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naSromis saerTo daxasiaTeba 

 

     Temis aqtualoba:ukanasknel wlebSi mniSvnelovnad gaizarda 

moTxovnileba bunebrivi, biologiurad aqtiuri naerTebis mimarT, 

rogorc kvebis produqtebis danamatebi. aseT naerTebs didi 

raodenobiT Seicavs veluri mcenareebis mravali saxeoba.        

     sakveb produqtebze biologiurad aqtiuri, naturaluri 

danamatebis warmoebisaTvis mcenareuli nedleulis racionaluri 

gamoyeneba uaRresad mniSvnelovania. jerovnad ar aris 

mecnierulad Seswavlili da dasabuTebuli saqarTveloSi  

gavrcelebuli mravali mcenareuli nedleulis eqstraqciuli 

maxasiaTeblebi.  

     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 maRalefeqturi 

saeqstraqcio aparatebis Seqmna, agreTve eqstraqtebis warmoebis 

racionaluri procesul-aparaturuli gaformeba aqtualuri 

sakiTxia, romlis ganxorcielebac xels Seuwyobs kvebis 

warmoebisa da momijnave dargebis samecniero-teqnikur progress. 

     mcenareuli nedleulis eqstraqtebis warmoebis 

gazrdisaTvis Zalze mniSvnelovania Sesabamisi aparaturis 

teqnikur-ekonomikuri maCveneblebis amaRleba. es ki SesaZlebelia 

eqstraqciis iseTi meTodebis gamoyenebiT, romlebic 

uzrunvelyofen procesis intensifikacias. 

     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. 
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     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 damuSaveba; 

    - saeqstraqcio aparatSi mimdinare hidrodinamikuri 

procesebis analizuri gamokvleva; 

    - eqstraqciis procesis ganmsazRvreli calkeuli 

parametrebis gavlenis Seswavla miznobrivi komponentis 

gamoyofis siCqareze; 

    - eqstrahirebis procesis fizikuri modelis Seqmna da myari, 

forovani struqturis nedleulidan miznobrivi komponentis 

eqstrahirebis procesis kinetikis analizuri gamokvleva; 

    - Cveni qveynis mcenareuli sanedleulo bazis mniSvnelovani 

saxeobis - mTiani regionebis mocvis nayofis laboratoriuli 

gamokvleva, masSi biologiurad aqturi nivTierebebis 

Semcvelobis gansazRvris mizniT; 

    - eqsperimentul danadgarze kvlevebis Catareba,  procesis  

mimdinareobis ZiriTadi   kanonzomierebebis dadgena da sawarmoo 

eqsperimentis optomizacia; 

    - kvlevebis safuZvelze Mmocvis nayofis Txevadi, 

koncentrirebuli da mSrali eqstraqtebis warmoebis 

teqnologiuri sqemis damuSaveba da aparaturuli gaformeba. 

      kvlevis obieqti: originaluri konstruqciis saeqstraqcio 

aparati; saqarTvelos mTiani regionebis mocvis nayofi. 

      samuSaos mecnieruli siaxlea: 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. 
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      samuSaos praqtikuli Rirebulebaa:A mcenareuli nedleulis 

eqstraqtorebis gangariSebisa da konstruirebisaTvis meToduri 

safuZvlebis Seqmna da zogierTi mcenareuli nedleulis 

gadamuSavebis teqnologiuri reJimebis dasabuTeba; kvleviT 

miRebuli Sedegebis praqtikuli realizacia sawarmoo pirobebSi. 

    naSromis aprobacia: naSromis Sedegebi moxsenebuli iyo 

saerTaSoriso samecniero konferenciebze: 

    1. mcenareuli needleulis eqstraqciis bio-fizikuri 

meqanizmi. “gamoyenebiTi qimiis problemebi”. SromaTa krebuli. 

Tbilisi:  2012.- 211-214 gv. 

    2. mcenareuli nedleulis inJeqtoruli eqstraqtoris               

parametrebis analizuri kvleva. ”mcenareuli eqstraqtebis qimia 

da teqnologia”.quTaisi: 2011.- 8-11 gv. 

    3. meRvineobis meoradi nedleulis gadamuSavebis procesis 

energetikuli Sefaseba. “sursaTis uvneblobis problemebi”. 

