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1111.1. qimiuri reaqtorebis Teoriis.1. qimiuri reaqtorebis Teoriis.1. qimiuri reaqtorebis Teoriis.1. qimiuri reaqtorebis Teoriis    
amocanebiamocanebiamocanebiamocanebi    

    
qimiuri reaqtori yoveli qimiuri warmoebis Ziri-

Tadi aparatia; mis mowyobilobasa da muSaobis maCve-
neblebze damokidebulia mTeli teqnologiuri warmo-
ebis ekonomikuri efeqturoba. 
 qimiuri reaqtorebis Teoria aris qimiuri teqno-
logiis nawili, romelic Seiswavlis qimiuri reaqciebis 
samrewvelo gaformebis sakiTxebs; misi amocanaa reaqto-
rebis gaangariSebis meTodebis Seswavla iseTi monaceme-
bis misaRebad, romlebic aucilebelia maTi daproeqte-
bisaTvis. reaqtorebis gaangariSeba qimiur-teqnologiu-
ri sistemebis Seqmnis pirveli safexuria.  
 teqnologiuri procesis gaformebis optimaluri 
variantis gansazRvrisaTvis, uwinares yovlisa, unda vi-
codeT: 
 rogori unda iyos reaqtorSi mimdinare procesis 
parametrebi? 
 rogori tipis reaqtoria ufro xelsayreli? 
 rogori unda iyos reaqtoris zomebi?  
 
 

    
 

1111.2. amosavali debulebebi reaqtorebis .2. amosavali debulebebi reaqtorebis .2. amosavali debulebebi reaqtorebis .2. amosavali debulebebi reaqtorebis 
gaangariSebisaTvigaangariSebisaTvigaangariSebisaTvigaangariSebisaTvissss    

 
 reaqtorebis damuSaveba iwyeba procesis hidrodi-
namikuri modelis, rogorc misi maTematikuri aRweris 
safuZvlis, SeswavliT. Semdeg Seiswavlian qimiuri reaq-
ciis kinetikas, masa-  da Tbogadacemis procesebs. rac 
ufro srulyofilad aris Seswavlili kinetika, miT 
ufro saimedoa procesis mimdinareobis navaraudevi Se-
degebi. 
 diferencialuri formiT Caweril kinetikur gan-
tolebebs aintegraleben reaqtoris mTeli moculobis 
mixedviT. am dros SeiZleba warmoiSvas siZneleebi, rad-

ganac sareaqcio narevis Sedgeniloba da temperatura 
SeiZleba sxvadasxva iyos sareaqcio sivrcis sxvadasxva 
wertilSi qimiuri reaqciis Termodinamikuri maxasia-
Teblebisa da garemosTan Tbocvlis siCqarisagan damo-
kidebulebiT. amas garda, aparatSi  siTxis  moZraobis 
xasiaTi, rasac gansazRvravs aparatis geometriuli for-
mebi, imoqmedebs reaqtorSi nivTierebisa da siTbos gada-
nawilebaze. 
 amitom nebismieri reaqtoris konstruqciis SerCe-
visa da zomebis gansazRvris dros unda gaviTvaliswi-
noT mravali sxvadasxva faqtori da, uwinares yovlisa, 
gvqondes monacemebi, romlebic axasiaTebs qimiuri reaq-
ciebis mimdinareobisa da masa-  da Tbogadacemis siCqa-
reebs. danadgaris (saamqros) mwarmoeblobas, reagentebis 
gardaqmnis xarisxs, maT koncentraciasa da tempera-
turul reJims adgenen Teoriuli winamZRvrebidan. 
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 saWiroa, agreTve, reaqtorebisadmi wayenebuli zo-
gadi moTxovnilebebis gaTvaliswineba, romlebmac unda 
uzrunvelyon: 
 1. sareaqcio moculobis erTeulis maRali mwar-
moebluroba; 
 2. maRali seleqciuroba rTuli procesis dros; 
 3. mcire energetikuli danaxarjebi; 
 4. momsaxurebis simartive, damzadebis siiafe da 
Sromis usafrTxoebis moTxovnebis dakmayofileba; 
 5. regulirebis saimedooba da teqnologiuri re-
Jimis mdgradoba; 
 6. produqciis dabali Rirebuleba. 
 moyvanili moTxovnebi ramdenadme urTierTgamom-
ricxavia, amitom reaqtorebis dagegmarebis dros unda 
moinaxos optimaluri varianti, romelic uzrunvelyofs 
procesis saerTo ekonomiurobas. 

reaqtoris  srulyofis amsaxveli erT-erTi umni-
Svnelovanesi maCvenebeli, romelic xasiaTdeba drois 
erTeulSi mocemul pirobebSi aparatis moculobis 
(farTobis) erTeulidan miRebuli produqtis raode-
nobiT, aris misi intensiuroba. intensiuroba miT ufro 
maRalia, rac naklebi dro ixarjeba mocemuli raode-
nobis produqtis misaRebad. 

amitom  nebismieri tipis  reaqtorSi mimdinare 
procesebis Seswavlis mTavari amocanaa funqciuri da-
mokidebulebis povna reaqtorSi reagentebis dayovnebis 
drosa da teqnologiuri reJimis sxva faqtorebs Soris: 

 
              [ ]uCxf ,,=τ ,               (VI.1) 
 

sadac x   aris reagentis mocemuli gardaqmnis xarisxi; C  

-  amosavali reagentis sawyisi koncentracia; u  -  qimiu-
ri reaqciis  siCqare. 
 gantolebas, romelic oTx dasaxelebul sidides 
akavSirebs, reaqtoris maxasiaTebeli gantoleba an ub-
ralod reaqtoris gantoleba ewodeba. 
  

 

1111.3. reaqtoris materialuri balansis.3. reaqtoris materialuri balansis.3. reaqtoris materialuri balansis.3. reaqtoris materialuri balansis    
gantolebagantolebagantolebagantoleba    

    
    nebismieri tipis reaqtoris gantoleba gamohyavT 
materialuri balansis safuZvelze, romelic Sedgenilia 
sareaqcio narevis erT-erTi komponentis mimarT. Sevad-
ginoT aseTi balansi amosavali A  reagentis mimarT mar-
tivi, Seuqcevadi  RA →  reaqciisaTvis. 
 zogadi saxiT materialuri balansis gantoleba 
aseTia:  

                                  ,.. gasSem AA BB =                                   (VI.2.) 

 
sadac Sem,AB   aris A  reagentis raodenoba, romelic 

drois erTeulSi Semodis mocemul sareaqcio moculo-
baSi; gas,AB – A   reagentis raodenoba, romelic drois 

erTeulSi ixarjeba sareaqcio moculobaSi. 
 Tu gaviTvaliswinebT, rom reaqtorSi Semosuli A   
reagenti sami gziT ixarjeba, SeiZleba davweroT: 
 
           ( ) ,... gaddagq.rgas AAAA BBBB ++=           (VI.3) 
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sadac q.r,AB aris A reagentis raodenoba, romelic sare-

aqcio narevSi qimiurad gardaiqmna drois erTeulSi; 

gadGAD,AB  – A   reagentis raodenoba romelic reaqtoridan 

gaedineba drois erTeulSi; dag,AB  – A reagentis rao-

denoba, romelic grovdeba reaqtorSi drois erTeulSi. 
 (VI.3) gantolebis gaTvaliswinebiT (VI.2) ganto-
leba SeiZleba ase daiweros: 
 
           daggadq.r.Sem .... AAAA BBBB ++= .           (VI.4) 

 
 sxvaoba Sem,AB -sa da gad,AB -s Soris aris  A reagen-

tis konveqciuri nakadiTY gadatana konv,AB : 

 
             .... gadSemkonv AAA BBB −=               (VI.5) 

 
 amis gaTvaliswinebiT (VI.4) gantoleba aseT saxes 
miiRebs: 
 
              .... q.rkonvdag AAA BBB −=              (VI.6) 

 
 yovel konkretul SemTxvevaSi materialuri 
balansis gantolebas sxvadasxva forma aqvs. balansis 
Sedgena SeiZleba sareaqcio masis moculobis erTeulis, 
usasrulod mcire moculobis an mTlianad mTeli reaq-
torisaTvis. 
 zogad SemTxvevaSi, roca reagentis koncentracia 
mudmivi ar aris reaqtoris sxvadasxva wertilSi an 

icvleba drois mixedviT, materialur balanss adgenen 
diferencialuri formiT reaqtoris elementaruli mo-
culobisaTvis. amisaTvis iyeneben konveqciuri masacvlis 

gantolebas, Sevsebuls damatebiTi uA  wevriT, romelic 
qimiuri reaqciis mimdinareobas iTvaliswinebs. maSin 
gantoleba aseT saxes miiRebs: 
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    (VI.7.) 

 
sadac AC   aris A   reagentis koncentracia sareaqcio         
          narevSi; 
   −zyx ,,  sivrciTi koordinatebi; 

−zyx www ,,  nakadis siCqaris mdgenelebi; 

     D   -   molekuluri da konveqciuri difuziis 
         koeficienti; 
     Au  -  qimiuri reaqciis siCqare.  
 gantolebis marcxena mxare gamoxatavs amosavali 
nivTierebis koncentraciis saerTo cvlilebas elementa-
rul moculobaSi drois mixedviT. es aris  A   
nivTierebis dagroveba.  igi Seesabameba  (VI.6.)  ganto-
lebaSi dag,AB -s. 

 wevrebis pirveli jgufi gantolebis marjvena 
nawilSi – koordinatTa RerZis gaswvriv siCqaris 
mdgenelebis namravli koncentraciaTa gradientebze – 
gamoxatavs A reagentis koncentraciis cvlilebas sare-
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aqcio masis mier saerTo nakadis Tanxvdenili mimarTu-
lebiT misi gadatanis Sedegad. 
 wevrebis meore jgufi – D -s namravli x , y , z  
RerZebis mimarT koncentraciis meore rigis warmo-
ebulebis jamze – gamoxatavs A   reagentis koncentra-
ciis cvlilebas elementarul moculobaSi difuziis 
gziT misi gadatanis Sedegad. 
 wevrebis orive jgufi axasiaTebs nivTierebis ja-
mur gadatanas moZrav garemoSi konveqciiTa da difu-
ziiT; (VI.6) gantolebaSi maT Seesabameba wevri konv,AB .  

 da, bolos, wevri Au   gviCvenebs A   reagentis kon-
centraciis cvlilebas elementarul moculobaSi 
qimiuri reaqciis Sedegad. (VI.6) gantolebaSi mas See-
sabameba wevri ..q.r.AB  

 reaqtoris tipisa da misi muSaobis reJimidan ga-
momdinare materialuri balansis (VI.7) gantoleba SeiZ-
leba gardaiqmnas, rac aiolebs mis amoxsnas. 
 qimiur reaqtorebSi mimdinare procesebi SeiZleba 
iyos stacionaruli (damyarebuli) da arastacionaruli 
(daumyarebeli). pirvels miekuTvneba procesebi, romelTa 
drosac sistemaSi an gansaxilvel elementarul mocu-
lobaSi procesis parametrebi (magaliTad, A   reagentis 
koncentracia, temperatura da a. S.) ar icvleba drois 
mixedviT, amitom reaqtorSi ar grovdeba nivTiereba (an 
siTbo) da parametris drois mixedviT warmoebuli nu-
lis tolia. stacionaruli reJimis dros A reagenti-
saTvis SeiZleba davweroT: 
 

                 .0. =
∂

∂
=

τ
A

A

C
B dag                (VI.8) 

  
arastacionaruli reJimebis dros parametrebi drois 
mixedviT mudmivi ar aris da yovelTvis xdeba nivTi-
erebis (siTbos) dagroveba. aseT pirobebSi: 
 

                   .0. ≠
∂

∂
=

τ
A

A

C
B dag              

 
 

1111.4. reaqtorebis klasifikacia.4. reaqtorebis klasifikacia.4. reaqtorebis klasifikacia.4. reaqtorebis klasifikacia    
 
 reaqtorebis klasifikaciis dros iTvaliswineben 
Semdeg ZiriTad niSnebs: 

1) reaqtorSi mimdinare operaciis xasiaTs; 
2) sareaqcio garemos moZraobis reJims; 
3) Tbur reJims; 
4) reagentebis fazur mdgomareobas. 
pirveli niSnis mixedviT reaqtorebi SeiZleba        

daiyos rogorc perioduli, uwyveti da naxevraduwyveti 
moqmedebis. uwyveti moqmedebis reaqtorebi, Tavis mxriv, 
iyofa sareaqcio garemos moZraobis xasiaTis mixedviT 
rogorc idealuri gamodevnis reaqtorebi  da idealu-
ri Serevis reaqtorebi, 

Cveulebriv, reaqtorebis Seswavla or etapad xde-
ba: jer izoTermul pirobebSi, roca sareaqcio narevis 
temperatura ucvlelia, Semdeg ki temperaturis cvli-
lebis gaTvaliswinebiT. 
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1111.5. perioduli moqmedebis reaqtorebi.5. perioduli moqmedebis reaqtorebi.5. perioduli moqmedebis reaqtorebi.5. perioduli moqmedebis reaqtorebi    
    
    perioduli reaqtorebisaTvis damaxasiaTebelia 
reagentebis erTjeradi CatvirTva. am dros procesi sami 
stadiisagan Sedgeba: nedleulis CatvirTva, misi gada-
muSaveba (qimiuri gardaqmna) da mza produqtis gamo-
tvirTva. am stadiebis ganxorcielebis Semdeg isini 
kvlav meordeba, e. i. reaqtoris muSaoba cikluri xa-
siaTisaa. 
 periodul reaqtorSi Catarebuli erTi ciklis 
xangrZlivoba ganisazRvreba gantolebiT: 

                  
             damsr τττ += ,               (VI.9) 

sadac srτ aris ciklis sruli dro; τ  − samuSao dro 

(qimiuri reaqciis Catarebaze daxarjuli); damτ - damxmare 

dro (reaqtoris CatvirTvasa da gamotvirTvaze daxar-
juli). 
 
 

1111.5.1. idealuri Serevis perioduli moqmedebis.5.1. idealuri Serevis perioduli moqmedebis.5.1. idealuri Serevis perioduli moqmedebis.5.1. idealuri Serevis perioduli moqmedebis    
reaqtorireaqtorireaqtorireaqtori    

 
 aseTi reaqtori aris cilindruli, meqanikuri 
sareviT aRWurvili aparati, romelSic periodulad Cai-
tvirTeba amosavali reagentebi (nax. VI.1). masSi reagen-
tebis areva imdenad Zlieria, rom drois nebismier mo-
mentSi ragentebis koncentracia erTnairia reaqtoris 
mTel moculobaSi da icvleba mxolod drois mixedviT, 
reaqciis mimdinareobis Sesabamisad. aseTi areva SeiZleba 

CaiTvalos idealurad; aqedanaa reaqtoris saxelwo-
debac. 

 nax. VI.. idealuri Serevis perioduli moqmedebis reaqtori: 

NA,0 – amosavali A  reagentis sawyisi raodenoba sareaqcio    
narevSi (reaqtoris CatvirTvis dros); 

CA,0  - A  reagentis sawyisi koncentracia sareaqcio narevSi; 
XA,0   - A reagentis sawyisi gardaqmnis xarisxi. 
NA, CA, XA -  igive sidideebi procesis bolos. 

 
amosavali A reagentis koncentraciis cvlileba 

droisa da aparatis moculobis mixedviT, naCvenebia  
VI.2 naxazze. 

perioduli qimiuri procesebi Tavisi bunebiT 
yovelTvis arastacionarulia (daumyarebeli), radganac 
qimiuri reaqciis msvlelobisas procesis parametrebi 
drois mixedviT icvleba (magaliTad reaqciaSi monawile 
nivTierebebis koncentracia), e. i. xdeba reaqciis pro-
duqtebis dagroveba. 

perioduli reaqtoris gaangariSebisaTvis saWiroa 
misi naxasiaTebeli gantolebis codna, rac mogvcems 
saSualebas ganvsazRvroT mocemuli AX  gardaqmnis xa-
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risxis misaRwevad aucilebeli τ   samuSao dro, roca 
cnobilia nivTierebis sawyisi  AC  koncentracia da pro-
cesis kinetika, e. i. reaqciis  Au   siCqare. 

 
Dnax. VI.2. reagentis koncentraciis ganawileba idealuri 

         Serevis periodul reaqtorSi:AGBB 

α – drois mixedviT;   δ −  adgilis (moculobis mixedviT). 

