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1. reziume 

 
ventilaciis da haeris kondicirebis teqnikis ganviTarebis 

mTavar amocanas warmoadgens energiis moxmarebis, metalisSemcvelobis 
Semcireba, maTi muSaobis saimedoobis da efeqturobis amaRleba. am 
rTuli amocanis gadawyvetas gansakuTrebuli mniSvneloba eniWeba 
amJamad, roca Zalzed Zviria rogorc saTbobi da Sesabamisad energia, 
aseve metaluri nawarmi. problemis aqtualoba ganpirobebulia imiT, 
rom energiis moxmarebis mxriv Tbomomaragebis, ventilaciis da haeris 
kondicirebis teqnikas erT-erTi pirveli adgili uWiravs saxalxo 
meurneobis energomomxmarebel dargebs Soris. cnobilia, rom 
normalur pirobebSi Tbomomaragebis, ventilaciis da haeris 
kondicirebis sistemebis muSaobisTvis ixarjeba qveyanaSi mopovebuli 
saTbobis daaxloebiT 35%. maRalia agreTve aRniSnul sistemebSi 
metalis, xSir SemTxvevaSi ZviradRirebuli feradi liTonebis xarji. 
amasTan dakavSirebiT aucilebelia Tbomomaragebis, ventilaciis da 
haeris kondicirebis sistemebis muSaobaze daxarjuli energiis da 
metalis maqsimalurad SesaZlo Semcireba gaxdes erT-erT mTavar 
amocanad am sistemebis proeqtirebisa da eqspluataciis dros. 

zemoT aRniSnulidan gamomdinare, naSromis mizania, 
gamovavlinoT rigi teqnikuri winadadebebis mizanSewoniloba, romelic 
saSualebas mogvcems SevamciroT Tburi Tu eleqtroenergiis, metalis 
xarji ventilaciis da haeris kondicirebis sistemebSi. am amocanis 
gadaWris ZiriTadi pirobaa ventilaciis da haeris kondicirebis 
sistemebis ZiriTadi siTbomasaTamcvleli mowyobilobebis Semdgomi 
srulyofa. 

aRniSnuli miznis misaRwevad naSromSi gadaWrilia Semdegi 
amocanebi: 

gawibovnebulzedapiriani Tbomcvleli aparatebis Tboteqnikuri 
gaangariSebis Teoriuli safuZvlebis damuSaveba siTbosa da masaTa 
cvlis procesebze sxvadasxva faqtorebis zemoqmedebis 
gaTvaliswinebiT. 

mSrali da mosarwyavi wiboebis temperaturuli velis da 
efeqturobis koeficientis Teoriuli formulebis miReba Tbocvlis 
koeficientisa da haeris temperaturis cvlilebis gaTvaliswinebiT. 

swori wibos efeqturobis koeficientis gamosaTvleli formula 
siTxis organizebuli nakadis sxvadasxva mimarTulebis, xarjisa da 
sawyisi parametrebis SemTxvevaSi 

eqsperimentaluri gamokvlevebis meTodikis damuSaveba da maTi 
ganxorcieleba. 

naSromis mecnieruli siaxle: 
gawibovnebulzedapiriani Tbomcvleli aparatebis 

gaangariSebisas didi mniSvneloba eniWeba wibos efeqturobis 
koeficientis swor gansazRvras. wibos efeqturobis koeficienti 
Cveulebriv gamoiTvleba Tbogamtarobis diferencialuri gantolebidan 
miRebuli formulebiT, daSvebiT,rom wibos Semomvlebi haeris 
temperatura mudmivia. aseTi daSveba gamarTlebulia mcire 
temperaturuli dawnevebis da dabali wiboebis dros. praqtikaSi 
xSirad gvxvdeba maRali temperaturuli dawnevebi, magaliTad 
Rumelebidan gamomavali airebidan siTbos arTmevis dros. aseve 
xSiria maRali wiboebiT aRWurvili Tbomcvleli aparatebi. aseT 
SemTxvevaSi saWiro xdeba wibos Semomvlebi haeris an siTbos 
temperaturis cvlilebis gaTvaliswineba. gasaTvaliswinebulia agreTve 
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haeris an siTxis nakadisa da wibos sisqeSi siTbos konduqciuri 
nakadis urTierTmimarTuleba. 

siTxis organizebuli nakadis, wibos fuZis gaswvriv moZraobis 
SemTxvevaSi, ganxilvas eqvemdebareba swori wibo SeuzRudavi sigrZiT, 
romlis zedapirze temperaturuli veli organzomilebiania. 
Sedgenilia diferencialuri gantoleba da amoxsnilia igi cvladTa 
gancalkevebis meTodiT. miRebulia wibos zedapiris organzomilebiani 
velis da wibos efeqturobis koeficientis gamosaxuleba haeris 
temperaturis cvlilebis gaTvaliswinebiT. dadgenilia, rom wibos 
sigrZis gazrdiT izrdeba misi efeqturobis koeficienti. 
mosarwyavzedapirian Tbomcvlel aparatebSi gawibovnebuli zedapiris 
temperaturuli velis da maTi efeqturobis koeficientis 
gamosaTvleli formulebi, iseve rogorc mSrali wiboebis klasikuri 
gaangariSebis Sedegebi miRebulia daSvebis safuZvelze, rom haersa da 
wibos zedapirs Soris Tbocvlis koeficienti mudmivia. realurad, 
ventilaciis da haeris kondicirebis sistemebSi gamoyenebul 
Tbomcvlel aparatebSi, gansakuTrebiT mosarwyavzedapirian aparatebSi, 
Tbocvlis koeficienti icvleba. 

amocanis realizebisgan miRebuli Sedegebi: 
proeqtis ganxorcielebis Sedegad miRebul iqna 

gawibovnebulzedapiriani Tbomcvleli aparatis efeqturobis 
koeficientis dazustebuli gamosaTvleli formulebi, haeris 
temperaturis da Tbocvlis koeficientis cvlilebis gaTvaliswinebiT, 
romelic SesaZlebelia gamoyenebul iqnes rogorc aRniSnuli 
sistemebis SesarCevad proeqtirebisas, aseve konstruirebis dros maTi 
energoefeqturobis amaRlebis mizniT. 

Catarebuli gamokvlevaTa Sedegebi saSualebas iZleva gavakeToT 
Semdegi daskvnebi: 

gamokvleul iqna haeris temperaturis cvlilebis gavlena swori 
wibos temperaturul velze da mis efeqturobis koeficientze wibos 
sisqeSi konduqciuri nakadisa da haeris nakadis 
urTierTmimarTulebaTa gaTvaliswinebiT. miRebulia wibos 
temperaturuli velis da efeqturobis koeficientis gamosaTvleli 
formulebi aRniSnul nakadTa Tanmxvedri da urTierTsawinaaRmdego 
mimarTulebis dros. 

gamokvleul iqna haersa da wibos zedapirs Soris Tbocvlis 
koeficientis gavlena rogorc mSrali, aseve mosarwyavzedapiriani 
wiboebis efeqturobis koeficientze. miRebulia, rom mSrali wiboebis 
SemTxvevaSi es gavlena SeimCneva wibos simaRlis naxevridan. 
mosarwyavzedapirian wiboebze wylis orTqlis kondensaciis dros 
Tbocvlis koeficientis cvlileba gavlenas ver axdens efeqturobis 
koeficientis zrdaze mSral wiboebTan SedarebiT, rac saSualebas 
iZleva gaizardos wibos simaRle. wylis aorTqlebis SemTxvevaSi, 
Tbocvlis maRali koeficientis gamo, mosarwyavzedapiriani wibos 
efeqturobis koeficienti mcirdeba da saWiro xdeba Zalze dabali 
wiboebis an kapilaruli zedapirebis gamoyeneba. 

gamokvleul iqna SemTxveva, roca siTxis nakadi moZraobs swori 
wibos fuZis perpendikularulad. siTxis sawyisi temperatura da wibos 
fuZis temperatura sxvadasxvaa da siTxis temperatura gansxvavdeba 
wibos zedapiris temperaturisagan. miRebulia formulebi siTxis da 
wibos zedapirze temperaturuli velis gansasazRvravad. miRebulia 
agreTve swori wibos efeqturobis koeficientis gamosaTvleli 
formula siTxis organizebuli nakadis sxvadasxva mimarTulebis, 
xarjisa da sawyisi parametrebis SemTxvevaSi. 
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Seqmnili iqna oTxi eqsperimentaluri stendi da eqsperimentebis 
Sedegad miRebuli monacemebi datanil iqna Teoriul mrudebTan erTad. 
Teoriuli da eqsperimentaluri monacemebis damakmayofilebelma 
SeTanawyobam gviCvena Teoriuli daskvnebis siswore. 
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RESUME 

To the competitor G. Burjaliani’s dissertation work: “Fluid and mass exchange 

processes research in heat equipments rib surface” 

 
The main objectives of development of ventilation and air conditioning 

equipment consist in reducing of energy consumption and steel intensity, 
improvement of reliability and efficiency ot its operation. Solution to this difficult task 
is particularly important nowadays, when very expensive are the fuel and accordingly 
energy, as well as metalworks. Urgency of the problem is stipulated due to the fact 
that energy consumption by heat supplies, ventilation and air conditioning equipment 
is in one of first places in the power consumption fields of national economy. It is 
known that under normal circumstances for functioning of heat supplies, ventilation 
and air conditioning systems in the country is consumed approximately 35% of fuel 
resources. Also are high in mentioned systems consumption of metal, in many cases 
the high-costly non-ferrous metals. In this order it is necessary to become one of the 
main task at design and operation for heat supplies, ventilation and air conditioning 
systems the maximal possible reduction of power consumption and metal intensity of 
these systems. 

Based on the above mentioned, the objective of work is to reveal the 
expediency of lot of technical proposals dua that is possible to reduce the heat or 
power consumption and metal intensity in ventilation and air conditioning systems. 
The basic xondition of task solving is the further improvement of ventilation and air 
conditioning systems and equipment. 

For achievement of these objectives in this work are solved the following 
tasks: 

The development of theoretical foundations of heat equipment’s ribbed 
surfaces thermotechnical calculation with taking into account impact of various 
factors on mass and heat change processes. 

The theoretical formulae of dry and irrigated ribs temperature field and 
efficiency ratio with taking into account the changes in thermal conductivity and air 
temperature is obtaining. 

The design formulae of straight rib efficiency coefficient calculation in the 
cases of organized fluid flow in different directions, consumption and initial 
parameters. 

The development of experimental research methods and their implementation. 
The scientific novelty of work: 
At calculation of heat equipment rib surfaces great importance has the correct 

determination of heat efficiency ratio. The rib eficiency ratio generally is calculated 
due the obtained from rib thermal conductivity differential equation formulae, with 
assumption that to the rib flow air temperature is constant. Such assumption is 
justified at low temperature pressure and low ribs. In practice often occurs a high 
temperature pressure, for example, at heat exchange from furnaces gases-out. Also 
often occurs equipped with high-ribs heat exchanging devices. In this case it becomes 
necessary to take into account the change of rib flow air or heat temperature. The 
directions of air or fluid flows and in rib thickness of heat conductivity flows also 
would be considered. 

In the case of fluid organized flow motion along the rib basis, will be 
considered and the straight rib with unlimited length on which surface the temperature 
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field is two-dimensional. Are generated differential equation and it is solved by 
variables separation method. The expression of rib surface two-dimensional field and 
rib effectiveness ratio with taking into account the change in air temperature is 
obtained. It is defined that due the rib length increasing impproves its efficiency ratio. 
The design formulae for the irrigated surfaces heat exchanging devices temperature 
field of rib surfaces and their efficiency ratio as well as dry ribs classical calculation 
results are obtained on the basis of assumption that the heat exchanging ratio between 
rib surface and air is constant. In fact, in applied in heat exchanging devices of 
ventilation and air conditioning systems, especially in irrigated devices, the thermal 
conductivity is changed. 

The results obtained from the task realization: 
As the result of project implementation is obtained rif surfaced heat 

exchanging equipment efficiency ratio defined design formulae, taking into account 
the changes in air temperature and thermal conductivity that would be applied at these 
systems selection at planning, as well as at design, in order to improving their energy 
efficiency. 

The carried our researches results give the possibility to make the following 
conclusions: 

Are studied influence of changes in air temperature on straight rib’s 
temperature field and its efficiency ratio with taking into account the air and heat 
conductivity flow directions in rib thickness. The rib temperature field and efficiency 
coefficient calculation formulae are obtained at mentioned flows following and 
reverse directions. 

Is studied influence of thermal conductivity between the air and rib surface on 
efficiency coefficient in the case of dry, as well as irrigated rib efficiency ratio. Is 
obtained that this effect is observed in the case of dry rib from half-rib height. On 
irrigated ribs at the condensation of water vapor changes in thermal conductivity isn’t 
infllluenced on improvement of efficiency coeffiecient in comparison with the dry ribs 
that gives the possibility increase the rib height. In the case of water evaporation due 
the high thermal conductivity the irrigated rib’s efficiency ratio is reduced and it is 
necessary to apply very low rib or capillary surface. 

Is studied the case when the fluid flow is moving in perpendicular to the 
straight rib base. The fluid initial temperature and the rib’s basis temperature are 
different and flluid’s temperature is different from the rib surface temperature. The 
formulae for definition of temperature field if liquid and the rib surface temperature 
are obtained. Also is obtained design formula for straight rib efficiency at different, 
consumption and initial parameters of organized fluid flow.  

Are created four experimental rigs and obtained as a result of the experiments 
confidential data will be plotted on theoretical curves. The satisfactory comparison of 
theoretical and experimental data showed the correctiveness of theoretical 
conclusions.   

The results of the dissertation works are published in 4 scientific articles and 
are reported in the 3 international scientific conferences. 
The total value of the work makes up to 113 pages; it includes an introduction, five 
chapters, conclusions and references that consist from 124 titles. 
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Sesavali 

 

Senobebisa da nagebobebis mikroklimatis kondicireba 

iTvleba erT-erT ZiriTad dargad samSeneblo mecnierebasa da 

teqnikaSi. 

mikroklimatis kondicirebis sistema uzrunvelyofs Siga 

klimatur pirobebs. h.k.s. SenobaSi SeiZleba muSaobdes gaTboba-

ventilaciis sistemasTan erToblivad. h.k.s. SenobaSi an ufro 

sapasuxismgeblo saTavsebSi qmnis aucilebel klimatur pirobebs, 

wlis rogorc civ, ise cxel periodSi. 

haeris mdgomareobis gansazRvra iTvleba aucilebel, xSir 

SemTxvevaSi gadamwyvet pirobad axali teqnologiuri procesebis 

ganxorcielebisaTvis. kvebis, msubuqi mrewvelobis, tyavis, 

qaRaldis mrewvwlobidan aucilebelia gamoiyos eleqtro 

mowyobilobebis warmoeba, naxevargamtarebis, teleradiosistemis, 

zusti manqanaTmSeneblobis, xelovnuri masalebis warmoeba. 

samedicino dawesebulebebSi, saWiro temperaturis da tenianobis 

mqone sufTa, steriluri sahaero garemos Seqmna aucilebelia 

warmatebuli mkurnalobisaTvis. saWiro temperaturisa da 

tenianobis reJimis Seqmnas didi mniSvneloba eniWeba 

mecxoveleobisa da kultivaciis nagebobebSi mimdinare 

teqnologiis procesebSi da agreTve soflis meurneobis 

produqtebis gadamuSaveba-SenaxvaSi. arsebiTi mniSvneloba eniWeba 

h.k.s.-s eleqtro gamomTvleli manqanebis Seuferxebuli 

muSaobisaTvis, romlis drosac warmoebs gamokvlevebi qimiis, 

fizikis da biologiis sferoSi. Senobebsa da saTavsebSi 

kulturuli da istoriuli faseulobebis SenaxvisaTvis 

aucilebelia davicvaT gansazRvruli klimaturi pirobebi, 

romelsac qmnis h.k.s.  

ventilaciis da haeris kondicirebis teqnikis ganviTarebis 

mTavar amocanas warmoadgens energiis moxmarebis, 

metalisSemcvelobis Semcireba, maTi muSaobis saimedoobis da 

efeqturobis amaRleba. am rTuli amocanis gadawyvetas 
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gansakuTrebuli mniSvneloba eniWeba amJamad, roca Zalzed Zviria 

rogorc saTbobi da Sesabamisad energia, aseve metaluri nawarmi. 

problemis aqtualoba ganpirobebulia imiT, rom energiis 

moxmarebis mxriv Tbomomaragebis, ventilaciis da haeris 

kondicirebis teqnikas erT-erTi pirveli adgili uWiravs 

saxalxo meurneobis energomomxmarebel dargebs Soris. cnobilia, 

rom normalur pirobebSi Tbomomaragebis, ventilaciis da haeris 

kondicirebis sistemebis muSaobisTvis ixarjeba qveyanaSi 

mopovebuli saTbobis daaxloebiT 35%. maRalia agreTve aRniSnul 

sistemebSi metalis, xSir SemTxvevaSi ZviradRirebuli feradi 

liTonebis xarji. amJamad, CvenTan grZeldeba gaumarTleblad 

bevri saTbobis, eleqtroenergiis, metalis da sxva resursebis 

xarjva nacionaluri Semosavlis erTeulze gaangariSebiT. 

amasTan dakavSirebiT aucilebelia Tbomomaragebis, ventilaciis 

da haeris kondicirebis sistemebis muSaobaze daxarjuli 

energiis da metalis maqsimalurad SesaZlo Semcireba gaxdes 

erT-erT mTavar amocanad am sistemebis proeqtirebisa da 

eqspluataciis dros. yvela energodamzogi RonisZieba, romelic 

amcirebs energiis xarjvas rogorc teqnologiuri procesebis 

Sesrulebisas, aseve sayofacxovrebo-komunalur meurneobaSi da 

sazogadoebriv SenobebSi, SeiZleba gaerTiandnen or jgufSi. 