Tbilisi: 2009.- 279-282 gv. 

    sadisertacio naSromis moculoba da struqtura: 

sadisertacio naSromi warmodgenilia kompiuterze dabeWdil 133 

gverdze, Seicavs 53 naxazs,  9 cxrils, Sedgeba: Sesavlis, 

literaturis mimoxilvis, Sedegebis da gansjis, ZiriTadi 

daskvnebis,  68 dasaxelebis gamoyenebuli literaturis da 

danarTisagan. 

 

naSromis mokle Sinaarsi 

 

     Sesaval nawilSi ganxilulia perspeqtivebi Cvens 

respublikaSi sakveb-profilaqtikuri eqstraqtebis warmoebis 

gafarToebis kuTxiT. dasabuTebulia eqstraqciuli procesebis 

maRalefeqturi meTodebis Ziebis da racionaluri konstruqciis 

saeqstraqcio aparatebis Seqmnis aucilebloba. 

     ganmartebulia sakiTxis aqtualoba, naSromis mizani, 

mecnieruli siaxle da praqtikuli Rirebuleba, dasaxulia 

kvlevis amocanebi. 
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     literaturis mimoxilvaSi gaanalizebulia mcenareuli 

nedleulis eqstraqciis bio-fizikuri meqanizmi ”myari sxeuli-

siTxis” sistemaSi. aRniSnulia, rom 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. 

     gaanalizebulia eqstraqciuli procesebis Teoriuli 

kvlevebis ZiriTadi mimarTlebebi, kerZod molekuluri da 

konveqciuri difuziis maTematikuri formulirebebi. aRniSnulia, 

rom moyvanil maTematikur modelebSi Semavali zogierTi 

fizikuri sididis gansazRvra dakavSirebulia did 

sirTuleebTan, rac aZnelebs arsebuli Teoriebis praqtikul 

gamoyenebas. amdenad, arsebuli Teoriuli bazis Semdgom 

ganviTarebas Zalze didi mniSvneloba eniWeba. 

      mimoxilvaSi moyvanilia Eeqstrahirebis meTodebis 

klasifikacia da gaanalizebulia arsebuli mowyobilobebis, 

teqnologiuri da teqnikur-ekonomikuri maxasiaTeblebi. 

     literaturuli masalis analizis safuZvelze gakeTebulia 

saTanado daskvnebi. kerZod, Cveni respublikis veluri 

mcenareuli sanedleulo bazis raodenobis gaTvaliswinebiT 

mizanSewonilia damuSavebuli iyos SedarebiT mcire moculobis 

da mwarmoeblobis, perioduli qmedebis saeqstraqcio aparatebi 

maTSi mimdinare procesis maRali intensivobiT. 

Sedegebis gansja 

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 
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maqsimaluri gamoyofa minimaluri droisa da materualuri 

danaxarjebis pirobebSi. 

     Cveni respublikis mcenareuli nedleulis bazis masStabebis 

gaviTvaliswinebT ufro racionaluria perioduli qmedebis 

aparatebis Seqmna, romlebSic saWiro mwarmoebloba miiRweva 

procesis intensifikacis saTanado meTodebis gamoyenebiT. 

     mcenareuli nedleulis eqstrahirebis procesis 

intensifikaciis erTerT meTods warmoadgens Txevadi da myari 

fazebis aqtiuri barbotireba. Cvens mier damuSavebul 

konstruqciaSi es meTodi ganxorcielebulia eqstragentis 

cirkulirebiT Caketil ciklSi Wavluri tumbos moqmedebis 

principiT. nax.1–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 daCqareba. 

         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. aparatis konusur ZiriSi Cadgmulia daxrili frTebisagan 

Sedgenili rotori 9 (nax.1,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. eqstraqciis 

procesSi rotori gadaaadgilebs masas konusuri Ziris qveda 

nawilidan zemoT, xolo Srotis gamotvirTvis dros ki – piriqiT.  

     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 
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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.  

     

nax.1. saeqstraqcio aparatis sqema 

fxvieri masala ikavebs cilindrul badesa 2 da Semwov mils 

3 Soris ares, xolo eqstragenti WurWelSi Casxmis Semdeg Sedis 

agreTve milSi 3 da ikavebs masSi WurWlis 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 
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tangencialurad, rac iwvevs siTxis nakadis zeda fenebis brunvas 

da eqstrahirebis procesis intensivobis kidv ufro gazrdas.  

    procesis damTavrebis Semdeg eqstraqti aparatidan gamoiyofa 

miliT 19. amis Semdeg, gaxsnian sakets 23, CarTaven rotoris 9 

amZravs 7 da WurWelSi arsebuli narCeni (Sroti) 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. 