τ − dro;  y  - sivrciTi koordinati (adgilis koordinati) 

 reaqtoris gantolebis gamosayvanad 
safuZvlad viRebT materialuri balansis  (VI.7.) di-
ferencialur gantolebas:  
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     (VI.7) 

 
Tu gaviTvaliswinebT, rom idealuri Serevis pe-  

riodul reaqtorSi (iSr-p) reagentebis intensiuri 

arevis gamo drois nebismier momentSi reaqtoris mTel 
moculobaSi parametrebis mniSvneloba erTnairia, es 

gantoleba SeiZleba gardaiqmnas. am SemTxvevaSi x , y , z   
RerZebis mimarT koncentraciis nebismieri rigis 
warmoebuli nulis toli iqneba. amitom SeiZleba 
davweroT: 
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∂
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miRebuli gantolebebis gaTvaliswinebiT (VI.7) 

gantoleba martivdeba da SeiZleba Caiweros ara kerZo 
warmoebulebSi, aramed Cveulebrivi diferencialuri 
gantolebis saxiT: 

              .A
A u

d

dC
=

τ
               (VI.12) 

 
A   reagentis mimdinare koncentracia, Cveulebriv. 

gamoiTvleba formuliT: 

          
( )

.
10,

V

XN

V

N
C

AAA
A

−
==           (VI.13) 

 
reaqcia SeiZleba mimdinareobdes sareaqcio narevis 

moculobis cvlilebiT an ucvlelad. meore tipis 
reaqciebisaTvis ( )constV =  A reagentis mimdinare 
koncentracia iqneba: 

       

165 166 
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( )

( ).1
1

0.

0,

AA

AA

A XC
V

XN
C −=

−
=         (VI.14) 

 
Tu  AC -s mniSvnelobas SevitanT (VI.12) ganto-

lebaSi, miviRebT: 
 

( )[ ]
A

AA
u

d

XCd
=

−

τ

10,   an   .0,

A

A
A

u

dX
Cd

−
=τ      (VI.15) 

 

minusi niSani uA-s win miuTiTebs, rom procesSi 
amosavali nivTierebis raodenoba mcirdeba. 
 Tu (VI.15) gantolebas gavaintegralebT drois 0 -
dan τ -mde, xolo gardaqmnis xarisxis O -dan  AX -mde 
cvlilebis sazRvrebSi, miviRebT perioduli moqmedebis 
idealuri Serevis reaqtoris maxasiaTebel gantolebas: 
 

                  ∫ −
=

AX

A

A
A

u

dX
C

0

0, .τ              (VI.16) 

  
 

ganvixiloT am gantolebis zogierTi kerZo 
SemTxveva. 
 Seuqcevadi n -uri rigis reaqciisaTvis siCqare 
gamoixateba gantolebiT:   
                

               ( )n

A

n

A

n

AA XkCkCu −==− 10,  

 
sadac k   aris reaqciis siCqaris konstanta. 

Tu am gamosaxulebas CavsvamT (VI.16) gantolebaSi, 
miviRebT: 

( ) ( )∫ ∫
−

=
−

=
−

A AX X
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n

A
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, .
1
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1
τ    (VI.17) 

 
nulovani rigis martivi Seuqcevadi reaqciisaTvis: 

 

.kkCu O

AA ==−  

 
misi CasmiT (VI.16) gantolebaSi, miviRebT reaqtoris 
maxasiaTebel gantolebas roca masSi mimdinareobs 
nulovani rigis reaqcia:    
 

               ∫ ==
AX

AAA
A

k

XC

k

dX
C

0

0,

0, .τ          (VI.18) 

 
pirveli rigis Seuqcevadi reaqciisaTvis: 
 

( ).10, AAAA XkCkCu −==−  167 

168 
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misi CasmiT (VI.16) gantolebaSi, miviRebT: 
 

( )
( )∫ ∫ −−=

−
=

−
=

−
=

A AX X

A
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A
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A
A X

kXkX

dX
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0 00,
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τ  

M 
iseT SemTxvevebSi, roca  reaqtoris gantolebis 

integrireba Zneldeba, τ   dros sazRvraven grafikuli 
integrirebis meTodiT. amisaTvis ageben Au−/1  -sa  da 

AX -s damokidebulebis grafiks da angariSoben 

mrudqveSa farTobs gardaqmnis xarisxis sawyis 0,AX   da 

saboloo AX   mniSvnelobebs Soris. roca  OAX , =0  saZi-

ebeli farTobi gamoixateba formuliT (nax. VI.3): 
 

∫ −
=

AX

A

A

dX
u

S
0

1
 

 
 Tu S –is mniSvnelobas SevitanT (VI.16) ganto-
lebaSi, miviRebT:  
 

∫ ⋅=
−

=
AX

O

A

A

A
A SC

u

dX
C .0,0,τ  

 
gantoleba (VI.16) aris iSr-p-is modelis maTe-

matikuri aRwera. am gantolebidan gamomdinare Sesa-
Zlebelia  reaqtoris  zomebis  gansazRvra  da agreTve   
 
 

            

 

nax. VI.3. idealuri Serevis perioduli reaqtoris 

grafikuli gaangariSeba 

 
am modelis ganxilva masSi Semavali parametrebis 
optimalur mniSvnelobaTa povnis TvalsazrisiT. 

perioduli moqmedebis reaqtorebi martivia kons-
truqciulad, moiTxoven mcire raodenobis damxmare mo-
wyobilobas, amitom isini moxerxebulia sacdeli samu-
Saoebis Casatareblad. mrewvelobaSi maT iyeneben mcire 
masStabis warmoebebSi da SedarebiT Zvirfasi qimiuri 
produqciis gadasamuSaveblad. samrewvelo procesebis 
umravlesoba ki uwyveti moqmedebis reaqtorebis gamoye-
nebiT xorcieldeba. 
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1111.6. uwyveti moqmedebis reaqtorebi.6. uwyveti moqmedebis reaqtorebi.6. uwyveti moqmedebis reaqtorebi.6. uwyveti moqmedebis reaqtorebi    
    
uwyveti moqmedebis reaqtorebSi (zogjer maT gam-

dinare reaqtorebs uwodeben) reagentebis miwodeba da 
reaqciis produqtebis  gamoyvana uwyvetad xorcieldeba. 

Tu periodul reaqtorebSi SesaZlebelia uSua-
lod, Tundac saaTis mixedviT, ganisazRvros reaqciis 
xangrZlivoba, radganac procesis maCveneblebi drois 
mixedviT icvleba, uwyveti moqmedebis reaqtorebSi amis 
gakeTeba SeuZlebelia, vinaidan damyarebuli reJimis 
dros am reaqtorebSi parametrebi droTa ganmavlobaSi 
ar icvleba. amis gamo uwyveti reaqtorebisaTvis iyeneben 
sistemaSi reagentebis dayovnebis pirobiTi drois  (kon-
taqtis dro)  cnebas, romelic ganisazRvreba gantole-
biT: 

              

                ,
0

r
V

V
=τ                 (VI.19) 

 

sadac τ   aris dayovnebis pirobiTi dro; rV  – rea-

qtoris moculoba; 0V  – reaqtorSi drois erTeulSi 

Sesuli sareaqcio narevis moculoba (reagentebis mocu-
lobiTi xarji). 

    
 

    

    

1111.6.1. idealuri gamodevnis reaqtorebi.6.1. idealuri gamodevnis reaqtorebi.6.1. idealuri gamodevnis reaqtorebi.6.1. idealuri gamodevnis reaqtorebi    
    
    idealuri gamodevnis reaqtori (igr) milovani 
aparatia, romelSic milis   L    sigrZis fardoba mis d   
diametrTan sakmaod didia. reaqtors uwyvetad miewo-
deba amosavali reagentebi, romlebic gardaiqmneba 
reaqciis produqtebad reaqtoris RerZis gaswvriv ga-
daadgilebis Sesabamisad (nax. VI.4).  

hidrodinamikuri reJimi igr-Si xasiaTdeba imiT, 
rom nakadis nebismieri nawilaki moZraobs mxolod erTi 
mimarTulebiT reaqtoris RerZis gaswvriv; uku (RerZu-
li) areva ar xdeba. ar xdeba agreTve reagentebis areva 
reaqtoris ganivi kveTis mimarTulebiT. ivaraudeba, rom 
nivTierebis ganawileba am kveTSi Tanabaria, e. i. sareaq-
cio narevis parametrebi erTnairia. 

sareaqcio masis yoveli rdV  elementi ise moZraobs 
reaqtoris sigrZis mixedviT, rom ar ereva sareaqcio 
moculobis winamdebare da momdevno elementebs; igi ise 
iqceva, rogorc dguSi cilindrSi, gamodevnis ra 
yvelafers, rac mis win imyofeba. amitom reagentebis 
moZraobis aseT reJims zogjer dguSurs  an idealuri 
gamodevnis reJims  uwodeben. 

moculobis yoveli elementis Sedgeniloba Tanda-
Tan icvleba reaqtoris RerZis gaswvriv qimiuri reaq-
ciis mimdinareobis Sedegad. amosavali A   reagentis 
koncentracia TandaTan icvleba reaqtoris RerZis 
gaswvriv sawyisi 0,AC -dan saboloo AC  mniSvnelobamde 

(ix. nax. VI.4). moZraobis aseTi reJimis gamo yoveli 
nawilakis reaqtorSi yofnis dro erTnairia. 
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    nax. VI.4. idealuri gamodevnis reaqtori da reagentis  CA 
 koncentraciisa da XA gardaqmnis xarisxis cvlileba reaqtoris 
         sigrZis gaswvriv. BA,0 – A  reagentis xarji, kmoli/sT. 

 
idealuri gamodevnis reaqtoris maxasiaTebeli 

gantoleba gamohyavTDmaterialuri balansis diferen-
cialuri (VI.7) gantolebis safuZvelze, gardaqmnian ra 
mas am reaqtoris Taviseburebebis gaTvaliswinebiT. 

radganac igr-Si sareaqcio narevi moZraobs mxo-
lod erTi mimarTulebiT (reaqtoris l   RerZis gaswriv) 
(VI.7) gantolebis marjvena nawilis wevrebis pirveli 
jgufisaTvis SeiZleba davweroT (virCevT ra x   RerZis 
mimarTulebad ragentebis nakadis moZraobis mimarTu-
lebas): 

     ;
l

C
w

x

C
w AA

x
∂

∂
−=

∂

∂
−     ,0=

∂

∂
−

y

C
w A

y    .0=
∂

∂
−

z

C
w A

z   

 
sadac w   aris sareaqcio narevis reaqtorSi moZraobis 
xazovani siCqare; l   - gzis sigrZe, romelsac gaivlis 
sareaqcio moculobis elementi  reaqtorSi. 

radganac idealur reaqtorSi sareaqcio narevis 
moculobis yoveli elementi ar ereva arc mis winamde-
bare da arc momdevno moculobebs, da agreTve ar arse-
bobs radialuri areva (ar aris arc grZivi, arc ganivi 
difuzia, xolo molekuluri difuzia mcirea), SeiZleba 
davweroT: 

         .0
2

2

2

2

2

2

=








∂

∂
+

∂

∂
+

∂

∂

z

C

y

C

x

C
D AAA   

  
aRniSnulis gaTvaliswinebiT (VI.7) gantoleba ide-

aluri gamodevnis reaqtorisaTvis aseT saxes miiRebs: 
 

                .A
AA u

l

C
w

C
+

∂

∂
−=

∂

∂

τ
            (VI.20) 

 
 materialuri balansis es gantoleba aris reagen-
tebis nakadis maTematikuri aRwera idealuri gamodevnis 
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reaqtorSi arastacionaruli reJimis pirobebSi (roca 
procesis parametrebi ara marto icvleba reaqtoris 
RerZis gaswvriv, aramed ar aris mudmivi drois mixed-
viTac). aseTi reJimi damaxasiaTebelia raqtoris gaSvebisa 

da gaCerebis periodebisaTvis. wevri  
τ∂

∂ AC  axasiaTebs A  

reagentis koncentraciis cvlilebas reaqtoris moce-
muli wertilisaTvis, e. i. A   reagentis dagrovebas am 
wertilSi. 
 stacionaruli reJimi imiT gamoirCeva, rom para-
metrebi drois mixedviT ar icvleba sareaqcio mocu-

lobis sxvadasxva wertilSi ( 0=
∂

∂
τ

AC ). amis gaTva-

liswinebiT (VI.20) gantoleba miiRebs aseT saxes: 
 

                 A
A u

dl

dC
w = ,               (VI.21)  

 
saidanac Cans, rom stacionaruli reJimis dros 
reaqtoris mocemul wertilSi A   reagentis masuri 
nakadis cvlileba udris qimiuri reaqciis Sedegad misi 
xarjvis siCqares. 
 (VI.21) gantolebidan advilad SeiZleba igr-is 
gantolebis miReba. Tu sareaqcio narevis moculoba 
procesSi ar icvleba, marTebulia (VI.14) gantoleba, 
romlis gadiferencialebiTac miviRebT: 

 
( )[ ] .1 0,0, AAAAA dXCXCddC −=−=  

 

gzis sigrZe SeiZleba ase gamovxatoT: l=wτ,  saidanac 
nakadis mudmivi xazovani siCqaris SemTxvevisaTvis mi-
viRebT: .τwddl =  AdC  –sa da dl -is mniSvnelobebis (VI.21) 
gantolebaSi SetaniT  miviRebT: 
 

                   .0,

A

A
A

u

dX
Cd

−
=τ             (VI.22) 

 
(VI.22) gantolebis integrirebiT gardaqmnis xarisxis 0-
dan AX -mde cvlilebis zRvrebSi, miviRebT igr-is ma-
xasiaTebel gantolebas: 
 

                   ∫ −
=

AX

A

A
OA

u

dX
C

0

.τ MDE        (VI.23) 

 
 igr-is maxasiaTebeli gantoleba (VI.23) analo-
giuria idealuri Serevis perioduli reaqtorisaTvis 
miRebuli (VI.16) gantolebisa, amitom am SemTxvevaSic 
sxvadasxva rigis reaqciebisaTvis gantolebebs iseTive 
saxe eqnebaT, rogoric perioduli moqmedebis iSr-

isaTvis hqonda; kerZod:  n-uri rigis reaqciebisaTvis: 
 

  
( ) ( )∫ ∫

−
=

−
=

−

A AX X

n

A

A

n

A

n

A

n

A

A
OA

X

dX

kCXkC

dX
C

0 0

1

0,0,

, .
1

1

1
τ  
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nulovani rigis reaqciebisaTvis: 
 

∫ ==
AX

AAA
A

k

XC

k

dX
C

0

0,

0, .τ  

pirveli rigis reaqciebisaTvis: 
 

( )
( )∫ ∫ −−=

−
=

−
=

−
=

A AX X

A

AA

A

AA

A
A X

kXkX

dX

kXkC

dX
C

0 00,

0, .1ln
1

1

1
ln

1

1

1

1
τ  

 
 iseTi reaqciebisaTvis, romelTaTvisac 10 ≠≠ n , iye-
neben amoxsnis grafikul meTods, romelic aRwerili 
iyo perioduli iSr-isaTvis. am SemTxvevaSic ageben 

Au−/1 -sa da AX -s damokidebulebis grafiks da sa-
zRvraven mrudis qveS gamS -is farTobs gardaqmnis xa-

risxis 9,AX    sawyis da AX   saboloo mniSvnelobebs So-

ris (nax.VI.5): 

∫ −
=

AX

A

A

dX
u

S
0

1
,    ∫ ⋅=

−
=

AX

O

A

A

A
A SC

u

dX
C .0,0,τ  

 
 aqamde vixilavdiT reaqciebs, romlebic moculo-
bis ucvlelad mimdinareobda. Tu ki reaqcia moculobis 
cvlilebiT mimdinareobs, aucilebelia imis gaTva-
liswineba, rom A   reagentis koncentracia icvleba ara 
marto qimiuri gardaqmnis Sedegad, aramed sareaqcio na-
revis moculobis cvlilebis gamoc da mimdinare kon-
centracia ar SeiZleba gamoiTvalos (VI.14) ganto-
lebiT. 

 

 
nax. VI.5. idealuri gamodevnis reaqtoris 

grafikuli gaangariSeba 

E 
sareaqcio narevis moculobis cvlilebas iTva-

liswineben moculobis fardobiTi cvlilebis koefici-
entis gamoyenebiT: 

                ,
0

01

=

== −
=

A

AA

X

XX

A
V

VV
ε            (VI.24) 

 
sadac Aε    aris moculobis fardobiTi cvlilebis koe-

ficienti, roca AX  gardaqmnis xarisxi 0-dan 1-mde icv-

leba. 1=AXV  da  0=AXV  sareaqcio narevis moculobebia 

roca AX =1  da AX =0. 

kerZo SemTxvevaSi, roca sareaqcio narevis V  mo-
culobis cvlilebasa da gardaqmnis xarisxs Soris 
wrfivi damokidebuleba arsebobs, SeiZleba davweroT 

 
( ),10 AA XVV ε+=  

 
sadac 0V   aris  sareaqcio narevis sawyisi moculoba. 
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 Tu V  moculobis am mniSvnelobas CavsvamT (VI.14) 
gantolebaSi, miviRebT AC   mimdinare koncentraciis ga-
mosaTvlel formulas AX   gardaqmnis xarisxisaTvis sa-
reaqcio narevis moculobis cvlilebis gaTvaliswinebiT: 

 

       
( )

( )
.