RonisZiebaTa pirveli jgufi iTvaliswinebs energodamzog 

teqnologiur procesebze da mowyobilobebze gadasvlas; 

Tbomomaragebis, ventilaciis da haeris kondicirebis 

danadgarebis margi qmedebis koeficientis gazrdas maTi 

srulyofis safuZvelze; meoradi energoresursebis da 

teqnologiuri procesebis energoSemcvleli narCenebis 

gamoyenebas. 

energodamzog RonisZiebaTa meore jgufSi Sedian 

geoTermuli wylebis da mzis energiis gamoyeneba sxvadasxva 

daniSnulebis Senobebis gaTbobis, ventilaciis da haeris 

kondicirebisTvis; SenobaTa Tburi dacvis optimizacia; 

izolirebuli Tbogamtarebidan siTbos danakargebis Semcireba; 
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gare haeris gaTbobaze siTbos xarjis Semcireba; gaTbobis, 

ventilaciis da haeris kondicirebis sistemebis srulyofa, maTi 

muSaobis dispeCerizacia da avtomatizacia. 

mocemul naSromSi SevecadeT swored am TvalsazrisiT 

gamovavlinoT rigi teqnikuri winadadebebis mizanSewoniloba, 

romelic saSualebas mogvcems SevamciroT Tburi Tu 

eleqtroenergiis, metalis xarji ventilaciis da haeris 

kondicirebis sistemebSi. am amocanis gadaWris ZiriTadi pirobaa 

ventilaciis da haeris kondicirebis sistemebis ZiriTadi 

siTbomasaTamcvleli mowyobilobebis Semdgomi srulyofa. 

aucilebelia Tbomomaragebis, ventilaciis da haeris 

kondicirebis sistemebis muSaobaze daxarjuli energiis da 

metalis maqsimalurad Semcireba gaxdes erT-erT mTavar amocanad 

am sistemebis proeqtirebisa da eqspluataciis dros.  

 gawibovnebulzedapiriani Tbomcvleli aparatebis 

gaangariSebisas didi mniSvneloba eniWeba wibos efeqturobis 

koeficientis swor gansazRvras. wibos efeqturobis koeficienti 

Cveulebriv gamoiTvleba Tbogamtarobis diferencialuri 

gantolebidan miRebuli formulebiT, daSvebiT, rom wibos 

Semomvlebi haeris temperatura mudmivia. aseTi daSveba 

gamarTlebulia mcire temperaturuli dawnevebis da dabali 

wiboebis dros. praqtikaSi xSirad gvxvdeba maRali 

temperaturuli dawnevebi, magaliTad Rumelebidan gamomavali 

airebidan siTbos arTmevis dros. aseve xSiria maRali wiboebiT 

aRWurvili Tbomcvleli aparatebi, magaliTad haergamTbobi 

konveqtorebi. aseT SemTxvevaSi saWiro xdeba wibos Semomvlebi 

haeris temperaturis cvlilebis gaTvaliswineba. 

gasaTvaliswinebulia agreTve haeris an siTxis nakadisa da wibos 

sisqeSi siTbos konduqciuri nakadis urTierTmimarTuleba. 

ganxilvas eqvemdebareba swori wibo SeuzRudavi sigrZiT, 

romlis zedapirze temperaturuli veli organzomilebiania. 

Sedgenilia diferencialuri gantoleba da amoxsnilia igi 

cvladTa gancalkevebis meTodiT. miRebulia wibos zedapiris 
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organzomilebiani velis da wibos efeqturobis koeficientis 

gamosaxuleba haeris temperaturis cvlilebis gaTvaliswinebiT. 

dadgenilia, rom wibos sigrZis gazrdiT izrdeba misi 

efeqturobis koeficienti. mosarwyavzedapirian Tbomcvlel 

aparatebSi gawibovnebuli zedapiris temperaturuli velis da 

maTi efeqturobis koeficientis gamosaTvleli formulebi, iseve 

rogorc mSrali wiboebis klasikuri gaangariSebis Sedegebi 

miRebulia daSvebis safuZvelze, rom haersa da wibos zedapirs 

Soris Tbocvlis koeficienti mudmivia.  

erT-erT mTavar  RonisZiebad migvaCnia Tbomcvleli 

aparatebis gawibovnebul zedapirebze siTxis (wylis) 

organizebuli nakadis Seqmna. aRniSnuli gamokvlevebis Sedegad 

miRebuli iqna, rom siTxis organizebuli nakadi zrdis wibos 

efeqturobis koeficients, haeridan wylis orTqlis kondensaciis 

SemTxvevaSi, anu haeris gacivebis da gaSrobis dros, ris gamoc 

SesaZlebelia gaizardos wibos simaRle. haeris gaTbobis da 

tenianobis pirobebSi, roca sakmaod maRalia aorTqlebadi 

siTxidan Tbogacemis saerTo koeficienti, wibos efeqturobis 

koeficienti piriqiT mcirdeba. es ukanaskneli dasturdeba sxva 

avtorTa gamokvlevebiT [5, 6]. amitom, maRalwiboebiani mosarwyavi 

Tbomcvleli zedapirebi, rac iZleva metalis mniSvnelovan 

ekonomias, mizanSewonilia gamoyenebul iqnas haeris gasciveblad 

da gasaSrobad. haeridan wylis orTqlis kondensaciis pirobebSi. 

mosarwyavi gawibovnebuli zedapirebis gamoyenebis ZiriTad 

sferos warmoadgens zedapiruli haergamciveblebi, romelTa 

daniSnulebaa haeris gaciveba da gaSroba ventilaciis da haeris 

kondicirebis sistemebSi. am aparatebis konstruirebisa da 

proeqtirebisaTvis saWiroa mTlianad aparatSi mimdinare siTbosa 

da masis cvlis procesebis Seswavla, eqsperimentaluri 

monacemebis safuZvelze siTbosa da masis cvlis koeficientebis 

dadgena da maTi ganzogadeba kriterialuri gantolebebis saxiT.  
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Tavi 1. problemaTa Tanamedrove mdgomareobis 

analizi da gamokvlevaTa amocanebi. 

 

 Tbomomaragebis, ventilaciis da haeris kondicirebis 

sistemebis erT-erT mTavar komponents warmoadgens Tbomcvleli 

aparatebi, romelTagan gamoyenebis TvalsazrisiT mniSvnelოvania 

gawibovnebulzedapiriani mSrali an mosarwyavi aparatebi. es 

aparatebi gamoiyeneba rogorc haeris gasaciveblad da 

gasaSrobad, anu roca haeridan mis zedapirze xdeba wylis 

orTqlis kondensacia, aseve haeris gasaTbobad da 

gasatenianeblad, zedapiridan siTxis (wylis) aorTqlebis dros. 

kvlevis mizania, miRebul iqnes aRniSnuli Tbomcvleli 

aparatebis efeqturobis koeficientis gamosaTvleli formulebi 

haeris temperaturisa da haersa da zedapirs Soris Tbocvlis 

koeficientis cvlilebis gaTvaliswinebiT, rac klasikur 

literaturaSi ar aris cnobili da romelic saSualebas 

mogvcems davsaxoT RonisZiebebi aRniSnuli aparatebis 

efeqturobis asamaRleblad. 

 ventilaciis da haeris kondicirebis sistemebis ZiriTadi 

siTbomasaTacvleli aparatebi iyofa or jgufad: kontaqturi, anu 

,,sveli” tipis da zedapiruli, anu ,,mSrali” tipis aparatebad. 

kontaqtur aparatebs miekuTvnebian sarwyavi sakani, qafiani, 

erlifturi, sxvadasxva masalis, formis da zomis 

mosarwyavsacmebiani aparatebi. am aparatebSi haeris 

Termodinamiuri damuSaveba xorcieldeba haerisa da meoradi 

garemos (wyali, marilis xsnari) uSualo kontaqtis Sedegad. 

miuxedavad maTi garkveuli universalobisa Tboteqnikuri 

TvalsazrisiT, es aparatebi xasiaTdebian rigi uaryofiTi 

TvisebebiT: siTxis gasafrqvevad saWiro energiis mniSvnelovani 

xarji, naklebi saeqspluatacio saimedooba mfrqvevanebis mtvriT 

amovsebis gamo, didi gabaritebi (sarwyavi sakani), haeris 

moZraobis SezRuduli siCqare, moculobiTi siTbosa da masis 
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cvlis koeficientebis dabali mniSvnelobebi, saTavsebSi 

baqteriebisa da mikroorganizmebis gavrceleba da sxva. 

 zedapirul Tbomcvlel aparatebSi haeri exeba gluvi an 

gawibovnebuli milebis zedapirs, romelTa SigniT miedineba 

wyali, marilis xsnari an macivaragenti. aseTi tipis aparatebs 

miekuTvnebian kaloriferebi da zedapiruli haergamaciveblebi. 

maTi ZiriTadi uaryofiTi Tvisebebidan aRsaniSnavia. metalis 

didi xarji da haeris Termodinamiuri damuSavebis SezRuduloba, 

vinaidan ver xorcieldeba haeris datenianeba. 

zedapiruli Tbomcvleli aparatebis uaryofiTi Tvisebebi 

garkveulwilad gamoiricxeba mosarwyav zedapirul Tbomcvlel 

aparatSi, romelic warmoadgens gawibovnebulzedapirian 

Tbomcvlel aparats, romlis gare zedapirze xdeba 

recirkulirebuli wylis mifrqveva. Aaseve es aparatebi 

gamoiyeneba rogorc samacivro manqanebis da Tburi tumboebis 

sahaero kondensatorebi. damuSavebulia maTi gamoyenebis 

racionaluri sqemebi haeris kondicirebis sistemebSi [1]. haeris 

gasaciveblad da gasaSrobad am aparatebis gamoyenebis sakiTxebi 

ganxilulia naSromSi [2]. mizanSewonilia mosarwyavzedapiriani 

Tbomcvleli aparatebis gamoyeneba meoradi energoresursebis 

utilizaciis da bunebrivi energoresursebis dabalpotencialuri 

wyaroebis gamoyenebis danadgarebSi [3] aRniSnuli aparatebis 

mosarwyav gawibovnebul zedapirebze mimdinareobs metad rTuli 

Tbofizikuri procesi, rodesac erTdroulad warmoebs da 

urTierTdakavSirebulia siTbosa da masis cvla, siTxis da haeris 

nakadebis hidrodinamika da aerodinamika, wibos sisqeSi siTbos 

gavrceleba TbogamtarobiT. eqsperimentaluri monacemebis 

Sedegad aRricxul siTbosa da masis cvlis procesebis 

intensifikacias ,,mSrali” tipis Tbomcvlel aparatebTan 

SedarebiT, mkvlevarebi xsnian damatebiT, gafrqveuli wylis 

wveTebis mier Seqmnili, siTbomasaTacvlis zedapiriT [3, 4] am 

problemisadmi miZRvnil arc erTi naSromSi ar ganixileba 
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gawibovnebul zedapirze Seqmnili siTxis (wylis) nakadis gavlena 

wibos temperaturul velze da Sesabamisad wibos efeqturobaze. 

gansakuTrebulad saWirod migvaCnia SevCerdeT 

gawibovnebuli zedapiris efeqturobis koeficientze. cnobilia, 

rom gawibovnebulzedapiriani Tbomcvleli aparatis muSaobis 

efeqturobas gansazRvravs e.w. wibos efeqturobis koeficienti, 

romelic warmoadgens wibos zedapiridan siTbos nakadis Qw 

fardobas igive zedapiridan siTbos nakadTan Qwо roca wibos 

zedapiris temperatura Tw tolia wibos fuZis temperaturisa Tw. 

                           

оQ

Q
η

w

w
w
=                               (1) 

,,mSrali” wibos Tbogamtarobis Teoria sakmaod kargad aris 

damuSavebuli da gaSuqebuli SromebSi [5, 6, 7]. naklebadaa 

Seswavlili da iwvevs azrTa sxvadasxvaobas wibos muSaoba 

siTbosa da masis erTdrouli cvlis pirobebSi, roca wibos 

zedapirze warmoiqmneba siTxis afski. 

 naSromSi [3] mocemulia wibos zedapirze temperaturis 

ganawilebis ganmsazRvreli ZiriTadi gantoleba Semdegi saxiT:  
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 λ -wibos masalis Tbogamtarobis koeficientia vt/mK ygf -

wibos ganivi kveTis farTia, mosuli perimetris erTeulze m2/m; 

α  -Tbocvlis koeficientia vt/m2grad; 

wi , i  - haeris siTboSemcvelobebia afskis zedapirze da haeris 

nakadSi kjouli/kg. gantoleba (2-2) analogiuria wibos 
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Tbogamtarobis gantolebisa ,,mSrali” Tbocvlis pirobebSi [2]. 

gansxvaveba mxolod imaSi mdgomareobs, rom wibos temperaturis 

funqcias asrulebs entalpia 
w

i . amis garda parametruli 

koeficienti m1 , Seicavs gajerebuli haeris siTbotevadobis Cn 

fardobas haeris siTbotevadobasTan Ch, es Sefardeba ,,mSrali” 

Tbocvlis SemTxvevaSi tolia erTisa. amis Sedegad avtorebi 

gvTavazoben naSromSi [5] moyvanili sxvadasxva konfiguraciis 

wiboebis efeqturobis koeficientebis damokidebulebebi m 

parametrisagan gamoyenebul iqnes wibos efeqturobis 

gamosaTvlelad erTdrouli siTbosa da masis cvlis pirobebSi. 

mxolod saWiroa parametri m1 ganisazRvros (2-3) formulis 

saSualebiT. isini Tvlian, rom am SemTxvevaSi sruli siTbos 

nakadi wibos gare zedapiridan (an gare zedapirisken) izrdeba 

masaTa cvlis gamo. amitom wibos Termuli efeqturobis 

koeficienti, romelic sworkuTxa profilis h simaRlis mqone 

swori wibos SemTxvevaSi tolia: 

 

                             
mh

thmhη =
w ,                           (4)   

                             
λδ
2m α

=  

 
 gamodis naklebi, vidre ,,mSrali” Tbocvlis SemTxvevaSi. 

formalurad amas iTvaliswinebs is garemoeba, rom 

m1/m=(cH/ch)
1/2≥1 da  m-s gazrdiT wibos Termiuli efeqturoba 

mcirdeba. 

 naSromSi [4] moyvanilia ventilaciis da haeris 

kondicirebis sistemebSi haeris gasaTbobad da gasatenianeblad 

gamoyenebuli mosarwyavzedapirian Tbomcvlel aparatebSi 

mimdinare siTbosa da masis cvlis procesebis Teoriuli da 

eqsperimentaluri gamokvlevebis Sedegebi. SemoTavazebulia 

mosarwyavzedapiriani Tbomcvleli aparatebis gaangariSebis sami 

modeli: afskur - wveTovani, afskuri da gamartivebuli afskur - 
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wveTovani. afskur - wveTovan modelSi gaTvaliswinebulia, rom 

momrwyveli siTxe wiboTa Soris sivrceSi moZraobs rogorc 

afskis saxiT, romliTac dafarulia Tbomcveli zedapiri, aseve 

wveTebis saxiT, romelTa moZraoba emTxveva dasamuSavebuli 

haeris moZraobis mimarTulebas. modelis Rirsebas warmoadgens 

mosarwyavzedapirian Tbomcvlel aparatSi mimdinare procesebis 

sakmaod sruli asaxva. amasTan, aRniSnuli modelis praqtikuli 

realizacia awydeba rig winaaRmdegobebs, romlebic 

dakavSirebulia afskis da wveTebis saxiT moZravi siTxis 

xarjebis cal - calke gansazRvris aucileblobasTan. 

 aRniSnuli sirTulis gaTvaliswinebiT ganxilulia agreTve 

Tbomcvleli aparatis gamartivebuli fizikuri modeli-afskuri, 

sadac navaraudevia, rom mTeli siTxe aparatSi moZraobs afskis 

saxiT. aseTi gamartivebis Sedegad ar ganixileba siTbosa da 

masis cvlis procesi wveTebsa da haers Soris; magram afskuri 

modeliT gaangariSebuli momrwyveli siTxis saboloo 

temperatura gamodis ufro maRali vidre eqsperimentaluradaa 

miRebuli. amasTan dakavSirebiT SemoTavazebulia Sualeduri, 

gamartivebuli afskur-wveTovani modeli, sadac rogorc pirvel 

modelSi CaTvlilia, rom aparatis zedapirze afskis saxiT 

moZraobs momrwyveli siTxis mxolod nawili. SesaZlebladaa 

miCneuli haerisa da afskis parametrebis gaangariSeba afskuri 

modelis gantolebaTa saSualebiT, romlebSic momrwyveli 

siTxis saerTo xarji Secvlilia siTxis xarjiT afskSi. 