Eeqstraqciis hidrodinamikuri procesis Teoriuli analizi 
 
          eqstraqtoris (nax.1) mTavari kveTebisaTvis Catarda 

hidrodinamikuri parametrebis analizuri dasabuTeba. nax.2-ze 

warmodgenilia saangariSo sqema. 

     impulsebis kanonis safuZvelze  aradrekadi garemosaTvis 

miRebulia Wavluri aparatis ZiriTadi maxasiaTeblebis 

gantolebebi 

                         
2017,012,0205,0 uu

p

p






m.

S.
             (1) 
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2275,055,2)( uu

f

f
opt.

m

S
                (2) 

    sadac Sp  da mp   - Sesabamisad Semrev kameraSi da saqSenSi 

wnevaTa vardnaa, romlebic tolia 

                         Sp = Sp - ip ; mp = im pp  , 

sadac Sp  - wneva Semrev kameraSi; mp - muSa nakadis wnevaa; ip - 

inJeqtirebuli nakadis wnevaa, pa; Sf  da mf - Sesabamisad Semrevi 

kameris da saqSenis gamosasvleli xvrelis farTobebia, m2; u  - 

inJeqciis koeficientia, romelic tolia mi GGu / . Aaq iG da
m

G - 

Sesabamisad inJeqtirebuli da muSa nakadebis masuri xarjia, 

kg/wm. 

 

nax.2. eqstraqtoris hidrodinamikuri procesis 
saangariSo sqema 

 

    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. 

 muSa wnevis sidide ganisazRvreba formuliT 
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                         mp )(
2

22

1

2

xax.

m

mm hHk
f

vG



 pa, 

sadac mv - muSa siTxis xvedriTi moculobaa, m3/kg; 1  - siCqaris 

danakargis koeficientia.   

     Semrev kameraSi wnevis vardna tolia 

                           xax.S. hHp  , pa                                

     (1) da (2) gantolebebiT aigo eqstraqtoris Wavluri aparatis 

ZiriTadi parametrebis saangariSo nomograma (nax.3) 

 

nax.3. Sp / mp  da mS ff /  damokidebuleba inJeqciis 

koeficientTan u  

 

     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 
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siCqares (nax.4). 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.4. saeqstraqcio aparatSi nakadebis siCqareTa ganawileba 

 

    saqSenidan muSa nakadis gamosvlis siCqares gansazRvravs 

muSa siTxis xarji (tumbos mwarmoebloba) da saqSenis 

gamosasvleli xvrelis farTobi  

                      
m1m

m
m1

f

G


   m/wm,                       (3) 

sadac m1  - muSa nakadis siCqarea saqSenis boloze anu 1-1 

kveTSi, m/wm; m  - muSa nakadis (Txevadi fazis) simkvrivea, kg/m3; 

      inJeqtirebuli nakadis siCqare 2-2 kveTSi tolia 

                   
i2i

m
i2

f

uG


   m/wm,                           (4) 

sadac u - inJeqciis koeficientia; i - inJeqtirebuli nakadis 

simkvrivea, kg/m3; i2f - inJeqciuri nakadis farTobia 2-2 kveTSi, 

romelic tolia m1i2. fff  3 , sadac  S.m.ff 3  cilindruli 

Semrevi milis kveTis farTobia, m2. 

     Semrevi milis boloSi gaTanabrebuli siCqare toli iqneba 
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                  33 /)( f
GG

i

i

m

m


        m/wm,             (5) 

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

uGG mi   

     (3), (4) da (5) tolobebi gansazRvraven siCqareTa epiurebs 

nax.4–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. 

 

qstraqciis kinetikuri procesis kvleva 

    mcenareuli nedleulis, iseve rogorc mravali sxva 

nivTierebis eqstrahireba warmoadgens masaTa cvlis process da 

emyareba am procesSi mimdinare ZiriTad kanonzomierebebs. 

    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. 

    yvela arsebuli Teoriis ZiriTadi arsi mdgomareobs 

miznobrivi produqtis eqstragentSi gadasvlis siCqaris anu 

procesis drois xangrZlivobis da mwarmoeblobis gansazRvraSi. 

    eqstrahirebis procesis zusti Teoriuli analizi da 

maTematikuri modelireba uaRresad rTulia, gansakuTrebiT 

rodesac erTdroulad mimdinareobs molekuluri da konveqciuri 

difuziuri procesebi. amdenadve rTulia procesis aRmweri 

maTemetikuri aparatis praqtikuli realizeba. sakiTxi ramdenadme 



 14 

martivdeba Teoriuli kvlevis procesSi empiriuli monacemebis 

gamoyenebiT, romlebic amaRleben miRebuli Sedegebis 

adekvaturobas realur procesebTan. 

    eqstraqciis kinetikuri procesis TeoriaTa analizi, 

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. 