1

1

1

1
0,

0

0,

AA

A
A

AA

AAA
A

X

X
C

XV

XN

V

N
C

εε +

−
=

+

−
==    (VI.25) 

 
 gardaqmnis xarisxze damokidebulebiT sareaqcio 
narevis cvlilebas iTvaliswineben maxasiaTebeli ganto-
lebis gamoyvanis drosac. magaliTad, idealuri gamo-
devnis reaqtoris maxasiaTebeli (VI.23)  gantoleba 

(VI.25)-is gaTvaliswinebiT n -uri rigis reaqciisaTvis 
ase Caiwereba: 
 

( )
( )

.
1

11

1

1

0

1

0,

0 0

0,

0,

0

0,0,

A

X

n

A

n

AA

n

A

X X

n

AA

An

A

A
An

A

A

X

A

A

A
A

dX
X

X

kC

X

X
kC

dX
C

kC

dX
C

u

dX
C

A

A AA

∫

∫ ∫∫

+

+
=

=










+

−
==

−
=

−

ε

ε

τ

 

                                                        
 gamodevnis realur reaqtorebSi arsebuli hidro-
dinamikuri mdgomareoba gansxvavdeba idealur igr-Si 
arsebulisagan.  
 realur milovan reaqtorSi A nivTierebis sarea-
qcio masis nakadis moZraobis mimarTulebiT gada-
tanasTan erTad SesaZlebelia misi areva reaqtoris Re-
rZis gaswvriv nakadis moZraobis sawinaaRmdego mimarTu-

lebiT (uku difuzia), da agreTve   radialuri mimarTu-
lebiT gadaadgileba (radialuri difuzia). 
 models, romelic asaxavs hidrodinamikur mdgoma-
reobas realur reaqtorSi, sadac gvaqvs mxolod uku 
Sereva, erTparametruli difuzuri modeli ewodeba, xo-
lo iseT models, romelic uku SerevasTan erTad radi-
alursac iTvaliswinebs – orparametruli difuzuri 
modeli. 
 difuzuri modelis gamosayvanad (iseve, rogorc 
iSr-p-isa da igr-isaTvis) amosavali aris materialuri 
balansis diferencialuri gantoleba. 
 rogorc idealuri gamodevnis reaqtorisaTvis, 
aqac marTebulia tolobebi (viTvaliswinebT, rom x  

RerZi mimarTulia reaqtoris sigrZis gaswvriv):  
                                   

;
l

C
w

x

C
w AA

x
∂

∂
−=

∂

∂
−     ,0=

∂

∂
−

y

C
w A

y    .0=
∂

∂
−

z

C
w A

z  

 
magram, idealuri gamodevnis reaqtorisagan gans-

xvavebiT, (VI.7) gantolebis wevrebidan, romlebic 
nivTierebis difuziiT gadatanas gamoxatavs, yvela ar 
aris nulis toli. erTparametruli difuzuri modeli-
saTvis: 

;0
2

2

≠
∂

∂

x

C
D A   A      ;

2

2

2

2

l

C
D

x

C
D A

L
A

∂

∂
=

∂

∂
 

 

;0
2

2

=
∂

∂

y

C
D A           .0

2

2

=
∂

∂

z

C
D A  

sadac DL  aris RerZuli difuziis koeficienti. 
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amis gaTvaliswinebiT (VI.7) gantoleba aseT saxes mi-
iRebs: 

             .2

2

A
A

L
AA u

l

C
D

l

C
w

C
+

∂

∂
+

∂

∂
−=

∂

∂

τ
       (VI.26) 

 
es aris erTparametruli difuzuri modeli arasta-
cionaruli reJimisaTvis. 

 stacionaruli reJimis pirobebSi 0=
∂

∂
τ

AC  da 

(VI.26) gantoleba aseT saxes miiRebs: 
 

            .
2

2

A
A

L
A u

l

C
D

l

C
w −=

∂

∂
+

∂

∂
−             (VI.27) 

 
 miRebuli gantolebidan Cans, rom am SemTxvevaSi 
stacionarulobis pirobaa A reagentis nakadiTa da 
difuziiT  gadatanisa da qimiuri reaqciis Sedegad misi 
gardaqmnis siCqareTa toloba. 
 analogiuri msjelobiT (VI.7) gantolebidan SeiZ-
leba miviRoT orparametruli difuzuri modelic, ro-
melsac aseTi saxe eqneba (arastacionaruli reJimisaT-
vis): 

         .
2

2

2

2

A
A

R
A

L
AA u

R

C
D

l

C
D

l

C
w

C
+

∂

∂
+

∂

∂
+

∂

∂
−=

∂

∂

τ
     (VI.28) 

 
sadac   RD   aris radialuri difuziis koeficienti. 
 realuri reaqtoris idealurisagan gadaxris xa-
risxi mraval faqtorzea damokidebuli: erTparamet-
ruli modelisaTvis – grZivi arevis (turbulenturi 
difuziis) D  koeficientze, nakadis w   xazovan siC-

qaresa da reaqtoris L   sigrZeze. es maCveneblebi urTi-

erTdakavSirebulia uganzomilebo 
wL

D
 kompleqsis saxiT.    

 
nax. VI.6. realuri reaqtorisa da idealuri gamodevnis reaqtoris 

moculobaTa Sefardebis damokidebuleba gardaqmnis xarisxze. 
 
 

   realuri raqtorebis idealurisagan gadaxris 

xarisxis dadgena, romelic damokidebulia 
wL

D  komp-

leqsze, SeiZleba maTi im moculobebis SedarebiT, 
romelic aucilebelia erTnairi AX  gardaqmnis xarisxis 
misaRebad. es SeiZleba gamoisaxos grafikulad (nax. VI.6), 

sadac abscisTa RerZze gadazomilia XA xolo ordinatTa 

RerZze – fardoba  
id

r

V

V
. 

id

r

V

V
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 rac metia kompleqsi 
wL

D
, miT metia hidrodi-

namikuri reJimis gadaxra realur reaqtorSi idea-

lurTan SedarebiT da miT metia 
id

r

V

V
 fardoba. rodesac 

wL

D
=0 gvaqvs idealuri gamodevnis reJimi, amitom 

id

r

V

V
=1 

da realuri reaqtoris aucilebeli moculoba idr VV = . 

Tu  
wL

D
>0, 

id

r

V

V
>1 da rac metia 

wL

D
, miT meti mo-

culobis realuri reaqtoria saWiro idealurTan 
SedarebiT erTnairi gardaqmnis xarisxis misaRebad. ga-
nsxvaveba reaqtorebis moculobebs Soris gansakuTrebiT 
mkafiod mJRavndeba gardaqmnis maRali xarisxebis dros. 
amrigad: 
 

., 







= AX

wL

D
f

V

id

r

V
 

  

 es gasaTvaliswinebelia reaqtorebis gaangariSebis 
dros. 
 
 

 
 

 
 
 
  

1.6.2. uwyveti moqmedebis idealuri Serevis. uwyveti moqmedebis idealuri Serevis. uwyveti moqmedebis idealuri Serevis. uwyveti moqmedebis idealuri Serevis    
reaqtorireaqtorireaqtorireaqtori    

 

    uwyveti moqmedebis idealuri Serevis reaqtori 
(iSr-u) aris meqanikuri sareviT aRWurvili aparati 
(nax.VI.7), romelSic uwyvetad SehyavT amosavali 
reagentebi da aseve uwyvetad gamohyavT reaqciis  
produqtebi. nakadebis intensiuri arevis gamo 
reaqtoris mTel moculobaSi  myisierad   Tanabrdeba   

 
nax. VI.7. uwyveti moqmedebis idealuri 

Serevis reaqtori. 

 
A  reagentis  koncentracia da utoldeba  mis AC   
mniSvnelobas  reaqtoris gamosasvlelSi. 
 koncentraciis mkveTri cvlileba reagentebis 
reaqtorSi Sesvlisas Sedegia Semavali reagentebis 
myisieri Serevisa im sareaqcio narevTan, romelic ukve 
imyofeba reaqtorSi, sadac A   komponentis kon-
centracia gacilebiT mcirea, vidre miwodebul 
sareaqcio narevSi. 
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koncntraciis vardnis sidide sawyis 0,AC -sa da  

saboloo AC   mniSvnelobebs Soris damokidebulia, sxva 
Tanabar pirobebSi, qimiuri reaqciis siCqaris sidideze. 
rac metia igi, miT naklebia A   reagentis koncentracia 
reaqtorSi da miT metia koncentraciis vardna AA CC −0,  

meore mxriv, reaqciis siCqaris erTnairi mniSvnelobis 
dros, vardnis sidide damokidebulia reagentebis 

reaqtorSi dayovnebis τ  droze. rac metia τ  ,  miT 
ufro srulad mimdinareobs reaqcia da miT naklebia 

AC   koncentracia sareaqcio narevSi (nax. VI.8).     

 
nax. VI.8. A  reagentis koncentracia iSr-u-Si misi sxvadasxva droiT 

dayovnebisas. 
 

wertili, romelic Seesabameba reaqtorSi reagentebis 
Sesvlas, abscisTa RerZze datanilia koordinatTa 
dasawyisis marjvniv, rac ufro naTels xdis 

koncentraciis cvlilebas sareaqcio narevis reaqtorSi 
Sesvlisas. 
 radganac idealuri Serevis gamdinare reaqtorSi 
reagentebis koncentracia erTnairia sareaqcio 
moculobis yvela wertilSi, aseve mudmivia sxva 
parametrebic – gardaqmnis xarisxi da reaqciis siCqare 
(nax. VI.9). amitom maxasiaTebeli gantolebis 
gamosayvanad materialuri balansis gantolebas ro- 

nax. VI.9. parametrebis cvlileba iSr-u-Si: a – gardaqmnis xarisxi 

AX ;  b – reaqciis siCqare  - Au  . 
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melime komponentis mimarT adgenen sasrulo sidideebSi, 
e. i. iyeneben (VI.6) gantolebas: 
                
                 .,,. q.r.konvdag AAA BBB −=  

 
stacionaruli reJimis dros dag,AB = 0  da  

                                      

                                 rq.konv ,, AA BB =                             (VI.29) 

 

am gantolebidan Cans, rom procesis stacionarulobis 
pirobaa A reagentis konveqciuri gadatanisa da qimiuri 
reaqciis Sedegad misi gardaqmnis siCqareTa toloba. 
 vipovoT (VI.29)-Si Semavali sidideebis mniSv-
nelobebi. (VI.5) gantolebidan: 
            
 gadSemkonv ,,, AAA BBB −= , 

                           0,, AA BB =Sem ,                                (VI.30) 

                         ( ),10,, AAA XBB −=gad                     (VI.31) 

                         BA,,konv= BA,0 − BA,0(1-XA) = BA,0XA.               
             ( ) rrq, VuB AA −=, .           (VI.32) 

 
sadac rV   aris reaqtoris moculoba.  
 Tu (VI.30)-(VI.32)-s SevitanT (VI.29)-Si, miviRebT: 
 
                 ( ) rVuXB AAA −=0, .                (VI.33) 

 

viTvaliswinebT ra VCB OAA ,0, = , sadac V  -  reagentebis 

moculobiTi xarjia, gveqneba: 
 

.
0,

A

AA

u

XCV

−
=

V
r  

 

fardoba 
V
rV
 aris dayovnebis pirobiTi τ  dro (ga-

ntoleba VI.19.); maSin: 

                                        .
0,

A

AA

u

XC

−
=τ                                   (VΙ.34) 

 
es aris uwyveti moqmedebis idealuri Serevis 

reaqtoris maxasiaTebeli gantoleba. ufro zogadi 
SemTxvevisaTvis, roca sawyisi  gardaqmnis xarisxi 

00, ≠AX , gveqneba: 

 
( )

.
0,0,

A

AAA

u

XXC

−

−
=τ N 

 
martivi Seuqcevadi n -uri rigis reaqciisaTvis 

(VI.14) gantolebis gaTvaliswinebiT, (VI.34) gantoleba 
Semdeg saxes miiRebs: 
 

( ) ( )
.

11
1

0,0,

0,0,

n

A

n

A

A

n

A

n

A

AA

n

A

AA

XkC

X

XkC

XC

kC

XC

−
=

−
==

−
τ  

 
nulovani rigis reaqciisaTvis: 
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.
0,0,

k

CC

k

XC AAAA −
==τ  

 
pirveli rigis reaqciisaTvis: 
 

( ) ( )
.

110,

0,0,

A

A

AA

AA

A

AA

Xk

X

XkC

XC

kC

XC

−
=

−
==τ  

 

1.7. idealuri Serevisa  da idealuri gamodevnis . idealuri Serevisa  da idealuri gamodevnis . idealuri Serevisa  da idealuri gamodevnis . idealuri Serevisa  da idealuri gamodevnis 
reaqtorebis Sedarebareaqtorebis Sedarebareaqtorebis Sedarebareaqtorebis Sedareba    

    
 maxasiaTebeli gantolebebi iSr-p-isa da igr-saTvis 
erTnairia [ix. gantolebebi (VI.16) da (VI. 23)], amitom 
am reaqtorebSi mocemuli gardaqmnis xarisxis 
misaRwevad saWiro dro erTnairi iqneba. magram iSr-p-Si 
procesis sruli dro Sedgeba damxmare da muSa droTa 
jamisagan (gantoleba VI.9), xolo igr-Si damxmare 
operaciebi ar gvaqvs, procesi uwyvetad mimdinareobs, 
amitom muSaobis intensivoba igr-Si ufro metia, vidre 
iSr-p-Si. 
 damxmare operaciebi ar gvaqvs arc uwyveti 
moqmedebis Serevis reaqtorSi (iSr-u), magram masSi 
arsebuli hidrodinamikuri mdgomareoba gansxvavdeba 
imisagan, rac SeimCneva igr-Si, amitom erTnairi 
moculobis reaqtorebSi, sxva Tanabar pirobebSi, 
amosavali reagentebis sxvadasxva gardaqmnis xarisxi 
miiRweva. 

 procesis ekonomiurobis ganmsazRvreli 
umniSvnelovanesi faqtorebia reaqtoris zoma (anu misi 
intensivoba), procesis SerCeviToba, anu    seleqciuroba 
da produqtis gamosavali. martivi reaqciebisaTvis 
mniSvneloba aqvs mxolod pirvel faqtors, e. i. 
reaqtoris zomebs, romelic aucilebelia mocemuli AX  

gardaqmnis xarisxis misaRwevad, amitom jer ganvixiloT 
es martivi SemTxveva. 

gamodevnis reaqtorSi SeimCneva koncentraciis 
TandaTanobiT cvlileba RerZis gaswvriv, xolo Serevis 
reaqtorSi – koncentraciis mkveTri vardna saboloo 

AC   mniSvnelobamde (nax. VI.10). aseTnairadve icvleba am 
reaqtorebSi reaqciis siCqare mudmivi temperaturis 
dros. 

nax. VI.10. koncentraciis cvlileba uwyveti moqmedebis 
reaqtorebSi: a- igr;  b – iSr-u. 

rogorc Cans VI.10 naxazidan, reagentis saSualo 
koncentracia da, Sesabamisad, reaqciis saSualo siCqare, 
idealuri Serevis reaqtorSi yovelTvis naklebia, vidre 
gamodevnis reaqtorSi. Seuqcevadi reaqciebisaTvis, 

romelTa rigi n =0, es ar moqmedebs intensivobasa 
(aseTi reaqciebisaTvis reaqciis siCqare ar aris 
damokidebuli koncentraciaze) da reaqtoris tipis 
SerCevaze, rac gamomdinareobs gantolebidan: 
 

k

XC AA 0,== gamSer ττ , 

 
sadac Serτ  da gamτ  aris dro, romelic saWiroa XA 

gardaqmnis xarisxis misaRwevad iSr-u-sa da igr-Si. 
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iseTi reaqciebisaTvis, romelTa rigi n>0, reaqtoris 
tips didi mniSvneloba aqvs, radgan erTi da igive 
gardaqmnis xarisxis misaRebad Serevis reaqtorSi meti 
droa saWiro, vidre gamodevnisaSi ( )gamSer ττ f  da, 

Sesabamisad, misi intensivoba naklebia. pirveli rigis 
Seuqcevadi reaqciebisaTvis amis Cveneba SeiZleba 
gamomdinare gantolebebidan: 
 

AXk −
=

1

1
ln

1
gamτ  ,         

( )
,

1

1

A

A

X

X

k −
⋅=Serτ  

 
saidanac gamodis, rom gamSer ττ f , ramdenadac  AX -s  0-

dan 1-mde cvlilebisas : 
 

               .
1

1
ln

1 AA

A

XX

X

−−
f            (VI.35) 

 

(VI.35) utoloba miT ufro mniSvnelovania, rac 

metia AX . 

 rTuli reaqciebisaTvis reaqtoris efeqturobaze 
msjelobisaTvis ar aris sakmarisi mxolod misi zomebis 
(anu gardaqmnis xarisxis) gaTvaliswineba. rTuli 
reaqciebisaTvis reaqtorma unda uzrunvelyos procesis 
aucilebeli seleqciurobac. reaqciebisaTvis, romelTa 
seleqciurobac damokidebulia reagentis 
koncentraciaze (roca ZiriTadi da Tanauri reaqciis 
rigebi gansxvavebulia), seleqciurobaze zemoqmedeba 
SeiZleba reaqtoris tipis SerCeviT. magaliTad, 
ganvixiloT paraleluri Seuqcevadi reaqcia: 

    RA
nk  → 11 ,

                    ( 1n   rigis ZiriTadi reaqcia)               

 

       SA
nk  → 22 ,

                  ( 2n  rigis Tanauri reaqcia) 
 

seleqciuroba 
SR

R
R

uu

u

+
=ϕ  damokidebulia ZiriTadi da 

Tanauri produqtebis warmoqmnis Ru   da  Su    siCqareTa 

fardobaze, e. i. .







