). 

1.1 krebsiTi cxrili, romel-

Sic warmodgenilia saavtoro mow-

mobis an patentis yvela saxasiaTo 

varianti, maT Sesabamis grafikul 

nawilTan erTad ufro naTels fens 

problemis aqtualurobas. 

 

meoTxe niSnis mixedviT vakuum-amZravebis sakontaqto zedapirebis kon-

struqciis niSniT (ix. nax. 1.1) Svidi ZiriTadi saxea gamokveTili. (29) _ gamWoli 

grZivi WrilebiT (nax.1.8 da 1.9); (30) _ perforirebuli zedapiriT (ix. nax. 1.6, 1.7, 

1.17, 1.18); (31) _ grZivi Rarebiani ganapira gawoviT (nax. 1.10, 1.11, 1.12, 1.13, 1.14), sadac 

Rarebi (32) erTrigad an (33) orrigad – amZravi zedapiris msaxvelis 

paraleluradaa ganlagebuli (mag. nax. 1.12, 1.13, 1.14); sxva konstruqciaSi Rarebi (34) 

Sevronuli ganlagebisaa (mag. nax. 1.11). konstruqciebsa da konstruqciul sqemebSi 

mravladaa warmodgenili (35) _ grZivRarebiani centraluri gawovis sakontaqto 

zedapirebi (mag. nax. 1.15, 1.16) da bolos (36) _ grZivRarebiani dolis segmentebisagan 

Sedgenili zedapirebi (ix. nax. 1.10). 

                                                 
1.14 naxazSi – vinaidan koleqtori centraluri ganlagebisaa, amitom miiReba centraluri 

gawovis imitacia da gansxvavdeba nax. 1.11-ze naCvenebi konstruqciisagan, vinaidan am 
konstruqciul sqemaSi koleqtorebi periferiebSia ganlagebuli. 

nax. 1.7 

nax. 1.6 
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sakontaqto zedapirebiT Seqmnil 

rgolur WvriteSi saWiro da stabiluri 

vakuumis miRebis garantia, moZiebuli 

samecniero-kvleviTi masalebis gaTvalis-

winebiT, gansakuTrebiT koleqtoriani 

vakuum-amZravebisaTvis, SeuZlebelia an nak-

lebad efeqturi. es imiT aixsneba, rom 

(hidro)aerodinamikuri winaRobebi liTon-

elastomers Soris (rgolur WvriteSi) 

gacilebiT didia (plastikurobisa da 

drekadi deformaciis gamo), vidre ko-

leqtoris moZrav kvanZebs (liToni-liToni) 

Soris. wina SromebSi [17, 18, 21] sakontaqto 

rgolur WvriteSi vakuumis formirebis 

sakiTxi Seiswavleboda statikaSi, zondire-

bis meTodiT, amZravisa da sakonveiero lentis zedapirebis rgolur WvriteSi 

koleqtoriT, mudmivad CarTuli vakuum-tumbos magaliTze, rac niSnavs amZravis 

brunvis sixSiris gauTvaliswineblobas anu myisieri vakuumis formirebis cnebis 

uxeS darRvevas. es sakiTxi SedarebiT kargadaa warmodgenili sakvalifikacio 

naSromSi [60] sadac dolis brunvis sixSiris mixedviT miRebulia vakuumis 

formirebis oscilogramebi sakontaqto zedapirebis mSrali, zRvruli da sveli 

xaxunis pirobebisaTvis. eqsperimentebis Sedegebi naTlad adasturebs im auci-

leblobas, rom vakuumis Semqmneli meqanizmebis, am SemTxvevaSi ukuqceviT-winsvliT 

moZravi elementebis hermetizaciis 

xarisxi (msgavsad koleqtoris moZravi 

nax. 1.9 

nax. 1.8 

nax. 1.10 
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nawilebis hermetizaciisa) gacilebiT maRali unda iyos rgoluri Wvritis 

hermetizaciasTan SedarebiT. unda aRiniSnos, rom vakuumis sididis 

oscilogramebi Cawerilia ara uSualod rgolur WvriteSi, aramed ganivi Rarebis 

moculobebSi, ris 

gamoc SeiZleba os-

cilogramebis Se-

degebsa da sakon-

taqto zedapirebis 

rgolur WvriteSi 

mimdinare procesebs 

Soris iyos garkve-

uli Seusabamoba, 

Tumca eqsperimen-

tul monacemebze 

dayrdnobiT, logi-

kuri analizis safuZvelze gakeTebulia daskvnebi [60] pirobiT rgolur WvriteSi 

Tanabrad ganawilebuli vakuumis warmoqmnis Sesaxeb. amasTan, unda SevniSnoT, rom 

sakiTxis ufro Rrma analizisaTvis sakontaqto rgolur da cilindr-dguSis Wvri-

teSi siTxis (wveTovanis, airis) moZraobis eqsperimentuli da Teoriuli Seswavla 

saWiroa elastohidrodinamikis, makroelasto-

hidrodinamikis, histerezisis da adgeziis 

movlenebis gaTvaliswinebiT,. 

 xaxunis klasikuri Teoriisa da 

maRali sizustis eqsperimentuli kvlevebis 

[54] mixedviT, datvirTvis qveS myofi 

cilindris elastomerze srialis xaxunis 

koeficienti Sedgeba ori adgeziuri da 

histerezisuli komponentisagan, xolo 

xaxunis ganzogadoebuli koeficienti f/tg 

wnevisa da drekadobis modulis fardobis 

(P/E) funqciaa. srialis siCqaris gazrdiT es 

Tanafardoba praqtikulad ar icvleba. da 

xaxunis ganzogadebuli koeficienti mSrali 

xaxunisas (SezeTvis gareSe) rCeba daaxloebiT 

erT doneze. grinvudisa da teiboris [54] 

mixedviT liTonis elastomerze srialisas an gorvisas erTnair gavlenas axdens 

histerezisis movlena. normanma ki xisti cilindris elastomerze gorvis xaxunis 

nax. 1.11 
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koeficientis kvlevisas Teoriulad daadgina, rom histerezisiT (deformaciiT) [54] 

ganpirobebuli xaxunis koeficienti aris rbili masalis (mag. rezinis) meqanikuri 

danakargis kuTxis tangensis rTuli funqcia, xolo xaxunis adgeziuri mdgenelis 

gavlena elastomerze Seiswavles baldJinma da Salamaxma. maT daskvnebSi 

aRniSnulia, rom adgeziuri xaxunis koeficienti pirdaproporciul damokidebu-

lebaSia elastomeris meqanikuri danakargis kuTxis tangesisa da 

ukuproporciulia misi 

simagrisa. 

Cveni samuSaos swori 

mimarTulebis erT-erT mniSv-

nelovan mamtkicebel faqtad 

migvaCnia d. muris [54] ganzo-

gadebuli Teoria gadajere-

bulad sveli sakontaqto 

zedapirebisaTvis. masSi aR-

niSnulia, rom sakontaqto 

zedapirebis uxvad dasvele-

bisas, maRali xaxunis koe-

ficientis uzrunvelsayofad 

saWiroa zedapiridan siTxis mniSvnelovani sadrenaJo efeqtis RonisZiebebis Cata-

reba  [54]. zemoT moyvanili analizis mixedviT, kvlevis modelad virCevT 

klasifikaciiT (ix. nax. 1.1) gaTvaliswinebul vakuum-amZravis Semdeg sqemas: 5, 8, 12, 

24, 25, 35+wriuli amonaCarxebi (amZravis sakontaqto zedapiri axali konstruqciaa 

ix. nax. 3.4T). 

 

vakuum-amZravebis konstuqciebisa da konstuqciuli sqemebis klasifikaciam 

da maTma analizma (Seswavlam) gviCvena, rom sakontaqto zedapirebs Soris vakuumis 

Seqmnis qvemoT warmodgenili meqanikuri modelebi [66] srulad moicavs amZravis 

rgolur WvriteSi gauxSoebis dRemde arsebul yvela meTods. kerZod dReisaTvis 

nax. 1.15 

nax. 1.14 

nax. 1.13. 
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cnobili yvela saxis modeli SesaZlebelia davyoT oTx meqanikur modelad. 

            

pirveli meqanikuri 

modeliT momuSave vakuum-

amZravebi (wriuli an wrfivi) 

koleqtorSi amZravis sakon-

taqto zedapirze da torsul 

badroSi (badroebSi) arsebuli 

vakuum-arxebis erTobliobaa 

rasac emateba vakuum-tumbos 

Siga da gare qseli 

koleqtoramde (ix. nax. 1.6). am 

modelis sruli daxasiaTeba 

mocemulia $1.2-Si, romlis mixedviT da mecnieruli debulebebis (ix. Sesavali) 

zogierTi punqtis gaTvaliswinebiT, recipientebis sirTulisa da tumbos 

gamoyenebis koeficientis simciris gamo aRniSnuli modeli naklebad efeqturia. 

meore meqanikuri modeliT momuSave vakuum-amZravebi (ix. nax. 1.8.) migvaCnia 

arasicocxlisunarianad, vinaidan erT elementSi (dolze Semokrul garsSi) 

cveTamedegobis, elastikurobisa da amonagisaTvis saWiro Tvisebebis SeTavseba 

SeuZlebelia, xolo Tu es garsi daniSnulebisamebr daiSala da ise SeirCa 

Sesabamisi sakompozicio masalebi, maSin konstruqcia montaJisa da 

eqspluataciisaTvis gaumarTleblad rTuli iqneba. Tumca unda aRiniSnos, 

danarCen modelebTan SedarebiT misi vakum-arxebis simartive. 

nax. 1.17 nax. 1.18 

nax. 1.16 
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mesame meqanikuri modeliT momuSave vakuum-amZravebi (ix. nax. 1.17. da 1.18.) 

muSaunariania da TiTqos eqvemdebareba arxebis TviTgawmendasac, magram vakuum-

arxebis didi sawyisi moculoba, gawmendas daqvemdebarebuli rTuli formis 

saknebi da vakuumis kompensaciis SeuZlebloba kargvebis SemTxvevaSi amcirebs 

aRniSnuli konstruqciis muSaobis unars. 

meoTxe meqanikuri modeliT momuSave vakuum-amZravebSi (ix. nax. 1.15.) 

rgoluri Wvritis gauxSoeba xdeba cilindr-dguSiani da muStameqanizmebiani 

mowyobilobis gamoyenebiT. misi recipientebis sawyisi moculoba TiTqmis nulis 

tolia, xolo gaiSviaTeba amZravis sakontaqto rgolur WvriteSi SeiZleba 

ganxorcieldes recipientebis moculobebSi winaswar miwodebuli wveTovani 

siTxis gawoviT. gaiSviaTebis es modeli amcirebs dguSebis svlis sidides, 

aumjobesebs sakontaqto zedapirze Tanabrad ganawilebuli gaiSviaTebis Seqmnis 

pirobebs da winamorbedi mkvlevarebis Sedegebis msgavsad Cvens SemTxvevaSic 

zrdis vakuumSi sveli xaxuniT gamowveul weviT Tvisebebs. 

am meTodebidan gamwevi organos (amZravis) sakontaqto zedapirebis 

optimaluri parametrebis kvlevisaTvis virCevT meoTxe meqanikur models, Cveni 

azriT, yvelaze srulyofils, sadac vakuumis formirebisaTvis gamoyenebulia 

mravaljer nacadi da mravalmxriv gamocdili, utyuari moqmedebis tradiciuli 

cilindr-dguSiani da muStameqanizmebiani mowyobilobebi. garda zemoT 

CamoTvlilisa, konstruqciuli upiratesobebidan aRsaniSnavia vakuum-meqanizmisa 

da gauxSoebis obieqtis (rgoluri Wvritis) urTierTkavSiri martivi naxvretis 

saSualebiT. sakiTxisadmi kompleqsurad midgomis meTodiT  sakontaqto zedapiri 

(rgoluri Wvrite) _ vakuummeqanizmi,  vixilavT Tanabrad ganawilebuli 

gauxSoebis Seqmnis uzrunvelyofis aucilebel pirobebs: 

1) vakuum-tumbos moqmedebis siswrafe (St) unda eTanadebodes amZravis 

sakontaqto zedapirebs Soris rgoluri Wvritedan siTxis (wveTovanis, gazisebris) 

srulfasovani drenirebis (gawovis) anu obieqtis efeqturi amotumbvis siswrafis 

(Sef) uzrunvelyofas; 

2) vakuumis wyarosa da amZravis rgoluri Wvrites SemaerTebeli kvanZis 

(umjobesia iyos naxvreti da ara rTuli labirinTuli recipienti) gamtaroba (U) 

unda uzrunvelyofdes vakuumis Smqmneli meqanizmis gamoyenebis (Kt) koeficienti 

daaxloebiT erTis tolia e.i. Kt=Sef/St1 anu Kt=U/(U+St)1, rac amZravis kvlevisa 

da daproeqtebis erT-erTi mniSvnelovani pirobaa. 

3) amZravis rgoluri Wvritedan siTxis (wveTovanis, gazobrivis) myisurad 

gamwovi meqanizmis (vakuum-meqanizmis, vakuum-tumbos koleqtoris) vakuumuri 

sistemis hermetizacia unda iyos rgoluri Wvritis hermetizaciaze ufro 
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srulyofili (maRali), amasTan amZravis sakontaqto zedapirebis parametrebi 

uzrunvelyofdes garemodan rgolur WvriteSi siTxis minimalur Sewovas. 

4) tumbos moqmedebis siswrafe (St), obieqtis efeqturi amotumbvis siswrafe 

(Sef) da maTi SemaerTebeli milsadenebis (naxvretis) gamtaroba (U) unda 

ganixilebodes aucileblad amZravisa da tvirTmzidi lentis Sesabamisi kuTxuri 

da xazovani siCqareebis gaTvaliswinebiT. 

nax. 3.1.-ze mocemulia v.a.aguSevisa da sxvaTa mier (s.m. #132536) 

SemoTavazebuli avm dolis konstruqculi sqema. am sqemis mixedviT avm dolis 

zedapirze - lentis qveS, gauxSoveba iqmneba am dolze SemoWimuli cveTamedegi 

haergaumtari moqnili garsiT, romlis jibeebi radialuri mimarTulebis 

ukuqceviT - winsvliT moZraobas asruleben muSta meqanizmis saSualebiT. am 

konstruqciis upiratesoba avm dolebSi ganisazRvreba: simartiviT,siiafiT 

recipientebis TviTgasufTavebis SesaZleblobiT. 

uaryofiTi mxareebidan ki saWiroa aRiniSnos is faqti, rom cveTamedegi, 

elastiuri, haergaumtari garsi erTdroulad asrulebs: amonagis, vakuumis Seqmnis 

meqanizmsa da mahermetizirebel elementis rols. es sami Tviseba erT elementSi 

SeuTavsebelia, vinaidan amonagisaTvis gamoyenebuli masala unda iyos xisti - 

mxebi Zalis modebisas mcire deformaciis unariT. samagierod, vakuumis Seqmnis 

Seqmnis meqanizmi unda iyos moqnili da ar unda ziandebodes niSancvladi 

datvirTvis moqmedebiT. amgvarad, aseTi konstruqciis praqtikuli realizacia 

Cvenis azriT naklebad efeqturi iqneba. 

zemoT moyvanili konstruqciis naklovani mxareebi nawilobriv 

gamosworebulia avm dolSi, romelic SemoTavazebulia # 475323 saavtoro 

mowmobaSi (nax. 3.2). 

am konstruqciaSi perforirebul zedapirze, lentis qveS gauxSoeba iqmneba 

dolis rkalis qveS damontaJebuli samWedlo sabervelis tipis meqanizmiT, 

romelic ukuqceviT-winsvliT moZraobas asrulebs zambarul-berketuli 

mowyobilobis meSveobiT. amasTan, vakuumis SeqmnisTvis saberveli moZraobaSi 

modis berketul sistemaze sakonveiero lentis moqmedebiT, xolo ukusvla 

xorcieldeba zambaruli mowyobilobis saSualebiT mas Semdeg, rac rac 

berketuli sistema gaTavisufldeba lentisagan. am lentis dadebiTi mxareebidan 

unda aRiniSnos simartive da recipientebis  mtvrisagan nawilobrivi gawmendis 

SesaZlebloba. uaryofiTi  mxareebidan ki iseTi seriozuli naklovanebebi, 

rogoricaa: recipientebis sawyisi moculoba, vakuumis sididis regulirebis 

SeuZlebloba da, ra Tqma unda, vakuum-arxebisa da mTlianad recipientebis 

arasruli gasufTaveba. uaryofiT mxareedve SeiZleba CaiTvalos aseve is, rom 
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sabervelis amZravi berketis bolo da sakonveiero lentis qveda Semonafeni 

uSualo urTierTkavSirSia, rac iwvevs lentis damatebiT cveTas. 

vakuum-dolis erT-erT konstruqciaSi (nax. 3.3 s.m. # 543573 ) lentis qveS 

amZravis sakontaqto zadapirze gauxSoeba iqmneba konstruqciuli elementebis 

lentis qveda SemonafenTan urTierTqmedebis Sedegad. konstruqciul elementebSi 

Sedis dolis rkalis naxvretebSi Casmuli radialuri mimarTulebiT (lentis 

qveda Semonafenis an zambaris moqmedebis Sedegad) moZravi Reroebi, romelTa erT 

- dolis zedapirze gamomaval mxares damagrebulia sferuli Tasismagvari 

elestikuri elementebi, Ria piriT lentis qveda Semonafenisaken, xolo meore 

mxares gaTvaliswinebulia zambarebi da qanCebi, romelTa saSualebiTac 

xorcieldeba Reros svlis sididis regulireba da misi ukusvla. 

Bბrunvis dros dolis SigniT moculobaSi lilvze sakisrebiT uZravad 

damagrebuli cilindruli korpusisa da lentis swrafobis zonaSi masze dasmuli 

regulirebadi muStanebis saSualebiT xorcieldeba elastikuri elementebis 

radialurad zeviT gadaadgileba da vakuumis Seqmna. rogorc 3.3 naxazis 

aRwerilobidan Cans, dolis konstruqcia sakmaod rTuli da arateqnologiuria, 

xolo am konstruqciiT Seqmnili da sakontaqto zedapirebis urTierTqmedebis mTe-

li periodis manZilze SenarCunebulma vakuumis sididem (drekadi srialis rkalze 

xdeba rgoluri Wvritis hermetizaciis rRveva drekadi srialis ucilobeli 

arsebobis gamo) saeWvoa, rom gamoiwvios wevis Zalebis mniSvnelovani nazardi. 

3.4 Nnaxazze s.m.# 753727 mixedviT warmodgenilia vakuum-dolis grZivi 

Wrili. saavtoro mowmobis mixedviT dolis grZiv RarebSi gauxSoeba iqmneba 

periferiuli xvretebis qveS ganlagebuli cilindrebisa da dguSebis saSualebiT, 

amasTan radialurad ganlagebul cilindrebSi dguSebi ukuqceviT-winsvliT 

moZraobebs asrulebs zambaruli da muSta meqanizmebis kompleqtebis meSveobiT. 

Mmas Semdeg, rac grZivi Rari daifareba lentiT, mamoZravebeli meqanizmebis 

konstruqcia lentis swrafobis wertilSi uzrunvelyofs dgeuSebis maqsimalur 

svlas da, maSasadame, maqsimaluri sididis vakuumis Seqmnas, rac avtorTa 

SexedulebiT erT-erTi mniSvnelovani konstruqciuli Rirsebaa. Cveni mxridan ki 

unda aRvniSnoT, rom konstruqciaSi Semcirebuli vakuumis sakompensacio 

meqanizmis uqonloba da grZivi Rarebidan haeris periferiuli gawova amcirebs 

meqanizmis saimedo da umtyuno muSaobis unars. 

nax. ( 3.5. ) warmodgenil tulis politeqnikuri institutis avtorTa jgufis 

saavtoro mowmobis # 967896 Tanaxmad, grZivi Rarebidan haeris gawova 

xorcieldeba dolis centralur wrexazze ganlagebuli naxvretebis saSualebiT, 

amiT gaumjobesebulia e.w. pirobiTi rgoluri Wvrites hermetizacia. grZiv RarebSi 

lentis qveS gaiSviaTeba xdeba # 475323 saavtoro mowmobaSi aRwerili samWedlo 
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sabervlis tipis meqanizmebis saSulebiT, im gansxvavebiT, rom aq vakuumis 

Semqmneli meqanizmis ukuqceviT-winsvliTi moZraoba xorcieldeba iZulebis wesiT, 

amasTan mxolod dolis orive mxares ganlagebuli muSta meqanizmebis saSualebiT. 

aRniSnuli vakuumuri meqanizmis dadebiT mxared unda CaiTvalos vakuumis 

sakompensacio meqnizmis Seqmnis SesaZleblobac. avtorTa azriT awyobis 

TvalsazrisiT konstruqcia ufro teqnologiuria, vinaidan vakuumuri meqanizmebi 

damontaJebulia dolis torsul badroebze, mosaxsneli rkalebis qveS; 

SesaZlebelia maqsimaluri vakuumis Seqmna da vakuumuri arxebis gasufTavebac. 

avtorebis es daskvna eWvs iwvevs, vinaidan vakuumis meqanizmebi moqmedebes cal 

mxares da periferiuli torsuli badroebis demontaJis fareSe maTTan midgoma 

SeuZlebelia. garda amisa, vakuum-meqanizmebs aqvs didi sawyisi moculobis mqone 

recipientebi, xolo vakuum-meqanizmis konstruqciis specifikurobis gamo koWis 

svlac SezRudulia. 

rac Seexeba am konstrqciis praqtikul realizacias, is damokidebulia 

vakuum- dolis elementTa sakompozicio masalebis SerCevasa da Seqmnili vakuumis 

sidideze, romelic zemoaRniSnuli naklovanenbebis gamo arcTu ise didi iqneba. 

# 475323 saavtoro mowmobis (ix. nax. 3.2.) avtorebma, vaკuum-meqanizmebis 

mamoZravebeli berketuli sistemis gamartivebis mizniT Seqmnes axali, sruliad 

gansxvavebuli konstruqciis vaკuum-doli (s.m. #823238), romelic warmodgenilia 

naxazze 3.6. aq elastikuri saknebi, romelTa moculobis gazrdiT iqmneba vakuumi, 

moculobas cvlian eleqtromagnitebis saSualebiT, romlebic uSualod 

moqmedeben elastikuri saknis feromagnituri Tvisebebis mqone fskerze. ფskeris 

ukusvla aqac zambarebis saSualebiT xorcieldeba. 

aRniSnul konstruqciaSi, avtorebma, marTalia gaaumjobeses vakuum-meqaniz-

mis amZravi mowyobiloba, magram uaryofiT mxareed rCeba iseTi mniSvnelovani 

sakiTxebi, rogoricaa didi sawyisi moculoba, vakuumis makompensirebeli 

meqanizmebis uqonloba da vakuum-arxebis TviTgawmendis SeuZlebloba. 

avm dolebis damaxasiaTebel konstruqciaTa ganxilvis safuZvelze da 

avtorTa sxva mravali mosazrebis mixedviT SeiZleba gakeTdes Semdegi winaswari 

daskvnebi: 

1. lentis gamoyenebis vadis gazrdis mizniT umjobesia, grZivRarebiani an 

perforirebuli zedapiris mqone vakuum-dolis lenti qveda SemonafeniT uSualod 

exebodes, sxva elementebTan (berketebi, sferuli elastikuri elementebi da a.S.) 

urTierTkontaqtis gareSe; 

2. konstruqciaSi vakuum-meqanizmis normaluri muSaobis aucilebeli 

pirobaa gauxSoebis makompensirebeli meqanizmis arseboba; 
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3. kompaqturi amZravis Seqmnis winapirobaa avm dolebis recipientebis 

mcire sawyisi moculoba; 

4. rgoluri Wvritis hermetizaciis TvalsazrisiT umjobesia recipientebis 

moculobaTa gauxSoeba centraluri gawoviT; 

5. recipientebSi gauxSoebis Seqmna umjobesia ganxorcieldes ukumSveli 

(wveTovani) siTxis saSualebiT, risTvisac dolis sakontaqto zedapirs siTxe 

gamudmebiT unda miewodos wveTovani saxiT; 

6. grZivRarebiani sakontaqto zedapirebis gamoyeneba maqsimalurad unda 

SeizRudos da gamoyenebul iqnes ukidures SemTxvevaSi; 

7. daculi unda iqnes aqamde Camoyalibebuli yvela moTxovna (ix. gv. 7. 

mecnieruli debulebebi xaxunis kvanZebis konstruqciebisa da vakuumis 

higienisadmi moTxovnebis Sesaxeb). 

zemoaRniSnuli winaswari daskvnebis gaTvaliswinebisa da zogierTi 

detalis konstruqciis teqnologiurobis winaswari praqtikuli mosinjvis Semdeg 

avtorTa mier Seiqmna avm tipis vakuum-dolis konstruqciebi, s.m. #543574 da s.m. 

#676506, romlebic warmodgenilia nax. 3.7. da 3.8. 

am konstruqciaSi, rogorc naxazebidan Cans, recipientebSi gauxSoeba 

xorcieldeba dguSiani da muStameqanizmis saSualebiT, xolo nax. 3.8.-ze naCvenebi 

konstruqcia damatebiT aRWurvilia 9 frqvevaniT (saqSeniT), romlis saSualebiTac 

amZravis sakontaqto zedapirs miewodeba sიTxe. amiT izrdeba rgolur WvriteSi 

hermetiuloba da mcirdeba recipientebis sawyisi moculoba, vinaidan mis udidies 

nawils iWers frqvevaniT (saqSeniT) miwodebuli siTxe. SemdgomSi dguSebis 

periferiebisaken gadaadgilebisas sakontaqto zedapirebidan da recipientebidan 

gaiwoveba ara haeri (rogorc es xorcieldeba yvela sxva vakuum dolebSi), aramed 

ukumSveli siTxe (magaliTad wyali). 
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2. vakuum-amZravis avtonomiur vakuumurmeqanizmebiani (avm) 

vakuum-dolis konstruqciuli sqemebis damuSaveba da kvleva 

 

 

2.1.  teqnikuri moTxovnebi vakuum-amZravebis mimarT 

vakuum-amZravebis xaxunis kvanZebi warmodgenilia sxvadasxva kompoziciuri 

masalebis konstruqciuli gadawyvetebis saxiT. am kvanZebis sakontaqto, 

erTmaneTis mimarT gadaadgilebadi zedapirebiT xdeba arxebsa (recipientebsa) da 

rgolur WvriteebSi vakuumis Seqmnac da garkveuli periodiT misi SenarCunebac. 

dRemde cnobil vakuum-amZravebSi SeiZleba gamoiyos xaxunis sami ZiriTadi kvanZi: 

1. nebismieri konstruqciis koleqtori, romliTac xdeba vakuumis gare 

wyarosTan vakuum-amZravis muSa recipientebis dakavSireba; 

2. amZravisa da lentis sakontaqto zedapirebiT Seqmnili rgoluri Wvrite, 

romliTac xdeba wevis Zalebis realizacia. am kvanZSi rgoluri Wvritis 

doliseul zedapirebSi warmodgenilia (ganxiluli gvaqvs) yvela cnobili 

sakontaqto zedapiris konstruqcia [1], maT Soris Cven mier SemoTavazebuli – 

grZivRarianic wriuli amonaCarxebiT. [2]. 

3. cilindr-dguSiani avm (avtomaturi vakuumuri meqanizmi), romliTac 

dolis brunvis Tanxvdenilad, dguSebis ukuqceviT-winsvliTi moZraobiT martivi 

vakuum-arxebisa da naxvretebis saSualebiT, rgolur WvriteSi gauxSoeba iqmneba [3]. 

miuxedavad winamorbed mkvlevarTa (a.v. evneviCi, k.a. vasilevi, i.b. volCeki, vo-

kuang-feni, d.a. iungmeisteri, r.n. molodini. Dda sxv.) mier miRebuli maRali 

teqnikuri maCveeeneblebisa, vakuum-amZravebi saWiroebs konstruqciisa da vakuumis 

Seqmnis teqnologiuri procesis Semdgom srulyofas. gansakuTrebiT es exeba 

vakuum-dolebs, romelTa rgolur WvriteSi, lentis qveS vakuumis Seqmnis 

teqnologiuri procesi mimdinareobs vaakuum-tumboze mierTebuli ganapira 

ganlagebis, koleqtorisa da rTuli profilis grZeli labirinTuli arxebis 

(recipientebis) saSualebiT. maTi uaryofiTi mxareebi da is problemuri amocanebi, 

ris gamoc umjobesia amgvar konstruqciaze uari ganvacxadoT, vrcladaa 

warmodgenili [4] naSromSi. viTvaliswinebT ra Cven mier Catarebuli sapatento da 

samecniero-kvleviTi samuSaoebis analizis Sedegebs, mizanSewonilad migvaCnia, 

vakuum-amZravis sakontaqto zedapirebis konstruqciisa da optimaluri 

parametrebis damuSaveba-gaangariSebisas gaviTvaliswinoT Semdegi teqnikuri 

moTxovnebi: 

1. vakuum-amZravis sakonveiero lentTan sakontaqto rgolur WvriteSi 

vakuumis formireba umjobesia ganxorcieldes avtonomiuri vakuumuri 
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meqanizmebiT (avm), romlebic (romelTa dguSiseuli sivrce) sakontaqto 

zedapiris vakuum-arxebTan dakavSirebuli iqneba eqspluataciisa da remontisaTvis 

moxerxebuli da martivi kvanZebis saSualebiT; 

2. amZravi vakuum-dolis margi qmedebis koeficientis gazrdis mizniT, 

aucilebelia sakontaqto rgolur WvriteSi vakuumi iqmnebodes avm-is 

hidrodinamikur reJimSi muSaobis uzrunvelyofiT; 

3. xaxunis procesis erT-erTi mniSvnelovani sakiTxia meqanikuri 

urTierTqmedebis buneba, amitom sakontaqto zedapirebis konstruireba-damuSavebi-

sas aucilebelia, gaTvaliswinebul iqnes rgoluri Wvrites warmoმqmneli 

zedapirebis (lenti _ amZravi doli) simqisis iseTi mniSvnelobebi, romelTa 

drosac SenarCundeba siTxis moculobiTi Tvisebebi (ix. b. deriaginisa da n. 

petrovis kvlevebis Sedegebi [5,6]) da uzrunvelyofili iqneba swrafi da 

srulyofili drenaJirebis procesi;. 