 TiToeuli ganxiluli modelisaTvis naSromSi miRebulia 

diferencialur gantolebaTa sistema, romelTa daxmarebiT da 

egm-s gamoyenebiT eqsperimentaluri gamokvlevebis safuZvelze 

gamoTvlil iqna siTbosa da masis cvlis koeficientebi 

firfitovani da spiraluri gawibovnebis mqone milebis or da sam 

rigiani mosarwyavzedapiriani Tbomcvleli aparatebisTvis. 

 wylis afskiT dafaruli wibos Termiuli efeqturobis 

koeficientis gamosaTvlelad miRebulia formula: 
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 sadac KH - wibos zedapirsa da haers Soris 

siTbomasaTacvlis koeficientia, romelic ganisazRvreba 

eqsperimentalurad miRebuli Semdegi kriterialuri gantolebis 

saSualebiT: 

                                                           mμncReiHK =                         (6)   

  sadac kirpiCovis modificirebuli kriteriumi 

 

                                                    
h

eqv

λ
DK

iHK H= ; 

 

  reinoldsis kriteriumi 
h

eqvh

v
DW

Re = ; 

  morwyvis koeficienti 

h

s
G

G
μ = ; 

 
 Deqv - eqvivalenti diametria, toli wiboebs Soris manZilisa 

m; вTλ  вv  - haeris Tbogamtarobis da siblantis kinematikuri 

koeficientebia, Sesabamisad vati/mK da m2/sek; hW -haeris moZraobis 

siCqarea, m/sek; 
s

G ,
h

G -momrwyveli siTxisa da haeris xarjebia, 

kg/sT; c, n, m - eqsperimentalurad miRebuli empiriuli 

koeficientebia, firfitovani wiboebisTvis c = 0.567,  n = 0.648, m = 

0.44. 

 yvela zemoTganxilul naSromSi daSvebulia, rom 

gawibovnebuli zedapirebis Semomvlebi haeris temperatura 

mudmivia da ar aris Seswavlili misi cvlilebis gavlena 

rogorc wibos temperaturul velSi, aseve misi efeqturobis 

koeficientze. aseve ar aris safuZvlianad Seswavlili wibos 

zedapirsa da haers Soris Tbocvlis koeficientis gavlena mis 
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efeqturobaze. amitom winamdebare naSromSi miznad davisaxeT am 

xarvezis aRmofxvra. 

 ventilaciis da haeris kondicirebis teqnikis sferoSi 

energetikuli da saTbobi da resursebis gamoyenebis efeqturobis 

amaRlebis, kapitaluri da eqspluataciuri danaxarjebis 

Semcirebis erT-erT SesaZlo gzas warmoadgens haeris 

Termodinamiuri damuSavebisTvis mosarwyavzedapiriani 

Tbomcvleli aparatebis gamoyeneba. 

 zedapiruli Tbomcvleli aparatebi morwyvis gareSe 

muSaoben: haeris ,,mSralad’’ gaTbobis an gacivebis reJimSi, rac 

damaxasiaTebelia saventilacio gamTbob - mimwodebeli 

saknebisTvis, adgilobrivi da zonaluri haergamaciveblebisTvis, 

fanjrisqveSa ventilatoruli da eJeqciuri damyvanebisTvis; 

haeris erTdrouli gacivebis da gaSrobis reJimSi, rac 

Cveulebriv xorcieldeba avtonomiur, adgilobriv da centralur 

kondicionerebSi; haeris Rrmad gacivebis da gaSrobis reJimSi 

(TrTvilis gamoyofiT), roca haergamaciveblis milebSi miedineba 

marilis xsnari an macivar agenti. 

 haeris da sicivis matareblis mdgomareobis da raodenobis 

garkveuli SeTavsebis SemTxvevaSi SesaZlebelia, rom 

haergamaciveblis wina nawilSi ganxorcieldes haeris mier 

mxolod aSkara siTbos gacema, xolo ukana nawilSi ki 

erTdroulad siTbos da masis gacema. Amis garda, zedapirul 

haergamacivebelSi gamoricxulia haeris datenianebis 

SesaZlebloba. Eeseni da sxva uaryofiTi movlenebi gamoiricxeba, 

Tu movawyobT mosarwyav zedapirul Tbomcvlel aparats, 

romelic warmoadgens gawibovnebulzedapiriani Tbomcvleli 

aparatis da damoklebuli sarwyavi saknis kombinacias, sadac 

xdeba gawibovnebul zedapirze recirkulirebuli wylis 

mifrqveva. 

 gawibovnebuli zedapirebis SedarebiT mcire raodenobis 

recirkulirebuli  wyliT  morwyviT xorcieldeba haerisa da 

Tbomcvleli zedapiris mtvrisgan gawmenda, haeridan 
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arasasiamovno sunis mocileba da siTbosa da masis cvlis 

procesebis intensifikacia. amis garda zedapiris morwyviT 

SesaZlebelia saTavsSi haeris fardobiTi tenianobis regulireba, 

magaliTad namis wertilis meTodiT. zedapiruli Tbomcvleli 

aparatebis morwyva saSualebas iZleva ganxorcieldes haeris 

damuSavebis yvela procesi, romlebic mimdinareobs sarwyav 

sakanSi, ris gamoc mosarwyavi zedapiruli Tbomcvleli aparati, 

rogorc sarwyavi sakani, Tboteqnikuri TvalsazrisiT 

universaluria. amasTan, mas ar axasiaTebs sarwyavi saknis 

uaryofiTi Tvisebebi: mfrqvevanebis damtverianeba, didi 

gabaritebi, moculobiTi siTbosa da masis cvlis koeficientebis 

dabali mniSvnelobebi, saTavsebSi baqteriebisa da 

mikroorganizmebis gavrceleba da sxva. 

     konveqciuri siTbos masis cvla, romelic mimdinareobs 

mosarwyav zedapirul Tbomcvlel aparatebSi haeridan wylis 

orTqlis kondensaciis an wylis aorTqlebis SemTxvevaSi 

warmoadgens rTul fizikur process, vinaidan erTdroulad 

xorcieldeba siTbos nivTierebebis masis da impulsis gadacema. 

am movlenis Seswavlas aqvs rogorc Teoriuli, ise praqtikuli 

mniSvneloba rigi teqnikuri problemebis gadaswyvetad am tipis 

aparatebis konstruirebis da gaangariSebisas. 

     haeris kondicirebis, ventilaciis da samacivro teqnikis 

sistemebSi gamoyenebul mosarwyavzedapirian Tbomcvlel 

aparatebSi mimdinare siTbosa da masis cvlis procesebis 

gamokvleva mocemulia e.e. karpisis [45], l.m. zesmanoviCis [17;113], 

a.a gogolinis [46], [48], o.i. kokorinis [54], m.b. raiakis [55], [50], g.s. 

kulikovis [52], b.i. bialis [49] da sxvaTa SromebSi. 

 aRniSnul naSromTa analizi uflebas gvaZlevs davaskvnaT, 

rom isini ZiriTadad eqsperimentaluri xasiaTisaa, xolo 

Teoriuli gamokvlevebi miZRvnilia calkeuli kerZo amocanebis 

amoxsnisadmi. maT mier Catarebuli gamokvlevebis Sedegad 

miRebuli damokidebulebaTa kerZo xasiaTi gamomdinareobs ara 

mxolod sxvadasxva gawibovnebis tipis da Tbomcvleli 
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aparatebis milTa rigis ricxviT, morwyvis meTodiT da 

momrwyveli siTxis saxiT, siTbosa da masis cvlis procesis 

xasiaTiT da haeris Termodinamiuri damuSavebis reJimiT, aramed 

eqsperimentaluri Sedegebis integralebis saxiT ganzogadebis 

wesiT, romelic ar iTvaliswinebs siTbosa da masis cvlis 

calkeuli etapebis urTierT kavSiris Taviseburebebs. 

 mosarwyavzedapirian Tbomcvlel aparatebSi mimdinare 

siTbosa da masis cvlis procesebis eqsperimentaluri 

gamokvlevebis Sedegebis ganzogadeba Cveulebriv xdeboda 

,,mSrali’’ tipis zedapiruli Tbomcvleli aparatis analogiurad, 

haersa da milebis SigniT moZrav siTxes Soris siTbos gadacemis 

koeficientis saSualebiT [11, 48, 49, 56].  mimdinare procesebis 

aseTi gamartivebis Sedegad martivi da mosaxerxebeli xdeba 

Tburi datvirTvebis gaangariSeba; magram SeuZleblad gvesaxeba 

mosarwyavzedapiriani Tbomcvleli aparatebis konstruqciis 

srulyofis mimarTulebis SerCeva, maTi muSaobis reJimis farTo 

diapazonSi optimizireba siTbos gadacemis pirobiTi 

koeficientebis safuZvelze. amisaTvis saWiroa siTbosa da masis 

cvlis procesebis ufro detalurad, diferencirebulad 

Seswavla garemoTa Soris siTbos da masis gadatanis etapebis 

ganmsazRvreli Semdegi maxasiaTeblebis gaTvaliswinebiT: 

siTxidan milis Siga zedapirze Tbogacemis koeficienti; sα ;  

milis erTi an mravalSriani konstruqciis Termuli winaRoba  

wТR ; milis gare gawibovnebuli zedapiris efeqturobis 

koeficienti wг ;  gawibovnebuli zedapiridan momrwyvel siTxeze 

Tbogacemis koeficienti wα ;  siTxesa da haers Soris Tbocvlis 

koeficienti hα . 

     siTbos gadacemis Teoriidan cnobili damokidebulebebis 

saSualebiT praqtikisaTvis damakmayofilebeli sizustiT 

SesaZlebelia ganisazRvros mxolod koeficientebi sα  

erTfaziani siTxis moZraobis sxvadasxva reJimSi da milis 
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erTSriani kedlis Termuli winaRoba. wα , hα ,  da wг  

koeficientebis mniSvnelobaTa gansazRvra gaZnelebulia 

momrwyveli siTxis arastabiluri nakadisa da gamyofi 

zedapirebis cvladi struqturis pirobebSi siTbosa da masis 

cvlis hidrodinamiuri procesebis sirTulis gamo. am 

pirobebisTvis rekomendirebulia gamoyenebul iqnes Tbomcvleli 

aparatebi gluvi milebiT an milebi xraxnili naWdeviT, romelTa 

gawibovnebis koeficienti -≤ 2.  

        ganxilul da yvela sxva naSromSi, romlebSic Seiswavleba 

siTbosa da masis cvlis procesebi mosarwyavzedapirian 

Tbomcvlel aparatebSi, procesebis sruli maTematikuri modelis 

SemuSavebisa da praqtikulad gamoyenebis sirTulis gamo, 

daSvebulia mniSvnelovani gamartiveba momrwyveli siTxis 

parametrebis erTgvarovnebis Sesaxeb. Nnavaraudevia, rom 

momrwyveli siTxis temperatura haer-siTxis mTel gamyof 

zedapirze mudmivia. es winapiroba sakmaod efeqturad gamoiyeneba 

iseTi intensificirebuli kontaqturi aparatebis gaangariSebisas, 

rogoricaa erlifturi, barbotaJuli, Zafiani da sxva maduRari 

Sris mqone aparatebi [60, 61]. garkveulwilad gamarTlebulia 

agreTve aseTi daSveba zedapirul Tbomcvlel aparatebSi, roca 

zedapirze misxurebuli wylis Wavlis mimarTuleba 

perpendikularulia wylis afskis moZraobis mimarTulebisa, 

magram sruliad gaumarTlebelia, roca es mimarTulebebi 

erTmaneTs emTxveva. ukanasknel SemTxvevaSi morwyuli wylis 

temperatura, aparatis simaRlis mimarTulebiT mniSvnelovnad 

Seicvleba.  

 aRniSnuli problemebisadmi miZRvnil SromebSi wibos 

efeqturobis Semcirebis mizezad moyvanilia fazuri gardaqmnebis 

pirobebSi gawibovnebuli zedapiridan Tbocvlis saerTo 

koeficientis gazrda. ,,mSrali’’ Tbocvlis pirobebSi Tbogacemis 

koeficientis gazrda namdvilad iwvevs wibos efeqturobis 

koeficientis Semcirebas, rac aSkarad gamomdinareobs am 

koeficientis gamomTvleli formulidan, magram 
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mosarwyavzedapirian Tbomcvlel aparatebSi wibos zedapirze 

iqmneba siTxis (wylis) nakadi, romelic moqmedebs wibos 

zedapirze temperaturis ganawilebis xasiaTze da Sesabamisad 

wibos efeqturobis koeficientze. es sakiTxi arcerT naSromSi ar 

aris ganxiluli. 

     amasTan dakavSirebiT, haersa da mosarwyav gawibovnebul 

zedapirs Soris siTbosa da masis cvlis meqnizmis Seswavlis 

mizniT, saWiroa gamokvleuli iqnes wibos zedapirze 

temperaturis ganawileba da misgan gamomdinare wibos efeqturoba 

momrwyveli siTxis organizebuli nakadis sxvadasxva 

mimarTulebis, xarjis da sawyisi parametrebis pirobebSi. 

 haeris kondicirebis danadgarebis aparatebSi haeris 

Tbotenianobis damuSavebis procesebis ganxilva mniSvnelovan 

sirTules awydeba, rac moiTxovs procesis suraTis aRweris 

gamartivebas da xSirad Semoifargleba mxolod 

eqsperimentaluri SedegebiT. Eeqsperimentaluri Sedegebi 

miRebulia sxvadasxva aparatebisaTvis, romlebSic haeris 

damuSaveba xdeba cxeli an civi wylis mkvriv zedapirTan 

kontaqtis saSualebiT. erT aparatSi haeri gadis uZrav an moZrav 

Sewiboebul zedapirSi, meoreSi mosarwyav sivrceSi, mesamed 

wyali Caedineba afskis gadamtan zedapirze, warmoqmnis talRovan 

an gluv zedapirs. mimocvliTi garemos nakadis mimarTuleba da 

maT Soris xangrZlivoba SeiZleba iyos sxvadasxvanairi. 

h.k.s. mraval aparatSi procesebis gadatana xorcieldeba 

haersa da svel zedapirs Soris. aseTi aparatebi muSaoben 

liuisis TanafardobasTan miaxlovebul Sesrulebul pirobebSi. 

ganxilul SemTxvevaSi cxadi siTbosa da tenis gadatanis 

gantolebebi (faruli siTbos gadatana) SeiZleba Seicvalos 

entalpiis gadatanis erT gantolebad (sruli siTbos gadatana) 

                                                       

                                                           )11( −=
∂
∂

+
∂
∂

zed

hfc
F

xT
YDt

ω
α

ω
III

                                          (7) 
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ganvixiloT haerTxevadi Tbomcvlelis elementi dadgenili 

reJimis pirobebSi siTbosa da masaTa cvlis erTobliv gadamkveT 

procesebSi, roca Tbomcvlelis zedapirze haeris mxridan 

warmoiqmneba kondensatis afski (nax. 1) Tburi nakadis 

ganmsazRvreli gantoleba ganisazRvreba: 

siTxis kedlis Siga zedapiridan. 

 

( ) Ftt ωωαθ −= 1zed   kedlis gare zedapiridan ( )Ftt
СТ

СТ
12 zedzed −=

δ
λ

θ  

afskis gare zedapiridan ( )Ftt
ПЛ

ПЛ
23 zedzed −=

δ
λ

θ  

 
haeridan afskis zedapirisken (merkelis gantoleba) 

( )FII
С 3zedh

h

h −=
α

θ . 

gamoviyeneT najeri haeris entalpiis wrfivi aproqsimacia da 

miviReT gantoleba: 

 

                                           Ft
С
А

С
IB

С
С

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−= 3zed

najnajh

najhαθ  

 
gantolebis gardaqmniT miviRebT:  

 

                       Ft
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                    (8) 

 

 
 gantolebaSi pirveli faqtori warmoadgens sruli siTbos 

gadacemis koeficients cxadi da faruli siTbos erTdrouli 

gadatanis gaTvaliswinebiT. 
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gantolebidan miviRebT: 

                                                           ( ) najh CIIFК ωθ −= 1                                                           (9) 
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nax. 1 siTbos gadacema gawibovnebul zedapirze, siTbosa da masis 

erTdrouli cvlis dros 
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mSrali Tbocvlis pirobebisaTvis  ,hnaj СC −   КК =1  da 

gantoleba miiRebs saxes: )( 21 ttKq −= . 
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Tavi 2. gawibovnebuli zedapiris efeqturobis 

gamokvleva haeris temperaturis cvlilebis  

gaTvaliswinebiT. 

 

 gawibovnebuli zedapirebis gaangariSeba Cveulebriv 

tardeba Tbogamtarobis diferencialuri gantolebidan miRebuli 

formulebiT im daSvebiT, rom wibos Semomvlebi haeris 

temperatura mudmivia [2, 3]. aseTi daSveba gamarTlebulia mcire 

temperaturuli dawnevebis da dabali wiboebis dros. magram, 

zogierT SemTxvevaSi, temperaturuli dawnevebi SeiZleba iyos 

Zalze mniSvnelovani, magaliTad, Rumelebidan gamomavali 

airebidan siTbos arTmevis dros. aseve xSirad gvxvdeba maRali 

wibobiT aRWurvili Tbomcvleli aparatebi, magaliTad 

haergamTbobi konveqtorebi. aseT SemTxvevebSi saWiro xdeba wibos 

Semomvlebi haeris temperaturis cvlilebis gaTvaliswineba. 

 Tavidan ganvixiloT SemTxveva, roca haeris nakadi moZraobs 

swori wibos fuZis perpendikularulad. iseve rogorc siTxis 

nakadiani zedapiris SemTxvevaSi, saWiro xdeba wibos sisqeSi 

siTbos konduqciuri nakadisa da haeris nakadis 

urTierTmimarTulebaTa gaTvaliswineba. 

 aRniSnul nakadTa urTierTsawinaaRmdego mimarTulebis 

dros procesis modeli da koordinatTa sistema mocemulia 

naxazze 2. ganixileba swori wibo mudmivi sisqiT δ  kveTis 

farTiT f  kveTis perimetriT u, simaRliT h. wibos Tbogamtarobis 

koeficienti λ , haersa da zedapirs Soris Tbocvlis koeficienti 

α  haeris xarji G da siTbotevadoba 
wh

c  - mudmivia. wibos 

zedapiris temperatura Tw da haeris temperatura Th icvleba 

mxolod wibos simaRlis mimarTulebiT. wibos fuZeze zedapiris 

temperatura aRiniSneba Thо, haeris temperatura wibos fuZesTan- 

Th(о), wibodan moSorebuli haeris temperatura – Thо. 
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nax. 2 siTbos konduqciuri nakadisa da haeris nakadis 

urTierTsawinaaRmdego mimarTulebis dros procesis modeli da 

koordinatTa sistema 
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 siTbos balansis diferencialuri gantoleba dx 

elementaruli zedapirisTvis iqneba: 

                                     dxTTu2dx
рT2d

λ ⎟
⎠
⎞

⎜
⎝
⎛ +=

hw
αf  

 

                                      an  ⎟
⎠
⎞

⎜
⎝
⎛ −=

hw
TT2m2dx

рT2d
                                       (10) 

      sadac  2
1

λ
um ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

f
α

 

 
 im SemTxvevaSi, roca haeris temperatura mudmivia, am 

gantolebis amoxsnas aqvs saxe [3] 

 

                                           
hw

TT − ( )
mxeоTоT −−= ⎥⎦

⎤
⎢⎣
⎡

hw
 

 
 vuSvebT, rom haeris temperaturis cvlilebisas 

temperaturaTa sxvaoba 
hw

TT −  aseve Seicvleba eqsponencialuri 

kanoniT, miviRebT: 

 

                                            
hw

TT − ( )
x1k

eоTоT
−

−= ⎥⎦
⎤

⎢⎣
⎡

hw
                             (11) 

 
 maSin (10) miiRebs saxes: 
 

                                         2dx

T2d
w

( )
x1k

eоTоT2m
−

−= ⎥⎦
⎤

⎢⎣
⎡

hw
                         (12) 

 xarjis gantolebis saSualebiT, zedapiris dx elementiTvis 

Caiwereba: 

 

                                        
wwhhw

GdT-CdxTTu =⎟
⎠
⎞

⎜
⎝
⎛ −α  
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   an   ( ) dx
x1k

eоTоTadT
−

−−= ⎥⎦
⎤

⎢⎣
⎡

hwh
                                (13) 

 sadac 
GC

ua
wh

α=  

 
 misi integrirebiT miviRebT: 

 

                                       ( ) C
x1k

eоTоT
1K

aT +
−

−= ⎥⎦
⎤

⎢⎣
⎡

hwh
                 (14) 

 
integrirebis mudmivas vsazRvravT sasazRvro pirobidan, 

roca x=h, оTT
hh

=   da ( )
h1k

eоTоT
1k

a
оTC

−
−−= ⎥⎦

⎤
⎢⎣
⎡

hh w
, 

  romlis CasmiT (14) - Si gveqneba: 
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⎟
⎠
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⎛ −−
⎥⎦
⎤

⎢⎣
⎡ −+=

h1k
e-

x1k
eоTоT

1k
a

оTT
hhh w

            (15) 

 

temperatura ( )оT
h

 miiReba  meore sasazRvro pirobidan 

roca x=0, ( )оTT
hh

=  da  

            

⎟
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⎞
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⎝
⎛ −−+
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⎠
⎞
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⎝
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⎠
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⎜
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⎝

⎛ −
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hke1a1k

hke1a

оT
h1k

e1a1k

1k
оT(ооT

1

1

whh
        (16) 

 
sabolood miviRebT haeris temperaturis cvlilebis 

gamosaxulebas: 

                

⎟
⎠
⎞
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⎝
⎛ −−+
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⎜
⎝
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an uganzomilebo saxiT: 
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⎟
⎟
⎠

⎞
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оTоT
оTT
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h

θ          (18)  

  
wibos zedapiris temperaturis cvlileba gamoisaxeba 

Semdegi formuliT: 

 

             

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−+

−
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
−

−

⎟
⎠
⎞

⎜
⎝
⎛ −+=

h1k
e1a1k

x1k
e1k

h1k
e

x1k
ea

оTоTоTT
hwhw

      (19) 

an uganzomilebo saxiT: 
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wibos efeqturobis koeficienti iqneba: 
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ucnobi sididis k1 - s sapovnelad (12) - s Tanamimdevruli 

integrirebiT ganvsazRvravT 
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da SevitanT mas (13) - Si. miRebuli gantolebis orive 

nawilis integrirebiT: 
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                    dx
x1k

e
h

0
(ооTоTaT

h

0
d

−
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⎤
⎢⎣
⎡ −−=∫ hwh

 

 
miviRebT Semdeg gamosaxulebas: 
 

                     

1hke

hk
mm1k1k

1

1222

−
−=++ a                 (22) 

  
k1 sidide am gantolebidan gamoiTvleba egm-s saSualebiT. 

magaliTisTvis mogvyavs k1 –s wibos simaRleze damokidebulebis 

manqanuri gamoTvlis Sedegebi roca a=6, m=45. 

