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reziume 
 

     mcenareuli sakveb-profilaqtikuri eqstraqtebis  warmoebis 
procesul-aparaturuli damuSaveba. nana TomaZe. 133 gv, ilustracia 
53, cxrili 9. 
     mcenareuli nedleulis eqstraqtebi farTod gamoiyeneba 
rogorc sakvebi produqtebis danamatebi da samkurnalo-
profilaqtikuri saSualebebi. NnedleulSi arsebuli antocianebi, 
flavonoidebi da sxva fenoluri naerTebi maTi gamoxatuli 
antioqsidanturi moqmedebis meqanizmiT, did yuradRebas 
imsaxurebs. antioqsidanturi efeqti xels uSlis Tavisufali 
radikalebis moqmedebas. sxvadasxva avtorTa monacemebiT, es 
nivTierebebi xels uwyoben adamianis sasicocxlo organoebis 
funqcionirebis mkveTr gaumjobesebas. 

    amJamad cnobilia mcenareuli nedleulis eqstრaqtis Semcveli 
ramodenime dasaxelebis biologiurad aqtiuri danamati sakvebze.    
oficialuri informacia saqarTveloSi mcenareuli nedleulis 
gamoyenebiT raime sakvebi an samkurnalo-profilaqtikuri 
daniSnulebis produqciis warmoebis Sesaxeb naklebad moipoveba. 
naklebad aris mecnierulad Seswavlili da dasabuTebuli 
saqarTveloSi  gavrcelebuli mravali mcenareuli nedleulis 
eqstraqciuli maxasiaTeblebi. srulyofas moiTxovs eqstraqciis 
procesis manqana-aparaturuli uzrunvelyofa. 
     samuSaos mizania mcenareuli nedleulis eqstraqciis axali 
meTodebis kvleva, Sesabamisi mowyobilobebis gaangariSebisa da 
konstruirebis meToduri safuZvlebis damuSaveba, zogierTi 
mcenareuli nedleulis eqstrahirebis procesis teqnologiuri 
reJimebis dasabuTeba da warmoebis racionaluri procesul-
aparaturuli sqemis damuSaveba. 
     samuSaos mecnierul siaxles warmoadgens originaluri 
konstruqciis eqstraqtoris damuSaveba, masSi mimdinare 
hidrodinamikuri,  difuziuri da kinetikuri procesebis 
maTematikuri modelireba, konkretuli mcenareuli nedleulis 
eqstraqciuli maxasiaTeblebis da eqstraqciis procesis kvleva, 
teqnologiuri reJimebis dasabuTeba da warmoebis procesul-
aparaturuli sqemis Seqmna. 

          sadisertacio naSromSi Seswavlili da gaanalizebulia 
mcenareuli nedleulis eqstraqciis meTodebi da mwyobilobebi, 
ris sfuZvelzedac damuSavebulia originaluri saeqstraqcio 
aparati, romelSic Txevadi fazis eJeqciuri cirkulaciiT 
miRweulia procesis intensifikacia maRali teqnologiuri 
efeqtiT. warmodgenilia eqstraqtorSi mimdinare hidrodinamikuri 
procesis Teoriuli analizi. miRebulia gantoleba, romelic 
amyarebs damokidebulebas aparatis mTavar kveTebSi wnevaTa 
fardobiT vardnas, farTobebs, siCqareTa koeficientebs da 
inJeqciis koeficients Soris. gansazRvrulia agreTve aparatis 
mTavari kveTebis farTobebis optimaluri fardobis sxva ZiriTad 
faqtorebTan damokidebulebaTa kanonzomierebebi. 
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      gakeTebulia eJeqtorul eqstraqtorSi mimdinare procesis 
energetikuli sefaseba. am mizniT gaanalizebulia Txevadi da 
myari fazebis narevis moZraobis kanonzomierebebi Semwov da 
Semrev milebSi cvladi wnevebis da siCqareebisagan 
damokidebulebiT. warmodgenilia narevis nakadze gadacemuli 
damatebiTi energiis saangariSo formula.  
      Catarebulia molekuluri da konveqciuri difuziis, rogorc 
stoqastikuri procesebis, albaTuri Sefaseba da ganisazRvra am 
procesebis ZiriTadi kanonzomierebebi, romlebic aRwerilia 
maTematikuri gamosaxulebebiT. Sedgenilia maTematikuri modeli, 
romliTac aRwerilia mcenareuli nedleulis eqstraqciis 
kinetikuri procesi. miRebulia am procesis ganmsazRvreli 
konstantas eqsponencialuri gantoleba. mocvis nayofidan 
fenoluri naerTebis gamoyofis magaliTze Catarebulia winaswari 
eqsperimentuli kvlevebi da miRebulia miznobrivi produqtis 
gamosavlianobis damokidebuleba ZiriTad faqtorebze. miRebulia 
empiriuli koeficientebis ricxviTi mniSvnelobebi. miRebulia 
miznobrivi produqtis wonasworul koncentraciamde gamoyofis 
damokidebuleba: eqstragentis temperaturaze, eqstragentis 
cirkulaciuri ciklebis sixSireze, eqstragentis koncentraciaze,  
myari da Txevadi fazebis Tanafardobaze da maTi moculobiTi 
masebis fardobaze. dadgenilia, rom fazuri, wonasworuli 
koncenraciis damyareba faqtorebis sxvadasxva 
mniSvnelobebisaTvis xdeba daaxloebiT 11-12 sT-is ganmavlobaSi.  
      Catarda kvlevis obieqtis – qarTuli mTis mocvis 
nedleulis laboratoriuli gamokvleva, romelic unikaluria 
biologiurad aqtiuri nivTierebebis xarisxobrivi da 
raodenobrivi SemadgenlobiT. qromatografirebis meTodiT 
ganisazRvra gamomSral mocvis nayofSi Zlieri antioqsidanturi 
nivTierebebis - antocianebis da flavonoidebis Semcveloba. Cvens 
mier, qarTuli mTis mocvis bazaze, laboratoriul pirobebSi 
damzadebuli eqstraqtebis analizma aCvena, rom   saqarTveloSi   
gavrcelebuli mocvis kenkra Seicavs, gacilebiT (1,4-1,5-jer) met 
antocianidebs, vidre literaturuli monacemebiT amerikisa da 
evropis mraval qveyanaSi gavrcelebuli.  
      mocvis nayofis eqstraqtebis qimiuri analizi Sesrulda 
maRali wnevis siTxuri qromatografirebis meTodiT. gamoyenebuli 
iyo gradientuli qromatografi, qromatografiuli sveti, 
deteqtireba 360 da 510 nm talRis sigrZeze. gamxsnelTa sistemebi 
iyo: I. 5%-iani WianWvelmJava; II. meTanoli. gamxsnelis siCqare iyo 1 
ml/wT-Si, sakvlevi nimuSis raodenoba 20 ml, qromatografirebis 
xangrZlivoba 45 wT. 
      antocianebis sakvlevi xsnaris misaRebad nimuSs 
vaqucmacebdiT da vamatebdiT 40%-ian eTanols, romlis SemJaveba 
xdeboda 1%-iani marilmJavaTi an limonmJavaTi. nimuSisa da 
eqstragentis Tanafardoba Seadgenda – 1:10. eqstraqciis 
xangrZlivoba iyo 24 saaTi oTaxis temperaturaze. miRebuli 
eqstraqti ifiltreboda. 



 6 

           flavonoidebis sakvlevi xsnaris misaRebad daqucmacebul 
nimuSs vamatebdiT 80%-ian eTanols da mduRare wylian abazanaze 
vaeqstrahirebdiT 40 wuTis ganmavlobaSi. miRebul eqstraqti 
ifiltreboda da koncentrirebdeboda vakuumis pirobebSi 500 C-ze. 
     Eeqstraqtuli wyalxsnadi nivTierebebis raodenoba mocvis 
nimuSebsa da mis eqstraqtebSi ganisazRvra aorTqlebisa da mudmiv 
wonamde dayvanis meTodiT. 
      eqsperimentul danadgarze Catarebulia eqsperimentuli 
kvlevebi. kvlevis obieqtad SerCeuli iyo qarTuli mTis mocvis 
nayofi. kvlevebi Catarda mravalfaqtoriani eqsperimentis 
maTematikuri dagegmviT. moqmed cvlad faqtorebad miRebuli iyo: 
eqstraqciis temperatura; eqstraqciis xangrZlivoba, eqstragentisa 
da nedleulis masuri Tanafardoba da saeqstraqcio mocvis 
nayofis winaswar damuSavebis xasiaTi. cdebis Sefasebis 
kriteriumebad ganisazRvra: eqstraqtis antioqsidanturi 
aqtiuroba da mocvis nayofidan eqstraqtuli nivTierebis 
gamosavlianoba. Sesabamisad miRebulia ori regresiis gantoleba. 
optimizaciis parametrebis gamoZaxilebis erTzomadi kveTebiT 
agebulia optimizaciis kriteriumebis cvlad faqtorebze 
damokidebulebaTa grafikuli gamosaxulebebi. parametrebis 
optimizaciis amocanis gadawyvetiT mocvis nayofis winaswari 
damuSavebis kategoriebis mixedviT ganisazRvra kriteriumebis 
optimaluri mniSvnelobebis zRvrebi: eqstraqtis antioqsidanturi 
aqtiurobisaTvis – 5,9...9,9 pirobiTi erTeuli da mocvis nayofidan 
eqstraqtuli nivTierebis gamosavlianobisaTvis – 397...461 kg/t.  
     praqtikul interess warmoadgenda mocvis nayofis eqstraqtis 
dakoncentrirebis procesSi antioqsidanturi aqtivobis 
cvalebadobis xasiaTis dadgena nedleulis winaswari damuSavebis 
variantebis mixedviT. ganisazRvra, rom koncentrirebis procesSi 
adgili aqvs antioqsidanturi aqtivobis Semcirebis tendencias. 
amasTan, rac metia mocvis eqstraqtis sawyisi antioqsidanturi 
aqtivoba, miT intensiurad mimdinareobs misi dacema. amasTan, aris 
pirdapiri kavSiri eqstraqtis antioqsidantur aqtivobasa da 
nedleulis winaswari damuSavebis variantebs Soris. 
     samuSaos daskvniT nawilSi damuSavda mocvis nayofis 
biologiurad aqtiuri Txevadi eqstraqtis xarisxis kontrolis 
meTodi, Txevadi dakoncentrirebuli da mSrali eqstraqtebis 
warmoebis teqnologiuri sqema da Sesrulda procesis 
aparaturuli gaformeba. 
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Abstract 

        Process-equipment developments and prevention of food extracts of plant 

materials. Nana Tomadze. 133 p.,53 illustrations, 9 tables. 

        Extracts of plant materials are widely used as food additives and as preventive 

medication. Availability of anthocyanin and flavonoids with its expressed mechanism of 

antioxidant effect in raw materials deserves close attention. Antioxidant effect prevents 

the reaction of free radicals. According to different authors, these substances bring 

about a sharp improvement in the functioning of vital organs. 

        Nowadays, several nominations of biologically active additives to food are known. 

Official information on the manufacture of food or medical-preventive products using 

plant materials in Georgia is less accessible. There are no scientific studies and evidence 

of different types of extraction of plant material characteristics in Georgia. Machine-

extraction process requires improvement. 

          The aim is: to study new methods of extraction of vegetable raw materials, the 

development of methodological principles of calculation and design of the equipment, 

to prove technological conditions of extraction process of certain vegetable raw 

materials and to handle a rational process-instrumental patterns of production. 

        The scientific novelty of the work is a creation of the original design of the 

extractor, the mathematical analysis of hydrodynamic, diffusion and kinetic processes in 

the extractor and the study of the extraction process on the example of a specific plant 

material, justification of technological regimes and the creation of a process-equipment 

pattern of production. 

           The thesis studies and analyses the methods of extraction and its equipment, on 

the   bases of which an original extraction apparatus was designed, where by the 

circulation of the liquid phase injection, an intensification of the process with high 

technological effect was achieved. 

         There are presented theoretical analysis of hydrodynamic processes taking place in 

the extractor. An equation is formulated for the main sections of the unit which 

intercommunicates between the differential pressure areas, and injection speed ratio. 

Dependence of the optimal ratio of the area in the main sections of the unit with other 

basic parameters are defined as compliance with the law. 

       Energy evaluation process in the injector extractor is conducted. For this purpose 

the patterns of motion of the mixture of liquid and solid phases in the suction and 

mixing tubes are analysed, depending on the variable pressure and velocity. Calculated 

formula of additional energy,that is transferred to the flow of the mixture, is presented. 

        Probabilistic assessment of stochastic processes of molecular diffusion and 

convection is held and the main regularities of these processes are determined and 

depicted by mathematical expressions. The mathematical model, which describes the 

kinetic process of extraction of plant materials, is being proposed. An exponential 

equation of constants in the specified process is formulated. On the example of the fruits 

of bilberry extract phenolic compounds, preliminary experimental studies were done 

and the dependence of the yield of the desired product from the main factors and 

numerical values of the empirical coefficients was obtained. Alongside there are 

obtained relationships between recovery of the target product to the equilibrium 

concentration of the following factors: the temperature of the extractant, the frequency 

of circulation cycles of extractant, its concentration and the ratio of the masses liquid 

and solid phases. It was stated, that the phase, the equilibrium concentration for 

different values of the factors, are achieved in approximately 11-12 hours. 

          The laboratory studies were held on raw fruits- blueberries, which are unique to 
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qualitative and quantitative content of their biologically active substances. 

Chromatography determined the content of strong antioxidant substances - anthocyanin 

and flavonoids in dried fruit- blueberries. The analysis made in laboratory on the basis 

of bilberry extract has shown, that in Georgia  the rock blueberries contain 

approximately 1.4-1.5 times more similar materials to anhocyanin   than          

blueberries in many countries of Europe or America.  

        Chemical analyse on bilberry extract was performed under high pressure liquid 

chromatography. A gradient chromatograph had been used. Chromatographic waves 

were detected at 360 and 510 nm length waves. The solvent systems used were: I. 5% 

formic acid; II. Methanol. The rate of solvent was 1 ml / min, the amount of the sample 

- 20 ml, and the duration of chromatography – 45 min. 

         To obtain the sample solution of anthocyanin, the sample was grounded and 40% 

ethanol was added, the oxidation was carried out with 1% hydrochloric acid or citric 

acid, the ratio of the sample and the extractant was - 1:10, extraction duration - 24 hours 

at room temperature, the extract was subjected to filtration. 

          To obtain the sample solution of flavonoids, 80% ethanol was added to a 

particular sample and boiling water extraction was performed for 40 minutes. The 

extract was filtered and concentrated in a vacuum at a temperature of 500 C.  

        The   amount of extractives, water-soluble substances in the samples of blueberries 

and its solutions were determined by evaporation, and was brought to a constant 

weight.           

          At the pilot production- experimental studies were carried out. The object of the 

study was selected fruit- Georgian rock blueberry. The method of mathematical 

planning of multifactor experiment was used. Variable factors were: extraction 

temperature, duration of extraction, the weight ratio of the extractant and the raw 

material and the nature of pre-treated bilberry fruit. As the evaluation criteria 

antioxidant activity of the extract and the yield of extractives were selected. 

Respectively two regression equations were received .By one-dimensional sections of 

optimization parameter responses were plotted out the graphic presentation of 

optimization parameters dependence to variable factors. By solving the problem of 

optimizing the parameters of blueberry raw fruit pre-treated by categories the best value 

of limits of criteria were defined: for the antioxidant activity of the extract - 5.9 ... 9.9 

units, and to exit the extractives from bilberry fruit - 397 ... 461 kg/t. 

           Practical interest aroused to state the nature of variability of antioxidant activity 

of raw materials according to pre-treated options in the process of concentration of 

blueberry fruit. 

It was determined that in the process of concentration a tendency of reduction of 

antioxidant activity was occurred. In this case, more the initial antioxidant activity of 

blueberry extract, more intensive is its decrease. In addition might be mentioned that, 

there is a direct link between the antioxidant activity and pre-treatment options. 

           In the final part of the results of the development: the method of quality control 

of the active liquid extract of bilberry was worked out, technological process of 

concentrated liquid and dry extracts as well as hardware design process was elaborated. 
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Sesavali 
 
     ukanasknel wlebSi mniSvnelovnad gaizarda moTxovnileba 

bunebrivi, biologiurad aqtiuri naerTebis mimarT, rogorc kvebis 

produqtebis danamatebi. aseT naerTebs mniSvnelovani raodenobiT 

Seicavs veluri mcenareebis mravali saxeoba [1,2,3,4,5,6,7]. 

      mcenareuli nedleulis eqstraqtebi uxsovari droidan 

gamoiyeneboda rogorc sakvebi produqti da samkurnalo-

profilaqtikuri saSualeba xalxur medicinaSi. maT nayofSi 

Semavali antocianebi da flavonoidebi, maTi gamoxatuli 

antioqsidanturi moqmedebis meqanizmiT, did yuradRebas 

imsaxurebs. antioqsidanturi efeqti xels uSlis Tavisufali 

radikalebis moqmedebas. sxvadasxva avtorTa monacemebiT, es 

nivTierebebi xels uwyoben adamianis sasicocxlo organoebis 

funqcionirebis mkveTr gaumjobesebas [8]. 

      amJamad cnobilia mcenareuli nedleulis eqstრaqtis 

Semcveli ramodenime dasaxelebis biologiurad aqtiuri danamati 

sakvebze.    oficialuri informacia saqarTveloSi mcenareuli 

nedleulis gamoyenebiT raime sakvebi an samkurnalo-

profilaqtikuri daniSnulebis produqciis warmoebis Sesaxeb 

naklebad moipoveba. jerovnad ar aris mecnierulad Seswavlili 

da dasabuTebuli saqarTveloSi  gavrcelebuli mravali 

mcenareuli nedleulis eqstraqciuli maxasiaTeblebi.  

     amJamad, velur mcenareul nedleulSi arsebuli 

organizmisaTvis sasargeblo biologiurad aqtiuri komponentebi, 

naklebad xelmisawvdomi da praqtikulad gamouyenebelia. sakveb 

produqtebze biologiurad aqtiuri, naturaluri danamatebis 

mwvave deficitis fonze, mcenareuli nedleulis racionaluri 

gamoyeneba uaRresad mniSvnelovani sakiTxia [1,9,10,11].  

     ukanasknel periodSi, Cvens respublikaSi Zalze intensiurad 

mimdinareobs samuSaoebi veluri mcenareebis kultivaciis 

mimarTulebiT. kerZod, dasavleT saqarTvelos ramodenime 

regionSi dawyebulia ganaSenianeba iseTi Zvirfasi kulturis 
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rogoricaa sxvadasxva jiSis mocvi. aRniSnuli samuSaoebi 

winapirobaa imis, rom mkveTrad gaizardos biologiurad aqtiuri, 

sasargeblo, kvebis produqtebis danamatebis warmoeba. amisaTvis 

aucilebelia ganviTardes da Seiqmnas mcenareuli nedleulis 

gadamuSavebisaTvis saWiro teqnikuri baza. 

     mcenareuli nedleulis gadamuSavebis ZiriTad teqnologiur 

process warmoadgens eqstraqcia seleqciuri Txevadi gamxsnelebiT 

(eqstragentebiT), ris Sedegadac miiReba Rirebuli miznobrivi 

produqtebi. Sesabamisad, aRniSnuli procesis reJimuli 

parametrebis dasabuTeba da eqstraqtebis warmoebis procesul-

aparaturuli gaformeba aqtualuri sakiTxia, romlis 

ganxorcielebac xels Seuwyobs kvebis warmoebisa da momijnave 

dargebis samecniero-teqnikur progress. 

     mcenareuli nedleulis eqstraqtebis warmoebis 

amaRlebisaTvis Zalze mniSvnelovania Sesabamisi aparaturis 

teqnikur-ekonomikuri maCveneblebis amaRleba. es ki SesaZlebelia 

eqstraqciis iseTi meTodebis gamoyenebiT, romlebic 

uzrunvelyofen procesis intensifikacias. 

     sakveb-samkurnalo mcenareebis kompleqsuri da unarCeno 

gamoyeneba Tanamedrove pirobebSi gansakuTrebiT aqtualuria. am 

mxriv mravali samecniero-kvleviTi samuSaoa Catarebuli 

saqarTvelos mecnierebaTa akademiis quTaisis samecniero cenrSi 

profesorebis r.melqaZis da v.xvedeliZis xelmZRvanelobiT 

[8,10,12,13,14,15,16,17], saqrTvelos kvebis mrewvelobis samecniero-

kvleviT institutSi profesor n.baRaTurias xelmZRvanelobiT. 

saqarTveloSi gavrcelebul mcenareebSi biologiurad aqtiuri 

nivTierebebis kvlevebisadmi mniSvnelovani gamokvlevebia 

Sesrulebuli baTumis rusTavelis saxelmwifo universitetiSi 

profesorebis a.kalandias, m.vaniZis da sxva mecnierebis mier 

[6,7,18,19,20,21]. veluri mcenareuli nedleulis mecnierul 

gamokvlevebSi didi wvlili aqvs Setanili profesor T.kaWaravas. 

     miuxedavad mravalricxovani samecniero-teqnikuri naSromisa 

amJamad biologiurad aqtiuri sakveb-samkurnalo mcenareuli 
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eqstraqtebis samrewvelo warmoeba praqtikulad aRar arsebobs. am 

tendeciis SesaCereblad saWiroa mcenareuli nedleulis, sruliad 

axali mimarTulebis - kompleqsuri unarCeno teqnologiuri 

aspeqtebis mecnieruli winapirobebisa da Sesabamisi 

aratradiciuli sakveb-profilaqtikuri da samkurnalo-

farmacevtuli daniSnulebis biologiurad aqtiuri komponentebis 

Semcveli koncentratebis warmoebis safuZvlebis damuSaveba. 

     eqstraqciis procesis intensifikaciis amaRleba mniSvnelovani 

teqnologiuri amocanaa mrewvelobis mravali dargisaTvis. 

mcenareuli nedleulis eqstrahirebis Catareba iseT aparatebSi, 

romlebSic procesi mimdinareobs Txevadi fazis intensiuri 

barbotirebis pirobebSi, warmoadgens perspeqtiul mimarTulebas 

kvebis mrewvelobaSi. 

     samuSaos mizani da amocanebi. samuSaos mizania mcenareuli 

nedleulis eqstraqciis axali maRalefeqturi meTodebis kvleva, 

Sesabamisi mowyobilobebis gaangariSebisa da konstruirebis 

meToduri safuZvlebis damuSaveba, zogierTi mcenareuli 

nedleulis  eqstrahirebis teqnologiuri reJimebis dasabuTeba da 

warmoebis racionaluri procesul-aparaturuli sqemis damuSaveba. 

     am maznis misaRwevad dasmuli iyo Semdegi amocanebi: 

    - literaturuli analizis safuZvelze zogierTi 

gadasamuSavebeli mcenareuli nedleulis ZiriTadi eqstraqciuli 

maxasiaTeblebis Seswavla; 

    - mcenareuli nedleulis “myari sxeuli – siTxe” sistemis 

eqstrahirebis  axali meTodis da mowyobilobis damuSavebis 

mizanSewonilobis dasabuTeba; 

    - saeqstraqcio aparatSi mimdinare hidrodinamikuri procesebis 

analizuri gamokvleva; 

    - eqstraqciis procesis ganmsazRvreli calkeuli parametrebis 

gavlenis Seswavla miznobrivi komponentis gamoyofis siCqareze; 

    - myari, forovani struqturis nedleulidan miznobrivi 

komponentis eqstrahirebis procesis kinetikis analizuri 

gamokvleva; 
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    - eqstrahirebis procesis fizikuri modelis Seqmna da 

Teoriuli kvlevebis eqsperimentuli dasabuTeba; 

    - Cveni qveynis mcenareuli sanedleulo bazis mniSvnelovani 

saxeobis - mTiani regionebis mocvis nayofis laboratoriuli 

gamokvleva, masSi biologiurad aqturi nivTierebebis Semcvelobis 

gansazRvris mizniT; 

    - mocvis nayofis biologiurad aqtiuri eqstraqtebis 

teqnologiuri procesebis damuSaveba; 

    - eqsperimentul danadgarze kvlevebis Catareba,  procesis  

mimdinareobis ZiriTadi   kanonzomierebebis dadgena da sawarmoo 

eqsperimentis optimizacia; 

  -  mocvis eqstraqtebis antioqsidanturi aqtiurobis gansazRvra 

da meTodikis damuSaveba; 

    - Mmocvis nayofis biologiurad aqtiuri Txevadi eqstraqtis 

xarisxis kontrolis meTodis damuSaveba; 

    - kvlevebis safuZvelze Mmocvis nayofis Txevadi, 

koncentrirebuli da mSrali eqstraqtebis warmoebis 

teqnologiuri sqemis damuSaveba da aparaturuli gaformeba. 

      samuSaos mecnierul siaxles warmoadgens originaluri 

konstruqciis eqstraqtoris damuSaveba, masSi mimdinare 

hidrodinamikuri,  difuziuri da kinetikuri procesebis 

maTematikuri modelireba, konkretuli mcenareuli nedleulis 

eqstraqciis procesis kvleva, teqnologiuri reJimebis dasabuTeba 

da warmoebis procesul-aparaturuli sqemis Seqmna. 

      samuSaos praqtikul Rirebulebas warmoadgens mcenareuli 

nedleulis eqstraqtorebis gangariSebisa da konstruirebisaTvis 

meToduri safuZvlebis Seqmna da zogierTi mcenareuli nedleulis 

gadamuSavebis teqnologiuri reJimebis dasabuTeba. 

    sadisertacio naSromis moculoba da struqtura. 

sadisertacio naSromi warmodgenilia kompiuterze dabeWdil 133 

gverdze, Seicavs 53 naxazs,  9 cxrils, Sedgeba Sesavlisagan, 

literaturis mimoxilvisagan, Sedegebisa da gansjisagan, ZiriTadi 

daskvnebisagan da 68 dasaxelebis gamoyenebuli literaturisagan. 
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1. literaturis mimoxilva 

1.1. mcenareuli nedleulis eqstraqciis  
bio-fizikuri meqanizmi 

 

     ujredovani struqturis mqone mSrali da daqucmacebuli 

nedleulis eqstrahireba rTuli fizikur-qimiuri procesia, 

romelsac safuZvlad udevs nivTierebaTa masacvla da 

masagadacema. aRniSnuli procesebi uzrunvelyofen nivTierebis 

gadatanas maRali koncentraciis fazidan dabali koncentraciis 

fazaSi. konkretuli procesisagan damokidebulebiT, masacvla 

“myari sxeuli-siTxis” sistemaSi, SeiZleba iyos gansxvavebuli. 

mcenareuli nedleulis eqstraqciis procesSi mimdinareobs 

urTierTmoqmedeba siTxesa da forian sxeulebs Soris, romlebic 

Seicaven xsnad nivTierebebs forebis kedlebze an xsnars forebis 

SigniT [22,23,24]. 

     gamomSrali nedleulis eqstraqciis procesSi aRiniSneba 

Semdegi stadiebi: eqstragentis SeRweva nedleulSi; ujredebSi 

arsebuli nivTierebebis dasveleba da gaxsna; nivTierebaTa 

gamorecxva darRveuli ujredebidan da gaxsnili forebidan; 

nivTierebaTa masagadatana ujredovani kedlebidan molekuluri 

difuziiT; nivTierebaTa masagadatana masalis zedapiridan xsnarSi. 