4. Tanabrad ganawilebuli gauxSoebis Seqmnis uzrunvelyofisaTvis 

aucilebelia Semdegi pirobebis dacva:  

a) vakuum-tumbos moqmedebis siswrafe (St) unda eTanadebodes amZravis 

sakontaqro zedapirebs Soris rgoluri Wvritedan siTxis (wveTovanis, gazisebris) 

srulfasovani drenaJirebis (gawovis) anu obieqtis efeqturi amotumbvis siswrafis 

(Sef) uzrunvelyofas; 

b) vakuumis wyarosa da amZravis rgoluri Wvrites SemaerTebeli kvanZis 

(umjobesia iyos naxvreti da ara rTuli labirinTuli recipienti) gamtaroba (U) 

unda uzrunvelyofdes vakuumis Semqmneli meqanizmis gamoyenebis koeficientis 

(Kt)-s daaxloebiT erTTan tolobas, e.i. Kt=Sef/St1 anu Kt=U/(U+St)1 rac amZravis 

kvlevisa da daproeqtebis erT-erTi mniSvnelovani pirobaa; 

g) amZravis rgoluri Wvritedan siTxis (wveTovanis, gazobrivis) myisierad 

gamwovi meqanizmis (vakuum-meqanizmis, vakuum-tumbos koleqtoris) vakuumuri 

sistemis hermetizacia unda iyos rgoluri Wvrites hermetizaciaze srulyofili, 

amasTan amZravis sakontaqto zedapirebis parametrebi uzrunvelyofdes garemodan 

rgolur WvriteSi siTxis minimalur Sewovas; 

d) tumbos moqmedebis siswrafe (St), obieqtis efeqturi amotumbvis siswrafe 

(Sef) da maTi SemaerTebeli naxvretis gamtaroba (U), unda ganixilebodes amZravisa 

da tvirTmzidi lentis Sesabamisi kuTxuri da xazovani siCqareebis 

gaTvaliswinebiT; 

5. grZeldgariani sakonveiro danadgarebis saTavis, kudisa da Sualeduri 

amZravebis damuSavebisas, umjobesia gaTvaliswinebul iqnes erTgvarovani 

elementebisagan Sedgenili anakrefi mwevi btyela (sakontaqto zedapiri), rac 



tribologia zogadi kursi                                               saleqcio konspeqti 

 
 

40 

uzrunvelyofs unifikaciis maRal dones da ufro moxerxebuls gaxdis 

eqspluataciisa da remontis process; 

6. vakuum-amZravis sakontaqto zedapiris konstruqcia unda uzrunvelyofdes 

rgoluri Wvrites hermetizaciis aucilebel pirobebs: avm-ebis urTierTdamouki-

debel muSaobas (ar unda xdebodes mezobeli recipientebidan siTxis gawova) da 

lentis napirebidan siTxis (haeris) SeuRwevadobas; 

7. amZravis vakuumuri recipientebis gare da Siga moculobaTa sidide unda 

uzrunvelyofdes vakuumis Semqmneli meqanizmebis optimalur reJimSi muSaobas; 

8. sakontaqto zedapiris geometriuli parametrebis SerCeva-gaangariSeba 

unda moxdes amZravis (sakonveiero lentis) kuTxuri siCqaris gaTvaliswinebiT; 

9. avm-ebiani vakuum-dolis dguSebis (plunJerebis da a.S.) ukuqceviT-

winsvliTi moZraobis uzrunvelmyofi muSta meqanizmebis profilis gaTvla 

aucileblad unda moxdes e.w. “SedarebiTi simSvidis” rkalis konkretuli 

pirobebisaTvis dasaSveb sazRvrebSi; 

10. saerTod yvela danarCeni (me-9 punqtis garda) tipis vakuum-amZravebis 

recipientebsa da mis mimdebare sakontaqto zedapirebis Sesabamis nawilze, 

vakuumis programuli mniSvnelobis formireba unda dasruldes koleqtorebis 

(wriuli, wrfivi) vakuumuri saknis saSualebiT S.s. _ “SedarebiTi simSvidis” 

rkalis farglebSi; 

11. sakontaqto zedapirebis optimizaciis miRwevis erT-erTi mniSvnelovani 

winapirobaa amZravis ganxilva lenturi sakisris rangSi amasTan, avm-is 

dguSiseuli  sivrcis zedapirTan SemaerTebeli centraluri naxvretis SerCeuli 

diametri unda uzrunvelyofdes siTxis nakadis uwyvetad gadadinebas vakuum-

sistemis recipientebSi _ sakontaqto zedapirze ganlagebuli gare moculobebidan 

(Rarebidan, perforaciebidan da a.S.) vakuumis Semqmneli meqanizmis muSa 

moculobamde (magaliTad dguSiseul sivrcemde). 

sakontaqto zedapirebisa da mTlianad vakuum-amZravis konstruqciisaTvis 

wayenebuli erT-erTi mniSvnelovani moTxovnaa amZravi sadguris daSla-awyobisas 

misi TiToeuli kvanZisa (koleqtorian vakuum-dolebSi igi warmoadgens sakmarisad 

grZel da rTul labirinTul recipientebs-vakuum-arxebs) da Semadgeneli nawilis 

advili misadgomoba, kompaqturoba, saremontod vargisianoba,xangamZleoba da a.S.
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2.2. avm tipis vakuum-amZravi sakontaqto zedapiridan siTxis 

centraluri gawoviT 

vakuumis cneba, fizikasa da teqnikaSi ganisazRvreba, rogorc siTxeebis 

(gazisebris, wveTovanis) mdgomareoba atmosferulze gacilebiT dabali wnevis 

pirobebSi, e.i. vakuumi raodenobrivad ganisazRvreba siTxis absoluturi wneviT. 

vakuumis fizikaSi gamoyenebuli ZiriTadi postulatebi Camoyalibebulia Semdegi 

saxiT: 

1. siTxeebi Sedgeba calkeuli molekulebisagan; 

2. arsebobs siCqaris mixedviT siTxis molekulebis mudmivi ganawileba anu 

molekulebis erTnair ricxvs yovelTvis erTi da igive siCqare aqvs; 

3. siTxeebis molekulebis moZraobisas ar arsebobs upiratesi mimarTuleba anu 

siTxis molekulebis sivrce izotropiulia; 

4. siTxis temperatura aris misi molekulebis saSualo kinetikuri energiis 

ganmsazRvreli parametri; 

5. myari tanis zedapirTan urTierTqmedebisas siTxis molekula adsorbcirdeba. 

gasaTvaliswinebelia isic, rom vakuumSi mimdinare mravali fizikuri 

procesi mniSvnelovnadaa damokidebuli recipientebis kedlebze molekulebis 

dajaxebaTa saSualo ricxvisa (Kk) da molekulebis urTierTdajaxebaTa ricxvis 

(Km) fardobaze _ Kkn= Kk/Km, sadac Kkn aris knudsenis kriteriumis uganzomilebo 

koeficienti, romlis mixedviT ganisazRvreba vakuumis xarisxi: dabali, saSualo, 

maRali da zemaRali. 

dabali vakuumis dros Kkn<<1, molekulebis recipientis kedelTan 

dajaxebisas ganvlili manZili (L) vakuum-kameris racionalur zomaze (def) mniSvne-

lovnad mcirea. 

saSualo vakuumi aris siTxis mdgomareoba, romlis drosac molekulebis 

urTierTdajaxebaTa ricxvi da recipientebis kedlebTan molekulebis dajaxebaTa 

ricxvi erTnairia, am dros Ldef, xolo Kkn 1 . 

maRali da zemaRali vakuumisas anu pirobisaTvis, rodesac Kkn>>1 da 

L/def>>1 , sakmarisia absoluturi wnevis mniSvneloba pv iyos araumetes 10-9 pa-isa. 

amgvarad, unda vigulisxmoT, rom vakuum-amZravebSi Seqmnili vakuumi  

dabali da saSualo xarisxis farglebSia knudsenis kriteriumis mixedviT da 

vakuumiT miRebuli dolze lentis miWeris kuTri Zala (0,1-0,95)105 paskalis 

farglebSia moqceuli. 

vakuum-amZravebis Teoriis kvleviT samuSaoebSi [1, 2, 3] sakontaqto 

rgolur WvriteSi vakuumis Tanabari ganawileba gaTvaliswinebulia dolis 

rogorc ganivi, aseve wriuli mimarTulebiT. Tumca, SromebSi [3, 4] xazgasmiTaa 

miTiTebuli lentisa da vakuum-dolis sakontaqto zedapirebis „elastikur 
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kbilanur modebaze“, rac ewinaaRmdegeba vakuumis Tanabari ganawilebis pirobas. 

amgvarad, aRniSnul SromebSi vakuumis  Tanabrad ganawilebis idea araviTar 

mamtkicebel debulebebs ar Seicavs, piriqiT, „elastikuri kbilanuri modebiT“ 

ufro met winaaRmdegobaSi vardeba. 

perforirebul sakontaqtozedapiriani vakuum-dolis kvlevebSi [2] 

miTiTebulia winamorbed mkvlevarTa uzustobebi, romlebic oTx punqtadaa 

Camoyalibebuli [2]. samuSaos miznia vakuum-dolis recipientebSi siTxis  

molekulebis moZraobis winaaRmdegobis Teoriuli SeswavliT sakontaqto rgolur 

WvriteSi Teoriuli vakuumis gansaRzRvra da Semdgom misi eqsperimentis gziT 

Semowmeba. warmodgenilia vakuum-dolis sistemaSi narCeni wnevis cvlilebis 

ganmsazRvreli formulebi: haeris turbulenturi moZraobisas marTkuTxa formis 

grZivi RarebisaTvis, wriuli kveTis recipientebisaTvis, sakontaqto rgolur 

WvriteSi vakuum-dolis perforaciebis irgvliv da SemoTavazebulia 

gasaSualoebul Teoriul wnevaTa sxvaobis ganmsazRvreli formula, romliTac 

dolis zedapirs awveba lenti. miRebuli normaluri Zalebis safuZvelze 

gansazRvrulia amZravi vakuum-dolis weviTi SesaZlebloba (W0) da mocemulia 

formula haeris politropuli procesiT gafarToebaze momuSave vakuum-tumbos 

mwarmoeblurobis (Q) gansazRvrisaTvis: 

W0= SC(ef -1)+K1K3[0.8K2R 'B+mnF 1(1-K2) ](ef  -1)/736 ‘ ;´ 

QQ=60Kd(Varx ‘+Vkol)2.3 lgPs/Pb/R t ,  

sadac K1 aris koeficienti, romelic axasiaTebs wnevis cvalebadobas vakuum-

dolis vakuum-sistemis Semaval miltuCisa da misi sakontaqto zedapiris 

perforacias Soris; K2 _ koeficienti, romelic iTvaliswinebs rgoluri Wvrites 

nebismier wertilSi vakuumis vardnisas vakuumis ganviTarebis zonis centridan 

(perforaciidan) am wertilis daSorebis Sesabamisad; P3 _ vakuummetris Cveneba, mm 

vercxlis wy. sv; R _ amZravi vakuum-dolis radiusi, sm; m _ perforaciis ricxvi 

msaxvelis gaswvriv recipientebze; n _ recipientebis ricxvi rgolur WvriteSi;´‘ 

_ rgolur WvriteSi centraluri kuTxe, romelzec iqmneba vakuumi, gradusi,   _ 

biji vakuum-dolis or mezobel recipients Soris; F1 _ perforaciis farTobi, sm2; 

B _ lentis sigane, sm; Kd _ koeficienti, romelic iTvaliswinebs, rgoluri 

Wvritedan da vakuum-sistemis sxva RreCoebidan Sewovili haeris raodenobas; Varx 

_ erTi Raris erTeulovani vakuum-sistemis, _ recipientis moculoba, sm3; Vkol _ 

koleqtoris saknis moculoba, sm3; R _ politropiis maCvenebeli; t _ amotumbvis 

dro, wm; Ps da  Pb _ amZravi vakuum-dolis recipientebSi sawyisi da saboloo 

wnevebi, pa. 

eqsperimetul nawilSi perforaciebs Soris sakontaqto zedapirze vakuumi 

izomeboda zondirebiT da miRebuli Sedegi edarebოდა koleqtoris win vakuum-
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tumbos qselSi CarTuli vakuummetris Cvenebas. eqsperimentebi tardeboda 

sxvadasxva sididis vakuumisa da sakonveiero lentis daWimulobisas, agreTve 

mSrali da sveli sakontaqto rgoluri Wvrites SemTxvevebisaTvis. dakvirvebebi 

mimdinareobda gavlenaze, romelsac axdenda lentis sixiste da daWimuloba 

Tanabradganawilebuli vakuumis formirebaze. Teoriuli da eqsperimentuli 

Sedegebis analizis safuZvelze gakeTebulia Sesabamisi daskvnebi. 

sakontaqto zedapiris konfiguracia da misi parametrebi gansazRvrulia 

mxolod amZravis konstruqciuli (koleqtoris saknis zomebi, recipientis biji da 

a.S.) Sesrulebis mosazrebiT, sadac ar figurirebs iseTi aucilebeli parametrebi, 

rogorebicaa: dolis brunvis sixSire, koleqtoruli rgolis hermetizaciis 

xarisxi, vakuum-tumbos gare qselisa da sakuTriv vakuum-dolis recipientebis 

haeris gamtarunarianoba. naSromSi [2] warmodgenili R=5510-3 sm sisqis rgoluri 

Wvrites SemTxvevaSic ki koleqtoruli rgolis RreCos (liToni-liTonTan) 

hidravlikuri winaRoba gacilebiT mcire iqneba amZravis sakontaqto rgoluri 

Wvrites winaRobasTan SedarebiT, rac sagrZnoblad gazrdisKKd -koeficients (ix. 

vakuum-tumbos mwarmoeblurobis gamosaxuleba) da araracionalurs gaxdis 

konstruqcias. daskvnebSi naTqvamia, rom sveli rgoluri Wvrites SemTxvevaSi 

umjobesdeba vakuum-dolisa da lentis CaWidulobis piroba, vakuumis zonis 

hermetizebis donis amaRlebis xarjze. Cveni mosazrebebi am sakiTxze srulad 

emTxveva xaxunis klasikur Teorias da ganxilulic gvaqvs Tanabarganawilebuli 

vakuumis Seqmnis uzrunvelyofis aucilebel pirobebSi. 

vakuum-amZravebis rgolur Wvriteebsa da friqciul sakontaqto 

farTobebze vakuumis formirebis procesis aRweris Sesaxeb (miZRvnil) SromebSi [5-

9] gamoyenebulia reinoldsis, prandtlis da nusseltis kriteriumebi [9], xolo 

laboratoriuli eqsperimentebisaTvis statikur reJimSi tardeboda vakuumis 

sididis gazomva perforaciebSi zondirebiT, grZiv RarebSi maT Soris sakontaqto 

farTobebze, rac ar Seesabameba vakuumis myisierad formirebis realur suraTs. 

vakuum-tumbos Teoriuli mwarmoeblurobis ganmsazRvreli formula 

warmodgenilia vakuum-arxebSi (recipientebSi - milsadenebSi) siTxis moZraobis 

winaaRmdegobis gauTvaliswineblad da aqvs saxe [7] : 

,
P

P
In

t

V
Q

2

1

0

a  

sadac Va aris gasauxSoebeli (rgoluri Wvrites, recipientebis, koleqtoris) 

moculoba; t0 _ gasauxSoebeli moculobidan amotumbvis dro (aramoZravi reci-

pientis koleqtoris sakanSi yofnis dro (tm=Ls.f/v), sadac Ls.f. _ Sualedi amZravis 

sigrZea, sm; v _ amZravis brtyelas moZraobis siCqare, m/wm; P1 da P2 _ aparatSi 

Sesabamisad sawyisi da saboloo wnevebi, pa. 
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am Sromebis naklovan mxareebs SeiZleba miekuTvnos igive, razec 

msjelobaa Sromis [2] analizisas. 

miuxedavad me-[10] naSromSi ganxiluli Teoriuli da eqsperimetuli 

kvlevebisa, romelic mieZRvna sakontaqto rgolur WvriteSi mimdinare procesebs, 

mcire yuradReba aqvs daTmobili avtonomiur vakuumur-meqanizmebiani (avm) 

amZravebis sakontaqto zedapirebis mTel farTobze vakuumis gavrcelebis xasiaTis 

Teoriul Seswavlas. iqve miTiTebulia, rom vakuumi mTel sakontaqto zedapirze 

Tanabrad vrceldeba imis gamo, rom zedapirebis makromoculobebi da vakuum-

arxebi Sevsebulia – dasvelebulia siTxiT, romlis gawoviT xdeba vakuumis Seqmna 

rgoluri Wvrites mTel farTobze. mtkiceba sarwmunoa, da mainc, vakuumis 

gavrcelebis siCqarisa da xasiaTis Teoriuli Seswavla am SemTxvevaSic 

aqtualuria da kvlevis saintereso amocanad miiCneva. Cveni azriT, mxolod am 

amocanis srulfasovani gadawyveta mogvcems vakuum-amZravebis sakontaqto 

zedapirebis optimaluri parametrebis gansazRvris srulyofil meTodikas. 

naSromSi [10] warmodgenilia zogadi daskvnebi : 1) axali meTodiT vakuumis Seqmnis; 

2) centraluri gawovis martivrecipientebiani avm-iani amZravis upiratesobis; 3) 

vakuumis formirebis zonad “SedarebiTi simSvidis rkalis” aRiareba; 4) vakuum-

amZravebis gamoyenebis efeqtur zonad SC2pRB _ programuli (lentis sawyisi) 

daWimulobis miCnevais; 5) “drekadi srialis rkalze” myisieri “saSualo” sididis 

vakuumis SenarCunebiT, amZravisaTvis SesaZlebeli yvelaze didi weviTi Tvisebebis 

uzrunvelyofaisa da 6) vakuum-amZravis daxasiaTebeli sakuTari wevis faqtorebis 

Sesaxeb _ Ssw/pRBBsavsebiT misaRebia da maTi gaTvaliswinebiT virCevT Teoriuli 

da eqsperimentuli kvlevis Semdgom etaps. am etapze ZiriTadi mizania vakuumis 

wyarosTan da vakuum-amZravTan kompleqsSi sakontaqto zedapiris racionaluri 

konstruqciisa da misi optimaluri parametrebis saangariSod iseTi meTodebis 

damuSaveba, romelic marTebuli iqneba nebismieri Tanamedrove standartuli tip-

zomis sakonveiero amZravis saangariSod. 

axali sakontaqto zedapiris yvela parametris gaangariSeba da maTi 

Semdgomi Semowmeba eqvemdebareba SerCeuli bazisuri vakuum-dolis misadagebas da 

Semdeg miRebuli axali, modificirebuli amZravis iteraciul gaangariSebas, ramac 

saSualeba mogvca, Segveqmna amZravis sakontaqto zedapiris geometriuli zomebisa 

da sxva aucilebeli parametrebis gaangariSebis meTodebi. 

specialuri literaturuli wyaroebisa da sapantento fondebis 

mokvlevisa da gaanalizebis safuZvelze miRebuli Sedegebidan daskvnebis saxiT 

SeiZleba gamoiyos vakuumam-Zravebis konstruirebis ramdenime yvelaze 

mniSvnelovani sakiTxi, xolo sakontaqto rgolur WvriteSi Tanabrad 

ganawilebuli vakuumis miRebisaTvis  kvlevis Semdgomi amocanebi.D 
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d a s k v n e b i: 

_ vakuumis formirebis erT-erTi perspeqtiuli teqnologiuri sqema aris 

umartivesi recipientebiTa da avm-is rgolur WvritesTan SemaerTebeli kvanZebiT 

aRWurvili avtonomiuri vakuum-meqanizmebiani (avm) vakuum-amZravebis konstruq-

ciebSi mimdinare gauxSoebis procesi;  

_ vakuumis Seqmnis efeqtur (ef) zonad miviRoT “SedarebiTi simSvidis” rkali 

(dguSis svlis sidideze damokidebulebiT ef(0,05-0,2)g ), xolo wevis Zalebis 

realizaciis efeqtur sakontaqto ubnad  “drekadi srialis rkali~, sadac 

saWiroebis SemTxvevaSi uzrunvelyofili unda iyos vakuumis kargvebis 

kompensacia; 

_avm-iani vakuum-dolis rgolur WvriteSi vakuumis formireba da misi Tanabrad 

ganawileba unda ganvixiloT kompleqsurad, avm-iani dolis brunvis sixSirisa da 

dguSis svlis sididis gaTvaliswinebiT; 

_ yvela teqnikuri moTxovna, romelic Camoyalibebulia naSromSi [10], 

mizanSewonilad migvaCnia vakuum-amZravis konstruirebis nebismieri etapisaTvis; 

_ vakuumis Seqmnis yvelaze xelsayreli pirobaa recipientebSi Caketili siTxis 

adiabaturi an hiperadiabaturi gafarToeba, romlis dros optimaluri sididis 

vakuumia P=(0,9-0,95)105 pa. ვakum-amZravis  sakontaqto zedapiris konstruqcia unda 

uzrunvelyofdes rgoluri Wvrites hermetizaciis aucilebel pirobebs: avm-ebis 

urTierTdamoukidebel muSaobas (ar unda xdebodes mezobeli recipientebidan 

siTxis gawova) da lentis napirebidan siTxis (haeris) SeuRwevadobas. 

 

kvlevis Semdgomi amocanebi: 

_ konstuirebis TvalsazrisiT rgoluri Wvrites sakontaqto zedapirebze xaxunis 

wyvilSi  liToni-sakonveiero lenti (elastomeri)  friad mniSvnelovania imis 

codna, ra pirobebia  moWarbebuli SezeTva Tu mSrali xaxuni. Sesabamisad 

Seswavlil unda iqnes hidrodinamikur, zRvrul da drekad hidrodinamikur 

reJimebSi siTxis (wveTovanis an gazisebris) moZraobis  kanonzomiereba; 

_ rgolur WvriteSi xaxunis Zalis warmomSobi meqanizmi ganxiluli iqnes 

sainJinro kvlevisaTvis misaReb makroskopul doneze, SedarebiT uxeSi, magram 

sarwmuno modelis safuZvelze(simqise unda gaizomos mm-Si); 

_ damuSavdes meTodika, romelic saSualebas mogvcems, viangariSoT sakontaqto 

zedapiris optimaluri parametrebi: vakuum-arxebis biji _ t, sakonveiero lentis 

sayrdeni segmentis  sigane, Raris  sigane, perforaciis а diametri da a.S.; 

_ miRebuli Teoriuli Sedegebisa da ZiriTadi parametrebi Semowmdes 

laboratoriis fizikur da kompiuterul modelze. 
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2.3.  vakuum-dolis wevis faqtorze muSa ganivi kiloebis 

mdebareobis gavlenis analizuri gansazRvra  

mecnier mkvlevarTa [1, 2] da Cvens mier Sesrulebuli samuSaoebis mixedviT 

maqsimaluri wevis Zala miiReba vakuumis zonis ganlagebiT (mdebareobisas) 

SedarebiTi simSvidis rkalze. drekadi srialis rkalze mis arsebobas uaryofen 

imis gamo, rom “am sakontrolo zonaSi mimdinare drekadi srialis gamo isedac 

didia lentis cveTa” [4]. petrov-Jukovskis amocanis Tanaxmad wevis Zalebis 

realizacia xaxunis amZravebSi mimdinareobs drekadi srialis xarjze. es 

miuTiTebs imaze, rom vakuumis zonis adgilmdebareobis aseTi pirobiT Secvla ver 

Seamcirebs drekad srialsa da Sesabamisad lentis cveTas. amitom, amjerad 

kvlevas vatarebT mxolod maRali wevis Zalis misaRebad. koleqtoriani vakuum-

dolebis SemTxvevaSi am amocanis eqsperimentiT Semowmebas da aseve analizuri 

wesiT gansazRvras azri ara aqvs, vinaidan koleqtoris vakuumuri sakani vakuum-

dolis sakontaqto vakuumur zedapirs uerTdeba didi winaRobis recipientebiT. 

amdenad, ufro marTebulia kvlevebi CavataroT iseTi konstruqciis  vakuum-doli-

saTvis, sadac mTeli sakontaqto zedapiris vakuumuri zona dayofili iqneba 

calke momuSave vakuumur-qvezonebad. am miznisaaTvis mizanSewonilia avm 

(avtonomiur vakuumur meqanizmebiani) vakuum-dolis kvleva Semdegi daSvevebis 

gaTvaliswinebiT: 

1. amZravi doli aris R - radiusiani idealurad wriuli cilindri; 

2. amZravis yvela elementi ganixileba, rogorc absoluturad xisti; 

3. Camoqanebis Stos lentis monakveTis winaRoba gamoricxulia; 

4. amZravze lentis Semoxvevis kuTxis sawyisad miRebulia Camoqanebis 

wertili (wertili A  ix. nax. 2.1)  

moqnili Zafis elementaruli ubnisaTvis, rodesac sakontaqto zedapirze 

vakuumi ar iqmneba, wonasworobis gantolebas aqvs saxe μSdαdS   

vakuumis SemTxvevaSi ki gveqneba     pRBdαSdαμdS           (2.1) 

saidanac                  pRBμSμdS/dα  ;  

sadac S aris sakonveiero lentis daWimuloba; μ _ CaWidulobis (xaxunis) koefi-

cienti; p _ vakuumis 

sidide; B _ sakonveiero 

lentis sigane; 

(2.1) gantoleba aris 

S-is mimarT pirveli 

rigis wrfivi araerT-

gvarovani diferencia-
nax. 2.1. A 
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luri gantoleba, romelic zogadad SegviZlia CavweroT ase: 

    QS AS'                                    (2.2) 

Sesabamis erTgvarovan diferencialur gantolebas eqneba saxe: 

  S,  αAS'    anu   αA/SS'   

imis gaTvaliswinebiT, rom S'dS/S   anu dSdαS'  , 

SegviZlia davweroT:    cαdαA
S

dS
;  anu  ;cα)dαAlnS    

saidanac 
   

;ceeeS 1

dααAcα
  

sadac  αfc1  , romelsac virCevT ise, rom dakmayofildes (2) gantoleba. 

   αceS 1

d\αA
                                    (2.3) 

anu                      
αceαceαAS '
'

dααA

1

dααA'                       (2.4) 

 

 (3) da (4) mniSvnelobebi SevitanoT (2) gantolebaSi, miviRebT 

                   αQαceαAαceαceαA '

αAd'
'

αdαA

'

dααA


 

saidanac 

     αQeαc
dααA'

' 
 

anu SegviZlia davweroT: 

     
,eαQαc

dααA'
'




 

xolo  

     
cdαeαQαc

dααA

' 


                    (2.5) 

 

Tu (2.5)  gamosaxulebas SevitanT (2.3) formulaSi, miviRebT 

     




  


cdαeαQeS

dααAdααA

                       
(2.6) 

Tu (2.6) gamosaxulebas CavwerT Cven mier miRebuli aRniSvnebiT, 

 αAμ  da  αQpRB μ 
 

maSin miviRebT  (2.1) gantolebis amoxsnas, romelsac eqneba saxe: 


















 
α

0

μdα

cdαpRBμRS

α

0
0e

d




                          

(2.7) 

CavTvaloT, rom const,μ  maSin (2.7) gantoleba SeiZleba CavweroT semdegnairad
 

  







  

α

0

μμα cdαeαpRBμeS

                         

(2.8) 
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rodesac 0 , CScS1  ;  da rodesac maxαα  , ;SS sw
 

maSin  (2.8) gantoleba Caiwereba Semdegi saxiT: 

  









  

max

maxmax

α

0

μαμα SdαeαpRBμeS Csw

 

aqedan vakuum-dolis wevis Zala 

   1eSdαeαpRBμeF maxmax

max

max μα
α

0

μα
max   

C

                         

(2.9) 

miRebuli (2.9) gantoleba, sakontrolo rgolur WvriteSi nulovani (P=0) 

vakuumis SemTxvevaSi gvaZlevs eileris cnobil gantolebas
 

 1eSF maxμα
max  C  

xolo Tu miviRebT, rom sakonveiero lentisa da amZravi vakuum-dolis 

sakontaqto zedapirebis mier Seqmnil rgolur WvriteSi Tanabrad ganawilebuli

  const)α(P  da maqsimaluri mniSvnelobis vakuumi iqmneba, maSin (9) gantoleba 

SeiZleba CavweroT ase:
 

 ; 1eSdαepRBμeF max

max

max μα
α

0

μαμα
max   

C

            

(2.10)            

es Sedegi SeiZleba warmovadginoT Semdegnairadac
 

   1eS1ePF maxmax μαμα
max  C                   

(2.11) 

sadac
     

pRBP                                     (2.12) 
vakuum-amZravis sakontaqto zedapirze sakonveiero 

lentis erTeulovani kuTxis Sesabamis rkalze Seqmnili 

vakuumiT miRebuli damatebiTi miWeris Zalaa, xolo 

gamosaxuleba (2.11), romelSic gaviTvaliswinebT (2.12)-s 

   1eS1epRBF μαμα
max

max  C  
rac Seesatyviseba a.v. evneviCis [3] formulas. 