 

                  

h m 
0,01 0,02 0,03 0,04 0,05 

k1 4,06 13,35 21,18 27,27 31,76 

h m 0,06 0,07 0,08 0,09 0,1 ∞  

k1 34,94 37,15 38,68 39,73 40,46 42,1 

cxrili 1. k1 –s wibos simaRleze damokidebulebis manqanuri 

gamoTvlis Sedegebi 

 

analogiuri gamokvlevebis Sedegad miRebil iqna haerisa da 

wibos zedapiris temperaturaTa cvlilebis damokidebulebebi im 
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SemTxvevisTvis, roca haerisa da siTbos konduqciur nakadTa 

mimarTulebebi erTmaneTs emTxveva: 
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wibos efequrobis koeficienti: 
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⎟
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h2k
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h22k
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egm-s saSualebiT k2-s gamosaTvlel amosaval gantoleba  

warmoadgens: 

 

                  

1
h2k

e

h2k2m2m2k2
2k

−

−=−− a                 (26) 

 
k2 - s damokidebuleba wibos simaRleze a da m-s igive 

mniSvnelobebisTvis mocemulia cxrilis saxiT: 

 

h m 0,01 0,02 0,03 0,04 0,05 

k1 15,86 24,6 31,65 40,58 43,1 
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h m 0,06 0,07 0,08 0,09 0,1 ∞  

k1 44,78 45,9 46,64 47,14 47,46 48,1 

cxrili 2. k2 –s wibos simaRleze damokidebulebis manqanuri 

gamoTvlis Sedegebi 

 

zemoT ganxiluli orive wibos erTad muSaobis SemTxvevaSi, 

roca haeris nakadi Tavidan exeba wibos siTbos konduqciuri 

nakadis sawinaarmdego mimarTulebiT, xolo Semdeg wibos 

konduqciuri nakadis Tanmxvedri mimarTulebiT, haeris sawyisi 

temperatura  оT
h

 (23) - (25) formulebSi miiReba rogorc haeris 

temperatura wibos fuZeze da ganisazRvreba   (16) formuliT. 

maSin Tanmxvedrsvliani wibos efeqturobis koeficienti 

gamoisaxeba Semdegnairad: 
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       (27) 

 
xolo gawibovnebuli zedapiris muSaobis efeqturoba 

Sefasdeba efeqturobis saSualo koeficientis meSveobiT: 

 

                             
2

2η1ηη
'+

=
w

                         (28) 

 
naxazze 3 mocemulia wiboebis efeqturobaTa saSualo 

koeficientis wibos simaRleze damokidebulebis grafiki roca 
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a=6 da m=45. iqve datanilia   )h(η f=
w

 damokidebulebis mrudi 

roca haeris temperatura miCneulia mudmivad da gaiangariSeba 

igive pirobebisTvis formuliT:      

                      
( )
mh
mhthη =

w
                          (29) 

 

nax. 3 wiboebis efeqturobaTa saSualo koeficientis, wibos 

simaRleze damokidebulebis grafiki 
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SedarebiTi grafiki gviCvenebs, rom wibos efeqturobis 

koeficienti gaangariSebuli haeris temperaturis cvlilebis 

gaTvaliswinebiT, metia vidre am cvlilebis gauTvaliswineblad. 

sxvaoba maT Soris izrdeba wibos simaRlis gazrdiT. 

 

nax. 4 Tbomcvleli aparati “mili milSi” 

 

     praqtikaSi  xSirad gvxvdeba SemTxvevebi, roca haeri an 

wyali moZraobs wibos fuZis paralelurad. aseTia magaliTad  

gaTbobis sistemis vertikalur dgarze mowyobili swori wiboebi 

sadac haeri moZraobs wiboebis fuZis gaswvriv qvemodan zeviT 
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nax. 4 da Tbomcvleli aparati “mili milSi”, romlis Siga mili 

aRWurvilia gaswvrivi wiboebiT da maT Soris miedineba Txevadi 

muSa garemo nax. 4. am SemTxvevebSi temperaturuli veli wibos 

zedapirze organzomilebiania.  

ganvixiloT Txeli swori wibo mudmivi sisqiT δ da 

TbogamtarobiT λ, romlis sigrZe SeuzRudavia OY RerZis 

mimarTulebiT nax. 5 daSvebulia, rom mudmivia haeris an siTxis 

sitbotevadoba Cws  da masuri xarji G, wibos temperatura� 

fuZeze Twо da Tbogacemis koeficienti α . wibos zedapiris da 

siTxis temperaturebi wibos zedapirze TiTqmis ar gansxvavdebian 

erTmaneTisgan. haeris an siTxis temperatura wibos gareT – Tso 

 siTbos balansis diferencialuri gantoleba dxdy 

elementaruli zedapirisaTvis Caiwereba Semdegnairad. 

                           dxdyh

GC
dxdy

2d
x y

θ
2dy
θ

2
θ2

λδ
∂
∂

=
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+

∂
∂×

sw
 

    

    an   
yyx ∂
∂

=
∂

∂
+

∂

∂ θα
2
θ

2

2
θ

2
                              (30) 

   sadac    δ λh 

GC
α;θ sw

w
== oT-T  

 
  sasazRvro pirobebi Semdegia: 

 roca 0θ0,x ==                                         (31) 

                       
x
θ h,x
∂
∂

=                        (32) 

 

                      0
y
θ ,x =
∂
∂

∞→                      (33) 

                                                 
     

                   =
∂
∂

=
y
θ λ- ,0y  ( )(x)о Fθ −sα                     (34)  

            
sadac .TF;TTθ o(x)(x)oоо wwss −=−= f  
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nax. 5 swori wibo, mudmivi sisqiT da TbogamtarobiT, romlis 

sigrZe SeuzRudavia 

 

(30) diferencialuri gantolebis amosaxsnelad viyenebT 

cvladTa gancalkevebis meTods. dauSvebT, rom  (y)(x)y)(x, φθ Ψ== f , 

maSin, (30) miiRebs saxes:  

                                       const
'φ''

φ
'φ'

(y)

(y)

(y)

(y)

(x)

(x) =
Ψ

+
Ψ

Ψ
−= α                               (35) 
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miRebuli gantolebis marcxena da marjvena nawilebi tolia 

da mudmivi. aRvniSnoT isini ε2-iT. miviRebT or Cveulebriv 

diferencialur gantolebas: 

                                                            

                          0(x)φ2
x)(''φ =+ε                                              (36) 

 

                      0(y)
2

(y)'a(y)'' =Ψ−Ψ−Ψ ε                                  (36’) 

 
am gantolebaTa amoxsna iqneba Semdegi saxis funqciebi: 

                     )xsin(2c)xcos(1cx)(φ εε +=                                 (37) 

                                          2yk
e4c1yk

e3c(y) +=Ψ                                   (38)        

sadac         

                        
2

2
42aa

1.2k ε++
=  

 
(30) gantolebis zogadi amonaxsni miiReba (37) da (38) 

gantolebaTa gadamravlebiT. 

 

                         [ ] ⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+⋅+= ykykxx 2e4c1e3c)sin(2c)cos(1cθ εε                (39)        

 
(31) sasazRvro pirobidan gamomdinareobs, rom c1 = 0, xolo 

(33) –dan c3 = 0, amrigad (30)-is zogadi amonaxsni miiRebs saxes: 

 

                          
2yk

x)ecsin(θ ε=                                            (40) 
 

imisaTvis,rom miRebulma gamosaxulebam daakmayofilos (32) 

sasazRvro piroba: 

   02yk
e)hcos(c

hxx
θ

==
=

⎟
⎠
⎞

⎜
⎝
⎛
∂
∂ εε ,  unda iyos    0h)cos( =ε  e.i     
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( )

2h
π1n2 −

=ε   

   
sadac n –nebismieri mTeli ricxvia. 

mivaniWebT ra n –s mTel dadebiT mniSvnelobebs da SevqmniT 

amonaxsnTa jams, miviRebT: 

              

                                                        
2yk

e
n

1n
x

h2
1)π2n(sinncθ ∑

∞=

=
⎥⎦
⎤

⎢⎣
⎡ −

=                               (41)                      

 
 

      sadac  

( )

0
2

2h

2π212n2aa

2k <

−
+−

=  

       
darCenili cn mudmivebi ganisazRvrebian (34) sasazRvro 

pirobidan: 

 

            
( ) ( ) (x)Fоθ

λ
αx

2h
π12nsin2k

n

1n nc
0ydy

dθ
−−=

−
∑
∞=

=
=

=
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
s

 

 

amasTan 
( ) x

2h
π12nsin

1 nco)(x,θ(x)F −
∑
∞=

=
==
n

n
    saidanac 

 

                              ( )
оθ

λλ2kx
2h

π12nsin
n

1n nc
s

αα
−=⎟

⎠
⎞

⎜
⎝
⎛ +⎟
⎠
⎞

⎜
⎝
⎛ −

∑
∞=

=
                       (42)                      

                       
miRebuli gantolebis marjvena wevri gavSaloT 

trigonometriul mwkrivad: 

                                  

                           ( )
⎟
⎠
⎞

⎜
⎝
⎛ −

∑
∞=

= −
−=− x

h
12nsin

n

1n 12n
1

π
4

оθ
λоθ

λ ss
αα                      (43)         

                                                                                                                                                  
cn mudmivTa miSvnelobebi miiReba (41) - is SedarebiT (43) - 

Tan: 
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                                      оθ

λ2k

1
12n

1
λπ

4
nc

sα
α

−−
−=  

 
sabolood, miviRebT wibos zedapiris organzomilebiani 

temperaturuli velis gamosaxulebas usasrulo mwkrivis saxiT, 

romelic swrafad ikribeba: 

                      ( ) 2yk
ex

2h
π12nsin

2k
λ

1n

1n 12n
1

λπ
4

ОθY)(X,θ ⎟
⎠
⎞

⎜
⎝
⎛ −

−
∑
∞=

= −
=

α
α

s
       (44)                       

  wibos zedapiris saSualo temperatura ganisazRvreba 

formuliT: 

                                                 ∫ ∫=
h

0

L

0
dxdyy)(x,θ

hL
1θ                                             (45)                      

 
(44) mwkrivis swrafad krebadobis gamo SegviZlia 

SemovifargloT misi pirveli ori wevriT, maSin miviRebT: 

 

                

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

⎟
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−
+

⎟
⎠
⎞

⎜
⎝
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−
=
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λ

9

1
L"2k

e

2'k2'k
λ

1L2'ke
λ2Lπ
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оθθ

αα
α

s
             (46)                       

 

      sadac  
2

h

2π2aa

2'k
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+−

=   ,  
2

h

23π2aa

2k"
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+−

=  

   
wibos efeqturobis koeficienti ki iqneba: 

 

            

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

⎟
⎠
⎞

⎜
⎝
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−
+

⎟
⎠
⎞

⎜
⎝
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−
−==
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1
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e
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λ

1
L'2k

e
λ2Lπ

81
оθ
θ-1η

αα
α

s

      (47)                         

   

naxazze 6 mocemulia swori wibos efeqturobis 

koeficientis damokidebuleba mis sigrZeze wibos sxvadasxva 
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simaRlis dros Semdegi pirobebisaTvis: Tbocvlis koeficienti 

haersa da wibos zedapirs Soris α  = 33 vati/m2k, wibos 

Tbogamtarobis koeficienti λ = 16 vati/m k , wibos sisqe δ = 0,001m. 

iqve wyvetili xazebiT datanilia wibos efeqturobis 

koeficientebis mniSvnelobebi imave pirobebisaTvis haeris 

temperaturis cvlilebis gauTvaliswineblad. 

 
nax. 6 swori wibos efeqturobis koeficientis damokidebuleba 

mis sigrZeze wibos sxvadasxva simaRlis dros 

 

rogorc grafikidan Cans, wibos sigrZis gazrdiT izrdeba 

misi efeqturobis koeficienti. misi mniSvneloba utoldeba 

tradiciuli meTodiT gamoangariSebul efeqturobis 
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koeficientis mniSvnelobas wibos dasawyisSi, rac faqtiurad 

amocanis pirobaSi iyo Cadebuli.  
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Tavi 3. wibos zedapirsa da haers Soris Tbocvlis 

koeficientis gavlena wibos efeqturobaze. 

 

mosarwyavzedapirian Tbomcvlel aparatebSi gawibovnebuli 

zedapirebis temperaturuli velis da maTi efeqturobis 

koeficientis gamosaTvleli formulebi iseve, rogorc mSrali 

wiboebis klasikuri gaangariSebis Sedegebi [2, 3, 9, 12] miRebulia 

daSvebis safuZvelze, rom haersa da wibos zedapirs Soris 

Tbocvlis koeficienti mudmivia. im mcirericxovan naSromebs 

Soris, romlebSic Seiswavleba wibos stacionaruli siTbos 

gadacemis problema Tbocvlis cvladi koeficientis pirobebSi, 

aris ramdenime saintereso magaliTad: xanma da lefkovicma [13] 

Seiwavles sworkuTxa profilis mqone gaswvrivi wibos 

temperaturuli veli da efeqturobis koeficienti, roca 

Tbogacemis koeficienti wibos zedapirze icvleba Semdegi 

kanoniT:      

                         ( ) ( ) ( )

γ

0x h
1 ⎟

⎠
⎞

⎜
⎝
⎛−+=

xαα γ                    (48)                       

 
sadac ( )0α Tbogacemis saSualo koeficientia, 

         h-wibos simaRlea. 

roca ɤ=0, Tbogacemis koeficienti ( )xα mudmivia wibos mTel 

zedapirze. roca ɤ=1 Tbogamtarobis koeficienti sworxazobrivad 

izrdeba wibos fuZidan (x=0) wibos bolomde (x=h). ɤ≥2 

mniSvnelobebs mivyavarT parabolur ganawilebamde. yvela 

SemTxvevaSi, roca ɤ≥1, Tbogacemis koeficienti wibos fuZeze 

utoldeba nuls, rac meTodis arsebiT naklad unda CaiTvalos. 

aRniSnuli ganawilebis safuZvelze maT mier miRebuli iqna wibos 

efeqturobis koeficientis Semdegi gamosaxulebeba: 
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⎠
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⎛

⎟
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⎝
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hU21I
hU21I
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γγ

γγ
γ

γ
γγ

mh
   (49)                     

 

sadac 
λδ2

12 ⎟
⎠
⎞⎜

⎝
⎛

=
+
+

=
0

2
mmh,hU

α

γ
γ

 

 
  λ -wibos Tbogamtarobis koeficienti, 

  δ –wibos sisqe     

 

    

nax. 7 wibos zedapirze, grafikulad gamosaxuli temperaturuli 

veli 
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      xolo temperaturuli veli wibos zedapirze grafikulad 

Semdegnairad gamoisaxeba naxazze 7. 

gamoiyena ra sasrul sxvaobaTa  meTodi egm-ze 

Tbogamtarobis problemebis ganzogadebul programasTan erTad, 

vindma [15] miiRo sworkuTxa da samkuTxa profilis radiauri 

wiboebis temperaturaTa ganawilebis mrudebi cvladi Tbogacemis 

koeficientis pirobebSi. gaangariSebaTa Sedegebi mocemulia 

naxazze 8. mrudi A axasiaTebs sworkuTxa profilis wibos 

temperaturul vels mudmivi Tbogacemis koeficientis 

SemTxvevaSi. mrudebi B da C aRweren wibos temperaturul velebs, 

roca Tbogacemis koeficientis damokidebuleba radiusze 

Sesabamisad gamoisaxeba: 

                  ( ) R0r 2αα =             da     ( ) R0r 3αα =  

                            

sadac  
( )

( ) ( )0e

0

r-r
r-r

R =  

 
es mrudebi agebulia Tbogacemis koeficientis saSualo 

mniSvnelobis ( )0α  = 57 vt/m2k dros radialuri wibosTvis romlis 

gare diametri r(e) = 50,8 mm, Siga diametri r(e) = 25,4 mm, sisqea - 3,2 

mm. wibos masalis Tbogamtarobis koeficienti λ = 34,1 vt/mk. mrudi 

D axasiaTebs  samkuTxa profilis mqone radialuri wibos 

temperaturul vels, roca fuZis sisqe tolia 3,2 mm-is. 

 rogorc 7 da 8 naxazebidan Cans, Tbogacemis koeficientis aseTi 

mkveTri zrdis SemTxvevaSic ki misi gavlena rogorc swori, aseve 

radialuri wibos temperaturul velze SeimCneva wibos simaRlis 

naxevridan. mosarwyavzedapirian wibos SemTxvevaSi, roca mis 

zedapirze Seqmnilia siTxis (wylis) nakadi, mimdinareobs siTbosa 

da masis erTdrouli cvla, an haeridan wylis orTqlis 

kondesacia an siTxis aorTqleba. roca siTxis temperatura 

naklebia haeris namis wertilis temperaturaze tw, haeridan xdeba 

tenis gamoyofa, roca siTxis  
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nax. 8 sworkuTxa da samkuTxa profilis radiauri wiboebis 

temperaturaTa ganawilebis mrudebi cvladi Tbogacemis 

koeficientis pirobebSi 

 

temperatura  metia tp-ze, maSin siTxe orTqldeba. am dros 

Tbogacemis saerTo koeficienti tolia: 

 

                              
s

psp
w tot

PоP
r

−

−
+= βαεα                   (50) 
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sadac     α -aSkara Tbocvlis koeficientia. 

           wβ - masaTa cvlis koeficienti. 

           r - orTqlgadqcevis faruli siTbo. 