     eqstragentis nedleulSi SeRwevis procesi mimdinareobs 

kapilaruli Zalebis moqmedebiT. kapilarebsa da ujredebSi 

arsebuli haeris gamo maTi sruli Sevsebis dro SeiZleba iyos 

didi. es dro ganisazRvreba haeris difuziis siCqariT siTxeSi. 

procesis daCqareba SesaZlebelia vakuumirebiT an siTxeSi wnevis 

gazrdiT. 

     nivTierebaTa dasvelebis procesi mimdinareobs eqstragentis 

SeRwevasTan erTdroulad. es procesi damokidebulia 

nivTierebebisa da eqstragentis qimiur Taviseburebebze. is 

nivTierebebi, romlebic amcireben daZabulobas siTxeebsa da 

gazebs Soris, aumjobeseben dasvelebis process da eqstragentis 

SeRwevas nedleulSi kapilaruli gziT. 
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     nivTierebis gaxsnis siCqare nawilakis SigniT ganisazRvreba 

masagadacemis siCqariT forovan sxeulSi, xolo nawilakis 

zedapirze – sxeulis zedapiridan masagadacemis siCqariT. 

ramdenadac masagadacemis procesi SeiZleba daCqardes saTanado 

hidrodinamikuri pirobebis SeqmniT, amdenad nivTierebaTa gaxsnis 

siCqare SesaZlebelia mniSvnelovnad gaizardos. am periodSi xdeba 

nivTierebaTa gamorecxva darRveuli ujredebidan da gaxsnili 

forebidan. 

     mcenareuli nedleulis eqstraqciis  procesis bolo stadias 

warmoadgens nivTierebaTa masagadacema masalis zedapiridan 

xsnarSi, rac mimdinareobs konveqciuri difuziiT. 

     eqstraqciis procesis Sefasebis umTavresi maxasiaTebelia 

nivTierebaTa gamosavali, romelic damokidebulia mraval 

faqtorze, romlebic SeiZleba gaiyos nedleulis sasaqonlo da 

tqnologiuri Tvisebebis ganmsazRvrel da Tbogadacemis procesze 

moqmed faqtorebad. sasaqonlo maCveneblebs miekuTvneba: 

nedleulSi tenis da eqstraqtuli nivTierebebis Semcveloba, 

daqucmacebis xarisxi da sxva. teqnologiuri maCvneblebia: 

nedleulis mier tenis STanTqmis unari, forianoba, moculobis 

zrda eqstraqtuli nivTierebebis gaxsnis Sedegad da sxva. 

     eqstraqciis procesis mimdinareobaze did gavlenas axdens 

nedleulis daqucmacebis xarisxi, romlis drosac xdeba 

ujredebis garkveuli raodenobis rRveva. es eqstraqciis procesSi 

xels uwyobs nivTierebebis swrafad gaxsnas eqstragentiT da maT 

gamorecxvas darRveuli ujredebidan. Tu daqucmacebul 

nedleulSi darRveuli ujredebis raodenoba mcirea, maSin 

eqstraqciis procesi mniSvnelovnad yovndeba da ZiriTadad 

ganisazRvreba difuziis siCqariT. gamorecxili nivTierebebis 

raodenoba, anu gamorecxvis koeficienti, warmoadgens eqstraqciis 

procesis ZiriTad ganmsazRvrel kriteriums. 

     mcenareuli nedleulis eqstraqcia, sxva myari sxeulebisgan 

gansxvavebiT, xasiaTdeba ujredebis sruqturisa da fizikur-

meqanikur TvisebebTan dakavSirebuli mravali TaviseburebebiT. 
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biologiurad aqtiuri nivTierebebi ganTavsebuli arian ujredebSi, 

ujredebs Soris forebsa da napralebSi da eqtragentma maTSi 

SesaRwevad unda gadalaxos ujreduli da sxva Siga barierebi. 

nedli da mSrali mcenareuli nedleulis eqstraqciis procesebi 

erTmaneTisagan mniSvnelovnad gansxvavdeba. pirvel SemTxvevaSi 

moqmedi nivTierebebi imyofebian ujredis SigniT xsnarSi, meore 

SemTxvevaSi – mSrali konglomeratebis saxiT ujredebis kedlebze 

an forebSi. aqedan gamomdinare, sxvadasxva eqstraqciis 

procesisadmi midgomac gansxvavebulia. xSir SemTxvevaSi 

ganixileba orive SemTxveva – rogorc nedli nayofis sxvadasxva 

reJimul parametrebze Sroba kondiciur, SenaxvisaTvis optimalur 

tenianobamde, Semdgomi daqucmacebiTa da eqstraqciiT. 

     mcenareuli nedleulis Srobis dros ujredebis Tvisebebi 

icvleba da isini gadadian plazmur mdgomareobaSi. ujreduli 

membranebi iZenen forovani tixrebis Tvisebebs, romlebic 

moiTvlian ramodenime aTas fors diametriT 0,2...0,3 mm-dan 

ramodenime aTeul nanometramde. eqstraqciis procesi am dros 

forovan membranaSi dializis xasiaTs iZens. 

     eqstragentis ujredSi SeRwevis procesi ganisazRvreba 

nedleulis hidrofilurobis xasiaTiT, eqstragentis TvisebebiT, 

ujredTa kedlebis forebis zomebiTa da raodenobiT. amasTan, 

mcenareuli nedleuli warmoadgens kapilarul-forovani 

struqturis sxeuls da rac metia msgavseba sxeulsa da 

eqstragents Soris, miT ufro swrafad xdeba kapilarebis 

dasveleba da masSi eqstragentis moxvedra – makro- da 

mikrobzarebidan, ujredSorisi gziT, ujredis forebidan 

difuziis gziT. mimdinareobs ujredovani struqturis Semadgeneli 

celulozisa da sxva maRalmolekuluri nivTierebebis moculobis 

zrda. amavdroulad, warmoiqmneba Sigaujreduli wveni – 

eqstragenti aRwevs ujredis SigniT da xsnis ujredis gamSral 

wvens. procesis xangrZlivoba stacionarul pirobebSi 

damokidebulia mcenareuli nedleulis morfologiur 

Taviseburebebze da grZeldeba 3...4 sT-dan 20...30 sT-mde. 
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    kapilarebSi eqstragentis moxvedras xels uSlis maTSi haeris 

arseboba. am winaaRmdegobis dasaZlevad da procesis 

intensifikaciisaTvis mimarTaven sxvadasxva xerxs. magaliTad, 

eqstragents awodeben gazrdili wneviT, axdenen winaswar 

vakuumirebas, iyeneben saeqstraqcio masis pulsacias da sxva. 

    mcenareuli nedleulis eqstraqciis meqanizmis da moqmedi 

faqtorebis sworad gaanalizeba qmnis procesis reJimuli 

parametrebis optimizaciis winapirobas, agreTve saeqstraqcio 

aparatebis gaangariSebisa da konstruirebis meTodikuri 

safuZvlebis damuSavebis SesaZleblobas. 

         

1.2. mcenareuli nedleulis eqstraqciis procesis  

Teoriuli safuZvlebis mimoxilva 

 

    mcenareuli nedleulis orfaziani (myari sxeuli-siTxe) 

eqstrahirebis procesSi monawileobs sami nivTiereba: miznobrivi 

produqtis matarebeli myari myari faza; miznobrivi produqtis 

gamxsneli Txevadi faza da TviT miznobrivi nivTiereba, romelic 

gadadis erTi fazidan meoreSi. nivTierebis moZraoba fazebs 

Soris damokidebulia mis koncentraciaze orive fazaSi, 

wonasworobis pirobis dacviT [22]. 

    masacvlis procesis Teoriis safuZvelze nivTierebis gadatana 

SesaZlebelia ori gziT – molekuluri da konveqciuri difuziiT. 

orive SemTxvevaSi procesis mamoZravebeli Zala aris fazebs 

Soris koncentraciaTa sxvaoba [25,26,27,28]. 

    molekuluri difuzia warmoadgens nivTierebis Tavisufal 

gadatanas maRali koncentraciis fazidan dabalSi, anu procesi 

mimdinareobs koncentraciis gradientis arsebobis SemTxvevaSi. 

    molekuluri difuziis maTematikuri formulireba gamoisaxeba  

a.fikis pirveli kanonis safuZvelze 

                     
dx

dc
DFM  ,                       (1) 

sadac M - difundirebuli nivTierebis raodenobaa, kg; 
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       D - difuziis koeficientia, m 2 /wm; 

       F - zedapiris farTia difuziis mimarTulebis marTobulad,  

           m 2 ; 

       dxdc / -koncentraciis gradientia x  mimarTulebiT; 

        - difuziis droa, wm. 

    gantolebaSi niSani “minusi” miuTiTebs, rom procesi 

mimdinareobs koncentraciis Semcirebis mimarTulebiT. 

    eqstraqciis procesis mimdinareobaze gadamwyveti mniSvneloba 

aqvs difuziis D  koeficients, romelsac (1) gantolebis Tanaxmad 

aqvs m 2 /wm ganzomileba. aqedan gamomdinareobs am koeficientis 

fizikuri arsi, romelic gviCvenebs nivTierebis ra raodenobis 

masa gadis drois erTeulSi erTeul farTSi erTis toli 

koncentraciis gradientis dros. igi warmoadgens mocemuli 

nivTierebis fizikur konstantas, romelic axasiaTebs mis unars 

SeaRwios uZrav areSi da ar aris damokidebuli procesis 

mimdinareobis hidrodinamikur pirobebze. 

    difuziis koeficientis mniSvnelobas yovel konkretul 

SemTxvevaSi gansazRvraven eqsperimentuli monacemebiT an 

Teoriuli da naxevrad empiriuli gantolebebiT. 

    molekuluri difuziis procesSi gansaxilveli ares nebismier 

wertilSi koncentracia warmoadgens koordinatebis da drois 

funqcias 

                              ),,,( zyxfC       

    a.fikis meore kanonis mixedviT molekuluri difuziis 

diferencialur gantolebas aqvs Semdegi saxe 
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                     (2) 

    igi axasiaTebs difundirebuli nivTierebis koncentraciis 

cvlilebas sistemis mocemul wertilSi, rogorc drois funqcias. 

    nivTierebis koncentraciis cvlileba elementarul 

moculobaSi,   drois ganmavlobaSi aRiwereba gantolebiT 
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,                    (3) 

sadac x  , y  , z  - nakadis siCqareebia koordinatTa Seesabamisi 

RerZebis mimarTulebiT. 

    (2) da (3)-is gaTvaliswinebiT difuziis diferencialuri 

gantoleba miiRebs Semdeg saxes 
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    stacionaruli procesebisaTvis, sadac 0/  c , gantoleba (4) 

gardaiqmneba konveqciuri difuziis diferencialur gantolebad 
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    konveqciuri difuziisaTvis damaxasiaTebelia nivTierebis 

gadatana moZrav garemoSi, sadac adgili aqvs molekuluri da 

konveqciuri difuziebis kombinirebul moqmedebas. konveqciuri 

difuzia ZiriTadad damokidebulia fazaTa kontaqtis fardobiT 

siCqareze, anu rac ufro intensiuria fazaTa urTierTmoZraoba, 

miT ufro metia difundirebuli nivTierebis raodenoba. 

    maRali intensivobis saeqstraqcio aparatebSi molekuluri da 

konveqciuri difuziebi mimdinareobs erTdroulad. aseT 

SemTxvevaSi masaTa gadacemis procesis maTematikur gamosaxulebas 

aqvs Semdegi saxe 

... CFKM   

sadac M - erTi fazidan meoreSi gadasuli nivTierebis  

           raodenobaa; 

       K - masaTa gadacemis koeficientia; 

       F - fazaTa gamyofi zedapiris farTia; 

       C -fazaTa koncentraciebis sxvaobaa, anu procesis 

           mamoZravebeli Zala; 

        - droa. 

    kavSiri masaTa gadacemis koeficientsa da yvela saxis 

difuziis koeficientebs Soris gamoisaxeba Semdegi gantolebiT 
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, 

sadac r2 - mcenareuli nedleulis nawilakis sisqea; 

        n - Semasworebeli koeficientia, romelic damokidebulia 

            mcenaris morfologiur agebulebaze; 

        SD -Siga difuziis koeficientia; 

         - difuziuri sasazRvro fenis sisqea; 

        D - molekuluri difuziis koeficientia; 

         - konveqciuri difuziis koeficientia. 

    im faqtorebidan, romlebic gavlenas axdenen miznobrivi 

produqtis gamoyofis sisrulesa da siCqareze da maTi 

regulirebiT SesaZlebelia procesis sasurveli mimarTulebiT 

Secvla, ZiriTadia: eqstragentis SerCeva, nedleulis daqucmacebis 

xarisxi, koncentraciaTa sxvaoba, temperatura, eqstragentis 

siblante; gamoyofis xangrZlivoba da hidrodinamikuri pirobebi. 

    rogorc aRvniSneT, fazis SigniT nivTierebis gadatana 

SesaZlebelia ganxorcieldes an mxolod molekuluri difuziiT 

an konveqciuri da molekuluri difuziebiT erTdroulad. 

turbulentur nakadSi molekuluri difuziis faqtori maRalia 

fazebis sazRvris siaxloves. aseTi reJimis dros warmoiqmneba 

nakadis siCqaris araregularuli pulsaciebi, romelTa moqmedebiT, 

nakadis saerTo moqmedebasTan erTad, xdeba nawilakebis 

gadaadgileba yvela mimarTulebiT. nivTierebis konveqciur 

gadatanas, romelic xorcieldeba turbulenturi pulsaciiT, 

xSirad uwodeben turbulentur difuzias. am SemTxvevaSi 

molekuluri difuziis roli umniSvneloa. 

    nivTierebis gadatana fazebis gayofis zRvarze xasiaTdeba 

masagacemiT. a.SCukarevis mier SemoTavazebuli miznobrivi 

produqtis xsnadobis xarisxis kanonzomierebis safuZvelze 

masagacemis gantolebas aqvs Semdegi saxe 

FCCM )(   g , 

sadac M - drois erTeulSi gaxsnili nivTierebis raodenobaa,  
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           kg/wm; 

        - masagacemis koeficientia, m/wm. 

       gC - fazebis gayofis zRvarze gajerebuli xsnaris 

           koncentraciaa,  kg/m 3 ;  

       C - nakadSi nivTierebis faqtiuri koncentraciaa drois 

           mocemul  momentSi, kg/m 3 ; 

       F - fazaTa gayofis zedapiris farTia, m 2 ; 

    masagacemis koeficienti  axasiaTebs nivTierebis gadatanas 

erTdroulad rogorc konveqciiT, aseve difuziiT, amitom 

aRniSnuli koeficienti damokidebulia dinebis hidrodinamikur 

pirobebze. 

    s.bertenevis mier SemoTavazebulia difuziis diferencialuri 

gantolebis amoxsna arastacionaruli reJimisaTvis 

                            


c
 = 

2

2

x

c
D
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    avtori Tvlis, rom eqstraqciis mrudi SesaZlebelia 

warmodgenili iyos eqsponentis saxiT. mis mier warmodgenil 

gantolebas aqvs Semdegi saxe 

N
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k e
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1

eqst.eqst.

saS. , 

sadac saS.C -sawyisi masalis fenaSi saSualo koncentraciaa; 

       DkRN / ; 

       R - masalis fenis sisqea; 

        - fazaTa Soris sasazRvro difuziuri fenis sisqea; 

       D - difuziis koeficientia; 

       eqst.C - eqstraqtis koncentraciaa; 

       k - procesis konstantaa; 

        - mimdinare droa. 

    rogorc ganxiluli Teoriuli modelebidan Cans eqstrahirebis 

procesis ZiriTad ganmsazRvrel parametrebs warmoadgenen 

difuziis da masaTa gadacemis koeficientebi. pirveli axasiaTebs 
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nivTierebis gadatanis siCqares myari sxeulis SigniT, xolo meore 

– myari sxeulis zedapiridan saeqstraqcio siTxeSi. 

    saeqstraqcio nivTierebis difuziis koeficienti myar sxeulSi 

damokidebulia am sxeulis agebulebasa da fizikur Tvisebebze, 

saeqstraqcio nivTierebis fizikur Tvisebebze, temperaturasa da 

koncentraciaze da ar aris damokidebuli fazebis gamyofi 

zedapiris pirobebze. 

    imis gamo, rom aRniSnuli koeficientebi Sedian procesis 

saangariSo gantolebebSi, didi mniSvneloba eniWeba maT sworad, 

maRali sizustiT gansazRvras, romelic miiRweva eqsperimentuli 

gziT. 

    farTod aris gavrcelebuli forovan struqturebSi 

nivTierebis difuziis koeficientis gazomvis ramodenime meTodi 

[22]: saeqstraqcio masalis fenebad dayofis, membranuli da 

eqstraqciuli. 

    fenebad dayofis meTods axasiaTebs is Tavisebureba, rom 

eqsperimentSi ar monawileobs saeqstraqcio siTxe, amitom gazomvis 

sizusteze ar moqmedebs gare difuziuri winaaRmdegoba. 

eqsperimenti iTvaliswinebs Sesaswavli nivTierebis sxvadasxva  

koncentraciis mqone ori brtyeli nimuSis mWidro kontaqts 

garkveuli droisa da temperaturis pirobebSi, ris Semdegac xdeba 

maT fenebSi koncentraciaTa gansazRvra. 

    membranuli meTodiT sazRvraven difuziis efeqtur 

koeficients (anu difuziis koeficients kapilarul-forovan 

sxeulebSi). amisaTvis iyeneben mcenareuli qsovilis membraniT 

gayofil WurWels. MWurWelSi, membranis orive mxares aTavseben 

gansxvavebuli koncentraciis siTxeebs. Tixris orive mxares AC  da 

BC  koncentraciaTa cvlilebis mixedviT sazRvraven   droSi 

membranaSi gasuli nivTierebis m  raodenobas da a.fikis kanonis 

gantolebebiT angariSoben difuziis efeqtur koeficients 

)( BA CCF

mh
D







, 

sadac h - membranis sisqea, xolo F - misi farTi. 
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    aRsaniSnavia, rom difuziis da masaTa gadacemis 

koeficientebis eqsperimentuli gazomva xdeba fiqsirebuli 

parametrebis pirobebSi da xSir SemTxvevaSi ver xerxdeba 

eqstraqciis procesis kinetikis ganmsazRvreli yvela ZiriTadi 

reJimuli parametris gaTvaliswineba.   

    garda amisa, eqstraqciis kinetikis gantolebebis ganmsazRvrel 

erTerT ZiriTad parametrs warmoadgens fazaTa gayofis farTi, 

romlis gansazRvra xSir SemTxvevaSi SeuZlebelia, gansakuTrebiT 

wvrildispersiuli struqturis saeqstraqcio masalebisaTvis, rac 

zogjer arTulebs Teoriuli modelebis gamoyenebas praqtikuli 

gaangariSebebis dros.    

     

              1.3.Eeqstrahirebis meTodebis klasifikacia 
 
 
    eqstrahirebis yvela arsebuli meTodi klasificirdeba 

statikur da dinamikur meTodebad (nax.1). statikur meTodebSi 

nedleuls periodulad asxaven eqstragents da ayovneben 

garkveuli droiT. dinamikur meTodebSi gaTvaliswinebulia 

mudmivi cvla eqstragentis an eqstragentis da nedleulis. 

        eqstrahirebis statikur da dinamikur meTodebSi gamoyofen 

periodul meTodebs, rodesac nedleulis erTi an ramodenime 

porciis eqstrahireba warmoebs drois garkveul periodSi, anu 

nedleulis da  eqstragentis miwodeba saeqstraqcio aparatebSi 

xorcieldeba periodulad. 

    statikur periodul meTodebs miekuTvneba erTsafexuriani 

maceracia da mravalsafexuriani – remaceracia, anu cirkulacia 

xsnaris perioduli gamoyofiT (mravalsafexurian pirdapiri 

dinebis sqemebSi), agreTve mravalsafexuriani winaRdeniTi 

reperkolacia xsnaris perioduli gamoyofiT. 

        dinamikur periodul meTodebs miekuTvnebian erTsafexuriani 

perkolacia  da  mravalsafexuriani  reperkolacia,  

dasrulebuli  da dausrulebeli ciklebiT. 
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                 Nnax.1. eqstraqciis meTodebis klasifikacia 

 

     dinamikur meTodebs Soris gamoyofen uwyvet (nedleulis 

uwyveti miwodebiT) pirdapiri dinebis (eqstragenti da masala erT 

nakadSi) da winaRdenis (eqstragentis da masalis Semxvedri 

moZraoba) meTodebs. 

        yvelaze ufro gavrcelebuli eqstraqciis hidrodinamikuri 

meTodi saSualebas gvaZlevs intensifikaciiT SevamciroT 

procesis xangrZlivoba, maqsimalurad gamovyoT Rirebuli 

komponentebi da SevamciroT energodanaxarjebi. 

 
1.4. myari masalidan nivTierebaTa saeqstraqcio mowyobilobebi 

 

    kvebis mrewvelobis sxvadasxva dargSi myari nivTierebebidan 

sasargeblo komponentebis eqstrahirebisaTvis farTod gamoiyeneba 

sxvadasxva konstruqciis perioduli da uwyveti qmedebis 

eqstraqtorebi. perioduli qmedebis eqstraqtorebs miekuTvnebian 

saeqstraqcio rofebi, recirkulaciuri, vibro da vakuum-

eqstraqtorebi da mravali sxva. 
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        uwyveti qmedebis eqstraqtorebs miekuTvnebian: koloniseburi 

(erTkoloniani, orkoloniani, mravalkoloniani), daxrili da 

horizontaluri (Snekuri da frTebiani), rotaciuli, sarwyavi, 

aparatebi mduRare da vibromduRare feniT da sxva. 

     saeqstraqcio mowyobilobebi klasificirdeba ramodenime 

niSniT – muSa cikliT; nedleulis da eqstragentis fardobiTi 

moZraobiT;  muSa organoebis tipiT, gadaadgilebiT da sxva, nax.2–

ze mocemulia saeqstraqcio mowyobilobebis klasifikaciis sqema. 

rogorc sqemidan Cans eqstraqtorebi xasiaTdebian meTodebis da 

konstruqciebis mravalferovnebiT. yoveli konkretuli 

SemTxvevisaTvis optimaluri modelis SerCeva moiTxovs maT 

yovelmxriv analizs da Sefasebas. 

       perioduli qmedebis martivi saeqstraqcio aparatis sqema 

mocemulia nax. 3-ze. saeqstraqcio masala aparatis korpusSi 1 

Tavsdeba CamtvirTi liukidan 2. aseT aparatebSi eqstragents xSir 

SemTxvevaSi warmoadgens Tbili wyali, romelic gaivlis masalaSi 

zevidan qveviT, gamoyofs wyalSi xsnad nivTierebebs da konusuri 

badis gavliT, milyeliT, eqstraqtis saxiT gamodis aparatidan. 

narCeni masalis gamotvirTva warmoebs aparatis Ziridan 

Semosabrunebeli saxuravis gaxsnis Semdeg. Aanalogiuri aparatebi 

gamoiyeneba Saqris Warxlis, mcenareuli zeTebis warmoebaSi da 

sxva. 

    Tanamedrove uwyveti qmedebis eqstraqtorebi muSaoben 

saeqstraqcio masalisa da eqstragentis uwyveti winaRdeni 

moZraobiT, an masalis eqstragentiT morwyvis mraval safexuriani 

meTodiT. 

        fazebis winaRdeniT principze momuSave eqstraqtorebidan 

farTo gavrceleba poves Snekuri tipis vertikalurma da 

daxrilma aparatebma. 

        nax.4-ze warmodgenilia uwyveti qmedebis, Snekuri, 

vertikaluri, kolonis tipis eqstraqtoris sqema, romelic 

gamoiyeneba marcvleuli kulturebidan mcenareuli zeTebis 

gamosayofad. 
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            Nnax.2. uwyveti qmedebis eqstraqtorebis klasifikacia 

 

    eqstraqtori Sedgeba CamtvirTi kolonisagan 1, horizontaluri 

ubnis 2 da saeqstraqcio kolonisagan 3. kolonebis SigniT 

moTavsebulia perforirebuli Snekebi 4, romlebic gadaadgileben 

nedleuls da amasTan xviebis naxvretebSi atareben eqstragents.  

 

 

nax.3. perioduli qmedebis  saeqstraqcio aparati 
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     CamtvirTi kolonis zeda nawili Sesrulebulia konusuri 

saxiT, romelic mTavrdeeba cilindruli dekantatoriT. 

       sawyisi masala miewodeba CamtvirT koloanaSi 1 da SnekebiT 4 

gadaadgildeba saeqstraqcio kolonaSi 3 qvevidan zeviT. 

imavdroulad saeqstraqcio kolonis zeda nawilSi miewodeba 

eqstragenti masalis moZraobis Semxvedri mimarTulebiT.  

 

nax.4. uwyveti qmedebis, Snekuri,  
vertikaluri eqstraqtoris sqema 

 

      miRebuli eqstraqti Sedis CamtvirT kolonaSi, sadac is 

ifiltreba miwodebuli masalis fenaSi da zeda nawilidan badis 

gavliT gamodis aparatidan. 

      daxrilma eqstraqtorma (nax.5) farTo gamoyeneba pova 

Warxlis Saqris warmoebaSi. igi Sedgeba daxrili Rarisagan 3, 

romelSic Cadgmulia ori paraleluri Sneki 1 da 2.         

                  

                 Nnax.5. daxrili eqstraqtoris sqema 
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    Snekebi ganlagebulia ise, rom erTis xviebi Sedian meoreSi. 

xviebs Soris arsebuli RreCo daniSnulia wvenis gasasvlelad. 

saeqstraqcio masala da eqstragenti aparatSi miewodeba isrebiT 

naCvenebi milyelebidan da moZraoben winaRdenis principiT. Raris 

daxra uzrunvelyofs myari da Txevadi fazebis gayofas. eqstraqti 

gamoiyofa Raris daxrili bolodan, xolo narCeni ki - misi 

sawinaaRmdego mxridan. 

       eqstraqciis procesis optimaluri temperaturuli reJimis 

dasacavad aparats orTqli miewodeba orTqlis perangis 

ramodenime zonaSi. aseTi tipis aparatebSi eqstraqciis 

xangrZlivoba Seadgens daaxloebiT 1 sT-s. 

    perioduli qmedebis saeqstraqcio aparatebis batareuli, 

Tanmimdevruli gaerTianebiT Rebuloben naxevrad uwyvet process. 

am mizniT xSirad gamoiyenaba reperkolaciis perioduli 

mravalsafexuriani meTodebi dasrulebuli an dausrulebeli 

ciklebiT. am meTodis arsi mdgomareobs difuzorebis 

(perkolatebis) batareis gamoyenebaSi. am dros gamonawvlili masa 

perkolatidan gamoiyeneba meore perkolatSi nedleulis 

perkolaciisTvis da a.S. amrigad, eqstragenti gaivlis ra 

perkolatebis aRniSnul batareas nedleuliT, gajerebulia 

saWiro raodenobis moqmedi nivTierebebiT [29]. 

    axali eqstragenti yovelTvis miewodeba yvelaze gamofitul 

nedleulian eqstraqtors, xolo gamonawvlils Rebuloben 

nedleuliT axlad CatvirTuli eqstraqtoridan. 

       reporkolacia dasrulebuli cikliT, Tanabar nawilebad 

dayofili nedleuliT, mimdinareobs perkolatebis batareaSi. 

perkolatebis raodenoba batareaSi damokidebulia nedleulis 

maxasiaTeblebze. rac ufro Znelad eqstrahirdeba nedleuli, miT 

meti perkolatia saWiro batareaSi. 

       dasrulebuli cikliT Tanabar nawilebad dayofili 

nedleulis repekolaciis sqema naCvenebia nax.6–ze. 

       tol nawilebad dayofili nedleuli itvirTeba perkolatebSi. 