=

S

R

R
u

u
fϕ  Ru   da Su  ganisazRvreba 

Semdegi gantolebebiT: 

    

;1

1

n

A

R

R Ck
d

dC
u ==

τ
        .2

2

n

A

S

S Ck
d

dC
u ==

τ
    

saidanac: 

               .21

2

1 nn

A

S

R C
k

k

u

u −=              (VI.36) 
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 (VI.36) gantolebidan Cans, rom yoveli konk-
retuli SemTxvevisaTvis, roca cnobilia ZiriTadi da 
Tanauri reaqciis rigi, seleqciuroba damokidebulia 
mxolod AC  koncentraciaze, radganac reaqciebis 
siCqareTa konstantebis fardoba 21 / kk   mudmiv 
temperaturaze mudmivi sididea. 
 Tu ZiriTadi reaqciis rigi Tanaurisaze metia 

)0( 21 fnn − , maRali seleqciurobis misaRebad auci-
lebelia A   reagentis koncentraciis SenarCuneba 
maqsimalur doneze. Sesabamisad, amisaTvis saWiroa 
gamodevnis reaqtoris gamoyeneba, radganac saSualo AC  
koncentracia masSi ufro maRalia, vidre Serevis 
reaqtorSi (ix. nax. VI.10). 
 roca ZiriTadi reaqciis rigi Tanauris rigze 
naklebia ( )021 pnn −  ,  saWiroa reaqtorSi SevinarCunoT 
A reagentis minimaluri koncentracia, e. i. am dros 
xelsayrelia Serevis reaqtoris gamoyeneba. 
 xolo roca 21 nn = : 

                                             .
2

10

2

1

k

k
C

k

k

u

u
A

S

R ==  

 

Sesabamisad, am SemTxvevaSi reaqtoris tipi ar imoqmedebs 
seleqciurobaze da misi gadideba saWiro gaxdeba sxva 
RonisZiebebis gatarebiT, magaliTad, temperaturis 
SecvliT an katalizatorebis gamoyenebiT. 
  

    
    

6.8. idealuri Serevis reaqtorebis6.8. idealuri Serevis reaqtorebis6.8. idealuri Serevis reaqtorebis6.8. idealuri Serevis reaqtorebis    
kaskadikaskadikaskadikaskadi    

    
 idealuri Serevis calkkeuli reaqtori ar iZleva 
maRal gardaqmnis xarisxs, radganac amosavali reagentis 
koncentracia myisierad ecema saboloo mniSvnelobamde. 
amitom iyeneben mimdevrobiT erTmaneTTan SeerTebuli 
Serevis reaqtorebis batareas – reaqtorebis  kaskads – 
iSr-k  (nax.VI. 11). aseT sistemaSi A    reagentis  

 
nax. VI. 11. idealuri Serevis reaqtorebis kaskadi 
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koncentracia saboloo mniSvnelobamde ecema ara 
maSinve, aramed TandaTanobiT, reaqtoridan reaqtoramde 
(nax. VI. 12). TiToeli reaqtoris mTel moculobaSi 
komponentis koncentracia erTnairia da udris mis 
mniSvnelobas reaqtoridan gamosasvlelSi. reaqtorebSi  

 
nax. VI. 12. reagentis koncentraciis cvlileba idealuri Serevis 

reaqtorebis kaskadSi. 

 
koncentraciis cvlileba xdeba myisierad, naxtomiT, 
sareaqcio narevis reaqtorSi Sesvlisas. 

mimdinare AC  koncentracia reaqtorebis  kaskadSi 
saerTod metia, vidre  Serevis calkeul reaqtorSi da 
reaqtorebis ricxvis gadidebiT uaxlovdeba mis 
mniSvnelobas gamodevnis reaqtorSi. rac metia kaskadSi 
koncentraciis cvlilebis m  safexurebis ricxvi (rac 

meti reaqtoria kaskadSi), miT ufro uaxlovdeba 
reaqtorebis kaskadi idealuri gamodevnis reaqtors 
(nax. VI. 12). reaqtorebis kaskadis gaangariSebis 
amocanaa mocemuli AX   gardaqmnis xarisxis misaRebad 
saWiro safexurebis m   ricxvis (reaqtorebis ricxvis)   

 
nax. VI.13. reaqtorebis kaskadis gaangariSebis 

grafikuli meTodi 

 
dadgena .arsebobs reaqtorebis kaskadis gaangariSebis 
analizuri da grafikuli meTodebi. analizuri meTodis 
gamoyeneba xelsayrelia pirveli rigis reaqciebis 
mimdinareobis dros, xolo ufro maRali rigis 
reaqciebisaTvis mosaxerxebelia grafikuli meTodi. 

reaqtorebis kaskadis gaangariSebisaTvis aucile-
belia gvqondes monacemebi procesis kinetikis Sesaxeb 

( )[ ],AA Cfu =−  unda vicodeT amosavali A   reagentis 

koncentraciebi reaqtoris SesasvlelSi OAC ,  da bolo 

reaqtoridan gamosasvlelSi mAC .  (e. i. saerTo 
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gardaqmnis xarisxi AX ) da agreTve unda davuSvaT 
calkeuli reaqtoris moculoba (anu Serevis calkeul 
reaqtorSi reagentis dayovnebis Serτ  dro), amasTan 

igulisxmeba, rom kaskadSi Semavali calkeuli 
reaqtorebis moculobebi tolia. 

idealuri Serevis calkeuli m -uri reaqto-
risaTvis, (VI.34) gantolebidan gamomdinare, SeiZleba 
davweroT: 

 

 .
,1,0,0,

A

mAmA

A

AA

A

AA

u

CC

u

CC

u

XC

−

−
=

−

−
=

−
= −

Serτ     (VI.37) 

 
sadac 1, −mAC  ,  mAC ,    A reagentis  koncentraciebia  m -

uri reaqtoris Sesasvlelsa da gamosasvlelSi. 
 (VI.37) gantolebidan SeiZleba vipoviT reaqtorSi 
mimdinare procesis siCqare. amisaTvis igi aseTi saxiT 
warmovadginoT: 
 

    .
1 1,

,

,1,

SerSerSer τττ
−− +−=

−
=− mA

mA

mAmA

A

C
C

CC
u       (VI.38)  

 
 reagentis 1, −mAC  koncentracia reaqtoris Sesasv-

lelSi da dayovnebis  dro cnobili da mudmivi 
sidideebia, radganac mocemulia pirobiT. amrigad 
(VI.38) gantolebidan gamodis,  rom  reaqciis  siCqare 
( )Au−  wrfivad damokidebulia mxolod mAC ,  

koncentraciaze reaqtoridan gamosasvlelSi. Tu am 
damokidebulebas grafikulad gamovsaxavT, dro, aR-

werili (VI.38) gantolebiT, abscisTa RerZs gadakveTs  

CA,m-1 wertilSi α  daxris kuTxiT, romlis tangensi 

iqneba  
Serτ

1
−   (nax.VI.13). −m ur reaqtorSi 

koncentraciis sapovnelad saWiroa (VI.38) gantoleba 
amovxsnaT reaqciis kinetikur gantolebasTan erTad, anu: 

.
,1,

Serτ
mAmAn

AA

CC
kCu

−
==− −  

 pirveli reaqtoris gamosasvlelSi reagentis 1,AC  

koncentraciis sapovnelad abscisTa RerZze mdebare 0,AC  

wertilidan unda gavavloT swori xazi, romlis daxris 

kuTxis tangensi iqneba 
Serτ

α
1

−=tg  da gadakveTs 

( )AA Cfu =−   mruds M   wertilSi. 
 Tu mrudisa da wrfis gadakveTis wertilidan 
(wertili M VI.13 naxazze) davuSvebT marTobs abscisTa 
RerZze, miviRebT pirvel reaqtorSi 1,AC   koncentraciis 

mniSvnelobas. es, amave dros, aris Semavali 
koncentracia meore reaqtorisaTvis. meore reaqtorSi 

2,AC  koncentraciis sapovnelad operacia meordeba 1,AC  

wertilidan. aseT operacias vimeorebT manam, sanam 
bolo reaqtorSi ar mivaRwevT pirobiT mocemul 
saboloo sab,AC  koncentracias. radganac dayovnebis dro 

yvela reaqtorSi Tanabaria, wrfeTa daxris kuTxe 
eTnairi iqneba da isini paralelurebia. 

koncentraciaTa cvlilebis safexurebis ricxvi 
iqneba swored reaqtorebis ricxvi kaskadSi, romelic 
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uzrunvelyofs pirobiT mocemuli Agardaqmnis xarisxis 

AX  miRwevas. 
kaskadSi reaqtorebis ricxvis cvliT SeiZleba 

zemoqmedeba ara marto gardaqmnis AX Bxarisxze, aramed 
procesis seleqciurobasa da produqtis gamosavalzec 
(rTuli reaqciebisaTvis). amasTan, gasaTvaliswinebelia, 
rom reaqtorebis ricxvis SemcirebiT kaskadi mogvcems 
Serevis reaqtorebis analogiur efeqts, xolo sistemaSi 
safexurebis ricxvis gadidebiT kavSiris xasiaTi 
gardaqmnis xarisxsa, seleqciurobasa da produqtis 
gamosavals Soris iseTi gaxdeba, rogoric gvaqvs 
gamodevnis reaqtorebSi. 

!
!
!
!
!

JJ!Ubwj!
!

!!!!tywbebtywb!Ucvsj!sfKjnjUtywbebtywb!Ucvsj!sfKjnjUtywbebtywb!Ucvsj!sfKjnjUtywbebtywb!Ucvsj!sfKjnjU    
!!!!

npnvTbwf!sfbnpnvTbwf!sfbnpnvTbwf!sfbnpnvTbwf!sfbrupsfcjrupsfcjrupsfcjrupsfcj!!!!
 

2222.1. Sesavali.1. Sesavali.1. Sesavali.1. Sesavali    
    
aqamde, procesis Catarebis pirobebis SerCevisa da 

reaqtorebis gaangariSebis dros, temperaturis gavlena 
gaTvaliswinebuli ar iyo.  

reaqtorebis maxasiaTebeli gantolebebi VI TavSi 
gamoyvanili iyo materialuri balansis safuZvelze 
siTbos gadatanis gauTvaliswineblad da reaqciis 

siCqare ganixileboda rogorc mxolod reagentebis 
koncentraciis funqcia. amave dros temperatura 
moqmedebs wonasworul gamosavalze, mimdinare 
reaqciebis kinetikasa da seleqciurobaze da amitom 
aucilebelia, yoveli procesisaTvis, pirvelad 
ganisazRvros optimaluri temperaturuli reJimi, 
romelic uzrunvelyofs rac SeiZleba maRal 
efeqturobas, da reaqtoris gaangariSeba Catardes 
temperaturuli pirobebis gaTvaliswinebiT sruli ki-
netikuri gantolebebis safuZvelze, romlebic reaqciis 
siCqares akavSirebs rogorc reagentis koncentraciasTan, 
aseve procesis temperaturasTan. 

optimaluri temperaturuli reJimis praqtikuli 
realizacia SesaZlebelia yvela Tburi nakadis 
gaTvaliswinebiT, rogoricaa: siTbos konveqciuri 
gadatana, garemosTan Tbocvla, qimiuri reaqciis 
Sedegad gamoyofili (an STanTqmuli) siTbo. 

temperaturis gaTvaliswinebiT reaqtorebis ga-
saangariSeblad aucilebelia materialuri da Tburi 
balansebis erTdroulad amoxsna. 

im gantolebebis Sesadgenad, rmlebic aRwers 
qimiur reaqtorebs siTbos gaTvaliswinebiT, VI TavSi 
moyvanil reaqtorebis klasifikacias (mimdinare 
operaciis xasiaTisa da garemos moZraobis reJimis 
mixedviT) unda daematos maTi klasifikacia Tburi 
reJimis mixedviT. 

Tburi reJinis mixedviT reaqtorebs sam jgufad 
yofen: adiabaturi, izoTermuli da politropuli. 
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adiabatur reaqtorSi gamoricxulia garemosTan 
Tbocvla da qimiuri reaqciis siTbo mTlianad ixarjeba 
sareaqcio narevis temperaturis cvlilebaze. 

izoTermul reaqtorSi siTbos miwodebis an 
mocilebis gziT inarCuneben mudmiv temperaturas mTeli 
procesis ganmavlobaSi. 

politropul reqtorSi temperatura mudmivi ar 
aris, amasTan, siTbos nawili miewodeba an aerTmeva 
sareaqcio narevs. 

adiabaturi da izoTermuli reaqtorebi zRvruli 
SemTxvevebia, romlebic praqtikaSi ar gvxvdeba, magram 
mravali reaqtoris muSaobis reJimi uaxlovdeba am 
modelebs; amitom, praqtikuli miznebisaTvis, SeiZleba 
sakmao sizustiT gaviangariSoT reaqtorebi im 
gantolebebis mixedviT, romlebic miRebulia 
adiabaturi da izoTermuli reaqtorebisaTvis. 

 

2222.2. reaqtoris Tburi balansis.2. reaqtoris Tburi balansis.2. reaqtoris Tburi balansis.2. reaqtoris Tburi balansis    
gantolebagantolebagantolebagantoleba    

    
siTbos gadatanis gaTvaliswinebiT reaqtorebis 

gaangariSebisaTvis amosavali aris Tburi balansis gan-
toleba, romelsac adgenen sareaqcio narevis erT-erTi 
komponentis mimarT. 