Ppо Pps  - wylis orTqlis parcialuri wnevebia haeris nakadSi 

da siTxis zedapirze. 

tо ts - haerisa da siTxis zedapiris temperaturebia. 

aSkara Tbocvlis da masaTa cvlis koeficientebis 

sidideebi haeris iZulebiTi konveqciis SemTxvevaSi, rasac adgili 

aqvs ventilaciis da haeris kondicirebis sistemebis Tbomcvlel 

aparatebSi, ZiriTadad damokidebulni arian procesis 

aerodinamokur pirobebze da ar icvlebian zedapiris 

temperaturis cvlilebiT. es garemoeba dadasturebulia agreTve 

siTbosa da masis cvlis lokaluri koeficientebis gamokvlevis 

Sedegad. sxvanairad, Tbogacemis saerTo koeficienti SeZleba 

warmovadginoT rogorc ,ξααε =  sadac ξ  e.w.tenis gamoyofis 

koeficientia [18] da tolia. 

 

                    
s

psp

s

pspw

tt
PP

tt
PP

o

о

o

о

−
−

+≈
−
−

+= 34.21r
β

1
α

ξ               (51) 

 
amrigad, Tbogacemis saerTo koeficientis sidides 

gansazRvravs Sefardeba 
s

psp

tt
PP

o

о

−
−

, ufro swored misi mricxveli 

psp PP о −   romelic     warmoadgens masaTa cvlis potencials, an misi 

temperaturuli analogi  sw tt −  [17]. 

naxazze 9 mocemulia tenis gamoyofis ξ  koeficientis 

damokidebuleba sw tt −   sxvaobaze haeridan wylis orTqlis 

kondensaciis pirobebSi haeris sxvadasxva sawyisi 

mdgomareobisTvis, roca haeris namis wertilis temperatura tw 

mudmivia da icvleba siTxis zedapiris temperatura ts 0-dan tw-mde. 

rogorc grafikidan Cans siTxis zedapiris temperaturis 

cvlilebis ZiriTad intervalSi ξ  koeficienti da Sesabamisad 
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Tbogacemis saerTo koeficienti Zalze mcired icvleba. mis 

mniSvnelovan cvlilebas adgili aqvs roca zedapiris 

temperatura Zalze axloa haeris namis wertilis 

temperaturasTan. roca es temperaturebi erTmaneTs utoldeba,  

 

 

nax. 9 tenis gamoyofis ξ  koeficientis damokidebuleba sw tt −   

sxvaobaze 
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wydeba haeridan wylis orTqlis kondensacia da ξ  

koeficienti erTis toli xdeba.  

grafikidan agreTve Cans, rom kondensaciis zRvarTan axlos 

ξ  koeficientis cvlileba damokidebulia garemo haeris 

mdgomareobaze. rac ufro naklebia misi tenSemcveloba d miT 

ufro mcired icvleba ξ . amasTan, siTxis temperaturis cvlileba 

aRniSnul zRvarTan axlos iwvevs Tbocvlis saerTo 

koeficientis ara zrdas, rogorc zogierT avtorTa 

gamokvlevebSi iyo gaTvliswinebuli, aramed Semcirebas, ris 

gamoc wibos efeqturobis koeficienti saerTo jamSi izrdeba. 

mosarwyavzedapirebiani wibos temperaturuli velisa da 

efeqturobis koeficientis analizuri formulebis gamoyenebis 

ares dasadgenad davuSviT ukiduresad araxelsayreli SemTxveva, 

rodesac wibos zedapirze moZraobs siTxis nakadi, magram wibo 

gamorTulia, e.i. roca Tbocvla mimdinareobs mxolod siTxis 

nakadsa da haers Soris. am SemTxvevaSi ganawileba siTxis 

zedapirze gamoiTvleba formuliT: 

                           ( ) x
о TTTT 3-aehshs −=−                                        (51’) 

sadac sT  - siTxis temperaturaa;  оTs  - siTxis sawyisi 

temperatura; 

 hT  - haeris temperatura;   

;
C

u
G

a3
ws

hα=    hα  - Tbocvlis koeficienti haersa da siTxes  

wsC  - siTxis siTbotevadoba;   G - siTxis xarji; 

u - wibos kveTis perimetri 

imisaTvis, rom wibos mTel zedapirze mimdinareobdes 

haeridan wylis orTqlis kondensacia, siTxis temperatura wibos 

boloSi naklebi unda iyos haeris namis wertilis temperaturaze. 

es moTxovna ganxorcielebadia im SemTxvevaSi, Tu wibos simaRle 

daakmayofilebs pirobas: 
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3

о

a
t
t

sh

wh

−

−

=≤
t
t

n
h

l

                        (52) 

 sadac оts  -siTxis sawyisi temperatura. 

 wt  - wibos temperatura.  

analogiurma gamokvlevebma gviCvena, rom siTxis 

aorTqlebis SemTxvevaSi Tbocvlis saerTo koeficienti 

zedapiris temperaturis zrdasTan erTad mkveTrad izrdeba. 

amasTan, Tbomcvlel aparatebSi romelTa mosarwyavi zedapirebi 

gamoiyeneba haeris gasaTbobad da gasatenianeblad, siTxis 

zedapiris saSualo temperatura sakmaod maRalia da Tbocvlis 

saerTo koeficienti 10 ÷ 20 jer sWarbobs konveqciuri Tbocvlis 

koeficients, maSin rodesac haeris gacivebis da gaSrobis 

SemTxvevaSi es mateba 1 ÷ 3 jeradia. 

 naxazze 10 moyvanilia SedarebiTi grafiki, romelic 

gviCvenebs swori wibos efeqturobis koeficientis 

damokidebulebas mis simaRleze haeris sxvadasxvagvari 

Termodinamikuri damuSavebis dros. mrudi 1 aRwers ,,mSrali” 

wibos muSaobas, roca misi zedapiri ar irwyveba (G=0) da haeridan 

ar xdeba wylis orTqlis kondensacia. haersa da wibos zedapirs 

Soris Tbocvlis koeficienti α =20 vati/m2K , Seesabameba realurs 

ventilaciis da haeris kondicirebis Tbomcvlel aparatebSi, 

roca Tbocvlas Tan ar sdevs masaTa cvla. yvela sxva mrudi 

ganekuTvneba mosarwyavzedapirian wiboebs da agebulia swori 

wibos efeqturobis koeficientis gamosaTvleli analizuri 

formulebiT. mrudi 2 gviCvenebs wibos efeqturobis 

damokidebulebas mis simaRleze haeridan wylis orTqlis 

kondensaciis dros ( ξα =50 vati/m2K), mrudebi 3 da 4 wylis 

aorTqlebis SemTxvevaSi, ξα =200 vati/m2K da ξα =400 vati/m2K, roca 

momrwyveli siTxis sawyisi temperatura tolia wibos fuZis 

temperaturisa. mrudi 5 aRwers wibos muSaobas aorTqlebis 

pirobebSi, roca ξα =200 vati/m2K, ,,adiabatur” reJimSi, roca 
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gawibovnebuli zedapirebi irwyvebian recirkulirebuli wyaliT 

winaswari Termiuli damuSavebis gareSe. 

 
nax. 10 wibos efeqturobis koeficientis damokidebuleba mis 

simaRleze haeris sxvadasxvagvari Termodinamikuri damuSavebis 

dros 

 

 SedarebiTi grafiki gviCvenebs, rom roca Tbomcvleli 

aparati gamoiyeneba haeris gasaciveblad da gasaSrobad, siTxis 

(wylis) nakadis organizeba wibos zedapirze zrdis wibos 

efeqturobis koeficients. amasTan, gamokvlevebma gviCvenes, rom 

siTxis xarjis zrda realur farglebSi,       
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                                             ( )3010
u
GH w ÷== kg/m,  

saSualebas gvaZlevs mniSvnelovnad gavzardoT wibos simaRle 

,,mSral” wibosTan SedarebiT efeqturobis koeficientis erTi da 

igive mniSvnelobis pirobebSi, riTac miiRweva metalis sagrZnobi 

ekonomia. 

 sawinaaRmdego suraTs aqvs adgili Tbomcvlel aparatebSi, 

romlebic gamoiyeneba haeris gasaTbobad da gasatenianeblad. 

wylis aorTqlebis dros, Tbocvlis maRali koeficientis gamo, 

mosarwyavzedapiriani wibos efeqturobis koeficienti mcirdeba 

da rogorc zogierTi avtors aqvs miTiTebuli [5, 6] saWiro xdeba 

Zalze dabali wiboebis (h = 0.002 ÷ 0.005m) an gluvzedapiriani 

milebis gamoyeneba. 

 aRniSnulidan gamomdinare, optimalur variantad migvaCnia 

haeris gasaTbobad da gasatenianeblad wylis afskuri 

aorTqlebis procesis ganxorcieleba dasvelebuli kapilaruli 

zedapirebidan. 
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Tavi 4. siTxis organizebuli nakadis gavlena 
mosarwyav, gawibovnebul zedapiriani Tbomcvleli 

aparatebis efeqturobaze 
 
  

  zedapiruli Tbomcvleli aparatebis Tboteqnikuri 

maxasiaTeblebi bevradaa damokidebuli gawibovnebuli zedapiris 

efeqturobaze, romelic Tavis mxriv damokidebulia wibos 

zedapirze siTbosa da masis cvlis koeficientebze, wibos 

masalaze, mis formasa da geometriul zomebze. wibos zedapirze 

siTxis organizebuli nakadis SemTxvevaSi am faqtorebs ematebaT 

siTxis xarji, misi sawyisi parametrebi da nakadis mimarTuleba. 

aqtualuria haersa da gawibovnebul zedapirs Soris siTbosa da 

masis cvlis meqanizmis Seswavla wibos zedapirze temperaturis 

ganawilebis gamokvlevis saSualebiT, siTxis organizebuli 

nakadis sxvadasxva mimarTulebiT, xarjisa da sawyisi 

parametrebis SemTxvevaSi. 

 aRniSnul problemisadmi miZRvnil naSromebSi ganxilulia 

SemTxveva, roca siTxis sawyisi temperatura tolia wibos fuZis 

temperaturisa da wibos nebismier wertilSi misi zedapiris da 

siTxis temperaturebi erTmaneTisagan ar gansxvavdebian. 

praqtikisaTvis ufro mniSvnelovania SemTxveva, roca siTxis 

sawyisi temperatura da wibos fuZis temperatura sxvadasxvaa da 

siTxis temperatura gansxvavdeba wibos zedapiris 

temperaturisagan. am dros saWiro xdeba ganxilul iqnas ori 

varianti: pirveli - roca siTxis organizebuli nakadi moZraobs 

wibos fuZis perpendikularulad da meore - roca siTxis nakadi 

moZraobs wibos fuZis gaswvriv. 

 

Tavi 4.1. swori wibos zedapiris temperaturuli velis da 
efeqturobis gamokvleva siTxis organizebuli nakadis fuZis 

perpendikularuli moZraobis dros 
 

 am SemTxvevaSic saWiroa ganvixiloT ori varianti: pirveli 

- roca wibos sisqeSi siTbos konduqciuri nakadis mimarTuleba 

emTxveva siTxis nakadis mimarTulebas da meore - roca am 
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nakadebis mimarTulebebi urTierTsawinaaRmdegoa. aRniSnuli 

variantebis procesis modeli da koordinatTa sistema mocemulia 

naxazze 11. 

 

 

nax. 11 wibos sisqeSi, siTbos konduqciuri nakadis da siTxis 

nakadis procesis modeli da koordinatTa sistema 
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 vertikalurad ganlagebuli swori wibos fuZidan zemo 

nawilSi Semodis siTxis organizebuli nakadi sawyisi 

temperaturiT οsT , xarjiT G , siTbotevadobiT wsC . siTxis nakadi 

wibos fuZeze Rebulobs temperaturas ( )oTs  da am temperaturiT 

iwyebs moZraobas wibos qvemo nawilze. wibos fuZis temperturaa 

οwT , sisqe-δ , kveTis farTi- f , kveTis perimetri-u , simaRle- l ,  

Tbogamtarobis koeficienti-λ . daSvebulia, rom haeris 

temperatura hT , Tbocvlis koeficienti wibos zedapirsa da 

siTxes Soris wα , Tbocvlis koeficienti siTxesa da haers Soris 

hα - mudmivia.  

 wibos zemo nawils dx  elementisaTvis gveqneba Semdegi 

Tburi gantolebebi:     

                                     dxUdx
dx
dGCdxu sh

s
wssww θαθθθα =+− )(                             (53) 

 

                                               dx)(Udx
dx
d

t 2

2

sww

w θ−θα=
θ

λ                                       (54) 

 

 SemoviRoT Semdegi aRniSvnebi: ;2 GC
U

a
sw

wααα
=    

                                                                          ;3 GC
Ua

ws

hααα
=  

   ;aaa 321 +=    
t
U

m
λ
αw ;        ;TT hww −=θ        ;TT hss −=θ  

 
 davuSvaT, rom sxvaoba sw θ−θ icvleba Semdegi 

eqsponencialuri kanoniT: 

 
                                     [ ] )exp( 1) XKoo −−=− s(wsw θθθθ                             (55)   
 
 romelSic ucnobi sidide 1K , moiTxovs calke gamokvlevas, 

maSin (53) da (54) miiReben saxes: 

 

                               [ ] )XKexp(aa
dx

d
1)oo23 −θ−θ−=θ−

θ
s(ws

s                     (56)   
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                                    [ ] )XKexp(m
dx

d
1)oo

2
2

2

−θ−θ=
θ

s(w

w                             (57)    

 
(56)-s integrirebiT miviRebT:  
 

                 [ ] )xaexp(C)XKexp(
Ka

a
311

13

2
)oo −+−

+
θ−θ=θ s(ws             (58)   

  
roca    ,l=X       oss θ=θ  

                  [ ] ])ka(exp[
ka

a)aexp(C 13
13

2
)oo3o1 ll +−

+
θ−θ−−θ= s(ws       

     

[ ]
]}k)x(aexp[

)xk{exp(
ka

a)]x(aexp[

13

1
13

2
)oo3o

ll

l

−−−−

−
+

θ−θ+−−θ=θ s(wss                   (59) 

 
 siTxis temperatura wibos fuZeze gamoiTvleba pirobidan: 
 
      roca 0=X ,      )o(ss θ=θ  da  

 

  [ ] ])ka(exp[aka
]})ka(exp[1{a

)ka(expaka
)aexp()ka(

13211

132
o

13211

313
o)o

l

l

l

l

+−−+
+−−

θ+
+−−+

−+
θ=θ wss(        (60)     

 
(60)-s SetaniT (59)-Si sabolood miviRebT: 
 

211

1312
3oo3o aka

]k)x(aexp[)xk[exp(a)]aexp([)]x(aexp[
−+

−−−−−
−θ−θ+−−θ=θ

ll
ll swss  

                                                                                                                                    (61)    

   
])ka(exp[aka

]k)x(aexp[a)xk[exp(ka()]aexp([

)]x(aexp[)xkexp(][

13211

132111
3oo

3o1)oo

l

ll
l

l

+−−+
−−−−−+

−θ−θ+

+−−θ=−θ−θ+θ=θ

sw

ss(wsw

 (62) (10)    

 
wibos efeqturobis koeficienti toli iqneba: 
 

    

⎭
⎬
⎫−−−

−
⎩
⎨
⎧ −−

+−−+
×

×
θ

−θ−θ
+

−−
θ
θ

=η

l

ll

l

l

l

l

l

l

3

31

1

1

13211

2

o

3oo

3

3

o

o

a
)]aexp(1)[kexp(

k
)kexp(1

])ka(exp[aka
a

)aexp(
a

)aexp(1

w

sw

w

s
w

           (63)    
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 am formulebSi Semavali ucnobi sididis 1k  - is sapovnelad, 

balansuri diferencialuri gantolebebidan rigi maTematikuri 

gardaqmnebis Semdeg miviRebT Semdeg gamosaxulebas: 

                                        
1)kexp(

k
mmkak

1

122
12

2
1 −

−=−+
l

l
                                (64)    

romlis amoxsna SesaZlebelia egm-is saSualebiT. 

 wibos simaRlis gazrdiT (64) gantolebis marjvena wevri 

miiswrafvis nulisaken da maRali wiboebis SemTxvevaSi SeiZleba 

davuSvaT: 

                                                2
2

22
1 m

2
a

2
ak +⎟

⎠
⎞

⎜
⎝
⎛+−=                                            (65)    

 
 swori wibos qvemo nawilis dx  elementisaTvis Tburi 

balansis gantolebas eqneba Semdegi saxe: 

 

                                      )exp(][ 2)23 xkaa
dx
d

oo
−−=+ s(ws

s θθθ
θ                                 (66)    

 
 romlis integrirebiT miviRebT: 
 

                             )xaexp(C)xkexp(
ka

a
][ 322

23

2
)oo −+−

−
θ−θ=θ s(ws                    (67)     

roca X =0,       )o(ss θ=θ   da  
23

2
)o(o)o(2 ka

a][C
−

θ−θ−θ= sws   

sabolood miviRebT: 

)]xkexp()xa[exp(
ak

a][)xaexp( 23
32

2
)oo3)o −−−

−
θ−θ+−θ=θ s(ws(s

                          (68)             

)xkexp(][

)]xkexp()xa[exp(
ak

a][)xaexp(

2)oo

23
32

2
)oo3)o

−θ−θ+

+−−−
−

θ−θ+−θ=θ

s(w

s(ws(w
                        (69)     

 wibos efeqturobis koeficienti: 

