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reziume 
 

Savi baixis Cais warmoebis procesSi Rnoba erT-erTi 
ZiriTadi operaciaa. miuxedavad amisa Rnobis meTodi da saRnobi 
manqanebi mniSvnelovnad CamorCeba Tanamedrove moTxovnebs. 
dResdReobiT Cais sawarmoebSi Rnobis procesi mimdinareobs 
fardobiT uZrav SreSi, ris gamoc masaSi teni nawildeba 
araTanabrad, xolo Cais saRnob manqanebs ki aqvT didi 
gabarituli zomebi; aris energo da liTontevadoba; aqvs dabali 
mqk da sxva. 

Rnobis racionaluri meTodis da saRnobi manqanebis 
optimaluri parametrebis SerCeva aris metad aqtualuri 
problema, romelsac aqvs didi praqtikuli mniSvneloba. 

aRniSnuli problemis gadasawyvetad CavatareT literaturuli 
mimoxilva kerZod, ganvixileT: Cais mniSvneloba adamianisaTvis; 
Cais klasifikacia teqnologiis TvalsazrisiT; Savi baixis Cais 
(maT Soris wvrili Cais) teqnologia da teqnologiuri sqemebi. 

Cais Rnobis procesis da teqnikis Tanamedrove mdgomareobis 
analizis safuZvelze CamovayalibeT ZiriTadi daskvnebi da 
kvlevebis amocanebi. 

davamuSaveT Cais masis Rnobis procesis (Rnobis kinetika, 
mudmivi da klebadi siCqareebis periodebi, tenian Cais masaSi 
siTbos da tenis gadatana, Rnobis reJimis SerCeva, Rnoba mduRare 
SreSi, aerSadrevnuli saRnobebi) Teoria. 

Cais masaze vibraciis da Tbili haeris nakadis erTdrouli 
zemoqmedebiT miviRe Rnobis racionaluri vibroaerofsedogaTxe-
vadebuli (vafg) meTodi da axali originaluri konstruqciis 
aerovibraciuli saRnobi manqanis muSaobis principi. aRniSnuli 
meTodis da manqanis optomaluri parametrebis SerCevisaTvis 
Seviswavle Cais masis fiziko-meqanikuri da Tbofizikuri 
Tbisebebi da aerodinamikuri maxasiaTeblebi. kerZod moumRnari 
da momRnari Cais duyebis zomebis, miwebebis koeficientis, Zvris 
sawyisi winaRobis da Siga xaxunis koeficientebis mniSvnelobebi. 
ganvsazRvre arsebuli xelsawyoebis da kvlevebis meTodikebis 
mixedviT. aerodinamikuri maxasiaTeblebis SeswavlisaTvis Cvens 
mier damuSavebuli iqna specialuri laboratoriuli danadgari 
da kvlevis meTodika vafg SreSi moqmedi faqtorebis 
gaTvaliswinebiT. Tbogamtarobis koeficientis mniSvnelobis 
damokidebuleba Cais masis tenianobis da temperaturis 
cvlilebaze gamovsaxe empiriuli formuliT. 

vafg SreSi Cais masis Rnobis procesis kinetikis da 
vibraciuli gadaadgilebis kanonzomierebis eqsperimentuli 
kvlevebi Cavatare specialur laboratoriul stendze.   

cdis Sedegebis mixedviT saRnobi manqanis muSa organos 
rxevis parametrebis (amplituda, rxebis sixSire), Cais masis 
temperaturis da tenianobis cvlilebis damokidebuleba Rnobis 
procesis xangrZlivobaze gamovsaxeT grafikebis saxiT. 

vafg SreSi Rnobisas uZrav SresTan SedarebiT haeris 
teqnologiurad dasaSvebi maqsimaluri temperatura gaizarda 318-
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dan 330K-mde. vafg mdgomareobaSi Cais masis temperaturis sxvaoba 
Sris simaRlis mixedviT Semcirda 5-dan 2K-mde. muSa zedapiris 
kuTri daZabuloba aorTqlebuli tenis mixedviT 18-jer gaizarda. 
cdis Sedegebis mixedviT gamoviyvaneT vafg SreSi Cais masis 
Rnobis siCqaris ganmsazRvreli empiriuli formula. Rnobis 
procesis xangrZlivobis damokidebuleba saRnobi sakanis 
gabaritul zomebze da haeris moZraobis siCqareze gamovsaxeT 
grafikebis saxiT. gamoviyvaneT Cais duyebis da Cais masis 
fardobiTi uZraobis, srialis Tavisufali moZraobis 
diferencialuri da kritikuli siCqareebis (srialis qveda da 
zeda zRvrebi) gantolebebi. aRniSnuli gantolebebis egm-ze 
amoxsnisaTvis davamuSave blok-sqema. 

Cais masis Rnobis xangrZlivobis gansazRvrisaTvis 
davadgineT procesze moqmedi ZiriTadi faqtorebis doneebi, 
cvlilebis areebi da varirebis intervalebi. cdebis 
maTematikuri dagegmvis meTodis gamoyenebiT da eqsperimentis 
realizaciis Sedegad miviReT regresiis gantolebebi. fiSeris 
kriteriumis gamoyenebiT davadgineT gamosakvlev procesisaTvis 
miRebuli regresiis gantolebebis adekvaturoba da misi 
gamoyeneba Cais Rnobis procesis optimizaciisaTvis. 

eqsperimentuli monacemebis mixedviT davadgine, rom maRali 
sixSiris denis eleqtruli velis energiis gamoyenebiT 
SesaZlebelia Cais masis mTel moculobaSi Rnobis procesis 
Tanabroba. 

Cais masis vafg SreSi Rnobisas Sreebs Soris mimdinare 
procesebis movibrire zedapirebTan urTierTqmedebis 
kanonzomierebis dasadgenad davamuSave drekad-blant-plastikuri 
reologiuri modeli. miRebuli diferencialuri gantolebaTa 
amoxsnis Sedegebis safuZvelze avage Sesabamis mrudeebi da 
davaskveni, rom vafg SreSi Cais masis gadaadgilebas aqvs 
eqstremaluri xasiaTi da intensiuri gadaadgileba SeiniSneba 
Tavisufali moZraobis etapze. eqstremaluri gadaadgilebis 
mniSvnelobebi ixreba vibraciis parametrebis gadidebis 
mimarTulebiT.  

Teoriuli da eqsperimentuli kvlevebis Sedegebis 
realizaciisaTvis davamuSaveT Cais vibraciuli saRnobi manqanis 
sacdeli nimuSi, romelic gamovcadeT sawarmoo pirobebSi da 
SevadareT warmoebaSi gamoyenebul saRnobi manqanis gamocdis 
Sedegebs. 

Cais mza produqciis sacdeli da sakontrolo nimuSebis 
maxasiaTeblebis (fardobiTi tenianoba, taninis raodenoba, 
Rnobis xarisxi, Cais masis temperatura Rnobis xangrZlivoba, 
titeisteruli baluri Sefaseba), eqsperimenuli mniSvnelobebi 
warmovadgine cxrilebis saxiT. cdis Sedegebidan naTlad Cans, 
rom vafg SreSi momRnari Cais Rnobis xarisxi 2,5-3,0%-iT 
aRemateboda uZrav SreSi momRnar Cais Rnobis xarisxs. vafg 
SreSi Rnobis araTanabroba 4,8-6,5%-dan 1,0-1,1%-mde Semcirda uZrav 
SreSi RnobasTan SedarebiT, xolo Rnobis xangrZlivioba ki 
Semcirda 7200-dan 1440 wm-mde; saerTod sacdeli nimuSebis yvela 
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xarisxobrivi maCveneblebi aRemateboda sakontrolo nimuSis 
xarisxobriv  maCveneblebs. 

Rnobis intensifikaciaze haeris tenSemcvelobis gavlenis 
dasadgenad gamoviyeneT ОБВ tipis haeris meqanikuri SemSrobi. 

gamomSrali haeriT Rnobis SemoTavazebuli meTodis gamoyenebis 
SemTxvevaSi haeris tenSemcveloba saRnobSi Sesvlisas 14-dan 5,5 
g/kg-mde, xolo saRnobidan gamosvlisas ki 20-dan 11,5 g/kg-mde 
Semcirda. saSualo mamoZravebeli Zala 7,8-dan 16,6 g/kg-mde, xolo 
Rnobis procesis siCqare 2,1-jer gaizarda. 

Rnobis procesis energetikuli analizis mixedviT gamoviyvane 
Zravis moTxovnili simZlavris saangariSo formulebi. 

Rnobis teqnologiurad maqsimalurad dasaSvebi temperaturis 
SedarebiT dabali (T=330K) mniSvneloba da Cais gadamuSavebis 
sezonis mzis radiaciis intensifikaciis periodTan damTxveva 
migviTiTebs mzis sxivebis da Termiuli wylebis gamoyenebis 
mizanSewonilobaze. risTvisac davamuSavveT heliosaRnobi da 
brom-liTiumiani absorbciuli danadgarebis stendebi. cdis 
monacemebidan cxadad Cans, rom didi raodenobiT ZviradRirebuli 
saTbobis (mazuTi, dizeli, airi) magivrad mzis sxivebis an 
Termiuli wylebis gamoyenebiT izrdeba ekonomikuri efeqtianoba, 
umjobesdeba mza produqciis xarisxi, Srobis sanitarul-
higienuri pirobebi da maRldeba Sromis mwarmoebloba. 
davamuSaveT vafg SreSi Cais saRnobi manqanis gaangariSebisa da 
konstruiebis mecnieruli safuZvlebi. vafg meTodis da 
racionaluri konstruqciis erTi cali vibraciuli saRnobi 
manqanis (mwarmoeblobiT 0,2 t. mza produqcia/sT) danergviT 
miRebuli mosalodneli ekonomikuri efeqtianoba weliwadSi 
Seadgens 150 aTas lars.      
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Summary 
 

In the process of the production of the black Baikhi  tea melting is one of the 
main operations. In spite of this the method of melting and the melting machines 
considerably lag behind from the current demands. Nowadays in tea factories the 
melting process is carried out in relatively immovable layer and for this reason 
humidity is distributed unevenly, tea meltingmachines have large sizes, energy and 
 metal  capacity, low efficiency and etcetera.  

Choosing  the  rational method of melting  and  optimal parameters  of 
 melting machines is very urgent problem which has a  big practical significance. 

To solve the indicated  problem  we carried  out the survey of literature. For 
example,  we considered the importance of tea for human being; tea classification in 
the view of technology; technology and technological schemes of black Baikhi tea 
(including small  tea).  

On the basis of the analysis of the current condition of tea melting process and 
technics we formed main conclusions and research goals. 

We elaborated  the theory of melting process of tea masses (melting kinetics, 
 the periods of constant and decreasing  velocities, transfer of  warmth and humidity in 
 humid tea  masses, choosing the melting regime, melting in the boiling layer, air 
fountain foundries). 

By the simultaneous influence  of vibration and warm air stream on tea masses 
I got the rational vibroairpseudodiluted (VAPD) method of melting  and working 
principle of new air vibratory  foundry machine  of original construction. To choose 
this method and optimal parameters of machine  I studied the   physical -mechanical 
and heat and physical  qualities of tea masses  and air dynamical characteristics. For 
example, I determined the sizes, adhesion coefficients, initial resistance of start and  
the meanings of interior friction coefficients of dried and non-dried tea buds with 
available instruments and research methods. To study air dynamical characteristics we 
elaborated special laboratory equipment and research method taking into consideration 
factors acting in VAPD layer. I expressed with empirical formula dependence of the 
meaning of the coefficient of the conductivity of warmth on the humidity of tea 
masses  and temperature  changes. 

We carried out on the special experimental stand experimental research of the 
kinetics and  the regularity of the vibratory   transportation of the  melting process  of 
tea masses in the layer. 

According to the  results of the trial we expressed graphically the oscillation 
parameters of the working part of the foundry machine ( amplitude, oscillation 
frequency), the dependence of changes in  tea masses temperature  and humidity  on 
the duration of the melting process. 

During the melting in the VAPD layer in comparison with the immovable 
layer the technologically permissible  maximal temperature  increased from 318 till 
330K. In the VAPD condition the difference of temperature of tea masses in relations 
to the layer height decreased from 5 till 2K. The specific tension of the working surface in 
accordance with the evaporated humidity increased 18 times. We drew the empirical 
formula for determining  the melting velocity of tea masses in the VAPD layer. We 
expressed graphically the dependence of the duration of the melting process on the 
overall dimensions of the foundry chamber  and the velocity of air movement. We 
deduced the equations of the relative immobility of tea buds and tea masses, differential 
and critical velocities of slide, flight (lower and upper limits of slide). To solve these 
equations on the electrical computational machine I elaborated the block-scheme. 
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To determine the duration of  melting of tea masses  we established  the levels 
of  main factors affecting the process, areas of changes and intervals of variations. 
With the use of mathematical planning method of trials and the realization of 
experiments we got regression equations. With the use of Fisher’s criterion we 
established the adequacy of the regression equations for the process under 
investigation   and its use for the optimization of tea melting process.  

According to the experimental data I established that  with the use of  the 
energy of electrical field of the high frequency current equality of  the melting process  
is possible in all the  masses of tea.  

During the melting of the tea masses in VAPD  layer to establish the regularity 
of interaction between processes among layers and vibratory surfaces I elaborated  the 
elastic-sticky-plastic theological  model. On the basis of the results of the  solution of 
the differential equations we constructed the relevant curves and concluded   that tea 
masses movement in VAPD layer has the extreme character and intensive movements 
are noted at the stage of free movement. Meanings of extreme movements are bent in 
the direction of  the increase of vibration parameters. For the realization of the results 
of theoretical and experimental researches we elaborated the trial sample of the 
vibratory foundry machine, which we tested in the enterprise condition and compared 
with the test results of the foundry machine used in  the industry. The characteristics 
of the trial and control samples of the finished commodity of tea (relative humidity, 
the amount of tannin,  the  melting  quality, the temperature of tea masses, relative 
humidity, the amount of tannin, the  melting  quality, the temperature of tea masses, 
the duration of melting, evaluation of tea taste in points)  we  expressed in tables.  

From the results of the  trials it  is clearly evident that in the VAPD layer  the 
melting quality of the dried tea by 2.5-3.0% is higher than the melting quality of the dried 
tea in the immovable layer.Unevenness of melting in the VAPD layer decreased from 
4.8% -6.5% till1.0-1.1% in comparison with the melting in the immovable layer, and the 
melting duration decreased from 7 200 till 1440 seconds. On the whole all the qualitative 
indicatorsof the trial samples were higher than qualitative indicators of the control samples. 

To establish the influence of the air humidity on the melting intensification we 
used  the mechanical drier of  ОБВ type.  

In the event of the use of the offered method of melting with the dried air, the 
air humidity on entering the foundry decreased   from  14 till 5.5 g/kg and on exit it is 
decreased from 20 till 11.5g/kg. The mean motive power has increased from 7.8 till 
16.6 g/kg . The velocity of the melting process increased 2.1 times.  

According to the energy analysis I deduced  computational  formulas  for the  
requested power of the motor.  

The technologically admissible maximal values of temperature (T=330 K)  and  
the coincidence of the tea processing season with the intensification of the Sun radiation 
indicates the advisability of the use of the sunrays and thermal waters. For this purpose 
we elaborated helio-foundry and the stands of the bromine - lithium absorption 
equipments. From the trial data it is clearly seen  that instead of the expensive fuel of 
large quantities (black oil, diesel, gas) with  the use of sunrays and thermal waters 
economical efficiency is increasing, the quality of the finished commodity, the sanitary – 
hygienic conditions of the labor are improving and labor efficiency is increasing. We 
elaborated the scientific basis of computation and the construction of the tea foundry 
machine in the VAPD layer. By the introduction of the VAPD method and one item of the 
vibratory foundry machine of rational construction (productivity 0.2 ton of the  finished 
production hour) the  anticipated economical efficiency  amounts  to 150 000 Lari  in the 
year. 
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S e s a v a l i 

 
problemis aqtualoba. saqarTvelos saxelmwifoebrivi 

damoukideblobis pirobebSi cxadia, rom Cais mrewvelobis mizani 

unda daeqvemdebaros erovnuli ekonomikis interesebs da 

ganaxorcielos mis winaSe mdgomi amocanebi. awarmoos maRali 

xarisxis konkurentunariani Cais iseTi produqcia, romelic 

daakmayofilebs sabazro ekonomikis moTxovnebs da moipovebs 

msoflios bazarze gasvlis realur ufleba. 

1990 wlis monacemebiT saqarTveloSi warmoebuli 

samrewvelo produqciis Sedegad Seqmnil erovnul SemosavalSi 

Cais da subtropikuli kulturebis wilad 10%-ze meti modioda 

da mocemul dargSi dasaqmebul momuSaveTa saSualo wliuri 

raodenoba TiTqmis 180 aTas aRwevda. moyvanili cifrobrivi 

monacemebi TvalnaTliv adasturebs Cais did xvedriT wils 

saqarTvelos ekonomikaSi. aRniSnul periodSi saqarTvelo 110-120 

aTas tona mza Cais produqcias awarmoebda, saidanac TavisTvis 

moixmarda mxolod 2%-s. danarCeni gadioda sazRvargareT. zemod 

aRniSnulidan Cans, rom dResdReobiT saqarTvelos Cais 

mniSvnelovani saeqsperto potenciali gaaCnia, romlis srulfasovani 

gamoyeneba did sargeblobas moutans Cvens qveyanas. 

miuxedavad aRniSnulisa, sadReisod Cais gadamamuSavebeli 

sawarmoebi, verc miRebuli produqciis xarisxiT da verc 

gamoSvebuli produqciis raodenobiT ver pasuxobs Tanamedrove 

moTxovnebs. aqedan gamomdinare mizanSewonilad migvaCnia 

gadamuSavebis sruli teqnologiuri ciklis (Rnoba, grexa, 

fermentacia, Sroba, daWra, daxarisxeba, kupaJi, dafasoeba da 

SefuTva) srulyofa, teqnologiuri mowyobilobebis racionaluri 

konstruqciebis damuSaveba da warmoebaSi danergva mcire 

sawarmoTa moTxovnebis gaTvaliswinebiTac. 

rogorc cnobilia, Cais mza produqciis xarisxi ZiriTadad 

damokidebulia, rogorc nedleulis qimiur Semadgenlobaze, aseve 

gadamuSavebis teqnologiur procesze da Sesabamis mowyobilobebze 
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Savi baixis Cais warmoebis aucilebeli pirobaa Rnoba, romelic 

iseT pirobebSi unda Catardes, rom ar moxdes Cais foTolSi 

arsebuli sistemebis dasusteba. Rnobis dros Zalian didi 

mniSvneloba aqvs procesis erTgvarovnebas. Cais duyebis 

nawilebi: kvirtebi, Reroebi da foTlebi, Tanabrad unda iyos 

momRnari. momRnari masa unda Seicavdes rac SeiZleba naklebi 

raodenobiT arasakmarisad momRnar da zedmetad gadamRnar 

duyebs. Rnobis dros duyebSi mimdinareobs rTuli bio-qimiuri 

procesebi, romlis drosac ixarjeba duyis mSrali nivTierebis 

gansazRvruli raodenoba. 

amave dros unda aRiniSnos isic, rom dReisaTvis warmoebaSi 

gamoyenebuli Cais saRnobi manqanebi moZvelebuli konstruqciisa 

da ver pasuxoben Tanamedrove moTxovnebs aqvT: didi gabarituli 

zomebi; mcire kuTri mwarmoebloba; aris energo da liTontevadi, 

aqvs dabali mqk da sxva. saRnobi manqanebis moZrav konveierze 

moTavsebuli Cais masis uZrav SreSi Rnobis procesi 

araTanabarad mimdinareobs, rac mniSvnelovnad auaresebs Cais 

masis mza produqciis xarisxs. 

Cais warmoebis ganviTarebis erT-erT mniSvnelovan amocanas 

warmoadgens Cais Rnobis meTodebis da saRnobi manqanebis 

racionaluri kvlevebi. 

mogrexili Cais masis vibroaerofsevdogaTxevadebul (vafg) 

SreSi Srobis meTodis warmatebulma gamoyenebam gvafiqrebina 

Cais masis Rnobis procesis vafg SreSi ganxorcieleba.  

vafg SreSi Rnobas uZrav SreSi RnobasTan SedarebiT 

gaaCnia maRali intensifikacia, saRnobi manqanis martivi 

konstruqcia, maRali teqnikur-ekonomikuri maCveneblebi, Rnobis 

procesis avtomatizaciis regulirebis SesaZlebloba da sxva 

upiratesobebi. amrigad dasmuli sakiTxi metad aqtualuria. 

aRniSnulidan gamomdinare samuSaos mizania vafg SreSi 

Rnobis procesis da saRnobi manqanebis optimaluri parametrebis 

dasabuTeba. 
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Tavi 1. literaturis mimoxilva 

 
1.1. Cais mniSvneloba adamianisaTvis 

 
mravali mecnier-mkvlevaris azriT Cai aris sagemovno 

produqti, romelsac uwodeben internacionalur sasmels. mas 

aqvs agreTve didi farmakologiuri mniSvneloba. CaiSi arsebuli 

sxvadasxva saxis vitaminebi da nivTiereba tanini, iwvevs 

sisxlsZarRvebis kedlebis gamagrebas. Cai moqmedebs agreTve kuWze, 

momnelebel organoebze, nervul sistemebze da sxva mravali [1; 2; 3]. 

Cais dadebiTi Tvisebebis gamo klimaturi pirobebis 

gaTvaliswinebiT man farTo gavrceleba hpova dasavleT 

saqarTveloSi. 

Cais foTolSi Semavali nivTierebaTa qimiuri gardaqmnebis 

xasiaTis da TiToeuli procesisaTvis damaxasiaTebeli reaqciis 

xangrZlivobis codna saSualebas gvaZlevs winaswar 

ganvsazRvroT gadamuSavebis romeli meTodi da reJimi SeiZleba 

gamoyenebuli iqnas ama Tu im nedleulisaTvis. 

 

1.2. Cais klasifikacia teqnologiis  
TvalsazrisiT 

 
msoflio bazarze cnobili yvela Cai teqnologiis 

TvalsazrisiT SeiZleba ZiriTadad klasificirebul iqnes Semdeg 

saxeebad: 

baixis Cai: a) Savi; b) mwvane; g) yviTeli; d) oolongi 

(wiTeli). dawnexili Cai: a) Savi agura; b) mwvane agura; g) Savi da 

mwvane filebi. 

swrafadxsnadi Cai: a) Savi; mwvane. 

granulirebuli Cai: a) Savi; mwvane. 

maRalxarisxovani Cais mza produqciis miRebis erT-erT 

ZiriTad faqtors warmoadgens mcenaris jiSi. mcenaris buCqebze 

mokrefili or da samfoTliani Cais axalgazrda ylortebi 

gansxvavdebian erTmaneTisagan, rogorc morfologiurad, aseve 
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qimiuri SemadgenlobiTac. Cais duyebis gadamuSavebis teqnologiis 

mixedviT miiReba Savi an mwvane baixis Cai. 

 

1.3. Savi Cais warmoeba 

 
Savi baixis Cai erT-erTi yvelaze ufro gavrcelebuli 

saxea, igi gamoirCeva faqizi damaxasiaTebeli aromatiT, nayenis 

sasiamovno mwklarte gemoTi da Ria wiTeli sufTa feriT. 

Savi baixis Cais misaRebad man unda gaiaros Rnobis, grexis, 

fermentaciis, Srobis da daxarisxebis teqnologiuri operaciebi. 

fabrikis centralur mimReb punqtSi xdeba Cais masis 

raodenobis, xarisxisa da tenianobis gansazRvra. didi 

raodenobiT Cais miRebis dros garkveuli nawili rCeba droebiT 

gadaumuSavebuli. misi xarisxianad SenaxvisaTvis saWiroa 

teqnologiuri parametrebis dadgena da Sesabamisi mowyobilobis 

Seqmna. 

Rnobis dros xdeba duyebSi arsebuli wylis nawilobrivi 

aorTqleba, ris Sedegadac igi iRebs sakmaris elastikurobas, 

rac aucilebelia grexis procesis CatarebisaTvis. 

saqarTveloSi miRebuli normebis Tanaxmad momRnar 

foTolSi unda iyos 60-62% teni. Rnobis procesisaTvis iyeneben 

uwyveti qmedebis manqanebs, romlebSic Rnoba mimdinareobs 38-42°C 

temperaturaze 2-6 sT-is ganmavlobaSi [3].  

Rnobis Semdeg duyebi igrixeba sagrex manqanebSi da 

Rebulobs xraxnisebr formas. grexis procesis ZiriTadi 

daniSnulebaa moamzados foToli fermentaciisaTvis. grexis 

dros meqanikurad iSleba duyis ujredebi, gamoedineba wveni, 

romelic TandaTanobiT faravs foTlis zedapirs. grexis Semdeg 

mogrexili Cais masa xarisxdeba wvril da msxvil fraqciebad. 

wvrili fraqcia miewodeba safermentacio saTavsoSi, xolo 

msxvili fraqcia ki miewodeba meore grexisaTvis gankuTvnil 

rolerSi. igive procesebi tardeba mesame grexisaTvis. Savi baixis 

Cais warmoebaSi miRebulia samjeradi grexis Catareba [3; 4]. 
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ujredebis daSlisa da wvenis gamodinebis momentidan iwyeba 

fermentacia. fermentaciis procesis dros foTolSi xdeba yvela is 

ZiriTadi cvlilebebi, ris safuZvelzec yalibdeba mza 

produqciis damaxasiaTebeli Tvisebebi: gemo, aromati da nayenis 

feri. fermentacia tardeba specialur saTavsoSi, sadac procesis 

normaluri warmarTvisaTvis Seqmnilia mikroklimati: haeris 

fardobiTi tenianobiT 95-98% da temperaturiT 22-24°C.  

mogrexili foTlis wvrili fraqcia iyreba safermentacio 

Ria yuTebSi sisqiT ara umetes 4 sm, xolo msxvili fraqcia 6-8 sm. 

fermentaciis xangrZlivoba Seadgens wvrili fraqciisaTvis 

saSualod 3,5 sT, xolo msxvili fraqciisaTvis ki 4-5 sT. 

eqsperimentiT dadgenilia, rom optimaluri  pirobebis SeqmnisaTvis 

saWiroa haeris Secvla 8-10-jer saaTSi. fermentaciis bolos Cais 

masa Rebulobs mowiTalo – spilenZis fers [5]. fermentaciis 

dros Cai foTolSi warmoqmnili Tvisebebis SenarCunebisaTvis 

saWiro fermentebis moqmedebis Sewyveta, risTvisac gamoiyeneba 

cxeli haeri [6]. aRniSnul process ewodeba Cais Sroba. Srobis 

dros tenis TandaTanobiT aorTqlebasTan erTad igi kargavs 

mowiTalo – spilenZis fers da Savdeba. 

Srobis reJimi did gavlenas axdens Cais xarisxze. maRali 

temperaturis gamoyeneba iwvevs qimiur cvlilebebs, fermentebis 

daSlas, eTerovani zeTebis danakargebs, dabali temperaturis 

dros ki mcirdeba eqstraqtuli nivTierebebi da taninis 

raodenoba. Srobis Semdeg miRebuli Cai (naxevarfabrikati) 

miewodeba damxarisxebel saamqros. dasawyisSi naxevarfabrikatis 

msxvili fraqcia iWreba Cais saWrel manqanaze; Semdeg ki iyofa 

zomebis mixedviT damxarisxebel manqanaze. daxarisxebuli Caidan  

calke gamoiyofa erTmaneTis msgavsi garegnuli Sexedulebis da 

xarisxobrivi maCveneblebis partia. titeisteruli gasinjvis 

Semdeg SesaZlebelia sxvadasxva partiebis erTmaneTSi Sereva. 

erTgvarovani narevis misaRebad gamoiyeneba sakupaJe doli. 

Serevis Semdeg xdeba Cai dafasoeba da SefuTva pergamentis 

qaRaldis  da aluminis kilitiT Cafenil yuTebSi. bolo wlebSi  
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tarad gamoiyeneba polieTilenis tomrebi [7]. 

garegani SefasebiT gamoSvebuli Cais saxeebia:  foTlovani 

pirveli (f-1), foTlovani meore (f-2), foTlovani mesame (f-3), 

wvrili pirveli (w-1), wvrili meore (w-2), wvrili mesame (w-3), 

nafxveni da gamonaceri. 

xarisxobrivi maCveneblebis mixedviT gamoSvebuli Cais 

saxeebia: Taiguli, eqstra, umaRlesi xarisxis 1-li kategoria, 

umaRlesi xarisxis me-2-e kategoria, I xarisxi, II xarisxis 1-li 

kategoria, II xarisxis me-2-e kategoria, II xarisxis me-3-e 

kategoria, III xarisxi da nafxveni [3]. 

Savi baixis Cais warmoebis teqnologiuri sqema 

warmodgenilia nax. 1-ze.  

 
 

nax. 1. Savi baixis Cai warmoebis teqnologiuri sqema 
 1 – saswori; 2 – Cais foTlis damxarisxebeli manqana; 3 – Cais  
 foTlis Sesanaxi; 4 – CamtvirTi elevatori; 5 – saRnobi  
 danadgari; 6 –gamomtani transportiori; 7 – Rari; 8 – pirveli  
 grexis rolerebi; 9 – urika; 10 – mwvaned damxarisxebeli manqana;  
 11 – meore da Semdegi grexis rolerebi; 12 – telferi; 13 –mono- 
 relsi; 14 – safermentacio sadgomi; 15 – Cais saSrobi manqana;  
 16 –horizontaluri transportiori; 18 –Cais damxarisxebeli  
 manqanis elevatori; 19 – Cais damxarisxebeli manqana; 20 – Cais    
 Sesanaxi; 21 – horizontaluri transportiori;22 – daxrili  
 transportiori; 23 – sakupaJe doli; 24 – bunkeri; 25 – dambekni  
 manqana; 26 – saswori; 27 – produqciis SesafuTi yuTebis wyoba. 
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1.3.1. wvrili Cais warmoeba 
 

Cais warmoebis specialistebis da mecnier-mkvlevarebis 

mniSvnelovan nawils miaCnia, rom xarisxis gaumjobesebis erT-

erT racionalur meTods warmoadgens, wvrili Cais warmoebis 

xvedriTi wilis raodenobis mniSvnelovani zrda gamoSvebul 

produqciaSi. 

Cais naxevarfabrikatis samomxmareblo saxemde dayvanisaTvis 

saWiroa misi daWra. Wris Sedegad ki warmoiqmneba gansazRvruli 

raodenobis gamonaceri, nafxveni da mtveri. amav dros aRiniSneba 

Cais narCenebis da danakargebis zrda da produqciis xarisxis 

gauareseba.  

wvrili Cai foTlovanTan SedarebiT xasiaTdeba ufro 

maRali eqsptaqciuli da nayenis ferianobis intensivobiT. 

wvrili Cais gamosavlianobis gazrda SesaZlebelia 

sxvadasxva xerxiT. samamulo warmoebaSi ZiriTadad 

gavrcelebulia mogrexili Cais daWra. 

Cais warmoebis klasikur teqnologiaze nawilobriv uari 

Tqves iseTma qveynebma, rogoricaa indoeTi da Sri-lanka. maT 

daiwyes wvrili Cais warmoebis farTod danergva fabrikebSi. 

aRsaniSnavia is, rom indoeTis zogierT fabrikaSi misma xvedriTma 

wilma Seadgina saerTo gamoSvebuli produqciis 90% [8]. 

Savi wvrili Cais warmoebis teqnologiuri xazis 

principuli sqema mocemulia nax. 2-ze. 

 

1.4. Cais Rnobis procesis da teqnikis 
Tanamedrove mdgomareoba 

 

Savi baixis Cais warmoebis operacia iwyeba Cais duyebis 

RnobiT. 

Rnobis ZiriTadi mizania Cais masaSi fardobiTi tenianobis 

Semcireba iqamde, vidre wveni ar gasqeldeba da Cais masa ar 

gadava rezinis msgavs fizikur mdgomareobaSi. 

Cais  duyebi  wvril  nawilakebad  imtvreva  mxolod maSin,  
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SefuTva 

 

mwvane foToli 

 

susti Rnoba 63-67%-mde 

pirveli grexa 15-20 wT. 

daxarisxeba # 3,4 badeze 

wvrili fraqcia msxvili fraqcia 

meore grexa 15-20 wT daqucmaceba 

fermentacia meore grexa 25-30wT 

Sroba 95-100°C-ze fermentacia 

Termiuli damuSaveba 
2,5-3,5 sT 

Sroba 95-100°C-ze 

Termiuli damuSaveba  
4-7 sT 

Cais naxevarfabrikatebis daWra da daxarisxeba 

Sereva 

dafasoeba 

nax. 2. Savi wvrili Cais warmoebis teqnologiuri sqema 
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rodesac misi ujredebi  daberilia, e.i. savsea wveniT da SeuZlia 

daskdes uxeSi mopyrobiT, xolo maSin, rodesac duyis ujredebi 

naxevrad savsea siTxiT (wveniT), isini advilad ar skdeba, 

foToliYxdeba moTenTili da rezinismagvari. 

Rero unda iRunebodes da ar tydebodes, xolo duyze 

TiTis daWeriT rCebodes mkafio anabeWdi. 

rodesac momRnari Cais masa Seicavs daaxloebiT 60-62% 

tens, mza Cais produqtis gamosavali Seadgens 41-42%-s. 

Cais masis fardobiTi tenianoba meryeobs mSral dReebSi 

70%-dan 75%-mde, wvimian dReebSi ki 83%-mde. 

duyi, romelic iZleva 40%-ze nakleb gamosavlianobas, 

sustad momRnaria, xolo foToli, romelic iZleva 50%-ze met 

danakargs. gadamRnaria. 

uxeSi foTlis da Reros siWarbiT mokrefili Cai ar 

SeiZleba Zlierad iqnas momRnari, vinaidan nazi duyebi SeiZleba 

gaxmes, xolo kargi foToli ki SeiZleba momRnari iqnas 

maqsimalurad. 

Rnobisas siTbos moqmedebiT wyali orTqldeba foTlidan. 

siTbo miewodeba haeridan, ris Sedegadac ganuwyvetliv warmoebs 

cvlilebebi tenis aorTqlebis mTel procesSi. 

rac ufro metad iJRinTeba haeri teniT, miT ufro 

klebulobs aorTqlebis xarisxi da misi mTlianad gaJRenTvis 

dros aorTqleba wydeba. Tu sasurvelia, rom aorTldeba svel 

foTlidan gagrZeldes, aucilebelia siTbos ganuwyveteli 

miwodeba. xangrZlivi Rnobis dros Cais eZleva ukeTesi Seferva. 

rac ufro met xans grZeldeba Rnoba, miT ufro metad ikargeba 

misTvis damaxasiaTebeli Tvisebebi da aromati. 

haeris moculobasa da siCqaris zrdas ufro meti efeqtis 

mocema SeuZlia, vidre mSrali Termometris Cvenebis mixedviT 

temperaturis ramdenime gradusis gadidebas. Rnobis procesis 

siCqare izrdeba, rodesac haeris moZraobis siCqare izrdeba.  

Rnobis dawyebis procesSi mwvane Cais ylortebi moqmedebs 

zustad ise, rogorc yvela sveli sxeuli da misi temperatura 
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daaxloebiT tolia sveli TermometriT gazomili haeris 

temperaturis. Rnobis procesis mimdinareobasTan erTad foToli 

xdeba naklebad sveli, xolo misi temperatura sveli 

Termometris Cvenebaze maRla iweva. Cais masas Rnobis bolosTvis 

ufro maRali temperatura aqvs, vidre procesis pirvel saaTebSi. 