Tburi balansi zogadi saxiT SeiZleba gamovsaxoT 
Semdegi gantolebiT: 

                               

 gasSem QQ = ,              (VII.1) 

 

sadac SemQ  aris drois erTeulSi reaqtorSi Semosuli 

siTbos raodenoba; gasQ – drois erTeulSi daxarjuli 

siTbos raodenoba. 
 ganvixiloT SemTxveva, roca martivi Seuqcevadi 
reaqcia mimdinareobs siTbos gamoyofiT, e. i.:  

                                    

                               QRA +→ .               (VII.2) 
 
maSin siTbos Semosavali SeiZleba ase Caiweros: 
 
                              reagq.rSem QQQ += ,          (VII.3.) 

 
sadac q.rQ  aris siTbos raodenoba romelic gamoiyofa 

drois erTeulSi A reagentis qimiuri gardaqmnis 
Sedegad; reagQ – drois erTeulSi reaqtorSi amosavali 

reagentebis mier Semotanili siTbos raodenoba. 
 siTbos gasavali gamoixateba gantolebiT: 
 

         ,Tbdagrprodgas QQQQ ++=        (VII.4) 

 
sadac prodQ  aris reaqciis produqtebis mier drois 

erTeulSi reaqtoridan gatanili siTbos raodenoba; 

dagQ – drois erTeulSi reaqtorSi dagrovebuli siTbos 

raodenoba; TbQ  – siTbos raodenoba, romelic drois 
erTeulSi ixarjeba garemosTan Tbocvlaze. 
 Tu SevitanT (VII.1)-Si SemQ -sa da gasQ -is mni-

Svnelobebs, miviRebT: 
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           Tbdagprodreagq.r QQQQQ ++=+ .     (VII.5)  

 
wevrebis gadaJgufebiT miviRebT: 
 
                     ( ) ( )q.rTbreagproddag QQQQQ −−−−= .     (VII.6) 

 
 sxvaoba gacxelebuli reaqciis produqtebis mier 
reaqtoridan gatanil da reagentebis mier Semotanil 
siTbos raodenobebs Soris aris siTbos konveqciuri 
nakadi: 
                                      reagprodkonv QQQ −=  .      (VII.7) 

 
amis gaTvaliswinebiT Tburi balansis gantoleba Semdeg 
saxes miiRebs: 
                                    q.rTbkonvdag QQQQ +−−= .    (VII.8) 

 
 Tburi balansis (VII.8) gantolebas SeiZleba 
sxvadasxva saxe hqondes reaqtoris tipisa da procesis 
Tburi reJimis mixedviT. 
 zogad SemTxvevaSi icvleba procesis parametrebi 
(temperatura, koncentracia da sxv.) reaqtoris 
moculobis an drois mixedviT, ris gamoc Tbur balanss 
(iseve rogorc materialurs) adgenen diferencialuri 
formiT. am miznisaTvis iyeneben konveqciuri Tbocvlis 
diferencialur gantolebas, sadac SehyavT damatebiTi 
wevrebi, romlebic iTvaliswinebs siTbos mocilebas 
TbocvliT da reaqciis siTbos. aseTi damatebebiT 
gantoleba Semdeg saxes miiRebs: 
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∂
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∂

∂
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τ

ρ

    (VII.9) 

 
sadac ρ  aris sareaqcio narevis simkvrive;     

pc   - sareaqcio narevis xvedriTi siTbotevadoba  

     zyx ,,  – sivrciTi koordinatebi; 

     zyx www ,,  – nakadis moZraobis siCqaris      

     mdgenelebi; 
     λ  - sareaqcio narevis molekuluri da    
     turbulenturi Tbogamtarobis koeficienti; 
     xvF  – Tbocvlis xvedriTi farTobi; 

     K  – Tbogadacemis koeficienti; 
     TbTTT −=∆ ; 
     T  – sareaqcio narevis temperatura; 
     TbT  – temperatura TbomcvlelSi; 
     u   - qimiuri reaqciis siCqare; 
     H∆  – reaqciis Tburi efeqti. 
 wevrebis jgufi (VII.9) gantolebis marcxena na-
wilSi gamoxatavs siTbos dagrovebis siCqares 
elementarul moculobaSi, romlisTvisac dgeba Tburi 
balansi. am wevrs Seesabameba dagQ  (VII.8) gantolebaSi: 

 

                  .
τ

ρ
∂

∂
=

T
cQ Pdag           (VII.10) 
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 wevrebis pirveli jgufi (VII.9) gantolebis 
marjvena nawilSi gamoxatavs siTbos konvqciur ga-
datanas Sesabamisi koordinatebis ( )zyx ,,  gaswvriv 
elementarul moculobaSi; wevrebis meore jgufi ki 
gamoxatavs siTbos cvlilebas, dakavSirebuls sareaqcio 
narevis λ   TbogamtarobasTn. konveqciuri nakadiT 
siTbos jamur gadatanas (VII,8) gantolebaSi Seesabameba 
wevri konvQ , amitom SeiZleba davweroT: 

       

.
2

2

2

2

2

2










∂

∂
+

∂

∂
+

∂

∂
+

+








∂

∂
+

∂

∂
+

∂

∂
−=

z

T

y

T

x

T

T
w

T
w

T
wcQ zyxP

λ

τττ
ρkonv

  (VII.11) 

(VII.8) da (VII.9) gantolebebis Sedarebidan gamomdinare 
SeiZleba davweroT: 

 
   ., HuQTKFQ ∆⋅=∆⋅= q.r.Tb   QDAda     (VII.12,13) 

 
 (VII.9) gantolebis amoxsna xSirad did siZ-
neleebTan aris dakavSirebuli, magram mimdinare re-
aqciis xasiaTis mixedviT da reaqtorSi arsebuli hid-
rodinamokuri da Tburi reJimebidan gamomdinare, 
gantolebis calkeuli wevrebis mniSvnelobebi imdenad 
mcire xdeba, rom SeiZleba maTi ugulebelyofa, ris 
Sedegadac miiReba ufro martivi gantolebebi; maTi 
saSualebiT SeiZleba sxvadasxvagvari praqtikuli 
amocanebis sakmaod zusti gadawyveta. 

 (VII.8) da (VII.9) gantolebebi aRweren Tbur 
nakadebs arastacionarul reJimSi, roca siTbo grovdeba 
da temperatura drois mixedviT icvleba. 
 uwyveti reaqtorebisaTvis damaxasiaTebelia sta-
cionaruli reJimi; daumyarebeli reJimi SeimCneva 
mxolod reaqtoris gaSvebisa da gaCerebis periodSi. 
SemdgomSi uwyveti moqmedebis reaqtorebs ganvixilavT 
mxolod stacionarul reJimSi, roca siTbo ar 
grovdeba, e. i. dagQ =0.s 

 perioduli moqmedebis reaqtorebSi reJimi yo-
velTvis daumyarebelia, qimiuri gardaqmnis Sedegad 
grovdeba siTbo da temperatura reaqtoris sxvadasxva 
wertilSi drois mixedviT icvleba, e. i.  0≠dagQ . 

meore mxriv perioduli moqmedebis reaqtorebSi siTbo 
konveqciurad ar gadaitaneba da .0=konvQ   

 moyvanili magaliTebidan Cans, rom reaqtoris 
Tburi balansis gantolebis saxe ganisazRvreba reaq-
toris tipiT da misi Tburi reJimiT.  
 qveviT moyvanilia Tburi balansis gantolebebis 
gamoyvanisa da amoxsnis meTodebi sxvadasxva tipisa da 
sxvadasxva Tburi reJimiT momuSave reaqtorebisaTvis. 
 

2222.3. adiabatur.3. adiabatur.3. adiabatur.3. adiabaturi reaqtorebii reaqtorebii reaqtorebii reaqtorebi    
2222.3.1. perioduli moqmedebis adiabaturi.3.1. perioduli moqmedebis adiabaturi.3.1. perioduli moqmedebis adiabaturi.3.1. perioduli moqmedebis adiabaturi    

reaqtorireaqtorireaqtorireaqtori    
    

    perioduli moqmedebis adiabaturi reaqtori, 
magaliTad, idealuri Serevis reaqtori (iSr-p-a) meqa-
nikuri sareviT aRWurvili aparatia, romlis kedlebsac 
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gakeTebuli aqvs Tboizolacia adiabaturi reJimis 
SesanarCuneblad (nax. VII.1).  

adiabatur reaqtorebSi ar aris garemosTan 
Tbocvla, e. i. QTb=0; periodul reaqtorebSi ar aris 
agreTve konveqciuri nakadebi, amitom Qkonv=0. amrigad, 
am reaqtorisaTvis Tburi balansis gantolebebi (VII.8) 
da (VII.9) Semdeg saxes miiRebs:ss 

 .Hu
d

dT
cQQ AP ∆⋅−==

τ
ρdaq.rdag    (VII.14,15) 

 egzoTermuli reaqciis Catarebisas sareaqcio aris 
temperatura izrdeba  A reagentis koncentraciis 
SemcirebasTan erTad, ris gamoc Tburi nakadebis niSnebi 
(VII.15.) gantolebaSi sxvadasxvaa. 
 Tu gaviTvaliswinebT (VI.12) damokidebulebas, 
(VII.15) gantoleba Semdeg saxes miiRebs: 
 

             H
d

dC

d

dT
c A

P ∆−=
ττ

ρ           (VII.16)  

 
anu           .Ap dCHdTc ⋅∆−=ρ .           II.17)  

 
 Tu (VII.17) gantolebaSi CavsvamT mimdinare 
koncentraciis mniSvnelobebs (VI.14) gantolebidan, 
miviRebT: 
     
       ( ) .1 0,0, AAAAP dXHCXdHCdTc ∆=−∆−=ρ   (VII.18)  

 
 am gantolebis orive mxaris gayofiT A  
komponentis sawyis koncentraciaze ( )

0,AC , miviRebT 

Tburi balansis gantolebas, Sedgenils amosavali 
nedleulis 1 molze: 
               

         .
0,

A

A

P dXHdT
C

c
⋅∆=ρ        (VII.19) 

 

 wevrebis jgufi 
0,A

P

C

c
ρ  warmoadgens molekulur 

pC  siTbotevadobas, e. i.: 

                .
0,

p

A

p
C

C

c
=ρ              (VII.20)  
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miRebuli mniSvnelobis (VII.19) gantolebaSi SetaniT 
miviRebT: 
              .dTCdXH PA =⋅∆             (VII.21) 
 
 (VII.21) gantoleba aris adiabatur pirobebSi 
momuSave perioduli moqmedebis idealuri Serevis 
reaqtoris Tburi balansis gantoleba diferencialuri 
formiT. 
 gantolebidan Cans, rom  perioduli moqmedebis 
adiabatur reaqtorSi qimiuri reaqciis mTeli siTbo 
ixarjeba sareaqcio garemos temperaturis cvlilebaze 
da grovdeba reaqtorSi. 
 
    
                    2222.3.2. uwyveti moqmedebis adiabatu.3.2. uwyveti moqmedebis adiabatu.3.2. uwyveti moqmedebis adiabatu.3.2. uwyveti moqmedebis adiabaturiririri    

reaqtorebireaqtorebireaqtorebireaqtorebi    
    
    adiabatur gamdinare reaqtorebSi ar aris 
garemosTan Tbocvla ( )0=TbQ , stacionaruli piro-

bebisaTvis ar aris, agreTve, siTbos dagroveba )0( =dagQ , 

amitom (VII.8) gantoleba Semdeg saxes miiRebs: 
                                             .konvq.r QQ =                            (VII.22) 

 

    
    
    
    
    

2222.3.2.1. adiabaturi idealuri gamodevnis.3.2.1. adiabaturi idealuri gamodevnis.3.2.1. adiabaturi idealuri gamodevnis.3.2.1. adiabaturi idealuri gamodevnis    
reaqtori (igrreaqtori (igrreaqtori (igrreaqtori (igr----a)a)a)a)    

    
    adiabaturi idealuri gamodevnis reaqtori aris 
Tburi  izolaciiT  aRWurvili  aparati  (nax. VII.2)  
 (VII.22) gantolebaSi Semavali Tburi nakadebis 
mniSvnelobebi reaqtoris rdV  elementaruli mocu-
lobisaTvis SeiZleba ganisazRvros zogadi dife-
rencialuri (VII.9) gantolebidan mocemul reaqtorSi 
arsebuli hidrodinamikuri mdgomareobisa da Tburi 
reJimis Sesabamisad zogierTi gamartivebebis 
gaTvaliswinebiT.  
 idealuri gamodevnis raqtorSi siTbos (iseve 
rogorc nivTierebis) gadatana xorcieldeba mxolod 
reagentebis nakadis ZiriTadi gadaadgilebis 
mimarTulebiT, e. i. reaqtoris l  RerZis (anu x  Rer-
Zis) gaswvriv, y   da z   RerZebis mimarT ki parametrebis 
gradienti nulis tolia. amitom SeiZleba davweroT: 
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∂

∂
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 Tbogamtarobis xarjze reaqtorSi tenperaturis 
cvlilebas, Cveulebriv, ugulebelyofen; maSin gveqneba: 
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 aRniSnulis gaTvaliswinebiT Tburi balansis 
(VII.9) gantoleba Caiwereba Cveulebrivi diferen-
cialuri gantolebis saxiT: 
 

              .
l∂

∂
=∆⋅−

T
cwHu pA ρ          (VII.23) 

 

 Tu (VII.23) gantolebaSi SevitanT  -uA-s mniSv-
nelobas (VI.12) gantolebidan, miviRebT: 
 

                .0,
l∂

∂
=

∂
∆

T
cw

dX
HC p

A
A ρ

τ
      (VII.24) 

 
gamodevnis reaqtorSi damokidebuleba l∂ -sa da τ∂ -s 
Soris SeiZleba gamoixatos TanafardobiT: .τ∂=∂ wl  
am mniSvnelobis (VII.24) gantolebaSi CasmiT miviRebT: 
                .0, dTcdXHC pAA ⋅=⋅∆⋅ ρ      (VII.25) 

 
 am gantolebis gayofiT 0,AC -ze miviRebT Tburi 

balansis gantolebas, romelic Seesabameba amosavali A 
reagentis 1 mols: 
    

     

HHanu .

,
,

dTCdXH

dT
C

c
dXH

PA

OA

p

A

⋅=⋅∆

=⋅∆ ρ
  (VII.26), (VII.27) 

  
 idealuri gamodevnisa da idealuri Serevis 
perioduli adiabaturi reaqtorebis Tburi balansis 
(VII.21) da (VII.27) gantolebebis Sedarebidan Cans, rom 

formiT isini erTnairia, magram idealuri gamodevnis 
reaqtorisaTvis wevrebis pirveli jgufi ( ( )dTC p  

gamoxatavs ara siTbos dagrovebas elementarul 
moculobaSi, rogorc es iyo idealuri Serevis 
periodul reaqtorSi, aramed elementaruli 
moculobidan reagentebis konveqciuri nakadiT gatanil 
siTbos. stacionaruli reJimis dros qimiuri gardaqmnis 
Sedegad siTbos ( )AdXH ⋅∆  gamoyofisa da konveqciuri 
nakadiT misi gadatanis siCqare erTmaneTis tolia, rac 
uzrunvelyofs temperaturis ucvlelobas drois 
mixedviT reaqtoris nebismieri wertilisaTvis; 
temperatura icvleba mxolod reaqtoris l  RerZis 
gaswvriv. 

 sruli Tburi nakadebis miRebisaTvis diferen-
cialur gantolebas aintegraleben drois (iSr-p-a-
saTvis) an reaqtoris moculobis (igr-a-saTvis) 
mixedviT. 
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 uwyveti moqmedebis idealuri Serevis reaqtorebSi 
(iSr-u) ar aris parametrebis gradienti arc drois, 
arc reaqtoris moculobis mixedviT; amis gamo Tburi 
balansis gantolebas (iseve, rogorc materialurisas) 
adgenen mTeli reaqtorisaTvis, iReben ra parametrebis 
sasrulo mniSvnelobebs reaqtoris Sesasvlelsa da 
gamosasvlelSi. 
    

2222.3.2.2. uwyveti moqmedebis idealuri Serevis.3.2.2. uwyveti moqmedebis idealuri Serevis.3.2.2. uwyveti moqmedebis idealuri Serevis.3.2.2. uwyveti moqmedebis idealuri Serevis    
adiabaturi reaqtori (iSradiabaturi reaqtori (iSradiabaturi reaqtori (iSradiabaturi reaqtori (iSr----uuuu----a)a)a)a)    

    
 idealuri Serevis uwyveti moqmedebis adiabaturi 
reaqtori aRWurvilia sareviTa da Tburi izolaciiT 
adiabaturi reJimis SesanarCuneblad (nax. VII.3). 
 saWiroa gavixsenoT, rom iSr-u-Si intensiuri 
arevis gamo procesis yvela parametri, romelTa mniSv-
nelobebic reaqtoris SesasvlelSi aris 0,AC  , OAX ,  ,  0T  , 

ecema  AC  , AX  , T -mde, romlebic erTnairia reaqtoris 
mTel moculobaSi da tolia maTi mniSvnelobebisa 
reaqtoridan gamosasvlelSi. 
 gamoviyvanoT maxasiaTebeli gantoleba iSr-u-a-

saTvis. aseTi reaqtorisaTvis dagQ =0 da TbQ =0, amitom 

(VII.8) gantoleba miiRebs (VII.22)-is saxes:  q.rkonv QQ = . 

Tavis mxriv: 
 

                reagprodkonv QQQ −=        (VII.7) 

 

    amasTan,   ., 0

''' TCQTCQ pp == reagprod  xolo  

 

  da
'''''

PP CC reagentebis nakadebis molekuluri 

siTbotevadobebia 1 moli A reagentisaTvis reaqtoris 
Sesasvlelsa da gamosasvlelSi. TT   da0  - reaqtorSi 

Semavali reagentebisa da gamomavali produqtebis 
nakadebis temperaturebia.  
 amis gaTvaliswinebiT (VII.7) gantoleba aseT saxes 
miiRebs: 

;
'

0

''

pp CTTCQ −=konv  

 
Cveulebriv, garemos siTbotevadoba umniSvnelod 

icvleba, e. i.  ,
''''

Ppp CCC ==  rac uflebas gvaZlevs 

davweroT: 
                ( ).0TTCQ P −=konv           (VII.28) 

  
 qimiuri reaqciis siTbo iqneba: 
 
              ( )0,AA XXHQ −∆=q.r.          (VII.29) 

 
im pirobebisaTvis, roca reaqtorSi OAX ,  =0, (VII.29) 

gantoleba ase Caiwereba: 
                 
                AHXQ ∆=rq,              (VII.30) 

 
 Tu (VII.28)-isa da (VII.30)-is mniSvnelobebs 
SevitanT (VII.22)-Si, miviRebT:  
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                ( )0TTCHX PA −=∆          (VII.31) 

 
 Tburi balansis (VII.31) gantoleba gviCvenebs, rom 
uwyveti moqmedebis idealuri Serevis adiabatur 
reaqtorSi qimiuri reaqciis mTeli siTbo ixarjeba 
reagentebis 0T -dan T   temperaturamde gacxelebaze da 
gaitaneba reaqtoridan konveqciuri nakadiT. 
 A reagentis sruli gardaqmnisas, roca AX =1, 
temperaturaTa sxvaoba ( )0TT −  maqsimalur  mniSvnelobas 
aRwevs da ewodeba temperaturaTa adiabaturi sxvaoba 

adT∆ . roca AX =1,  (VII.31) gantoleba ase Caiwereba: 

                 adTCH P∆=∆ A           (VII.32)  

 

saidanac          .
PC

H
T

∆
=∆ ad               (VII.33) 

  A reagentis nebismieri AX  gardaqmnis xarisxi-
saTvis reaqtorSi temperatura SeiZleba gamoiTvalos 
formuliT: 

              .00 A

P

A X
C

H
TXTTT

∆
±=∆±= ad    (VII.34) 

sadac minusi Seesabameba endoTermul, xolo plusi 
egzoTermul reaqciebs. 
 es Tanafardoba temperaturasa da gardaqmnis xa-
risxs Soris adiabatur reJimSi procesis Catarebis 
dros marTebulia iSr-p-isa da igr-saTvis A  reagentis 

gardaqmnis procesSi s−
∆

PC

H
 umniSvnelo cvlilebis 

dros da SeiZleba gamoviyenoT praqtikul 
gaangariSebebSi. 
 