I perkolatSi mas asveleben gajirjvebisTvis 4-6 sT, ris Semdeg, 
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perkolatorSi awodeben eqstragents niSnulamde da ayovneben 24 

sT. Semdeg gamoitanen  eqstraqts calke moculobaSi da 

Rebuloben mza produqciis 80%-s (m.p.1, 80%), am perkolatSi 

arsebuli nedleulis masasTan fardobaSi. 

 

nax.6. Tanabrad ganawilebuli nedleulis reperkolaciis sqema  

 

         perkolirebas agrZeleben nedleulis srul gamofitvamde – 

Rebuloben “I Svebuls” (Camonadens), romliTac axdenen nedleulis 

dasvelebas, dayovnebas da perkolacias me-2 perkolatorSi, 

saidanac Rebuloben mza produqts (m.p.2, 100%) da me-2 Svebuls. am 

ukanaskneliT xdeba dasveleba, dayovneba da perkolacia me-3 

perkolatorSi arsebuli nedleulis, saidanac Rebuloben mza 

produqts (m.p.3, 100%) da me-3 Svebuls. ase mimdinareobs procesi 

yoveli momdevno perkolirebisTvis, Tu maTi raodenoba samze 

metia. ukanaskneli perkolatoris Svebuls aorTqleben masSi 

danaklisi mza produqtis 20%-mde dasayvanad. am wesiT 300 kg 

nedleulze Rebuloben Txevad eqstraqts: 80+100+100=280 l, anu 

daaxloebiT TanafardobiT 1:1.  

       reperkolacia nedleulis dayofiT araTanabar nawilebad. am 

meTodis mixedviT nedleulis sawyisi raodenoba miRebulia 100%-

ad da mas perkolatorebis batareaSi anawileben fardobiT 5:3:2 

(nax.7). 
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Nnax.7. reperkolacia nedleulis dayofiT araTanabar nawilebad 

 

       eqstraqcias iwyeben nedleulis maqsimaluri ulufidan da mas 

amuSaveben sufTa eqstragentiT. perkolats agroveben orjeradad: I 

mza produqti 20% odenobiT nedleulis saerTo raodenobidan da 

Svebuli, romelsac iyeneben me-2 perkolatorSi nedleulis 

gajirjvebis, dayovnebis da perkolaciisTvis. me-2 perkolatoridan 

Rebuloben mza produqts (m.p.2) 30%-is raodenobiT nedleulis 

sawyisi raodenobidan da Svebuls 2, romelsac iyeneben me-3 perko-

latorisTvis. me-3 perkolatoridan Rebuloben 50% mza produqts 

(m.p.3) nedleulis sawyisi raodenobidan. sul miiReba 20+30+50=100% 

mza produqti 100% sawyisi nedleulidan, anu 1:1. 

       reperkolacia nedleulis sxvadasxva araTanabar nawilebad 

dayofiT SesaZlebelia gamoyenebuli iyos mcire warmoebisaTvis, 

vinaidan am modifikaciaSi nedleuli me-2 da me-3 perkolatorebSi 

arasrulad ifiteba. yvelaze naklebad ki nedleuli gamoifiteba 

me-3 perkolatorSi. unda aRiniSnos, rom swored reperkolaciis es 

modifikaciebia misaRebi saqarTvelos pirobebisaTvis, sadac mcire 

sawarmoebis arseboba gamarTlebulia da nedleulis miwodebac 

uzrunvelyofilia.  

       reperkolacia bosinis mixedviT. bosinis meTodis mixedviT 

nedleuls Tanabari raodenobiT aTavseben batareis yovel 

perkolatorSi (nax.8).  
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nax.8. reperkolaciis sqema bosinis mixedviT 

 
        nedleuli perkolatorSi 1 eqstrahirdeba sufTa gamxsneliT, 

xolo Semdgom perkolatorSi miewodeba wina perkolatoridan 

Svebuli. perkolatorebis ricxvs ise irCeven, rom bolo perkola-

toridan miRebuli mza produqtis masuri raodenoba toli iyos 

saeqstraqcio nedleulis mTliani masis, anu daculi iyos 

fardoba 1:1. 

        reperkolacia Culkovis meTodiT. am SemTxvevaSi eqstrahireba 

mimdinareobs oTx an met perkolatorSi. ganasxvaveben or periods: 

gasaSveb periodSi yoveldRiurad itvirTeba erTi perkolatori da 

mza produqti ar gamoitvirTeba. TiToeul perkolatorSi Tavsdeba 

toli raodenobis nedleuli da emateba eqstragentis toli 

raodenoba. pirvel eqstraqtors emateba sufTa eqstragenti, 

danarCenebs – gamonawvlili wina eqstraqtorebidan. gajirjvebul 

nedleuls aTavseben pirvel perkolatorSi, amateben eqstragents 

niSnulamde (sarkemde) da ayovneben 24 sT-is ganmavlobaSi. meore 

dRes pirveli perkolatoridan Camoasxaven gamonawvlils or 

ulufad: pirveli ulufa, romelic perkolatorSi CatvirTuli 

nedleulis masis tolia, gamoiyeneba meore perkolatorSi 

nedleulze dayenebisaTvis. am dros pirvel perkolators 

awodeben sufTa eqstragents saerTo gamonawvlilis raodenobiT. 

Semdeg dRes, meore perkolatoridan iReben or ulufad 

gamonawvlils mesame perkolatoris nedleulisTvis. meore 
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perkolators umateben gamonawvlils pirveli perkolatoridan, 

xolo am ukanasknelSi isev umateben axal eqstragents. Semdeg 

procesi mimdinareobs analogiurad. ukanaskneli eqstraqtoris 

datvirTvidan erTi dRe-Ramis Semdeg iwyeba muSa periodi. am dros 

ukanaskneli perkolatoridan uSveben mza produqtis pirvel 

porcias, romelic am perkolatorSi CatvirTuli nedleulis masis 

tolia. imavdroulad, pirveli perkolatoridan gamoaqvT mTeli 

gamonawvlili. 

    meRvineobaSi, WaWis eqstraqciisaTvis warmatebiT gamoiyeneba 

Snekuri tipis sarwyavi eqstraqtorebi, romlis sqema mocemulia 

nax.9-ze. 

    eqstraqtori Sedgeba perforirebuli Rarisagan 1, romlis 

SigniT moTavsebulia Sneki 2. Raris qveS ganlagebulia eqstraqtis 

Semkrebebi  I...V, romlebic erTmaneTTan dakavSirebuli arian 

siTxis gadasasvleli mowyobilobebiT. Semkrebebis 

saregulirebeli tixrebi dayenebulia ise, rom siTxis done 

pirveli Semkrebidan safexurebad mcirdeba. Semkrebebi aRWurvili 

arian: klaknilebiT 3 wvenis gasacxeleblad, samsvliani 

ventilebiT 4 wvenis cirkulaciis da aparatidan CamodinebisaTvis, 

agreTve - saxuravebiT 5. pirvel Semkrebze dayenebulia wvenis 

CamosaSvebi onkani 6, xolo mexuTe SemkrebSi Cadgmulia donis 

tivtiva regulatori 7, romelic berketuli sistemiT 

dakavSirebulia eqstraqtorSi wylis mimwodebel onkanTan 8. 

       saeqstraqcio masala miewodeba bunkeridan 9 da SnekiT 2 

gadaadgildeba perforirebul Rarze 1 gamomtvirTavi Rarisaken 10. 

yoveli Semkrebis Tavze WaWa irwyveba wina Semkrebidan tumboTi 11 

miwodebuli wveniT. V Semkrebis Tavze WaWis gamorecxva xdeba 60-

700C - mde gacxelebuli, darbilebuli wyliT. wyali cxeldeba 

jer TbomcvlelSi 12 gamavali wveniT, Semdeg ki – orTqlis 

Semrev-gamacxelebelSi 13. wveniT dasvelebuli WaWa Raris erTi 

zonidan meoreSi gadasvlis dros nawiobriv iwnexeba mimmarTveli 

RarebiT 14. eqstrahirebuli WaWis gamotvirTva xdeba Raridan 10. 
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                    Nnax.9. Snekuri sarwyavi eqstraqtori 

 

    Snekuri tipis eqstraqtorebis ZiriTad naklovan mxares 

Seadgens sawyisi nedleulis zedmetad daqucmaceba, rac xSirad 

iwvevs eqstraqtSi produqtis nawilakebis gadasvlas da arTulebs 

mis Semdgom gawmendas. 

     meRvineobaSi aseve warmatebiT gamoiyeneba uwyveti qmedebis   

lenturi sarwyavi eqstraqtori, romlis sqema mocemulia nax.10-ze. 

        eqstraqtori Sedgeba: horizontaluri transportiorisagan 1, 

romlis zeda da qveda Stoebi muSa Stoebia; transportioris 

Tavze ganlagebuli sarwyavi sistemisagan 2; difuziuri wvenis 

Semkrebebisagan 3 orTqlis klaknila gamacxeleblebiT 4; 

recirkulaciuri tumboebisagan 5; orTqlisa da wylis 

komunikaciebisagan. transportioris lenti Sedgeba ori 

paraleluri jaWvis Stosagan, romlebic gadadebulia 

varskvlavebis 6 sistemaze. jaWvebze saxsrulad, erTi boloTi 

damagrebulia perforirebuli foladis firfitebi, romlebic 

gantvirTvis ubnebSi vertikalurad arian dakidebuli. eqstraqtori 

aRWurvilia CamtvirTi elevatoriT 7 da mimRebi bunkeriT 8. 

eqstragenti sarwyav sistemaSi Sedis wneviT, tumboebis 5 

daxmarebiT da esxmeba saeqstraqcio WaWas. WaWis fenaSi gavlis 

Sedegad xdeba Saqrisa da RvinismJava SenaerTebis eqstrahireba, 

romelic Caedineba SemkrebebSi I...IV. Semkrebidan IV difuziuri 

wveni tumboTi 5, Tbomcvlelis 9 gavliT kvlav miewodeba 
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mosarwyavad. yvelaze maRali koncentraciis wveni miiReba I 

SemkrebSi. 

      

                      Nnax.10. lenturi sarwyavi eqstraqtori 

 

       maRalmwarmoeblur sawarmoebSi warmatebiT iyeneben 

mravalkolonian uwyveti qmedebis saeqstraqcio aparatebs, 

romelTa erTerTi saxe warmodgenilia nax.11–ze. 

 

Mnax.11. mravalkoloniani saeqstraqcio aparati 

 

    Aaparatis korpusSi 1 moZraobs uwyveti jaWvi 2, romelzedac 

damagrebulia badeebi 3. myari faza miewodeba xvrelidan 4, xolo 

eqstragenti – milyelidan 5. eqstraqti gamoedineba milyelidan 6, 

xolo myari faza xvrelidan 7. amrigad, aparatSi eqstraqciis 

procesi mimdinareobs fazaTa winaRdeniTi moZraobis principiT. 

     “myari sxeuli – siTxe” sistemaSi masacvlis procesis 

intensivobis gazrdis mizniT alaos warmoebaSi farTod iyeneben 
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damlbob rofebs, romlebSic marcvlis, wylis da haeris narevis 

barbotirebiT izrdeba marcvlis qerqSi siTxis SeRwevadobis 

siCqare da Sesabamisad mciredeba procesis xangrZlivoba 

    perioduli qmedebis marcvlis damlbobi rofi warmoadgens 

cilindrul WurWels konusuri  ZiriT (nax.12). konusur  

zedapirze  damagrebulia wriuli, perforirebuli, sabarbotero 

milebi 3, romlebsac miewodeba SekumSuli haeri 0,3 mpa wneviT. 

aparatis centrSi dayenebulia vertikaluri mili 4,  romlis  

qveda gafarToebul boloSi Seyvanilia SekumSuli haeris mimwodi 

mili 7. milis 4 zeda boloze Tavisuflad aris damagrebuli 

amrekli Talfaqi 5. aparatis konusur nawilSi Cadgmulia 

foladis bade 2, romelic daniSnulia marcvlis dasaWerad 

namuSevari wylis gamoSvebis dros (miliT 8). 

                       

                    nax.12. marcvlis damlbobi rofi 

 

    dalbobili marcvali rofidan Camoedineba miliT 1, romelic 

iketeba sarqveliT. rofSi sufTa wyali Sedis badis 2 gavliT. 

Sevsebis Semdeg masSi TandaTanobiT yrian qeris marcvals da 

barboteris milebSi 3 SehyavT SekumSuli haeri marcvlis asarevad, 

gasarecxad da dalbobis intensivobis gazrdis mizniT. 

gaWuWyianebuli wyali da msubuqi marcvlebi Caedineba damWerSi 6, 

romelic mimagrebulia rofis zeda nawilSi gakeTebul WrilSi. 

centraluri mili 4 daniSnulia marcvlis gadasaadgileblad 
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qvevidn zeviT, rac xorcieldeba milidan 7 SekumSuli haeris 

miwodebiT. wylis, marcvlis da haeris narevi miliT 4 adis zeviT 

da amrekli TalfaqiT 5 Tanabrad nawildeba rofis periferiaze. 

amrekli Talfaqis brunva xorcieldeba, rofis kedlidan 

miRebuli reaqciis ZaliT, romelsac warmoqmnis narevis Wavli. 

amrigad, marcvali cirkulirebs rofis Ziridan mis zeda nawilSi 

da piriqiT, riTac kidev ufro izrdeba dalbobis intensivoba. 

dalbobis damTavrebis Semdeg, jer gauSveben namuSevar wyals, 

Semdeg gaxsnian sarqvels da dambali marcvali Camoedineba miliT 

1, saidanac is igzavneba saalaoSi asaRojeblad. 

    dasalbobad saWiro wylis temperatura Seadgens 10-150C. 

dalbobis procesSi haeriT Seberva xdeba yovel saaTSi 5 wuTiT. 

dalbobis xangrZlivoba damokidebulia wylis temperaturaze 

marcvlis saxeobaze da grZeldeba 48-72 sT-is ganmavlobaSi. 

    rofis moculobas gansazRvravs dasalbobi marcvlis 

raodenoba. Ddalbobis dros marcvlis moculoba izrdeba 

daaxloebiT 40%-iT. garda amisa, aparats unda hqondes kidev 

moculobis garkveuli maragi, radgan barbotirebis dros 

SesZlebelia adgili hqondes marcvlis da wylis gaSxefebas. amis 

gaTvaliswinebiT, aparatis sruli moculoba unda iyos 45- 50%-iT 

meti CasatvirTi marcvlis moculobaze, anu 

                                  


G
V 5,1  , 

sadac G - dasalbobi marcvlis masaa, kg;   - marcvlis 

moculobiTi masa,   kg/m3; 

        miuxedavad procesis maRali intensivobisa aRniSnuli 

mowyobilobis gamoyeneba mTeli rigi mcenareuli eqstraqtis 

misaRebad mizanSewonili ar aris, radgan xdeba eqstraqtuli 

nivTierebebis zedmetad gajereba JangbadiT, romelic gamoisaxeba 

Semdegi gantolebiT          

                         )(
2

ccFKMO  gaj.abs. , 

sadac 
2OM - siTxis mier STanTqmuli Jangbadis raodenobaa   
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drois  ganmavlobaSi mocemuli temperaturisa da  

wnevis pirobebSi, mg; 

       abs.K - absorbciis koeficientia; 

        F -siTxesa da haers Soris kontaqtis zedapiris farTia, m
2
; 

       gaj.c - Jangbadis koncentraciaa gajerebis zRvruli 

           mniSvnelobisas, mg/m
3
; 

        c  - jangbadis koncentraciaa   drois mocemul momentSi, 

             mg/m
3
. 

    eqstraqciis procesis intensifikaciis mizniT xSirad iyeneben 

saeqstraqcio masalaze gare zemoqmedebis sxvadasxva meTods, maT 

Soris: eleqtruls, lazeruls, mikrotalRur gamosxivebas,  

meqanikur, hidravlikur,  pnevmatikur aRmgzneb saSualebebs da sxva 

[30,31,32,33,34,35,36,37,38]. 

     am TvalsazrisiT sainteresoa quTaisis akaki wereTlis 

universitetTan arsebul saqarTvelos mecnierebaTa akademiis 

samecniero centrSi, profesor v. xvedeliZis mier damuSavebuli 

sawarmoo-eqsperimentuli danadgari, romelSic procesis 

intensifikacia xdeba vibraciuli aRmgznebi saSualebebiT [39]. 

      danadgarSi Semavali aparati (nax.13) Sedgeba korpusisagan 1, 

romlis cilindrul nawils gars akravs orTqlis perangi 2, 

eqstraqciisaTvis saWiro temperaturis misaRwevad. nedleulis 

CatvirTva warmoebs zeda xufidan 4, romelic hermetulad iketeba 

CamketiT 5, xolo eqstrahirebuli narCenis gamotvirTva warmoebs 

qveda xufidan 12 CamketiT 14. korpusis 1 SigniT, mTel simaRleze 

moTavsebulia konusuri cru kedeli 10 uJangavi liTonis 

furclovani badis saxiT da amofenilia mikrofiltriT ise, rom 

masSi Tavisuflad imoZraos eqstragentma da SeZlebisdagvarad ar 

gavides saeqstraqcio nedleuli. qveda xufzec 12 damagrebulia 

sferuli formis aseTive bade 15, romelic analogiur filtris 

rols asrulebs.  
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nax.13. v.xvedeliZis sistemis saeqstraqcio aparati 

 

     perangSi gamacxelebeli agentis miwodeba (orTqli, wyali) 

xdeba milyelidan 9, xolo gamoSveba – milyelidan 16. eqstraqts 

Rebuloben milyelebidan 11 da 13, romlebzec ganTavsebulia 

saTanado onkanebi. eqstraqtori aRWurvilia sazom-sakontrolo 

xelsawyoebiT: wnevis sarqveliT 7, manometriT 3, 

TermoregulatoriT 17 eqstraqtorSi eqstragentis temperaturis 

saregulireblad. 

    eqstraqciis procesSi eqstragentis orTqli sarqvelidan 8 

gaivlis TbomcvlelSi (sqemaze naCvenebi ar aris) da kondensatis 

saxiT, sarqvelis 6 gavliT brundeba eqstraqtorSi. Tbomcvleli 

damontaJebulia daxrilad da kondensati TviTdinebiT Caedineba 

eqstraqtorSi. 

    eqstraqtoris Siga moculobaa Seadgens 3,5 m3, muSa moculoba 

ki 2,6-2,7 m3-is tolia. 

    eqstraqtori aRWurvilia vibratorebiT 18 da 19 (sul oTxi 

cali eqstraqtoris garSemo simetrulad), romlebic daniSnulia 

procesis intensifikaciisaTvis. 
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     eqstraqciuli  procesis  sruli teqnologiuri ciklis erT 

danadgarSi damTavrebis mizniT xSirad iyeneben cirkulaciuri 

eqstrahirebis meTods, romlis arsi dafuZnebulia sufTa 

eqstragentis mravaljeradi cirkulirebiT saeqstraqcio 

nivTierebis masaSi. danadgarSi (nax.14) komunikaciebiT 

TanmimdevrobiT dakavSirebulia erTmaneTTan gamosaxdeli kubi 1, 

eqstraqtori 2, macivar-kondensatori 3 da kondensatis Semkrebi 4. 

eqstragentad gamoiyeneba aqroladi organuli gamxsnelebi, 

romlebsac aqvT dabali duRilis temperatura. 

 

Nnax.14.cirkulaciuri saeqstraqcio danadgaris sqema 

 

    nedleulis CatvirTva xdeba eqstraqtorSi 2, romelSic isxmeba 

eqstragenti sifonuri milis 5 qveda niSnulis donemde. 

eqstraqtorSi 2 procesis damTavrebis Semdeg Semkrebidan 4 

awvdian imden eqstragents, rom eqstraqtulma xsnarma miaRwios 

sifonuri milis 5 zeda dones da gadavides gamosaxdel kubSi 1. 

kubis gacxelebis Sedegad eqstragentis orTqli adis 

kondensatorSi 3, iqedan ki Caedineba SemkrebSi 4 da cikli 

meordeba. gajerebuli eqstraqtuli xsnari Caedineba gamosaxdel 

kubSi 1. eqstragentis cirkulacia tardeba mravaljeradad 

nedleulis srul gamotutvamde. kubSi rCeba eqstraqciuli 

nivTierebebis koncentrirebuli xsnari. Aamrigad, danadgarSi 
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sruldeba sruli teqnologiuri cikli Txevadi eqstraqtis 

saboloo produqtis miRebamde. 

    Eeqstraqciis procesis intensifikaciis mraval faqtors Soris 

mniSvnelovania temperaturis da wnevis swrafi cvlileba. am 

parametrebis cvlileba miiRweva procesis mimdinareobaze 

sxvadasxva fizikuri da eleqtrofizikuri zemoqmedebiT, maT 

Soris impulsuri magnituri velis gamoyenebiT, lazeris sxivis 

moqmedebiT eqstragentze da nedleulze, akustikuri gamosxivebiT, 

impulsuri eleqtroganmuxtviT da sxva. 

    magnitur-impulsur aparatSi (nax.15) amplituduri rxevebi 

gadaecema diskiT 1, romelic moTavsebulia induqtoris 2 Tavze da 

ZeliT 3 SeerTebulia dguSTan 4. dguSi moZraobs eqstraqtoris 

muSa kameraSi, romelic Sevsebulia eqstragentiT 5 dguSis qveda 

sibrtyemde. induqtorSi impulsis miwodebas rxeviT moZraobaSi 

mohyavs dguSi, rac iwvevs Txevadi ares mravaljerad gaxleCas 

miSancvladi wneviT. amiT maRldeba masaTa cvlis siCqare da 

Sesabamisad procesis intensivoba. gaxleCis jeradobas 

gansazRvravs eleqtroimpulsis induqtorSi miwodebis sixSire. 

 

Nnax.15. magnitur-impulsuri aparatis sqema 

 

  E eqstraqciis procesis intensifikaciisTvis iyeneben pnevmo-

hidravlikuri pulsaciis meTodze momuSave aparatebs. am 

aparatebis Seqmnis dros dasaxuli iyo ori amocana, romlebic 

uzrunvelyofdnen eqstrahirebis maRal siCqares. 

     pirvel amocanas unda gadaewyvita Siga masagadatanis 

gaumjobeseba nawilakis kapilarebSi siTxis pulsaciis gziT, 
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xolo meore amocanas – gare masagadatanis intensifikacia 

aparatSi nawilakebis fenis pulsaciuri gafxvierebiT. es 

ukanaskneli gansakuTrebiT mniSvnelovania didi moculobis 

aparatebisTvis da mcire zomis nawilakebisTvis, rodesac 

formirdeba Znelad gamtari fena. 

          nax.16–ze warmodgenili aparati Sedgeba korpusisagan 1, 

romelSic Cadgmulia D diametris konteineri 2, rgoliT 3 da 

macentrebeli safexuriT 4. konteineris zeda gverdiTi zedapiri 5 

mTliania, xolo qveda nawili 6 da Ziri 7 gamtaria siTxisTvis da 

gaumtari nawilakebisTvis.  

A   aparatis hermetuloba xorcieldeba saxuraviT 8 da sadebiT 9. 

wnevis pulsacia xorcieldeba milyelidan 10, romelic 

dakavSirebulia wriul aresTan 11. sarqveli 12 daniSnulia 

produqtis CamosaSvebad. aparatis zeda are dakavSirebulia wriul 

aresTan 11 miliT 13, maregulirebeli sarqvelis 14 gavliT. 

wriuli ares sigane (RreCo δ) SeiZleba iyos Tanabari konteineris 

mTel simaRleze, an iyos cvladi. 

 

nax.16. pulsaciuri eqstraqtori 

 

       aparati muSaobs Semdegnairad: nedleuliT 15 Sevsebul 

konteiners 2 dgamen korpusSi da asxaven masSi eqstragents. 
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CairTveba wnevis pulsaciis aRmgznebi, romlisganac milyeliT 10 

wriul areSi 11 miewodeba SekumSuli haeri. haeri wriuli aredan 

gamodevnis siTxes, romlis done konteinerSi iwevs maRla da 

saxuravis qveS myofi haeri ikumSeba. rogorc ki sistemaSi wneva 

gaTanabrdeba, wnevis pulsaciis aRmgznebi, gadairTveba haeris 

daWirxvnidan mis gamoSvebaze, anu milyeli 10 daukavSirdeba 

atmosferos. amis Sedegad, siTxe dabrundeba ukan wriul areSi. am 

procesis garkveuli sixSiriT ganmeoreba iwvevs aparatSi myofi 

masis intensiur pulsacias, rac zrdis procesis intensivobas. 

     eqstraqciuli procesebis tradiciuli meTodebisa da 

mowyobilobebis analizi gviCvenebs or ZiriTad naklovan mxares – 

nedleulidan miznobrivi produqtis arasrul gamoyofas da 

procesis did xangrZlivobas. 

     Teoriuli kvlevebis analiziT SeiZleba davaskvnaT, rom 

miuxedavad mecnieruli kvlevebis didi simravlisa ar arsebobs 

iseTi universaluri maTematikuri aparati, romelic saSualebas 

mogvcemda Segveqmna axali originaluri mowyobilobebis 

gaangariSebis da konstruirebis safuZvlebi. 
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1.5. I Tavis daskvnebi 

 

    - literaturuli analizis safuZvelze dasabuTebulia 

sakiTxis dasmis aqtualoba da mcenareuli nedleulidan miRebuli 

biologiurad aqtiuri sakveb-profilaqtikuri nivTierebebis 

moxmarebis Sedegad miRebuli dadebiTi efeqti; 

    - mcenareuli nedleulis eqstraqciis procesebis kvlevisaTvis 

ar arsebobs universaluri Teoriuli modeli. kvlevebi 

damyarebulia msaTa cvlis da masaTa gadacemis klasikur 

Teoriul principebze, romlebic yovel konkretul SemTxvevaSi 

moiTxoven specifikur midgomas; 

     - mcenareuli nedleulis eqstraqciis arsebuli meTodebis 

analizi gviCvenebs, rom umravles SemTxvevaSi procesis 

intensifikacia miiRweva masalaze gare faqtorebis zemoqmedebis 

safuZvelze, romlebic SeiZleba iyos meqanikuri, hidravlikuri, 

pnevmatikuri, eleqtro-magnituri, kombinirebuli da sxva. 