Tu vakuum-dolis ganxilvisas, romlis mTeli sakontaqto zedapiris 

vakuumuri zona dayofilia momuSave calke vakuum-qvezonebad, davuSvebT, rom: a) p 

sididis vakuumi iqmneba da vrceldeba mxolod centraლuრi kuTxiT moWimul 

vakuum-qvezonaze (ix. nax. 2.2), xolo mis sazRvrebs gareT 𝑝 ൌ 0; b) vakuumqvezonaSi 

vakuumi wydeba amZravidan tvirTmzidi lentis Camoqanebis wertilidan misi 0 

kuTxur manZilze ganlagebisas. maSin (2.10) gamosaxuleba SeiZleba gadavweroT 

Semdegi saxiT: 

 
0

max max

0

α δ
μα μαμα

max

α

F e pRBμ e dα S e 1


   C ; 

nax. 2.2. 
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an                    
    1eSeePeF max00max μαδαη-μμα  

C


                  (2.13) 

xolo nმ aris muSa qvezonebSi vakuumis Seqmnisas wevis Zalebis saangariSo 

formula miiRebs saxes: 

 

           ;1eSeePeF max00

m

max μαδδβ1kαμδβ1kαμ
n

1k

μα  


 C

                
(2.14) 

sadac k aris vakuumuri qvezonis nomeri (nax. 2.2); 

  vakuum-qvezonebsSorisi rkalis momWimavi kuTxe.
 

  vakuum-qvezonebis kuTxur bijs Tu aRvniSnavT δβt  , maSin CavwerT, rom  

      ;1eSPee1eF max0max μα
n

1k

1ktαμμδμα  



C

m

                  
(2.15) 

 (2.15) gamosaxuleba saSualebas gvaZlevs, vakuumis zonis nebismier qvezonaSi 

Seqmnili vakuumisas ganvsazRvroT ganviTarebuli wevis Zala. 

am gamosaxulebis analizi gviCvenebs, rom vakuum-qvezonis mdebareoba vakuum-

dolis  mTel sakontaqto zedapirze mniSvnelovan gavlenas axdens mis mier 

ganviTarebul wevis Zalaze  kerZod, rac ufro axlos aris ganlagebuli vakuum-

qvezona lentis vakuum-dolidan Camoqanebis wertilidan (wertili A nax. 2.1), miT 

metia wevis Zalis zrdis efeqti. 

amgvarad, vakuumdolis sakontaqto zedapirze ganlagebuli erTnairi 

raodenobis vakuum-qvezonebisas, imis mixedviT, saiT aris ganlagebuli, Camoqanebis 

Tu swrafobis wertilisaken, mniSvnelovnad gansxvavebul wevis Zalebs iZleva. 

wevis Zalebis es gansxvaveba SeiZleba gamoiTvalos formuliT: 

       








  










1 1

11 00max 1
m mnn

nk

n

k

ktkt eePeeF






 ,            (2.16) 

sadac  - vakuum-dolze lentis swrafobis wertilSi ganlagebuli pirveli muSa 

vakuumqvezonis nomeria da Cawerilia zogadi saxiT 

;1 nns  

nს - vakuum-dolis sakontaqto zedapirze lentis qveS ganlagebuli vakuum-

qvezonebis raodenobaa; 

n – dolidan lentis Camoqanebis mxares pirveli muSa vakuum-qvezonis  nomeria; 

nm _ Tanamimdevrulad ganlagebuli vakuumqvezonebis raodenoba; 

     aRniSnuli efeqtis raodenobrivi Sefaseba saSualebas gvaZlevs, 

ganvsazRvroT avm vakuum-dolis optimaluri parametrebi. 

 (2.15) da (2.16) gantolebebi amoixsna kompiuteruli programebiT Semdegi 

monacemebisas (laboratoriuli vakuumdolis diametri, sigane da a.S. SeirCa [3,4] 

samuSaoebis Sesabamisad): 
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vakuum-dolze sakonveiero lentis Semoxvevis kuTxe maxα , dolis 

sakontaqto zedapirze lentis CaWidebis (xaxunis) koeficienti  ;1,20,1μ   

vakuumur-qvezonebis kuTxuri biji 0,33δβt  rad.; 

vakuumur-qvezonis momWimavi centraluri kuTxe 0,11β   rad.;  

vakuumur-qvezonebs Sorisi segmentis momWimi centraluri kuTxe 0,22δ  rad; 

vakuumis Seqmnis dolze lentis damatebiTi miWeris Zala 𝑃 ൌ 𝑝𝑅𝐵. 

vauum-dolis radiusi R=0,18 m; 

sakonveiero lentis sigane B=0,50 m. 

gaangariSeba sruldeboda rogorc calkeuli vakuumuri qvezonebisaTvis 1-dan 

9-mde, aseve maTi erToblivi muSaobisas, rogorc raodenobrivi, aseve maTi vakuumis 

zonaSi sxvadasxva mdebareobiTi ganlagebisaTvis. 

(2.15) formuliT Sesrulebuli gaangariSebis monacemebi warmodgenilia (2.1-2.8) 

cxrilebSi, romelTa analizi gviCvenebs: 

cxrili 2.1 _ vakuumis dolisa da lentis CaWidebis  (xaxunis) koeficientis 

zrdiT izrdeba 
maxμαe da  μδe1   Tanamamravlebi; 

cxrili  2.2 _ vakuumur-qvezonis raodenoba _ erTi; 0;α0 
 1kμte 

Tanamam-

ravlis sidide mcirdeba, rogorc CaWidebis koeficientis zrdiT, aseve vakuum-

qvezonis gadaadgilebiT amZravidan sakonveiero lentis Camoqanebis wertilidan 

swrafobis wertilisaken; 

aqve aRvniSnavT, rom miRebuli daSveba 0=0, mizanSewonilia davicvaT im 

SemTxvevisaTvis, rodesac . 

vakuum-dolis wevis Zalvaze vakuumqvezonis adgilmdebareobisa da CaWidebis 

koeficientis mniSvnelobis kompleqsuri analizi gviCvenebs Semdegs: rodesac 

=0,9; #9 vakuum-qvezonisaTvis 𝑒െ𝜇𝑡ሺ𝑘െ1ሻ ൌ 0,092, xolo, rodesac =0,1, #2 vakuum-

qvezonisaTvis 𝑒െ𝜇𝑡ሺ𝑘െ1ሻ ൌ 0,968; anu Tanamamravlis sidide izrdeba 
,ଽ଼

.ଽଶ
ൎ 11, rac 

gvaZlevs safuZvels davaskvnaT, rom Tu ar aris saSualeba mTeli Semoxvevis 

kuTxis rgolur WvriteSi vakuumis Seqmnisa, maSin maqsimaluri wevis Zalebis 

miRebis mizniT umjobesia vakuum-zona ganvalagoT vakuum-dolidan sakonveiero 

lentis Camoqanebis mxares. 

cxrili 2.3 _ vakuum-qvezonebis raodenoba izrdeba Tanamimdevrulad erTidan 

cxramde swrafobis wertilidan lentis Camoqanebis wertilisaken; 

cxrili 2.4 _ vakuum-qvezonebis raodenoba izrdeba Tanamimdevrulad erTidan 

cxramde lentis Camoqanebis wertilidan swrafobis wertilisaken. 

me-3 da me-4 cxrilebis monacemebis Sedareba gviCvenebs, rom rodesac vakuum-

qvezonebis oridan cxramde gazrdisas me-4 da me-3 cxrilebis monacemebis 

0,1μ 
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Sefardeba icvleba 1,97/1,56=1,26-dan 7,92/7,92=1-mde, xolo =0,9. es Sefardeba 

icvleba 1,74/0,22=7,91-dan 3,62/3,62=1-mde. 

miRebuli Sedegebis mixedviT SegviZlia gavakeToT daskvna: rac metia 

CaWidebis  koeficienti an mcirea muSa vakuum-qvezonebis raodenoba, miT 

aucilebelia vakuumis zonis ganlageba vakuum-dolidan lentis Camoqanebis 

wertilTan axlos. garda aRniSnulisa, yovel konkretul SemTxvevaSi miRebul 

Sedegebze dayrdnobiT SeiZleba vakuum-qvezonebis optimaluri raodenobis, maTi 

ganlagebis da sxva teqnikuri maCveneblebis optimaluri parametrebis gansazRvra, 

maRali wevis faqtoriani vakuum-dolis miRebis mizniT. 

2.5 cxrilSi mocemulia (2.15) formuliT gaangariSebuli vakuum-dolis wevis 

Zalebi, sxvadasxva sawyisi daWimulobisa da sxvadasxva raodenobis vakuum-

qvezonebisas, romlebic ganlagebulia vakuum-dolze sakonveiero lentis 

Semoxvevis kuTxis sxvadasxva mxares, rogorc WvriteSi mudmivi mniSvnelobisaa. 

vakuumi p=0,94 bari da CaWidebis koeficienti =0,63 (ganisazRvreba cdebis 

SedegebiT). 

am cxrilis monacemebis mixedviT SeiZleba vimsjeloT vakuum-dolze 

sakonveiero lentis Semoxvevis kuTxeze rgolur WvriteSi vakuum-qvezonebis muSa 

raodenobebisa da ganlagebis Sesaxeb. 

(2.15) formulis saSualebiTve SeiZleba ganisazRvros vakuum-dolis wevis 

faqtori. 

fardobas, rodesac 
ௌsw


ൌ

ௌsw

ோ
 ewodeba vakuum-dolis sakuTari wevis faqtori. 

(2.15) gantolebis mixedviT, sakuTari wevis faqtori   

 













m
wsw

n

1n

1kμt
μδ

μα
μαs

e
e

e
e

pRB

S

P

S

                

(2.17)
 

xolo vakuum-dolis saerTo (zogadi) wevis faqtori, rodesac konveieris 

konturSi, ama Tu im pirobebidan gamomdinare, lentis sawyisi daWimuloba aris 

Seqmnili 

    ,1ee1
S

pRB
e

S

S n

1k

1kμtμδ

C

μα








 




m

C

sw

                 

(2.18)
 

mocemuli konkretuli amZravisaTvis, am gamosaxulebaSi cvladi sidideebiD 

SeiZleba iyos lentis sawyisi 𝑆sw ൌ SC daWimuloba da lentis qveS rgolur 

WvriteSi vakuumis p mniSvneloba. 

(2.18) formulis amonaxsnebi, rodesac p=0,94 bars. =0,63 (ganisazRvreba cdis 

SedegebiT) da SC=10-3400 dkn, _ dafiqsirebulia 2.6 cxrilSi, romelic saSualebas 

iZleva davaskvnaT, rom vakuum-dolis mocemuli tipzomis gamoyenebis are 

mizanSewonilia ganisazRvros aucilebeli sawyisi daWimulobis SC mniSvnelobisa 
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da amZravis sakontaqto zedapirze sakonveiero lentis damatebiTi miWeriT 

Seqmnili Zalis mixedviT. 

avm vakuum-dolis  racionaluri gamoyenebis are ganisazRvreba SC ൌ pRB 

gamosaxulebidan ufro didi sawyisi daWimulobisas vakuumis SeqmniT miRebuli 

sakonveiero lentis amZrav dolze damatebiTi miWeris  Zalis efeqti mcirdeba, 

Tumca vakuum-dolis  efeqturad  gamoyenebis zonad SeiZleba miviRoT SC  2pRB. 

2.7 da 2.8 cxrilebSi moyvanilia (2.17) formulis saSualebiT gamoTvlili 

vakuum-dolis sakuTari wevis faqtori, lentisa da dolis sakontaqto zedapirebis 

sxvadasxva CaWidebis koeficientisas, vakuum-qvezonis raodenobisas da sakontaqto 

zedapirze maTi Semoxvevis kuTxis sxvadasxva mxares ganlagebisas. 

mocemuli cxrilebis analiziT SeiZleba davaskvnaT, rom vakuum-dolis 

sakuTari wevis faqtoris minimalurad Semcirebisa da erTdoliani kompaqturi 

amZravi vakuum-dolis daproeqtebis mizniT lentis swrafobis mxares mTeli 

Semoxvevis kuTxis 1/5 nawilze SesaZlebelia vakuum-qvezonebis Semcireba, swored 

es zona aris sakontaqto zedapiris SedarebiTi simSvidis zona anu amZravi vakuum-

dolis wevis Zalebis maragi. 

cxrili 2.1.
 

CaWidebis (xaxunis) 

koeficienti  0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 

wevis faqtori 
𝑒ିఓఈೌೣ 

1,369 1,87 2,56 3,51 4,81 6,586 9,01 12,34 16,9 

e- 0,977 0,955 0,933 0,912 0,893 0,872 0,861 0,838 0,813 

max=  = 0,22 rad 

1-e- 0,023 0,045 0,067 0,088 0,117 0,128 0,139 0,170 0,187 

 
cxrili 2.2. 

𝑒ିఓሾఈబାሺିଵሻሺఉାఋሻሿ t=+=0 , 3 3 ;   0=0 ;  =0 , 1 1 ;  =0 , 2 2 rad 

grZivi Raris 
nomeri 𝐾  

CaWidebis 
koeficienti  

1 2 3 4 5 6 7 8 9 

0,1 1,0 0,968 0,936 0,905 0,876 0,848 0,820 0,793 0,768 

0,2 1,0 0,936 0,876 0,820 0,768 0,719 0,673 0,630 0,590 

0,3 1,0 0,905 0,820 0,743 0,673 0,609 0,552 0,500 0,453 

0,4 1,0 0,876 0,768 0,673 0,590 0,516 0,453 0,396 0,347 

0,5 1,0 0,848 0,719 0,609 0,516 0,438 0,371 0,315 0,267 

0,6 1,0 0,820 0,673 0,552 0,453 0,371 0,304 0,250 0,205 

0,7 1,0 0,793 0,630 0,500 0,396 0,315 0,250 0,198 0,157 

0,8 1,0 0,768 0,590 0,453 0,347 0,267 0,205 0,157 0,121 

0,9 1,0 0,743 0,552 0,410 0,304 0,226 0,168 0,125 0,092 
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cxrili 2.3. 

 𝑒ିఓሾఈబାሺିଵሻሺఉାఋሻሿ

ଵ

ୀଽ

  0=0 ;    =0 , 1 1 ;    =0 , 2 2 ;    t=0 , 3 3  rad 

grZivi Raris  
nomeri 

CaWidebis  

 koeficienti  

n=1 
9 

n=2 
9, 8 

n=3 
9, 8, 7 

n=4 
96 

n=5 
95 

n=6 
94 

n=7 
93 

n=8 
92 

n=9 
91 

0,1 0,7679 1,5617 2,3820 3,2299 4,1063 5,0120 5,9481 6,9157 7,9157 

0,2 0,5897 1,2198 1,8928 2,6117 3,3797 4,2000 5,0764 6,0125 7,0125 

0,3 0,4529 0,9530 1,5051 2,1146 2,7877 3,5307 4,3511 5,2563 6,2568 

0,4 0,3478 0,7447 1,1977 1,7145 2,3043 2,9773 3,7453 4,6216 5,6216 

0,5 0,2671 0,5821 0,9537 1,3920 1,9088 2,5184 3,2373 4,0852 5,0852 

0,6 0,2051 0,4552 0,7600 1,1316 1,5845 2,1366 2,8096 2,6300 4,6300 

0,03 0,0143 0,0298 0,0462 0,0631 0,0799 0,0955 0,1084 0,1164 0,1164 

0,7 0,1575 0,3560 0,6061 0,9211 1,3181 1,8181 2,4482 3,2419 4,2419 

0,8 0,1209 0,2785 0,4837 0,7508 1,0986 1,5516 2,1414 2,9093 3,9093 

0,9 0,0929 0,2129 0,3862 0,6127 0,9176 1,3276 1,8799 2,6230 3,6230 

 
 
 

cxrili 2.4. 

 𝑒ିఓሾఈబାሺିଵሻሺఉାఋሻሿ

ଽ

ୀଵ

  0=0 ;    =0 , 1 1 ;    =0 , 2 2 ;    t=0 , 3 3  rad 

    grZivi Raris  
nomeri 

CaWidebis  

 koeficienti  

n=1 
1 

n=2 
1, 2 

n=3 
1, 2, 3 

n=4 
14 

n=5 
15 

n=6 
16 

n=7 
17 

n=8 
18 

n=9 
19 

0,1 1,000 1,9675 2,9036 3,8094 4,6857 5,5336 6,3540 7,1477 7,9157 

0,2 1,000 1,9361 2,8124 3,6328 4,4008 5,1197 5,7927 6,4227 7,0125 

0,3 1,000 1,9057 2,7261 3,4691 4,1421 4,7517 5,3038 5,8039 6,2568 

0,4 1,000 1,8763 2,6443 3,3173 3,9071 4,4239 4,8768 5,2738 5,6216 

0,5 1,000 1,8478 2,5668 3,1763 3,6932 4,1314 4,5030 4,8181 5,0852 

0,6 1,000 1,8203 2,4933 3,0454 3,4984 3,8700 4,1748 4,4249 4,6300 

0,03 1,000 0,00825 0,0208 0,0365 0,0533 0,0702 0,0867 0,1022 0,1164 

0,7 1,000 1,7937 2,4237 2,9238 3,3207 3,6358 3,8858 4,0843 4,2419 

0,8 1,000 1,7679 2,3577 2,8106 3,1585 3,4256 3,6308 3,7883 3,9093 

0,9 1,000 1,7430 2,2951 2,7054 3,0102 3,2367 3,4050 3,5300 3,6230 
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  cxrili 2.5. 

vakuum-dolis Teoriuli wevis Zala, dkn (sveli xaxunis pirobebSi) 

grZivi Raris 

 nomeri 
lentis 
daWim. SC, dkn  

n=1 n=2 n=3 n=4 n=5 n=6 n=7 n=8 n=9 

1
9

 
1 െ 2
9 െ 8

 
1 െ 3
9 െ 7

 
1 െ 4
9 െ 6

 
1 െ 5
9 െ 5

 
1 െ 6
9 െ 4

 
1 െ 7
9 െ 3

 
1 െ 8
9 െ 2

 
1 െ 9
9 െ 1

 

50 
1114
465

 
1756
653

 
2292
885

 
2719
1168

 
3076
1519

 
3361
1950

 
3586
2479

 
3778
3131

 
3930
3930

 

200 
2050
1401

 
2692
1589

 
3228
1821

 
3655
2105

 
4012
2455

 
4297
2886

 
4522
3415

 
4714
4067

 
4866
4866

 

400 
3298
2649

 
3940
2837

 
4476
3069

 
4903
3353

 
5260
3703

 
5545
4134

 
5770
4663

 
5962
5315

 
6114
6114

 

500 
3927
3278

 
4569
3466

 
5105
3698

 
5532
3982

 
5889
4332

 
6174
4763

 
6399
5292

 
6591
5944

 
6743
6743

 

 
                                                
 
 
 

cxrili 2.6. 

N SC, dkn 
Sେ

Sୱ୵
 N SC, dkn 

Sେ

Sୱ୵
 

1 10 326,7 16 1000 9,80 

2 20 166,65 17 1200 9,27 

3 30 113,3 18 1300 9,06 

4 40 86,63 19 1400 8,88 

5 50 78,6 20 1500 8,74 

6 100 38,61 21 1600 8,60 

7 150 27,94 22 1800 9,37 

8 200 24,33 23 2000 8,20 

9 300 17,27 24 2200 8,05 

10 400 15,28 25 2400 7,93 

11 500 13,49 26 2600 7,83 

12 600 11,93 27 2800 7,74 

13 700 11,12 28 3000 7,67 

14 800 10,60 29 3200 7,60 

15 900 10,16 30 3400 7,54 

 
 
 
 



tribologia zogadi kursi                                               saleqcio konspeqti 

 
 

55 

cxrili 2.7. 

vakuum-dolis sakuTari  wevis faqtori      0=0;   m a x= 

𝐹ᇱ 𝑃⁄ ൌ ቆ𝑒ఓఈ െ
𝑒ఓఈ

𝑒ఓఋ ቇ  𝑒ିఓሾఈబାሺିଵሻሺఉାఋሻሿ

ଵ

ୀଽ

 

grZivi Raris 

 nomeri 
CaWid. 
 koeficienti 

n=1 
9 

n=2 
9, 8 

n=3 
9, 8, 7 

n=4 
96 

n=5 
95 

n=6 
94 

n=7 
93 

n=8 
92 

n=9 
91 

0,1 0,0242 0,0492 0,0750 0,1017 0,1293 0,1578 0,1873 0,2177 0,2492 

0,2 0,0496 0,1026 0,1593 0,2198 0,2844 0,3534 0,4272 0,5059 0,5901 

0,3 0,0777 0,1638 0,2581 0,3627 0,4781 0,6056 0,7465 0,9016 1,0732 

0,4 0,1074 0,2300 0,3699 0,5296 0,7117 0,9196 1,1568 1,4275 1,7364 

0,5 0,1503 0,3276 0,5367 0,7834 1,0742 1,4173 1,8218 2,2990 2,8618 

0,6 0,1729 0,3837 0,6406 0,9539 1,3357 1,8012 2,3685 3,0601 3,9031 

0,7 0,1972 0,4458 0,7591 1,5381 1,6508 2,2770 3,0661 4,0601 5,3125 

0,8 0,2536 0,5342 1,0147 1,5750 2,3046 3,2549 4,4922 6,1031 8,2009 

0,9 0,2936 0,6886 1,2205 1,9363 2,8999 4,1962 5,9410 8,2895 11,4497 

 
 

cxrili 2.8. 

vakuum-dolis sakuTari wevis faqtori      0=0;   m a x= 

𝐹ᇱ 𝑃⁄ ൌ ቆ𝑒ఓఈ െ
𝑒ఓఈ

𝑒ఓఋ ቇ  𝑒ିఓሾఈబାሺିଵሻሺఉାఋሻሿ

ଽ

ୀଵ

 

grZivi Raris  

 nomeri 
  

CaWid. 

 koeficienti 

n=1 
1 

n=2 
1, 2 

n=3 
1, 2, 3 

n=4 
14 

n=5 
15 

n=6 
16 

n=7 
17 

n=8 
18 

n=9 
19 

0,1 0,031487 0,0619 0,0914 0,0199 0,1475 0,1742 0,2000 0,2250 0,2492 

0,2 0,08415 0,1629 0,2366 0,3057 0,3703 0,4308 0,4874 0,5404 0,5901 

0,3 0,17520 0,3263 0,4676 0,5950 0,7104 0,8150 0,9097 0,9955 1,0732 

0,4 0,30888 0,5795 0,8168 1,0240 1,2068 1,3664 1,5063 1,6290 1,7364 

0,5 0,56277 1,0399 1,4445 1,7875 2,0784 2,3250 2,5341 2,7115 2,8618 

0,6 0,843008 1,5345 1,1018 2,5673 2,9492 3,2624 3,5194 3,7302 3,9031 

0,7 1,25239 2,2464 3,0354 3,6617 4,1588 4,5534 4,8665 5,1151 5,3123 

0,8 2,0278 3,7087 4,9460 5,8960 6,6259 7,1862 7,8167 7,9471 8,2009 

0,9 3,1603 5,5084 7,2532 8,5499 9,5131 10,2289 10,7608 11,1558 11,4497 
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2.4. amZravi vakuum-dolis vakuumuri meqanizmebis ZiriTadi 

geometriuli parametrebis gaangariSeba  

amZravi vakuum-dolis sakontaqto zedapiris parametrebi: grZivi Raris sigane 

ganisazRvreba damokidebulebebiT [1]:   Db  055.0045.0  (sadac D dolis 

diametria); grZivi Raris sigrZe -   Bl  85.08.0  (sadac B  sakonveiero lentis 

siganea); Tu grZivi Raris siRrmes aRvniSnavT h₁-iT, maSin Raris moculoba 

111 047.085.0055.0 hDBhBDlhbV  . 

avtonomiuri vakuumurmeqanizmebiani (avm) amZravi vakuum-dolebis erT-erTi 

sapasuxismgeblo konstruqciuli elementi, romelic uzrunvelyofs vakuumis 

programul cvlilebas da romlis saSulebiTac miiRweva maRali wevis faqtori, 

vakuumuri meqanizmebia. am meqanizmebis gaangariSebisas, Tu gaviTvaliswinebT 

amZravi dolis sakontaqto zedapiris parametrebs, miviRebT maRali 

wevisfaqtoriani kompaqturi lenturi konveieris amZravis daproeqtebis realur 

SesaZleblobas. vakuum-dolis cnobil konstruqciebSi misi zedapiris 

konstruqciuli koficienti anu zedapirze ganTavsebuli grZivi Rarisa da or 

grZiv Rars Soris segmentis siganeTa urTierTTanafardoba aris 55.045.0 K –is 

farglebSi. 

vakuumuri sistemis sruli moculoba erTi grZivi RarisaTvis, cilindr-

dguSisa da grZivi Raris SemaerTebeli centraluri xvretis gaTvaliswinebiT, 

iqneba 

m
d

hDBV 



4

047.0
2

1 ,                           (2.19) 

sadac d aris grZivi Raris vakuumur meqanizmebTan SemaerTebeli centraluri 

xvretis diametri; is ganisazRvreba damokidebulebiT:  

 DD
b

d  0275.0
2

055.0

2
, (2.20) 

 

nax. 2.3. avm-is saangariSo sqema 
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        m - centraluri xvretis sigrZea da iangariSeba 

211 hmhhm  , 

sadac 2h  aris vakuumuri meqanizmis cilindris kedlis sisqe, mm;  h – vakuum-dolis 

rkalis sisqe (ix. nax. 2.3), mm; 1m  – vakuum-dolsa da vakuum-meqanizmebs Soris RreCo, mm. 

amrigad, vakuumuri sistemis sruli sawyisi moculoba erTi vakuumuri 

grZivi RarisaTvis iqneba 

   42
1 109.5470  DmhDBV , (2.21) 

avm – tipis avtonomiur vakuumurmeqanizmebian vakuum-dolisa da sakonveiero 

lentis mier Seqmnil rgolur WvriteSi, vakuumis formireba uzrunvelyofilia 

RarebiT warmodgenili sawyisi moculobebis cvlilebis (gazrdis) saSualebiT, 

rac xorcieldeba masTan (sawyis moculobebTan) mierTebuli vakuumuri 

meqanizmebis dguSebis periferiebisaken gadaadgilebiT miRebuli damatebiTi 

moculobebis xarjze [2]. amgvarad amZravis sakontaqto zedapirze lentis qveS 

vakuumis formireba SeiZleba ori wesiT: 

a) sawyis moculobebSi arsebuli haeris gadanawilebiT vakuumuri meqanizmis 

centraluri xvretidan dguSebis periferiebisaken gadaadgilebiT miRebul 

damatebiT moculobebSi; 

b) sawyis moculobebidan  haeris nawilobrivi iZulebiT gamodevniT, 

mfrqvevaniT miwodebuli (wveTovani) siTxis xarjze, romelic SemdgomSi gaiwoveba 

vakuumuri meqanizmebis saSualebiT  [ 3,4 ]. 

Cveni samuSaos amocana aris (b) meTodis Sesabamisad, anu 

elastohidrodinamikur reJimSi momuSave lenturi konveieris vakuum-doluri 

amZravebis damuSaveba da kvleva. 

sxvadasxva faqtorze damokidebulebiT (vakuumuri meqanizmebis kedlebis 

masalebis Tvisebebi, siTxis temperatura, garemo pirobebi da a.S.) vakuumis 

formirebis procesi SeiZleba ganviTardes sxvadaxxva kanonzomierebiT. Tu 

CavTvliT, rom haeris gafarToeba xorcieldeba politropuli kanonis Sesabamisad, 

maSin SegviZlia davweroT: 

 
nn VppV 1 ,                                 (2.22) 

saidanac                  V
p

p
V n 


1 , 

sadac p  aris atmosferuli wneva, pa; p –narCeni wnevis mniSvneloba vakuum-

meqanizmebSi, pa; 1V _programuli vakuumis miRebisaTvis saWiro vakuumuri sistemis 

saboloo muSa sivrcis (moculobis) mniSvneloba, m3; Tu vakuumuri meqanizmebis 

dguSebis gadaadgilebiT miRebuli damatebiTi moculobis sidide 
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 V
p

pp
VVV

n

nn







1

11

1d ,                     (2.23) 

maSin vakuumuri meqanizmebis dguSebis diametrebi ganisazRvreba gamosaxulebiT  

 

1

1

11
2

lp

ppV
d

n

nn

П








 

  (2.24) 

an                
 

1

1

1142
1 104702

lp

ppmDhDB
d

n

nn

П








 






      (2.25) 

sadac 1l  aris TiToeuli dguSis svla, mm. 

vakuum-dolis torsul badroSi vakuum-meqanizmebis ganTavsebis radiusi, 

romelic Wokis (cilindris) RerZebze gaivlis, iangariSeba damokidebulebiT 

 
 

2

2 21 ПdhmhD
R




                       
(2.26) 

meore mxriv konstruqciis kompanovkisa da simtkicis mixedviT vakuum-

meqanizmebis torsul badroSi ganTavsebis Sesabamisad Wokis RerZebze gamavali 

wrexazis sigrZe toli iqneba: 

          '22 2" nhdR П   ,                      (2.27) 

saidanac, mocemuli pirobis mixedviT, dguSis diametri 

 
    








'

2'2 221
" n

hnhmhD
dП                          (2.28) 

sadac n’ aris vakuum-meqnizmebis ricxvobrivi mniSvneloba; 𝜀 _ ganTavsebis wreze 

vakuum-meqanizmebs Soris manZili (wris rkalis sigrZe vakuum-meqanizmebs Soris), mm 

(ix. nax. 2.3.). 𝜀-is mniSvneloba SegviZlia viangariSoT da aviRoT sazRvrebSi -

  D 02.0015.0 , dguSis SerCeuli diametri *Пd  ki unda iyos sazRvrebSi 

 "* ППП ddd                         (2.29) 

viciT ra *Пd -is mniSvneloba danakargebis (gaJonvebis) mxedvelobaSi miRebis 

gareSe, (2.24) formulidan SeiZleba ganvsazRvroT vakuum-meqanizmis TiToeuli 

dguSis svlis mniSvneloba (nax. 2.3) 

 

 
2

*

1

1142
1

1

109.54702

П
n

nn

dp

ppmDhDB
l








 






                (2.30) 

Tu CavTvliT, rom haeris gafarToebis procesi miaxlovebiT izoTermulia 

(nൌ1), maSin (2.24), (2.25) da (2.30) formulebidan 

 
 

1

2

lp

ppV
dП 





 (2.31) 
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an  

 
   

2
*

42
1 109.54702

П
П dp

ppmDhDB
d








            (2.32)    

xolo 

  
   

2
*

42
1

1

109.54702

Пdp

ppmDhDB
l








           (2.33) 

Tu avm tipis grZivRarebiani vakuum-dolisa da sakonveiero lentiT Seqmnil 

rgolur WvriteSi gaiSviaTebis formireba xorcieldeba sawyisi moculobebidan 

haeris maqsimalurad SesaZlo gamodevniT, mfrqvevaniT miwodebuli wveTovani 

siTxis xarjze, romelic SemdgomSi gaiwoveba vakuumuri meqanizmebis saSualebiT, 

maSin sawyisi moculobis Semcirebis Sesabamisad Semcirdeba dguSis saWiro svlac 

da amZravi sadguric aseve kompaqturi iqneba; xolo hermetulobis gazrdisa da 

sxva mravali faqtoris gavleniT izrdeba wevis faqtori da amZravi dolis weviTi 

Tvisebebi. zemoT mocemuli msjelobis mixedviT vakuumuri meqanizmis dguSis 

svlis sigrZe iqneba 

                  
  

2
*

1

1142
1

1

109.54702

П
n

nn

dp

ppVmDhDB
l








 







siTx

        (2.34) 

am gamosaxulebaSi VsiTx siTxis is moculobaa, romelmac Seavso vakuum-

dolis  Sesabamisi sawyisi moculoba. (2.33) formuliT dguSis svla gamoTvlilia 

haeris gafarToebis izoTermuli procesisaTvis, Sesabamisad, Tu (2.34) formuliT 

dguSis svlas viangariSebT SemTxvevisaTvis, rodesac haeris gafarToebis procesi 

eqvemdebareba politropuls, maSin p da p -Tvis xarisxis maCveneblebi iqneba n
1 . 

izoTermuli gafarTovebis dros ki gamosaxulebas eqneba saxe 

 
    

2
*

42
1

.1

109.54702

Пdp

ppVmDhDB
l








siTx

siTx                  (2.35) 

vakuumuri meqanizmebis parametrebis gaangariSebis meTodebis safuZvelze, 

unda moxdes vakuum-dolis uZravi mrudwiruli mimmarTvelebis optimaluri 

parametrebis gaangariSeba, romelic ganapirobebs rgolur WvriteSi programuli 

vakuumis miRebas. 

