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Sesavali 

 

 sakvebi produqtebis warmoebis procesebis da aparatebis kursi 

Seiswavlis kvebis produtebis warmoebis damaxasiaTebel saerTo 

teqnologiur procesebs; Seiswavleba teqnologiuri procesebis 

fizikur_qimiuri arsi, sakvebi produqtebis warmoebis procesebSi 

gamoyenebuli manqanebis da aparatebis gaangariSebis meTodika da maTi 

muSaobis reJimis ZiriTadi parametrebi.  

 procesi aris mdgomareobis cvlileba, romelic mimdinareobs 

bunebaSi, warmoebasa an laboratoriaSi. bunebaSi mimdinare procesebisagan 

gansxvavebiT warmoebaSi mimdinareobs xelovnuri procesi, romelic 

emsaxureba garkveuli teqnologiuri miznis ganxorcielebas.  

 nedleulidan mza produqciis miRebis process teqnologiuri 

procesi ewodeba. teqnologia aris fizikis, qimiis, meqanikis, biologiis 

da sxva mecnierebaTa kanonebis gamoyenebiT adamianisaTvis saWiro 

sasargeblo produqciis miRebis wesebisa da meTodebis erToblioba. 

teqnologia qmnis nedleulis gadamuSavebis meTodebsa da saSualebebs.  

      miuxedavad kvebis produqtebis mravalferovnebisa, maTi miReba 

xSirad dakavSirebulia erTi da imave tipis procesebis CatarebasTan, 

magaliTad, gacxeleba, gaciveba, Sereva, gafiltvra, Sroba da sxva, 

romlebic saerToa mravali kvebis sawarmosaTvis. 

 mocemuli kursis Teoriuli safuZvelia fizikis, fizikuri qimiis, 

meqanikis, hidromeqanikis, Tburi, masagadacemis, bioqimiis ZiriTadi 

kanonebis gamoyeneba sakvebi produqtis warmoebis procesebis Seswavlisas.  

aRniSnuli kanonebis safuZvelze xdeba teqnologiuri procesis 

wonasworobis pirobebis dadgena, am procesis mimdinareobis 

kanonzomierebisa da siCqaris gansazRvra, materialuri da energetikuli 

balansebis Sedgena. yovelive aRniSnuli ki, Tavis mxriv, warmoadgens 

teqnologiuri procesis warmarTvisaTvis saWiro manqanebisa da aparatebis 

muSaobis reJimis parametrebis dadgenis safuZvels. 

 procesisa da aparatis gasaangariSeblad aucilebelia im Tvisebebis 

codna, romlebzedac damyarebulia aRniSnuli gaangariSebebi. 

gadasamuSavebeli produqtebis Tvisebebi damokidebulia maT agebulebaze, 

fizikur da qimiur Sedgenilobaze, maTSi sxvadasxva komponentis 
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xarisxobriv da raodenobriv Semcvelobaze, produqtze moqmed 

temperaturaze, fardobiT tenianobaze, wnevasa da sxva faqtorebze.  

 nedleulisa da produqtebis ZiriTad teqnikur Tvisebebs miekuTvneba 

struqturul_meqanikuri, Tbofizikuri da fizikur_qimiuri Tvisebebi. 

struqturul_meqanikuri Tvisebebi axasiaTebs produqtis rRvevis zRvrul 

daZabulobas, denadobas, gafiltvrisadmi struqturul winaaRmdegobas da 

a.S. Tbofizikuri Tvisebebi axasiaTebs produqtis TboSemcvelobas, 

Tbogamtarobas da temperaturagamtarobas. fizikur-qimiuri Tvisebebi ki 

axasiaTebs mocemuli produqtis xsnadobas sxvadasxva siTxeSi, zedapirul 

daWimulobas, difuzias, aorTqlebis unars da a.S.  

 aRniSnuli faqtorebi ganapirobebs manqanisa da aparatis fizikur 

zomebs, maTi muSaobis reJims, dasamzadeblad gamoyenebul masalas, 

mwarmoeblurobas da sxv.  

 nedleulisa da produqtis mravali teqnikuri Tviseba sakmaod 

kargadaa Seswavlili da warmodgenili Sesabamis sacnobaro da specialur 

literaturaSi. magram jer kidev mravali produqti (gansakuTrebiT axali, 

Tanamedrove produqti) arsebobs, romelTa monacemebis Seswavla momavlis 

saqmea. 

 warmodgenil saxelmZRvaneloSi ganxilulia is ZiriTadi procesebi, 

romlebic damaxasiaTebelia Tanamedrove sakvebi produqtis warmoebis  

teqnologiebisaTvis. aq mokledaa ganxiluli praqtikulad yvela ZiriTadi 

meqanikuri, hidromeqanikuri, Tbogadacemis, masagadacemis da sxva 

procesebi, romelTa Seswavala daexmareba students sxva specialuri 

kursebis kargad aTvisebaSi.  
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I Tavi. teqnologiuri procesebis  
ZiriTadi cnebebi 

 
1.1. sakvebi produqtis warmoebis ZiriTadi  

 procesebis klasifikacia 
 

 sakvebi produqtebis misaRebi procesebis Semdegi ZiriTadi jgufebi 

arsebobs: 

      hidrodinamikuri procesebi, romelTa siCqare ganisazRvreba 

hidrodinamikis kanonebiT. maT miekuTvneba siTxeSi an airSi Sewonili 

nawilakebis daleqva simZimis, centridanuli an eleqtruli velis Zalebis 

moqmedebiT; siTxis an airis gafiltvra myari minarevisagan wnevaTa 

sxvaobis gavleniT; gadaadgileba Txevad areSi; fxvieri masalis 

fsevdogaTxevadeba da sxva; 

      Tburi procesebi, romelTa siCqare ganisazRvreba Tbogadacemis 

kanonebiT. aRniSnul jgufs miekuTvneba gacxeleba, aorTqleba, gaciveba, 

gayinva da kondensacia; 

      TbomasagadacemisDprocesebi. am procesebis dros ori an meti faza 

uSualod exeba erTmaneTs da fazebis kontaqtis Sedegad komponenti 

gadadis erTi fazidan meoreSi an piriqiT. aseT movlenas masagadacemas 

uwodeben, igi ZiriTadad difuziuri procesia. masagadacemis siCqare 

ganisazRvreba nivTierebis erTi fazidan meoreSi gadasvlis anu masis 

gadacemis siCqariT. difuziur procesebs miekuTvneba absorbcia, 

reqtifikacia, eqstraqcia, kristalizacia, sublimacia, adsorbcia, Sroba 

da sxv. 

      qimiuri da bioqimiuri procesebi dakavSirebulia kvebis produqtebis 

gadamuSavebisa da civad Senaxvis procesSi nivTierebis gardaqmnasTan da 

maTi fizikuri, qimiuri da Tbofizikuri Tvisebebis SecvlasTan. am 

procesebis siCqare ganisazRvreba teqnologiuri procesebis kinetikis 

kanonzomierebebiT. 

      meqanikur procesebs miekuTvneba myari masalebis 

danawevreba_daqucmaceba, daWra, gaxexva, fxvieri masalebis klasifikacia 

da maTi Sereva, masalebis wneviT damuSaveba, drekad-blanti struqturis 

produqtis plastifikacia, dayalibeba da sxv.  
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1.2. sakvebi produqtis warmoebis ZiriTadi teqnologiuri  

procesebis kinetikuri kanonzomierebani 

 

 teqnologiur procesebs safuZvlad udevs kinetikuri kanonzomi-

erebani, romelTa codnis gareSe SeuZlebelia manqanebis da aparatebis 

ZiriTadi parametrebis gaangariSeba. hidromeqanikuri, Tburi da 

masagadacemis procesebisaTvis kinetikuri kanonzomierebani SeiZleba 

gamoisaxos saerTo kanoniT: procesis siCqare mamoZravebeli Zalis 

pirdapirproporciuli da winaaRmdegobis ukuproporciulia.  

 siTxisa da airis nakadis aparatSi moZraobisaTvis gvaqvs 

                            pK
R

p

F

V
=


= 1

1
 m/wm,                         (1.1) 

sadac  V - gadinebuli siTxis an airis moculobaa, m 3 ; 

       F  _ aparatis cocxali kveTis farTobi, m 2 ;  

         _ procesis xangrZlivoba, wm; 

       p _ wnevis vardna aparatSi – hidrodinamikuri procesis mamoZrave-

beli Zala, pa; 

       1R - aparatis hidravlikuri winaaRmdegoba, pa.wm/m; 

       1K _ procesis siCqaris koeficienti - hidravlikuri winaaRmdegobis  

           Sebrunebuli sidide, 1K =1/ 1R , m/pa.wm. 

 siTbos moZraobisaTvis (gadatanisaTvis) gvaqvs 

                         TK
R

T

F

Q
=


= 2

2
, j/m 2 wm,                        (1.2) 

sadac  Q - gadasacemi siTbos raodenobaa, j; 

       F  _ Tbogadacemis zedapiris farTobi, m 2 ; 

         _ procesis xangrZlivoba, wm; 

       T _ areebis temperaturebs Soris sxvaoba – Tburi procesebis ma-

moZravebeli Zala, K ;  

       2R  - Termuli winaaRmdegoba, m 2 wm K /j; 

       2K _ siTbos gadacemis koeficienti - Termuli winaaRmdegobis  

            Sebrunebuli sidide, 2K =1/ 2R , j/ m 2 wm K  

 nivTierebis erTi fazidan meoreSi gadasatanad gvaqvs 
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                      CK
R

C

F

M
=


= 3

3
, kg/m 2 wm,                      (1.3)  

sadac  M   erTi fazidan meoreSi gadatanili nivTierebis raodenobaa, kg; 

       F  _ fazebis sakontaqto zedapiris farTobi, m 2 ;  

         _ procesis xangrZlivoba, wm; 

       C _ fazebSi nivTierebaTa koncentraciebs Soris sxvaoba – masac-

vlis procesis mamoZravebeli Zala, kg/m 3 ; 

        3R - masagadacemis winaaRmdegoba, w/m; 

        3K _ masagadacemis koeficienti - masagadacemis winaaRmdegobis  

            Sebrunebuli sidide, 3K =1/ 3R , m/wm. 

 qimiuri gardaqmnebisaTvis gvaqvs Semdegi damokidebuleba: 

                         )(4 CfK
V

M
=


, kg/m 3 wm,                          (1.4) 

sadac  M   teqnologiuri procesis dros reaqciaSi Sesuli nivTierebis 

             raodenobaa, kg; 

        V  _ narevis moculoba, m 3 ;  

          _ procesis xangrZlivoba, wm; 

       4K  _ teqnologiuri procesis siCqaris koeficienti, 1/wm; 

     )(Cf  _ reaqciaSi monawile nivTierebaTa koncentraciis funqcia (pro- 

             cesis mamoZravebeli Zala), kg/m 3 . 

 sxvadasxva procesis siCqaris koeficientebis sidide ZiriTadad 

damokidebulia masalis nakadis siCqareze. amitom yvela kinetikuri 

kanonzomierebis Sedegi dafuZnebulia masalis nakadis moZraobis 

kanonebze.  

 realuri airis da siTxis moZraobis kanonebis Seswavla saSualebas 

iZleva ara marto aviTvisoT es kanonebi, aramed SeviswavloT iseTi 

rTuli teqnologiuri procesebi, rogoricaa Tbo- da masagadacema.  

  

1.3. nedleulisa da produqciis zogierTi fizikuri Tviseba 

 

 imisaTvis, rom CavataroT procesisa da aparatis gaangariSebebi, 

saWiroa gadasamuSavebeli nedleulisa da produqciis fizikuri 

Tvisebebis codna.  
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 gadasamuSavebeli masalis Tvisebebi damokidebulia mis agebulebaze, 

masSi calkeuli komponentebis xarisxobriv da raodenobriv Semcvelobaze, 

moqmed temperaturaze, wnevasa da sxva faqtorebze.  

 nedleulisa da produqciis fizikur Tvisebebs miekuTvneba 

struqturul-meqanikuri, Tbofizikuri da fizikur-meqanikuri Tvisebebi. 

aRniSnuli Tvisebebi mniSvnelovnad gansazRvravs aparatis zomebsa da 

konstruqcias, mis dasamzadeblad gamoyenebul masalebs, muSaobis reJimsa 

da mwarmoeblurobas.  

 nedleulisa da produqciis mravali fizikuri Tviseba moyvanilia 

Sesabamis sacnobaro da specialur literturaSi, Tumca SeiZleba iTqvas, 

rom mravali produqti jer kidev Seuswavlelia da maTTvis teqnikuri 

gaangariSebebis Catarebamde saWiro monacemebis misaRebad aucilebelia 

winaswari cdebis Catareba.   

 struqturul-meqanikur Tvisebebs miekuTvneba rRvevis zRvruli 

daZabuloba (fxvieri da drekad-blanti masalebisaTvis), siblante (siTxis, 

airisa da plastikuri masisaTvis), filtraciisadmi struqturuli 

winaaRmdegoba (naleqisa da forovani masisaTvis) da a.S.   

 masalis struqtura da agebuleba mniSvnelovan gavlenas axdens  

misi daqucmacebisa da Semdgomi gadamuSavebis procesebze. magaliTad, 

cxoveluri warmoSobis qsovilebs ar gaaCniaT mkveTrad gamoyofili 

garsi. maT SedgenilobaSi ujredebTan erTad Sedis boWkoebis formis 

struqturebi an saerTod masa struqturis gareSe. mcenareuli 

nedleulisaTvis ki damaxasiaTebelia forma da xSirad, mkvrivi garsacmi. 

myari masalis ZiriTadi meqanikuri Tvisebebia misi simtkice, drekadoba da 

plastikuroba.  

 masalis simtkice ewodeba datvirTvis sidides, romelzedac xdeba 

misi darRveva. drekadoba da plastikuroba xasiaTdeba Sesabamisi drekadi 

an plastikuri deformaciis sididiT.  

 fxvieri da forovani masalebi xasiaTdeba agreTve moculobiTi 

masiTa da forianobiT.  

 Tavisuflad dayrili masalis moculobiT m  masas igive 

ganzomileba (kg/m 3 ) aqvs, rac myari nawilakebis s  simkvrives, magram igi 

moicavs masalis mTlian moculobas Tavisi forebis CaTvliT da 

ganisazRvreba formuliT: 
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                                 ( ) −= 1sm , 

sadac    _ forianobaa, romelic axasiaTebs fxvieri an forovani masalis 

Semkvrivebis xarisxs. igi warmoadgens sicarielis moculobis Sefardebas 

masalis moculobasTan. nayari masalisaTvis, romelic Sedgeba araerT-

gvarovani formis nawilakebisagan,   = 0,38 – 0,42. 

      masala xasiaTdeba agreTve moculobiTi woniT ( ), romelic 

faqtobrivad aris nivTierebis erTeuli moculobis wona 

V

G
=  n/m 3 , 

sadac mgG =  nivTierebis wonaa, n; xolo V - misi moculoba, m 3 .  

     nivTierebis koncentracia gamoisaxeba masuri an moculobiTi wilebiT 

an procentebiT anu komponentis masis an moculobis SefardebiT narevis 

masasTan an moculobasTan.  

V

M
C i= , kg/m 3  an 

M

M
C i= , kg/kg (g/kg da a.S). 

sadac C - narevis koncentraciaa; iM - narevSi i –uri komponentis masa; V - 

narevis mTliani moculoba; M - narevis mTliani masa. 

 xsnarSi nivTierebis koncentracias gansazRvraven agreTve moluri 

wilobiT an procentobiT, rac warmoadgens mocemuli komponentis 

kilomolebis Sefardebas xsnaris kilomolebis saerTo raodenobasTan.  

 siblante aris siTxisa da airis damaxasiaTebeli Zalze mniSvnelo-

vani maCvenebeli, romelic did gavlenas axdens maTi moZraobis reJimze, 

filtraciis, daleqvis, Serevis, siTbos da masis gadacemis procesebze. 

Tavis mxriv, siblantis koeficientis mniSvneloba damokidebulia xsnaris 

koncentraciaze, minarevebis Semcvelobasa da xsnaris temperaturaze.   

     hidrodinamikaSi miRebulia, rom idealuri (arablanti) siTxe  

winaaRmdegobas ar uwevs xaxunis Zalebs, realur siTxeSi ki warmoiqmneba 

Zala, romelic ewinaaRmdegeba siTxis (airis) urTierTSemxebi fenebis 

gardobiT gadaadgilebas da mimarTulia fenebis gaswvriv. aseT SemTx-

vevaSi vambobT, rom siTxe blantia. 

     Tu ganvixilavT siTxis Tarazulad mdebare or fenas F (sur. 1.1) da 

viciT, rom am fenebs Soris manZilia l , fenaTa erTmaneTis mimarT 

gadaadgilebis siCqare ki _  , maSin winaRobis Zala gamoixateba niutonis 

formuliT 
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dl

d
FP


= ,    

e.i. Sinagani xaxunis Zala (P ) pirdapirproporciulia siblantis 

koeficientis ( ), gadanacvlebuli siTxis fenaTa farTobisa ( F ) da 

fardobiTi siCqaris cvlilebis anu siCqaris gradientisa 








dl

d
, romelic 

udris siCqaris diferencials siTxis fenaTa Soris erTeul manZilze. 

 

 

Nsur. 1.1. siblantis fizikuri arsis sqema 

 

     wina gantolebidan siblantis koeficienti udris 

dl

d
F

P


 =    n.wm/m 2  anu pa.wm. 

     aseT siblantes ewodeba dinamikuri siblante da mis sazom erTeulad 

miRebulia puazi. Tu F = 1 m 2 , dl = 1 m, d = 1 m/wm, maSin  =P . 

     aqedan gamomdinareobs, rom siblantis koeficienti (puazi) aris iseTi 

siTxis siblante, sadac 1 niutoni Zala erTimeorisagan 1 m daSorebul 1m 2  

farTobis siTxis fenebs 1 m/wm siCqariT gadaanacvlebs. 

     teqnikaSi gamoiyeneba agreTve kinematikuri siblante, romelic 

warmoadgens dinamikuri siblantis fardobas simkvrivesTan 







 g
v

.
==  m 2 /wm. 

     Kkinematikuri siblantis erTeuls ewodeba stoqsi, xolo stoqsis 

meased nawils – santistoqsi. 

 masalebis Tbofizikur Tvisebebs warmoadgens Tbotevadoba, 

TboSemcveloba, Tbogamtaroba da temperaturagamtaroba. 

     Tbotevadoba (aRiniSneba laTinuri asoTi C) aris fizikuri sidide 

romelic ganisazRvreba sxeulis mier miRebuli usasrulod mcire dQ 

raodenobis siTbos SefardebiT misi temperaturis Sesabamis dT  nazrdTan 
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dT

dQ
C = . 

     erTeulTa saerTaSoriso sistemaSi Tbotevadobis ganzomilebaa j/K.  

     kuTri siTbotevadoba ewodeba erTgvarovani nivTierebis erTeuli 

masis Tbotevadobas, e.i.  

M

C
c = , 

sadac M  _ nivTierebis masaa. 

nivTierebis raodenoba SeiZleba gaizomos kilogramobiT, kubikuri 

metrobiT da molobiT. Sesabamisad, imaze damokidebulebiT, Tu romel 

raodenobriv erTeulTan aris Sefardebuli Tbotevadoba, ganasxvaveben 

masur ( =C j/kgK), moculobiT ( ='C j/m 3
K) da molur Tbotevadobas. 

    masur kuTr Tbotevadobas (C) martivad uwodeben kuTr Tbotevadobas. 

es aris siTbos is raodenoba, romelic saWiroa nivTierebis erTeuli 

masis 1 0 C-iT gasaTbobad. misi ganzomilebaa j/(kgK). 

     TboSemcveloba. nivTierebis masis erTeulis 0

1t -dan 0

2t -mde gaTbobis 

dros ixarjeba siTbo (Q ), romelic gamoisaxeba Semdegi gantolebiT 

12( ttcQ −= ), j 

sadac c - nivTierebis Tbotevadobaa. 

 nivTierebis Tbogamtaroba aris energiis gadatanis procesi sxeulis 

ufro metad cxeli nawilebidan naklebad cxeli nawilakebisaken, romelic 

xorcieldeba sxeulis nawilakebis (atomebis, molekulebis, eleqtronebis 

da sxv.) qaosuri moZraobiT.  

      Tbogamtarobas uwodeben agreTve sxeulis mier siTbos gatarebis 

unaris raodenobriv maxasiaTebels. sxeulis mier siTbos gatarebis 

raodenobrivi unari xasiaTdeba Tbogamtarobis koeficientiT. es 

maxasiaTebeli tolia erTeuli sigrZis da erTeuli farTobis masalis 

erTgvarovan nimuSSi erTeul droSi gamavali siTbos raodenobis, 

temperaturis erTeuli sxvaobis dros. Tbogamtarobis koeficienti 

damokidebulia nivTierebis fizikur mdgomareobaze, Sedgenilobaze, mocu-

lobiT masaze, tenianobasa da temperaturaze. misi ganzomilebaa vt/(m K). 

 temperaturagamtarobis koeficienti axasiaTebs sxeulis 

temperaturuli velis sxvadasxva wertilSi temperaturis gaTanabrebis 

siCqares. erTnair pirobebSi is sxeuli gacivdeba an gacxeldeba ufro 
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swrafad, romlis temperaturagamtarobis koeficientic metia. es 

koeficienti damokidebulia masalis tenianobaze temperaturaTa garkveul 

intervalSi. arsebobs zRvari (higroskopiuli wertili), romlis Semdegac 

tenianobis momateba ukve aRar iwvevs temperaturagamtarobis cvlilebas. 

sakvebi produqtisaTvis tenianobis aRniSnuli zRvari Zalze mcirea. 

amitom xSir SemTxvevaSi saWiro xdeba specialuri cdebis Catareba 

temperaturagamtarobis koeficientis masalis tenianobaze damokidebule-

bis dasadgenad. Tu cnobilia masalis Tbogamtaroba ( = vt/m. K) da 

moculobiTi Tbotevadoba ( ='C j/m 3 .K),  maSin temperaturagamtarobis koe-

ficienti SesaZlebelia ganisazRvros formuliT: 

                                 
'C

a


=   m2/wm. 

     Tbogadacema da Tbogacema. Tbogadacema aris or siTbos matarebels 

Soris Tbocvla maTi gamyofi myari kedlis gavliT. Tbogadacema moicavs 

Tbogacemas ufro cxeli aridan kedelze, kedlis Tbogamtarobas da 

Tbogacemas kedlidan ufro civ areSi. magaliTad, oTaxis gamaTbobeli 

radiatori xasiaTdeba fizikuri sidideebis erTobliobiT: Tbogacemis 

koeficienti cxeli wylidan radiatoris kedelze, siTbos danakargebi misi 

gavlisas radiatoris liTonis zedapirSi (damokidebulia kedlis siqeze 

da mis Tbogamtarobaze) da Tbogacemis koeficienti radiatoris cxeli 

kedlidan oTaxSi arsebul haerSi. 

     Tbogadacema aris sxeulis Sinagani energiis cvlilebis procesi 

meqanikuri muSaobis Sesrulebis gareSe. 

     Tbogacema aris konveqciuri Tbocvla ori fazis gamyof zRvarze. 

wina magaliTis mixedviT cxeli radiatoris zedapiri gadascems siTbos 

oTaxis haers. igi xasiaTdeba Tbogacemis koeficientiT. 

 masalebis fizikur-qimiur Tvisebebs miekuTvneba maTi xsnadoba, 

zedapiruli daWimuloba, difuziis, aorTqlebis koeficientebi da sxva. am 

sidideTa mniSvnelobebs, Cveulebriv, pouloben sacnobaro da specialur 

literaturaSi. 
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1.4. teqnologiuri procesebis Seswavla msgavsebis  

Teoriis gamoyenebiT 

 

 sakvebi produqtis sawarmoTa teqnologiuri procesebi Zalze 

rTulia. maTi maTematikuri aRwerisaTvis saWiroa rTuli diferencialuri 

gantolebebis Sedgena, romlebic, rogorc wesi, miaxloebiT asaxaven 

aRniSnuli procesebis mimdinareobas. amitom dgeba procesis cdebis 

meSveobiT Seswavlis aucileblobis sakiTxi. eqsperimentulad procesis 

srulyofili Seswavla SesaZlebelia mxolod cdebis Catarebis da maTi 

Sedegebis damuSavebis Teoriis arsebobis pirobebSi. aseTia msgavsebis 

Teoria, romelic dafuZnebulia warmodgenili procesebis msgavsebaze. is 

upasuxebs SekiTxvas, rogor unda iyos organizebuli cda da miRebuli 

Sedegebis damuSaveba, raTa isini dasabuTebulad gavrceldes cdebis 

pirobebisagan gansxvavebulad mimdinare procesebze.   

      Teoriuli gziT gamoyvanili teqnologiuri procesebis aRmweri 

diferencialuri gantolebebi, msgavsebis Teoriidan gamomdinare, 

gardaiqmneba ganzogadebul (kriterialur) gantolebebad, romlebic 

sabolood cdebis monacemebis safuZvelze iReben saangariSo saxes. 

msgavsebis Teoriis safuZvlebi farTod gamoiyeneba mravali procesis 

Sesaswavlad. 

 procesebis msgavsebaze warmodgena saSualebas iZleva: 1. dadgindes 

eqsperimentuli muSaobis iseTi pirobebi, rodesac moTxovnili cdebis 

raodenoba da materialuri danaxarjebi iqneba minimaluri; 2. 

ganisazRvros saWiro cdebis umciresi raodenoba da sworad damuSavdes 

miRebuli Sedegebi; 3. dadgindes Catarebuli cdiT miRebuli Sedegebis 

gavrcelebis are.  

 aRniSnulidan SeiZleba davaskvnaT, rom procesebis warmodgenili 

msgavseba saWiroa ara marto mkvlevarisaTvis, aramed saTanado 

mowyobilobis konstruqtorisaTvisac.  

 Sesaswavli procesis mimdinareobis aRmweri diferencialuri 

gantolebebis kvlevis gansakuTrebuli formis safuZvelzea agebuli 

msgavsebis Teoria. diferencialuri gantolebebis Sedgenisas ganixileba 

procesis mimdinareobis elementaruli moculoba drois mcire monakveTSi. 

diferencialur gantolebas ar SeuZlia arsebiTad aRweros romelime 

erTeuli procesi. is aRwers erTgvarovani procesebis simravles 
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raodenobis gareSe. procesis gansakuTrebuloba gamoixateba erTeulebis 

SerCeviT. maT miekuTvneba: 1. moculobis forma da geometriuli zomebi, 

romelSic mimdinareobs procesi; 2. muSa aris fizikuri Tvisebebi, 

romlebic mniSvnelovania gansaxilveli procesisaTvis; 3. sasazRvro 

pirobebi, muSa aris da sxeulis urTierTqmedeba, SemzRudveli moculoba, 

romelSic mimdinareobs procesi; 4. sistemis sawyisi mdgomareoba anu misi 

mdgomareoba procesis Seswavlis dawyebis momentSi.  

 cdebis Catarebisas Sesaswavli procesi mimdinareobs aparatSi, 

romelsac aqvs konkretuli zomebi da forma, romlebic ganapirobeben 

gansazRvrul fizikur Tvisebebs garkveul zRvrul da sawyis pirobebSi. 

cdebiT miRebuli monacemebi calsaxad Seesabameba konkretul pirobebs da 

iZleva sakiTxis praqtikul gadawyvetas calkeuli procesisaTvis zustad 

iseve, rogorc diferencialuri gantolebis ricxviTi amonaxseni 

konkretuli sidideebisaTvis.  

 msgavsebis Teoria saSualebas iZleva calkeuli cdebis Sedegebi 

gavrceldes gansaxilveli klasis msgavsi procesebis gansazRvrul 

jgufze calsaxobis mocemuli gansakuTrebuli pirobebis mixedviT. es 

saSualebas iZleva modelis cdebis monacemebi gadatanil iqnes msgavs 

sawarmoo obieqtebze.  

 msgavsi procesebidan amgvarad gamoyofili jgufi an calkeuli 

procesebi imdenad msgavsia erTmaneTis, rom isini SeiZleba ganxilul 

iqnes, rogorc erTiani procesi mimdinare parametrebis cvlilebiT, 

romlebic gansxvavebulia mxolod masStabiT.                       

 msgavsebis calsaxa pirobebi moicavs geometriul msgavsebas, droiT 

msgavsebas, zRvruli da sawyisi pirobebis mixedviT msgavsebas.  

 aparatebis an sistemebis (romlebSic mimdinareobs Sesaswavli 

procesi) geometriuli msgavseba SenarCunebulia im SemTxvevaSi, Tu orive 

Sesadarebeli aparatis yvela Sesabamisi zomebis Tanafardoba warmoadgens 

mudmiv sidides, amave dros Sesabamisi kuTxeebis sidideebi unda iyos 

toli (sur. 1.1,a).  

     aseTi geometriuli msgavseba gamoisaxeba Semdegi TanafardobiT 

                          1

3

3

2

2

1

1 K
L

l

L

l

L

l
====  ,                        

sadac ,,, 321 lll    pirveli aparatis maxasiaTebeli zomebia; 
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       321 ,, LLL _ meore aparatis maxasiaTebeli zomebi;   

       1K _ wrfivi (geometriuli) gardamqmneli mamravli, romelic 

inarCunebs mudmiv mniSvnelobas ori msgavsi aparatisaTvis. mesame msgavs 

aparatze gadasvlisas aRniSnuli gardamqmneli mamravli iRebs sxva 

mniSvnelobas. 

              

                    Aa                                        b                       

sur. 1.1. procesebis msgavsebis magaliTebi: 

a- geometriulad msgavsi aparatebi; b- kinetikuri msgavseba 

 

     Nsur. 1.1,b-ze Tu 1d   da   2d  diametrebis mqone milebSi siTxis 

moZraobis siCqareebi msgavsia, maSin milebis RerZis gaswvriv 1  da 2  

siCqareTa fardoba tolia 1

1  da 1

2  siCqareTa fardobis milebis msgavs 1 

da 2 wertilebSi  

                               
1

2

1

1

2

1








=  .   

 droiTi msgavseba SenarCunebulia im SemTxvevaSi, Tu ori sxvadasxva 

procesis mimdinareobis droiTi intervali tolia. msgavsi procesebis 

droiT intervalad iTvleba drois Sualedi, romlis ganmavlobaSi 

mTavrdeba procesebis analogiuri stadiebi. 

 droiTi msgavseba gamoisaxeba Semdegi TanafardobiT:  

                             











K==== 

1

3

11

3

1

2

11

2

1

1

11

1 .                      

 procesis drois msgavsebas uwodeben drois erTgvarovnebas. 

procesis mimdinareobis erT_erT saxes warmoadgens sinqronuli procesi. 

esaa drois erTgvarovnebis kerZo SemTxveva (rodesac 1=K ). aseT 

SemTxvevaSi drois monaTesave momentebi erTmaneTs emTxveva. 

     fizikuri msgavsebis SemTxvevaSi, mocemuli sistemis sxvadasxva 

wertilSi procesis damaxasiaTebeli yvela fizikuri parametris fardoba 
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msgavsi sistemis parametrebTan mudmivi sididea drois erTsa da imave  

momentebSi, magaliTad, Tu erTi sistemis simkvrive, siblante da 

temperatura aris 1 ; 1 da 1t , xolo meore sistemis 2 ; 2 da 2t , maSin 





K=

2

1 ;  



K=

2

1 ;  da tK
t

t
=

2

1 . 

     aqac K ; K  da tK  mcgavsebis konstantebia anu samasStabo 

mamravlebi. 

 fizikuri sidideebis ares uwodeben aparatis mTel moculobaSi am 

sidideebis myisi mniSvnelobebis gavrcelebis zonas.  

 fizikuri sidideebis msgavsebis are SenarCunebulia, Tu aparatis  

mezobel wertilebSi msgavsi procesebi mimdinareobs drois erTsa da 

imave momentebSi da maTi Tanafardobebi mudmivi sidideebia.  

 zRvruli pirobebis msgavseba ganisazRvreba imiT, rom procesSi 

monawile sistemebis sazRvarze msgavsi wertilebisaTvis drois msgavs 

momentebSi maxasiaTebeli sidideebis mniSvnelobaTa Tanafardobebi 

mudmivia.  

 sawyisi pirobebis msgavseba niSnavs, rom procesis Seswavlis 

dawyebis momentSi manqanis an aparatis mTel moculobaSi yvela fizikuri 

sididisaTvis daculia msgavsi areebi. sxvadasxva procesi erTmaneTisagan 

gansxvavdeba individualuri niSnebiT. Tu yvela individualuri niSani 

msgavsia, maSin procesebic msgavsia anu msgavsi procesebi warmoadgens 

sxvadasxva masStabiT mimdinare erT process, ramdenadac msgavsi 

procesebis individualuri niSnebic mxolod masStabiT gansxvavdebian.    

 ori msgavsi procesis cvladebs Soris gansxvaveba ganpirobebulia 

procesis TaviseburebebiT da isini gansxvavdebian mxolod gardaqmnis 

mudmivi mamravliT. msgavsi procesebi miekuTvneba erT klass da aRiwereba 

erTi da imave diferencialuri gantolebebiT da amyarebs funqciur 

damokidebulebas procesisaTvis mniSvnelovan cvladebs Soris.  

 uganzomilebo  ricxvs, romelic gamosaxavs mocemuli da msgavsi 

sistemis erTgvarovani sidideebis fardobas, uwodeben invariants i=idem 

(igivea). Tu invarianti gamosaxulia martivi erTgvarovani sidideebiT, 

maSin mas uwodeben simpleqss, xolo, Tu igi Sedgenilia gansxvebuli  

sididis fardobebisagan, mas uwodeben kriteriums. 
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      kriteriums, saTanado dargSi momuSave mecnieris pativsacemad 

aRniSvnaven ama Tu im gvaris pirveli ori asoTi, magaliTad, meqanikur 

msgavsebas gansazRvravs niutonis kriteriumi ( Ne ).                          

procesebisa da aparatebis Sesaswavlad gamoiyeneba msgavsebis 

Semdegi kriteriumebi:  

meqanikuri procesebis msgavsebis kriteriumia niutonis kriteriumi 

                         
2m

f
Ne


= ,                              (1.8) 

sadac f aris Zala,  - manZili, m - masa da  -siCqare. 

  hidromeqanikuri msgavsebis kriteriumia reinoldsis kriteriumi _ 

( ) siCqaris, ( l ) sigrZis (milisaTvis diametris) da ( )  simkvrivis 

namravlis Sefardeba ( ) siblantesTan 

                               






 ll
==Re  , 

sadac   nakadis dinamikuri siblantea; 

        - nakadis kinematikuri siblante (



 = ). 

reinoldsis kriteriumi axasiaTebs siTxis an airis nakadis 

moZraobis reJims: 

 rodesac Re < 2320 nakadis moZraoba laminarulia; 

 rodesac 2320 < Re < 10000 nakadis moZraobis reJimi gardamavalia; 

 rodesac Re > 10000 nakadis moZraoba turbulenturia. 

Tu or sxvadasxva nakadSi reinoldsis kriteriumebi tolia, 

maSasadame, am nakadebis moZraobebi msgavsia. aRniSnulidan gamomdinareobs, 

rom nakadebis moZraobebi SeiZleba msgavsi iyos sxvadasxva diametris 

milebSi, am milebSi gansxvavebuli siTxeebis an airebis gansxvavebuli 

siCqariT moZraobisas, magram mxolod im SemTxvevaSi, Tu am nakadebis 

kriteriumebi tolia. aRniSnul milebSi nakadebis moZraobebi msgavsi 

iqneba im SemTxvevaSic, Tu am nakadebSi toli iqneba wnevis, simZimis, 

xaxunis da inerciis Zalebis Tanafardobebi.  

eileris kriteriumi amyarebs damokidebulebas nakadis ( P ) wnevas, 

( ) simkvrivesa da mis ( ) siCqares Soris 

                            
2

P
Ei


= . 
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      frudis kriteriumi axasiaTebs simZimis Zalis zemoqmedebas msgavs 

nakadebSi 

                                  
gl

Fr
2

= , 

sadac  g  simZimis Zalis aCqarebaa, m/wm2. 

  arqimedes kriteriumi axasiaTebs nakadis sxvadasxva nawilSi siTxis 

simkvriveTa gansxvavebiT ganpirobebul blanti xaxunisa da amwevi Zalis 

urTierTqmedebas  

                              
1

21

2

3







−
=

gl
Ar , 

sadac v  siTxis kinematikuri siblantea, m 2 /wm; 1  da 2  - nakadis or 

wertilSi siTxis simkvrive, kg/m 3 . 

  nuseltis kriteriumi axasiaTebs nakadsa da kedels Soris 

Tbogadacemis process  

                                  


l
Nu = , 

sadac     Tbogacemis koeficientia, j/(kgK), 

         _ nakadis Tbogamtaroba, j/(mK). 

  prandtlis kriteriumi axasiaTebs nakadis fizikur Tvisebebs 

                               
a

C 




==Pr , 

sadac  C   nakadis siTbotevadobaa, j/(kgK), 

                 a   _ nakadis temperaturagamtaroba, j/(kgK). 

  grashofis kriteriumi axasiaTebs siTxis moZraobis reJims 

Tavisufali konveqciis pirobebSi 

                                t
gl

Gr = 
 2

3

 ,  

sadac      moculobiTi gafarToebis koeficientia, 

       t  _ siTxis fenebis temperaturebs Soris sxvaoba, 0C. 

 radgan msgavsebis yvela kriteriumi uganzomileboa, amitom maTSi 

Semavali yvela sidide SeiZleba Caisvas nebismier, magram erTsa da imave 

ganzomilebaTa sistemaSi.  
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II Tavi. hidrodinamikuri procesebi 
 

sakvebi produqtebis warmoebis procesSi xSirad miiReba 

araerTgvarovani narevi, romelic SemdgomSi  saWiroebs Semadgeneli 

komponentebis erTmaneTisagan gamoyofas. am gamoyofas SeiZleba hqondes 

sxvadasxva mizani. kerZod, SeiZleba saWiro iyos Txevadi an airadi fazis 

gasufTaveba maTSi Sewonili minarevebisagan an airad, an Txevad fazaSi 

Sewonili Rirebuli produqtebis gamoyofa. xSirad mizani SeiZleba 

sapirispiroc iyos: sxvadasxva agregatuli mdgomareobis nivTierebaTagan 

unda miviRoT erTgvarovani narevi. rogorc pirveli, ise meore amocanis 

gadawyveta xdeba hidrodinamikur kanonzomierebebze dayrdnobiT.  

hidrokinetikas uwodeben hidrodinamikis nawils, romelic adgens 

daleqvisa da filtraciis procesebis kinetikuri kanonzomierebebis 

Teoriul safuZvlebs.  

 
 

2.1. Txevadi araerTgvarovani sistemebisa da hidromeqanikuri  
procesebis klasifikacia 

 
 Txevadi araerTgvarovani narevebis da sistemebis Tvisebebi 

damokidebulia maT Sedgenilobasa da fazebis maxasiaTeblebze. 

araerTgvarovani sistema Sedgeba minimum ori fazisagan: Siga 

(dispersiuli) fazisagan, romelic imyofeba wvrilad daqucmacebul 

mdgomareobaSi da gare fazisagan, romlis nawilakebi gars ekvrian 

dispersuli fazis nawilakebs.  

 Txevadi araerTgvarovani sistemebia:  

 suspenzia _ sistema, romelic Sedgeba siTxisagan da masSi Sewonili 

myari nawilakebisagan. myari nawilakebis zomebis mixedviT ganasxvaveben: 

uxeS (nawilakebis zomebi >100 mkm), wminda (nawilakebis zomebi 100_0,1 mkm) 

da koloidur (zomebi 0,1 mkm da naklebi) suspenziebs; 

 emulsia _ sistema, romelic Sedgeba siTxisagan da masSi 

ganawilebuli sxva iseTi siTxisagan, romelic ar ixsneba ZiriTad siTxeSi.  

 qafi _ sistema, romelic Sedgeba siTxisa da masSi ganawilebuli 

airis buStulebisagan.  

 ZiriTad hidrodinamikur procesebs miekuTvneba daleqva, filtracia, 

myari masalebis fsevdogaTxevadeba da Txevad garemoSi Sereva.  
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2.2. hidromeqanikuri procesebis materialuri balansi 

 

 hidromeqanikuri procesebis mimdinareobis Sedegs erT SemTxvevaSi 

SeiZleba warmoadgendes araerTgvarovani narevis gayofa, xolo meore 

SemTxvevaSi _ narevis warmoqmna calkeuli fazebisagan.  

 ganvixiloT narevis gayofis procesi. davuSvaT araerTgvarovani 

gasayofi sistema Seicavs a  nivTierebis uwyvet fazas da masSi 

dispersirebul b  nivTierebas. SemoviRoT aRniSvnebi: sawyisi narevis 

raodenoba_ sawG , sawyis narevSi b  nivTierebis Semcveloba_ sawX , saboloo 

(gasufTavebuli) produqtis raodenoba_ sab.G , saboloo produqtSi b  

nivTierebis masuri wili_ sab.X , naleqis raodenoba_ nal.G , naleqSi b  

nivTierebis masuri wili - nal.X , a  produqtis simkvrive_ a , b  produqtis 

simkvrive_ b .  

 Ddanakargebis gaTvaliswinebis gareSe materialuri balansi SeiZleba 

Semdegi saxiT warmovadginoT: 

 yvela produqtisaTvis 

                            nal.sab.saw. GGG +=                              2.1. 

 dispersirebuli (Sewonili) produqtebisaTvis 

                      nal.nal,sab.sab.saw.saw. XGXGXG +=                        2.2. 

     (2.1) da (2.2) gantolebebis erToblivi amoxsniT sab.G  da nal.G  

sidideebis mimarT, SegviZlia ganvsazRvroT saboloo produqtis ( sab.G ) da 

naleqis ( nal.G )  raodenobebi  

                          
sab.nal.

saw.nal.

saw.sab.
XX

XX
GG

−

−
= ,                           

                          
sab.nal.

sab.saw.

saw.nal.
XX

XX
GG

−

−
= .                                             

 (2.1) da (2.2) tolobebi amave dros Serevis processac gamosaxavs. (2.2) 

gantolebis analogiurad advilad SeiZleba ganisazRvros miRebul 

narevSi Sewonili nivTierebis koncentracia 

                         
2

22

GG

XGXG
X

+

+
=

1

11
Sew. ,                               

sadac 1G  da 2G   Sesarevi produqtebis raodenobebia; 
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       1X  da 
2X  - am produqtebSi Sewonili nivTierebebis masuri 

       Semcveloba; 

       2GG +1 - miRebuli narevis raodenoba. 

 

2.3. daleqva 

 

 daleqva aris Txevadi an airiseburi araerTgvarovani sistemidan 

myari nawilakebis gamoyofis procesi. daleqvis arsi aris is, rom 

aparatSi uZravi an neli siCqariT moZravi araerTgvarovani sistema 

simZimis Zalis zegavleniT iyofa Semadgenel nawilebad.   

araerTgvarovani ewodeba sistemas, romelic Sedgeba sakuTari 

gamyofi zedapiris mqone ori an meti fazisagan da meqanikurad SeiZleba 

maTi gancalkeveba erTmaneTisagan. nebismieri binaruli araerTgvarovani 

sistema Sedgeba Siga (dispersirebuli) fazisagan da gare fazisagan, 

romelSic imyofebian dispergirebuli fazis nawilakebi. 

 araerTgvarovani (dispersiuli) sistemebis gayofa xorcieldeba 

daleqviT, gafiltvriT, garecxviT, agreTve centridanuli Zalebis 

zemoqmedebiT. 

  

2.3.1. daleqva simZimis ZaliT 

 

simZimis ZaliT anu gravitaciul daleqvas iyeneben mtvris, 

suspenziebis da emulsiebis gasayofad. es procesi ver uzrunvelyofs 

wvrildispersiuli nawilakebis gamoyofas da xasiaTdeba mcire siCqariT. 

amitom mas upiratesad iyeneben araerTgvarovani sistemebis nawilobrivi 

gayofisaTvis. gravitaciuli daleqvis upiratesobas warmoadgens martivi 

damleqi aparatebi da mcire energetikuli danaxarji.  

ganvixiloT simZimis ZaliT daleqvis procesi (sur. 2.1). sferul    

nawilakze moqmedi simZimis Zala  

                                 g
d

G naw


6

3

= ,          

sadac d  sferuli nawilakis diametria, m; 

      naw  - nawilakis simkvrive, kg/m3.                   
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sur. 2.1.  simZimis ZaliT nawilakis  
daleqvis sqema 

 
imave nawilakze siTxeSi moqmedi amomgdebi Zala 

                                 g
d

N siT


6

3

=  ,                         

sadac siT  siTxis simkvrivea, kg/m3. 

mamoZravebeli Zala, romelic ganapirobebs nawilakis daleqvas,  

                            )(
6

3

siTnaw 


−=−= g
d

NGP .                  

siTxis winaaRmdegobis R  Zala mimarTulia nawilakis moZraobis 

sapirispirod da Sedgeba xaxunisa da inerciis Zalebisagan. xaxunis 

Zalebis gavlena ufro metia im SemTxvevaSi, rodesac gvaqvs daleqvis 

mcire siCqare, nawilakebis mcire zomebi da garemos (siTxis) didi 

siblante, anu laminaruli reJimis SemTxveva. am pirobebSi siTxe Tanabrad 

Semouvlis nawilaks da ar qmnis areul nakadebs.  

turbulenturi daleqvis SemTxvevaSi, nawilakis ukan iqmneba 

amRvreuli nakadebi, romlebic, Tavis mxriv, qmnian garkveul 

gaiSviaTebasac. es ganapirobebs garemos winaaRmdegobis garkveul gazrdas 

da Sesabamisad, daleqvis procesis siCqaris Semcirebas. 

 nawilakis daleqvis reJimisagan damoukideblad niutoni iZleva 

garemos winaaRmdegobis Zalis Semdeg mniSvnelobas 

                               
2

2



= siTFR ,                       

sadac    garemos winaaRmdegobis koeficientia;  

       F  - nawilakis kveTis proeqcia moZraobis mimarTulebisadmi  

           marTobul sibrtyeze, m2; 

       siT - siTxis simkvrive, kg/m 3 ; 
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            - nawilakis daleqvis siCqare, m/wm. 

 dasaleqi nawilaki Tavdapirvelad aCqarebulad moZraobs, magram 

garkveuli drois Semdeg, rodesac R  da P  Zalebi sididiT 

miuaxlovdebian erTmaneTs, iwyebs Tanabari siCqariT moZraobas da 

daleqvas. am mudmiv siCqares Seesabameba piroba .RP =  am pirobebSi 

nawilakis siCqares ewodeba daleqvis siCqare. 

 Tu gavutolebT P  da R  sidideebis mniSvnelobebs, miviRebT 

24
)(

6

223 


 
=− siT

siTnaw

d
g

d
, 

saidanac ganisazRvreba daleqvis siCqare 

                            







−
=

siT

siTnaw

3

)(4gd
.                       

 miRebuli formula marTebulia daleqvis nebismieri reJimisaTvis, 

Tu Sesabamisad CavsvamT   sididis mniSvnelobas. 