Cais masis temperatura miiswrafvis mihyves haeris 

temperaturas sveli Termometris Cvenebis mixedviT iqamde, vidre 

misi zedapiridan ar aorTqldeba mTeli teni. Tu ar xdeba 

aorTqleba misi temperatura Seesabameba haeris temperaturas 

mSrali Termometris Cveneba. 

rac intensiuria aorTqleba, miT ufro grilia Cais masa. 

RnobisaTvis idealuri piroba iqneba temperaturis dabali 

maCvenebeli sveli Termometris mixedviT da haeris Warbi 

raodenobis miwodebis dros. 

Savi baixis Cais warmoebis teqnologiuri  procesi iwyeba 

Cais nedleulis – duyebis nawilobrivi SeSrobiT. Rnobis mizania 

Cais sawyisi tenianoba, romlis gasaSualoebul mniSvnelobad 

SeiZleba miviRoT 75%, Seamciros 62%-mde. tenis aorTqleba 

iwvevs foTlis Wknobas. igi xdeba moTenTili, rac aucilebel 

pirobas warmoadgens teqnologiuri procesis Semdegi operaciis 

grexis Casatareblad. Rnoba iseT pirobebSi unda Catardes, rom 

ar moxdes foTolSi myofi fermentuli sistemebis dasusteba. 

Rnobis dros Zalian didi mniSvneloba aqvs procesis 

erTgvarovnebas. duyi Tanabrad unda iyos momRnari, momRnari masa 

unda Seicavdes rac SeiZleba naklebi raodenobiT arasakmarisad 

momRnar da zedmetad momRnar duyebs. Rnobis dros duyebSi 

mimdinareobs rTuli bioqimiuri reaqciebi. am procesebis dros 

ixarjeba mSrali nivTierebis gansazRvruli raodenoba. ra 

gavlena aqvs bioqimiur reaqciebs Cais xarisxze jerjerobiT 

mTlianad ar aris dadgenili.  

rogorc cnobilia, Savi baixis Cais miRebisaTvis unda 

Sesustdes ujredebis turgoruli mdgomareoba da foToli 

gaxdes elastiuri. turgoris Secvla ki SeiZleba xelovnuri 
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gziT foTlidan garkveuli raodenobas wylis mocilebiT anu 

Rnobis procesiT [3; 9]. 

xarisxovan Cais foTolSi tenis Semcveloba 75-78%-ia, 

Rnobis Semdeg ki igi unda Seicavdes ara umetes 64%. narCeni 

tenianobis normis dacvas aqvs didi mniSvneloba imisaTvis, rom 

normalurad Catardes Semdgomi teqnologiuri procesebi da 

miviRoT maRalxarisxovani produqti [10]. 

Cai, rogorc Rnobis obieqti, miekuTvneba koloidur 

kapilarul-forovan masalebs. wylis aorTqleba Caidan Rnobis 

procesis dros xasiaTdeba daCqarebisa da Senelebis sami faziT: 

1. Tavisufali wylis Cqari gacema; 

2. koloidebis Tanabarzomieri gauwyloeba; 

3. wylis gacema koloidebis mier hidrofiluri Tvisebebis 

dakargvis gamo. 

wylis deficitis dadgomisas ujredi kargavs turgoris 

aRdgenis unars. duyi xdeba moTenTili da elastiuri. 

Cais duyis sxvadasxva elementebi xasiaTdebian gansxvavebuli 

tengadacemis unariT, rac gansazRvrulia iseTi faqtorebiT, 

rogoricaa: wyali da qimiuri nivTierebebis Semcveloba, bageebis 

raodenoba da maTi gaxsnis xarisxi da sxva. Rnobis procesis dros 

wylis aorTqlebis intensiuroba pirveli foTlidan 1,5-jer metia, 

vidre meoredan da 2-jer meti, vidre mesame foTlidan. 

Rnobis procesis swori mimdinareobis dros wylis 

gadacemis siCqare unda utoldebodes foTlisa da mTlianad 

duyis gamtari sistemidan siTxis gadaadgilebis siCqare [11]. 

dadgenilia, rom Cais produqciis xarisxobrivi 

maCveneblebi pirdapir proporciul kavSirSia Rnobis xarisxTan, 

romlis gansazRvra SeiZleba sxvadasxva gziT. ase magaliTad: 

Rnobis dros Cais masis mier wonis dakargvis gansazRvriT; 

Rnobisas Cais wvenis erTsa da imave koncentraciamde dayvaniT; 

mSrali nivTierebisa da wylis Semcvelobis proporciuli 

SefardebiT 1:2; momRnar Cais masaSi Rnobadausrulebeli, 

normalurad momRnari da zedmetad gadamRnari duyebis 
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raodenobis meqanikuri analiziT; Rnobis dasrulebis gansazRvra 

praqtikos-specialistebis mier – vizualurad da  sxva. Tumca  

idealuri  Rnoba  SeuZlebelia duyis sxvadasxva nawilSi wylis 

Semcvelobis araTanabrobis gamo. 

unda SevniSnoT, rom Cais mwarmoebeli zogierTi qveyana 

specialurad mimarTavs gadametebul da dausrulebel Rnobas. 

ase magaliTad: ceilonze upiratesobas aniWeben gadametRnobas, 

ris safuZvelzec foTlovan Cais Rebuloben didi raodenobiT, 

indoeTSi wvrili Cais gamosavlianobis gazrdis mizniT Rnoba 

bolomde ar mihyavT. 

mravali sazRvargareTeli mecnieri miiCnevda (h. mani, s. 

harleri da sxva), rom Rnobis xangrZlivobis dacva 18-20 saaTis 

farglebSi aucilebelia  Cais foTlis qimiuri momzadebisaTvis, 

xolo i. xoWolavas mier Catarebulma eqsperimentebma aCvenes, rom 

Rnoba SeiZleba Catardes ufro SemWidrovebul vadebSi (2-6 sT) 

da es dro sakmarisia, foTlis rogorc fizikuri ise bioqimiuri 

cvlilebebisaTvis. amasTan unda aRvniSnoT, rom Rnobis 

xangrZlivoba damokidebulia Cais Sris fenis sisqeze, foTolSi 

tenis Semcvelobaze, gamoyenebuli haeris temperaturasa da 

raodenobaze [12]. 

cxr. 1-Si moyvanilia Cais mza produqciis nimuSebis qimiuri 

analizebis monacemebi, romlebic miRebulia 2 da 6 saaTiani 

xelovnuri Rnobisa da 18 saaTiani bunebrivi Rnobis dros. 

cxrili 1 

Rnobis procesis xangrZlivobis gavlena Cais mza 
produqciis qimiur Sedgenilobaze 

Rnobis meTodi da 
xangrZlivoba 

eqstraqti, % tanini % 

2 sT – xelovnuri 37,14 11,86 

6 sT – xelovnuri 36,96 11,47 

18 sT – bunebrivi  36,53 10,99 

   

rogorc i. xoWolava miuTiTebs, xanmoklevadiani RnobiT 

miRebuli Cais upiratesoba taninisa da eqstraqtis Semcvelobis 
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mxriv, ganpirobebulia SedarebiT maRali temperaturis 

zegavleniT bioqimiuri procesebis swraf mimdinareobasa da 

foTolSi sasargeblo nivTierebaTa SenarCunebaze [13]. 

Rnobis procesze uaryofiTad moqmedebs maRali 

temperatura da Zlieri gauwyloeba. am SemTxvevaSi SeimCneva Cais 

duyis nazi nawilebis gamoSroba. amasTan erTad Zlieri 

gauwyloebisas mimdinareobs fenoluri nivTierebebis Rrma 

Seuqcevadi gardaqmnebi, rac uaryofiTad moqmedebs mza 

produqciis xarisxze, amitom kargi xarisxis Cais miRebisaTvis 

saWiroa mkvlevarTa umravlesobis mier dadgenili 

temperaturuli reJimebis zusti dacva (38-42°C) [8]. 

fiziologiuri da bioqimiuri procesebi (nivTierebaTa 

cvla, sunTqva da sxva), romlebic mimdinareoben Cveulebrivad 

Cais ylortis cocxal qsovilSi mis mokrefamde, grZeldeba 

mokrefil duySic. Rnobis dros ki icvleba am procesebis 

mimarTuleba da intensiuroba, warmoebs nedleulSi qimiuri 

gardaqmnebi da icvleba misi fizikur-meqanikuri Tvisebebi [12]. 

Cais nedl foTolSi bioqimiuri procesebi mimdinareoben 

urTierTSeTanxmebulad. es gamoricxavs Sualeduri cvlis 

produqtebis dagrovebas. Rnobis procesSi JangviTi procesebi 

Warbobs aRdgeniT procesebs, ris Sedegadac warmoiqmneba 

xarisxobrivad axali produqtebi. es gemovnuri da aromatuli 

produqtebi, romelTa raodenobac Semdgom teqnologiur 

procesebSi kidev ufro Zlierdeba, ganapirobeben mza Cais 

xarisxobriv maCveneblebs [3]. 

Rnobis dros mkveTrad icvleba Cais foTolSi nivTierebaTa 

cvlis xasiaTi, nawilobriv iJangeba fenoluri nivTierebebi, 

cilebis hidrolizis Sedegad sagrZnoblad icvleba azotisa da 

azotovani naerTebis kompleqsi, qlorofilis Semadgenloba 

mesamediT da metad klebulobs sawyis raodenobasTan SedarebiT; 

izrdeba zogierTi fermentebis aqtiuroba, icvleba naxSirwylebis 

kompleqsi, kerZod: saxameblisa da saqaridebis Semcveloba 

mcirdeba orjer, xolo monosaqaridebi ki matuloben, 
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hidropeqtinis Semcvelobis zrda ganpirobebulia uxsnadi 

protopeqtinis xsnad formaSi gadasvlis gamo. Rnobis dros 

icvleba araorganuli da organuli mJavebis Semcvelobebi: 

limonis mJavisa da qarvis mJavis Semcveloba matulobs, xolo 

vaSlis mJavisa ki klebulobs [3]. 

a. kursanovis monacemebiT ujredebis gauwyloeba aCqarebs 

fermentebis gaaqtiurebis process, romelic iwyeba jer kidev 

Cais sqel fenad dayovnebisa da transportirebis dros da 

maqsimums aRwevs Rnobis dros [14]. 

m. bokuCavas monacemebiT Cais foTlis damJangveli 

fermentebis aqtiuroba imdenad maRalia, rom Rnobis dros maTi 

aqtiurobis gazrdis gareSec maT SeuZliaT ganaxorcielon 

sasurveli JangviTi procesebi [3]. 

amrigad, Rnobis dros Cais foTlis TiTqmis yvela nivTiereba 

xarisxobrivad icvleba, Tumca raodenobrivad es cvlilebebi 

SedarebiT umniSvneloa. SeiZleba davaskvnaT, rom Rnobis dros 

warmoebs foTlis biologiuri da fizikuri momzadeba Semdgomi 

procesebisaTvis, rogoricaa grexa da fermentacia. 

Cais mwarmoebel qveynebSi, Rnobas awarmoeben bunebriv 

pirobebSi. bunebrivi Rnoba xorcieldeba specialur saTavsoebSi, 

romlebSic moTavsebulia badiT an uxeSi qsoviliT gadaWimuli 

Taroebi. Taroebze Txel Sred Slian Cais foTols. saSualod 

Cais foTlis datvirTvas iReben 0,5-0,6 kg/m2. zog SemTxvevaSi 

kuTri datvirTva kidev ufro naklebia. Rnobis xangrZlivobaa 18-

24 sT. 

indoneziasa da ceilonze, sadac garemos haeri maRali 

fardobiTi tenianobiT xasiaTdeba, RnobisaTvis iyeneben Cais 

saSrobi Rumelebidan gamosul cxel haers, romelsac ureven 

garemos haers im raodenobiT, rom narevis temperatura iyos ara 

umetes 30°C-isa. indoeTSi cxel haers iyeneben mxolod wvimebis 

periodSi. sezonis danarCen periodSi gamoiyeneba garemos haeri, 

romlis saSualo temperaturaa 24°C. indoeTSi, iseve rogorc 

CvenSi, foTols aRnoben 62%-mde. ceilonze Rnoba ufro Zlieria, 
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momRnari foTlis fardobiTi tenianoba 55%-ia. CineTSi dRemde 

ZiriTadad gamoyenebulia Rnoba Ria cis qveS. 

bunebrivi Rnoba moiTxovs did sawarmoo farTobs da 

muSaxels.  

bunebrivi Rnoba, rogorc saxelwodebidan Cans, tardeba 

bunebriv pirobebSi. garemo aris temperaturisa da sahaero 

reJimebisas. 

bunebrivi Rnoba SeiZleba daiyos or qvejgufad: 

a) mzeze Rnoba, romelic tardeba Ria moedanze mzis 

sxivebis da haeris uSualod zemoqmedebiT 1-2 saaTis ganmavlobaSi. 

CineTSi Cais warmoeba Zveli droidan iyenebda 0,5 sT-iani 

mzeze Rnobis meTods. es meTodi gavrcelebuli iqna indoeTSi, 

indoneziasa da sxva qveynebSi. me-20 saukuneSi ki warmoebis 

gafarToebam igi SezRuda. Tumca unda SevniSnoT, rom mzeze 

Rnoba sakmaod maRali xarisxis produqcias iZleva. 

b) bunebrivi Rnoba specialur saRnob SenobebSi. am 

SemTxvevaSi Cais foTols aTavseben Taroebze, romlebic 

ganlagebulia iarusebad 10-12 sm daSorebiT. iarusebis raodenoba 

ar unda aRematebodes 10-12-s, rom zeda da qveda iarusebze 

Rnobis procesi warimarTos Tanabarzomierad. procesis 

xangrZlivoba mSral amindSi Seadgens 16-18 sT, xolo tenian 

amindSi Rnoba 38-48 sT grZeldeba. bunebrivi RnobisaTvis 

optimalur temperaturad iTvleba 24-25°C da haeris fardobiTi 

tenianoba unda iyos 65-70%. saRnob ganyofilebaSi aucilebelia 

haeris mravaljeradi ganiaveba da cirkulacia [15]. 

xelovnuri Rnoba ki tardeba saRnob manqanebSi da 

danadgarebSi SedarebiT mcire drois ganmavlobaSi, vidre 

bunebrivi Rnoba. 

praqtikosi-specialistebi da mecniereb-mkvlevarebi ikvleven 

Rnobis procesis iseTi meTodebisa da reJimebis parametrebs, 

romlebic uzrulvelyofen procesis srulyofas da maRali 

xarisxis produqciis miRebas. dikensi, xoli da gleni ikvlevdnen 

ra Taigulis warmoqmnis mizezebs CaiSi, mividnen im daskvnamde, 
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rom e.w. sezonuri Taigulis warmoSoba ganpirobebulia mkveTri 

dReRamuri temperaturuli tenis cvlilebiT. maT mier 

Catarebulma eqsperimentebma uCvenes, rom civi Rnobis (0-2°C) 

pirobebSi Cais xarisxi izrdeba bunebrivi RnobiT miRebul 

sakontrolo partiebTan SedarebiT, miuxedavad amisa Rnobis am 

meTodma praqtikuli gamoyeneba ver hpova [16; 17]. 

xelovnuri Rnobis mecnieruli safuZvlebis damuSavebasa da 

danergvaSi didi wvlili Seitanes, rogorc samamulo, aseve 

sazRvargareTelma mecnier-specialistebma, romelTa gamokvlevebis 

safuZvelze Seiqmna iseTi manqana-danadgarebi, rogoricaa: 

g.lominaZis saRnobi danadgari, v. Sarkovskis Saxturi danadgari, 

i.xoWolavas da o. aSianis saRnobi manqana, S. mardaleiSvilis 

sistemis konveieruli tipis agregati ucxoelTagan: firma 

marSalis saRnobi agregati, firma `devidson da K~-s doluri 

tipis saRnobi manqana. robinsonis sistemis danadgari da 

jeksonis saRnobi danadgari [4]. 

xelovnuri RnobisaTvis gamoyenebuli sazRvargareTuli 

yvela saRnobi sistemebi SeiZleba daiyos Semdeg jgufebad: 

1. Rnobis sistema mSrali haeris gamoyenebiT; 

2. Rnobis sistema teniani haeris gamoyenebiT; 

3. Rnobis sistema vakuumis pirobebSi. 

Rnobis sistema mSrali haeris gamoyenebiT imaSi 

mdgomareobs, rom RumelSi gacxelebuli haeri ventilatoris 

meSveobiT miewodeba Cais foTlis Txel fenas, romelic 

gaSlilia sakanSi specialur langarebze. 

teniani cxeli haeriT Cais masis Rnobis principi 

wamoyenebuli iyo devidsonis mier. am meTodis arsi mdgomareobs 

imaSi, rom sakanSi damontaJebul langarebSi cxavebze Txel 

fenad gaSlil Cais foTolze zemoqmedeba xdeba cxeli (37,5°C) 

temperaturiani haeriT recirkulaciis pirobebSi. 

Cais masis Rnoba uhaero an nawilobriv uhaero sivrcis 

gamoyenebiT warmoebs agreTve specialur sakanSi xelovnurad 

Seqmnili vakuumis pirobebSi [18]. 
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jeksonis sistemis saRnobi manqanis konstruqcia Cais 

saSrobi manqanis msgavsia. mas cxeli (50-60°C) temperaturiani 

haeri miewodeba moTavsebulia Cais foToli meore ventilatoriT 

ki namuSevari haeri gaiwoveba sakanidan. 

bosxas sistemis manqana warmoadgens Tavisi RerZis garSemo 

mbrunav horizontalur cilindrs, romelSic SehyavT cxeli 

haeri. foToli imyofeba cilindrSi daaxloebiT erTi saaTis 

ganmavlobaSi, ganuwyveteli arevis pirobebSi. am dros duyebi 

meqanikurad ziandeba da ganicdis naadrev fermentacias, rac am 

manqanis uaryofiTi maCvenebelia [7]. 

sazRvargareTis zogierT qveyanaSi, rogoricaa magaliTad 

ceiloni da sxva Cais foTlis xelovnuri RnobisaTvis 

gamoyenebulia e.w. trofi. igi warmoadgens marTkuTxa kveTis 

mqone horizontalur danadgars.  

trofSi gadaWimul  kapronis badeze 20-22 sm sisqis feniT 

aTavseben Cais foTols. trofis torsul mxareebze dayenebulia 

ori propeleruli ventilatori, romelTa borblis diametria 2 

metri. am ventilatorebis saSualebiT Cais foTols qvemodan 

miewodeba 32-33°C temperaturis mqone Tbili haeri. Rnobis 

procesis xangrZlivoba grZeldeba 8-12 sT. 

Rnobis procesis xarisxis dadgenas da saerTod Rnobis 

damTavrebas awarmoeben trofis Sua nawilSi Cadgmul kalaTaSi 

moTavsebuli Cais foTlis perioduli daTvalierebiTa da 

SemowmebiT, romlis Sedegebic, bunebrivia, vrceldeba trofSi 

moTavsebul mTel Cais partiaze [19].  

Cveni qveynis Cais fabrikebSi Rnobas ZiriTadad atareben 

S.mardaleiSvilis uwyveti qmedebis agregatSi an kombinirebul 

saRnob-safiqsacio agregatSi. 

S. mardaleiSvilis uwyveti moqmedebis saRnobi agregati 

Sedgeba sami ZiriTadi nawilisagan saRnobi sakani, konveirebi, 

cecxlmilovani kaloriferi, Semrevi sakani da ventilatori. 

saRnob sakanSi damontaJebulia 5 horizontaluri konveiri, 

romelTa zeda Sto muSaa, xolo qveda uqmi. konveierebis muSa 
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farTobi 82 m2-ia. haeris moZraoba manqanaSi warmoebs paraleluri 

dinebis principze, rac garkveuli xasiaTiT uzrunvelyofs Cais 

foTlis Tanabarzomier Rnobas. 

RnobisaTvis saWiro kondiciis haers Rebuloben Semrev 

sakanSi civi da cxeli haeris SereviT 48-42°C-mde gacxelebuli 

haeri, 28-30% fardobiTi tenianobiT, centridanuli 

ventilatoriT iWirxneba saRnob sakanSi. sakanidan gamosuli 

namuSevari haeris fardobiTi tenianoba Seadgens 76-78%-s. 

Cais foTlis Sris sisqe pirvel (zeda) konveierze 18-20 sm-

ia. Cais foTlis raodenobisa da xarisxis mixedviT Rnobas 

awarmoeben 4-6 sT. ganmavlobaSi 40-42°C temperaturuli reJimiT. 

haeris xarji mTeli procesis ganmavlobaSi Seadgens 55-60 aTas 

m3/sT. manqanis mwarmoebloba damokidebulia procesis 

xangrZlivobaze da saSualod Seadgens 400-600 kg/sT [4]. 

xelovnuri Rnobis danergvisa da TandaTanobiT Rnobis 

xangrZlivobis SemcirebasTan dakavSirebiT iqna Cais foTlis 

gadamuSaveba, e.w. saxecvlilebiT. kerZod, ujredebis daWyletis 

mizniT Cais foTols atareben valcebSi Semdeg foTlis masis 

tenianoba SeSrobiT dahyavT teqnologiur normamde. am meTodis 

arsSi mniSvnelovania gamouyenebeli ujredebis daSlis principi. 

foTlis firfitis gaSla namdvilad aCqarebs misi gamoSrobis 

process, magram am meTodiT momRnari foToli araTanabrad aris 

damuSavebuli da produqciis xarisxi uaresdeba [20]. 

saqarTvelos subtropikuli meurneobis institutis 

TanamSromlebma (r. dadiani, T. cincabaZe da sxva) soxumis 

fiziko-teqnikuri institutis specialistebTan erTad 

gamoikvlies Cais foTlis Rnobis SesaZlebloba ozon-haeris 

narevis aqtiuri garemos areSi umeteswilad mouxeSo da uxeSi 

struqturis mqone nedleulisaTvis. 

rogorc avtorebi amtkiceben ozonis SeRwevisas mcenareuli 

organizmis qsovilSi swarmoebs bioqimiuri procesebis 

gaaqtiureba, rac aixsneba mcenaris damcavi meqanizmis 

amoqmedebiT. ozonis maRali koncentracia uzrunvelyofs Cais 
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foTlis ujredebis destruqturizacias, ris Sedegadac  foToli 

xdeba moTenTili da grexisaTvis momzadebuli, magram rogorc 

TviT r. dadiani miuTiTebs – bioqimiuri TvalsazrisiT aseTi 

Rnoba araefeqturia [21]. 

Cais foTlis mouxeSo da uxeSi nedleulisaTvis Rnobis 

procesis intensifikaciis mizniT i. cociaSvilis mier 

Seswavlili iqna foTlis winaswari Termoqimiuri damuSaveba 

dabali koncentraciis kaustikuri xsnariT. meTodis principi 

mdgomareobs imaSi, rom Cais foTlis damuSaveba warmoebs mcire 

xniT cxeli 1%-iani tutis xsnariT. amis Semdeg xdeba tutis 

ganeitraleba mJaviT, nedleulis guldasmiT garecxva gamdinare 

wyliT da Rnoba-SeSroba. 

rogorc avtori miuTiTebs, Cais nedleulis aseTi winaswari 

Termoqimiuri damuSaveba uzrunvelyofs foTlis zedapiridan 

cviluri fenis mocilebas da Rnoba-SeSrobisas tenis 

Tanabarzomier aorTqlebas, turgoris dakargbas da foTlis 

moTenTvas. magram miuxedavad amisa Rnobis am meTodma sawarmoo 

gamoyeneba ver hpova [9]. 

xelovnuri Rnobis meTodebidan yuradRebas imsaxurebs i. 

WolaZis, l.xarebavas, r. melqaZis mier SemoTavazebuli meTodi, 

romlis safuZvelia S. mardaleiSvilis amJamad moqmed saRnob 

agtegatul sistemaSi Tanabarzomieri Rnobis Catarebis xarjze 

Cais xarisxis gaumjobeseba da procesis ekonomiurobis gazrda. 

am mizniT, saRnob agregatSi konveierebze moZrav foTols 3 

sT-is ganmavlobaSi gamWolad uberaven 28°C-ian haers. Semdeg 

erTi saaTis ganmavlobaSi awvdian 35°C-ian haers 40000 m3/sT 

raodenobiT da 0,2 m/wm siCqariT. 

haeris temperaturis regulirebis mizniT kaloriferSi 

gacxelebas awarmoeben periodulad, kerZod, erTi saaTis 

ganmavlobaSi. haers acxeleben kaloriferSi sawvavis wvis 

xarjze, Semdeg sawvavis miwodebas wyveten da haeris gacxeleba 

warmoebs siTbos gadacemiT gacxelebuli kaloriferis 
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milebidan. aseTi muSaobis reJimis dros haeris temperatura 

SenarCunebulia 22-28°C farglebSi. 

SedarebiT maRali da dabali temperaturebis urTierT-

monacvleobiT Cais nedleulSi warmoqmnili tenisa da 

temperaturis gradientebi iwveven tenis intensiur gadaadgilebas 

nedleulis Siga fenebidan periferiebisaken da Rnobis procesis 

daCqarebas. unda SevniSnoT, rom radgan temperaturis zemoqmedeba 

mciredroulia, amitom fermentatuli sistema rCeba xelSeuxebeli, 

xolo Rnoba mimdinareobs Tanabarzomierad da momRnari foToli 

kargad eqvemdebareba grexas [9]. 

Cais foTlis Rnobis Tanamedrove meTodebis analizi 

saSualebas gvaZlevs gavakeToT Semdegi daskvnebi: 

1) Rnobis bunebriv da xelovnur meTodebs dadebiT 

mxareebTan erTad aqvT mTeli rigi uaryofiTad mxareebi, rac 

mniSvnelovnad amcirebs produqciis xarisxs, Sromis pirobebs da 

warmoebis efeqtianobas. 

kerZod: 

2) bunebrivi Rnoba mTlianad damokidebulia meteorologiur 

pirobebze, Sromatevadi da xangrZlivia, moiTxovs didi 

raodenobiT xeliT Sromas, saWiroebs did sawarmoo moculobasa 

da farTobs; 

3) xelovnuri Rnobis sazRvargareTuli manqanebis ZiriTad 

naklovanebad iTvleba dabali mwarmoebloba, Sromatevadoba, 

Rnobis procesis xangrZlivoba da teqnologiuri reJimebis 

araTanabroba; ase magaliTad: jeksonis sistemis saRnob manqanaSi 

iqmneba temperaturisa da fardobiTi tenianobis arasasurveli 

cvalebadoba, rac iwvevs araTanabar Rnobas; bosxas sistemis 

manqanaSi foToli ganicdis naadrev fermentacias, rac uaryofiTad 

moqmedebs produqciis xarisxze; vakuum-saRnobi manqanebis praqtikuli 

metad Sromatevadia da mouxerxebeli; civi Rnobis meTodma (dikensi, 

xoli, gleni) praqtikuli ganxorcieleba ver hpova; trofiT 

Rnobis meTodi Zalian primitiuli da dabalmwarmoebluria. 
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yovelive aRniSnulis safuZvelze sazRvargareTis qveynebis 

umravlesoba iyenebs bunebriv Rnobas.  

Cvens qveyanaSi gamoyenebuli xelovnuri RnobisaTvis 

gankuTvnili saRnobi agregatebi ver uzrunvelyofen Cais 

foTlis Tanabarzomier Rnobas, aris energo da liTontevadia, 

ikavebs did sawarmoo farTobs, gaZnelebulia maTi 

transportireba, montaJi da eqspluatacia.  

rac Seexeba zogierTi mkvlevaris monacemebs Rnobis 

intensifikaciisa da produqciis xarisxis amaRlebis mizniT Cais 

foTlis daWyleta valcebSi da Semdeg SeSroba; Rnoba ozon-

haeris aqtiur garemoSi; Termoqimiuri meTodiT-kaustikuri 

xsnariT; Rnoba civ garemoSi; amJamad moqmed saRnob agregatul 

sistemaSi haeris perioduli gacxelebiT da sxva. maT praqtikuli 

sawarmoo ganxorcieleba ver hpoves [17]. 

cxadia, zemod dasaxelebuli uaryofiTi mxareebis 

gamosworebis mizniT ufro racionaluri, teqnologiurad 

mizanSewonili da ekonomikurad efeqtiani Rnobis axali 

meTodebi da saSualebebis Zieba, Seswavla da gamoyeneba 

mniSvnelovan amocanas warmoadgens. 

amasTan erTad rogorc bolo wlebma gviCvenes, mokrefili 

Cais nedleulis struqturul-meqanikuri Tvisebebisa da qimiuri 

Semadgenlobis gauareseba moiTxovs seriozulad gadasinjul 

iqnas Cais warmoebis zogierTi Teoriuli da praqtikuli 

koncefciebi da teqnologiuri sqemebi. 

am TvalsazrisiT mecnier-mkvlevarebis mier Seswavlili 

infrawiTeli sxivebis teqnika. infrawiTeli sxivuri energia 

xasiaTdeba mTeli rigi upiratesobebiT sxva saxis energiebTan 

SedarebiT, amitom mas aqvs didi da farTo perspeqtivebi kvebis 

mrewvelobaSi, kerZod Cais warmoebaSi danergvisaTvis. 

infrawiTeli sxivebi saSualebas iZleva 6-10-jer gaizardos 

Rnobis procesis intensifikacia Rnobis tradiciul meTodebTan 

SedarebiT, maqsimalurad iqnas SenarCunebuli nedleulSi 

arsebuli sasargeblo nivTierebebi, ris Sedegadac izrdeba 
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produqciis xarisxi, mcirdeba energetikul da sxva saxis 

danaxarjebi. magram unda aRiniSnos isic, rom maRali 

temperaturis zemoqmedebis gamo mniSvnelovnad mcirdeba mza 

produqciis xarisxi. 

ufro srulyofili aRmoCnda koSkiseburi mravalTaroiani 

v. Sarkovskis danadgari. am danadgarSi foToli itvirTeboda 

zevidan da momRnari gamodioda qveda Tarodan. Rnobis 

xangrZlivoba iyo 6 saaTi, dReRamuri mwarmoebloba 4 t mwvane 

foToli da haeris temperatura 40-42°. am danadgarma sakmaod 

didxans imuSava da didi sargebloba moutana Cais mrewvelobas. 

Semdegi nabiji saRnobi danadgaris konstruqciis 

gaumjobesebisaTvis damuSavebuli iyo prof. i. xoWolavasa da i. 

aSCianis meqanizirebuli uwyveti qmedebis konveieruli tipis 

saRnobi danadgari (nax. 3). konveierebis siCqare iyo 0,3 m/wm mwvane 

foToli saaTSi; haeris xarji 60000 m3/sT. am danadgarSi Rnobis 

xangrZlioba iyo 2 saaTi. 41°C-iani temperaturis haeri 

nawildeboda yvela konveierze. 

 

nax. 3. i. xoWolavas da i. aSCianis saRnobi danadgaris sqema: 
  1 – xvimira; 2 – mimwodebeli transportiori; 3 – focxebi; 
  4 – dozatori; 5 – varskvlava; 6 – Cais foToli;  
  7 – haeri; 8 – fari; 9 – haeris mimwodebeli arxi;  
  10 – haeris gamosasvleli arxi; 11 – haeris  
  sarecirkulacio mili;  12 – badiseburi konveieri 
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mogvianebiT warmoebaSi dainerga S. mardaleiSvilis 

saRnobi danadgari (nax. 4). es danadgari warmoadgens xuT 

konveierul uwyveti qmedebis saRnobs. konveierebi damzadebulia 

uJangavi badisgan an daxvretili, bakelitiT dafaruli foladis 

firfitebisgan. danadgarSi ganxorcielebulia  haeris  da  

foTlis moZraobis paraleluri deni. haeris sawyisi 

temperaturaa 45-48°, xarji 60000 m3/sT. konveierebis qveS 

moTavsebulia haeris gamanawilebeli cxaura (4), romelic 

warmoadgens foladis furcels viwro da grZeli xvrelebiT 

(1200×20 mm). biji xvrelebs Soris udris 100 mm. xvrelebis 

daniSnulebaa gazardos Semavali haeris siCqare da amave dros 

ganaxorcielos haeris zemoqmedebis wyvetiloba, rac, Cveni 

azriT, saSualebas iZleva racionaluri Tanafardoba  daamyaros  

duyis tenis zedapirul da Siga nakadebs Soris. danadgarSi 

daxrili transportiori (1) foTols awodebs mkvebav xvimiras, 

romelSiac foTlis Sris simaRle unda iyos 600-700 mm. es Sre 

saketis rols asrulebs. xvimiridan foToli wayveba zeda 

konveiers, Tanmimdevrulad gaivlis xuTive lents da momRnari 

gamodis danadgaridan. foTlis Sris simaRle badeze saSualod 

aris 18-22 sm, rac gvaZlevs 27-33 kg/m2 datvirTvas foTlis 

xarisxis mixedviT. danadgars SeuZlia imuSaos 3 siCqariT. misi 

mwarmoebloba sxvadasxva siCqareze. 

 

nax. 4. S. mardaleiSvilis sistemis saRnobi danadgaris  
mkvebavi mowyobilobis principuli sqema: 

1 – transportiori; 2 – xvimiri; 3 – foToli; 4 – konveieri; 
5 – cxaura; 6 – haeris milsadenebi 

 

saRnobi danadgarebisaTvis da saerTod RnobisaTvis Cais 

fabrikebSi cxeli haeris momzadeba warmoebs mazuTze momuSave 
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sacecxleebSi miRebuli kvamlis airebis xarjze, romelic haers 

aTbobs saWiro temperaturamde milebian TbogadamcemSi. unda 

aRiniSnos, rom miuxedavad ekonomiuri upiratesobisa, Rnoba 

uSualod kvamlis airebiT ar dainerga warmoebaSi, mza nawarmis 

gaWuWyianebisa da gareSe sunis SeZenis saSiSroebis gamo.  

rogorc  es zemoT iyo aRniSnuli, Rnobis 

dros ganxorcielebuli unda iyos ori mTavari piroba: 

1. SenarCunebuli unda iyos foTlis fermentuli aqtivoba: 

2. rogorc calkeuli duyi, ise Cais mTliani masa, rac 

SeiZleba ufro Tanabrad unda iyos momRnari. 

Rnobis reJimi ise unda iyos SerCeuli, rom foTlis 

temperaturam ar gadaaWarbos dasaSveb zRvars, amave dros tenis 

aorTqlebis siCqares foTlis zedapiridan unda eTanxmebodes 

tenis moZraoba foTolSi. tenis zedmetad swrafi aorTqleba 

zedapiridan iwvevs duyis ufro nazi nawilebis gadaxmobas, 

kapilarebis dabrecvas da qerqis warmoSobas. duyis Semadgeneli 

nawilebi – sxvadasxva zomis foTlebi, Rero da kvirti erTnairad 

ar kargavs tens. saWiroa Srobis iseTi reJimis SerCeva, rom tenis 

Siga gadanawilebis xarjze miviRoT Tanabrad momRnari nedleuli. 

Rnobis procesis kinetika Seswavlili iyo n. mixailovis 

xelmZRvanelobiT. ganvixiloT am kvlevis ZiriTadi Sedegebi. 