 

 

2.5. vakuum-dolis vakuum-meqanizmebis amZravi mrudwiruli 

mimmarTvelebis optimaluri parametrebis gansazRvra 

konkretuli konstruqciuli parametrebis mqone avtonomiuri vakuumur- 

meqanizmebiani (avm) tipis vakuumdolebisaTvis [1] uZravi mrudwiruli 
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mimmarTvelebis optimaluri parametrebis gaangariSebisas, qvemoT moyvanil Cven 

mosazrebebTan erTad, mizanSewonilad migvaCnia, gaviTvaliswinoT leonard 

eileris Teoriis (formulis S S .e )sw C  mixedviT warmodgenili mravaljerad 

kvlevaTa Sedegebic. kerZod, lenturi konveierebis amZravi dolebis weviTi 

Tvisebis analizma, didi xnis winaT utyuarad aCvena, rom sakontaqto rgolur 

WvriteSi sakonveiero lentis qveS dolze lentis swrafobis wertilidan 

SedarebiTi simSvidisa da drekadi srialis rkalebis Tanmimdevruloba da maTi 

momWimavi kuTxeebis gamokveTiloba ganapirobebs satransporto meqanizmis mdgrad 

da Seuferxebel, saimedo muSaobas. maSasadame, wevis ZalebSi umniSvnelo wagebis 

xarjze, lentis qveS, amZravi dolis rgolur WvriteSi maqsimaluri sididis 

vakuumis zonis Semcireba SeiZleba mTeli Semoxvevis geometriuli ( )g kuTxis 1/5 

– nawiliT, SedarebiTi simSvidis rkalis xarjze. am mosazrebidan gamomdinare, 

vertikalur sibrtyeze, uZravi mrudwiruli mimmarTvelis im nawilis proeqciis 

sigrZe, romelic lentis qveS amZravi dolis zedapirze (SedarebiTi simSvidis 

rkalze) uzrunvelyofs maqsimaluri sididis programul vacuums. vakuumis 

formirebis efeqturi zonis sigrZe (ix. nax. 2.4) iqneba 

                    0.2 R ef g mr                                   (1) 

sadac g aris amZrav dolze sakonveiero lentis Semoxvevis kuTxe; Rmr  mrudwi-

ruli mimmarTvelis vertikalur sibrtyeSi proeqciis radiusi, romelic imav-

droulad vakuum-dolis cilindr-dguSebis RerZebs emTxveva da ganisazRvreba 

gamosaxulebiT (ix. nax. 2.4 [1] ) 

R . R mr

21D 2( m ) d

2

     dg.st
 ,     (2) 

sadac D aris amZravi dolis diametri; ddg.st vakuum-

meqanizmis cilindr-dguSis standartuli diametri 

da imyofeba TanafardobaSi ddgddg.stdsimtk, sadac 

ddg da dsimtk Sesabamisad cilindr-dguSebis diamet-

rebia, saangariSo da amZravi dolis sakvanZo  

elementebis simtkicidan gamomdinare. 

haeris politropulი kanonis Sesabamisad gafar-

Toebisas SedarebiTi simSvidis rkalis zonaSi, uZravi 

mrudwiruli mimmarTvelis daxris kuTxis tangensi 

vertikaluri sibrtyis mimarT (ix. nax. 2.4) iqneba 

/ 2 4 1/n 1/n
1

1/n

(470BD 5,9mD ).10 (p p )
tg

d . R p

  
  

  

 



ef a
ef

ef g mrdg(st.)

, (3)         

nax. 2.4. mrudwiruli 
mimmarTvelis saangariSo sqema 
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sadac 𝑙efᇱ ൌ 𝑙ଵ aris amZravi dolis vakuummeqanizmis dguSis svlis sigrZe, romelic 

SeiZleba ganisazRvros im SemTxvevisaTvisac, rodesac haeris gafarToebis procesi 

miaxloebiT izoTermulia (n=1)  (ix. gantoleba 15, 16)  [1] . 

uZravi mrudwiruli mimmarTvelis Semdgom  𝑙kKubanze, romelic dolidan 

sakonveiero lentis Camoqanebis wertilamde grZeldeba, dguSebi svlis 𝑙efᇱ  sigrZiT 

agrZeleben periferiebisaken moZraobas, ris xarjzec xdeba vakuumis kargvis kom-

pensacia, Tu ki es aRiniSneba, (gansakuTrebiT mSrali xaxunisas), magaliTad, 

vakuum-dolisa da sakonveiero lentis pirobiTi rgoluri Wvritedan da a.S.  

uZravi mimmarTvelis vertikalur sibrtyeze rkalis proeqciis 𝑙k sigrZe anu 

vakuumis sakompenscio zonis sigrZe, 

                  ℓკ 0,8R mr. g                                  (4)  

vakuum-meqanizmebis dguSTa Wokebis bolovanebis ℓk rkalis gaswvriv 

moZraobis dro  

            t 
0,8R

,



mr g

                                (5) 

sadac   aris Wokis bolovanebis wriuli siCqaris proeqcia. vakuum-sistemis 

saboloo moculobaSi gazis mdgomareobis (sakompensacio zonis dasawyisSi ) 

gantolebas eqneba saxe: 

1 1 . 1pV G R T  gaz  ,                                (6)             

xolo sakompensacio zonis bolo poziciaze es gantoleba miiRebs saxes: 

2 2 2pV G R T  gaz.  ,                               (7) 

სadac 2 1V V V  k  aris vakuum-sistemis moculoba sakompensacio zonis boloSi;   

V1 - vakuum-sistemis moculoba gauxSoebis formirebis efeqturi zonis boloSi;   

Vk  
- e.w. sakompensacio moculoba anu is moculoba, romelic miiReba dguSis 

sakompensacio  zonaSi moZraobiT; 1G
 - gazis wona Caketil vakuumur moculobaSi;  

2G = 1G Vt  , 2V  - moculobaSi gazis wona; V - haeris (gazis) myisuri modineba 

(anu gaparvebi);  - atmosferuli haeris moculobiTi wona; R gaz. - gazis mudmiva; 

1 2 da - haeris absoluturi temperatura. 

haeris temperaturis cvlilebis ugulebelyofis SemTxvevaSi, dguSis mier 

sakompensacio ubanSi Sesrulebuli svlis sigrZe SeiZleba ganvsazRvroT 

formuliT 

/
1,6 VR R T

,
d p

 


 


mr gaz g

k 2
dg (st)

                           (8) 
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mrudwiruli mimmarTvelis sakompensacio ubnis daxris kuTxis tangensi  

                   
/

2

2 VR T
tg

d p


  

 





k gaz

k

k dg(st)

,                         (9) 

sakompensacio ubnis k  sigrZis Wokis bolovanebiT gavlis Semdeg, vakuum-

meqanizmis dguSebi iwyebs sawyisi mdgomareobisaken svlas (am momentisaTvis lenti 

dolis Sesatyvis zedapirs aRar faravs), rac xorcieldeba uZravi mrudwiruli 

mimmarTvelis Sesabamisi profilis saSualebiT, romlis sigrZis proeqcia 

                   sawy.   = R (2 )  mr. g.                                    (10)          

dguSis winsvliT-ukusvliTi moZraobis jamuri sigrZe iqneba   

       / sawy. = 
/ / ef k                                         (11)        

Sesabamisad mrudwiruliruli mimmarTvelis am monakveTis daxris kuTxis 

tangensi  

/ / 2 4 1/n 1/n
1

2 1/n

2(470B 5,9mD ).10 .(p p )
tg

d R (2 ) p

   
  

    

  



ef k a
sawy

sawy dg. (st)G mr g +
2

1,6 VR T

d p (2 )

 

     dg(st)

gaz. g.

g. (12) 

xolo saqSenis saSualebiT dolisa da lentis sakontaqto zedapirebze siTxis 

miwodebis SemTxvevaSi, rodesac sawyisi moculobebi nawilobrivad ukve 

Sevsebulia miwodebuli siTxiT, mrudwiruli mimmarTvelis sxvadasxva  

(efeqturis, sakompensaciosa da sawyis mdgomareobamde dabrunebis) nawilis 

Sesabamisi ubnebis daxris kuTxis saangariSo formulebs (siTxis miwodebisas  

narCeni haeris gafarToebis procesi miaxloebiT izoTermulia) eqneba saxe:  

       
1

2 4

2

10[(470BD 5,9mD )10 V ](p p)
tg

d R p

   
 

  

 siT a

ef

dg(st) mr g

;            (13)       

        tg k 2

2 VR T

d p



 dg(st)

gaz.
 ;                            (14) 

  tg .sawy

4
1
2

2[(470BD 5,9m)10 V ](p p)

d R (2 ) p

   


    
 siTx a

dg(st) mr g.

 
/

2

D B (p p)

4 pd R (2 )

  


   

g a

dg(st). mr g

+          

                2

1,6 VRT

d pv(2 )

 

    

g

dg(st) g

 ,                         (15)  

sadac h aris dolisa da sakonveiero lentis rgolur WvriteSi siTxis Sris sisqe.   

vakuum-dolis sakontaqto zedapirze uwyvet nakadad siTxis miwodebisas, 

atmosferodan recipientebis vakuum-moculobebSi haeris Sewovas, e.i. vakuumis 

kargva praqtikulad ar aRiniSneba da Sesabamisad 

                     
tg 0; k   maSin   

tg tg  sawy ef .      
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zemoxsenebulidan gamomdinare, SegviZlia davaskvnaT, rom yvela SemTxvevaSi, 

rodesac amZravis sakontaqto zedapirze siTxes uwyvet nakadad vawodebT, maSin 

vakuum-dolis sawyisi moculobebis Semcirebis paralelurad, nulamde dadis 

vakuumis kargvebic da, maSasadame, am reJimSi muSaobisas SesaZlebelia 

mniSvnelovnad gamartivdes mrudwiruli mimmarTvelebis forma, rac, Tavis mxriv, 

kompaqturs gaxdis vakuum-dolur amZravs, romelsac imavdroulad eqneba maRali 

weviTi Tviseba. 

dAa s k v n e b i 

1. Cveulebrivi  gaCarxuldolebiani amZravis sveli  zedapirebი განაპირობებს 

Zlier srials (buqsaobas) da Sesabamisad sakonveiero lentis muSaobis vadis 

Semcirebas. 

2. specialuri vakuum-dolebiani amZravebis gamoyenebisas sveli sakontaqto 

zedapirebi aumjobesebs (hermetulobas) vakuumis Seqmnis process, zrdis adgeziiT 

gamowveul wevis Zalas da zrdis muSaobis xangrZlivobas. 

 3. didi weviTi Tvisebis miRwevisaTvis avm dolebiani amZravis SemTxvevaSi 

sruliad sakmarisia SC=2pRB dkn sawyisi daWimuloba; amitom didmwarmoeblur 

danadgarebSi SesaZlebelia naklebmtkice, iafi lentebis gamoyeneba, romlis 

efeqturi eqspluatacia ar iqneba damokidebuli klimatur pirobebsa da 

satransporto masalis datenianebis xarisxze, rac, Tavis mxriv, gazrdis 

danadgarebis gamoyenebis ares da gaaumjobesebs mis teqnikur-ekonomikur 

maCveneblebs. 

4. kompaqturi amZravis Seqmnis winapirobaa avm dolebis recipientebis mcire 

sawyisi moculoba. 

5. gauxSoebis Seqmna recipientebSi umjobesia ukumSveli (wveTovani) siTxis 

saSualebiT, risTvisac dolis sakontaqto zedapirze gamudmebiT unda 

miewodebodes siTxe, e.i. sakonveiero amZravebis muSaobis saukeTeso reJimi 

elastohidrodinamikuria. 

 

 

2.6. lenturi konveierebis vakuum-dolebis saimedoobis analizi 

 

lenturi konveierebis konstruqciuli  da saangariSo sqemebis Sedgenisa da 

maTi Semdgomi saeqsploatacio analizi uCvenebs, rom dRevandeli monacemebiT, 

upiratesoba unda mieniWos erTdoliani amZravebiT momouSave lentur konveierebs 

[3]. es danagarebi, gansxvavebiT mravalamZravdoliani danadgarisagan, xasiaTdeebian 

Semdegi upiratesi monacemebiT: mcirea gabaritul zomebi, metalSemcveloba da 

lentis muSaobis didi resursi. aRniSnulidan gamomdinare, metad aqtualuria 
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maRali xarisxisa da saimedoobis mqone didi wevisfaqtoriani erTdoliani 

kompaqturi amZrvis ASeqmna. 

wevis faqtorisa da wevis Zalebis gazrdis erT-erTi mimarTulebaa 

sakontaqto zedpirebze kuTri Zalvis gazrda, romelTagan erTaderTi maRali (da 

amasTan sakuTar) wevisfaqtoriani amZravi aris e.w. БАВМ tipis vakuum-doluri 

amZravebi. 

amZravebis xarisxobrivi da muSaobaSi imediani maCveneblebis analizisaTvis 

vadgenT tradiciul xaxunisamZraviani, warmoebaSi cnobili da gamocdili 

lenturi konveierebis matricas (6×8), romlis monacemTa mixedviT vsazRvravT 

saukeTeso maCveneblians, Semdeg БАВМ tipis vakuum-dolur amZravebs vaerTianebT 

erTdoliani amZravebis jgufSi da vsazRvravT yvela amZravis gaTvaliswinebiT 

vakuum-doliani amZravis upirates monacemebs. xarisxiani da imediani  muSaobis 

monacemebis gansazRvra yoveli konveierisaTvis xdeba qvemoT mocemuli 

gamosaxulebis [2] saSualebiT: 

 

 
j=1

n n

ij ij ij
i=1 i=1

i n

ij

n K K -K

K =
n-1 K

  
  

  
 


 ( 1  ) 

sadac Ki aris lenturi konveierebis TiToeuli amZravis xarisxisa da imediani 

muSaobis ganzogadoebuli done; 

ijK  - erTeulovani maCveneblis xarisxis done;  

n - Sesafasebeli parametris ricxvi. 

horizontalur dgariani, erTamZravdoliani lenturi konveierebis 

parametrebis maCveneblebi SevarCieT cxrilebidan (gv. 137 cxr. 6) [3]. Ees 

parametrebia: N - P1 – amZravis dadgmuli simZlavre;  G - P2 – amZravi sadguris wona;  

Sg - P3 – sakonveiero lentis simtkice gaglejvaze; V - P4 – amZravi sadguris 

gabaritebi; D - P5 – amZravi dolis diametric; eµ - m - P6 amZravi sadguris wevis 

faqtori. 

yvela SerCeuli parametris zrda, garda wevis faqtorisa, iwvevs xarisxisa 

da saimedoobis Ki ganzogadebuli maCvenebelis Semcirebas. amZravi sadguris wevis 

faqtoris zrda ki - xarisxisa da saimedoobis Ki ganzogadoebuli maCvenebelis 

zrdas, amitom wevis faqtoris mniSvneloba Semogvaqvs, rogorc Sebrunebuli 

sidide. 

lenturi konveierebis amZravi sadguris xarisxisa da saimedoobis 

ganzogadebuli maCvenebelis saZiebo amocanis amoxsnisaTvis, kompiuteruli 

programa Matlab-is saSualebiT kompiuterSi Segvyavs amZravis parametrebi, matrica 
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(68)-is saxiT, sadac 6 – parametrebis ricxvia, 8 ki  Sesafasebeli sakonveiero 

danadgarebis amZravi sadgurebis. aseve Segvyavs TiToeuli konveieris 

fundamenturi (funqciuri) kriteriumi, romelic iangariSeba formuliT λ i = QL  

tkm/sT, sadac  Q aris Sesafasebeli danadgaris saaTobrivi mwarmoeblurobaa, 

xolo  L  misi dgaris sigrZe. 

kompiuteruli gaangariSebis Sedegad TviToeuli danadgarisaTvis 

vRebulobT Kij erTeulovani maCveneblis xarisxis doneს და xarisxisa da 

saimedoobis ganzogadebul Ki maCvenebels, romelic  mogvyavs cxrilis saxiT. 

  

matrica (6X8) 

 
cxrili 2.9 

konveieris 
modeli 

xarisxisa da saimedoobis erTeulovani maCvenebeli xarisxisa da 
saimedoobis 
ganzogade-

buli 
maCvenebeli 

Ki, 

amZravis 
simZlav- 
reze 

 
Ki,1 

lentis 
gaglejis 
simtkiceze 

 
Ki,2 

amZravi 
sadguris 
wonaze 

 
Ki,3 

amZravis 
gabariteb- 

ze 
 

Ki,4 

amZravi do-
lis diame-
tris mixe-

dviT 
Ki,5 

wevis faq-
toris mi-
xedviT 

 
Ki,6 

KЛ 15 0,528 1,000 0,520 0,280 0,375 0,477 0,534 

КРУ-260 0,528 0,429 0,912 1,000 0,780 0,911 0,774 

1ЛБ-80 1,000 0,770 0,530 0,093 0,510 0,400 0,565 

1Л100 К 0,560 0,696 0,532 0,290 0,144 0,820 0,559 

1ЛБ-100 1,000 0,515 1,000 0,496 1,000 1,000 0,829 

1ЛУ-100 0,210 0,114 0,350 0.184 0,420 0,424 0,298 

2ЛУ-100 0,168 0,210 0,290 0,160 0,660 0,580 0,358 

2ЛЛ-100 0,186 0,202 0,270 0,160 0,775 0,990 0,446 

2.9 cxrilis mixedviT 1ЛБ-100 danadgarisaTvis vRebulobT yvelaze maRali 

xarisxisa da saimedoobis ganzogadebul maCvenebels: Ki=0,829, amasTan 6 monacemidan 

4 etalonuri – bazisuria; amitom 1ЛБ-100 danadgaris Cveulebrivi xaxunis amZravs 

vcvliT mis Sesabamisi geometriuli parametrebis mqone vakuum-doliT da vaniWebT 

axal saxelwodebas  БАВМ100. 

miRebuli БАВМ100-Tvis vangariSobT amZravis wevis faqtors [4]: 

# P1 P2 P3 P4 P5 P6 

 
λ 1-8, tkm/sT 

1 90 29,75 32 50,4 0,8 0,67 320 

2 180 135 36 29 0,8 0,67 

 

630 

3 40 32 26,5 131 0,5 0,67 270 

4 100 50 37 58 0,8 0,458 378 

5 100 120 35 62 0,63 0,67 672 

6 200 150 42 79 0,63 0,67 285 

7 500 250 120 172 0,8 0,67 570 

8 500 250 120 160 0,8 0,67 630 
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ௌsw

ௌC
ൌ 𝑒 ቂோ

ௌC
൫1 െ 𝑒ିఋ൯ ∑ 𝑒ି ௧ሺିଵሻ  1

ୀଵ ቃ , (2)

 
sadac p – vakuumis (gauxSoebis) sididea vakuum-meqanizmebSi dkn /sm2 

 – dolze lentis Semoxvevis kuTxe, rad; 

B – lentis sigane, sm; 

 – dolis rkalis centraluri kuTxe, rad; 

t   –Gganivi kiloebis kuTxuri biji, rad; 

R – dolis radiusi, sm; 

Ssw – lentis daWimuloba dolze swrafobis wertilSi; 

SC – lentis daWimuloba dolidan Camoqanebis wertilSi; 

K – muSa ganivi kilos nomeri lentis qveS. 

kvlevis Sedegebis mixedviT miviReT, rom vakuum-amZravebis racionaluri 

gamoyenebis zRvari aris lentis sawyisi daWimulobis cvlileba sazRvrebSi: 

Pl=SC=pRB2pRB ; 

Tu miviRebT, rom SC=1,5pR, maSin parametrebisas: p = 0,9 dkn/sm2, R=31,5 sm, B=100 

sm, БАВМ100-sTvis SC=1,50,931,5100=4252 dkn 

am dros, Catarebuli kvlevebis [4] mixedviT amZravis wevis faqtori tolia 

9,2 da Sesabamisad lentis daWimuloba swrafobis wertilSi iqneba: 

Ssw=SCeµ=9,2  4252 = 39118 dkn, 

ganviTarebuli wevis Zala ki 

F= Ssw – SC = 39118 – 4252 = 34866 dkn. 

maSin amZravis simZlavre (kvt), rodesac lentis siCqare v = 1,6 m/wm, 

𝑁 ൌ
𝐹𝑣

102
ൌ

348661.6
1020.95

ൌ 643 

amZravze miRebuli wevis Zalis mixedviT ganvsazRvroT sakonveiero dgaris 

SesaZlo sigrZe: 

𝐿 ൌ ி

ଵ.ଵ൫ାଶლାგ
�ᇲାგ

�ᇲᇲ൯ఠ
ൌ ଷସ଼

ଵ,ଵሺଷାଶଵଶ,ହାଶହା଼,ହሻ,ଷ
ൌ ଷସ ଼

ସ,ଷଷ
ൌ 8 052 , 

sadac 𝑞 ൌ
ொ

ଷ,௩
ൌ

ସଶ

ଷ,∙ଵ,
ൌ 73  dkn/m aris sakonveiero dgaris grZivi datvirTva; 

ql = 12,5  dkn/m – erTi grZivi metri lentis wona; 

𝑞გ
ᇱᇱ
 = 25 dkn/m – dgaris erT grZiv metrze mosuli muSa Stos gorgolaWebis wona; 

𝑞გ
ᇱᇱᇱ = 8,5 dkn/m – dgaris erT grZiv metrze mosuli uqmi Stos gorgolaWebis 

wona; 

 = 0,03 – gorgolaWebis brunvis winaRobis koeficienti. 

miRebuli gaangariSeba gvaZlevs SesaZleblobas, konveieri vakum-amZraviT 

БАВМ100 warmovadginoT Semdegi parametrebiT: L=5000 m, Q=420 t/sT, 0,63 m dolis 

diametri da Ndadg=500 kvt simZlavre. aseTi amZravi ganaviTarebs wevis Zalas  
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𝑃 ൌ 1,1൫𝑞  2𝑞ლ  𝑞გ
�ᇱ  𝑞გ

�ᇱᇱ൯𝜔𝐿 ൌ 1,1ሺ73  2 ∙ 12,5  25  8,5ሻ0,035000 ൌ 21650 ; 

amasTan, moTxovnili simZlavre Seadgens 

𝑁მოთ ൌ 1,2
21650 ∙  1,6
102 ∙ 0,85

ൌ 479 

amgvarad, piroba Ndadg > NmoT, Sesrulebulia (500 > 479). 

SevitanoT erTdoliani lenturi konveierebis amZravebis jgufSi vakuum-

amZraviani konveieri БАВМ100 da ganvsazRvroT erTdoliani lenturi konveierebis 

amZravTa ganzogadebuli done. 

maTematikuri modelirebisaTvis (69)-ze matricis saxiT da cxra funqciuri 

kriteriumiT, programaSi Segvyavs cxra konveieris parametrebi 

matrica (6×9) 

kompiuteruli programa gvZlevs xarisxis doneebs, kerZod Kij-is 

erTeulovani maCveneblis xarisxis doneს და xarisxisa da saimedoobis 
ganzogadoebul Ki  - maCvenebels, romelic mocemulia 2.10 cxrilSi. 

cxrili 2.10 

konveieris 
modeli 

xarisxisa da saimedoobis erTeulovani maCvenebeli xarisxisa da 
saimedoobis 
ganzogade-

buli 
maCvenebeli 

Ki 

amZravis 
simZlav- 
reze 
Ki,1 

lentis ga-
glejis 

simtkiceze 
Ki,2 

amZravi 
sadguris 
wonaze 

Ki,3 

amZravis 
gabari-
tebze 
Ki,4 

amZravi do-
lis diame-
tris mixed-

viT 
Ki,5 

wevis faq-
toris mi-
xedviT 

Ki,6 

KЛ 15 0,528 0,61 0,52 0,28 0,188 0,022 0,37 

КРУ-260 0,528 0,266 0,912 1,000 0,376 0,045 0,54 

1ЛБ-80 1,000 0,483 0,530 0,093 0,250 0,019 0,41 

1Л100 К 0,560 0,431 0,530 0,290 0,222 0,039 0,35 

1ЛБ-100 1,000 0,319 1,000 0,496 1,505 0,049 0,58 

1ЛУ-100 0,210 0,108 0,350 0.184 0,162 0,020 0,17 

2ЛУ-100 0,168 0,181 0,290 0,160 0,335 0,020 0,19 

2ЛЛ-100 0,186 0,143 0,270 0,160 0,015 0,045 0,14 

БАВМ-100 0,621 1,000 0,994 0,592 1,000 1,000 0,87 

# P1 P2 P3 P4 P5 P6 

 

λ 1-9, tkm/sT 

1 90 29,75 32 50,4 0,8 0,67 320 

2 180 135 36 29 0,8 0,67 630 

3 40 32 26 131 0,5 0,67 270 

4 100 50 37 58 0,8 0,458 378 

5 100 120 35 62 0,63 0,67 672 

6 200 150 42 79 0,63 0,67 285 

7 500 250 120 172 0,8 0,67 570 

8 500 250 120 160 0,8 0,67 630 

9 500 120 110 160 0,63 0,102 4205=2100 
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me-2.10 cxrilis monacemebiT, БАВМ100 konveiers xarisxis erTeulovani 

maCveneblebis mixedviT sami sabazo etalonuri maCvenebeli 1-is toli aqvs, xolo 

me-4 axlosaa erTTan. am maCveneblebma ganapiroba misi yvelaze maRali xarisxis 

erTeulovani maCvenebeli  Ki =0,87. 

БАВМ100-is maRali ganzogadebuli xarisxis done gvaZlevs SesaZleblobas 

aRvniSnoT, rom lenturi konveieri erTdoliani vakuum-amZraviT maRalxarisxiani 

da saimedo meqanizmia. 
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3. sakonveiero amZravebis moxaxune zedapirebis makrosimqisisa 

da lentTan sakontaqto zedapiris rgolur WvriteSi vakuumis 

formirebis sakiTxebze Catarebuli samuSaoebis analizi 

 

lenturi konveierebis dRemde cnobili amZravi vakuum-dolebis lentTan 

sakontaqto rgolur WvriteSi vakuumis Seqmnis procesebis analiziT miRebulia, 

rom vakuumis Seqmnis yvelaze xelsayreli pirobaa recipitiebSi Caketili 

(wveTovani) siTxis adiabaturi an hiperadiabaturi gafarToeba, romlis dros 

optimaluri sididis vakuumi  )95,09,0( p .105 pa. 