 Tu dasaleqi nawilakebi ar aris sferuli, maSin saWiroa 

ganisazRvros maTi ekvivalenturi diametri ekd , romelic SeiZleba 

gamovTvaloT nawilakis V moculobis an G masis mixedviT formulidan 

                                                 ekd = 3
6

V


 an  324,1
naw

ek


G
d = .              

 daleqvis procesi xorcieldeba gasayof kameraSi, sadac gaatareben 

gasayof narevs. kameris Zirze narevSi daileqeba Sewonili nawilakebi, 

gasufTavebuli nawili ki gamoaqvT kameridan. daleqvis procesis 

Casatareblad daculi unda iyos ori ZiriTadi piroba: 1. aparatSi siTxis 

dayovnebis xangrZlivoba meti an toli unda iyos nawilakebis daleqvis 

xangrZlivobaze; 2. aparatSi siTxis nakadis siCqare gacilebiT naklebi 

unda iyos daleqvis siCqareze. pirveli pirobis Seusruleblobis 

SemTxvevaSi nawilakebi ver moaswreben daleqvas; meore pirobis 

Seusrulebloba ki gamoiwvevs ukve daleqili nawilakebis kvlav zeviT 

awevas siTxis nakadis mier.   

 damleqi kameris (sur. 2.2,a) muSa moculoba SeiZleba ganisazRvros 

formuliT 

                              0GabhV == ,                              2.3. 

sadac V   kameris muSa moculobaa, m3; 

     hba ,, - kameris zomebi, m; 
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       G  - kameris mwarmoebloba, m3/wm; 

       0  - nawilakis daleqvis xangrZlioba, wm; 

 Tu gaviTvaliswinebT, rom 

                                
0

0



h

=  wm, 

sadac 0  nawilakis daleqvis siCqarea (m/wm). maSin SegviZlia davweroT 

                                0abG = , m 3 /wm.                         (2.4) 

 

nax. 2.2. damleqi kamerebis sqemebi 

 

 amgvarad gamodis, rom damleqi aparatis mwarmoebloba (G ) tolia 

daleqvis farTobis ( ab ) namravlisa daleqvis siCqareze ( 0 ). 

     Nnax.2.2,b-ze warmodgenilia damleqi aparatis sqema naleqis 

meqanizebuli gamotvirTviT. damleqi warmoadgens cilindrul rezervuars 

1 konusuri ZiriT da wriuli RariT 2. damleqi aRWurvilia frTebiani 3 

lilviT  da safxekebiT 4. lilvis brunvis Sedegad naleqi periferiidan 

gadaadgildeba gamosasvleli milyelisaken, romlis onkans xsnian 

mxolod naleqis gamotvirTvis procesSi.  

               

2.3.2. daleqva centridanuli Zalis moqmedebiT 

 

 centridanuli Zalis zemoqmedebiT daleqvis process iyeneben 

mtvris, suspenziebis da emulsiebis gasayofad. am procesis 

ganxorcielebisaTvis dasaleq narevze unda imoqmedos centridanulma 
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Zalebma, rac miiRweva gasayofi nakadis SetaniT centridanuli Zalebis 

moqmedebis velSi. 

 centridanuli Zalebis velis Sesaqmnelad gamoiyeneba ori teqnikuri 

xerxi: 1. uZrav aparatSi xorcieldeba airis an siTxis nakadis brunviTi 

moZraoba. aRniSnuli xerxi xorcieldeba ciklonebSi; 2. siTxis an airis 

nakadi Sedis mbrunav aparatSi da brunavs masTan erTad. am xerxs 

axorcieleben centrifugebSi. 

 centridanuli Zalis zegavleniT daleqvis procesis fizikuri arsi 

aris is, rom mbrunav nakadSi Sewonil nawilakze moqmedebs centridanuli 

Zala, romelic mas ubiZgebs centridan radiusis gaswvriv iseTi siCqariT, 

romelic tolia daleqvis 0  siCqaris (nax. 2.3). nakadis wriuli siCqare 

tolia r -is, dasaleqi nawilaki jamuri P  siCqariT moZraobs abc 

traeqtoriaze da daileqeba aparatis kedelze. daleqvis procesi 

mimdinareobs centridanuli Zalis zegavleniT 

                               
r

m
G r

2
=  n,                               

sadac m   nawilakis masaa, kg; 

       r  - nawilakis brunvis saSualo radiusi, m. 

 

Nnax. 2.3. nawilakze centridanuli Zalebis 
zemoqmedebis sqema 

 

 daleqvas winaaRmdegobas uwevs nakadSi arsebuli xaxunis Zala 

(garemos winaaRmdegobis Zala).  

 centridanuli Zalebis zemoqmedebiT Sewonili nawilakebis daleqvis 

siCqare SeiZleba ganisazRvros formuliT 

                                



r

=0     m/wm,                                 

saidanac daleqvis xangrZlioba  

                                
0


r

=  wm.                                
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2.3.3. daleqva eleqtruli velis zegavleniT 

 

 eleqtruli velis moqmedebis airSi myari da Txevadi nawilakebis 

daleqvas mniSvnelovani upiratesoba aqvs daleqvis sxva xerxebTan 

SedarebiT. eleqtruli velis zemoqmedeba damuxtul nawilakebze 

mniSvnelovanwilad ganisazRvreba misi eleqtruli muxtiT. eleqtruli 

daleqvis SemTxvevaSi mcire zomis nawilakebs SesaZlebelia gadaeceT 

sakmaod didi eleqtruli muxti da amis Sedegad miRweul iqnas Zalze 

mcire zomis nawilakebis daleqva. aseTi mcire zomis nawilakebis daleqva 

sxva xerxebiT SeuZlebelia.  

 eleqtruli daleqvis procesis fizikuri arsi naCvenebia nax.2.4-ze.  

 

Nnax. 2.4. eleqtrofiltri: 
A a – milisebri; b – firfitisebri 

 

     winaswar axdenen Sewonili nawilakebis Semcveli airis nakadis 

ionizacias. amis Sedegad airSi Sewonili nawilakebi iZenen eleqtrul 

muxts. aRniSnuli ionizirebuli airis nakadis gavlisas or eleqtrods 

Soris arsebul eleqtrul velSi, damuxtuli nawilakebi gadaadgildebian 

sapirispiro muxtis mqone eleqtrodebisaken da daileqebian maTze. airis 

ionizacia SeiZleba ganxorcieldes eleqtrodebze sakmaod maRali 

potencialTa sxvaobis modebis gziT, an airis gatarebiT radiaqtiur 

velSi, rentgenis sxivebSi da sxv.  

     Nnax.2.4,a-ze warmodgenilia miliseburi eleqtrodamleqis sqema. 

damtverili airi aparatSi Sedis milyelidan 1 da nawildeba milebSi 2, 

romelTa RerZulad, CarCoze 4 dakidebulia uaryofiTad damuxtuli 

eleqtrodebi 3, TviTon milebi ki warmoadgenen dadebiTad damuxtul 
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eleqtrodebs. CarCo 4 dayrdnobilia izolatorebze. milebis SigniT 

daleqili nawilakebis perioduli gamotvirTva xdeba aparatis qveda 

nawilidan sistemis SenjRreviT, xolo gawmendili airi gamoedineba 

milyelidan 6. 

     ganxilulis analogiurad aris mowyobili firfitisebri 

eleqtrodamleqi (nax.2.4,b), romelSic uaryofiTad damuxtul eleqtrodebs 

warmoadgenen mavTulebi 7, xolo damleq dadebiT eleqtrodebs – liTonis 

firfitebi 8. naleqis gamotvirTvis procesi analogiuria wina aparatis, 

xolo gawmendili airi gadis milyelidan 6. 

 

2.4. gafiltvra 

 

gafiltvra (nax. 2.5) ewodeba myari dispersuli fazis Semcveli 

araerTgvarovani sistemis gayofis process, romelic emyareba forovani 

tixaris mier myari nawilakebis dakavebas da Txevadi an airadi fazis 

gatarebas. gafiltvriT SesaZlebelia miRweuli iqnas siTxeebis an airebis 

praqtikulad sruli gasuTaveba Sewonili nawilakebisagan. gafiltvris 

procesi farTod gamoiyeneba rogorc kvebis, aseve mrewvelobis mraval 

sxva dargSi.  

 

Nnax. 2.5. wnevaTa sxvaobis zegavleniT 
gafiltvris procesis sqema: 

1- sawyisi narevis are; 2-filtratis are; 3-forovani tixari  
 

 gafiltvris procesis ZiriTad damaxasiaTebel sidideebs 

warmoadgens gafiltvris siCqare da xangrZlioba, romlebic 

damokidebulia procesis mamoZravebel Zalaze, filtratis siblantesa da, 

naleqisa da filtris fenebis winaaRmdegobebze. 

 gafiltvris siCqare ewodeba drois erTeulSi filtris zedapiris 

erTeulidan miRebuli filtratis raodenobas.  
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2.4.1. gafiltvris procesebi 

 

Pmimdinareobis Taviseburebebis mixedviT arsebobs ori ZiriTadi 

saxis gafiltvris procesi: gafiltvra filtris zedapirze naleqis 

warmoqmniT da gafiltvra naleqis filtris forebSi daleqvis pirobebSi. 

rogorc wesi, forovani tixris forebis zomebi metia siTxeSi 

Sewonili myari nawilakebis zomebze. miuxedavad amisa, mxolod procesis 

dasawyisSi aqvs adgili filtratTan erTad nawilakebis gasvlas tixaris 

forebSi. Zalze mcire drois Semdeg forebis Tavze warmoiqmneba myari 

minarevis nawilakebisagan Seqmnili TaRebi, romlebic aRar atareben 

minarevis danarCen nawilakebs forebisaken da amiT icaven aRniSnul 

forebs daWuWyianebisagan. warmoiqmneba naleqi, romlis sisqe izrdeba 

filtraciis procsis mimdinareobisas. naleqis warmoqmnis Semdeg misi fena 

faqtobrivad ZiriTad rols asrulebs filtraciis procesSi, radgan ukve 

es fena akavebs myari minarevis nawilakebs. rac ufro izrdeba naleqis 

fenis sisqe, miT ufro matulobs gafiltvrisadmi winaaRmdegoba da 

mcirdeba misi siCqare.  

gafiltvris meore saxis process warmoadgens gafiltvra naleqis 

filtris forebSi daleqvis (CarCenis) pirobebSi, e.w. ~sacobis tipis~ 

gafiltvra. es xdeba im SemTxvevebSi, rodesac minarevis nawilakebis 

zomebi mcirea, agreTve Zalze blanti siTxeebis gafiltvrisas. aseT 

suspenziebSi daleqva mimdinareobs Zalze nela da forebis Tavze TaRebi 

ar warmoqmneba. myari nawilakebi SeaRweven kapilarebSi da iq CarCebian 

miwebebis an maTSi gaWedvis gamo, Tumca nawilakebis nawili gaaRwevs 

forebSi da gadis filtratTan erTad. filtris kapilarebSi CarCenili 

nawilakebi ketaven maT. daketili forebis raodenobis zrdasTan erTad 

filtris cocxali kveTi mcirdeba da winaRoba izrdeba.  

garda aRwerili ori saxis procesisa, arsebobs gafiltvris mesame 

saxe anu Sualeduri procesic. am SemTxvevaSi xdeba myari nawilakebis 

SeRweva filtris forebSi, am forebis gaWedva myari nawilakebis mier da 

amave dros kapilarebis SesasvlelebTan TaRebis warmoqmna.  

rogorc zemoT aRwerilidan Cans, gafiltvris procesi 

damokidebulia gasafiltri suspenziis Tvisebebze, filtris saxeze da 

gafiltvris wnevaze. amitom erTi da igive suspenzia sxvadasxva pirobebSi 

SeiZleba gansxvavebulad gaifiltros.    
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2.4.2. gafiltvra naleqis filtris  

zedapirze warmoqmniT 

 

gafiltvris Teoriis ZiriTad amocanas warmoadgens gafiltvris 

procesze moqmed sxvadasxva faqtorebisagan damokidebulebiT am procesis 

siCqaris dadgena.  gafiltvris siCqare warmoadgens drois erTeulSi 

gafiltruli siTxis raodenobis fardobas filtris zedapiris 

farTobTan 

                           
F

V
v =   m/wm,                              

sadac V   filtratis moculobaa, m 3 ; 

       F - filtris zedapiris farTobi, m 2 ; 

        - gafiltvris procesis xangrZlioba, wm. 

 gafiltvris procesis siCqare damokidebulia mraval faqtorze, 

romelTagan mTavaria: siTxis siblante, naleqis struqtura da sisqe, 

filtris maxasiaTeblebi, procesis mamoZravebeli Zala.  

 filtraciis procesis mamoZravebeli Zala aris filtris win siTxis 

wnevasa da filtridan gamosvlisas filtratis wnevas Soris sxvaoba                

21 ppp −=                       

 aRniSnuli sxvaoba (nax.2.6) SeiZleba warmoiqmnas filtris win wnevis 

gadidebiT an filtris Semdeg vakuumis SeqmniT. amis Sesabamisad filtri 

SeiZleba muSaobdes wnevis an vakuumis pirobebSi. 

 gafiltvris Teoria emyareba im mosazrebas, rom naleqis kapilarebSi 

siTxis moZraobas aqvs laminaruli xasiaTi. aRniSnuli mosazreba 

gamomdinareobs forebis diametris simciridan. forebSi siTxis aseT 

pirobebSi moZraobisaTvis reinoldsis ricxvi naklebi iqneba mis 

kritikul mniSvnelobaze. amitom SeiZleba iTqvas, rom naleqis 

kapilarebSi siTxis moZraoba emorCileba puazelis gantolebas 

                              
l

pd




32

2
=  ,                               

sadac    kapilarSi siTxis moZraobis siCqarea, m/wm; 

       p - wneva, pa; 

       d - kapilaris diametri, m; 

        - siTxis dinamikuri siblante, pa.wm; 
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       l  - kapilaris sigrZe, m; 

 

N  nax. 2.6. naleqis warmoqmnis pirobebSi 
gafiltvris sqema 

 
                                  

 erTi kapilaris gaswvriv gamavali siTxis xarji  

                       
l

pd

l

pdd
q









32324

422 
=


=   m 3 /wm ,                      

sadac 
4


 =   kapilaris formaze damokidebuli koeficientia. 

 maSin,   drois ganmavlobaSi filtris mTeli zedapiris gavliT 

gasuli siTxis moculoba toli iqneba 

                          Fz
l

pd
FzqQ 






32

4
==  m 3 ,                 (2.5)            

sadac F  filtris zedapiris mTliani farTobia, m 2 ; 

       z - filtris zedapiris erTeulze forebis raodenobaa, 1/m 2 ; 

 miRebuli gantolebebis gamoyenebiT filtraciis siCqaris gantoleba 

miiRebs Semdeg saxes: 

                     
rS

p
v


=  m/wm,                          (2.6) 

sadac =r  _ warmoadgens naleqis kuTr winaRobas, (n.wm/m4); 

         - koeficienti axasiaTebs naleqis struqturul winaRobas; 

        S  - gamfiltravi fenis  sisqe, m. 

 miRebul gantolebaSi gaTvaliswinebuli ar aris winaaRmdegoba, 

romelsac qmnis uSualod filtri. aRvniSnoT es winaaRmdegoba R  asoTi. 

maSin gafiltvris siCqaris saangariSo gantoleba miiRebs saxes 

                             
RrS

p
v

+


=                            (2.7)      

R  winaaRmdegobis ganzomilebaa n.wm/m3.  



 31  

 miRebuli gantoleba damyarebulia mosazrebaze, rom naleqis 

struqturis maxasiaTebeli yvela sidide filtraciis procesSi ucvlelia. 

magram realurad, miRebuli gantoleba marTebulia mxolod ukumSveli 

naleqebisaTvis. Tumca naleqebis umetesoba kumSvadia da maTTvis zeda 

fenebi yovelTvis naklebad mkvrivia, vidre qveda fenebi. Sesabamisad, 

kapilarebi qveda fenebSi ufro dawvrilebulia, vidre zeda fenebSi. 

amitom miRebuli formula kumSvadi naleqebis mqone siTxeebisaTvis 

saWiroebs koreqtirebas.  

     nax.2.7-ze warmodgenilia safiltracio aparatebis sqemebi. 

     nax.2.7,a-ze naCvenebia vaznebiani filtris sqema, romelsac warmatebiT 

iyeneben magaliTad, ualkoholo sasmelebis warmoebaSi wylis gasawmendad 

Sewonili nawilakebisagan da mikroorganizmebisagan. 

 

nax.2.7. safiltracio aparatebis sqemebi: 
a- vaznebiani; b- saxeloiani 

 

    aseTi filtris elements amzadeben forovani keramikisagan 50 mm 

diametris da 270 mm simaRlis vaznis saxiT, kedlis sisqiT 4-5 mm. vaznis 

forianoba Seadgens 30-40%. vaznebs 5 amagreben tixris 1 naxvretebSi, 

romelic Cadgmulia korpusSi 2. gasawmendi siTxe 0,2-0,25 mpa wneviT 

miewodeba aparatis korpusis qveda nawilSi milyelidan 3. vaznebis kedlis 

kapilarebis gavliT siTxe Sedis maT Siga areSi da gafiltruli siTxe 

aparatidan gamodis milyelis 6 gavliT. vaznebis gare zedapirze 

warmoqmnili naleqi periodulad irecxeba da gamodis aparatis Ziridan 

onkanis 4 gavliT. aparatis saxuravze gakeTebulia haeris gamomSvebi 

milyeli 7. 

     haeris da gazebis filtraciisaTvis farTod iyeneben uxeSi 

qsovilisagan damzadebul saxeloan filtrebs (nax.2.7,b). filtri Sedgeba 
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korpusisagan 1 da qsovilis saxeloebis 2 rigisagan, romelTa qveda 

gaxsnili boloebi magrdeba milebiani gisosis milyelebze 3. zeda 

boloebiT saxelurebi dakidebulia CarCoze 4, romelic dakavSirebulia 

SemnjRrev meqanizmTan 6. damtverianebuli mSrali haeri an gazi 

ventilatoriT miewodeba korpusis qveda nawilidan da Sedis saxeloebis 

Siga areSi. ramdenadac saxeloebis zeda boloebi daxurulia, haeri 

iZulebiT gadis saxeloebis qsovilSi da ifiltreba. gafiltruli haeri 

aparatidan gamodis milyelidan 5. saxelobis Siga zedapirze daleqili 

mtveri gamoitvirTeba saxeloebis sistemis perioduli SenjRreviT, 

meqanizmis 6 daxmarebiT. mtveri grovdeba aparatis qveda konusur nawilSi 

da gamoitvirTeba seqtoruli CamketiT 7. 

 

2.5. narevis membranuli gayofa 

 

      narevTa gayofis Tanamedrove yvelaze maRalefeqtur process 

warmoadgens membranuli teqnologia. tradiciul meTodebTan SedarebiT 

membranul teqnologias ukavia mniSvnelovani adgili Txevadi sistemebis 

gayofis procesebSi. narevTa membranuli gayofis procesi ewodeba narevTa 

gayofas naxevrad SeRwevadi membranebis gamoyenebiT. es procesi 

gamoiyeneba xsnarebis gawmendisa da koncentrirebisaTvis, 

maRalmolekuluri nivTierebebis gamosayofad dabalmolekulurisagan, 

Camdinare wylebis maRali xarisxiT gasawmendad, zRvis wylis 

gamtknarebisaTvis da a.S.  

 membranuli gayofis procesis arsi aris Semdegi: gasayofi narevi 

aparatSi  (nax. 2.8) Sesvlis Semdeg kontaqtSi imyofeba naxevrad SeRwevad  

membranasTan. aRniSnuli kontaqtis Sedegad narevis erT-erTi komponenti 

membranis gavliT gadis filtratis saxiT, meore komponenti ki, romelsac 

ar gaatarebs membrana,  koncentratis saxiT gamodis aparatidan.  

 

Nnax. 2.8. naxevrad SeRwevadi membranis saSualebiT narevis gayofis sqema: 
1 _ Cixuri procesi; 2 _ gamdinare procesi 
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    gayofis procesi SeiZleba imdenad kargad mimdinareobdes, rom 

filtratSi praqtikulad ver moxvdes narevis meore komponentis 

nawilakebi. 

     membranuli gayofis ZiriTadi meTodebia: mikrofiltracia (0,1-10 mkm), 

ultrafiltracia (0,005-0,05 mkm), nanofiltracia (0,0005-0,005 mkm), ukuosmosi 

(<0,0001 mkm) (nax.2.9). aRniSnuli meTodebis membranebi xasiaTdebian forebis 

gansxvavebuli zomebiT da Sesabamisad – Sekavebuli nawilakebis zomebiT.  

 

Nnax.2.9. membranuli meTodebiT wylis filtraciis xarisxis sqema: 
MF- mikrofiltracia; UF- ultrafiltracia; NF- nanofiltracia;  

RO- ukuosmosi 
 

xsnarebis gawmendis yvelaze maRal efeqts iZleva ukuosmosis meTodi, 

romlis gamoyenebiT xsnarebis gawmendis xarisxi aRwevs 99,5%-ze mets. 

     osmosi berZnuli sityvaa da niSnavs wnevas. osmosis da ukuosmosis 

arsis gasagebad ganvixiloT 2.10 suraTze naCvenebi sqemebi. 

 

nax.2.10. osmosuri da ukuosmosuri procesebis sqemebi 

 

     U-s magvar WurWelSi, romelic gayofilia naxevrad SeRwevadi 

membraniT, mis sxvadasxva mxares asxia romelime nivTierebis xsnari da 

gamxneli. naxevrad SeRwevadi membrana xasiaTdeba seleqciurobiT anu 

TvisebiT gaataros dabalmolekuluri gamxsneli da ar gaataros 
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maRalmolekuluri xsnari. imis gamo, rom sistema cdilobs damyardes 

koncentraciuli wonasworoba, gamxneli TviTneburad gadadis xsnaris 

areSi. es procesi (movlena) cnobilia osmosis saxelwodebiT. osmosis  

Sedegad WurWlis sxvadasxva mxares miiReba siTxis doneTa sxvaoba, rac 

qmnis osmosur wnevas. Tu xsnaris zedapirze SevqmniT atmosferulisagan 

gansxvavebul gare wnevas (marjvena sqema), maSin, rodesac es wneva 

gadaaWarbebs osmosur wnevas, gamxneli, xsnaridan membranis gavliT iwyebs 

ukudinebas Tavis pirvandel areSi. am movlenas ewodeba ukuosmosi. 

amjerad siTxis done aiwevs gamxsnelis areSi. am SemTxvevaSi doneTa 

sxvaoba Seesabameba ukuosmosur wnevas. amrigad, ukuosmosi aris osmosis 

Sebrunebuli procesi, radgan axla gamxsnelis mimarTuleba icvleba 

sapirispiroTi da ara TavisTavad, aramed maRali gare wnevis moqmedebiT. 

naxevrad SeRwevadi membrana gaatarebs gamxsnels, xolo gaxsnili 

nivTierebis molekulebs an ionebs mTlianad an nawilobriv akavebs. 

ukuosmosisaTvis saWiroa garkveuli energiis daxarjva imisaTvis, rom 

SevqmnaT xsnarze (osmosur wnevaze) ufro maRali wneva. es wneva miT ufro 

maRali unda iyos, rac ufro mcire iqneba membranis forebi. Sesabamisad, 

maRali iqneba xsnaris gawmendis xarisxi. 

     membranuli teqnologiis ZiriTadi elementia naxevrad SeRwevadi 

membrana, romelic mzaddeba gansxvavebuli masalebisgan. teqnikaSi 

upiratesad gamoiyeneba sinTetikuri masalisagan damzadebuli membranebi, 

romlebic SeiZleba iyos rogorc organuli, aseve araorganuli. 

membranebis mniSvnelovan klass warmoadgens organuli, kerZod ki 

polimeruli masalebisgan damzadebuli membranebi, Tumca xSirad 

gamoiyeneba araorganuli masalebisgan damzadebuli membranebi, magaliTad 

keramikuli membranebi da mravali sxva. 

     naxevrad SeRwevadi membranebi  ori saxisaa: forovani da 

araforovani. forovani polimeruli membrana, Cveulebriv, miiReba 

gamxsnelis mocilebis an polimeris xsnarSi winaswar Setanili 

danamatebis gamorecxvis gziT maTi daformebis procesSi. aseTi wesiT 

miRebul membranas aqvs Txeli (0,25 – 0,5 mkm) zedapiruli fena 100 – 200 mkm 

sisqis mqone mikroforovan fuZe_Sreze. membranuli gayofis procesi 

xorcieldeba zedapirul aqtiur fenaSi, xolo fuZe_Sre uzrunvelyofs 

membranis meqanikur simtkices.  
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     membranis mniSvnelovani maxasiaTeblebia misi qimiuri buneba, 

forianoba, forebis forma da zomebi, SeRwevadoba da seleqciuroba, 

simtkice, Termomedegoba, qimiuri medegoba agresiuli siTxeebis mimarT.  

 membranis forianoba ganisazRvreba formuliT 

                           
V

V

V

VV

V

V mymyf
−=

−
== 1 ,                   

sadac    forianobaa; 

       fV _ forebis moculoba; 

       myV _ myari fazis moculoba; 

       V  _ membranis mTliani moculoba. 

 membranuli gayofis procesi xasiaTdeba ori ZiriTadi parametriT: 

SeRwevadobiT da seleqciurobiT. 

 SeRwevadoba anu kuTri mwarmoebluroba tolia membranis zedapiris 

erTeul farTobSi drois erTeulSi gasuli filtratis raodenobisa da 

axasiaTebs membranuli gayofis procesis siCqares 

                             
F

W
G =  kg/(wm.m2),   

sadac W  filtratis mixedviT aparatis mwarmoeblurobaa (kg/wm); 

       F - membranis zedapiris farTobi, (m2). 

     membranuli gayofis procesis seleqciuroba SeiZleba daxasiaTdes 

ori parametridan erTerTiT: SekavebiT ( R ) da gayofis faqtoriT ( ). 

xSirad ufro moxerxebulia membranis seleqciuroba gaxsnili nivTierebis 

mimarT ganisazRvros R  Sekavebis parametriT. membrana gaxsnil 

nivTierebas akavebs mTlianad an nawilobriv. maSin, rodesac gamxsnelis 

molekulebi Tavisuflad gadian membranaSi, R  parametri ganisazRvreba 

SefardebiT 

00

0
1

C

C

C

CC
R

ff
−=

−
= , 

sadac 0C   gaxsnili nivTierebis koncentraciaa xsnarSi; 

       fC - gaxsnili nivTierebis koncentracia filtratSi. 

     ramdenadac R  parametri uganzomilebo sididea, mniSvneloba ara aqvs, 

ra erTeulebiT iqneba gamosaxuli koncentracia. R -is sidide icvleba 

100%-dan (gaxsnili nivTierebis sruli Sekaveba; am SemTxvevaSi gvaqvs 
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idealurad seleqciuri membrana) 0%-mde (am SemTxvevaSi gaxsnili 

nivTiereba Tavisuflad gadis membranaSi). 

     membranuli gayofis procesis seleqciuroba SeiZleba daxasiaTdes 

gayofis faqtoriT ( ). im narevisaTvis, romelic Sedgeba A da B  

komponentebisagan, gayofis faqtori  

BA

BA
BA

XX

YY

/

/
/ = , 

sadac  AY  da BY  - A da B komponentebis koncentraciebia filtratSi; 

        AX  da BX  - imave komponentebis koncentraciebi sawyis xsnarSi. 

     xsnaris koncentracia SeiZleba mocemuli iyos moluri (moli/m 3 ), 

masuri (kg/m 3 , kg/kg, g/kg da a.S.) an moculobiTi (m 3 /m 3 ) wilebiT. 

     seleqciuroba axasiaTebs membranuli gayofis procesis efeqturobas. 

     idealuri naxevrad SeRwevadobis mqone membranisaTvis ukuosmosis 

mamoZravebeli Zala 

                              1−= pp  , 

 sadac p  muSa wnevaa sawyis xsnarze, pa; 

       1 - xsnaris osmosuri wneva, pa (sur. 2.11). 

    realur membranas ar axasiaTebs idealuri naxevrad SeRwevadoba, ris 

gamoc ara marto gamxsneli gadadis membranis gavliT, aramed nawilobriv 

gaxsnili nivTierebac. gaxsnili nivTierebis gaRweva membranis gavliT 

cvlis ukuosmosis mamoZravebel Zalas da igi SeiZleba gamoisaxos 

Semdegi formuliT: 

                        ( )  −=−−= ppp 21 ,                        

sadac 2  membranaSi gasuli filtratis osmosuri wnevaa.  

 

                      a                 b                g 

                       Nsur. 2.11. ukuosmosis sqema 

         Aa_osmosi ( 1p ); b_wonasworoba ( 1=p ); g-ukuosmosi ( 1p ) 
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     xsnaris osmosuri wneva sakmaod maRalia. amitom procesis 

warmarTvisaTvis ukuosmosis aparatSi unda Seiqmnas osmosur wnevaze meti 

dawneva, radganac aparatis mwarmoebluroba damokidebulia p  

mamoZravebeli Zalis sidideze.  

 ukuosmosis pirobebSi xsnarebis gayofa mimdinareobs fazuri 

gardaqmnebis gareSe. amitom procesis warmarTvaze daxarjuli energia 

didi ar aris da axlosaa gayofis minimalur Termodinamikur muSaobasTan. 

am SemTxvevaSi energia ixarjeba aparatSi muSa wnevis Seqmnasa da siTxis 

daWirxnaze membranis gavliT. 

 ukuosmosis mniSvnelovani upiratesobaa misi ganxorcielebisaTvis 

saWiro aparatebis martivi konstruqcia, agreTve procesis Cveulebriv 

temperaturaze Catarebis SesaZlebloba. 

 membranuli procesis siCqaresa da seleqciurobaze moqmedi ZiriTadi 

faqtorebia: koncentraciuli polarizacia, muSa wneva da temperatura, 

aparatis SigniT hidrodinamikuri pirobebi, gasayofi narevis buneba da 

koncentracia. 

 koncentraciul polarizacias uwodeben membranis forebSi 

gamxsnelis SerCeviTi gasvlis Sedegad am membranis zedapirTan gaxsnili 

nivTierebis koncentraciis matebas. koncentraciuli polarizaciis 

gavlena membranul procesze yovelTvis uaryofiTia, radgan igi amcirebs 

procesis mamoZravebel Zalas membranis zedapirTan gaxsnili nivTierebis 

koncentraciis gazrdis Sedegad osmosuri wnevis matebis gamo. 

 koncentraciuli polarizaciis uaryofiTi zegavlenis Semcirebis 

mizniT mimarTaven membranis zedapirTan narevis arevas, membranis 

zedapiris mimarT sawyisi xsnaris nakadis siCqaris gazrdas an 

turbulizaciis gamomwvevi mowyobilobebis Cayenebas. aseTi gziT izrdeba 

membranuli aparatis mwarmoebluroba da gayofis unari.  

 membranis zedapirze xsnaris dawneva mniSvnelovan gavlenas axdens 

membranuli gayofis procesis seleqciurobasa da siCqareze. wnevis gazrda 

zrdis SeRwevadobas. magram unda aRiniSnos, rom wnevis momateba iwvevs 

polimeruli membranis deformacias, xolo wnevis moxsnis Semdeg membranis 

struqturis sruli aRdgena ukve veRar xdeba. mudmivi wnevis pirobebSi 

membranis deformacia droTa ganmavlobaSi iwvevs SeRwevadobis 

Semcirebas, Tumca misi seleqciuroba izrdeba.  
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 sawyisi xsnaris temperaturis gazrda aumjobesebs gayofis procesis 

mimdinareobis pirobebs, radgan am dros mcirdeba xsnaris siblante da 

izrdeba membranis forebSi gaxsnili nivTierebis difuziis siCqare. 

aRniSnuli movlena amcirebs membranuli gayofis procesze 

koncentraciuli polarizaciis gavlenas.  

 unda aRiniSnos, rom acetatcelulozis da polimeruli membranebi 

ver uZleben maRali temperaturis zemoqmedebas. isini, rogorc wesi, 

gamoiyeneba oTaxis temperaturis pirobebSi.  

 gaxsnili nivTierebis buneba aseve axdens gavlenas membranis 

seleqciurobaze da SedarebiT naklebad – maTs SeRwevadobaze. magaliTad, 

membranebi ukeTesad akaveben araorganul nivTierebebs, vidre organuls. 

aseve, maRalmolekuluri nivTierebis daWera ufro advilia, vidre 

dabalmolekuluris.  

 sawyis xsnarSi gaxsnili nivTierebebis koncentraciis amaRleba 

ganapirobebs xsnaris osmosuri wnevis da siblantis gazrdas. orive 

aRniSnuli faqtori amcirebs membranis SeRwevadobas. amasTan 

gasaTvaliswinebelia, rom zogierTi organuli nivTierebis 

koncentrirebul xsnarSi SesaZloa gaixsnas TviT polimeruli membrana da 

daiSalos igi.  

SeiZleba aRiniSnos, rom gasayofi xsnarebi sakmaod xSirad 

mravalkomponentiania. aseT xsnarebSi xSirad erTi gaxsnili nivTiereba 

gavlenas axdens meore gaxsnili nivTierebis gamoyofis unarze. amitom 

binaruli xsnarebisaTvis dadgenili seleqciuroba da SeRwevadoba 

mravalkomponentiani xsnarebisaTvis SeiZleba arazusti aRmoCndes. zusti 

monacemebis misaRebad yoveli konkretuli SemTxvevisaTvis unda Catardes 

Sesabamisi eqsperimentuli kvlevebi.  
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 III Tavi. siTburi procesebi 

 

siTbos gadacemis procesi mniSvnelovan rols asrulebs sakvebi 

produqtebis warmoebis mraval teqnologiur procesSi. magaliTad, 

SegviZlia davasaxeloT kvebis mrewvelobis iseTi ZiriTadi teqnologiuri 

procesebi, rogoricaa Sroba, gamoxda, reqtifikacia, sterilizacia, 

gamoorTqvla, gaTuTqva, siTboTi da siciviT damuSaveba da sxva. Tburi 

teqnologiuri procesebis sworad da racionalurad warmarTvisaTvis, 

maTi manqana_aparaturuli aRWurvis optimalurobisaTvis didi 

mniSvneloba aqvs Tbogadacemis kanonebis codnas. 

yovelTvis, rodesac erTi sxeulis an erTi garemos temparatura 

gansxvavebulia meoris temperaraturisagan, siTbos gadacema xdeba ufro 

cxeli sxeulidan ufro civ sxeulize. maRali temperaturis ares,  

romelic gascems siTbos, ewodeba siTbos matarebeli, xolo ufro dabali 

temperaturis ares, romelic iRebs siTbos, ewodeba sicivis matarebeli.  

rogorc bunebaSi, ise teqnikaSi siTbos gavrceleba xdeba sami 

ZiriTadi gziT: 1. TbogamtarobiT, 2. konveqciiT, 3. gamosxivebiT. 

Tbogamtaroba aris siTbos gadacemis procesi sxeulis SigniT 

molekulebis moZraobis da urTierTSexebis gziT ise, rom TviTon sxeuli 

ar gadaadgildeba. myar sxeulebSi Tbogamtaroba warmoadgens 

Tbogadacemis erT-erT ZiriTad saxes. 

konveqciiT siTbos gadacema dakavSirebulia siTxis, airis da 

misTanebis nakadTan. nakadi, romelic gars edineba sxeuls (magaliTad, 

raime gaxurebul zedapirs), aarTmevs mas siTbos da Tan waritacebs. 

amrigad, konveqciiT siTbos gadatana ganpirobebulia nakadis moZraobiT. 

haeris an siTxis nakadiT siTbos arTmevis dros aucileblad adgili aqvs 

Tbogamtarobas am nakadSi, radgan nakadis Semadgeneli sxvadasxva 

tamperaturis calkeuli nawilakebi TavianTi moZraobis Sedegad 

TbogamtarobiT gadascemen siTbos. am SemTxvevaSi erTdroulad 

mimdinareobs siTbos gadacema konveqciiT da TbogamtarobiT, e. w. 

konveqciuri Tbogacema.  

gamosxivebis SemTxvevaSi siTbo eleqromagnituri talRebis  

saSualebiT vrceldeba cxeli sxeulidan garemoSi. sxeuli Tavis siTbur 

energias gardaqmnis sxivur energiad, romelic gamosxivdeba garemoSi da 
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ufro dabali temperaturis sxeulze dacemisas kvlav gardaiqmneba mis 

Sinagan siTbur energiad. e. i. am SemTxvevaSi adgili aqvs ormag 

gardaqmnas. cxeli sxeulis Sinagani energia gardaiqmneba sxivur energiad, 

Semdeg ki kvlav Sinagan siTbur energiad.  

unda aRiniSnos, rom siTbos gavrcelebis CamoTvlili sami saxe 

praqtikaSi gvxvdeba rogorc cal-calke, ise (ufro xSir SemTxvevaSi) maTi 

garkveuli erTobliobiT. erTdroulad siTbo SeiZleba gavrceldes 

TbogamtarobiTa da gamosxivebiT, konveqciiTa da TbogamtarobiT da a.S. an 

samive gziT erTdroulad. 

rogorc vxedavT, siTbos gavrcelebisaTvis TbogamtarobiT da 

konveqciiT aucilebelia nivTieri garemos arseboba, romlis 

saSualebiTac vrceldeba siTbo, xolo gamosxivebiT siTbos gavrceleba 

xorcieldeba vakuumSic, anu iq, sadac ara gvaqvs nivTieri garemo. 

 

3.1. siTbos gavrceleba TbogamtarobiT 

 

Tbogamtarobis procesebis Sesaswavlad unda ganvixiloT ramdenime 

cneba, rogoricaa temperaturuli veli, izoTermuli zedapiri, kuTri 

siTbos nakadi, temperaturuli gradienti. 

sxeulis yvela wertilSi toli temperaturebis erTobliobas 

ewodeba temperaturuli veli, romelic qmnis izoTermul zedapirs. 

temperaturuli veli SeiZleba iyos droSi ucvleli anu stacionaruli, 

an droSi cvladi anu arastacionaruli. izoTermuli zedapiri an 

mTavrdeba sxeulis sazRvrebze, an sxeulis SigniT qmnis Sekrul 

zedapirebs, romlebic erTmaneTs ar gadakveTen. sxva SemTxvevaSi 

gamovidoda, rom erTsa da imave wertils erTsa da imave momentSi aqvs 

sxadasxva temperatura,Arac SeuZlebelia. temperaturuli gradienti 

axasiaTebs temperaturis cvlilebas sxeulSi. igi gviCvenebs sxeulis 

mocemul wertilSi temperaturis maqsimaluri cvlilebis mniSvnelobas. 

igi maTematikuri sididea da gansazRvreba maTematikuri meTodebiT. 

aRiniSneba Semdegnairad: gradt . kuTri siTbos nakadi ewodeba siTbos 

raodenobas, romelic gadis farTobis erTeulidan drois erTeulSi.   

Tbogamtarobis kanoni daadgena cnobilma frangma maTematikosma 

furiem da gamoiTqmis Semdegnairad: TbogamtarobiT siTbos gavrcelebis 
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dros xvedriTi Tburi nakadi pirdapirproporciulia temperaturis 

gradientisa 

                        gzadtq −= gradt   j/(m 2 .wm)  anu  vt/m 2 .                (3.1) 

am formulaSi   proporciulobis koeficients ewodeba sxeulis 

Tbogamtarobis koeficienti. igi sxeulis Tbofizikuri parametria da 

axasiaTebs sxeulis Tvisebas _ TbogamtarobiT gaavrcelos siTbo. rac 

ufro didia  , miT ufro swrafad atarebs sxeuli siTbos mocemul 

pirobebSi. 

zogadad gradientica da kuTri siTbos nakadic veqtoruli 

sidideebia anu maT sididesTan erTad axasiaTebs garkveuli mimarTuleba. 

kerZod temperaturis gradt mimarTuli aris izoTermuli zedapiris 

marTobulad temperaturis zrdis mimarTulebiT. siTbos nakads ki 

sapirispiro mimarTuleba aqvs, radgan siTbo vrceldeba ufro maRali 

temperaturidan dabali temperaturisaken. am garemoebis gasaTvaliswineb-

lad (3.1) formulis marjvena nawilSi Setanilia niSani (_). 

 

3.1.1. furies kanoni da Tbogamtarobis koeficienti 

 

furies kanonis mixedviT, kedlis gavliT TbogamtarobiT gadacemuli 

siTbos raodenoba (Q ) pirdapirproporciulia Tbocvlis zedapiris 

farTobis ( F ), temperaturuli gradientisa 








dx

dt
 da drois ( ). 

 F
dx

dt
Q −= , 

sadac Q - gadacemuli siTbos raodenobaa, j; 

        - proporciulobis koeficienti an Tbogamtarobis koeficienti,  

          vt/(m K ); 

       t  - temperatura, K ; 

       x  - siTbos gadacemis manZili, m; 

       F  - Tbocvlis zedapiris farTobi, m 2 ;          

         - dro, wm.     

     gantolebis marjvena mxareSi minusi niSnavs imas, rom temperaturuli 

gradienti 
dx

dt
 uaryofiTia, radgan temperatura mcirdeba.  
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     amrigad Tbogamtarobis   koeficienti gviCvenebs ra raodenobis 

siTbo gaivlis TbogamtarobiT 1 m sisqis 1 m 2  izoTermul zedapirSi 1 wm-

is ganmavlobaSi, rodesac temperaturaTa sxvaoba kedlis or mxares Soris  

1 C0 tolia. misi ganzomilebaa: kkal/(mwm K ) an j/(mwmK ) an vt/(mK ). 

     Tbogamtarobis koeficientis sidide damokidebulia masalis 

Tvisebebze. yvelaze maRali Tbogamtarobis koeficienti aqvs liTons, 

magaliTad, spilenZs – 330, alumins – 175, uJangav folads – 20 da a.S.  

siTxis Tbogamtarobis koeficienti gacilebiT mcirea, magaliTad, wylis – 

0,51-ia. kidev ufro mcirea airis Tbogamtarobis koeficienti, magaliTad, 

haeris 0,019-ia, azotis – 0,021 da a.S.  

 

3.1.2. siTbos gavrceleba TbogamtarobiT erTSrian da 

mravalSrian brtyel kedlebSi 

 

 ganvixiloT siTbos gavrceleba TbogamtarobiT erTSriani brtyeli 

kedlisaTvis,  rodesac temperatura icvleba mxolod erTi mimarTulebiT. 

gantolebis amosaxsnelad unda CamovayaliboT sasazRvro pirobebi anu 

pirobebi gansaxilveli kedlis zedapirebze: kedlis erT zedapirze 

daculia mudmivi 1t  temperatura, xolo meore zedapirze mudmivi 2t  

temperatura (sur. 3.1,a). 

 

Nsur.3.1. Tbogamtaroba brtyel kedelSi: 
A a- erTSriani kedeli; b- mravalSriani kedeli 

 
 aseTi pirobebisaTvis  Tbogamtarobis gantolebis amoxsna Tburi 

nakadis intensivobis anu kuTri siTbos nakadis simkvrivis saangariSod 

gvaZlevs Semdeg gantolebas: 

                   )( 21 ttq −=



 vt/m 2 ,                     (3.2) 
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sadac    kedlis Tbogamtarobis koeficientia, vt/(m. K );  

        _ kedlis sisqe, m. 

     siTbos nakadis raodenoba 

                        qFQ = , j.                         (3.3) 

     (3.2)-is CasmiT (3.3)-Si miviRebT 

                       


 Ftt
Q

)( 21 −= , j.                      (3.4) 

     aRvniSnoT 21 tt −  t -Ti da 



 R -iT. amis gaTvaliswinebiT (3.4) ganto-

leba miiRebs Semdeg saxes: 

                        F
R

t
Q


= , j.                        (3.5) 

     (3.5) gantolebaSi t  aris brtyeli kedlis sxvadasxva mxareebs Soris  

temperaturaTa sxvaoba, xolo 



=R  - kedlis Termuli winaRoba. 

     mravalSriani, kerZod samSriani brtyeli kedlis SemTxvevaSi (sur. 

3.1,b), TiToeuli Sris sisqea 1 ; 2 ; 3 , Tbogamtarobis koeficienti _ 1 ; 

2 ; 3  da temperatura 1t ; 2t ; 3t  da 4t . kedlis gare zedapirebze 

SenarCunebulia mudmivi 1t  da 4t  temperaturebi, 41 ttt −= , xolo 

321 RRRR ++=  anu kedlis sruli Termuli winaRoba tolia calkeuli 

Sreebis winaRobaTa jamis. 

1

1
1




=R ;  

2

2
2




=R ;  

3

3

3



=R . 

     xvedriTi Tburi nakadis saangariSod (3.2) gantolebis analogiurad 

gveqneba 

                    )(

...

1
41

3

3

2

2

1

1

ttq −

++

=












 vt/m 2 ,             (3.6) 

miRebuli aRniSvnebis gaTvaliswinebiT gantoleba (3.6)  miiRebs 

Semdeg saxes: 

                    )(
1

41

...321

tt
RRR

q −
++

=  vt/m 2 . 

sabolood siTbos nakadis raodenobis saangariSod, (3.5) gantolebis 

analogiurad miviRebT 
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F
R

t
Q




= , j. 

amrigad, SegviZlia aRvniSnoT, rom Termul winaaRmdegobas 

axasiaTebs Sejameba anu  rac ufro metia Termuli winaaRmdegoba, miT 

ufro cudad gaatarebs igi siTbos. 

 

3.1.3. siTbos gavrceleba TbogamtarobiT erTSrian 

cilindrul kedelSi 

 

praqtikaSi brtyel kedlebTan erTad farTod gamoiyeneba 

cilindruli kedlebic, rogoricaa, magaliTad, milsadenis kedeli. milis 

kedlis sisqe (sur. 3.2)  

2

12 dd −
= , 

sadac 1d  da 2d  aris milis Siga da gare diametrebi. 

 

Nsur. 3.2. Tbogamtaroba cilindrul kedelSi 

 

vinaidan cilindruli kedlis Siga da gare zedapirebis farTobebi 

gansxvavebulia, imisaTvis, rom cilindruli kedlisaTvis siTbos nakadis 

raodenobis gamosaangariSeblad SeiZlebodes (3.4) gantolebis gamoyeneba, 

saWiroa F -is nacvlad Caisvas milis (cilindris) zedapiris saSualo 

farTobis mniSvneloba, romelic gamoiTvleba Semdegnairad: 
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1

2

12

ln

)(

d

d

ddL
F

−
=


saS , 

sadac L -milis sigrZea. 

Tu (3.4)-Si SevitanTT  -sa da F -is mniSvnelobebs, miviRebT 

1

2

21

ln

)(2

d

d

ttL
Q

 −
= , j. 

 

3.1.4. Tbogadacema konveqciiT 

 

Tbogadacema es aris Tbocvla or siTbos matarebels Soris, maTi 

gamyofi myari kedlis gavliT. Tbogadacema Tavis TavSi Seicavs 

Tbogacemas ufro cxeli siTbos matarebelidan kedelze, Tbogamtarobas 

kedelSi da Tbogacemas kedlidan ufro civ moZrav areSi. aRniSnulis 

sailustraciod moviyvanoT oTaxis gaTbobis sistema, sadac cxeli wyali 

radiatorSi gavlis dros mis kedlebs gadascems siTbos TbogacemiT. 

radiatoris kedeli, Tavis mxriv, siTbos atarebs TbogamtarobiT 

(romelic damokidebulia kedlis sisqesa da mis Tbogamtarobaze), Semdeg 

ki cxeli kedlidan siTbo TbogacemiT gadaecema oTaxis garemomcvel 

haers. 

Tbogacema es aris konveqciuri Tbocvla ori fazis gamyof 

sazRvarze. wina magaliTis mixedviT cxeli batareis zedapiri siTbos 

gadascems oTaxis garemomcvel haers. amrigad, Tbogacema SeiZleba 

ganvixiloT, rogorc ufro zogadi procesis _ Tbogadacemis nawili. igi 

xasiaTdeba Tbogacemis   koeficientiT [vt/(m2grad)], xolo mTlianad 

siTbos gavrcelebis aRwerili procesi (romelsac ewodeba Tbogadacemis 

procesi) xasiaTdeba Tbogadacemis K koeficientiT [vt/(m2grad]. rogorc 

vxedavT, Tbogacemis da Tbogadacemis koeficientebs erTnairi ganzomileba 

aqvT, magram maTi fizikuri Sinaarsi gansxvavebulia. Tbogacemis   

koeficienti axasiaTebs mxolod kedlis zedapiridan nakadisaTvis (an 

piriqiT) siTbos gadacemis process, xolo Tbogadacemis K koeficienti  - 

Tbogadacemis mTel procesSi siTbos gavrcelebas.   

konveqciiT Tbogadacema xdeba siTxesa da airSi. siTxe (airi) myar 

kedelTan Sexebis SemTxvevaSi (sur. 3.3), am zedapiris gaswvriv moZraobisas 
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kedelTan qmnis laminarul Sres, romelSic siTxis nawilakebi moZraoben 

erTmaneTis gaswvriv. amis gamo siTbo laminarul SreSi ZiriTadad 

TbogamtarobiT vrceldeba, xolo siTxis danarCen masaSi siTbo 

vrceldeba moZravi nawilakebis erTmaneTTan SexebiT, konveqciiT. 