 

2222.4. izoTermuli reaqtorebi.4. izoTermuli reaqtorebi.4. izoTermuli reaqtorebi.4. izoTermuli reaqtorebi    
    
 izoTermuli reJimi SeiZleba ganxorcieldes 
mxolod gamdinare (anu uwyveti moqmedebis) reaqto-
rebSi, radganac perioduli moqmedebis reaqtorebSi 
mudmivi temperaturis SesanarCuneblad siTbos moci-
lebis an miwodebis procesi unda icvlebodes drois 
mixedviT siTbos gamoyofis (STanTqmis) reJimis Sesa-
bamisad, rac samrewvelo pirobebSi Zneli gansaxor-
cielebelia. 
 idealuri Serevis uwyveti moqmedebis izoTermul 
reaqtorSi siTbos mocileba (an miwodeba) xorcieldeba 
kedlis saSualebiT, romelic civdeba romelime 
macivebeli agentiT (nax. VII.4,1), an reaqtoris SigniT 
moTavsebuli Tbomcvleli elementebis saSualebiT (nax. 
VII.4, 2). 
 radganac izoTermul pirobebSi sareaqcio garemos 
temperatura ar icvleba )( 0 TT = , gantoleba (VII.8) 
miiRebs aseT saxes: 
               
               .Tbq.r. QQ =              (VII.35) 

 
gamovsaxavT ra Tbur nakadebs A   reagentis 1 molze, 
miviRebT: 
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 ( )
,

0.A

A

B

TTFK
Q

XHQ

Tb
Tb

q.r.

Qda
−

=

⋅∆=

         (VII.36,37) 

 
sadac F     aris Tbocvlis sruli farTobi; 
     K  – Tbogadacemis koeficienti; 
     T  – temperatura reaqtorSi; 
     TbT  – temperatura TbomcvlelSi; 
     OAB ,  – A   reagentis molebis raodenoba,    

     romelic Sedis reaqtorSi drois erTeulSi. 
 miRebuli mniSvnelobebis (VII.35)-Si^ CasmiT gve-
qneba: 

 
 

( )
.

0.A

A
B

TTFK
XH Tb−

=⋅∆  

  
 miRebuli gamosaxuleba aris izoTermul reJimSi 
momuSave uwyveti moqmedebis idealuri Serevis 
reaqtoris Tburi balansis gantoleba. 
 izoTermul pirobebSi momuSave idealuri ga-
modevnis reaqtoris SemTxvevaSi Tburi balansis ganto-
leba dgeba reaqtoris elementisaTvis da aseTi saxe 
aqvs:  

( )
,

0.

'

A

A
B

TTdlKF
dXH Tb−⋅⋅

=⋅∆  

 

sadac F  aris  Tbocvlis zedapiri, romelic modis 
milovani reaqtoris sigrZis 1 metrze; dl  – reaqtoris 
elementis sigrZe (ix. nax. VII.2). 
 
 

2222.5. politropuli reaqtorebi.5. politropuli reaqtorebi.5. politropuli reaqtorebi.5. politropuli reaqtorebi    
    
 politropul reaqtorebSi xdeba Tbocvla da 
sareaqcio garemos temperatura icvleba; amasTan misi 
cvlileba SeiZleba moxdes nebismieri kanoniT re-
aqtorSi mimdinare reaqciis Tburi efeqtisa  da gar-
daqmnis xarisxis sididisagan damoukideblad. amitom 
politropuli reaqtorebis gaangariSebis dros 
mniSvnelovani amocana mdgomareobs temperaturis op-
timaluri profilis gansazRvraSi (droSi an sivrceSi), 
romlis drosac procesis siCqare drois nebismier 
momentSi (idealuri Serevis reaqtorebisa- 
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Tvis) da reaqtoris nebismier kveTSi (idealuri ga-
modevnis reaqtorebisaTvis) maqsimaluri iqneba. 
 politropuli reaqtoris Tburi balansis 
gantoleba stacionaruli pirobebisaTvis aseTi iqneba:  

Tbkonvq.r. QQQ += . 

    
 Tu am gantolebaSi SevitanT Tburi nakadebis adre 
miRebul mniSvnelobebs, miviRebT Tburi balansis 
gantolebas politropuli idealuri Serevis uwyveti 
moqmedebis reaqtorisaTvis: 
 

( ) ( )
.

0.

0

A

PA
B

TTFK
TTCXH Tb−

+−=⋅∆  

 
 moyvanili gantolebidan Cans, rom politropul 
reaqtorSi qimiuri reaqciis siTbo nawilobriv ixarjeba 
sareaqcio narevis gacxelebaze, nawilobriv ki gaitaneba 
Tbocvlis gziT. 
 idealuri gamodevnis politropuli reaqtori-
saTvis Tburi balansis gantolebas aseTi saxe eqneba: 

( )
.

0.

''

A

PA
B

TTdlKF
dTCdXH Tb−⋅

+⋅=⋅∆  

!!!!
!!!!
!!!!
!!!!
!!!!
!!!!
!!!!
!!!!

JJJ!UbwjJJJ!UbwjJJJ!UbwjJJJ!Ubwj!!!!
!!!!

sfbrupsfcjt!npxzpcjmpcbsfbrupsfcjt!npxzpcjmpcbsfbrupsfcjt!npxzpcjmpcbsfbrupsfcjt!npxzpcjmpcb!!!!
!!!!

3333.1. reaqtorebi homogenuri .1. reaqtorebi homogenuri .1. reaqtorebi homogenuri .1. reaqtorebi homogenuri     
procesebisaTvisprocesebisaTvisprocesebisaTvisprocesebisaTvis    

  
 homogenuri procesebis Casatareblad gamoiyeneba 
wina TavebSi ganxiluli reaqtorebis yvela ZiriTadi 
tipi. aseTi procesebis Casatarebeli raqtorebis 
mowyobiloba ufro martivia, vidre heterogenuli 
procesebis Casatarebeli raqtorebisa reagentebis arevis 
siadvilis gamo. yvela realur aparats uWiravs 
Sualeduri mdgomareoba idealuri gamodevnisa da 
sruli Serevis aparatebs Soris. procesis mamoZravebeli 
Zala realur reaqtorebSi ufro naklebia, vidre 
idealuri gamodevnis reaqtorebSi. aqedan gamomdinare, 
homogenuri procesebis Casatarebel reaqtorebSi arevis 
gaZliereba aucilebelia manam, sanam procesi  
difuzuridan kinetikur ubanSi gadava. Semdgomi 
gaZliereba ki procesis siCqares amcirebs. zogjer 
aucilebeli xdeba arevis gaZliereba kinetikur ubanSic, 
magaliTad, sareaqcio narevis adgilobrivi gadaxurebis 
Tavidan asacileblad, Tbocvlis gasaZliereblad 
sareaqcio narevsa da Tbomcvlel zedapirebs Soris da 
sxv. reaqtorebis konstruqciebi damokidebulia garemos 
xasiaTze (airi, Txevadi), procesis parametrebsa da 
reaqciaSi monawile naerTebis Tvisebebze. 
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faqtobrivad yvela reaqtorSi metnaklebad xdeba 

reagentebis areva, rac amcirebs procesis mamoZravebel 
Zalasa da, Sesabamisad, mis siCqares. amitom saWiroa 
arevis idealuri modelis Sesabamis formulebSi (ix. VI 
Tavi) Sesworebebis Setana da procesis amsaxvel gan-
tolebaTa sistemebSi sasazRvro pirobebis CarTva. 
koeficientebs, romlebic arevis gavlenas iTvaliswinebs, 
eqsperimentalurad pouloben. procesis siCqareze yvela-
ze ufro arsebiTad moqmedebs aparatis sigrZeze an 
simaRleze areva, xolo nakadis marTobuli mimarTule-

biT areva  nakleb gavlenas axdens. Tu areva Zlier am-
cirebs procesis mamoZraeebel Zalas, xolo misi rao-
denobrivi gansazRvrisaTvis ar  mogvepoveba aucilebeli 
monacemebi, aparatebs angariSoben im formulebiT, rom-
lebic axasiaTebs srul Serevas. Txevad fazaSi mimdinare 
reaqciis siCqare erTeul moculobaSi aTasjer metia, 
vidre airad fazaSi, xolo molekuluri difuziis 
koeficientebi aTasjer naklebia. amitom Txevad fazaSi 
procesebi ufro xSirad mimdinareobs difuzur ubanSi, 
vidre airadSi, ris gamoc Txevadfazuri procesebis in-
tensifikaciisaTvis arevas gadamwyveti mniSvneloba 
aqvs.areva uzrunvelyofs, agreTve, erTgvarovani 
fizikuri narevebis miRebasa da Tbocvlis 
intensifikacias. 

airfazuri homogenuri procesebisaTvis, Ziri-
Tadad, xmaroben kamerul da milovan reaqtorebs. 
airebis SerevisaTvis gamoyenebuli mowyobilobebi 
SedarebiT martivia: saqSeni, eJeqtori, centridanul-
labirinTuli an kaskaduri Semrevebi da sxv. airad  
fazaSi mimdinare procesebisaTvis yvelaze ufro tipuri 
da xmarebuli aparatebia: 

1. kameruli reaqtorebi airebisa da orTqlis eJeqto-
ruli SemrevebiT, magaliTad, Rumeli qlorwyalbadis 
sinTezisaTvis (nax. VIII.1.), frqvevaniani Rumeli 
gogirdis dasawvavad, Rumeli meTanis Termul-JangviTi 
krekingisaTvis da sxv. 
2. kameruli reaqtori airadi narevis centidanuli 
areviT (nax. VIII.2); muSaobis reJimis mixedviT axlosaa 
sruli Serevisa da izoTermuli reaqtorebis tipTan. 
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3. milovani reaqtori or airs Soris mimdinare 
Tbocvlis procesiT (nax. VIII.3) muSaobs idealuri 
gamodevnis reJimiT. es reaqtori poliTermulia. 
4. "mili-milSi" tipis reaqtori wyliT an sxva siTxiT  
gacxelebiTa da gacivebiT (nax. VIII.4) muSaobs idealuri 
gamodevnis principiT. aseTi tipis reaqtorebi 
poliTermulia da Cveulebriv ixmareba didi Tburi  
 

 
efeqtiT mimdinare reaqciebisaTvis. erTimeoris Tavze 
ganlagebuli  da muxlebiT Seer-Tebuli milebis 
raodenobam SeiZleba 15-s gadaaWarbos. isini seqcias 
Seadgenen. didi simZlavris reaqtorebSi idgmeba 
paralelurad momuSave da koleqtorebiT gaerTianebuli 
aTeulobiT seqcia.   

 Txevadfazuri homogenuri procesebisaTvis gamoi-
yeneba meqanikuri da pnevmaturi tipis sxvadasxvagvari 
amrevmowyobilobiani reaqtorebi. mqk-is (produqciis  

 
 
gamosavlis) asamaRleblad iyeneben pirdapirnakadur 
didi sigrZis aparatebs, ramde-nime aparatis batareas da 
agreTve mravalseqciur reaqtorebs, romlebSic 
reagentis gardaqmnis xarisxi izrdeba seqciebis ricxvis  
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zrdasTan erTad (ix, reaqtorebis kaskadi, VI Tavi). 
sareaqcio aparatebi aRWurvilia TbomcvlelebiT 
(perangebi, klalnilebi) siTbos misawodeblad an mosa-
cileblad. 

farTod iyeneben reaqtorebs, romlebic aRWur-
vilia sxvadasxvagvari amrevi mowyobilobiT da 
uzrunvelyofs sruli Serevis maxlobel reJims. maga-
liTad, reaqtorebi propeleruli sareviT (nax. VIII.5), 
pnevmaturi areviT (nax. VIII.6), Wavlur-eJeqtoruli    

SereviT  (nax. VIII.7). Wavlur-eJeqto- rul –
sarevian  danadgarSi  Tbomcvlelma  SeiZleba  imuSaos  

 
rogorc macivebelma an macxelebelma elementma. arevis 
gamo es reaqtori izoTermulia. mqk-is gasadideblad  

224 
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iyeneben sareviani reaqtorebis kaskads an 
daseqcionirebul reaqtorebs sarevebiT an maT gareSe. 
 sveturi reaqtorebi, Cveulebriv, maRali cilin-
drebia, romlebSic SeiZleba dayendes Tbomcvleli 
elementebi. Rru svetebi muSaoben idealuri gamodevnis 
principiT. reagentebis arevisa da temperaturis 
gasaTanabreblad xSirad iyeneben wyoburs; zogjer 
svetebs aseqcionireben perforirebuli gisosebiT an 
yofen tixrebiT (nax. VIII.8). 
 gamdinare tipis uwyvetad moqmedi reaqtorebi 
muSaobs idealuri gamodevnis principiT, air- homogenu 

- 
 
ri procesebisaTvis gamoyenebuli aparatebis msgavsad (ix. 
nax. VIII.4). ase, magaliTad, diqloreTanis hidrolizis  
uwyveti moqmedebis reaqtoris milebis sigrZe 1 km-mdea.  
mxolod  aseTi  sigrZe uzrunvelyofs sareaqcio 
narevis aucilebel urTierTqmedebasa da saWiro 
Tbogacemas. aseTi grZeli sareaqcio zonis 

dasamokleblad da Tbocvlis gasaumjobeseblad 
reaqtori montaJdeba perangiani milebis seqciebisagan. 
garda amisa yoveli seqciisaTvis SeiZleba dayendes 
sacirkulacio tumboebi, romlebic uzrunvelyofs 
siTxis moZraobis turbulentur reJims. 
 wnevaze muSaobisaTvis iyeneben perioduli moq-
medebis avtoklavebs (nax. VIII.9). 
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3333.2. reaqtorebi heterogenuli.2. reaqtorebi heterogenuli.2. reaqtorebi heterogenuli.2. reaqtorebi heterogenuli    
arakatalarakatalarakatalarakatalizuri procesebisaTvisizuri procesebisaTvisizuri procesebisaTvisizuri procesebisaTvis    

 

    heterogenul arakatalizur procesebSi gamoye-
nebuli aparatebis tipebi da konstruqciebi damo-
kidebulia urTierTmoqmedi reagentebis fazur mdgo-
mareobaze. 

 s-a sistemaSi mimdinare procesebis Casatarebel 
reaqtorebs ar aqvT damaxasiaTebeli Taviseburebebi da 
Cveulebriv ixmareba tipuri aparatebi, romlebSic 
qimiur qarxnebSi axorcieleben agreTve fizikur 
masacvliT procesebs – fizikur absorbcias, 
aorTqlebas, distilaciasa da reqtifikacias, Tbocvlas. 
aseTive reaqtorebSi axorcieleben qemosorbciul 
procesebsac (magaliTad, sodis, mineraluri mJavebis, 
mravali organuli naerTis warmoebaSi). 