 

3.1.  zedapirebis teqsturis Seswavlis meTodebi da parametrebi 

xaxunis procesSi erT-erTi mniSvnelovani sakiTxia zedapirebis meqanikuri 

urTierTqmedebis buneba. aRniSnul sakiTxze, Tundac mxolod warmodgenis 

SeqmnisaTvis, saWiroa zedapirebis teqsturis Seswavla da simqisis gazomvis 

meTodis SerCevaa. arsebobs simqisis gazomvis meqanikuri, hidravlikuri da 

optikuri meTodebi [54, 55]. 

zedapirebis topografiis daxasiaTebisaTvis saWiroa misi aucilebeli 

parametrebis dazusteba. dReisaTvis cnobilia erTparametriani modelis 12 

varianti, romelTagan pirveli iyo 1933 wels nikuraZis mier SemoTavazebuli. 

mkvlevarebi imedovnebdnen, rom erTparametriani modelirebiT SesaZlebeli iqneba 

zedapiris profilis sruli aRwera, magram ver SeTanxmdnen, amisaTvis yvelaze 

Sesaferis parametrze. zedapirebis daxasiaTebisaTis erTparametriani modelirebis 

arasrulfasovnebaSi darwmunebis Semdeg ruzis, muris da sxva mkvlevarTa mier 

SemoTavazebuli iyo sam-sam parametriani modelebi; ufro mogvianebiT zedapiris 

teqsturis srulyofili aRwerisaTvis murma Camoayaliba (mkafiod gamoxatuli) 

xuTi parametrisagan Sedgenili modeli. arsebobs zedapiris teqsturis aRweris 

sxva meTodebic, magaliTad, ebotis “sayrdeni zedapiris” cnobili mrudi, romelic 

asaxavs zedapiris uswormasworobebis Sua sibrtyis mimarT Sverilebisa da 

Rrmulebis procentul ganawilebas [54, 55]. 

amgvarad zedapiris geometriis sruli daxasiaTebisaTvis, zogierTs calke 

SemTxvevaSi, sakmarisia samparametriani modelireba, xolo zedapiris teqsturis 

gansakuTrebulobebis zogadi aRwerisaTvis ki SemoTavazebulia xuTi Semdegi 

parametri: 1. zoma; 2. forma; 3. Sverilebs Soris manZili; 4. uswormasworobaTa 

pikebis mikrosimqise; 5. uswormasworobebis simaRleTa ganawileba. CamoTvlilTagan 

pirveli sami teqsturis aRwerisaTvis aucilebelia. aRniSnulis gamo ruzim da 
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murim erTmaneTisagan damoukideblad Semoitanes Semdegi parametrebi: 1. zomis 

faqtori _ /L; 2. formis faqtori _ shr/ (shr-saSualo hidravlikuri radiusi) da 

3. Sverilebs Soris manZilis faqtori _ (1-a/aS).  aris zedapiris 

uswormasworobebis Sverilis simaRle (iTvleba mudmivad [54]), shr-ganisazRvreba 

siTxis nakadisaTvis arxis tipur monakveTze (nakadis zedapiris farTobis 

SefardebiT svel perimetrTan); L _ warmodgenili profilis sigrZea, a _ “plato” 

anu L×L zedapiris Sverilebis wveroebis saerTo (jamuri) farTobi; aS  _ zedapiris 

nominaluri farTobi anu L2. 

zedapiris Sverilebis simaRlis cvalebadoba naTlad aisaxeba konturuli 

grafikebis saSualebiT [54], romelic SeiZleba aigos samganzomilebiani tvifris 

moculobiTi replikebis (mikroreliefis gamomxatveli Txeli apkis) saSualebiT. 

replikebis miReba SeiZleba Sesaswavl zedapirze mastikis CawnexviT (magaliTad, 

aralditis [55]) an meieris meTodiT _ Sesaswavl zedapirze aluminis folgis (ki-

litas) furclis moTavsebiT, Semdgom masze rezinis sadebiT dartymiTi 

moqmedebiT. 

sakontrolo zedapirebis uwesrigo teqsturis gamo, misi aRwerisaTvis 

sayovelTaod miRebulia maTi warmodgena idealuri formis erT an ramodenime 

SverilTa jgufad; aseve miRebulia kubis, konusisa da sferos formis Sverilebi. 

arsebobs azri sxva iseT idializebul formebze rogoricaa kubi, piramida da 

naxevarsfero [54]. realuri zedapiris warmodgenisaTvis umjobesia yvela formis 

Sverilis (kubis, konusis piramidis...) erT modelSi gaerTianeba. arsebobs sxva 

mniSvnelovani Sexedulebebic [54]. amis gamo Camoyalibebulia moTxovnebi 

teqsturis (profilis) uwesrigobebis SezRudvis Taobaze. Cveni samuSaos Sinaarsis 

mixedviT mniSvnelovani moTxovnaa zedapirze drenaJis Tvisebebis SenarCuneba, 

risTvisac aucilebelia, rom sarini arxebi ar iyos Zalian grZeli, da amasTan 

Zalian Rrma. 

deriaginis kvlevebis mixedviT `siTxis moculobiTi Tvisebebi ikargeba 

mxolod RreCos (arxis) 0,1 mkm-mde Semcirebis Semdeg~ [71]; n. petrovma aseT 

RreCoebSi siTxis moZraobis laminarulobis daSvebis samarTlianoba daamtkica; 

liTonebis meqanikurad damuSavebisas ki maTi zedapirebis geometriis Seswavlam 

[33] makrosimqisis zomebis Semdegi xarisxobrivi monacemebi aCvena: saxarato Carxze 

Carxvisas _ 0,252,0 mm; xexvisas _ 12,075,0 mkm; wminda xexvisas _ 2,025,0 mkm; 

gaprialebisas _ 0,2 mkm. Tu imasac aRvniSnavT, rom vakuum-amZravebis lentTan 

sakontaqto zedapiris damuSaveba xdeba CarxviT da sxva meqanikuri operaciebiT, 

maSin aRniSnulze dayrdnobiT SeiZleba gakeTdes daskvna, rom sakonveiero 

lentTan warmoqmnil WvriteSi siTxis moZraoba ZiriTadad laminaruli iqneba da 

SenarCundeba siTxis moculobiTi Tvisebebi, xolo WvriteSi siTxis dinebis 
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angariSisaTvis SeiZleba visargebloT ukumSveli blanti siTxis moZraobis 

cnobili gantolebebiT.  

 

 

3.2.  vakuum-amZravebis xaxunis kvanZebis sakontaqto zedapirebis 

daxasiaTeba 

vakuum-amZravebis xaxunis kvanZebi warmodgenilia sxvadasxva sakompozicio 

masalebis konstruqciuli SeTanwyobis saxiT. am kvanZebis sakontaqto, erTmaneTis 

mimarT mimoZravi zedapirebiT xdeba arxebsa (recipientebsa) da rgolur 

WvriteebSi vakuumis Seqmnac da garkveuli periodiT misi SenarCunebac. dRemde 

cnobil vakuum-amZravebSi SeiZleba gamoiyos xaxunis sami ZiriTadi kvanZi: 

1. nebismieri konstruqciis koleqtori, romliTac xdeba vakuumis gare 

wyarosTan (vakuum-tumbosTan) vakuum-amZravis muSa recipientebis dakavSireba; 

2. amZravisa da lentis sakontaqto zedapirebiT Seqmnili rgoluri Wvrite, 

romliTac xdeba wevis Zalebis realizacia. am kvanZSi rgoluri Wvrites 

doliseul zedapirebSi warmodgenilia (ganxiluri gvaqvs) [67,68] sakontaqto 

zedapiris yvela cnobili konstruqcia, maT Soris Cven mier SemoTavazebuli – 

grZivRariani, wriuli amonaCarxebiT (ix. nax. 3.4T). 

3. cilindr-dguSiani avm (avtomaturi vakuumuri meqanizmi), romliTac dolis 

brunvis Tanxvdenilad, dguSebis ukuqceviT-winsvliTi moZraobiT martivi vakuum-

arxebisa da naxvretebis saSualebiT, rgolur WvriteSi iqmneba gauxSoeba. 

ganvixiloT TiToeuli. 

1) vakuum-dolis koleqtoris moxaxune zedapirebi liTonisaa da misi wminda 

xexviT damuSavebisas simqise iqneba 225 mkm-is sazRvrebSia. am kvanZze liTonis 

liTonze xaxunis kvlevebis Sedegad miRebuli Sexedulebebi gamoiyeneba, rogorc 

xaxunis Teoriis Seswavlisas, aseve zedapirebis teqsturis ganxilvisas [54, 55, 76, 

82, 83, 84]. 

 

 

a) 
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3.1 naxazis mixedviT TiToeuli zedapiris simqisis mier Seqmnili `plato~ 

zedapiri mcirea (gansakuTrebiT maSin, Tu zedapirebi Termulad damuSavebulia da 

drekadi da drekadplastikuri efeqti Semcirebuli). amgvarad, didia rgoluri 

Wvritis makrosimqise. Sesabamisad didi iqneba siCqarec da WvriteSi gamavali 

siTxis xarjic. yovelive es moiTxovs damatebiTi hermetizaciis RonisZiebebis 

Catarebas, koleqtoridan recipientebis atmosferosTan mokled SerTvis gamosa-

ricxad. 

2) dolisa da lentis rgoluri Wvritis geometriuli makrozomebi 

koleqtoris zedapirebiT Seqmnil WvritesTan SedarebiT, aseT SesabamisobaSi 

iqneba: gaCarxviT damuSavebisas dolis zedapiris simqisis sazRvrebi 0,252 mm-is 

farglebSia, xolo Tu elastomerebze xaxunis kvlevebis Sedegad miRebul 

Sexedulebebs gaviTvaliswinebT, maSin mas 3.2 naxazze warmodgenili saxe eqneba 

[54, 55]. 

 

nax. 3.1. 

b) 

a) 
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rogorc 2.2 naxazze Cans mocemul SemTxvevaSi dolis zedapiris simqiseze 

(makroSverilebze) didia elastomeris deformaciis xarisxi. amis Sedegad didia 

`plato~ zedapiri. amgvarad sakontaqto zedapirze gveqneba erTmaneTTan 

kapilaruli arxebiT dakavSirebuli, orive zedapiris simqiseebiT warmoqmnili (e.w. 

SemzeTi) siTxis lokaluri rezervuarebi. 

3.1 da 3.2 naxazebisa, agreTve elastohidrodinamikuri SezeTvis Teoriis [76, 

55] gaTvaliswinebiT vakuumis sistemebs daqvemdebarebuli zedapirebi, liTonis-

liTonTan xaxunisas (koleqtorebis SemTxvevaSi) (nax. 3.1) makrosimqiseebSi 

ganuwyvetliv mimdinareobs SeduRebis, wakveTisa da dakawvris (daxvnis) procesebi, 

xolo liTonis elastomerTan xaxunisas liTonis simqiseebze deformirdeba da 

mWidrod ebjineba mas elastomeri, amitom miRebuli Wvritis kapilaruli arxebi 

da lokaluri rezervuarebi koleqtoris (liTonis-liTonTan) Wvritis makrosimqi-

seze mcire iqneba. 

rezervuarebidan gawovisaTvis ki kapilarul arxebSi siTxis hidroaerodi-

namikuri winaaRmdegobebi koleqtoruli mowyobilobis Wvrites winaaRmdegobaze 

naklebi unda iyos da Tu ase ar iqneba siTxis (haeris) Sewova vakuum-tumboTi 

moxdeba koleqtors gare sivrcidan (mag. atmosferodan) da ara amZravi dolis da 

sakonveiero lentis rgoluri Wvritedan.  

3) cilindr-dguSiani muSta meqanizmi, romelic SromebSi [60, 65, 66] 

moxseniebulia, rogorc avtonomiuri vakuumuri meqanizmebi (avm) standartuli 

zomis U-s magvari rezinis (da misT.) samajurebis (manJetebis) _ dguSebis, 

mTlianadglinuli uJangavi milebis _ cilindrebisa da dakalibrebuli 

Reroebisagan (dguSebis WokebisaTvis) Sedgenili meqanizmebia. am meqanizmebis 

dguSiseuli sivrcis hermetizaciis gaumjobesebisaTvis SeiZleba gamoviyenoT U-s-

magvari samajurebis erToblioba, xolo misi muSaobis saimedoobis gazrdis 

mizniT (konstruirebisas da amZravi dolis sakontaqto zedapirebis konstruq-

ciebis kvlevisas), gaviTvaliswinoT avm-is dguSebis optimalurad mcire svla. 

fizikuri da kompiuteruli modelebis saSualebiT zemoT moyvanili xaxunis 

samive kvanZis moxaxune zedapirebis makrosimqiseebSi, lokalur rezervuarebsa da 

b) 

nax. 3.2. 
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kapilarebSi siTxis moZraobis Teoriuli da eqsperimentuli Seswavla 

ganapirobebs vakuum-amZravebis sakontaqto zedapirebis optimaluri parametrebis 

dadgenas. 

 

 

3.3.  vakuum-amZravTa dolebis rgoluri Wvrites sakontaqto 

zedapirebis  daxasiaTeba 

warmodgenili vakuum-amZravTa konstruqciebisa da konstruqciuli sqemebis 

(ix. nax. 1.1. da cxr. 1.2) Seswavlisas, sakontaqto zedapirebis konstruqciis niSnis 

mixedviT gamokveTili Svidi tipidan (nax. 1.1; 29, 30, 32, 33, 34, 35, 36) praqtikuli 

(laboratoriuli, naxevradsamrewvelo da samrewvelo) gamocda gaiara: 

perforirebulma _ (30) da grZivRarebianma _ (31, 32 da 35) sakontaqto zedapirebma, 

romelTac dawvrilebiT ganvixilavT am Tavis daskvniT nawilSi. qvemoT ki 

mocemulia danarCeni TiToeuli zedapirebis daxasiaTeba-Sefaseba Sesabamis 

vakuumis Semqmnel meqanizmTan kompleqsSi: 

1. gamWoli grZivWrilebiani (4-29) zedapiris rgolur WvriteSi vakuumis 

Seqmna (sqema 1-5; 2-8; 3-12, 22, 25; 4-29; nax.1.8; an 1-5; 2-8; 3-12,28; 4-29; nax. 1.9) 

xorcieldeba martivi konstruqciiT, magram maTi uaryofiTi mxareebia: (nax. 1.8)-

sTvis sakompozicio masalis – elastikuri garsis, rogorc amonagis da amave 

dros vakuumis Semqmnel elastikad muSaobis SeuZlebloba gamoyenebis sferoTa 

fizikuri Tvisebebis SeuTavseblobis gamo; (nax.1.9)-isTvis – amuSavebisaTvis 

arasakmarisi centridanuli Zalis ganviTareba, dolisa da lentis dabali 

siCqarisas da kompensaciis SeuZlebloba vakuumis kargvisas. am zedapiris mimarT 

Teoriuli da eqsperimentuli kvlevebi samcniero literaturul wyaroebSi ver 

moviZieT. sapatento fondis wyaroebSi [40] ki kargadaa gadmocemuli koleqtoriani 

da zogierTi avtonomiurmeqanizmiani amZravebis uaryofiTi mxareebi.  

2. grZivRarebiani segmentebisagan Sedgenili rkalebi (4-36), romlis zeda-

piris rgolur WvriteSi vakuumis Seqmna (sqema 1-5; 2-8; 3-11, 14, 16, 21; 4-36; nax. 1.10) 

xorcieldeba vakuum-tumbosa da periferiuli ganlagebis wriuli koleqtoriT, 

moZiebuli wyaroebis mixedviT, praqtikulad ar gamocdila, magram konstruqciuli 

sqemis Teoriuli da logikuri analiziT SeiZleba aRvniSnoT misi uaryofiTi 

mxareebi, ris mixedviTac ganisazRvreba praqtikaSi misi gamoyenebis vargisoba. 

kerZod, segmentebs Soris RreCoebis xarjze sakontaqto zedapirebis urTierT-

gadafarvis koeficientis kidev ufro Semcireba (es ki gamoiwvevs dolis 

zedapirze kuTri normaluri Zalebis sididis gazdas) da dolis msaxvelis mTel 

sigrZeze segmentTa RreCoebs Soris lentis CaRunva da misi modeba dolis rkalis 



tribologia zogadi kursi                                               saleqcio konspeqti 

 
 

75 

mTel ganiv Wrilze. es faqtebi uaryofiTad imoqmedebs lentis muSaobis vadaze. 

amgvarad, gamoyenebis ZiriTadi azri – lentis TviTgawmendis SesaZlebloba, 

romlis mixedviT es konstruqciuli sqemaa cnobili (romelic safuZvlad udevs 

gamogonebis formulas), araefeqturia imis gamo, rom am konstruqciaSi wevis 

Zalebis realizacia moxdeba ufro uSualo modebiT, vidre garegani xaxuniT. 

3. ganapira gawovis SevronulRarebiani (4-31,34) zedapiris orkoleqtoriani 

vakuum-dolis konstruqciuli sqema (nax. 1.11) Seqmnilia lentis centrirebis 

gaumjobesebis mizniT. centrirebis piroba SeiZleba marTlac gaumjobesdes, magram 

SevronulRarebiani zedapiris rgolur WvriteSi, sadac gauxSoeba xorcieldeba 

(sqema. 1-5; 2-8; 3-11, 14, 16, 21; 4-31, 34. nax. 1.11) wriuli koleqtorisa da vakuum-tumbos 

saSualebiT, mTeli vakuum-sistemis hermetizaciis uzrunvelyofis mizniT saWiroa 

amZravidan lentis Camoqanebisa da swrafobis ubnebSi TiTo wyvili Sevronuli 

Raris amorTva. es gamoiwvevs vakuumis gavrcelebis zonis Semcirebas, rac 

dauSvebelia, gansakuTrebiT rgoluri Wvritis drekadi srialis rkalisaTvis [60]. 

aRniSnulis gamo Sevronul Rarebiani sakontaqto zedapirebi, ara racionalurad 

migvaCnia. 

4. vakuum-doli, misi msaxvelis paraleluri ori rigiTa da ganapira  

gawovis grZivRarebiani zedapiriT (4-31, 33) da koleqtoruli rgolis centraluri 

ganlagebiT (nax. 1.14). gaiSviaTebis es sqema (1-5; 2-8; 3-11, 14, 15, 21) Seiqmna 

sakontaqto rgolur WvriteSi Tanabrad ganawilebuli vakuumis formirebis 

mizniT. es konstruqciuli sqema faqtobrivad imuSavebs, rogorc centraluri 

gawovis grZivRariani vakuum-doli. magram am sqemaSic rCeba koleqtoriani da 

rTuli _ labirinTebiani recipientebi. amasTan doli Sedgeba ori cilindrisagan, 

romelTa Soris ganlagebulia lentis aramuSa zedapiris figuruli nawili. 

mZlavri sakonveiero amZravebisaTvis aseTi konstruqciis doli miuRebelia [78, 79] 

misi konstruqciuli araracionalurobis gamo. imis gaTvaliswinebiT, rom mis 

lilvsa da rgolur Wvriteze imoqmedebs ramdenime aTasi kilovati simZlavris 

Sesabamisi mgrexi momenti. wina kvleviT samuSaoebSi [60] miniSnebulia centraluri 

gamwovi naxvretebis anu „dabali vakuumis“ centralur nawilSi ganlagebis 

konstuqciul upiratesobaze. am WeSmaritad realur faqtzea damyarebuli (nax. 1.15) 

[61, 62] da misi Semdgomi, periodis saavtoro mowmobebi (ix. nax. 1.14 da 1.16 da sxv.). 

miuxedavad aRniSnuli sakiTxis wina planze wamowevisa, ganxiluli 

konstruqciuli (ix. nax. 1.14) sqema, vakuumis Seqmnis rTuli sistemisa da 

sakontaqto zedapiris fizikuri arasrulyofili konstruqciis gamo, kvlevis sust 

obieqtad iTvleba. 

5. vakuum-doli msaxvelis paraleluri, erTi rigiTa da ganapira gawovis 

grZivRarebiani (4-31, 32) zedapiriT da erTi periferiulkoleqtoriani vakuum-
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arxebiT (recipientebiT) (sqema: 1-5; 2-8; 3-11, 14, 16, 21; 4-31, 32; nax. 1.12), aris lenturi 

konveieris saTavo doluri vakuum-amZravi, misi parametrebis Seswavlis pirveli 

obieqti, razec Catarda farTomasStabiani kvleviTi samuSaoebi [22]. da gamovlinda 

vakuum-dolis mravali upiratesoba. es Sedegebi Semdgom kvlevebSi [21, 60] kidev 

ufro gamoikveTa da bevrad ufro aRmatebuli mniSvneloba miiRo. adreuli 

kvlevis monacemebi warmodgenilia samecniero literaturul wyaroebSi [92]. 

zogierTi gviani Sedegi moyvanili iqneba am naSromSic. 

paragrafis dasawyisSi aRvniSneT, rom detaluri ganxilvis obieqtad 

migvaCnia grZivRarebiani da perforirebuli zedapirebi, maTi Teoriuli da 

eqsperimentuli kvlevebis dawvrilebiTi analizi. Sedegebi mocemulia am 

paragrafis (6) da (7) punqtebSi. 

6. vakuum-doli, msaxvelis paraleluri, erTriga, centraluri gawovis 

grZivRarebiani zedapiriT (4-35) da rgolur WvriteSi avtonomiuri vakuum-

meqanizmebiani (avm) gauxSoebis wyaroTi (sqema: 1-5; 2-8, 9; 3-12, 24, 25; 4-35; nax. 1.15) 

pirveli avm amZravia, _ obieqti, romelzedac gakeTda Semajamebeli kvleviTi 

samuSaoebi [60]. naSromis Sedegebis mixedviT, daskvniT nawilSi aRniSnulia 

centraluri gawovis grZivRarebiani (35) sakontaqto zedapiris upiratesoba 

ganapira gawovis grZivRarebianTan (31) SedarebiT; pirveladaa Catarebuli 

rgoluri Wvrites vakuumuri zonis upiratesi adgilmdebareobis Teoriuli da 

eqsperimentuli dasabuTeba [60]; Semotanilia cnebebi vakuum-amZravis sakuTari 

wevis faqtorisa da lentis optimaluri sawyisi (Camoqanebis Stos) daWimulobis 

Sesaxeb (SC2pRB). aRsaniSnavia is faqtoric, rom amave naSromSi gakeTebulia 

mimdinare paragrafis me-5 da me-6 punqtebSi ganxiluli sakontaqto zedapirTa 

tipebis erTnairi tipzomis vakuum-dolebis wevis Zalebis analizi (ix. nax. 3.3). 3.3a 

naxazze asaxulia [22, 32] kvlevis Sedegebi, 3.3b naxazze ki imave dolis weviTi 

Tvisebebi specialuri samarjvebiT (TamasebiT) centraluri gawovis imitaciis 

gakeTebis Semdeg [60]. 3.3g naxazze ki imave tipzomis stu-s samTo manqanebis, 

maRaros stacionaruli danadgarebisa da transportis kaTedris laboratoriaSi 

Seqmnili centraluri gawovis grZivRarebian wrfivkoleqtorian vakuum-dolze 

Sesrulebuli eqsperimentebiT miRebuli weviTi Tvisebebi [60]. 
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warmodgenili Sedegebis mixedviT centraluri gawovis grZivRarebiani 

zedapiris mqone vakuum-dolis wevis Zalebi TiTqmis samjer aRemateba (ix. nax. 3.3g; 

p=608 mm.v.wy.sv; Ssw=2800 dkn, SC=200 dkn) ganapira gawovis grZivRarebiani zedapiris 

vakuum-dolis wevis Zalebs (ix. nax. 3.3a; p=600 mm.v.wy.sv.; Ssw=950dkn., SC=200dkn). 

garda aRniSnulisa, yuradsaRebia is faqtic, romelic SeiniSneba 3.3a naxazze, 

kerZod, sawyisi daWimulobis (SC) zrdiT 0-dan raRac mniSvnelobamde, mcired, 

magram mainc, vakuumis TiTqmis yvela sididisTvis iklebs lentis daWimuloba 

swrafobis wertilSi, xolo Semdeg zogierT SemTxvevaSi kvlav matulobs. 

es movlena ar aRiniSneba 3.3b da 3.3g naxazze dafiqsirebul eqsperimentTa 

SedegebSi, rac migvaniSnebs imaze, rom `Wvrituli elastikuri modebiT” wevis 

Zalebis realizacia (amZravis muSaobisas, gansakuTrebiT, rodesac SC0) an ar 

arsebobs, an umniSvneloa. am sakiTxis analizsa da naTelmofenas udidesi 

mniSvneloba hqonda Cven mier SemoTavazebuli axali konstuqciis sakontaqto 

zedapiris damuSaveba-Seqmnisas da lentis resursebis angariSisas. 

7. perforirebulzedapiriani (4-30) konstruqciis vakuum-amZravebi kvlevis 

erT-erTi saintereso obieqtia (1-5 an 1-6; 2-7, 2-8 an 2-9; 3-10, 3-11 an 3-12), romelic 

gamoyenebulia vakuum-amZravebis TiTqmis yvela konstruqciuli niSnis SemTxvevaSi. 

amiT aixsneba mecnierul kvlevebSi  [21, 19, 20, 93] maTze vrclad warmodgenili 

naSromebi, rogorc vakuumis formirebis, aseve amZravisa da moqnili sawevi 

organos uerTierTqmedebis sakiTxebze. Teoriuli da eqsperimentuli kvlevebis 

bolo monacemebis mixedviT [93] Seiqmna da gamoicada Sualeduri vakuum-amZravi, 

romelmac erTxel kidev TvalsaCinod daadastura rgoluri Wvritis gauxSoebaze 

momuSave amZravebis upiratesoba sxva amZravebTan SedarebiT. unda aRiniSnos, rom 

dRemde Sesrulebul yvela kvleviT samuSaoSi miTiTebulia wevis Zalebis 

mniSvnelovan wilze, romelic dolis sakontaqto zedapirze lentis Wvrituli 

modebiT  „elastikuri kbilanuri modebiT“ xorcieldeba. es movlena 

arasasurvelia amZravis normaluri muSaobis uzrunvelyofisaTvis da yvelanairi 

RonisZiebaa mosaZebni da misaRebi, raTa wevis Zalebis realizacia xdebodes 

garegani xaxuniT, amasTan, sakontaqto zedapirze rgolur WvriteSi maqsimaluri 

da Tanabrad ganawilebli vakuumis pirobebSi. SromebSi miTiTebulia, rom gaiSvia-

Tebis gare wyarod gamoyenebul vakuum-tumboebs SeuZlia 70-80 kpa gaiSviaTebis 

uzrunvelyofa [20]. specialuri literaturidan [19] isic cnobilia, rom raRac 

mizezebis dros da arcTu iSviaTad, sakontaqto zedapirze vakuumi mcirdeba 510 

kpa-mde. es ki imaze miuTiTebs, rom gamauxSoebeli meqanizmis, magaliTad, tumbos 

gamoyeneba arasrulfasovania. Cven mier moZiebuli masalebis mixedviT ki misi 

stabilizaciisa da amaRlebis SesaZlebloba mniSvnelovania. amis realuri 

magaliTia Tundac 3.3 naxazze warmodgenili Sedegebi. viTvaliswinebT yovelive 
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zemoTTqmuls da vizualurad, winaswari analizis gaadvilebis mizniT, sakontaqto 

zedapirebis arsebuli konstruqciebis Svidive tipis ilustraciisaTvis mogvyavs 

maTi gamokveTili fragmentebi (nax. 3.4 a, b, g, d, e, v, z). arsebuli Teoriuli, 

eqsperimentuli kvleviTi masalebisa da sakontaqto zedapirebis konstruqciisa da 

konstruqciuli sqemebis analizis safuZvelze Cven mier SemoTavazebulia 

amZravebis axali sakontaqto zedapiri  wriuli amonaCarxisa (perforaciis msgavsi 

aragamWoli) da grZivi Raris sinTezis saxiT (nax. 3.4 T). 
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3.4.  sakontaqto zedapirebis rgolur WvriteSi vakuumis 

formirebisadmi miZRvnili samuSaoebis analizi 

vakuumis cneba fizikasa da teqnikaSi ganisazRvreba, rogorc gazis 

mdgomareoba, atmosferulze gacilebiT dabali wnevis pirobebSi, e.i. vakuumi 

raodenobrivad ganisazRvreba gazis absoluturi wneviT. vakuumis fizikaSi 

ZiriTadi postulatebi Camoyalibebulia Semdegi saxiT: 

1. gazi Sedgeba calkeuli molekulebisagan; 

2. arsebobs siCqaris mixedviT gazis molekulebis mudmivi ganawileba anu 

molekulebis erTnairi ricxvs yovelTvis erTi da igive siCqare aqvs; 

3. gazis molekulebis moZraobisas ar arsebobs upiratesi mimarTuleba anu 

gazis molekulebis sivrce izotropulia; 

4. gazis temperatura aris misi molekulebis saSualo kinetikuri energiis 

sazomi; 

5. myari tanis zedapirTan urTierTqmedebisas gazis molekula 

adsorbcirdeba. 

gasaTvaliswinebelia isic, rom vakuumSi mimdinare mravali fizikuri 

procesi mniSvnelovnadaa damokidebuli kedlebze molekulebis recipientebis 

dajaxebaTa saSualo ricxvisa (Kk) da molekulebis urTierTdajaxebaTa ricxvis 

(Km) fardobaze _  Kkn= Kk/Km;  Kkn _ aris knudsenis kriteriumis uganzomilebo 

koeficienti, romlis mixedviT ganisazRvreba vakuumis xarisxi: dabali, saSualo, 

maRali da zemaRali. 

dabali vakuumis dros Kkn<<1, xolo molekulebis Tavisufali gzis 

saSualo sigrZe (L) vakuum-kameris efeqtur zomaze (def) mniSvnelovnad mcirea. 

saSualo vakuumi _ aris gazis mdgomareoba, romlis dros molekulebis 

urTierTdajaxebaTa ricxvi da molekulebis recipientebis kedlebTan dajaxebaTa 

ricxvi erTnairia, am dros Ldef xolo Kkn 1; 

maRali da zemaRali vakuumisas Kkn>>1, da L/def>>1 am pirobisaTvis 

sakmarisia absoluturi wnevis mniSvneloba pv araumetes 10-9pa iyos.  

amgvarad, unda vigulisxmoT, rom vakuum-amZravebSi Seqmnili gauxSoeba 

dabali da saSualo vakuumis xarisxis sazRvrebSia knudsenis kriteriumis 

mixedviT da gauxSoebiT miRebuli dolze lentis miWeris kuTri Zala (0,10,95)105 

paskalis farglebSia moqceuli. 

vakuum-amZravebis Teoriis kvleviT samuSaoebSi [39, 21, 22] sakontaqto 

rgolur WvriteSi vakuumis Tanabari ganawileba gaTvaliswinebulia dolis 

rogorc ganivi, aseve wriuli mimarTulebiT. Tumca, [22, 32] SromebSi xazgasmiTaa 

miTiTebuli lentisa da vakuum-dolis sakontaqto zedapirebis „elastikur 

kbilanur modebaze“, rac ewinaaRmdegeba vakuumis Tanabari ganawilebis pirobas. 
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maSasadame, aRniSnul SromebSi gauxSoebis Tanabrad ganawilebis idea araviTar 

mamtkicebel debulebebs ar Seicavs, piriqiT, „elastikuri kbilanuri modebiT“ 

ufro met winaaRmdegobaSi vardeba. 

perforirebuli sakontaqtozedapiriani vakuum-dolis kvlevebSi [21] 

miTiTebulia winamorbed mkvlevarTa uzustobebi, romlebic oTxi punqtis saxiTaa 

Camoyalibebuli [21]. samuSao Catarda vakuum-dolis recipientebSi gazis 

molekulebis moZraobis winaaRmdegobis Teoriuli SeswavliT sakontaqto rgolur 

WvriteSi Teoriuli gauxSoebis gansaRzRvrisa da Semdeg mis eqsperimentulad 

Semowmebis mizniT. warmodgenilia vakuum-dolis sistemaSi narCeni wnevis 

cvlilebis ganmsazRvreli formulebi: haeris turbulenturi moZraobisas 

marTkuTxa grZivi RarebisaTvis, wriuli kveTis recipientebisaTvis, sakontaqto 

rgolur WvriteSi vakuum-dolis wriuli perforaciebis irgvliv da 

SemoTavazebulia gasaSualoebuli Teoriul wnevaTa sxvaobis ganmsazRvreli 

formula, romliTac dolis zedapirs awveba lenti. miRebuli normaluri Zalebis 

safuZvelze gansazRvrulia amZravi vakuum-dolis weviTi SesaZlebloba (W0) da 

mocemulia formula haeris politropuli procesiT gafarToebaze momuSave 

vakuum-tumbos mwarmoeblobis (Q) gansazRvrisaTvis: 