 

Nsur. 3.3. Tbogadacema konveqciiT 

 

konveqciiT gadacemuli siTbos raodenoba ganisazRvreba niutonis 

kanoniT, romlis Tanaxmad, konveqciiT gadacemuli siTbos raodenoba 

proporciulia Sexebis farTobis, droisa da kedelsa da siTxes Soris 

temperaturaTa sxvaobis  

                    FttQ )( siT.ked. −=  j ,                      (3.7) 

sadac   aris Tbogacemis koeficienti, vt/(m 2
K ); 

       ked.t - Tbogamcemi kedlis temperatura, K ; 

 siT.t - siTxis temperatura, K ; 

 F - siTbos gadamcemi farTobi, m 2 ; 

  - dro, wm.  

(3.7) gantolebidan 

                
)( siT.ked. ttF

Q

−
=


 , vt/(m K2 ).                   (3.8) 

Tbogacemis koeficienti aris 1 m 2 farTobis mier 1 wamSi konveqciiT 

gacemuli siTbos raodenoba, rodesac temperaturaTa sxvaoba kedelsa da 

siTxes Soris erTi gradusia. 

 teqnikaSi ufro xSirad gvxvdeba erTfaziani konveqciiT Tbogadacema, 

rac gulisxmobs siTbos gadacemas moZravi nakadiT, romelic ar icvlis 

agregatul mdgomareobas anu arc siTxe orTqldeba da arc orTqli 
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kondensirdeba. erTfaziani konveqciis magaliTia namwvi airebis mier 

wylis gacxeleba. 

 erTfaziani konveqcia arsebobs bunebrivi da iZulebiTi. bunebrivi 

ewodeba konveqcias, rodesac moZraoba gamowveulia ara gareSe Zalis 

moqmedebiT, aramed cxeli da civi nivTierebis simkvriveTa gansxvavebiT, 

gacxelebuli airi ufro msubuqia da miemarTeba zemoTken, xolo civi 

eSveba dabla. 

 iZulebiTi ewodeba konveqcias, rodesac airis moZraoba 

ganpirobebulia gareSe Zalis zemoqmedebiT, magaliTad, tumbos muSaobis 

Sedegad. cxadia iZulebiTi konveqcia ufro intensiuria, vidre bunebrivi. 

rogorc bunebrivi, ise iZulebiTi konveqcia SeiZleba iyos laminaruli an 

turbulenturi. ganasxvaveben aseve gare da Siga konveqciebs.  

gare konveqcia aris konveqcia, rodesac nakadi garsSemoedineba raime 

zedapirebs. Siga konveqcia ganixilavs sxvadasxva formis arxebSi 

moZraobas. 

kvebis mrewvelobis sawarmoebSi ZiriTadad gvxvdeba laminaruli da 

turbulenturi iZulebiTi konveqciis movlenebi sxvadasxva formis 

arxebSi.  

3.1.5. Tbogadacemis ZiriTadi gantoleba 

 

rogorc zemoT aRvniSneT, Tbogadacema aris Tbocvlis rTuli 

procesi, rodesac erTi Tbogamtari Tbili siTxe an airi gadascems 

siTbos meore siTxes (airs) maT Soris moTavsebuli myari kedlis gavliT. 

ganvixiloT Tbogadacemis erT-erTi martivi saxe, rodesac orive 

Tbogamtaris temperatura procesis mTeli msvlelobis dros ucvlelia 

da Sesabamisad udris 1t -sa da 2t -s; maTi Tbogacemis koeficientebia 1  da 

2 ; kedlis mxareTa temperaturebi - ked.1t  da ked.2t ; kedlis Tbogamtarobis 

koeficientia  , xolo sisqe  . Tu 1t > 2t , maSin siTbos nakadi mimarTuli 

iqneba marjvniv (sur. 3.4). Tbili Tbogamtari konveqciiT gadascems siTbos 

kedels; kedelSi siTbos igive raodenoba gaivlis TbogamtarobiT; meore 

Tbogamtari kedlidan siTbos miiRebs agreTve konveqciiT, amitom 

Tbonakadis simkvrive samive stadiisaTvis cal-calke iqneba: 

11 )( ked.1ttq −= ;  


 )( ked.2ked.1 tt
q

−
= ;  22 )( ttq −= ked.2 . 
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am gantolebebis temperaturaTa sxvaobebis mimarT amoxsniTa da 

SekrebiT miviRebT: 

1

1

1


qtt =− ked.1 ;     




qtt =− ked.2ked.1 ;     

2

2

1


qtt =−ked.2 ; 









++=−

21

21

11






qtt . 

 

Nsur. 3.4. Tbogadacemis koeficientis gansazRvrisaTvis 

 

bolo gantolebidan 

21

21

11






++

−
=

tt
q . 

21

11

1






++

  aRvniSnoT K -Ti da 21 tt −  t -Ti, maSin              

                              tKq = , vt/m 2 .                     (3.9) 

F  farTobis mier   droSi gadacemuli siTbos raodenoba iqneba 

              qFQ = , j   an  tFKQ = , j.                (3.10) 

ukanaskneli aris Tbogadacemis ZiriTadi gantoleba, xolo K - Tbo-

gadacemis saerTo koeficienti. 

Tbogadacemis koeficienti K  aris 1 m 2 farTobidan 1 wm-Si 

gadacemuli siTbos raodenoba 1 0  temperaturaTa sxvaobis dros. 

K -s ganzomileba (3.10) formulidan iqneba  

                         
tF

Q
K


=  vt/(m K.2 ).                 (3.11) 
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Tbogadacemis koeficientis mniSvneloba SeiZleba sxvagvaradac 

gamovsaxoT, amisaTvis aRvniSnoT: 

1

1

1


=R  - Tbili Tbogamtaris Termuli winaRoba; 




=ked.R  - kedlis Termuli winaRoba; 

2

2

1


=R  - civi Tbomataris Termuli winaRoba. 

SevitanoT es aRniSvnebi (3.9) gantolebaSi, miviRebT 

                       
21

1

RRR
K

++
=

ked.

.                      (3.12) 

Tu brtyeli kedeli ramdenime Sriania, maSin K -s mniSvnelobaSi (3.12) 

kedlis Termuli winaRobis ( ked.R ) nacvlad unda Caisvas yvela kedlis 

Termul winaRobaTa jami ked.R  da miviRebT 

21

1

RRR
K

++
=

ked.

, 

sadac ++= ked.2ked.1ked. RRR . . . nRked.  

      

G3.2. gacxeleba 

 

produqtis gacxeleba farTod gamoiyeneba kvebis mrewvelobaSi 

masagadacemis mravali procesis daCqarebisa da intensifikaciisaTvis. 

procesis mimdinareobis temperaturul da teqnikur pirobebze 

damokidebulebiT gamoiyeneba gacxelebis sxvadasxva meTodi, romlebic 

mocemuli konkretuli procesisaTvis yvelaze misaRebia teqnologiuri da 

ekonomikuri TvalsazrisiT. teqnikaSi yvelaze farTod gamoiyeneba 

gacxeleba wylis orTqliT, namwvi airebiT, Sualeduri TbogadamtaniT da 

eleqtruli deniT.   

 

3.2.1. gacxeleba wylis orTqliT 

 

gacxelebisaTvis ZiriTadad gamoiyeneba wylis najeri orTqli 1_2 

mpa wneviT (najeri ewodeba orTqls, romelic imyofeba Termodinamikur 

wonasworobaSi siTxesTan). ufro maRali wnevis orTqlis gamoyeneba 
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ekonomikurad ar aris gamarTlebuli. amitom mocemul wnevaze najeri 

orTqliT gacxeleba SezRudulia 1900C temperaturiT. gacxelebis 

procesSi orTqli kondensirdeba. am procesSi gamoiyofa siTxis 

aorTqlebis siTbos toli siTbos raodenoba.  

wylis orTqliT gacxelebis meTodis upiratesobebs miekuTvneba:  

1. wylis orTqlis erTeuli masis kondensaciis procesSi gamoiyofa 

siTbos didi raodenoba (1 kg kondensirebuli orTqlis mier gamoyofili 

siTbos raodenoba 0,1_1,2 mpa wnevis pirobebSi Seadgens 2260_1990 kj);  

2. kondensirebadi orTqlidan kedelze Tbogacemis maRali 

koeficienti (daaxloebiT 5000_18000 vt/m2.0C);  

3. gaTbobis Tanabroba (orTqlis mudmivi temperaturis pirobebSi 

kondensaciis gamo).  

 ~mwvave~ orTqliT gacxelebis meTodis gamoyenebis SemTxvevaSi 

wylis orTqli Sedis uSualod gasacxelebel siTxeSi (”mwvave” ewodeba 

orTqls, romelic gacxelebulia kondensaciis temperaturaze metad). 

kondensaciis procesSi orTqli mTel Tavis siTbos gadascems siTxes da 

kondensatis saxiT Seereva mas. gacxelebisa da amavdroulad asarevad  

siTxeSi orTqli Sedis barboteris saSualebiT, romelic warmoadgens 

rezervuaris fskerTan moTavsebul wvrilnaxvretebian spiralisebur mils 

(sur. 3.5). 

 

                     Nsur. 3.5. orTqlis barboteri: 

              1_rezervuari, 2_barboteri, 3_orTqlis momwodebeli mili 

 

perioduli gacxelebis SemTxvevaSi ~mwvave~ orTqlis xarji 

SegviZlia ganvsazRvroT siTburi balansis gantolebidan  

danwy QtDcGctDHGct ++=+ 221 , 

aqedan 
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( )

2

12

tcH

QttGc
D

wy

dan

−

+−
=  kg/wm, 

 

sadac D   gamcxelebeli orTqlis xarjia, kg/wm; 

       G - gasacxelebeli siTxis raodenoba, kg/wm;  

       c - gasacxelebeli siTxis siTbotevadoba, j/(kg.K ); 

       wyc - kondensatis siTbotevadoba, j/(kg.K ); 

       1t  da 2t - siTxis temperatura Sesabamisad gacxelebamde da mis  

                 Semdeg, K ; 

       danQ - aparatis mier garemoSi dakarguli siTbos raodenoba, j/wm; 

       H - gamcxelebeli orTqlis enTalpia, j/kg. 

 ~mwvave~ orTqliT gacxelebis SemTxvevaSi gasacxelebeli xsnari  

aucilebelad ganzavdeba kondensatiT _ wyliT. amitom aRniSnuli meTodi 

ZiriTadad gamoiyeneba wylisa da wyalxsnarebis gasacxeleblad.  

gacxeleba ~yru~ orTqliT gamoiyeneba im SemTxvevebSi, rodesac 

gasacxelebeli siTxe uSualod ar urTierTmoqmedebs orTqlTan, an maTi 

kontaqti dauSvebelia. am SemTxvevaSi siTxis gacxeleba xorcieldeba 

orTqlis perangis an korpusSi (1) Cadgmuli klaknili milis (2) (sur. 3.6) 

gavliT. gamcxelebeli ~yru~ orTqli mTlianad kondensirdeba da 

kondensatis saxiT moscildeba orTqlis ares. kondensatis temperatura 

sakmao sizustiT SeiZleba miviRoT najeri gamcxelebeli orTqlis 

temperaturis tolad.  

 ~yru~ orTqlis xarji siTxis uwyveti gacxelebis SemTxvevaSi 

SeiZleba ganisazRvros siTburi balansis gantolebidan  

                        danwywy QtDcGctDHGct ++=+ 21  ,   

 

Nsur. 3.6. ”yru” orTqliT gacxeleba 
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      aqedan                  

                            
( )

wywy

dan

tcH

Qt
D

−

+−
=

12tGc
  kg/wm ,                       

sadac  wyt   kondensatis temperaturaa.   

 

3.2.2. gacxeleba sacecxluris gamoyenebiT  

 

es gacxelebis yvelaze Zveli meTodia da uzrunvelyofs produqtis 

180_10000C temperaturamde gacxelebas. namwvi airebi warmoiqmneba myari, 

Txevadi an airadi sawvavis dawvis gziT, rogorc wesi, atmosferuli 

wnevis pirobebSi.  

 namwvi airebis gamoyenebiT gacxelebis Taviseburebas warmoadgens 

didi temperaturuli sxvaobebi da namwvi airebidan aparatis kedlebisaken 

mcire Tbogacemis koeficientebi (15_35 vt/m2. K ). am meTodis gamoyenebis 

gziT miiRweva maRali Tburi datvirTvebi, Tumca aRniSnul meTods gaaCnia 

iseTi uaryofiTi mxareebi, rogoricaa procesis regulirebisa da 

masalebis araTanabari gacxelebis Tavidan acilebis sirTule, liTonis 

daJangva da cecxlsaSiSroeba.   

 namwvi airebis gamoyenebiT uSualo gacxeleba SeiZleba 

ganxorcieldes milebian kaloriferSi (sur. 3.7), reaqciuli qvabebisa da 

avtoklavebis RumelSi, agreTve namwvi airebis recirkulaciis mqone 

kaloriferSi.  

 

Nsur. 3.7. milebiani kaloriferi 

 

     kaloriferis korpusSi (1) (sur. 3.7) horizontalurad Cawyobilia 

milebi (2) Ria boloebiT. korpusis qveda nawilSi mowyobilia sacecxluri 

(3), saidanac cxeli namwvi airi garSemouvlis milebis (2) sistemas, 
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acxeleben maT da gamwovi miliT (6) gadian atmosferoSi. ventilatoris (4) 

mier gacxelebul milebSi Sewovili haeri cxeldeba da haersadenebiT (5) 

miewodeba produqtis gasacxeleblad. 

     wina meTodisagan gansxvavebiT namwvi airebis recirkulaciis mqone 

kaloriferSi (sur. 3.8) xdeba namuSevari namwvi airebis nawilis ganuwy-

veteli Sewova ventilatoriT da aparatSi misawodebel airebTan maTi 

Sereva, riTac miiRweva sawvavis garkveuli ekonomia.  

     namwvi airebis gamoyenebiT gacxelebis SemTxvevaSi sawvavis xarji 

ganisazRvreba siTburi balansis gantolebidan 

                     danQQQQGctQGct ++++=+ 321201 ,                   (3.13) 

sadac G  gasacxelebeli siTxis raodenobaa, kg; 

       c - gasacxelebeli siTxis xvedriTi siTbotevadoba, j/(kg.K ); 

 1t  da 2t - produqtis temperatura Sesabamisad gacxelebamde da mis 

           Semdeg, K ; 

       0Q - sawvavis mier WurWelSi Setanili siTbos saerTo raodenoba, j; 

       1Q - aparatidan gamomaval airTan erTad gamotanili siTbos 

           raodenoba, j; 

       2Q - sawvavis meqanikurad arasruli wviT gamowveuli siTbos 

           danakargebi, j; 

       3Q - sawvavis qimiurad arasruli wviT gamowveuli siTbos 

           danakargebi, j; 

       danQ - aparatis mier garemoSi dakarguli siTbos raodenoba, j. 

 

Nsur. 3.8. namwvi airebis recirkulaciiT  
gacxelebis sqema: 

1-sacecxluri; 2-korpusi; 3-recirkulaciis mili; 
4-ventilatori; 5-gamwovi mili; 6-klaknila mili 
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 sasargeblod gamoyenebuli siTbos raodenoba, romelic gaivlis 

Tbogadamcem zedapirs  

                                ( )12 ttGcQ −= , j  

 sacecxlurSi 1 kg sawvavis mier Setanili siTbos raodenoba  

                            wvhaersaw qqqq ++=0   j/kg , 

sadac sawq  sawvavis enTalpiaa, j/kg; 

       haerq - im haeris enTalpia, romelic sacecxlurSi Seiyvaneba 1 kg 

             sawvavis dasawvavad, j/kg; 

        wvq - sawvavis wvis siTbo, j/kg; 

 siTburi balansis gantolebidan (3.13) ganisazRvreba sawvavis xarji  

                                   
0

0

q

Q
B = , kg.  

 

3.2.3. gacxeleba Sualeduri TbogadamtaniT 

 

es meTodi gamoiyeneba im SemTxvevaSi, rodesac dauSvebelia 

produqtis Tundac mcire droiT gadaxureba. am SemTxvevaSi 

gasacxeleblad gamoiyeneba Sualeduri siTbos gadamtani, romelic jer 

TviTon gacxeldeba namwvi airis siTbos xarjze, xolo Semdeg miRebul 

siTbos gadascems dasamuSavebel produqts. Sualeduri siTbos 

gadasatanad gamoiyeneba mineraluri zeTebi, gadaxurebuli wyali, 

marilebis gamdnari narevebi da sxva.  

abazanaSi siTxis gacxeleba namwvi airebiT saSualebas iZleva 

produqti gacxeldes 200_2500C temperaturamde. aparati aRWurvilia zeTiT 

Sevsebuli perangiT, romelsac garedan exeba namwvi airebi da gadascemen 

siTbos. amis Sedegad perangSi gacxelebuli zeTi, Tavis mxriv, siTbos 

gadascems aparatSi moTavsebul produqts. es meTodi ver uzrunvelyofs 

saWiro mniSvnelobis koeficientis Tbogacemas, radgan siTbos gadacema 

xorcieldeba zeTis susti konveqciuri nakadebiT.  

Tbogacemis koeficientis gazrdis mizniT gamoiyeneba namwvi airiT 

gacxeleba Txevadi Sualeduri Tbogadamtanis bunebrivi an xelovnuri 

cirkulaciiT.  
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bunebrivi cirkulaciis SemTxvevaSi (sur. 3.9) Txevadi Tbogadamtani 

cxeldeba RumelSi (1) moTavsebul klaknila milSi (2), adis zeviT da 

gadascems siTbos gasacxelebel aparats (3), klaknila milis (4) meSveobiT.  

 

    sur. 3.9. namwvi airebiT Txevadi Sualeduri Tbogadamtanis 
            cirkulaciiT gacxelebis principuli sqema 
 

am Tbogacemis gamo gacivebuli Tbogadamtani CamoiRvreba qveviT 

klaknilaSi (2) da kvlav gacxeldeba namwvi airebiT. imis gamo, rom Tbili 

da civi Tbogadamtanebis xvedriTi wonebi gansxvavebulia maTi cirkulacia 

mimdinareobs bunebrivad, damatebiTi satransporto saSualebebis gareSe. 

 aseTi danadgaris siTburi mwarmoebluroba gamoiTvleba formuliT: 

                              ( )civcx ttGcQ −=  j/wm, 

sadac G  Tbogadamtanis cirkulaciis masuri xarjia, kg/wm; 

       c - Tbogadamtanis kuTri siTbotevadoba, j/(kg.K ); 

      cxt - Tbogadamtanis temperatura sistemis cxel StoSi, K ; 

      civt - Tbogadamtanis temperatura sistemis civ StoSi, K ; 

 Tavis mxriv Tbogadamtanis cirkulaciis masuri siCqare tolia 

                               fG =  kg/wm,                          

sadac f  milgayvanilobis ganivkveTis farTobia, m 2 ; 

        - milgayvanilobaSi Tbogadamtanis wrfivi siCqare, m/wm; 

        - Tbogadamtanis simkvrive, kg/m 3 . 

 iZulebiTi cirkulaciis SemTxvevaSi (sur. 3.10) xdeba Tbogadamtanis 

cirkulacia tumbos (2) meSveobiT. Tbogadamtans siTbo gadaaqvs RumelSi 

moTavsebuli klaknili milidan (3) gamcxelebeli aparatis (4) perangSi. aq 

warmoqmnili orTqli gadadis TbomcvlelSi (5), saidanac kondensatis 
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saxiT brundeba SemkrebSi (1). tumbo (2) namuSevar (gacivebul) 

Tbogadamtans perangidan da kondensatis Semkrebidan (1) kvlav agzavnis 

Rumlis klaknil milSi (3) da cikli meordeba. 

 
 

N  sur. 3.10. Txevadi Sualeduri Tbogadamtanis iZulebiTi 
   cirkulaciis gamcxelebeli danadgaris sqema 

 

    rogorc bunebrivi, aseve iZulebiTi cirkulaciiT Sualeduri 

Tbogadamtanis gamoyenebis SemTxvevaSi Txevadi Tbogadamtanis xarjis 

gansazRvra SesaZlebelia siTburi balansis gantolebiT 

                  danpr.2prprcivpr.1prprcx QtcGGcttcGGct ++=+ ,              

sadac G  Tbogadamtanis cirkulaciis masuri xarjia drois erTeulSi, 

          kg/wm; 

       c  - Tbogadamtanis kuTri siTbotevadoba, j/(kg.K ); 

      cxt  - Tbogadamtanis temperatura sistemis cxel StoSi, K ; 

      civt - Tbogadamtanis temperatura sistemis civ StoSi, K ; 

      prG - aparatSi gasacxelebeli produqtis raodenoba drois erTeul- 

           Si, kg/wm; 

      prc - aparatSi gasacxelebeli produqtis siTbotevadoba, j/(kg.K ); 

pr.1t  da pr.2t  - gasacxelebeli produqtis sawyisi da saboloo 

             temperaturebi, K ; 

      danQ  - aparatis mier garemosaTvis gadacemuli (dakarguli) siTbos 

             raodenoba, j/wm. 

 balansis aRniSnuli gantolebidan ganisazRvreba Txevadi Sualedu-

ri siTbos gadamtanis xarji 
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( )

( )civcx

danpr.1pr.2prpr

ttc

QttcG
G

−

+−
=  kg/wm. 

 mocemuli temperaturebisa da wnevebis Sesabamisad rogorc 

bunebrivi, aseve iZulebiTi cirkulaciis mqone aparatebisaTvis xdeba 

Sesaferisi Tbogadamtanis SerCeva. es Tbogadamtani SeiZleba iyos: wyali, 

gazoili, maRaltemperaturiani organuli Tbogadamtani, silikonebi, 

gamdnari marili da sxv.  

 

3.24. gacxeleba eleqtruli deniT 

 

 kvebis mrewvelobaSi sakmaod farTod gamoiyeneba produqtis 

gacxeleba eleqtrul RumelSi. am SemTxvevaSi aucilebelia garkveuli 

zomebis gaTvaliswineba produqtis gadaxurebis Tavidan acilebis mizniT. 

 eleqtruli energiis siTbod gardaqmnis principis mixedviT 

eleqtruli Rumeli arsebobs sami tipis: winaRobis, induqciuri da 

rkaluri.  

winaRobis tipis eleqtruli Rumeli, Tavis mxriv, SeiZleba iyos 

pirdapiri an arapirdapiri moqmedebis.  

 pirdapiri moqmedebis eleqtrul RumelSi gasacxelebeli sxeuli 

uSualod eleqtrul qselSia CarTuli da cxeldeba masSi eleqtruli 

denis gavlis Sedegad. umetes SemTxvevebSi Rumeli warmoadgens aparats, 

romlis korpusi imave dros eleqtrodis rolsac asrulebs. meore 

eleqtrodi aparatis SigniTaa moTavsebuli. Txevad an gamdnar 

gasacxelebel produqts aTavseben aRniSnul eleqtrodebs Soris.  

 arapirdapiri qmedebis winaRobis eleqtrul RumelSi siTbo 

gamoiyofa specialur gamcxelebel elementebSi denis gavlis Sedegad. 

gamoyofili siTbo gasacxelebel produqts gadaecema gamosxivebiT, 

TbogamtarobiT an konveqciiT. aseT RumelSi (sur. 3.11) SesaZlebelia 

produqtis gacxeleba 1000_11000C-mde.  

      saxurebeli aparati (1), romelSic moTavsebulia gasacxelebeli 

produqti Cadgmulia korpusSi (2). korpusi garedan dafarulia 

saizolacio masaliT (3). masSi ramdenime fenad Cawyobilia winaRobis 

eleqtrosaxurebeli elementebi (4), romlebic CarTulia eleqtruli denis 

wyaroSi.  eleqtrosaxurebeli elementebis mier gamoyofili siTbo 
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uSualod gadaecema saxurebeli aparatis (1) kedels da acxelebs masSi 

moTavsebul produqts.   

 

sur. 3.11. arapirdapiri qmedebis winaRobis 
eleqtruli Rumlis sqema 

 
     eleqtruli denis meSveobiT gasacxeleblad misayvani siTbos 

raodenoba ganisazRvreba siTburi balansis gantolebidan 

                        danel QGctGctQ +=+ 21 ,  

sadac elQ  eleqtruli denis gavlisas eleqtrogamcxelebelSi 

             gamoyofili siTbos raodenobaa, j; 

       G  - gasacxelebeli produqtis raodenoba, kg; 

        c  - gasacxelebeli produqtis kuTri siTbotevadoba, j/(kg.K ); 

  1t  da 2t  - produqtis temperatura Sesabamisad gacxelebamde da mis 

            Semdeg, K ; 

      danQ  - aparatis mier garemosaTvis gadacemuli (dakarguli) siTbos 

             raodenoba, j. 

 balansis gantolebidan miviRebT gasacxeleblad saWiro siTbos 

raodenobas 

                         ( ) danel QttGcQ +−= 12  j.                           

eleqtruli induqciuri tipis Rumlis gaxureba miiRweva induqciuri 

denis gamoyenebiT. saxurebeli aparati warmoadgens liTonis gulars (1)  

(sur. 3.12), romelzedac daxveulia sadeni (2). 

cvladi denis gavlis Sedegad solenoidSi aRiZvreba cvladi 

magnituri veli, romelis moqmedebiTac saxurebeli aparatis kedlebSi 

induqcirdeba eleqtromamoZravebeli Zala. aRZruli meoreuli denis 

gavlisas aparatis kedlebi xurdeba da acxelebs masSi moTavsebul 

produqts.  
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sur. 3.12. eleqtruli induqciuri tipis 
Rumlis principuli sqema 

 

3.3.Ggaciveba 

 

     produqtebis gasaciveblad iyeneben civ wyals, yinuls, marilisa da 

yinulis narevs, mSral yinuls, gacivebul marilxsnars, gaTxevadebul 

amiaks, freons da a.S. 

     civ wyals, rogorc yvelaze ufro xelmisawvdoms da iaf sicivis 

matarebels iyeneben macivrebSi, kondensatorebsa da sxva mowyobilobebSi. 

weliwadis drosa da klimatur pirobebze damokidebulebiT wylis 

temperatura wyalsacavSi aris 12-25 C0 , xolo arteziul WaSi – 6-12 C0 . 

     produqtis gasaciveblad gamoyenebuli wylis xarjs gansazRvraven 

Tburi balansis gantolebidan, romlis mixedviT produqtis gacivebis 

dros gamoyofili siTbo G  (kg/wm) TbotevadobiT c (j/kg.K ), 1t -dan 2t  

temperaturamde gacivebisaTvis wylis saWiro xarjia W (kg/wm), romelic am 

dros cxeldeba wy.1t -dan wy.2t  temperaturamde. miviRoT wylis Tbotevadoba 

wy.c (j/kg.K ) da koeficienti x =0,95...0,97, romelic iTvaliswinebs gacivebis 

dros siTbos danakargebs garemoSi. aRniSnulis gaTvaliswinebiT 

SegviZlia davweroT Tburi balansis gantoleba 

)()( 21 wy.1wy.2wy. ttWcxttGc −=− , 

saidanac ganvsazRvravT gacivebisaTvis saWiro wylis xarjs 

)(

)( 21

wy.1wy.2wy. ttc

xttGc
W

−

−
= , kg/wm. 

     produqtis gacivebis ufro srulyofili meTodia manqanuri gaciveba, 

romelic efuZneba gaTxevadebuli amiakis, freonisa da sxva airebis 

Tvisebas, romlebic aorTqlebis dros garemodan STanTqaven didi 

raodenobis siTbos.  
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     samacivro kamerebis gasaciveblad iyeneben Sualedur sicivis 

matareblebs, magaliTad, marilxsnars, romelic sxva sicivis matarebliT 

gacivebis Semdeg cirkulirebs samacivro kameris milebSi da acivebs 

kameras. 

3.4.Kkondensacia 

 

 kvebis sawarmoebSi xSirad mimdinareobs nivTierebis orTqlis 

kondensaciis procesi misgan siTbos arTmevis gziT. kondensacia aris 

airis an orTqlis Txevad mdgomareobaSi gadsvlis procesi. am procesis 

gansaxorcieleblad gamoyenebul aparats kondensatori ewodeba.  

 arsebobs ori saxis kondensacia: 1. zedapiruli kondensacia, romlis 

drosac kondensirebadi orTqli da macivebeli agenti erTmaneTisagan 

gamoyofilia kedliT, romlis Siga an gare zedapirze mimdinareobs 

procesi; 2. kondensacia SereviT, romlis drosac kondensirebadi orTqli 

uSualod exeba macivebel agents.  

     zedapiruli kondensacia. zedapirul kondensatorSi, rogorc wesi, 

miewodeba gadaxurebuli orTqli, xolo macivebel agentad gamoiyeneba 

haeri an wyali. nivTierebis orTqli moZraobs zemodan milebis garSemo, 

xolo kondensati gamodis kondensatoris qveda nawilidan. gamacivebeli 

wyali moZraobs kondensatoris qveda nawilidan milebSi da gamodis 

kondensatoris zeda nawilidan. e.i. Tbili da civi areebi moZraobs 

winaRdenis principiT. SeiZleba kondensaciis dros Tbili da civi areebi 

erTi mimarTulebiTac moZraobdnen.   

      siTbos gadacemis pirobebis mixedviT kondensatoris gamacivebeli 

zedapiri iyofa sam zonad: 1. gadaxurebuli orTqlis gacivebis zona, ris 

Sedegadac miiReba najeri orTqli; 2. meore zonaSi najeri orTqli 

gadaiqceva kondensatad, ris Sedegadac miiReba siTxe, romelsac eqneba 

najeri orTqlis temperatura. 3. mesame zonaSi kondensati gacivebis Sede-

gad miiRebs saWiro temperaturas. 

      pirvel zonas Seesabameba siTbos gadacemis yvelaze uaresi pirobebi, 

meore zonas ki _ yvelaze ukeTesi. amis gamo Tbogadamcemi zedapiris 

farTobis gansazRvra saWiroa yvela zonisaTvis cal_calke. maT 

gasaangariSeblad saWiroa yvela zonisaTvis ganisazRvros kedelSi 
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gamavali siTbos raodenoba da macivebeli wylis Sualeduri wy.1t  da wy.2t  

temperaturebi  (sur. 3.13). 

 aparatSi Semosuli gadaxurebuli orTqlis enTalpia SeiZleba 

ganisazRvros TanafardobiT 

                       ( ) najsiTnajsawgad tcrttcH ++−=  j/kg,               

sadac  H   aparatSi Semavali orTqlis kuTri enTalpiaa, j/kg; 

       gadc _ gadaxurebuli orTqlis siTbotevadoba, j/(kg.K); 

       sawt  _ aparatSi Semavali orTqlis temperatura, K; 

       r  _ orTqlis kondensaciis siTbo, j/kg; 

       siTc _ kondensatis siTbotevadoba, j/(kg.K); 

       najt  _ najeri orTqlis (kondensaciis) temperatura, K.  

 

      sur. 3.13. kondensaciis procesis siTburi balansis Sesadgeni sqema 

 

 procesis siTburi balansis gantoleba SeiZleba daiweros Semdegi 

saxiT: 

                    danwy.sabwysiTsiTwy.sawwy QtWctDctWcDH ++=+ .            

 balansis gantolebidan SegviZlia ganvsazRvroT macivebeli wylis 

masuri xarji 

                       
( )

( )wy.sawwy.sabwy

dansiTsiT

ttc

QtcHD
W

−

−−
=  kg/wm ,                    

sadac   W   macivebeli wylis masuri xarjia, kg/wm; 
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        D  _ kondensatorSi Semavali orTqlis masuri xarji, kg/wm; 

        siTt _ aparatis gamosasvlelSi kondensatis temperatura, K; 

        wyc  _ macivebeli wylis siTbotevadoba, j/(kg.K); 

       wy.sawt  _ macivebeli wylis sawyisi temperatura, K; 

       wy.sabt  _ macivebeli wylis saboloo temperatura, K;  

        danQ _ aparatis mier garemosaTvis gadacemuli anu dakarguli 

siTbos raodenoba, j/wm. 

     kondensacia SereviT. im SemTxvevaSi, rodesac saWiroa wyalSi uxsnadi 

siTxis orTqlis, an iseTi orTqlis kondensacia, romelic Semdgom aRar 

gamoiyeneba, maTi gaciveba da kondensacia SesaZlebelia wyalTan uSualod 

Serevis gziT. aseTi procesi tardeba Semrev kondensatorSi.  

Semrevi kondensatoris muSaobis efeqturoba uSualod damokide-

bulia gasacivebeli orTqlisa da wylis urTierTSexebis zedapiris 

farTobze. amitom am zedapiris gadidebis mizniT xdeba gasacivebeli 

siTxis gaSxefa sxvadasxva saxis meqanizmebis gamoyenebiT. wylisa da 

orTqlis nakadebis aparatidan gamotanis meTodis mixedviT ganasxvaveben 

svel da mSral kondensatorebs. svel kondensatorSi macivebeli wyali, 

kondensati da arakondensirebadi airi (haeri) erTad gamoaqvT aparatis 

qveda nawilidan tumbos meSveobiT. mSral kondensatorSi macivebeli 

wyali da kondensati gamodis aparatis qveda nawilidan, xolo haeri _ 

vakuum_tumbos meSveobiT gaiwoveba aparatis zeda nawilidan.  

kondensatori SeiZleba iyos pirdapirnakadiani da winaRdeniani. 

pirdapirnakadiani aparati (sur. 3.14)  warmoadgens cilindrul WurWels 

(1), romlis saxuravze (2) gakeTebulia milyelebi (3), (4) da (5). orTqli 

miewodeba milyelidan (3), xolo macivebeli wyali – milyelebidan (4) da 

(5). macivebeli wyali da orTqli moZraobs erTi mimarTulebiT - zevidan 

qveviT. kondensati gamodis aparatis qveda nawilidan tumbos (6) meSveobiT.  

winaRdenian aparatSi (sur. 3.15) _ wyali moZraobs zevidan qveviT, 

orTqli ki _ sapirispiro mimarTulebiT anu qvevidan zeviT. aparatis 

cilindrul korpusSi (1), Wadrakulad ganlagebulia perforirebuli 

Taroebi (2), romlebic korpusis kedelTan qmnian siTxis gasasvlel 

labirinTul xvrelebs. aparatSi iqmneba gaiSviaTeba vakuum-tumbos 

meSveobiT, romelic haers iwovs siTxis damWeridan (3). wyali da 
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kondensati Caedineba aparatis qveda nawilidan miliT (4) da grovdeba 

SemkrebSi (5). 

 

sur. 3.14. sveli pirdapirnakadiani Semrevi kondensatori 

  

 orTqlis kondensaciisaTvis saWiro wylis xarji ganisazRvreba 

Semdegi formuliT: 

                             
( )
( )wy.sawwy.sabwy

wy.sabwy

ttc

tcHD
W

−

−
= .                        

 

         sur. 3.15. winaRdeniani Semrevi kondensatori 
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3.5. Tbomcvleli 
 
    aparats, romelSic mimdinareobs produqtebis gacxeleba an gaciveba 

ewodeba Tbomcvleli. siTbos cvlis principis mixedviT arsebobs mravali 

saxis Tbomcvleli aparati. maTgan yvelaze metad gavrcelebulia 

zedapiruli Tbomcvleli, romelSic or ares Soris Tbocvla 

mimdinareobs maTi gamyofi kedliT. 

    Kkonstruqciis mixedviT arsebobs Tbomcvleli: garsacmmilebiani; 

klaknilamiliani; ormiliani – “mili-milSi”; firfitebiani da sxv. 

    garsacmmiliani Tbomcvlelis (sur. 3.16) ZiriTadi elementebia: 

garsacmi (1); milebi (2), romelTa boloebi Camagrebulia milovan 

cxaurebSi (3) da (4); wina (5) da ukana (6) saxuravebi produqtis mimRebi (7) 

da gamomSvebi (8) milyelebiT. korpusi aRWurvilia Tbomatareblis 

SemSvebi (9) da gamomSvebi (10) milyelebiT. 

    garsacmmilebiani Tbomcvleli arsebobs erTsvliani da mravalsvli-

ani. erTsvlian aparatSi produqti da Tbomatarebeli moZraobs erTmaneTis 

paralelurad erTi mimarTulebiT an sapirispirod. mravalsvlian 

aparatebSi produqti da Tbomatarebeli Tbomcvlelis areSi mravaljer 

icvlian moZraobis mimarTulebas. 

 

sur. 3.16. erTsvliani, garsacmmilebiani Tbomcvleli: 
I-saerTo xedi; II-milebis ganlagebis sqemebi: 

a-eqvskuTxedis gverdebze; b-kvadratis gverdebze;  
g-koncentrul wrewirebze 
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    3.17 suraTze warmodgenilia garsacmmilebiani, mravalsvliani Tbomcv-

leli aparatis sqema. igi Sedgeba garsacmisagan (1), ori milovani 

cxaurasagan (2), romlebSic Camagrebulia milebi (3). milovani cxaurebi 

Camagrebulia liTonis cilindrul garsacmSi (1), romelsac torsuli 

mxridan aqvs saxuravebi (9) da (10). garsacmSi Cadgmulia tixrebi (4), 

romlebic qmnian kamerebs da aerTianeben milebis ramdenime jgufs. 

amrigad, milebis jgufebi mimdevrobiT arian SeerTebuli erTmaneTTan.  

     gasaTbobi siTxe aparatSi Sedis milyelidan (5), xolo gamoedineba 

milyelidan (6). Tbomatarebeli milebsa (3) da garsacms (1) Soris ares 

miewodeba milyelidan (7) da faravs milebis gare zedapirebs. tixrebis (4) 

mier warmoqmnili kamerebis meSveobiT, produqti TbomcvlelSi 

ramdenimejer icvlis mimarTulebas, riTac izrdeba mis mier gavlili 

manZili da Sesabamisad - Tburi damuSavebis dro. warmoqmnili kondensati 

gamodis milyelidan 8.                                     

 

sur. 3.17. mravalsvliani, garsacmmilebiani Tbomcvleli 

 

3.5.1. ormiliani gamcxelebeli 

 

     ormiliani gamcxelebeli (sur. 3.18) gamoiyeneba kvebis Txevadi 

produqtebis rogorc gasacxeleblad, ise gasaciveblad. magaliTad, 

meRvineobaSi aseT aparatebSi xdeba Rvinomasalebis Tburi damuSaveba; 

sakonservo warmoebaSi xilis da pomidvris wvenebis gacxeleba da sxv. 

   N gamcxelebeli Sedgeba 8-12 seqciisagan. yoveli seqcia, Tavis mxriv 

Sedgeba spilenZis an uJangavi foladis 32-70 mm diametris da 2,0-2,5 m 

sigrZis milisagan, romelic moTavsebulia 60-100 mm diametris foladis 

milSi. Siga da gare milebs Soris are Sevsebulia orTqliT. Siga milebis 
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boloebi SeerTebulia erTmaneTTan 1800-iT moxrili milyelebiT. produqti 

aparats miewodeba tumboTi miltuCidan (1), xolo gacxelebuli produqti 

gamodis miltuCidan (2). orTqli 0,3 mpa wneviT Sedis miltuCSi (3), xvdeba 

milTa Soris areSi da moZraobs masSi marjvnidan marcxniv. pirveli 

seqciis bolos dayenebulia vertikaluri milisa (4), romelic aerTebs 

ori seqciis milTa Soris ares. qveda seqciidan, miltuCidan (5) gamodis 

kondensati. 

     aparatis mdgradobisa da simtkicis mizniT masSi gaTvaliswinebulia 

sayrdeni safenebi (6). milTa Soris areSi dagrovili haeris gamoyvana 

xdeba gamwovi ventilidan (7). 

    produqtebis siciviT damuSavebis SemTxvevaSi milTa Soris areSi 

miewodeba civi wyali an marilxsnari. 

  

        

       sur. 3.18. ormiliani gamcxelebeli 

 

3.5.2. klaknili Tbomcvleli 

 

     ganxiluli Tbomcvlelebisagan gansxvavebiT 3.19 suraTze warmodgeni-

li Tbomcvlelis cilindrul korpusSi (3) swori milebis nakrebis 

nacvlad Cadgmulia klaknili mili (4).  

     korpuss aqvs naxevradsferuli saxuravi (2) da Ziri (5), romlebzedac 

damagrebulia Tbomatareblis (mocemul SemTxvevaSi  civi wylis)  SemSvebi  

(1) da gamomSvebi (6) miltuCebi. klaknili milis boloebi mTavrdeba 

produqtis SemSvebi  da gamomSvebi milyelebiT.                         

    Tbomcvlelis rezervuaris moculobaa 0,465 m3, xolo Tbocvlis 

zedapiri – 2,85 m2. 
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        sur. 3.19. klakniliani Tbomcvleli 

 

    klaknila Tbomcvlelis Tbogacemis koeficienti ramdenadme maRalia, 

vidre swormilianisa, magram klaknilas gacilebiT meti sigrZis gamo, 

orTqlis kondensaciis dros, mis qveda nawilSi SesaZlebelia dagrovdes 

kondensati, rac auaresebs Tbocvlis pirobebs. amis gamo, klaknilebs 

xSirad akeTeben seqciebis saxiT, erTi meoris Tavze, an koncentrulad. 

    klaknili milis diametrs irCeven masSi siTxis an orTqlis moZraobis 

siCqaris mixedviT. umetes SemTxvevaSi diametrs iReben 76 mm-is tols. 

 

3.5.3. spiraluri Tbomcvleli 

 

     spiraluri Tbomcvlelis zedapiri warmoqmnilia spiraliseburad 

daxveuli liTonis ori furclisagan (1) da (2) tixris (3) irgvliv (sur. 

3.20). aparati torsuli mxrebidan mWidrod aris daxuruli saxuravebiT (4). 

furclebis mier warmoqmnil sworkuTxa kveTis arxebSi moZraobs ori 

Tbomcvleli are I da II, romelTa aparatSi Sesasvlelad da 

gamosasvlelad daniSnulia milyelebi Sesabamisad 5-5 da 6-6. 

 



 68  

 

Nsur. 3.20. spiraluri Tbomcvleli 

 

     spiralur Tbomcvlels aqvs Tbogadacemis maRali koeficienti, 

umniSvnelo hidravlikuri winaaRmdegoba da gamoirCeva kompaqturobiT. 

 

3.5.4. perangiani Tbomcvleli Ruzisebri sareviT 

 

     aparatSi (sur. 3.21) Tbocvla mimdinarobs korpusis (1) gavliT, 

romlis Zirze gakeTebulia orTqlis an macivebeli agentis perangi 2.  

 

sur. 3.21. perangiani Tbomcvleli Ruzisebri sareviT 

 

     Tbogacemis koeficientis gazrdis mizniT aparati aRWurvilia 

Ruzisebri sareviT (3), romelic brunviT moZraobas Rebulobs amZravi 

meqanizmidan (4). korpuss aqvs produqtis Sesatani da gamosatani 

milyelebi, xolo perangs – orTqlis SemSvebi, kondensatis da haeris 

gamosaSvebi milyelebi. 

3.5.5. Tbomcvleli aparatis gaangariSeba 

 

     Tbomcvleli aparatisaTvis atareben saproeqto da Sesamowmebel 

gaangariSebebs. konstruqciul gaangariSebas atareben axali Tbomcvlelis 

proeqtirebis dros, rodesac cnobilia saxurebeli an sacivebeli 
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produqtis raodenoba da misi parametrebi aparatis Sesasvlelsa da 

gamosasvlelSi. amasTan gansazRvraven TbocvlisTvis aucilebel zeda-

pirs, Tbomatareblis an macivebeli agentis xarjs, Tbomcvlelis 

geometriul zomebs, mis hidravlikur winaaRmdegobasa da meqanikur 

simtkices. 

     SemowmebiTi gaangariSebebi saWiroa imisaTvis, rom ganisazRvros _ 

SeiZleba Tu ara mocemuli Tbomcvleli aparatis gamoyeneba ama Tu im 

teqnologiuri miznebisaTvis. amasTan Zalian mniSvnelovania nakadebis 

optimaluri siCqareebis sworad SerCeva. nakadebis siCqaris zrdasTan 

erTad izrdeba Tbogadacemis koeficienti da Sesabamisad mcirdeba 

Tbocvlis zedapiris farTobi, rac, Tavis mxriv, amcirebs Tbomcvlelis 

gabaritebs da mis Rirebulebas. rekomendebulia Semdegi optimaluri 

siCqareebi (m/wm): wylisaTvis da zomieri siblantis siTxeebisaTvis – 

0,6...1,5; blanti siTxeebisaTvis – 0,2...0,6; zomieri wnevis haerisa da 

airebisaTvis – 8...12; wnevis qveS myofi najeri orTqlisaTvis – 25...30; 

vakuumSi moTavsebuli najeri orTqlisaTvis – 35...45. 

     garsacmmilebiani Tbomcvlelis gaangariSeba (sur. 3.16, 3.17). 

     produqtis orTqliT gacxelebis SemTxvevaSi gansazRvraven orTqlis 

xarjs formuliT 

                            
21

21

ii

QQ
D

−

+
=  kg/wm, 

sadac 1i  da 2i  - orTqlis da kondensatis enTalpiebia, j/kg; 

       1Q - produqtis gasacxeleblad saWiro siTbos xarji, j/wm; 

       2Q - garemoze gadacemuli siTbos danakargis sakompensacio 

siTbos xarji, j/wm. 

       Tbogadacemis gantolebidan 

                             tFkQ =1  j/wm 

       pouloben gaxurebis zedapiris farTobs 

tk

Q
F


= 1   m 2 , 

sadac k - Tbogadacemis koeficientia, vt/(m 2 . K ); 

      t - temperaturaTa sxvaoba, K . 

    Ubolo tolobidan, milebis zomebis mixedviT (diametri - saS.d , sigrZe - 

 ) SegviZlia vipovoT TbomcvlelSi maTi saWiro raodenoba n  
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ndF .saS.= m 2 , aqedan 

saS.d

F
n


= . 

    klaknila Tbomcvlelis gaangariSeba (sur. 3.19). 

    klaknilas aparatSi aTavseben ise, rom is siTxiT daifaros da 

aparatis kedlebidan dacilebuli iyos 0,25...0,4 m-iT. aparatis cnobili 

Siga diametris ( D ) SemTxvevaSi klaknilas xviis diametri  

−= DDxv. 2(0,25...0,4), m. 

     klaknilas milis saerTo ( L ) sigrZes pouloben tolobidan 

LdF = saS. , m 2 . 

     klaknilas erTi xviis sigrZe 

xv.xv. D , m. 

     xviebis ricxvi klaknilaSi d Tbomcvlelis simaRle 

xv.

L
n = ,       xv.)1( −= nH , m. 