Rnobis dros, rodesac foTlis absoluturi tenianoba 

icvleba 300-150% farglebSi, Rnobis siCqare procesis umetes 

nawilSi mudmivia da Cais masis temperatura cotaTi gansxvavdeba 

haeris sveli Termometris temperaturisagan (nax. 5).  

procesis bolos foTlis temperatura izrdeba da 

uaxlovdeba haeris temperaturas (nax. 6).  

vinaidan foTlis gadaxureba mavned moqmedebs Rnobis 

xarisxze, winaRdenis SemTxvevaSi, rodesac saRnobSi Semosuli 

haeri SexebaSi modis ukve momRnar Cais masasTan, haeris sawyisi 

temperatura ar unda iyos maRali. paraleluri denis SemTxvevaSi 

SesaZlebelia haeris ufro maRali temperaturis gamoyeneba, 

radgan igi pirvelad SexebaSi modis tenian Cais masasTan, 
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romelic ar gadaxurdeba. saRnobSi gavlis dros tenis 

aorTqlebis Sedegad haeris temperatura klebulobs, Cais masisa ki 

matulobs da procesis bolos uaxlovdeba th-s. amitom 

paraleluri deni Cais masis RnobisaTvis ufro xelsayrelia, 

vidre winaRdeni. 

            nax. 5. Cais foTlis Rnobis mrudeebi 

 
 

     nax. 6. haeris da Cais masis temperaturuli mrudeebi  
      paraleluri denis SemTxvevaSi Rnobis procesis dros 

 

rogorc nax. 5-dan Cans, Rnobis mrudi 16 da 20 kg/m2 

datvirTvisaTvis sworxazovania, rac, rogorc aRvniSneT, imis 

maCvenebelia, rom procesi mimdinareobs mudmivi siCqariT. amitom 

haeris Srobis potencialma didi gavlena unda iqonios Rnobis 

siCqareze. mixailovis cdebi adastureben am debulebas. haeris 

temperaturis gazrda 34°dan 45°-mde amcirebs Rnobis 

xangrZliobas 2-jer. analogiurad haeris siCqaris gazrda da 

τ, wT 

t°,C 

34°,C 

48° 

30° 

0 
L, m 
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haeris fardobiTi tenianobis Semcireba aCqarebs Rnobas. Cais 

foTlis Sris sisqis gazrda ki axangrZlivebs Rnobis process. 

b. jafariZis mier Seswavlili iyo saRnobi danadgaris 

muSaoba. am kvlevam daadastura, rom Rnoba mimdinareobs jer 

mudmivi da Semdeg klebadi siCqariT. mudmivi siCqaris periods 

adgili aqvs pirvel konveierze. kritikuli tenianobis 

mniSvneloba icvleba sezonis ganmavlobaSi, rac Sedegia foTlis 

mSrali nivTierebebis hidrofiluri Tvisebebis cvlilebisa. 

Rnobis pirveli periodisaTvis b. jafariZem daadgina 

kriterialuri damokidebuleba: 

mais-ivlisis foTlisaTvis 

⎟
⎠
⎞

⎜
⎝
⎛=

l
bNu 8,0Re0188,0 ;                           (1) 

agvosto-seqtembris foTlisaTvis  

⎟
⎠
⎞

⎜
⎝
⎛=

l
bNu 8,0Re0141,0 ,                           (2) 

sadac Nu aris nuseltis  kriteriumi. 

λ
α f

Nu = ,                                   (3) 

sadac f  aris damaxasiaTebeli zoma, m; 

      f _ samfoTliani duyis zedapiri, m2; 

 λ _ haeris Tbogamtarobis koeficienti kkal/m sT, °C; 

 b _ xvrelis gani, mm; 

 l _ biji xvrelebs Soris, mm. 

reinoldsis kriteriumi gamoiangariSeba formuliT 

v
fV

ε
day=Re ,                                (4) 

sadac dayV  aris haeris dayvanili siCqare 
ε
saS

day

VV = ; 

 ε _ Cais foTlis Sris forovnoba; 

 v _ haeris kinematikuri siblante, m2/wm. 

haeris saSualo siCqare ganisazRvreba damokidebulebiT 
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h
h

V
V

5,0
41,0

82,0 0

α
+

=saS.  m/wm,                       (5) 

sadac V0 aris haeris siCqare xvrelSi, m/wm; 

  h _ manZili saqSenis yelidan badis zedapiramde, m; 

  α _ gamodinebis koeficienti. 

Rnobis meore periodisaTvis miRebuli iyo Semdegi 

damokidebuleba  

)(072,0)( wkrwkr UUUUKM −=−= ,  %/sT,            (6) 

sadac N aris Rnobis mudmivi periodis siCqare, %/sT; 

  K _ Rnobis siCqaris mudmiva, 1/sT; 

  Ukr _ Cais foTlis absoluturi tenianoba, %; 

  Uw _ Cais foTlis absoluturi wonasworuli tenianoba, %. 

 
 

pirveli Tavis daskvna 

Savi Cais warmoebis teqnologiuri procesis, Rnobis 

operaciis da saRnobi manqanebis literaturuli wyaroebis 

ganxilvis da analizis safuZvelze SeiZleba Semdegi daskvnis 

gakeTeba. 

− Cais mrewvelobis sawarmoebSi gamoyenebuli konveieruli 

saRnobi manqanebis muSaobis principebi da konstruqciebi ver 

pasuxobs Tanamedrove moTxovnebs: aqvs didi gabarituli 

zomebi; aris energo da liTontevadi; aqvs dabali mqk; Znelad 

gansaxorcielebelia Rnobis operaciis da saRnobi manqanis 

muSaobis procesis avtomaturi marTva; Sromis mZime pirobebSi 

uxdeba muSaoba manqanis momsaxure teqnikur personals, 

garTulebulia manqanis eqspluatacia da sxva. 

− konveieruli tipis saRnobi manqanebis moZrav lentur 

transportiorze moTavsebuli fardobiT uZrav SreSi Cais 

masis procesi araTanabaria, rac mniSvnelovnad auaresebs mza 

produqciis xarisxs. 
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− vafg SreSi Cais Rnoba SeiZleba CaiTvalos erT-erT 

perspeqtiul meTodad Rnobis operaciis intensifikaciis da 

Cais mza produqciis xarisxis gaumjobesebis mizniT. 

− vafg SreSi Cais Rnobis operaciis da saRnobi manqanebis 

racionaluri konstruqciis damuSavebisaTvis saWiro optimaluri 

parametrebis mniSvnelobebi, SeiZleba iTqvas, rom TiTqmis ar 

aris Seswavlili.  

zemoT aRniSnulidan gamomdinare kvlevis ZiriTadi amocanebi 

SeiZleba Semdegnairad Camoyalibdes: 

− Cais masis Rnobis operaciis Teoriuli Seswavla; 

− vafg Sris sasazRvro pirobebis dadgena. 

− Cais masis fiziko-meqanikuri, Tbofizikuri da vibroaerodi-

namikuri maxasiaTeblebis eqsperimentuli Seswavla vafg SreSi 

moqmedi faqtorebis gaTvaliswinebiT. 

− vafg SreSi Cais Rnobis procesis kinetikis eqsperimentuli 

Seswavla. 

− Rnobis procesis xangrZlivobis, Rnobis siCqaris da manqanis 

kuTri mwarmoeblobis gansazRvra vafg SreSi moqmedi faqtorebis 

gaTvaliswinebiT. 

− movibrire sibrtyeze Cais masis gadaadgilebis 

kanonzomierebis dadgena. 

− Cais masis Rnobis reologiuri modelis damuSaveba. 

− siTbos alternatiuli wyaroebis (mzis energia, Termuli 

wylebi) gamoyeneba Cais masis RnobisaTvis. 

− vafg SreSi Cais masis Rnobisas operaciis da vibraciuli 

saRnobi manqanis optimaluri parametrebis safuZvelze 

gaangariSebis da konstruqciebis safuZvlebis damuSaveba. 

− vafg SreSi Cais masis Rnobis operaciiT da racionaluri saRnobi 

manqanis danergviT miRebuli ekonomikuri efeqtianobis gansazRvra.     
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Tavi 2. შედეგები და მათი განსჯა 

2.1. Cais masis Rnobis procesis Teoriuli kvleva 
 

2.1.1. Rnobis kinetika 

 
Cais masis Rnoba mimdinareobs cxeli haeris saSualebiT, 

teni difuziiT Cais duyis centridan gadaadgildeba misi 

zedapirisaken. zedapirze xdeba misi aorTqleba da gadaadgileba 

Cais masaSi, Semdeg ki misi gadaadgileba haerSi. 

Cais duySi tenis moZraobis (difuziis zegavleniT) 

procesis mamoZravebeli Zalaa tenis koncentraciaTa sxvaoba Cais 

masis sxvadasxva adgilebSi. rogorc difuziis procesi 

gamoisaxeba fikis kanoniT: 

τ⋅−= F
dx
dcDGc  kg,                       (7) 

sadac Cc aris difundirebuli tenis raodenoba kg; 

  τ _ dro, sT; 

  F _ tenis koncentracia, kg/m3; 

   −
dx
dc

koncentraciis gradienti; 

  D _ difuziis koeficienti m2/sT. 

difuziis koeficientis mniSvneloba damokidebulia Cais 

masis Tvisebebze da im kavSirebze, romlebic arseboben tensa da 

Cais masis mSral nivTierebebs Soris. is damokidebulia agreTve 

temperaturaze.  

teni SeiZleba gadaadgildes Cais masaSi rogorc Txevad, 

ise orTqlisebur mdgomareobaSi, rac agreTve damokidebulia 

Cais masis, tenis kavSirebsa da tenSemcvelobaze. osmosuri wyali 

ujredebis garsSi migracias ganicdis Txevad mdgomareobaSi, 

adsorbciuli wyali ki gadaadgildeba orTqlis saxiT. rodesac 

tenianoba maRalia, Warbobs misi migracia Txevad mdgomareobaSi 

dabali tenianobis dros migracia warmoebs orTqlis saxiT. 

im SemTxvevaSi, rodesac tenis gadatana Cais masaSi 

araizoTermulia, e.i. rodesac tenis koncentraciaTa sxvaobasTan 
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erTad arsebobs temperaturaTa sxvaobac, warmoiSveba Tburi 

nakadi, romelic gamoiwvevs tenis gadatanas – Termotengamtaroba. 

es movlena svel masalebSi pirvelad daadgina da 

eqsperimentulad Seiswavla a. likovma. Termotengamtarobis 

zegavleniT tenis gadaadgileba warmoebs Tbonakadis 

mimarTulebiT da aixsneba Semdegi movlenebiT: 

a) TermodifuziiT, e.i. siTxis an orTqlis molekuluri 

gadataniT maRali temperaturidan ufro dabali temperaturisaken. 

b) zedapiruli Zabvis SemcirebiT temperaturis 

momatebasTan dakavSirebiT. amitom forovani sxeulebis 

kapilarebSi warmoebs siTxis moZraoba temperaturis vardnis 

mimarTulebiT, e.i. siTburi nakadis mimarTulebiT. 

g) Camwyvdeuli haeris zegavleniT. kapilarebSi Camwyvdeuli 

haeris gaTboba iwvevs mis gafarToebas, ris zegavleniTac wyali 

gadaiwnexeba, sadac wneva naklebia, e.i. ufro dabali 

temperaturisaken, siTbos nakadis mimarTulebiT. 

temperaturuli gradientis zegavleniT gadaadgilebuli 

gamoisaxeba (7) formulis msgavsi gantolebiT: 

τ⋅⋅−= F
dx
dtDG tt  kg,                         (8) 

sadac Dt aris Termotengamtarobis koeficienti 
sT m

kg
; 

      −
dx
dt

temperaturuli gradienti, °/m. 

tenis ori nakadi, gamowveuli tenis koncentraciis 

gradientiT ∇c da temperaturis gradientiT ∇t, SeiZleba iyos 

sxvadasxva mimarTulebis. is nakadi, romelic mimarTulia 

zedapirisaken, awarmoebs Cais masis Rnobas. meore nakadi, 

romelic mimarTulia centrisaken da amuxruWebs Rnobis siCqares. 

Cais masaSi gadatanili tenis raodenoba gamoisaxeba am ori 

nakadis veqtoruli jamiT. 

konveqciur saRnobSi siTbo gadadis haeridan Cais masisaken. 

Cais foTlis zedapiris temperatura aRemateba misi centris 

temperaturas. am temperaturaTa sxvaobis zegavleniT warmoiSoba 
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Tburi nakadi, romelic mimarTulia zedapiridan centrisaken. am 

mimarTulebiT xdeba tenis gadatana Termotengamtarobis 

zegavleniT. am SemTxvevaSi Cais masaSi warmoiSoba tenis ori 

nakadi: pirveli – mimarTuli centridan zedapirisaken, gamowveuli 

tenis koncentraciaTa sxvaobiT, da meore – zedapiridan 

centrisaken, gamowveuli temperaturaTa sxvaobiT. 

nax. 7-ze mocemulia tenianobis da temperaturis 

ganawilebis mrudebi konveqciuri Rnobis dros.  

 

 

 

 

 

 

 

 

 

 

 

 
nax. 7. konveqciuri RnobisaTvis tenis da temperaturis   

ganawilebis mrudeebi (τ droisaTvis) 
 

konveqciuri RnobisaTvis Cais masaSi gadatanili tenis 

raodenoba iqneba 

tc GGG −=  kg.                          (9) 

analogiur damokidebulebas adgili aqvs, rodesac sqel 

SreSi Rnoba mimdinareobs infrawiTeli sxivebiT. 

unda aRiniSnos, rom kvebis produqtebis Rnobis dros 

gamoiyeneba SedarebiT dabali temperaturebi, ris gamoc 

Termodifuziis gavlena umniSvneloa. 

kontaqturi da maRali sixSiris deniT Rnobis SemTxvevaSi 

tenianoba metia Cais masis zedapirze, vidre centrSi, 

temperatura ki zedapirTan SedarebiT metia centrSi (nax. 8). 

haeri 
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nax. 8. kontaqturi RnobisaTvis tenis da temperaturis 

ganawilebis mrudeebi (τ droisaTvis) 

 
am SemTxvevaSi Rnoba warmoebs temperaturuli gradientis 

zegavleniT, tenis gradienti amuxruWebs mas. gadatanili tenis 

raodenoba iqneba  

ct GGG −=  kg.                         (10) 

infrawiTeli sxivebiT Txeli 3-15 mm sisqis masalis Rnobis 

dros temperaturisa da tenianobis sxvaoba erTnairad aris 

mimarTuli centridan zedapirisaken (nax. 9). amitom tenis ori 

nakadi erTi mimarTulebisaa, rac mniSvnelovnad zrdis tenis 

gadatanas da aCqarebs Rnobas [1]. gadatanili tenis raodenoba 

iqneba 

vr GGG +=  kg.                         (11) 

rodesac Cais masis temperatura 60°-ze naklebia, orTqlis 

nakadi TiTqmis ar warmoiqmneba. am SemTxvevaSi tenis nakadi 

iangariSeba tengamtarobis da Termotengamtarobis formulebis (7) 

da (8) gamoyenebiT. 

zogjer tenis gadatanisas xdeba sasargeblo xsnadi 

naerTebis gamotana Cais masis Siga nawilebidan. Cvens 
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SemTxvevaSi, Cais Rnobis dros, xsnadi nivTierebebis gamotana 

zedapirze sasargebloa, radgan es aadvilebs maT xsnadobas 

nayenis damzadebis dros. 

 
 

 

 

 

 
 
 
 
 
 
 
 
 

 

 

nax. 9. radiaciuli RnobisaTvis (δ≤15 mm) tenis da 
temperaturis mrudeebi (τ droisaTvis) 

 

ganxiluli damokidebulebani saSualebas gvaZlevs naTlad 

warmovidginoT Rnobis procesebis arsi da teqnologiuri 

moTxovnebis mixedviT SevarCioT Rnobis optimaluri pirobebi. 

Rnobis kinetikis SeswavlisaTvis iyeneben sacdel danadgars 

(nax. 10), romelSiac sasworze moTavsebulia gasaSrobi masala. 

masalaze moqmedebs gansazRvruli parametrebis mqone haeris 

nakadi. haeris gaTboba warmoebs eleqtrogamaxurebelSi, misi 

datenianeba ki xorcieldeba orTlis uSualo damatebiT. haeris 

parametrebis gazomvisaTvis danadgari aRWurvilia mSrali da 

sveli TermometrebiT. haeris woniTi raodenoba bevrad aRemateba 

Cais masis wonas, amitom praqtikulad Rnoba mimdinareobs mudmivi 

parametrebis haeriT. gansazRvruli drois Semdeg wonian Cais 

masas da ageben mruds koordinatebSi Cais masis tenianoba – dro. 
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nax. 10. laboratoriuli saRnobis sqema: 

1 – ventilatori; 2 – eleqtrokaloriferi; 3 – mosaRnobi 
    Cais masa; 4 – kondensatori; 5 sveli da mSrali Termometrebi  

 
Cais masis Rnobis mrudidan (nax. 11) Cans, rom dasawyisSi 

mokle drois ganmavlobaSi tenianobis cvlileba gamoisaxeba 

mrudiT. es aris Cais masis gaTbobis periodi. am periodSi Cais 

masis temperatura aRwevs sveli Termometris temperaturas. amis 

Semdeg adgili aqvs sworxazovan damokidebulebas da bolo 

monakveTze is kvlav mrudiseburia. procesi mTavrdeba, rodesac 

Cais masis tenianoba aRwevs wonasworul mniSvnelobas. Tu 

CavatarebT am mrudis grafikul diferencirebas, e.i. sxvadasxva 

wertilebSi ganvsazRvravT mrudis daxris kuTxis tangenss, 

miviRebT 
τ

α
d
dUtg =  %/sT, romelic warmoadgens Rnobis siCqares 

ganxilul wertilSi. am monacemebis safuZvelze avagoT Rnobis 

siCqaris mrudi (nax. 12).  

)(Uf
d
dU

=
τ

%/sT.  

rogorc vxedavT, gaTbobis periods Seefardeba daxrili 

xazi AB, ris Semdegac modis horizontaluri monakveTi BK1. am 

monakveTs mudmivi siCqaris periodi ewodeba, K1 wertils ki 

kritikuli wertili. Cais masisaTvis kritikuli tenianoba, 

romelic SeerTeba am wertils, aris Uk. Semdegi monakveTi K1K2 

migviTiTeben Rnobis siCqaris Semcirebaze. mas Rnobis klebadi  

periodi ewodeba. K1 wertilis Semdeg Rnobis siCqaris kleba 

warmoebs mrudis mixedviT. K2-s meore kritikuli wertili 

ewodeba. 
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nax. 11.  Cais masis Rnobis mrudi 
 

 

nax. 12. Rnobis siCqaris mrudi 



49 

 
 

 

 

 

 

 

 

 

 

 

 

nax. 13. mosaRnobi Cais masis temperaturuli mrudi 

 

2.1.2. mudmivi siCqaris periodi 
 
 cxeli haeri rodesac SexebaSi modis tenian Cais masasTan, 

iwyeba tenis aorTqleba misi zedapiridan, warmoqmnili orTqli 

difundirdeba haeris sasazRvro laminarul SreSi – Cais duyis 

apkSi da gadadis garemoSi. warmoiSoba tenis koncentraciaTa 

sxvaoba, tenis gradienti ∇U, ris Sedegadac teni iwyebs 

gadaadgilebas centridan zedapirisaken. sanam teni sakmarisi 

raodenobiT modis Siga Sreebidan zedapirze, sxeulis zedapiri 

rCeba sveli. am periodSi masalis temperatura uaxlovdeba sveli 

Termometris temperaturas. vinaidan masalis zedapiri svelia, 

misi wylis orTqlis wneva udris najeri wylis orTqlis wnevas 

imave temperaturaze. vinaidan Rnobis dros haeris siWarbis gamo 

misi tenSemcveloba da, maSasadame, orTqlis wneva umniSvnelod 

icvleba, Rnobis siCqare inarCunebs mudmiv mniSvnelobas. am 

SemTxvevaSi aorTqlebis siCqare gamoisaxeba formuliT: 

)( om PP
F
WN −=
⋅

= β
τ

 kg/m2sT,               (11)  

sadac W aris aorTqlebuli wyali, kg; 

U,% 
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      F _ aorTqlebis zedapiri m2; 

 τ _ dro, sT; 

      Pm _ wylis orTqlis drekadoba masalis zedapirze mm v.wy. 

sv. zedapiris temperatura udris haeris sveli 

Termometris temperaturas, amitom svnm tPP =  

mniSvnelobisaTvis; 

      β _ aorTqlebis koeficienti kg/m2 sT mm. v. wy. sv.  

haeridan masalisaTvis gadacemuli siTbos safuZvelze. 

τα ⋅−= FttQ )( svm  kkal.,                    (12) 

aq Q aris gadacemuli siTbos raodenoba kkal; 

   tm _ haeris temperatura; 

   tsv _ haeris sveli Termometris temperatura, romelic tolia 

masalis zedapiris temperaturisa; 

   α _ Tbogadacemis koeficienti kkal.m2 sT grad. 

vinaidan Rnobis pirvel periodSi consttt == svmas , mTeli 

miRebuli siTbo ixarjeba Cais masidan tenis aorTqleblad, 

amitom Cven SegviZlia davweroT: 

)()(
00

omsvm PPtt
rFr

Q
F
W

−−−=
⋅⋅

=
⋅

βα
ττ

 kg/m2sT,         (13) 

sadac r0 aris aorTqlebis faruli siTbo kkal/kg. 

Tbogacemis da aorTqlebis koeficientebis gansazRvra 

warmoebs eqsperimentulad msgavsebis Teoriis safuZvelze, 

Sedegebis kriterialuri gamosaxviT. (13) gantolebidan Cans, rom 

erTi da igive faqtorebi erTnairad unda moqmedebdnen α da β 

mniSvnelobebze. 

eqsperimentulad napovnia, rom 

8,0)(21 γα V=  kkal/m2 sT °C,                     (14) 

8,0)(0745,0 γβ V=  kg/m2 sT mm v. wy. sv.,            (15) 

sadac V aris haeris siCqare m/wm; 

      γ _ haeris kuTri wona kg/m3. 
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Rnobis pirveli periodis siCqare α da β mniSvnelobebis 

gantolebaSi Casmis iqneba: 

)()(745,0)()(21 8,08,0

0
omsvm PPVttV

r
N −=−= γγ  kg/m2 sT.       (16) 

Rnobis siCqaris formula migviTiTebs, Tu ra faqtorebi 

moqmedeben am periodSi procesis msvlelobaze. rac ufro metia 

Cais foTlis kuTri zedapiri, miT ufro swrafad mimdinareobs 

Rnoba. Rnobis siCqare izrdeba haeris Rnobis potencialis 

gadidebiT, e.i. temperaturis da siCqaris gazrdiT da fardobiTi 

tenianobis SemcirebiT. zemoT moyvanili formulis gamoyeneba 

rTuldeba im garemoebiT, rom Znelia masalis realuri zedapiris 

gansazRvra, radgan cdebma cxadyves, rom faqtiuri zedapiri 

gansxvavdeba geometriuli zedapirisagan, aramed masalis SigniT 

(gansazRvrul siRrmeze), e.i. warmoiSveba aorTqlebis zona. 

Cveulebrivad Rnobis xangrZliobas sazRvraven 

eqsperimentulad, miRebul Sedegebs gamosaxaven empiriuli 

formuliT: 

wkr

kr

UU
UU

K −

−
= 1

1 ln1τ  sT,                       (17) 

sadac K _ aris Rnobis siCqaris mudmiva 1/sT;  

       −1U masalis sawyisi tenianoba;  

       −krU kritikuli tenianoba; 

       −wU wonasworuli tenianoba 

K mniSvnelobis dadgena saSualebas gvaZlevs gaviangariSoT 

Rnobis xangrZlioba analogiur pirobebSi, magram Cais masis sxva 

tenis SemcvelobebisaTvis. 

 
2.1.3. klebadi siCqaris periodi 

 

Cais masis tenianoba rodesac miaRwevs kritikul 

mniSvnelobas, iwyeba Rnobis meore periodi (xazi K1C nax. 12-ze).  

am periodSi Siga Sreebidan zedapirze gamosuli teni naklebia 

aorTqlebulze. zedapiri rCeba da warmoiSveba mSrali zonebi – 
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`kunZulebi~. masalis mSrali nivTierebis mimzidvelobis Zalebis 

zegavleniT orTqlis parcialuri wneva Cais foTlis zedapirze 

xdeba wonasworulze naklebi. Rnobis siCqare iwyebs Semcirebas, 

Cais masis temperatura izrdeba. procesis bolos, rodesac Cais 

masis tenianoba miaRwevs wonasworul mniSvnelobas da Rnobis 

siCqare 0=
τd

dU
, misi temperatura gautoldeba haeris 

temperaturas (nax. 13). wertili K2 migviTiTebs aorTqlebis 

zedapiris CaRrmavebaze. K2C mrudis saxe damokidebulia Cais 

foTolsa da tens Soris arsebul kavSirze. am periodSi Rnobis 

siCqare ganisazRvreba tengamtarobiT da TermotengamtarobiT, e.i. 

temperaturisa da tenis gradientebis mniSvnelobebiT da maTi 

mimarTulebebiT. tenis nakadi damokidebulia agreTve 

tergamtarobis da Termotengamtarobis kerZo koeficientebis 

mniSvnelobaze. am koeficientebis gansazRvra did siZneles 

warmoadgens. amitom am procesis maTematikuri aRwera Zalian 

Znelia. es sakiTxi Rrmad aris damuSavebuli a. likovisa da misi 

skolis mier.  

am periodis Rnobis siCqare ZiriTadad damokidebulia Cais 

masis sisqeze da temperaturaze. g. saravalosis da s. Sarmas 

eqsperimentebma daadgines, rom Rnobis xangrZlioba 

ukuproporciulia Cais masis temperaturisa da proporciulia 

Cais masis Sris sisqis kvadratisa. 

 

2.1.4. tenian Cais masaSi siTbos da tenis gadatanis Teoria 

 
tenian sxeulSi tenis da siTbos gadatanis Teoria 

Camoayaliba akademikosma a. likovma. man tenis gadatanis 

movlenas miuyena siTbos gadatanis aRweris cnebebi da meTodebi 

da amiT safuZveli daudo gadatanis movlenebis zogad 

Termodinamikas. es meTodi Zalze nayofieria, radgan is 

saSualebas gvaZlevs siTbos da tenis gadatana aRvweroT erTi 

da imave warmodgenebis safuZvelze. 
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a. likovis Teorias safuZvlad udevs gadatanis 

potencialis cneba. iseve rogorc siTbos nakadis potencials 

warmoadgens temperatura, Cais masaSi tenis gadatanis potencialis 

– mniSvneloba damokidebulia imaze, Tu ra mdgomareobaSi 

imyofeba teni Cais masaSi. adsorbirebuli teni Cais masaSi 

gadaadgildeba orTqlisYsaxiT da misi gadatanis potenciali 

aris orTqlis parcialuri wneva. kapilaruli teni gadaadgildeba 

siTxis an orTqlis saxiT. pirvel SemTxvevaSi gadatanis 

potenciali iqneba kapilaruli potenciali, meore SemTxvevaSi – 

orTqlis wneva, osmosuri teni ZiriTadad gadaadgildeba siTxis 

saxiT. misi gadatanis potenciali iqneba osmosuri wneva. 

dadgenilia, rom mcire tenSemcvelobisas teni Cais 

foTolSi moZraobs ZiriTadad orTqlis saxiT. didi tenianobis 

SemTxvevaSi teni nawilobriv moZraobs siTxis saxiT (aorTqlebis 

zonamde) da nawilobriv orTqlis saxiT (aorTqlebis zonidan 

garemoSi). aorTqlebis zona ganlagebulia Cais foTlis 

zedapiris maxloblad. 

siTxis da orTqlis gadatana Cais masaSi warmoebs 

potencialis didi mniSvnelobidan misi naklebi mniSvnelobisken, 

e.i. tenis nakadi da potencialis gradienti sawanaaRmdegod aris 

mimarTuli. siTxis saxiT tenis gadatanis ZiriTadi kanoni 

gamoisaxeba Semdegi gantolebiT: 

sss θλ ∇⋅′−=′q  kg/m2sT,                      (18) 

sadac −′sq  aris tenis nakadi (siTxis saxiT) kg/m2sT;   

      −′sλ tengamtarobis koeficienti (siTxis saxiT) kg/m2sT, 

potencialis erTeuli; 

−∇ sθ tenis gadatanis potencialis gradienti – potencialis 

erTeulis cvlileba 1 m manZilze – pot. erT/m. is axasiaTebs 

potencialis cvlilebis intensivobas sivrceSi, izopotencialuri 

zedapiris normalis mimarTulebiT.  

tenis gadatanis potencialis gradienti ∇θ analogiuria 

temperaturis gradientis ∇t-si. is proporciulia orTqlis wnevis 
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gradientisa (orTqlisa gadatanis SemTxvevaSi) an kapilaruli 

potencialis gradientisa (kapilaruli tenis gadatana), an 

osmosuri wnevis gradientis (osmosuri tenis gadatana). 

izoTermuli pirobebisaTvis gadatanis potenciali aris 

tenSemcvelobis calsaxa funqcia, amitom 

.1 U
C

∇
′

=∇ sθ                          (19) 

aq C ′ aris sxeulis saSualo kuTri tentevadoba kg teni/kg 

mSr. nivT. erT. potenc. analogiurad Tbotevadobisa, sxeulis 

kuTri tentevadoba gviCvenebs Tu ra raodenobis teni (kg/kg 

mSral nivTierebaze) unda SeiZinos an dakargos svelma sxeulma, 

rom misi gadatanis potencialis mniSvneloba gaizardos an 

Semcirdes erTi erTeuliT. 

damokidebuleba (19) msgavsia damokidebulebis, romelic 

arsebobs TboSemcvelobasa da temperaturas (Tbogadatanis 

potenciali) Soris 

;tCJ ⋅=  J
C

t ∇=∇
1

,                      (20) 

sadac J aris TboSemcveloba, kkal/kg; 

      C _ sveli Cais masis kuTri Tbotebadoba. 

(18) gantolebis marjvena nawili gavyoT da gavamravloT 

absoluturad mSrali sxeulis kuTr wonaze γ0 kg/m3 da CavsvaT 

sθ∇  mniSvneloba (19) gantolebidan, miviRebT:  

UaU
C

q ∇⋅⋅′=∇⋅⋅
⋅′
′

−=′ 0sc

c

s
s γγ

γ
λ

 kg/m2 sT,           (21) 

sadac 
c

s
s γ

λ
⋅′
′

′
C

a  aris potencialgamtarobis koeficienti, romelic 

analogiuri temperaturis gamtarobis koeficientisa.   

ΔU _ tenSemcvelobis gradienti 
mnivT.  mSral kg

teni kg
. 

unda aRiniSnos, rom tengamtarobis kanoni, gamosaxuli (19) 

gantolebiT, gamosayenebelia mxolod tenianobis velis 

uwyvetobis SemTxvevaSi. Tu sistema Sedgeba urTierTSexebaSi 
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myofi gansxvavebuli kuTri tenSemcvelobis mqone sxeulebisagan. 

maTi Sexebis sazRvarze adgili eqneba temSemcvelobis naxtoms. 

vinaidan gadatanis potenciali θ damokidebulia ara marto 

temSemcvelobaze, aramed temperaturazec, 

)( 1TUf=sθ .                            (22) 

am SemTxvevaSi SeiZleba davweroT: 

T
T

U
U

q
UT

∇⋅⎟
⎠
⎞

⎜
⎝
⎛
∂
∂′+∇⋅⎟

⎠
⎞

⎜
⎝
⎛
∂
∂′−=∇′−=′ s

s
s

ssss

θ
λ

θ
λθλ .          (23)  

(23) gantolebis pirveli wevri gamosaxavs tenis izoTermul 

gadatanas meore – Termul tengamtarobas. 

gantolebis pirveli wevri gavamravloT 
0

0

γ
γ

-ze, meore 
C
C
′⋅
′⋅

0

0

γ
γ

-

ze, miviRebT: 

T
TC

C
U

U
q

UT

∇⋅⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

′⋅
⋅′⋅′

+∇⋅⎟
⎠
⎞

⎜
⎝
⎛
∂
∂⋅′

=′ ssss
s

θ
γ

γλθ
γ
γλ

0

0

0

.           (24) 

vinaidan 
CU T ′

=⎟
⎠
⎞

⎜
⎝
⎛
∂
∂ 1θ

, (24) gantolebis pirveli wevri miiRebs 

Semdeg saxes: Ua ∇⋅⋅′ 0γs . meore wevrSi aRvniSnoT 

.
U

C ⎟
⎠
⎞

⎜
⎝
⎛
∂
∂′=
θ
θ

δ s
s                          (25) 

δs aris Termogradientuli koeficienti. is gviCvenebs Tu ra 

mniSvnelobis tenSemcvelobis gradienti warmoiqmneba sxeulSi. 

rodesac temperaturuli gradienti 1=∇T -s, ganzomileba aris 

1/°C.   

δs da as mniSvnelobebis SetaniT (24) gantolebis meore 

wevri iqneba: 

Ta ∇⋅⋅⋅′ 0γδss .                         (26) 

sabolood gantoleba (25) daiwereba: 

.00 TaUaq ∇⋅⋅′−∇⋅⋅′−=′ γγ sss                  (27) 

am gantolebis pirveli wevri gamosaxavs siTxis izoTermul 

gadatanas, tenSemcvelobis gradientis zegavleniT. meore wevri 

gamosaxavs siTxis gadatanas temperaturuli gradientis zegavleniT. 
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analogiurad SegviZlia davweroT tenis gadatana orTqlis 

saxiT 

ooo θλ ⋅′−=′q ,                            (28) 

sadac −′oλ aris orTqlgamtarobis koeficienti kg/m sT 

potencialis erTeuli; 

        θo _ orTqlis gadatanis potenciali. 

orTqlis gadatanis potenciali damokidebulia procesis 

meqanizmze da garemosTan  zemoqmedebis pirobebze. 

difuziuri (rodesac arxebis diametri, romlebSic 

mimdinareobs gadatana, mcirea molekulebis Tavisufali garbenis 

saSualo sigrZesTan SedarebiT) gadatanis SemTxvevaSi 

T
P

=oθ .                             (29) 

difuziuri gadatanis SemTxvevaSi θo-is mniSvneloba 

damokidebulia procesis pirobebze. rodesac constV =  da S = const, 

                                                              θo = P; 

V = const, T = const, θo = μ,                    (30) 

sadac μ aris qimiuri potenciali, romelic SeiZleba SevcvaloT 

wnevis logariTmis proporciuli sididiT.  

tenis saerTo nakadi (siTxe da orTqli) udris siTxis da 

orTqlis nakadebis veqtorTa jams 

oqqq +′=′ 2  kg/m2sT.                      (31) 

rodesac sxeuli imyofeba higroskopul mdgomareobaSi, 

wylis orTqlis parcialuri wnevis mniSvneloba damokidebulia 

temperaturasa da tenSemcvelobaze.  