    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. ,                         (6) 

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 +  eqstragenti) raodenobaa, kg; K - procesis 

ganmsazRvreli konstantaa, 1/sT;  - mimdinare droa, sT.  

     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,      (7) 
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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 koncentraciaa 

(magaliTad, spirtisa da wylis narevis Tanafardoba), kg spirti 

/kg narevze; T.f.T  - Txevadi fazis samuSao temperaturaa, C0
; 

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, xolo                            

Txevadi fazis moculobiTi masa T.f. - eqstragentis siblantis 

xarisxs.  

    eqstraqciis kinetikuri procesis K konstantas 

gansazRvrisaTvis Catarda eqsperimentuli kvleva. 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 
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TanafardobiT 1/2. eqstragentis koncentracia Seadgenda - 0,2-0,4 

kg spirti /kg wyalze; Txevadi fazis 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.    

     temperaturis stabilurobis mizniT narevi masa Tavsdeboda 

TermosSi. 6 sT-is Semdeg gamoiyofoda Txevadi faza da qimiuri 

analiziT ganisazRvreboda masSi miznobrivi produqtis 

Semcveloba.     

    cdebis Sedegad ganisazRvra empiriuli koeficientebis 

ricxviTi mniSvnelobebi: 1k = 1,2;  2k = 0,59;  3k = 1,7. 

    mocemuli konkretuli procesisaTvis (7) gantolebam miiRo 

Semdegi saxe 

          neeeK
TTC

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

      (8) 

     miRebuli (6) da (8) gantolebebiT mSrali mocvis nayofis 

eqstraqciis magaliTze Catarda kinetikuri procesis 

gaangariSeba Semdegi monacemebis mixedviT:  

0
m.f.C = 2,5 gr/kg 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. 5 da 

nax. 6). 

     rogorc nax.5–ze warmodgenili grafikidan Cans eqstragentis 

70 C0
temperaturis da 0,4 kg/kg spirtis Semcvelobis dros, 10-11 
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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.5. eqstraqciis procesis kinetikuri grafikebi eqstragentis 70 C0
 

temperaturis dros 

     

nax.6. eqstraqciis procesis kinetikuri grafikebi eqstragentis 50 C0
 

temperaturis dros 
 

      eqstragentis 50 C0
temperaturis dros (nax.6) fazaTa 

koncentraciuli wonasworoba myardeba daaxloebiT 11-12 sT-Si  

      eqstrahirebis meore safexuris Catarebis SemTxvevaSi 

fazebs Soris wonasworuli koncentracia toli iqneba 0,025 

gr/kg, rac niSnavs, rom myar fazaSi rCeba 0,5 gr miznobrivi 

produqti  (1,0 % sawyisi Semcvelobis), rac Seesabameba procesis 
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eqsponencialur xasiaTs, anu sruli eqstraqcia SeuZlebelia. 

aqedan gamomdinare, eqstrahirebis safexurebis raodenoba unda 

SeirCes ekonomikuri mizanSewonilobidan gamomdinare. 

mcenareuli nedleulis eqstraqciis eqsperimentuli kvleva  

     nedleulis daxasiaTeba. kvlevis obieqtad SerCeuli iyo 

mcvis nayofi, romelSic  antocianebis jamuri Semcveloba 

literaturuli monacemebiT, icvleba sakmaod did diapazonSi – 

0,25%-dan 1,6%-mde.         qarTuli mTis mocvi am mxriv praqtikulad 

Seuswavlelia. amitom, misi biologiurad aqtiuri eqstraqtebis 

teqnologiuri procesebis damuSaveba mecnierebisa da praqtikis 

aqtualur problemas warmoadgens. 

 

nedleulis laboratoriuli gamokvleva 

 

     mocvis nayofis eqstraqtebis qimiuri analizisaTvis 

gamoviyeneT maRali wnevis siTxuri qromatografirebis meTodi - 

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. 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 – 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. 
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    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 cxrilebis (1-2) saxiT.  