W0= SC(e-1)+ K1P3[0.8K2R´B+mnF1(1-K2)]( ef-1)/736´ 

Q=60Kd(Varx´+ Vkol)  2.3 lgPs /Pb /Rt 

am gamosaxulebebSi: 

K1 aris koeficienti, romelic axasiaTebs wnevis cvalebadobas vakuum-dolis 

vakuum-sistemis Semaval miltuCsa da misi sakontaqto zedapiris 

perforacias Soris; 

K2 _ koeficienti, romelic aRniSnavs rgoluri Wvritis nebismier wertilSi 

vakuumis vardnis xarisxs am wertilis gaiSviaTebis zonis centridan 

(perforaciidan) daSorebis Sesabamisad; 

P3 _ vakuummetris Cveneba, mm.v.wy.sv; 

R  _ amZravi vakuum-dolis radiusi, sm; 

m _ perforaciis ricxvi msaxvelis gaswvriv (recipientebze); 

n _ recipientebis ricxvi rgolur WvriteSi; 

´ _ rgolur WvriteSi centraluri kuTxe, romelzec iqmneba vakuumi; 

 _ vakuum-dolis or mezobel recipients Soris biji; 

F1 _ perforaciis farTobi, sm2; 

B _ lentis sigane, sm; 

Kd _ koeficientia romelic aRniSavs rgoluri Wvritedan da vakuum-sistemis 

sxva RreCoebidan Sewovili haeris raodenobas; 

Varx _ erTi Raris erTeulovani vakuum-sistemis _ recipientis moculoba; 
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Vkol _ koleqtoris saknis moculoba; 

R _ politropiis maCvenebeli; 

t _amotumbvis dro; 

Ps da Pb _ amZravi vakuum-dolis recipientebSi sawyisi da saboloo wnevebi. 

eqsperimetul nawilSi perforaciebs Soris sakontaqto zedapirze vakuumis 

gazomva xdeboda zondirebis saSualebiT da miRebuli Sedegi udardeboda 

koleqtoris win vakuum-tumbos qselSi CarTuli vakuummetris Cvenebas. 

eqsperimentebi Sesrulebulia gansxvavebuli sididis vakuumisa da sakonveiero  

lentis daWimulobisas, agreTve mSrali da sveli sakontaqto rgoluri Wvrites 

SemTxvevebisaTvis. mimdinareobda dakvirvebebi gavlenaze, romelsac axdenda 

lentis sixiste da daWimuloba Tanabrad ganawilebuli vakuumis formirebaze. 

gakeTebulia Teoriuli da eqsperimentuli Sedegebis analizi da miRebulia 

Sesabamisi daskvnebic. 

magram sakontaqto zedapiris konfiguracia da misi parametrebic 

gansazRvrulia mxolod amZravis konstruqciuli (koleqtoris saknis zomebi, 

recipientebis biji da a.S.) mosazrebiT, sadac ar figurirebs iseTi aucilebeli 

parametrebi, rogorebicaa dolis brunvis sixSire, koleqtoruli rgolis 

hermetizaciis xarisxi, vakuum-tumbos gare qselisa da sakuTriv vakuum-dolis 

recipientebis haeris gamtarunarianoba. naSromSi [21] warmodgenili R=5510-3 sm 

sisqis rgoluri Wvritis SemTxvevaSic ki. koleqtoruli rgolis RreCos (liToni-

liTonTan) aerodonamikuri winaRoba gacilebiT mcire iqneba amZravis sakontaqto 

rgoluri Wvritis winaRobasTan SedarebiT, rac sagrZnoblad gazrdis Kd-

koeficients (ix. vakuum-tumbos mwarmoeblurobis gamosaxuleba) da 

araracionalurs gaxdis konstruqcias. daskvnebSi naTqvamia, rom sveli rgoluri 

Wvritis SemTxvevaSi umjobesdeba vakuum-dolisa da lentis CaWidulobis piroba 

vakuumis zonis hermetizaciis amaRlebis xarjze. Cveni mosazrebebi am sakiTxze 

srulad emTxveva xaxunis klasikur Teorias da ganxilulic gvaqvs Tanabrad 

ganawilebuli gauxSoebis Seqmnis uzrunvelyofis aucilebel pirobebSi.  

vakuum-amZravebis rgolur Wvriteebsa da friqciul sakontaqto farTobebze 

gauxSoebis formirebis procesis aRwerisadmi miZrvnil SromebSi [18, 19, 20, 17, 93] 

gamoyenebulia reinoldsis, prandtlisa da nusseltis kriteriumebi [93], xolo 

laboratoriuli eqsperimentebisaTvis, statikur reJimSi tardeboda zondirebis 

meTodiT vakuumis sididis gazomva perforaciebSi, grZiv RarebSi, maT Soris 

sakontaqto farTobebze, rac ar Seesabameba vakuumis myisurad formirebis realur 

suraTs. 
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vakuum-tumbos Teoriuli mwarmoeblobis ganmsazRvreli formula 

mocemulia vakuum-arxebSi (recipientebSi-milsadenebSi) haeris moZraobis 

winaaRmdegobis gauTvaliswineblad da aqvs saxe [20]. 

2

1

0

ln
p

p

t

V
Q a  

sadac  Va aris gasauxSoebeli (obieqtis) aparatis moculoba; 

 t0 _ gasauxSoebeli moculobidan amotumbvis dro (da ara moZravi 

recipientis koleqtoris sakanSi yofnis dro (tm=Ls.f/v,), sadac Ls.f._ Sualedi 

amZravis sigrZea; v _ amZravis brtyelas moZraobis siCqare). 

p1 da p2 _ aparatSi sawyisi da saboloo wneva. 

am Sromebis naklovan mxareebSi SeiZleba davasaxeloT igive, rac 

warmodgenilia zemoT [21] Sromis analizisas. 

miuxedavad sadisertacio Temaze [60] Catarebuli Teoriuli da 

eqsperimetuli kvlevebisa, romelic mieZRvna sakontaqto rgolur WvriteSi 

mimdinare procesebs, mainc mcire yuradReba aqvs daTmobili avtonomiur vakuum-

meqanizmebiani (avm) amZravebis sakontaqto zedapirebis mTel farTobze vakuumis 

gavrcelebis xasiaTis Teoriul Seswavlas. naSromSi [60] miTiTebulia, rom vakuumi 

mTel sakontaqto zedapirze Tanabrad vrceldeba imis gamo, rom zedapirebis 

makromoculobebi da vakuum-arxebi (Sevsilia) dasvelebulia siTxiT, romlis 

gawoviT xdeba vakuumis Seqmna rgoluri Wvritis mTel farTobze. mtkiceba 

sarwmunoa, da mainc, vakuumis gavrcelebis siCqarisa da xasiaTis Teoriuli 

Seswavla am SemTxvevaSic aqtualuria da kvlevis saintereso amocanas 

warmoadgens. Cveni azriT, mxolod am amocanis srulfasovani gadawyveta mogvcems 

vakuum-amZravebis sakontaqto zedapirebis optimaluri parametrebis gansazRvris 

meTodikas. sadisertacio naSromSi [60] warmodgenili saerTo daskvnebi, 

rogorebicaa: 1) axali meTodiT vakuumis Seqmna; 2) centraluri gawovis martiv 

recipientebiani avm-iani amZravis upiratesoba; 3) vakuumis formirebis zonad 

“SedarebiTi simSvidis rkalis” aRiareba; 4) vakuum-amZravebis gamoyenebis efeqtur 

zonad SC2pRBprogramuli (lentis sawyisi) daWimulobis miCneva; 5) “drekadi 

srialis rkalze” myisuri “saSualo” sididis vakuumis (ix. 2.5 paragrafis 

dasawyisi) SenarCunebiT, amZravisaTvis SesaZlebeli yvelaze didi weviTi 

Tvisebebis uzrunvelyofa; 6) is rom vakuum-amZravi xasiaTdeba Ssw/pRB sakuTari 

wevis faqtorebiT, _ savsebiT misaRebia da maTi gaTvaliswinebiT virCevT 

Teoriuli da eqsperimentuli kvlevis Semdgom etaps. am etapze ZiriTadi mizania 

(vakuumis wyarosTan da vakuum-amZravTan kompleqsSi) sakontaqto zedapiris 

racionaluri konstruqciisa da misi optimaluri parametrebis saangariSod iseTi 
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meTodikis SemuSaveba, romelic marTebuli iqneba nebismieri Tanamedrove 

standartuli tip-zomis skonveiero (vakuum-) amZravis saangariSod. 

axali sakontaqto zedapiris yvela parametris angariSi da maTi Semdgomi 

Semowmeba eqvemdebareba Cven mier SerCeuli bazisuri vakuum-dolis (ix. Sesavlis 

daskvniTi nawili) misadagebas da Semdgom miRebuli axali, modificirebuli 

amZravis iteraciul gaangariSebas, romelmac saSualeba mogvca, Segveqmna amZravis 

sakontaqto zedapiris geometriuli zomebisa da sxva aucilebeli parametrebis 

gaangariSebis meTodika. 

 

 

3.5.   vakuum-amZravi rogorc lenturi sakisari 

avm vakuum-amZravebSi vakuumis Seqmnis procesis optimaluri variantia  

rgolur WvriteSi gauxSoebis Seqmnis orsafexuriani modeli [60]. pirvel 

safexurze gaTvaliswinebulia dolisa da lentis sakontaqto zedapirze siTxis 

miwodeba wneviT. sakonveiero lentisa da dolis zedapiris mimarT sawnevo saqSeni 

ise unda iyos ganlagebuli, rom siTxiT uzrunvelyofdes amZravis rgoluri 

Wvritisa da avm-is dguSiseuli sivrcis maqsimalurad Sevsebas. am procesiT 

mTavrdeba pirveli safexuri, romelic meore safexurze uzrunvelyofs `Txevadi 

dguSis~ arsebobas (siTxe, romelic dguSiseul sivrcesa da rgolur WvriteSia 

Seyvanili). meore safexurze, SedarebiTi simSvidis rkalze, iwyeben ra dguSebi 

(elastomeris U-s magvari samajurebi) moZraobas, avm-iani dolis centridan 

periferiebisaken, sawnevo saqSenis saSualebiT moZraobaSi mohyavT, rgolur 

Wvritesa da dguSiseul sivrceSi, Cven mier iZulebiT (wneviT) Seyvanili siTxe da 

vakuumi formirdeba sakontaqto zedapirze [62]. es procesi ganuwyvetliv meordeba 

amZravis muSaobisas. rogorc zemoT aRwerilidan Cans, vakuumis Seqmnis 

mosamzadebeli pirveli safexuris xarisxian Sesrulebas (dguSiseuli sivrcisa da 

rgoluri Wvritis lokaluri rezervuarebis siTxiT maqsimalur Sevsebas) udidesi 

mniSvneloba aqvs amZravis rgolur WvriteSi gauxSoebis Tanabrad ganawilebasa da 

formirebaSi. amitom vakuumis Seqmnis procesis Seswavlisas jerovani yuradReba 

unda daeTmos pirvel safexursac. vakuumis formirebis es epizodi SeiZleba 

gamoviyenoT, rogorc wevis Zalebisa da lentis moZraobis siCqaris regulirebis 

erT-erTi saSualeba (magaliTad, konveieris gaSvebisas). 

zemoT aRwerilis mixedviT SeiZleba aRvniSnoT, rom saqSenis wnevis xarjze 

rgolur WvriteSi Setanili uxvi siTxis gamo dasawyisSi dolze lentis xaxuni 

hidrostatikur reJimSi mimdinareobs, dguSebis periferiebisaken amoZravebisTanave 

gadadis zRvrulSi, xolo agrZeleben ra avm-is dguSebi (intensiur) svlas 
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periferiebisaken, xaxuni praqtikulad gadadis mSral xaxunSi (imavdroulad 

vakuumis garemoSi). dguSebis programul moZraobas axorcielebs winaswari 

gaTvlebiT daproeqtebuli, Wokis bolovanebTan dakavSirebuli mrudwiruli 

mimmarTvelebi. aRniSnulis gaTvaliswineba da arsebuli literaturuli wyaroebis 

analizi safuZvels iZleva davaskvnaT, rom dguSebis periferiebisaken svlis 

dawyebisTanave, rgolur WvriteSi xdeba siTxis iZulebiTi drenirebis (arinebis) 

ucilobeli gaaqtiureba. 

vakuum-dolis muSaobis procesi, gansakuTrebiT sawyisi momentSi (rodesac 

xaxuni mimdinareobs hidrostatikur reJimSi), lenturi sakisris muSaobis reJimis 

identuria. Sesabamisad, misi parametrebis gansazRvrisas, SeiZleba iteraciuli 

meTodiT gamoviyenoT lenturi sakisris gaangariSebis Teoriis sakiTxebi. 

rac Seexeba xisti sayrdenisa da elastomeris (mag. amZravi dolis 

zedapirisa da sakonveiero lentis) urTierTmiaxloebis zust Teoriul analizs, 

is jer ar arsebobs [54]. 

amgvarad, lenturi konveieris Cveulebrivi doluri amZravebi, rodesac maT 

muSaoba uxdeba sveli xaxuniT, e.i. elastohidrostatikur da 

elastohidrodinamikur reJimSi, SeiZleba gamoviangariSoT, rogorc mZlavri 

lenturi sakisari. vakuum-dolebis SemTxvevaSi ki saWiro iqneba specifikuri 

procesebis gaTvaliswinebiT (dguSebis svliT drenaJirebis efeqtis aCqareba; 

vakuumis formirebis procesisa da dolis xazovani siCqaris meqanikuri blokireba 

da a.S) amZravis ZiriTadi parametrebis angariSis meTodikis damuSaveba. 

sakontaqto zedapirebze siTxis (nebismieris) arseboba, vfiqrobT, saWiroebs 

SezeTvis klasikuri Teoriis TvalsazrisiTac xaxunis Teoriis sakiTxebis 

gamokvleva-damuSaveba. SezeTvis klasikuri Teoria ki or reJims iTvaliswinebs 

(nax. 3.5): hidrodinamikuria da zRvruls. SezeTvis TeoriaSi ZiriTadi saangariSo 

parametria zomerfeldis ganzogadebuli ricxvi S0, romelic iangariSeba blanti 

xaxunis Zalis SefardebiT Txel SemzeT apkze moqmed wnevis ZalasTan anu  

P

N

pL

U

pL

L
S




2

2

0

 
                            (3.1) 

sadac  aris mxebi Zabva; p _ normaluri (Zala) wneva (Zabva) ; N _ brunvis sixSire; 

P  _ saSualo dawneva;  _ siTxis siblante ; U _ siTxis moZraobis siCqare. 

zomerfeldis ricxvs fundamenturi mniSvneloba [55] eniWeba SezeTvis 

amocanebis amoxsnaSi da sakisrebis konstruirebisas erT-erTi mniSvnelovani 

parametria [54, 55]. 

rogorc ukve aRvniSneT, siTxis Sris sisqe da Sesabamisad WvriteSi siTxis 

xarji da moZraobis siCqare dolze lentis swrafobis wertilidan Camoqanebis 

wertilamde maqsimalurad mcirdeba (TiTqmis utoldeba nuls), rac miesadageba 
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xaxunis xasiaTis cvlilebas Txevadidan (hidrodinamikuridan) zRvrulamde da 

Semdeg ukve mSral xaxunamde [54, 55]. xaxunis procesis aseTi cvlileba 

ganpirobebulia zomerfeldis ganzogadebuli ricxvis cvlilebiT (ix. nax. 3.5.) [55]. 

 

2.3 naxazze warmodgenili grafikis mixedviT xaxunis koeficientis 

maqsimaluri mniSvneloba Seesabameba: hidrodinamikuri reJimisas _ zomerfeldis 

ganzogadebuli ricxvis maqsimalur mniSvnelobas, xolo mSrali xaxunis reJimisas 

_ zomerfeldis ganzogadebuli ricxvis minimalur mniSvnelobas. Cveni 

SemTxvevisaTvis avm tipis vakuum-amZravis muSaobis optimalur reJimi aris mSrali 

xaxunis reJimi zomerfeldis ganzogadebuli ricxvis (S0) minimaluri 

mniSvnelobisas. (3.1) gamosaxulebis mixedviT S0-is Semcireba ganpirobebulia 

damokidebulebiT, rodesac:  _ siTxis siblante, U _ siTxis moZraobis siCqare an 

SeiZleba orive erTadac miiswrafis nulisaken. 

 

(U0) 

  e.i.   
   

0
00

0 






pL

U

pL

U
S


 an  

(0) 

 

  

nax. 3.5. 
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3.6.  avm vakuum-amZravis xaxunis kvanZebis konstruqciuli 

damuSaveba laboratoriaSi stenduri Seswavlisa da 

samrewvelo gamocdisaTvis 
 

3.6.1.  xaxunis kvanZebis gamosacdeli stendis mowyobiloba 

xaxunis kvanZebis sakontaqto zedapirebis eqsperimentuli SeswavlisaTvis 

visargebleT stendis bazisuri nawiliT, romelic Seiqmna petrov-Jukovskis 

amocanis mixedviT avm tipis vakuumamZravis statikaSi kvlevisaTvis [60]. xaxunis 

kvanZebis eqsperimentulad SeswavlisaTvis 2.2 paragrafSi ganxiluli stendi 

mzaddeboda 3.6-e, 3.7-e da 3.8-e naxazebze warmodgenili sqemebis Sesabamisad _ 

kvlevis etapebis Tanxvdenilad. sqemebs Tan erTvis stendis rekonstruqciuli 

kvanZebis fotomasala. kvleva mimdinareobda sam etapad. pirveli etapi (nax. 3.6.) 

iTvaliswinebda vakuum-amZravebis sxvadasxva konstruqciis sakontaqto 

zedapirebiTa da sakonveiero lentiT Seqmnili rgoluri Wvrites hermetizaciis 

xarisxobriv Sefasebas. meore etapi (nax. 3.7.) _ vakuum-sistemis mier damatebiT 

Sewovili siTxis raodenobis gansazRvras rgolur Wvriteze mierTebuli 

koleqtoris SemTxvevaSi. mesame etapi (nax. 3.8.) _ uSualod avm-is dguSebis 

hermetizaciis xarisxobriv Sefasebas. 

samive etapze eqsperimentebi tardeboda maqsimalurad erTnair pirobebSi da 

Sedegebi fiqsirdeboda Sesabamis cxrilebSi. saregulirebel parametrebad 

miRebuli iyo: lentis swrafobis Ss da Camoqanebis SC Stoebis daWimulobebi; 

vakuumis sidide; hidrodinamikuri, zRvruli da mSrali xaxunis pirobebi; vakuums 

daqvemdebarebuli sakontaqto zedapiris (recipientis) ganTavsebis adgili 

rgolur WvriteSi da sakontaqto zedapirebis konstruqciis (tipzomebis 12 

ZiriTadi) varianti (ix. cxrili 3.1.). TiToeuli parametris cvlilebiT Catarebuli 

eqsperimentis Sedegebi fiqsirdeboda specialuri nomriT 3.1. cxrilis damatebaSi 

(ix. 3.1. cxrilis damateba #1, 2...12 da a.S. 1...12 _ variantis nomeria; I, II, III _ 

xaxunis pirobebi; I _ mSrali; II _ zRvruli; III hidrodinamikuri). 

laboratoriuli kvlevis yvela etapze ucvleli iyo Semdegi monacemebi: 

1. dolis diametri, mm; D=360; 

2. dolis sigane, mm; Bd=520; 

3. Raris (anu misi Sesabimisi recipientis) nomris aTvlis mimarTuleba SC-dan Ss-

ken _ P1, P2 . . . Pn; 

4. lentis sigane, mm; Bl=500; 

5. erTnairi parametrebis mqone Rarebis raodenoba (ix. cxrili 2.1.-is 

SeniSvnebi); 

6. Raris centraluri naxvretis diametri, dnax=6 mm; 
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7. yvela saxisa da konstruqcis Raris siRrme, mm; h=2,0. 

bazisuri stendis etapis Sesabamisad momzadeba xdeboda vakuumis 

pirobebisaTvis misaRebi masalebiT (mag. vakuumuri moqnili milebi), samarjvebiTa 

da xelsawyoebiT. etapis Sesatyvisi cdebis Catarebisas gamosacdeli kvanZis 

mdgomareoba maqsimalurad Seesatyviseboda realurs, vakuum-dolis dgaris mimarT 

saWiro mdgomareobaSi fiqsireba (ix. cxr. 3.1), xorcieldeboda dolis lilvze 

damagrebuli xrutuna Tvalisa da CarCoze damontaJebuli sarekelas saSualebiT. 

saCeris aseTi konstruqcia saSualebas gvaZlevda dagvefiqsirebina dolis saWiro 

zedapiri nebismier poziciaSi rgoluri Wvrites mimarT lentis swrafobis, 

Camoqanebis an maT Soris nebismier ubanSi. 

vakuumis wyarod gamoyenebuli iyo oryvinTiani mimdevrobiTi moqmedebis 

meqanikuri ВН-2МГ tipis vakuum-tumbo. misi saSualebiT amotumbvis siswrafe 3947 

pa (0,04 at) wnevisas Seadgenda 20,88 m3/sT-s. 

lb

ba

la

lg

bb bg

Ss

SC

Bl

lb
bb bg

Ss

SC

Bl

ba
la

lg

a

ab
g

aa
b

ddnax

 
cxrili 3.1 

varia
ntis 
# 

ba bb bg aab abg la lb lg SeniSvnebi 

1 2 3 4 5 6 7 8 9 10 

1 gluvzedapiriani _ gaCarxuli  
2 gaCarx. 16 16 _ 10 _ 280 280  
3 16 16 16 10 10 280 280 280 nR=12 
4* 16 20/10 20/10 10 30 280 420 420  
5* 20/10 20/10 20/10 30 30 420 420 420 nR=10 
6* 20/10 20/10 gaCarx. 30 _ 420 420 _  

7 20 20 20 40 40 420 420 420 nR=5 
8 20 20 10 40 23 420 420 420 nR=1 
9 10 10 10 10 10 420 420 420 nR=14 
10 10 10 10 15 15 420 420 420 nR=12 
11 10 10 10 20 20 420 420 420 nR=9 
12 20 20 10 40 20 420 420 420  

* 20/10 Seesatyviseba d/b (ix. 3.1. cxrilis II sqema) 

 

I  sqema II  sqema 
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cxrili 2.1. 

 
vakuum-dolis sakontaqto zedapirebis konstruqciuli parametrebi 

zomebi (ricxviTi mniSvnelobebi) mm-Sia 
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SC
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a
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ddnax

 
cxrili 3.1. 

 
varia
ntis 
# 

ba bb bg aab abg la lb lg SeniSvnebi 

1 2 3 4 5 6 7 8 9 10 

1 gluvzedapiriani _ gaCarxuli  
2 gaCarx. 16 16 _ 10 _ 280 280  

3 16 16 16 10 10 280 280 280 nR=12 

4* 16 20/10 20/10 10 30 280 420 420  

5* 20/10 20/10 20/10 30 30 420 420 420 nR=10 

6* 20/10 20/10 gaCarx. 30 _ 420 420 _  

7 20 20 20 40 40 420 420 420 nR=5 

8 20 20 10 40 23 420 420 420 nR=1 

9 10 10 10 10 10 420 420 420 nR=14 

10 10 10 10 15 15 420 420 420 nR=12 

11 10 10 10 20 20 420 420 420 nR=9 

12 20 20 10 40 20 420 420 420  

* 20/10 Seesatyviseba d/b (ix. 3.1. cxrilis II sqema) 

II  sqema I  sqema 
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dolis sakontaqto zedapiris saxesxvaobebi cxrili 2.1.-is mixedviT 

 

 

 

 

varianti I 

varianti II, III 
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varianti IV, V 

varianti VI 
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varianti VII, VIII, IX 

varianti X 
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varianti XI 

varianti XII 
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3.1. cxrilis damateba # 7 

xaxunis reJimi: rgolur WvriteSi _ I 

koleqtorSi _  I 

amZrav dolze sakonveiero lentis Semoxvevis kuTxe =180 

SeniSvna: a) dolis sakontaqto zedapirze SC-dan  kuTxiT ganlagebuli sami 

mezobeli Raridan vakuum-tumbosTan mierTebuli iyo centraluri Rari (ix. I da II 

sqema da 3.1. cxrilis damatebis 6, 7 da 8 sveti); 

b) laboratoriuli stendis awyoba xdeboda: 6, 7, 8, cxrilebis svetisaTvis 

3.6 naxazze warmodgenili sqemiT; xolo 9, 10, 11, svetisaTvis  3.7 naxazze 

warmodgenili sqemiT. 

 

# 

S
C,
 d

kn
 

S
s
, 
d
kn
 

P
1
05
, 
pa
 

r
ec

ip
ie
nt

eb
is

 
md

eb
ar

eo
b
a 

S
C-

is
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r
T


 koleqtoris 

gareSe 

sqemaSi CarTuli 
wriuli 

koleqtorisaTvis 
SeniSvnebi 

pa
, 
pa
 

q r
o
t
b
, 

l
/s
T
 

pg
, 
pa
 

pa
 , 
pa
 

q r
o
t
b
 , 

l
/s
T
 

pg
 , 
pa
 

1 2 3 4 5 6 7 8 9 10 11 12 
1 

50 850 0,92 

10 0 1200 0 0 7800 0  

90 0 1180 0 0 7780 0  

170 0 1310 0 0 7880 0  

2 

100 1650 0,92 

10 0 1180 0 0 7800 0  

90 0 1100 0 0 7800 0  

170 0 1150 0 0 7880 0  

3 

150 2100 0,92 

10 0 1100 0 0 7800 0  

90 0 1100 0 0 7800 0  

170 0 1100 0 0 7880 0  

4 

200 2470 0,92 

10 0 1100 0 0 7800 0  

90 0 1100 0 0 7800 0  

170 0 1100 0 0 7800 0  

5 

300 2930 0,92 

10 0 1100 0 0 7880 0  

90 0 1100 0 0 7800 0  

170 0 1100 0 0 7800 0  

6 

400 3260 0,92 

10 0 1100 0 0 7880 0  

90 0 1100 0 0 7800 0  

170 0 1100 0 0 7800 0  
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3.6.2.  eqsperimentuli kvlevis meTodika da samzomi aparatura 

vakuum-amZravebis sakontaqto zedapirebis optimaluri parametrebis 

eqsperimentuli kvlevisaTvis SemuSavda meTodika, romelic iTvaliswinebs 

xaxunis TiToeuli kvanZis gavlenis Seswavlas sakontaqto zedapiris weviT 

Tvisebaze. kvlevis aseTi meTodika gamarTlebulia im wina kvlevebis [60] 

Sedegebis gaTvaliswinebiTac, romlebSic vakuumuri gawovis mxolod 

adgilis Secvlam TiTqmis samjer gazarda erTnairi konstruqciisa da tip-

zomis zedapiris weviTi Tviseba. meTodika iTvaliswinebs kvleviTi 

samuSaoebis sam etaps. sakvlevi konstruqciis SerCeuli zedapirebi 

ganvaTavseT laboratoriuli kvlevebisaTvis gankuTvnil ori vakuum-dolis 

zedapirze. zedapirebis pirveli eqvsi varianti (ix. cxrili 3.1.) 

ganTavsebulia erT dolze, xolo misi kvlevis Sedegebi Setanilia 

cxrilebSi, romlebic inomreboda 3.1 cxriliT gaTvaliswinebuli variantis 

nomris Sesabamisad, magaliTad, #1 variantis kvlevis Sedegebi mocemulia 

cxrilSi Semdegnairad (3.1. cxrilis damateba #1). zedapirebis meore eqvsi 

(712 ix. 3.1 cxrilSi). varianti ganTavsebulia meore dolze, xolo kvlevis 

Sedegebi dafiqsirebulia Sesabamis cxrilebSi, magaliTad  (3.1. cxrilis 

damateba #7 da a.S.). Tu 3.1 cxriliT gaTvaliswinebul variantze 

eqsperimenti tardeboda ramdenimejer cvladi parametrebis (mag. vakuumi, 

sawyisi daWimuloba (SC), xaxunis reJimi da a.S.) gavlenis Sesaswavlad, maSin 

cxrilSi, sadac Sesabamisi sidideebi fiqsirdeboda, Segvqonda damatebiTi 

aRniSvna  (mag. 3.1. cxrilis damateba #7). 

samive etapze eqsperimentebis Sesrulebisas, anaTvlebis aReba 

(magaliTad, vakuumis sididis, haeris xarjis da a.S.) xdeboda sami mezobeli 

Raridan, romelTagan vakuumis wyaroSi CarTuli iyo mxolod centraluri 

Rari. Tu RarebsSorisi segmentis saSualebiT moxdeboda centraluri 

Raris recipientis mokled SerTva ganapira Raris recipienTebTan, maSin es 

movlena aisaxeboda am Rarebis recipientebze CarTuli vakuum-metrebis 

saSualebiT, e.i. dafiqsirdeboda ara mxolod centraluri Raris vakuum-

metris Cveneba, aramed danarCeni orisac (ragind umniSvnelo, magram mainc). 
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pirveli etapis kvleviTi samuSaoebis Sesrulebis Semdeg, stendi 

mzaddeboda meore etapisaTvis 3.7 naxazze warmodgenili sqemis mixedviT. 

amisaTvis 12k vakuumuri milis saSualebiT wriuli koleqtoris moZravi 

nawili uerTdeba amZravi dolis rgolur Wvrites 12 centraluri 

naxvretiT. koleqtoris meore naxevari _ uZravi nawili, 10 vakuum-milis 

meSveobiT ukavSirdeboda РС-3 (РС-5) tipis rotametris miltuCs da 8 

vakuummetrisa da 14 wrfivi koleqtoris saSualebiT irTveboda ВН-2МГ 

tipis meqanikur vakuum-tumboSi. nebismieri saWiro recipientis vakuum-

sistemaSi CarTva-amorTvis operaciebi xorcieldeboda 6 ventilis 

saSualebiT 

mesame etapis kvleviTi samuSaoebisaTvis stendi mzaddeboda 3.8 

naxazze warmodgenili sqemis mixedviT. amisaTvis avm vakuum-dolis axal 

konstruqciul anakrefze (ix. fotomasala nax. 3.8). uSualod 12 centraluri 

naxvretisa da 10 vakuumuri milis saSualebiT xdeboda avm-is dguSiseuli 

sivrcis mierTeba vakuumis wyarosTan 9 rotametrisa, 8 vakuummetrisa da 6 

ventilis gavliT 14 wrfivi koleqtoris saSualebiT. am etapze dguSiseuli 

sivrcis hermetizacia mowmdeboda individualurad sxvadasxva sididis 

vakuumisa da dguSiseuli sawyisi moculobebis dros. Sedegebi kvlav 

fiqsirdeboda cxrilebSi zemoT moyvanili sqemisa da aRniSvnebis 

saSualebiT. 

vakuum-dolis sakontaqto zedapirebis Tormetive varianti, rogorc 

konstruqciis, aseve geometriuli parametrebis mixedviT, damzadda winaswar 

makroelastohidrodinamikuri Teoriisa da eqsperimentuli kvlevebis 

Sedegebis gaTvaliswinebiT.  

yvela saWiro fizikuri sididis gazomvisaTvis laboratoriul 

stendze gaTvaliswinebuli iyo Sesabamisi aparatura. aTvlebi 

xorcieldeboda: sawyisi (programuli) daWimulobis (SC) gazomvisaTvis _ 

ДПУ-0,5 tipis dinamometridan; swrafobis wertilSi lentis daWimulobis 

(Ss) gazomvisaTvis _ ДПУ 5-2 tipis dinamometridan; sakvlev recipientebSi 

gamavali siTxis xarjis gasazomad _ РС-3 (РС-5) tipis rotametridan, 

vakuum-arxebSi gauxSoebis mniSvneloba _  ВО tipis vakuummetridan. 
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4. vakuum-amZravis sakontaqto zedapiris damuSaveba da 

Teoriuli gamokvleva 

 

4.1.  teqnikuri moTxovnebi sakontaqto zedapiris mimarT 

miuxedavad winamorbed mkvlevarTa mier miRebuli maRali teqnikuri 

maCveneblebisa [532; 5663], vakuum-amZravebi kvlavac saWiroebs konstruqciisa da 

vakuumis Seqmnis teqnologiuri procesis Semdgom srulyofas. gansakuTrebiT es 

exeba (1-5; 2-8; 3-11-14-16-21; 4-30-31) sqemiT momuSave amZravebs (ix. nax. 1.1  vakuum-

amZravebis klasifikacia). amZravebisdadebiTi da uaryofiTi mxareebi da is 

problemuri amocanebi, romelTa gamoc umjobesia zogierT konstruqciaze uari 

vTqvaT, vrcladaa warmodgenili winamdebare naSromis 1.2 da 1.3 paragrafebSi. 

viTvaliswinebT ra Cven mier Catarebuli sapatento da samecniero-kvleviTi 

samuSaoebis analizis Sedegebs, mizanSewonilad migvaCnia vakuum-amZravis 

sakontaqto zedapiris konstruqciisa da optimaluri parametrebis damuSaveba-

gaangariSebisas gaviTvaliswinoT Semdegi teqnikuri moTxovnebi: 

1. vakuum-amZravis sakonveiero lentTan sakontaqto rgolur WvriteSi 

vakuumis formireba umjobesia ganxorcieldes avtonomiuri vakuumuri meqanizmebiT 

(avm), romlebic (romelTa dguSiseuli sivrce) sakontaqto zedapiris vakuum-

arxebTan dakavSirebuli iqneba eqspluatacia-remontisaTvis moxerxebuli da 

martivi kvanZebis saSualebiT; 

2. amZravi vakuum-dolis margi qmedebis koeficientis gazrdis mizniT, 

sakontaqto rgolur WvriteSi vakuumi aucileblad iqmnebodes hidrodinamikur 

reJimSi  maTi muSaobis uzrunvelyofiT; 

3. sakontaqto zedapirebis konstruireba-damuSavebisas, saWiroa 

gaviTvaliswinoT rgoluri Wvritis warmomqmneli zedapirebis (lenti _ amZravi 

doli) simqiseTa iseTi mniSvnelobebi, romelTa drosac SenarCunebuli iqneba 

siTxis moculobiTi Tvisebebi (ix. b. deriaginis kvlevebisa da n. petrovis 

Sexedulebebi. $ 2.1. gv. 2) da uzrunvelyofili iqneba swrafi da srulyofili 

drenirebis procesi. 