     - mcenareuli nedleulis eqstraqciisaTvis gamoyenebuli 

mowyobilobebis analizis safuZvelze SegviZlia davaskvnaT, rom 

Cveni respublikis veluri mcenareuli sanedleulo bazis 

raodenobis gaTvaliswinebiT mizanSewonilia damuSavebuli iyos 

SedarebiT mcire moculobis (0,5-1,0m3 tevadobis) da mwarmoeblobis, 

perioduli qmedebis saeqstraqcio aparatebi; 

     - perioduli qmedebis saeqstraqcio aparatebis (an aparatebis 

batareebis) bazaze SesaZlebelia Seiqmnas racionaluri manqana-

aparaturuli sqema, romelic uzrunvelyofs miznobrivi produqtis 

maRal gamosavlianobas da xarisxs, minimaluri materialuri 

danaxarjebiT. 
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2. Sedegebis gansja 

2.1.Mmcenareuli nedleulis originaluri eqstraqtoris 

damuSaveba 

 

     eqstraqciis meTodebis da mowyobilobebis analizi gviCvenebs, 

rom isini Zalze mravalferovania da gansxvavdebian ara marto 

konstruqciuli agebulebiT, aramed teqnologiuri efeqturobiT 

da teqnikur-ekonomikuri maCveneblebiT. ZiriTadi moTxovnebi, 

romlebic unda daakmayofilos nebismieri konstruqciis aparatma 

aris saeqstraqcio nivTierebebis maqsimaluri gamoyofa minimaluri 

droisa da materialuri danaxarjebis pirobebSi. 

    Cveni respublikis saeqstraqcio mcenareuli nedleulis baza 

Zalze mravalferovania, magram Tu gaviTvaliswinebT damzadebis 

masStabebs, maSin ufro racionaluria perioduli qmedebis 

aparatebis Seqmna, romlebSic saWiro mwarmoebloba miiRweva 

procesis intensifikacis saTanado meTodebis gamoyenebiT. 

     Cvens mier damuSavebulia ramodenime modifikaciis, 

originaluri konstruqciis mcenareuli nedleulis eqstraqtoris 

sqema. mcenareuli nedleulis eqstrahirebis procesis 

intensifikaciis erTerT meTods warmoadgens Txevadi da myari 

fazebis aqtiuri barbotireba. Cvens mier damuSavebul 

konstruqciebSi es meTodi ganxorcielebulia eqstragentis 

cirkulirebiT Caketil ciklSi Wavluri tumbos moqmedebis 

principiT. nax.17–ze warmodgenil aparatSi ganxorcielebulia 

orfaziani sistemis (myari sxeuli - siTxe) eqstraqciis procesi, 

romelSic intensifikaciis efeqtur meTods warmoadgens muSa ares 

barbotireba eqstragentis WavliT, rasac Tan axlavs masacvlis 

procesis intensifikacia. 

         aparati warmoadgens cilindrul WurWels 1, romelSic 

koaqsialurad Cadgmulia cilindruli bade 2 konusuri ZiriT. 

cilindrSi TanaRerZulad dayenebulia Wavluri tumbo Semwovi 3, 

Semrevi 4 milebiT da saqSeniT 5. cilindruli badis konusur Zirs 

garedan gakeTebuli aqvs Txevadi fazis Semkrebi koleqtori 6. 
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aparatis konusur ZiriSi Cadgmulia daxrili frTebisagan 

Sedgenili rotori 9 (nax.17,a), romlis lilvi 8 brunviT moZraobas 

iRebs reversiuli amZravidan 7. am meqanizms aqvs ormagi  

daniSnuleba – igi asrulebs momrevis rols procesis 

intensivobis gazrdis mizniT, xolo procesis damTavrebis Semdeg 

igi emsaxureba  aparatidan Srotis gamotvirTvas.  

 

 

nax.17. saeqstraqcio aparatis sqema 
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          reversiuli amZravi uzrunvelyofs rotoris gadarTvas 

sxvadasxva mimarTlebis brunvaze. eqstraqciis procesSi rotori 

gadaaadgilebs masas konusuri Ziris qveda nawilidan zemoT, xolo 

Srotis gamotvirTvis dros ki – piriqiT. 

      Sroti gamoitvirTeba RariT 22, romelic eqstraqciis 

procesSi hermetulad iketeba saketiT 23.  

     aparatis saxuravze ganlagebulia myari masalis CasatvirTi 

liuki 10 da eqstragentis misawodebeli milyeli 11. liukis 10 

ZirSi, TanaRerZulad moTavsebulia miwodebuli masalis aparatis 

korpusis periferiebze gamanawilebeli Talfaqi 12.  

     korpuss garedan gakeTebuli aqvs perangi 13, orTqlis 

SemSvebi, namuSevari orTqlis da kondensatis gamomyvani 

milyelebiT. 

    Aaparatis ZirSi dayenebulia centridanuli tumbo 14, romelic 

Txevad fazas Seiwovs koleqtoridan 6 miliT 15 da Wirxnis 

saqSenSi 5. milze 15 dayenebulia Txevadi fazis koncentraciis 16 

da temperaturis 17 sakntrolo xelsawyoebi, agreTve siTxis 

nakadis gadamrTveli 18. 

    aparatSi dadgenili proporciiT awvdian nedleuls fxvieri 

masalis saxiT liukidan 10 da eqstragents – milyelidan 11. amave 

milyeliT, saWiro dros, aparatSi SehyavT gamrecxi wyali.  

fxvieri masala ikavebs cilindrul badesa 2 da Semwov mils 3 

Soris ares, xolo eqstragenti WurWelSi Casxmis Semdeg Sedis 

agreTve milSi 3 da ikavebs masSi WurWlSi arsebulis Tanabar 

dones. Txevadi faza badis naxvretebis gavliT Caedineba 

koleqtorSi 6. tumbo 14 Txevad fazas Wirxnis saqSenSi 5, romelic 

Semrev milTan 4 qmnis inJeqciis efeqts, rac iwvevs  WurWelSi 

arsebuli Txevadi da myari fazebis narevis Sesvlas Semwov milSi 

3 da barbotirebis efeqtiT mis cirkulacias. Semrevi milis 4 

moxrili bolo (kveTi a-a) nakads mimarTavs WurWlis kedlisadmi 

tangencialurad, rac iwvevs siTxis nakadis zeda fenebis brunvas 

da eqstrahirebis procesis intensivobis kidv ufro gazrdas.  
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    eqstraqciis procesisaTvis saWiro temperatura narevs 

gadaecema orTqlis perangidan 13, romelic kontroldeba 

TermometriT 17. rodesac xsnarSi eqstraqciuli nivTierebebis 

koncentracia miaRwevs sasurvel dones, foto-eleqtruli 

refaqtometri 16 gadascems impulss gadamrTvels 18 da eqstraqti 

miliT 19 gamoiyofa aparatidan. amis Semdeg, gaxsnian sakets 23, 

CarTaven rotoris 9 amZravs 7 da WurWelSi arsebuli narCeni 

(Sroti) apartidan Samoedineba gamomtvirTavi RariT 22. amis 

Semdeg, aparati irecxeba wyliT, romelic miewodeba mas milyeliT 

11 gadamrTvelis 20 gavliT da mzaddeba morigi CatvirTvisaTvis. 

aparatis sanitaruli momsaxurebisTvis gaTvaliswinebulia onkani 

21 gamrecxi wylis Camosaclelad. eqstragentis warmoqmnili 

orTqli aparatidan milyeliT 24 miewodeba Tbomcvlels. 

         amrigad, warmodgenil aparatSi eqstraqciuli procesi 

xorcieldeba Caketil ciklSi,  orfazian aradrekad ares Soris 

masacvlis Sedegad. 

        aparatis gamoyeneba Tanabari warmatebiT SesaZlebelia rogorc 

“myari sxeuli – siTxis” aseve “siTxe-siTxis” sistemebis 

eqstrahirebisTvis. 

         warmodgenil mcenareuli nedleulis eqstraqciis 

hidrodinamikur meTods gaaCnia rigi upiratesobani: 

         - eqstraqciis procesis intensifikacia; 

         - eqstraqciis drois Semcireba; 

         - gamoyofili miznobrivi nivTierebis raodenobis gazrda; 

         - energodanaxarjebis Semcireba. 

 

     
2.2.Eeqstraqciis hidrodinamikuri procesis 

Teoriuli analizi 
 

        warmodgenil eJeqtoruli tipis eqstraqtorSi (nax.17) 

mniSvnelovania mis mTavar kveTebSi hidrodinamikuri parametrebis 

analizuri dasabuTeba da sworad SerCeva, romelic uzrunvelyofs 

maRal teqnologiur efeqts. 
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    Wavluri aparatebis Teorias safuZveli Caeyara jer kidev 

ceinerisa da renkinis SromebSi. maTi Teoria dafuZnebuli iyo 

nakadebis impulsebis gantolebebze. magram es Teoria ar iZleva 

Wavluri aparatebis gaangariSebis srul SesaZleblobas, kerZod 

maTi ZiriTadi konstruqciuli parametrebis zustad gansazRvras. 

    Wavluri aparatebis Teoriis Seqmnas farTo SesaZleblobebi 

misca aparatebSi mimdinare hidrodinamikuri movlenebis Semdgomma 

detalurma Seswavlam, raSic didi wvlili miuZRvis v.gonCarevis 

Sromebs. 

    k.baulinis da l.bermanis Sromebis safuZvelze damuSavda 

gaangariSebis meTodika da Seiqmna Wavluri aparatebis sakmaod 

srulyofili konstruqciebi. amave SromebSi gamoyvanilia 

maxasiaTeblebis gantolebebi, romlebic aRweren Wavluri 

aparatebis muSaobas cvlad reJimebSi. 

    garda aRniSnulisa, Wavluri aparatebis Teoriisadmi 

miZRvnilia mravali Sroma, romelTa miznobriv daniSnulebas, 

rogorc wesi, warmoadgens ZiriTadi parametrebis saangariSo 

formulebis gamoyvana mocemuli tipis aparatisa da 

pirobebisaTvis [40,41]. 

    nax.18–ze naCvenebia Wavluri aparatebis moqmedebis tipiuri 

principuli sqema, saxasiaTo kveTebi da ZiriTadi parametrebi. 

    nebismieri Wavluri aparatis maxasiaTebeli procesebi 

aRiwereba sami kanoniT [40]: 

    - energiis mudmivobis 

                              Sim iuuii )1(   , 

sadac mi  , ii  , Si  - Sesabamisad muSa, inJeqtirebuli da Sereuli  

                    nakadis  entalpiebia, kj/kg; 

       u  - inJeqciis koeficientia, romelic tolia mi GGu / . 

- masis mudmivobis kanonis Tanaxmad 

                      imS GGG  , 
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sadac 
m

G , iG , SG   - Sesabamisad muSa, inJeqtirebuli da Sereuli 

nakadebis masuri xarjia, kg/wm. 

- impulsebis kanonis Tanaxmad          

)()(
1

3
333 i1i1m1m1imi1im1m fpfppdffpGGGG

f

f
  ,      (5) 

sadac m1 , i1 , 3  - Sesabamisad muSa, inJeqtirebuli da Semrevi  

         kameris gamosasvlelSi Sereuli nakadis siCqareebia, m/wm; 

        m1p , i1p , 3p - muSa da inJeqtirebuli nakadebis statikuri 

wnevebia Semrevi kameris SesasvlelSi da Sereuli nakadis 

statikuri wnevaa amave kameris gamosasvlel kveTSi,  pa;  

       m1f , i1f , 3f - muSa da inJeqtirebuli nakadebis kveTebis 

farTebia Semrevi kameris SesasvlelSi da Sereuli nakadis kveTis 

farTia imave kameris gamosasvlelSi, 2m ; 

         
1

3

f

f
pdf  Semrevi kameris gverdiT zedapirze ZalTa 

impulsis integralia 1-1 da 3-3 kveTebs Soris (nax.18).  

 

 

nax.18. Wavluri aparatis saangariSo sqema 

 

     impulsebis kanonis safuZvelze (5) aradrekadi garemosaTvis 

SesaZlebelia miviRoT Wavluri aparatis maxasiaTeblebis 

gantoleba 
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im.
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     (6) 

    mocemul gantolebaSi Sp  da mp   - Sesabamisad SemrevSi da 

saqSenSi wnevaTa vardnaa, romlebic tolia 

                         Sp = Sp - ip ; mp = im pp   

    kveTebis farTebisTvis gvaqvs 

                       m.1i.2 fff  3 ;  
m.1

m.1m.1

ff

f

f

f

i 


32.

 

    4321 ,,,  - siCqaris koeficientebia Sesabamisad: saqSenis, 

Semrevi kameris, difuzoris da Semrevi kameris Sesasvleli ubnis. 

    Sim  ,,  - xvedriTi moculobebia Sesabamisad: muSa, inJeqciuri 

da Sereuli nakadebis, m 3 /kg. 

    Cvens mier warmodgenil konstruqciaSi difuzori ar 

warmoadgens uSualod Semrevi milis gagrZelebas da mis rols 

asrulebs aparatis danarCeni moculoba, amdenad 13  . garda 

amisa, xvedriTi moculobebi aparatis yvela kveTSi praqtikulad 

tolia, anu Sim   . 

    yovelive aRniSnulis gaTvaliswinebiT (2) gantoleba miiRebs 

saxes 

      ])1(2)
1

2(2[ 22

2

3

22

2

1 u
f

f
u

f

f

f

f

p

p






S.

m.

S

m

S.

m.

m.

S.


     (7) 

        (7) gantoleba amyarebs damokidebulebas aparatis mTavar 

kveTebSi wnevaTa fardobiT vardnas, farTobebs, siCqareTa 

koeficientebs da inJeqciis koeficients Soris.  

    miRebul gantolebaSi mniSvnelovania Semrev milSi siCqaris 

koeficientis gansazRvra. saqSenis Wavlidan gamosuli siTxis 

nakadis siCqaris danakargs ZiriTadad gansazRvravs Semwov milSi 

arsebuli siTxis H hidrostatikuri dawneva. amis gaTvaliswinebiT 

ganisazRvra 2   koeficienti 
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k

k

kH

HkH 1
2





 , 

sadac H - Semwovi milis simaRle anu hidrostatikuri uku 

dawnevaa. k >1 - saqSenis kveTSi dawnevis maragis koeficientia H  

hidrostatikuri wnevis dasaZlevad da barbotirebis maRali 

efeqtis Sesqmnelad. 

    aparatSi muSa da inJeqciis wnevebis sidideze warmodgenas 

gvaZlevs nax.19 –ze warmodgenili saangariSo sqema. 

 

nax.19. eqstraqtoris hidrodinamikuri procesis 
saangariSo sqema 

 

    saqSenSi wnevis vardna ganisazRvreba formuliT 

                       imm ppp 22

1

2

2 m

mm

f

vG


pa,                     (8) 

sadac mp -saqSenSi wnevis vardnaa, anu muSa wnevis vardna, pa;  

      
m

p -tumbos mier ganviTarebuli muSa wneva, pa;  

      
i

p - saqSenis gamosasvlel kveTSi wneva, anu inJeqciis wneva,  

          pa;  

     mG - muSa siTxis xarjia, kg/wm;  

      mv - muSa siTxis xvedriTi moculobaa, m3/kg;  

     1  - siCqaris danakargis koeficientia;   
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     mf - saqSenis gamosasvleli xvrelis farTia, m2. 

    imisaTvis, rom ganxorcieldes inJeqciis efeqti saWiroa, rom 

daculi iyos piroba 

                                 )( xax.i hHkp    pa,                                  

sadac H  - siTxis Sewovis hidrostatikuri wnevaa, pa;  

       xax.h - xaxunze danakargebia Semwov milSi, pa; 

       1. k  - koeficientia, romelic gansazRvravs procesis 

intensivobas. 

    xaxunze danakargebi milSi ganisazRvreba hidromeqanikidan 

cnobili damokidebulebiT 

,n.
xax.xax.

g

v

d

L
h

2
  

sadac xax. - xaxunis koeficientia, romelic damokidebulia  

              siTxis siblanteze, moZraobis siCqareze da milis 

              diametrze; 

        L  - milis sigrZea, m; 

        d  - milis diametria, m; 

        n.v  -siTxis nakadis moZraobis siCqarea, m/wm; 

        g  -simZimis Zalis aCqarebaa, m/wm
2
. 

    xax.  sidides gansazRvravs siTxis moZraobis xasiaTi, kerZod 

laminaruli dinebis dros Re/64xax. , xolo turbulenturi 

dinebis SemTxvevaSi - 4 Re/3164,0xax , sadac Re - reinoldsis 

kriteriumia. 

        (8) formulidan SegviZlia ganvsazRvroT muSa wnevis sidide 

                         mp )(
2

22

1

2

xax.

m

mm hHk
f

vG



, pa. 

Semrev kameraSi wnevis vardna tolia 

                           xax.S. hHp  , pa                                
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     eqstraqtoris teqnologiuri efeqturobisaTvis 

mniSvnelovania agreTve aparatis mTavari kveTebis farTobebis 

optimaluri fardobis sxva faqtorebTan damokidebulebis 

gansazRvra. mocemuli inJeqciis koeficientisaTvis, gantolebas 

aqvs Semdegi saxe 

            ,/])
1

2()1(2[)( 2

2

2

3

2

2 


 nuu
f

f
opt.

m

S
         (9) 

sadac 

.
1)/(

/




mS

mS

ff

ff
n  

     Tu cnobilia Semrevisa da muSa wnevebis fardobiTi vardna, 

maSin aparatis mTavari kveTebis farTebis optimaluri fardoba 

ganisazRvreba ufro martivi formuliT 

                            
S

m
opt.

m

S

p

p

f

f




 2

2

1)(                            (10) 

 

    miRebuli sxva teqnologiuri, konstruqciuli da 

hidravlikuri parametrebis gaTvaliswinebiT (7) da (9) 

gantolebebma miiRo Semdegi saxe 

                         
2017,012,0205,0 uu

p

p






m.

S.
             (11) 

                        
2275,055,2)( uu

f

f
opt.

m

S
                  (12) 

          nax.20-ze warmodgenilia (11), (12) gantolebebis grafikuli 

gamosaxuleba.         

         im SemTxvevaSi, rodesac cnobilia mp  wnevis vardna, maSin 

saqSenis gamosasvleli xvrelis kveTi ganisazRvreba formuliT   

                              
m

mm
m

p

vG
f




21
m2,                        (13)  

     aqedan iangariSeba saqSenis gamosasvleli xvrelis diametri 

saq.d . 
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    Semrevi kameris kveTis farTi Sf  da Sesabamisad diametri,  

ganisazRvreba (10) da (13) formulebis erToblivi amoxsniT. 

    rogorc miRebuli gantolebebi gviCvenebs, eqstraqtoris 

ZiriTad maxasiaTebel parameters warmoadgens inJeqciis 

koeficienti, romelic erTerTi ganmsazRvrelia eqstraqciis 

procesis intensivobis. igi ganisazRvreba inJeqtirebuli narevis 

( iG ) da muSa siTxis ( mG ) xarjebis (kg/wm) fardobiT 

m

i

G

G
u  . 

 

         nax.20. Sp / mp  da mS ff /  damokidebuleba inJeqciis  

                            koeficientTan u  

 

    orfaziani sistemis – “myari sxeuli – siTxe” eqstrahirebis 

procesSi aRniSnuli koeficienti warmoadgens myari da Txevadi 

fazebis inJeqciis ori kerZo koeficientis jams 

     T.f.m.f. uuu  , 

romlebic ganisazRvrebian tolobebiT: 

                      
m

m.f.

m.f.
G

G
u  ;   

m
G

G
u

T.f.

T.f.  , 
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sadac m.f.G - myari fazis xarjia, kg/wm;  T.f.G - Txevadi fazis 

xarjia, kg/wm;  m.G  - saqSenSi gamavali muSa siTxis xarjia, kg/wm. 

     miRebuli analizuri damokidebulebebi saSualebas gvaZlevs 

teqnologiri moTxovnebis Sesabamisad ganisazRvros eqstraqtoris 

ZiriTadi konstruqciuli da hidrodinamikuri parametrebi. 

    eqstrahirebis inJeqciuri efeqti ganisazRvreba Txevadi fazis 

moZraobis TaviseburebebiT. siTxis muSa nakadi saqSenidan Sedis 

aparatis mimReb kameraSi maRali siCqariT da waritacebs ufro 

dabali wnevis inJeqciur ares. Semrevi milis SesasvlelSi muSa 

nakadis siCqare mniSvnelovnad aRemateba inJeqtirebuli nakadis 

siCqares (nax.21) amasTan muSa nakadis kinetikuri energia 

nawilobriv gadaecema inJeqtirebul nakads. Semrev milSi 

gadaadgilebis dros xdeba nakadebis siCqareTa gaTanabreba da 

Sereuli nakadis kinetikuri energiis uku gardaqmna potencialur 

energiad. amrigad aparatSi adgili aqvs nakadebSi wnevaTa da 

siCqareTa swrafad da xSirad cvlilebas, rac aCqarebs myari 

fazidan miznobrivi komponentebis gadasvlas Txevad fazaSi da 

mniSvnelovnad zrdis konveqciuri difuziis intensivobas. 

 

nax.21. saeqstraqcio aparatSi nakadebis siCqareTa ganawileba 

 

    saqSenidan muSa nakadis gamosvlis siCqares gansazRvravs muSa 

siTxis xarji (tumbos mwarmoebloba) da saqSenis gamosasvleli 

xvrelis farTi  

                      
m1m

m
m1

f

G


   m/wm,                       (14) 
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sadac m1  - muSa nakadis siCqarea saqSenis boloze anu 1-1  

             kveTSi, m/wm; 

       m.G - saqSenSi gamavali muSa siTxis xarjia, kg/wm; 

        m  - Txevadi fazis simkvrivea, kg/m3; 

        m1f - saqSenis gamosasvleli xvrelis farTia, m2. 

    inJeqtirebuli nakadis siCqare 2-2 kvveTSi tolia 

                   
i2i

m
i2

f

uG


   m/wm,                           (15) 

sadac u - inJeqciis koeficientia; 

       i - inJeqtirebuli nakadis simkvrivea, kg/m3; 

      i2f - inJeqciuri nakadis farTia 2-2 kveTSi, romelic tolia 

m1i2. fff  3 , 

sadac  S.m.ff 3  cilindruli Semrevi milis kveTis farTia, m2. 

Semrevi milis boloSi gaTanabrebuli siCqare toli iqneba 

                  33 /)( f
GG

i

i

m

m


        m/wm,             (16) 

sadac iG  - inJeqtirebuli siTxis xarjia, kg/wm, romelic tolia 

uGG mi   

     (14), (15) da (16) tolobebi gansazRvraven siCqareTa epiurebs 

nax.21 –ze. 

    nakadis saSualo siCqared 2-2 kveTSi SeiZleba miviRoT 

222 /)( i2μm1    m/wm 

     nakadis kinetikuri energiis nawili, romelic gadadis 

potencialur energiaSi toli iqneba 

                         )(k 322   GLE  n.m, 

sadac   im GGG     muSa da inJeqtirebuli siTxeebis jamuri 

nakadia, kg/wm; L  - Semrevi milis sigrZea, m. 
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2.3. eJeqtoruli eqstraqciis energetikuli 

efeqtis Sefaseba 

    rogorc literaturis mimoxilvaSi iyo aRniSnuli, mcenareuli 

nedleulis eqstraqciis procesis intensifikaciis mizniT 

teqnikaSi mimarTaven myari da Txevadi fazebis narevze gare 

zemoqmedebas, maT Soris hidro-dinamikur da eleqtro-magnitur 

pulsacias, ultra-bgeriT da mravali sxva saxis meqanikur 

zemoqmedebas, ris Sedegadac Cqardeba myari fazidan miznobrivi 

produqtis gadasvla eqstragentSi. meTodis SerCevis dros 

mniSvnelovania konstruqciis simartive, advili momsaxureba da 

maRali teqnologiuri efeqti.   

    procesis intensifikaciis Sesafaseblad SeiZleba visargebloT 

masis erTeul moculobaSi gadacemuli energiis sididiT. 

gansaxilvel SemTxvevaSi myari da Txevadi fazebis narevs 

gadaecema rogorc Tburi, aseve meqanikuri energia. 

     Tburi energiis gadacema xdeba masis gacxelebis mizniT 1t  

temperaturidan 2t  temperaturamde da gamoiTvleba cnobili 

formuliT 

                          )( 12 ttGcQ Tb.  j,                     (17) 

sadac G  gasacxelebeli nivTierebis masaa, kg; 

       c - gasacxelebeli nivTierebis Tbotevadobaa, j/kg. C0 ; 

      Cvens mier damuSavebul eJeqtorul eqstraqtorSi (nax.17) garda 

masis cirkulaciisa, myari da Txevadi fazebis narevze gare 

zemoqmedeba xorcieldeba eJeqtoris Semwov da Semrev milebSi 

nakadis fenebis fardobiTi moZraobis Sedegad warmoqmnili mxebi 

ZabvebiT, siCqareebisa da wnevebis mravaljeradi myisieri 

cvlilebiT.  

      eJeqtoris komunikaciebSi narevis nakadze gadacemuli sruli 

meqanikuri energia SeiZleba warmovadginoT Semdegi saxiT 

                    Rpvc EEEEEE  meq.  j,                   (18) 

sadac cE  narevi masis cirkulaciiT gadacemuli energia, j; 
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       E - Semwovi milis nakadSi mxebi Zabvebis arsebobiT 

           gadacemuli energiaa, j; 

       vE - Semrev milSi nakadebis siCqareTa sxvaobiT 

           warmoqmnili energiaa, j; 

       pE - Semrev milSi nakadebis wnevaTa sxvaobiT 

            warmoqmnili energiaa, j; 

       RE - nakdis mier eqstraqtoris kedlidan reaqciis ZaliT  

                       miRebuli energiaa, j. 

    myari da Txevadi fazebis cirkulaciiT gadacemuli energia 

gamoiTvleba   

                                .QEc   j,                        (19) 

sadac Q  cirkulaciis moculobiTi xarjia, m 3 /wm; 

        - narevis dinamikuri siblantea, pa.wm. 

  E qstraqtoris Semwov milSi 3 (nax.17)  nakadis moZraoba 

gavaanalizoT nax.22-ze warmodgenili sqemis mixedviT. 

wonasworobis pirobiT, Zalebis jami, romlebic moqmedeben dx  

sigrZis nakadis elementze laminaruli dinebis dros tolia 

nulis 

                   ..)( dxrprdppr 222  =0,                   (20) 

sadac r -elementaruli nakadis radiusia, m; 

       p da dpp  - elementaruli nakadis torsebze moqmedi  

         wnevebia, pa; 

             - nakadis fenebis fardobiTi moZraobis mxebi Zabvaa, pa. 

    (20)-dan gvaqvs  

                         dxrdp 2/ , pa.                         (21) 

    rodesac Rr   milis kedelze mxebi Zabva tolia 

                                              k  dxRdp 2/ , pa                        (22) 

sadac R - Semwovi milis Siga radiusia, m. 

    (21) da (22)-dan vRebulobT 

                           Rr /k  , pa                          (23) 
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    (23) gantoleba gviCvenebs nakadSi mxebi Zabvebis   xazovan 

damokidebulebas mimdinare radiusTan r , rac nax.22-ze 

gamosaxulia )(rf  epiuris saxiT. aqedan gamomdinare mxebi 

Zabvebis saSualo mniSvneloba nakadSi toli iqneba 2/ksaS.    pa. 