                                                           cxrili 1 

antocianebisa da flavonolebis Semcveloba mocvis nayofSi 

mocvis 
nayofi 

antocianebis raodenoba, 
mg/kg 

flavonolebis 
raodenoba, mg/kg 

nedli masa  mSrali masa  nedli masa  mSrali masa  
nedli - 
tyibulis  

   1773,8    13644,7    237,6     1827,6  

10% 
gamSrali -
tyibulis  

   1549,5    1878,2    868,1    1052,2  

10% 
gamSrali -
baRdaTis 

   719,8    854,8     743,2    882,6  

mocvis 
wveni 

tyibulis 

 
1674,0 

 
11957,1 

 
250,4 

 
1788,5 

                                                 

                                                          cxrili 2 

flavonoiduri naerTebis raodenobrivi Semcveloba mg/kg 

  mocvis nimuSi 

flavono- 
lebi 

kateqi- 
nebi 

leikoanto- 
cianebi 

Aantoci- 
anebi 

80% 

C2H5OH 

80% 

C2H5OH 
80% 

C2H5OH 
3%HCl, 40% 

C2H5OH 

tyibu-

lis 

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

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

baRda-

Tis 

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

mSrali  1100,91 82,12 163,43 368,6 
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   aRniSnuli eqsperimentuli kvlevebis seria Catarda baTumis 

SoTa rusTavelis saxelmwifo universitetSi profesor aleko 

kalandias xelmZRvanelobiT.      

        Cvens mier, qarTuli mTis mocvis bazaze, winaswar 

laboratoriul pirobebSi damzadebuli eqstraqtebis analizma 

aCvena, rom   saqarTveloSi   gavrcelebuli mocvis kenkra (Cvens 

SemTxvevaSi baRdaTis Semogareni, imereTi) Seicavs  gacilebiT 

met antocianidebs (1,4-1,5-jer), vidre sazRvargareTis mTel rig 

qveynebSi arsebuli mocvis kenkra. 

 

mocvis nayofis eqstraqciis eqsperimentis 

Ppirobebis dasabuTeba 

 

     mocvis nayofis eqstrahirebis procesebis damuSavebisas 

optimizaciis ZiriTad parametrad vRebulobT eqstraqtis 

antioqsidantur aqtiurobas (АОА), romelic ganisazRvreboda 

rogorc gamosakvlevi koncentratis da standartuli nivTierebis 

signalebis Tanafardoba. 

     optimizaciis meore kriteriumad miviReT mocvis nayofidan 

mSrali eqstraqtuli nivTierebis gamosavlianoba - Э, gr/kg, 

aorTqlebisa da mudmiv wonamde dayvanis meTodiT. 

    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. 

     eqsperimentuli kvlevebi Catarda saqarTvelos mecnierebaTa 

akademiis quTaisis samecniero centrSi profesor v.xvedeliZis 

xelmZRvanelobiT. 

     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, 
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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 

faqtorebi - nedleulis adgilmdebareoba da klimaturi 

pirobebi, krefis dro da mravali sxva, romelTa gaTvaliswineba 

dagegmil eqsperimentSi praqtikulad SeuZlebelia. 

     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 Seexeba 

eqstraqciis procesSi saeqstraqcio masis cirkulaciuri 

ciklebis sixSires winaswari laboratoriuli gamokvlevebis 

Sedegad miRebuli iyo 6,0 /sT toli (cxr.3). 

     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 

TanmomdevrobiT (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. 
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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.3). 

     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. 

cxrili 3 

mocvis nayofis eqstraqciis 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 

    

    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 

laboratoriul aparatSi 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 
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cxr.3-Si. Eeqsperimentis dagegmvis matricad gamoviyeneT 

centraluri kompoziciuri rotatabeluri gegma, romelic 

yvelaze mosaxerxebelia naSromSi dasaxuli miznis 

realizaciisaTvis. 

     procesis kriteriumi - mocvis eqstraqtebis antioqsidanturi 

aqtiuroba ganisazRvra amperometruli meTodiT moqmed 

”cvetaiauza-01-aa” xelsawyoze. saanalizo nimuSis antioqsidantur 

aqtiurobas vangariSobdiT, rogorc fardobas 

AOA = saangariSo nimuSis signali / standartis signali, 

sadac standartad aiReba cnobili antioqsidanturi aqtiurobis 

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

     procesis maTematikuri aRwerisaTvis gamoviyeneT meore 

rigis regresiis gantoleba, romelic Seicavs wrfiv efeqtebs, 

wyvil urTierTqmedebebs da kvadratul efeqtebs., 

E  eqsperimentis dagegmvis SerCeuli matricis realizaciam 

araarsebiTi efeqtebis gamoricxvam saSualeba mogvca 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;                                                                                                            