4. Tanabrad ganawilebuli gauxSoebis Seqmnis uzrunvelyofisaTvis 

ganmeorebiT vadasturebT im oTxive aucilebeli pirobis samarTlianobas, 

romelic ganvixileT 1.2 paragrafis daskvniT nawilSi; 

5. grZeldgariani sakonveiro danadgarebis saTavsi, kudisa da Sualeduri 

amZravebis damuSavebisas umjobesia, gaTvaliswinebul iqnes erTgvarovani 

elementebisagan Sedgenili anakrefi mwevi btyela (sakontaqto zedapiri), rac 
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uzrunvelyofs unifikaciis maRal dones da ufro moxerxebuls xdis 

eqspluataciisa da remontis process; 

6. vakuum-amZravis sakontaqto zedapiris konstruqcia unda uzrunvelyofdes 

rgoluri Wvrites hermetizaciis aucilebel pirobebs: avm-ebis urTierTdamouki-

debel muSaobas (ar unda xdebodes mezobeli recipientebidan siTxis gawova) da 

lentis napirebidan siTxis (haeris) SeuRwevadobas. 

7. amZravis vakuumuri recipientebis gare da Siga moculobebis sidide unda 

uzrunvelyofdes vakuumis Semqmneli  meqanizmebis optimalur reJimSi muSaobas; 

8. sakontaqto zedapiris geometriuli parametrebis SerCeva-gaangariSeba 

unda moxdes amZravis (sakonveiero lentis) kuTxuri (xazovani, wrfivi) siCqaris 

gaTvaliswinebiT; 

9. avm-ebiani vakuum-dolis dguSebis (plunJerebis da a.S.) ukuqceviT-

winsvliTi moZraobis uzrunvelmyofi muSta meqanizmebis profilis gaTvla 

aucileblad unda moxdes e.w. “SedarebiTi simSvidis” rkalis konkretuli 

pirobebisaTvis dasaSvebi sididis zRvrebSi; 

10. saerTod yvela danarCeni (me-9 punqtis garda) tipis vakuum-amZravebis 

recipientebsa da misi mimdebare sakontaqto zedapirebis Sesabamis nawilze, 

vakuumis programuli mniSvnelobis formireba unda dasruldes koleqtorebis 

(wriuli, wrfivi) vakuumuri saknis saSualebiT S.s. _ “SedarebiTi simSvidis” 

rkalis farglebSi ; 

11. sakontaqto zedapirebis optimizaciis miRwevis erT-erTi mniSvnelovano 

winapirobaa amZravis ganxilva lenturi sakisris rangSi; amasTan zedapirTan avm-is 

dguSiseuli sivrcis SemaerTebeli centraluri naxvretis SerCeuli (naangariSebi) 

diametri unda uzrunvelyofdes siTxis nakadis uwyvet gadadinebas vakuum-sistemis 

recipientebSi _ sakontaqto zedapirze ganlagebuli gare moculobebidan 

(Rarebidan, perforaciebidan da a.S.) vakuumis Semqmneli meqanizmis muSa 

moculobamde (magaliTad, dguSiseul sivrcemde). 

sakontaqto zedapirebisa da mTlianad vakuum-amZravis konstruqciisaTvis 

wayenebuli erT-erTi mniSvnelovani moTxovnaa amZravi sadguris daSla-awyobisas 

misi TiToeuli kvanZisa da Semadgeneli nawilis advili misadgomoba, 

kompaqturoba, saremontod vargisoba da a.S. 
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4.2. vakuum-amZravis axali tipis sakontaqto zedapiri da misi 

daxasiaTeba 

vakuum-amZravebis Teoriis kvleviT samuSaoebSi [532, 60] sakontaqto 

rgolur WvriteSi vakuumis Tanabrad ganawileba (rac sakontaqto zedapirebisa da 

mTlianad amZravis efeqturad gamoyenebis aucilebeli pirobaa) 

gaTvaliswinebulia, rogorc ganivi, aseve amZravis wriuli (amZravze sakonveiro 

lentis swrafobidan Camoqanebis wertilisaken) mimarTulebiT. samecniero-kvleviTi 

samuSaoebis gamoqveynebul wyaroebSi warmodgenili Sedegebi xSirad urTierT- 

gamomricxavi daskvnebiT mTavrdeba. magaliTad, erTi da imave naSromSi [22] 

miTiTebulia, rom sakontaqto zedapirze vakuumis gavrceleba lentis swrafobidan 

Camoqanebis mimarTulebiT Tanabari da maRalia, amasTan, amave naSromSi laparakia 

sakontaqto zedapirebis grZiv Rarebsa da sakonveiero lents Soris “elastikuri 

kbilanuri modebis” arsebobis SesaZleblobaze. es versia gamokveTilia volCekis 

sadisertacio naSromSi, sadac is laboratoriuli eqsperimentis SedegebiT 

asabuTebs hipoTezas “elastikuri kbilanuri modebis” arsebobis Sesaxeb (ix. nax. 

3.3a). am hipoTezas damajereblad ganixilavs imis gamo, rom misi laboratoriuli 

eqsperimentebis miTiTebul grafikul nawilze (nax. 3.3a) naTlad Cans wevis Zalebis 

kleba sakonveiero lentis sawyisi daWimulobis gazrdisas (Cveni azriT, es 

movlena aixsneba eqsperimentis araswori dagegmviTa da CatarebiT). daaxloebiT 

msgavs Sedegebzea saubari mogvianebiT Sesrulebul kvlevebSic [60, 93]. Tumca 

SemdgomSi, ara mTlad mtkicebiTi, magram, Cveni azriT, mainc WeSmaritebasTan 

miaxloebuli formiT naSromSi [60] aRniSnulia, “rom wevis Zalebis gadacema 

vakuum-amZravebSi xorcieldeba ara mxolod Wvrituli modebiT, aramed ZiriTadad 

lentisa da dolis sakontaqto zedapirebis urTierTxaxunis Sedegad”. es 

formulireba mainc mianiSnebs imaze, rom sakiTxi saWiroebs seriozul Seswavlas. 

am mizniT, vfiqrobT, Seswavlil iqna TiTqmis yvela im kvlevis Sedegi (ixile 

literaturis citireba), romelic exeboda perforirebuli da Riaarxebiani 

sakontaqto zedapirebiT wevis Zalebis realizacias. aqve unda SevniSnoT, rom me-

[60] kvleviTi samuSaos arcerTi cdis Sedegis grafikuli saxiT warmodgenil 

daskvniT nawilSi (ix. mag. nax. 3.3b da g) wevis Zalebis Semcirebis faqti lentis 

sawyisi daWimulobis zrdis SemTxvevaSi ar fiqsirdeba. amitom daujerebeli da 

gaugebaria [60] samuSaos avtoris mier gakeTebuli da Cven mier zemoT moyvanili am 

daskvnis citirebuli Sinaarsis samarTlianoba da avtoris mier am movlenis 

amgvarad aRiarebis mizezi. 

aRniSnuli sakiTxis garkvevis mizniT, SevasruleT eqsperimentebis seria 

sxvadasxva tipis lentebisaTvis, rodesac dolis sakontaqto zedapirs lenti 

exeboda erT SemTxvevaSi muSa, xolo meore SemTxvevaSi _ aramuSa SemonafeniT. 
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Cven mier Catarebuli eqperimentebis SemTxvevaSic sawyisi (programuli) 

daWimulobis zrdisas (0-dan Smax=500 dkn) wevis Zalis araviTari SemcirebiTi 

cvlileba ar aRiniSneboda. piriqiT, rogorc es [60] naSromSia aRniSnuli, mxolod 

dolis sakuTari wevis faqtoris amowurvis Semdeg iwyeboda Camoqanebis wertilSi 

sakonveiro lentis sawyisi (programuli) daWimulobis zrda, rac, Tavis mxriv, 

zrdida swrafobis wertilSi daWimulobas. Tumca, unda aRiniSnos, rom Cven mainc 

SevniSneT sakonveiro lentis is umniSvnelo deformaciebi, romelic gamovlinda 

Raris Wrilis adgilze amovardnili amZravi dolis zedapiris seqtorul nawilze, 

Tumca am “deformaciis” gavlena da “elastikuri kbilanuri modebis” faqti ver 

davafiqsireT. 

yovelive zemoT aRniSnulis gamo SevimuSaveT axali formis (konstruqciis) 

sakontaqto zedapiri (ix. nax. 3.4T), romelic akmayofilebs 3.1 paragrafSi 

warmodgenil yvela im teqnikur moTxovnas, romlebic waeyeneba vakuum-dolis 

sakontaqto zedapirebs. 

3.4T naxazze warmodgenilia axali sakontaqto zedapiris centraluri 

nawilis fragmenti. lenturi konveierisaTvis simetriis RerZze, vakuum-dolis 

zedapiris msaxvelis centrSi gakeTebulia garkveuli diametris amonaCarxi 1, 

romlis fskerze avm-is dguSiseul sivrcesTan dasakavSireblad  gakeTebulia 

naxvreti 2, mis marjvniv da marcxniv dolis zedapirze msaxvelis gaswvriv 

ganlagebulia 1 amonaCarxis msgavsi 3-3 da a.S. wriuli amonaCarxebis mwkrivi. 

amonaCarxebi dolis mezobel msaxvelebsa da, amdenad, mTel sakontaqto 

zedapirze, Wadrakulada ganlagebuli, xolo TiToeul msaxvelze iwyeba da 

mTavrdeba im pirobiT, rom sakonveiero lentma srulfasovnad gadafaros isini da 

imavdroulad maTi saSualebiT ar moxdes siTxis (airis, wveTovanis) Sewova 

atmosferodan (an siTxis rezervuaridan). msaxvelze wriuli amonaCarxebi 

erTmaneTs, yvela erTad ki centraluri 2 naxvretis saSualebiT ukavSirdeba avm-

is dguSiseul sivrces 2 naxvretis diametris toli siganis 4 grZivi RariT, 

romlis fskeri wriuli amonaCarxis fskeris donezea. 

mezobel msaxvelze, romlis bijic SeirCeva (im pirobiT) iseTi angariSiT, 

rom wina msaxvelze ganlagebuli amonaCarxebis mimarT Wadrakulad ganlagebuli 

analogiuri konfiguraciis bijis amonaCarxebidan da misi kuTvnili vakuumis 

aredan ar moxdes siTxis gawova da amave dros, arc siTxiT gajerebuli rgoluri 

Wvritis sakontaqto zona darCes umoqmedod, siTxis gawovis gareSe. amgvari 

meTodiT Sesrulebuli dolis sakontaqto zedapiris ori mezobeli vakuumuri 

arxidan TiToeuli imuSavebs damoukideblad, rogorc avtonomiuri erTeuli. 

aseTi konfiguraciis sakontaqto zedapiris SemTxvevaSi, misi erTi bijis 

tolfasad lentis dazianebisas, amZravi imuSavebs wevis Zalebis umniSvnelod 
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Semcirebul reJimSi. koleqtoriani dolis SemTxvevaSi ki sakonveiro lentis 

Zalze mcire dazianebac ki gamoiwvevs mTel vakuum- sistemasa da rgolur 

WvriteSi vakuumis mniSvnelovan cvlilebas (Semcirebas), Sesabamisad wevis Zalebis 

Semcirebas da vakuum-amZravis sakonveiro lentis mimarT srialis reJimze 

gadasvlas. 

Cveni azriT, aRniSnuli movlena aris mniSvnelovani avariuli situaciis 

mizezi, gansakuTrebiT mZlavri grZeldgariani sakonveiro sistemebis SemTxvevaSi, 

rac mniSvnelovnad Seamcirebs danadgaris droSi gamoyenebis koeficients. 

radgan am naSromSi vakeTebT, am etapisTvis Sesabamis saboloo daskvnis 

analizs, gamomdinare zemoT moyvanili yvela mtkicebiTi mosazrebidan, Cveni 

eqsperimentuli kvlevis obieqtad miviCnevT yvela konstruqciis sakontaqto 

zedapirs (ix. nax. 3.4). gansakuTrebuli yuradReba mieqceva axali tipis zedapiris 

kvlevas, rogorc perspeqtiul, sakonveiro lentisaTvis karg sayrden da mcire 

sawyisi moculobis mqone centraluri gawovis vakuum-arxebiT daproeqtebul 

sakontaqto vakuum-zedapirs. 

 

 

4.3.  hidrodinamikur reJimSi momuSave vakuum-dolis lentTan 

sakontaqto WvriteSi siTxis Sris sisqis gansazRvra 

rogorc ukve viciT, hidrodinamikur (sveli xaxunis) reJimSi momuSave 

vakuum-amZravis wevis faqtori da wevis Zalebi, identur pirobebSi da sxva 

principze momuSave amZravebis (magaliTad, futirebulzedapiriani dolebiT; 

eleqtromagnituri, magnitur-eleqtruli, pnevmokameriani da a.S. sxva specamZravebi) 

SemTxvevebTan SedarebiT [92] gacilebiT meti da ufro stabiluria. 

zemoT moyvanili versiisa da imis gaTvaliswinebiT, rom xSir SemTxvevaSi 

sakonveiro amZravebis muSaoba isedac ZiriTadad uxvtenian pirobebSi 

mimdinareobs, am paragrafSi Sevecaded hidrodinamikur reJimSi momuSave vakuum-

dolsa da lentur sakisars Soris identurobis paraleli gagvevlo da uSualod 

lenturi konveierebis amZravTa gaangariSebis TeoriaSi pirvelad iteraciuli 

operaciebis saSualebiT (gansakuTrebiT lenturi konveieris amZravis “SedarebiTi 

simSvidis” rkalis ubanze) gamogveyenebina SezeTvis gaangariSebis klasikuri 

meTodebi da maTi Sedegebi. 

gamoyenebaSi igulisxmeba drekadhidrodinamikur reJimSi momuSave lenturi 

sakisris im variantis SerCeva, romelSic brunviT moZraobas asrulebs, rogorc 

lilvi (Cven SemTxvevaSi vakuum-dolis sakontaqto zedapiri), aseve lenti, 

SemdegSi am variantisaTvis gaangariSebis klasikuri meTodikis [94] safuZvelze 
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Cveni sakvlevi obieqtis _ amZravi vakuum-dolis zedapirisa da sakonveiro lentis 

rgolur WvriteSi siTxis Sris sisqis gansazRvra, xolo xaxunis Semdgomi saWiro 

reJimis miRwevisaTvis, zomerfeldis ganzogadebuli (S0) ricxvis im mniSvnelobis 

gansazRvra, romelic saZiebo reJims Seesabameba. 

zemoT moyvanili TiToeuli RonisZiebis SerCevisa da gaTvlis Semdeg, 

saWiroa amZravi vakuum-dolis muSaobis iseTi reJimis SerCeva, romelSic 

nebismieri kuTxuri siCqarisaTvis rgolur WvriteSi Cveni SerCeuli reJimi 

gabatondeba. amis ganxorcieleba ki SesaZlebelia vakuumuri meqanizmebis dguSebis 

Wokis bolovanebisa da muSta meqanizmebis iseTi simrudis mimmarTvelebTan 

dakavSireba, romlebic drois konkretuli xangrZlivobisaTvis uzrunvelyofen 

siTxis uwyveti nakadiT dinebas dolis sakontaqto zedapirisa da dguSiseuli 

sivrcis SemaerTebel naxvretSi. nakadis uwyvetobis ganxorcielebisaTvis ki, 

vfiqrobT, saWiro iqneba naxvretis diametris gaangariSeba dolis brunvis 

kuTxuri siCqarisa da siTxis parametrebis gaTvaliswinebiT. 

magram, vinaidan lenturi sakisrisagan gansxvavebiT xaxunis amZravi 

meqanizmis daniSnulebaa maqsimaluri xaxunis (wevis) Zalis ganviTareba, 

SevecdebiT xaxunis procesis Semdgomi marTviT amZravis “drekadi srialis” (d.s.) 

Sesabamis rkalze, makroelastohidrodinamikuridan zRvrulSi, sabolood ki 

lentis drekadi srialis procesis mSral reJimSi gadayvanas, riTac saSualeba 

gveZleva, vifiqroT xaxunis koeficientis sididis gazrdaze (ix. $ 2.3. nax. 2.3) 

rgoluri Wvritis im ubanSi, sadac lentis daWimulobis kleba (da Sesabamisad 

lentis drekadi srialiT moZraobis dawyeba) da sakontaqto zedapirze normaluri 

Zalebis Semcireba mimdinareobs [85]. es niSnavs xaxunis koeficientis gazrdas 

amZravis lentTan sakontaqto zedapiris (roluri Wvritis) im ubanze, sadac 

mimdinareobs wevis Zalebis realizacia. am sakiTxebis ufro vrceli da Rrma 

analizi, manqanaTa kvanZebSi mimdinare xaxunis saxeobiT dawyebuli, zedapiris 

xarisxisa da maTi fizikur-qimiuri Tvisebebis ganxilviT damTavrebuli, cveTis, 

SezeTvis, zedapirebis rRvevis saxeobebis, sakontaqto simtkicis, daRlilobisa da 

sxv., XXI saukunisaTvis Sesaferisi manqanaTmSeneblobis ganviTarebisaTvis saWiro 

sakiTxze (rasac winamdebare naSromSi srulfasovnad ver SevZlebT, maTi 

mravalferovnebisa da moculobis sididis gamo) SesaZlebelia moZiebul iqnes 

Tanamedrove, triboteqnikis [33] (tribologiis, tribonikis) Sesaxeb literaturul 

wyaroebSi (ix. literaturis CamonaTvali) da internetis saSualebiT. 

xaxunis Zalis sididis marTvis procesis realurad Sesrulebis 

(ganxorcielebis) idea dagvebada mosriale zedapirebis wyvilis SezeTvis reJimis 

gacnobisas, romelic warmodgenilia grafikuli saxiT – koordinatebSi: 

zomerfeldis ganzogaoebuli (S0) ricxvi, xaxunis (f) koeficienti (ix. $ 2.3 nax. 2.3). 
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am sakiTxis Tundac miaxloebiTi modelirebisaTvis saWiroa sakontaqto 

rgolur WvriteSi siTxis Sris sawyisi da Sualeduri sisqis gansazRvra. misi 

mniSvnelobis codna saWiroa Tundac imitom, rom vakuum-amZravis recipientebis 

gare sakontaqto zedapiris vakuum-arxis siTxiT Sevsebamde movaxerxoT moculobis 

arsebuli optimaluri parametrebis dadgena. vfiqrobT, rom am pirobis dakmayofi-

lebis Semdeg rgoluri Wvrites hermetizaciis da (avm) avtonomiuri vakuumuri 

meqanizmebis muSaobac, rogorc avtonomiuri erTeulisa, TavisTavad mogvardeba. 

swored am sakiTxs eZRvneba es paragrafi. 

cnobilia, rom amZravi dolis mimarT sakonveiro lentis fardobiTi 

simrude (1/r) SeiZleba ganisazRvros formuliT [53]. 

2
3

2

2

2

1

1






















ds

dh

ds

hd

r                                 (4.1) 

es simrude cvalebadia s-is anu amZravi dolis rkalis mimarTulebiT. is 

fizikuri modelis mixedviT SeiZleba Caiweros Semdegi saxiT 

Rrr
111                                    (4.2) 

radgan amZravi dolisa da sakonveiro lentis sakontaqto WvriteSi siTxis h 

sisqe umniSvnelod icvleba dolis rkalis gaswvriv (amZravis SedarebiTi 

simSvidis rkalze S.s., rac praqtikuladac dasturdeba), amitom (dh/ds)2 SeiZleba 

ugulebelvyoT, maSin (4.2)-Si (4.1)-is gaTvaliswinebiT miviRebT 

2

211
ds

hd

rR                                       (4.3) 

saidanac lentis simrudis radiusi amZravis mimarT 

1

2

21












ds

hd

r
R                                     (4.4) 

Tu gaviTvaliswinebT, rom Cveulebriv moxaxune zedapirebs (doli – 

sakonveiro lenti) Soris siTxis h Sre imdenad Txelia, rom blanti xaxunis 

Zalebi gacilebiT didia inerciis Zalebze, WvriteSi arsebuli siTxis meqanikuri 

qcevis aRmweri navie-stoksis gantoleba daiyvaneba reinoldsis yvelaze ufro 

zogad (4.5) gantolebaze 

       
t

h
UU

x
h

x

h
UU

y

ph

yx

ph

x 







































 







1266 2121

33

   (4.5) 
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xolo Tu mxedvelobaSi miviRebT, rom Wvrites Semqmneli zeda zedapiri (ix. nax. 

4.1) elastomeria, maSin (3.5) 

gantolebaSi U1=U, =const (ix. 

nax. 4.2), Sesabamisad (4.5) 

gantolebis marjvena nawilis 

bolo Sesakrebi nulis 

tolia, xolo meore Sesakrebi 

pirveli miaxloebiT SeiZleba 

gamovricxoT, da miviRebT, 

rom ukumSveli erTganzomilebiani denadi siTxisaTvis reinoldsis gantoleba 

Cveni pirobebisaTvis SeiZleba CavweroT (4.6) gamosaxulebis saxiT. 

s

h
U

s

p
h

s 














 63

                                 (4.6) 

z, hU1

x

y
h

U2

, pv=


h
t

 

miviRoT, rom lentis “SedarebiTi simSvidis” RS.s. Sesabamis rkalze 

wonasworobis pirobebis mixedviT lilvis mxridan moqmedebs normaluri Zala. 

R

T
P                                     (4.7) 

 (4.7) gantolebaSi (4.3)-is gaTvaliswinebiT miviRebT, rom 

1

2

2

1












ds

hd
rTp da 













3

3

ds

hd
T

s

p
                   (4.8) 

am gantolebebSi p aris lokaluri wneva siTxeSi;  da  – Sesabamisad 

simkvrive da absoluturi siblante; h – siTxis Sris sisqe; U1 da U2  – Sesabamisad  

zeda da qveda sakontaqto zedapirebis srialis siCqare; T da P – Sesabamisad 

lentis daWimuloba da normaluri Zala (ix. nax. 4.2). 

(4.6) gantolebaSi (4.8)-is gaTvaliswinebiT miviRebT e.w. lenturi sakisris 

gantolebas: 

s

h

T

U

s

h
h

s 














 6

3

3
3                          (4.9) 

cnobilia, rom a. grasgofis, n. Jukovskis, o. kammerris, a. fiberis, a. 

friderixis, e. gutiaris da sxva mraval mkvlevarTa mier amZravis sakontaqto 

RBd

Bl

dnax

h
r=

/2
D

d

 

nax. 4.1. 

 

 
nax. 4.2. 
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zedapiri gayofilia or nawilad: mosrialed – Cveni SemTxvevisaTvis, e.w. “drekadi 

srialisa” da aramosrialed anu “SedarebiTi simSvidis” ubnebad [1]. aRniSnulis 

gamo SeiZleba miviRoT, rom aramosriale ubanze U=0, xolo tvirTmzidi lentis 

daWimuloba T=const; maSin 

0
6






s

h

T

U
0

3

3
3 














s

h
h

s
                         (4.10) 

(4.10) gamosaxulebis integrirebiT, miviRebT 

33

3

h

C

s

h





                                    (4.11) 

radgan h/h0=(1-h) da h<<1, amitom (4.11) gantoleba SeiZleba CavweroT 

Semdegi saxiT: 
4
0

3

3

h

C
h

s





; amovxsnaT gantoleba uSualo integrirebiT 

14
0

2

2

Cs
h

C
h

s





; 

21
2

4
02

CsCs
h

C

s

h





; 

32
21

4

3
0

26
CSCs

C

h

sC
h

o

                                         (4.12) 

am gantolebaSi (4.12) C0, C1, C2 da C3 mudmivebi mcire sidideebia da 

ganisazRvrebian sawyisi konkretuli monacemebis mixedviT. 

v. smirnovisa da e. staxovskis kvlevaTa Sedegebis [78] mixedviT sakonveiro 

amZravis sakontaqto zedapirze “simSvidis rkali” ar arsebobs. Tu am 

mtkicebulebas miviRebT, maSin mis pirobiT sazRvrebSi U0 da Tconst. amasTan, Tu 

avRniSnavT, rom 

consta
T

U
 36

 ,                          (4.13) 

maSin (4.9) tolobis orive mxaris integrebiT miviRebT 

03
3

3
3 



cha
s

h
h                            (4.14) 

anu 

0
32

3

3

3





h

c

h

a

s

h
                          (4.15) 

am SemTxvevaSic aRvniSnoT 

h
h

h
1

0

anu  hhh  10                       (4.16) 
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Tu (4.16) gantolebas gaviTvaliswinebT (4.15)-Si da miRebul Sedegs gavyofT 

h0-ze, maSin 

 
   

0
11

1
34

0
23

0

3

3

3











hh

c

hh

a

s

h
                (4.17) 

 
 

0
1

1
34

0

0
3

3

3










hh

chha

s

h
                      (4.18) 

Tu c-s SevarCevT ise, rom Sesruldes a3h0=c, toloba maSin 

 
0

1 33
0

3

3

3









hh

ha

s

h
                       (4.19) 

Tu 
 31

1

h
 gamosaxulebas gavSliT progresiis mwkrivad, maSin SeiZleba 

CavweroT, rom 

 
 332

3
........1

1





hhhh
h

h
 

Tu mxedvelobaSi ar miviRebT meore da ufro maRali rigis wevrebs, maSin 

  hhhhhhh  4233 31  

da (4.19) gantoleba Caiwereba Semdegi saxiT: 

0
3
0

3

3

3





h
h

a

s

h
                      (4.20) 

miRebuli gantolebis zogad amonaxsns aqvs Semdegi saxe [45]: 

  SSS CeBeAesh 321                     (4.21) 

sadac A, B, C mudmivebia, xolo 1, 2, da 3  maxasiaTebeli gantolebis fesvebia 

(4.20) gamosaxuleba SeiZleba warmovadginoT, rogorc 

0 yy  , sadac 
3
0

3

h

a
 ;    

Sey   

maSin 

0
3

0









 y

h

a
y , anu 0

3

0

3 







 SS e

h

a
e  ; 

0
3

0

3 



















 Se

h

a  ,            

 vinaidan 0Se , amitom 

0
3

0

3 









h

a ;                  0
2
0

2

0

2

0




















h

a

h

a

h

a  ; 

am gantolebis fesvebi iqneba 
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0
oh

a ;        anu    
0

1 h

a
 ;        0

2
0

2

0

2 
h

a

h

a  ; 

e.i. 