),( tUfP =o .                             (32) 

amitom orTqlis gadatanis gantoleba (24) SeiZleba 

gamovsaxoT (27) msgavsad, ris Sedegadac miviRebT: 

 taUaqqq ∇′−∇⋅′−=′+′=′ δγγ 00os .                (33) 

sam SemTxvevaSi a′ da δ iTvaliswinebs orTqlis da siTxis 

erTdroul gadatanas. 
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             os aaa ′+′=′ ; .
os

ssoo

aa
aa
′+′
⋅′+⋅′

=
δδ

δ  

rodesac sxeulis tenianoba aRemateba higroskopul 

mniSvnelobas, wylis orTqlis parcialuri wneva Pp funqciaa 

mxolod temperaturisa 

                                            Po = f(t). 

maSin orTqlis gadatana gamoixateba am gantolebiT 

T
T

q ∇⎟
⎠
⎞

⎜
⎝
⎛
∂
∂′−=′ o

oo

θ
λ .                          (34) 

amgvarad, zogad SemTxvevaSi tenis nakadis gaangariSeba 

unda warmoebdes (31) gantolebis saSualebiT, risTvisac winaswar 

unda ganisazRvros orTqlis da wylis nakadebi cal-calke. amis 

gasaadvileblad a. likovma SemoiRo fazaTa gardaqmnis 

kriteriumi. 

dU
dU

E f= .                                (35) 

es kriteriumi axasiaTebs tenSemcvelobis cvlilebas, 

gamowveuls fazuri gardaqmnebiT (aorTqleba an kondensacia), 

Sefardebuls tenSemcvelobis mTlian cvlilebasTan. E icvleba 

0-dan 1-mde.   

rodesac E = 0, fazuri gardaqmnebs ara aqvs adgili tenis 

gadatana warmoebs siTxis saxiT, rodesac E = 1,0, tenis nakadi 

gamowveulia mxolod orTqlis saxiT, Sualed pirobebSi 

0 < E < 1,0. 

tenis gadatana warmoebs rogorc siTxis, ise orTqlis saxiT. 

saerTod 

).,( tUfE =                            (36) 

e.i. siziakovma daamtkica, rom E damokidebulia sxeulis 

koordinatebze, e.i. misi mniSvneloba icvleba sxeulis sxvadasxva 

SreebSi. S. Sekoldinma eqsperimentulad daadgina, rom masalis 

tenianobis gadideba iwvevs E-s Semcirebas da rodesac U didia, E 

uaxlovdeba 0-s, e.i. am SemTxvevaSi tenis gadatana warmoebs 

siTxis saxiT.    
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tenis gadatanis diferencialuri gantolebis Sesadgenad, 

iseve rogorc hidrodinamikis da siTbos gavrcelebis 

diferencialuri gantolebis SemTxvevaSi, gamovyoT ganxilul 

sxeulSi moculobis elementi dV SemosazRvruli zedapiriT dF 

da nivTierebis mudmivobis kanonis safuZvelze SevadginoT tenis 

balansi, miviRebT:  

taUaU 22 ∇⋅⋅′+∇⋅′=
∂
∂ δ
τ

,                    (37) 

,
1

2

E
a

a
−
′

=′  

sadac ∇2 aris laplasis operatori 2

2

2

2

2

2

ZYX ∂
∂

+
∂
∂

+
∂
∂

. analogiurad 

daiwereba siTbos gadatanis diferencialuri gantoleba tenis da 

siTbos erTdroulad gadatanis gaTvaliswinebiT 

ττ ∂
∂
⋅⋅+∇=

∂
∂ U

C
rEtat 2 ,                      (38)  

sadac r aris tenis fazuri gardaqmnis (aorTqlebis an 

kondensaciis) faruli siTbo; 

      C _ tenis kuTri Tbotevadoba; 

           a _ temperaturis gamtarobis koeficienti m2/sT. 

am gantolebebis amoxsna SesaZlebelia mxolod im 

SemTxvevaSi, Tu daSvebuli iqneba a′, δ da a koeficientebis 

mudmivoba. 

am daSvebiT a. likovi da misi skola farTo muSaobas 

awarmoebs a′ da δ koeficientebis eqsperimentuli gansazRvrisaTvis. 

ganvixiloT am koeficientebis cvalebadobis kanonzomiereba. 

a′ aris potencialgamtarobis koeficienti. misi mniSvneloba 

damokidebulia sxeulis temperaturasa da tenSemcvelobaze. ta′  

damokidebulia tenSemcvelobaze da im kavSirebze, romlebic 

arsebobs tensa da sxeulis mSral nivTierebas Soris. es 

damokidebuleba Zalian rTulia, radgan sxeulSi erTdroulad 

warmoebs sxvadasxva kavSirSi myofi tenis gadatana. 

nax. 14-ze naCvenebia zogadi damokidebuleba a′ da U-s 

mniSvnelobebs Soris. 
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rodesac tenSemcveloba didia, at-s mniSvneloba mudmivia 

(monakveTi AB). am periodSi xdeba kapilaruli da osmosuri 

ZalebiT dakavSurebuli tenis gadatana siTxis saxiT. monakveTze 

BC tenis gadatana xdeba siTbos da orTqlis saxiT. CD areSi 

xdeba polimolekuluri adsorbciiT dakavSirebuli tenis 

gadatana mxolod orTqlis saxiT. DE monakveTze xdeba yvelaze 

ufro mWidrod monomolekuluri adsorbciiT dakavSirebuli 

tenis gadatana. am ubanze mimdinareobs tenis difuzia.  

 

nax. 14. damokidebuleba potencialgamtarobis koeficientsa 

(a′) da Cais masis tenianobas (U) Soris  

 

a′ damokidebuleba temperaturaze gamoixateba Semdegi 

gantolebiT: 

Taa ⋅′=′ 0 m2/sT.                          (39) 

es damokidebuleba migviTiTebs imaze, Tu ra didi 

mniSvneloba aqvs mosaRnobo Cais masis temperaturis gazrdas 

tenis Siga gadatanis asaCqareblad. rodesac tenis gadatana ar 

aris izoTermuli, adgili aqvs, rogorc es zemoT iyos 

ganmartebuli, Termotengamtarobis warmoSobas, am nakadis sididis 

gasaangariSeblad gansazRvruli unda iyos Termotengamtarobis 

koeficientis δ-s mniSvneloba. δ damokidebulia sxeulis 

tenianobaze. es damokidebuleba naCvenebia nax. 15-ze. rogorc 

vxedavT, tenSemcvelobis Semcireba iwvevs jer δ-s gazrdas 
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(mrudi DB) da maqsimumis miRwevis Semdeg Semcirebas (mrudi BA). 

kapilarul-forovani sxeulebis mcire tenSemcvelobisaTvis 

δERebulobs uaryofiT mniSvnelobas, radgan am SemTxvevaSi teni 

orTqlis da haeris urTierTdifuziis Sedegad gadaadgildeba 

Sebrunebuli mimarTulebiT.    

temperaturis gamtarobis koeficienti 

γ
λ
⋅

=
C

a  m2/sT                             (40) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nax. 15. damokidebuleba Termogradientul koeficientsa (δ)  
da Cais masis tenianobas (U) Soris 

 

advilad gamoiangariSeba Tbogamtarobis koeficientis λ kkal/m 

sT°C, kuTri Tbotevadobis C kkal/kg da kuTri wonis γ kg/m3 

mniSvnelobebis CasmiT (40) gantolebaSi. kvebis produqtebisaTvis 

am sidideebis mniSvneloba moyvanilia specialur literaturaSi.  

rogorc aRvniSvneT, a.likovma zogierTi kerZo SemTxvevisaTvis 

gadawyvita diferencialuri gantoleba (36). ganvixiloT mis mier 

miRebuli Sedegebi usasrulo firfitisaTvis. 

am amocanis gadawyvetisas man miiRo Semdegi daSveba. 

a) teni moZraobs mxolod erTi mimarTulebiT centridan 

zedapiramde da Semdeg garemoSi da tengamtarobis koeficienti a′ 

mudmivia. 

Cais masis tenianoba U 
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b) Termotengamtaroba gavlenas ar axdens tenis gadatanaze. 

haeris Rnobis SemTxvevaSi es ukanaskneli daSveba gamarTlebulia 

imiT, rom sawyis periodSi ∇T-s mniSvneloba mcirea. bolo 

periodSi ki δ-s mniSvneloba ar aris didi; amitom ∇T-s 

zegavleniT gadatanili tenis raodenoba umniSvneloa. maSin 

gantoleba (36) miiRebs Semdeg saxes 

2

2

X
UaU

∂
∂
⋅′=

∂
∂
τ

.                          (41) 

ganvixiloT am gantolebis amoxsnis Sedegebi. 

pirveli periodSi, Rnobis dawyebisas (τ =0), teni Tanabrad 

aris ganawilebuli Cais foTolSi. amitom sawyisi pirobebi 

Caiwereba Semdegnairad: 

.),,,( 0 constUOZYXU ==                     (42) 

davweroT tenis balansis gantoleba Cais foTlis 

zedapirisaTvis: zedapirze Semosuli teni udris zedapiridan 

aorTqlebul tens. (12) da (22) formulebis gamoyenebiT miviRebT: 

)(0 omt PP
X
Uaq

F

−=⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

⋅′= βγ .                   (43)  

mudmivi siCqaris periodSi 

constq =t  da consta =′ . 

am pirobebisaTvis a. likovma miiRo Semdegi gantoleba: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
′

−
−

⋅
−=

a
XR

R
q

UU
6

3 22

0
1 τ

γ
t

.                   (44) 

sadac U aris Cais foTlis tenSemcveloba; 

      R _ Cais foTlis ganmsazRvreli geometriuli zoma m 

(firfitis sisqis naxevari). 

am gantolebaSi X-is da τ-s CasmiT SegviZlia ganvsazRvroT 

firfitis yoveli wertilis tenSemcveloba drois yovel 

momentSi. 

am gantolebidan Cans, rom Cais foTlis tenSemcveloba 

sworxazovani funqcia droisa da rom tenis ganawileba 

firfitaSi gamoisaxeba paraboliT. 
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2.1.5. Rnobis reJimebis SerCeva 

Cais masis Rnobis reJimebis da saRnobi manqanis konstruqciis 

SerCevisas gaTvaliswinebuli unda iyos Cais masis Tavisebureba. 

Cais masa warmoadgens koloidur kapilarul-forovan sxeulebs. 

isini Seicaven hidrofilur, tenTan mtkice kavSirSi myof 

maRalmolekulur nivTierebebs – saxamebels, naxSirwylebs, 

cilebs da sxva. Rnobis dros Cais masa – kargavs tenis 15-20%-s. 

Rnobis dros Cais masam maqsimalurad unda SeinarCunos 

Tavisi bunebrivi Rirsebebi – gemo, surnelebi, vitaminebis 

Semcveloba da sxva. Rnobis dros Cais masaSi ar unda moxdes 

arasasurveli cvlilebebi. aRniSnul SemTxvevaSi Rnobas aqvs 

teqnologiuri daniSnuleba, raTa Cais masa moamzados Semdgomi 

damuSavebisaTvis. Cais mwvane foTlis Rnoba amzadebs mas 

grexisaTvis. maRali temperaturis zegavleniT Cais masaSi 

mimdinareobs gansazRvruli bioqimiuri cvlilebebi, romlebic 

aZleven mas damaxasiaTebel Tvisebebs, Rnobis procesis reJimis 

da saRnobis konstruqciis SerCevis dros saWiroa 

gaviTvaliswinoT yvela zemoT aRniSnuli piroba. 

Rnobis procesis mTavari faqtorebia: 

1. saRnobi agentis (haeris) temperatura, siTburi nakadis 

intensivoba da agreTve TviT Cais masis temperatura; 

2. Cais duyis da foTlebis aRnagoba, misi zedapiris 

farTobi da tenis kavSiris saxe Cais duyebSi, kvirtebSi, ReroSi 

da foTolSi; 

3. saRnobi agentis (haeris) Rnobis potenciali, misi 

temperatura, fardobiTi tenianoba, siCqare, mimarTuleba da sxva; 

rasakvirvelia, ekonomikuri TvalsazrisiT xelsayrelia 

Rnobis Catareba maRali siCqariT, magram zemoT aRniSnuli 

mizezebis gamo es yovelTvis ar aris dasaSvebi, Rnobis pirvel 

periodSi, rodesac Cais foTlis zedapirze myardeba sveli 

Termometris temperatura, konveqciuri Tbogadacemis SemTxvevaSi 

misaRebia Tbili haeris gamoyeneba paraleluri deniT. Cais masis 

Tbomedegobis maCveneblad miRebulia misi gaTbobis maqsimaluri 
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dasaSvebi temperatura, romelic cilebis denaturaciis 

temperaturaze (223-238°K) dabalia. garda Cais masis temperaturis 

cilebis denaturaciaze gavlenas axdens agreTve temperaturis 

zrdis siCqarec da maqsimaluri temperaturis zemoqmedebis 

xangrZlivoba. Cais masis TermogamZleobaze dadebiTad moqmedebs 

Sualedi gaciveba. didi mniSvneloba aqvs agreTve momRnari Cais 

foTlis tenianobas Savi Cais warmoebis dros, rodesac is 

Seicavs fermentebs da sasurvelia SenarCunebuli iyos maTi 

aqtivoba. gansazRvruli tenianobis qveviT produqtebis 

fermentebi kargaven aRdgenis unars. 

 

2.1.6. Rnoba mduRare SreSi. aerSadrevnuli saRnobi 

 
ukanasknel wlebSi kvebis mrewvelobaSi farTo gamoyenebas 

poulobs e.w. procesebi mduRare SreSi. am procesis dros 

mosaRnobi Cais foToli imyofeba haeris aRmaval nakadSi naxevrad 

Sewonil mdgomareobaSi. maTi umravlesoba gancalkevebulia 

erTmaneTisagan da imyofeba intensiur moZraobaSi, romelic 

mogvagonebs duRils. amave dros Cais foToli ar waitacebian 

haeris mier, rogorc amas adgili aqvs pnevmosaSrobebSi. 

aramed, dasamuSavebeli Cais masa imyofebian cru Txevad 

mdgomareobaSi. duyebis aseTi mdgomareoba mniSvnelovnad zrdis 

maTi Sexebis zedapirs haerTan da aCqarebs Rnobis process. 

Rnoba mduRare SreSi xasiaTdeba didi intensivobiT. 

aorTqlebuli tenis raodenoba aRwevs ramdenime aseul 

kilograms saRnobis erT m3-ze saaTSi. is saSualebas gvaZlevs 

mosaRnobi produqti aparatSi davtovoT saWiro drois 

ganmavlobaSi. Cveulebrivad Rnobis xangrZlioba aris ramodenime 

wuTi. garda amisa, am meTodis upiratesoba imaSia, rom Cais masa 

iZens denadobis unars, rac saSualebas gvaZlevs ganvaxorcieloT 

Rnobis uwyveti procesi [2, 4, 5, 8, 9, 10, 12, 14, 15, 33]. 

`mduRare Sris~ uaryofiT mxares warmoadgens didi 

hidravlikuri winaRoba. 300-400 mm wy.sv., rac iwvevs eleqtroenergiis 
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SedarebiT did xarjs haeris misawodebeli ventilatoris 

muSaobisaTvis. 

mduRare Sris pirobebSi saRnobi manqanebi perspeqtiulia 

Cais masis mosaRnobad. mduRare SriT momuSave uwyveti qmedebis 

saRnobis sqema naCvenebia nax. 16-ze. 

 

nax. 16. uwyveti qmedebis saRnobi manqanis sqema mduRare SriT: 

      1 – duRilSi myofi Cais masis Sre: 2 – bade; 3 – airebis 

       Sesvla; 4 – airebis gamosvla; 5 – Cais masis Sesasvleli;  

           6 –Cais masis gamosasvleli. 

 

perioduli qmedebis saRnobi manqanis sqema naCvenebia nax. 17-

ze. ganvixiloT mosaRnobi Cais masa, romlebic moTavsebulia 

badeze. am SreSi gavataroT haeri. Tavdapirvelad, sanam haeris 

siCqare mcirea, nawilakebi uZravia. haeris siCqaris zrda iwvevs 

Sris winaRobis gadidebas. 

gansazRvruli siCqaris Semdeg Sris simaRleze H0 iwyebs 

gadidebas da rodesac siCqare miaRwevs kritikul mniSvnelobas 

Vkr, winaRoba gauTanaswordeba badis 1 m2-ze moTavsebuli masalis 

wonas, foTlebi iwyeben moZraobas, cildebian erTmaneTs, iZenen 

cru Txevad mdgomareobas, Sre imyofebian mduRare 

mdgomareobaSi. siCqaris Semdgomi zrda ar iwvevs winaRobis 

gazrdas, rac aixsneba Sris Tavisufali kveTis saTanado gazrdiT. 

rodesac siCqare miaRwevs meore kritikul mniSvnelobas, rodesac 
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calkeuli duyebis da misi elementebis winaRoba gauTanaswordeba 

Tavis wonas, xdeba maTi wataceba [73, 74]. 

 

nax. 17. ormagi perioduli qmedebis saSrobi manqanis sqema Cais 

        masis mduRare SriT: 1 – airebis Sesasvleli;  

        2 – airebis  gamosasvleli; 3 – Cais masis Sesasvleli;    

        4 – Cais masis gamosasvleli;  5 – saRnobi saknebi;  

        6 – farebi watacebuli nawilakebis gamosayofad. 

 

haeris fiqtiur siCqares 0V ′  (gaangariSebuls aparatis 

mTliani kveTisaTvis), romlis drosac uZravi Sre gadadis cru 

moZraobaSi, cru moZraobis siCqare ewodeba. fiqtiur siCqares, 

romlis drosac iwyeba duyebis wataceba, watacebis siCqare 

ewodeba. 

muSa siCqaris V0 da cru moZraobis siCqaris 0V ′  fardobas 

axasiaTebs cru moZraobis ricxvi ω. 

0

0

V
V ′

=ω .                                (45) 

eqsperimentulad dadgenilia, rom Rnobis optimaluri 

pirobebisaTvis saWiroa ω = 2. amis gaTvaliswinebiT haeris muSa 

siCqare i. fedorovis monacemebiT gamoiangariSeba formulidan 

52,011,0 re AR = ,                            (46) 
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sadac Ar aris arqimedis kriteriumi 

h

hn

γ
γγ −

⋅= 2

3

V
gdAr .                          (47) 

vinaidan cru moZraobis mdgomareobaSi Cais masis wona 

badis 1 m2-ze udris Sris winaRobas, SegviZlia davweroT 

))(1())(1( 00 hnhn γγεγγε −−=−−==Δ HH
F
Gp  kg/m2,       (48) 

sadac Δp aris wnevaTa sxvaoba mduRare SreSi kg/m2; 

             G _ produqtis wona kg; 

             F _ badis zedapiri m2; 

      H da H0 _ mduRare da uZravi Sris simaRle m; 

      γn da γh _ Cais masis da haeris kuTri wona kg/m; 

      ε0 da ε _ uZravi da mduRare Sris saSualo forovnoba, 

romelic gamosaxavs SreSi sicarielis fardobiT mniSvnelobas. 

am gantolebidan SeiZleba davadginoT damokidebuleba 

uZravi da mduRare Sris simaRleebs Soris 

ε
ε
−
−

=
1
1 0

0HH .                             (49) 

uZravi Sris forovnoba ganisazRvreba formuliT 

,10
n

nay

γ
γ

ε −=                              (50) 

sadac γnay aris produqtis nayari wona kg/m3; 

       γn _ foTlebis kuTri wona kg/m3. 

.50,0
1400
70010 =−=ε  

Rnobis winaRoba SeiZleba ganvsazRvroT i. fedorovis 

eqsperimentuli formulidan 

F
G

d
HRp e

2,0

17,0 ⎟
⎠
⎞

⎜
⎝
⎛=Δ  kg/m2.                    (51) 

Rnobis xangrZliobis gasaangariSeblad saWiroa vicodeT α-s 

mniSvneloba. 
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2.1.7. vafg Sris arsebobis pirobebi 

 
vafg Sre SeiZleba ganvixiloT Cais duyis haeriT 

garSemodinebis sistema, xolo RarebSi siTxis moZraobisaTvis 

gamoviyenoT darsis cnobili formula 

)2/)(/( 2 gVdlKKP hReqvhC.m γλ⋅=Δ ,                  (52) 

sadac KC.m.–Cais masis koeficientia, romelic iTvaliswinebs 

duyebis zomebs da kuTri wonis cvlilebebs; 

        Kh – haeris siblantis koeficientia, romelic 

iTvaliswinebs haeris siblantis da kuTri wonis 

cvlilebebs; 

                γ – hidravlikuri winaRobis koeficienti; 

        dR – Raris eqvivalenturi diametri; 

              VR – haeris siCqare RarSi; 

               γh – haeris kuTri wona. 

Raris sigrZe l SeiZleba vafg mdgomareobaSi gadasvlis 

momentSi miviRoT uZravi Sris simaRlis (h0) tolad, maSin wnevis 

vardna uZrav SreSi SeiZleba ganisazRvros gamosaxulebiT: 

)2/)(/( 2
0

2
0 gVdhKKP ⋅=Δ εγλ hheqv.hC.m. ,                (53) 

sadac Vh – haeris nakadis siCqare, aparatis srul kveTSi; 

ε0 – uZravi Sris forianoba. 

uZravi Sris vafg mdgomareobaSi gadasvlisas haeris nakadis 

amwevi Zala utoldeba Sris wonas 

,)1( 0 lP εγ −=Δ C.m                          (54) 

sadac ΔP Sris winaRobaa vafg mdgomareobaSi; 

      γC.m. – Cais masis kuTri wona. 

vafg Sris pirobebis garkvevisaTvis mosaxerxebelia 

)( hvfP =Δ  mrudis qveS mdebare farTobis dayofa Semdegi zonebis 

saxiT (nax. 18). 

_ uZravi Sris Ω1 areSi Cais masis winaaRmdegoba ΔPC izrdeba 

haeris nakadis siCqaris vh proporciulad Semdeg sasazRvro 

pirobebSi: 
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nax. 18. Cais masis vafg SreSi Rnobis aris zonebad 
dayofis sqema 

 

10 PP Δ≤Δ≤ C  da 10 vv ≤≤ h                    (55) 

_ gardamavali Sris Ω2 areSi )( hC vfh =Δ  damokidebulia 

meore rigisaa. Semdeg sasazRvro pirobebSi 

21 PPP Δ≤Δ≤Δ gard.                           (56) 

                                 21 vvv ≤≤ h . 

vafg Sris Ω3 are 

002 )1( hPPP εγ −=Δ=Δ=Δ gaTx.vafg.S                (57) 

                   afin.vafg vVv ≤≤2 . 

Sewonil Sris Ω4 are 

2PP Δ≤Δ Sew. , afin.Sew. vv > .                      (58) 

vafg SreSi gadasvlis dasawyisSi zedapirebs Soris 

arsebuli SeWidulobis mizeziT, haeris nakadis siCqaris 

zrdasTan erTad Sris winaaRmdegoba umniSvnelod izrdeba. 

pirvel rigSi ufro msubuqi duyebi aiwevian zeviT 

moeqcevian Sris zeda nawilSi da gadadian vafg mdgomareobaSi. 

Semdeg ki haeris siCqaris zrdasTan erTad vafg SreSi gadadis 

ufro mZime duyebi. msubuqi da mZime duyebis narevisaTvis 

afrianobis siCqaris mniSvnelobad SeiZleba CaiTvalos Cais masis 

gadasvla vafg mdgomareobaSi. 
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meore Tavis daskna 

 
Cais masis Rnobis procesis Teoriuli kvlevebis 

safuZvelze SeiZleba davaskvnaT: 

− Cais masis Rnobis ZiriTad faqtorebad SeiZleba CavTvaloT 

Rnobis meTodi, saRnobi agentis (haeri) Rnobis potenciali 

(temperatura, tenSemcveloba, siCqare, mimarTuleba),  Cais 

duyebis (kvirtebi, Reroebi, foTlebi) tenianoba, aRnagoba, 

tenis kavSiris saxe, temperatura, zedapiris farTobi, Tburi 

nakadis intensivoba;  

− Cais duyis da misi Semadgeneli elementebis gaTbobis 

teqnologiurad maqsimalurad dasaSvebi temperatura (gtmdt) 

naklebi unda iyos cilebis denaturaciis temperaturaze 

);328323( KT −=cil.den.  

− Cais masis mosaRnobad vafg Sris meTodis gamoyenebisas 

mosalodnelia: Rnobis da mza produqciis xarisxis 

mniSvnelovani gaumjobeseba, Rnobis Tgtmd temperaturis 

gadideba 323-328K-mde, procesis xangrZlivobis Semcireba, 

saRnobi manqanis kuTri mwarmoeblobis gadideba, teqnikur-

ekonomikuri maxasiaTeblebis gaumjobeseba da sxva; 

Cais masis vafg SreSi Rnobis procesis da saRnobi manqanis 

racionaluri konstruqciis damuSavebisaTvis saWiroa: Cais masis 

fiziko-meqanikuri, Tbofizikuri da vibroaerodinamikuri 

Tvisebebis, Rnobis procesis da saRnobi manqanebis optimaluri 

maxasiaTeblebis dadgena vafg SreSi Rnobisas moqmedi ZiriTadi 

faqtorebis gaTvaliswinebiT. 
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    2.2. Cais masis fiziko-meqanikuri, aero- 
        dinamikuri da Tbofizikuri Tvisebebis 
        eqsperimentuli kvleva 
 

Cais saRnobi manqanebis muSaobis optimaluri reJimebis 

SerCeva SesaZlebelia Cais, rogorc nedli da momRnari masis 

fiziko-meqanikuri, aerodinamikuri da Tbofizikuri YTvisebebis 

Seswavlis safuZvelze. magram, rogorc wina Tavidan davinaxeT, 

SromebSi ZiriTadad Seswavlilia Cais naxevarfabrikatisa da mza 

produqciis fiziko-meqanikuri Tvisebebi. Cais nedleulis da 

momRnari masis Tvisebebi vafg SreSi faqtorebis gaTvaliswinebiT 

ki, miuxedavad sakiTxis didi mniSvnelobisa, Zalze mciredaa 

Seswavlili. 

Rnoba warmoadgens xangrZliv process. saRnob manqanaSi 

miewodeba or, sam da oTxfoTliani duyebi da Cais calkeuli 

foTlebi, Rnobis procesSi Cais masa, ganicdis mniSvnelovan 

bioqimiur da meqanikur cvlilebebs, ris Semdeg saRnobi 

manqanidan gamoitvirTeba praqtikulad ukve momRnari Cais masa, 

romlis fiziko-meqanikuri da Tbofizikuri Tvisebebi mkveTrad 

gansxvavdebian nedli Cais fiziko-meqanikuri da Tbofizikuri 

Tvisebebisagan. 

amis gamo, Cais saRnobi manqanis optimaluri parametrebis 

SerCevisaTvis saWiroa Cais nedli  da momRnari masis fiziko-

meqanikuri, aerodinamikuri da Tbofizikuri Tvisebebis Seswavla 

vafg SreSi Cais masaze moqmedi faqtorebis gaTvaliswinebiT. 

 

2.2.1. Cais masaSi Semavali Cais duyebis zomebis 
gansazRvra 

2.2.1.1. Cais duyebis zomebis gansazRvris meTodika 

 

momRnari da moumRnari Cais duyebis fizikuri zomebis 

(sigrZe, sigane, sisqe) Rnobis xarisxisagan damokidebulebis 

eqsperimentaluri kvlevebis mizniT Catarda zomebis gazomvebi 

mikrometris saSualebiT. 
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2.2.1.2. Cais duyebis zomebis gansazRvris Sedegebi 

eqsperimentebis Sedegebi warmodgenilia nax. 19, nax. 20 da 

nax. 21-ze zomebis Sesabamisi variaciuli mrudebis saxiT. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 nax. 19. pirveli xarisxis moumRnari (1) da momRnari (2) Cais 
duyebis zomebis ganawilebis variaciuli mrudeebi 

 

eqsperimentebis Sedegad dadginda, rom Cais masis nebismieri 

xarisxisaTvis adgili aqvs samive zomis Sesabamisi variaciuli 

mrudebis gavrcelebis areTa urTierTgadakveTas. es ki niSnavs, 

rom SeuZlebelia absoluturad mkveTri gadanawileba momRnari 

da moumRnari Cais duyebisa nebismieri erT-erTi zomis mixedviT, 

momRnari da miumRnari Cais duyebis absoluturad sufTa gayofa 

praqtikulad SeuZlebelia. 

, 

, 

, 

, 

, 

, 
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pirveli xarisxis momRnari Cais variaciuli mrudebis (nax. 

19) analizi gviCvenebs, rom momRnari da moumRnari Cais duyebis 

gayofa SeuZlebelia sigrZis an sisqis mixedviT, radgan maTi 

variaciuli mrudebi praqtikulad mTlianad faraven erTmaneTs. 

yvelaze efeqturad es masa SeiZleba gaiyos foTlebis siganis 

mixedviT (nax. 19, b). 

analogiur daskvnamde mivyavarT nax. 20-ze warmodgenili 

meore xarisxis moumRnari da momRnari Cais variaciuli mrudebis 

analizs. am xarisxis Cais gayofa ufro efeqturi iqneba duyebis 

siganis mixedviT (nax. 20, b). 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   nax. 20. meore xarisxis moumRnari (1) da momRnari (2) Cais 

        duyebis zomebis ganawilebis variaciuli mrudeebi 

          

, 

, , 

, , 

, 
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mesame xarisxis moumRnari da momRnari variaciuli 

mrudeebis (nax. 21) Seswavla gvaZlevs saSualebas davaskvnaT, rom 

am masis daxarisxeba SesaZlebelia rogorc siganis (nax. 21, b), 

aseve duyebis sigrZis (nax. 21,a) mixedviT. foTlebis sisqis 

mixedviT (nax. 21, g) mesame xarisxis Cais masis dayofa 

SeuZlebelia. amasTan, rogorc variaciul mrudeebze dakvirveba 

gviCvenebs, am masis daxarisxeba ukeTesi iqneboda duyebis sigrZis 

mixedviT. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax. 21. mesame xarisxis moumRnari (1) da momRnari (2) Cais  
       duyebis zomebis ganawilebis variaciuli mrudeebi 

 
amgvarad, miRebuli monacemebis mesame xarisxis moumRnari da 

momRnari Cais masis gayofa SesaZlebelia: pirveli xarisxis Cais 

, 

, 
, 

, 
, 

, 
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duyebis siganis mixedviT, romlis drosac sigane Seadgens 4,75 mm; 

meore xarisxisaTvis nawilakebis siganis mixedviT, romlis 

drosac sigane Seadgens 5,75 mm; mesame xarisxisaTvis ki – duyebis 

sigrZis an siganis mixedviT. amasTan, duyebis gayofis sigane am 

SemTxvevaSi Seadgens 4,75 mm, xolo sigrZe – 21,75 mm. 

 

2.2.2. momRnari da moumRnari Cais duyebis miwebebis 
koeficientis eqsperimentuli gansazRvra 

 
2.2.2.1. miwebebis koeficientis gansazRvris laboratoriuli 

xelsawyo da kvlevis meTodika 

 

dawebebis unaris mqone masalebis vibrotransportirebis 

procesis kanonzomierebaze gavlenas axdens gadasaadgilebeli 

produqtis muSa organosTan kontaqtis xangrZlivoba. amitom aseTi 

masalebis dasaxasiaTeblad iyeneben SeWidulobis koeficients, 

romelic ganisazRvreba formuliT: 

χ+= fc ,                           (59) 

sadac f gare xaxunis koeficientia produqtsa da muSa organos 

zedapirs Soris, χ _miwebebis koeficienti, romelic 

iTvaliswinebs Cais masis da masalis Tvisebebs, romelic 

damokidebulia Cais masis tenianobasa da wyvilebis kontaqtis 

xangrZlivobaze [18]. 

SeWidulobis koeficienti ganisazRvreba gare xaxunis 

koeficientis analogiurad, imave laboratoriul stendze. 

miwebebis koeficientis mniSvneloba ganisazRvreba (59) 

damokidebulebidan. 

miwebebis koeficienti Seswavlil iqna Cais sawarmoTa 

mowyobilobebis muSa organoebisaTvis gamoyenebuli 

masalebisaTvis. 

eqsperimentebi Catarebuli iyo pirvel, meore da mesame 

xarisxis Cais duyebisaTvis cal-calke. 
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2.2.2.2. miwebebis koeficientis kvlevis Sedegebi 

 
momRnari Cais duyebis sxvadasxva konstruqciis da masalis 

zedapirebze miwebebis koeficientebis kvlevis Sedegebi 

warmodgenilia cxr. 2-Si 

cxrili 2  

momRnari Cais duyebis miwebebis koeficientebis 

mniSvnelobebi sxvadasxva masalebTan 

uZravi kontaqtis xangrZlivoba τ, 
wm 

moxaxune 
zedapiris 
masala 

momRnari 
Cais masis 
xarisxi 1800 3600 5400 7200 9000 10800 

I 0,307 0,311 0,312 0,321 0,334 0,349 

II 0,301 0,307 0,314 0,316 0,329 0,344 
furclovani 

foladi 
III 0,299 0,303 0,308 0,311 0,303 0,340 

I 0,261 0,272 0,277 0,283 0,297 0,312 

II 0,258 0,264 0,273 0,279 0,291 0,307 
uJangavi 
foladi 

III 0,262 0,260 0,269 0,274 0,307 0,302 

I 0,272 0,280 0,282 0,289 0,299 0,319 

II 0,267 0,275 0,281 0,285 0,298 0,314 duralumini 

III 0,263 0,270 0,275 0,281 0,296 0,309 

I 0,167 0,175 0,176 0,181 0,193 0,210 

II 0,175 0,171 0,175 0,181 0,193 0,208 plastikati 

III 0,161 0,170 0,174 0,176 0,188 0,207 

I 0,461 0,463 0,471 0,475 0,488 0,481 

II 0,457 0,461 0,466 0,470 0483 0,499 fanera 

III 0,452 0,456 0,461 0,467 0,49 0,494 

I 0,309 0,314 0,321 0,325 0,336 0,352 

II 0,307 0,309 0,315 0,321 0,329 0,348 
gisosebi 3 mm-
iani RreCos 
sididiT 

III 0,304 0,305 0,309 0,316 0,328 0,341 

I 0,314 0,319 0,322 0,328 0,338 0,358 

II 0,309 0,312 0,318 0,325 0,334 0,355 
gisosebi 4 mm-
iani RreCos 
sididiT 

III 0,306 0,311 0,312 0,319 0,33 0,348 
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rogorc miRebuli Sedegebi gviCvenebs, Cais nebismieri 

xarisxisaTvis damaxasiaTebelia miwebebis koeficientis 

damokidebuleba uZravi kontaqtis xangrZlivobisagan. rac ufro 

metia zedapirTan uZravi kontaqtis xangrZlivoba, miT metia 

miwebebis koeficientis mniSvneloba. amasTan unda aRiniSnos, rom 

uZravi kontaqtis 3 saaTiani dayovnebis Semdeg adgili aqvs 

miwebebis koeficientis SedarebiT ufro intensiur zrdas Cais 

nebismieri xarisxisaTvis. 

Cais xarisxis mixedviT eqsperimentebis Sedegebis analizi 

gviCvenebs, rom   pirveli  xarisxis  Cai  xasiaTdeba  miwebebis  

koeficientis  meti mniSvnelobiT, vidre meore da mesame xarisxis 

Cai. garda amisa, pirveli xarisxis Cais SedarebiT meti 

sakontaqto zedapiric gaaCnia, rac uzrunvelyofs miwebebis 

maRal xarisxs. 