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

+ 3X2
2 – 2X32,   gr/kg .                                                                                             

    aRniSnuli maTematikuri modelebis erTzomadi kveTebi 

mocemulia nax.7 – nax.8. maTi analizi gviCvenebs, rom yvela 

ganxiluli faqtori mniSvnelovnad moqmedebs optimizaciis 

kriteriumebze. 

     rogorc grafikebidan Cans antioqsidanturi aqtiurobis 

cvalebadobas  X1, X2 da X3  faqtorebisaTvis aqvs paraboluri 

xasiaTi mkveTrad gamoxatuli eqstremumiT, xolo X4 

faqtorisaTvis – wrfivi damokidebuleba. 

     optimizacis amocanis gadasawyvetad gamoviyeneT lagranJis 

ganusazRvrel mamravlTa meTodi. aq nedleulis winaswari 
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damuSavebis xasiaTis faqtorisaTvis ( X4) viRebT mis fiqsirebul 

mniSvnelobas (X4 = -2)              

                                       Ф(Xi, 1 ) =AOA (Xi) + 1  [Э (Xi) – 431] ,                           (9) 

sadac 1  da 2  – lagranJis ganusazRvreli mamravlebia da 

gamodian cvladebis rolSi Xi cvladebis Tanabrad. 

 

          Anax.7 optimizaciis parametrebis gamoZaxilebis erTzomadi kveTebi 

                       X1   (eqstraqciis temperatura) da X2  (eqstraqciis xangrZlivoba) 
    faqtorebisaTvis 

 

 

Nnax.8. optimizaciis parametrebis gamoZaxilebis erTzomadi kveTebi  X3 

(eqstragenti/nedleuli) da X4    (nedleulis winaswari damuSavebis 
xasiaTi) faqtorebisaTvis 
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     miznobrivi funqciis (9) kerZo warmoebulebis moZebniT yvela 

cvladisaTvis da nulisaTvis gatolebiT vRebulobT 

gantolebaTa sistemas: 

                           ;0/     ;0/  iix                         

A  am sistemis mravalricxovani amonaxsnidan eqsperimentis 

pirobebs 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.4-Si moyvanili mniSvnelobebi. 

                                                           cxrili 4 

      winaswari damuSavebis kategoriebi AOA, 

S/Set. 

Э, 
gr/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 

 

eqstraqtoris rekomendebuli teqnikuri maxasiaTeblebi 

 

     Catarebulma kvlevebma saSualeba mogvca dagvedgina 

saeqstraqcio aparatis (nax.1) optimaluri teqnikuri 

maxasiaTeblebi: cilindruli WurWlis moculoba – 0,5 m3; 

WurWlis zomebi: diametri – 0,8 m; simaRle – 1,0 m; Sevsebis 
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koeficienti – 0,8; 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;   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. 

P procesul-aparaturuli gaformeba: nax.9–ze mocemulia 

mcenareuli nedleulis Txevadi da mSrali eqstraqtebis 

warmoebis aparaturuli gaformebis SesaZlo variantis sqema, 

sadac Tanmimdevrulad sruldeba Semdegi teqnologiuri 

operaciebi: nedleulis Sroba (1), daqucmaceba nedleulis saxis 

mixedviT (2,3), daxarisxeba (4), Senaxva (5), eqstrahireba (6,7), 

eqstraqtis filtracia (8), dayovneba (9),  koncentratis miReba 

vakuum-amaorTqlebel aparatebSi (10,11,12), koncentrirebuli 

eqstraqtis Sekreba rezervuarebSi (13), koncentrirebis procesSi 

warmoqmnili orTqlis kondensireba TbomcvlelSi (14), 

kondensatis  Cadineba 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. 
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Nnax.9. mcenareuli nedleulis Txevadi da mSrali eqstraqtis 
warmoebis aparaturuli sqema 

                         

ZiriTadi daskvnebi 

     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. 
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      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 

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. 

     10. eqsperimentul danadgarze mravalfaqtoriani 

eqsperimentis maTematikuri dagegmviT miRebulia regresiis 
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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. 

     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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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. 
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          The laboratory studies were held on raw fruits- blueberries, which are unique to 

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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