 T-a sistemis reaqtorebis konstruqciuli 
gaformeba ganisazRvreba airadi da Txevadi fazebis 
kontaqtis zedapiris ganviTarebis arCeuli meTodiT, e. 
i. Txevadi fazis gadidebis xerxiT. 
 wyoburian afskovan reaqtorebSi (wyoburian 
svetebSi) (nax. VIII.10) siTxe nawildeba wyoburis 
sxeulis zedapirze Txeli afskis saxiT da Camoedineba 
qvemoT masTan urTierTmoqmedi airis Semxvedr nakadad. 
zogjer pirdapir nakadsac iyeneben. 
 reaqtori Sedgeba svetisa, TefSisa –cecxlrikebis 
cxaurisa, romelic wyoburs iWers, wyoburisa da 
sarwyavi mowyobilobisagan. reaqtoris normaluri 
muSaoba damokidebulia wyoburis arCevaze.   
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aucilebelia, rom mas hqondes didi xvedriTi zedapiri, 
Tavisufali moculoba, iyos msubuqi, qimiurad mdgradi 
da iafi. garda amisa wyoburi minimalur winaaRmdegobas 
unda uwevdes airis nakads da kargad sveldebodes 
siTxiT. gamoiyeneba sxvadasxva formis wyoburi, 
ZiriTadad foladis an keramikisagan damzadebuli 
erTnairi simaRlisa da Siga diametris rgolebi 
( dh × =100x100, 50x50  an 25x25). reaqtoris muSaobis 
intensifikaciisaTvis adideben airisa da siTxis nakadebis 

siCqares da iyeneben specialuri tipis wyoburebs 
(spiralurs, unagirisebrs da sxv.), romelTac aqvT didi 
Tavisufali moculoba, mcire hidravlikuri 
winaaRmdegoba da iZleva ufro intensiuri reJimebis 
gamoyenebis saSualebas. 
 wyoburiani svetebi yvelaze ufro gavrcelebuli 
reaqtorebia absorbciul-desorbciuli procesebisaTvis; 
maT farTod iyeneben gogirdisa da azotis mJavebis 
warmoebaSi, koqsis airis gadamuSavebis dros, organuli 
sinTezis mraval procesSi da sxv. 
 Txevadi da airadi reagentebis monawileobiT 
mimdinare procesebSi farTod iyeneben barbotaJul 
reaqtorebs. aseT reaqtors (nax. VIII.11) SeiZleba 
hqondes erTidan ramdenime aTeulamde Talfaqebiani an 
sacruli TefSi. procesis xasiaTis, mocemuli reaqtoris 
mqk-isa da saWiro seleqciurobisagan damokidebulebiT. 
yovel TefSze airi disperhirdeba siTxis moculobaSi 
barbotaJiT, e. i. airis buStulebis gatarebiT TefSze 
Camomdinare siTxis fenaSi. yovel TefSze airi 
urTierTqmedebs jvaredini nakadis principiT, magram 
svetis simaRlis mixedviT daculia winaRdenis principi. 
barbotaJuli reaqtorebi farTod gamoiyeneba qimiur 
teqnologiaSi mJavebis koncentrirebisaTvis, sodis 
warmoebaSi, distilaciisa da reqtifikaciis 
procesebisaTvis, org anul nivTierebaTa teqnologiaSi. 
 es reaqtorebi konstruqciulad ufro rTulia, vidre 
wyoburiani svetebi, maTi eqspluatacia dakavSirebulia 
did siZneleebTan da xarjebTan, magram isini uzrun-
velyofen siTxisa da airis didi raodenobiT gada-
muSavebas, muSaoben ufro intensiurad, iZlevian na-
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revebis ufro faqizad gayofis saSualebas. Rru koSki 
siTxis gaSxefebiT warmodgenilia VIII.12 naxazze. aseTi 
tipis reaqtorebSi Txevadi fazis zedapiris ganviTareba 
xdeba airis moculobaSi an nakadSi misi disperhirebiT,  

 
 
e. i. gaSxefebiT, pnevmaturi an meqanikuri gziT - 
gamtverviT. aseTi reaqtori gamoiyeneba, magaliTad. 
gogirdmJavis warmoebaSi.    

qafovani reaqtoris mowyobiloba naCvenebia VIII.13 
naxazze. am reaqtorSi airi gadis qvemodan zeviT 
cxaurSi da masze myofi siTxis fenaSi iseTi siCqariT, 
rom siTxeze airis xaxunis Zalebi awonasworebs mis 
wonas. amis Sedegad warmoiqmneba moZravi qafis 
Setivtivebuli fena swrafad moZravi afskebis, wveTebisa 
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da siTxis Wavlebis saxiT, romlebic mWidrod aris 
areuli airis buStulebsa da WavlebTan. reaqtoris 
kveTSi airis siCqare SeiZleba iyos 1-dan 3,5 m/wm-mde; 
ufro didi siCqarisas qafis Setivtivebuli fena irRvea 
da gaitaneba airisa da tivtivaris nakadis saxiT. airis 
xarjis Zlieri Semcirebisas ki xdeba barbotaJi da 
siTxis mniSvnelovani nawili gaedineba cxauris 
xvrelebSi (gaJonva) 

absorbciul-desorbciuli procesebisaTvis Ziri-
Tadad iyeneben mravlTaroian qafovan reaqtorebs 
gadasasxmeli milebiT, zogjer ki gadasasxmeli mow-
yobilobis gareSe; am SemTxvevaSi mTeli Semosuli siTxe 
TandaTanobiT gaedineba cxauris xvrelebSi zeda 
Tarodan momdevno qvemo Taroze airis Semxvedrad da 
masTan urTierTqmedebiT yvela Taroze warmoqmnis qafis 
fenas. Taroebis ricxvi ganisazRvreba mocemuli mqk-iT 
da seleqciurobiT. milovani reaqtorebi (ix. nax. VIII.4) 
T-a sistemebisaTvis ZiriTadad ixmareba organul 
nivTierebaTa teqnologiaSi pirolizis 
maRaltemperaturuli procesebisaTvis; isini gamoiyeneba, 
agreTve, absorbciul-desorbciuli procesebisaTvis, 
magaliTad qlorwyalbadis absorbciisaTvis marilmJavis 
warmoebaSi. 

iseTi reaqtorebis daproeqtebisaTvis, romlebSic 
procesebi xorcieldeba airadi da myari reagentebis   
monawileobiT, safuZvelia: a)kinetikuri kanonzomie-
rebani, kerZod, myari nawilakis zedapirze mimdinare 
reaqciis siCqaris gantoleba; b) orive fazis 
hidrodinamikuri reJimi reaqtorSi; g) monacemebi 
sxvadasxva zomis nawilakebis masalis fenaSi ganawilebis 

Sesaxeb; d) monacemebi temperaturaTa ganawilebis Sesaxeb 
da sxv. VIII.14 naxazze moyvanilia zogierTi tipuri 

reaqtoris sqema a-m sistemebisaTvis. 

 

arakatalizuri procesebis umravlesoba a-m 
sistemaSi dafuZnebulia qimiur reaqciebze da 
mimdinareobs maRal temperaturaze. aseTi procesebis 
gansaxorcielebel reaqtorebs Rumlebs uwodeben; maT 
aqvT saerTo damaxasiaTebeli Tvisebebi. 

samrewvelo Rumeli aris aparati, sadac gamo-
muSavdeba  siTbo, romelsac TviT RumelSive iyeneben 
myari  masalebis  Tburi damuSavebisaTvis. masSi siTbo 
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 gamoiyofa saTbobis wvis, egzoTermuli reaqciis mim-
dinareobis, an eleqtroenergiis siTburad gardaqmnis 
xarjze. samrewvelo Rumlebis gansakuTrebuli niSania 

erT agregatSi sareaqcio aparatisa (gansazRvruli 
sawarmoo procesis ganxorcieleba) da energetikuli 
mowyobilobis (siTbos gamoyofa da gamoyeneba) Serwyma. 
amis Sesabamisad Rumels waeyeneba rogorc 
teqnologiuri, aseve energetikuli moTxovnilebebi. 
Tanamedrove samrewvelo Rumlebis konstruirebis dros 
cdiloben uzrunvelyon Semdegi moTxovnebi: 1) maRali 
mwarmoebluroba: 2) energiis wyarodan gasacxelebel 
masalaze, nakeTobaze an sareaqcio narevze siTbos 
gadacemis maRali intensivoba; 3) siTbos gamoyenebis 
didi koeficienti Tburi danakargebis minimumamde 
SemcirebiT da misi regeneraciis sxvadasxva xerxebis 
gamoyenebiT. 4) produqtis maqsimaluri gamosavali misi 
maRali xarisxis SenarCunebiT; 5) konstruqciis 
simartive da saimedooba; 6) muSaobaSi mdgradoba; 7) 
Rumlis muSaobis avtomatizacia da meqanizacia. 

mrewvelobaSi gamoyenebuli maRaltemperaturuli 
procesebis  gansakuTrebulma mravalferovnebam 
gamoiwvia xmarebuli Rumlebis tipebisa da 
konstruqciebis didi simravle. samrewvelo Rumlebs 
yofen sxvadasxva niSnis mixedviT: warmoebis dargebis, 
Tburi energiis wyaros, gacxelebis wesis, teqnologiuri 
daniSnulebis, CatvirTvis xerxisa da sxv. 

siTburi energiis wyaros mixedviT arsebobs: 
1. Tburi Rumlebi, romlebSic iyeneben myar, 

mtvrisebr, Txevad da airad saTbobs. 
2. eleqtruli Rumlebi, romlebSic siTbos wayro 

aris eleqtroenergia. 
3. Rumlebi, romlebSic saWiro temperaturas 

aRweven mimdinare reaqciis siTbos xarjze (almadnisa da 
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sxva gogirdovani madnebis gamosawvavi Rumlebi, 
brZmedebi, liTonebis gamosadnobi konvertorebi da 
sxv.). 

gacxelebis xerxis mixedviT Rumlebi SeiZleba 
iyos: 

1. pirdapiri gacxelebis Rumlebi, romlebic 
iyofa Semdeg jgufebad: a) Rumlebi, romlebSic ene-
rgiis wyaro uSualod exeba gasacxelebel masalas 
(magaliTad, cementis Rumlebi, kalcinaciis Rumlebi 
Tixamiwis warmoebaSi, pirdapiri gacxelebis eleqtro-
rkaluri Rumlebi); b) Rumlebi, romlebSic Tburi 
energia gamoiyofa gasacxelebel masalaSi (magaliTad, 
Saxturi Rumlebi kazmis saTbobTan erTad gamosawvavad, 
almadnis gamowvisa da meTanis Termul-JangviTi 
pirolizis Rumlebi); g) Rumlebi, romlebSic Tburi 
energiis wyarodan siTbo gasacxelebel masalas gadaecema 
gacxelebuli haeris an sacecxlis airis saSualebiT; d) 
Rumlebi, romlebSic Tburi energiis mniSvnelovani 
nawili gadaicema gavarvarebuli myari sxeulebis 
gamosxivebiT (gvirabRumlebi, amrekli Rumlebi). 

2. arapirdapiri gacxelebis Rumlebi, romlebSic 
Tburi energiis wyarodan gasacxelebel masalas siTbo 
gadaecema kedlebis saSualebiT (magaliTad, 
naxevradsakoqsavi da sakoqsavi Rumlebi, Rumlebi 
garedan gacxelebiT, retortuli, tigelis, mufelis 
Rumlebi). 

samrewvelo RumlebSi ganxorcielebuli Tbo-
gadacemis procesebis kanonzomierebebi masagadacemis 
analogiuria. pirdapiri gacxelebis Tburi Rumle-
bisaTvis, romlebSic siTbo gadaicema gacxelebuli 

airis an gamosxivebis saSualebiT, Tbogadacemis zogad 
gantolebas aseTi saxe aqvs: 

 
              ,tFQ ∆= α              (VIII.1) 

 
sadac Q aris drois erTeulSi gadacemuli siTbos 
raodenoba; t∆  – Tbomatareblisa da gasacxelebeli 
masalis saSualo temperaturaTa sxvaoba; F  – masalis 
gacxelebis zedapiri; α  − Tbogacemis koeficienti, 
romelic damokidebulia Tbomatareblisa da 
gasacxelebeli masalis gadaadgilebis fardobiT siCq-
areze, maT simkvriveze, siblanteze, Tbogamtarobis 
koeficientze, Tbotevadobaze, nawilakebis (wveTebis) 
formasa da mdgomareobaze, Rumlis konstruqciaze da 
sxv. 
 masa- da Tbogadacemis procesebis intensifikaci-
isaTvis am  RumlebSi  iyeneben  Semdeg  xerxebs: 1) 
Tbogadacemis t∆   mamoZravebeli Zalis gadidebas 
Tbomatareblis temperaturis gazrdiTa da misi da 
gasacxelebeli masalis winaRdenis gamoyenebiT (gvi-
rabRumlebi, doluri, mbrunavi Rumlebi); 2) Tbocvlis 
zedapiris gadidebas gasacxelebeli masalis 
daqucmacebiTa da misi areviT Tbomatareblis nakadSi 
(doluri mbrunavi Rumlebi), masalis gamtverviT an 
SetivtivebiT airis nakadSi (mduRare fenis Rumlebi), 
gasacxelebeli kazmis galRobiT (brZmedebi, kon-
vertorebi); 3) Tbogadacemis koeficientis gadidebas 
Rumlis kedlebisa da kamaris gamosxivebis siTbos 
gamoyenebiT (arekvliTi Rumlebi), macxelebeli airebis 
turbulenturobis gadidebiT, Tbogamtarobis 
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koeficientis amaRlebiT gasacxelebeli masalis 
galRobis dros da sxv. 
 arapirdapiri gacxelebis Tburi RumlebisaTvis 
 
                 ,tFKQ ∆= T              (VIII.2) 
 
sadac TK  aris Tbogadacemis koeficienti. zogad 
SemTxvevaSi: 

               ,
11

1

21 αλ

δ

α
++

=TK          (VIII.3) 

 
sadac 1α    aris Tbogacemis koeficienti Tbomata-
reblidan kedelze, romelic yofs gasacxelebeli 
masalisagan; 2α  − Tbogacemis koeficienti kedlidan 

gasacxelebel masalaze;  δ  − kedlis sisqe; λ  − kedlis 
Tbogamtaroba. 

teqnologiuri daniSnulebis mixedviT arsebobs 
Semdegi tipis Rumlebi: Rumlebi myari masalebidan 
tenis mosaSoreblad, romlebsac saSrobebs uwodeben; 
macxelebeli Rumlebi masalebis gasacxeleblad maTi 
agregatuli mdgomareobis Seucvlelad (liTonebis 
Termuli damuSaveba, minis gamowva); salRobi Rumlebi 
dasamuSavebeli masalebis gasalRobad (eleqtroRumlebi, 
bovebi); gamosawvavi Rumlebi mineraluri nedleulisa 
da misi nakeTobebis gamosawvavad (almadnis, kirqvis, 
keramikis gamowva), pirolizis Rumlebi saTbobis 
uhaerod Termuli damuSavebisaTvis da sxv. 