Tu gavaanalizebT eqsperimentis Sedegebs sakontaqto 

zedapirebis masalebis mixedviT, davinaxavT, rom 3 mm-ian RreCos 

gisosTan SedarebiT miwebebis koeficientis meti mniSvnelobiT 

xasiaTdeba 4 mm-iani RreCos sididis gisosi, romelsac meti 

sakontaqto zedapiri gaaCnia. fanerasTan Cais miwebebis yvelaze 

maRali koeficientis mniSvneloba unda aixsnas imiT, rom faneris 

boWkoebi advilad iJRinTebian Cais teniT da SemdgomSi qmnian 

saukeTeso pirobebs dawebebisaTvis. rogorc cdis Sedegebidan 

Cans, furclovani foladi ufro advilad sveldeba Cais teniT, 

vidre uJangavi foladi da duralumini. swored amis gamo am 

ukanasknelT axasiaTebT miwebebis koeficientis SedarebiT mcire 

mniSvnelobebi. yvelaze naklebi miwebebis koeficientis 

mniSvneloba axasiaTebs plastikats, romelic advilad ar 

iJRinTeba Cais teniT da arc advilad sveldeba. 
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2.2.3. Cais masis Zvris sawyisi winaRobisa da Siga xaxunis 
koeficientebis gansazRvra 

 
2.2.3.1. Zvris sawyisi winaRobis gansazRvris laboratoriuli 

xelsawyo da kvlevis meTodika 
 

Cais masis Zvris sawyisi winaRobisa da Siga xaxunis 

koeficientebis kvlevisaTvis gamoyenebuli iqna laboratoriuli 

xelsawyo BCB-1 [1, 18]. xelsawyo Sedgeba ori erTnairi diametris 

cilindrisagan, romlebic mcire RreCoTi (0,2 mm). arian 

erTmaneTisagan daSorebuli da ganlagebuli arian 

vertikalurad. zeda cilindri uZravia, qveda cilindrs ki 

SeuZlia horizontaluri gadaadgileba blokze gadadebuli 

bagiris boloze myof baqanze ganlagebuli tvirTebis wonis 

zemoqmedebiT. qveda cilindri aRWurvilia fiqsatoriT. 

koeficientis gansazRvris mizniT xdeba qveda cilindris 

dafiqsireba da orive cilindrSi gamosacdeli Cais masis Cayra. 

amis Semdeg zedas cilindrSi myofi Cais masis Tavze ganlagdeba 

liTonis firfita garkveuli tvirTiT da xdeba dayovneba 15...20 

wT. Cais masaSi kumSvis deformaciis dasrulebisaTvis. aRniSnuli 

drois gasvlis Semdeg Tavisufldeba qveda cilindri da masze 

gamobmul platformaze tvirTis TandaTanobiTi matebiT 

mimdinareobs mxebi Zabvis mateba manam, sanam cilindrebs Soris 

sibrtyeSi es Zabva ar gautoldeba normalur Zabvas. es iwvevs 

aRniSnul sibrtyeSi Cais Wras da qveda cilindris gamosvlas 

wonasworobis mdgomareobidan. 

eqsperimentebi Catarebuli iyo sxvadasxva normaluri 

datvirTvis pirobebSi (1,0; 2,5; 4,0; 5,5 pa). 

kvlevis obieqts warmoadgenda pirveli, meore da mesame 

xarisxis moumRnari da momRnari Cais masas. 

momRnari Cais masis Zvris sawyisi winaRobisa da Siga 

xaxunis koeficientebis gansazRvra daiyvaneba laboratoriuli 

xelsawyos cilindrSi moTavsebuli masis Wris sibrtyeSi moqmed 

normalur da mxeb Zabvebs Soris damokidebulebis grafikis 
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agebaze. cnobilia, rom damokidebuleba normalur da mxeb 

Zabvebs Soris ganisazRvreba kulonis gantolebiT 

00 τϕστ +⋅= tg .                            (60) 

es damokidebuleba sworxazovania, xolo τ0 warmoadgens 

Cais masis Zvris sawyisi winaRobis koeficients. esaa is monakveTi, 

romelsac )(στ f=  damokidebebis grafiki mokveTs ordinatTa 

RerZze. f0 warmoadgens Cais masis Siga xaxunis koeficients da igi 

aris )(στ f=  damokidebulebis grafikis abscisaTa RerZidan 

daxris kuTxis ϕ0 tangensis mniSvneloba [19, 20]. 

 
2.2.3.2. Cais masis Zvris sawyisi winaRobisa da 

xaxunis koeficientebis mniSvnelobebi 
 

moumRnari da momRnari Cais masis Zvris sawyisi winaRobisa 

da Siga xaxunis koeficientebis eqsperimentaluri mniSvnelobebi 

warmodgenilia cxr. 3-Si. 

cxrili 3 

Zvris sawyisi winaRobisa da Siga xaxunis koeficientebis 
mniSvnelobebi moumRnari da momRnari Cais masis sxvadasxva 

xarisxisaTvis 

Cais xarisxi 

Rnobamde Rnobis Semdeg gazomili sidideebi 

I xar. II xar. III xar. I xar. II xar. III xar.

Zvris sawyisi wina-
Robis koeficienti 

τ0, kpa 
1,63 1,71 1,97 1,23 1,51 1,89 

Siga xaxunis koefi-
cienti f0 

0,51 0,541 0,537 0,47 0,513 0,531 

 

eqsperimentis Sedegebis (cxr. 3) analizi gviCvenebs, rom 

Cais masis Zvris sawyisi winaRobisa da Siga xaxunis 

koeficientebi ZiriTadad duyebis zomebzea damokidebuli – rac 

ufro wvril duyebs Seicavs momRnari Cais masa, miT naklebia 

aRniSnuli koeficientebis ricxobrivi mniSvneloba. kerZod, 

yvelaze mcire Zvris sawyisi winaRobisa da Siga xaxunis 
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koeficientebiT xasiaTdeba pirveli xarisxis momRnari Cais masa, 

xolo yvelaze didi mniSvnelobiT – uxeSi, mesame xarisxis Cais 

masa. 

 
2.2.4. Cais masis Rnobis procesSi aerodinamikuri 

maxasiaTeblebis Seswavla 
 

saqarTvelos Cais sawarmoebSi ZiriTadad gamoiyeneba 

S.mardaleiSvilis sistemis saRnobi safiqsacio manqana, romelic 

didi gabaritebiT energo- da liTontevadobiT xasiaTdeba, 

gaZnelebulia misi teqnikuri momsaxureba da dabalia haeris 

gamoyenebis efeqturoba [14]. 

aRniSnuli uaryofiTi mxareebis aRmofxvris mizniT 

Catarebuli Teoriuli da eqsperimentuli kvlevebis da sacdel-

sakonstruqtoro samuSaoebis Sedegad damuSavda Cais masis 

Rnobis teqnologia da saRnobi manqanis sacdeli nimuSi. 

Rnobis procesis teqnologiuri da saRnobi manqanis 

konstruqciuli parametrebis dadgenisaTvis mniSvnelovania 

Rnobis teqnologiuri reJimebis da Cais masis aerodinamikuri 

maxasiaTeblebis codna. Cais masaSi haeris moZraobas rTuli 

xasiaTi aqvs. ganvixiloT Cais masa rogorc N raodenobis 

paraleluri kapilarebis erToblioba ekvivalenturi diametriT 

dk, sigrZiT hl  da foTlis raodenobiT n, romelsac aqvs klaknili 

arsebi rTuli ganivi kveTis formiT. kapilaris diametri gamovsaxoT 

foTlis eqvivalenturi diametriT da Cais masis forianobiT, 

radgan vadarebT Cais foTlis ekvivalentur diametrs. SeiZleba 

davuSvaT kapilaris ekvivalenturi diametri Π= Fd 4 , sadac 4F – 

kapilaris ganivi kveTis farTobia, xolo П – misi perimetri. 

mricxvelis da mniSvnelis gamravlebiT −Nl ze miviRebT: 

S.z.

T.m.

kk

kk

k F
V

N
NF

d 44 =
Π

=
l

l
                         (61) 

NFV kkT.m. l= –Tavisufali moculobiT (T.m.); NF kkS.z. lΠ=  yvela 

kapilaris Sida zedapiri (S.z.) 
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rogorc viciT C/fT.m. VVV −= , xolo ( )ndV 63π=C/f  da 

ndF 2π=S.z , sadac ( )nd 63π  da nd 2π  pirveli foTlis moculobaa 

da meore foTlis zedapiri, maSin 

ε−=
−

==⋅ 1
6

3

V
VV

V
V

V
nVd T.mC/f

 

da pirveli formulaSi CasmiT miviRebT 

,
213

2
−

=
εddk                             (62) 

kapilarSi haeris moZraobis siCqare Vk SeiZleba vipovoT 

uwyvetobis gantolebidan 

,nFVVFq kk==ν                           (63) 

sadac Vh _ haeris moZraobis siCqarea aparatis Tavisufal 

kveTaSi; 

    F _ aparatis Tavisufali kveTis farTobi. 

(63) gantolebidan miviRebT: 

ε
V

V
VV

nF
FV

F
FVV ====

T.m.kS.z.

k
l

l
.                (64) 

Sris yvela kapilari warmoqmnis paraleluri dinebebis 

nakads, amitom maTi hidravlikuri winaaRmdegoba toli iqneba erTi 

kapilaris hidravlikuri winaaRmdegobis .kPP Δ=Δ  blanti airis 

kapilarSi laminaruli dinebisaTvis WeSmariti iqneba puazelis 

gantoleba 

k

kk

k

kk

k
ll μ

π
μ 1288

44 dPRP
qv

Δ
=

ΠΔ
=                         (65) 

uwyvetobis gantolebidan (63) gamomdinareobs, rom: 

),(4 2
kkk dVgV π=  

maSin (65) formulidan miviRebT 

232 kkkk dVP lμ=Δ ,                        (66) 

Vk (62) dk-s da (64) gantolebidan Vk-s (66) gantolebaSi CasmiT 

realurad arxebs foTlebs Soris aqvs klaknili saxe da didi 

sigrZe: 
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Cais masis hidravlikuri winaaRmdegobis gansazRvrisaTvis 

SesaZlebelia kozeni-karmanis gantolebis gamoyeneba 

22

)1(150
ε
εμ −

=Δ
d

vP l
k .                        (67) 

zemoT aRniSnulidan gamomdinare, eqsperimenti Catarda Cais 

mwvane foTolze tenSemcvelobiT W =75–78%, haeris siCqare 

meryeobda Vh =1,2-1,5 m/wm, xolo Cais masis Sris sisqe h = 150-300 mm. 

anu kuTri datvirTva badeze ganisazRvreba damokidebulebidan 

g
s
GGs =  16-40 pa, haeris T =298-303K temperaturis dros Seadgenda. 

mocemuli sawyisi monacemebis gaTvaliswinebiT, Catarda 

eqsperimentuli kvleva, romlis Sedegadac miviReT Cais masis 

aerodinamikuri maxasiaTeblebi Cais masis Sris sxvadasxva 

simaRlis dros (nax. 22). 

 

  nax.22. Cais masis Rnobis procesSi aerodinamikuri 
   maxasiaTeblebis damokidebuleba Cais SreSi gamavali 
   haeris siCqareze,Sris sxvadasxva simaRlis dros: 
   1 – h = 150 mm; 2 – h = 200 mm; 3 – h = 250 mm; 4 – h = 300 mm 

 

,
g
PΔ

pa 

V, m/wm 
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nax. 22-ze mocemulia Cais masis aerodinamikuri 

maxasiaTeblebis cvlileba mrudeebis saxiT. naxazidan Cans, rom 

Cais Sris simaRlis momatebasTan erTad misi aerodinamikur da 

hidravlikuri winaaRmdegoba izrdeba. aseve aerodinamikuri 

winaaRmdegoba izrdeba haeris siCqaris momatebasTan erTad. 

magram rodesac  Cais masis qveS Seiqmneba garkveuli wneva. haeri 

arRvevs masis mTlianobas da xdeba e.w. ganmuxtva – naxazze 

mocemuli TiTqmis vertikaluri daxra. am dros Sris 

winaaRmdegoba ecema garkveul zRvramde da xdeba ekvivalenturi 

diametris kapilarebis Sevseba haeriT da mimdinareobs aqtiuri 

Rnobis procesi (masagadacema, dacema), haeris siCqaris 

momatebasTan erTad meore etapze Cais masis winaaRmdegoba kvlav 

izrdeba, radgan rogorc zemoT aRvniSneT, Cais foTlis 

ekvivalenturi diametris kapilarebs aqvs rTuli forma da mcire 

diametri. Rnobis procesisaTvis teqnologiuri TvalsazrisiT 

mniSvnelovania me-2 etapi, radgan haeris siCqare ujredidan 

siTxis aorTqlebisa da Cais masaSi tenis gadaadgilebis siCqares. 

nax. 23-ze mocemulia Cais Sris aerodinamikuri winaaRmdegobis 

cvlileba Sris simkvrivis cvlilebasTan dakavSirebiT haeris 

mudmivi siCqaris pirobebSi Sris sxvadasxva simaRlis dros. 

naxazidan Cans, rom Rnobis procesSi Sris aerodinamikuri 

winaaRmdegoba izrdeba, rac gamowveulia imiT, rom Rnobisas 

tendakarguli Sris nayari simkvrive mouRnari Cais masis 

simkvriveze maRalia. 

miRebuli eqsperimentuli kvlevebis safuZvelze gamoyvanili 

empiriuli formulebis saSualebiT SesaZlebelia haeris siCqaris 

da Cais masis aerodinamikuri winaaRmdegobis gansazRvra 

hSr VV 0011,04,015,0 12 ++= ρρ                    (68) 

                    ΔP = 20,114 + 45,358, 

hV53,1222 +ρρ .                                 (69) 

perioduli qmedebis saRnobi manqanis gaangariSebisaTvis 

mniSvnelovania Cais masaSi haeris moZraobis siCqaris codna, 
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romelic Teoriulad gamoiangariSeba uwyvetobis gantolebidan. 

haeris usasrulod mcire moculobisaTvis 

,
τFd

DVV =  

sadac V _ haeris moculoba; 

F _ muSa zedapiris farTobi, τ – fenaSi haeris moZraobis 

dro, maSin miviRebT: 

0R
P

Fdt
dV

η
Δ

= ,                           (70) 

sadac η haeris siblantea; 

R0 _ Cais masis winaaRmdegoba. 

nax. 23. Cais masis Rnobis procesSi aerodinamikuri 
maxasiaTeblebis da haeris moZraobis siCqaris 
cvlilebis damokidebuleba Cais masis simkvriveze 
Sris sxvadasxva simaRlis dros: 
1 – h = 150 mm; 2 – h = 200 mm; 3 – h = 250 mm; 4 – h = 300 mm 

 
perioduli qmedebis saRnobi danadgarebi muSaoben 

garkveuli ciklurobiT. saRnobis muSaobis xangrZlivoba moicavs 

sakuTriv Rnobis process da damxmare operaciebs ( d.oppr τττ += ). 

aqedan gamomdinare, saRnobis mwarmoebloba ganisazRvreba: 

,pa 
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τρShQ = ,                              (71) 

sadac τ _ saRnobis muSaobis erTi ciklia, sT; 

   h _ Sris simaRle, m; 

  S _ muSa zedapiris farTobi, m2; 

 ρ _ Cais nayari masis simkvrive, kg/m3. 

formulaSi (71) τ-s mniSvnelobis SetaniT miviRebT 

prd.o. τρShhQ = ,                           (72) 

sadac hd.o._ damxmare operaciebis koeficientia. 

gaangariSebis safuZvelze Catarda eqsperimentuli kvleva, 

romlis Sedegebi grafikebis saxiT mocemulia nax. 22 da 23-ze. 

nax. 24-ze mocemulia Rnobis xarisxis damokidebuleba 

mowodebuli haeris moculobaze. grafikidan Cans, rom Cais masis 

sisqis Semcireba an gazrda damokidebulia saboloo produqtis 

xarisxobriv maCveneblebze da saRnobi manqanis mwarmoeblobaze. 

kerZod Cais masis Sris sisqis 150 mm-mde SemcirebiT miwodebuli 

haeris saWiro raodenoba mcirdeba 1600 m3/sT-mde. 

 

nax. 24. Cais masis Rnobis xarisxis damokidebuleba mowodebuli 
haeris raodenobaze, rodesac V = 1,2 m/wm; 1 – h – 150 mm; 

2 – h – 200 mm; 3 – h – 250 mm; 4 – h – 300 mm 
 

eqsperimentebma cxadyves, rom Rnoba gamovida araTanabari, 

ris gamoc aRniSnuli Sris sisqe ver uzrunvelyofs saTanado 

mwarmoeblobas, aseve Sris sisqis h = 300 mm-s zemoT gazrdisas 
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izrdeba haeris raodenoba. am dros saRnobi manqanis 

mwarmoebloba izrdeba, izrdeba energodanaxarjebi da Rnoba 

araTanabaria, SeimCneva foTlis gadaRnoba. 

nax. 25-ze mocemulia Cais masis Rnobisas tenis cvlilebis 

damokidebuleba Rnobis xangrZlivobaze Sris sxvadasxva 

simaRlis (150, 200, 250, 300 mm) da haeris mudmivi siCqaris (V = 1,2 

m/w) pirobebSi. naxazidan Cans, rom Sris simaRlis matebasTan 

erTad Rnobis dro izrdeba, magram gasaTvaliswinebelia Rnobis 

xarisxi da saRnobi manqanis mwarmoebloba Sris simaRleze 

damokidebulebiT, amitom orive SemTxvevaSi optimaluri 

teqnologiuri reJimebis dadgenisaTvis mizanSewonilia 

gamoviyenoT maTematikuri dagegmvis meTodi da optimizacia. 

 

nax. 25. Cais masis Rnobisas  tenis cvlilebis damokidebuleba 
Rnobis xangrZlivobaze, rodesac V = 1,2 m/wm; Sris 
simaRlis sxvadasxva mniSvnelobisas 1 – h – 150 mm; 

2 – h – 200 mm; 3 – h – 250 mm; 4 – h – 300 mm 
 

kvlevis mizania vafg SreSi Cais masis Rnobisas 

aerodinamikuri winaaRmdegobis sididis Semcireba. am mizniT 

Catarda Teoriuli da eqsperimentuli kvlevebi Cais SreSi haeris 

nakadis moZraobis sidideze damokidebulebiT. Cais SreSi haeris 

nakadis dabali siCqariT moZraobisas, aerodinamikuri procesi 
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SeiZleba miaxloebiT gavaigiavoT filtraciis procesTan. 

kvlevebiT dadginda, rom Cais masaSi haeris moZraoba 

eqvemdebareba forovan garemoSi siTxis an airis filtraciis 

saerTo kanonebs. Cais masaSi haeris moZraobis siCqare pirdapir 

proporciulia wnevaTa sxvaobis, magram ukuproporciulia haeris 

siblantis, Cais Sris da gisosebis winaaRmdegobebis. Rnobis 

procesis dros wnevaTa sxvaoba da Cais masis aerodinamikuri 

winaaRmdegoba drois ganmavlobaSi icvleba, amitom Cais masaSi 

haeris nakadis moZraobis siCqaris gansazRvrisaTvis SesaZlebelia 

Semdegi saxis diferencialuri gantolebiT gamosaxva 

τSd
dvW = .                             (73) 

zemod aRniSnulidan gamomdinare, Rnobis procesSi Cais 

masaSi gamavali haeris raodenobis ganmsazRvreli diferencialuri 

gantoleba ase gamoisaxeba 

)( bad.fen. RR
P

Sd
dv

+
Δ

=
μτ

,                        (74) 

sadac V _ Cais SreSi gatarebuli haeris moculobaa, m3; 

S _ Rnobis farTi, m2; 

τ _ Cais SreSi haeris moZraobis xangrZlivoba, wm; 

ΔP _ wnevaTa sxvaoba, pa; 

μ _ haeris siblante, n.wm/m2; 

RSr _ Cais winaaRmdegoba; 

Rgis _ gisosis winaaRmdegoba. 

Rgis sidide Rnobis procesis dros SeiZleba miaxloebiT 

CaiTvalos mudmivad, xolo RSr Rnobis procesis ganmavlobaSi 

izrdeba, radgan izrdeba Cais Sris simkvrive, rac, saerTo jamSi, 

aferxebs haeris moZraobis process, zrdis Rnobis xangrZlivobas 

da izrdeba energetikuli danaxarjebi. rac mTavaria, araTanabari 

Rnoba auaresebs mza produqtis xarisxs. Cais Sris 

winaaRmdegobis gansazRvrisaTvis aucilebelia davamyaroT 

damokidebuleba Sris da masSi gamaval haeris moculobebs Soris. 

maT Soris damokidebuleba ase gamoisaxeba: 
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h.Sr. VXV 0= .                              (75) 

Sris moculoba SeiZleba Caiweros Semdegnairad: hSrS, hSr _ 

Sris simaRlea. aqedan gamomdinare, ShVX Sr.pr. =0 , xolo 

,0
h.

Sr.

V
Sh

X =                              (76) 

sadac X0 _ Sris aerodinamikuri winaaRmdegobis koeficientia, 

romelic SeiZleba Semdegnairad gamoisaxos 

S
V

XhR Tbo
Sr.Sr. 000 Γ=Γ= ,                        (77) 

sadac Γ0 fenis kuTri moculobiTi winaaRmdegoba. 

eqsperimentiT dadginda, rom arsebuli tipis saRnobebSi 

Cais Sris aerodinamikuri winaaRmdegobis koeficienti 

,013,014,00 −=X  rac maRali aerodinamikuri winaaRmdegobis 

mauwyebelia. Sris aerodinamikuri winaaRmdegobis Sesamcireblad 

eqsperimentuli kvlevebis Sedegebis analizidan gamomdinare 

mizanSewonilia Cais masaze vibraciuli zemoqmedebis gamoyeneba. 

vibraciuli zemoqmedebis gamoyenebis gaTvaliswinebiT 

formula (3) miiRebs saxes: 

)( /00
00

bad.Tbo RVX
PBAK

s +Γ
Δ

=+=
μ

ω ,                (78) 

sadac A vibraciis amplitudaa, ω _ kuTxuri siCqare, K0 da B0 

koeficientebia, romlebic damokidebulia foTlis fizikur-

meqanikur Tvisebebze. aRniSnuli meTodis gamoyenebis Sedegad 

Sris winaaRmdegobis koeficienti mcirdeba da vibraciuli 

saRnobisaTvis X0 = 0,0011. formula (78) saSualebas gvaZlevs 

ganvsazRvroT Cais SreSi haeris moZraobis siCqare, romlis 

safuZvelze SeiZleba SevarCioT Rnobis procesis saRnobi 

manqanis optimaluri teqnologiuri da konstruqciuli 

parametrebi. 
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2.2.5. vafg SreSi Cais masaze moqmedi faqtorebis cvlilebis 
gavlena afrianobis siCqareze 

 

Cais duyis afrianobis siCqaris Seswavla aucilebelia Cais 

masis uZravi Sridan vafg SreSi gadasvlis, SenarCunebis da 

regulirebis pirobebis parametrebis dadgenisaTvis [21]. 

Cais masis afrianobis siCqaris sidideze gavlenas axdens 

mTeli rigi faqtorebi (Cais duyis zomebi, simkvrive, tenianoba da 

sxva); movibrire zedapiris vibraciis da haeris nakadis 

parametrebis mniSvnelobebi. 

Cais masis Semadgeneli elementebis (or, sam da 

oTxfoTliani duyebi da calkeuli foTlebi) afrianobis siCqare 

ar iZleva Cais masis moZraobis sruli suraTis daxasiaTebis 

SesaZleblobas. 

zemoT aRniSnulis gamo mizanSewonilia Cais masis 

afrianobis siCqaris eqsperimentuli Seswavla, risTvisac 

damzadebuli iqna Cais masaze vibraciis da Tbili haeris 

aRmavali nakadis erTdrouli zemoqmedebis specialuri 

laboratoriuli xelsawyo (nax. 26).  

gamosakvlevi Cais masa Sedgeboda sxvadasxva zomis (l= 4,9-

21,75 sm) or, sam da oTxfoTliani duyebisagan da Cais calkeuli 

foTlebisagan moculobiTi masiT γ = 120-180 kg/m3); fardobiTi 

tenianobis 76-dan 60%-mde, temperaturis T=315-dan 325K-mde da Sris 

simaRlis h = 60-dan 240 mm-mde cvlilebebisas. 

Cais masis afrianobis siCqaris SeswavlisaTvis davamuSave 

kvlevis xorcieldeboda Semdegi meTodika. 

TanmimdevrobiT CavrTe vibratoris, kompresoris da 

CamtvirTi dozatoris amZravebis. movibrire gisosebze miwodebuli 

Cais masis gansazRvruli raodenoba ganicdis vibraciis da 

Tbili haeris (qvevidan zeviT) aRmavali nakadis erTdroul 

zemoqmedebas. 

afrianobis siCqaris umcires sidided miviRe haeris nakadis 

siCqaris  iseTi  mniSvneloba,  romlis drosac gisosebze dayrili 
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nax. 26. Cais masis afrianobis siCqaris ganmsazRvreli 
laboratoriuli xelsawyos sqema 

1 – saRnobi sakani; 2, 3 – haergamanawilebeli; 4 – haeris 
gamyvani koleqtori; 5 – cikloni; 6 – maregulirebeli 
zRude; 7 – Cais masis mimRebi; 8 – momRnari Cais masis 
gamomtvirTi Rari; 9 – kaloriferi; 10 – ventiliatori; 
11 – vibroamZravi 
 

Cais masa iwyebs awevas haeris nakadis zemoqmedebiT, xolo udides 

siCqared ki siCqaris iseTi mniSvneloba, romlis drosac aweuli 

iqna Cais bolo duyebi. gisosebze darCenili Cais masis awonviT 

ganvsazRvre watacebuli Cais masis raodenoba (%-Si) mocemul 

siCqareze. 

eqsperimentiT miRebuli monacemebis safuZvelze avage iqna 

watacebis mrudi (nax. 27) da ganvsazRvre moumRnari da momRnari 

Cais masis afrianobis siCqaris mniSvnelobebi (cxr. 4). 

eqsperimentuli monacemebis analizidan naTlad Cans, rom 

Cais masis Sris simaRlis gadidebiT 80-dan 240 mm-mde afrianobis 

siCqare izrdeba 2,67-dan 4,65 m/wm-mde, xolo momRnari Cais 

masisTvis ki Sris sisqiT gadidebiT 60-dan 180 mm-mde, afrianobis 

siCqare izrdeba 3,17-dan 6,13 m/wm-mde. 



90 

 

nax. 27. Cais duyebis watacebis procentuli raodenobis, 
        haeris nakadis siCqareze damokidebulebis mrudi 
      Cais masis Sris simaRlis (h) da fardobiTi tenianobis 
  (W) Semdegi mniSvnelobebis dros 1. h = 80 mm, W = 70-75%; 
  2. h = 160 mm, W = 70-75%; 3. h = 240 mm, W = 70-75%; 
  4. h = 60 mm, W = 64-60%; 5.  h = 120 mm, W = 64-60%; 
  6.  h = 180 mm, W = 64-60% 

cxrili 4 

Cais masis afrianobis siCqaris sididis damokidebuleba 
fardobiT tenianobaze da Sris simaRleze 

# dasaxeleba 
fardobiTi 
tenianoba W, 

% 

afrianobis 
siCqare, 

v, m/wm 

moculobiTi 

masa γ, 

Sris 
simaRle, 

h, mm 

2,67-3,27 80 

3,15-3,73 160 1 
Cais mwvane 
masa moR-
nobamde 

70-75 

3,85-4,65 

130-170 

240 

3,17-3,81 60 

3,93-4,57 120 2 
momRnari 
Cais masa 

64-60 

4,53-6,13 

190-230 

180 

 

2.2.6. Cais masis tenianobis da temperaturis cvlilebis 
gavlena Tbogamtarobis koeficientze 

 
Cais saRnobi manqanis Tburi gaangariSebisaTvis aucilebelia 

Cais masis Tbogamtarobis koeficientis mniSvnelobis gansazRvra 
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Rnobis procesSi moqmedi faqtorebis maxasiaTeblebis cvlilebis 

gaTvaliswinebiT. 

cnobilia, rom Tbogamtarobis koeficienti damokidebulia 

mosaRnobi Cais duyis struqturaze, tenianobasa da 

temperaturaze, saRnob sakanSi Cais gaxurebis gaTvaliswinebiT, Cais 

masis Tbogamtarobis koeficientis mniSvnelobis dadgena 

SesaZlebelia mxolod eqsperimentis gziT [22]. 

SromebSi mocemulia Cais masis Tbogamtarobis 

koeficientis mniSvnelobebi, magram ar aris gaTvaliswinebuli 

vafg SreSi Rnobis procesze moqmedi faqtorebis (tenianoba da 

temperatura) cvlilebis gavlena [13; 20; 23; 24; 25; 27]. 

Savi baixis Cais warmoebis teqnologiuri pirobebis 

Sesabamisad, eqsperimentuli kvlevebisaTvis SerCeul iqna nedli 

da momRnari Cais masa. tenianobis da temperaturis cvlilebis 

Semdegi intervaliT: W=70-60%, T=315-325K [19; 28]. 

cdebi Catarda CM-80 tipis mikro egm-ian AKTCM kompleqsur 

avtomatizebul xelsawyoze, romlis daniSnulebaa wvrili da 

msxvili dispersiuli masalebis T=90-370K diapazonSi (nimuSis 

zomebi 250×250 mm2 da simaRle 10-50 mm). Tbogamtarobis 

koeficientis gazomvis sizuste 5%-s ar aRemateba [29]. 

eqsperimentuli monacemebis damuSavebiT dadginda, rom 

Tbogamtarobis koeficienti wrfivad aris damokidebuli Cais 

masis tenianobaze da  temperaturaze (cxr. 5). 

cxrili 5 

Cais masis Tbogamtarobis koeficientis mniSvneloba, rodesac 
misi fardobiTi tenianoba sidide icvleba 75-dan 60%-mde, 

xolo temperatura 315-dan 325K-mde 

Cais masis Tbogamtarobis koeficienti λ, vt/(m.K)
# 

Cais saxe tenianobis cvlileba 
W= 75-dan 60-mde, 
rodesac T=315K 

temperaturis 
cvlileba T=315-325K, 
rodesac W=60% 

1. 
nedli Cais masa 
moRnobamde 

0,347-0,258 0,275-0,241 

2. momRnari Cais masa 0,273-0,197 0,213-0,171 
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Cais Rnobis dros fardobiTi tenianobis 75-dan 60%-mde 

Semcirebisas Tbogamtarobis koeficientis mniSvneloba mcirdeba 

0,347-dan 0,197 vt/(m.K), xolo temperaturis 315-dan 325K-mde 

momatebisas Tbogamtarobis koeficientis mniSvneloba mcirdeba 

0,275-dan 0,171 vt/(m.K)-mde (nax. 28). 

 

nax. 28. Cais masis Tbogamtarobis koeficientis 
damokidebuleba: 

a) tenianobaze; b) temperaturaze: 1 – mosaRnobi Cais 
masa; 2 – momRnari Cais masa 

 

Rnobis procesis dawyebamde Cais masis Tbogamtarobis 

koeficientis mniSvneloba 31-59%-iT metia momRnari Cais 

Tbogamtarobis koeficientis mniSvnelobaze (cxr. 5 da nax. 28). 

aRniSnulidan gamomdinareobs, rom Tbogamtarobis 

koeficientis mniSvnelobaze tenianobis mniSvnelobis cvlileba 

ufro met gavlenas axdens, vidre temperaturis mniSvnelobis 

cvlileba. 

Cais masis Rnobis procesis eqsperimentuli gamokvlevis 

safuZvelze gamoviyvane empiriuli formula, romlis mixedviTac 

ganisazRvreba Tbogamtarobis koeficientis mniSvneloba zemod 

aRniSnul zRvrebSi 

),60(1022)215(105 44 −⋅+−⋅+= −− WTmomR.λλ           (79) 

sadac λmomR. aris momRnari Cais masis Tbogamtarobis koeficientis 

mniSvneloba, rodesac W = 60% da T = 325K. 
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(79) formuliT gamoTvlili λ-s mniSvnelobebis gansxvaveba 

eqsperimentiT miRebulisgan Seadgens 2,3%-s. 

 

mesame Tavis daskvna 

 
moumRnari da momRnari Cais masis fiziko-meqanikuri, 

aerodinamikuri da Tbofizikuri Tvisebebis eqsperimentuli kvlevebis 

Sedegebis analizis mixedviT SeiZleba Semdegi daskvnis gakeTeba. 

Cais nedleulis zomebis mixedviT dayofa da Semdeg cal-

calke Rnoba praqtikulad iwvevs did sirTuleebs: rTuli 

konstruqciis gamodis Cais masis zomebis damyofi manqana; 

rTuldeba Cais Rnobis warmoebis organizacia; izrdeba 

produqciis TviTRirebuleba da mcirdeba warmoebis teqnikur-

ekonomikuri maxasiaTeblebis mniSvnelobebi. 

_ eqsperimentulad gansazRvre moumRnari da momRnari Cais 

masis (I, II da III xarisxi): miwebebis koeficientebis mniSvnelobebi 

movibrire zedapirisaTvis gamosayenebel perspeqtiul masalebTan 

da maT Soris kontaqtis xangrZlivobaze; Zvris sawyisi winaRobis 

da Siga xaxunis koeficientebis mniSvnelobebi; Rnobis procesSi 

aerodinamikuri maxasiaTeblebis damokidebuleba Cais SreSi 

gamavali haeris siCqareze, Sris sxvadasxva simaRlis dros; mza 

produqciis xarisxobrivi maCveneblebis damokidebuleba 

miwodebuli haeris raodenobaze; tenis cvlilebis 

damokidebuleba Rnobis procesis xangrZlivobaze, Sris simaRlis 

sxvadasxva mniSvnelobisas. afrianobis siCqaris sididis 

mniSvnelobebi Cais masis fardobiTi tenianobis, Sris simaRlis 

da moculobiTi masis mixedviT; Tbogamtarobis koeficientis 

mniSvnelobis damokidebuleba fardobiTi tenianobis da 

temperaturis sidideebze; fardobiTi tenianobis W=75-60% da 

temperaturis 315-325K zRvrebSi cvlilebebisas. 

_ eqsperimentuli kvlevebis Sedegebis mixedviT Tbogamtarobis 

koeficientis mniSvnelobis gansazRvrisaTvis gamoviyvane 

empiriuli formula. 
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2.3. vafg SreSi Cais masis Rnobis procesis 
kinetikis da vibraciuli gadaadgilebis 

kanonzomierebis kvleva 
 
2.3.1. vafg SreSi Cais masis Rnobis procesis kinetikis 

kvleva 
 

Cais masis Rnobis teqnika viTardeba mWidro Sridan 

calkeuli duyebis (kvirtebi, foTlebi, Reroebi) Sewonil 

mdgomareobaSi gadasvlis gziT. 

kvebis mrewvelobis sawarmoebSi farTod gamoiyeneba 

dispersiuli produqtebs vibromduRare SreSi Tburi damuSaveba. 

vafg SreSi Cais masis RnobisaTvis gamoyenebisas 

mosalodnelia Rnobis procesis xangrZlivobis mniSvnelovani 

Semcireba da Cais mza produqciis xarisxis mkveTri gaumjobeseba. 

vafg SreSi Cais masis Rnobisas SesaZlebelia agreTve Rnobis 

procesis xangrZlivobis regulireba farTo diapazonSi. 

Cais masis Rnobisas mniSvnelovan rols TamaSobs siTbos 

konveqciuri mowodebis Tbo da masagadacemis procesebi Tbil 

haersa da Cais masas Soris da agreTve siTbosa da tenis gadatana 

Cais masis SigniT. 

gisosebze ganlagebuli Cais masaSi gansazRvruli siCqariT 

Tbili haeris gatarebis da masze vibraciis zemoqmedebisas masSi 

mimdinareobs mTeli rigi gardaqmnebi. dasawyisSi Sris 

gafxviereba, xolo Semdeg ki mduRare siTxis msgavs vafg 

mdgomareobaSi gadasvla. 

vafg mdgomareobaSi xdeba Sris gafxviereba, intensiuri 

areva da  gadaadgildeba. amave dros Cais masis calkeul duyebs 

(foTlebs) garsSemoedineba Tbili haeri, ris Sedegadac xdeba 

Sris moculobaSi haeris temperaturis gaTanabreba, rac 

gansakuTrebiT mniSvnelovania Cais masis Rnobis procesSi [28]. 

dReisaTvis ar moipoveba vafg SreSi Cais Rnobis procesis 

arc Teoriuli da arc eqsperimentuli kvlevis iseTi monacemebi, 

romlis saSualebiTac SesaZlebeli iqneba saRnobi manqanis 

racionaluri konstruqciis damuSaveba. 
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cdebi Catarebuli iqna eqsperimentul stendze (nax. 29) muSa 

organos rxevis harmoniuli reJimis parametrebis, Cais masis 

tenianobis da haeris nakadis temperaturis maxasiaTeblebis 

Semdeg zRvrebSi cvlilebisas: rxevis amplituda A = 0-7 mm; rxevis 

sixSire ω = 20-30 rad/wm, haeris temperatura T = 320-330K; Cais 

masis fardobiTi tenianoba W = 75-60% [19]. 