⎥
⎦

⎤
⎢
⎣

⎡ −−
−

−−
−θ

θ−θ
+

−−
θ
θ

=
θ
θ

=η
l

l

l

l

ll

l

2

2

3

3

32

2

o

)o(o

3

3

o

)o(

o k
)kexp(1

a
)aexp(1

)ak(
a

a
)aexp(1

w

sw

w

s

w

saS s
w                        

(70)    
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 am formulaSi Semavali sidide )o(sθ  ganisazRvreba (60) 

formulis saSualebiT, xolo 2k -is gamosaTvlelad miRebuli 

gvaqvs gamosaxuleba 

                                          
)1exp( 2

222
22

2
2 −

−=−−
l

l

k
kmmkak                                   (71)    

 
romelic amoixsneba egm-is saSualebiT. maRali wiboebis 

SemTxvevaSi SeiZleba davuSvaT: 

 

                                                    2
2

22
2 22

maak +⎟
⎠
⎞

⎜
⎝
⎛+=                                           (72)    

 
1k  da 2k -s gamoTvlis meTodika moyvanilia naSromSi /2/.  

 naxazze 12, sadac koordinata 0X =  pirobiTad miRebulia 

rogorc zemo da qvemo wiboebis gamyofi fuZe, datanilia (61), (62), 

(68), (69) formulebiT gamoTvlili 10 sm simaRlis mqone wiboebis 

zedapiris da siTxis temperaturebis ganawilebis mrudebi. aqve 

datanilia imave zedapirebze siTxis temperaturis ganawilebis 

mrudi, roca wiboebi gamorTulia, e.i. roca Tbocvla 

mimdinareobs siTxis nakadsa da haers Soris. temperaturis es 

ganawileba gamoTvlilia cnobili formuliT [10]: 

 

                                                   
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−= x

GC
u

o

sw

h
ss

α
θθ exp                                            (73)    

 
 aseve datanilia wibos zedapirze temperaturis ganawileba 

siTxis nakadis gareSe: 

 

                                                  ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

λ
α

−θ=θ x
f
u

expo
h

ww                                           (74)  

 
 rogorc grafikidan Cans, siTxis nakadis SemTxvevaSi wibos 

zedapiris saSualo temperatura gacilebiT maRalia, vidre 
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siTxis nakadis gareSe. es temperatura aseve metia siTxis nakadis 

saSualo temperaturaze gamorTuli wiboebis dros. 

   
nax. 12 wiboebis zedapiris da siTxis temperaturebis ganawilebis 

mrudebi 
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  realur pirobebSi swori wibos zemo da qvemo nawilebi 

erTad muSaoben. amitom wibos efeqturobis koeficienti unda 

ganvixiloT rogorc wibos zemo da qvemo nawilebis 

efeqturobaTa saSualo sidide.  

siTxis nakadis temperatura wibos zeda da qveda nawilebis 

pirobiTad gamyof fuZeze, roca X=0 

 

)(
( ) )(

) ]([
[ ) ]([

) ]([ l

l

l

l

13211

132

13211

31

exp
exp1

exp
exp

kaaka
kaa

kaaka
aka

+−−+
−+

+
+−−+

−+
= +

οοο θθθ w
3

ss  

 
Mmosarwyavzedapirebiani Tbomcvleli aparatis praqtikulad 

gamoyenebis yvelaze xelsayrel SemTxvevad iTvleba, roca 

gawibovnebuli zedapirebi irwyveba mudmivad recirkulirebuli 

siTxiT (wyliT) es procesi xelsayrelia imitom, rom ar miTxovs 

momrwyveli siTxis winaswar Termul damuSavebas da Sesabamisad 

damatebiT xarjebs. aseTi “ adiabaturi” procesis 

ganxorcielebisas myardeba reJimi, roca siTxis temperatura 

wibos zeda nawilis datovebisas wibos qveda nawilze Semosuli 

siTxis temperaturis tolia. 

siTxis es temperatura SeiZleba gamoviTvaloT Semdegi 

gamosaxulebis saSualebiT: 

 

[ ( ) ) ] )(

( ) ) ) ][({ }lll

lll

133
31

2
3

31
31

2

exp2exp2exp
1

exp
1

expexp

kaa
ak

aa
M
M

a
M
Mka

ak
a

+−+−
−

+−−
−

⎜
⎝
⎛ −

−
+−−

−
=

3

ws οο θθ                 (75)  

 
sadac 

                 
)([{ }
)([ ];exp

exp1

23221

232

l

l

kaaka
kaa

M
+−−+

+−−
=  

 
rogorc gamoTvlebma gviCvena, aseTi “adiabaturi” procesis 

ganxorcielebisas wibos efeqturobaze mcired moqmedebs siTxis 

xarji. wibos efeqturobaze mniSvnelovani gavlena aqvs wibos 

geometriul parametrebs, maT Soris siTxesa da wibos Soris 

kontaqtis zedapirs. 
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 naxazze 13 moyvanilia siTxis nakadiani wibos efeqturobis 

koeficientis damokidebuleba wibos simaRleze, ,,mSrali” wibos 

SemTxvevaSi (mrudi1), roca siTxis sawyisi temperatura tolia 

wibos fuZis temperaturisa (mrudi 2) da ,,adiabaturi” reJimis 

dros (mrudebi 3) kontaqtis sxvadasxva farTis pirobebSi. 

rogorc grafikidan Cans  

 

nax. 13 siTxis nakadiani wibos efeqturobis koeficientis 

damokidebuleba wibos simaRleze 

 

,,adiabatur” reJimSi siTxesa da wibos Soris kontaqtis 

zedapiris gazrdiT izrdeba wibos efeqturobis koeficienti. 

amitom, sasurvelia wibos zedapirze Seiqmnas kapilaruli 
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struqtura, rac wibos efeqturobis amaRlebasTan erTad xels 

Seuwyobs siTxis nakadis Tanabar ganawilebas wibos mTel 

zedapirze. 

 ,,adiabaturi” procesis ganxorcielebisas wibos 

efeqturobis koeficienti naklebia, vidre Termulad 

damuSavebuli wyliT morwyvis pirobebSi, roca wylis sawyisi 

temperatura tolia wibos fuZis, anu milebSi gamavali wylis 

temperaturisa, magram igi sWarbobs ,,mSrali” wibos efeqturobis 

koeficients. gawibovnebul zedapirebze siTxis nakadis 

organizebiT, ,,adiabatur” reJimSic, SesaZlebelia wibos 

efeqturobis optimaluri mniSvnelobis, ,85≥pη  SenarCuneba 

sakmaod maRali wiboebis SemTxvevaSi m);03,002,0( ÷=h  rac 

sagrZnoblad amcirebs milebis xarjs im aparatebTan SedarebiT, 

sadac wibos simaRled Cveulebrivad miRebulia m01,0005,0 ÷=h  da 

iZleva metalis mniSvnelovan ekonomias. 

 

Tavi 4.2. swori wibos zedapiris temperaturuli velis 

da efeqturobis gamokvleva siTxis organizebuli 

nakadis fuZis gaswvrivad moZraobis dros 

 

 mosarwyavzedapirian Tbomcvlel aparatebSi, romlebic 

gamoiyeneba ventilaciis da haeris kondicirebis sistemebSi,  

SesaZlebelia iseTi procesis ganxorcieleba, roca siTxe 

moZraobs swori wibos zedapirze fuZis paralelurad. am 

SemTxvevaSi temperaturuli veli wibos zedapirze 

organzomilebiania. analogiuri stacionaluri Tbogamtarobis 

organzomilebiani amocana naxevradSezRuduli firfitisaTvis 

siTxis gareSe ganxilulia SromebSi [3, 12]. 

 ganvixiloT erTgvarovani masalis Txeli swori wibo 

mudmivi sisqiT δ  da TbogamtarobiT λ , romlis zoma SeuzRudavia 

oy RerZis mimarTulebiT nax. 14. uSvebT rom mudmivia siTxis 
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siTbotevadoba wsС  da masuri xarji G . mudmivia agreTve haersa 

da siTxes Soris Tbocvlis koeficienti ;α  haeris temperatura  

 
nax. 14 swori wibo, mudmivi sisqiT da TbogamtarobiT, romlis 

sigrZe SeuzRudavia 
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,оТ h  wibos temperatura fuZeze .оТw  siTxisa da wibos 

temperaturebi zedapiris nebismier wertilSi ar gansxvavdebian 

erTmaneTisagan .ТТТ == sw   

 siTbos balansis diferencialuri gantoleba zedapiris 

dyxd  elementisaTvis Semdegnairad Caiwereba:  

 

                     ( ) dyxdТТdyxd
y
T

h
GС

dyxd
y
T

x
T

hsh
sws

2

w
2

2

w
2

−+=⎟
⎟
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⎞
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⎝

⎛
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λδ 2             (76) 

 

     SemoviRoT Semdegi aRniSvnebi: ;a
h
GС
=

δλ
ws   ;2 b=

δλ
α  ;θ== оТТ w  

;ооо ТТ hwh θ==    ;ооо ТТ θ== ws   

          
 maSin (76) miiRebs saxes: 

 

                                               ;0=+=+ овв
y

a
yx h2

2

2

2

θθ
γ
γθ

γ
θγ

γ
θγ                                      (77)   

 
 Semdegi sasazRvro pirobebiT: 

roca       ( ) 0,0 , == yox θ                                                             
                       ( ) оoxy sθθ == ,,0                                                                               (78) 

 mocemuli gantolebis amosaxsnelad viyenebT furies sinus 

gardaqmnas: 

                                                   ( ) ( ) ( ) dxxyF
o

yx 11 sin
1

λλθ ∫
∞

                                       (79) 

 sadac                 ( ) ( ) ( ) dxxyx
П

yF
о

111 sin2 λθλ ∫
∞

=  

     
 (79) - s saSualebiT, rigi maTematikuri gardaqmnebis Semdeg  

(77) Rebulobs saxes: 
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1
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λλλλ
П
byFb
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ydFa
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 (80) warmoadgens meore rigis araerTgvarovan 

diferencialur gantolebas, romlis zogadi amonaxsnia: 

 

                                             ( ) ( ) ( )yFyFyF 12111 λλλ +=                                          (81)  
 
 am gamosaxulebis pirveli wevri aris (80) - s Sesabamisi 

erTgvarovani diferencialuri gantolebis zogadi amonaxsni da 

tolia: 

                          ( ) ( )KyKy
ay

CCyF −+= lll 21
2

11 λ                                       (82) 

 

sadac                    ( )byaK ++= 22

2
1 λ        

      
meore wevri warmoadgens (80) - s kerZo amonaxsns: 
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 romelic, rigi maTematikuri gardaqmnebis Semdeg miiRebs 

saxes:                         
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(82) da (84) - s SetaniT (81) - Si miviRebT: 
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b

ПaKKП

bC
aKKП

bCyF bo
aKy
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aKy

bo

+
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⎥
⎥
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⎥
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⎠
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⎟
⎠
⎞

⎜
⎝
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⎟
⎠
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⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
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2
2

2
2
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2

22
λλ
θ

λ

θ

λ

θ
λ ll                        

(85) 

         1C  da 2C  integrirebis mudmivebis gansazRvrisaTvis viyenebT 

Semdeg sasazRvro pirobebs: 
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 roca ( ) оoxy sθθ ==
1

,0   da  ( ) ( ) ( )
xП

dxxox
П

oF о

о

sθλθλ 2sin2
111 ∫

∞

=          

(85’)  
 meore mxare, (85)-dan miviRebT:      

 

         ( ) ( )bxП
b

aKKП

bC
aKKП

bCoF bobobo

+
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⎡

⎟
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⎞

⎜
⎝
⎛ +

−= 2211
2

22
λ

θ

λ

θ

λ

θ
λ            (86) 

 
 am gamosaxulebidan rigi maTematikuri gardaqmnebis Sedegad 

gveqneba: 

 

                                                         
xП

CC оsθ2
21 =+                                                (87) 

 

 roca  ,∞=y   ( ) 01 =
dy
d yxθ

 saidanac, maTematikuri gardaqmnebis 

Sedegad miiReba sasazRvro piroba gamosaxulebisTvis  

( ) 01 =
∞=ydy

ydF λ  

(85)-s gaTvaliswinebiT da pirobiT 
2
aK 〉  miviRebT:  

 

                          ,

2

1

⎟
⎠
⎞

⎜
⎝
⎛ +

=
aKKП

bC bо

λ

θ     
⎟
⎠
⎞

⎜
⎝
⎛ +

−=

2

2
2 aKKП

b
П

C bоо

λ

θ
λ
θs                        (88) 

 
romelTa SetaniT (85)-Si sabolood miviRebT gamosaxulebas: 

 

                        ( ) ( ) ( )bП
b

bП
b

П
yF bо

aKy
bоо

+
+⎥

⎦

⎤
⎢
⎣

⎡
+

−=
⎟
⎠
⎞

⎜
⎝
⎛ −−

2
2

21
222
λλ
θ

λλ
θ

λ
θ

λ ls                         (89) 

      
 furies ukugardaqmnebis saSualebiT ( )yx1θ  originalisaTvis 

gveqneba: 
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( ) ( ) ( ) ( )

( )
( ) λ
λλ
λθ

λλ
λλ

θλλ
λ

θθ

d
b
xb

П

dx
b

b
П

dx
П

yx

o
bо

o

aKy

bо
o

aKy

о

∫

∫∫
∞

∞ ⎟
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⎞

⎜
⎝
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∞ ⎟
⎠
⎞

⎜
⎝
⎛ −−

+

+
+

−=

2

2

22

1

sin2

sin2sin2 ll
s

              (90) 

 
 miRebuli gantolebis pirveli da meore wevrebi 

analizurad ar ganisazRvrebian da amitom wibos zedapiris 

organzomilebiani temperaturuli velis sapovnelad saWiro 

xdeba egm-is gamoyeneba. 

 sakmaod grZeli wibos SemTxvevaSi, an roca xdeba 

momrwyveli siTxis recirkulacia SeiZleba miviRoT, rom ∞=y  da 

(90) miiRebs saxes: 

 

                                   
( ) ( )

( ) ( )bx
bо

o
bо dx

b
xb

П
yx −

∞

−=
+

= ∫ l1sin2
21 θ

λλ
λθθ

                          (91) 

 
 romelic warmoadgens usasrulo sigrZis swori wibos 

zedapiris erTganzomilebiani temperaturuli velis 

gamosaxulebas [3]: 

 

                                                         
x

bо

b

TT
TT λδ

α2
−

=
−
−

l
w

                                               (92)  

 
 wibos zedapiris saSualo temperatura ganisazRvreba 
Semdegi gamosaxulebiT: 
 

                                                       ( )∫ ∫=
h

o

L

o
yx dydx

hL 1

1 θθ                                            (93) 

 
 sadac L -wibos sigrZea y  RerZis mimarTulebiT. am 

formulaSi (90) - s SetaniT miviRebT:     
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              (94) 

 
 wibos efeqturobis koeficienti ki iqneba: 
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                               (95) 

 
 sakmaod grZeli wibos SemTxvevaSi, an roca xdeba 

momrwyveli wylis recirkulacia (95) miiRebs saxes: 

 

                                                         
bh

bh−−
=

l1η                                                    (96)  

 
 
Tavi 4.3. mrgvali wibos zedapiris temperaturuli velis da 

efeqturobis gamokvleva siTxis organizebuli nakadis 

SemTxvevaSi 

 

 gaTbobis, ventilaciis da haeris kondicirebis sistemebSi 

haeris Termodinamiuri damuSavebisTvis, umravles SemTxvevaSi, 

gamoiyeneba Tbomcvleli aparatebi, sadac cilindruli 

zedapirebi (milebi) aRWurvilia mrgvali wiboebiT nax. 15. a 

 siTxis organizebuli nakadi aseT zedapirebze iwvevs 

temperaturuli velis da Sesabamisad efeqturobis koeficientis 

cvlilebas ,,mSral’’ wiboebTan SedarebiT. ganvixiloT 

erTgvarovani masalis mrgvali wibo mudmivi sisqiT δ  da 

Tbogamtarobis koeficientiT λ  nax. 16. wibos Siga radiusia ,r  
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xolo gare radiusi- .2r  daSvebulia, rom mudmivia siTxis xarji G  

da siTbotevadoba .wsC  aseve mudmivia haeris temperatura ,bt  wibos 

temperatura fuZeze oT  da haersa da siTxes Soris Tbocvlis 

koeficienti α . siTxis da wibos temperaturebi  

 

 

nax. 15 Tbomcvleli aparatebi, romlis cilindruli zedapirebi 

(milebi) aRWurvilia mrgvali wiboebiT 

 

zedapiris nebismier wertilSi erTmaneTis tolia .TТТ о == sw  

miRebuli gvaqvs ,bTТ −=θ  .boo TТ −=θ  

 dr  sisqis wibos rgoluri elementisTvis TbogamtarobiT 

gadatanili siTbos raodenoba iqneba; 

 

                 ⎟
⎠

⎞
⎜
⎝

⎛ +=+−= dr
dr
drdr

dr
dПrrdQ dr

θθλθθλ 2

2

2                         (97) 

 
 siTxis nakadis mier gadatanili siTbos raodenoba: 
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                          drGCdQ dr
d

G
θ

ws−=                                              (98) 

 
 maTi jami warmoadgens garemo haerisadmi gadidebul siTbos 

raodenobas; 

                            rdrПdQ 4θα=                                            (99) 
A    
 amrigad miviRebT Semdeg diferencialur gantolebas; 

 

nax. 16 erTgvarovani masalis mrgvali wibo, mudmivi sisqiT  

 

                                            021
2

1
2

2

=−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−− θ

λδ
αθ

δλ
θ

dr
d

П
GC

rdr
d ws                       (100) 

 
 romelic warmoadgens beselis modificirebul 

diferencialur gantolebas. misi zogadi amoxsna iqneba;   

 

                                               ( ) ( )[ ]ZKCZICr vv
v

21 +Υ=θ                                     (101) 
 

sadac       ;2 2
1

⎟
⎠
⎞

⎜
⎝
⎛=
λδ
αm    ;⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

λδПy
GC

V ws    zmiZ =  
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 1C  da 2C  mudmivebi gamoiTvlebian sasazRvro pirobebidan: 

roca ;1rr =    .oθθ =                                                                                            

                                                        ;2rr =   .0=
dz
dθ                                                (102) 

 
 rekurentuli formulebis gamoyenebiT, (101) - dan miviRebT 

or gantolebas: 

 

                                ( ) ( )[ ]12111 zKCzICr vv
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 gamoviTvaleT ra 1C  da 2C -s am gantolebebidan CavsvamT maT 