 

nax.22. Semwov milSi nakadis moZraobis saangariSo sqema 

     

    Zvris Zabva milis kedelze ganisazRvreba cnobili 

damokidebulebiT 

gD

L
K

2

2
saS.S

wk


   pa, 

sadac wK - nakadis moZraobis winaaRmdegobis koeficientia; 

       SL  - Semrevi milis sigrZea, m; 

       D  - milis diametria, m; 

         - narevis xvedriTi wonaa, n/m 3 ; 

       saS. - nakadis moZraobis saSualo siCqarea, m/wm. 

    Zvris Zabvebis arsebobiT siTxis nakadze gadacemuli energia 

iqneba 

                         WWE
2

k

saS.


   j,                   (24) 

   sadac W - nakadis anu Semwovi milis moculobaa, m 3 . 
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    rogorc Semrev milSi nakadis siCqareTa ganawilebis 

epiurebidan (nax.21) Cans milis Sesasvlel kveTSi (1-1) muSa nakadis 

siCqare m1  aRemateba inJeqtirebuli nakadis siCqares i2 , xolo 

milis boloSi (3-3) xdeba siCqareTa gaTanabreba ( n 3 , sadac n -

narevi nakadis siCqarea). siCqareTa sxvaobas milis sigrZesTan 

SL aqvs xazovani damokidebuleba, amitom aRniSnuli faqtoris 

gamo nakadze gadacemuli energia gamoisaxeba frmuliT 

                       )( iimm

im

S GG
L

Ev

22 





 j                 (25) 

sadac m  da i - Sesabamisad muSa da inJeqtirebuli nakadebis 

siCqareebia, m/wm; 

    mG  da iG - Sesabamisad muSa da inJeqtirebuli nakadebis 

xarjebia, kg/wm. 

    Semrevi milis Semaval da gamomaval kveTebSi (nax.21) nakadis 

wnevaTa sxvaobis gamo gadacemuli energia toli iqneba 

                           WppEp )( 13  j                      (26) 

Semrevi milidan gamomavali nakdis mier eqstraqtoris kedlidan 

reaqciis ZaliT miRebuli energia ganisazRvreba formuliT 

                        2/cnn tGER  2  j,                       (27) 

sadac imn GGG  - narevis nakadis xarjia, kg/wm; 

       ct  - eqstraqciis procesSi narevis cirkulaciuri 

ciklebis jamuri droa, wm. 

    (17), (18), (19), (24), (25), (26) da (27) gantolebebiT miviRebT 

saeqstraqcio narevze gadacemul jamur energias 

Rpvc EEEEEQEQE  Tb.meq.Tb.  j. 
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2.4. mcenareuli nedleulis eqstraqciis procesis 

albaTuri Sefaseba 

             2.4.1. difuziuri procesis analizi 

     mcenareuli nedleulis eqstraqciis dros myari sxeulidan 

eqstragentSi miznobrivi produqtis gadasvlis kanonzomierebis 

dadgenas didi mniSvneloba eniWeba procesebis intensifikaciis 

gansazRvris TvalsazrisiT.  

      sxvadasxva procesebSi mimdinare SemTxveviTi movlenebis 

kanonzomierebebis dasadgenad xSirad mimarTaven albaTobis 

Teoriis meTodebs [42,43]. aseTi midgoma kargad aris cnobili 

kvebis mrewvelobis mravali dargis procesebis kvlevis sferoSi. 

dadasturebulia Teoriuli kvlevebis maRali saimedoeba da 

miRebuli Sedegebis praqtikisaTvis sakmao sizuste. am mxriv 

aRsaniSnavia e.nepomniaSis, l.kotliaris, l.zaporoJecis da sxvaTa 

Sromebi, romlebis mier fxvieri masalebis meqanikaSi miRebuli 

Teoriuli gamokvlevebis debulebebi safuZvlad daedo 

eqstraqciis procesis albaTur Sefasebas.   

     eqstraqciis difuziur procesSi adgli aqvs nivTierebis  

nawilakebis   stoqastikur  moZraobas,   romlis  kanonzomierebis                

dadgena SesaZlebelia albaTobis Teoriis gamoyenebiT. 

     literaturaSi [22] gaanalizebulia “myari sxeuli – siTxe” 

difuziuri procesis fizikuri modeli, romlis Tanaxmad myari 

nivTierebis sferuli formis nawilaki gayofilia zonebad. r -iT  

SemosazRvruli moculoba Seicavs miznobriv komponents myar 

mdgomareobaSi da mis najer xsnars forebSi (nax.23). meore 

moculoba, romelic SemosazRvrulia rR     areTi, Seicavs 

miznobriv komponents xnsad mdgomareobaSi. am ares ewodeba 

sasazRvro fena, xolo  R -iT SemosazRvrul zedapirs – gamyofi 

zedapiri (R  nawilakis radiusia). sasazRvro fenis gavliT xdeba 

nivTierebis gamotana nawilakis centraluri zonidan, rac 

xorcieldeba molekuluri difuziiT. am zonaSi difuziuri 

nawilakebi gamyofi zedapirisaken moZraoben stoqastikurad. maTi 
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gadasvla eqstragentSi moxdeba garantirebulad, rodesac isini 

aRmoCndebian gamyof zedapirze. 

 
nax.23. myar sferul nawilakSi difuziuri  

procesis fizikuri modeli 

 

     difuziuri nawilakis gadaadgileba sasazRvro fenaSi 

gamyofi zedapirisaken ganixileba rogorc SemTxveviTi procesi da 

misi albaToba t  droSi rRx 0  fenis sisqeSi ganisazRvreba 

       








 dxddxddxtxxtxF

t xx tx

   









0 00 00

00 ),,(),(   (28) 

sadac );;( txx0   aRniSnulia gansaxilvel SemTxveviT procesSi 

gamyofi zedapiridan aTvlili )(t  koordinatis cvlilebis 

ganawilebis simkvrive. dx  gansazRvravs )(t  sididis ( dxxx ; ) 

mcire intervalSi moxvedris albaTobas, Tu rodesac x =0,  = 0x . 

    );;( 0 txx  funqcia akmayofilebs kolmogorovis gantolebas 

                                           
x

c
x

b

t 











 
2

2

2
                                                   (29) 

sadac b  da c  stoqastikuri koeficientebia, romlebic identuria 

Sesabamisad difuziis da masagacemis koeficientebis 

ganzomilebebiT: m2/wm da m/wm da ganisazRvrebian eqsperimentulad. 

    (29) gantolebis gaTvaliswinebiT (28) SeiZleba gamovsaxoT 

Semdegnairad 
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 dc
x

b
xF

t

)();( 



 

0

0
2

                   (30) 

    sasazRvro da sawyisi pirobebisTvis gvaqvs 

                      1.  = 0 , roca x = 0 

                      2. )( 0xx   , rodesac 0t , 

sadac  - delta funqciaa. 

    pirvel pirobas Seesabameba difuziuri nawilakis gamyof 

zedapirze miRweva, riTac nawilakis gamoyofis procesi 

dasrulebulia; meore pirobis Tanaxmad gamoiricxeba nawilakis 

myisieri gadaadgileba saboloo manZilze. 

    dasmuli amocanis sasazRvro da sawyisi pirobebis 

gaTvaliswinebiT, (29) gantolebis amoxsnis gamoyenebiT, difuziuri 

nawilakis gamyof zedapirze gadasvlis albaToba (30) SeiZleba 

warmovadginoT Semdegi saxiT 

                                   





d

b

cx
exр

b

x
txF

t

]
)(

[);(
22

2

0

0

0
0


  .                                                                

procesis mimdinareobis ZiriTadi maCvenebelia sasazRvro fenaSi 

gamavali miznobrivi nivTierebis nawilakebis saerTo masidan 

gamoyofis sisrulis xarisxi  .  

    Tu aRvniSnavT gamyofi fenis sisqes hx 0  da h
b

ch
  da 

SemoviRebT axal cvlads 
b

h
y

2
 , maSin miviRebT 

                           );( hyФ11  ,                                

sadac 

dx
x

h
xexрhyФ

z

])([
2

);( 2

0

1  


 

    am ukanasknel funqcias ewodeba albaTobis ganzogadebuli 

integrali da igi tabulirebulia. 

    damokidebulebas );( hy   SeiZleba vuwodoT difuziuri 

procesis universaluri maxasiaTebeli, xolo y  da h warmoadgenen 

procesis parametrebs. 
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     xSir SemTxvevaSi, rodesac nivTierebis nawilakebis da 

eqstragentis simkvriveebi umniSvnelod gansxvavdebian, maSin 

gravitaciuli velis gavlena nawilakebis moZraobaze SeiZleba 

ugulvebelyoT da miviRoT, rom 0h . aseT SemTxvevaSi 

albaTobis ganzogadebuli integrali gardaiqmneba albaTobis 

cnobil integralSi 

dyyexрzФ

z

)()(  
0

22


 

    nivTierebis gamoyofisTvis vRebulobT gamosaxulebas 

)(1 yФ , 

romelic damokidebulia procesis mxolod erT parametrze     

bt

h
y

2
 . 

    mniSvnelovania aRiniSnos, rom funqcia )(y   iqneba erTi da 

igive sxvadasxva procesebisaTvis, romlebic xasiaTdebian mxolod 

erTi b  koeficientiT. 

     amrigad b  da c  difuziis da masagacemis koeficientebis 

cnobili meTodebiT eqsperimentulad gansazRvris Semdeg, 

SesaZlebelia miRebuli maTemetikuri gamosaxulebebiT 

gaviangariSoT miznobrivi komponentis eqstragentSi gamoyofis 

sisrule. 

 

2.4.2. konveqciuri difuziis procesis analizi 

  

    Eeqstraqciis procesze momqmedi faqtorebis Sesafaseblad 

gavaanalizoT eqstraqtorSi mimdinare procesi. aRvniSnoT cP -Ti 

myari fazis nawilakis eqstraqtoris cirkulaciur ciklSi anu 

aqtiur muSa areSi moxvedris albaToba da dP -Ti nawilakis 

konveqciuri difuziis albaToba imave ciklSi. maSin am ori 

movlenis erToblivi dadgomis albaToba iqneba dc PPP  .  

    myari fazis nawilakis eqstraqtoris aqtiur muSa areSi anu 

Semrev milSi moxvedris albaTobas gansazRvravs eqstraqtorSi 
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CatvirTuli myari da Txevadi fazebis Tanafardobis Sefardeba 

imave fazebis fardobasTan Semrev milSi 

S.m.
T.f.

S.m.
m.f.

0
T.f.

0
m.f.

c
GG

GG
P

/

/
  

    nawilakis konveqciuri difuziis albaTobas gansazRvravs myar 

fazaSi miznobrivi produqtis Semcvelobebis fardoba Semrevi 

milis TavSi da boloSi anu 1-1 da 3-3 kveTebSi (nax.21) 

                                3-3
m.f.

1-1
m.f

d
C

C
P   

    Tu P -s mniSvnelobas miviRebT mudmiv sidided, maSin 

miznobrivi produqtis fardobiTi Semcveloba Txevad fazaSi, m  

raodenobis ciklSi toli iqneba 

m

m PCC )1(  0
m.f.  

sadac 
0
m.f.C - myar fazaSi miznobrivi produqtis sawyisi  

              Semcvelobaa; 

        m  - muSa ciklebis raodenobaa, romelic gansazRvravs 

nawilakis gavlis jeradobas Semrev milSi. 

     eqstraqtoris aqtiur muSa areSi masalis damuSavebis 

 droisa da 1 wT drois intervalSi ciklebis ck  

raodenobisaTvis gveqneba ckm  . 

   Sesabamisad 

c0
m.f.

k

m PCC )1(  . 

    radgan 1)1(  P  da 0)1ln(  P , amitom 

                  kCPkCCm  0
m.f.c

0
m.f. ln)1ln(lnln ,        (31)P 

sadac )1ln( Pkk  c  myari fazis koncentraciis klebis mudmivaa, 

rac axasiaTebs difuziur process. 

    (31)-dan gvaqvs 

                            
k

m eCC  0
m.f.                           (32) 
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    eqstraqciis muSa areSi mimdinare procesis Sedegad, rasac 

gansazRvravs inJeqciuri zemoqmedeba masalaze, nawilakis saSualo 

masa SeiZleba gamovsaxoT 

                    zM n      an   z
d

Md




n
  

sadac z  nawilakis saSualo masis klebadobis koeficientia.  

    aqedan 

                        dnd
M

z

M

Md
n

nn

n  ,                 (33) 

sadac (- nn ) nawilakis saSualo masis klebadobis modulia, romlis 

mniSvneloba ganpirobebulia masalis TvisebebiT da muSa areSi 

mimdinare procesiT. 

    (33) pirveli rigis diferencialuri gantolebis integrebiT 

miviRebT 

 




0

0

dn
M

Md
M

Mm

n

n

n
,  an 

                           
nm e

M

M 
0

 .                              (34) 

     0 da 0M  SemTxvevisaTvis, Tu aRvniSnavT miznobrivi 

produqtis Txevad fazaSi gadasvlas 0u , xolo  0 da mM  

SemTxvevisaTvis u -Ti, m  ciklisaTvis SeiZleba CavweroT 

                              
mM

M
A

u

u 0

0


 ,                            (35) 

sadac A  koeficientia, romlis ricxviTi mniSvneloba 

gansazRvravs procesis teqnologiur efeqturobas. 

    Tu gaviTvaliswinebT (34)-s, maSin (35) SeiZleba warmovidginoT 

Semdegi saxiT 

                          
 nnAe

u

u 
0

  , saidanac 

                          



nnAeuu  0                            (36) 
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    (36) gantolebaSi   argumentis cvlileba zrdadi 

ariTmetikuli progresiiT iwvevs u  funqciis cvlilebas zrdadi 

geometriuli progresiiT. 

    Tu gavadiferencialebT (36) gantolebas  -Ti miviRebT 

                    









dundu

unenAu
d

du n

n

nn
n





0

                    (37) 

    (37)-dan gamomdinareobs, rom d  drois usasrulod mcire 

zrdis pirobebSi, miznobrivi produqtis gamoyofis usasrulod 

mcire zrda du , pirdapir damokidebulebaSia miRebul sidideebTan 

u  da nn  modulTan. 

 

2.5. eqstraqciis kinetikuri procesis kvleva 

 

    mcenareuli nedleulis, iseve rogorc mravali sxva 

nivTierebis eqstrahireba warmoadgens masaTa cvlis kargad 

cnobil process da emyareba am procesSi mimdinare ZiriTad 

kanonzomierebebs. 

    mcenareuli nedleulis eqstraqciis kinetikuri procesis 

kvlevisadmi miZRvnilia mravali mecnieruli naSromi. aRniSnul 

procesSi masaTa cvlis da masagadatanis kanonzomierebebs 

safuZvlad udevs a.fikis fundamenturi Teoriuli gamokvlevebi. 

eqstraqciis procesSi masaTa cvlis Teoriis ganviTarebaSi didi 

wvlili Seitanes: i.kriCevskim, p.silinma, a.likovma, g.hartlim, 

j.krankma, p.romankovma, a.kasatkinma, b.deriaginma, m.altSulerma, 

g.akselrudma, v.lisianskim da sxva mravalma mecnierma. 

     miuxedavad arsebuli mravalricxovani Teoriuli da 

eqsperimentuli monacemebisa, jer kidev saTanadod ar aris 

gamokvleuli uaRresad mravalferovani procesis kinetikuri 

kanonzomierebani da arasakmarisad aris damuSavebuli samrewvelo 

aparatebis gaangariSebis meTodikuri safuZvlebi. 
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    yvela arsebuli Teoriis ZiriTadi arsi mdgomareobs 

miznobrivi produqtis eqstragentSi gadasvlis siCqaris anu 

procesis drois xangrZlivobis da mwarmoeblobis gansazRvraSi. 

    mcenareuli nedleulis morfologiuri struqturis 

Taviseburebis da eqstrahirebis procesSi mimdinare rTuli bio-

qimiuri gardaqmnebis gamo uaRresad rTulia am procesis zusti 

Teoriuli analizi da maTematikuri modelireba, gansakuTrebiT 

rodesac erTdroulad mimdinareobs molekuluri da konveqciuri 

difuziuri procesebi. amdenadve rTulia procesis aRmweri 

maTemetikuri aparatis praqtikuli realizeba. sakiTxi ramdenadme 

martivdeba Teoriuli kvlevis procesSi empiriuli monacemebis 

gamoyenebiT, romlebic amaRleben miRebuli Sedegebis 

adekvaturobas realur procesebTan. 

    qstraqciis kinetikuri procesis TeoriaTa analizi, romelTa 

mcire nawili literaturis mimoxilvaSic aris warmodgenili da 

wina paragrafSi miRebuli kvlevis Sedegebi gviCvenebs, rom 

miznobrivi produqtis eqstragentSi gadasvlis process aqvs 

eqsponencialuri xasiaTi, anu sawyis masalaSi miznobrivi 

produqtis Semcveloba droSi mcirdeba, xolo eqstragentSi ki 

izrdeba da procesi mTavrdeba fazaTa Soris koncentraciaTa 

Tanafardobis dros [22]. 

    Cvens mier gansaxilveli procesi sruliad emyareba 

zemoTaRniSnul kanonzomierebebs da kinetikuri gantoleba 

warmodgenili gvaqvs Semdegi saxiT 

                     )1(0 Ke
G

G
CC  m

m.f.T.f. ,                         (38) 

sadac T.f.C - Txevadi fazis mimdinare koncentraciaa, gr/kg; 

       
0
m.f.C - myar fazaSi miznobrivi produqtis sawyisi  

              Semcvelobaa, gr/kg; 

       m.G - eqsraqtorSi CatvirTuli nedleulis, anu myari fazis 

            raodenobaa, kg; 

       G - eqsraqtorSi CatvirTuli mTliani masis (nedleuls +  
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            eqstragenti) raodenobaa, kg; 

       K - procesis ganmsazRvreli konstantaa, 1/sT; 

        - mimdinare droa, sT. 

     im SemTxvevaSi, rodesac eqstragenti miznobrivi produqtis 

garkveuli koncentraciiT miewodeba sawyis nedleuls (magaliTad, 

mimdevrobiT SeerTebuli aparatebis dros), maSin Txevadi fazis 

mimdinare koncentracia ganisazRvreba gantolebiT 

                  )1()( 0 ke
G

G
CCCC  m0

T.f.m.f.
0
T.fT.f. ,           (39) 

sadac 
0
T.f.C - Txevad fazaSi miznobrivi produqtis sawyisi 

Semcvelobaa, gr/kg; 

     procesis kvlevis mTavari sirTule dakavSirebulia 

K konstantas sworad gansazRvrasTan, romelic damokidebulia 

mraval faqtorze, maT Soris nedleulis da eqstragentis qimiur 

Semadgenlobaze, temperaturaze, nedleulis dispersulobaze da 

difuziuri procesis mimdinareobis sxva Taviseburebebze. Cvens 

mier warmodgenili eqstraqtoris teqnologiuri da 

konstruqciuli Taviseburebebidan gamomdinare da eqsperimentuli 

monacemebis safuZvelze, K konstantas saangariSod miRebuli iyo 

Semdegi empiriuli gamosaxuleba 

         neeeK
kTTkCk

]1][1)[1(
)/()/( 321 T.f.m.f.t.d.T.f.eq. 

 , 1/sT,      (40) 

sadac   1k , 2k da 3k  - empiriuli koeficientebia, romlebic 

mocemuli masalisaTvis gansazRvraven Sesabamisad eqstragentis 

qimiuri Semadgenlobis, temperaturis, myari masis dispersulobis 

da Txevadi fazis siblantis faqtorebis gavlenas difuziuri 

procesis mimdinareobaze; 

         eq. C - eqstragentis qimiuri Semadgenlobis ganmsazRvreli 

koncentraciaa (magaliTad, spirtisa da wylis narevis 

Tanafardoba), kg spirti /kg narevze;  

         T.f.T  - Txevadi fazis samuSao temperaturaa, C0
; 
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          t.d.T - mocemuli masalisaTvis Txevadi fazis  

          teqnologiurad dasaSvebi maqsimaluri temperaturaa, C0
; 

          m.f. - myari fazis moculobiTi masaa, kg/m
3
;    

          T.f. - Txevadi fazis moculobiTi masaa, kg/m
3
;   

         n -eqstraqtorSi mimdinare eqstragentis cirkulaciuri 

ciklebis sixSirea, 1/sT. 

    K konstantas gantolebaSi myari fazis moculobiTi masa m.f.  

gamoxatavs masalis dispersulobis xarisxs. cnobilia, rom 

arsebobs korelaciuri kavSiri fxvieri masalis nawilakebis 

zomebsa da moculobiTi masas Soris. magaliTad, mSrali CaisaTvis 

aRniSnul damokidebulebas aqvs Semdegi saxe  

                            
eqv.d

0  , 

sadac  - masalis moculobiTi masaa, kg/m
3
 ;   

       o - masalis moculobiTi masaa 1 mm ekvivalenturi 

diametris nawilakebis SemadgenlobiT, kg/m
3
 ;  

       eqv.d - masalis nawilakebis ekvivalenturi diametria, mm. 

     amave gantolebaSi Txevadi fazis moculobiTi masa 

T.f. gamoxatavs eqstragentis siblantis xarisxs, rasac 

mniSvnelovani gavlena aqvs difuziis procesSi. aqac kargad 

cnobilia damokidebuleba 

                              /v , 

 sadac v - siTxis kinematikuri siblantea, 2m /wm; 

        - dinamikuri siblantea, pa.wm; 

        - siTxis simkvrivea, kg/m
3
. 

      aparatSi mimdinare hidrodinamikur process da Sesabamisad 

eqstraqciis intensivobas axasiaTeben inJeqciis koeficienti u  da 

cirkulaciuri ciklebis sixSire n . maT Soris arsebobs Semdegi 

damokidebuleba 
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G

uG
n

)1( 
 m

 1/sT, 

sadac  mG - tumbos mier miwodebuli muSa siTxis xarjia, kg/sT; 

        G - eqstraqtorSi CatvirTuli masalis masaa, kg. 

     amrigad (38) da (40) gantolebebSi Semavali yvela fizikuri 

sidide srulad Seesabameba eqstraqciis procesis fizikur arss.  

     mocemuli konkretuli procesisaTvis, konstantebis 

dasadgenad sakmarisia ramodenime martivi cdis Catareba, ris 

Semdegac SesaZlebelia procesis sruli gaangariSeba moqmedi 

faqtorebis did diapazonSi varirebiT.  

 

2.6. eqstraqciis procesis konstantas 
Eeqsperimentuli kvleva 

 

    Eqstraqciis kinetikuri procesis K konstantas mniSvnelobas 

(40) gantolebaSi gansazRvraven koeficientebi: 1k , 2k da 3k , 

romlebic Tavis mxriv gansazRvraven konkretuli procesis 

mimdinareobaze calkeuli parametris gavlenis xarisxs. aRniSnuli 

koeficientebis dadgenis mazniT Catarda eqsperimentuli kvleva 

laboratoriul pirobebSi. Kkvlevis obieqtad SerCeuli iyo 

mSrali, daqucmacebuli mocvis nayofi, nawilakebis ori zomiTi 

fraqciiT, Sesabamisad 150-300 kg/m
3
 moculobiTi masebiT, 

romlebiTac gamoxatuli iyo myari fazis saTanado dispersuloba 

- m.f. . winaswar ganisazRvra nedleulSi miznobrivi produqtis – 

antocianebis Semcveloba 
0
m.f.C , gr/kg. eqstragentad gamoyenebuli 

iyo eTilis spirtis da wylis narevi, romelsac emateboda 1% 

marilmJava. faqtorebad ganisazRvra: eqstragentis koncentracia - 

eq. C kg/kg; Txevadi fazis temperatura - T.f.T C0
 da masalis 

dispersuloba- m.f. . cdebi tardebida aRniSnuli faqtorebis ori 

donisaTvis erTnairi TanafardobiT 1/2. eqstragentis koncentracia 

Seadgenda - 0,2-0,4 kg spirti /kg wyalze; Txevadi fazis 
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temperatura – 35-70 C0
; myari fazis moculobiTi masa –150-300 kg/m

3
. 

yoveli cda fasdeboda Txevad fazaSi gadasuli antocianebis 

raodenobiT, gr/kg. ramdenadac cdebis mizans warmoadgenda 

faqtorebis gavlenis xarisxis Seswavla mimdinare procesze, 

amdenad eqstraqciis dro ganisazRvra minimaluri sididiT-6 sT-iT. 

    cdebi tardeboda Semdegi TanmimdevrobiT. saTanado 

dispersulobiT daqucmacebul masas, 20 gr odenobiT, esxmeboda 

eq. G 180 gr 20 da 40%-iani wyal-spirtis narevi 35 da 70 C0
 

temperaturiT, romelic izomeboda minasiTxiani TermometriT.  

    ganisazRvra  95%- iani eTanolis saWiro raodenoba  

9,37
95

20
180 

b

a
Gx eq. gr da 

8,75
95

40
180 

b

a
Gx eq.  gr, 

sadac a  eTanolis koncentraciaa eqstragentSi; 

       b - Zlieri eTanolis koncentraciaa. 

    temperaturis stabilurobis mizniT narevi masa Tavsdeboda 

TermosSi. masis cirkulaciuri efeqtis imitireba xdeboda 

Termosis perioduli SenjRreviT. 6 sT-is Semdeg gamoiyofoda 

Txevadi faza da qimiuri analiziT ganisazRvreboda masSi 

miznobrivi produqtis Semcveloba. eqsperimentebSi qimiuri 

analizi tardeboda par.2.7.2- moyvanili meTodikiT. 

    cdebis samjeradi ganmeorebis Semdeg gamoiTvleboda saZiebeli 

sididis saSualo ariTmetikulis mniSvneloba. 

    cdebis gegma da Sedegebi mocemulia cxrilSi 1. 

    cxrilidan 1 T.f.C - is monacemebiT da (38) formuliT 

ganisazRvra K konstantas mniSvneloba 

                     )
m.

0
m.f.

T.f.

GC

GC
K -ln(1

1


 ,                 (41) 

sadac T.f.C - sTvis cxr.1-dan aiReba maqsimaluri mniSvneloba. 
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                                                           cxrili 1 

eqstraqciis procesis konstantasEeqsperimentuli kvlevis gegma                                                               

 

# 

 

eqstragentis 

koncentracia, 

eq. C ,   kg/kg 

Txevadi fazis 

temperatura, 

T.f.T  ,  C0
 

myari fazis 

moculobiTi 
masa, 

m.f. , kg/m
3
 

T.f.C  

Ggr/kg 

1 

2 

3 

4 

0,4 

0,4 

0,2 

0,4 

70 

35 

70 

70 

300 

300 

300 

150 

0,227 

0,170 

0,200 

0,190 

 

     calkeuli faqtoris processze gavlenis Sesafaseblad Sedga 

gantoleba 

                  xn
C

C
x

C

C
x

C

C
K

T

T

c

c

min.

maqs.

min.

maqs.

min.

maqs.




              (42) 

     (41) gantolebidan sawyisi pirobebiT da cxrilis 1 

monacemebiT vangariSobT  K konstantas mniSvnelobas, (42) - dan 

vpoulobT x  da vsazRvravT koeficientebs tolobebiT: 

)1ln(
1

1 x
C

C

C
k

c

c

min.

maqs.

eq.