  

nax. 29. eqsperimentuli stendis muSaobis principuli sqema 
     1 – kompresori; 2 – resiveri; 3 – maregulirebeli sarqveli; 
     4 eleqtrokaloriferi; 5 – diafragma; 6, 7, 8 – vibroamZravi; 
     9 – xufi; 10 – vibraciuli Rari; 11 – gamomtvirTi miltuCi; 
     12, 16, 20, 21, 22, 23, 24 – eleqtrokontaqturi Termometrebi; 
     13 – zRurbli; 14 – SemamWidroebeli qsovili; 15 – manometri; 
     17 – eleqtrovibraciuli mkvebavi dozatori; 18 – xokeri; 
     19 - droseli 

 

saRnobi saknis SesasvlelSi haeris nakadis mudmivi 

temperaturis SenarCunebisaTvis gamoyenebuli iqna eleqtro-

kontaqturi Termometri 16, romelic SeerTebuli iyo 

kaloriferis erT-erT seqciasTan. haeris xarji isazRvreboda 

diafragmis 5 saSualebiT. Sris winaRoba ki izomeboda U-s 

magvari manometriT 15. Cais masis mosaRnobad gamoyenebuli haeris 

temperatura isazRvreboda Termowyvilebis 20,21,22,23 saSualebiT. 

haeris temperatura saRnobi sakanis gamomsasvlelSi izomeboda 
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TermowyviliT 12. yvela Termowyvilebi SeerTebuli iyo 

mravalwertilian ЭПП-09М eleqtropotenciometrTan. 

saRnobi sakani warmoadgenda sworkuTxa kveTis xokers 

haerganmanawilebeli gisosebiT (zoma 0,9×0,3 m2, naxvretebis 

diametri 1 mm. cocxali kveTis farTobi 22,7%), romlis daxra 

horizontTan Seadgenda 3-5° kuTxes. vibraciuli amZravis kvanZis 

konstruqciaSi gaTvaliswinebulia eqscentrisitetis cvlileba 1-

dan 7 mm-mde. usafexuro eleqtroamZravis gamoyeneba iZleva 

xokeris rxevis sixSiris cvlilebis regulirebis saSualebas. 

cdis dawyebis win Cais masa iyofoda or Tanabar nawilad – 

erTi nawilis RnobisaTvis gamoyenebuli iqna warmoebaSi 

arsebuli saRnobi manqanebi, xolo meore nawilis RnobisaTvis ki 

gamoyenebuli iqna eqsperimentuli stendi. gansazRvruli iqna Cais 

masis sawyisi tenianoba. 

eqsperimentuli stendis gaSvebisaTvis Catarebuli 

mosamzadebeli samuSaoebis Semdeg igi CarTuli iqna elqselSi 

da rodesac sakanSi damyarebuli iqna mudmivi temperaturis 

reJimi daiwyo masSi teniani Cais masis CatvirTva. 

eqsperimentuli stendis gamosasvlelSi haeris mudmivi 

temperaturis miRwevis momentidan dafiqsirebul iqna: Cais masis 

temperatura: vafg Sris simaRle; Sris winaRoba da haeris 

temperatura gasasvlelSi. cdis Catarebis procesSi da damTavrebis 

Semdeg aRebuli iqna vibroRaris sxvadasxva wertilebSi nimuSebi 

da gansazRvruli iqna maTi fardobiTi tenianoba. 

eqsperimentul stendze momRnari Cais masidan miRebuli mza 

produqciis sacdeli nimuSebis xarisxobrivi maCveneblebi 

Sedarebuli iqna Cais sawarmoebSi arsebul Cais saRnobSi 

momRnari Caidan miRebul mza produqciis sakontrolo nimuSebis 

xarisxobriv maCveneblebTan (nax. 30). 

cdis Sedegebidan (nax. 30) Cans, rom rxevis amplitudis 

momatebiT mcirdeba Rnobis procesis xangrZlivoba da Cais masis 

kritikuli tenianobis mniSvneloba, izrdeba Rnobis mudmivi 

siCqaris monakveTi. amave dros unda aRiniSnos isic, rom rxevis 
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1. A = 1 mm; 2. A = 3 mm; 3. A = 5 mm; 4. A = 7 mm 

 

nax. 30. Rnobis procesis xangrZlivobis damokidebuleba 
    Cais masis fardobiT tenianobaze muSa organos rxevis 
    sxvadasxva amplitudis (a) da haeris temperaturisas (b) 
    1. T = 320K; 2. T = 324K; 3. T = 327K; 4. T = 330K; 

 

amplitudis A = 3 mm-mde mniSvnelobisas Cais Sreze vibraciuli 

zemoqmedeba mniSvnelovan gavlenas TiTqmis ar axdens. 

aorTqlebis intensivobis mciredi gazrda uZrav SresTan 

SedarebiT SeimCneva bmuli tenis aorTqlebis mocilebis dros. es 
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aixsneba imiT, rom vibraciis aRniSnuli parametrebis zogierTi 

mcire mniSvnelobebis dros Cais tenis masidan mocileba TiTqmis 

ar mimdinareobs da vafg SreSi procesis mimdinareobis pirobebSi 

mcired gansxvavdeba uZravi Sris pirobebisagan. tenis mocilebiT 

Cais foTlis maxasiaTeblebi icvleba, xolo Cais masis 

gadaadgilebis intensivoba ki izrdeba, xolo es ki Tavis mxriv 

xels uwyobs Rnobis procesis siCqaris zrdas. 

haeris temperaturis Cais masis intensivobaze gavlenis 

kvlevebma, uCvenes, rom haeris temperaturis gazrda iwvevs Rnobis 

procesis xangrZlivobis da Cais masis kritikuli tenianobis 

Semcirebas. ase magaliTad Cais saRnobi manqanaSi Sesvlis haeris 

temperaturis zrda 320K-dan 330K-mde iwvevs Cais masis Rnobis 

procesis xangrZlivobis 4-12-jer Semcirebas [3]. Cais masis Rnobis 

procesisas gansakuTrebuli mniSvneloba aqvs haeris 

temperaturis gavlenas saboloo produqciis xarisxobriv 

maCveneblebze. cnobilia, rom uZravi Cais SreSi Rnobis dros 

haeris maqsimaluri temperaturaa 318K [3]. magram amasTan erTad 

haeris optimaluri temperatura didad aris damokidebulia 

Rnobis meTodze. 

Cais mza produqciis titeisteruli Sefasebis Sedegebis 

mixedviT Cans, rom uZrav SreSi momRnari Cais xarisxi iwyebs 

Semcirebas Th = 318K temperaturis zeviT, xolo vafg SreSi 

momRnari Cais xarisxi ar mcirdeba haeris temperaturis gazrdiT 

Th=330K-mde. haeris temperaturis Semdegi momateba ki iwvevs Cais 

mza produqciis xarisxis gauaresebas. unda aRiniSnos, rom vafg 

SreSi momRnari Cais mza produqciis xarisxobrivi maCveneblebi 

ukeTesi iyo, vidre uZrav SreSi momRnari Cais mza produqciis 

xarisxobrivi maCveneblebi. rac aixsneba vafg SreSi Rnobis dros 

Cais duyis vertikaluri gadaadgilebiT da masTan Tbili haeris 

sakontaqto zedapiris farTobis gadidebiT. 

Cais masis temperaturis cvlileba vibraciis da Rnobis 

sxvadasxva reJimis parametrebis cvlilebam aCvena, rom vafg 

mdgomareobaSi Cais masis temperaturis sxvaoba Sris simaRlis 
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mixedviT ar aRemateba 2K, xolo gansxvaveba Cais masis da haeris 

temperaturebs Soris saRnobi manqanidan gamosvlis momentSi 

Seadgenda araumetes 5-8K. 

Cais masis gaxurebis da Rnobis kinetikis kvlevebis 

Sedegebma aCvenes, rom Cais masis Sreze vibraciuli zemoqmedeba 

amcirebs: Rnobis procesis xangrZlivobas; Cais masis kritikuli 

tenianobis sidides da adidebs saRnobi manqanis mwarmoeblobas, 

rogorc aorTqlebuli tenis aseve momRnari Cais masis mixedviT, 

xolo muSa zedapiris kuTri daZabuloba aorTqlebuli tenis 

mixedviT izrdeba 18-jer. dadgenili iqna, rom Rnobis procesis 

xangrZlivoba ZiriTadad damokidebulia haeris temperaturaze; 

tenianobaze, vibroRaris vibraciis parametrebze da Cais masis 

sawyis tenianobaze. 

cdis Sedegebis analizis Sedegebis mixedviT gamoyvanilia 

Cais masis vafg SreSi Rnobis siCqaris ganmsazRvreli empiriuli 

formula 

)1()( ++−= AWdWddW ττ kr                     (80) 

sadac dW da dWkr Cais masis sawyisi da kritikuli fardobiTi 

tenianobaa, %-Si; 

τ _ Cais masis Rnobis xangrZlivoba, wm-Si; 

A _ rxevis amplituda, mm-Si. 

formula (80) samarTliania cvladebis zemoT aRniSnul 

zRvrebSi cvlilebisas. 

Cais mza produqciis xarisxobrivi maCveneblebis analizma 

gvaCvena, rom vafg SreSi Rnobisas Cais masaze vibraciis da 

haeris aRmavali nakadis erTdrouli zemoqmedebisas Cais mza 

produqciis sacdeli nimuSebis xarisxobrivi maCveneblebi 

mniSvnelovnad aRemateboda uZrav SreSi momRnari Cais mza 

produqciis sakontrolo nimuSebis xarisxobriv maCveneblebs. 
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2.3.2. Rnobis procesSi Cais masaSi haeris 
moZraobis dinamika 

 

Cais foTlis gadamuSavebis teqnologiur procesSi didi 

mniSvneloba eniWeba Rnobis procesis optimalur pirobebSi 

warmarTvas. amJamad mrewvelobaSi gamoiyeneba sxvadasxva 

modifikaciis saRnobi danadgarebi. mcire sawarmoebisaTvis 

arsebuli saRnobi manqanebis gabarituli zomebis meqanikurma 

Semcirebam saTanado Sedegi ver gamoiRo, rac gamowveulia imiT, 

rom dairRva haeris moZraobis kanonzomiereba da igi araefeqturad 

iqna gamoyenebuli. amasTan, gaizarda Rnobis procesis xangrZlivoba, 

ramac, Tavis mxriv, uaryofiTad imoqmeda produqciis xarisxobriv 

maCveneblebze. aRniSnulidan gamomdinare, aqtualuri gazda mcire 

gabaritiani maRalefeqtiani saRnobi manqanebis Seqmna. am amocanis 

gadasawyvetad erT-erTi mniSvnelovani sakiTxia Rnobis procesSi 

mosaRnobi Cais masaSi haeris moZraobis dinamikis Seswavla da 

miRebuli Sedegebis safuZvelze saRnobidan manqanis optimaluri 

parametrebis dadgena. Cais foTlis Rnobis process mravali 

maSromi eZRvneba, romlebSic ZiriTadad ganxilulia Tbo- da 

masa-gadacemis procesebi haeris Cais foTlis zedapiridan 

urTierTobis pirobebisaTvis, xolo mosaRnobi Cais masaSi haeris 

moZraobis dinamika arasakmarisad aris Seswavlili da 

arasrulyofilia misi gaangariSebis meTodi. 

momRnari Cais masaSi haeris moZraoba waagavs filtraciis 

process. am daSvebidan gamomdinare, zogierTi misi 

kanonzomiereba SeiZleba gamoyenebul iqnas Rnobis procesis 

ufro Rrmad Sesaswavlad [21; 30; 31]. 

Rnobis procesSi mosaRnobi Cais foTolze moqmedebs 

mravali faqtori, romelzec damokidebulia Cais masaSi haeris 

moZraoba, Tbo- da masagadacemis procesebi. Teoriuli da 

eqsperimentuli kvlevebis normalurad warmarTvisaTvis 

mniSvnelovani faqtoria Cais masaSi haeris moZraobis siCqare. es 

maCvenebeli warmoadgens mravalkomponentian funqcias da 

maTematikurad ase gamoisaxeba: 



101 

μσ 00

)1(
S

GPPV −
= ,                               (81) 

sadac P _ wneva saRnob sakanSi, pa; 

G _ Cais masis drekadobis moduli, kg/m2; 

σ0 _ Cais masis struqturuli winaaRmdegoba, 1/m2; 

μ _ haeris siblante, pa, wm/m2; 

S0 _ Cais masis fenis sisqe, m. 

Rnobis procesis normalurad warmarTvisaTvis 

aucilebelia haeris moculobis raodenobis codna, romelic 

gaivlis mosaRnob Cais masaSi. misi gaangariSeba SesaZlebelia 

Semdegi damokidebulebiT: 

μεσ 0

)1(2 tGPPFQ −
= ,                          (82) 

sadac F Cais masis haerTan Sexebis zedapiris farTobia, m2. 

Rnobis procesSi mosaRnobi Cais foTlis fenis 

winaaRmdegoba mcirdeba da Sesabamisad izrdeba haeris siCqare da 

Rnobis procesis intensivoba. drois monakveTi, romlis drosac 

Cais masis winaaRmdegoba mcirdeba, maTematikurad SeiZleba 

Semdegnairad gamoisaxos 

μεσ
τ

0

2
2

2
1

2
)1)((

P
GPHH −−

= ,                       (83) 

sadac (H1_H2) _haeris moZraobisas Cais masis Sris winaaRmdegobis 

cvlilebaa, m-Si; 

 ε _ Cais masis forianoba, m3. 

(nax. 31)-ze mocemulia mosaRnobi Cais masaSi haeris 

moZraobis siCqaris damokidebuleba Rnobis droze. grafikidan 

Cans, rom fenaSi haeris moZraobis siCqaris momatebiT Rnobis 

procesis xangrZlivoba mcirdeba, anu Rnobis siCqare izrdeba 

garkveul zRvramde. misi Semdgomi momatebisas cvlileba 

umniSvneloa. maSasadame, maRali siCqaris pirobebSi didia Tburi 

energiis danakargebi. 

Cais mrewvelobaSi arsebuli Cais saRnobi manqanebis 

muSaobis gaanalizebiT dadginda, rom Cais masaSi haeris 
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moZraobis siCqare Zalian dabalia, ris Sedegadac izrdeba Rnobis 

procesis xangrZlivoba. aRniSnulis mizezi xSirad saRnobi saknis 

konstruqciuli parametrebis araswori SerCevaa, ris gamoc irRveva 

haeris ganawilebis kanonzomiereba, saRnob sakanSi iqmneba 

araerTgvarovani wneva, rac aZnelebs sasurveli Sedegis miRebas. 

 

 

 

 

 

 

 

 

 

 

 

nax. 31. Rnobis procesis xangrZlivobis damokidebuleba 
haeris moZraobis siCqareze 

 

 
 

nax. 32. Rnobis procesis xangrZlivobis damokidebuleba 
saRnobi saknis gabaritul zomebze 

v,m/wm 

τ, wm 

0,6 

0,3 

 0 
0,9⋅103 1,5⋅103 0,3⋅103 
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hidrodinamikisa da aerodinamikis kanonebze dayrdnobiT  

CavatareT eqsperimenti da gaviangariSoT Rnobis procesis 

xangrZlivobis damokidebuleba saRnobi saknis gabaritul 

zomebze [12; 21]. (nax. 82) Cans, rom saRnobi saknis gabarituli 

zomebis Semcirebis garkveul zRvramde izrdeba Cais fenaSi 

haeris siCqare da Sesabamisad Rnobis procesis xangrZlivoba. 

sxvadasxva mwarmoeblobis manqanebis dasamzadeblad aucilebelia 

Seiqmnas maTematikuri modeli, romelic saSualebas mogvcems 

mocemuli mwarmoeblobis mixedviT gaviangariSoT saRnobi manqanebis 

konstruqciebis optimaluri zomebi. aRniSnulis gansaxorcieleblad 

gamoviyeneT eqsperimentis maTematikuri dagegmvis meTodi [1; 32] 

Teoriuli da eqsperimentuli kvlevebis safuZvelze dadginda 

faqtorebi, romlebic gavlenas axdenen Rnobis procesze Cais 

Rnobis dros gamoyenebuli teqnologiuri pirobebis 

gaTvaliswinebiT. es faqtorebia: −1x Cais masaSi haeris moZraobis 

siCqare. −2x saRnobi sakanis sigrZe, −3x saRnobi sakanis sigane, 

−4x saRnobi sakanis simaRle optimizaciis kriteriumad miviReT 

saRnobi manqanis mwarmoebloba. sruli faqtoruli eqsperimentis 24 

Catarebis Sedegad miviReT gamosaxuleba, romelic asaxavs 

mocemuli faqtorebis gavlenas optimizaciis kriteriumze: 

421 405,22825,2135,2156,37 xxxY −−+= .             (84) 

miRebuli gamosaxulebiT SeiZleba CavataroT procesis 

optimizacia da miviRoT saRnobi sakanis optimaluri parametrebi, 

rac saSualebas iZleva naklebi energodanaxarjebis pirobebSi 

avamaRloT procesis efeqtianoba, produqciis xarisxobrivi 

maCveneblebis SenarCunebiT. 

 

2.3.3. vafg SreSi Cais masis moZraobis procesis kvleva 
 

Savi baixis Cais warmoebaSi erT-erT metad energotevad 

process warmoadgens Cais Rnobis procesi. amave dros Cais 

Tanabari Rnoba da xarisxi ZiriTadi ganmsazRvreli faqtoria 

produqciis saboloo xarisxis misaRebad. 
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dReisaTvis Cais warmoebaSi gamoyenebuli lentur-konveieruli 

saRnobi agregati siTbos konveqciuri miyvaniT xasiaTdeba mTeli 

rigi mniSvnelovani naklovanebebiT, romelTa Soris ZiriTadia 

araTanabari Rnoba. es ki uaryofiTad moqmedebs teqnologiuri 

procesis Semdeg operaciebze da amcirebs mza produqciis 

xarisxs [19; 33; 34; 35; 36; 37; 38]. 

bolo wlebSi Cais nedleulSi mniSvnelovnad gaizarda 

uxeSi da mouxeSo fraqciis raodenoba (30% gaTvaliswinebuli 

8%-is nacvlad). rac iwvevs 20-30% saRnobi agregatis mwarmoeblobis 

Semcirebas da Cais foTlis Rnobis araTanabrobis gazrdas [9; 11]. 

yovelive es gvafiqrebinebs Cais masis Tburi damuSavebis 

iseTi meTodis Ziebas, rodesac Rnobis procesis intensifikaciasTan 

erTad miiReba Tanabrad momRnari Cais masa [39; 40; 41; 42; 43; 44]. 

aRniSnuli amocanis gadasawyvetad saWiroa Cais duyebis 

(kvirti, foToli, Reri) da Cais masis Teoriuli da 

eqsperimentaluri gziT moZraobis procesis Seswavla movibrire 

sibrtyeze vibraciis cvalebadi kuTxis da Tbili haeris qvemodan 

Sebervisas [38]. 

Cais masis moZraobis gantoleba vibraciuli Raris 

harmoniuli reJimis dros Caiwereba Semdegi saxiT [14; 45; 46; 47]. 

,sin0 ωτϕϕ =                            (85) 

sadac ϕ _ barbacas sawyisi mdgomareobidan mobrunebis kuTxea; 

ϕ0 _ kuTxuri amplituda ( )la=0ϕ ; 

l _ mxreulis sigrZe; 

ω _ rxevis cikluri sixSire; 

τ _ barbacas mobrunebis dro. 

Cais duyis moZraobis diferencialur gantolebebs 

koordinatTa RerZebze xoy sistemaSi  eqneba Semdegi saxe 

−−+−= )cos(sinsin 2
0

2

ϕβωτωϕα mlmg
dx

sdm  

γϕβωωϕ cos)sin(cos222
0 mgTtml ++−− ,                    (86) 
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    +−+−= )sin(sincos 2
0

2

ϕβωτωϕα mlmg
dy

sdm  

γϕβωτωϕ sin)cos(cos222
0 mgNml ++−+ ,                (87) 

Cais duyis movibrire zedapiridan mowyvetis pirobas eqneba 

Semdegi saxe 

,
)sin(

)sin(cos

0ϕβ
γα

ωω
−
+

=>
a

g
kt                        (88) 

sadac m _ erTeuli Cais duyis masaa; 

             T da N _movibrire sibrtyis mxebi da normaluri reaqciis 

Zalebia; 

      β _vibraciis sawyisi kuTxe, α da γ movibrire sibrtyis da 

haeris gamanawilebeli gisosebis naxvretebis RerZebis 

daxris kuTxe horizontalur sivrtyesTan. 

SeimCneva, rom movibrire zedapiridan Cais duyis mowyveta 

da Tavisufali moZraoba SeiZleba moxdes daxril sibrtyeze 

mxolod zeviT srialis Semdeg. rodesac mxebi da normaluri 

Zalebi T = 0 da N = 0 Cais duyis Tavisufali moZraobis 

diferencialuri gantoleba miiRebs Semdeg saxes: 

   −−+−= )cos(sinsin 2
02

2

ϕβωτωϕα lg
dx

sd
 

     γϕβωωϕ cos)sin(cos22
0 gtl +−− ,                       (89) 

   +−+−= )sin(sincos 2
02

2

ϕβωτωϕα lg
dy

sd
 

γϕβωτωϕ sin)cos(cos22
0 gl +−+ .                      (90) 

Tu movibrire sibrtyis zedapiridan Cais duyis mowyveta 

moxda fardobiTi srialis Semdeg, maSin sawyisi piroba miiReba 

(89) da (90) gantolebebis integrirebiT, rodesac 

,ρNtgT =  

sadac ρ xaxunis kuTxea da rodesac ρ<α SesaZlebelia sriali 

zemoT da roca ρ >α SesaZlebelia sriali qvemoT. 

Cais duyis frenis Sewyveta anu movibrire sibrtyesTan 

kontaqtis momenti xasiaTdeba gansazRvruli kuTxiT, romlis 
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drosac y = 0. iteraciuli gantolebis niutonis formulis 

amoxsniT, vRebulobT Cais duyis fardobiTi siCqaris Sesabamisad 

proeqcias movibrire sibrtyeze dacemis momentSi da mis gaswvriv 

gadaadgilebisas. 

Tu Cais duyi gaCerdeba gansazRvruli sididis fazur 

kuTxeze, maSin misi Semdegi momatebisas iwyeba sriali zemoT 

(SesaZlebeli simSvidis pirveli are). 

Semdegi cdebi Catarebuli iqna Cais masis gasaSualebul 

nimuSebze. 

eqsperimentuli monacemebidan Cans (cxr. 6), rom dawyebuli 

387°25′-dan fazuri sididebi meordeba: Cais masis zemoT srialis 

Semdeg iwyeba Tavisufali moZraoba zemoT (227°25′), Semdeg sriali 

zemoT (6°20′), Semdeg ki sriali qvemoT (127°15′), Semdeg Tavisufali 

moZraoba zemoT (227°20′), sriali zemoT (6°25′), sriali qvemoT 

(127°35′) da cikli meordeba 360°-is Semdeg. 

cxrili 6 

Cais masis moZraobis fazuri zomebi 

biji are dasawyisi bolo  
1. sriali zemoT  18°40′ 33°20′ 14°40′ 
2. Tavisufali moZraoba zemoT 33°20′ 252°20′ 219°10′ 
3. sriali zemoT   252°30′ 268°20′ 15°50′ 
4. sriali qvemoT 268°20′ 386°40′ 118°20′ 
5. Tavisufali moZraoba zemoT 387°25′ 614°50′ 227°25′ 
6. sriali zemoT  615°50′ 621°10′ 6°20′ 
7.  sriali qvemoT 621°10′ 748°25′ 127°15′ 
8. Tavisufali moZraoba zemoT 748°25′ 975°45′ 227°20′ 
9. sriali zemoT  975°45′ 982°10′ 6°25′ 
10. sriali qvemoT 982°10′ 1109°45′ 127°35′ 

 
 

analogiurad miiReba im SemTxvevebisaTvisac, rodesac Cais 

masa Cerdeba aRniSnuli sididis fazur kuTxeze, xolo Semdegi 

misi cvlileba iwvevs qvemoT srials. 

Cais masis movibrire sibrtyeze moZraobisas ganvlili 

manZilis da saSualo siCqaris gamoTvlili mniSvnelobebi 

ciklis dros mocemulia cxr. 7-Si. 
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cxrili 7 

Cais masis moZraobisas ganvlili manZili da saSualo 
siCqare ciklis dros 

 

# 
brunvis 
sixSire 
n, br/wT 

kuTxuri 

sixSire ω, 
wm_1 

ganvlili 
manZili 

s, m 

moZraobis 
siCqare v, 

m/wm 
SeniSvna 

1 220 23,07 0,008 0,032 mowyvetis 
gareSe 

2 260 27,21 0,016 0,071 mowyvetis 
gareSe 

3 280 29,31 0,032 0,169 mowyvetiT 

4 320 33,49 0,045 0,249 mowyvetiT 

 
 
Cais duyis moZraobis (fardobiTi uZraoba, sriali da 

Tavisufali moZraoba) diferencialuri gantolebebis da 

kritikuli siCqareebis (srialis qveda da zeda zRvari) Sesabamisi 

brunvis sixSireebis gantolebebis amoxsnisaTvis davamuSave 

blok-sqema (nax. 33). 

formulebi gamoyvanilia Cais duyisaTvis da ara mTeli 

masisaTvis, romelic gisosebze gadaadgileba Sris garkveuli 

sisqiT. brunvis sixSiris saboloo koreqtirebisaTvis 

gaviTvaliswineT koeficienti K, romlis mniSvneloba dadgenili 

iqna eqsperimentulad da tenianobis mixedviT icvleba K=1,4-dan 

1,8-mde. 

 

2.3..4. Cais masis Rnobis procesze moqmedi ZiriTadi 
faqtorebis gavlena procesis xangrZlivobaze 

 

Cais foTlis Rnoba rTuli bioteqnologiuri procesia. 

literaturuli wyaroebis analizi gviCvenebs, rom Rnobas Tan 

axlavs duyebSi qimiuri cvlilebebic. Rnobis procesis 

gaxangrZlivebisas izrdeba mSrali nivTierebebisa da fenoluri 

naerTebis danakargebi [3]. 

vafg SreSi Cais foTlis Rnobis dros SesaZlebelia haeris 

SedarebiT maRali temperaturis gamoyeneba, ris Sedegad izrdeba  
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nax. 33. Cais duyis moZraobis (fardobiTi uZraoba, sriali da  
       Tavisufali moZraoba) diferencialuri gantolebebis  
              egm-ze gaangariSebis blok-sqema 

Cais duyis Tavisufali moZraobis dif. gantolebebis amoxsna 

Sy≡0; Sx≠0; N≠0

Sy, Sx, ωsaS. , ωkr.1, ωkr.2, da N-is gamotana 

dasasruli 

ω<ωkr.2 

Cais duyis movibrire zedapirze (gaswvriv) srialis diferen-

cialuri gantolebebis amoxsna srialis piroba Sy≡0; Sx≠0; N≠0 

ωkr.1 <ω <ωkr.2 

sawyisi monacemebi: ϕ0, ϕ, α, β, γ, l ,ω,τ, c, r,K, ρ 

ω<ωkr.1 

Sy ≡ 0 

Sx ≡ 0 

N ≠ 0 

Cais duyis fardobiTi uZraobis diferencialuri 
gantolebebis amoxsna  

 

ki 

ki 

ki 

ki 

moZraobis piroba  

mrudmxaras 
brunvis sixSiris 
kritikuli mniSv-

nelobis ωkr.1 

gamoTvla  

ωkr.1 <ω  

Sy > 0 

T = 0 

mrudmxaras brunvis  
sixSireebis kriti- 
kuli mniSvnelobis  

ωkr.2 gamoTvla  

ω<ωkr.

 

ara 

ara 

ara 

ki 

 

ara 

ki 
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procesis intensivoba da mcirdeba procesis Rnobis xangrZlivoba 

vafg mdgomareobaSi gadasvliT Tanabrdeba Cais masaSi tenis 

gadaadgileba da maRldeba Rnobis xarisxi. 

Savi Cais mza produqciis xarisxi mniSvnelovnadaa 

damokidebuli Rnobis reJimze. Tavis mxriv, Cais foTlis Rnobis 

xarisxi damokidebulia: foTolSi tenis raodenobasa da formaze 

(bmuli da Tavisufali teni); haeris parametrebze (temperatura, 

siCqare, fardobiTi tenianoba); dayrili foTlis fenis sisqeze; 

muSa organos rxevis parametrebze (rxevis kanoni, vibraciis 

amplitudis sixSire, fardobiTi aCqarebis sidide, fazaTa Zvris 

kuTxe); saRnobi saknis geometriul parametrebze [1; 3; 19; 28; 30; 

38; 48; 49; 50; 51; 52]. 

aRniSnulis analizis safuZvelze SeirCa Rnobis procesze 

moqmedi ZiriTadi faqtorebis optimaluri jgufi, maTi 

cvlilebis areebi, ZiriTadi doneebi da varirebis intervalebi 

(cxr. 8). 

cxrili 8 

Cais Rnobis procesze moqmedi ZiriTadi faqtorebis doneebi, 
cvlilebis areebi da varirebis intervalebi 

 

faqtorebi 

faqtore- 
bis aR- 
niSvnebi 
da ganzo- 
milebebi 

indeq- 
sebi 

faqtore-
bis 

cvli- 
lebis 
areebi 

faqto- 
rebis 

doneebi 

faqtore- 
bis vari-
rebis 

interva-
lebi 

haeris temperatura Th, K X1 320-330 325 5 

haeris siCqare V, m/wm X2 0,6-0,8 0,7 0,1 

haeris 
tenSemcveloba 

ϕ, gteni/kg X3 15-19 17 2 

gisosebis kuTri 
datvirTva σ, n/m2 X4 20-28 24 4 

vibraciis 
amplituda 

A, mm X5 3-7 5 2 

vibraciis sixSire f, wm_1 X6 20-30 25 5 

mosaRnobi Cais 
sawyisi farTobiTi 
tenianoba 

W,% X7 76-60 68 8 
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winaswari eqsperimentebiT dadginda, rom Cais duyis 

maxasiaTeblebi da haeris nakadis ganawileba masaSi 

gansazRvraven tenis aorTqlebis xarisxs da vibraciuli 

parametrebis mniSvnelobas. 

cdebis Sedegad dadginda sasazRvro pirobebi, kerZod, 

momRnari foTlis tenianoba ar unda iyos 60%-ze naklebi, xolo 

haeris temperatura ar unda aRematebodes 330K-s. eqsperimentebi 

Catarda teqnologiuri moTxovnebis sruli dacviT [3]. 

eqstremumis kvlevis ZiriTadi sakiTxia Rnobis procesis 

intensifikacia, Rnobis procesis maRali xarisxis miRweva da 

procesis xangrZlivobis minimumamde Semcireba. 

Cais foTlis Rnobis procesis maTematikuri aRwerisaTvis 

gamoviyeneT maTematikuri dagegmvis meTodi [32, 53, 54, 55]. 

faqtoruli eqsperimentis realizaciis Sedegad miviReT 

regresiis gantoleba: 

−++−−= 4321 02116,001529,004966,01425,0892,0 XXXXY  

 765 038785,00089,000003,0 XXX +−− .                        (91) 

miRebuli gantoleba (91) wrfivia da misi optimaluri 

pirobebis gamokvlevisaTvis mizanSewonilia boks-uilsonis 

meTodis gamoyenebiT. 

regresiis gantolebis koeficientebis absolutuli 

mniSvnelobebis da Rnobis aris mniSvnelobebis Sedarebis 

mixedviT gamoricxuli iqna procesze umniSvnelo gavlenis mqone 

koeficientebi. gamoricxvis Semdeg (91) gantolebam miiRo Semdegi 

saxe: 

−++−−= 4321 02116,001529,004966,01425,0892,0 XXXXY  

  76 038785,00089,0 XX +− .                            (92) 

mocemuli SemTxvevisaTvis es niSnavs, rom saRnobi 

manqanisaTvis muSa organos rxevis amplitudis saSualo 

mniSvneloba Seesabameba optimalur sidides, romlis cvlileba 

(Semcireba an gadideba) Tanabari xarisxiT zrdis an amcirebs Y-

is mniSvnelobas. 
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(92) gantolebidan Cans, rom Cais foTlis Rnobis 

xangrZlivobaze yvelaze metad moqmedebs haeris temperatura X1, 

haeris siCqare X4, foTlis datvirTva gisosebze X4 da fardobiTi 

tenianoba X7. 

gantolebaSi (92) faqtorebis uganzomilebo sidideebis 

Sesabamisi namdvili sidideebis CanacvlebiT miiReba: 

+−+−−−−= )8,0(01529,0)5,0(04966,0)323(1425,0892,0 ϕρτ VT  

)68(03878,0)18(0089,0)25(2116,0 −+−−−+ Wfσ .              (93) 

regresiis gantolebis fizikuri interpretacia imaSi 

mdgomareobs, rom gantolebis koeficientebi dadebiTi niSniT 

maqsimalur mniSvnelobamde zrdis Rnobis xangrZlivobas, xolo 

koeficientis uaryofiTi mniSvneloba amcirebs Rnobis 

xangrZlivobas. 

haeris temperatura Th SezRudulia dasaSveb Th=230K 

temperaturamde, xolo haeris siCqare Th = 0,9 m/wm-mde. 

haeris siCqaris Semdgomma matebam SeiZleba gamoiwvios Cais 

duyis mkveTri wataceba da Sedegad ki koeficientis uaryofiTi 

gavlena Rnobis procesze. gamokvlevis procesSi duyis wataceba 

Seadgenda Cais masis 1-3%-s. 

gisosebze Cais foTlis datvirTva SezRuduli iyo areviT 

da hidrodinamikis procesiT. 

Rnobis procesis fizikuri modelis regresiis gantolebis 

adekvaturobaze SemowmebisaTvis gamoyenebul iqna fiSeris 

kriteriumi, ris safuZvelzec dadginda, rom miRebuli regresiis 

gantoleba gamosakvlevis procesis adekvaturia da SeiZleba misi 

gamoyeneba Cais foTlis Rnobis procesis optimizaciisaTvis. 

miRebuli regresiis gantolebis gamoyenebiT SesaZlebelia 

faqtorebis sxvadasxva mniSvnelobisaTvis Cais masis Rnobis 

xangrZlivobis zusti mniSvnelobis gamoTvla. 
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2.3..5. Cais duyebis Tanabari Rnobis daCqarebuli meTodi 
 

mokrefili Cais masa Sedgeba erTmaneTisagan tenianobiT 

gansxvavebuli duyebisagan (kvirtebi, Reroebi, foTlebi) (nax. 34, 

a). Tanabari Rnobis misaRwevad, Cais pirveladi gadamuSavebis 

teqnikuri normebis Sesabamisad, moiTxoveba minimumamde iqnas 

dayvanili duyis calkeuli elementebis tenianobaTa Soris 

sxvaoba. 