2

4
2

0
2
0

2

0

3,2












h

a

h

a

h

a

  ;  
2

3
2
0

2

0
2

i
h

a

h

a


  ;   
2

3
2
0

2

0
3

i
h

a

h

a



 

amgvarad, 

0
1 h

a
  ;     31

2 0
2 i

h

a
   ;     31

2 0
3 i

h

a
  

Tu gamoviyenebT eileris formulas, 

 sincos iei   

maSin (4.21) gantolebidan SeiZleba CavweroT, rom 

 
   Si

h

a
Si

h

a
S

h

a

CeBeAesh
31

2
31

2 000



  

 
3

22
3

22 00000

iS
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a
iS

h

a
S

h

a
S

h

a

eCeeBeAesh
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2
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2
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2

3
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2

3
cos 000

h
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h

sa
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h

sa
i

h
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BeAesh

S
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a
S

h

a
S

h
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0

2

0

2

2

3
sin

2

3
cos 000

h

sa
eCBi

h

sa
eCBAesh

s
h

a
s

h

a

h

a








 

Tu gaviTvaliswinebT a-s mniSvnelobas (4.13) gamosaxulebidan da aRvniSnavT, 

rom B+C=B1  SeiZleba CavweroT 

  s
Th

u
eCs

Th

u
eBAesh

s
Th

u
s

Th

u
s

Th

u

3
8

6
sin3

8

6
cos 3

3
0

8

6

13
3
0

8

6

1

6
3 3

0

3 3
0

3 3
0







 

  s
Th

u
eCs

Th

u
eBAesh

s
Th

u
s

Th

u
s

Th

u

3
4

3
sin3

4

3
cos 3

3
0

4

3

13
3
0

4

3

1

6
3 3

0

3 3
0

3 3
0







       (4.22) 

miRebul (3.22) gantolebaSi A, B1, C1 namdvili mudmivebia da ganisazRvreba 

konkretuli amocanis pirobidan. 
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4.4. vakuum-dolis rgoluri Wvritis dguSiseul sivrcesTan 

SemaerTebel naxvretSi siTxis uwyvet nakadad gadinebis kvleva 

ganvixiloT hidrodinamikur reJimSi momuSave vakuum-dolis lentTan 

sakontaqto WvriteSi siTxis Sris sisqis Semcirebis (minimumamde dayvanis) mizniT, 

vakuum-meqanizmebiT (dguSebiT) naxvretSi siTxis uwyvet nakadad gawovis 

konkretuli SemTxveva (nax. 4.3.). 

Bl

dnax

0



v0

p

p
0

v

 

vigulisxmoT, rom masobrivi Zala aris siTxis simZimis Zala da naxvretis 

win RarSi da naxvretis Semdeg dguSiseul sivrceSi, wnevaTa Soris sxvaobiT 

gamowveuli erTeulovani Zala. 

kerZo SemTxvevaSi, roca siTxe ukumSvelia, SemosazRvrulia Sekruli myari 

zedapiriT (Cvens SemTxvevaSi Raris konturebiT) da Z RerZi SegviZlia mivmarToT 

vertikalurad zeviT, da bernulis gantolebis mixedviT davweroT ase: 

const
g

p

g

v
Z 

2

2

                             (4.23) 

aRvniSnoT, rom  aris naxvretis farTobi (ix. nax. 4.3.); 0 – siTxis 

zedapiris farTobi RarSi; v – siTxis siCqare naxvretSi; v0 – siTxis siCqare 

zedapiris wertilSi (RarSi); p0 – siTxis wneva RarSi; p – siTxis wneva dguSiseul 

sivrceSi. 

Raris 0 zedapirSi gamavali siTxis raodenoba drois erTeulSi iqneba 0v0, 

xolo naxvretSi gamavali siTxis raodenoba  v. siTxis dinebis uwyvetobis 

pirobis mixedviT  

vv  00                                (4.24) 

(4.23)-is gaTvaliswinebiT miviRebT: 


pv

zg
pv

zg 
22

2
0

2
0                       (4.25) 

(4.24) da (4.25) gamosaxulebebis saSualebiT SegviZlia ganvsazRvroT 

 

nax. 4.3. 
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naxvretSi siTxis dinebis siCqare 


p

v
p

v
22 202

0                           (4.26) 

vv
0

0 


 ;                 2
2
0

2
2
0 vv




                     (3.27) 

 (4.26)-Si (4.27)-is gaTvaliswinebiT 


 pp

vv
22 0

2
0

2
22 

 , 

aRvniSnoT ppp 0 , maSin 


 p

v












2
1

2
0

2
2      (4.28)   da      22

0

2
02








p
v             (4.29) 

xolo Tu gaviTvaliswinebT, rom 

0
2
0

2





 ,                             (4.30) 

maSin (4.28) gantolebidan 


p

v



2

                               (4.31) 

naxvretSi gamavali siTxis xarji vQ   

xolo naxvretis kveTis aucilebeli farTobi 

v

Q
       anu    2

22

4 v

Qd








 2
nax

                   (4.32) 

am gamosaxulebidan 

 
p

Q
d




2

2
22 8




nax                              (4.33) 

saidanac naxvretis diametri 

  495,0
p

Qd





1nax  ,                        (4.34) 

rogorc (4.34) gamosaxulebidan Cans, naxvretis diametris sidide 

pirdapirproporciuli siTxis saWiro xarjisa da misi siblantisa da 

ukuproporciulia wnevaTa sxvaobisa, romelic amZravis amuSavebisTanave myisurad 

izrdeba dolisa da lentis sakontaqto WvriteSi (RarSi, perforaciaSi, maTi 

kombinaciiTYSeqmnil arxSi da a.S.). 

e.i. damokidebuleba SeiZleba CavweroT ase: 












p

Q
fd

,
nax  
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es piroba aucileblad unda gaviTvaliswinoT sakonveiero amZravis 

konstruirebisa da damzadebis dros. 

Tu (4.30) gamosaxulebas, ragind mcire, magram nulisagan gansxvavebul 

mniSvnelobas mivaniWebT, maSin (4.32)-Si (4.28)-is gaTvaliswinebiT 

2

2
2

v

Q
    ;            

p

Q














2

1
2
0

2
2

2 


  ;               22
0

22 2 QQp    

da                      

2
0

2

2
2

2




Q

p

Q


                               (4.35) 

2
0

2

22
0

2

2

1






Q

Qp 


               

anu            





22
0

2
0

2
2

2 Qp

Q


         (4.36) 

(3.36) gaviTvaliswinoT, rom     

2

2

4 









2
naxd

 ,     maSin 




 22
0

2
0

2

4

Qp

Q
d


2

nax(2)
 

xolo                    4
22

0

2
0

2 95,0



Qp

Qd


nax
                 (4.37) 

amgvarad, Tu CaTvliT, rom 0
2
0

2





, maSin naxvretis diametrs 

gamoviangariSebT (4.34) formuliT; winaaRmdeg SemTxvevaSi angariSs CavatarebT 

(4.37) gamosaxulebiT. ganvsazRvroT (4.34) da (4.37) gamosaxulebebiT naangariSeb 

diametrebs Soris sxvaoba. 

amisaTvis (4.37) gantolebis fesvqveSa gamosaxuleba warmovadginoT Semdegi 

saxiT: 










22
0

2

22

22
0

2
0

22
0

2
0

pQp

Q

ppQppQp 























 

maSin (4.37) formula SeiZleba CavweroT 

  4
22

0
2

22

95,0



pQp

Q

p
Qd





2nax  

xolo sxvaoba, sm 

   







































1195,0

95,0

4
22

0

2

4
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22

0
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22









Qp

Q

p
Q

ppQp

Q

p
Qdd 1nax2nax

           (4.38) 
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davuSvaT, rom siTxis (wylis) temperatura t, 18 C maSin: 

=0,00105 dkn/mwm;  p=0,95 kg/sm2=9500 dkn/m2; 

Qmax=504 sm3; b×l×h=3,36×250×0,6 sm3 (SerCeuli etalonuri modelisaTvis); 

Qmin=50,4 sm3; b×l×h=2×42×0,6 sm3 (laboratoriuli stendisaTvis); 

0(max)= 840 sm2, (SerCeuli etalonuri modelisaTvis); 

0(min)= 84 sm2, (laboratoriuli stendisaTvis). 

am monacemebis mixedviT laboratoriuli stendisaTvis (3.38) gantolebidan 

miviRebT 

    

   

sm

1nax2nax

    101,223170

1-99471,000000003650,122964261103,97896510,018233099,795,0

1
2,66716867032000

2,667168
1101,10526099,795,0

1
00105,04,50849500

00105,04,50
1

9500

00105,0
4,5095,0

9

4 8-

44 7-

4
22

2

4
min

































 dd

 

xolo SerCeuli modelisaTvis  

    

   

sm

1nax2nax

  103,868024

1-99471,000000000,38886331103,978947210,018233222,449944395,0

1
266,71686703200000

266,7168
1101,10526222,449944395,0

1
00105,05048409500

00105,0504
1

9500

00105,0
50495,0

9

4 8-

44 7-

4
22

2

4
max

































 dd

 

aqedan gamomdinare, (3.34) gamosaxulebiT naxvretis diametris naangariSebi 

sidide dasaSvebi cdomilebis areSia, amitom daproeqtebisas, rogorc SedarebiT 

martivs, rekomendacia eZleva (3.34)  formulis gamoyenebas. gavarCioT (3.34) 

gamosaxuleba detalurad: 

  495,0
p

Qd





1nax  
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am gamosaxulebaSi  aris rgoluri Wvrites, dolis zedapiris arxebis, 

centraluri naxvretisa da dguSiseuli sivrcis sawyisi moculobis Semavsebeli 

siTxis (wylis) siblante, romelic mniSvnelovnad icvleba temperaturis gavleniT. 

viTvaliswinebT ra im farTo (areals) diapazons, romelSic muSaoba uxdeba 

lenturi konveieris amZravs, mizanSewonilad migvaCnia siTxis (wylis) siblante 

ganvixiloT temperaturis cvlilebis t=0100 C-is farglebSi. Sesabamisad 

warmovadgineT (4.34) gamosaxulebiT naangariSebi Sedegebis is ganmasxvavebeli 

mniSvnelobebi, romelic miiReba 4

p


 Tanamamravlis cvlilebiT. Sedegebi 

warmodgenilia cxr. 4.1-Si.  

mniSvnelovan cvlilebebs ganicdis siTxis moZraobis siCqarec. misi 

savaraudo cvlilebebis saorientacio mniSvnelobebi, rogorc temperaturisa da 

siblantis, aseve vakuumis mixedviT mocemulia 4.2 cxrilSi. 

miRebuli cxrilebis (cxr. 4.1 da 4.2) saSualebiT, nebismieri sididis 

vakuumisa da diametris dolisaTvis, romlis brunvis sixSire da geometriuli 

zomebi Seesabameba standartiT gaTvaliswinebuls, SegviZlia viangariSoT dolis 

sakontaqto zedapirisa da avm-is damakavSirebeli naxvretis diametri, romelic 

siTxis nakadis uwyvetad gadadinebas uzrunvelyofs Wvritedan dguSiseul 

sivrceSi. amasTan, aucileblad gasaTvaliswinebelia, rom es procesi unda 

dasruldes dolis mTeli sakontaqto zedapiris 10-20 %-ze, e.i. “SedarebiTi 

simSvidis rkalze”. amisaTvis, vangariSobT Raris Sesatyvisi moculobis siTxis im 

mniSvnelobas, romlis uwyvet nakadad gadadineba SesaZlebelia “SedarebiTi 

simSvidis” ubanSi vakuumuri meqanizmebis saSualebiT (misive dguSiseul sivrceSi). 

 
  d

lenti

cxrili

cxrili

lenti

d

SesaZlo R
v

v
v

v

R
v 628,0314,0

2,01,0






        (4.39) 

(3.39) gamosaxulebaSi 


p
v




2
cxrili . misi mniSvnelobebi aiReba 3.2 

cxrilidan Sesabamisi p svetisa da = f( tC ) striqonis gadakveTaze. aseve, 4.1. 

cxrilidan aiReba 4

p


 gamosaxulebis ricxviTi mniSvnelobebi, xolo lentis 

(dolis) standartuli siCqare  Sesabamisi sacnobaro literaturidan [88, 89, 90, 

91, 92]. 

cxrilSi 4.2-Si mocemulia erTeulovan droSi naxvretidan uwyvet nakadad 

momdinare siTxis siCqare (xarji). rogorc cxrilidan naTlad Cans, siTxis siCqare 

izrdeba temperaturis zrdiT (da Sesabamisad siblantis SemcirebiT). magaliTad, 

500 dkn/m2 gaiSviaTebisas da siTxis 0 C-dan 100 C-mde temperaturis momatebiT, 
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siTxis siCqare (xarji) icvleba 746-dan 1876-mde m/wm. erTidaimave simkvrivisas (mag. 

=17910-6 dkn/mwm) ki izrdeba ra vakuumis mniSvneloba 5000 pa-dan 100 000-mde 0 C 

garemosa da Sesabamisad siTxis temperaturisas, siTxis moZraobis siCqare da 

Sesabamisad xarjic izrdeba 746-dan 3336 m/wm-mde. xolo Tu temperatura 100 C 

miaRwevs, maSin siTxis siCqare vakuumis imave sazRvrebSi cvlilebebisas 1876-dan 

8392 m/wm-mde izrdeba. 

aRniSnuli faqti da is SemTxveva, rom konveieris amZravi muSaobas iwyebs 

sakontaqto zedapirze _ WvriteSi SedarebiT didi siblantis mqone siTxiT 

(dabali temperaturis gamo) da vakuumis gareSe, rac  amZravis srulfasovan 

amuSavebamde grZeldeba, gvafiqrebinebs, rom naxvretis zoma, romelSic siTxem 

uwyvet nakadad unda idinos, saWiroa gavTvaloT cxrili 4.2-is vcxrilis-sa da 

vakuumis sididis saSualo (Sesabamisi) mniSvnelobis mixedviT (4.38) formuliT, 

xolo vakuumis Seqmnis zonad miviRoT “SedarebiTi simSvidis” ubnis raRac 

garkveuli nawili (misi sidide mniSvnelovnad iqneba damokidebuli avm-is dguSis 

svlis maqsimalur mniSvnelobaze, rac, Tavis mxriv, ganapirobebs muSta meqanizmis 

profils _ simrudes da misi eqscentrisitetis mniSvnelobas). ubnis am nawilis 

sididis gaTvaliswineba moxdeba (4.38) formulis mricxvelSi (0,10,2) ricxvebidan 

an mis maxloblobaSi romelime saWiro cifris CasmiT. 

4.4 naxazze warmodgenilia (4.2. cxrilis monacemebiT agebuli) vakuum-dolis 

muSaobis oTxi reJimis Sesabamisi mrudebi: 

mrudi 1 –aRwers process, rodesac v=f(), =f(t) da t=(0100) C. am dros 

p=500 dkn/m2=const;  

mrudi 2 _ aRwers process, rodesac v=f(), =f(t) da t=(0100) C. am dros p-

1 anu 10 000 dkn/m2 = const;     

mrudi 3 – aRwers process, rodesac v=f(p), p=0,05-1 anu 500 dkn/m2-dan 10 

000-mde. Aam dros t=0 C, xolo  =0,001797 dkn/mwm; 

mrudi 4 _ aRwers process, rodesac v=f(p), p=0,05-1 anu 500 dkn/m2-dan10 

000 dkn/m2-mde. am dros t=100 C, xolo =0,000284 dkn/mwm. 

mrudi 5 – aRwers process, rodesac v=f(), =f(tC) da t=(0100) C. am dros 

p=0,2 anu 2000 dkn/m2=const, xolo=(2841797)10-6;  

mrudi 6 _ aRwers process, rodesac v=f(p), p=0,05-1 anu 500 dkn/m2-dan 10 

000-mde. Aam dros t=20 C, xolo  =0,001004=const dkn/mwm. 

1-3 da 2-4 reJimebis aRmweri mrudebi gadakveTis wertilebiT gvaZlevs im 

optimalur reJimebs, romelTa saSualebiT SegviZlia naxvretis optimaluri 

diametris saangariSod ganvsazRvroT  da p-s sawyisi monacemebi. maTive 

saSualebiT (3.39) formuliT ganisazRvreba sakontaqto zedapiris vakuumuri arxis 
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saorientacio moculoba, romelic Semdeg grZiv parametrebSi gadaiTvleba yoveli 

konkretuli SemTxvevisas. aseTi reJimuli wertilebis moZebna SesaZlebelia 

yoveli konkretuli SemTxvevisaTvis (4.1) da (4.2) cxrilebis monacemebis 

saSualebiT. 

 

 

 

 

ganvixiloT Cven mier SerCeuli: 

a) laboratoriuli vakuum-dolisa (ix. winamdebare naSromis Sesavali 

nawili) da b) bazisuri (etalonuri) modelis vakuum-dolis magaliTze vSesaZlo-s 

mniSvnelobis (4.39) gantolebiTa da naxvretis dnax diametris optimaluri zomis 

(4.34) gamosaxulebis gaangariSebis meTodebi (wesi). 

a) laboratoriuli vakuum-dolisaTvis Bl=0,5 m; Dd=0,36 m; =180; p=0,95; 

vd=1,251,6 m/wm; t=20 C. maSin 3.4 naxazidan (1-3) mrudebis reJimuli wertilidan 

p0,2 dkn/m2-dan v=1600 m/wm; Sesabamisad (4.2) cxrilidan viRebT (p-v)-saTvis 

0 700 2100 3500 4900 6300 7700

v, m/wm0,05

0,2

0,4

0,6

0,8

-1

1600

1876

37531492

5307

5934

7021

2110

7506

7961

8392

746

2791

3164

2984

2359

3336

3336

3912

4463

4991

6025 7010

8392

746

875

998

1116

1567

1876

1347

400

800

1200

2000 1 2 3 4

5 6

 

nax. 4.4. 
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=151810-6 da vcxr=1623, xolo 3.1 cxrilidan (-pmax)-s mixedviT 4

p


-s 

mniSvnelobas _ 0,01999; da bolos 

59794,1371623
0,1

18,014,315,015,0



 cxrili

lenti

d

SesaZlo v
v

R
v


 ,   m/wm 

xolo 

33,00,029516747,1195,0
2,0

101518
13895,095,0 4

6

4 








p
Qd


nax ,  sm 

b) bazisuri modelisaTvis analogiurad iangariSeba Bl=3,2 m; D=2,674 m; 

=180; p=0,95 dkn/sm2; vd=8,4 m/wm; t=20 C;  

0289,33015242
0,1

337,114,315,015,0



 cxrili

lenti

d

SesaZlo v
v

R
v


 ,   m/wm 

xolo 

1,6110,29516454,5795,0
95,0

101518
330195,095,0 4

6

4 








p
Qd


nax sm 
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5. Teoriuli, eqsperimentuli da kompiuteruli kvlevis 

Sedegebi da maTi analizi 

 

5.1. Teoriuli da eqsperimentuli kvlevis Sedegebi da maTi 

analizi 

mecnieruli kvlevis utyuarobisa da dasabuTebulobis dadasturebis mizniT, 

winamdebare TavSi ganvixilavT Cven mier Sesrulebuli Teoriuli da 

eqsperimentuli gamokvlevis Sedegebis urTierTTanxvdenilobis dasaSveb zRvrebSi 

arsebobis analizis Sedegebs. imavdroulad viTvaliswinebdiT da veyrdnobodiT: 

makroelastohidrodinamikis, vakuumSi fizikuri procesebis, moculobiTi 

hidravlikuri manqanebis muSaobis Teoriis, tribonikisa da saerTod, meqanikis 

zogad debulebebs. 

Teoriuli kvlevebis Sedegad miviReT vakuum-dolis sakontaqto 

zedapirebisa da maTi vakuumis wyaroebTan SemaerTebeli kvanZebis (Cveni 

SemTxvevisaTvis  wriulamonaCarxebiani grZivi Rarebis moculobaTa avm-is 

dguSiseul sivrcesTan SemaerTebeli naxvretebi) uxelsayrelesi geometriuli 

parametrebisa (milsadenebis _ naxvretebis sigrZisa da diametris, grZivi arxebis 

moculobebis, maTi upiratesi geometriuli formebisa da zomebis da a.S.) da 

rgolur WvriteSi mimdinare xaxunis reJimis teqnologiuri procesis upirates 

pirobebSi warmarTvis Teoriuli sqema (ix. drekadhidrodinamikuri anu 

zomerfeldis ricxvTan dakavSirebuli sakiTxebi); rodesac cocia, Cveni 

SemTxvevisaTvis sakonveiero lenti, sayrden zedapirze anu vakuum-dolis 

sakontaqto zedapirze tangencialuri moZraobiT ganapirobebs misi Semakavebeli _ 

SemzeTi siTxis gamownexas. 

miviReT, rom gasauxSoebeli da gamauxSoebeli meqanizmebis SemaerTebeli 

elementis _ naxvretis diamteri (ix. 3.33). 

495,0
p

Qd





nax       (5.1) 

Tu gaviTvaliswinebT, rom am gamosaxulebaSi erTeulovani droisTvis Q=v, 

maSin 


p

Q



2

; 

                                                 
koleqtorian vakuum-dolebSi is sakmaod grZeli da rTuli labirinTuli recipientebia 
(vakuum-arxebi). 
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dnax-is mniSvnelobis saangariSod saWiroa daviTvaloT grZivi arxis 

moculobis (v=Q)-s is realuri mniSvneloba, romlidanac `drekadi srialis~ 

rkalis garbenamde siTxe uwyvet nakadad gadaedineba dguSiseul sivrceSi, amitom 

vsargeblobT (3.38) gamosaxulebiT: 

 
cxr

lent

d

SesaZlo v
v

R,,
vQ

2010 
                       (5.2) 

vSesaZlo-s miRebuli mniSvneloba aris vakuum-dolis sakontaqto zedapiris grZivi 

arxis moculoba, xolo (4.1) gamosaxulebiT naangariSevSi dnax-is mniSvneloba  

wriuli amonaCarxebis erTmaneTTan da avm-is dguSiseul sivrcesTan SemaerTebeli 

grZivi Rarebis sigane. 

eqsperimentuli monacemebis mixedviT wriuli amonaCarxebis optimaluri 

diametri damonaC=3dnax; xolo amonaCarxebis centrebs Soris manZili 

lamonaC=2damonaC=6dnax. 

erT grZiv arxze amonaCarxebis raodenoba 

1
62

2





nax

l

amonaC

amonaCl

amonaC d

B

d

dB
n  

grZivi arxebis biji 

naxamonaC ddt  )5,1312()5,44(  

dolis sakontaqto zedapirze arxebis raodenoba 

nax

d

nax

dd

arx d

D

d

D

t

D
n )23.026,0(

)5,1312(






 

grZivi arxis farTobi 

amonaCnaxamonaCamonaC
amonaC

arx ddnn
d

S 
4

2
 

 
naxnax

nax

l

nax

lnax
arx dd

d

B

d

Bd
S 31

6
1

64

3 2





















 

da bolos, wriulamonaCarxebiani grZivi arxis farTobi 

)065,10678,1( naxlnaxarx dBdS               (5.3) 

(3.39) da (4.2) gamosaxulebebis mixedviT 

,
1,0

 cxr

lent

d

SesaZlo v
v

D
v


  

xolo vakuum-dolis SerCeuli etalonuri modelisaTvis 

cxrcxrcxr

lent

d

SesaZlo vvv
v

D
v 


 0999,0

4,8

674,214,31,01,0 
             (5.4) 
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maSin (4.3.) da (4.4) gamosaxulebebis gaTvaliswinebiT etalonuri modelis Raris 

siRrme 

)065,10678,1(

0999,0

naxlnax

cxr

arxisa

SesaZlo

Raris dBd

v

s

v
h




  

amgvarad, vakuum-dolis sakontaqto zedapiris yvela geometriuli zoma 

gamosaxulia dnax naxvretis diametris Ddol vakuum-dolis diametrisa da Blent 

sakonveiero lentis siganis saSualebiT. aRniSnuli parametrebis angariSisas 

vsargeblobT (3.2 cxrilis) monacemebiT, saidanac ricxviT mniSvnelobebs virCevT 

im regionSi gabatonebuli klimaturi pirobebis mixedviT, sadac unda imuSaos 

dasaproeqtebelma obieqtma (lenturma konveierma modernizebuli vakuum-amZraviT). 

 

 

5.2. kompiuteruli kvlevis Sedegebi da maTi analizi 

zemoT ganxiluli saproeqto samuSaoebis Sesrulebis Semdeg, kompiuteruli 

modelirebis saSualebiT movaxdineT Cveni daproeqtebuli da gaangariSebuli 

vakuum-dolis sakontaqto zedapirisa da sakonveiro lentis rgolur WvriteSi 

siTxis Sris sisqisa da mTeli Semoxvevis kuTxis [orive: “SedarebiTi simSvidis” 

[00,2]  da „drekadi srialis“ (0,2 ) radianze] sazRvrebSi misi cvlilebis 

Seswavla. 

aRniSnulis ganxorcielebis mizniT Cven mier miRebul (3.22) gamosaxulebaSi 

А, В1, С1 namdvili mudmivebis gansazRvrisa da h(s)-is cvlilebis kompiuteruli 

modelis SedgenisaTvis visargebleT qvemoT moyvanili konkretuli magaliTis 

pirobebiT, kerZod, Tu (3.16) gamoaxulebaSi 
0

1
h

h
h   gaviTvaliswinebT 

„SedarebiTi simSvidis“ da „drekadi srialis“ Sesabamis rkalebze vakuumis 

Seqmnisa da siTxis drenaJirebis Cven SemoTavazebul procesebs, maSin SeiZleba 

CavweroT:  

„SedarebiTi simSvidis“ rkalis centralur nawilSi  h=h0 

amitom S=0,1, maSin h=h0 da h(s)=0; 

agreTve S=0,1, da h=h0 da (h(s))=0; 

xolo, rodesac 0,1<S, maSin h0 da h(s)1; 

h(s)-is (3.22) gantolebaSi Semavali sidideebidan:  

 =0,010,9 _ aris dolis zedapirTan lentis CaWidebis koeficienti; Cveni 

pirobebisaTvis SeiZleba miviRoT, rom =0,63; 
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0

2111
F

FF
UU , lentis drekadi srialis siCqare, sadac U10,005 m/wm _ 

dolze lentis pirveli gvaris winaswari wanacvlebaa: 

      11 maxmax 1
24

1
1  



   eSePeeF K

K
C             (5.5) 

 TF1 _ dolze lentis swrafobis wertilis daWimuloba; 

F2=SC=pRB2pRB=const lentis programuli (sawyisi) anu dolidan Camoqanebis 

wertilSi lentis daWimuloba; 

F0 _ aris lentis sixiste anu daWimuloba, romlis drosac daZabuloba 

drekadobis moduls Seesatyviseba 

6750002000000 
m

EB
F

l
dkn                 (5.6) 

(5.5) da (5.6) gamosaxulebebSi Semavali sidideebidan: 

SC =F2=(4064581290) dkn; 

K aris 1, 2 . . . . 24 _ grZivi arxis nomeri; 

 _ arxis sigane, 0,00898 rad; 

 _ RarebsSorisi segmenti, 0,1167 rad; 

t _ arxebis biji, 0,1257 rad; 

max _ dolze lentis Semoxvevis kuTxe,  rad; 

p _ vakuumis sidide, 0,350,95 dkn/sm2; 

R _ vakuum-dolis radiusi, 133,7 sm; 

Bl _ lentis sigane, 320 sm; 

E  lentis drekadobis moduli, 600020000 dkn/sm; 

narx _ dolze vakuum-arxebis saerTo raodenoba, 50 cali; 

m  simtkicis maragis koeficienti, 6,59,5. 

 
3

2

0

6
643,0 








T

U
Rh


_ siTxis Sris sisqe `SedarebiTi simSvidis rkalis~ 

centralur nawilSi; 

vakuum-dolis etalonuri modelis sakontaqto zedapirze arxebis saerTo 

raodenoba narx=50; maTgan rgoluri Wvrites (0,2 ) radiani kuTxis Sesabamisi 

`SedarebiTi simSvidis rkalze~ ganTavsdeba (45) arxi  nomrebiT K=24, 23, 22, 21. 

danarCeni 201 vakuum-arxi (0,2) radianis tol kuTxeze `drekadi srialiT~ 

imuSavebs mTel sakontaqto zedapirze vakuumis danakargebis TandaTanobiTi 

kompensaciiT K=20-dan K=1-sken. 

ganvixiloT vakuum-dolis muSaobis ori SesaZlo reJimi: 
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1) `SedarebiTi simSvidis~ rkalis K=2421 arxebSi vakuumis sawyisi 

mniSvneloba p=0,35 dkn/sm2, xolo (0,2_) radianis `drekadi srialis rkalze~ 

vakuumis zrda miviRoT p=0,35-dan 0,95 dkn/sm2-mde, K=20-dan K=1-sken vakuum-arxisaken 

zrdis bijiT 0,030,1 dkn/sm2 (mxedvelobaSi miiReba vakuumis kargvebic);  

2) `SedarebiTi simSvidis~ rkalis K=2421 arxebSi vakuumi aRwevs maqsimalur 

p=0,95 dkn/sm2 mniSvnelobas. K=20-dan K=1-sken vakuum-arxebSi `drekadi srialiT~ 

xdeba mTel sakontaqto zedapirze Seqmnili vakuumis SenarCuneba (es aRiniSneba 

uxvad dasvelebuli da dguSiseuli sivrcis siTxiT maqsimalurad Sevsebis 

SemTxvevaSi). (ix. IV Tavis danarTi II). 

kompiuteruli modelirebisaTvis 0,5 diskretulobiT yvela SesaZlo 

variantis monacemebi Setanilia iqna kompiuterSi h(s)-is, S=0 radianis 

sazRvrebSi, cvlilebis SeswavlisaTvis. ori maTgani V Tavs Tan erTvis. 
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