3.6. gamoorTqvla 

 

gamoorTqvla ewodeba nivTierebis xsnaris koncentraciis gazrdis  

process, rac xorcieldeba Txevadi aqroladi gamxsnelis aorTqlebiT. 

gamoorTqvlis arsi swored gamxsnelis orTqlis mdgomareobaSi 

gadayvanaa, ris Semdegac darCeba koncentrirebuli xsnari. gamoorTqvlas 

atareben duRilis dros e.i. maSin, rodesac orTqlis wneva xsnaris 

zedapirze utoldeba wnevas aparatis muSa moculobaSi. 

gamoorTqvlis procesSi, xsnaris duRilis temperaturaze gamxsneli 

mxolod nawilobriv gamoiyofa, ris gamoc gamoorTqvla principulad 

gansxvavdeba aorTqlebisagan, romelic mimdinareobs xsnaris zedapiridan 

duRilis temperaturaze ufro dabal temperaturaze. 

xsnaris duRilis temperaturamde gasacxeleblad praqtikaSi, 

rogorc wesi, iyeneben wylis orTqls, romelsac uwodeben gamcxelebels. 

garda amisa, gacxelebis procesSi warmoiqmneba xsnaridan gamoyofili 

orTqli, romelsac meoreul orTqls uwodeben. 

gamoorTqvlis procesi SeiZleba Catardes atmosferuli, Warbi 

wnevis an vakuumis pirobebSi. atmosferul wnevaze gamoorTqvliT 
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miRebuli meoreuli orTqli gadis atmosferoSi. gamoorTqvlis es meTodi 

aris yvelaze martivi, magram araekonomiuri Tburi TvalsazrisiT 

Warbi wneviT gamoorTqvlis dros meoreul orTqls aqvs maRali 

temperatura, amitom mas xSirad iyeneben sxvadasxva dabal wnevaze 

momuSave Tbomcvleli aparatebis gasacxeleblad. am SemTxvevaSi 

gamoorTqvlis danadgaris efeqturoba izrdeba. magram meoreuli orTqlis 

temperaturis da wnevis aweva dakavSirebulia gamcxelebeli orTqlis 

wnevis Sesabamis gazrdasTan da damatebiT xarjebTan. garda amisa, am 

maCveneblebis gazrdiT uaresdeba mravali produqtis (rZis, tomatis, 

xilis wvenis da sxv.) xarisxi. 

vakuumiT gamoorTqvlis dros xsnaris duRilis temperatura 

mcirdeba. es saSualebas gvaZlevs vakuum-gamoorTqvlis aparatebis 

gasacxeleblad gamoviyenoT ufro dabali wnevis orTqli. es meTodi 

farTod gamoiyeneba iseTi xsnaris gamoorTqvlisaTvis, romelic maRal 

temperaturaze iSleba da kargavs Tvisebebs. vakuumiT gamoorTqvlis 

upiratesoba isic aris, rom mcirdeba garemoSi siTbos danakargi.  

xsnaris SededebasTan (koncentraciis gazrdasTan) erTad icvleba 

misi fizikuri Tvisebebi: duRilis temperatura, Tbogamtaroba, 

Tbotevadoba, temperaturagamtaroba, siblante da sxva. xsnaris 

koncentraciis zrdasTan erTad mcirdeba Tbogamtaroba, Tbotevadoba, 

temperaturagamtaroba da izrdeba misi siblante. amasTan uaresdeba 

Tbogacemis pirobebi xurebis zedapiridan mduRare xsnaramde. 

xsnarebis gamoorTqvla SesaZlebelia ganxorcieldes erT (erTkor-

pusiani danadgari) an Tanmimdevrulad SeerTebul ramdenime aparatSi 

(mravalkorpusiani danadgari). 

erTkorpusian danadgarSi gamcxelebeli orTqlis siTbo gamoiyeneba 

erTjeradad, xolo aparatidan gamavali meoreuli orTqli, rogorc wesi, 

ar gamoiyeneba. 

mravalkorpusian danadgarSi, nebismieri wina aparatidan gamomavali 

meoreuli orTqli warmoadgens momdevno aparatis gamcxelebel orTqls, 

romelSic xsnari duRs ufro dabal wnevaze. es meTodi uzrunvelyofs 

siTbos mniSvnelovan ekonomias da amitom farTod aris gavrcelebuli 

mrewvelobaSi. 

gamoorTqvliT xsnarebis koncentraciis gazrdas iyeneben Saqris, 

mineraluri sasuqebis, sakvebi safuarebis da sxvaTa warmoebaSi. xSirad  
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gamoorTqvliT miiRweva xsnaris maRali koncentracia (mSral 

nivTierebaTa 92...93%-mde). aseTi xsnaridan gamxsnelis Semdgomi 

gamoyofisas ukve iwyeba myari nivTierebis gamokristaleba. 

 

3.6.1. xsnaris zogierTi Tviseba 

 

xsnaris gamoorTqvlisas mniSvnelovania misi Semdegi Tvisebebi: 

temperaturuli depresia, Tbotevadoba da gaxsnis siTbo. 

tempereturuli depresia. cnobilia, rom erTsa da imave T  tem-

peraturaze sufTa gamxsnelze mosuli orTqlis aP  wneva metia xsnarze 

moqmed orTqlis bP  wnevaze. Sesabamisad, erTi da imave wnevis pirobebSi  

gamxsnelis duRilis temperatura naklebia xsnaris duRilis 

temperaturaze. gamxsnelis da xsnaris duRilis temperaturebs Soris 

dep.=− ab TT  sxvaobas temperaturuli depresia ewodeba. 3.22-e suraTze 

warmodgenilia temperaturuli depresiis grafikuli gamosaxuleba, sadac 

)(TfPa =  gamxsnelis orTqlis wnevis temperaturaze damokidebulebis 

grafikia, xolo )(TPb = - xsnaris orTqlis wnevis temperaturaze 

damokidebulebis grafiki. 

Cveulebriv, temperaturul depresias ar angariSoben. mas pouloben 

cdebis Sedegad miRebul cxrilebSi. 

mduRare xsnarze warmoqmnil orTqls meoreul orTqls uwodeben. 

miRebulia, rom meoreuli orTqlis temperatura tolia gamxsnelis 

gajerebuli orTqlis temperaturisa mocemuli wnevisas. 

 

 

Nsur. 3.22. temperaturuli depresiis grafiki 
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xsnaris Tbotevadoba warmoadgens gamxsneli nivTierebis 

temperaturisa da koncentraciis funqcias. umetesi xsnarebis 

Tbotevadobas ar axasiaTebs aditiuroba anu xsnaris Tbotevadoba ar 

udris Semadgeneli komponentebis TbotevadobaTa jams. amitom maT 

siTbotevadobas ver viangariSebT gamxsnelisa da gaxsnili nivTierebis 

mixedviT. aditiurobidan gadaxra miT ufro metia, rac metia gaxsnili 

nivTierebis koncentracia.  

zusti gaangariSebis dros upiratesobas aniWeben cdebiT miRebul 

grafikebsa da cxrilebs. 

ganzavebis siTbo. myari nivTierebis gaxsnisas, roca isini qimiurad 

ar reagireben gamxsnelTan, SeimCneva xsnaris gaciveba, radgan irRveva 

kristaluri meseri, razec ixarjeba energia (dnobis siTbo). Tu 

gasaxsneli nivTiereba Sedis qimiur reaqciaSi gamxsnelTan da 

warmoiqmneba solvatebi (wyalSi gaxsnisas hidratebi), maSin gamoiyofa 

siTbo. ganzavebis siTbo warmoadgens dnobis siTbosa da qimiuri 

urTierTqmedebis jams. 

ganzavebis integraluri siTbo ewodeba siTbos im raodenobas, 

romelic gamoiyofa an STainTqmeba mcire raodenobis myari nivTierebis 

gaxsnisas imdenad didi raodenobis gamxsnelSi, rom misi Semdgomi 

damateba praqtikulad aRar iZleva siTbur efeqts. siTburi efeqti 

praqtikulad ar SeimCneva 1 moli myari nivTierebis gaxsnisas 300 molze 

meti raodenobis gamxsnelSi. 

amrigad, ganzavebis siTbo damokidebulia gasaxsneli nivTierebis da 

gamxsnelis bunebasa da xsnaris koncentraciaze. 

gamoorTqvlis procesis gasaanalizeblad unda vicodeT xsnaris 

koncentraciis cvlilebis q  siTbo, romelic advilad ganisazRvreba 

gaxsnis integraluri siTboTi. 

vTqvaT, cnobilia 1X  koncentraciis xsnaris gaxsnis integraluri 
1q  

siTbo, da 2X  koncentraciis xsnaris gaxsnis integraluri 2q  siTbo. hesis 

kanonis safuZvelze, romlis mixedviTac gardaqmnis siTburi efeqti 

damokidebulia sistemis sawyis da saboloo mdgomareobaze da ar aris 

damokidebuli im gzaze, romliTac xdeba es gardaqmna, Cveni SemTxve-

visTvis gveqneba:  

               21 qqq =+      an      12 qqq −= .                  
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q  siTbo gamoiyofa xsnaris ganzavebisas 2X  koncentraciidan 1X  

koncentraciamde da STainTqmeba xsnaris koncentrirebisas 1X  

koncentraciidan 2X  koncentraciamde. 

teqnikaSi gamoiyeneba gamoorTqvlis Semdegi ZiriTadi meTodebi: 

martivi gamoorTqvla (perioduli an uwyveti), mravaljeradi gamoorTqvla 

(mxolod uwyveti) da gamoorTqvla siTburi tumbos gamoyenebiT. 

yvela CamoTvlili procesi gamxurebeli orTqlisa da xsnaris 

parametrebis mixedviT tardeba rogorc Warbi wnevis dros, aseve vakuumSi.. 

 

3.6.2. martivi gamoorTqvla 

 

martivi gamoorTqvla xdeba mcire mwarmoeblurobis danadgarebze, 

rodesac siTbos ekonomias ar aqvs didi mniSvneloba. garda amisa, martivi 

gamoorTqvla gamarTlebulia perioduli qmedebis danadgarebze, maSin, 

roca viyenebT maRali depresiis xsnarebs. M 

martivi gamoorTqvlis perioduli procesi SeiZleba ganvaxor-

cieloT ori meTodiT: sawyisi xsnaris erTjeradi da porciebad 

CatvirTviT. 

martivi gamoorTqvlis materialuri balansi SeiZleba gamovsaxoT 

Semdegi ori tolobiT: 

                        WGG += 21 ,                             

                        2211 XGXG = ,                             

sadac 1G  aris Semomavali xsnaris raodenoba (kg/wm); 

 2G - aorTqlebuli (koncentrirebuli) xsnaris raodenoba (kg/wm);  

 W - aorTqlebuli wylis raodenoba (kg/wm); 

1X  da 2X - Sesabamisad xsnaris sawyisi da saboloo koncentraciebi (%). 

aRniSnuli tolobebidan vpoulobT: 

                        











−=

2

1
1 1

X

X
GW  ,                         

                        
WG

X
GX

−
=

1

1
12  .                         

martivi gamoorTqvlis siTburi nakadebis sqemidan (sur. 3.23) gamom-

dinare vwerT Tburi balansis gantolebas 
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             QDHWHtcGDHtcG +++=+ 322221111 ,            

sadac 
1c  da 

2c  aris Sesabamisad Semomavali da koncentrirebuli  

          xsnarebis kuTri Tbotevadobebi, j/(kg.K); 

       
1t  da 

2t  - Sesabamisad Semomavali da koncentrirebuli  

          xsnarebis temperaturebi, K; 

      D  - gamxurebeli orTqlis xarji (kg/wm);  

      1H , 2H  da 3H - Sesabamisad gamxurebeli orTqlis, meoreuli 

           orTqlis da kondensatis enTalpiebi, (j/kg);  

      Q - siTbos danakargi garemoSi (j/wm). 

Tu bolo gantolebaSi CavsvavT WGG += 21 miviRebT: 

QDHWHtcGDHtWctcG +++=++ 32222111112 . 

     aqedan gamxurebeli orTqlis xarji 

            
3131

112

31

1122
2

HH

Q

HH

tcH
W

HH

tctc
GD

−
+

−

−
+

−

−
= , kg/wm.        

miRebuli tolobidan Cans, rom gamoorTqvlisas saWiro gamxurebeli 

orTqlis xarji Seicavs sam Sesakrebs: 1. orTqlis xarji xsnaris 

enTalpiis Sesacvlelad, 2. meoreuli orTqlis misaRebad saWiro orTqlis 

xarji,  3. siTbos danakargis sakompensacio orTqlis xarji. 

pirveli da mesame Sesakrebebis mniSvnelobebi meore SesakrebTan 

SedarebiT mcirea, amitom miaxloebiTi angariSisas miRebulia, rom 

xsnaridan aorTqlebul 1 kg wyals sWirdeba 1,1-1,2 kg gamxurebeli 

orTqli. 

 
         sur. 3.23. siTburi nakadebi martivi gamoorTqvlis dros 
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damyarebuli procesis dros, drois erTeulSi gadacemuli siTbos 

raodenoba iangariSeba Tbogadacemis gantolebiT 

                             tFKQ =  j/wm, 

sadac  K  aris Tbogadacemis koeficienti, vt/(m 2 .K ); 

  t -temperaturaTa sasargeblo sxvaoba, K . 

      gamoorTqvlis procesisaTvis aparatis gamxurebeli zedapiris far-

Tobi  

                        ( ) tKHHDF −= /31 , m 2 .                       

Q _ gamxurebeli orTqlidan xsnarze gadacemuli siTbo  

                         ( )31 HHDQ −= , j/wm. 

3.6.3. mravaljeradi gamoorTqvla 

 

mravaljeradi gamoorTqvlis SemTxvevaSi gamxureblad gamoiyeneba 

meoreuli orTqli, ris xarjzec miiRweva siTbos ekonomia. aseTi procesis 

miRweva SeiZleba an maRali wnevis gamxurebeli orTqlis gamoyenebiT, an 

vakuumiT. 

procesis arsi aris is, rom igi mimdinareobs ramdenime 

Tanmimdevrulad SeerTebul aparatSi, romlebSic wneva SerCeulia ise, 

rom wina aparatis meoreuli orTqli momdevno aparatSi SeiZleba 

gamoyenebuli iqnes, rogorc gamxurebeli orTqli. magaliTad, meor.1P  wnevis 

meoreuli orTqli, romelic warmoiqmneba 1 aparatSi (sur. 3.24), gamoiyeneba 

rogorc gam.2P  wnevis gamxurebeli orTqli 2 aparatSi ( gam.2meor.1 PP  ). 

 
sur. 3.24. mravaljeradi gamoorTqvlis sqema 

I_siTxe; II_kondensati 
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cxadia, rom mravaljeradi gamoorTqvla saSualebas gvaZlevs 

SevamciroT siTbos xarji mimdevrobiT SeerTebuli aparatebis ricxvis 

proporciulad. aRniSnul aparatebs uwodeben korpusebs, Sesabamis 

mravaljeradi gamoorTqvlis danadgargebs ki _ mravalkorpusians. 

mravalkorpusiani gamoorTqvlis danadgarebi SeiZleba iyos 

pirdapiri dinebis, winaRdeniani da kombinirebuli. pirdapiri dinebis 

gamosaorTqli danadgaris sqema naCvenebia 3..25,a suraTze. masze datanili 

ar aris damxmare aparatebi. sawyisi xsnari miewodeba (1) korpuss, Semdeg 

gadaedineba (2) da (3) korpusebSi da gamoedineba (3) korpusidan  

koncentrirebuli xsnaris saxiT. danadgarSi wneva mcirdeba (1) korpusidan 

(3) korpusis mimarTulebiT, ris gamoc xsnaris gadadineba xdeba wnevaTa 

sxvaobis xarjze. 

 
Nsur. 3.25. gamoorTqvlis danadgarebis principuli sqemebi: 

a_pirdapiri dinebis; b_winaRdeniani; 1-2_3 korpusebi; 
4_barometruli kondensatori; 5-6_7 tumboebi. 
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SegviZlia vTqvaT, rom pirdapiri dinebis sqemis upiratesobaa is, rom 

korpusidan korpusSi xsnaris gadadineba  SeiZleba tumboebis gareSe, 

xolo naklia Tbogadacemis cudi pirobebi. cnobilia, rom Tbodagacemis 

koeficientebi mduRare xsnarebSi mcirdeba xsnaris koncentraciis 

gazrdasa da wnevis SemcirebasTan erTad. pirdapiri dinebis danadgarSi 

yovel momdevno korpuss Seesabameba ufro maRali koncentracia da ufro 

mcire wneva, vidre winas. amitom Tbogadacemis koeficienti bolo 

korpusSi ramdenjerme ufro mcirea, vidre pirvelSi, xolo Tbogadacemis 

saSualo koeficienti ufro naklebia, vidre winaRdenian danadgarSi. 

amrigad, winaRdeniani danadgaris upiratesobaa gaxurebis mcire 

zedapiri, xolo uaryofiTi mxarea tumboebis gamoyenebis aucilebloba. 

pirdapiri dinebis danadgaris uaryofiTi mxare ufro nakleb- 

mniSvnelovania, vidre winaRdeniani danadgarisa, amitom man ufro farTo 

gamoyeneba pova warmoebaSi. 

mravaljeradi gamoorTqvlis materialuri balansi mTeli 

danadgarisTvis SeiZleba gamoisaxos gantolebebiT, romlebic miRebulia 

martivi gamoorTqvlis pirobebisTvis. 

danadgarSi mTlianad gamoorTqvlili wylis raodenoba                            

                                )1(
2

1

x

x
GW −= ,                               

sadac  G   aris danadgarSi Semavali siTxis raodenoba, kg/wm;  

  1x  da 2x _ Sesabamisad xsnaris sawyisi da saboloo koncentraciebi (%). 

gamoorTqvlili wylis saerTo raodenoba, cxadia, tolia 

korpusebSi gamoorTqlili wylis raodenobebis jamis 

                       nWWWW +++= ....21 , 

sadac  1W , 2W , da nW   aris Sesabamisad pirvel, meore da momdevno  

        korpusebSi gamoorTqlili wylis raodenoba, kg/wm. 

 

3.7. duRilis procesi 

 

 sakvebi produqtebis warmoebis teqnologiur procesebSi farTod 

gamoiyeneba duRilis procesi. duRili ewodeba orTqlwarmoqmnis 

intensiur process, romelic mimdinareobs siTxis mTel moculobaSi.  
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 duRilis procesis warmarTvisaTvis, upirveles yovlisa, aucilebe-

lia siTxe gavacxeloT duRilis temperaturamde, romelic damokidebulia 

wnevaze. garda amisa, aucilebelia saxurebel zedapirs hqondes duRilis 

temperaturaze ramdenime gradusiT maRali temperatura. am sxvaobas 

ewodeba gadaxureba. Sesabamisad, gadaxurebuli aris duRilis zedapirs 

unda exebodes siTxis garkveuli fena. gadaxureba imisTvisaa aucilebeli, 

rom warmoiqmnas orTqlis sawyisi buStulebi, romlebmac unda daZlion 

zedapiruli daWimulobis Zalebi, gaizardon moculobaSi da amotiv-

tivdnen siTxis zedapirze. erTmaneTisagan ganasxvaveben duRils did 

moculobaSi (rodesac duRilis procesi mimdinareobs garkveuli tevado-

bis WurWelSi) da milebSi moZravi siTxis duRils.  

 arsebobs duRilis ori ZiriTadi reJimi: buStulovani da afskovani. 

buStulovani duRilis SemTxvevaSi saxurebel zedapirze (anu WurWlis 

fskerze an kedlebze) warmoiqmneba orTqlis calkeuli buStulebi, 

romlebic TandaTan izrdebian da amotivtivdebian mduRare siTxis 

zedapirze. rac ufro meti raodenobis siTbo miewodeba duRilis 

zedapirs, an rac ufro meti iqneba zedapiris gadaxureba, miT ufro meti 

buStula warmoiqmneba da miT ufro intensiurad mimdinareobs duRilis 

procesi. buStulovani duRilis didi upiratesoba is aris, rom am 

SemTxvevaSi Zalian maRalia Tbogacemis koeficienti erTfazian 

konveqciasTan SedarebiT. es ganpirobebulia im garemoebiT, rom 

buStulebis warmoqmnis Sedegad xdeba duRilis zedapirTan uSualo 

SexebaSi myofi siTxis sasazRvro SreSi intensiuri nakadebis warmoqmna, 

rac aumjobesebs siTbos gadacemis pirobebs.  

 unda aRiniSnos, rom miwodebuli siTbos raodenobis, an gadaxurebis 

gazrda ufro intensiurs xdis duRilis process. rac metia miwodebuli 

siTbos raodenoba an gadaxureba, miT ufro meti buStula warmoiqmneba da 

gadaitans siTbos duRilis zedapiridan siTxeSi. magram aRniSnul 

process gaaCnia Tavisi zRvari. kerZod dgeba momenti, rodesac duRilis 

zedapirze imdenad bevri buStula warmoiqmneba, rom isini erTmaneTs 

Seerwymian, ris Sedegadac duRilis zedapirTan warmoiqmneba mTliani 

orTqlis afski, romelic cudad atarebs siTbos. amis Sedegad adgili 

aqvs siTbos gadacemis pirobebis mkveTrad gauaresebas. miwodebuli siTbo 

siTxeSi veRar gadadis, zedmetad acxelebs duRilis zedapirs da iwvevs 

mis gadawvas. am movlenas ewodeba duRilis krizisi, xolo duRilis 
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process, romlis drosac duRilis zedapirze warmoqmnilia mTliani 

orTqlis afski, ewodeba afskovani duRili. atmosferuli wnevis 

pirobebSi wylisaTvis kritikuli siTburi datvirTva, romlis drosac 

xdeba buStulovani duRilis afskur duRilSi gadasvla (anu iwyeba 

duRilis krizisi), daaxloebiT 1 milioni vatis tolia.  

siTxis duRilis procesSi Tbogacema gansakuTrebulad rTul 

procesebs ganekuTvneba. amis gamo dRemde ar arsebobs duRilis 

procesisaTvis Tbogacemis koeficientis saangariSo savsebiT saimedi 

formula.  

duRilis procesis Seswavla gviCvenebs, rom am dros orTqlis 

buStulebi warmoiqmneba siTbos gadamcemi zedapiris garkveul adgilebSi 

(centrebSi). Tu siTxis mier siTbos gadamcemi zedapiris dasvelebis unari 

maRalia (kuTxe   mcirea, sur. 3.26, a), maSin siTxe Sedis buStulebis qveS 

da xels uwyobs maTs mowyvetas am zedapiridan. dabali dasvelebis unaris 

SemTxvevaSi orTqlis buStulebs farTo Ziri aqvT da maTi mowyveta xdeba 

didi zomebis miRwevis Semdeg (didi   kuTxis SemTxvevaSi, sur. 3.26, b). 

faqtobrivad, adgili aqvs buStulas mxolod zeda nawilis mowyvetas, 

xolo gamcxelebeli zedapiris mimdebared mudmivad arsebobs orTqlis 

fena. orTqladqcevis centrebis didi raodenobis SemTxvevaSi 

gamcxelebeli zedapiri TandaTan mTlianad daifareba orTqlis uwyveti 

feniT. am SemTxvevaSi  orTqlis cudi siTbogamtarobis gamo Tbogacemis 

koeficienti mcirdeba. amgvarad, gamcxelebeli zedapiris maRali 

dasvelebis unaris mqone siTxeebis duRilis SemTxvevaSi Tbogacemis 

koeficienti ufro maRalia, vidre mcire dasvelebis unaris mqone 

siTxeebis duRilis SemTxvevaSi.  

 

sur. 3.26. orTqlis buStulebis forma duRilis procesSi 

 

mduRare siTxis moculobaSi temperatura icvleba Semdegnairad:  

uSualod gamcxelebeli zedapiris mimdebare siTxis temperatura am 

zedapiris temperaturis tolia. gamcxelebeli zedapiridan 2_3 mm_is 
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daSorebiT siTxis temperatura mkveTrad mcirdeba sididemde, romelic 

0,3_0,50C_iT aRemateba warmoqmnili orTqlis temperaturas. aseTi 

temperatura SenarCunebulia praqtikulad siTxis mTel moculobaSi anu 

siTxis ZiriTadi masa odnav gadaxurebulia.  

 siTxis fenis gavliT zeviT gadaadgilebisas mowyvetili buStulebis 

moculoba izrdeba. es niSnavs, rom zeviT moZraobisas orTqlis buStula 

siTxisagan iRebs orTqlisa da siTbos garkveul raodenobas. rogorc 

wesi, buStulas zeviT moZraobisas misi moculoba ramdenime aTeuljer 

izrdeba. Sesabamisad SeiZleba iTqvas, rom buStula siTbos ZiriTad 

raodenobas iRebs ara gamcxelebeli zedapiridan, aramed siTxisagan. 

gamodis, rom duRilis procesSi gamcxelebeli zedapiridan siTbo 

gadaecema siTxes, xolo siTxidan orTqlis buStulebs, amis Semdeg ki 

buStulebidan siTbo orTqlis saxiT gadadis garemoSi. atmosferuli 

wnevis pirobebSi wylis duRilis SemTxvevaSi orTqlis buStulebis 

diametria 2_3 mm.  

 orTqlis buStulebis warmomqmneli centrebis raodenoba, 

buStulebis mowyvetis sixSire da Sesabamisad, Tbogacemis intensiuroba 

damokidebulia gamcxelebeli zedapirisa da siTxis temperaturebis t  

sxvaobaze. temperaturuli sxvaobis gazrdis Sedegad Tbogacemis 

koeficienti izrdeba mxolod garkveul zRvramde, romlis zeviTac t  

sxvaobis gazrda iwvevs Tbogacemis   koeficientis mkveTrad Semcirebas. 

temperaturaTa im sxvaobas, romelic Seesabameba Tbogacemis koeficientis 

maqsimalur mniSvnelobas, temperaturaTa kritikuli sxvaoba ewodeba.  

 temperaturaTa kritikuli sxvaoba damokidebulia asaduRebeli 

siTxis bunebaze, temperaturaze, wnevasa da gamxurebeli zedapiris 

xasiaTze. praqtikuli gamoyenebis mizniT duRilis parametrebi ise unda 

iqnes SerCeuli, rom temperaturaTa muSa sxvaoba ar aRmoCndes 

kritikulze meti.  

 

3.8. xelovnuri zomieri gaciveba 

 

xelovnuri sicive farTod gamoiyeneba kvebis mrewvelobaSi, 

transportze, sazogadoebrivi kvebis obieqtebSi, vaWrobis sferoSi, 

sayofacxovrebo miznebisaTvis da mraval sxva dargSi. 
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malfuWadi produqtebis konservirebis sxva meTodebTan SedarebiT, 

gaciveba warmoadgens yvelaze ufro ekonomiur da moxerxebul meTods, 

romlis drosac yvelaze srulad inaxeba kvebis produqtebis xarisxi da 

gemovnebiTi Tvisebebi. kvebis mrewvelobaSi xelovnuri sicive gamoiyeneba 

aramxolod produqtebis civad Senaxvisa da konservirebisaTvis, aramed 

uSualod mravali saxis teqnologiur procesSi. TiTqmis ar arsebobs 

kvebis mrewvelobis dargi, romelSic xelovnuri sicive farTod ar 

monawileobdes teqnologiur procesSi. 

gaciveba warmoadgens sxeulidan an garemodan siTbos warTmevis 

process, romelsac Tan axlavs temperaturis Semcireba. გaciveba SeiZleba 

iyos bunebrivi da xelovnuri. haeriT an wyliT bunebrivi gacivebis dros 

sxeuli SeiZleba gacivdes garemos temperaturamde. ufro dabali 

temperaturebi miiReba xelovnuri gacivebiT, risTvisac saWiroa garkveuli 

energiis daxarjva anu unda gamoviyenoT samacivro sistema. nebismieri 

sxeuli gacivdeba, Tu igi kontaqtSi mova iseT garemosTan, romlis 

temperatura ufro dabalia. e.i. nebismieri samacivro sistemis 

daniSnulebaa Seqmnas garemos temperaturaze dabali temperaturuli done. 

xelovnuri gacivebisaTvis iyeneben iseT fizikur procesebs, romlebic 

dakavSirebulia nivTierebis agregatuli mdgomareobis SecvlasTan, 

magaliTad, rogoricaa, aorTqleba, galRoba, sublimacia, duRili da sxva. 

wyali normalur pirobebSi (1 at wnevaze) duRs +100 C0 -ze, magram 

aris nivTierebebi, romlebic imave pirobebSi duRs -30 C0 , -40 C0 , -100 C0  da -

269 C0 -zec ki. sakmarisia Cven gvqondes aseTi siTxe, rom miviRebT sicivs 

wyaros. magram aseTi nivTierebebi bunebaSi Txevad mdgomareobaSi ar 

arseboben. isini normalur pirobebSi airebia: amiaki, propani, izobutani 

da sxva. maTi gaTxevadebisaTvis saWiroa samacivro manqanebis gamoyeneba 

da energiis daxarjva. 

nivTierebas, romelic gamoiyeneba samacivro teqnikaSi “macivebeli 

agenti” ewodeba. arsebobs maTi mravali saxeoba. isini mოicavs rogorc 

bunebriv, ise xelovnur nivTierebebsa da maT narevebs. 

iseve, rogorc nebismieri airi, macivebeli agenti SekumSvisas 

Txevaddeba. am dros wnevasTan erTad matulobs temperaturac. imisaTvis, 

rom temperatura ucvleli darCes anu procesi iyos izoTermuli, saWiroa 

siTbos arTmeva anu SekumSuli siTxis gaciveba. amrigad, miviRebT 
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garemosTan miaxloebuli temperaturis nivTierebas Txevad mdgomareobaSi, 

romelic imyofeba maRali wnevis qveS. sakmarisia siTxes movaSoroT es 

wneva, rom igi daiwyebs duRils da gacivdeba. ase miiReba dabali 

temperaturis wyaro. dabali temperatura iqneba manam, sanam ar 

aorTqldeba siTxis bolo wveTi. Tu am aorTqlebul nivTierebas 

SevagrovebT, isev SegviZlia misi SekumSva da procesis ganmeoreba. aseTia 

xelovnuri sicivis miRebis fizikuri arsi da am principze muSaobs 

samacivro mowyobilobebi. 

 zomieri sicivis misaRebad gamoiyeneba macivar-manqana. muSa agentis 

SekumSvis xerxisa da muSa ciklis mimdinareobis cvlilebis mixedviT es 

manqana arsebobs ramdenime saxis: 

 _ orTqlis kompresiuli manqana, romelSic muSa agenti ikumSeba 

kompresoriT (dguSiani, xraxnuli an turbinuli), ris Semdegac SekumSuli 

airi kondensirdeba kondensatorSi; 

 _ airis kompresiuli manqana, romelSic muSa agenti ikumSeba 

dguSiani an turbiniani komresoriT, amasTan SekumSuli airi ar gadadis 

Txevad mdgomareobaSi; 

 _ absorbciuli manqana, romelSic muSa agenti ikumSeba e.w 

TermokompresoriT da sxva. 

  

3.8.1. orTqlis kompresiuli macivris muSa procesi 

 

     rogorc zemoT aRvniSneT sicivis misaღebad saWiroa gazis SekumSva, 

gaTexevadeba, gafarToeba da  aorTqleba. es aris oTxi ZiriTadi procesi, 

romelic samacivro sistemaSi mimdinareobs. Sesabamisad samacivro 

sistemis ZiriTad elementebs warmoadgenen is mowyobilobebi, romlebic am 

procesebs uzrunvelyofen. 

     samacivro manqanebs, romlebSic sicivis misaRebad gamoiyeneba siTxis 

duRili, uwodeben orTqlis macivar manqanebs. ganvixiloT am manqanebSi 

mimdinare wriuli cikli ST −  entropiuli diagramis gamoyenebiT, sadac 

abscisTa RerZze mocemulia entropiis mniSvneloba ( S ), xolo ordinatTa 

RerZze – absoluturi temperatura (T ). romelime sistemis entropia ( S ) 

warmoadgens sistemis siTbosa (Q ) da misi absoluturi temperaturis (T ) 

fardobas.  
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     wriuli ciklis dros macivari agenti gadadis erTi agregatuli 

mdgomareobidan meoreSi da piriqiT. yvelaze ufro srulyofil cikls, 

romelSic ixarjeba yvelaze mcire muSaobis raodenoba, warmoadgens 

karnos ukucikli, romelic Sedgeba ori izoTermuli da ori adiabaturi 

procesebisgan. am ciklis Sesasruleblad ixarjeba muSaoba, ris 

Sedegadac xdeba siTbos arTmeva. 

 orTqlis kompresiuli macivari maqanis muSaobis principi aseTia 

(sur. 3.27): macivebeli agenti Seiwoveba kompresoris I mier, SeikumSeba muSa 

wnevamde da kondensirdeba kondensatorSi II. kondensatori aris aparati, 

romelmac unda uzrunvelyos cxeli airis gaciveba da gaTxevadeba. igi 

Sedgeba milebisagan, romlebSic gadis muSa nivTiereba, xolo milebs 

garedan uvlis macivebeli garemo. es ukanaskneli SeiZleba iyos haeri an 

wyali. am mowyobilobas aseve uwodeben Tbomcvlel aparats, radgan masSi 

xdeba siTbos gacvla muSa nivTierebasa da macivebel garemos Soris.  

           kondensatoridan gamosuli maRali wnevis siTxe gadis safarToebel 

mowyobilobaSi III, sadac misi wneva mkveTrad mcirdeba. aseTi mowyobiloba 

SeiZleba iyos droseluri an rogorc mas uwodeben Termomaregulirebeli 

ventili. masSi mimdinare procesis arsi aseTia: maRali wnevis nakadi gadis 

Seviwroebul areSi. 

 

Nsur. 3.27. orTqlis kompresiuli macivar-manqanis sqema 

 

          vinaidan nakads uWirs am SeviwroebaSi gasvla, misi wneva 

Seviwroebuli adgilis gavlis Semdeg mcirdeba. am process droselireba 

ewodeba. droselirebis Semdeg macivebeli agenti iwyebs intensiur 

aorTqlebas da gvaZlevs sicives. imisaTvis, rom es sicive gamoviyenoT 

macivars aqvs kidev erTi Tbomcvleli aparati IV, romelsac 

saorTqlebeli ewodeba.  magram am SemTxvevaSi muSa nivTiereba siTbos 

arTmevs gasacivebel garemos. vinaidan am aparatSi dabali temperaturaa, 

igi aucileblad unda iyos Tboizolirebuli. iseve, rogorc 
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kondensatorSi, aqac xdeba siTbos gadacema erTi garemodan meoreSi. 

aorTqlebis procesSi macivebeli agenti siTbos iRebs saorTqleblis 

garemomcveli sivrcidan. 

      ST −  diagramaze orTqli 1-2 xazze (sur. 3.28) adiabturad ikumSeba, 

xolo Semdeg 2-3 xazze izoTermulad kondensirdeba da siTbos nawils 

gadascems garemos kondensaciis kT  temperaturis  dros. kondensaciis 

Sedegad miRebuli siTxe 3-4 xazze adiabaturad farTovdeba da asrulebs 

L  muSaobas. cikli mTavrdeba 4-1 xazze izoTermuli gafarTovebiT, maSin  

rodesac siTxe orTqldeba da arTmevs siTbos gasacivebel ares 0T  

temperaturis dros. 

            Termodinamikis pirveli kanonis safuZvelze daxarjuli muSaoba ( L ) 

tolia arTmeuli (Q ) da miwodebuli ( 0Q ) siTboTa raodenobis sxvaobis  

                                                                    0QQL −= .                                               

     macivebeli agentis mier gasacivebeli arisaTvis warTmeul siTbos 

uwodeben danadgaris sicivis mwarmoeblurobas. kuTri sicivis 

mwarmoebluroba ( 0q ) ewodeba 1 kg macivebeli agentis mier arTmeul 

siTbos raodenobas, amasTan 00 GqQ = , sadac G - macivebeli agentis 

raodenobaa, romelic cirkulirebs danadgarSi (kg/wm). 

 

Nsur. 3.28. orTqlis kompresiuli macivar-manqanis  
ciklis sqema 

 

     samacivro danadgaris muSaobis efeqturoba xasiaTdeba samacivro 

koeficientiT ( ), romelic warmoadgens sicivis mwarmoeblurobis da 

daxarjuli muSaobis fardobas 

                                                                  
L

Q0= .                           

     gacemuli (Q ) da miRebuli ( 0Q ) siTbos raodenobebs izoTermul 

procesSi gansazRvraven Semdegi tolobebidan: 
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                                                                  )( 21 SSTQ −= ; 

                                                                 )( 2100 SSTQ −= ,                      

sadac 1S – muSa sxeulis entropiaa kondensaciamde, j/(kg. K ); 

       2S - muSa sxeulis entropia kondensaciis Semdeg, j/(kg. K ). 

     aRniSnuli gantolebebidan vRebulobT 

))(( 210 SSTTL −−= ;    

 
0

0

210

2100

))((

)(

TT

T

SSTT

SST

L

Q

−
=

−−

−
== . 

     samacivro koeficienti, rogorc wesi, erTze meti sididea da icvleba 

farTo sazRvrebSi kT  da  0T  temperaturebze damokidebulebiT. 
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IV Tavi. Tbomasagadacemis procesebi 
 

4.1. masacvlis procesis zogadi cnebebi 
 

teqnologiur process, romlis siCqare ganisazRvreba nivTierebis 

(masis) erTi fazidan meoreSi gadayvanis siCqariT, masacvlis procesi 

ewodeba, misTvis gankuTvnil aparats ki _ masacvlis aparati. masacvlis 

procesebis dros ori an meti faza uSualod exeba erTmaneTs. fazebis 

kontaqtis Sedegad erTi fazidan meoreSi an piriqiT gadadis komponentebi. 

aseT process masagadacemas uwodeben, romelic ZiriTadad difuziuri 

xasiaTisaa. difuziur procesSi erTmaneTs exeba  G  da L  fazebi. isini 

masacvlaSi ar monawileoben, magram matarebelni arian im M  nivTierebisa, 

romelic nawildeba am fazebs Soris. 

sawarmoo pirobebSi teqnologiuri procesi xSirad mimdinareobs 

4.1_e suraTze gamosaxuli sqemiT. sawyisi nedleuli miewodeba reaqtors, 

sadac igi mxolod nawilobriv gardaiqmneba reaqciis produqtad. 

reaqtoridan gamomavali produqtebis narevi miemarTeba gamyof aparatebSi, 

sadac xdeba narevis dayofa reaqciis produqtad da reaqciaSi Seusvlel 

produqtebad. es ukanaskneli brundeba reaqtorSi, xolo reaqciis 

produqti miewodeba Semdeg mowyobilobas. 

          

sur. 4.1. teqnologiur sqemaSi reaqtoris 
kavSiri gamyof aparatebTan 

 

reaqciasa da gamyof aparatebs Soris arsebobs mWidro 

teqnologiuri kavSiri. am kavSiris saerTo kanoni aseTia: rac naklebi 

sawyisi nedleuli gardaiqmneba reaqciis produqtad, miT meti datvirTva 

eqneba gamyof agregats da piriqiT. 

cxadia, rom reaqciasa da gamyof aparatze mosuli datvirTvebis 

optimaluri Sefardeba iwvevs minimalur sawarmoo danakargs anu procesis 

optimizacias. amrigad, sqemis ZiriTadi elementi _ reaqtori _ 

optimalurad muSaobs mxolod optimalurad momuSave gamyof agregatTan 

erTad.  
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gamyof agregatSi SeiZleba mimdinareobdes sxvadasxva procesi. maT 

Soris ZiriTadi da mniSvnelovania: absobrcia, reqtifikacia, eqstraqcia, 

kristalizacia, adsorbcia, Sroba, ioncvlis procesebi da membranuli 

dayofa. garda CamoTvlili ZiriTadi procesebisa, ganixileba aseve 

Termodifuzia da sxv. 

ganxiluli procesebisaTvis saerToa is, rom nivTierebis erTi 

fazidan meoreSi gadasvla ukavSirdeba konveqciur gadatanas da 

molekulur difuzias, amitom CamoTvlil procesebs uwodeben masacvlis 

anu difuziur procesebs. 

 

4.2. fazaTa Sedgeniloba 

 

fazaTa Sedgenilobas gamosaxaven  sxvadasxva erTeulebiT, amisaTvis 

iyeneben  woniT %-s, masur fardobiT wilads, molekulur procents, 

molekulur wilads da sxva. 

masuri fardobiTi wili aris narevis erTi romelime komponentis 

masis Sefardeba yvela komponentis masaTa jamTan. Tu komponentebis 

masebia AG , BG , CG  kg, maSin A ,B ,C  komponentebis masuri wili iqneba 

G

G

GGG

G
a A

CBA

A
A =

++
= ;    

G

G
a B

B = ;    
G

G
a C

C = ,  sadac 

+++ CBA GGG . . . G= . 

      romelime komponentis molebis ricxvis fardoba yvela komponentis 

molebis ricxvTa jamze aris am komponentis molebis wili, e.i 

n

n
X A

A = ;   
n

n
X B

B = ;   
n

n
X C

C = ,   sadac 

+++ cBA nnn . . . = n . 

     Tu komponentebi mocemulia masuri wilebiT, maSin komponentTa 

molTa ricxvi iqneba 

A

A
A

M

a
n = ;    

B

B
B

M

a
n = ;     

C

C

C
M

a
n = ,   

sadac Aa ; Ba ; Ca - komponentebis masuri wilebia; 

     AM ; BM ; CM - komponentebis molekuluri masebi. 
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4.3. masacvlis materialuri balansi da samuSao 

xazis gantoleba 

 

      masacvlis procesi umTavresad xorcieldeba fazebis moZraobiT 

erTmaneTis mimarT. davuSvaT gvaqvs ori faza G  da L , romlebic exebian 

erTmaneTs (sur. 4.2) da moZraoben urTierTsawinaaRmdego mimarTulebiT: G  

faza moZraobs aparatSi qvevidan zeviT. G  fazaSi ganawilebuli 

M nivTierebis koncentracia dasawyisSi aris sy  da aparatis boloSi by ; 

L  fazis moZraoba mimarTulia zevidan qveviT. am fazaSi M -is 

koncentracia aparatSi Sesvlisas aris sx , xolo aparatidan gamosvlisas 

bx . aparatis romelime nebismierad aRebul 0-0 kveTSi M -is 

koncentraciebi Sesabamisad aris x  da y . yvela es koncentracia 

masagadacemis aparatebis gaangariSebis dros mocemulia da maT muSa 

koncentraciebi ewodeba. 

 

Nsur. 4.2. fazebis moZraobis materialuri 
 balansisaTvis 

 
      davuSvaT, rom ganawilebuli M nivTiereba fazebis erTmaneTTan 

Sexebis Sedegad G  fazidan gadadis L  fazaSi. amis gamo 

sbbs LxLxGyGyM −=−=  an 

)()( sbb xxLyyGM −=−= c . 

      miRebuli gantolebebidan SeiZleba erT-erTi fazis gaangariSeba 












−

−
=

bs

sb

yy

xx
LG  kg, an  











−

−
=

sb

bs

xx

yy
GL  kg. 

      romelime 0-0 kveTisaTvis analogiurad gveqneba 

)()( xxLyyGM −=−= bs  anu 
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                           







−+= bs x

G

L
yx

G

L
y .                      (4.1) 

B    bolo gantolebaSi SemovitanoT aRniSvnebi: 
G

L
A =  da bs x

G

L
yB −= , 

romlebic wrfis gantolebis koeficientebia. amgvarad, (4.1) gantoleba 

miiRebs Semdg saxes: 

BAxy += . 

      es wrfis gantolebaa da mas muSa koncentraciis an samuSao xazis 

gantoleba ewodeba. 

 

4.4. fazaTa wonasworoba 

 

      gvaqvs ori faza _ G  da L , romlebic erTmaneTs ver Seereva, da am  

fazebSi ganawilebuli M  nivTiereba, romlis koncentracia G  fazaSi 

aris y , xolo L  fazaSi _ x . davuSvaT, rom procesis dasawyisSi M  

nivTiereba L  fazaSi ar aris ( 0=x ); iseT pirobebSi, rodesac G  da L  

faza erTmaneTs Seexeba, M  komponenti iwyebs gadasvlas G  fazidan L  

fazaSi. amis gamo misi y  koncentracia G  fazaSi TandaTan mcirdeba, 

xolo L  fazaSi x  koncentracia izrdeba. rogorc ki L  fazaSi M  

nivTiereba gaCndeba, maSinve aRiZvreba ukuprocesi: M gadasvlas iwyebs L  

fazidan G  fazaSi. pirvelad G -dan ufro meti gadadis L -Si, vidre 

piriqiT. magram dadgeba iseTi momenti, rodesac M  nivTiereba rogorc 

pirdapiri, ise ukumimarTulebiT erTi da imave raodenobiT gadava, e.i. 

damyardeba dinamikuri wonasworoba. 

     aseTi wonasworobis pirobebSi yovel nebismier x  koncentracias L  

fazaSi Seesabameba garkveuli wonasworuli wy  koncentracia G  fazaSi da 

piriqiT - yovel nebismier y  koncentracias G  fazaSi Seesabameba 

garkveuli wonasworuli wx  koncentracia L  fazaSi, e.i. 

)(xfy =w ;   )(yfx =w , 

sadac x  da y  aris M  nivTierebis muSa koncentraciebi G  da L  fazebSi, 

xolo wx  da wy - nivTierebis wonasworuli koncentraciebi amave fazebSi. 

     fazaTa Soris wonasworobis grafikuli gamosaxva mocemulia 4.3-e 

suraTze. abscisTa RerZze gadazomilia ganawilebuli nivTierebis x  
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koncentracia L  fazaSi, xolo ordinataze gadazomilia ganawilebuli 

nivTierebis y  koncentracia G  fazaSi. diagramaze mocemulia 

wonasworuli mrudi (OC ) da samuSao xazi ( AB ). 

 

Nsur. 4.3. masacvlis procesi, rodesac ganawilebuli  
nivTiereba gadadis G  fazidan L  fazaSi 

 

     wonasworuli mrudis gantoleba aris )(xfy =w , xolo samuSao xazis 

gantoleba - BAxy += . samuSao xazis ( x , y ) koordinatebi warmoadgenen 

muSa koncentraciebs. A wertilis sawyisi da saboloo koncentraciebi 

aris sx  da by , xolo B  wertilis koordinatebi Sebrunebulad bx  da sy . 

wonasworul mrudze yovel wonasworul ordinats ( wy ) Seesabameba 

gansazRvruli abscisa ( x ). diagramidan Cans, rom roca samuSao xazis y  

ordinati metia wonasworuli mrudis wy  ordinatze, maSin nivTiereba G  

fazidan gadava L  fazaSi. cxadia, rom masagadacemis mamoZravebeli Zala 

wyyy −=  da samuSao xazi iqneba wonasworuli mrudis zemoT. grafikidan 

agreTve Cans, rom y  sxvadasxva sididisaa masacvlis procesis (aparatis) 

sxvadasxva adgilas da rac ufro mcirea manZili samuSao xazsa da 

wonasworul mruds Soris, miT ufro naklebia masacvlis mamoZravebeli 

Zala.  

     mamoZravebeli Zala L  fazaSi SeiZleba gamoisaxos x  

koncentraciaTa sxvaobiTac. magaliTad, Tu nivTiereba G  fazidan gadadis 

L  fazaSi, maSin koncentraciaTa sxvaoba L  fazaSi iqneba x , xolo 

masacvlis mamoZravebeli Zala - xxx −= w . 
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     Tu samuSao xazis y  ordinati naklebia wonasworuli mrudis wy  

ordinatze, maSin nivTiereba  L  fazidan gadava G  fazaSi. cxadia, rom 

masagadacemis mamoZravebeli Zala yyy −= w  da samuSao xazi iqneba 

wonasworuli mrudis qveviT (sur. 4.4). 

 

Nsur. 4.4. masacvlis procesi, rodesac ganawilebuli  
nivTiereba gadadis  L  fazidan G  fazaSi 

 

     wonasworobis mruds SeiZleba hqondes sxvadasxva forma, rac 

damokidebulia x -sa da y -ze. 