(101) - Si da miviRebT mrgvali wibos zedapirze temperaturis 

ganawilebis formulas: 

 

                                  ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )121211

2121
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⎛
=θθ                          (103) 

 
 wibos efeqturobis koeficienti, romelic warmoadgens 

zedapiridan gacemuli realuri siTbos raodenobis Sefardebas 

siTbos raodenobasTan, romelic gaicemoda im SemTxvevaSi Tu 

wibos mTel zedapirs eqneboda fuZis temperatura. Semdegnairad 

gamoisaxeba:  
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(100) - dan gveqneba: 
 

                                           
dr
d
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m
rr θ
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θθ ⎟⎟
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     Dda miviRebT: 
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                                   ( ) ( )
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 gamoviyenebT ra rekurentul formulebs sabolood 
miviRebT: 

 

nax. 17 mrgvali wibos efeqturobis damokidebuleba sidideze 

( )12 rrm −  siTxis sxvadasxva xarjis dros 
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                       (106) 

 romelic, roca 0=G  e.i. 0=V  gardaiqmneba ,,mSrali’’ wibos 

efeqturobis gamosaTvlel formulad: 

                                ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )121121

11211121
2

1
2

2

1

mrKmrImrImrK
mrZmrKmrKmrI

rrm
rr

oo +
−

−
=η                  (107) 

 
        naxazze 17 mocemulia mrgvali wibos efeqturobis 

damokidebuleba sidideze ( )12 rrm −  siTxis sxvadasxva xarjis 

dros. rogorc grafikidan Cans, mrgvali wibos SemTxvevaSic 

siTxis nakads didi gavlena aqvs wibos efeqturobis 

koeficientze da es gavlena izrdeba siTxis xarjis gazrdiT. 
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Tavi 5. wibos zedapiris temperaturuli velis 
eqsperimentaluri gamokvleva 

 

 zemoT moyvanil masalebSi mocemulia wibos zedapiris 

temperaturuli velis da efeqturobis gamosaTvleli formulebi 

siTxis organizebuli nakadis SemTxvevaSi da maTze haeris 

temperaturis cvlilebis gaTvaliswinebiT. miRebuli analizuri 

damokidebulebebis Sesamowmeblad Catarebuli iqna 

eqsperimentaluri gamokvlevebi, risTvisac Seqmnili iyo 

ramodenime eqsperimentaluri stendi. pirvel stendze 

Seiswavleboda swori wibos zedapirze temperaturis ganawileba 

haeris bunebrivi konveqciis pirobisTvis, roca siTxis sawyisi 

temperatura tolia wibos fuZis temperaturis, siTxis nakadis da 

konduqciuri siTbos nakadis mimarTulebebi erTmaneTs emTxveva. 

sworkuTxa kveTis swor wibos warmoadgenda uJangavi foladis 

firfita, romlis Tbogamcem zedapirze datanili iyo kapilaruli 

Rarebi, meore zedapiri ki iyo Tboizolirebuli.  

 eqsperimentaluri stendis sqema mocemulia naxazze 18. 

moxrili firfita (1) romlis zomebia: sisqe ,002.0 m=δ  sigane 

,12.0b m=  sigrZe m,11.0=l  erTi boloTi CaSvebuli iyo wylian 

avzSi (2). avzSi wylis temperaturis regulireba xorcieldeboda 

avtomaturi mowyobilobiT aRWurvili TermostatiT (3) 

saSualebiT. firfitis kapilaruli struqtura, muSaobda ra 

rogorc kapilaruli tumbo, uzrunvelyofda wylis mudmiv nakads 

wibos zedapirze. wylis xarjis regulireba xorcieldeboda 

wibos CaZirvis donis cvlilebiT, xolo xarjis gazomva ki 

awonviT.  

 temperaturis cvlileba firfitis zedapirze 

ganisazRvreboda zedapirze mirCiluli qromel-alumelis 

Termowyvilebis saSualebiT. temperatura izomeboda rva 

wertilSi wibos fuZidan (firfitis bolo, CaSvebuli wyalSi) 

wibos bolomde (firfitis Tavisufali bolo haerSi). 

Termowyvilebis eleqtro mamoZravebeli Zala ganisazRvreboda 
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dabalwinaRobiani potenciometris saSualebiT. izomeboda 

agreTve avzSi myofi wylis temperatura laboratoriuli 

TermometriT da haeris temperatura da tenianoba asmanis 

fsiqrometris saSualebiT. eqsperimentebi tardeboda haeris 

bunebrivi konveqciis pirobebSi. 

 avzSi myofi wylis temperaturis cvlilebis Sesabamisad 

firfitis zedapiris temperaturuli veli ganisazRvreboda 

 

 
nax. 18 pirveli eqsperimentaluri stendis sqema 
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rogorc haeridan wylis zedapirze wylis orTqlis kondensaciis, 

aseve wylis aorTqlebis pirobebSi. ganisazRvreboda agreTve 

,,mSrali” wibos zedapirze temperaturis ganawileba siTxis 

nakadis gareSe. 

 eqsperimentuli gamokvlevebis rezultatebi mocemulia 

grafikze nax. 19 uganzobilebo koordinatebSi: 

 

                                        
o

x

o tt
tt

−
−

=
h

h

θ
θ     da  

h
x  

 
sadac ht -haeris temperaturaa ,K  ot -wibos fuZis temperatura 

(wylis temperatura avzSi), xt -zedapiris temperatura mocemul 

wertilSi, x -wertilis koordinata m, h -wibos (firfitis) 

simaRlea, m. 

 grafikze datanilia temperaturis ganawileba wibos 

simaRleze haeris gaTbobis da gacivebis SemTxvevaSi siTxis 

nakadis gareSe ),0G( =  aseve wylis aorTqlebisa da mis zedapirze 

haeridan wylis orTqlis kondensaciis pirobebSi siTxis nakadis 

sxvadasxva xarjis dros. 

 grafikze Teoriuli mrudebis dasatanad saWiroa 

ganisazRvros eqsperimentebis pirobebis Sesabamisi haersa da 

wibos zedapirs Soris Tbocvlis koeficientebi. bunebrivi 

konveqciis pirobebSi - laminaruli reJimis dros, roca daculia 

piroba ,10pG10 9
rr

3 <×<  swored am reJimSi tardeboda 

eqsperimentebi. haersa da wibos zedapirs Soris konveqciuri 

Tbocvlis koeficienti masaTa cvlis gareSe gamoiTvleba 

cnobili kriterialuri gantolebiT [19]: 

  

                     25.0
rru )PG(75.0N ×=                                            (108) 

 

 sadac: 
λ
α lk

uN - nuseltis kriteriumia; 

         

               2

3

r
tgG

γ
Δβ

=
l - grasgofis kriteriumi; 
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а

Pr
ν

= - prantlis kriteriumi; 

 

 
nax. 19  eqsperimentuli gamokvlevebis rezultatebi 
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 am kriteriumebSi Semavali sidideebia: kα - konveqciuri 

Tbocvlis koeficienti 
Km

vati
2

;  l -msazRvreli zoma, Cvens 

SemTxvevaSi wibos simaRle, m; λ -haeris Tbogamtarobis 

koeficienti, 
Km

vati ; g -simZimis Zalis aCqareba, 
2wm

m ;  tΔ - haerisa da 

wibos zedapiris temperaturaTa sxvaoba; ν - siblantis 

kinematikuri koeficienti, 
wm

m2

; a - temperaturis gamtarobis 

koeficienti,  
wm

m2

;  
T
1

=β -moculobiTi gafarToebis temperaturuli 

koeficienti, 
KK
1 .  

 bunebrivi konveqciis SemTxvevaSi mniSvnelovan rols 

TamaSobs Tbocvla gamosxivebiT. amitom konveqciuri Tbocvlis 

koeficients saWiroa daematos gamosxivebiT Tbocvlis 

koeficienti, romelic gamoiTvleba stefan - bolcmanis kanoniT.  

 

                             
hz

hz

g ТТ

ТТco

−
⎥
⎥
⎦

⎤

⎢
⎢
⎣
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⎟
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⎠
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⎝
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=

ψε

α

44

100100
    

K2m
vati                             (109) 

 
 sadac ε - sistemis siSavis xarisxia, SeiZleba miviRoT 

9.0=ε ;  67.5Co =  - absoluturad Savi sxeulis gamosxivebis 

koeficientia, 4K2m
vati ;   ψ -kuTxuri koeficienti, aseve SeiZleba 

miviRoT 9.0=ψ ;  ,zТ  hТ - wibos zedapirisa da haeris 

temperaturebia, .K  

 siTxis aorTqlebis an mis zedapirze haeridan wylis 

orTqlis kondensaciis SemTxvevaSi Tbocvlis saerTo 

koeficientis gamosaTvlelad SeiZleba visargebloT 

gamosaxulebiT: 

 

                                               ξαααε )( gk +=                                                        (110) 
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 sadac ζ -tenis gamoyofis koeficientia da gamoiTvleba 
formuliT. 
 

                                  
s

psp

s

pspw

tt
PP

tt
PP

o

о

o

о

−
−

+≈
−
−

+= 34.21r
β

1
α

ξ                            (111) 

  
 nax. 19  datanili, wibos zedapirze wylis nakadis gareSe 

temperaturis ganawilebis Teoriuli wyvetili mrudebi, agebulia 

cnobili formulis [2, 3] saSualebiT: 

 
 

                                          
)mh(ch

)xh(m[ch
o

−
θ=θ                                             (111’) 

 
 sxva danarCeni mrudebi, romlebic aRweren temperaturis 

ganawilebas wibos zedapirze siTxis nakadis sxvadasxva xarjis 

dros wylis aorTqlebis an mis zedapirze haeridan wylis 

orTqlis kondensaciis procesSi, agebulia (112)  formuliT.  

 

                                  hbhb

hbx)ba(x)ba(hb

o )ba()ba(
)ba()ba(

−

−+−

−−+
−−+

θ=θ
ll

llll                        (112) 

 
Teoriuli da eqsperimentaluri monacemebis erTgvari 

ardamTxveva aixsneba im garemoebiT rom, (112) Teoriuli formula 

ar iTvaliswinebs Tbocvlas siTxis nakadsa da wibos zedapirs 

Soris. amasTan erTad, bunebrivi konveqciis pirobebSi, miuxedavad 

imisa, rom haersa da zedapirs Soris Tbocvlis koeficienti 

mcirea, mis cvlilebas wibos simaRleze mniSvnelovani gavlena 

aqvs temperaturis ganawilebaze.  

 meore eqsperimentalur stendze Seiswavleboda teperaturis 

ganawileba fuZidan zemo da qvemo wiboebze momrwyveli siTxis 

sxvadasxva sawyisi temperaturis dros haeris iZulebiTi 

konveqciis pirobebSi. eqsperimentaluri stendis sqema mocemulia 

naxazze 20. 

 uJangavi foladisagan damzadebuli firfitis (1) Sua 

nawilSi miduRebuli iyo milaki, romelSic miedineboda Tbili an 
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civi wyali. firfitis gare zedapirze, wylis Tanabari 

ganawilebis mizniT, Seqmnili iyo kapilaruli struqtura. 

firfitis meore mxare iyo saimedod Tboizolirebuli. firfitis  

 

 
nax. 20 meore eqsperimentaluri stendis sqema 
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zomebia: sisqe ,0006.0 m=δ  sigane ,06.0 m=b  milakidan TiToeuli 

mxaris simaRle .14.0 m=h  

 firfitis gare zedapirze wyali miewodeboda sifonuri 

tumbos (2) saSualebiT, romelic CaSvebuli iyo wylis avzSi (3). 

firfitidan Camodinebuli wyali grovdeboda avzSi (4). wylis 

miwodeba avzSi (3) da misi temperaturis regulireba 

xorcieldeboda Termostatis (6) saSualebiT. milakSi wylis 

cirkulacias da mis saWiro temperaturas uzrunvelyofda 

Termostati (5). firfitis milakidan zemo nawilSi wylis nakadisa 

da konduqciuri siTbos mimarTulebebi urTierTsawinaaRmdego 

iyo, xolo qvemo nawilSi es mimarTulebebi erTmaneTs 

emTxveodnen. 

 firfitis mTel simaRleze temperaturis ganawileba 

ganisazRvreboda qromel - alumelis TermowyvilebiT, romlebic 

mirCiluli iyo zedapiris 10 wertilSi. wylis nakadis sawyisi da 

saboloo temperaturebi, agreTve milakSi gamavali wylis 

temperatura izomeboda laboratoriuli Termometris 

saSualebiT, wylis nakadis xarji ki awonviT.  

 firfita moTavsebuli iyo eqsperimentaluri danadgaris 

muSa nawilSi kveTis zomebiT 0,36X0,3 (h)m. eqsperimentaluri 

danadgari warmoadgenda Sekrul konturian aerodinamiur mils, 

romlis sqema mocemulia naxazze 21. 

 haeris cirkulacia sistemaSi xorcieldeboda ЦС-30 tipis 

centridanuli ventilatoris (1) saSualebiT, romlis warmadobaa 

sT

m3

3000  da anviTarebs 630 mm. wy. sv. wnevas. ventilatoris 

warmadoba regulirdeboda ventilatoris damWirxnav milyelTan 

da baipasze dayenebuli SiberebiT (2). sistemaSi haeris saWiro 

temperaturas uzrunvelyofda wyliani (3) da 

eleqtrokaloriferebi (4) saWiro tenianobas nacmebiani 

gamatenianebeli sakani (5). haeris nakadis gasamarTavad muSa 

nawilis (8) win da mis Semdeg mowyobili iyo gammarTveli 
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gisosebi (6). haeris nawilobrivad Sesacvlelad 

gaTvaliswinebuli iyo Riobebi (7) 

  

nax. 21 eqsperimentaluri danadgari 
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haeris nakadis temperatura da tenianoba danadgaris muSa 

nawilSi Sesvlisas da gamosvlisas izomeboda laboratoriuli 

Termometrebis da fsiqrometrebis saSualebiT. haeris xarji 

ganisazRvreboda pnevmometruli milebiT, romelTa saSualebiT 

izomeboda haeris moZraobis siCqare haersataris kveTis 

sxvadasxva wertilebSi. 

 Catarebuli iqna eqsperimentebis ramodenime seria: 

Tbocvla firfitasa da haers Soris wylis nakadis gareSe; 

Tbocvla wylis nakadsa da haers Soris gamorTuli wiboebis 

dros, roca milakSi ar miedineboda wyali; Tbocvla 

,,adiabaturi’’ reJimis pirobebSi, roca wylis nakadis sawyisi da 

saboloo temperaturebi erTmaneTis tolia; Tbocvla wylis 

nakadis da milakSi gamavali wylis sxvadasxva sawyisi 

temperaturebis dros. 

 eqsperimentaluri gamokvlevebis Sedegebi moyvanilia 

naxazze 22. grafikze datanilia sxvadasxva seriebSi miRebuli 

temperaturis ganawileba firfitis zemo da qvemo nawilebSi, 

romelTa pirobiT gamyofs warmoadgens 0X
=

l
 koordinata.  

 grafikze Teoriuli mrudebis asagebad saWiroa 

ganisazRvros Tbocvlis koeficientebi wibos zedapirsa da wylis 

nakads Soris wα  da  wylis zedapirsa da haers Soris α . wα  

ganisazRreba cnobili kriterialuri gantolebebidan: siTxis 

moZraobis laminaruli reJimis dros, roca 
510

s
<lR  

                     
43.0

5.0
PrRe66.0 sss =Nu                                          (113)  

turbulenturi reJimis dros, roca 510Re >s       
  

                                         
43.0

8.0
PrRe037.0 sss =Nu                                        (114) 

sadac 
υ
ϖl

=sRe - reinoldsis kriteriumia; 
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 ϖ - firfitis zedapirze wylis afskis moZraobis saSualo   

 siCqarea da ganisazRvreba cnobili formuliT: 

 

  

 
nax. 22 eqsperimentaluri gamokvlevebis Sedegebi 
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                                              3

2

23
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s
s

hsw

γμ
γγ

ϖ
−

=
H

;    
wm

m                                           (115)  

romelSic 
U
GH =s - morwyvis simWidrovea da Cvens SemTxvevaSi 

 warmoadgens momrwyveli wylis xarjis fardobas firfitis 

 siganesTan, ;
mwm

kg   ,sγ ,sγ -wylisa da haeris xvedriTi  

 wonebia, ;
3m

kg  sμ -  wylis siblantis dinamiuri koeficientia, 

2m

kg.wm
 

 haeris iZulebiTi konveqciis pirobebSi, Tbocvlis 

koeficienti haersa da wibos zedapirs Soris α , roca Tbocvlas 

Tan ar sdevs masaTa cvla, SeiZleba ganisazRvros (113) da (114) 

formulebiT, romlebic nuseltis, reinoldsis da prantlis 

kriteriumebi Seicaven haeris fizikur parametrebs. 

 swori wibos Tbogamtarobis diferencialuri gantolebis 

zogad amonaxsns aqvs saxe: 

 

                                          mx
2

mx CC1
−+=θ ll                        (116) 

  
 X koordinatas aTvla iwyeba wibos fuZidan, Cvens 

SemTxvevaSi milakis firfitasTan miduRebis wertilidan 

SevirCieT X-is or mniSvnelobas, romlebic zustad tolia Bda 

B2  erTeulebis da vzomavT wibos temperaturas sam wertilSi: 

wibos fuZeze, roca 0X = , BX =  da B2X =  kveTebSi. maSin, (116) 

dan miviRebT: 

 

                                             21o CC +=θ  

                                        MBMB CC −+= ll 21hθ                                               (117)   

                                     MBMB CC 2
2

2
12

−+= llhθ  
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 aRvniSnavT 
h

h

θ
θθ 2+

= oR  da SevitanT masSi θ -s mniSvnelobebs: 

 

                  MB
2
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1
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2

MB2
121

CC
CCCCR −

−

+
+++

=
ll

ll  

gavamravlebT mricxvels da mniSvnels )( MBMB −+ ll  - ze da 

algebruli gardaqmnebis Semdeg miviRebT gamosaxulebebs: 
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an    ).MB(ch2R MBMB =+= −ll  

 miviReT R - sa da MB -s Soris ubralo damokidebuleba, 

romelic iTvaliswinebs wibos cnobil geometriul zomebs, 

Tbogamtarobis koeficients da sam gazomil temperaturas, 

saidanac ganisazRvreba saZiebeli Tbocvlis koeficienti: 
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λδ
=α                                             (118)   

  
 wibos zedapirze wylis organizebuli nakadis dros, roca 

wyali an orTqldeba haerSi an xdeba mis zedapirze haeridan 

wylis orTqlis kondensacia, amgvarad gansazRvruli Tbocvlis 

koeficienti mravldeba tenis gamoyofis koeficientze, romelic 

gamoiTvleba (111) formuliT. haeridan wylis orTqlis 

kondensaciis pirobebSi siTbosa da masis cvlis koeficientebis 

detaluri gamokvleva mocemulia momdevno TavSi. 