 

nax. 34. Cais duyis elementebis fardobiTi tenianobis cvlilebis 
damokidebuleba procesis xangrZlivobaze 
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Cais gare siTbos wyaroebis daxmarebiT damuSavebis 

SemTxvevaSi Cais duyebis calkeuli elementebi, romlebic 

moxvedrilia mosaRnobi masis zedapirze, imyofebian erTgvarovan 

temperaturul pirobebSi. cxeli haeris nakadi mosaRnobi Cais 

masis zedapirTan Sexebis Sedegad kargavs Tburi energiis nawils 

da masis siRrmeSi gadaadgilebisas ukve naklebi intensivobiT 

axdens zemoqmedebas. 

imis gamo, rom Cais masa xasiaTdeba dabali Tbogamtarobis 

koeficientiT, zedapirze ganlagebuli foTlebi ufro swrafad 

ganicdian Rnobas, vidre maT qvemoT ganlagebulni. amitom Cais 

masis siRrmeSi ganlagebuli duyebisa da calkeuli foTlebis 

mier RnobisaTvis saWiro temperaturis miRwevis momentSi 

SesaZlebelia Cais masis zedapirze myofi duyebis zedmetad 

gadaRnobas hqondes adgili. cxadia, rom aseT pirobebSi 

procesis xangrZlivoba da Rnobis Tanabroba damokidebulia Cais 

duyis Tbogamtarobaze. 

profesor i.a. xoWolavas monacemebis mixedviT Reros 

RnobisaTvis saWiroa meti dro, vidre duyis danarCeni 

elementebisaTvis. es aixsneba erTis mxriv Reros didi 

tenSemcvelobiT, meores mxriv ki aorTqlebis naklebi zedapiriT. 

zemod aRniSnulidan gamomdinare Cais duyebis Semadgeneli 

nawilebis gansxvavebuli tenianobisa da mcire Tbogamtarobis 

gamo, Cais masis Tanabari Rnobis miRweva siTbos gare wyaroebis 

gamoyenebiT TiTqmis SeuZlebelia. 

Cais duyis maRali sixSiris denis gamoyenebiT Rnobis 

SemTxvevaSi gacxelebis procesi mimdinareobs mniSvnelovnad 

gansxvavebulad. maRali sixSiris denis eleqtrul velSi Cais 

foTlis elementebis yoveli atomi gadaiqceva siTbos 

damoukidebel wyarod da gamoasxivebs Tbur energias, ris gamoc 

Cais masis gacxelebis procesi aRaraa damokidebuli iseT 

xelisSemSlel parametrze, rogoricaa Tbogamtaroba [56, 57]. 

Cais masis moculobis erTeulSi gamoyofili siTbos 

xvedriTi simZlavre gamoisaxeba cnobili damokidebulebiT 
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,10555,0 122
0

−⋅= δεtgfEN  vt/sm3                 (94) 

sadac E _ Cais masaSi eleqtruli velis daZabulobaa, kv/sm; 

f _ eleqtruli velis cvlilebis sixSirea, hc; 

ε _ masis dieleqtrikuli SeRwevadobaa: 

tgδ _ dieleqtruli danakargebis kuTxis tangensia. 

rogorc formulidan Cans, simZlavre damokidebulia Cais 

masis dieleqtrikul SeRwevadobaze ε, dieleqtrikuli danakargebis 

kuTxis tangensze tgδ, eleqtruli velis daZabulobaze E da 

rxevis sixSireze f. 

namravls (εtgδ) uwodeben danakargebis faqtors, romelic 

ar warmoadgens aramudmiv sidides, xolo ricxviTi mniSvneloba, 

eleqtruli velis polarobis cvlilebis sixSiris garda, 

damokidebulia Cais masis tenianobaze. mcire tenianobis 

SemTxvevaSi danakargebis faqtors. aqvs mcire mniSvnelobebi da 

piriqiT, mniSvnelovani tenianobis pirobebSi igi aRwevs 

maqsimalur mniSvnelobas. amitom Cais masaSi siTbos saxiT 

gamoyofili xvedriTi aqtiuri simZlavre intensiurad gamoiyofa 

ufro tenian elementebSi da piriqiT. Sesabamisad, ufro teniani 

elementebi SedarebiT ufro intensiurad cxeldebian da maTi 

Rnoba ufro swrafad mimdinareobs im momentamde, rodesac 

danakargebis faqtorebi gaTanabrdeba, anu adgili aqvs 

releqciur gacxelebas. 

dasasruls SeiZleba iTqvas, rom Cais masaSi Semavali 

duyebis kvirtebs, romlebsac meti tenianoba aqvT, vidre Reroebs 

– cxeldebian ufro intensiurad, amitom maTi Rnobis siCqare 

τddw /  metia naklebi tenianobis mqone elementebis Rnobis 

siCqaresTan SedarebiT. es movlena dadebiTad moqmedebs Rnobis 

procesze, radgan ganapirobebs calkeuli elementebis tenianobaTa 

Semdgomi Semcirebis procesi grZeldeba erTi mrudis gaswvriv. 

rac Seexeba Rnobis temperaturas, cnobilia, rom Cais 

xarisxobrivi maCveneblebis formireba, romelic dakavSirebulia 

fermentuli bioqimiuri gardaqmnebis normalur mimdinareobasTan, 
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igi ZiriTadad damokidebulia Cais duyebis gacxelebis 

temperaturaze. maRali sixSireebiT gacxelebaze momuSave mravali 

avtori aRniSnavs, rom maRalsixSiruli gacxeleba iZleva Cais 

mTel moculobaSi temperaturis erTdroul da Tanabar momatebis 

saSualebas, rac samarTliania sixSireebis saSualo talRian 

metrul diapazonamde. maRalsixSiruli meTodis gamoyenebisas 

gacxelebis procesi momentalurad wydeba muSa kondensatorze 

Zabvis SewyvetisTanave. maRali sixSiris denis velSi Cais 

foTlis Rnobisas, temperaturis regulireba SeiZleba 

ganxorcieldes mdovred haeris temperaturidan Cais Rnobis 

teqnologiuri moTxovnebis Sesabamisad maqsimalurad dasaSveb 

sididemde izolirebul eleqtrodsa da Cais masas Soris 

manZilis cvlilebis gziT. aRniSnuli manZilis mniSvnelovani 

gadidebiT mcirdeba eleqtruli velis zemoqmedebis intensivoba, 

mcirdeba gacxelebis temperatura da Cais sawyisi tenianobidan 

teqnologiur normamde dayvanisaTvis saWiro dro iseTive xdeba, 

rogorc bunebrivi RnobisaTvis aris saWiro [56; 57] 

Cais duyis Tanabari Rnobis misaRwevad, Tburi damuSavebis 

xangrZliobis Sesamcireblad da mza produqciis xarisxobrivi 

maCveneblebis asamaRleblad savsebiT misaRebia maRali sixSiris 

denis eleqtruli velis energiis gamoyeneba. 

zemoTaRniSnuli meTodi kidev ufro meti efeqturobiT 

SeiZleba iqnas gamoyenebuli vafg SreSi Cais Rnobis dros, vidre 

uZrav SreSi Rnobisas gamoyenebuli teqnologiurad 

maqsimalurad dasaSvebi SedarebiT dabali temperaturebis (305-

315K) nacvlad gamoyenebuli ufro maRali temperaturebi (325-

230K) mniSvnelovnad amcirebs procesis xangrZliobas. 

 
2.3.6. Cais masis vafg SreSi Rnobis drekad-blant- 

plastikuri reologiuri modeli 
 

Cais masis fizikur-meqanikuri, Tbofizikuri da aerodinamikuri 

Tvisebebis maxasiaTeblebis analizis safuZvelze damuSavebuli 

iqna vafg Sris drekad-blant-plastikuri modeli (nax. 35). 
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nax. 35. vafg Sris drekad-blant-plastikuri modeli 

 

warmodgenili modeli asaxavs Cais masis Sreebs Soris 

mimdinare procesebs, gamoxatavs movibrire zedapirTan 

urTierTqmedebis kanonzomierebebs, iTvaliswinebs realur Zalebs. 

kedlebisa da garemos zemoqmedebas da Cais masis movibrire 

zedapirTan urTierTqmedebis xangrZlivobas [53; 54; 55; 58]. 

modelSi m masis mqone Cais masis monofenis deformaciis 

modelireba xdeba drekadi elementebiT, romelTa sixistis 

koeficientebia cx da cy; am monofenis deformaciis procesSi 

warmoqmnili histerezisuli danakargebis modelireba xdeba 

dempferebiT, romelTa siblantis koeficientebia hx da hy; Cais 

masis inerciuli maxasiaTeblebi gamoisaxeba dayvanili masiT m. 

masalis Seuqcevadi deformaciebis modelireba xdeba mSrali 

xaxunis elementiT, romlis koeficientia fy. es koeficienti 

iTvaliswinebs masalis Semkvrivebas. movibrire zedapirze 

normaluri reaqciis sidide miviRoT drekadi elementis cx 

deformaciis proporciulad, xolo tangencialuri reaqcia 
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drekadi elementis cy deformaciis proporciuli. garda Sinagani 

Zalebisa, modelSi gaTvaliswinebulia gare Zalebis zemoqmedebac, 

romlebic warmoSobilia Cais masaze vibraciis da haeris nakadis 

zemoqmedebiT. Tu gaviTvaliswinebT turbulentur reJims, zemoT 

aRniSnuli winaaRmdegobebi SegviZlia miviRoT Cais masis 

moZraobis absoluturi siCqaris meore xarisxis proporciulad. 

ganvixiloT vafg Sris erTmasiani drekad-blant-plastikuri 

modelis moZraobis saerTo SemTxveva, romelic warmoiqmneba 

rxevebis eleqtromagnituri aRmgznebis daxmarebiT. es ukanaskneli 

warmoqmnis rxevebs, romlebic mimarTulia horizontisadmi α 

kuTxiT daxrili muSa zedapiris mimarT β kuTxiT. 

SemoviRoT koordinatTa ori sistema: erTi moZravi xoy 

sistema, romelic xistadaa dakavSirebuli movibrire muSa 

zedapirTan, meore ki uZrav x′o′y′ sistema, romlis y′ RerZi 

emTxveva rxevis mimarTulebas. 

muSa zedapiris gadaadgilebebis gegmilebi x′ da y′ uZravi 

sistemis koordinatTa RerZebze iqneba 

,)sin(
;)cos(

Sy
Sx

βα
βα

+=′
+=′

                            (95) 

sadac .sin tAS ω=  

maSin x′ da y′ gegmilebi Caiwereba Semdegi saxiT 

.sin)sin(
;sin)cos(

tAy
tAx

ωβα
ωβα

+=′
+=′

                      (96) 

vafg Sris erTmasiani  drekad-blant-plastikuri modelis 

fardobiTi moZraobis diferencialur gantolebebs moZravi 

sakoordinato RerZebze eqnebaT Semdegi saxe: 

drekadi deformaciis etapze 

)(**

*

yyhyhycmgymym

xhxcxmxm

yyy

xx

&&&&&&&

&&&&&

+′′−′′−−−′−=

′′−−′−=
           (97) 

srialis etapze 

).()( * yyhfNysignmgymym yx &&&&&&& +′′−−−′−=            (98) 

Tavisufali moZraobis etapze 
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          [ ]Kxxhxhxmxm xx )()( 222 &&&&&&& +′′−′′−′−=  

[ ]Kyyhyhmgymym yy )()( 222 &&&&&&& +′′−′′−−′−= .               (99) 

SemoviRoT aRniSvnebi 
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sadac Px da Py aris x da y RerZebis mimarTulebiT Cais masis 

Sris modelis rxevis sakuTari sixSireebi; *
xn ′′  da *

yn ′′  aris x da y 

RerZebis mimarTulebiT gadaadgilebisadmi Sinagani 

winaaRmdegobebiT ganpirobebuli Cais masis Sris modelis 

dempfirebis koeficientebi; *
xn′  da *

yn′  aris x da y RerZebis 

mimarTulebiT gadaadgilebisadmi garegani winaaRmdegobebiT 

ganpirobebuli Cais masis Sris modelis dempfirebis 

koeficientebi. 

Tu (96) gamosaxulebas CavsvamT (97), (98) da (99) gantolebebSi, 

mcire gardaqmnebis Semdeg miviRebT gantolebaTa sistemas, 

romelic aRwers Cais masis vafg SreSi moZraobas. 

drekadi deformaciis etapze 

)cos(sin2 22* βαωω +=+′′+ tAxPxnx xx && ;                    (100) 

       −+=′′+′+′′+ )sin(sin)22( 22*** βαωω tAyPynny yyy &&&  

 .)sin(cos2 * gtyAny −+′− βαωω                           (101) 

srialis etapze 

       −+′−+=′+ )sin(cos2)sin(sin2 *2* βαωωβαωω tAntAny yy&&      

      .)(
*

m
N

fysigng x
y&−−                                    (102) 

Tavisufali moZraobis etapze 

( ) −+=′′+′′+ )cos(sin22 22 βαωω tAyKnnx xx &&&  

,)(coscos2 2222 KtAnx βαωω +′−                          (103) 
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( ) −+=′′+′′+ )sin(sin22 22 βαωω tAyKnny yy &&&  

.)(sincos2 2222 gKtAny −′+′− βαωω                       (104) 

miRebuli diferencialur gantolebaTa sistemis amoxsna 

saSualebas iZleva rxevis parametrebis (amplituda, sixSire, 

vibraciis kuTxe, movibrire zedapiris daxris kuTxe) 

mniSvnelobebze sxvadasxva diapazonebisaTvis Cais masis Tvisebebisa 

da nayari masis mocemuli pirobebis gaTvaliswinebiT, ganisazRvros 

Cais masis gadaadgilebis droisagan damokidebuleba x da y 

RerZebis mimarTulebiT. amoxsnis Sedegebis safuZvelze agebulia 

Sesabamisi mrudebi. nax. 36 da nax. 39-ze moyvanilia Cais masis y  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 36. Cais masis vertikaluri gadaadgilebis damokidebuleba 
procesis xangrZlivobaze da rxevis amplitudze 

(1 – A = 1 mm; 2 – A = 3 mm; 3 – A = 5 mm; 4 – A = 7 mm), 
drekadi deformaciis (a), srialis (b) da Tavisufali 

moZraobis (g) etapebisas 

a) b) 

g) 
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nax. 37. Cais masis vertikaluri gadaadgilebis damokidebuleba 
procesis xangrZlivobaze da rxevis sixSireze 

  (1 – f = 50 he; 2 – f = 100 he; 3 – f = 150 he) drekadi 
    deformaciis (a), srialis (b) da Tavisufali moZraobis 

(g) etapebisas 
 

RerZis mimarTulebiT gadaadgilebis droisagan damokidebulebis 

mrudebi y = f(τ) Semdegi etapebisaTvis: drekadi deformacia (a), 

sriali (b), Tavisufali moZraoba (g). nax. 38-ze naCvenebia )(τfy =  

damokidebuleba vibraciis sxvadasxva kuTxis SemTxvevaSi °= 45β  

da 90° (Sesabamisad, mrudeebi 1 da 2). 

moyvanili grafikebis analizi gviCvenebs, rom movibrire 

zedapiris rxevis sixSiris cvlilebis pirobebSi Cais masis Sris 

intensiur gadaadgilebis adgili aqvs YTavisufali moZraobis 

etapze, amasTan rodesac rxevis amplituda A >1 mm. masalis 

gadaadgileba maqsimalur mniSvnelobas aRwevs 0,002 wm-is 

a) 
b) 

g) 
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ganmavlobaSi, Semdeg xdeba mkveTri Semcireba da 0,005 wm-is 

Semdeg Cais masas aqvs minimaluri gadaadgileba, amis Semdeg ki 

kvlav iwyeba Sris intensiuri gadaadgileba. Sris gadaadgilebaSi 

ori eqstremumis arseboba, rogorc Cans, SeiZleba aixsnas Cais 

masis garSemo turbulenturi sivrcis SeqmniT. Cais  masis 

gadaadgilebis xasiaTi rxevis amplitudis cvlilebaze araa 

damokidebuli drekadi deformaciisa da srialis etapebze, aseve 

SeiniSneba eqstremaluri mniSvneloba, magram gadaadgilebis 

intensivoba mniSvnelovnad mcirea Tavisufali moZraobis etapTan 

SedarebiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

nax. 38. Cais masis vertikaluri gadaadgilebis damokidebuleba 
procesis xangrZlivobaze da vibraciis kuTxis 

mniSvnelobaze (1 – β = 45°; 2 – β = 90°) drekadi 
deformaciis (a), srialis (b) da Tavisufali moZraobis 

(g) etapebisas 
 

a) b) 

g) 
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gamokvlevis Sedegad SeiZleba davaskvnaT, rom vafg-is 

procesSi masalis gadaadgilebas aqvs eqstremaluri xasiaTi, Cais 

masis intensiuri gadaadgileba SeiniSneba Tavisufali moZraobis 

etapze, agreTve, Cais masis eqstremaluri gadaadgilebis 

mniSvnelobebi ixreba vibraciis parametrebis gadidebis 

mimarTulebiT. 

 

meoTxe Tavis daskvna 
 

vafg SreSi Cais masis Rnobis procesis kinetikis da 

vibraciuli gadaadgilebis kanonzomierebis eqsperimentuli 

kvlevis Sedegebis analizis mixedviT SeiZleba davaskvnaT 

Semdegi: 

− Cais masis Rnobis teqnologiurad maqsimalurad dasaSvebi 

temperatura (tmdt) damokidebulia Rnobis meTodze. cdebiT 

dadgenili iqna, rom uZrav SreSi Rnobis tmdt ([T]uZr.Sr.=318K) 

mniSvnelovnad naklebia, vafg SreSi Rnobis tmdt-ze 

([T]vafg.Sr.=330K); 

− vafg SreSi Cais Rnobis procesis xangrZlivoba damokidebulia: 

haeris nakadis potencialze (tenSemcveloba da tenianoba), 

temperaturaze, raodenobaze, siCqareze; Cais duyis (kvirti, 

foTlebi, Rero) sawyis tenianobaze, agebulebaze, tenis 

kavSirze da vibraciis parametrebze (rxevis amplituda da 

sixSire); 

− vafg SreSi Cais masis Rnobisas misi xangrZlivoba mcirdeba 4-

12-jer da Sesabamisad manqanis kuTri mwarmoeblobac izrdeba 

(mza produqciis  xarisxobrivi maCveneblebis SenarCunebiT), 

rodesac: haeris temperatura izrdeba 230K-mde; rxevis 

amplituda izrdeba 0-dan 7 mm-mde; rxevis sixSire izrdeba 20-

dan 30 rad/wm-mde; Cais masis fardobiTi tenianoba mcirdeba 75-

dan 60%-mde; 

− vafg SreSi Cais masis Rnobis xarisxi mniSvnelovnad umjobesdeba 

uZrav SreSi RnobasTan SedarebiT. Cais masis temperaturis 
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sxvaoba Sris simaRlis mixedviT 2K-s ar aRemateba. muSa 

zedapiris kuTri daZabuloba aorTqlebuli tenis mixedviT 

gaizarda 18-jer; 

− eqsperimentuli monacemebis analizis Sedegad vafg SreSi Cais 

Rnobisas gamoyvanilia: siCqaris ganmsazRvreli empiriuli 

formula; Rnobis procesis xangrZlivobis ganmsazRvreli 

regresiis gantoleba; duyis movibrire sibrtyeze moZraobis 

(fardobiTi uZraobis srialis, frenis) diferencialuri 

gantolebebi da zedapiridan mowyvetis kritikuli siCqareebis 

gantolebebi procesze moqmedi ZiriTadi faqtorebis mixedviT; 

− miRebulia movibrire zedapirze Cais masis ganvlili manZilis 

da grZivi siCqaris mniSvnelobebis damokidebuleba vibraciis 

parametrebze erTi ciklis dros; 

− damuSavebulia Cais masis vafg SreSi Rnobis drekad-blant-

plastikuri modeli. miRebulia drekadi deformaciis, srialis 

da Tavisufali moZraobebisas diferencialur gantolebaTa 

sistemebi, romelTa amoxsniT SesaZlebelia rxevis parametrebis 

(amplituda, sixSire, vibraciis kuTxe, movibrire zedapiris 

horizontTan daxris kuTxe) mniSvnelobebis gansazRvra 

aRniSnuli diapazonisaTvis; 

− maRali sixSiris denis wyaros gamoyeneba vafg SreSi Rnobisas 

kidev ufro zrdis Rnobis da Cais mza produqciis xarisxs. 
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2.4. Teoriuli da eqsperimentuli kvlevebis 
    Sedegebis realizacia da alternatiuli 

   Tburi wyaroebis efeqturoba 
 

2.4.1.  vafg SreSi Cais Rnobis procesis da saRnobi 
    manqanis zogierTi parametrebis dasabuTeba 

 

Tanamedrove moTxovnebs ufro metad pasuxobs vafg SreSi 

Cais Rnoba, Cais masaze vibraciis da Tbili haeris nakadis 

erTdrouli moqmedebiT [19]. 

vafg SreSi Cais Rnobis procesis da saRnobi manqanis 

maxasiaTeblis sawarmoo pirobebSi dazustebisaTvis Catarebuli 

kvlevebis da literaturuli wyaroebis  analizis safuZvelze. 

damuSavebuli iqna Cais saRnobi sacdeli manqanis nimuSi (nax. 39), 

romelic Seicavs erTmaneTTan dakavSirebul or CarCos. CarCoebi 

Cais masis gadaadgilebis mimarTulebiT daRmaval safexurebad 

arian ganlagebuli da aRWurvili arian haergamanawilebeli 

badeebiT. TiToeul bades aqvs individualuri haeris mimyvani 

arxi, romlebic brezentisagan damzadebuli elementebiT 

ukavSirdebian stacionalur kolofebs. erTmaneTisagan tixarebiT 

gamoyofili TiToeuli kolofis SigniT moTavsebulia gamaxurebeli 

elementebi [4; 14; 32; 39; 47; 53; 59; 60; 61; 62; 63; 64; 65; 66]. 

amave dros kolofebi gaerTianebuli arian da maTSi 

moTavsebulia erTi saerTo ventilatori. Cais masis 

gadaadgilebis mimarTulebiT badis boloSi ganlagebulia 

regulirebadi, simaRlis mqone SemzRudveli, romelic saxsrulad 

aris dakavSirebuli badis CarCosTan. SemzRudvelis meore 

Taroze moTavsebulia gamSrali Cais gamomtvirTi xvimira, 

romlis qveSac ganlagebulia mza produqciis gamomtani 

transportiori. Cais gadaadgilebis mimarTulebiT pirveli badis 

Tavze ganlagebulia Cais CamtvirTi xvimira. badeebis Tavze 

mdebareobs gamwovi ventilatori. CarCoebi saxsrulad  arian  

dakavSirebuli  vibraciul  amZravTan.  CarCos  yoveli 

safexuris ZirSi moTavsebulia regulirebadi kveTis mqone 

naxvreti, romlis saSualebiTac wina badis haermimyvani arxi 
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ukavSirdeba Cais masisaTvis gankuTvnil momdevno sadinars, 

gadaadgilebis mimarTulebiT daRmavali safexurebi klebadi 

simaRlisaa. 

 

nax 39. Cais saRnobi sacdeli manqanis muSaobis principuli sqema 
1, 2 – CarCoebi; 3, 4 – badeebi; 5, 6 – haersadinarebi; 
7 – drekadi elementi; 8, 9 – kolofebi; 10 – tixari; 

    11, 12 – gamaxurebeli elementebi; 13 – Semwovi ventilia- 
tori; 14 – zRurbli; 15 – saxsari; 16 – gamomtvirTi 

    xvimira; 17 – gamomtani transportiori; 18 – CamtvirTavi 
 xvimira; 19 – mkvebavi transportiori; 20 – namuSevari 

   haeris Semkrebi; 21 – gamwovi ventilatori; 22 – amZravi, 
23 – barbacebi; 24 – saregulirebeli naxvreti. 

 

manqanis muSaobis principi Semdegia: CamtvirTavi 

transportioridan Cai miewodeba jer manqanis mkvebav xvimiraSi, 

Semdeg ki Cais gadaadgilebis mimarTulebiT pirvel badeze. 

CarCoebis rxevis Sedegad badeze moTavsebuli Cais duyebi iwyeben 

rxeviT moZraobas. erTdroulad iwyeba haeris miwodeba 

gamaxurebeli elementebis gavliT kolofebSi, sadac xdeba haeris 

gacxeleba saWiro temperaturamde. cxeli haeri mimyvani arxebiT 

miewodeba Sesabamis haergamanawilebel badeebs. rxeviTi moZraobis 

Tanadroulad badis qvevidan miwodebuli cxeli haeri iwvevs 
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mosaRnobi Cais gadayvanas vafg mdgomareobaSi. Cais masa 

Tavdapirvelad avsebs jer pirvel bades mTel sigrZeze, xolo 

Semdeg gadadis meore badeze, sadac mimdinareobs Cais 

nawilakebis intensiuri Rnobis procesi. amasTan, SemzRudvelisaken 

gadaadgilebasTan erTad Cais masa TandaTan ganicdis Rnobas 

cxeli haeris zemoqmedebiT tenis arinebis xarjze. 

momRnari Cais masa gamomtvirTi xvimiridan miewodeba gamomtan 

transportiors. namuSevari haeri Cais masidan aorTqlebul 

tenTan erTad ventilatoris daxmarebiT gaiwoveba ciklonSi. 

cdebisaTvis gamoyenebuli iqna moumRnari Cais masa. Cais 

sacdeli partia iyofoda or Tanabar nawilad, romelTagan erTi 

nawilis gadamuSavebuli iyo warmoebaSi arsebul teqnologiur 

xazze, rogorc sakontrolo partiis nimuSi, xolo meore nawili 

ki sacdeli saRnobi manqanis gamoyenebiT, rogorc sacdeli 

partiis nimuSi, Savi Cais gadamuSavebis moqmedi teqnologiuri 

instruqciebis sruli dacviT. Catarebuli iyo mza produqciis 

sakontrolo da sacdeli nimuSebis titeisteruli da 

teqnologiuri analizebi. 

saRnobi sacdeli manqana gamocdili iyo Semdegi 

parametrebis dros: Raris rxevis sixSire 250=n  ormagi svla/wT; 

mrudmxara  eqscentrisiteti 25=e  mm; Raris daxris kuTxe 

horizontTan 3-5°; rxevis amplituda 7=A  mm; fardobiTi aCqareba 

4,22,2 −=j ; gisosebis datvirTva 24−FG  kg/m2. badis diametriT 0,5-

1,5 mm. cocxali  kveTis  farTobi 27,3%, haeris aRmavali nakadis 

temperaturiT 320-330K, siCqariT 9,07,0 −=v  m/wm. 

vafg da uZrav SreebSi saRnobi manqanebis gamocdis 

monacemebis (cxr. 9 da cxr. 10) mixedviT naTlad Cans, rom Cais 

mza produqciis sacdeli nimuSebis yvela xarisxobrivi 

maCveneblebi gaumjobesebulia sakontrolo nimuSebis xarisxobriv 

maCveneblebTan SedarebiT. 

vafg SreSi momRnari Cais foTlis Rnobis xarisxi 2,5-3,0%-

iT aRemateba uZrav SreSi momRnar Cais foTlis Rnobis xarisxs. 
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cxrili 9 

sacdeli da sakontrolo nimuSebis fardobiTi  tenianobis da 
taninis raodenobis, meqanikuri Semadgenlobis da 

titeisteruli  baluri Sefasebebis mniSvnelobebi 
 

Cais 
masis 

fardobi-
Ti tenia-

noba  
W, % 

taninis 
raode-
noba, % 

momdnari 
Cais masis 

Semadgenloba, 
gr-Si 

titeirteruli 
Sefaseba 
balebSi 

# 
gamosacdeli 

nimuSis 
dasaxeleba 

Ca
is

 x
ar

is
x
i 

mo
u
mR

na
r
i 
 

mo
mR

na
r
i 

 

mo
u
mR

na
r
 

d
u
ye
b
S
i 

 

mo
mR

na
r
 

d
u
ye
b
S
i 

 

no
r
ma
l
u
r
ad

 
mo

mR
na
r
i 

mo
u
mR

na
r
i 

g
ad

am
R
na
r
i 

g
ar

eg
an
i 

s
ax

e 

g
am
o
na
x
ar

S
i 

ar
o
ma
t
i 

g
em
o
 

1 sacdeli II 74,2 62,3 16,7 15,8 97,66 1,86 0,8 2,42 2,58 3,1 3,25 

2 sakontrolo II 74,2 62,2 16,7 15,6 95,10 4 0,9 2,25 2,41 2,92 2,98 

 
cxrili 10  

sacdeli da sakontrolo nimuSebis fardobiTi tenianobis da 
temperaturis, Rnobis xangrZlivobis da mza produqciis 

titeisteruli baluri Sefasebebis mniSnelobebi 

Cais masis 
fardobiTi 
tenianoba 

W, % 

Cais mza produqciis 
titeisteruli 

baluri Sefaseba  

# 
gamosacdeli 

nimuSis 
dasaxeleba 

Ca
is

 x
ar

is
x
i 

mo
u
mR

na
r
i 

mo
mR

na
r
i 

 

Ca
is

 m
as

is
 

t
em
pe
r
at

u
r
a 

T,
 K
  

Rnobis 
xangrZ- 
livoba 

τ, wm 

na
ye
ni

 

ar
o
ma
t
i 

g
em
o
 

g
am
o
na
x
ar

S
i 

1 sacdeli II 70,3 63,1 315-325 1440 3,0 3,5 3,25 2,75 

2 sakontrolo II 70,3 63,2 310-315 7200 2,75 3,25 3,0 2,5 

 
vafg SreSi Cais Rnobis procesis xangrZlivoba uZrav SreSi 

Rnobis procesis xangrZlivobasTan SedarebiT mniSvnelovnad 7200 

wamidan Semcirda 1440 wamamde. 

vafg SreSi Cais Rnobis araTanabroba tenianobis mixedviT 

Seadgenda 1,05-1,1%, xolo uZrav SreSi Rnobisas ki 4,8-6,5%-s. 
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2.4.2. Cais masis Rnobis procesis intensifikaciaze 
haeris tenSemcvelobis moqmedeba 

 

Tanamedrove pirobebSi Cais RnobisaTvis gamoiyeneba 

konveqciuri meTodi Cais masaSi T=330-340K temperaturis mqone 

Tbili haeris SeberviT [19]. 

dReisaTvis Cais fabrikebSi haeri cxeldeba araekonomiur 

kaloriferebSi. maTSi praqtikulad SeuZlebelia haeris 

temperaturis, fardobiTi tenianobis da wylis orTqlis 

parcialuri wnevis regulireba. es ganapirobebs Cais masis 

zedmetad gamoSrobas, ris Sedegadac ikargeba masSi taninis 

mniSvnelovani raodenoba [13]. 

temperaturis pirobebSi Rnoba mimdinareobs 27-30 wT-is 

ganmavlobaSi. magram Cais sxvadasxva sinazis mqone gansxvavebuli 

nawilakebis Rnobis xarisxi sxvadasxvagvaria da aRniSnuli 

uTanabroba ganapirobebs Cais mza produqciis xarisxis Semcirebas. 

dadgenilia, rom maRali temperaturebi uaryofiTad 

moqmedebs mza produqciis xarisxze. umaRles balur Sefasebas 

aRwevs Cais masa, romelic gamSralia 330-335K temperaturis mqone 

atmosferuli cxeli haeriT [22]. 

aseTi temperaturiT Rnoba dadebiTad moqmedebs Cais 

xarisxze, Tumca dabali temperaturis pirobebSi haeris 

tenSemcveloba mcirea, rac mkveTrad amcirebs Rnobis procesis 

intensivobas da mniSvnelovnad zrdis mis xangrZliobas, Tumca 

amavdroulad mcirdeba siTbos danakargebic. 

aqedan gamomdinare, mizanSewonilia gaizardos haeris 

tenSemcveloba misi fardobiTi tenianobis da wylis orTqlis 

parcialuri wnevis Semcirebas xarjze, anu misi xelovnuri 

SeSrobis gziT [15]. 

RnobisaTvis gamoyenebul haerSi wylis orTqlis 

parcialuri wnevis Semcireba SeiZleba ganxorcieldes haeris 

gatarebiT sxvadasxva tenis mSTanTqmel nivTierebebSi, 

kondensaciiT, an masSi arsebuli tenis gamoyinviT. 
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sawarmoo pirobebSi Cais RnobisaTvis SeiZleba gamoyenebuli 

iyos haeri, romelic gaSreba da Semdeg gaTbeba macivar danadgarSi. 

Srobis aRniSnuli meTodi energodanaxarjebis TvalsazrisiT 

mniSvnelovnad ekonomiuria Tbur meTodebTan SedarebiT. 

aRniSnuli meTodi xorcieldeba Semdegnairad. 297K 

temperaturis, 75% fardobiTi tenianobis da 14 g/kg. tenSemcvelobis 

mqone atmosferul haeri civdeba macivari danadgaris 

saorTqlebelSi 278-280K temperaturamde. amave dros mcirdeba 

haeris tenSemcveloba 5,5 g/kg-mde. tenis Warbi raodenoba 

dakonsirdeba da kondensatis saxiT gamoiyvaneba danadgaris 

saorTqleblis Ziridan. gamomSrali haeri cxeldeba 330-335K 

temperaturamde macivari danadgaris kondensatorSi, Sedeg ki 

aseTi maxasiaTeblebis haeri miewodeba mosaRnob Cais masaSi. 

laboratoriul pirobebSi Rnoba xdeboda specialur haeris 

meqanikur SemSrobSi (nax. 40) [15; 17]. 

 

nax. 40. haeris meqanikuri gamomSrobis muSaobis 
principuli sqema 

 

atmosferuli haeris nakadi kompresoris 8 da saorTqlebelis 

1, gavlisas kargavs tens. gamoyofili teni Camoedineba SemgrovSi 

6. haeris nakadi kondensatorSi 8 gavlis dros Tbeba, romelic 

Semdeg ventilatoriT 5 miwodeba saSrob sakanSi 7. 

cdebi  tardeboda  OБB-14  modelis  haeris  meqanikur 

SemSrobze, romlis mwarmoebloba Seadgens 520 m3/sT. 
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saorTqlebelSi aorTqlebis temperaturis regulireba xdeboda 

Termomaregulirebeli ventilis 3 daxmarebiT, xolo kondensaciis 

temperaturis regulireba kondensatoris gasasvlelSi ganlagebuli 

Jaluzis 9 saSualebiT. 

nax. 41-ze warmodgenilia Cais Rnobis xangrZlivobis 

damokidebuleba haeris tenSemcvelobaze sxvadasxva temperaturebis 

pirobebSi. 

 

nax. 41. Cais masis Rnobis procesis xangrZlivobis 
damokidebuleba haeris tenSemcvelobaze 

 
haeris gacxelebis win misi SeSroba 5,5 g/kg 

tenSemcvelobamde amaRlebs Rnobis procesis mamoZravebel Zalas 

– saSualo sxvaoba uSualod Cais foTlis zedapirTan haeris 

Sris tenSemcvelobasa da ventilirebad haers Soris 2-jer aris 

gazrdili. nax. 41-dan Cans, rom haeris tenSemcvelobis Semcireba 

Sesabamisad amcirebs Rnobis xangrZlivobas, gansakuTrebiT 

dabali temperaturis pirobebSi. 

sawarmoo pirobebSi haeris gasaSrobad SeiZleba 

gamoyenebuli iqnas centraluri kondicionerebi, romlebTan 

mierTebulia saorTqleblebi da kondensatorebi. 

Tanamedrove saSrob agregatebSi Semavali atmosferuli 

haeris tenSemcveloba Seadgens 14 g/kg, xolo saSrobi saknidan 

gamomavali haeris tenSemcveloba ki Seadgens – 20 g/kg. Cais 
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tenSemcveloba (haeris zedapiruli najeri fena) dasawyisSi 

Seadgens 18,7 g/kg, xolo boloSi 32 g/kg. procesis saSualo 

logariTmuli mamoZravebeli Zala Seadgens 7,8 v/kg. 

gamomSrali haeriT Rnobis SemoTavazebuli meTodis 

gamoyenebis SemTxvevaSi haeris tenSemcveloba tolia 5,5 g/kg, 

saboloo – 11,5 g/kg. CaisaTvis sawyisi tenSemcveloba Seadgens 

18,7 g/kg, xolo saboloo – 32 g/kg. saSualo mamoZravebeli Zala 

tolia 16,6 g/kg. 

macivari danadgaris gamoyenebis SemTxvevaSi Rnobis 

procesis siCqare da saRnobi manqanis mwarmoebloba izrdeba 2,13-

jer. 