 

4.5. masacvlis ZiriTadi gantoleba 

 

masacvlis procesis siCqare ( m.p.v ) aris erTi fazidan meoreSi 

erTeul droSi kontaqtirebis erTeul farTobze gadasuli nivTierebis 

raodenoba, e.i masacvlis procesis siCqare   


=

F

M
vm.p.  kg/m 2 .wm, 

sadac M aris ganawilebuli nivTierebis masa, kg; 

       F - kontaqtirebis farTobi, m 2 ; 

        - dro wm. 

     meore mxriv nebismieri procesis siCqare pirdapirproporciulia misi 

mamoZravebeli Zalis, kerZod mocemul SemTxvevaSi masacvlis procesis 

siCqare pirdapirproporciulia koncentraciaTa sxvaobis 

wyyy −= , 

sadac y  aris faqtobrivi anu muSa koncentracia, romelic mcirdeba, e.i. 

gadadis  G  fazidan L  fazaSi; wy  ki - wonasworuli koncentracia. 
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     garda amisa, yoveli procesis siCqare ukuproporciulia R  winaRobis. 

amgvarad, SeiZleba daiweros gantoleba 

R

y

F

M 
=


. 

     difuziuri procesisaTvis R  winaRobis Sebrunebul sidides 

uwodeben masagadacemis koeficients 

yK
R
=

1
  

     vinaidan masacvlis dros koncentraciebi ( y , x , wy , wx ) cvalebadia, 

amitom iyeneben saSualo koncentraciaTa sxvaobas ( saSy ), ris Sedegadac  

zemoT moyvanili gantoleba miiRebs Semdeg saxes: 

                                  saSyK
F

M
y=


  an   

                               saSyFKM y = .                         (4.2) 

     miRebuli (4.2) gantoleba warmoadgens masacvlis an masagadacemis 

ZiriTad gantolebas. 

     bolo gantolebidan masagadacemis koeficienti  

saSyF

M
K y


= . 

     rodesac masacvlis procesis mamoZravebeli Zala gansazRvrulia 

koncentraciaTa sxvaobiT ( saSy ), xolo koncentraciaTa sxvaobis 

erTeulad miRebulia kg/kg, maSin masagadacemis koeficientis ganzomileba 

iqneba yK = kg/m 2 .wm. 

     meore fazisaTvis masagadacemis ZiriTadi gantoleba daiwereba 

Semdegnairad 

saSxFKM x = , 

sadac xK  aris masagadacemis koeficienti meore fazisaTvis. mas igive 

ganzomileba aqvs, xolo ricxobrivad gansxvavebulia. 

     zogjer, rodesac sakontaqto zedapiris farTobi Zneli gasaan-

gariSebelia, iyeneben aparatis moculobas (V ) da masagadacemis ZiriTadi 

gantoleba gamoisaxeba Semdegnairad: 

saSyVKM vy = ; 

saSxVKM vx = . 
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4.6. absorbcia 
 
 absorbcia ewodeba airis an orTqlis narevis erTi an ramdenime 

komponentis SerCeviTi STanTqmis (gamoyofis) process Txevadi 

STamnTqmelis mier. aRniSnul Txevad STamnTqmels absorbenti ewodeba.  

absorbciis procesi emyareba siTxeSi airis xsnadobis movlenas. es 

procesi aris SerCeviTi da Seqcevadi, ris gamoc igi SeiZleba gamoviyenoT 

ara marto siTxisa da airis xsnarebis misaRebad, aramed siTxidan airisa 

da orTqlis gamosayofadac. sxva SemTxvevaSi SerCeviTi absorbciis gziT 

airebis an orTqlis narevidan SesaZlebelia desorbcia _ anu am 

komponentebis gamoyofa siTxidan. amgvarad xorcieldeba siTxeebis 

gayofis procesi. regenerirebuli absorbenti kvlav brundeba 

ganmeorebiTi absorbciisaTvis.  

 arsebobs ori saxis absorbcia _ fizikuri da qimiuri. fizikuri 

absorbciis SemTxvevaSi airis gaxsnis process ar axlavs qimiuri reaqcia. 

qimiuri absorbciis dros absorbirebuli komponenti qimiur reaqciaSi 

Sedis Txevad fazasTan.  

      absorbciis procesis warmarTvisaTvis saWiro mowyobilobebi 

sakmaod martivia, ris gamoc isini farTod gamoiyeneba teqnikaSi. 

 

4.6.1. absorbciis materialuri balansi  

 

4.5-e suraTze naCvenebia siTxisa da airis nakadebis  moZraobis sqema 

absorbciul aparatSi. SemovitanoT Semdegi aRniSvnebi:  

G - airSemcvelis xarji, kg/wm; 

L - STamnTqmeli siTxis xarji, kg/wm; 

sy - airidan STanTqmuli komponentis Semcveloba aparatSi Semaval 

    airSemcvelSi; 

by - airidan STanTqmuli komponentis Semcveloba aparatidan gamaval 

    airSi; 

sx - STamnTqmeli komponentis Semcveloba Txevad fazaSi aparatis  

    SesasvlelSi; 

bx - STamnTqmeli komponentis Semcveloba Txevad fazaSi aparatis  

    gamosasvlelSi; 
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Nsur. 4.5. siTxisa da airis nakadebis  moZraobis  
sqema absorbciul aparatSi 

 
nivTierebis Senaxvis kanonis safuZvelze SeiZleba STanTqmuli 

komponentisaTvis SevadginoT materialuri balansis gantoleba 

                      )()( bssb yyGxxL −=− ,                    (4.3) 

aqedan STamnTqmeli siTxis kuTri xarjisTvis gveqneba 

                           
sb

bs

xx

yy

G

L
l

−

−
== .                        

materialuri balansis (4.3) gantoleba gviCvenebs damokidebulebas 

STanTqmadi komponentis orive fazaSi koncentraciebsa da airSemcvelis 

raodenobas Soris.  

yx −  koordinatebSi agebuli (4.3) gantolebis Sesabamisia wrfis 

monakveTi CD  (sur. 4.6).  

 

sur. 4.6. absorbciis samuSao monakveTis ageba 

 

am monakveTis yoveli wertili gviCvenebs Txevad da airad fazebSi 

STanTqmadi komponentis Semcvelobis damokidebulebas aparatis ama Tu im 

kveTSi. am monakveTs ewodeba absorbciis procesis muSa monakveTi.  

absorbciis SemTxvevaSi OA wonasworobis monakveTi gaivlis muSa 

monakveTze qveviT. muSa da wonaworebis monakveTebs Soris daSoreba 

vertikalze gansazRvravs absorbciis procesis mamoZravebel Zalas da 

gviCvenebs rogor icvleba igi aparatis simaRlis mixedviT. 
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Tu muSa monakveTi gaivlida wonasworobis monakveTis qveviT, maSin 

adgili eqneboda desorbcias, anu gansaxilveli komponentis gamoyofas 

siTxidan airad fazaSi. am SemTxvevaSi (4.3) gantoleba miiRebs Semdg saxes 

sb

bs

yy

xx

L

G
l

−

−
== . 

     desorbciis dros G  niSnavs desorbentis raodenobas, xolo 
L

G
l =  - 

warmoadgens desorbentis kuTr xarjs. 

 

A4.6.2. absorbciis principuli sqemebi 

 

 teqnikaSi gamoiyeneba absorbciis Semdegi ZiriTadi sqemebi: pirdapiri 

dinebis, winaRdeniani, erTsafexuriani recirkulaciiT da 

mravalsafexuriani recirkulaciiT. 

 absorbciis procesSi pirdapiri dinebis sqemiT nivTierebaTa 

urTierTqmedebis (sur. 4.7, a) SemTxvevaSi airisa da absorbentis nakadebi 

moZraoben erTmaneTis paralelurad.  

 

                   N      sur. 4.7. absorbciis sqemebi: 
                      a_pirdapiri dinebis, b_winaRdeniani 
 

     aseTi dinebis procesSi, ganawilebuli nivTierebis ufro maRali 

koncentraciis airi kontaqtSia am nivTierebis dabali koncentraciis 

siTxesTan, xolo ufro dabali koncentraciis airi aparatis 

gamosasvlelSi kontaqtSia siTxesTan, romelsac aqvs ganawilebuli 

nivTierebis ukve amaRlebuli koncentracia.   

 winaRdeniani sqemis (sur. 4.7,b) SemTxvevaSi aparatis erT boloSi 

erTmaneTTan kontaqtSia ganawilebuli nivTierebis maRali 

koncentraciebis airi da siTxe, xolo meore boloSi _ dabali 

koncentraciis. 
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4.7. adsorbcia 

 

     adsorbcia aris airebis an siTxis STanTqma myari sxeulebiT, 

romlebsac adsorbentebs uwodeben, xolo STanTqmul nivTierebas – 

adsorbtivs. imisaTvis, rom es procesi iyos efeqturi myari sxeulis 

zedapiri unda iyos didi. amitom adsorbciisaTvis iyeneben forovan 

sxeulebs, romlebsac gaaCniaT didi sakontaqto zedapiris farTobi. 

     adsorbciis procesis damaxasiaTebeli Taviseburebaa SerCeviToba da 

Seqcevadoba. procesis Seqcevadobis gamo SesaZlebelia airebis narevidan 

an xsnarebidan erTi an ramdenime komponentis STanTqma, Semdeg ki, 

gansazRvrul pirobebSi – maTi gamoyofa adsorbentidan. adsorbciis 

Seqcevad process desorbcia ewodeba. 

     kvebis mrewvelobaSi adsorbcia gamoiyeneba wyal-spirtis narevis 

gasawmendad; spirtis dasaWerad warmoebis procesSi; Saqris warmoebaSi 

difuziuri wvenis da Saqris sirofis gasawmendad da mraval sxva 

procesSi. 

     ganasxvaveben fizikur da qimiur adsorbcias. fizikur adsorbcias 

adgili aqvs adsorbentis da adsorbtivis molekulebis urTierTmizidvis 

dros. fizikuri adsorbciis dros ar xdeba qimiuri urTierTqmedeba 

adsorbirebul airsa da adsorbents Soris. 

     qimiuri adsorbcia xasiaTdeba STanTqmuli nivTierebisa da 

adsorbentis molekulebs Soris kavSiris warmoqmniT, rac qimiuri 

reaqciis Sedegia. 

     adsorbentebis saxeebi. kvebis sawarmoebSi farTod iyeneben Semdeg 

adsorbentebs: aqtiur naxSirs, Zvlis naxSirs, silikogelebs, ciolitebs, 

Tixas da sxva bunebriv adsorbentebs. adsorbenti, romelic uSualo 

kontaqtSia produqtebTan, biologiurad uvnebeli anu aratoqsikuri da 

mtkice, unda iyos, raTa ar daanagvianos produqti. 

     adsorbentebs axasiaTebs didi kuTri zedapiri anu nivTierebis 

erTeuli masis zedapiri. adsorbentebs aqvT gansxvavebuli diametris 

forebi, romlebic SeiZleba daiyos makroforebad (2.10 4−  mm-ze meti), 

gardamaval forebad (6.10 6− ... 2.10 4− ) da mikroforebad 2.10 6− -dan 6.10 6− mm-mde. 

forebis zomebze didad aris damokidebuli adsorbciis xasiaTi. 
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     adsorbenti xasiaTdeba STanTqmis aqtiurobiT, romelic 

ganisazRvreba erTeuli masis an moculobis adsorbentis mier STanTqmuli 

nivTierebis raodenobiT. adsorbentis maqsimalur STamnTqmel unarianobas, 

gansazRvruli temperaturis, wnevisa da koncentraciis dros, ewodeba 

wonasworuli aqtiuroba. mrewvelobaSi iyeneben adsorbentebs 2...7 mm 

diametris granulebis an 50...200 mkm zomis fxvniliseburi nawilakebis 

saxiT. 

          adsorbenti xasiaTdeba statikuri da dinamikuri aqtiurobiT. 

muSaobis garkveuli periodis Semdeg adsorbenti veRar STanTqavs srulad 

komponents da SeiniSneba am komponentis ~gaRweva~ adsorbentis fenis 

gavliT. am momentidan gamaval orTql_airis narevSi STasanTqavi 

komponentis koncentracia izrdeba wonasworobis aRdgenamde. 

adsorbentis masis (an moculobis) erTeulis mier STanTqmuli 

nivTierebis raodenoba adsorbciis dawyebidan ~gaRwevis~ dawyebamde, 

gansazRvravs adsorbentis dinamikur aqtiurobas. adsorbentis masis 

(moculobis) erTeulis mier STanTqmuli nivTierebis raodenoba 

adsorbciis dawyebidan wonasworobis aRdgenamde axasiaTebs adsorbentis 

statikur aqtiurobas (wonasworul aqtiurobas). 

statikuri da dinamikuri aqtiurobebi damokidebulia narevis 

temperaturasa da adsorbentis mier STanTqmuli komponentis 

koncentraciaze. 

 

A4.7.1. adsorbciis procesis principuli sqemebi 

 

Aadsorbciis procesis sxvadasxva principuli sqema warmodgenilia 

4.8-e suraTze. marcvlovani adsorbentebis gamoyenebis SemTxvevaSi 

mimarTaven sqemebs uZravi (a) da moZravi (b) adsorbentiT. 

Ppirvel SemTxvevaSi procesi mimdinareobs periodulad (sur. 4.8,a). 

Tavdapirvelad adsorbentis gavliT gaatareben orTql-airis G  narevs da 

gaamdidreben mas STasanTqavi nivTierebiT. amis Semdeg gaatareben 

STamnTqmel B  nivTierebas an acxeleben adsorbents, riTic miiRweva 

desorbcia (adsorbentis regeneracia). 

Mmeore SemTxvevaSi L  adsorbenti cirkulirebs Caketil sistemaSi. 

Mmisi gamdidreba xdeba aparatis zeda (adsorbciul) zonaSi (sur. 4.8,b). 
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Ffxvnilis saxis adsorbentebis gamoyenebis SemTxvevaSi mimarTaven 

sqemas cirkulirebuli fsevdogaTxevadebuli adsorbentiT (sur. 4.8,g). 

 

        Nsur. 4.8. adsorbciuli procesebis principuli sqemebi 

 

4.7.2. adsorberebi da adsorbciuli danadgarebis sqemebi 

 

     adsorberi procesis organizaciis mixedviT orgvaria: perioduli da 

uwyveti qmedebis. perioduli qmedebis adsorberic orgvari arsebobs: 

adsorbentis uZravi da fsevdogaTxevadebuli feniT. yvelaze ufro 

gavrcelebuli konstruqciaa vertikaluri cilindruli adsorberi (sur. 

4.9).  

 

Nsur. 4.9. adsorbentis uZrav feniani adsorberi 

  

     granulirebuli adsorbentis fena (4) aparatSi itvirTeba korpusis (1) 

saxuravze gakeTebuli liukebidan da Tavsdeba cxauraze (2). adsorbentis 

aparatidan gadmotvirTva xdeba qveda gverdiT zedapirze gakeTebuli 
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liukidan. sawyisi orTql-airis narevi aparatSi Sedis saxuravis 

centraluri milyeliT, xolo mwvave orTqlis miwodeba xdeba aparatis 

ZirSi moTavsebuli saqSenidan (3). 

     warmodgenil adsorberSi procesi mimdinareobs oTx stadiad: 

adsorbcia, desorbcia, Sroba, adsorbentis gaciveba. adsorbirebuli 

nivTierebis desorbcia adsorbentidan warmoadgens teqnologiuri 

procesis aucilebel stadias, romelic wyvets or amocanas: nivTierebis 

gamoyofas da adsorbentis regeneracias. 

     desorbciis ZiriTadi meTodia adsorbentidan STanTqmuli 

komponentis gamodevna iseTi nivTierebebiT, romelTac aqvT ukeTesi 

adsorbciuli Tvisebebi (magaliTad, wylis najeri orTqli). desorbciis 

siCqaris gasazrdelad process xSirad atareben momatebul temperaturaze. 

     uZravi adsorbentis rgolurfeniani vertikaluri cilindruli 

adsorberis (sur. 4.10) daniSnulebaa orTql-airis narevidan komponentebis 

STanTqma.  

 

Nsur. 4.10. adsorbentis rgolur feniani adsorberi 

 

     adsorberi warmoadgens vertikalur korpuss (1), romlis SigniT (2) 

da (3) perforirebul badeebs Soris moTavsebulia adsorbentis rgoluri 

fena (4). orTql-airis narevi miewodeba adsorberis qveda nawilidan da 

nawildeba aparatis rgolur kveTSi. adsorbentis fenis gavlis Semdeg 

gawmendili orTql-airis narevi gamodis centraluri milidan. desorbciis 

stadiaze wylis orTqli miewodeba centraluri milidan. desorbirebuli 

komponentebis da wylis narevi gamodis korpusis qveda gverdiT zedapirze 
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gakeTebuli milyelidan. adsorbentis gasaSrobad aparatSi awvdian cxel 

haers, xolo gasaciveblad – civs. adsorbentis gacivebis Semdeg muSaobis 

cikli meordeba. adsorbentis CatvirTva xorcieldeba adsorberis 

saxuravze arsebuli liukebidan, xolo gadmotvirTva – qveda nawilSi 

gakeTebuli sadinaridan. 

     fsevdogaTxevadebul feniani adsorberi (sur. 4.11) Sevsebulia 

wvrilmarcvlovani adsorbentiT. sawyisi narevi miewodeba korpusSi (1) 

Cadgmuli manawilebeli badis  (2) qveda aridan iseTi siCqariT, romelic 

aRemateba adsorbentis nawilakebis fsevdogaTxevadebas. amasTan, fena 

farTovdeba da gadadis moZrav mdgomareobaSi. adsorbciis Catareba 

fsevdogaTxevadebul fenaSi mniSvnelovnad uwyobs xels masacvlis 

procesis intensifikacias da amcirebs mis xangrZlivobas. 

     4.12-e suraTze warmodgenilia fsevdogaTxevadebul feniani erTsafe-

xuriani adsorberi. igi Sedgeba vertikaluri cilindruli korpusisagan 

(1), romlis SigniT moTavsebulia airmanawilebeli bade (2) da ciklonis 

tipis mtvermWeri mowyobiloba (3). adsorbenti aparatSi itvirTeba zemodan 

miliT (4) da gamodis qvemodan miliT (5).  

                              

   sur. 4.11. fsevdogaTxevadebul                sur. 4.12. erTsafexuriani  
       feniani adsorberi                                adsorberi 
 

     sawyisi orTqlairis narevi adsorberSi Sedis siCqariT, romelic 

aRemateba adsorbentis nawilakebis fsevdogaTxevadebis dawyebas. narevi 

aparatSi Sedis qveda milyelidan (7) airmanawilebeli badis (2) qveda 

aridan, xolo gamodis zeda milyelidan (6) mtvermWeri mowyobilobis (3) 

gavliT. 
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     mravalsafexuriani adsorbcia fsevdogaTxevadebul SreSi mimdinare-

obs cilindrul aparatSi (1) (sur. 4.13), romelsac gakeTebuli aqvs 

Taroebad dawyobili airmanawilebeli badeebi (2).   

     badeebi aRWurvilia adsorbentis CamosaSvebi milebiT (3), romlebic 

ganlagebulia erTmaneTis mimarT Wadrakiseburad. adsorbenti moZraobs 

zemodan qvemoT, xolo airi _ qvemodan zemoT.  

     aqtivirebuli adsorbenti Semodis aparatSi milyeliT (4) da erTi 

Tarodan meoreze Camodis qvemoT Setivtivebul mdgomareobaSi. milebis (3) 

Wadrakiseburi ganlageba uzrunvelyofs Taroebze adsorbentis sasurveli 

sisqis fenis miRebas. garda amisa, adsorbenti aparatSi moZraobs 

zigzagiseburad, riTac izrdeba misi gadaadgilebis manZili da aparatSi 

yofnis xangrZlivoba. namuSevari adsorbenti gamodis seqtorebiani 

Camketis (5) gavliT. gasawmendi airis narevi aparatSi Sedis miltuCiT (6) 

da gasufTavebuli gamodis miltuCidan (7). 

 

sur. 4.13. mravalsafexuriani adsorberi 

 

     wyal-spirtis narevis gasawmendi ganadgari (sur. 4.14). sawyisi masala 

ifiltreba keramikul filtrebSi (1) da Semdeg gadadis adsorberebSi (2). 

aqtivirebuli naxSiris masa erT cilindrul adsorberSi Seadgens 250-dan 

300 kg-mde. naxSiri iyreba adsorberis manawilebel badeze. wyal-spirtis 

narevs awvdian adsorberis manawilebeli badis qveda aridan. namuSevari 

aqtivirebuli naxSiris regeneracias awarmoeben adsorberSi 115 C0  
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temperaturis cxeli wylis orTqlis gatarebiT naxSiris fenaSi zevidan 

qveviT. ori periodulad momuSave adsorberi uzrunvelyofs danadgaris 

uwyvet muSaobas. 

 

sur. 4.14. wyal-spirtis narevis aqtivirebuli naxSiris  
uZrav fenaSi gavliT gasawmendi ganadgari: 

1,3- filtrebi; 2- adsorberebi; 4- macivar-kondensatori; 
5,6- tevadobebi 

 

4.8. gamoxda da reqtifikacia 

 

     gamoxda da reqtifikacia yvelaze ufro gavrcelebuli meTodebia ori 

an meti aqroladi komponentisagan Sedgenili Txevadi erTgvarovani 

narevis gasayofad. gamoxdas iyeneben narevebis uxeSad gayofisas, xolo 

Tu sizustea saWiro, maSin _ reqtifikacias. 

     gamoxdis da reqtifikaciis procesebi dafuZnebulia erTi da imave 

temperaturis pirobebSi narevis komponentebis gansxvavebul aqroladoba-

ze. narevis komponents, romelsac aqvs maRali aqroladoba ewodeba 

advilad aqroladi, xolo komponents, romelsac aqvs susti aqroladoba 

ewodeba Znelad aqroladi. maT uwodeben agreTve dabali da maRali 

duRilis komponentebs. 

     gamoxdis an reqtifikaciis Sedegad sawyisi narevi iyofa advilad 

aqroladi komponentiT gamdidrebul distilatad da Znelad aqroladi 

komponentiT gamdidrebul kubis narCenad. distilats iReben orTqlis 

kondensaciis Sedegad kondensator-deflegmatorSi, xolo kubis narCenebs 

_ danadgaris kubSi. 
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     martiv SemTxvevaSi sawyisi narevi Sedgeba ori komponentisagan da 

uwodeben binaruls. Txevadi narevebi mniSvnelovnad gansxvavdebian 

TavianTi fizikur-qimiuri TvisebebiT. komponentebis urTierTxsnadobidan 

gamomdinare binaruli narevebi SeiZleba gavyoT komponentebis SeuzRudavi 

xsnadobis, urTierTaraxsnadi komponentebis da erTmaneTSi nawilobrivad 

xsnadis komponentebis narevebad. 

     SeuzRudavi xsnadobis komponentebis narevi Tavisi Tvisebebis 

mixedviT SeiZleba iyos ideluri da realuri. 

     narevs idealurs uwodeben, Tu misi komponentebis Serevisas siTbo 

arc gamoiyofa da arc STainTqmeba. ar icvleba narevis moculobac.  

     realuri Txevadi narevi xasiaTdeba komponentebis Serevis siTbosa da 

moculobis cvlilebiT. am narevSi iTvaliswineben orTqlis fazis 

molekulebis urTierTmoqmedebas, maT skuTar moculobebs da a.S. 

     urTierTuxsnadi an SezRuduli xsnadobis siTxeebi. A da B  

komponentebis sruli uxsnadobis SemTxvevaSi, maTi molekulebis 

urTierTmoqmedebis Zalebi nulis tolia da yoveli maTgani 

damoukidebelia meorisagan. aseTi narevi duRs wnevaze 

BA PPP += . 

     Kkomponentebis uxsnadobis pirobebSi nebismieri komponentis parci-

aluri wneva tolia misi najeri orTqlis wnevisa imave temperaturaze. 

 

4.8.1. martivi gamoxda 

 

      gamoxda aris Txevadi narevis erTjeradi, nawilobrivi aorTqlebis 

da warmoqmnili orTqlis kondensaciis procesi. martivi gamoxda SeiZleba 

tardebodes fraqciebis gamoyofiT, deflegmaciiT, wylis orTqlis an 

vakuumis gamoyenebiT. 

      fraqciuli gamoxdis arsi aris gamosaxdel kubSi (1) (sur. 4.15) arse-

buli siTxis TandaTanobiT aorTqleba. warmoqmnili orTqli gaedineba 

macivarSi (2) da iq kondensirdeba, distilati ki grovdeba SemkrebSi (3). 

gamoxdis narCenebi kubidan gamoaqvT procesis damTavrebis Semdeg. kubis 

gacxeleba xorcieldeba najeri wylis orTqliT an kvamluri airebiT. 
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      martivi gamoxdis materialuri balansis Sesadgenad davuSvaT, rom 

drois garkveul   momentSi gamosaxdel kubSi moTavsebulia L  kg narevi 

dabali duRilis temperaturis komponentis koncentraciiT x . 

 

Nsur. 4.15. martivi gamoxdis danadgari: 
1-kubi; 2-kondensatori; 3-distilatis Semkrebebi 

 

      davuSvaT, rom drois usasrulod mcire d  monakveTSi orTqldeba 

dL  kg. maSin siTxis raodenoba da misi Sedgeniloba icvleba da 

Sesabamisad iqneba ( dLL − ) da ( dxx − ). drois am monakveTSi warmoqmnili 

orTqlis raodenoba tolia siTxis raodenobis Semcirebis ( dL ), xolo 

misi Sedgeniloba y  Tanawonadia x -is. aqroladi komponentis Semcveloba 

siTxeSi gansaxilveli drois dasawyisSi aris Lx , xolo boloSi – 

( ))( dxxdLL −− . amave droSi aorTqlebuli aqroladi nivTierebis raodenoba 

tolia ydL . amrigad, materialuri balansis gantoleba aqroladi 

komponentis mimarT mocemuli drois intervalSi SeiZleba daiweros 

Semdegnairad: 

Lx =( ))( dxxdLL −− + ydL . 

      Tu gavxsniT fCxilebs da ugulvebelvyofT usasrulod mcire dLdx  

sidides miviRebT 

dLxyLdx )( −=  anu  dL / L= )/( xydx − . 

      komponentebis gayofis xarisxis amaRleba SesaZlebelia martivi 

gamoxdis dros deflegmaciis gamoyenebiT (sur. 4.16). am SemTxvevaSi 

kubidan 1 gamomavali orTqli Sedis deflegmatorSi (4), sadac igi 
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kondensirdeba nawilobriv. nawilobrivi kondensaciis dros upiratesad 

kondensirdeba maRali duRilis temperaturis mqone komponenti, xolo 

orTqli mdidrdeba dabali duRilis temperaturis mqone komponentiT. 

deflegmatorSi miRebuli kondensati (flegma) brundeba gamosaxdel 

aparatSi U –s magvari miliT (3), romliTac warmoiqmneba hidravlikuri 

saketi. es ukanaskneli ewinaaRmdegeba kubidan orTqlis gamosvlas 

deflegmatoris gverdis avliT. deflegmatorSi arakondensirebuli 

orTqli gadadis Txevad fazaSi kondensatorSi (2), saidanac gamoiyofa 

distilatis saxiT. 

 

Nsur. 4.16. deflegmaciiT martivi gamoxdis sqema  

  

       wylis orTqliT gamoxdas mimarTaven wyalSi uxsnadi komponentebis 

sawyisi narevis 100 C0 -ze meti duRilis temperaturis Semcirebis mizniT. 

orTqlis saerTo wneva xsnarze tolia sufTa komponentebis wnevaTa 

jamisa imave temperaturaze ( BA PPP += ). Sesabamisad, atmosferuli wnevis 

dros wylis orTqlis parcialuri wneva xsnarze 

PPPP A −=wy  

      wylis orTqliT gamoxdis danadgaris sqema naCvenebia 4.17-e suraTze. 

sawyisi narevi itvirTeba gamosaxdel kubSi (1), romelSic moTavsebulia 

klaknila gamcxelebeli (2). kubis SigniT, sawyis masaSi, miliT (3) Sedis 

wylis mwvave orTqli, romelic barbotirebs masSi da iwvevs duRils. 

duRilis dros warmoqmnili orTqli gadadis kondensatorSi (4) Semdeg ki 

separatorSi (5), saidanc gamoiyofa wyali da wyalSi uxsnadi susti 

aqroladobis komponenti, romelic grovdeba SemkrebSi. 

      aparatSi Seyvanili wylis orTqlisa da gamoyofili komponentis 

raodenobaTa Tanafardoba SeiZleba ganisazRvros daltonis kanonis 

Tanaxmad 
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sur. 4.17. wylis orTqliT gamoxdis danadgaris sqema 

 

                                
P

P
y

k

k = ,  
P

P
y

wy

wy = , 

sadac  kP  da wyP - Sesabamisad gamoyofili komponentis da wylis orTqlis 

                    wnevebia; 

       ky  da wyy  _ komponentisa da wylis koncentraciebi moluri  

                    wilebiT. 

Sesabamisad miviRebT 

                      
wy

k

wy

k

P

P

y

y
=     anu       

wywy

kk

wy

k

MP

MP

G

G
= ,              

sadac    kG   -  gamoyofili komponentis masaa; 

   kM  da wyM _ komponentisa da wylis molekuluri masebi; 

           wyG  _ wylis orTqlis masa. 

 

4.8.2. reqtifikacia 

 

 reqtifikacia aris erTgvarovani siTxeebis gayofa Semadgenel 

komponentebad siTxis mravaljeradi aorTqlebiT da orTqlis 

kondensaciiT Txevadi da airadi fazebis winaRdeniTi urTierTqmedebis 

Sedegad. reqtifikaciis dros narevidan ori an ramdenime gansxvavebuli 

duRilis temperaturis mqone nivTiereba gamoiyofa ramdenadme sufTa 

saxiT. es miiRweva narevis gacxelebiT da aorTqlebiT Semdgomi Tbo-

masacvliT Txevad da orTqlis fazebs Soris. amis Sedegad advilad 
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aqroladi komponentis nawili gadadis Txevadi fazidan orTqlSi, xolo 

naklebad aqroladi komponentis nawili – orTqlis fazidan TxevadSi. 

      gamoxdis procesisagan gansxvavebiT reqtifikaciiT narevis gayofa 

xdeba ufro srulad da miiReba maRali sisufTavis distilati. 

      reqtifikaciis process axorcieleben  sareqtifikacio danadgarze, 

romelic Seicavs sareqtifikacio svets, deflegmators, macivar-

kondensators, sawyisi masis gamcxelebels, distilatisa da narCenis 

Semkrebs. deflegmatori, macivar-kondensatori da gamcxelebeli Cveuleb-

rivi Tbomcvleli aparatebia. danadgaris ZiriTadi aparatia sareq-

tifikacio sveti, romelSic narevis orTqli adis qvevidan zeviT. 

Semxvedri mimarTulebiT Camoedineba siTxe, romelic aparats miewodeba 

mis zeda nawilSi flegmis saxiT. klasikuri sveti warmoadgens 

vertikalur cilindrs, romlis SigniT ganlagebulia sakontaqto 

mowyobilobebi sxvadasxva konstruqciis TefSebis saxiT. 

     sareqtifikacio aparati arsebobs ori saxis – perioduli da uwyveti 

qmedebis. uwyveti qmedebis aparatis sqema warmodgenilia 4.18-e suraTze. 

     aparati Sedgeba svetisagan (1), deflegmatorisagan (2) da macivrisagan 

(3). sveti iyofa or nawilad. a  nawili imyofeba narevis aparatSi 

Sesasvlelze maRla. am nawils ewodeba Semagrebis kolona.  b  kolonaSi 

orTqlsa da Txevad fazebs Soris myardeba mWidro kontaqti. 

      deflegmatoris ZiriTadi daniSnulebaa svetis Semamagrebeli 

nawilis kveba flegmiT, romelic Seicavs gasayof komponentebs. macivarSi 

(3) kondensirdeba distilatis orTqli, romelic Sedis deflegmatoridan. 

     aparatSi Sedis binaruli narevi )( BA+ , romelic Seicavs A da B  

komponentebs. maTgan A -s aqvs dabali duRilis temperatura. am 

komponentebis gacxelebuli narevi Sedis  kolonaSi da Caedineba qveviT 

TefSidan TefSze gadasxmiT. Semxvedri mimarTulebiT moZraobs orTqli, 

romlis misaRebad kolonis qveda nawilSi Sedis gamcxelebeli wylis 

orTqli. fazebis kontaqtis Sedegad dabali duRilis temperaturis mqone 

komponenti Txevadidan gadadis orTqlis fazaSi. Ksvetidan gamomavali 

narCeni ZiriTadad Seicavs maRali duRilis temperaturis mqone 

komponents, xolo orTqli, romelic Sedis Semagrebis svetSi TiTqmis 

mTlianad Seicavs dabali duRilis temperaturis mqone komponents. 
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                     sur. 4.18. sareqtifikacio aparati 

 

     svetis Semamagrebeli nawilis daniSnulebaa A komponentis 

koncentraciis amaRleba. amisaTvis deflegmatoridan Semamagrebeli svetis 

zeda TefSze Caedineba flegma, romelic Seicavs A komponentis maRal 

procents. Cadinebis procesSi flegma gadascems Tavis dabali duRilis 

temperaturis mqone komponents orTqls, xolo TviTon orTqlidan miiRebs 

maRali duRilis temperaturis mqone komponents. aseTi masaTacvlis 

Sedegad, svetidan deflegmatorSi Semavali orTqli mdidrdeba A 

komponentiT. gamdidrebuli orTqli nawilobriv kondensirdeba 

deflegmatorSi da warmoqmnis flegmas. arakondensirebuli orTqli Sedis 

macivarSi da warmoqmnis distilats. 

      4.19-e suraTze mocemulia sareqtifikacio svetis sakontaqto 

TefSebze fazebis moZraobis sqema. 

      sareqtifikacio svetSi (1), erTmaneTis Tavze, moTavsebulia ramdenime 

sakontaqto TefSi (2), romelTa Tavze moTavsebulia xufi (3). yovel TefSs 

aqvs Wiqa (4), romelic asrulebs hidravlikuri saketis rols. xufis (3) da 

Wiqis (4) forma da urTierTganlageba  aiZulebs orTqls gaiaros Txevad 

fazaSi (narevSi). miliT (5) zeda TefSidan qvedaze Camodis kondensati. 

mili (5) doniT aweulia TefSis (2) mimarT, ris gamoc kondensati TefSze 

ikavebs garkveul fenas. qveda TefSidan  orTqli milyelis gavliT adis 
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zemoT da xvdeba xufis (3) qveda zedapirs. vinaidan orTqls sxva 

gasasvleli ara aqvs, igi gadis kondensatis fenaSi da aorTqlebs 

kondensatSi myof advilad aqrolad komponents. 

 

sur. 4.19. sareqtifikacio svetis sakontaqto  
TefSebze fazebis moZraobis sqema 

 

      erTi TefSidan meoreSi gavlis dros (kondensaciis Sedegad) 

orTqli kargavs Znelad aqrolad komponents, romelic zeda TefSidan 

Camodis qvedaze. qveda TefSidan asuli orTqli advilad aqrolad 

komponentTan erTad Seicavs Znelad aqrolad komponentsac, romelsac 

aqvs ufro maRali duRilis temperatura. amitom orTqli qveda TefSidan 

zeda TefSze asvlis Sedegad aorTqlebs advilad aqrolad komponents. 

amrigad, sareqtifikacio svetis qveda nawilidan zemoT orTqlis 

moZraobis dros xdeba orTqlis gamdidreba advilad aqroladi 

komponentiT, xolo siTxis moZraobis Sedegad svetis zeda nawilidan 

qvemoT xdeba siTxis (kondensatis) gamdidreba Znelad aqroladi 

komponentiT.  

      4.20-e suraTze mocemulia sakontaqto TefSebis sxvadasxva konstruq-

cia, romlebic arsebobs: Talfaqiani (sur. 4.20,a); mravalTalfaqiani (sur. 

4.20,b); mravalsarqvliani (sur. 4.20,g), badiani da sxv. kolonis sakontaqto 

TefSebi aRWurvilia fazebis gasasvleli elementebiT. 

      TefSebis raodenobis grafikuli gansazRvrisaTvis gamoviyenoT 

fazebis koncentraciis 0 xykoordinatTa sistemaSi agebuli koncentraciis 

OAD  mrudi (sur. 4.21). 

     wonasworobis mrudze aorTqlebis procesi gamoisaxeba Sveuli LN  

monakveTiT, romelic wonasworobis mruds kveTs sawy  wertilSi. orTqlis 
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kondensaciis procesi xasiaTdeba Tarazuli monakveTiT, romelsac 

avleben N  wertilidan ( sawy ) OD  diagonalis gadakveTamde (C  wertili). 

        

                  sur. 4.20. sakontaqto TefSebis konstruqciebi: 

  a) Talfaqiani – 1-Talfaqi, 2-gadasasxmeli Wiqa; b) mravalTalfaqiani – 
1-Talfaqi, 2- Txevadi fazis gadasasvleli Tamasebi, 3 - gadasasxmeli xvreli;  
g) mravalsarqvliani – 1-sarqveli, 2- Txevadi fazis gadasasvleli Tamasebi,  

3- Txevadi fazis gadasasxmeli xvreli. 
 

 

sur. 4.21. TefSebis raodenobis saangariSo grafiki 

 

     miRebuli wertilis abscisa ixneba 1x , xolo ordinati aris isev sawy , 

e.i. kondensaciis dros orTqlis Sedgeniloba ar icvleba. aorTqlebisa da 

kondensaciis Sedegad distilati ufro “magrdeba”, e.i 1x > sawx . Semdeg C  

wertilidan vavlebT Sveul wrfes mrudis gadakveTamde, ris Sedegadac  

viRebT K  wertils, romlisTvisac advilad aqroladi nivTierebis 

Sedgeniloba udris 1y . 

     K  wertilidan vavlebT Tarazul wrfes OD  diagonalis gadak-

veTamde, ris Sedegadac viRebT M  wertils. am ukanasknelis koor-
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dinatebia isev 
1y  da 

2x , romlebic erTmaneTis tolia (
1y =

2x ). aqac 
2x >

1x  

da ase Semdeg. cxadia reqtifikaciis procesi xasiaTdeba safexurismagvari  

LNCKM texiliT da yoveli calkeuli xsnaris aorTqlebisa da 

kondensaciis process Seesabameba erTi safexuri. wonasworobis mrudze 

gamosaxuli safexurebi warmoadgenen sareqtifikacio svetis Teoriuli 

TefSebis raodenobas. 

 

sur. 4.22. samrewvelo sareqtifikacio 
kolonis saerTo xedi 

 
 

4.9. eqstraqcia 

 
     myari an Txevadi nivTierebidan erTi an ramdenime komponentis 

gamoyofas Txevadi gamxsneliT eqstraqciuli procesi ewodeba. am mizniT 

irCeven iseT gamxsnels, romelic gaxsnis mxolod gamosayof komponents, 

anu mas unda hqondes SerCeviTi (seleqciuri) gamxsneli Tvisebebi. aseT 

gamxsnelebs eqstragentebs uwodeben. 

     eqstraqciis procesi msgavsia gaxsnis procesis. es ori procesi 

gansxvavdeba mxolod imiT, rom gaxsnis dros nivTiereba mTlianad 

gadadis xsnarSi, eqstraqciis dros ki komponentebis gansxvavebuli 

xsnadobis gamo xsnarSi gadadis nivTierebis komponentebis mxolod 

nawili, danarCeni nawili ki rCeba myar mdgomareobaSi. amrigad SeiZleba 

CavTvaloT, rom eqstraqcia aris SerCeviTi gaxsna. 

     saeqstraqcio nivTierebis agregatuli mdgomareobis mixedviT 

ganasxvaveben myari sxeulebis da siTxeebis eqstraqcias. kvebis 

mrewvelobaSi upiratesad gvxvdeba  myari masalebidan eqstraqciis 

procesebi. magaliTad, Warxlidan Saqris difuzia; yurZnis gadamuSavebis 

procesSi WaWidan narCeni Saqris gamoyofa; Savi yurZnis durdos duRilis 
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procesSi saRebavi nivTierebebis gadasvla tkbilSi; mcenareuli 

nedleulidan miznobrivi nivTierebebis gamoyofa, liqior-aryis warmoebaSi 

xil-kenkras morsebis da wvenebis damzadeba; sakvebi koncentratebis miReba 

da mravali sxva. 

     siTxeebis eqstrahirebis dros gamosayofi siTxe ar unda iyos 

dasamuSavebel siTxeSi xsnadi. eqstraqciis Semdeg, simkvriveTa sxvaobis 

gamo siTxeebi advilad gamoiyofa erTmaneTisagan. amrigad, rogorc myari, 

aseve siTxeebis eqstraqciis dros gvaqvs ori faza: pirvel SemTxvevaSi 

myari da Txevadi, xolo meore SemTxvevaSi _ ori Txevadi faza. 

     imisaTvis, rom eqstrahirebis procesSi am fazebs Soris moxdes 

komponentebis gacvla, saWiroa fazebi erTmaneTTan imyofebodnen mWidro 

kontaqtSi. eqstrahirebisTvis gamoyenebul aparats eqstraqtori ewodeba.                               

                 

4.9.1. myari nivTierebidan eqstraqciis procesis 
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. konkretul procesze damokidebulebiT, 

masacvla sistemaSi “myari sxeuli-siTxe”, SeiZleba iyos gansxvavebuli. 

mcenareuli nedleulis eqstraqciis procesSi mimdinareobs urTierT-

moqmedeba siTxesa da forian sxeulebs Soris, romlebic Seicaven xsnad 

nivTierebebs forebis kedlebze an xsnars forebis SigniT.  

     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. 

      4.23-e suraTze mocemulia difuziuri procesis “myari sxeuli – 

siTxe” fizikuri modeli, romlis Tanaxmad myari nivTierebis sferuli 

nawilaki gayofilia zonebad.   
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sur. 4.23. myar sferul nawilakSi difuziuri 
procesis fizikuri modeli 

 

      r  radiusiT SemosazRvruli moculoba Seicavs miznobriv kompo-

nents myar mdgomareobaSi da mis najer xsnars forebSi. meore moculoba, 

romelic SemosazRvrulia rR −  ariT, Seicavs miznobriv komponents xsnad 

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 gadasvla eqstragentSi xdeba maSin, rodesac es nawilakebi  

aRmoCndebian gamyof zedapirze.  

     nedleulSi eqstragentis 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 airebs Soris, aumjobeseben dasvelebis process 

da eqstragentis SeRwevas nedleulSi kapilaruli gziT. 

     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, 
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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.  

isini 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 sxv. 

     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 TaviseburebiT. 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 
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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 0,2...0,3 mm-dan ramdenime 

aTeul nanometramde diametris ramdenime aTas fors. 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. 

    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. 

 

4.9.2. myari nivTierebis eqstraqciis procesis  
Teoriuli safuZvlebi 

 

     myari nivTierebis orfaziani (myari sxeuli-siTxe) eqstrahirebis 

procesSi monawileobs sami nivTiereba: miznobrivi produqtis matarebeli 
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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. 

    masacvlis procesis Teoriis safuZvelze nivTierebis gadatana 

SesaZlebelia ori gziT – molekuluri da konveqciuri difuziiT. orive 

SemTxvevaSi procesis mamoZravebeli Zala aris fazebs Soris 

koncentraciaTa sxvaoba. 

    molekuluri difuzia aris nivTierebis Tavisufali gadatana maRali 

koncentraciis fazidan dabali koncentraciis fazaSi, anu procesi 

mimdinareobs koncentraciis gradientis arsebobis SemTxvevaSi. 

    molekuluri difuziis maTematikuri formulireba gamoisaxeba  a.fikis 

pirveli kanonis safuZvelze 

                           
dx

dc
DFM −= ,                           (4.4) 

sadac M - difundirebuli nivTierebis raodenobaa, kg; 

       D - difuziis koeficienti, m 2 /wm; 

      F - zedapiris farTobi difuziis mimarTulebis marTobulad, m 2 ; 

       dxdc / -koncentraciis gradienti x  mimarTulebiT; 

        - difuziis dro, wm. 

    gantolebaSi niSani “minusi” miuTiTebs, rom procesi mimdinareobs 

koncentraciis Semcirebis mimarTulebiT. 

    eqstraqciis procesis mimdinareobisaTvis gadamwyveti mniSvneloba aqvs 

difuziis D  koeficients, romlis erTeuli (4.4) gantolebis Tanaxmad 

aris m 2 /wm. aqedan gamomdinareobs am koeficientis fizikuri arsi, 

romelic gviCvenebs nivTierebis ra raodenobis masa gadis drois 

erTeulSi erTeul farTobSi, rodesac koncentraciis gradienti erTis 

tolia. igi warmoadgens mocemuli nivTierebis fizikur konstantas, 

romelic axasiaTebs uZrav areSi misi SeRwevis unars da ar aris 

damokidebuli procesis mimdinareobis hidrodinamikur pirobebze. 

    difuziis koeficientis mniSvnelobas yovel konkretul SemTxvevaSi 

gansazRvraven eqsperimentuli monacemebiT an Teoriuli da naxevrad 

empiriuli gantolebebiT. 
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    molekuluri difuziis procesSi gansaxilveli aris nebismier 

wertilSi koncentracia warmoadgens koordinatebis da drois funqcias 

),,,( zyxfC =  

    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 ,                        (4.5) 

sadac M - erTi fazidan meoreSi gadasuli nivTierebis  

           raodenobaa, kg; 

       K - masaTa gadacemis koeficienti, m/wm; 

       F - fazaTa gamyofi zedapiris farTobi, m 2 ; 

       C -fazaTa koncentraciebis sxvaoba, anu procesis 

           mamoZravebeli Zala, kg/m 3 ; 

        - dro, wm. 

    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 axlos. 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 
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turbulentur difuzias uwodeben. am SemTxvevaSi molekuluri difuziis 

roli umniSvneloa.  

    nivTierebis gadatana fazebis gayofis sazRvarze xasiaTdeba 

masagacemiT, romlis gantolebas a.SCukarevis mixedviT aqvs Semdegi saxe:  

FCCM )(  −= g , 

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

        - masagacemis koeficienti, m/wm. 

       gC - fazebis gayofis zRvarze gajerebuli xsnaris 

           koncentracia,  kg/m 3 ;  

       C - nakadSi nivTierebis faqtobrivi koncentracia drois 

           mocemul  momentSi, kg/m 3 ; 

       F - fazaTa gayofis zedapiris farTobi, m 2 ; 

    masagacemis koeficienti axasiaTebs nivTierebis gadatanas 

erTdroulad rogorc konveqciiT, aseve difuziiT, amitom aRniSnuli 

koeficienti damokidebulia dinebis hidrodinamikur pirobebze. 

    rogorc ganxiluli Teoriuli modelebidan Cans, eqstrahirebis 

procesis ZiriTad ganmsazRvrel parametrebs warmoadgenen difuziis da 

masaTa gadacemis koeficientebi. pirveli axasiaTebs 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 aqvs maT sworad, maRali sizustiT 

gansazRvras, rac miiRweva eqsperimentulad. 

    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.   
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    garda amisa, eqstraqciis kinetikis gantolebebis ganmsazRvrel erT-

erT ZiriTad parametrs warmoadgens fazaTa gayofis farTobi, romlis 

gansazRvra xSir SemTxvevaSi SeuZlebelia, gansakuTrebiT 

wvrildispersiuli struqturis saeqstraqcio masalebisaTvis, rac 

zogjer arTulebs Teoriuli modelebis gamoyenebas praqtikuli 

gaangariSebebis dros.    

    yvela arsebuli Teoriis ZiriTadi mizani aris miznobrivi produqtis 

eqstragentSi gadasvlis siCqaris anu procesis xangrZlivobisa da 

mwarmoeblurobis gansazRvra. 

    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 maSin, 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. amiT ufro sagrZnobi xdeba miRebuli 

da realuri procesebis Sedegebis adeqvaturoba.  

     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 _ izrdeba da usasru-

lod uaxlovdeba wonasworul koncentracias anu procesis kinetikis 

grafiks aqvs eqsponencialuri saxe (sur. 4.24). procesi mTavrdeba fazaTa 

Soris koncentraciaTa gaTanabrebis dros. 

     eqstraqciis kinetikuri procesis eqsponencialuri gantoleba 

SeiZleba warmovadginoT Semdegi saxiT: 

                       )1(0 Ke
G

G
CC −−= m

m.f.T.f.  g/kg,                  (4.6) 

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

       
0
m.f.C - myar fazaSi miznobrivi produqtis sawyisi Semcveloba, g/kg; 

       m.G - eqsraqtorSi CatvirTuli nedleulis, anu myari fazis 

            raodenoba, kg; 
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       G - eqsraqtorSi CatvirTuli mTliani masis (nedleuls +  

            eqstragenti) raodenoba, kg; 

       K - procesis ganmsazRvreli konstanta, 1/sT; 

        - mimdinare dro, sT. 

      (4.6) gantolebis grafikuli gamosaxuleba mocemulia 4.24-e suraTze 

Txevadi fazis koncentraciisa ( T.f.C ) da drois ( ) koordinatebiT. 