 naxazze 22 eqsperimentalur monacemebTan erTad datanilia 

Teoriuli mrudebi: wyvetili - ,,mSrali’’ Tbocvlis pirobebSi, 

wertilwyvetili-gamorTuli wiboebis dros, romlebic agebulia 
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literaturaSi cnobili formulebis saSualebiT. mTliani 

mrudebi agebulia (119) da (120) formulebis gamoyenebiT.  
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 eqsperimentaluri monacemebis Sedareba Teoriul mrudebTan 

gviCvenebs maT karg SeTanawyobas, rac adasturebs Teoriuli 

gamokvlevebis Sedegebis siswores. 

 mesame stendze Seiswavleboda wibos zedapirze 

temperaturis ganawileba siTxis gaswvrivi nakadis SemTxvevaSi. 

eqsperimentaluri stendis sqema mocemulia naxazze 23. 

 wibod gamoyenebuli iqna uJangavi foladisagan 

damzadebuli firfita 1, zomebiT 0,3 X0; 006 X0; 006 m. firfitis 

mTel sigrZeze gverdidan miduRebuli iyo milaki 2, romelSic 

miedineboda Tbomatarebeli (wyali). Ffirfitis gare zedapirze 

wylis nakadis Tanabari ganawilebis mizniT Seqmnili iyo 

kapilaruli struqtura, meore zedapiri iyo Tboizolirebuli. 

wyali firfitis gare zedapirze miewodeboda wylis avzSi 4 

CaSvebuli sifonuri tumbos 3 saSualebiT, firfitidan 

Camodinebuli wyali grovdeboda avzSi 5. wylis miwodeba avzSi 4 

da misi temperaturis regulireba xorcieldeboda Termostatis 6 

saSualebiT. milakSi wylis cirkulacias da misi saWiro 

temperaturas uzrunvelyofda TermostatSi 7. 

 firfitis zedapirze temperaturis ganawileba 

ganisazRvreboda qromel-alumelis Termowyvilebis saSualebiT, 

momrwyveli wylis xarji ki awonviT. izomeboda agreTve  
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nax. 23 mesame eqsperimentaluri stendis sqema 

 

momrwyveli da milakSi gamavali wylis temperaturebi, firfitis 

garemomcveli haeris temperatura da tenianoba. 

 naxazze 24 eqsperimentalur monacemebTan erTad datanilia 

temperaturis ganawilebis Teoriuli mrudebi, siTxis sxvadasxva 

sawyisi temperaturis, wibos sxvadasxva simaRlis dros.  
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nax. 24 eqsperimentaluri gamokvlevebis Sedegebi 

 

Teoriuli da eqsperimentaluri monacemebis kargi SeTanawyoba 

gviCvenebs Teoriuli gamokvlevebis siswores. 
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 meoTxe stendi ganekuTvneboda wibos zedapirze 

temperaturis ganawilebaze haeris temperaturis cvlilebis 

gavlenis gamokvlevas. misi sqema mocemulia naxazze 25. 

 uJangavi foladisagan damzadebuli, 0.21m sigrZis 

vertikaluri firfitis (1) SuaSi miduRebuli iyo milaki (2), 

romelSic eqsperimentis pirobidan gamomdinare, miedineboda civi 

an Tbili wyali. firfita ganlagebuli iyo statikur kameraze (3), 

romlis RreCodan haeri garsSemoedineboda firfitis gare 

zedapirs. RreCos sigane icvleboda tixris (4) gadaadgilebiT. 

firfitis meore mxare iyo Tboizolirebuli. statikuri kamera 

moTavsebuli iyo Sekrulkonturian aerodinamiur milSi, sadac 

xdeboda haeris Termodinamiuri damuSaveba. milakSi wylis 

cirkulacias da saWiro temperaturas uzrunvelyofda 

Termostati (5). firfitis milakidan zemo nawilSi haeris nakadis 

mimarTuleba emTxveoda konduqciuri siTbos nakadis 

mimarTulebas, qvemo nawilSi es mimarTulebebi 

urTierTsawinaaRmdego iyo. 

 temperaturis ganawileba firfitis simaRleze 

ganisazRvreboda firfitis zedapirze mirCiluli qromel-

alumelis Termowyvilebis saSualebiT. haeris xarji RreCoSi 

miiReboda rogorc statikuri kameris win da mis Semdeg haeris 

xarjTa sxvaoba. es ukanasknelni izomebodnen normaluri 

diafragmebiT. izomeboda agreTve statikur kameraSi haeris 

temperatura da tenianoba, milakSi gamavali wylis temperatura. 

haersa da firfitis zedapirs Soris Tbocvlis zedapirs Soris  

Tbocvlis koeficienti ganisazRvreboda zemoTmoyvanili 

meTodikis saSualebiT formula (118).  

 eqsperimentaluri gamokvlevebis Sedegebi mocemulia 

grafikze nax. 26 uganzomilebo koordinatebSi: 
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 iqve datanilia Teoriuli mrudebi, agebuli (121) da (122) 

formulebiT (Sesabamisad mrudebi (1) (2)). Teoriuli da 

eqsperimentaluri monacemebis damakmayofilebeli SeTanawyoba 

gviCvenebs Teoriuli daskvnebis siswores.    

 
nax. 25 meoTxe eqsperimentaluri stendis sqema 
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nax. 26 eqsperimentaluri gamokvlevebis Sedegebi 
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Tavi 5.1 eqsperimentaluri danadgaris aRwera 

 

 gamokvlevebis Casatareblad Seqmnili iqna specialuri 

eqsperimentaluri danadgari, saerTo saxe da sqema mocemulia 

naxazze 21.  is warmoadgens aerodinamikur mils Caketili 

konturiT muSa nawilSi, romelsac aqvs sworkuTxa forma 360X300 

mm, ganTavsebulia sacdeli Tbomcvleli. 

 sistemaSi haeris gadaadgileba xdeboda  ЦС-30 (1)  tipis 

centridanuli ventilatoris saSualebiT. ventilatoris 

warmadoba regulirdeboda droseliani diafragmiT (2). 

 sistemaSi aucilebeli temperatura SenarCunebuli iyo 

avtomaturi samarjviani eleqtro kaloriferiT (4). 

 haersadenze, diametriT 105 mm, damontaJebuli iyo mili 

ventura (4). haeris nakadis gaTanabrebisaTvis muSa nawilis win da 

mis Semdeg dayenebuli iyo masworebeli cxaurebi (7). haeris 

xSiri cvlisaTvis gaTvaliswinebuli iyo Riobebi (8). 

 

5.2 sazomi xelsawyoebi da gazomvis meTodika 

 

 haeris xarjisa da siCqaris gazomvisaTvis, Tanamedrove 

pirobebSi arsebuli meTodebidan, yvelaze misaRebad CavTvaleT 

venturis milis gamoyenebis meTodi.  
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 venturis mili gamoTvlili da konstruirebuli iyo 

normatiuli moTxovnebis Sesabamisad, amitom wnevis vardna 

SerCeuli iyo muSa sakanSi haeris SesaZlo siCqarisa da 

mikromanometrze wnevis dasaSvebi vardnis Sesabamisad. 

 venturis milis tarireba warmoebuli iyo koleqtoris 

saSualebiT. 

 tarirebis SedegebiT miRebuli iqna haeris xarjis 

gansazRvrisaTvis Semdegi damokidebuleba:  

 

                                                           
CM

BAPV
α

394,87=  m³/sT.                                         (123) 

 

 sadac BAP - wnevis danakargi venturis milSi, mm. v .wy. sv. 

CMα - haerisa da orTqlis narevis miculobiTi wona. 

 haeris, siTxis nakadis, siTbosa da masaTa cvlis zedapiris 

temperature izomeboda spilenZis TermowyviliT danayofTa 

sxvaoboT .1,0 °  

 aRnusxva xdeboda kompensaciuri meTodiT. 

 kondensaciis zedapiris temperaturis gasazomad 

damontaJebuli iyo dafrezuli RarakSi ganTavsebuli 9 

Termowyvili. RarakSi Casxmuli iyo webo БФ‐2‐is da spilenZis 

fxvnilis narevi, daxSuli iyo spilenZis folgis zolebiT.  

Termowyvilebis Tavebi ganlagebulia uSualod folgis qveS, 

folgis sisqe 0.1 mm-ia. Termowyvilebis sadenSi siTbos 

danakargis Sesamcireblad sadenebis mniSvnelovani nawili 

ganlagebulia izoTermul zedapirze. 

 siTxis nakadis temperatura, sacdel TbomcvlelSi 

Sesvlaze da gamosvlaze izomeboda vercxliswylis 

laboratoriuli TermometrebiT, danayofTa sxvaobiT .1,0 °  da 

agreTve spilenZis TermometrebiT ,,cxeli” darCilviT. 

 haeris nakadis temperaturis gazomva xdeboda spilenZis 

diferencialuri TermowyvilebiT, romlebic moWimuli iyo 
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specialur CarCoSi da dayenebuli iyo danadgaris muSa nawilis 

Sesvlasa da gamosvlaze. 

  

 
nax. 27 Termowyvilebis eleqtro sqema 
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 haeris nakadis saSualo temperatura miRebuli iqna 

Cvenebebis saSualo ariTmetikuliT. 

 haeris fardobiTi tenianoba ganisazRvreboda sacdeli 

Tbomcvlelis Sesvlasa da gamosvlaze dayenebuli 

fsiqrometrebis saSualebiT. ,,sveli” Termometris datenianeba  

xorcieldeboda wyliT savse minis milakidan, romlis qveda 

nawilSi CaSvebuli iyo vercxliswylis burTuliT dafaruli 

batistis SaliTa. 

 siTxis nakadis xarji ganisazRvreboda woniTi meTodiT. Aam 

miznisTvis gamoiyeneboda sazomi WurWeli, romelic periodulad, 

cdis stacionaruli reJimis pirobebSi Seivseboda siTxiT da 

iwoneboda sasworze. WurWlis Sevsebis dro izomeboda wamzomis, 

sizustiT 0.1 wm-mde, siTxis raodenoba ki – sizustiT 1.0 g. 

 temperaturuli veli da parcialuri wneva, haeris 

mosazRvre SreSi siTbosa da masaTa cvlis zedapirze, izomeboda 

fsiqrometruli Termowyvilebis saSualebiT. is Sedgeba ,,mSrali” 

da ,,sveli” mSvildisebri spilenZis Termowyvilisgan diametriT 

0.09 mm. ,,sveli” Termowyvilis dasveleba xdeboda distilirebuli 

wyliT, romelic miewodeba qlorvinilis milakidan. ,,sveli” 

Termowyvili Sexveuli iyo batistis ZafiT, rac uzrunvelyofda 

mis Tanabar dasvelebas. 
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 ZiriTadi daskvnebi  

 

  gansaxilveli problemebisadmi miZRvnil Teoriul da 

eqsperimentalur naSromTa analizi uflebas gvaZlevs gavakeToT 

Semdegi daskvnebi: 

  mosarwyavzedapirian Tbomcvlel aparatebSi Tbofizikuri 

TvalsazrisiT mimdinareobs metad rTuli siTbosa da masis 

cvlis erTdrouli da urTierTdakavSirebuli procesebi, 

romelTac Tan sdevs aseve rTuli momrwyveli siTxisa da haeris 

nakadebis hidrodinamika da aerodinamika, gawibovnebul metalur 

zedapirze konveqciuri siTbos gavrceleba. 

     aRniSnuli sakiTxis Seswavlis mizniT Catarebuli dRemde 

cnobili gamokvlevebi ZiriTadad eqsperimentaluri xasiaTisaa, 

xolo arsebuli Teoriuli gamokvlevebi miZRvnilia calkeuli, 

kerZo amocanebis amoxsnisadmi. arc erT naSromSi ar aris 

ganxiluli gawibovnebul zedapirze Seqmnili siTxis nakadis 

gavlena wibos temperaturul velze, maSin rodesac mas arsebiTi 

gavlena aqvs gawibovnebuli zedapiris efeqturobaze.  

 gamokvleul iqna haeris temperaturis cvlilebis gavlena 

swori wibos temperaturul velze da mis efeqturobis 

koeficientze wibos sisqeSi konduqciuri nakadisa da haeris 

nakadis urTierTmimarTulebaTa gaTvaliswinebiT. miRebulia 

wibos temperaturuli velis da efeqturobis koeficientis 

gamosaTvleli formulebi aRniSnul nakadTa Tanmxvedri da 

urTierTsawinaaRmdego mimarTulebis dros. 

gamokvleul iqna swori wibo SeuzRudavi sigrZiT, roca 

haeris nakadi moZraobs wibos fuZis paralelurad. am SemTxvevaSi 

temperaturuli veli wibos zedapirze organzomilebiania. 

Sedgenilia diferencialuri gantoleba da amoxsnilia igi 

cvladTa gancalkevebis meTodiT. miRebulia wibos zedapiris 

organzomilebiani temperaturuli velis da wibos efeqturobis 

koeficientis gamosaxuleba haeris temperaturis cvlilebis 
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gaTvaliswinebiT. dadgenilia, rom wibos sigrZis gazrdiT 

izrdeba misi efeqturobis koeficienti.  

gamokvleul iqna haersa da wibos zedapirs Soris 

Tbocvlis koeficientis gavlena rogorc mSrali, aseve 

mosarwyavzedapiriani wiboebis efeqturobis koeficientze. 

miRebulia, rom mSrali wiboebis SemTxvevaSi es gavlena SeimCneva 

wibos simaRlis naxevridan. mosarwyavzedapirian wiboebze wylis 

orTqlis kondensaciis dros Tbocvlis koeficientis cvlileba 

gavlenas ver axdens efeqturobis koeficientis zrdaze mSral 

wiboebTan SedarebiT, rac saSualebas iZleva gaizardos wibos 

simaRle. wylis aorTqlebis SemTxvevaSi, Tbocvlis maRali 

koeficientis gamo, mosarwyavzedapiriani wibos efeqturobis 

koeficienti mcirdeba da saWiro xdeba Zalze dabali wiboebis an 

kapilaruli zedapirebis gamoyeneba. 

gamokvleul iqna SemTxveva roca siTxis nakadi moZraobs 

swori wibos fuZis perpendikularulad. siTxis sawyisi 

temperatura da wibos fuZis temperatura sxvadasxvaa da siTxis 

temperatura gansxvavdeba wibos zedapiris temperaturisagan. 

miRebulia formulebi siTxis da wibos zedapirze 

temperaturuli velis gansasazRvravad. miRebulia agreTve swori 

wibos efeqturobis koeficientis gamosaTvleli formula siTxis 

organizebuli nakadis sxvadasxva mimarTulebis, xarjisa da 

sawyisi parametrebis SemTxvevaSi. 

naSromSi mocemulia adre miRebuli siTxis organizebuli 

nakadis da haeris temperaturis cvlilebis gaTvaliswinebiT 

miRebuli Teoriuli formulebis Sesamowmeblad Catarebuli 

eqsperimentaluri gamokvlevis Sedegebi. 

aRniSnulis Casatareblad Seqmnili iqna oTxi 

eqsperimentaluri stendi da eqsperimentebis Sedegad miRebuli 

monacemebi datanil iqna Teoriul mrudebTan erTad. Teoriuli 

da eqsperimentaluri monacemebis damakmayofilebelma 

SeTanawyobam gviCvena Teoriuli daskvnebis siswore. 
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 gamokvleul iqna swori wibos temperaturuli veli da misi 

efeqturobis koeficienti wibos zedapirze siTxis (wylis) 

organizebuli nakadis fuZis perpendikularulad moZraobis 

SemTxvevaSi. wiboebis aseTi konstruqcia axasiaTebs 

milovanfirfitovan Tbomcvlel aparatebs aRWurvils ovaluri 

milebiT, (an roca mrgvali milebi horizontalur sibrtyeSi 

erTmaneTTan axlosaa ganlagebuli). gamokvlevebi Catarda ori 

SemTxvevisTvis: roca siTxis da wibos zedapiris temperatura 

erTmaneTs emTxveva da roca es temperaturebi gansxvavdeba 

erTmaneTisgan. miRebulia wibos zedapirze temperaturis 

ganawilebis da wibos efeqturobis koeficientis gamosaTvleli 

analizuri formulebi orive SemTxvevisTvis, romelTa mixedviT 

dasturdeba, rom siTxis organizebuli nakadis dros wibos 

zedapiris saSualo temperatura gacilebiT axloa misi fuZis 

(milis zedapiris) temperaturasTan vidre ,,mSrali” wibos 

saSualo temperatura. Sedegad izrdeba wibos efeqturobis 

koeficientis mniSvneloba (siTxis xarjis proporciulad) 

 gamokvleul iqna swori wibos zedapiris organzomilebiani 

temperaturuli veli organizebuli siTxis nakadis wibos fuZis 

paralelurad moZraobis SemTxvevaSi. aseT process adgili aqvs 

Tbomcvlel aparatebSi, sadac vertikalur milebze mowyobilia 

spiralurad daxveuli swori wiboebi. gamokvleulia agreTve 

ventilacia - haeris kondicirebis sistemebSi yvelaze metad 

gavrcelebuli mrgvali wiboebis zedapiris temperaturuli veli 

siTxiT morwyvis dros. orive SemTxvevisTvis miRebulia wibos 

zedapirze temperaturis ganawilebis, saSualo temperaturis da 

wibos efeqturobis koeficientis analizuri formulebi. 

 gamokvlevebiT dadasturda, rom siTxis (wylis) 

organizebuli nakadi wibos zedapirze zrdis wibos efeqturobis 

koeficients miT metad, rac metia siTxis xarji. Sedegad wibos 

optimaluri efeqturobis koeficientis ( 85,08,0η ÷= ) SenarCunebis 

pirobebSi SesaZlebelia mniSvnelovnad SevamciroT (2-jer da 
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metad) milebis raodenoba Tbomcvlel aparatSi, rac iZleva 

metalis xarjis mniSvnelovan ekonomias. aRniSnuli RonisZiebebi 

SesaZlebelia ganxorcieldes rogorc centralur, aseve 

adgilobriv kondicionerebSi. 
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