 ;  )1ln(
/

1
2 x

C

C

TT
k

T

T

min.

maqs.

d.T.f.

 ; 

                  )1ln(
/

1
3 x

C

C
k

min

maqs.

T.f.m.f. 




 . 

U ukanaskneli tolobebidan ganisazRvra empiriuli koeficientebis 

ricxviTi mniSvnelobebi: 

                    1k = 1,2;  2k = 0,59;  3k = 1,7. 

    mocemuli konkretuli procesisaTvis (40) gantolebam miiRo 

Semdegi saxe 

          neeeK
TTC

]1][1)[1(
)/(7,1)/(59,02,1 T.f.m.f.t.d.T.f.eq. 

      (43) 
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     miRebuli (38) da (40) gantolebebiT mSrali mocvis nayofis 

eqstraqciis magaliTze Catarda kinetikuri procesis gaangariSeba 

Semdegi monacemebis mixedviT:  

0
m.f.C = 2,5 gr/kg - es sidide axloa literaturul monacemebTan 

[9,44]; m.G = 20kg; G =200 kg; eq. C = 0,2 da 0,4 kg/kg; T.f.T = 50 da 70 C0
;  

u =0,7; n = 6,0 1/sT; t.d.T = 70 C0
; m.f. = 300 kg/m

3
; T.f. = 1000 kg/m

3
;  

    K kvlevis Sedegebi warmodgenilia grafikebis saxiT (nax. 24 da 

nax. 25). 

      rogorc nax.24–ze warmodgenili grafikidan Cans 

eqstragentis 70 C0
temperaturis da 0,4 kg/kg spirtis Semcvelobis 

dros, 10-11 sT-is Semdeg fazaTa koncentraciebs Soris 

praqtikulad myardeba wonasworuli mdgomareoba, romelic 

Seadgens 0,25 gr/kg. es imas niSnavs, rom sawyisi monacemebis 

mixedviT myar fazaSi rCeba 5,0 gr miznobrivi produqti, romlis 

gamoyofa SesaZlebelia ganaxlebuli eqstragentiT anu ciklis 

ganmeorebiT. 

 

Nnax.24. eqstraqciis procesis kinetikuri grafikebi eqstragentis 70 C0
 

temperaturis dros 

 

      eqstragentis 50 C0
temperaturis dros (nax.25) fazaTa 

koncentraciuli wonasworoba myardeba daaxloebiT 11-12 sT-is 

Semdeg. 
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nax.25. eqstraqciis procesis kinetikuri grafikebi eqstragentis 50 C0
 

temperaturis dros 
 

     igive reJimebis pirobebSi (38) da (40) gantolebebiT 

ganisazRvreba eqstraqciis meore safexuris procesis kinetika, 

mxolod amjerad myar fazaSi narCeni miznobrivi produqtis 0,25 

gr/kg SemcvelobiT. (40) gantolebiT ganisazRvreba K konstanta da 

(38) gantolebam miiRo Semdegi saxe 

                   )1(
200

20
)025,0( 4,0  eCT.f.                    (44) 

    (44) gantolebiT aRweril eqsponencialur grafiks aqvs nax.26–

ze warmodgenili saxe. 

 

Nnax.26. eqstraqciis meore safexuris kinetikuri grafiki 



 81 

 

    rogorc grafikidan Cans eqstrahirebis meore safexurze 

fazebs Soris wonasworuli koncentracia Seadgens 0,025 gr/kg, rac 

niSnavs, rom myar fazaSi rCeba 0,5 gr miznobrivi produqti  (1,0 % 

sawyisi Semcvelobis), rac Seesabameba procesis eqsponencialur 

xasiaTs, anu sruli eqstraqcia SeuZlebelia. aqedan gamomdinare, 

eqstrahirebis safexurebis raodenoba unda SeirCes ekonomikuri 

mizanSewonilobidan gamomdinare. 

    ganxilul Teoriul magaliTSi orsafexuriani eqstrahirebiT 

gamoiyofilma miznobrivma produqtma Seadgina 99%. 

    nax.27-nax.30-ze warmodgenilia Txevad fazaSi miznobrivi 

produqtis Semcvelobis damokidebuleba eqstraqciis procesze 

moqmed calkeul faqtorebze, romelic ganisazRvra (38), (43) 

gantolebebiT faqtorebis Semdegi mniSvnelobebisaTvis:  

    T.f.T =70 C0
; eq. C =0,4 kg/kg; m.f. = 300 kg/m

3
; n =6,0; u =0,7. 

 

        

Nnax.27. T.f.C  damokidebuleba eqstragentis temperaturaze 
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nax.28. T.f.C damokidebuleba eqstragentis cirkulaciuri 

ciklebis sixSireze ( n )  
                                                         
 

 
nax.29. T.f.C damokidebuleba eqstragentis koncentraciaze    
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nax.30. T.f.C damokidebuleba myari da Txevadi fazebis moculobiTi 

masebis fardobaze 
 
 
    amrigad, mocemuli konkretuli procesisaTvis, konstantebis 

gansazRvris Semdeg SesaZlebelia procesis sruli gaangariSeba 

moqmedi faqtorebis nebismier diapazonSi varirebiT. 

 

2.7. mcenareuli nedleulis eqstraqciis eqsperimentuli kvleva 

2.7.1. nedleulis daxasiaTeba 

 

     kvlevis obieqtad SerCeuli iyo mcvis nayofi, romelic 

gamoirCeva biologiurad aqtiuri nivTierebebis didi SemcvelobiT 

da mravalferovnebiT [45,46,47,48,49]. 

     mocvis mimarT interesi gamowveulia masSi antioqsidanturi 

moqmedebis biologiurad aqtiuri nivTierebebis arsebobiT. 

dReisaTvis dadasturebulia, rom mocvi warmoadgens adamianis 

organizmisaTvis Zalze sasargeblo produqts, rac ganpirobebulia 

masSi Zlieri antioqsidantebis – biofalavanoidebis SemcvelobiT. 
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     italiaSi, safrangeTSi, amerikis SeerTebul StatebSi 

Catarebulma uaxlesma gamokvlevebma aCvena mocvis nayofis (Fructus 

Murtilli) samkurnalo moqmedebis farTo speqtri. gamokvlevebis didi 

nawili mieZRvna mocvis bioflavanoidebis jgufs – antocianebs 

(antocianozidebs) [D.Bagchi, C.K.Sen, M.Atalay, 2004; D.J.Brown, 1996; 

J.Bomsek, D.L.Madhavi, 1999; B.A.Blodi, 2004; R.Boniface, M.Miskulin, L.Robert, 

1985]. 

     antocianebis jamuri Semcveloba mocvis cocxal nayofSi, 

literaturuli monacemebiT, icvleba sakmaod did diapazonSi – 

0,25%-dan [V.A.Tutelian, 2004; R.L.Prior, 1998] 1,6%-mde [ L.L.Kazakova, 2004; 

L.M.Marsanova, 2006; A.M.Lebedeva, 1990]. antocianebis kompleqsi moicavs 

30-ze met individualur naerTs, romelTa Sorisac ZiriTadia 

delfinidinis, cianidinis, peturidinis, malvidinis glikozidebi, 

romlebic Seicaven mesame mdgomareobaSi arabinozas, glukozas an 

glaqtozas [P.Dugo, 2001]. 

          qarTuli mTis mocvi am mxriv praqtikulad Seuswavlelia. 

winaswari laboratoriuli monacemebiT amerikidan Semotanil e.w. 

“lurj mocvs” garda saxelisa araferi aqvs saerTo qarTul mTis 

mocvTan, romelSic antocianebis Semcveloba mniSvnelovnad 

aRemateba amerikulisas. amitomac, misi bioaqtiurobisa da 

metabolizmis gamokvleva metad mniSvnelovania adamianis 

janmrTelobaze dadebiTi efeqtis ukeT gasagebad. 

    samkurnalo-profilaqtikuri saSualebebisadmi wayenebuli 

moTxovnebi ganisazRvreba, upirvelesad, biologiurad aqtiuri 

nivTierebebis xarisxobrivi da raodenobrivi SedgenilobiT. aseTi 

moTxovnebis Sesruleba SesaZlebelia mxolod efeqturi 

unificirebuli teqnologiisa da standartizaciis saimedo 

meTodebis SemuSavebiT. 

     aRniSnulidan gamomdinare, qarTuli mTis mocvis (Vaccinium 

Murtillus) biologiurad aqtiuri eqstraqtebis teqnologiuri 

procesebis damuSaveba mecnierebisa da praqtikis aqtualur 

problemas warmoadgens. 
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2.7.2. nedleulis laboratoriuli gamokvleva 

 

     mocvis nayofis eqstraqtebis qimiuri analizisaTvis farTod 

gamoiyeneba maRali wnevis siTxuri qromatografirebis meTodi 

[50,51,52,53,54,55,56]. Cven SemTxvevaSi gamoviyeneT gradientuli 

qromatografi - Waters (aSS),  uv/visible Detector 2489, Binary HPLC 

Pump1525, qromatografiuli sveti Symmetry C18, deteqtireba 360 da 

510 nm talRis sigrZeze. gamxsnelTa sistemebi iyo: I. 5%-iani 

WianWvelmJava; II. meTanoli. Ggamxsnelis siCqare iyo 1 ml/wT-Si, 

sakvlevi nimuSis raodenoba 20 ml, qromatografirebis 

xangrZlivoba 45 wT. 

      antocianebis sakvlevi xsnaris misaRebad nimuSs 

vaqucmacebdiT da vamatebdiT 40%-ian eTanols, romlis SemJaveba 

xdeboda 1%-iani marilmJavaTi an limonmJavaTi; nimuSisa da 

eqstragentis Tanafardoba – 1:10. eqstraqciis xangrZlivoba iyo 24 

saaTi oTaxis temperaturaze. miRebul eqstraqts vfiltravdiT. 

           flavonoidebis sakvlevi xsnaris misaRebad daqucmacebul 

nimuSs vamatebdiT 80%-ian eTanols da mduRare wylian abazanaze 

vaeqstrahirebdiT 40 wuTis ganmavlobaSi. miRebul eqstraqts 

vfiltravdiT da vakoncentrirebdiT vakuumis pirobebSi 500 C-ze. 

    Eeqstraqtuli wyalxsnadi nivTierebebis raodenoba mocvis 

nimuSebsa da mis eqstraqtebSi ganvsazRvreT aorTqlebisa da 

mudmiv wonamde dayvanis meTodiT. 

     qvemoT warmodgenilia kenkris biologiurad aqtiuri 

naerTebis Cvens mier Sesrulebuli winaswari laboratoriuli 

gamokvlevebis ZiriTadi Sedegebi cxrilebisa (2-4) da gamosakvlevi 

qromatogramebis saxiT (danarTi 1, qromatogramebi 1...9) 

     aRniSnuli kvlevebis seria Catarda baTumis SoTa rusTavelis 

saxelmwifo universitetSi profesor aleko kalandias 

xelmZRvanelobiT. 
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                                                           cxrili 2 

antocianebisa da flavonolebis Semcveloba mocvis nayofSi 

mocvis 
nayofi 

antocianebis raodenoba, 
mg/kg 

flavonolebis 
raodenoba, mg/kg 

nedl 
masaze 

gadaangari- 
SebiT 

mSral 
masaze 

gadaangari- 
SebiT 

nedl 
masaze 

gadaangari- 
SebiT 

mSral 
masaze 

gadaangari 
SebiT 

nedli 
nayofi - 
tyibulis 

mTis 

 
 

1773,8 

 
 

13644,7 

 
 

237,6  

 
 

1827,6  

10% 
gamSrali 
nayofi -
tyibulis 

mTis 

 
 

1549,5 

 
 

1878,2 

 
 

868,1 

 
 

1052,2  

10% 
gamSrali 
nayofi -
baRdaTis 

 
 

719,8 

 
 

854,8  

 
 

743,2 

 
 

882,6  

mocvis 
wveni 

tyibulis 

 
1674,0 

 
11957,1 

 
250,4 

 
1788,5 

                                                      

                                                          cxrili 3 

flavonoiduri naerTebis raodenobrivi Semcveloba mg/kg 

nimuSi 

flavono- 
lebi 

kateqi- 
nebi 

leikoanto- 
cianebi 

Aantoci- 
anebi 

80% 

C2H5OH 

80% 

C2H5OH 
80% 

C2H5OH 
3%HCl, 40% 

C2H5OH 

mocvi 

tyibu

li 

nedl 
masaze 

973,75 89,24 205,23 552,83 

mSral 
masaze 

1290,93 118,31 272,08 736,88 

mocvi 

baRda

Ti 

nedl 
masaze 

842,53 62,85 125,07 282,09 

mSral 
masaze 

1100,91 82,12 163,43 368,6 
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     2-3 cxrilebis monacemebis analizisa da saTanado monacemebis 

gamoricxvis Semdeg saSualeba gvaqvs mocvis nayofSi 

flavonolebisa da antocianebis Semcveloba warmovadginoT cxr.2-

Si moyvanili monacemebis saxiT. 

     mocvis nayofis sxvadasxva eqstraqtebis qromatogramebi 

TvalnaTliv aCveneben, rom isini mniSvnelovani raodenobiT 

Seicaven sxvadasxva antocianebs gansxvavebuli koncentraciiT. 

mocvis antocianebs aqvT mdidari antocianuri profili da 

warmodgenilni arian, ZiriTadad, glukozis, glaqtozis, 

arabinozis cianidinis, peonidinis, delfinidinis, petunidinis, 

malvinidis da sxvaTa saxiT. 

     warmodgenilia kidev erTi, mocvis axlad dawuruli wvenis 

qromatograma, sadac naTlad Cans yvela CamoTvlili antocianis 

pikebi (danarTi 1, qromatograma 9). 

        Cvens mier, qarTuli mTis mocvis bazaze, winaswar 

laboratoriul pirobebSi damzadebuli eqstraqtebis analizma 

aCvena, rom   saqarTveloSi   gavrcelebuli mocvis kenkra (Cvens 

SemTxvevaSi baRdaTis Semogareni, imereTi) Seicavs (literaturuli 

monacemebiT) gacilebiT (1,4-1,5-jer) met antocianidebs, vidre 

ruseTsa Tu evropaSi gavrcelebuli mocvis kenkra, 1,7-1,9-jer mets 

vidre amerikaSi gavrcelebuli.  

     saqarTvelo unikaluri bunebis qveyanaa aTaswlovani xalxuri 

Tu tradiciuli mediciniT, kulinariiT, kosmetikiT. Aaq 

gansxvavebuli klimati da niadagia. Sesabamisad, sruliad 

gamarTlebulia Tu Cveni mTis mocvis eqstraqtebSi Semavali, aseve 

unikaluri biologiurad aqtiuri nivTierebebi daedeba safuZvlad 

samkurnalo-profilaqtikuri saSualebebis warmoebas.  

 
2.7.3. mocvis nayofis biologiurad aqtiuri eqstraqtebis 

teqnologiuri procesebis damuSaveba 

 

    eqsperimentuli kvlevisaTvis gaTvaliswinebuli iyo Semdegi 

etapebis Catareba: 
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    - eqsperimentis momzadeba, romelic iTvaliswinebs 

optimizaciis parametrebis SerCevas, varirebadi faqtorebisa da 

maTi doneebis dadgenas; 

          -  eqsperimentis dagegmva, romelic moicavs dakvirvebebis 

saerTo raodenobis gansazRvras, eqsperimentis Catarebis wesis, 

randomizaciis meTodis SerCevas da maTematikuri modelis 

damuSavebas; 

     - eqsperimentis analizi, romelic moicavs Sedegebis 

Segrovebas, maT mowesrigebas, statistikur gamoTvlebs da 

Sedegebis interpretacias; 

     - optimizaciis amocanis amoxsna, romelic iTvaliswinebs 

optimizaciis meTodis SerCevas, optimaluri gadawyvetilebis 

misaRebad maTematikuri modelis realizacias da optimaluri 

gadawyvetis analizs. 

    gamosakvlevi eqstraqtebis yoveli calkeuli nimuSisaTvis 

miRebuli Sedegebi muSavdeboda statistikurad. amasTan, etalonis 

Semowmeba xdeboda eqsperimentis dawyebisas da damTavrebisas. maT 

Soris arsebiTi sxvaobis SemTxvevaSi Sesabamisi cdebis seria 

meordeboda. optimaluri reJimebis dasadgenad viyenebdiT 

eqsperimentis dagegmvis meTodebs, kerZod, centraluri 

kompoziciuri rotatabeluri dagegmvis matricas, romelic kargad 

esadageba aRniSnuli xasiaTis teqnologiur procesebs. 

optimaluri gadawyvetilebebis misaRebad viyenebdiT lagranJis 

ganusazRvrel mamravlTa klasikur meTods. 

 

2.7.4. mocvis nayofis eqstraqciis eqsperimentis 

Ppirobebis dasabuTeba 

 

     adamianis organizmSi Tavisufali radikalebis donis 

Sesamcireblad rekomendebulia bunebrivi antioqsidanturi 

aqtiurobis Semcveli kvebis produqtebis, samkurnalo 

preparatebis, biologiurad aqtiuri danamatebis da sasmelebis 

yoveldRiuri gamoyeneba. Sesabamisad, mocvis nayofis eqstrahirebis 
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procesebis damuSavebisas optimizaciis ZiriTad parametrad 

vRebulobT eqstraqtis antioqsidantur aqtiurobas (АОА), romelic 

ganisazRvreboda “cvetiauza-01-aa” xelsawyoze, rogorc 

gamosakvlevi koncentratis signalisa da standartuli 

nivTierebis signalis Tanafardoba. 

    optimizaciis meore kriteriumad miviReT mocvis nayofidan 

eqstraqtuli nivTierebis gamosavlianoba, romelic 

gadaangariSdeba rogorc erTi kilogrami saeqstraqcio mocvis 

nayofidan miRebuli mSrali biologiurad aqtiuri eqstraqtis 

raodenoba - Э, gr/kg. es kriteriumi ganisazRvra aorTqlebisa da 

mudmiv wonamde dayvanis meTodiT. 

    optimizaciis meore kriteriumis miReba ganpirobebulia kidev 

im mosazrebiTac, rom mis sididezea damokidebuli mocvis Txevadi 

eqstraqtis fizikur-qimiuri maxasiaTeblebi da teqnologiur-

komerciuli saxe. 

    mocvis eqstraqtis teqnologiuri procesebis damuSavebisas 

integraluri optimizaciis kriteriumis SerCeva, romelic moicavs 

mwarmoeblurobas, TviTRirebulebas, produqciis xarisxs, 

warmoebis mogebas da a.S., mizanSewonili ar aris Semdegi 

mosazrebis gamo: qveyanaSi arsebuli jer kidev Camouyalibebeli 

sabazro ekonomikis pirobebSi cneba “mogeba” amorfulia da ar 

SeiZleba gamodges raime integraluri kriteriumis winamZRvrad. 

    aseve SeiZleba iTqvas mwarmoeblurobaze, radgan misi zrda ar 

SeiZleba iyos optimalurobis kriteriumi. qveyanaSi jer kidev 

Camouyalibebeli formirebis procesSi myofi sagadasaxado 

sistemis gamo SeuZlebelia vimsjeloT sawarmoo eqsperimentis 

pirobebSi produqciis TviTRirebulebaze, miT umetes, rom ar 

arsebobs met-naklebad stabiluri fasebi nedleulze, masalebze, 

energiasa Tu Sromaze. 

    eqsperimentisaTvis viRebdiT tyibulis mTiani regionis mocvis 

kenkras, erTis mxriv rogorc ufro xelmisawvdomi da meores 

mxriv, mocvis mxolod erTi saxis nedleulis gamoyeneba mogvcemda 

SedarebiT erTgvarovan Sedegebs. 
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    SemdgomSi Cven unda movZebnoT iseTi teqnologiuri reJimebi, 

romlebic uzrunvelyofen antioqsidanturi aqtiurobisa da 

eqstraqtuli nivTierebebis SesaZlo maqsimalur gamosavlianobas 

minimaluri energodanaxarjebiT. unda damuSavdes sawarmoo-

ekonomikuri maTemetikuri modelebi, romelTa saSualebiTac 

SesaZlebeli iqneba optimaluri teqnologiuri reJimebis dadgena, 

maTi uzrunvelyofisa da suboptimaluri marTvis meTodebis 

damuSaveba. 

     laboratoriulma eqsperimentebis Sedegebma da 

literaturuli masalebis analizma saSualeba mogvca dagvedgina 

optimizaciis kriteriumze rigi faqtorebis moqmedebis xasiaTi da 

diapazoni, maT Soris, eqstraqciis temperatura da xangrZlivoba, 

eqstragentis da nedleulis masuri Tanafardoba, saeqstraqcio 

mocvis winaswari damuSavebis xasiaTi, saeqstraqcio masis 

(nedleuli da eqstragenti) aparatSi cirkulaciis perioduloba, 

eqstragentSi eTanolis koncentracia, eqstragentis marilmJavaTi 

SemJavebis xarisxi. amis garda, optimizaciis kriteriumebze 

moqmedeben rigi araregulirebadi faqtorebisa, rogorebicaa 

eleqtroenergiis, orTqlisa da sawvavis tarifebis cvalebadoba 

energodanaxarjebze erTeuli nedleulis gadasamuSaveblad; 

nedleulis adgilmdebareoba da klimaturi pirobebi, krefis dro 

da mravali sxva. yvela CamoTvlili faqtoris gaTvaliswineba 

dagegmil eqsperimentSi praqtikulad SeuZlebelia, dakavSirebulia 

droisa da saSualebebis mravaljerad zrdasTan da, rac mTavaria, 

aman SeiZleba migviyvanos naklebad saimedo Sedegebamde. 

       laboratoriuli eqsperimentebisa da sxvadasxva mcenareuli 

dakoncentrirebuli eqstraqtebis warmoebis mravalwliani 

gamocdilebis da literaturuli monacemebis [57,58] 

gaTvaliswinebiT eqsperimentis dagegmvis matricaSi Sevida oTxi 

faqtori: eqstraqciis temperatura t, 0c; eqstraqciis xangrZlivoba 

T, wT; eqstragentisa da nedleulis masuri Tanafardoba mn , l/kg; 

saeqstraqcio mocvis nayofis winaswar damuSavebis xasiaTi m. rac 
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Seexeba eqstraqciis procesSi saeqstraqcio masis cirkulaciuri 

ciklebis sixSires winaswari laboratoriuli gamokvlevebis 

Sedegad miRebuli iyo 6,0 1/sT toli (cxr.4). 

     rogorc vxedavT, eqsperimentis matricaSi Sevida oTxi 

faqtori, aqedan sami raodenobrivi da erTi – xarisxobrivi. 

     praqtikuli monacemebiT da literaturul wyaroebze 

dayrdnobiT, biologiurad aqtiuri naerTebis raodenoba mocvis 

eqstraqtSi, sxva Tanabar SesaZlo optimalur pirobebSi, mcirdeba 

winaswari gadamuSavebis mixedviT Semdegi TanmimdevrobiT 

(arsebulis %): 

I – nedli dispergirebuli 1,0-2,0 mm fraqciamde mocvis masa 10 %-

ian tenianobaze gadaangariSebiT – 92-96; 

II – 10 % tenianobamde vakuumSi 60 0C-ze gamSrali dispergirebuli 

1,0-2,0 mm fraqciamde mocvis masa – 82-88; 

III – 10 % tenianobamde 60 0C-ze gamSrali dispergirebuli 1,0-2,0 mm 

fraqciamde mocvis masa – 72-75; 

IV - 10 % tenianobamde 80 0C-ze gamSrali dispergirebuli 1,0-2,0 mm 

fraqciamde mocvis masa – 60-65; 

V - 10 % tenianobamde 90-100 0C-ze gamSrali dispergirebuli 1,0-2,0 

mm fraqciamde mocvis masa – 45-55. 

cxrili 4 

mocvis nayofis eqstraqciis sawarmoo eqsperimentis pirobebi 

faqtorebi tempera- 

tura  t, 0c 

xangrZlivoba 

T,  wT 

eqstragenti/mocvi 

mn ,  l/kg 

m 

kodirebuli 
aRniSvna 

X 1
 X2  X3  X4  

ZiriTadi 
done 

70 180 10 III 

varirebis 
intervali 

10 20 1  - 

zeda done 

(+1) 

80 200 11 II 

qveda done 

(-1) 

60 160 9 IV 

mxari (+2) 90 220 12 I 

mxari (-2) 50 140 8 V 
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    Sesabamisad, eqsperimentis pirobebSi ZiriTad doned virCevT III 

variants, xolo danarCen doneebs mivakuTvnebT saTanado 

variantebs: zeda done – II varianti, qveda done – IV varianti, +2 – 

I varianti, - 2 – V varianti (cxr.4). 

    gansakuTrebul ganxilvas moiTxovs nedleulis eqstrahirebis 

win disperhirebis sakiTxi. 

    mcenareul nedleuls, rogorc wesi, aqvs mravalkomponenturi 

Sedgeniloba da rTuli morfologiuri struqtura. biologiurad 

aqtiuri nivTierebebi umeteswilad imyofebian garsSi 

biopolimeruli kompleqsebis saxiT, romlebic eqstraqciis 

arsebuli teqnologiebiT naklebad gadadian biologiurad 

misawvdom formebSi.  

       mcenareuli nedleulidan eqstrahirebis gziT biologiurad 

aqtiuri nivTierebebis maqsimalurad gamowvlilvis mizniT 

aucilebelia ara marto ujredis garsis darRveva, aramed misi 

mniSvnelovani nawilis gaTavisufleba ujredSiga biopolimeruli 

strqturisagan. am TvalsazrisiT sayuradReboa ukanasknel wlebSi 

Catarebuli mecnieruli gamokvlevebi, romlebSic naCvenebia, rom 

mcenareuli nedleulis daqucmaceba mikronul zomamde iZleva 

eqstraqciis procesis mniSvnelovani intensifikaciis 

SesaZleblobas biologiurad aqtiuri nivTierebebis 

gamosavlianobis imavdrouli sagrZnobi gazrdiT. winaswari 

monacemebiT, Cvens mier Sesrulebulma eqsperimentma aCvena, rom 

eqstraqciis mikrodispergireba eqstraqciis procesis 

xangrZlivobas amcirebs daaxloebiT 5-jer, rac dadebiTad 

aisaxeba nedleulidan advilad Jangvadi biologiurad aqtiuri 

nivTierebebis (antocianebi, sxva flavonoidebi, vitamini C  da sxva) 

gamosavlianobaze. 

     mcenareuli nedleulis ultra- da nanodispergireba 

mimdinareobs sxvadasxva teqnologiebis gamoyenebiT – 

maRalsiCqariani grigaliseburi daqucmacebiT vibrocentridanuli 

da planetaruli wisqvilebiT. am saxiT daqucmacebuli 

nedleulidan ramdenjerme izrdeba, rogorc literaturuli 
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wyaroebi mowmoben, biologiurad aqtiuri nivTierebebis 

gamosavlianoba da eqstraqciis intensiuroba. 

     mocvis nayofis dispergireba xdeboda planeteruli ^АГО-2 

tipis aqtivatorze, romelic aRWurvilia siCqaris variatoriT. 

danadgari iZleoda nedleulis daqucmacebis saSualebas 

nawilakebis zomebis sakmaod did diapazonSi, romelic 

kontroldeboda eleqtronuli mikroskopiis meTodebiT. 

    winaswari eqsperimentiT davadgineT, rom meqanikuri aqtivacia 

mizanSewonilia moxdes wisqvilis dolis brunvaTa sixSiris 30-35 

1/wm pirobebSi 2,5-3,0 wuTis ganmavlobaSi [59].         imis gamo, rom 

mSrali mocvis nayofs aqvs mcire xazovani zomebi, amitom 

eqsperimentebisaTvis dispergirebis sidides viRebdiT mudmivs 1,0-

2,0 mm doneze. 

    eqstraqcias vaxorcielebdiT perioduli qmedebis danadgarSi 

(nax. 31) erT safexurad. eqstragentad, winaswari laboratoriuli 

gamokvlevebis Sedegebisa da literaturul wyaroebze dayrdnobiT, 

viRebdiT 40%-ian eTanols, SemJavebuls 1%-iani marilmJavaTi. 

    faqtorebi, romlebic Sevidnen eqsperimentis dagegmvis 

matricaSi, maTi doneebi da varirebis intervalebi moyvanilia 

cxr.4-Si. Eeqsperimentis dagegmvis matricad gamoviyeneT 

centraluri kompoziciuri rotatabeluri gegma, romelic yvelaze 

mosaxerxebelia naSromSi dasaxuli miznis realizaciisaTvis. 