 

Nsur. 4.24. eqstraqciis procesis kinetikuri grafiki  
 

     procesis kvlevis mTavari sirTule dakavSirebulia K konstantas 

sworad gansazRvrasTan, rac damokidebulia mraval faqtorze, maT 

Soris nedleulis da eqstragentis qimiur Sedgenilobaze, temperatu-

raze, nedleulis dispersulobasa da difuziuri procesis mimdinareobis 

sxva Taviseburebebze.    

 

4.9.3. samkuTxa diagrama 

 

samkomponentiani xsnaris Sedgenilobis datana XY  koordinatTa 

diagramaze SeuZlebelia. aseTi samkomponentiani fazebis Sedgeniloba 

umjobesia davitanoT samkuTxa koordinatTa sistemaze _ e.w. samkuTxa 

diagramaze (sur. 4.25). 

wonasworuli samkuTxedis GL,  da M  wveroebi aRniSnavs sufTa 

komponentebs: sawyisi xsnaris L  gamxsnels, G  eqstragents da M  

ganawilebul nivTierebas. samkuTxedis MGLM,  da GL  gverdebze yoveli 

wertili Seesabameba orkomponentiani xsnaris Sedgenilobas. 

diagramis SigniT arsebuli farTobis yoveli wertili Seesabameba 

samkomponentiani xsnaris Sedgenilobas (anu sammagi xsnaris 

Sedgenilobas). xsnarSi nebismieri komponentis Sedgenilobis sapovnelad 



 122  

diagramis gverdebze datanilia skalebi. amasTan, yoveli gverdis sigrZe 

iTvleba 100%_ad (masuri, moculobiTi an moluri), an erTis tolad. 

 

                  N      sur. 4.25. samkuTxa diagrama 

 

xsnaris an narevis Sedgeniloba ganisazRvreba im monakveTebis 

sigrZiT, romlebic gatarebulia samkuTxedis yoveli gverdis 

pararelurad danarCeni ori gverdis gadakveTamde. magaliTad, rom 

vipovoT N  wertilSi M komponentis Semcveloba, saWiroa N  wertilSi 

gavataroT samkuTxedis M  wveros mopirdapire gverdis paraleluri 

monakveTi LM gverdis gadakveTamde, miviRebT MX =30%. analogiurad 

miviRebT G  da L  komponentebis Semcvelobas - GX =50%; LX =20%. 

 

              4.10.Eeqstrahirebis meTodebis klasifikacia 
 
 
    eqstrahirebis yvela arsebuli meTodi klasificirdeba statikur da 

dinamikur meTodebad. 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 ramdenime porciis 

eqstrahireba warmoebs drois garkveul periodSi anu nedleulis da  

eqstragentis miwodeba saeqstraqcio aparatebSi xorcieldeba perio-

dulad. 

    statikur periodul meTodebs miekuTvneba erTsafexuriani maceracia 

da mravalsafexuriani remaceracia, anu cirkulacia xsnaris perioduli 

gamoyofiT (mravalsafexurian pirdapiri dinebis sqemebSi), agreTve 
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mravalsafexuriani winaRdeniTi reperkolacia xsnaris perioduli gamo-

yofiT. 

        dinamikur periodul meTodebs miekuTvnebian erTsafexuriani 

perkolacia  da  mravalsafexuriani  reperkolacia,  dasrulebuli  da 

dausrulebeli ciklebiT. 

     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. 

 
4.11. myari masalidan nivTierebis saeqstraqcio aparatebi 

 

    kvebis mrewvelobis sxvadasxva dargSi myari nivTierebebidan 

sasargeblo komponentebis eqstrahirebisaTvis farTod gamoiyeneba 

sxvadasxva konstruqciis perioduli da uwyveti qmedebis eqstraqtorebi. 

perioduli qmedebis eqstraqtorebs miekuTvneba saeqstraqcio rofebi, 

recirkulaciuri, vibro- da vakuum-eqstraqtorebi da mravali sxva. 

        uwyveti qmedebis eqstraqtorebs miekuTvneba: kolonismagvari 

(erTkoloniani, orkoloniani, mravalkoloniani), daxrili da 

horizontaluri (Snekuri da frTebiani), rotaciuli, sarwyavi, aparatebi 

mduRare da vibromduRare feniT da sxva. 

      eqstraqciis meTodebi da mowyobilobebi Zalze mravalferovania da 

gansxvavdebian ara marto konstruqciiT, aramed teqnologiuri efeqtu-

robiT da teqnikur-ekonomikuri maCveneblebiT. ZiriTadi moTxovnebi, 

romlebic unda daakmayofilos nebismieri konstruqciis aparatma aris 

miznobrivi nivTierebebis maqsimaluri gamoyofa minimaluri droisa da 

materialuri danaxarjebis pirobebSi. 

      saeqstraqcio mowyobilobebi klasificirdeba ramdenime niSniT – 

muSa cikliT; nedleulis da eqstragentis fardobiTi moZraobiT;  muSa 

organoebis tipiT, gadaadgilebiT da sxva. eqstraqtorebi xasiaTdebian 

meTodebis da konstruqciebis mravalferovnebiT. yoveli konkretuli 
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SemTxvevisaTvis optimaluri modelis SerCeva moiTxovs maT yovelmxriv 

analizs da Sefasebas. 

        perioduli qmedebis martivi saeqstraqcio aparatis sqema mocemulia 

4.26-e suraTze. 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, 

milyelis saSualebiT, gamodis aparatidan eqstraqtis saxiT.  

 

       sur. 4.26. perioduli qmedebis  saeqstraqcio aparati 

 

      narCeni masalis gadmotvirTva xdeba aparatis Ziridan Semosab-

runebeli saxuravis gaxsniT. analogiuri aparatebi gamoiyeneba Saqris 

Warxlis, mcenareuli zeTis da sxvaTa warmoebaSi.  

     Tanamedrove uwyveti qmedebis eqstraqtori muSaobs saeqstraqcio 

masalisa da eqstragentis uwyveti winaRdeni moZraobiT, an masalis 

eqstragentiT morwyvis mravalsafexuriani meTodiT. 

        fazebis winaRdeniT principze momuSave eqstraqtorebidan farTo 

gavrceleba hpoves Snekuri tipis vertikalurma da daxrilma aparatebma. 

     4.27-e suraTze warmodgenilia uwyveti qmedebis, Snekuri, vertikaluri, 

kolonis tipis eqstraqtoris sqema, romelic gamoiyeneba marcvleuli 

kulturebidan mcenareuli zeTebis gamosaxdelad. 

      eqstraqtori Sedgeba CamtvirTi kolonisagan (1), horizontaluri 

ubnis (2) da saeqstraqcio kolonisagan (3). kolonebis SigniT 

moTavsebulia perforirebuli Snekebi (4), romlebic gadaaadgileben 

nedleuls da amasTan xviebis naxvretebSi atareben eqstragents.  
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sur. 4.27. uwyveti qmedebis, Snekuri,  
vertikaluri eqstraqtoris sqema 

 

     CamtvirTi kolonis zeda nawili wakveTili konusis formisaa da 

mTavrdeba cilindruli dekantatoriT. 

       sawyisi masala miewodeba CamtvirT koloanas (1) da SnekebiT (4) 

gadaadgildeba saeqstraqcio kolonaSi (3) qvevidan zeviT. imavdroulad 

saeqstraqcio kolonis zeda nawilSi miewodeba eqstragenti masalis 

moZraobis Semxvedri mimarTulebiT.  

      miRebuli eqstraqti Sedis CamtvirT koloanaSi, sadac is ifiltreba 

miwodebuli masalis fenaSi da zeda nawilidan badis gavliT gamodis 

aparatidan. 

      daxrilma eqstraqtorma (sur. 4.28) farTo gamoyeneba pova Warxlis 

Saqris warmoebaSi. igi Sedgeba daxrili Rarisagan (3), romelSic 

Cadgmulia ori paraleluri Sneki (1) da (2).         

 

                 Nsur. 4.28. daxrili Snekuri eqstraqtoris sqema 



 126  

    Snekebi ganlagebulia ise, rom erTis xviebi Sedian meoreSi. xviebs 

Soris arsebuli RreCo gankuTvnilia wvenis gasasvlelad. saeqstraqcio 

masala da eqstragenti aparats miewodeba isrebiT naCvenebi milyelebidan 

da moZraoben winaRdenis principiT. Raris daxra uzrunvelyofs myari da 

Txevadi fazebis gayofas. eqstraqti gamoiyofa Raris daxrili bolodan, 

xolo narCeni - misi sawinaaRmdego mxridan. 

       eqstraqciis procesis optimaluri temperaturuli reJimis dasacavad 

aparats orTqli miewodeba orTqlis perangis ramdenime zonaSi. aseTi 

tipis aparatebSi eqstraqciis xangrZlivoba Seadgens daaxloebiT 1 sT-s. 

    perioduli qmedebis saeqstraqcio aparatebis batareuli, 

Tanmimdevruli gaerTianebiT miiReba naxevrad uwyveti procesi. am mizniT 

xSirad gamoiyenaba mravalsafexuriani meTodebi dasrulebuli an 

dausrulebeli ciklebiT. am meTodis arsi aris is, rom iyenebs 

difuzorebis (perkolatebis) batareas. 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. 

     eqstraqciuli  procesis  sruli teqnologiuri ciklis erT 

danadgarSi damTavrebis mizniT xSirad iyeneben cirkulaciuri 

eqstrahirebis meTods, romlis arsi dafuZnebulia sufTa eqstragentis 

mravaljerad cirkulaciaze saeqstraqcio nivTierebis masaSi. danadgarSi 

(sur. 4.29) komunikaciebiT erTmaneTTan TanmimdevrobiT dakavSirebulia 

gamosaxdeli kubi (1), eqstraqtori (2), macivar-kondensatori (3) da 

kondensatis Semkrebi (4). eqstragentad gamoiyeneba aqroladi organuli 

gamxsnelebi, romelTa duRilis temperatura dabalia. 

 

Nsur. 4.29. cirkulaciuri saeqstraqcio danadgaris sqema 
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    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). kubSi gacxelebis Sedegad eqstragentis 

orTqli adis kondensatorSi (3), sadac kondensirdeba da Caedineba 

SemkrebSi (4). aqedan kvlav miewodeba eqstraqtors 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 sruldeba sruli teqnologiuri cikli 

Txevadi eqstraqtis saboloo produqtis miRebamde. 

 

4.12. kristalizacia 

 

      nivTierebis gamokristalebis procesi aris xsnaridan an mdnaridan 

myari fazis gamoyofa kristalebis saxiT. kristalizacia warmoadgens 

myari nivTierebis sufTa saxiT miRebis ZiriTad meTods. es aixsneba imiT, 

rom yovelTvis SeiZleba SevarCioT kristalizaciis iseTi pirobebi 

(temperatura, koncentracia), rodesac arasasurveli minarevebi rCeba 

xsnarSi. amitom myari nivTierebis sufTa saxiT gamoyofisas 

kristalizaciis prioncipi igivea, rac reqtifikaciisa siTxeebisaTvis. 

      nivTierebis kristalizaciis Semdeg darCenil xsnars uwodeben 

“dedaxsnars”. rac ufro msxvilia da mkveTrad aris gamosaxuli 

kristalebis forma, miT ufro advilia kristalebis gamoyofa. kristalebs 

gamoyofen filtraciiT an centrifugirebiT. 

      kristalizaciis pirobebis mixedviT SeiZleba erTma da imave 

nivTierebam mogvces sxvadasxva zomis da formis kristalebi, an piriqiT - 

ramdenime nivTierebam SeiZleba mogvces erTnairi zomis da formis 

kristalebi. nivTierebis xsnadoba damokidebulia mis qimiur bunebaze, 

gamxsnelis bunebasa da xsnadobis temperaturaze. 

      xsnars, romelic mocemul temperaturaze Seicavs gaxsnili nivTie-

rebis maqsimalur odenobas, uwodeben najer xsnars. Tu imave temperatu-

raze xsnarSi aRmoCndeba am maqsimalur odenobaze meti nivTiereba, amboben 

rom xsnari gadajerebulia. xsnars, romelSic SeiZleba kidev gaixsnas 
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mocemuli nivTiereba ujeri xsnari hqvia. najeri xsnari imyofeba 

wonasworul mdgomareobaSi myar nivTierebasTan. gadajerebuli xsnaridan 

misi gacivebis dros xelaxla gamoiyofa zedmeti nivTiereba. am process 

uwodeben kristalizacias.  

      xsnadoba ewodeba mocemuli nivTierebis koncentracias najer 

xsnarSi. igi izomeba procentobiT xsnaris masasTan mimarTebaSi an 

gaxsnili nivTierebis wilis raodenobiT 1 wil gamxsnelSi. magaliTad, 

saqarozis xsnadoba 20 C0  temperaturaze Seadgens 66,92%, anu 1 wil 

wyalze modis saqarozis 2,023 wili. 

      temperaturis gazrdiT myari nivTierebebis umetesobis xsnadoba 

izrdeba. magaliTad, saqarozis xsnadoba wyalSi 60 C0  temperaturaze 

Seadgens 74,43%, xolo 100 C0  temperaturaze – 82,87%. 

      xsnaris gadajereba miiRweva Semdeg SemTxvevebSi: 

      - gamxsnelis gamoorTqvliT xsnaris duRilis dros saorTqlebel 

aparatSi; 

      - gamxsnelis aorTqlebiT Ria WurWelSi misi duRilis 

temperaturaze ufro dabal temperaturaze; 

      - najeri xsnaris gacivebiT; am SemTxvevaSi xsnari xdeba 

gadajerebuli, radgan nivTierebebis umetesobis xsnadoba temperaturis 

SemcirebasTan erTad mcirdeba; 

      - xsnarSi wyalamrTmevi nivTierebis damatebiT; am SemTxvevaSi wylis 

nawili dakavSirebuli iqneba wyalamrTmev nivTierebasTan. 

      xsnaris gadajerebuloba xasiaTdeba gadajerebulobis K  

koeficientiT. K  aris gadajerebul xsnarSi nivTierebis Semcvelobis 

Sefardeba mis SemcvelobasTan najer xsnarSi. rodesac K <1 xsnari 

ujeria, rodesac K =1 xsnari najeria, rodesac K >1 xsnari 

gadajerebulia.  

      4.30-e suraTze warmodgenilia xsnaris mdgomareobis diagramebi 

temperaturaze damokidebulebiT. 

G   grafikze A are Seesabameba labiluri (absoluturad aramdgradi) 

xsnarebis ares; B are – metastabilur (sistemis mdgomareoba, romlic 

stabilurobas inarCunebs mcire ryevebis dros) xsnarebs; C - stabiluri 

xsnarebis ares. 1-1 aris xsnadobis mrudi; 2-2 – metastabiluri aris 

zRvari. 
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Nsur. 4.30. xsnaris mdgomareobis diagramebi 

 

      labiluri aris Sesabamisi koncentraciis xsnari kristaldeba 

swrafad, xolo metastabiluri aris Sesabamisi koncentraciis xsnari 

temperaturaze damokidebulebiT kristaldeba SedarebiT nela. im 

xsnarebisaTvis, romelTa xsnadobis damokidebuleba temperaturaze 

mkveTrad ar aris gamoxatuli, gadajerebuli xsnarebis areSi gadasvla 

mimdinareobs temperaturis mniSvnelovani Semcirebis dros. temperaturis 

2t -dan 1t -mde cvlilebis dros, xsnaridan myari fazis gamoyofa mcirea da 

proporciulia xsnaris koncentraciis '

0yy x −  cvlilebis. 

     xsnaris gadajereba SesaZlebelia 2t  mudmivi temperaturis dros 

gamxsnelis nawilobrivi moSorebiT. amasTan xsnaridan gamoiyofa myari 

fazis nawili, romelic proporciulia 0

' yy x −  koncentraciaTa sxvaobis. 

Sesabamisad, aseTi xsnarebis kristalizacia SesaZlebelia rogorc 

temperaturis SemcirebiT, aseve gamxsnelis nawilobrivi moSorebiT. 

     im xsnarisaTvis, romlis xsnadobis damokidebuleba temperaturaze 

mkveTrad aris gamoxatuli, kristalizaciis optimalur meTods 

warmoadgens temperaturis Semcireba. 

     Tu nivTierebis xsnadoba ar icvleba temperaturis gazrdiT, 

kristalizacia mizanSewonilia gamxsnelis mocilebiT. 

 

4.12.1. kristalizaciis procesis materialuri balansi 

 

      kristalizaciis materialuri balansi ganisazRvreba ori 

gantolebiT. pirveli gantolebis mixedviT xsnaris sawyisi masa ( saw.G ) 
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udris xsnaris saboloo anu dedaxsnaris masis ( sab.G ), warmoqmnili 

kristalebis masis ( kG ) da gamoyofili gamxsnelis masis (W ) jams 

WGGG ++= ksab.saw. , kg. 

      meore gantolebis mixedviT xsnarSi mSrali nivTierebis (gaxsnamde) 

raodenoba udris dedaxsnarsa da kristalebSi myof mSral nivTierebaTa 

jams 

21

2

MnM

M
GGG

+
+= ksab.sab.saw.saw.   kg, 

sadac saw.  da sab.  aris xsnaris sawyisi da saboloo koncentracia; 

       1M  da 2M  - gamxsnelis da gaxsnili nivTierebis molekuluri masa; 

       n  - gamxsnelis molekulebis ricxvi erT molekula kristalur  

           nivTierebaze (kristalhidratis molekulis ricxvi). 

      Tu kristalebi gamoiyofa  uwylod, maSin n =0 da bolo gantoleba 

miiRebs Semdeg saxes: 

ksab.sab.saw.saw. GGG +=  , kg, 

 

4.12.2. kristalizaciis siTburi balansi 

 

      kristalizaciis procesis Tburi balansis Semosavals ekuTvnis 

Semdegi sidideebi: 

      1. siTbos raodenoba, romelic aqvs sawyis (sakristalizacio) xsnars 

saw.saw.saw. tcGQ ..1 = , j, 

sadac saw.c  da saw.t  aris sakristalizacio xsnaris sawyisi Tbotevadoba da 

temperatura. 

      2. kristalizaciis siTbo 

kk rGQ .2 = , j, 

sadac kr   aris kristalizaciis kuTri siTbo. 

      Tburi balansis gasavals ekuTvnis: 

      1. xsnaris raodenoba, romelic saWiroa xsnaris gasaciveblad (Q ). es 

siTbo miaqvs macivebel agents, misi saSualebiT gaiangariSeba gacivebis 

zedapiri, gacivebis xangrZlivoba da sxva. Tu kristalizacia mimdinareobs 

xsnaris aorTqlebis Sedegad maSin Q miekuTvneba Semosavals. 
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      2. Tburi balansis gasavals ekuTvnis agreTve is 
2Q  siTbo, romelic 

mihyveba gamxsnels misi aorTqlebis Sedegad 

iWQ =2 , j, 

sadac W aris gamxsnelis orTqlis raodenoba, kg; 

       i - am orTqlis TboSemcveloba, j/kg. 

      3. siTbos is raodenoba, romelic mihyveba dedaxsnars 

sab.sab.sab. tcGQ ..4 = , j, 

sadac sab.c  da sab.t  aris saboloo anu dedaxsnaris Tbotevadoba da  

       temperatura. 

      4. siTbos is raodenoba, romelic mihyveba kristalebs 

kkk tcGQ =5 , j, 

sadac kc  da kt  aris kristalebis Tbotevadoba da temperatura. 

      5. siTbos is raodenoba, romelic ikargeba garemoSi Tburi 

danakargebis saxiT ( dan.Q ). 

      amgvarad, kristalizaciis Tburi balansi gamoisaxeba Semdegi 

gantolebiT: 

dan.QQQQQQQ ++++=+ 54321  

an 

Q= saw.saw.saw. tcG .. + kk rG . =Q+ iW . + sab.sab.sab. tcG .. + kkk tcG + dan.Q . 

      ukanaskneli gantolebidan siTbos raodenoba, romelic saWiroa 

kristalizaciis dros gacivebisaTvis, iqneba 

Q= saw.saw.saw. tcG .. + kk rG . - iW . - sab.sab.sab. tcG .. - kkk tcG - dan.Q . 

 

4.12.3. kristalizaciis procesis aparatebi 

 

     sakristalizacio aparatura ZiriTadad iyofa or jgufad: pirvel 

jgufs ekuTvnis aparatebi, romlebSic kristalizacia mimdinareobs 

gamxsnelis aorTqlebiT. meore jgufs ekuTvnis aparatebi, romlebSic 

nivTierebis gamokristaleba xdeba xsnaris gacivebis Sedegad. 

     moqmedebis principis mixedviT kristalizatorebi iyofa perioduli 

da uwyveti qmedebis aparatebad, gamxsnelis nawilobrivi gamoyofiT da 
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xsnaris gacivebiT. kristalizacia wylis nawilobrivi gamoyofiT 

xorcieldeba vakuum-aparatebSi. 

     4.31-e suraTze warmodgenilia perioduli qmedebis vakuum-aparati. 

     aparati gamoiyeneba Saqris Warxlis gadasamuSavebel qarxnebSi 

gadajerebuli sirofebis misaRebad, mSrali nivTierebebis 92-93% 

koncentraciiT. maT iyeneben agreTve kristalizaciis centrebis 

warmosaqmnelad da maTi zrdis dawyebis organizaciisaTvis, ris Semdegac 

kristalebis masas kristalSoris sirofTan erTad agzavnian kristalebis 

Semdgomi zrdisTvis kristalizator-sarevSi. 

     aparatis korpusis (1) SigniT dakidebulia gamcxelebeli kamera (2) da 

damWer-separatori (3). aparatis qveda nawilSi dayenebulia sarqvluri 

mowyobiloba (4) produqtis CamosaSvebad. 

 

Nsur. 4.31. perioduli qmedebis vakuum-aparati 

 

     gamcxelebeli kamera Sedgeba ori konusurmilebiani cxaurisagan (5), 

romlebSic davalculia 102 mm diametris milebi (6), xolo cxauris 

centrTan miduRebulia 800 mm diametris sacirkulacio mili (7). masis 

cirkulacia mimdinareobs sacirkulacio milSi da wriul areSi, romelic 

warmoqmnilia aparatis korpussa da gamcxelebel zedapirs Soris. Semdeg 

masa adis gamcxelebel milebSi, rogorc es naCvenebia 4.31 suraTze. 

     4.32-e suraTze warmodgenilia vakuum-kristalizatoris danadgaris 

sqema, romelic muSaobs Semdegnairad: sacavSi (1) mfrqvevanas (2) 

saSualebiT SehyavT cxeli sakristalizacio xsnari.  
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sur. 4.32. vakuum-kristalizatoris danadgari 

 

     sacavSi Seqmnilia vakuumi, ris Sedegadac masSi xdeba xsnaris 

aorTqleba. ukanaskneli kondensirdeba kondensatorSi (3) da grovdeba 

hidravlikur CamketSi (4). sacavidan (1) dedaxsnari da kristalebi 

barometruli miliT (5) Camodis qveda sacavSi (6), saidanac tumbos (7) 

saSualebiT midis SemkrebSi (8), aqedan ki - centrifugebze (9), sadac 

kristalebi gamoeyofa dedaxsnars. ukanaskneli midis isev sacavSi (6) da 

misi Sua nawilidan gamodis gareT. 

     msxvilkristaliani produqtebis misaRebad gamoiyeneba vakuum-

kristalizatorebi (sur. 4.33) Sewonadi feniT. kristalizatori Sedgeba 

korpusisagan (1), tumbosagan (2), separatorisagan (3), cirkulaciuri 

milebisagan (4), (5), (6) da wvrili kristalebis damleqisagan (7).  

 

sur. 4.33. vakuum-kristalizatori Sewonadi feniT 
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     cxeli najeri xsnari miewodeba cirkulaciuri tumbos Semwov xazs, 

ereva cirkulaciur dedaxsnars da acxelebs mas 0,2-2 C0 -mde. Semdeg xsnari 

Sedis separatorSi (3) da aorTqlebis xarjze civdeba imdenive gradusiT. 

separatoridan (3) najeri xsnari miliT (4) Caedineba korpusSi (1), romlis 

qveda nawilSi Camoedineba suspenzia, xolo zeda nawilidan miliT (6) da 

tumboTi (2) gaiwoveba dedaxsnari. 

     Txelfirfitovani produqtebis misaRebad iyeneben uwyveti qmedebis 

lentur, dolur da diskur kristalizatorebs. maTSi produqtis gamyareba 

mimdinareobs gacilebiT intensiurad, vidre formebSi. 

     4.34 suraTze mocemulia lenturi kristalizatoris sqema. igi Sedgeba: 

liTonis uwyveti badisagan (1), romelic gadadebulia wamyvan da amyol 

dolebze (2), mkvebavi bunkerisgan (3), macivebeli mowyobilobisgan (4). 

gamyarebuli produqti (5) Txeli feniT bunkeridan (3) uwyvetad miewodeba 

liTonis moZrav lentze (1), romelzedac igi civdeba srul gamyarebamde. 

 

sur. 4.34. lenturi kristalizatori 

 

     dolur aparatSi (sur. 4.35) produqtis kristalizacia xdeba mbrunavi 

Rru dolis (1) gare zedapirze. doli Signidan civdeba miliT (4) 

miwodebuli macivebeli agentiT, romelic saqSenebiT (5) esxmeba mis Siga 

zedapirs. doli nawilobriv CaSvebulia xsnaris (6) abazanaSi (2). 

gamyarebuli produqti (7) dolis zedapiridan moixsneba uZravi daniT (3). 

 

Nsur. 4.35. doluri kristalizatori 

 

     analogiuri aparatiT mzaddeba rZis fxvnili naturaluri rZisgan, im 

gansxvavebiT, rom doli am SemTxvevaSi cxeldeba da mis gare sarkisebur 
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zedapirze Txevadi fazis aorTqlebis Sedegad miiReba mSrali rZis 

firfitebi, romlebic SemdgomSi qucmacdeba da miiReba fxvnili. 

 

4.13. sublimacia 

 

sublimacia aris nivTierebis gadasvla myari fazidan airadSi 

Txevadi fazis gauvlelad. sublimaciisaTvis damaxasiaTebelia procesis 

Seqcevadoba. amis gamo SesaZlebelia myari nivTierebebis narevidan erTi 

an ramdenime komponentis gamoyofa sublimaciis gziT, xolo SemdgomSi, 

ukve sxva, Sesabamisi pirobebis Seqmnis Sedegad _ airadi fazidan saWiro 

komponentis miReba sufTa saxiT. 

sublimaciis procesi gansakuTrebiT farTod gamoiyeneba nivTierebis 

gasawmendad araaqroladi minarevebisagan. garda amisa, sublimacia 

gamoiyeneba iseTi nivTierebis gauwyloebisaTvis (SrobisaTvis), romlisT-

visac miuRebelia maRali temperaturis zemoqmedeba. sublimacia mimdina-

reobs Cveulebrivi wnevis an vakuumis pirobebSi.  

sublimaciis procesis analizisaTvis SegviZlia gamoviyenoT 

sistemis mdgomareobis diagrama temperatura_wneva ( t -P ), romelic 

axasiaTebs wonasworobas myar, Txevad da airad fazebs Soris  (sur. 4.36). 

aorTqlebis mrudi SC  Seesabameba wonasworobis mdgomareobas Txevad da 

orTqlis fazebs Soris. lRobis SB  monakveTi gansazRvravs wonasworobas 

myarsa da Txevad fazebs Soris. sammagi S  wertilis  wnevaze ufro 

dabali wnevis pirobebSi myar nivTierebas ar SeuZlia galRoba da am 

pirobebSi mimdinareobs nivTierebis myari fazidan airadSi gadasvlis 

procesi Txevadi fazis gauvlelad.   

myari nivTierebis sublimaciis procesi raRac DP  wnevis pirobebSi 

SegviZlia warmovidginoT DEF  muSa procesis saxiT (sur. 4.36). DE  

monakveTi Seesabameba myari nivTierebis gaTbobas Dt  temperaturidan 

aorTqlebis Et  temperaturamde. E  wertilSi mimdinareobs sublimacia Et  

temperaturis pirobebSi, xolo EF  monakveTi Seesabameba warmoqmnili 

orTqlis gadaxurebas Ft  temperaturamde. desublimaciis process, rogorc 

sublimaciis procesis sapirispiros, gamoxatavs FED monakveTi. 
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Nsur. 4.36. sistemis mdgomareobis diagrama 

 

Tu muSa wneva ufro maRalia sammagi S  wertilis Sesabamis wnevaze, 

maSin nivTierebis Txevad fazaSi gadasvlis Tavidan asacileblad saWiroa 

an sistemis saerTo wnevis Semcireba, an sublimirebuli nivTierebis 

orTqlis parcialuri wnevis Semcireba inertuli airiT maTi iseT 

mniSvnelobamde ganzavebis gziT, rom maTi wneva dabali aRmoCndes sammagi 

S  wertilis Sesabamis wnevaze. 

teqnikaSi iyeneben sublimaciis procesis Catarebis sam ZiriTad 

xerxs: martivi sublimacia, sublimacia vakuumis pirobebSi, sublimacia 

gadamtani nivTierebis nakadSi. 

martivi sublimaciis SemTxvevaSi cxeldeba myari nivTiereba da 

Sedegad warmoqmnili orTqli kondensirdeba. am SemTxvevaSi sublimaciis 

procesis mamoZravebel Zalas warmoadgens aorTqlebisa da kondensaciis 

zedapirebze orTqlis parcialur wnevaTa sxvaoba. 

vakuumis pirobebSi sublimaciis SemTxvevaSi miiRweva procesis 

intensifikacia kondensatorSi wnevis Semcirebis xarjze, rac zrdis 

procesis mamoZravebel Zalas. 

gadamtanis nakadSi sublimaciis SemTxvevaSi gamoiyeneba mocemuli 

nivTierebis mimarT inertuli airi_matari, romlis winaswar gacxelebuli 

nakadi moZraobs myari nivTierebis gaswvriv da misgan STanTqavs saWiro 

komponents. am SemTxvevaSi sublimaciis procesis intensifikacia miiRweva 

erTdroulad wnevis SemcirebiT da temperaturis gazrdiT.  

gadamtanis daniSnulebiT inertul airad, rogorc wesi, gamoiyeneba 

haeri. wyalSi uxsnadi nivTierebebisaTvis SeiZleba gadaxurebuli wylis 

orTqlis gamoyenebac. 
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sublimaciis aparatis gasaangariSeblad Tavdapirvelad pt −  

diagramis mixedviT gansazRvraven procesis muSa parametrebis sidideebs. 

Semdeg ganisazRvreba procesis mimdinareobisaTvis saWiro zedapiris 

farTobi  

                                          
( )kondsub pp

G
F

−
=


  m2, 

sadac  G    sublimirebuli produqtis raodenobaa, kg/wm; 

          _ masagadacemis koeficienti, kg/(m2wm.pa); 

        subp  _ nivTierebis zedapirze sublimatis orTqlis parcialuri 

             wneva, pa; 

        kondp  _ kondensaciis temperaturaze sublimatis orTqlis  

              parcialuri wneva, pa. 

 sublimatoris danarCeni zomebi miiReba konstruqciuli mosazrebe-

biT miRebuli muSa zedapiris farTobis mixedviT. 

 

4.13.1. sublimaciis siTburi balansi 

 

     sublimaciis siTburi balansi Sedgeba siTbos Semosavlis da 

gasavlisagan. 

     sublimaciis procesis dros siTbos Semosavals ekuTvnis: 

     1. siTbo, romelic aqvs sawyis myar nivTierebas 

saw.saw.saw. tcGQ =1  j, 

sadac saw.G , saw.c , saw.t  aris myari sawyisi nivTierebis masa, Tbotevadoba da 

temperatura. 

     2. siTbo romelsac gadavcemT sawyis nivTierebas asaorTqleblad (Q ).  

     sublimaciis gasavals ekuTvnis: 

     1. siTbo, romelsac arTmevs mza produqti (sublimati) 

bbb tcGQ =2 + qGb  j, 

sadac bG da bc  aris mza produqtis masa da Tbotevadoba; 

       bt - sublimaciis procesis saboloo temperatura; 

       q - sublimaciis faruli siTbo, romelic udris nivTierebis dnobis 

da aorTqlebis siTboebis jams. 

     2. siTbo, romelic ikargeba sublimaciis Semdeg miRebul narCenebSi 
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bnn tcGQ =3  j, 

sadac nG , nc , bt  aris narCenis masa, Tbotevadoba da sublimaciis 

temperatura. 

     3. siTbo Tburi danakardgebis saxiT ( dan.Q ). 

     amgvarad, sublimaciis Tburi balansi miiRebs Semdeg saxes: 

dan.QQQQQ ++=+ 321  an 

=+QtcG saw.saw.saw. bbb tcG + qGb + bnn tcG + dan.Q , 

saidanac  

−+= bnnbb tcGcGQ )( ++ qQtcG bsaw.saw.saw. dan.Q  j. 

     sublimaciis Sedegad miRebuli orTqlis kondensaciisaTvis saWiroa 

siTbos warTmeva. siTbos is raodenoba, romelic ixarjeba orTqlis isev 

myar mdgomareobaSi gadasayvanad aRvniSnoT kond.Q -iT. 

)( "'
saw.bbbbkond. ttcGqGQ −+= , 

sadac "
saw.t  aris mza produqtis sawyisi temperatura. 

     bolo gantolebidan Cans, rom siTbo ( kond.Q ), romelic unda wavarTvaT 

orTqls mza produqtis (sublimatis) misaRebad, Sedgeba sublimaciis 

faruli siTbosa da im siTbosagan, romelic saWiroa mza produqtis 

gasaciveblad bolo temperaturidan ( bt ) mza produqtis temperaturamde 

( "
saw.t ). 

4.14. Sroba 
 
 yovelgvari produqtidan zogadad siTxis gamoyofas Sroba ewodeba. 

siTxis mocilebis Sedegad produqtSi arsebuli sxva nivTierebebis 

koncentracia izrdeba, ris Sedegadac is iZens axal sasargeblo 

Tvisebebs. magaliTad, malfuWebadi kvebis produqti gaSrobis Semdeg 

xdeba medegi da kargad inaxeba, misi kaloriuloba matulobs. Srobis 

mizania agreTve produqtisaTvis bunebrivi Tvisebebis (feris, gemos, 

aromatis, vitaminebis Semcvelobis) SenarCuneba. mravali produqtis 

Srobis dros saWiroa zogierTi Semadgeneli naerTis qimiuri gardaqmna, 

magaliTad, Saqris karamelizacia, cilebis SaqrebTan SeerTeba da sxv. 

xSir SemTxvevaSi moiTxoveba Sroba iseT pirobebSi, rom produqtma 
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SeinarCunos fermentebis aqtivoba (magaliTad, Cais foTlis Rnobis, 

safuaris Srobis da sxv. SemTxvevaSi).  

produqtidan siTxe SeiZleba gamoiyos sxvadasxva meTodiT:  

1. meqanikuri Zalebis zemoqmedebiT dawnexvis, filtraciis saSualebiT an 

   centrifugebSi gatarebiT; 

2. fizikur_qimiuri Zalebis zegavleniT, siTxis gadatanis naklebi 

   SesaZleblobis mqone nivTierebis gamoyenebiT; 

3. siTbos zegavleniT. am dros xdeba siTxis agregatuli mdgomareobis 

Secvla: aorTqleba, kondensacia an gayinva.  

 gasaSrobi produqti SeiZleba iyos myari, Txevadi an airadi. kvebis 

mrewvelobaSi gasaSrobi produqti ZiriTadad myari an Txevadia. amitom 

kvebis mrewvelobaSi Sroba ganixileba, rogorc myari an Txevadi 

produqtebidan tenis aorTqleba. aorTqleba endoTermuli procesia 

(mimdinareobs siTbos STanTqmiT), amitom am procesis gansaxorcieleblad  

aucilebeli xdeba garkveuli raodenobis siTbos daxarjva.  

 asaorTqlebeli siTxe SeiZleba iyos sxvadasxva saxis, magram kvebis 

produqtebidan gamosayofi siTxe TiTqmis yovelTvis wyalia. produqtSi 

myof siTxes uwodeben tens, mis Semcvelobas ki _ tenianobas. 

 Srobis process atareben specialur aparatSi, romelsac saSrobi 

danadgari ewodeba.  

 

4.141. produqtis tenianoba 

 

      romelime produqtis fardobiTi tenianoba (%-obiT) aris produqtSi 

arsebuli tenis masisa da produqtis masis fardoba gamravlebuli 100-ze 

                          
G

G
W

t

f = 100%,                        (4.6) 

sadac fW aris produqtis fardobiTi tenianoba, %; 

       tG - produqtSi tenis Semcveloba masis erTeulebiT, g, kg da sxva; 

       G - produqtis masa, g, kg da sxva. 

      Tu produqtSi arsebuli tenis masas ( tG ) gavyofT produqtis 

absolutur masaze ( abG ) da gavamravlebT 100-ze, maSin miviRebT absolu-

tur tenianobas procentobiT 
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== ,                 (4.7) 

sadac abW  aris produqtis absoluturi tenianoba; 

       abG - produqtis absoluturi masa, romelic udris produqtis da 

tenis masebis sxvaobas (G - tG ). 

      Tu miRebuli gantolebis marjvena mxaris mricxvelsa da mniSvnels 

gavyofT G -ze, miviRebT 

                         %
100

100

f

f

ab
W

W
W

−
= .                       (4.8) 

      am gantolebiT SeiZleba  produqtis fardobiTi tenianobis 

gansazRvra, Tu cnobilia produqtis absoluturi tenianoba 

                         
100

100

+
=

ab

ab
f

W

W
W %.                       (4.9) 

 

4.14.2. produqtSi tenis kavSiris saxeebi 

 

 sakvebi produqtis Srobis anu tenis aorTqlebis siCqare didad aris 

damokidebuli im kavSirebze, romlebic arsebobs tensa da masalis mSral 

nivTierebebs Soris. teniani produqti SeiZleba davyoT Semdeg jgufebad: 

1. Txevadi produqtebi:  

  - kristaluri xsnarebi; 

  - koloiduri xsnarebi. 

2. myari produqtebi: 

  - kristaluri produqtebi; 

  - koloidur_dispersiuli agebulebis produqtebi. 

koloiduri agebulebis produqtebi, Tavis mxriv, iyofa sam jgufad: 

   1. elastikuri geli, romelic tenis mocilebisas ikumSeba, magram 

inarCunebs Tavis elastikurobas (Jelatini, agar_agari, comi da sxv.); 

   2. msxvrevadi geli, romelic tenis mocilebis Semdeg msxvrevadi xdeba 

da advili SesaZlebelia maTi fqvilad gadaqceva (mcenareuli naxSiri, 

keramikuli masalebi da sxv.); 

   3. koloiduri, kapilarul_forovani produqtebi, romelTa elastikuri 

kapilarebi Srobis Sedegad mWidrovdeba, mkvrivdeba da myife xdeba 

(marcvleuli, puri da sxv.). 
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 gasaSrob produqtebSi tensa da mSral nivTierebebs Soris 

SesaZlebelia Semdegi saxis kavSiri: 

      1. qimiuri kavSiri _ ionuri da molekuluri. qimiurad bmuli wyali 

masalaSi yvelaze mWidrodaa dakavSirebuli. am kavSiris dasarRvevad 

Sroba ar aris sakmarisad efeqturi. qimiurad dakavSirebuli tenis 

mosacileblad saWiroa produqtis gamowva an qimiuri zemoqmedeba masze.  

      2. fizikur_qimiurad dakavSirebuli teni: adsorbciuli, osmosuri an 

struqturuli.  

      adsorbciuli teni dakavSirebulia masalis zedapiruli ZalebiT. 

koloiduri nivTierebebi xasiaTdeba didi kuTri zedapiriT, ris gamoc 

maTi STanTqmis unari didia. adsorbciuli wyali dakavSirebulia 

molekuluri Zalebis veliT. es kavSiri imdenad Zlieria, rom wyali 

kargavs Tavis Cveulebriv Tvisebebs. am wyals bmuli wyali ewodeba. 

adsorbcia egzoTermuli procesia. gamoyofil siTbos hidrataciis siTbo 

ewodeba; 

      3. osmosurad dakavSirebuli an struqturuli teni. es teni 

adsorbciul wyalTan SedarebiT ufro susti ZalebiT aris dakavSirebuli 

masalasTan. osmosurad dakavSirebuli struqturuli teni Srobis 

saSualebiT SeiZleba gamoiyos produqtidan;  

      4. meqanikurad dakavSirebuli teni, romelic arsebobs masalis 

kapilarebSi da mis zedapirze. zedapiruli da kapilarebSi arsebuli teni 

SedarebiT sustad aris dakavSirebuli masalasTan. mas Tavisufal tens 

uwodeben da misi mocileba SesaZlebelia gamownexviT an aorTqlebiT.  

 

4.14.3. Srobis materialuri balansi 

 

     Srobis materialuri balansis Sesadgenad, Cveulebriv, mocemulia 

gasaSrobi produqtis raodenoba 1G  kg, misi tenianoba 1W  % da agreTve 

gamSrali produqtis tenianoba 2W  % an misi raodenoba 2G  kg. 

 balansis Sedgenis dros eyrdnobian im debulebas, rom Srobis 

procesSi produqtSi arsebuli mSrali nivTierebis raodenoba ucvleli 

rCeba.  

      amis safuZvelze SegviZlia davweroT gantoleba 
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 Tu Srobis procesSi mSrali nivTierebis raodenoba klebulobs, 

maSin saWiroa balansSi saTanado Semasworebeli koeficientis Setana da 

mSrali nivTierebis balansi Semdeg saxes miiRebs: 
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,                   

sadac 1K   aris mSrali nivTierebis SenarCunebis koeficienti. 

magaliTad, Tu mSrali nivTierebis danakargi Srobis dros Seadgens 1 %, 

maSin  

                              99,001,000,1 =−=K . 

 

4.14.4. Srobis procesebis klasifikacia 

 

 sakvebi produqtebis SrobisaTvis gamoiyeneba sxvadasxva meTodi, 

romlebic iyofa or ZiriTad jgufad: 

1. bunebrivi Sroba, romelic mimdinareobs Ria cis qveS an specialurad 

mowyobil fardulebSi; bunebrivi Sroba mimdinareobs Zalze nela, 

moiTxovs did farTobs, Sromatevadia da damokidebulia klimatur 

pirobebze. amis gamo  Srobis aRniSnuli meTodi Tanamedrove pirobebSi 

TiTqmis ar gamoiyeneba; 

2. xelovnuri Sroba, romelic mimdinareobs specialur danadgarebSi 

(saSrobebSi) raime saxis energiis daxarjviT. xelovnuri Sroba Zalze 

farTod gamoiyeneba mrewvelobis praqtikulad yvela dargSi da gamoirCeva 

meTodebis sxvadasxvaobiT. ganvixiloT Srobis ZiriTadi meTodebi. 

konveqciuri Srobis SemTxvevaSi procesi mimdinareobs cxeli haeriT, 

kvamlis airebiT an maTi nareviT. haeridan siTbo konveqciiT gadaecema 
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gasaSrob produqts, romlidanac gadacemuli siTbos zegavleniT 

orTqldeba teni da gadadis haerSi. amgvarad, haeri erTdroulad  

asrulebs siTbos wyarosa da aorTqlebuli tenis STamnTqmelis rols. 

konveqciuri Srobis dros produqtSi siTburi nakadi mimarTulia 

centrisaken, tenis nakadi ki _ centridan zedapirisaken. amasTan, siTburi 

nakadis zegavleniT warmoqmnili Termotengamtaroba amuxruWebs Srobis 

process. Srobis pirvel periodSi produqtis temperatura mudmivia da 

tolia haerisa da produqtSi arsebuli wylis temperaturisa. amitom am 

periodisaTvis SesaZlebelia maRali temperaturis haeris gamoyeneba haeris 

nakadis paralelurad dinebis pirobebSi. Srobis meore periodSi ki, 

Cveulebriv, gamoiyeneba ufro naklebi temperaturis haeri nakadis 

winaRdeniT moZraobis pirobebSi. 

4.37 suraTze mocemulia cxeli haeriT Srobis procesis sqema. airis 

an haeris saSualebiT Sroba mimdinareobs winaswar gamTbari haeris 

SexebiT gasaSrob produqtTan, ris Sedegadac haeri STanTqavs tens da 

saSrobidan gamodis ufro meti tenSemcvelobiT. 

 

sur. 4.37. saSrobi aparatis sqema 

 

haeris saSualebiT produqtis Sroba mimdinareobs saSrobSi (sur. 

4.37), romelic Sedgeba ori aparatisagan. pirveli warmoadgens haeris 

mTbobs – kalorifers (1), sadac orTqlis an sxva mTbobi nivTierebis 

saSualebiT xdeba mSrobi haeris gaTboba. meore aparatSi (2), romelic 

warmoadgens saSrob sakans, mimdinareobs produqtis Sroba. saSrob sakanSi 

mSrobi haeri miewodeba ventilatoriT (4). zogjer damatebiT mSrobi haeri 

Tbeba TviT saSrobSi moTavsebuli mTbobis (3) saSualebiT. namuSevari 

mTbobi haeri saSrobidan gamodis imave ventilatoris (4) saSualebiT. 

 



 144  

Sroba konduqciiT anu TbogamtarobiT, xorcieldeba produqtis 

uSualo SexebiT cxel zedapirTan. atmosferul saSrobebSi aorTqlebuli 

teni saSrobi zonidan gamoaqvs haers, vakuum_saSrobSi ki orTqls Seiwovs 

vakuum_tumbo an eJeqtori kondensatoris gavliT. gasaTbobi zedapiri 

warmoadgens Rrutanian filebs an cilindrebs, romlebic Tbeba maTSi 

gamavali nawvavi airebiT. konduqciuri Srobisas gasaSrobi produqtis 

temperatura jer swrafad izrdeba, Semdeg mudmivia, Semdeg mcirdeba da 

kvlav izrdeba (sur. 4.38).  

produqtis temperatura mcirdeba Termuli winaaRmdegobis gazrdis 

gamo, rac gamowveulia cxel zedapirsa da produqts Soris Sexebis 

darRveviT, agreTve intensiuri aorTqlebisaTvis saWiro siTbos ararse-

bobiT.  

 

sur. 4.38. temperaturisa ( t ) da arTmeuli tenis (U ) 
cvlileba droSi ( ) konduqciuri Srobis dros 

 

      kontaqturi Srobis SemTxvevaSi produqtSi tenianoba ufro swrafad 

klebulobs cxeli zedapiris maxloblad da TviT zedapirze, vidre Siga 

SreebSi (sur. 4.39). produqtSi temperaturaTa sxvaoba mimarTulia cxeli 

(kontaqturi) zedapiridan produqtis Tavisufali zedapirisaken. teniano-

bis mruds aqvs maqsimumi. mrudis aRmaval nawilSi tengamtaroba 

amuxruWebs Srobas, Semdeg ki aCqarebs, radgan mrudis daRmaval nawilze 

tengamtarobasa da Tbotengamtarobas erTi da igive mimarTuleba aqvs 

Tavisufali zedapirisaken.   

     kontaqturi Srobis dros teni ZiriTadad orTqlis saxiT gadaad-

gildeba. aorTqlebis intensivoba damokidebulia cxeli zedapiris 

temperaturaze, masalis struqturasa da mis sisqeze. rodesac zedapiris 

temperatura SedarebiT dabalia, aorTqleba mimdinareobs Tavisufali da 

kontaqturi zedapirebidan. kontaqtur zedapirze warmoSobili orTqli 
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difundirebs Tavisufali zedapirisaken. rodesac kontaqturi zedapiris 

tempreratura gadaaWarbebs 850C-s, aorTqleba mimdinareobs kontaqturi 

zedapiridan da imdenad intensiurad, rom orTqli ver aswrebs produq-

tidan gamosvlas da misi wneva izrdeba. warmoSobili wnevaTa sxvaoba 

warmoadgens orTqlis gadatanis mamoZravebel Zalas.  