 
2.4.3. Cais saRnobi manqanis mier moTxovnili simZlavris 

gaangariSebis vafg meTodis pirobebSi 
 

Cais mrewvelobis reabilitaciis erT-erTi mimarTulebaa 

fermeruli meurneobebisaTvis mcire mwarmoeblobis racionaluri 

konstruqciis mowyobilobebis damuSaveba, rac mocemul etapze 

dargis ganviTarebis dadebiT Sedegs iZleva produqciis 

xarisxobrivi maCveneblebis amaRlebisa da bazris garkveuli 

segmentis moTxovnaTa Seswavlis TvalsazrisiT. Rnobis procesis 

efeqtianobis asamaRleblad, Teoriuli da eqsperimentuli 

kvlevebis safuZvelze, SemoTavazebulia vafg SreSi Cais masis 

Rnobis meTodi da racionaluri vibro saRnobi manqanebis axali 

konstruqcia. Teoriuli da eqsperimentuli kvlevebis safuZvelze 

Catarda Rnobis procesis energetikuli analizi da Camoyalibda 

energodanaxarjebis gaangariSebis meTodika [6; 41; 58; 67; 68; 69; 70; 

71; 72; 73]. 

vibrosaRnob manqanaSi Rnobis procesSi energia ixarjeba: 

Cais masis transportirebaze; deformaciaze; muSa organos 

gadaadgilebaze vibrotransportirebis dros deformirebuli 

Cais masis winaaRmdegobis gadalaxvisaTvis. 

Cais masa vibrosaRnob manqanaSi ganicdis drekad 

deformacias da gadaadgildeba movibrire zedapirze. simZlavre, 
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romelic saWiroa Cais masis transportirebis, deformaciisa da 

muSa organoze moqmedi winaaRmdegobis Zalebis gadalaxvisaTvis, 

gamoiTvleba formuliT: 

)(1 XCXKN xx += ,                          (105) 

sadac KxX _ drekadi kavSirebis Zala, n; 

              x _ vibraciiT gamowveuli drekadi deformaciis Sedegad 

Cais masis gadaadgilebis sidide muSa zedapirze, m; 

CxX _ blanti winaaRmdegobis Zala, n; 

;/ jQCx =  

Cx _ Cais masis siblante, pa. wm; 

Q _ Zvris daZabuloba, n/m2 ShFQ /= ; 

F _ muSa zedapirze moqmedi Zala, n; 

h _ vibroRaris simaRle, m; 

V _ Cais masis saSualo moculobiTi siCqare, m3/wm; 

S _ vibroRaris farTobi, m2: 

j _ siCqaris gradienti, wm_1; 

h1 _ Sris simaRle, m; 

           V _ gadaadgilebis saSualo siCqare mTliani ciklis 

ganmavlobaSi, m/wm; 

            ;1KVV x=  

Vx _ etalonis siCqare, m/wm; 

K1 _ Cais foTlis transportirebis koeficienti K1 = 0,7. 

X vibraciis Sedegad Cais foTlis deformaciis siCqare, m/wm. 

mocemuli gamosaxulebebis da mniSvnelobebis 

gaTvaliswinebiT SesaZlebelia sakmao sizustiT gaviangariSoT 

simZlavre. 

simZlavre, romelic saWiroa vertikaluri deformaciis 

Sedegad Cais masis SemWidrovebis da Seuqcevadi deformaciis 

winaaRmdegobis gadalaxvisaTvis, gamoiTvleba formuliT: 

VyCyKN yy )(2 &+= ,                       (106) 

sadac – )( yCyK yy &+  Zala, romelic moqmedebs perpendikularuli 

mimarTulebiT, axdens Cais masis formirebas da 
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SemWidrovebas, cdilobs gamoiwvios Seuqcevadi deforma-

ciebi, n 

Kyy _ drekadi kavSirebis Zala, n; 

−yCy & blanti winaaRmdegobis Zala, n; 

             y _ deformaciis Sedegad Cais masis gadaadgileba vertika-

lurad, m; 

     −y& deformaciis Sedegad Cais masis vertikalurad 

gadaadgilebis siCqare, m/wm; 

(106) formulaSi mocemuli wevrebi gamoangariSeba zemoT 

mocemuli meTodikis saSualebiT. 

simZlavre, romelic saWiroa srialis xaxunis Zalebis 

winaaRmdegobis gadalaxvisaTvis, gamoiTvleba formuliT: 

,)(3 VyCyKN yyx &+= μ                          (107) 

sadac )( yCyK yyx &+μ  mamoZravebeli Zala, romelic metia statikur 

xaxunis Zalaze da iwvevs Cais masis srials movibrire 

zedapirze pirdapiri da ukumimarTulebiT; 

μx _ xaxunis koeficienti. 

simZlavre, romelic saWiroa plastikuri winaaRmdegobis 

Zalebis gadalaxvisaTvis, gamoiTvleba formuliT: 

),( 04 βμ ytgXKN xx +=                          (108) 

sadac X0 sawyisi drekadi deformacia, m; tgβ _ masis gamkvrivebis 

koeficienti. 

simZlavre, romelic saWiroa vibrosaRnobSi Cais masis 

gadaadgilebisaTvis gamoiTvleba formuliT: 

,8,95 LBhSnN μβψ=                             (109) 

sadac B _ vibroRaris sigane, m; 

  h _ Taros simaRle, m; 

 S _ gadaadgileba mocemuli parametrebis pirobebSi, m; 

 n _ vibraciis sixSire, hc; 

μ _ xaxunis koeficienti; 

β _ Cais masis simkvrive, kg/m3; 

ψ _ Taros Sevsebis koeficienti, ψ = 0,7; 
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L _ vibroRarebis jamur sigrZe, m. 

eleqtroZravis moTxovnili simZlavre ki gamoiTvleba 

formuliT: 

η/jam.meq.ek.Zr. NN = ,                              (110) 

sadac Njam.meq. – winaaRmdegobis Zalebis gadalaxvisaTvis daxarjuli 

jamuri simZlavre, vt; 

η _ gadacemis mqk. 

mocemuli energetikuli angariSi warmoadgens vibrosaRnobSi 

Cais masis Rnobis miaxloebiT angariSs, radgan yvela im 

faqtoris gaTvaliswineba, romelic moqmedebs procesze, 

praqtikulad TiTqmis SeuZlebelia. vibrosaRnobis optimaluri 

konstruqciuli da teqnologiuri parametrebis SerCevisaTvis 

gamoviyeneT maTematikuri dagegmvis meTodi, risTvisac Catarda 

sruli faqtoruli eqsperimenti 24, romlis ganxorcielebisaTvis 

SeirCa faqtorebi, romlebic axdenen gavlenis Rnobis procesze 

[12; 32]. 

−1X vibraciis sixSire, −2X amplituda, −3X Sris simaRle; 

−4X haeris siCqare; optimizaciis kriteriumad miviReT Nxv. 

(xvedriTi energodanaxarjebi), sruli faqtoruli eqsperimentis 

realizaciis Sedegad miviReT gamosaxuleba, romelic asaxavs 

faqtorebis damokidebulebas optimizaciis kriteriumTan: 

434321 0475,00931,0065,0065,0048,08,0 XXXXXXN +++++=xv .    (111) 

mocemuli gamosaxulebis saSualebiT SesaZlebelia Catardes 

optimizacia, ris Sedegadac miiReba vibrosaRnobis teqnologiuri 

da konstruqciuli parametrebis mniSvnelobebi minimaluri 

energodanaxarjebiT, maqsimalurad momRnar foTlis pirobebSi. 

 

2.4.4. Cais masis Rnobis procesisaTvis mzis energiis 
gamoyeneba 

 

Cais masis gadamuSavebis sezoni emTxveva mzis radiaciis 

intensifikaciis periods. mzis radiaciis gamoyeneba mizanSewonilia 
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SedarebiT dabali temperaturiani Tburi damuSavebis iseTi 

procesisaTvis, rogoricaa Cais Rnoba [74]. Rnobis procesze 

ixarjeba didi raodenobis dizelis sawvavi an mazuTi. 

gamWvirvale sakanSi mzis sxivebiT gamTbari haeri ventilatoris 

saSualebiT miewodeba haergamanawilebels, romelic gisosebs 

Soris arsebul Rarebis gavliT aRmavali nakadis saxiT 

miewodeba movibrire Cais masas (nax. 42). 

gisosebis cocxali kveTis farTobi gamoiTvleba 

formuliT 

,
hh v

F
⋅

=
ρ
σ

                           (112) 

sadac σ – Cais masis RnobisaTvis saWiro haeris raodenobaa, 

kg/wm; 

 ρh – atmosferuli haeris simkvrive, kg/m3; 

 vh – Cais masaSi gamavali haeris siCqarem m/wm. 

 

nax. 42. heliosaRnobi danadgaris muSaobis principuli sqema 
        1 – adsorberi; 2 – heliohaergamacxelebeli; 
        3 – ventiliatori; 4 – saRnobi sakani 

 

gisosebis raodenobaa nA SeiZleba ganisazRvros 

gamosaxulebidan 

,
bl

Fn
⋅

=                               (113) 

sadac l – gisosebs Soris moTavsebuli sahaero Raris sigrZea; 

 b – sahaero Raris sigane. saknidan namuSevari haeri 

gaiwoveba ventiliatoriT atmosferoSi. 

gawovis Zala gamoiTvleba formuliT 
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)( hh ρρ ′−=Δ ghp ,                           (114) 

sadac h – simaRlea; ρh – sakanSi Semavali haeris simkvrive, kg/m3; 

−′hρ namuSevari haeris simkvrive, kg/m3. 

Tbili haeris temperatura gamoiTvleba formuliT 

,01
hC

Q
TT p

ω
+=                            (115) 

sadac T0 aris haeris temperatura saRnob sakanSi Sesvlisas, K; 

 Ch – haeris kuTri Tbotevadoba, kj/(kg.K); 

             Qp – haergamaxurebelSi mzis sxivebidan akumulirebuli 

siTbo gamoiTvleba formuliT 

pqzFQ )1( −= ϕ ,                           (116) 

sadac F – gamWvirvale zedapiris farTobia, m2; 

       ϕ – gamWvirvale zedapiris gamtareblobis koeficienti, 

minis da polieTilenis afskidan ϕ =0,8-0,85; 

 z – zedapiris albedo, z = 0,3-0,5. 

qp –zedapirze mosuli radiacia (saqarTvelos pirobebisaTvis 

qp=600-600 vt/m2). 

eqsperimenti Catarebuli iyo (1,8×0,4×0,5 m) gabarituli 

zomebis minis sakanSi aRWurvili gisosebiani iatakiT, romelzec 

moTavsebuli iyo Cais masa, mzis Tburi energiis  Sedegad haeris 

temperatura sakanSi gaizarda (8-12)K-iT, rac uzrunvelyofs Cais 

masis normaluri Rnobis procesis intensifikacias. 

ramdenadac wlis zafxulis periodSi maRalia haeris 

tenSemcveloba (razedac mniSvnelovlad aris damokidebuli 

Rnobis potenciali) mizanSewonilia haeris gamoSroba, haeris 

tenSemcvelobis SemcirebiT SeiZleba mniSvnelovnad gavzardoT 

Rnobis intensivoba adsorbentis SreSi. 

haeris gatarebiT masSi arsebuli wylis orTqli 

adsorbentis kapilarul RarebSi airis mdgomareobidan gardaiqmneba 

Txevad mdgomareobaSi da xdeba haeris SeSroba. adsorbciis dros 

kapilarebSi tenis kondensirebisas paralelurad mimdinareobs 

kuTri siTbos gamoyofa da zedapiris odnav dasveleba. 
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adsorbciis sruli kuTri siTbo Seadgens 2920 kj/kg, misgan 

daaxloebiT 420 kj/kg Seadgens zedapiris odnav dasvelebis kuTr 

siTbos, romelic ixarjeba adsorbentis gaxurebaze, xolo 

aorTqlebis siTbo 2500 kj/kg gamoiyeneba haeris gaxurebaze. 

adsorbentis Sridan gamosvlis Semdeg gamSrali haeris 

temperatura ganisazRvreba Tburi balansis gantolebiT 

)(10)( 12
3

21 TTCzdd −=⋅− h ,                       (117) 

hC
zddTT

3
21

12
10)( −

+= ,                           (118) 

sadac T1 _ haeris temperaturaTa adsorbentis Sridan gamosvlis 

momentSi, K; 

       d1 da d2 – haeris tenSemcvelobaa Sesabamisad adsorbentis 

SreSi Sesvlis da Sridan gamosvlis momentebSi, g/kg; 

             z1 _ aorTqlebis faruli siTbo, kj/kg; 

Ch _ haeris kuTri Tbotevadoba, kj/(kg. K). 

mzis radiaciis gamoyenebiT miRebuli mosalodneli wliur 

ekonomikuri efeqtianoba erTi saRnobi manqanisaTvis Seadgens 

8600 lars [74]. 

 

2.4..5. Termuli wylebis gamoyenebis efeqturoba Cais masis 
saRnobi manqanebis TbomomaragebisaTvis 

 

manqanebis Tbomomaragebis racionalizacia xels uwyobs 

Cais masis Rnobis procesis teqnikuri donis amaRlebas. 

Cvens mier damuSavebuli kompleqsuri sqemebis gamoyenebiT 

SesaZlebelia sawvavis ekonomiis miRweva. 

aRniSnulidan gamomdinare damuSavebulia saRnobi manqanis 

Tbomomaragebis sqema brom-liTiumiani absorbciuli manqanebis 

gamoyenebiT Termuli wylebis siTbos xarjze. 

Termuli wyali temperaturiT 345K gamoiyeneba haeris 

gasaTbobad 235K temperaturamde. gacxelebuli haeri ki 

ventilatoriT miewodeba Cais saRnob manqanas. 
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Tbomomaragebis kompleqsuri sqemis gamoyenebis mizniT 

damuSavebuli iqna Cais saRnobi agregatis sacdeli nimuSi 

Termuli wylebis siTbos gamoyenebiT [75]. 

Cais saRnobi danadgaris sacdeli nimuSis damuSaveba da 

sawarmoo pirobebSi gamocda isaxavda Semdeg miznebs: 

− Cais fabrikis teqnologiuri mowyobilobis sxvadasxva reJimebSi 

muSaobis pirobebSi Tboteqnikuri, aerodinamikuri, hidravlikuri 

da energo-ekonomikuri maxasiaTeblebis eqsperimentulad 

gansazRvra wyalhaeriani haergamacxeleblebisaTvis, romlebic 

warmoadgenen SemoTavazebuli sqemis ZiriTad elements; 

− saWiro temperaturul-tenianobiTi pirobebis Seqmnis 

SesaZleblobisa da SenarCunebis xarisxis gansazRvra 

haergamacxeleblebSi teqnologiuri procesebis optimalurad 

warmarTvisaTvis. 

danadgari gamoicada sawarmoo pirobebSi saRnobi manqanis 

muSaobis sxvadasxva reJimebis pirobebSi Cais gadamuSavebis 

sezonis ganmavlobaSi. 

kvlevis procesSi Catarda ramodenime sawarmoo gamocda, 

romelTa ganmavlobaSic Tbomomaragebis sistemis yvela reJimuli 

parametrebi icvleboda farTo sazRvrebSi. 

eqsperimentuli kvlevebis Sedegad miRebulia yvela saWiro 

Tboteqnikuri da energo-ekonomikuri maxasiaTeblebi Cais saRnobi 

manqanis Tbomomaragebis sistemebis proeqtirebisaTvis da aRniSnuli 

sistemebis danergvisaTvis saWiro konkretuli rekomendaciebi: 

garda amisa, Catarebuli iqna cdebis seria Cais saRnobi 

manqanis sxvadasxva reJimebSi muSaobisas haeris optimaluri 

parametrebis dasadgenad. 

saRnobi manqanis geoTermuli Tbomomaragebis efeqturobis 

gamovlenis mizniT gadamuSavebuli iqna Cais mwvane masis erTi da 

imave xarisxis mqone partiebi Tbomomaragebis arsebuli da 

SemoTavazebuli sqemebis mixedviT, erTsa da imave saRnob 

manqanaze. SemoTavazebuli sqemiT Rnobis SemTxvevaSi daculi iyo 

avtoris mier miRebuli haeris optimaluri parametrebi. 
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cdis Sedegebi Cais Rnobis Tanabrobis TvalsazrisiT 

moyvanilia cxr. 11-Si. 

cxrili 11 

 

Tbomomaragebis arsebuli sqema  
Tbomomaragebis SemoTavazebuli 

sqema # 
normalurad 
momRnari 

moumRnari 
zedmetad 
momRnari 

normalurad 
momRnari 

moumRnari 
zedmetad 
momRnari 

1. 
2. 
3. 
4. 
5. 
6. 

79,3 
78,1 
85,6 
87,3 
88,0 
87,1 

8,7 
9,5 
6,4 
5,8 
6,4 
5,8 

12,0 
12,4 
8,1 
6,9 
5,6 
7,1 

85,6 
86,1 
87,7 
89,4 
89,9 
89,5 

8,8 
9,6 
7,8 
6,8 
6,9 
7,7 

5,6 
4,3 
4,5 
3,8 
3,2 
2,8 

 

rogorc cxr. 11-dan Cans, saRnobi manqanis Tbomomaragebis 

SemoTavazebuli varianti xasiaTdeba normalurad momRnari 

fraqciebis ukeTesi TanafardobiT. moumRnari fraqciebis 

raodenobiT arsebuli da SemoTavazebuli variantebi mcired 

gansxvavdebian erTmaneTisagan. xolo zedmetad momRnari 

fraqciebis raodenobis mixedviT SemoTavazebuli varianti 

gacilebiT ukeTesia arsebul variantTan SedarebiT. 

es gaumjobeseba, rogorc Cans ganpirobebulia Rnobis 

procesSi tenis gadatanis siCqaris regulirebis SesaZleblobiT 

manqanis Tbomomaragebis SemoTavazebuli sqemis pirobebSi. 

Catarebuli eqsperimentuli kvlevebis safuZvelze 

miRebulia Rnobis Tanabrobis koeficientis K, Rnobis procesis 

xangrZlivobisagan τ damokidebulebis grafikebi (nax. 43). aqvea 

datanili mrudi, romelic Seesabameba procesis 

energomomaragebis arsebul sqemebs. 

warmodgenili sqemidan naTlad Cans, rom Rnobis Tanabrobis 

koeficienti SemoTavazebuli Tbomomaragebis sqemis SemTxvevaSi 

mniSvnelovnad maRlaa. 

ekonomikuri efeqturobis dadgenis dros gaTvaliswinebuli 

unda iyos is garemoeba, rom arsebulTan SedarebiT 

Tbomomaragebis SemoTavazebuli sqema: 
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nax. 43. Cais masis Rnobis Tanabrobis koeficientis 
damokidebuleba procesis xangrZlivobaze 

 

− iTvaliswinebs saqarTveloSi deficituri mazuTis sawvavis 

Secvlas geoTermuli wylebiT; 

− uzrunvelyofs Cais masis Termuli damuSavebis saWiro 

teqnologiuri reJimebis zusti dacvis SesaZleblobas; 

− mkveTrad aumjobesebs Cais fabrikisa da garemos sanitarul-

higienur mdgomareobas; 

− SesaZlebels xdis miRebuli iqnas sicive, romlis xarjzec 

SesaZlebelia fabrikaSi gadasamuSaveblad Semosuli Cais 

foTlis civad Senaxva mza produqciis xarisxis gauaresebis 

gareSe; 

− martivad da srulad axorcielebs fabrikis saamqroebSi haeris 

kondicirebas, rac qmnis produqciis xarisxis SenarCunebis da 

sanitarul-higienuri pirobebis gaumjobesebis SesaZleblobas, da 

Sesabamisad amaRlebs Sromis mwarmoeblobas. 

 

2.4.6. vafg SreSi Cais saRnobi manqanis gaangariSebis da 
konstruirebis safuZvlebi 

 
Cais saRnobi manqanebis konstruirebis da gaangariSebisaTvis 

Sedgenili saproeqto mocemuloba unda Seicavdes Semdeg sawyis 

monacemebs: 
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− Cais masis sawyisi fardobiTi tenianoba Rnobis win W1; 

− Cais masis saboloo fardobiTi tenianoba Rnobis Semdeg W2; 

− Cais masis sawyisi temperatura Rnobis win Th1; 

− Cais masis saboloo temperatura Rnobis Semdeg Th2; 

− Cais masis gaxurebis teqnologiurad maqsimalurad dasaSvebi 

temperatura Tgtmdt; 

− haeris sawyisi temperatura Rnobis win Th.1; 

− haeris teqnologiurad maqsimalurad dasaSvebi temperatura 

Thtmdt. 

Cais masis kuTri tevadobis (CC), Tbogamtarobis (λC) da 

temperaturagamtarobis (aC) koeficientebis mniSvnelobebi Rnobis 

win da Rnobis Semdeg. 

Cais saRnobi manqanis gaangariSeba Cveulebriv iwyeba 

saRnobi saknis gaangariSebiT, romelic Sedgeba Semdegi ZiriTadi 

etapebisagan: Rnobis meTodis SerCeva, asaorTqlebeli tenis 

raodenobis gansazRvra; vafg Sris warmoqmnis da arsebobis 

pirobebis dadgena; Cais masis movibrire sibrtyis mimarT 

fardobiTi gadaadgilebis Sesabamisi rxevis kritikuli 

sixSireebis gansazRvra; saRnobi manqanis mwarmoeblobis, haeris 

xarjis da Rnobis procesis xangrZlivobis gaangariSeba; saRnobi 

manqanis ZiriTadi kvanZebis gabarituli zomebis da Zravis 

moTxovnili simZlavris gansazRvra: 

1. Cais masidan asaorTqlebeli tenis raodenoba 

ganisazRvreba cnobili gamosaxulebiT [50; 53]. 

)100/()()100/()( 21 1k2k1k2k2k1k WWWqWWWqW −−=−−=         (119) 

asaorTqlebeli tenis raodenoba mosaRnobi Cais erT kilogramze 

iqneba 

⎪⎩

⎪
⎨
⎧

−−=

−−=

).100/()(/

),100/()(/

2

1

1k2k1k

2k2k1k

WWWqW

WWWqW
                   (120) 

2. Cais masis uZravi Sris vafg mdgomareobaSi gadasvlis 

dasawyisi da Sris arsebobis mdgradobis pirobebi ganisazRvreba 

(2.47), (2.48) da (2.43) formulebiT literaturidan [1].  
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3. fardobiTi moZraobis (srialis) da mowyvetis (frenis) 

fazuri kuTxeebis Sesabamisi rxevis kritikuli sixSireebis 

mniSvnelobebi ganisazRvreba (88) gamosaxulebiT. 

4. Cais masis srialis da frenis pirobebi da fardobiTi 

moZraobis saSualo siCqaris sidideebi ganisazRvreba (86), (87), 

(89), (90) diferencialuri gantolebebiT. 

5. Cais masis gaxurebisaTvis (TC.2 =320-330K-mde) da 

Tavisufali da bmuli wylis reJimebSi Rnobisas saWiro haeris 

raodenoba (σ) ganisazRvreba (2.37), (2.38), (2.39) da (2.40) formulebiT 

literaturidan [1]. 

6. σ-s jamuri mniSvnelobis mixedviT ganisazRvreba haeris 

masuri da moculobiTi xarjebi 

⎩
⎨
⎧

=
=

KLL
qL

hgam.moc

max

γ
σ2

,                         (121) 

sadac γh aris haeris kuTri wona,  

       K _ koeficienti iTvaliswinebs haeris xarjis moculobiT 

danakargebs. 

7. Cais masis saRnobi manqanis kuTri mwarmoebloba Cais mza 

produqciis mixedviT ganisazRvreba eqsperimentis dagegmvis da 

kvlevis Catarebis maTematikuri meTodikiT miRebuli (4.4), (4.6), 

(4.8), 4.10), (1.12) da (4.14) regresiis gantolebebiT. muSa organos 

rxevis harmoniuli reJimisas literaturidan [1]. 

mSrali nivTierebis danakargebis gaTvaliswinebiT 

mwarmoeblobis saangariSo gantolebebi miiRebs Semdeg saxes: 

⎪⎩

⎪
⎨
⎧

−−=

−−=

)100()100(

)100()100(

112

211

2k1k

1k2k

WWqlq

WWqlq
                   (122) 

sadac l aris masalis SenarCunebis koeficienti. Cais Rnobisas 

l1=0,993 anu mSrali nivTierebis danakargi iqneba 1_l1 =H1 – 0,993 = 

0,007 (0,7%) [1]. 

8. Cais Rnobis procesis xangrZlivoba ganisazRvreba 

eqsperimentis dagegmvis da kvlevis Catarebis maTematikuri 

meTodikiT miRebuli regresiis gantolebebiT (91; 92; 93). Rnobis 
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procesze moqmedi ZiriTadi faqtorebis gaTvaliswinebiT muSa 

organos rxevis harmoniuli reJimisas [12]. 

9. haergamanawilebeli gisosis racionaluri konstruqciis 

SerCevis meTodika mocemulia literaturaSi [76]. 

haergamanawilebeli gisosebis farTobi ki SeiZleba ganisazRvros 

(121) gantolebis mixedviT 

hmoc.gis. VLF = .                            (123) 

gisosis siganis b-s SerCevis Semdeg ganisazRvreba misi 

sigrZe 

bFl gis= .                               (124) 

10. haeris moculobiTi xarjis da gisosis gabarituli 

zomebis mixedviT movibrire zedapirze Cais masis fardobiTi 

gadaadgilebis moTxovnili siCqare iqneba 

τ1=C.moT.V .                              (125) 

11. uZravi Sris simaRle mocemuli mwarmoeblobis dros 

iqneba 

,10 CmoTx.CbVqh γ=                          (126) 

sadac γC aris Cais masis moculobiTi wona 

12. vafg Sris simaRle naklebi unda iyos Sris 

teqnologiurad maqsimalurad dasaSvebi simaRlis sidideze igi 

ganisazRvreba literaturidan [76]. 

13. saRnobi manqanis mkvebavi da gamomtvirTavi dozatorebis 

xvimirebidan Camodinebis naxvretis zomebi iangariSeba (3.16), (3.17) 

da (3.18) regresiis gantolebebiT literaturidan [1]. 

14. muSa organos rxevis SerCeuli optimaluri parametrebis 

dros  Cais masis Tavisufali moZraobis pirobebSi mniSvnelovnad 

mcirdeba xaxunis winaRobaze daxarjuli simZlavre. Cais masis 

vibraciuli damuSavebisaTvis saWiro moTxovnili simZlavre 

ganisazRvreba drekad-blant-plastikuri reologiuri modelis 

saSualebiT miRebuli (5.1; 5.2; 5.3; 5.4; 5.5; 5.6) formulebiT 

literaturidan [1; 54] 
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2.4.7. Cais Rnobis vafg meTodis d vibraciuli saRnobi 
   manqanis gamoyenebiT mosalodneli ekonomikuri 

efeqtianobis gansazRvra 

 
vafg meTodiT Cais Rnobisas Semcirda procesis 

xangrZlivoba 2-6 saaTidan 20-27 wuTamde, ramac gamoiwvia manqanis 

mwarmoeblobis gazrda 4,5-jer, mza produqciis xarisxobrivi 

maCveneblebis gaumjobesebasTan erTad. 

alternatiuli siTbos wyaros (mzis sxivebi, Termiuli 

wylebi) gamoyenebiT gaumjobesda saamqroebis da garemos 

sanitarul-higienuri mdgomareoba, Semcirda mza produqciis 

TviTRirebuleba da gaumjobesda saRnobi danadgaris teqnikur-

ekonomikuri maxasiaTeblebi. 

vibraciuli saRnobi manqanis Rirebuleba mniSvnelovnad 

naklebia Cais warmoebaSi gamoyenebul konveieruli tipis saRnobi 

manqanis Rirebulebaze. aseve gacilebiT naklebia manqanis 

gabarituli zomebi Sesabamisad mis mier dakavebuli farTobi, 

wona, energo da liTontevadoba. gamartivda manqanis 

eqspluatacia, Semcirda manqanis momsaxurebiT dakavebuli teqnikuri 

personalis raodenobaa. 

zemod aRniSnulis gamo mniSvnelovnad Semcirda 

produqciis TviT Rirebuleba. 

mxolod mza produqciis xarisxobrivi maCveneblebis 

gaumjobesebiT da manqanis mwarmoeblobis gazrdiT produqciis 

erTi kg-is Rirebuleba Semcirda minimum 0,5 lariT. 

erTi Cais saRnobi manqanis mier gamoSvebuli mza 

produqciis raodenoba sezonze ganisazRvreba formuliT: 

=⋅⋅⋅⋅⋅⋅⋅=⋅⋅⋅= 8,1458,02,02,021501036001503600 kbhvQ ηψγτ  

           454=  tona mza produqcia/weliwadSi 

sadac τ aris dRe-RameSi samuSaos saaTebis raodenoba (τ = 10 sT); 

              b – muSa zedapiris sigane (b =2 m); h aris Sris simaRle (h 

=0,2 m); 
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v – movibrire zedapirze  Cais  masis  gadaadgilebis siCqare 

(v = 0,01 m/wm); 

 γ aris momRnari foTlis kuTri moculobiTi masa (γ =200 

kg/m3); 

ψ aris Sevsebis koeficienti (ψ = 0,58); η _ Cais masidan mza 

produqciis gamosavlianobis koeficientis mniSvneloba 

(η = 3,93); k – uTanabrobis koeficienti (k = 1,8). 

warmoebis wliuri Semosavalis namati iqneba 

344000 ⋅ 0,5 = 177000 lari. 

Tu gaviTvaliswinebT, rom namati Semosavlis 18% unda 

gadaricxuli iqnes biujetSi, maSin sufTa mogeba iqneba 

150000
18,1

177000
==C  lari/weliwadSi. 

ekonomiuri efeqtianoba dargobrivi normatiuli koeficientis 

33,0=nE  [1] mixedviT SeiZleba ganisazRvros Semdegi formuliT 

1502508850033,0177000 =⋅−=−= ii KEСЭ n  lars. 

damatebiTi kapitaluri dabandebis gamosyidvis vada 

ganisazRvreba formuliT 

59,0150200/88500 === ii CKT  weli. 
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დასკვნა 

1. vafg SreSi Cais masis Rnobisas uZrav SreSi RnobasTan 

SedarebiT gaumjobesda Cais mza produqciis xarisxobrivi 

maCveneblebi. mniSvnelovnad Semcirda Rnobis procesis 

xangrZlivoba, gaizarda saRnobi manqanis kuTri mwarmoebloba, 

Semcirda: gabarituli zomebi, energo da liTontevadoba, mqk-

is mniSvneloba, gamartivda manqanis eqspluatacia da Rnobis 

procesis reJimebis avtomaturi regulireba. 

2. Cais saRnobi manqanis sacdeli nimuSi misaRebia Cais 

RnobisaTvis, sawarmoo pirobebSi xangrZlivi gamocdisaTvis. 

3. dadgenil iqna vafg Sris arsebobis sasazRvro pirobebi. 

4. Cais masis vafg SreSi vibraciuli gadaadgilebisaTvis 

SerCeuli iqna muSa organos rxevis optimaluri parametrebi. 

5. muSa organos rxevis cvalebadi kuTxisaTvis gamoyvanil iqna 

Cais duyis fardobiTi uZraobis, srialis da frenis 

diferencialuri gantolebebi; 

6. gamoyvanil iqna duyis da Cais masisaTvis movibrire zedapirze 

srialis dawyebis da mowyvetis Sesabamisi kuTxuri 

sixSireebis kritikuli mniSvnelobebi da siCqaris saSualo 

mniSvnelobebis ganmsazRvreli formulebi. 

7. eqsperimentiT dadgenil iqna Cais masis zogierTi fiziko-

meqanikuri, Tbofizikuri da hidroaerodinamikuri 

maxasiaTeblebis damokidebuleba Rnobis procesze moqmedi 

faqtorebis cvlilebebze. 

8. damuSavebul iqna afrianobis siCqaris ganmsazRvreli 

eqsperimentuli stendi; 

9. eqsperimentiT miRebuli iqna: Sris winaRobis sididis 

damokidebuleba haeris siCqaris, rxevis amplitudis, kuTri 

datvirTvis da rxevis aCqarebis sidideebze; Cais masis 

afrianobis siCqaris sididis damokidebuleba tenianobaze, 

Sris sisqeze, haeris nakadis moZraobis siCqareze. 
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10. damuSavebuli iqna Cais saRnobi manqanis sacdeli nimuSi, 

romelzedac miRebuli iqna Cais masis mdgradi vafg Sre, muSa 

organos rxevis harmoniuli reJimisas. 

11. dadgenil iqna, rom muSa organos vibraciuli rxevis reJimi, 

amplitudis  da rxevis sixSiris mniSvnelobebi zrda iwvevs 

vafg Sris struqturis da arevis procesis (simaRlis 

mixedviT) gaumjobesebas. 

12. Cais masaze vibraciis da haeris aRmavali nakadis erTdrouli 

zemoqmedeba  aumjobesebs  vafg  Sris  mdgradobis pirobebs, 

iwvevs mis Tanabar arevas da amcirebs mrudmxaras kritikuli 

brunvis sixSiris mniSvnelobebs. 

13. vafg mdgomareobaSi izrdeba Sris forianoba da mcirdeba misi 

winaRobis sidide. 

14. vafg SreSi Cais masis Rnobisas haeris teqnologiurad 

maqsimalurad dasaSvebi temperaturis sidide 318K-dan 

gaizarda 330K-mde, xolo haeris aRmavali siCqare ki 0.5-0.6 m/wm-

dan 1,38 m/wm-mde, gisosebze pirvelsawyisi datvirTva 0,28 kp-dan 

Semcirda 0,22 kp-mde. ris Sedegadac mniSvnelovnad gaizarda 

tenis gadacema zedapiris erTeuli farTobidan da Semcirda 

haerisa da siTbos kuTri danaxarjebi. 

15. dadgenilia Rnobis siCqaris sididis damokidebileba, Cais 

masis fiziko-meqanikur, Tbofizikur, aerodinamikur Tvisebebze, 

haeris nakadis da muSa organos vibraciis parametrebis 

maxasiaTeblebze. 

16. Rnobis xangrZlivobis gansazRvrisaTvis gamoyvanilia 

regresiis gantolebebi, procesze moqmedi ZiriTadi 

faqtorebis gaTvaliswinebiT. 

17. Cais masis vibraciuli damuSavebis da optimaluri 

teqnologiuri parametrebis dadgenisaTvis SerCeuli drekad-

blant-plastikuri reologiuri modeli. damuSavebulia egm-ze 

gaangariSebis blok-sqema. gamoyvanilia Zravis moTxovnili 

simZlavris saangariSo formulebi. 
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18. alternatiuli siTbos wyaros (mzis sxivebi, Termiuli wylebi) 

gamoyenebiT gaumjobesda Cais saRnobi fabrikebis da garemos 

sanitarul-higienuri mdgomareoba, Semcirda  mza produqciis 

TviTRirebuleba, gaumjobesda produqciis xarisxobrivi 

maCveneblebi da saRnobi danadgaris teqnikur-ekonomikuri 

maxasiaTeblebi. 

19. Catarebuli Teoriuli da eqsperimentuli kvlevebis da 

sawarmoo pirobebSi Cais saRnobi manqanebis nimuSis gamocdis 

Sedegebis mixedviT damuSavebulia Cais saSrobi manqanebis 

gaangariSebis da konstruirebis safuZvlebi. 

20. vafg meTodiT Rnobis erTi cali vibraciuli manqanis 

(mwarmoeblobiT Q = 0,2 t.mza produqcia/sT) danergviT 

miRebuli mosalodneli wliuri ekonomia Seadgens 150 aTas 

lars 
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