 

2.7.5. sawarmoo-eqsperimentuli danadgari 

 

      sawarmoo eqsperimentuli kvlevebi tardeboda quTaisis akaki 

wereTlis saxelmwifo universitetTan arsebul saqarTvelos 

mecnierebaTa akademiis samecniero centrSi, romelTanac 

saqarTvelos teqnikur universitets gaformebuli aqvs 

urTierTTanamSromlobis memorandumi. 

      eqsperimentuli kvlevisaTvis gamoyenebuli iyo profesor v. 

xvedeliZis mier damuSavebuli sawarmoo-eqsperimentuli danadgari, 

romelSic Cvens mier damuSavebuli danadgaris (nax.17) Sesabamisad, 
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Sesrulda garkveuli modernizacia raTa Seqmniliyo kvlevis 

daaxloebiT identuri pirobebi. 

      sawarmoo mcire mwarmoeblobis, mciretonaJiani nedleulis 

(mocvis nayofisaTvis saqarTvelos pirobebSi 100 tonamde) 

gadasamuSavebeli saeqstraqcio danadgari unda iyos martivi da 

efeqturi, amdenad eqsperimentebisTvis SerCeuli iyo perioduli 

qmedebis danadgari (nax.31), romlis ZiriTad elements warmoadgens 

v.xvedeliZis sistemis eqstraqtori, romelic warmodgenilia nax.13-

ze. modernizebul aparatSi, procesis intensifikaciis mizniT, 

vibraciuli aRmgznebi mowyobilobebis nacvlad damontaJda 

eJeqtoruli sistema Txevadi fazis cirkulaciis mizniT. 

danadgari modelirebuli iyo mcire tevadobis laboratoriuli 

stendis saxiT, romelic warmodgenilia nax.32-ze.  

     Eqsperimentuli danadgari (nax.31)  Sedgeba eqstraqtorisagan 

1, romlis centralur nawilSi dayenebulia eJeqtori 2 Semwovi 

miliT 3. Txevadi fazis cirkulacia xorcieldeba tumbos 4 

daxmarebiT.  

 

nax.31.sawarmoo-eqsperimentuli danadgari v.xvedeliZis  
sistemis aparatis bazaze 
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      danadgari Seicavs agreTve Tbomcvlels gamxsnelis 

orTqlis kondensacisaTvis da avzs 6 - saWiroebis SemTxvevaSi 

kondensatis Sesagroveblad. sxva SemTxvevaSi  kondensati 

gadamrTvelis gavliT brundeba eqstraqtorSi. amrigad 

eqstragentis aorTqleba da kondensacia mimdinareobs uwyvetad, 

Caketil ciklSi. 

    Ddanadgaris muSaobis principia Semdegia. mocvis winaswar 

dispergirebuli masa garkveuli raodenobiT iyreba eqstraqtorSi 

da esxmeba eqstragenti eqsperimentis pirobebis gaTvaliswinebiT 

ise, rom eqstraqtoris moculoba Seivsos 70-75 %-mde.  

     amis Semdeg gamacxelebel perangSi miewodeba orTqli da 

iwyeba sakuTriv eqstraqciis procesi eqsperimentis pirobiT 

gansazRvrul temperaturaze.  

     procesis intensifikaciisaTvis periodulad sruldeba 

Txevadi fazis cirkulacia daaxloebiT 6,0 1/sT sixSiriT. 

    Eeqstraqciis procesis damTavrebis Semdeg aparatis qvemo 

gamosaSvebi milyebidan vRebulobT eqstraqts, xolo narCenidan 

gamxsnelis rekuperaciisaTvis perangSi vuSvebT mwvave orTqls.  

     dasasruls xdeba narCenis gamotvirTva qvemo liukidan an (Tu 

saWiroeba moiTxovs) SesaZlebelia misi xelmeored eqstraqcia 

organuli gamxsneliT mocvis lipiduri kompleqsis misaRebad. 

 

NANnax.32. laboratoriuli saeqstraqcio aparati: 

1- korpusi; 2- bade-filtri; 3- xufi; 4- eqstragentis donis mzomi; 5- 
manometri; 6-eleqtrokontaqturi Termometri. 
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2.7.6. mocvis eqstraqtebis antioqsidanturi aqtiurobis 
gansazRvris meTodika 

 

     mcenareuli eqstraqtebis antioqsidanturi aqtiurobis 

analizisaTvis cnobilia ramodenime meTodi: voliumometruli, 

fotometruli, flourescentuli, eleqtroqimiuri da sxva 

[60,61,62,63,64,65,66,67,68]. Cvens mier gamoyenebuli iyo eqspresiuli 

eleqtroqimiuri amperometruli meTodi, romelic damuSavebulia 

ruseTis federaciis samecniero-sawarmoo gaerTianeba 

”qimavtomatika”-Si. vinaidan aRniSnuli meTodi saqarTvelos 

pirobebSi, Cveni monacemebiT, ar aris aprobirebuli, amitom 

mizanSewonilad CavTvaleT misi arsis SedarebiT srulad 

Camoyalibeba. 

    antioqsidanturi aqtiurobis amperometruli meTodi 

dafuZnebulia gamosakvlevi naerTis muSa eleqtrodis zedapirze 

daJangvis Sedegad warmoSobili eleqtruli denis sididis 

gazomvaze, rodesac eleqtrodi garkveuli potencialis qveS 

imyofeba. 

    Aam meTodis mgrZnobiaroba damokidebulia rogorc muSa 

eleqtrodis saxeobaze, ise masze modebul potencialze. muSa 

eleqtrodad gamoiyeneba minanaxSirbadi, oqro, platina, vercxli, 

spilenZi, nikeli da sxva. potenciali SeiZleba davamyaroT 0-dan 

2,5 voltamde. 

     Cvens SemTxvevaSi, winaswari eqsperimentiTa da arsebuli 

rekomendaciebiT, SevirCieT minanaxSirbadis eleqtrodi, romelic 

gansakuTrebiT universaluria polifenolebis naerTebis 

analizisaTvis, rodesac maTi ionizaciis potenciali icvleba 0,1-

dan 1,0 voltamde. 

     mocvis eqstraqtebis antioqsidanturi aqtiurobis gansazRvris 

meTodika SevimuSaveT amperometruli meTodiT moqmed ”cvetaiauza-

01-aa” xelsawyoze. igi Sedgeba gamxsnelis, Cvens SemTxvevaSi 

gasufTavebuli wylis, avzisagan, tumbosagan, mravalsvliani 

ventilis saxis dozatorisagan, Termoregulatorisagan, 

eleqtroqimiuri ujredebiani deteqtorisagan sacvleli muSa 
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eleqtrodebiT, denis gamaZliereblisagan, analogiur-cifruli 

gardamqmnelis da gamomavali signalis saregistracio 

mowyobilobisagan. 

     xelsawyo saSualebas iZleva SevasruloT gamosakvlevi 

nimuSis antioqsidanturi aqtiurobis pirdapiri raodenobrivi 

gazomvebi etalon-antioqsidantTan mimarTebaSi. xelsawyo muSaobs 

Semdegnairad: tumbo mudmivad gadadenis gamxsnels (wyals) avzidan 

mTel sistemaSi. ventil-dozatorSi ”nimuSis SerCeva”-s 

mdgomareobaSi, standartuli SpriciT madozirebel kvanZSi 

Segvyavs 1 ml gamosakvlevi xsnari. ventilis saxeluris 

SemobrunebiT ”analizi”-s mdgomareobaSi gamxsnelis nakads Sehyavs 

gamosakvlevi naerTis garkveuli ulufa deteqtoris ujredSi, 

sadac eleqtrodze xdeba nivTierebis molekulis daJangva. am 

dros izrdeba eleqtruli deni or eleqtrods Soris, romlis 

sididec damokidebulia saanalizo naerTis bunebasa da 

eleqtrodze modebul potencialze. 

     warmoqmnili eleqtruli denebi metad mcire 106-109 amperis 

rigisaa, isini Zlierdebian da gardaiqmnian cifrul signalebad, 

ris Semdegac xdeba maTi registrireba kompiuteris displeize, an 

saWiroebis SemTxvevaSi amoibeJdeba printerze. calkeuli 

monacemis gansazRvris xangrZlivoba ar aRemateba ramdenime wuTs. 

analizi mimdinareobs realur droSi. misi siswore da aRwarmoeba 

garantirebulia ventiliT zusti dozirebiT. xelsawyoSi 

dozirebis saSualo kvadratuli cdomileba 0,5%-s ar aRemateba, 

xolo saanalizo nimuSis antioqsidanturi aqtiuroba iangariSeba, 

rogorc fardoba 

AOA = saangariSo nimuSis signali / standartis signali, 

sadac standartad aiReba cnobili antioqsidanturi aqtiurobis 

naerTebi, magaliTad, kvercetini, ruTini da a.S. 

     Mmocvis nayofis Txevadi fenoluri bunebis eqstraqtis 

antioqsidantur aqtiurobas vsazRvravdiT Semdegi TanmimdevrobiT: 

      - mocvis nayofis Txevadi fenoluri bunebis eqstraqtidan 

vamzadebdiT gamosakvlevi preparatis 3 %-ian wyalxsnars. 



 98 

paralelurad vamzadebdiT etalonis – kvercetinis 3 %-ian xsnars 

gasufTavebuli wyliT; 

      - madozirebel kvanZSi SpriciT Segvyavda 1 ml gamosakvlevi 

xsnari. am dros ventil-dozatori imyofeboda ”nimuSis SerCeva”-s 

mdgomareobaSi; 

      - ventilis SemobrunebiT ”analizi”-s mdgomareobaSi 

gamxsnelis nakadis gamosakvlevi xsnaris garkveuli ulufa 

Segvyavda deteqtoris ujredSi, sadac xdeboda minanaxSirbadis 

eleqtrodze gamosakvlevi nivTierebis molekulebis daJangva. am 

dros izrdeba eleqtruli deni or eleqtrods Soris. modebuli 

potencialis sidide eleqtrodze mudmivia da Seadgens fenoluri 

antioqsidantebisaTvis 800...1200 milivolts. Cveni cdebisaTvis 

miviReT 1000 milivolti; 

      - eleqtrodebze warmoqmnili denis mcire signalebi 

Zlierdebian gamaZliereel mowyobilobaze, ris Semdegac xdeba 

maTi registrireba kompiuteris displeize da amobeWdva printerze; 

      - analogiurad vawarmoebdiT etalonis – kvercetinis 

antioqsidanturi aqtiurobis gansazRvras; 

      - gamosakvlevi xsnaris antioqsidanturi aqtiuroba 

ganisazRvreboda formuliT 

AOA = saangariSi nimuSis signali / standartis signali 

      - gamosakvlevi xsnaris antioqsidanturi aqtiuroba 

ganisazRvreba mimdevrobiT 4-5 dozirebis saSualo ariTmetikuliT. 

xuTi TanmimdevrobiT ganxorcielebuli dozirebis 

aRmwarmoeblobis nimuSi gamosaxulia nax.33-ze. 

     mocemuli magaliTis mixedviT gamosakvlevi xsnaris 

antioqsidanturi aqtiuroba  Seadgens saSualod 6,5 erTeuls .  
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Nnax.33. xuTi TanmimdevrobiT ganxorcielebuli dozirebis 

aRmwarmoeblobis nimuSi 

 
2.7.7. mocvis nayofis eqatraqciis sawarmoo 

eqsperimentis realizacia GFMMM 

 
     eqsperimentuli kvleva Catarda eqsperimentul danadgarze, 

romelic sqematurad naCvenebia nax.31-ze. 

     centraluri kompoziciuri rotatabeluri dagegmvis matrica 

da cdebis Sedegebi mocemulia cxrilSi 5.    

eqsperimenti Sedgeba oTxfaqtoriani sruli faqtoruli 

eqsperimentisagan - 16 cda, varskvlavur wertilebSi - 8 cda da 

cdebisagan eqsperimentis centrSi – 7 cda. sruli eqsperimentis 

realizaciisaTvis ganxorcielda 31 cda. 

     procesis maTematikuri aRwerisaTvis gamoviyeneT meore rigis 

regresiis gantoleba, romelic Seicavs wrfiv efeqtebs, wyvil 

urTierTqmedebebs da kvadratul efeqtebs 

2

11,1

0 i

k

i

ii

k

ji
ji

jiiji

k

i

i xbxxbxbby 





 , 

sadac y optimizaciis parametris saSualo mniSvnelobaa; 

       0b - regresiis gantolebis Tavisufali wevri; 

       ib - wrfivi efeqtebis amsaxveli regresiis koeficientebi; 

       ijb - wyvili urTierTqmedebis efeqtebis amsaxveli  
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         koeficientebi; 

     iib  - kvadratuli efeqtebis amsaxveli koeficientebi; 

     ix  - gamosakvlevi faqtorebi; 

     k  - faqtorebis ricxvi. 

cxrili 5 
mocvis nayofis  eqstraqciis eqsperimentis dagegmvis  

matrica da cdebis Sedegebi 
N 

rigze 
reali- 
zaciis 

N 

 

X1  

 

X2  

 

X3  
  

X4 

eqstraqtuli 
nivTierebebi 

Э, gr/kg 

antioqsidan- 
turoba 

AOA, 

[Sჩშ/Sეტ] 

1 11 -1 -1 -1 -1 375 5,9  
2 3 1 -1 -1 -1 390 5,8 
3 21 -1 1 -1 -1 415 6,5 
4 9 1 1 -1 -1 415 6,2  
5 10 -1 -1 1 -1 390 5,9 
6 1 1 -1 1 -1 405 5,7 
7 18 -1 1 1 -1 420 6,5 
8 7 1 1 1 -1 430 6,4 
9 24 -1 -1 -1 1 405 7,9 
10 2 1 -1 -1 1 430 7,7 
11 13 -1 1 -1 1 430 8,5 
12 20 1 1 -1 1 455 8,2 
13 4 -1 -1 1 1 430 7,9 
14 6 1 -1 1 1 455 7,7 
15 14 -1 1 1 1 445 8,5 
16 16 1 1 1 1 470 8,19 
17 5 -2 0 0 0 400 7,49 
18 12 2 0 0 0 450 7,74 
19 8 0 -2 0 0 400 6,03 
20 15 0 2 0 0 450 8,19 
21 22 0 0 -2 0 400 5,49 
22 23 0 0 2 0 440 5,67 
23 17 0 0 0 -2 410 5,85 
24 19 0 0 0 2 450 9,90 
25 25 0 0 0 0 430 7,88 
26 26 0 0 0 0 435 7,82 
27 27 0 0 0 0 435 7,82 
28 28 0 0 0 0 425 7,89 
29 29 0 0 0 0 435 7,92 
30 30 0 0 0 0 425 7,92 
31 31 0 0 0 0 430 7,91 

    

   sistematuri da SemTxveviTi cdomilebebis nivelirebisaTvis 

gamoviyeneT randomizaciis meTodi. cdebi tardeboda SemTxveviTi 
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ricxvebis mimdevrobiT (cxr.5). yvela cda tardeboda erTi da igive 

meTodikiT identur pirobebSi. 

    Eeqsperimentis dagegmvis SerCeuli matricis realizaciam 

araarsebiTi efeqtebis gamoricxvis Semdeg saSualeba mogvca 

sabolood mocvis winaswar sxvadasxva meTodiT damuSavebuli 

nayofis eqstraqciis teqnologiuri procesi warmogvedgina Semdegi 

saxis adekvaturi regresiis gantolebebiT kodirebul masStabSi: 

 

AOA = 7,9 – 0,06X1 + 0,07X2 + 0,02 X3 + 1,0 X4 – 0,2X1X2 -0,08X12  - 0,2 X22 – 0,6X32,        

Sნიმუში/Sეტალონი;                                                                                                           (45) 

Э =  431 + 10X1 +12,5X2 + 6,3X3 +16,5X4 – 2,5X1 X2 + 3,8X1X4 – 6,3X2X4  + 3X3X4 + 

3X2
2 – 2X32,   gr/kg .                                                                                               (46) 

(45) da (46)   gantolebebis koeficientebis arsebiToba 

SevamowmeT stiudentis kriteriumiT, xolo modelebis 

adekvaturoba – fiSeris kriteriumiT. statistikuri analizis 

Sedegebi 0,95 albaTobisaTvis gviCveneben gantolebebis 

adekvaturobasa da vargisianobas naSromSi dasaxuli miznis 

realizaciisaTvis (cxr.6). 

     (45) da (46) regresiis gantolebebSi faqtorebis kodirebuli 

mniSvnelobebidan naturalur mniSvnelobebze gadasvlas 

eqsperimentis pirobebis gaTvaliswinebiT vawarmoebdiT Semdegi 

formulebiT: 

    X1 =(t -10)/10;              X2 =(T -180)/20;                X3 = nm – 10.                    (47) 

X4-saTvis viTvaliswinebdiT p.2.8.4-Si mocemul ganmartebebs. 

cxrili 6 

regresiis gantolebebis statistikuri analizis Sedegebi 

maxasiaTeb- 
lebi 

1f  2f  
2

y
S  Fсаамв  .критF  95,0;31t    

АОА, S/Sეტ
 6 16 0,185 2,17 2,30 1,7 0,95 

Э,  kg/t 
6 13 20,25 3,62 4,00 1,7 0,95 
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    amrigad, miRebuli  adekvaturi maTematikuri modelebi (45) da 

(46) gvaZleven Txevadi eqstraqtis teqnologiuri reJimebis 

analizisa da kontrolis saSualebas yovel konkretul sawarmoo 

situaciaSi. 

    aRniSnuli maTematikuri modelebis erTzomadi kveTebi 

mocemulia nax.34 – nax.37. maTi analizi gviCvenebs, rom yvela 

ganxiluli faqtori mniSvnelovnad moqmedebs optimizaciis 

kriteriumebze. ganvixiloT TiToeuli maTgani: 

     - eqstraqciis temperaturis gavlena optimizaciis 

kriteriumebze grafikulad gamosaxulia na.34-ze, rodesac 

danarCeni faqtorebi fiqsirebuli arian ZiriTad doneebze. 

antioqsidanturi aqtiurobis cvalebadobas aqvs paraboluri 

xasiaTi mkveTrad gamoxatuli eqstremumiT X1=0-is axlos.  

pirobiT optimaluri temperaturac am maqsimumis axlos unda 

veZeboT 70-75 0C temperaturisaken; 

 

Nnax.34. optimizaciis parametrebis gamoZaxilebis erTzomadi kveTebi X1   
faqtorisaTvis (eqstraqciis temperatura) 

 

         - eqstraqciis xangrZlivobis gavlena optimizacis 

kriteriumebze grafikulad gamosaxulia nax.35-ze, rodesac 
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danarCeni faqtorebi fiqsirebuli arian ZiriTad doneebze. 

eqstraqtuli nivTierebebis gamosavlianobas aqvs paraboluri 

xasiaTis zrdis tendencia, Tumca maqsimumi eqsperimentis 

farglebSi ar Cans. rac Seexeba antioqsidantur aqtiurobas, mis 

cvalebadobas aqvs parabolis forma maqsimumiT, rodesac X2 = 0-is 

axlosaa. eqstraqciis xangrZlivobisaTvis optimaluri mniSvneloba 

180-190 wT-is intervalSi unda veZeboT. 

     -eqstraqciis procesSi “eqstragenti/nedleuli” Tanafardobis 

gavlena optimizacis kriteriumebze naCvenebia nax.36-ze, rodesac 

danarCeni faqtorebi fiqsirebuli arian ZiriTad doneebze. 

eqstraqtuli nivTierebebis gamosavlianobas da antioqsidantur 

aqtiurobas aqvT parabolis saxe, maqsimumebiT, Sesabamisad X3 = 0-sa      

da  X3 = +1-is Soris,  anu 7-9 l/kg diapazonSi; 

      - mocvis nedleulis winaswari damuSavebis xasiaTs 

cvlilebiT (nax.37) parametrebi swrafad icvlebian sakmaod did 

diapazonSi igive wesiT, rogorc moyvanili gvaqvs p.2.7.4-Si. 

 

 

       Nnax.35. optimizaciis parametrebis gamoZaxilebis zedapirebi  X2 

                                                faqtorisaTvis (eqstraqciis xangrZlivoba) 
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Nnax.36. optimizaciis parametrebis gamoZaxilebis erTzomadi kveTebi  X3  
faqtorisaTvis (eqstragenti/nedleuli) 

 

Nnax.37. optimizaciis parametrebis gamoZaxilebis erTzomadi kveTebi  X4    

faqtorisaTvis (nedleulis winaswari  
damuSavebis xasiaTi) 

 
 
      rogorc vxedavT, eqsperimentis zRvrebSi yvela ganxiluli 

faqtori mniSvnelovnad moqmedebs optimizaciis kriteriumebze.    
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    amasTan cxadia, rom miswarafeba erTdroulad, naklebi 

energodanaxarjebiT miviRoT eqstraqti maqsimaluri 

antioqsidanturi aqtiurobiTa da eqstraqtuli nivTierebebis 

maqsimaluri gamosavlianobiT, SeuZlebelia da saWiroa 

kompromisuli amocanis gadawyveta. 

 

 

2.7.8. mocvis nayofis eqstraqciis sawarmoo eqsperimentis 
optomizacia 

 

    vinaidan dasaxuli mizania miviRoT mocvis nayofis 

biologiurad aqtiuri eqstraqti antioqsidanturi aqtiurobiT 

saWiroa Catardes procesis optimizacia. eqstraqtuli 

nivTierebebis gamosavlianobas ganvixilavT rogorc SezRudvas. 

mas vaniWebT garkveul, eqsperimentidan gamomdinare, fiqsirebul 

mniSvnelobebs. es mniSvneloba aviReT (44) regresiis 

gantolebebidan eqsperimentis centrSi. Sesabamisad, mocvis 

nayofidan eqstraqtuli nivTierebebis gamosavlianobisaTvis 

vRebulobT SezRudvas  Э = 431 gr/kg.  

     aqedan gamomdinare, optimizaciis amocana SeiZleba 

CamovayaliboT Semdegnairad: miviRoT micvis nayofis eqstraqti 

maqsimaluri antioqsidanturi aqtiurobiT - AOA  maqsimumi, 

Semdegi SezRudvisaTvis: Э = 431 gr/kg; 22  iX , i =1, 2, 3, 4.        

     optimizacis amocanis gadasawyvead gamoviyeneT miznobrivi 

funqciis eqstremumis Ziebis klasikuri meTodi – lagranJis 

ganusazRvrel mamravlTa meTodi, risTvisac Semogvaqvs damxmare 

funqcia Ф da pirobiTi eqstremumis amocana dagvyavs upirobo 

(SezRudvebis gareSe) amocanamde. aq xarisxobrivi faqtoris ( X4) 

optimizaciis amocanaSi Setanas azri ara aqvs da viRebT mis 

fiqsirebul mniSvnelobas (X4 = -2).   gvaqvs            

                                       Ф(Xi, 1 ) =AOA (Xi) + 1  [Э (Xi) – 431] ,                           (48) 

sadac 1  da 2  – lagranJis ganusazRvreli mamravlebia da gamodian 

cvladebis rolSi Xi cvladebis Tanabrad. 
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     miznobrivi funqciis (48) kerZo warmoebulebis moZebniT yvela 

cvladisaTvis da nulisaTvis gatolebiT vRebulobT gantolebaTa 

sistemas: 

                           ;0/     ;0/  iix                        (49) 

A  am sistemis mravalricxovani amonaxsnidan eqsperimentis 

pirobebs da miRebul SezRudvebs akmayofilebs Semdegi 

optimaluri amonaxsni: 

    - eqstraqciis temperatura X1 = - 0,5;  an naturalur masStabSi  

     t = 65 0C;  

       -  eqstraqciis xangrZlivoba X2 = 0;  an naturalur masStabSi   

      T = 180 wT;   

- “eqstragenti/nedleuli” fardoba  X3 = 0,5; an naturalur  

masStabSi nm = 10,5 l/kg. 

     faqtorebis aRniSnuli mniSvnelobebisaTvis, optimizaciis 

kriteriumebs nedleulis winaswari damuSavebis kategoriebis 

mixedviT aqvT cxr.7-Si moyvanili mniSvnelobebi. 

     danarTi 2-is nax.d.1-nax.d.4-ze mocemulia optimalur reJimze 

sxvadasxva variantiT winaswar damuSavebuli mocvis nayofidan 

miRebuli eqstraqtebis oTx-oTxi mimdevrobiTi aRwarmoebebis 

diagramebi. saSualo kvadratuli gadaxrebi ar aRemateba 3,5%-s. 

     rogorc vxedavT, variantidan variantamde izrdeba denis Zala 

amperometruli deteqtoris muSa eleqtrodze 390...395 na-dan 

(nax.d.1) 900...910 na-mde (nax.d.4). Sesabamisad, izrdeba eqstraqciis 

antioqsidanturi aqtiuroba 5,9-dan (V varianti), 9,9-mde (II 

varianti). gaangariSeba moxda diferencialuri gamomavali 

mrudeebis  simaRleTa  pikebiT  an  farTobebiT.  am ukanasknelTa  

gamoTvlas vawarmoebdiT specialuri programuli uzrunvelyofiT 

analogiur-cifruli gardamqmnelisa da kompiuteris gamoyenebiT. 

     amrigad, eqsperimentis realizaciam saSualeba mogvca 

dagvemuSavebina mocvis nayofis eqstraqciis teqnologiuri 

procesis maxasiaTebeli adekvaturi maTemetikuri modelebi, 

gadagvewyvita optimizaciis kompromisuli amocana da migveRo 
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procesebze moqmedi faqtorebisa da optimizaciis kriteriumebis 

optimaluri mniSvnelobebi. 