 

                sur. 4.39. temperaturisa da tenianobis cvlileba  
                              kontaqturi Srobis dros  
 

 kontaqturi Sroba xasiaTdeba cxeli zedapiridan tenis aorTqlebis 

maRali kuTri unariT (10_40 kg/m2sT), ris gamoc Srobis procesi xanmoklea 

da gamSrali produqti inarCunebs sawyis bunebriv Tvisebebs.  

Sroba infrawiTeli sxivebiT. infrawiTeli sxivebi warmoadgens 

0,77_340 mkm talRis sigrZis eleqtromagnitur gamosxivebas. es sxivebi 

xasiaTdeba siTburi nakadis didi intensivobiT, romelic 30_70-jer 

aRemateba cxeli haeridan konveqciiT gadacemul siTbos. amave dros 

infrawiTeli sxivebi xasiaTdeba mcire SeRwevadobiT, ris gamoc isini 

ZiriTadad gamoiyeneba Txeli fenebis gasaSrobad.    

 infrawiTeli sxivebis produqtSi SeRwevadoba damokidebulia gamom-

sxivebeli zedapiris temperaturasa da TviT produqtis Tvisebebze, mis 

struqturaze, qimiur Sedgenilobasa da tenianobaze. 

           infrawiTeli sxivebis SeRwevadoba miT ufro metia, rac ufro 

naklebia talRis sigrZe. kvebis produqtebisaTvis SeRwevadoba meryeobs 

5_12 mm_is sazRvrebSi maTi struqturisa da tenianobis mixedviT.  

 infrawiTeli sxivebis mcire SeRwevadobis gamo STanTqmuli energia 

iwvevs produqtis zedapiruli fenebis temperaturis matebas. zedapirsa da 
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centrs Soris temperaturaTa sxvaoba produqtis SigniT warmoSobs tenis 

gadatanas TermotengamtarobiT. tenis es nakadi mimarTulia zedapiridan 

centrisaken anu tenianobis sxvaobiT warmoqmnili nakadis sapirispirod.  

 zedapirze temperaturis mateba iwvevs wylis orTqlis drekadobis 

gazrdas da tenis aorTqlebis daCqarebas, ris gamoc zedapiris 

temperatura klebulobs da produqtis SigniT warmoiqmneba temperaturis 

maqsimumis izoTermuli zedapirebi.  

 didi sisqis produqtebis infrawiTeli gamosxivebiT Srobis 

SemTxvevaSi mimarTaven wyvetil dasxivebas. wyvetili dasxivebis dros 

produqtis gaTbobas periodulad cvlis misi gaciveba haeriT. am dros 

produqtis zedapiris temperatura mcirdeba, temperaturuli gradienti 

icvlis niSans da tengamtarobas emateba Termotengamtaroba, ris 

Sedegadac teni ufro intensiurad gadaadgildeba centridan 

zedapirisaken.  

 produqtis wyvetili dasxivebis dros misi gadaxureba ar xdeba, 

rasac didi mniSvneloba aqvs misi xarisxis SesanarCuneblad da 

eleqtroenergiis xarjis Sesamcireblad.   

 sublimaciuri Sroba sakvebi produqtebis konservirebis erT_erTi 

Tanamedrove meTodia. produqti Sreba gayinul mdgomareobaSi dabali 

wnevis pirobebSi. am dros wylis kristalebi myari mdgomareobidan 

uSualod gadadian airadSi anu ganicdian sublimacias. radgan 

sublimaciuri Sroba mimdinareobs dabal temperaturaze Jangbadis mcire 

Semcvelobis areSi, amitom gamSrali produqti inarCunebs Tavis bunebriv 

Tvisebebs: gemos, fers, aromats, vitaminebs da fermentebs. gamSrali 

produqti xasiaTdeba didi forianobiT, ris gamoc advilad iTvisebs 

wyals da aRidgens Tavis pirvandel mdgomareobas. sublimaciuri Sroba 

warmoadgens konservirebis ori gavrcelebuli meTodis (gayinvis da 

Srobis) kombinacias. gayinvis upiratesoba isaa, rom produqti inarCunebs 

Tavis bunebriv Tvisebebs, Sroba ki mniSvnelovnad amcirebs produqtis 

masas da akonservebs mas. Sesabamisad, produqtis Semdgomi Senaxvisa da 

gadazidvisaTvis saWiro aRar xdeba dabaltemperaturiani izoTermuli 

pirobebi. gamSrali produqti, dabali tenianobis gamo, saWiroebs 

hermetulad SefuTvas sakonservo qilebSi an polimerul apkebSi, rac 

ekonomiurobis TvalsazrisiT Zalze moxerxebulia.  



 147  

 sublimaciuri Sroba Sedgeba xuTi operaciisagan: 1. produqtis 

momzadeba, 2. produqtis gayinva, 3. pirveladi Sroba, 4. meoreuli Sroba, 5. 

SefuTva.  

 produqtis momzadeba gulisxmobs mis daxarisxebas, raTa moxdes 

dazianebuli da uxarisxo nawilis moSoreba. Tu produqti siTxea, gayinvis 

win saWiroa misi homogenizacia. sasurvelia, rom winaswari momzadebis 

Semdeg produqti swrafad gaiyinos.  

 produqtis gayinva unda mimdinareobdes maqsimalurad swrafad, raTa 

warmoqmnili kristalebi iyos mcire zomis da Tanabrad ganawilebuli. 

gayinva SeiZleba mimdinareobdes calke aparatSi an TviT saSrobSi. 

ukanasknel SemTxvevaSi gayinva xdeba produqtidan wylis aorTqlebis 

faruli siTbos arTmevis xarjze.  

 pirveladi Srobis periodSi xdeba gayinuli wylis sublimacia. am 

dros produqtSi wylis umetesi nawili gayinulia, danarCeni ki _ 

sorbirebuli. sublimaciisaTvis iyeneben specialur sublimators, 

romelSic damyarebulia maRali vakuumi da miewodeba siTbo. produqtis 

gaTboba ise unda mimdinareobdes, rom yinuli ar gadnes da ar gamoiwvios 

tenis aduReba. siTburi nakadi ise unda SeirCes, rom ar moxdes produqtis 

temperaturis aweva, sanam mTeli yinuli ar ganicdis sublimacias. am 

SemTxvevaSi produqtis mier miRebuli siTbo mTlianad ixarjeba yinulis 

aorTqlebaze. yinulis Sris sisqe TandaTan mcirdeba. procesis bolos 

mTeli yinuli aorTqlebulia. miRebuli mSrali produqti ar icvlis 

zomebs. igi miiRebs Rrublismagvar forovan struqturas, rac xels 

uwyobs produqtis Semdgom aRdgenas.  

 meoreuli Srobis dros mimdinareobs produqtSi darCenili gauyinavi 

wylis aorTqleba, romelic adsorbirebulia produqtis Rrublismagvar 

zedapirze. am periodSi produqtis temperatura TandaTan izrdeba, radgan 

miwodebuli siTbos raodenoba aRemateba aorTqlebaze daxarjuls. es 

procesi mimdinareobs produqtis saboloo tenianobamde (1_4 %). 

sublimaciis dros (meore periodi) siCqare da temperatura mudmivia, mesame 

periodSi ki temperatura izrdeba, xolo siCqare mcirdeba. 

 Srobis damTavrebis Semdeg produqts SefuTaven sakonservo qilebSi 

an polimerul apkebSi. aseTi produqti oTaxis temperaturaze xangrZlivad  

inaxeba. Tu produqti gankuTvnilia Semdgomi gadamuSavebisaTvis, mas 

aTavseben didi tevadobis hermetul WurWelSi. 
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 gamSral produqts aRsadgenad moxmarebis win aTavseben wyalSi. 

Rrublismagvari mSrali produqti swrafad STanTqavs wyals, romelic 

mWidrod ukavSirdeba Rrublis ConCxs. zedmeti wylis Camodenisa da (zog 

SemTxvevaSi) misi tiloTi gamSralebis Semdeg, produqti mzadaa 

moxmarebisaTvis. Tu produqts fxvnilis saxe aqvs, maSin saWiro 

koncentraciis xsnaris damzadeba xdeba saTanado raodenobis wylis 

damatebiT.     

akustikuri Sroba. bgerisa da ultrabgeris talRebis zemoqmedebiT 

SesaZlebelia Srobis procesis mniSvnelovnad daCqareba. bgeris velSi 

warmoiqmneba cvalebadi SekumSvisa da gafarToebis are, romlis 

zegavleniT gasaSrobi produqtis zedapirze viTardeba dadebiTi da 

uaryofiTi wneva. igi iwvevs erTgvar zedapirul kavitacias, romlis 

zegavleniTac zedapirul SreebSi Cqardeba tenis aorTqleba. amitom 

bgeris zemoqmedebas ZiriTadad mniSvneloba aqvs Srobis procesis pirvel 

periodSi, sanam gasaSrobi produqtis zedapiri svelia. Srobis procesis 

meore periodSi bgerebis gavlena gacilebiT naklebia. amitom akustikuri 

Sroba ZiriTadad gamoiyeneba Rrublismagvari, forovani, granulirebuli 

produqtisaTvis, romelic xasiaTdeba didi kuTri zedapiriT. bgerebis 

gamoyeneba saSualebas gvaZlevs SevamciroT gamSrobi haeris temperatura, 

ris gamoc es meTodi xelsayrelia temperaturis mimarT aramdgradi 

produqtebis (fermentebis, antibiotikebis, kvebis zogierTi produqtis) 

gasaSrobad.  

 akustikuri Srobisas gamosxivebis wyarod gamoiyeneba sirenebi an 

sayvirebi, romelTa mq koeficienti 20 % _s Seadgens, bgerebis sixSire _ 

20_25 khc _s, intensivoba 0,01_0,1 vt/sm2 _s.   

 mduRare Sris pirobebSi Srobis SemTxvevaSi gasaSrobi produqtis 

nawilakebi imyofebian haeris aRmaval nakadSi naxevrad Sewonil 

mdgomareobaSi. maTi umravlesoba gancalkevebulia erTmaneTisagan da 

intensiurad moZraoben, rac duRils mogvagonebs. amave dros haeris 

moZraobis siCqare isea SerCeuli, rom ar waritacebs produqtis 

nawilakebs. A 

amgvarad, Srobis procesSi nawilakebi warmoSoben mduRare Sres. 

isini imyofebian cru Txevad mdgomareobaSi. nawilakebis aseTi 

mdgomareoba mniSvnelovnad zrdis gamSrob haerTan maTi Sexebis zedapirs 

da aCqarebs Srobis process.  
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mduRare SreSi Sroba xasiaTdeba didi intensivobiT. aorTqlebuli 

tenis raodenoba aRwevs ramdenime aseul kilograms saaTSi saSrobis  

farTobis erTeulze. is saSualebas gvaZlevs gasaSrobi produqti saSrob 

aparatSi davtovoT optimaluri drois ganmavlobaSi. Srobis xangrZli-

voba saSualod Seadgens ramdenime wuTs. am meTodis upiratesoba is aris, 

rom gamSral produqts denads gaxdis.  

mduRare Sris uaryofiTi mxarea didi hidravlikuri winaRoba, rac 

ganapirobebs haeris misawodebeli ventilatoris muSaobisaTvis 

gamoyenebuli eleqtroenergiis SedarebiT did xarjs.  

gamfrqvevi saSrobebi gamoiyeneba didi sawyisi tenianobisa da 

siTxeebTan miaxloebuli denadobis mqone produqtebis gasaSrobad. aseT 

saSrobSi gasaSrobi produqti suspenziis an koloiduri xsnaris saxiT 

miewodeba saSrob kameras, sadac specialuri gamfrqvevis meSveobiT xdeba 

misi gafrqveva 10_50 mkm zomis wveTebad. gasaSrobi produqtis wveTebis 

haerTan Sexebis zedapiri produqtis 1 m3 moculobaze aRwevs 300000 m2. 

aseT pirobebSi Srobis siCqare mniSvnelovnad izrdeba da misi 

xangrZlivoba mcirdeba wamis measedebamde.  

 gasaSrobi produqtis gafrqvevisaTvis gamoiyeneba centridanuli, 

pnevmaturi an meqanikuri gamfrqvevebi. saSrob kameraSi haeris wrfivi 

siCqare naklebi unda iyos nawilakebis daleqvis siCqareze 

                                 h0  −=                               

sadac      nawilakebis zevidan qveviT moZraobis wrfivi siCqarea; 

       0  _ nawilakebis daleqvis siCqare; 

       h  _ haeris moZraobis siCqare. 

 saSrobi kameris simaRle ganisazRvreba Srobis xangrZlivobis 

mixedviT 

                                 =kamH , 

sadac    Srobis xangrZlivobaa. 

 pnevmatur saSrobebSi gasaSrobi masalis nawilakebi moZraoben cxel 

haerTan erTad vartikalur milSi 10_40 m/wm siCqariT. milis sigrZe unda 

iyos 20_25 m. milSi haeri SeiZleba moZraobdes qvevidan zeviT an zevidan 

qveviT. produqtis da haeris moZraoba TiTqmis yovelTvis paraleluria. 

milidan gamosvlisas haeris da gamSrali produqtis narevi Sedis 

ciklonSi, sadac xdeba mSrali produqtis gamocalkeveba. pnevmatur 
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danadgarebSi Srobis xangrZlivoba ar aRemateba ramdenime wams. amitom 

pnevmaturi saSrobi gamoiyeneba iseTi produqtis gasaSrobad, romelSic 

tenis Semcveloba SedarebiT mcirea an iseTi masalebisaTvis, romlebic 

advilad kargaven tens, da SesaZlebelia kuTri zedapiris mniSvnelovani 

gazrda dafqvis saSualebiT.   

 

4.14.5. Srobis kinetika 

  

produqtSi tenis gadaadgileba difuziuri procesia. misi 

mamoZravebeli Zalaa produqtis SigniT da mis zedapirze tenis 

koncentraciaTa sxvaoba. tenis koncentracia produqtis Siga fenebSi 

metia, vidre zedapirze, radgan zedapiridan teni advilad orTqldeba. 

 aorTqlebuli tenis raodenoba  

                             


CKF
GW


=  kg, 

sadac  WG   tenis raodenobaa, romelmac gaiara  F m 2  zedapiri, kg; 

        C _ produqtis SigniT da mis zedapirze tenis 

              koncentraciaTa sxvaoba, kg/kg; 

           _ im fenis sisqe, romlis gavliTac mimdinareobs tenis  

              difuzia, m; 

           _ Srobis xangrZlivoba, wm; 

         K _ tenis difuziis koeficienti. 

 temperaturuli gradientis gavleniT Tburi nakadis mimarTulebiT 

gadaadgildeba tenis garkveuli tG  raodenoba, romelic ganisazRvreba 

formuliT: 

                               


tFK
G t

t


= , 

sadac  t   temperaturaTa sxvaobaa (mamoZravebeli Zalaa), 0C; 

          _ produqtis fenis sisqe, m; 

          _ Srobis procesis xangrZlivoba, wm. 

 tenis raodenoba tolia tenis im raodenobis, romelic produqtis 

Siga fenebidan gadadis zeda fenebisaken. amgvarad, Srobis siCqare 

damokidebulia masalis SigniT mimdinare difuziis siCqaresa da misi 
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zedapiridan am tenis aorTqlebis siCqareze. SeiZleba iTqvas, rom Srobis 

siCqare damokidebulia masalis Tvisebebsa da Srobis pirobebze. 

Srobis siCqare ganisazRvreba formuliT: 

                                  



F

W
=  m/wm, 

sadac  W aorTqlebuli tenis moculobaa, m 3 ; 

        F - aqorTqlebis zedapiris farTobi, m 2 ; 

         - tenis aorTqlebis xangrZlivoba, wm. 

1 kg wylis asaorTqleblad daxarjuli haeris raodenoba gamoiTv-

leba formuliT 

                    
1212

10001

ddXX
l

−
=

−
= , 

sadac  X1, X2   aris 1 kg absoluturad mSral haerze mosuli wylis 

                 orTqlis raodenoba (tenSemcveloba) Srobis dawyebamde 

                 da Semdeg (g/kg), 

         d1, d2 _ tenSemcveloba Srobis dawyebamde da mis Semdeg (g/kg). 

 1 kg tenis aorTqlebaze daxarjuli siTbos raodenoba 

                             ( )
12

01

01
XX

ii
iilq

−

−
=−= , 

sadac i1, i2  enTalpiebia Srobis procesis dawyebamde da mis Semdeg (j/kg). 

 

sur. 4.40. koloiduri kapilarul-forovani 
        produqtis Srobis mrudi 

 
 kapilarul-forovani sxeulis Srobis tipuri grafiki (sur. 4.40) 

garkveuli mokle drois ganmavlobaSi gamoisaxeba mrude wiriT. es aris 

masalis gaTbobis periodi, amis Semdeg gvaqvs wrfivi damokidebuleba 

( 21 KK − ), xolo bolo monakveTze is kvlav mrudi xdeba. procesi 

mTavrdeba, rodesac masalis tenianoba aRwevs wonasworul mniSvnelobas.   
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    V Tavi. bioqimiuri procesebi 
 
 bioqimiuri aris procesi, romelic dakavSirebulia gadasamuSavebel 

produqtze fermentebis an biologiuri preparatebis zemoqmedebasTan. 

aseTia: fermentacia, pasterizacia, sterilizacia da sxv. 

 fermentacia warmoadgens katalizis kerZo SemTxvevas, romelsac 

adgili aqvs kvebis produqtebSi. fermenti cilovani nivTierebaa, romelic 

warmoadgens qimiuri reaqciis katalizators (amCqarebels). misi arsebobis 

SemTxvevaSi icvleba qimiuri procesis mimdinareobis gza: es procesi 

mimdinareobs im sxva, Sualeduri elementebis gavliT, romelTa 

warmoqmnaSic monawileobs aRniSnuli katalizatori. amis Sedegad qimiuri 

reaqciis aqtivaciisaTvis saWiro jamuri energiis raodenoba 

mniSvnelovnad mcirdeba, xolo reaqciis siCqare izrdeba. 

 fermentaciuli reaqcia SeiZleba iyos aramikrobuli an mikrobuli. 

Tu reaqcia mikrobulia, fermentebs gamoimuSavebs mikroorganizmebi. 

amasTan, mikroorganizmebi SeiZleba iwvevdes sasurvel an arasasurvel 

gardaqmnebs.  

 fermentaciuli reaqcia mimdinareobs or stadiad: pirvel stadiaze 

Seuqcevadad reagireben substrati (sawyisi nivTiereba) da fermenti; meore 

stadiaze reaqciis pirvel stadiaze warmoqmnili kompleqsi iSleba da 

miiReba saboloo produqti. amave dros bioqimiuri reaqcia formalurad 

iseve ganixileba, rogorc Cveulebrivi ubralo qimiuri reaqcia.   

 bioqimiuri procesis masuri siCqare 
d

dC
 (sadac C  saboloo 

produqtis koncentraciaa, xolo   _ dro) damokidebulia substratis C  

koncentraciaze (sur. 5.1).  

 

sur. 5.1. fermentaciuli reaqciis siCqaris 
 damokidebuleba substratis koncentraciaze 
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     substratis koncentraciis gazrdis SemTxvevaSi reaqciis siCqare 

asimptoturad miiswrafvis maqsimaluri mniSvnelobisaken. misi 

gansazRvrisaTvis saWiroa ori parametris codna: reaqciis maqsimaluri 

siCqare 
max










d

dC
 da mudmiva CK , romelic tolia substratis koncentraciis 

im mniSvnelobisa, romlisTvisac reaqciis siCqare Tavisi maqsimaluri 

mniSvnelobis naxevris tolia.  

 

      5.1. pasterizacia da sterilizacia 
 
 
 sakvebi produqtebis teqnologiaSi farTod gamoiyeneba produqtebis 

Tburi damuSaveba pasterizaciisa da sterilizaciis procesebis saxiT, 

romlebsac axorcieleben Sesabamisi Tbogadamcemi aparatebis gamoyenebiT.  

 sakvebi produqtebis sakmaod didi nawili (rZe da rZis Txevadi 

produqtebi, xilisa da bostneulis wvenebi, ludi da a.S.) warmoadgens 

saukeTeso garemos mravali mikroorganizmis ganviTarebisTvis, romelTa 

Soris bevria paTogenuri, sxvadasxva avadmyofobis gamomwvevi.  

 aseTi produqtebis Tburi damuSaveba (pasterizacia da sterili-

zacia) warmoadgens saukeTeso saSualebas aRniSnuli mikroorganizmebis 

gauvneblobisaTvis. es ki saSualebas gvaZlevs Tavisuflad SevinaxoT 

produqti da gadavamuSaoT igi yovelgvari safrTxis gareSe.  

 pasterizaciis procesis fuZemdebelia frangi mecnieri lui pasteri. 

pasterizacia produqtis iseTi Tburi damuSavebaa, romlis Sedegadac 

iRupebian mxolod mikroorganizmebis vegetaciuri formebi. am process 

atareben 1000C-ze dabal temperaturaze da gamoiyeneba iseTi 

produqtebisaTvis, romelTa gacxeleba 1000C-ze metad dauSvebelia 

xarisxis gauaresebis gamo.  

 mikroorganizmis sruli gauvneblobisaTvis gamoiyeneba steriliza-

ciis procesi, romelic pasterizaciis analogiuria, magram mimdinareobs 

1000C-ze ufro maRal temperaturaze garkveuli drois ganmavlobaSi.   

 mikroorganizmis zrda-ganviTarebis siCqaris (
d

dN
) damokidebuleba 

temperaturaze (sur. 5.2) gviCvenebs, rom mikroorganizmi ganviTarebas iw-

yebs aqtivaciis dawyebis temperaturaze ( aqt.T ). misi ganviTarebis Seneleba 
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iwyeba inaqtivaciis temperaturis ( inaqtT ) miRwevis Sedegad, xolo zrdis 

maqsimaluri temperaturis ( maqsT ) miRwevis Semdeg misi ganviTareba 

praqtikulad wydeba. letaluri temperaturis ( letT ) miRwevis Semdeg 

mikroorganizmi iRupeba.  

 

sur. 5.2. mikroorganizmis ganviTarebis siCqaris 
                        damokidebuleba temperaturaze 
 
     pasterizaciis procesSi mikroorganizmis moqmedebis ganeitraleba 

xdeba Semdegnairad: produqts vacxelebT garkveul temperaturamde, 

vayovnebT garkveuli droiT da Semdeg vacivebT. rac ufro maRalia 

pasterizaciis temperatura, miT ufro efeqturad xdeba mikroorganizmebis 

ganadgureba da ufro saimedoa produqtis xangrZlivad Senaxva. Mmagram, 

pasterizaciis efeqti damokidebulia ara marto gacxelebis temperatu-

raze, aramed  dayovnebis  drozec. rac ufro  didia es  dro miT ufro 

efeqturia pasterizacia. amrigad,  pasterizaciis  erTi  da igive efeqti 

SesaZlebelia miviRoT temperaturisa da dayovnebis drois sxvadasxva 

kombinaciiT. amis sailustraciod sur. 5.3-ze naCvenebia rZis pasterizaciis  

dayovnebis drois damokidebuleba temperaturaze.  es  ori  parametri 

gansazRvravs procesis mimdinareobas. warmoebaSi iyeneben rZis 

pasterizaciis Semdeg reJimebs: 

- momentaluri pasterizacia – gacxeleba 85-900 - mde dayovnebis gareSe; 

   - xanmokle pasterizacia - gacxeleba 72-740 – mde da xanmokle dayov-

neba; 

   - xangrZlivi pasterizacia - gacxeleba 630 – mde da dayovneba 30 wT. 

     gasaTvaliswinebelia, rom produqtis xangrZlivi gacxeleba da 

gaciveba, gansakuTrebiT maRali temperaturis pirobebSi, uaryofiTad 
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aisaxeba am produqtis xarisxze, radgan iwvevs vitaminebis darRvevas, 

naxSirwylebisa da aminomJavebisagan Znelad SesaTvisebeli aminoSaqrebis 

warmoqmnas, cximebis daSlas da a.S. amitom sterilizaciis temperatura da 

xangrZlivoba unda SeirCes orive aRniSnuli faqtoris gaTvaliswinebiT.  

                                                        

                   sur. 5.3. rZis pasterizaciis  dayovnebis drois 
                                damokidebuleba temperaturaze 
      

 maRali temperaturisa da xanmokle sterilizaciis SemTxvevaSi 

produqtis biologiurad Zvirfasi komponentebi ukeTaa SenarCunebuli, 

vidre dabali temperaturisa da xangrZlivi sterilizaciis SemTxvevaSi. 

magram gasaTvaliswinebelia qilebSi dafasoebuli produqtebis swrafi 

gacxelebis sirTule, rac ganapirobebs produqtis qilis kedlebTan 

axlos ganlagebuli fenebis dazianebas, xolo kedlebidan moSorebiT, 

centralur nawilebSi sterilizaciis efeqtis simcires. aRniSnuli 

faqtorebis gaTvaliswinebiT gacxelebisa da gacivebis reJimebis 

SerCevisaTvis gamoiyeneba produqtiT Sevsebuli qilis Tbogamtarobis 

arastacionaruli gantolebebis amoxsnis Sedegebi.   

 sterilizaciis saerTo xangrZlivoba ganisazRvreba, rogorc 

produqtis gacxelebisa da gacivebis xangrZlivobaTa jami, romelTa 

drosac temperaturam unda gadaaWarbos letaluri temperaturis 

mniSvnelobas. 

 sakvebi produqtebis maRaltemperaturuli damuSavebis erT-erT 

ZiriTad pirobas warmoadgens procesis swrafad Catareba produqtis Txel 

fenaSi Jangbadis SeRwevis gareSe da Semdgom swrafad gaciveba.   
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 garda Termuli sterilizaciisa, sakvebi produqtebis mrewvelobaSi 

gamoiyeneba agreTve maRali sixSiris deniT, ultraiisferi gamosxivebiT, 

qimiuri nivTierebebiT da centridanuli Zalebis zemoqmedebiT damuSaveba.  

 TiTqmis yvela sakvebi produqti dieleqtrikia. amitom maTze maRali 

sixSiris eleqtruli velis zemoqmedebisas produqtebi swrafad da 

Tanabrad cxeldeba am produqtebSi molekulebis rxeviTi moZraobis 

xarjze. Tu eleqtruli velis daZabuloba ar auaresebs produqtis 

xarisxs, maSin es produqtebi cxeldeba 1200C-mde sul raRac 1 wuTSi, 

xolo sterilizaciisaTvis sakmarisia 10-140 wm. maRali sixSiris denebis 

gamoyeneba gansakuTrebiT efeqturia dabali siTbotevadobis da Tbogamta-

robis produqtisaTvis.  

ultraiisferi dasxiveba gamoiyeneba samaduRro warmoebaSi 

gamoyenebuli haeris sterilizaciisaTvis, agreTve sasmeli da mineraluri 

wylebis gasawmendad. 260-300 mkm talRis sigrZis ultraiisferi sxivebis 

zemoqmedebiT Zalze swrafad xdeba produqtSi arsebuli virusebis 

inaqtivacia. ultraiisferi sxivebis SeRwevadoba optikurad mkvriv garemo-

Si mcirea. amitom maTi gamoyenebis efeqturoba damokidebulia dasxivebis 

intensivobasa da xangrZlivobaze, agreTve dasxivebuli produqtis 

Tvisebebze.  

 sakvebi produqtebis gauvneblobisaTvis gamoiyeneba maTi centrida-

nuli zemoqmedebis velSi damuSavebis meTodi. am SemTxvevaSi 

mikroorganizmebis gamoyofa miiRweva siTxisa da mikroorganizmebis 

simkvriveebs Soris sxvaobis xarjze da damokidebulia mikroorganizmebis 

zomebsa da formaze. magaliTad, TefSiseburi separatorebis meSveobiT 

SesaZlebelia rZidan mikroorganizmebis 99,9 %-is mocileba. aRniSnuli 

meTodi pasterizaciasTan SedarebiT sakmaod mimzidvelia, radgan am 

SemTxvevaSi procesi mimdinareobs produqtSi fizikuri da qimiuri 

gardaqmnebis gareSe da, amasTan, produqtSi ar rCeba daRupuli 

mikroorganizmebi.  

 qimiuri sterilizaciis saSualebebad gamoiyeneba formalini, 

marilmJava, qloris, gogirdis mJavebi da a.S. SeiZleba iTqvas, rom 

miuxedavad qimiuri sterilizatorebis didi simravlisa, arc erTi ar aris 

universaluri saSualeba kvebis produqtebis specifikurobis gamo. 

produqtebis gauvnebloba, rogorc wesi, miiRweva maTi damuSavebis 

kombinirebuli meTodebiT.  
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  5.2. wylis magnituri aqtivizacia 

 
  
 sakvebi produqtebis warmoebaSi gamoyenebul Tbogadacemis proceseb-

Si, produqts siTburi energia gadaecema muSa agentidan (gacxelebuli 

wyali, orTqli). am procesebis gansaxorcieleblad gamoiyeneba sxvadasxva 

principze momuSave da gansxvavebuli konstruqciis Tbogadamcemi 

aparatebi. Tumca nebismier aparatSi uSualod siTbos gadamcem elements 

warmoadgens produqtsa da muSa agents Soris arsebuli gamyofi kedeli, 

romelic, rogorc wesi, muSa agentis mxridan warmoadgens Sav liTons, 

xolo sakvebi produqtis mxridan uJangav liTons an misi zedapiri  

dafarulia emaliT.  

 aRniSnul gamyof kedlebze Tbogadacemis procesSi muSa agentis 

mxridan warmoiqmneba myari nadebi, romelsac qmnis wyalSi arsebuli 

marilebis daleqva. milsadenSi wylis moZraobis dros analogiuri 

nadebis warmoqmna amcirebs milsadenis ganivkveTs, zrdis mis winaaRm-

degobas, amcirebs Tbogadacemis koeficients da Tbogadamcemi aparatebis 

mq koeficients. am movlenis Tavidan asacileblad gamoiyeneba wylis 

damuSaveba sxvadasxva meTodebiT: qimiuri (wyals arbileben qimiuri 

reagentebiT), meqanikuri (wyali iwmindeba membranuli filtrebiT) da sxv. 

magram yvela meTodis gamoyeneba dakavSirebulia sakmaod ZviradRirebul 

teqnikur da ekonomikur sirTuleebTan.  

 zemoT aRniSnuli problemebis erT_erTi yvelaze martivi da 

efeqturi gadawyvetaa wylis damuSaveba magnituri aqtivatorebiT. maTi 

gamoyeneba gamoricxavs gamxurebeli mowyobilobis Siga zedapirze nadebis 

warmoqmnas da korozias.  

 wylis magnituri aqtivatoris moqmedebis principi aseTia: 

aqtivatorSi gavlis dros wyalze moqmedebs cikluri magnituri veli, 

romelic warmoqmnilia maRalenergetikuli mudmivi magnitebis mier. 

magnituri velis zemoqmedebis Sedegad wyalSi gaxsnili marilebis 

koncentracia praqtikulad ar icvleba, magram sixistis warmomqmneli 

marilebi gamoiyofa ara nadebis, aramed wvrildispersiuli nawilakebis 

saxiT. magnituri aqtivatori moqmedebs wyalSi gaxsnil hidrokarbonatis 

anionebze (uaryofiTad damuxtul nawilakebze) da gadaiyvans maT 

koloidur mdgomareobaSi. es iwvevs maT gamokristalebas wylis masaSi da 
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ara milis kedlebze an sxva Tbogadamcem zedapirebze. aRniSnuli procesi 

cnobilia rogorc ~kristalizacia moculobaSi~.  

 magnitebi isea ganlagebuli, rom warmoqmnili magnituri velis 

zemoqmedeba iwvevs siTxis dipolebis rezonanss. aRniSnuli Zalis 

moqmedebis Sedegad siTxis molekulebi asruleben rxeviT moZraobas. 

dipolebis rezonansi ganapirobebs wyalSi arsebuli minarevebisa da 

wylis molekulebis ganmxoloebas, romlebic urTierTmizidulobis 

Zalebis moqmedebiT erTiandebian. civ wyalSi kalciumis ionebi ileqeba 

Tavisufali minarevis zedapirze _ kristalizaciis centrebze. amis 

Sedegad warmoiqmneba mikrokristalebi, romlebic naleqis saxiT ar 

ileqeba Tbogadamcemi aparatebis muSa zedapirebze. es mikrokristalebi 

rCeba wylis masaSi da gamoiyofa iqidan sistemaSi dayenebuli filtrebis 

meSveobiT. dadgenilia agreTve, rom magnituri aqtivatoris gamoyenebis 

SemTxvevaSi milebs scildeba Zveli nadebic, romelic ileqeba 

mikrokristalebis zedapirebze da gamoiyofa filtrebis meSveobiT. igive 

xdeba muSa zedapirebzec.  

magnituri aqtivatori magrdeba milgayvanilobaze (sur. 5.4). magnitu-

ri velis zemoqmedebis Sedegad milis zedapirs Sordeba nadebi.  

mocilebuli nadebi da wyalSi arsebuli marilebi gamoiyofa wylis masaSi 

da masTan erTad gamodis Tbogadamcemidan. es uzrunvelyofs 

Tbomcvlelis kedlebis srul gasufTavebas. 

 

Nsur. 5.4. magnituri aqtivatoriT milebis gasufTavebis sqema 

 

wylis magnituri aqtivatorebis gamoyeneba gamoricxavs Tbogadamcem 

zedapirebze ara marto axali nadebis warmoqmnas, aramed aRniSnul 

zedapirebze adre arsebul naleqsac acilebs. Tavis mxriv, naleqisagan 

Tbogadamcemi zedapirebis gaTavisufleba uzrunvelyofs maT mier siTbos 

ukeT gatarebas, e. i. amcirebs energodanakargs, maSasadame, zrdis aparatis 

Tbogadacemis koeficients. aparati muSaobs procesisaTvis winaswar 
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dadgenili reJimis parametrebiT mTeli samuSao drois ganmavlobaSi. 

izrdeba agreTve Tbogadamcemi aparatebis eqspluataciis vada.   

 

O5.3. ozonis gamoyeneba sakvebi produqtebis  
warmoebis procesebSi 

 
 
 ozoni garemomcveli haeris erT-erTi Semadgeneli nawilia. igi 

martivi nivTierebaa, romelic Sedgeba Jangbadis sami atomisagan. bunebrivi 

haeris SedgenilobaSi ozonis koncentracia mcirea da Seadgens 0,002_0,02 

mg/m3_s. 

 ozoni, rogorc qimiuri elementi, aRmoCenili iqna 1787 w holandieli 

mecnieris mak van marumis mier mZlavr saeleqtrizacio danadgarSi 

miRebuli eleqtruli naperwklis Jangbadis areSi gatarebisas. cdebis 

Sedegad miiReboda airadi nivTiereba, romelsac hqonda mkveTri 

damaxasiaTebeli suni da vercxliswylis daSlis unari. swored 

damaxasiaTebeli sunis gamo airs uwodes ~ozoni~, rac berZnulad ~sunis 

mqones~ niSnavs. 

 ozonis qimiuri aqtivoba ganpirobebulia misi struqturiT: misi erT-

erTi (centraluri) atomi Jangbadis danarCen or atomTan dakavSirebulia 

kovalenturi bmebiT. cikluri struqturis ararseboba ganapirobebs 

ozonis arastabilurobas. amis gamo ozoni aqtiurad reagirebs ormagi 

kavSirebis mqone organul nivTierebebTan. misi daSlisas miRebul 

Tavisufal radikalebs axasiaTebs reaqciaSi Sesvlis aqtiuri unari da 

SeuZliaT daSalon mravali organuli molekula. ozonis mcire 

koncentraciac ki damRupvelad moqmedebs iseT organul organizmebze, 

rogoricaa sxvadasxva tipis mavne baqteriebi, virusebi da sokoebi. ozoni 

Jangavs maRalmolekulur nivTierebebs, toqsinebs, biologiurad dauSlel 

da aromatul nivTierebebs, aqrobs arasasiamovno suns da amcirebs 

kancerogenuri nivTierebebis koncentracias atmosferul haerSi.  

 ozoni xels uwyobs xorcis, Tevzis, kvercxis, yvelis, xilis da 

bostneulis sawyisi xarisxobrivi maCveneblebis didxans SenarCunebas. 

ozonirebis gziT SesaZlebelia haeris dezinfeqcia da dezodoracia 

(arasasiamovno sunis mospoba). is gamoiyeneba samacivro saknebis, 

satransporto saSualebebis, WurWlis da SesafuTi masalebis 

dezinfeqciisaTvis. ekonomiurad dasabuTebulia baqtericiduli naTurebis 
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Secvla ozonatorebiT, romlebic xasiaTdeba gamoyenebis ufro farTo 

speqtriT, momsaxurebis simartiviT, gamZleobiT, ar moqmedebs garemoze 

uaryofiTad da utilizaciisaTvis ZviradRirebul mowyobilobebs ar 

saWiroebs.  

 ozonis misaRebi danadgari (ozonatori) pirvelad 1857 w. gamoiyena 

firma ~simensma~ sasmeli wylis gasawmendad. SemdgomSi xdeboda am 

mowyobilobebis srulyofa da dReisaTvis ozonatorebis seriuli 

mwarmoeblebi arian: aSS, germania, safrangeTi, da sxv. isini awarmoeben  

sxvadasxva daniSnulebis da modifikaciis mowyobilobebs, Tumca yvelas 

moqmedebis principi msgavsia: garemos haeris an sufTa Jangbadis 

eleqtruli ganmuxtvis areSi gatarebiT miiReba airadi ozoni (sur. 5.5).  

     ozonatori warmoadgens dieleqtrikuli masalisagan damzadebul (1) 

mils, romlis SigniT ganlagebulia eleqtruli ganmuxtvis (2) elementi 

da haeris mimwodi  ventilatori (3).  ventilatori garemodan Seiwovs 

haers (1) milSi. eleqtruli ganmuxtvis (2) elementi mierTebulia denis 

wyarosTan, romelic mas awvdis maRali Zabvis (18000 v) dens. amis Sedegad 

(2) elementSi xdeba eleqtruli ganmuxtva, romelic moqmedebs haerSi 

arsebul Jangbadze da gardaqmnis mas airad ozonad. miRebuli ozoni  

milidan (1) miewodeba daniSnulebis mixedviT. 

 
      Nsur. 5.5. ozonatoris principuli sqema 

 

wylis gauvnebelyofa ozonis meSveobiT. Tanamedrove pirobebSi 

sasmeli wylisadmi wayenebuli erT_erTi ZiriTadi moTxovnaa misi baqte-

orologiuri sisufTave. ozoni spobs wyalSi arsebul yvela cnobil 

mikroorganizms. ozonis mimarT mdgradi mikroorganizmebi ar arsebobs, 

vinaidan es airi Jangavs ujredis kedlebs, citoplazmas da iwvevs 

ujredis daSlas. amasTan, ozoni daaxloebiT 51 %_iT ufro Zlieria 

qlorze da moqmedebs 15_20-jer swrafad. qlorisagan gansxvavebiT ozoni 

wyals ar aZlevs raime gemos an suns. mas aqvs TviTdaSlis unari: mcire 

drois (2_4 sT) Semdeg ozoni iSleba da gardaiqmneba sufTa Jangbadad. 

amitom wylis gasawmendad ozonis miwodeba saSiSi ar aris.  
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Tavisi arsiT ozoniT wylis gawmenda bunebriv pirobebSi haeris da 

mzis energiis moqmedebiT mravaljeradi gawmendis ekvivalenturia.  

Tanamedrove sakvebi produqtebisa da samacivro warmoebaSi 

ozonirebuli wyali farTod gamoiyeneba sterilizaciisaTvis. amisaTvis 

kvebis produqtebis misaRebi mowyobilobebi da Camomsxmeli xazebi 

aRWurvilia ozonirebis sistemebiT. aRniSnuli sistemebis gamoyeneba 

sagrZnoblad amartivebs sterilizaciis process da iZleva misi maRal 

doneze Catarebis saSualebas.  

ozonis gamoyeneba sakvebi produqtebis Senaxvisa da gadamuSavebis 

teqnologiur procesebSi. produqtis mikrobuli dabinZureba garda imisa, 

rom saSiSia adamianis janmrTelobisaTvis, mniSvnelovnad amcirebs TviT 

produqtis Senaxvis vadasac. mikrobuli dabinZurebis sawinaaRmdegod 

mimarTaven produqtis Tbur damuSavebas, iyeneben gama gamosxivebas, qimiur 

konservantebs. magram yvela aRniSnul meTods aqvs Tavisi uaryofiTi 

mxareebi, rogoricaa organoleptikuri maxasiaTeblebis cvlileba, kvebiTi 

Rirebulebis Semcireba, vitaminebis didi nawilis dakargva da sxv.  

aRniSnuli uaryofiTi mxareebi ar gaaCnia ozoniT damuSavebul 

produqts. produqtis damuSavebis Semdeg ozoni gardaiqmneba Jangbadad, 

romelic ar aris toqsikuri da arc toqsikur naerTebs warmoqmnis. ozoni 

aramdgradi airia, romelic TavisiT iSleba da ar grovdeba organizmSi. 

ozoniT dezinfeqciis Semdeg ar aris saWiro produqtis Semdgomi 

damuSaveba: garecxva an degazacia specialur saTavsebSi.  

soflis meurneobis produqtebis Senaxva maTi xarisxis SenarCunebiT 

kacobriobis globalur problemas warmoadgens. miuxedavad mravali 

samecniero_kvleviTi samuSaoebis Catarebisa, mTel msoflioSi soflis 

meurneobis produqtebis maragis daaxloebiT 30 % ikargeba. kidev ufro 

didi problemebi iqmneba soflis meurneobis nedleulisagan sakvebi 

produqtebis momzadebis, Senaxvis da transportirebis procesSi, agreTve 

mas Semdeg, rac es produqtebi momxmarebelTan moxvdeba. produqtis 

gafuWebis mravali mizezi arsebobs. magram maT Soris umTavresia 

mikroorganizmebi, romlebic xelsayrel pirobebSi Zalze swrafad 

mravldebian.  

aRniSnuli arasasurveli movlenebis Tavidan acilebis saukeTeso 

saSualebaa ozonis gamoyeneba: sawarmoo da sayofacxovrebo Senobebis 

sanitariuli damuSavebisaTvis.  
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VI Tavi. meqanikuri procesebi 

 
kvebis mrewvelobis sawarmoebSi nedleuli da Sualeduri 

produqtebi, rogorc wesi, saWiroeben meqanikur damuSavebas. aRniSnul 

procesebs miekuTvneba myari masalebis danawevreba_daqucmaceba, daWra, 

fxvieri masalebis separacia da daxarisxeba, masalebidan Txevadi fazis 

gamownexa, myari fazis briketireba, drekad-plastikuri masebis daformeba, 

fxvieri, blanti da Txevadi produqtebis Sereva da sxva.  

 
6.1. produqtis daqucmacebis procesis 

Teoriuli safuZvlebi 

 
daqucmacebas uwodeben produqtis nawilakebad dayofas, romelic 

xorcieldeba sawyis produqtze meqanikuri zemoqmedebiT. ganasxvaveben ori 

saxis daqucmacebas: 1. rodesac daqucmacebuli produqtis nawilakebs ara 

aqvT forma; 2. nawilakebis zomebis SemcirebasTan erTad maT eZlevaT 

gansazRvruli zomebi da forma. am ukanasknel process Wra ewodeba. 

daqucmacebis procesi farTod gamoiyeneba kvebis mrewvelobis 

mraval dargSi, maT Soris: marcvleulis gadamamuSavebel, sakonservo, 

samaduRro, Cais warmoebis, meRvineobis da sxva dargebSi. Dmasalebis 

daqucmacebas xSirad mimarTaven Semdgomi procesebis intensiurobis 

gazrdis mizniT, magaliTad, eqstrahirebis, Tburi damuSavebis da sxva 

procesebis dasaCqareblad. amave dros mniSvnelovania nivTierebaTa 

danakargebis da Tburi energiis xarjis Semcireba. 

masalaze moqmedi datvirTvis mixedviT, daqucmaceba SesaZlebelia 

moxdes: daWyletiT, gaxleCiT, WriT, TelviT, gaxexviT, dartymiTi 

zemoqmedebiT da sxva. umravles SemTxvevaSi gvxvdeba am meTodebis 

sxvadasxva saxis kombinirebuli moqmedeba, magaliTad, daWyleta-gaxleCa, 

dartyma-gaxexva da sxva.  

      daWyletis dros gare datvirTvis moqmedebiT deformirdeba mTeli 

nawilakis moculoba da, rodesac Siga daZabuloba gadaaWarbebs kumSvaze 

simtkicis zRvars, igi iwyebs rRvevas. Ees movlena miekuTvneba kumSviT 

deformacias. 

gaxleCis SemTxvevaSi sxeuli irRveva datvirTvebis maqsimaluri 

koncentraciis adgilas, ris Sedegadac is SeiZleba gaiyos ramdenime 
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nawilad. aRniSnul meqanikur models Seesabameba agreTve Telvis da 

adgilobrivi Telvis deformaciebic. 

masalis nawilakebi imsxvreva RunviTi deformaciis gavleniT es 

meTodi xasiaTdeba imiT, rom miRebul nawilakebs aqvs ufro Tanabari 

forma da zomebi.  

Wris meTodi  gamoiyeneba  maSin, rodesac  masalis daqucmaceba 

saWiroa winaswar dadgenili zomebiT. 

masalis gaxexviT damuSavebisas, daqucmaceba xdeba kumSvis, Wris da 

Telvis Zalebis erToblivi moqmedebiT.  

daqucmacebis efeqturoba fasdeba daqucmacebis xarisxiT, energiis 

kuTri danaxarjebiT da manqanis muSa organoebze mosuli kuTri datvirT-

viT. daqucmacebis xarisxi xasiaTdeba produqtis sawyisi nawilakis 

saSualo 0d  zomis SefardebiT daqucmacebuli produqtis nawilakis 

saSualo 1d  zomasTan. 

                            10 / ddi = .                               (6.1) 

Tanamedrove teqnikaSi daqucmacebis xarisxs gamosaxaven daqucmacebu-

li produqtis nawilakebis zedapirebis jamuri farTobis SefardebiT 

sawyisi (dasaqucmacebeli) produqtis nawilakis zedapirebis jamur far-

TobTan 

                                  10 / FFi = .                              (6.2) 

magaliTad, marcvlis gadamamuSavebel sawarmoebSi, fqvilis xarisxis 

mixedviT daqucmacebis xarisxi Seadgens =i 20...50. 

nawilakebis zedapiris farTobis gansazRvrisTvis mimarTaven 

sacrul analizs. amisaTvis produqtis saSualo nimuSs atareben analizur 

xelsawyoze, romelic warmoadgens sxvadasxva zomis naxvretebis mqone 

badeebis sistemas. Sedegad iReben fraqciaTa rigs, romlebic gansxvav-

debian nawilakebis sididiT. radgan nawilaks ara aqvs garkveuli forma, 

mis zomad miRebulia ori mezobeli badis naxvretebis zomebis naxevar-

jami. yoveli fraqciis nawilakebis zedapirebis jamur F  farTobs 

gansazRvraven misi G  masuri raodenobiT, nawilakebis saSualo d  zomiT 

da maTi   simkvriviT anu erTi fraqciis nawilakebis raodenoba 

ganisazRvreba formuliT  

                                 
31

d

G
n =  .                              (6.3) 
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calkeuli nawilakebis zedapiris farTobi daaxloebiT SeiZleba 

miviRoT Tanabari zomis kubebis zedapiris farTobis tolad, anu ,6 2

1 df =   

sadac d  kubis wiboa, romelic daaxloebiT tolia nawilakis saSualo 

zomis. 

erTi fraqciis yvela nawilakis zedapirebis jamuri farTobi  

                               
d

G
fnF

6
111 ==  .                           (6.4) 

Tu cnobilia yoveli fraqciis nawilakebis zedapirebis jamuri 

farTobi, SesaZlebelia ganisazRvros mTliani saSualo nimuSis 

nawilakebis zedapirebis jamuri farTobi. 

daqucmacebis xarisxze damokidebulebiT ganasxvaveben Semdegi saxis 

daqucmacebebs: msxvili ( =i 3...5), saSualo ( =i 5...10), wvrili ( =i 10...50), mcire 

( i 100) da koloiduri ( i 1000). 