                                                       cxrili 7 

optimizaciis parametrebis mniSvnelobebi faqtorebis optimalur 
mniSvnelobebze mocvis nayofis winaswari damuSavebis 

kategoriebis mixedviT 
 

winaswari damuSavebis 

kategoriebi 

АОА, 

 S/Sეტ
 

Э,   
Kgr/kg 

I- nedli mocvis masa 

dispergirebuli 1-2 mm 

fraqciamde, 10%-ian tenianobaze 
gadaangariSebiT 

 

9,9 

 

461 

II - 10  % tenianobamde vakuumSi, 

600C-ze gamSrali, 

dispergirebuli mocvis masa 1-2 
mm fraqciamde 

 

8,9 

 

445 

III- 10  % tenianobamde 60 0C-ze 
gamSrali, dispergirebuli 

mocvis masa 1-2 mm fraqciamde 

       7,9 

 

      429 

IV- 10  % tenianobamde 80 0C-ze 
gamSrali, dispergirebuli 

mocvis masa 1-2  mm fraqciamde 

 

6,9 

 

413 

V - 10  % tenianobamde 90-100 0C-
ze gamSrali, dispergirebuli 

mocvis masa 1-2  mm fraqciamde, 

 

5,9 

 

397 

 

 

2.7.9. mocvis nayofis Txevadi eqstraqtis dakoncentrireba 

 

    sxvadasxva variantiT winaswar damuSavebuli mocvis nayofidan 

optimalur reJimebze miRebuli eqstraqtebis koncentracia 

icvleba 4,38 %-dan (I varianti) 3,78 %-mde (V varianti), rac sakmaod 

dabali maCvenebelia da isini saWiroeben dakoncentrirebas. 

    dakoncentrirebis procesSi eqstragentis garkveuli nawili 

gaxurebis Sedegad gadadis orTqlisebur mdgomareobaSi da 

gamoiyofa Txevadi garemodan da Tbomcvlelebis gavliT 

rekuperirdeba. vinaidan, gamxsnelis raodenobis SemcirebiT 
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mSrali nivTierebebi (eqstraqtuli nivTierebebi) ucvleli rCeba, 

xsnaris koncentracia izrdeba garkveul mniSvnelobamde. 

    eqstraqtSi moqmedi nivTierebebis maqsimalurad SenarCunebis 

mizniT dakoncentrirebas awarmoeben araumetes 60-650C  

temperaturaze vakuumis pirobebSi. zog SemTxvevaSi aorTqleba-

dakoncentrireba mimdinareobs ufro dabal temperaturaze, 

zogjer ki – ufro maRalzec, magram araumetes 900C –sa. 

     dakoncentrirebis procesSi temperaturis garda moqmedi 

nivTierebebis danakargebze moqmedebs aorTqlebis procesi. am 

ukanasknelis Semcirebas ki aRweven mZlavri amaorTqlebeli 

vakuum-aparatebiT. 

     amrigad, dasamzadebeli produqtis xarisxobrivi 

maxasiaTeblebis SesanarCuneblad unda ganvixiloT ori faqtoris 

moqmedeba: aorTqlebis temperaturis Semcireba da amaorTqlebeli 

aparatis simZlavris gazrda. romel faqtors mivaniWoT 

upiratesoba ganisazRvreba yovel konkretul SemTxvevaSi 

individualurad. umeteswilad amcireben aorTqlebis 

temperaturas, vinaidan is dakavSirebulia nakleb danaxarjebTan, 

vidre mZlavri amaorTqlebeli danadgarebis gamoyeneba. 

     mocvis nayofis Txevadi eqstraqtis dakoncentrarebas 

sawarmoo pirobebSi vawarmoebdiT orkorpusian ”lang”-is tipis 

ungruli warmoebis vakuum-amaorTqlebel aparatSi mwarmoeblobiT 

30 kg 3%-iani koncentraciis eqstraqti wuTSi. eqstraqtis 

aorTqlebis temperatura pirvel korpusSi iyo 650C, xolo meoreSi 

–500C. aparatidan gamosvlis Semdeg eqstraqtuli nivTierebebis 

koncentracia eqstraqtSi Seadgenda 34-36 %-s. amis Semdeg, tumboTi 

eqstraqti gadagvqonda perioduli qmedebis vakuum-aparatSi da 

vakuumis qveS 60-650C temperaturaze koncentrirdeboda 55-60 %-mde. 

     praqtikul interess warmoadgens mocvis nayofis eqstraqtis 

dakoncentrirebis procesSi antioqsidanturi aqtivobis 

cvalebadobis xasiaTis dadgena. saangariSo monacemebi moyvanilia 

cxr.8-Si. 
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                                                                                                                      cxrili 8 

dakoncentrirebis procesSi antioqsidanturi aqtivobis 
cvalebadobis dinamika (3%-ian koncentratze gadaangariSebiT), 

Sნიმ/Sეტ 
antioqsidanturi  

aqtivoba  nedleulis 
winaswari damuSavebis 
variantebis mixedviT 

Eqstraqtis koncentracis, % 

4 30 40 50 60 

V 6,1 5,7 5,5 5,4 5,3 

IV 7,0 6,5 6,0 5,7 5,5 

II 8,7 7,8 7,0 6,5 6,3 

I 9,9 9,3 8,5 8,0 7,7 

 

rogorc vxedavT, koncentrirebis procesSi adgili aqvs 

antioqsidanturi aqtivobis Semcirebis tendencias. amasTan, rac 

metia mocvis eqstraqtis sawyisi antioqsidanturi aqtivoba, miT 

intensiurad mimdinareobs antioqsidanturi aqtivobis dacema. 

amasTan aris pirdapiri kavSiri eqstraqtis antioqsidantur 

aqtivobasa da nedleulis winaswari damuSavebis variantebs Soris. 

aRniSnuli garemoeba, Cveni azriT, ganpirobebulia mocvis 

fenoluri bunebisa da sxva antioqsidanturi naerTis daSliT da 

JangviT rogorc winaswari damuSavebisas, ise dakoncentrirebis 

procesSi. 

rogorc warmodgenili masalebidan Cans, mocvis nayofis 

eqstraqcia da eqstraqtis 50-60 %-mde dakoncentrireba ar aris 

dakavSirebuli raime sirTulesTan. dakoncentrirebis procesSi 

xdeba nawilobriv wylis orTqlTan erTad eTanolis sruli 

gamoxda, romelic gamoiyeneba Semdgomi eqstrahirebisaTvis. 

 

2.7.10.Mmocvis nayofis biologiurad aqtiuri Txevadi  
eqstraqtis xarisxis kontrolis meTodis damuSaveba 

 

    Mmocvis nayofi, rogorc zemoT iyo aRniSnuli, sxvadasxva 

raodenobiT da sxvadasxva  biologiuri aqtiurobis ramodenime 

antocians da flavenoids Seicavs.  

     aRniSnulidan gamomdinare, mizanSewonilia vimsjeloT ara 
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calkeul Semadgenel aqtiur komponentze, aramed mTlianad maT 

kompleqsze da mis biologiur aqtiurobaze. 

     mocvis Txevadi eqstraqtis antioqsidanturi Tvisebebi 

mniSvnelovania ara marto organoebsa da organizmis sistemebze 

pozitiuri moqmedebiT, aramed sakvebi produqtebis JangviTi 

procesebis Sesaneleblad an Tavidan asacileblad da sxva 

samkurnalwamlo preperatebis stabilizaciisaTvis. 

     mizanSewonilad CavTvaleT xarisxis kontrols 

daeqvemdebaros mocvis Txevadi eqstraqtis antioqsidanturi 

aqtiurobis saerTo mniSvnelobis gansazRvra. amisaTvis viyenebdiT 

amperometrul meTods, romelic aRwerilia wina paragrafebSi. 

     mocvis nayofis Txevadi koncentratis antioqsidanturi 

aqtiurobis gansazRvris meTodika Semdegia: 

     etalonad viRebT kvercetinis 3%-iani wyalxsnaris 

antioqsidanturi aqtiurobas. gamosakvlevi xsnaris 

antioqsidanturi aqtiuroba ganisazRvreba mimdevrobiT 5 

dozirebis saSualo ariTmetikuliT. magaliTi mocemulia nax. 33-

ze. mocemuli magaliTis mixedviT  gamosakvlevi xsnaris 

antioqsidanturi aqtiuroba Seadgens saSualod 6,45 erTeuls. 

     analizi tardeba Semdegi TanmimdevrobiT: 

     - 1 ml Txevad eqstraqts (50%-iani eqstraqti) vazavebT 1500 ml 

gasufTavebul wyalSi uSualod analizis win. paralelurad 

vamzadebT kvercetinis 3%-ian wyalxsnars; 

         -  ”cvetiauza -01 aa” xelsawyoze vsazRvravT mimdevrobiT xuTi 

dozirebis aRmwarmoeblobiT (Jangvis denis sididiT) rogorc 

sacdeli preparatis, ise etalonis signalebis sidides (nax.33); 

     - gamosakvlevi nimuSis antioqsidanturi aqtiurobas 

kvercetinTan SedarebiT gamoviTvloT rogorc 

AOA = Sექსტრაქტი/Sეტალონი, 

romlebic aiReba mimdevrobiT xuTi dozirebis signalebis 

saSualo ariTmetikuli mniSvnelobebiT. 

     mocvis nayofis Txevadi koncentratis antioqsidanturi 

aqtiurobis (kvercetinTan mimarTebaSi) metrologiuri 
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maxasiaTeblebi moyvanilia cxr.9-Si. 

cxrili 9 

mocvis eqstraqtis antioqsidanturi aqtiurobis metrologia 
(nedleulis winaswari gadamuSavebis II variantisTvis)  

# antioqsidanturi aqtiuroba, AOA=Sნიმუშ/Sეტალ. 

X  X S , % 

1 6,120,33 2,11 4,71 

2 6,710,42 3,06 4,80 

3 6,540,28 2,64 3,97 

4 6,630,47 2,95 4,32 
           

     amrigad, mocvis nayofis Txevadi eqstraqti warmoadgens 

Zlier antioqsidants, romlis aqtiuroba kvercetinTan SedarebiT 

6-jer metia (sxva Tanabar pirobebSi). gansazRvris meTodi martivia, 

mimdinareobs realur droSi - sul 2-3 wT. 

 

2.7.11. Mmocvis nayofis Txevadi koncentrirebuli da mSrali 

eqstraqtis warmoebis teqnologiuri sqema da aparaturuli 

gaformeba 

 

     Mmocvis nayofis Txevadi koncentrirebuli da mSrali 

eqstraqtis warmoebis ZiriTadi teqnologiuri procesebis sqema 

naCvenebia nax.38–ze, romlis damuSavebis dros nawilobriv 

vixelmZRvaneleT [9] naSromis monacemebis mixedviT; nax.39–ze 

mocemulia mcenareuli nedleulis Txevadi da mSrali 

eqstraqtebis warmoebis aparaturuli gaformebis SesaZlo 

varianti, xolo nax.40–ze warmodgenilia mcenareuli biologiurad 

aqtiuri eqstraqtebis eqsperimentul-samrewvelo saamqros saerTo 

xedi, sadac Catarda programiT gaTvaliswinebuli eqsperimentuli 

kvlevebi (quTaisi, akaki wereTlis saxelmwifo universiteti, 

saqarTvelos mecnierebaTa akademiis samecniero centri). 

     saamqros sanitaruli damuSavebis Semdeg axali nedleuli 

miewodeba doluri tipis saSrobSi 1 (nax.39), romlis Siga 

zedapirze gakeTebulia xraxnuli xviebi masalis grZivi 

gadaadgilebisaTvis. Ddolis centralur nawilSi, mTel sigrZeze, 
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seqciurad damontaJebulia eleqtruli gamaxurebeli elementebi. 

Srobis temperaturis regulireba xdeba eleqtrul qselSi 

seqciebis Tanmimdevruli CarTva-gamorTviT.  

 

nax.38. mocvis nayofis Txevadi koncentrirebuli da mSrali eqstraqtis 
warmoebis teqnologiuri sqema 

 

     nedleulis winaswari damuSavebis variantis SerCeva xdeba 

yoveli konkretuli sawarmoo situaciisaTvis individualurad, 

rogorc ekonomikuri da sawarmo mizanSewonilobidan, ise 

nedleulis xelmisawvdomobidan gamomdinare. 

     gamSrali nedleulis daqucmacebisaTvis sqemaSi 

gaTvaliswinebulia ori saxis damqucmacebeli. kenkrovani nayofis 

daqucmaceba warmoebs АГО-2 tipis planetaruli wisqvil-
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aqtivatoriT 2, xolo Rerovan-foTlovani nedleulisaTvis 

gamoiyeneba lilvakebiani damqucmacebeli 3, romlis erTi lilvaki 

Sesrulebulia grZivi da ganivi mtexi rifebiT, xolo meore 

lilvakis zedapiri elastikuria (morezinebuli). aseTi 

konstruqcia uzrunvelyofs mSrali, myife Rerovan-foTlovani 

nedleulis rbil reJimSi daqucmacebas, rac gulisxmobs 

nawilakebis msxvrevas mtvris minimalurad warmoqmnis gareSe. 

     daqucmacebuli nedleulis daxarisxeba xdeba brtyelbadian 

vibraciul damxarisxebelze 4. badeSi gasuli fraqciebi igzavneba 

Sesanaxad bunkerebSi 5, xolo badidan gadasuli fraqcia 

miewodeba ganmeorebiT daqucmacebaze. daxarisxebis Sedegad 

vRebulobT Tanabari zomiTi Semadgenlobis erTgvarovan 

fraqciebs, rac mniSvnelovania eqstraqciis procesis Tanabar 

pirobebSi mimdinareobisaTvis. 

     momzadebuli nedleuli bunkerebidan dozirebulad, 

dadgenili recepturiT gadadis saeqstraqcio aparatSi 6. aqve 

milyelidan 7 miewodeba eqstragenti (40 %-ian eTanoli, romelic 

SemJavebulia 1 %-iani marilmJavaTi).  Eeqstraqciis procesSi 

warmoqmnili orTqli gaivlis TbomcvlelSi da miRebuli 

kondensati gamoiyeneba axali eqstragentis mosamzadeblad. 

eqstraqcia mimdinareobs 65 C0  temperaturaze 180 wuTis 

ganmavlobaSi, roca Tanafardoba eqstragentsa da dispergirebul 

nedleuls Soris 10,5 l/kg-is tolia. eqstraqciis procesSi yovel 

10 wuTSi sruldeba masalis 1 sruli cirkulaciis cikli 

aparatSi, 5 wT-iani intervaliT.  

     eqstraqciis damTavrebis Semdeg eqstraqti Caedineba filtrSi 

8, aqedan ki – damyovneblebSi 9. filtracia xdeba or etapad. jer 

xdeba filtracia Rvinis fenovan filtrebSi 8, xolo Semdeg misi 

gadatana satumbi mowyobilobiT  filtr-damayovneblebSi 2-3 

saaTis ganmavlobaSi, ris Semdegac warmoebs eqstraqtidan 

narCenebis mocileba. 

     eqstraqtis koncentrireba warmoebs or etapad: jer 

orkorpusian “lang”-is tipis vakuum-amaorTqlebel aparatSi 10 
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saSualod 30 % koncentraciamde, Semdeg meore safexuris vakuum-

amaorTqlebelSi 11 da bolos – amrevian perioduli qmedebis 

vakuum-amaorTqlebel aparatSi 12, sadac eqstraqti 

koncentrirdeba 50-60 %-mde. orive SemTxvevaSi dakoncentrirebis 

temperatura 60-70 C0  –s ar aRemateba. koncentrirebuli eqstraqti 

ikribeba rezervuarebSi 13. koncentrirebis procesSi warmoqmnili 

orTqli kondensirdeba TbomcvlelSi 14, kondensati ki Caedineba 

SemkrebSi 15.  

     mSrali eqstraqtis warmoebisaTvis gaTvaliswinebulia 

Txevadi eqstraqtis Sroba. amisaTvis koncentrirebul eqstraqts 

rezervuarebidan 13 awvdian gamfrqvev saSrobSi, romelic Sedgeba: 

saSrobi kamerisagan 16, gamfrqvevisagan 17, mSrali eqstraqtis 

gamomtani Snekuri transportiorisagan 18, ciklonisagan 19, 

saxeloiani filtrisagan 20 watacebuli nawilakebis dasaWerad, 

ventilatorisagan 21 da kaloriferisagan 22. saboloo operaciaa 

mza produqciis dafasoeba. 

     warmodgenil aparaturul sqemaSi Semavali doluri tipis 

saSrobi danadgaris 1 da lilvakebiani daqucmaceblis 3 

konstruqcia damuSavebulia saqarTvelos teqnikuri universitetis 

“kvebis industriis departamentSi” profesor z.jafariZis 

TanaavtorobiT. 

     koncentrirebuli Txevadi eqstraqti gadaitumbeba 

emalirebul avzebSi 6, saidanac xdeba nimuSis aReba da xarisxis 

kontroli (standartizacia).      

     warmoebis ZiriTadi narCenia eqstrahirebis Semdeg darCenili 

mocvis nayofis CenCo, romelic gamoitvirTeba eqstraqtoridan da 

SesaZlebelia gamoyenebuli iqnas sasicocxlod mniSvnelovani 

mikroelementebis koncentratebis sawarmoeblad an sasuqad 

soflis meurneobaSi. warmoebis narCens ganekuTvneba aseve 

eqstraqtis filtraciis Sedegad darCenili leqi, romelic 

gamoiyeneba analogiuri daniSnulebiT. 
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nax.40. mcenareuli biologiurad aqtiuri eqstraqtebis 
 eqsperimentul- samrewvelo saamqros saerTo xedi 

 

     amrigad, damuSavda qarTuli mTis mocvis (Vaccinium Murtillus )  

nayofis  (Fructus Murtilli)  biologiurad aqtiuri naerTebis Semcveli 

Txevadi koncentrirebuli da mSrali eqstraqtebis warmoebis 

racionaluri teqnologiuri sqema da produqtis xarisxis normebi. 

     farTo speqtris samkurnalo-profilaqtikuri, maRali 

antioqsidanturi aqtiurobis axali saSualeba mowodebulia 

gaaumjobesos adamianis organizmis funqcionaluri mdgomareoba 

da garkveul wilad warmoadgens janmrTelobis dacvis socialur 

SekveTas.  

       

2.7.12. eqstraqtoris rekomendebuli teqnikuri maxasiaTeblebi 

 

     Catarebulma kvlevebma saSualeba mogvca dagvedgina Cvens 

mier damuSavebuli eqstraqtoris (nax.17) optimaluri teqnikuri 

maxasiaTeblebi. 

      - cilindruli WurWlis moculoba – 0,5 m3; 

      - WurWlis zomebi: diametri – 0,8 m; simaRle – 1,0 m; 

      - Sevsebis koeficienti – 0,8; 
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      - mwarmoebloba sawyisi nedleulis mixedviT myari da  

        Txevadi fazebis 1:10 fardobis dros – 12 kg/sT; 

   - centridanuli tumbo (Pedrollo CP– Italy): mwarmoebloba – 160 

     l/wT; daWirxnis simaRle – 58 m; Zravas simZlavre – 1,5 kvt.  

   - daxrilfrTebiani momrevi rotoris brunvis sixSire –  

       20 br/wT, reversiuli Zravas simZlavre – 0,6 kvt. 

   - eJeqtoris Semwovi milis simaRle – 0,7 m; diametri - 

       50-60 mm; 

   - eJeqtoris Semrevi milis sigrZe – 0,35 m; diametri – 

       50-60 mm; 

    - saqSenis gamosasvleli xvrelis diametri – 20 mm; 

       - Txevadi fazis cirkulaciuri xarji – 3,7 m3/sT; 

       - inJeqciis koeficienti – 0,7. 

       - muSa wneva – 0,57 mpa, wnevis vardna eJeqtorSi – 0,035 mpa, 

       - inJeqciis wneva - hid.mmi PPPP  =0,57-0,035-0,006867=0,528 mpa; 

       - xvedriTi energodanaxarjebi – 0,67kvt/kg nedleulze. 
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3. daskvna 

 

     1. damuSavebulia originaluri konstruqciis mcenareuli 

nedleulis saeqstraqcio aparati, romelSic procesis 

intensifikacia da maRali teqnologiuri efeqti miRweulia 

Txevadi da myari fazebis narevis inJeqciuri cirkulaciis 

meTodiT. 

           2. aparatSi mimdinare hidro-dinamikuri procesis kvlevis 

safuZvelze miRebulia gantolebebi, romelebic amyareben 

damokidebulebas aparatis mTavar kveTebSi wnevaTa fardobiT 

vardnas, farTobebs, siCqareTa da inJeqciis koeficientebs Soris, 

agreTve aparatis mTavari kveTebis farTobebis optimaluri 

fardobis damokidebulebas sxva ZiriTad faqtorebTan.  

      3. gaanalizebulia Txevadi da myari fazebis narevis 

moZraobis kanonzomierebebi inJeqtoris Semwov da Semrev milebSi, 

cvladi wnevebis da siCqareebisagan damokidebulebiT. miRebulia 

narevis nakadze gadacemuli damatebiTi energetikuli efeqtis 

saangariSo gamosaxulebebi. 

      4. Catarebulia molekuluri da konveqciuri difuziis, 

rogorc stoqastikuri procesebis, albaTuri Sefaseba da 

ganisazRvra am procesebis mimdinareobis ZiriTadi 

kanonzomierebebi, romlebic aRwerilia maTematikuri modelebiT. 

      5. Sedgenilia mcenareuli nedleulis eqstraqciis 

kinetikuri procesis maTematikuri modeli. miRebulia am procesis 

ganmsazRvreli konstantas eqsponencialuri gantoleba. mocvis 

nayofidan fenoluri naerTebis gamoyofis magaliTze, winaswari 

eqsperimentuli kvlevebiT  miRebulia miznobrivi produqtis 

gamosavlianobis damokidebuleba ZiriTad faqtorebze da 

dadgenilia empiriuli koeficientebis ricxviTi mniSvnelobebi.  

     6. dadgenilia miznobrivi produqtis wonasworul 

koncentraciamde gamoyofis kinetika da misi damokidebuleba 

eqstragentis temperaturaze, eqstragentis cirkulaciuri 
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ciklebis sixSireze, eqstragentis koncentraciaze da myari da 

Txevadi fazebis moculobiTi masebis fardobaze.  

     7. dadgenilia, rom fazuri, wonasworuli koncentraciis 

damyareba faqtorebis sxvadasxva mniSvnelobebisaTvis 

cirkulaciuri efeqtis gareSe xdeba daaxloebiT 11-12 sT-Si.  

     8. dadgenili da dasabuTebulia biologiurad aqtiuri 

nivTierebebis eqstrahirebis procesis intensifikacia Txevadi da 

myari fazebis narevis inJeqciuri cirkulaciis meTodiT. am 

meTodis gamoyenebiT energetikuli danaxarjebi arsebul 

meTodebTan SedarebiT mcirdeba daaxloebiT 10%-iT, xolo 

eqstragentis xarji – 15%-iT. 

     9. laboratoriuli kvlevebiT ganisazRvra qarTuli mTis 

mocvis nayofis qimiuri Semadgenloba da dadginda biologiurad 

aqtiuri nivTierebebis raodenobrivi da xarisxobrivi maCveneblebi. 

kerZod, analizebma aCvenes, rom   saqarTveloSi   gavrcelebuli 

mocvis kenkra Seicavs, gacilebiT (1,4-1,5-jer) met antocianidebs, 

vidre literaturuli monacemebiT amerikisa da evropis mraval 

qveyanaSi gavrcelebuli mocvi.  

     10. eqsperimentul danadgarze mravalfaqtoriani eqsperimentis 

maTematikuri dagegmviT miRebulia regresiis gantolebebi, 

romlebiTac ganisazRvra Sefasebis kriteriumebis 

damokidebulebebi moqmed cvlad faqtorebTan. 

     11. optimizaciis amocanis gadawyvetis Sedegad miRebulia 

procesis optimaluri parametrebis mniSvnelobebi: eqstraqciis 

temperatura- 65 C0 ;  ekonomikuri mizanSewonilobidan gamomdinare 

erTjeradi eqstraqciis xangrZlivoba – 180 wT; fardoba - 

“eqstragenti/nedleuli” – 10,5 l/kg. Txevadi fazis cirkulaciuri 

mwarmoebloba 3,7 m3/sT. 

            12. damuSavda mocvis nayofis biologiurad aqtiuri Txevadi 

eqstraqtis xarisxis kontrolis meTodi da miRebulia eqstraqtis 

antioqsidanturi aqtiurobis metrologiuri maxasiaTeblebi. 
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     13. damuSavda mcenareuli nedleulis eqstraqciis 

teqnologiuri procesis racionaluri aparaturuli gaformebis 

sqema. 

     14. Catarebuli kvlevebis safuZvelze SeiZleba davadginoT, 

rom Cvens mier damuSavebuli eqstraqtoris mwarmoebloba 500 

litri tevadobis SemTxvevaSi, sawyisi nedleulis mixedviT 

mixedviT Seadgens daaxloebiT 12 kg/sT, xolo eqstraqtuli 

nivTierebebis gamosavali – 88%-s. 
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                                                                                                                     danarTi 1 
 
     mocvis nayofis eqstraqtebis qimiuri analizi 

qromatografirebis meTodiT 

 
Qqromatograma 1 

tyibulis mTis nedli mocvi (6,685g=30 ml 3%  HCI spirti, aqedan 10 

ml dakoncentrirda da qromatografirebisaTvis aRebulia: 0,5 

ml+3ml eluentTa narevi), 370-510nm. 

 
Mmocvi – 510 nm  

 

 
Qqromatograma 2 

 

 
mocvi – 370 nm 
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qromatograma 3 

tyibulis gamSrali mocvi (1,590 g=30ml 3% HCI spirti, aqedan 10ml 

dakoncentrirda da qromatografirebisaTvis aRebulia: 0,5 ml+2ml 

eluentTa narevi), 370-510nm. 

 
mocvi – 510 nm 
 

qromatograma 4 

 
  mocvi – 370 nm 
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qromatograma 5 

baRdaTis gamSrali mocvi (1,5828 g=30ml 3% HCI spirti, aqedan 

10ml dakoncentrirda da qromatografirebisaTvis aRebulia: 0,5 

ml+2ml eluentTa narevi), 370-510nm. 

 
mocvi – 510 nm  

 

 

 
                                                                                                         qromatograma 6 

 
 mocvi – 510 nm  
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                                                     qromatograma 7 

mocvis naturaluri wveni (0,5ml+3ml eluentTa narevi), 370-510nm 

 
mocvi – 510 nm  

 
Q                                                    qromatograma 8  

 
37-370 nm 
 
                                                    qromatograma 9 

axlad gamowuruli mocvis nayofis qromatograma (baRdaTi, 2011 w)  
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                                                           danarTi 2 
 
winaswar damuSavebuli mocvis nayofidan miRebuli eqstraqtebis 
oTx-oTxi mimdevrobiTi aRwarmoebebis diagramebi 
 
 

 

Nnax.d.1. mocvis eqstraqtis     АОА  diagrama 

(etaloni kvercetini, V varianti) 

 

 

Nnax.d.2. mocvis eqstraqtis   АОА  diagrama   

(etaloni kvercetini, IV varianti) 
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Nnax.d.3. mocvis eqstraqtis   АОА  diagrama   

(etaloni kvercetini, III varianti) 

   

 

Nnax.d.4. mocvis eqstraqtis   АОА  diagrama 

(etaloni kvercetini, II varianti) 
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