   

6.1.1. daqucmacebis procesis fizikuri safuZvlebi 

 

    myari sxeulis deformirebisa da daqucmacebisaTvis saWiroa garkve-

uli energia, romelic ixarjeba drekadi da plastikuri deformaciebis 

warmoqmnaze, agreTve molekuluri SeWidulobis Zalebis dasaZlevad. amis 

Sedegad sxeuli irRveva da warmoiqmneba didi jamuri zedapiruli 

farTobis nawilakebi. rogorc drekadi, ise plastikuri deformaciis 

dros xdeba meqanikuri energiis nawilobrivi gardaqmna siTbur energiad, 

ris Sedegadac izrdeba sxeulis da saqucmacebeli manqanis temperatura. 

amitom zogierT saqucmacebel manqanaSi gaTvaliswinebulia muSa organo-

ebis gaciveba.  

masalis dasaqucmaceblad saWiro energiis gansazRvris ramdenime 

Teoria arsebobs, maT Soris v.kirpiCevis da f.kikis mier SemoTavazebuli 

moculobiTi Teoria. ramdenadac masalis nawilakebis kuTri zedapiri 

maTi zomebis ukuproporciulia, amitom masalis daqucmacebisaTvis saWiro 

kuTri muSaoba (masalis erTeuli moculobis daqucmacebisaTvis saWiro 

muSaoba) nawilakebis 0d  sawyisi zomidan  1d  saboloo zomamde, 

SesaZlebelia gamoisaxos formuliT: 

                           )/1/1( 01 ddKA −= ,                            (6.5) 
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sadac K   koeficientia, romelic axasiaTebs daqucmacebis dros masalis 

erTeuli zedapirisaTvis muSaobis danaxarjs da damokidebulia masalis 

Tvisebebze.  

K  sididis gansazRvra SesaZlebelia mxolod eqsperimentulad. 

aRniSnuli Teoria gamomdinareobs iqidan, rom daqucmacebis dros muSaoba 

sruldeba masalis deformaciaze, romelic iwvevs mis rRvevas. amasTan, 

muSaoba sruldeba zRvruli (mrRvevi) deformaciis miRwevamde. aqedan 

gamomdinareobs, rom daqucmacebisaTvis saWiro muSaoba proporciulia 

masalis nawilakebis moculobis daqucmacebamde Semcirebisa. 

      moculobiTi Teoriis Tanaxmad, daqucmacebisaTvis saWiro energiis 

xarji proporciulia sxeulis moculobis, Sesabamisad, V1 da V2 

moculobebis mqone ori sxeulis daqucmacebis A1 da A2 muSaobebis 

Sefardebis  

                             A1 / A2 = V1 / V2  .                                                     (6.6) 

muSaoba gamoisaxeba P  Zalisa da   deformaciis namravliT, 

romelic hukis kanonis Tanaxmad, proporciulia sxeulis wrfivi zomis  , 

anu 

                                aPA =  , 

sadac a   proporciulobis koeficientia.  

sxeulis moculoba proporciulia misi   wrfivi zomis kubis  

                          3bV = , 

sadac b  _ proporciulobis koeficientia.  

aRniSnuli tolobebis gaTvaliswinebiT, (6.6) gamosaxuleba miiRebs 

Semdeg saxes: 

                    
3

2

3

1

22

11









b

b

aP

aP
=     anu     

2

2

2

1

2

1




=

P

P
 .                   (6.7) 

    Amrigad, moculobiTi Teoriis Tanaxmad, damqucmacebeli Zala 

proporciulia sxeulis Sesabamisi wrfivi zomis kvadratis, xolo muSaoba 

– am sxeulis moculobis.  

gluvzedapiriani lilvakebiT daqucmaceba. gluvi an dakeWnil-

zedapiriani lilvakebi, upiratesad gamoiyeneba mSrali, marcvlovani 

struqturis mqone fxvieri masalis dasaqucmaceblad. aseT manqanaSi 

mniSvnelovania lilvakis minimaluri dasaSvebi diametris gansazRvra, rac, 

Tavis mxriv, ganapirobebs masalis lilvakebs Soris areSi CaTrevis 
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pirobebs. es ukanaskneli gansazRvravs manqanis mwarmoeblurobas da kuTr  

energodanaxarjs.  

gluvzedapirian lilvakebSi erT-erTi mniSvnelovani parametria 

nawilakis CaTrevis   kuTxe (sur. 6.1), romelic warmoiqmneba OA radiussa 

da lilvakebis centrebis SemaerTebel monakveTs Soris. deformaciis 

dawyebamde nawilaki lilvakebis zedapirs exeba A da A1 wertilebSi da 

awveba maT radialuri P ZaliT.Nnawilakic lilvakebis  mxridan ganicdis 

imave sididis P Zalis moqmedebas. am Zalis vertikaluri mdgenelebi _ 

2Psin cdiloben amoagdon nawilaki soliseburi CaTrevis zonidan.  

 

sur. 6.1. lilvakebis minimalurad dasaSvebi  
                          diametris saangariSo sqema 

  

xaxunis Zalebis vertikaluri 2fPcos mdgenelebiT xdeba nawilakebis 

CaTreva lilvakebs Soris muSa RreCoSi. nawilakze moqmed ZalTa sistemis 

wonasworobis gantolebas lilvakebis zedapirze kontaqtis sawyis 

momentSi, aqvs Semdegi saxe:   

                                cos2sin2 fPP = .                        

nawilakis CaTrevisaTvis aucilebelia piroba 

                               cos2sin2 fPP  ,                         (6.8) 

saidanac 

                        f




cos

sin
    an      tgtg  ,                     

sadac f  nawilakis lilvakis zedapirze xaxunis koeficientia; 

       - xaxunis kuTxe.  

radgan   coscos dDbD +=+ , amitom miviRebT 

                              




cos1

cos

−

−
=

bd
D ,                              

sadac D  lilvakebis diametria;  

              d - nawilakis diametri;  
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              b - lilvakebs Soris muSa RreCo. 

CaTrevis  kuTxis () zRvruli mniSvneloba toli unda iyos xaxunis  

kuTxis (), amitom lilvakebis diametris minimalurad dasaSvebi sidide 

ganisazRvreba formuliT: 

                              




cos1

cos

−

−
=

bd
Dmin. .                           (6.9)                              

lilvakebiani damqucmaceblis mwarmoebluroba iangariSeba formu-

liT: 

                          = ll lRQ , kg/wm,                     (6.10) 

sadac  l  lilvakebis kuTxuri siCqarea, rad/wm; 

  R  - lilvakebis radiusi, m; 

  ll  - lilvakebis muSa sigrZe, m; 

    - lilvakebs Soris muSa RreCo, m; 

    - masalis moculobiTi masa, kg/m3; 

          - masalis miwodebis uTanabrobis koeficienti. 

 

6.2. fxvieri masalis separacia da daxarisxeba  
 

fxvieri masalis separacia da daxarisxeba teqnologiuri procesebis 

ganuyofeli nawilebia da farTod gamoiyeneba meurneobis sxvadasxva 

dargSi.  

separacia ewodeba araerTgvarovani narevi masis dayofas Semadgenel 

komponentebad da gamoiyeneba ZiriTadi produqtis gasawmendad gareSe 

minarevebisagan, rac uzrunvelyofs produqtis xarisxobrivi maCveneblebis 

amaRlebas. 

daxarisxebis procesi gulisxmobs erTgvarovani produqtis dayofas 

klasebad zomis an romelime xarisxobrivi maCveneblis mixedviT. 

daxarisxebis Sedegad miiReba Tanabari zomis nawilakebisagan Sedgenili 

saboloo produqti an naxevarfabrikati (Sualeduri produqti). pirvel 

SemTxvevaSi aucilebelia mza produqtma miiRos xarisxis standartiT 

gaTvaliswinebuli garegnuli saxe, xolo meore SemTxvevaSi, Sualeduri 

produqtis nawilakebis zomiTi erTgvarovneba mniSvnelovanwilad 

ganapirobebs momdevno teqnologiuri operaciebis Tanabar reJimebSi 

warmarTvas, rac aseve aisaxeba saboloo produqtis xarisxSi. amrigad, 
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fxvieri masalis separacia da daxarisxeba Tanmxvedri procesebia da maT 

gansakuTrebiT didi gamoyeneba aqvT kvebis mrewvelobis mraval dargSi. 

     sawyisi masalis separaciisa da daxarisxebisaTvis iyeneben 

nawilakebis sxvadasxva fizikur Tvisebas: wrfiv zomebs (sigrZe, sigane da 

sisqe); nawilakebis aerodinamikur Tvisebebs;  simkvrives; nawilakebis 

formasa da friqciul Tvisebebs;  eleqtrofizikur, feromagnitur 

Tvisebebs da sxva. 

xSirad, nawilakebis calkeuli fizikuri Tviseba ver uzrunvelyofs 

sawyisi masalis srulad gayofas. amitom, maRali teqnologiuri efeqtis 

misaRwevad iyeneben kombinirebul meTodebs, rodesac sawyisi produqtis 

danawileba xdeba nawilakebis ramdenime fizikuri Tvisebis mixedviT. 

is fizikuri Tvisebebi, romlebic uzrunvelyofen sawyisi masalis 

yvelaze ufro srulad danawilebas Semadgenel komponentebad, warmoad-

genen narevis gayofadobis niSanTvisebebs. 

fxvieri masalis separaciisaTvis gamoyenebuli manqanebi, sawyis 

masalas yofen erTi an ramdenime niSanTvisebis mixedviT. Sesabamisad 

manqanebic orgvaria – martivi da rTuli. 

martiv separatorebSi narevi iyofa erTi niSnis mixedviT or 

fraqciad. rTul separatorebSi narevis gayofa xdeba ramdenime 

niSanTvisebis mixedviT, Sesabamisi raodenobis fraqciad. 

    

6.2.1. separacia da daxarisxeba nawilakebis 
zomebis mixedviT 

 
narevis gayofis geometriuli niSanTvisebebia nawilakebis wrfivi 

zomebi: sigrZe – udidesi grZivi zoma; sigane – udidesi ganivi zoma; sisqe 

– umciresi ganivi zoma. 

fxvieri masalis gasayofad nawilakebis siganisa da sisqis mixedviT 

gamoiyeneba manqanebi, romelTa muSa organoa sxvadasxva formisa da zomis 

naxvretebiani bade (sur. 6.2). badeze gatarebis Semdeg sawyisi masala iyofa 

or nawilad – badeSi gasul da badidan gadasul fraqciebad. 

damzadebis wesis mixedviT bade SeiZleba iyos datvifruli (sur. 6.2, 

a, b) da dawnuli (sur. 6.2, g), xolo naxvretebis formis mixedviT – wriu-

li, grZivi da kvadratuli. wriulnaxvretebiani bade narevs yofs 

nawilakebis b siganis mixedviT (sur. 6.2, a). nawilakebi, romelTa sigane 
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naklebia badis naxvretebis diametrze (b<D), gamoiyofa badeSi gamaval 

fraqciaSi, xolo rodesac b>D, maSin nawilakebi gadadian badeze. 

 

Nsur. 6.2. saxarisxebeli badeebis saxeebi 

 

kvadratuli formis naxvretebi (sur. 6.2, g) narevs yofen imave b zo-

mis mixedviT, magram gayofis sizuste naklebia, radgan nawilakebis badeSi 

gavlis dros maTi orientacia SeiZleba moxdes kvadratis rogorc 

gverdis (t), ise diagonalis mimarT. 

   grZivnaxvretebiani bade narevs yofes nawilakebis a  sisqis mixedviT 

(sur. 6.2, b). is nawilakebi, romelTa sisqe naklebia badis xvrelis   siga-

neze, gadian badeSi, xolo Tu ,a  nawilakebi gadadian badidan. 

badiani separatorebis teqnikur maCveneblebs afaseben badis 

zedapiris farTobis gamoyenebis koeficientiT anu cocxali kveTis 

koeficientiT, romelic warmoadgens naxvretebis jamuri farTobis 

fardobas badis mTlian zedapirTan. es koeficienti aris separatoris 

mwarmoeblurobis ganmsazRvreli sidide. 

    badiani manqanebi badis formis mixedviT SeiZleba iyos brtyeli an 

cilindruli, agreTve waxnagovani, piramiduli, xolo muSa organos 

moZraobis xasiaTis mixedviT – wrfiv_ukuqcevadi (an vibraciuli), 

rotaciuli, wriul_gadataniTi, wriul-rxeviTi da sxva. ufro iSviaTad 

gvxvdeba uZravbadiani manqanebi, romlebSic masalis badis mimarT 

fardobiTi moZraoba sruldeba sxva saxis muSa organoebis meSveobiT. 

     brtyel- da cilindrulbadiani manqanebi gamoiyeneba rogorc separa-

ciisaTvis, ise daxarisxebisaTvis. brtyelbadiani manqanebi cilindrulTan 

SedarebiT ufro maRalmwarmoebluria, radgan muSa zedapiris gamoyenebis 

koeficienti maTSi gacilebiT didia. dinamikuri maxasiaTeblebis da 

konstruqciis kompaqturobis TvalsazrisiT upiratesoba eniWeba 

rotaciul manqanebs. 
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     badiani manqanebis ZiriTadi uaryofiT mxares warmoadgens badis 

naxvretebis xSiri gadavseba, rac amcirebs maT mwarmoeblurobas da 

teqnologiur efeqturobas. amitom, aseT manqanebSi xSirad iyeneben 

gamwmend meqanizmebs. xSir SemTxvevaSi gamwmendi meqanizmebis moqmedeba 

araefeqturia da mimarTaven badeebis xeliT gawmendas. aseTi manqanebis 

uaryofiT mxares miekuTvneba agreTve masalis gaZlierebuli xaxuni muSa 

zedapirze, rac uaryofiTad moqmedebs zogierTi produqtis xarisxze. 

xaxuni iwvevs agreTve mtvris warmoqmnas, sanitariul-higienuri pirobebis 

gauaresebas da Rirebuli produqtis danakargebis zrdas. 

 
6.2.2. fxvieri masalis separacia nawilakebis 

aerodinamikuri Tvisebebis mixedviT 
 

aseTi separatorebis muSaobis principi dafuZnebulia sxvadasxva 

komponentis nawilakebis gansxvavebuli afrianobis siCqareze (sur. 6.3). 

afrianobis siCqare ( v ) damokidebulia nawilakis Tvisebaze _ 

winaaRmdegoba gauwios haeris nakads. afrianobas gansazRvravs agreTve 

nawilakebis forma, simkvrive, sivrceSi orientacia da sxva. haeris nakadis 

mimarTulebis mixedviT separatorebi arsebobs horizontalurnakadiani, 

vertikalurnakadiani da daxrilnakadiani. horizontalur nakadSi 1v < 2v  

(sur. 6.3, a), amitom fraqciebi moZraoben gansxvavebuli traeqtoriiT. 

vertikalurnakadian separatorSi masala da haeri moZraoben 

Semxvedri mimarTulebiT. is nawilakebi, romelTa afrianobis siCqare metia 

haeris nakadis siCqareze, waritacebian zeviT da moTavsdebian damleq 

mowyobilobaSi, xolo nawilakebi, romelTa afrianobis siCqare naklebia 

haeris nakadis siCqareze, gadaadgildebian qveviT. amgvarad, narevi gaiyofa  

msubuq da mZime fraqciebad (sur. 6.3, b) anu 1v > 2v . 

 

sur. 6.3. fxvieri masalis aerodinamikuri Tvisebebis mixedviT  
separaciisa da daxarisxebis sqemebi 
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pnevmoseparatorebi gansakuTrebiT efeqturad gamoiyeneba msubuqi da 

mZime minarevebis gamosayofad, romlebic mniSvnelovnad gansxvavdebian 

ZiriTadi komponentisagan aerodinamikuri maCveneblebiT.  

pnevmoseparirebis teqnologiuri efeqti damokidebulia Semdeg 

parametrebze: haeris nakadis siCqareze, xvedriT datvirTvaze, masalis 

miwodebis Tanabrobaze da a.S. 

 

6.2.3. fxvieri masalis narevis dayofis kriteriumebi 

 

mocemuli fxvieri masalis narevis dasayofad muSa organoebis 

SerCevis mizniT, saWiroa sworad iqnes gamoyenebuli narevis komponentebis 

geometriuli da fizikuri niSanTvisebebi. unda gamoikveTos is ZiriTadi 

niSnebi, romlebic uzrunvelyofen sawyisi narevis fraqciebad gayofas 

sasurveli xarisxobrivi maCveneblebiT. 

amasTan dakavSirebiT, didi mniSvneloba aqvs gasayofi komponentebis 

nawilakebis geometriuli zomebis, xvedriTi wonis, xaxunis koeficientis, 

afrianobis, formis da sxva fizikuri sidideebis masobriv gazomvas, rac 

saSualebas mogvcems SeviswavloT ama Tu im niSanTvisebis cvlilebis 

kanonzomierebani. aseTi gazomvebis SedegebiT SesaZlebelia SevarCioT is 

niSanTvisebebi, romlebiTac yvelaze metad gansxvavdebian gamosayofi 

komponentebi, anu ganvsazRvroT narevis gayofis SesaZlebloba. aseTi 

gamokvlevebiT SesaZlebelia agreTve SerCeuli niSanTvisebis (D) mixedviT 

ganvsazRvroT narevis dayofis mosalodneli xarisxi (sur. 6.4). 

masobrivi gazomvis Sedegebi gamoisaxeba Sesaswavli niSanTvisebis 

cvlilebis ( x ) variaciuli rigebiT. variaciuli rigebis Sesadgenad 

saWiroa ganisazRvros niSanTvisebis sididis cvlilebis zRvruli 

mniSvnelobebi x min. da x maqs.. maT Soris sxvaoba gansazRvravs 

niSanTvisebis cvlilebis saerTo o  intervals  

                        o = xmaqs. – xmin.                          

es intervali iyofa n  raodenobis Tanabar klasad. Tu gazomvaTa 

saerTo ricxvi tolia N –is, xolo nawilakTa raodenoba yovel i-ur 

klasSi – Pi-is   maSin gveqneba 

                        
=

=++++=
n

i

in PPPPPN
1

321 ... .                   
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variaciuli rigis grafikuli gamosaxvisaTvis abscisaTa RerZze 

aRiniSneba x  niSanTvisebis klasebi, ordinatTa RerZze ki –maTi sixSire P.  

orkomponentiani narevi x   niSanTvisebiT xasiaTdeba ori (1) da (2) 

variaciuli mrudiT (sur. 6.4). saerTo intervali o  Seesabameba mTliani 

narevis intervals, romelSic icvleba orive komponentis x   niSanTviseba.  

  

         a                           b                          g 

sur. 6.4. orkomponentiani narevis dayofis kriteriumis 
saangariSo sqemebi: a) Znelad dasayofi; 

b) advilad dasayofi; g) narevi, romelic ar daiyofa 
 

rogorc 6.4,a suraTidan Cans 1 da 2 mrudebi saerTo intervalis 

raRac  monakveTze faraven erTmaneTs (ormagi waxazuli figura). 

Sesabamisad, narevis es nawili ar SeiZleba daiyos mocemuli 

niSanTvisebiT. danarCeni nawili SeiZleba daiyos sufTa saxiT: pirveli _ 

aa −  wrfis marcxniv waxazuli figura, romelic gamoiyofa x =D sididis 

niSanTvisebiT da meore – b-b wrfis marjvniv mdebare figura, romelic 

gaiyofa += Dx  sididis niSanTvisebiT. 

    orkomponentiani narevis gayofis kriteriumad SeiZleba miviRoT 

Teoriulad SesaZlo gayofisa da narevis saerTo intervalebis Sefardeba 

                              
oo

o




−=



−
= 1 .                         (6.11) 

separaciis dros SeiZleba gvqondes sxvadasxva SemTxveva:  

- o , maSin 1  da narevi Znelad gasayofia (sur. 6.4, a); 

- 0= ,  maSin 1=  da narevis gayofa SesaZlebelia (sur. 6.4, b); 

- o= , maSin 0=  da narevis gayofa SeuZlebelia (sur. 6.4, g). 

   praqtikaSi ufro xSirad gvxvdeba Znelad dasayofi narevebi. Tu, 

erTi romelime niSnis mixedviT dayofa SeuZlebelia, narevis separaci-

isaTvis iyeneben ramdenime niSanTvisebas. amasTan, dayofis operaciebi 

SesaZlebelia mimdinareobdes TanmimdevrobiT an paralelurad. 
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6.3. fxvieri, blanti da Txevadi produqtebis Sereva 
           

 Tanamedrove sakvebi produqtebis sawarmoebSi sxvadasxva saxis 

produqtebis Sereva erT-erTi ZiriTadi teqnologiuri procesia. Sesarevi 

produqtebi ZiriTadad gvxvdeba myar da Txevad mdgomareobebSi. maT aqvT 

TavianTi geometriuli, fizikuri da qimiuri Tvisebebi. amitom saWiro 

xdeba iseTi Semrevi manqana_aparatis damzadeba, romelic aRniSnuli 

Tvisebebis gaTvaliswinebiT uzrunvelyofs produqtebis optimalur Sere-

vas.  

mbrunavsakniani Semrevebi. fxvieri masalebis Semrevi mowyobilobebi 

maTi daniSnulebisa da muSaobis principis mixedviT klasificirdebian 

ramdenime jgufad.  

mSrali fxvieri produqtebis Semrevi konstruqciis mixedviT 

arsebobs ori saxis: mbrunavi da satransporto. mbrunav mowyobilobebs 

miekuTvneba sxvadasxva tipis Semrevebi: doluri, konusuri, mbrunavkubiani 

da sxv. ZiriTadi tipis doluri Semrevebi naCvenebia 6.5 suraTze. 

ufro xSirad, cilindrul dolebs amagreben horizontalur 

lilvebze an vertikalurad (sur. 6.5,a,d), an horizontalurad  (sur. 6.5,b,g).  

fxvieri produqtebis intensiuri SerevisaTvis, rodesac dasaSvebia 

nawilakebis daqucmaceba, iyeneben eqvswaxnaga tipis Semrevebs (nax. 6.5, g). 

bevri fxvieri produqti (Cai, yava) moiTxovs Serevis rbil reJims, 

romelic uzrunvelyofs nawilakebis struqturis mTlianobas. am mizniT 

iyeneben konusuri Ziris mqone dolebs (sur. 6.5, d). produqtebis moZraobis 

Taviseburebis gamo Serevis maRal efeqts iZleva Asur. 6.5,e,v sqemebi.  

 

        sur. 6.5. ZiriTadi tipis doluri Semrevebi 

 

doluri Semrevebi gamoiyeneba, rogorc Zalian mcire (ramdenime dm3), 

aseve Zalian didi (20 m3 _ mde) moculobis fxvieri masalebisaTvis. amgvari 
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Semrevis upiratesobaa misi agebis, moxmarebuli energiis da eqspluata-

ciis mcire danaxarjebi, masalis advilad CatvirTva- gadmotvirTvis da  

danadgaris advilad gawmendis SesaZlebloba. aparatis naklovan mxared 

iTvleba Serevis uwyveti procesis Sesrulebis sirTule. 

    rogorc gamokvlevebi aCvenebs, fxvieri produqtebis Serevis xarisxi  

maTi mravaljeradi, dasaSvebze metad gadaCeCviT uaresdeba da narevSi 

mimdinareobs sapirispiro procesebi – daxarisxeba da separacia. amis gamo 

yoveli calkeuli produqtisa da SemrevisaTvis eqsperimentulad 

ganisazRvreba produqtis gadaCeCvis optimaluri raodenoba, romelic 

uzrunvelyofs Serevis maRal xarisxs. Tu saWiro gadaCeCvis ricxvs 

aRvniSnavT m _iT, dolis brunvis sixSires wuTSi - n _iT, maSin dolSi 

produqtis Serevis xangrZlivoba                

                                  
n

m
t = ,                                 

doluri tipis Semrevis mwarmoebluroba iangariSeba formuliT:       

                              
321 ttt

V
Q

++
=


 ,                            (6.12) 

sadac V   Semrev dolSi produqtis moculobaa, m3;  

        - narevis moculobiTi masa, kg/m3;  

           1t  - produqtis SerevisaTvis saWiro dro, wm;  

           2t  - dolis Sesavsebad saWiro dro, wm;  

           3t   -  dolis gantvirTvisaTvis saWiro dro, wm. 

doluri Semrevebis garda mbrunavsakniani Semrevebis jgufSi 

SeiZleba gamovyoT aparatebi, romelTa moqmedebis principi igivea, magram  

saknis forma gansxvavebuli: bikonusuri, V_smagvari da a.S. aseTi 

aparatebi uzrunvelyofen ufro xarisxiani produqciis miRebas (ufro 

maRali Serevis done), vidre ubralo doluri Semrevebi.  

uZravsakniani Semrevebis gamoyeneba SeiZleba farTo diapazonis 

Tvisebebis mqone masalebisTvis. Sesarevi masalebis Tvisebebis mixedviT 

gamoiyeneba lentiani da diskoiani Semrevebi. lentiani Semrevebi SeiZleba 

gansxvavdebodnen lentis siganiT, lentis daSorebiT dolis zedapiridan, 

lentis xviebis raodenobiT, Semrevi meqanizmis brunTa ricxviT, CatvirTva-

gamotvirTvis meTodebiT. es aparatebi gamodegeba rogorc perioduli, ise 

uwyveti muSaobisaTvis.  
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mbrunavdiskoiani aparatis Semrev meqanizms aqvs didi siCqariT 

mbrunavi Txeli disko, romelic Tavis garSemo warmoqmnis siCqaris did 

gradients, rac iwvevs Zvris did Zalebs. am tipis aparatebi gamoiyeneba 

rogorc fxvieri masalebis, ise zogierTi saxis siTxeebisa da suspen-

ziebis Sesarevad. 

6.3.1. narevi fxvnili 

 

narevi fxvnili, Sedgenili ori an meti raodenobis fxvieri 

produqtisgan, warmoadgens sistemas, romlis fizikur_meqanikuri Tvisebebi 

mkveTrad gansxvavdeba Txevadi da airadi narevebisagan. fxvieri fazis 

komponenti aris dinamikur operaciaSi erTnairad moqmedi nawilakebis 

erToblioba. nawilakebis moqcevis ganmsazRvrel parametrebs miekuTvneba 

zomebi, forma da kuTri wona. 

Teoriuli miznebisTvis Semodis idealuri sistemis cneba, e.i erTi 

saxis da zomis nawilakebis mqone produqtebi. aseTi sistema xSirad 

gamoiyeneba Semrevi meqanizmebis kvlevisTvis. am sistemaSi komponentebis 

gamosayofad maT Rebaven sxvadasxvaferad. 

idealuri Serevis SemTxveva naCvenebia 6.6,a suraTze. mTlianad 

Sereuli narevidan aRebul yvela sinjs unda hqondes Tanabari 

Sedgeniloba. verc erTi dinamikuri operaciis CatarebiT aseTi 

Sedgenilobis narevi ver miiReba. misi miReba SesaZlebelia mxolod 

Sesarevi nawilakebis komponentebis Tanmimdevruli ganlagebiT.   

 

                       a                             b 

sur. 6.6. orkomponentiani narevis sruli Serevis mdgomareoba: 
a) idealuri mdgomareoba b) faqtobrivi mdgomareoba 

 

statistikurad gansazRvruli sruli Serevis mdgomareoba 

warmoadgens faqtobriv mdgomareobas. es iseTi mdgomareobaa, romlSic 
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mocemuli komponentis odenoba narevis yovel areSi ar aris mudmivi 

sidide. faqtobrivi mdgomareoba miiRweva Serevis procesSi (sur. 6.6, b). 

 
6.3.2. siTxeebis Serevis procesi  

 

     Txevadi sakvebi produqtis Serevas farTo gamoiyeneba aqvs 

sakonditro, pursacxob, makaronis, meRvineobis, ludis da sxva mraval 

sawarmoSi. maTi daniSnulebaa: xsnarebis, emulsiebis, suspenziebis 

momzadeba; Tburi, qimiuri da bioqimiuri procesebis intensifikacia; 

produqtebis damuSaveba maTTvis gansazRvruli konsistenciis miniWebis 

mizniT. 

    KTxevadi sakvebi produqtebis Serevas axorcieleben rogorc meqaniku-

ri SemrevebiT, aseve sxva meTodebiTac, magaliTad, milgayvanilobebiT, 

cirkulaciiT, SekumSuli haeriT da sxva. 

    siTxeebis cirkulaciiT Serevis yvelaze martivi mowyobilobis sqema 

naCvenebia  6.7 suraTze. cirkulaciuri Sereva xdeba WurWelSi (2) siTxis 

mravaljeradi Casxma-gadasxmiT, rac xorcieldeba gamomSvebi miliT (1), 

tumboTi (3), mimwodi miliT (4) da gamSxefiT (5). 

 

Nsur. 6.7. siTxeebis  cirkulaciuri Serevis sqema 
 

     siTxeebis Serevisas mniSvnelovan rols asrulebs siTxeTa fizikuri 

parametrebi, upirveles yovlisa siblante. arsebobs saerTo azri, rom 

mcire siblantis siTxeebis Serevisas karg Sedegs iZleva swrafmavali 

Semrevi mowyobilobebi, xolo maRali siblantis siTxeebis Serevisas _  

nelmavali Semrevi mowyobilobebi. 

sxvadasxva siblantis siTxeebisaTvis SemuSavebulia rekomendaciebi, 

romelTa Tanaxmad farTo diapazonis siblantis siTxeebis Sesarevad 
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ufro metad gamoiyeneba turbinuli da propeleriani Semrevebi. Ggarda 

amisa, maRali siblantis siTxeebis Sesarevad yvelaze metad moxerxebulia 

lenturi da Snekuri tipis Semrevebis gamoyeneba. saSualo siblantis 

siTxeebis Sesarevad SeiZleba gamoviyenoT ramdenime tipis Semrevi 

mowyobiloba. 

zomieri siblantis siTxebis Sesarevad iyeneben frTebian Semrevebs 

(sur. 6.8). umartives frTebian Semrevs aqvs ori brtyeli frTa (1), 

romlebic damagrebulia lilvze (2) misi brunvis mimarTulebis 

perpendikularulad. lilvis brunvis siCqarea v =1,5...5,0 m/wm, siTxis 

siblantis Sesabamisi mniSvnelobebis dros -  =3,0...0,001 pa.wm. 

dadgenilia, rom Tanabari Sereva energiis minimaluri xarjis dros 

miiRweva maSin, rodesac siTxis fenis simaRle tolia aparatis diametris; 

fenis simaRlis momatebasTan erTad mkveTrad izrdeba energiis xarjic da 

Serevis mocemuli efeqturobis misaRwevad aseT aparatebSi siTxis fenis 

simaRlis proporciulad lilvze amagreben frTebis or an sam rigs. 

 

 

sur. 6.8. frTebiani Semrevi 

 

suspenziebis Serevis SemTxvevaSi frTebs lilvze amagreben brunvis 

sibrtyisadmi 45
0
-iani daxris kuTxiT, ris Sedegadac warmoiqmneba siTxis 

ara mxolod horizontaluri nakadebi, aramed vertikaluric. es uzrun-

velyofs aparatis Ziridan nawilakebis gadaadgilebas zeviT da Serevis 

efeqturobis gazrdas. 
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frTebis d  diametri Seadgens aparatis D  diametris 0,6-0,7, xolo 

sigane b =0,1 d . aparatSi grigaliseburi nakadis Seqmnis mizniT, mis 

gverdiT zedapirze amagreben b =0,1 D  siganis vertikalur Tamasebs (3).  

propelerul Semrevebs iyeneben zomieri siblantis siTxeebis 

intensiuri SerevisaTvis. am Semrevebis frTebi (sur. 6.9) moxrilia prope-

leris profilis Sesabamisad anu daxris TandaTanobiTi cvlilebiT - 0
0
 

RerZTan da 90
0
-mde frTis boloze. amis gamo siTxe frTebis mier 

gaityorcneba mravali mimarTulebiT da am dros warmoqmnili Semxvedri 

nakadebi uzrunvelyofen karg Serevas. propelerul Semrevs, rogorc wesi, 

aqvs ori an sami frTa. propeleris diametri d =(0,25...0,3) D , xolo brunvis 

siCqare v =3,8...16 m/wm-s siTxis siblantisaTvis  =4,0...0,001 pa.wm. 

 

sur. 6.9. propeleruli Semrevebi 

 

turbinuli Semrevebi uzrunvelyofen karg Serevas blanti da iseTi 

siTxeebis, romlebic Seicaven Sewonil nawilakebs. aseTi Semrevebis muSa 

nawilebia v =2,5...12 m/wm brunvis siCqaris da d =(0,25...0,3) D  diametris Ria an 

daxuruli tipis turbinebi (sur. 6.10). 

 

sur. 6.10. turbinuli Semrevebis muSa nawilebi: 

a,b – sworfrTebiani da moxrilfrTebiani Ria turbinebi; 
g – daxuruli tipis turbina; 1-turbina, 2-mimmarTveli aparati 
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Ria tipis turbinas aqvs swor- an daxrilfrTebiani muSa borblebi, 

xolo daxuruli tipis turbinas aqvs arxebiani borblebi. daxrilfrTe-

biani Ria turbinisagan gansxvavebiT, romlebic qmnian RerZul nakads, 

daxuruli turbina, brunvis mimarTulebis Sesabamisad, qmnis radialur an 

RerZul nakads, rac uzrunvelyofs swraf da efeqtur Serevas. 

Ruzismagvari Semrevebi gamoiyeneba Sededebuli da blanti Txevadi 

areebis Sesarevad. aseTi Semrevis frTa (sur. 6.11) moxrilia aparatis 

kedlisa da Ziris formis mixedviT. muSa organo brunavs 50...60 br/wT 

sixSiriT, aparatis kedlidan 5...8 mm-is daSorebiT. aseTi frTa asufTavebs 

aparatis kedlebs masze mikruli masisagan, rac aumjobesebs Tbocvlas da 

gamoricxavs masis gadaxurebas. 

 

sur. 6.11. Ruzismagvari Semrevis muSa organo 

 

6.4. sakvebi produqtebis wneviT damuSaveba 

 

     sakvebi produqtebis wneviT damuSavebis ZiriTadi meTodia dawnexa, 

romelic emsaxureba ramdenime mizans: 

     - siTxis gamownexas myari produqtidan; 

     - plastikuri produqtebis daformebas; 

     - fxvieri produqtis SemWidroebas transportirebis gaumjobesebis  

       mizniT; 

     - produqtis daformebas. 

     siTxis gamoyofa dawnexiT farTod gamoiyeneba, magaliTad, meRvine-

obaSi yurZnis gadamuSavebis procesSi; xil-kenkrovanTa nayofidan wvenebis 

misaRebad; zeTovani kulturebidan zeTis misaRebad da sxva. siTxis 

gamoyofasTan erTad mimdinareobs myari narCenis SemWidroeba da 

dabriketeba. 

     gamownexis ZiriTad maxasiaTebel sidides warmoadgens Txevadi fazis 

gamosavali, romelic damokidebulia muSa wnevis sidideze, ujredovan 

struqturasTan Txevadi fazis kavSiris xasiaTze, sawyis masalasa da 
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narCenSi Txevadi fazis Semcvelobaze, procesis temperaturaze, masalis 

fenis sisqesa da procesis xangrZlivobaze. 

     produqtSi Txevadi faza SeiZleba gavyoT Tavisufal da 

SekavSirebul siTxed. Tavisufali siTxe advilad gamoiyofa mSrali 

narCenidan. SekavSirebuli siTxis (molekuluri an adsorbirebuli) 

gamosayofad saWiroa energiis daxarjva SeWidulobis Zalebis dasaZlevad, 

struqturis deformirebisaTvis, arxebSi siTxis gadaadgilebis winaaRm-

degobis Zalebis dasaZlevad, amasTan es winaaRmdegoba izrdeba kumSvis 

Zalebis zrdasTan erTad, rac gamowveulia arxebis kveTis SemcirebiT. 

     siTxis gamownexis fizikuri arsi aseTia: masalis nawilakebis 

urTierTdaaxloebisas maT SigniT da zedapirze siTxes akavebs 

molekuluri SeWiduloba. dasawyisSi siTxe moZraobas iwyebs nawilakebs 

Soris arxebSi, xolo Semdeg dawnexis procesSi siTxe moZraobs forovani 

produqtis fenaSi cvladi kveTis da simrudis kapilarebSi. amasTan 

dakavSirebiT drois erTeulSi kapilarSi gamavali siTxis raodenoba 

V SeiZleba ganisazRvros puazelis gantolebiT: 

l

pd
V





128

4
=  m 3 /wm, 

sadac p – kapilarSi wnevaTa sxvaobaa, pa; 

        d - kapilaris diametri, m; 

         - siTxis dinamikuri siblante, pa.wm; 

        l - kapilaris sigrZe, m. 

     am gantolebis Tanaxmad, dawnexis dros gamoyofili siTxis raode-

noba pirdapirproporcoulia wnevaTa sxvaobis, kapilarebis zomebis da 

ukuproporciulia siTxis siblantisa da kapilarebis sigrZis. Sesabamisad, 

ufro srul gamownexas uzrunvelyofs muSa wnevis gazrda da siTxis 

siblantis Semcireba. magram wnevis gazrdiT mcirdeba kapilarebis kveTi 

da Sesabamisad – procesis mwarmoebluroba. amitom, dawnexis optimalur 

muSa wnevas adgenen cdebis safuZvelze masalis struqturul-meqanikuri 

Tvisebebis gaTvaliswinebiT, agreTve miRebuli produqtis raodenobiT da 

xarisxiT.  

      moyvanili gantoleba ar iTvaliswinebs mraval faqtors, romlebic 

dakavSirebulia dasawnexi masis deformaciebTan, mis forianobasTan da 
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fenis sisqesTan. miuxedavad amisa is saSualebas gvaZlevs sakmaod Rrmad  

gavaanalizoT procesi misi maxasiaTebeli parametrebiT. 

      imisaTvis, rom uzrunvelyofili iyos siTxis ufro srulyofili 

gamoyofa, xSirad, sawyis masalas aqucmaceben, amuSaveben mas Tburi da 

eleqtruli energiebis gamoyenebiT. xSirad siTxis siblantis Sesamcireb-

lad dasawnex masalas xSirad acxeleben teqnologiuri pirobebiT dasaS-

veb temperaturamde. 

     siTxis gamosawnexi mowyobilobebi moqmedebis principis mixedviT 

aris  perioduli da uwyveti qmedebis wnexebi, muSa wnevis Seqmnis meTodis 

mixedviT ki meqanikuri da pnevmatikuri wnexebi. mrewvelobaSi farTo 

gavrceleba poves uwyveti qmedebis Snekurma da lilvakebianma agreTve 

perioduli qmedebis pnevmatikurma wnexebma. 

     horizontaluri Snekuri wnexis mowyobiloba naCvenebia 6.12 suraTze. 

perforirebul cilindrSi (1), romelic moTavsebulia horizontalur 

korpusSi (2), moTavsebulia klebadbijiani Sneki (3). Snekis daniSnulebaa 

rogorc produqtis transportireba, aseve misgan siTxis gamownexa. I, II da 

III fraqciebSi korpusis ZirSi arsebuli milyelebidan gamoiyofa 

sxvadasxva gamWvirvalobis siTxe. sabolood siTxe gamoiyofa wnevis 

kameraSi (4). wnexis gamosasvleli naxvreti iketeba konusiT (5), romlis 

meSveobiTac regulirdeba masalis gamosasvleli wriuli rgolis 

diametri da Sesabamisad gamownexili siTxis maqsimaluri raodenoba. 

 

Nsur. 6.12. Snekuri wnexi 

 

     Snekur wnexSi siTxis gamownexis maqsimalurobas ganapirobebs Semdegi 

faqtorebi: 

     - Snekis xviebs Soris moTavsebuli masalis moculobis Semcireba, 

rasac ganapirobebs Snekis bijis Semcireba masalis moZraobis mimarTu-

lebiT; 

     - Snekis brunvis dros xviebis meqanikuri zemoqmedeba produqtze; 
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     - dasawnexi masalis xaxuni xviebis zedapirze, cilindris kedlebze 

da nawilakebs Soris xaxuni; 

     - dawnexili masalis gamosasvleli wriuli rgolis diametris 

regulirebis sazRvrebi. 

     siTxis gamosavali da misi xarisxi damokidebulia Snekis xviebs 

Soris masalis SekumSvis xarisxze, romelic xasiaTdeba kumSvis ( k ) 

koeficientiT. es koeficienti warmoadgens Snekis pirvel da bolo xviebSi 

arsebuli masalis moculobebis (Sesabamisad 1V  da 2V ) fardobas, anu 

k = 1V / 2V . 

     pnevmatikur wnexSi (sur. 6.13) dasawnex produqtze wneva iqmneba 

SekumSuli haeriT, romelic zrdis furclovani rezinisagan damzadebuli 

cilindris (3) moculobas, milSi (4) miwodebuli SekumSuli haeriT. 

cilindri (3) Cadgmulia perforirebul mbrunav dolSi (1), romelic 

torsuli mxridan daxurulia xufebiT (2). dasawnexi masala Tavsdeba (3) 

cilindrsa da (1) dols Soris arsebul areSi. cilindris (3) moculobis 

gazrda iwvevs aRniSnuli aris Semcirebas da Sesabamisad masalis wnevis 

gazrdas. rbil reJimSi dawnexa meqanikurad ar azianebs produqts da 

siTxe gamodis maRali xarisxis.  

 

Nsur. 6.13. pnevmatikuri wnexi 

 

     wnexi perioduli qmedebisaa. masSi masalis CatvirTva da gamotvirTva 

xorcieldeba dolze (1) gakeTebuli liukebidan. wnexis muSaobis procesSi 

masala gadaiCeCeba ramdenimejer dolis (1) brunvis saSualebiT, oRond 

cilindridan (3) winaswar xdeba haeris gamoSveba. dolis brunva xorci-

eldeba amZravi kbilanaTi (6). gamoyofili wveni dolis (1) naxvretebis 

gavliT Caedineba SemkrebSi (5). 

     lilvakebian wnexSi (sur. 6.14) masalidan Txevadi fazis gamownexa 

mimdinareobs Semxvedri mimarTulebiT mbrunavi perforirebuli 

Rrutaniani lilvakebiT.  
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sur. 6.14. lilvakebiani wnexi 

 

     lilvakebis mier masalis CaTrevis procesSi masSi warmoiqmneba wneva, 

ris Sedegadac siTxe Sedis lilvakebis zedapirze arsebul naxvretebSi 

da iqedan gamodis gareT, xolo narCeni gaiTreva lilvakebs Soris 

arsebuli RreCodan. 

 

6.4.1. plastikuri masalebis daformeba 

 

     daformebis meSveobiT plastikur masalebs aniWeben sasurvel formas. 

es meTodi gamoiyeneba pursacxob, makaronis da sakonditro sawarmoebSi 

comis da sakonditro nawarmis dasaformeblad. comis masa miekuTvneba 

drekad-plastikur masalebs. daformebis meTodze damokidebulebiT 

ganasxvaveben damwnex, Semomgor da damtvifrav mowyobilobebs. damwnex 

mowyobilobebs iyeneben makaronis, vermiSelis, safuaris da sxva produq-

tebis dasamzadeblad. aseTi wnexebi Sedgeba damwnevi mowyobilobisagan da 

gansazRvruli zomis naxvretebis mqone damformebeli matricisagan. 

     makaronis da vermiSelis dasamzadebeli Snekuri wnexi (sur. 6.15) Sed-

geba comsazelisagan (1), damwnevi Snekisagan (2) da damwnexi Tavisagan (3), 

romelic uzrunvelyofs matricaze (4) Tanabari wnevis Seqmnas. 

 

sur. 6.15. makaronis da vermiSelis dasamzadebeli Snekuri wnexi 
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     damwnevi SnekiT comi gamoiwnexeba matricis (4) naxvretebSi da miiReba 

gansazRvruli formis da kveTis nawarmi. sxvadasxva asortimentis nawarmis 

misaRebad iyeneben gansxvavebuli formis matricebs. 

 

6.4.2. dispersiuli produqtis briketireba 

 

     briketireba ewodeba Caketil areSi gare wnevis zemoqmedebiT fxvieri 

produqtis gamkvrivebas dawnexiT iseTi simkvrivis monoliTuri briketis 

miRebamde, romelic TviTneburad ar dairRveva.  

     miRebul brikets unda hqondes saWiro zomebi, masa da simtkice, rac 

aucilebelia misi Semdgomi transportirebisa da SenaxvisaTvis. magram 

produqtis xangrZlivi SenaxvisaTvis igi saWiroebs damatebiT damuSavebas, 

magaliTad, Srobas. 

     Pdawnexis dros produqtis SemWidroebas Tan axlavs misi nawilakebis 

daqucmaceba da fardobiTi gadaadgileba, rac gamowveulia masalis 

plastikuri da drekadi deformaciebiT. faqtorebi, romlebic 

gansazRvraven dispersuli produqtis dawnexis process, SeiZleba gavyoT 

or jgufad: 

     I jgufi - produqtis fizikur-meqanikuri Tvisebebis maxasiaTebeli 

faqtorebi: 

     - dawnexis moduli, romelic axasiaTebs produqtis SemWidroebis 

unars gare wnevis gadacemiT. am faqtors wnevis garkveul intervalSi aqvs 

mudmivi sidide da damokidebulia produqtis saxeobaze, mis struqturasa  

da Semadgeneli nawilebis zomebze; 

     - gverdiTi wnevis koeficienti – gverdiTi wnevis Sefardeba vertika-

lur wnevasTan; 

     - produqtis tenianoba, temperatura da granulometriuli Sedgenilo-

ba. 

     II jgufi – dawnexis pirobebis maxasiaTebeli faqtorebi. maT miekuTv-

neba: 

     - dawnexis kuTri wneva; 

     - produqtis xaxuni damwnex zedapirebze, romlis sidide damokidebu-

lia produqtis Tvisebebsa da zedapirebis mdgomareobaze (simqiseze); 

     - briketis forma da misi zomebis Tanafardoba. 

     - dawnexis reJimi, romelic SeiZleba iyos cikluri an uwyveti; 
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     - briketis im zedapirebis raodenoba, romlebic uSualod ganicdian 

dawnexis wnevas. am zedapirebis ricxvis mixedviT dawnexis procesi 

SeiZleba iyos: 

     - calmxrivi, rodesac gare wneva gadaecema briketis erT zedapirs; 

     - ormxrivi, rodesac gare wneva gadaecema briketis urTierTsapiris-

piro or zedapirs; 

     - mravalmxrivi, rodesac gare wneva gadaecema briketis ramdenime 

zedapirs; 

     sqematurad briketis V  moculoba SeiZleba warmovidginoT, rogorc 

sami nawilisagan Semdgari: pirvel nawils aqvs 1V  moculoba da  1h  

simaRle da Sevsebulia mSrali nivTierebiT; meore nawils aqvs 2V  

moculoba da 2h  simaRle da Sevsebulia Txevadi fraqciiT; mesame nawils 

aqvs 3V  moculoba da 3h  simaRle da Sevsebulia airismagvari fraqciiT 

(sur. 6.16). 

     1V  moculobis Sefardebas V  moculobasTan ewodeba SemWidroebis 

koeficienti da aRiniSneba  -Ti 

11 h

h

V

V
== . 

         

Nsur. 6.16. dasawnexi produqtis moculobis 
calkeuli fraqciebi 

  
 
     Txevadi da airadi moculobebis fraqciebis jamis Sefardebas mSrali 

nivTierebis moculobasTan ewodeba forianobis koeficienti, romelic 

aRiniSneba  -iT 

V

VV 32 += . 

     SemWidroebis koeficienti forianobis koeficientTan dakavSirebulia 

Semdegi gamosaxulebiT 
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1−=  . 

     Tu briketis kveTs mTel simaRleze aqvs mudmivi mniSvneloba, maSin 

SemWidrovebis koeficienti gamoisaxeba SefardebiT da aRiniSneba 

10 h

h
==




 , 

sadac   briketis kuTri masaa, kg/m
3
; 

       0  - dasawnexi masalis kuTri masa kg/m
3
. 
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