Taroebiani meqanikuri Rumlebi miekuTvneba 
pirdapiri gacxelebis Rumlebs, gamosawvav masalaSi 
egzoTermuli reaqciis Sedegad siTbos gamoyofiT. am 
tipis RumlebSi reagentebis areva, daqucmacebuli myari 
masalisa da airis urTierTqmedebis zedapiris 
ganviTareba da ganaxleba xdeba meqanikuri sarevebis 
saSualebiT, romlebic urevs da gadaaadgilebs myar 
masalas Rumlis Taroebze (TaRebze) (ix. nax. VIII.14, g). 
aseT Rumlebs adre iyenebdnen almadnisa da sxva 
sulfiduri madnebis gamosawvavad ferad metalurgiaSi, 
gogirdmJavisa da celuloza-qaRaldis warmoebaSi. am 
Rumlebs yvelaze ufro rTuli konstruqcia aqvT 
sxvebTan SedarebiT da mcired intensiurni arian. 
amitom. miuxedavad muSaobaSi mdgradobisa, maT sxva 
tipis RumlebiT cvlian. 

mtvrisebri gamowvis Rumeli (nax. VIII.15) muSaobs 
wmindad daqucmacebuli gamosawvavi masalis haeris 
nakadSi gamtvervis principiT, reagentebis pirdapiri 
nakadis mimarTulebiT moZraobisas. es aris pirdapiri 
gacxelebis Rumeli, romelic cxeldeba gamowvis dros 
mimdinare egzoTermuli reaqciis siTbos xarjze. 
Rumeli warmoadgens Samotis aguriT amogebul 
cilindrs, romelic aRWurvilia frqvevaniT (saqSeniT) 
almadnis gamtvervisaTvis, milyelebiT airisa (haeris) da 
myari masalis Sesayvanad da gamosayvanad. aseT Rumlebs 
iyeneben, magaliTad, almadnis gamosawvavad gogirdmJavis 
warmoebaSi.  
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mSrali flotaciuri almadani frqvevanas saSu-

alebiT haerTan erTad SeberviT Sedis gavarvarebul 
RumelSi. haeris Wavlis dawneviT almadani adis Rumlis 
zeda nawilSi, sadac ereva gamowvis procesis 
gasaumjobeseblad Seberil damatebiT haers; es 
grZeldeba ramdenime wami (nawilakis frenis dro). 
warmoqmnili namwvi (myari naSTi) ecema Rumlis Zirze, 
saidanac gamoitvirTeba. airi 10000C temperaturiT 

gamodis gverdiTi milyelidan orTqlis qvab-
utilizatorSi, Semdeg ki miemarTeba mtvrisagan ga-
sawmendad. Setivtivebul mdgomareobaSi myofi nawi-
lakebis didi reaqciisunarianoba iZleva am martivi 
mowyobilobis Rumlebis muSaobis maRali intensiurobis 
miRwevis saSualebas. magram mtvrisebri gamowvis 
RumlebisaTvis saWiroa wmindad dafqvili mo-
nodispersiuli masala; didia masalisa da namwvis mtvris 
gatana airis nakadiT, ris gamoc Rumlis muSaoba 
mdgradi ar aris. amitom mtvrisebri gamowvis Rumlebma 
farTo gavrceleba ver hpova. 

mduRare (Setivtivebul) feniani Rumeli 
sqematurad warmodgenilia VIII.16 naxazze. wmindad 
daqucmacebuli gamosawvavi masalis nawilakebi 
(magaliTad, 0,01-0,5 mm zomis almadani) uwyvetad 
miewodeba gisosze, romlis qveSac haeri Sedis iseTi 
siCqariT, romelic uzrunvelyofs nawilakebis gadasvlas 
Setivtivebul mdgomareobaSi, magram ar aris sakmarisi 
Rumlidan maT gasataceblad. imyofeba ra mudmiv 
pulsaciur mdgomareobaSi, nawilakebi amave dros 
moZraobs gisosze, rasac Tan axlavs maTi intensiuri 
gamowva. monodispesiuli masalis SemTxvevaSi siCqareTa 
samuSao intervali metia, nawilakebis wataceba naklebi 
da Rumlis muSaoba ufro mdgradi. 

mduRare fenian RumlebSi gamosawvavi myari 
nawilakebis  zedapiri  (romelic   ekvivalenturia  
fazaTa kontaqtis zedapirisa) maqsimaluria da 
mTlianad "sveldeba" airiT, didia orfaziani garemos 
turbulenturoba da minimaluria difuzuri  
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winaaRmdegobani, rac amaRlebs masa- da Tbogadacemis 
koeficientebs. reagentebis moZraobis jvaredini 
mimarTulebis gamo am RumlebSi uzrunvelyofilia 
maRali mamoZravebeli Zala da procesis yvelaze meti 
sisrule. mduRare fenis RumlebSi temperaturuli 
reJimi izoTermulia, rac aadvilebs masSi mimdinare 
procesis  marTvas. wvis  reaq- 

 
ciis siTbos iyeneben orTqlis misaRebad, amitom 
mduRare fenis zonaSi aTavseben wylis gasacxelebel 
milebs an orTqlis qvabis seqciebs. am Rumlebis naklia 
airis didi damtverianeba (200 g/m3-mde). 

s-m sistemaSi Casaterebeli procesebisaTvis 
gamoyenebuli reaqtorebi tipuri aparatebia romlebSic 
atareben fizikur (fizikuri gaxsna, eqstraqcia, 
kristalizacia) da qimiur operaciebs. aseTi  
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procesebis umravlesoba difuzur ubanSi mimdinareobs, 
amitom reaqtorebSi iyeneben fazaTaSorisi zedapiris 
ganviTarebis sxvadasxva saSualebebs da adideben orive 
fazis gadaadgilebis fardobiT siCqares. es saSualebebi 
ZiriTadad daiyvaneba myari masalis mfiltrav an 
Setivtivebul fenaSi siTxis gatarebaze, an arevis 
sxvadasxva xerxebze. 

mfiltravfeniani reaqtorebi, Cveulebriv Sedgeba 
Rru cilindruli korpusisagan, romlis ZirSi 

horizontalurad an daxrilad damagrebulia sacrisebri 
an Talfaqebiani TefSi (zogjer cecxlrikebis gisosi). 
TefSze moTavsebulia myari forovani masalis fena 
(adsorbentis granulebi an cxoburis natexebi), 
romelSic gadis siTxe. fazaTaSorisi myari zedapiris 
sidide izrdeba masalis forianobis gadidebiT; forebis 
Siga zedapiri asjer da aTasjer aRemateba gare 
zedapirs. Txevadi reagentis difuzias, ZiriTadad, 
winaaRmdegobas uwevs forebis Siga arxebi, e. i. procesi 
mimdinareobs Siga difuzur ubanSi. siTxis nakadis 
mimarTuleba da misi siCqare damokodebulia mfiltravi 
fenis simaRlesa da granulebis zomebze. ufro xSirad 
siTxis nakadi gadis reaqtorSi zevidan qveviT. 
mfiltravfenian reaqtorebSi axorcieleben sxvadasxva 
adsorbciul procesebs, ioncvlas (magaliTad, wylis 
Serbilebas), cxoburebis gamotutuvas marilebis, 
tuteebis, Tixamiwis da sxv. teqnologiaSi. forovani 
cxoburebis gamosatutavi reaqtorebis, e. w. 
difuzorebis batarea, warmodgenilia VIII.17 naxazze. 
 difuzorebis aseTi kaskadebi muSaobs winaRdenis 
principiT, e. i. yvelaze koncentrirebuli xsnari 
gamohyavT bolo difuzoridan (siTxis svlis mixedviT) 
da masSive tvirTaven axal cxoburs. pirveli 
difuzoridan gamotvirTaven damuSavebul cxoburs; 
masSive miawvdian yvelaze sust xsnars (wyals), romelic 
koncentrirdeba reaqtorebis batareaSi gavlisas. 

myari marcvlovani masalis siTxeSi Setivtive-
bulfeniani uwyvetad momuSave reaqtorebi sul ufro 
metad gamoiyeneba adsorbciisa da ioncvlis pro-
cesebisaTvis, cvlis ra mcireintensiur perioduli 
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moqmedebis mfiltravfenian aparatebs. Cveulebriv 
Setivtivebulfeniani reaqtorebi gamosadegia Txevadi da 
myari reagentebis simkvriveTa mniSvnelovani sxvaobisa da 
am ukanasknelis msxvili marcvlebis SemTxvevaSi. Tu 
fazaTa simkvriveebi mcired gansxvavdeba da granulebi 
mcire zomisaa, mizanSewonilia Sadrevnisebrfeniani 
reaqtorebi (nax. VIII.18). Sadrevnisebri fena 
Setivtivebulis saxesxvaobaa. misi gamoyeneba 
gansakuTrebiT mizanSewonilia polidispersiuli myari 
masalebis damuSavebisas da roca sareaqcio garemos 
agresiulobis gamo ar SeiZleba reaqtorSi liTonis 
gisosis dayeneba. Sadrevnisebrfenian reaqtorSi xazovani 
siCqare aTeulobiT sm/wm-ia, maSin roca Cveulebriv 

Setivtivebul m-T fenaSi igi ramdenime mm/wm-s ar aRe-
mateba. amitom Sadrevnisebrfeniani reaqtori muSaobs 

meti intensivobiT da ufro mwarmoebluria.  
 meqanikursarevian da agreTve pnevmaturi arevis 

reaqtorebs farTod iyeneben s-m sistemaSi gansa-
xorcielebeli procesebisaTvis, kerZod gaxsnis, eqs-
trahirebis, gamotutvisa da polimerizaciisaTvis, 
marilebis teqnologiaSi, hidrometalurgiasa da 
organul nivTierebaTa warmoebaSi. amave reaqtorebs 
iyeneben Txevad fazaSi mimdinare reaqciebisa da 
Seurevadi siTxeebis urTierTqmedebisaTvis. sarevis tipi 
ganisazRvreba sareaqcio garemos siblantiT. mcire 
siblantis siTxeebisaTvis iyeneben propelerisebr (nax. 
VIII.5) da pnevmatursarevian (nax. VIII.6) reaqtorebs. 
 saSualo siblantis siTxeebisaTvis iyeneben 
frTebian an spiraluri tipis sarevebs. frTebin 
sareviani reaqtori warmodgenilia VIII.19 maxazze.    

sareaqcio garemos maRali siblantisas iyeneben 
Ruzisebr sarevian reaqtorebs (nax. VIII. 20). aseTi 
tipis sarevs SeuZlia gauZlos did meqanikur datvir-
Tvas. Ruzisebri sarevis TaTebs aqvs hidrodinamikuri 
profili, romelic iZleva blant garemoSi arevis 
minimaluri daZabulobiT Catarebis saSualebas. sarevis 
gare nawilebi TiTqmis exeba reaqtoris kedlebs da 
wmends mas myari masalis fenisagan. 
calkeul sarevian raqtorebs SeuZliaT rogorc 
perioduli, aseve uwyveti reJimiT muSaoba. procesis 
uwyvetobisa da produqtis maRali gardaqmnis xarisxis 
misaRwevad minimaluri sareaqcio moculobis dros 
iyeneben sareviani reaqtorebis mimdevrobiT SeerTebul 
sistemas (ix. VI Tavi, reaqtorebis kaskadi). es xerxi 
amcirebs sareaqcio narevis reaqtorSi yofnis saerTo 
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dros, romelic saWiroa mocemuli gardaqmnis xarisxis 
misaRwevad.  

Snekiani reaqtori (nax. VIII.21) warmoadgens 
varcls, romelSic horizontalur RerZze brunavs 
spiraluri Sneki, urevs  ra  myar reagents (magali-Tad, 
marils) xsnarTan da gadaaadgilebs sareaqcio masas. 
gaxsnis procesis dasaCqareblad reagentebs acxeleben 
mwvave orTqliT an gamaTbobeli milebiT (ganlagebulia  

 
 
 

 
 
Snekis gverdebze), romlebSic cirkulirebs wylis 

orTqli. Snekian reaqtorebs iyeneben, magaliTad, 
bunebrivi marilebis gadasamuSaveblad, kerZod 
silvinitidan KCl-is cxeli gamotutvisaTvis. am 
reaqtorebis mwarmoebloba maRalia, magram muSaobis 
mcire intensiurobis gamo didia maTi zomebi 
(magaliTad, diametri – 4 m, sigrZe 20 m).  

 

3.3.3.3.3. reaqtorebi katalizuri3. reaqtorebi katalizuri3. reaqtorebi katalizuri3. reaqtorebi katalizuri    
prprprprocesebisaTvisocesebisaTvisocesebisaTvisocesebisaTvis 

 
homogenuri katalizis reaqtorebs ar aqvT raime 

gansakuTrebuli damaxasiaTebeli niSnebi. erTgvarovan 
areSi katalizuri reaqciis Catareba teqnikurad 
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advilia da ar moiTxovs specialuri konstruqciis 
aparatebs. reaqtorebi, romlebSic mimdinareobs 
katalizuri procesebi airad fazaSi, SeiZleba iyos 
kamerebi, svetebi, milebiani Tbomcvlelebi da sxv. SO2-

is homogenuri daJangva azotis oqsidebiT nitrozuli 
meTodiT gogirdmJavis warmoebis dros xorcieldeba 
rogorc Txevad, aseve, nawilobriv, airad fazaSic, 
koSkebis wyoburis Tavisufal moculobaSi. ZmarmJavis 
endoTermuli dehidrataciis process orTqlis fazaSi, 
trieTilfosfatis katalizuri Tanaobisas, atareben 
milovan reaqtorebSi, romlebic cxeldeba milTaSoris 
sivrceSi mocirkulire sacecxlis airebiT. Txevadfazur 
homogenur katalizur procesebs atareben sxvadasxva-
gvari amrevi mowyobilobebiT aRWurvil reaqtorebSi. 
magaliTad, fenolisa da formaldehidis polikon-
densacias wyalxsnarSi marilmJavis (rogorc kata-
lizatoris) monawileobiT atareben meqanikursarevian 
reaqtorSi. 

heterogenuli katalizis reaqtorebi, gansakuT-
rebiT sakomtaqto aparatebi, romlebSic airebi 
reagirebs myar katalizatorebze, specifikuri da 
mravalferovania. sakontaqto aparati uwyvetad unda 
muSaobdes, hqondes maRali intensiuroba, uzrunvelyos 
optimalurTan miaxloebuli teqnologiuri 
(gansakuTrebiT tmperaturuli) reJimi.  

heterogenuli katalizuri reaqciebis Casata-
rebeli reaqtorebis djgufeba SeiZleba reagentebisa da 
katalizatoris fazuri mdgomareobis, katalizatorsa 
da reagentebs Soris kontaqtis xerxis da Tbomcvleli 
mowyobilobis konstruqciuli gaformebis mixedviT. 

reagentebis fazuri mdgomareobis mixedviT ga-
moyenebuli reaqtorebi SeiZleba daiyos oTx klasad. 

I. moreagire are – airi, katalizatori – myari: 
1) zedapiruli kontaqtis sakontaqto aparatebi: 
katalizatorisagan damzadebuli milebi an badeebi; 2) 
sakontaqto aparatebi katalizatoris mfiltravi 
(uZravi) feniT; 3) sakontaqto aparatebi katalizatoris 
Setivtivebuli feniT; 4) sakontaqto aparatebi moZravi 
katalizatoriT. 

II. moreagire are – siTxe, katalizatori – myari: 
1) aparatebi katalizatoris uZravi  feniT; 2) apa-
ratebi katalizatoris Setivtivebuli feniT; 3) 
aparatebi siTxeSi katalizatoris tivtivaris nakadiT; 
4) sareviani aparatebi. 

III. moreagire nivTierebebi – airebi da siTxeebi, 
katalizatori – siTxe an myaris tivtivari siTxeSi: 1) 
wyoburiani svetebi (siTxisa da airis afskovani 
kontaqti); 2) barbotaJuli svetebi (airis siTxeSi an 
siTxisa da myaris tivtivarSi barbotaJi); 3) sareviani 
reaqtorebi. 

IV. moreagire nivTierebebi – Seurevadi siTxeebi, 
katalizatori – siTxe: sareviani reaqtorebi. 

samrewvelo katalizuri procesebis didi umrav-
lesoba pirvel jgufs miekuTvneba. 
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zedapiruli kontaqtis sakontaqto aparatebi 
milebis an badeebis saxiT ganlagebuli kataliza-
torebiT, romlebSic moZraobs airi, ufro iSviaTad 
gamoiyeneba, vidre katalizatoris mfiltrav- an Setiv-
tivebulfeniani aparatebi. zedapiruli kontaqtis dros 
katalizatoris zedapiri didi ar aris, amitom aseTi 
aparatebis gamoyeneba mizanSewonilia mxolod swrafi 
egzoTermuli reaqciebisaTvis, romlebic yzrunvelyofs 
Teoriulis maxlobel gamosavals. aseT pirobebSi ar 
aris aucilebeli sakontaqto aparatSi didi raodenobis 

katalizatoris moTavseba. badisebrkatalizatoriani 
sakontaqto aparatis principuli sqema mocemulia 
VIII.22 naxazze. aparatis korpusSi horizontalurad, 
erTi meoris Tavze, damagrebulia ramdenime bade 
(badeebis paketi), romlebic damzadebulia mocemuli 
reaqciisaTvis aqtiuri liTonisa an Senadnobisagan. badis 
zedapirTan airis Sexebis dro Seadgens wamis meaTased-
meaTiaTased nawilebs. aseTi aparatebi mowyobilobis 
mxriv martivi da maRalmwarmoebluria. isini gamoiyeneba 
platina-rodiumis badeebze amiakis daJangvisaTvis, 
vercxlis badeebze izopropilis spirtidan acetonis 
sinTezisaTvis, spilenZis an vercxlis badeebze 
meTanolis konversiisaTvis da sxv. amave procesebs sxva, 
naklebad aqtiuri, magram ufro iafi katalizatorebis 
gamoyenebiT, atareben aparatebSi, romlebSic 
katalizatori imyofeba mfiltravi an Setivtivebuli 
fenis saxiT. 

mfiltravfeniani reaqtorebi amJamad yvelaze 
metadaa gavrcelebuli. isini gamosadegia nebismieri 
tipis katalizuri reaqciisaTvis. am aparatebSi myari 
katalizatoris erTi an ramdenime fena uZravad devs 
gisosisebr sayrdenze (Taroze) an CatvirTulia milebSi. 
uZrav katalizatorze gadis moreagire airebis narevi 
idealuri gamodevnis maxlobeli reJimiT. rac maRalia 
katalizatoris fena, miT naklebad SeimCneva airis 
RerZuli areva da reaqtoris gasaangariSeblad miT 
ufro gamosadegia idealuri gamodevnis modeli. 

katalizators, rogorc wesi, aqvs marcvlebis, 
abebis, granulebis forma, ara naklebi 4-5 mm-isa ganiv 
kveTSi, radgan ufro wvrili nawilakebis SemTxvevaSi 

254 
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mkveTrad izrdeba katalizatoris fenis hidravlikuri 
winaaRmdegoba da advildeba misi Secxoba. CatvirTuli 
katalizatoris raodenoba, fenis simaRle, ricxvi da 
aparatSi maTi ganlageba damokidebulia katalizatoris 
aqtivobaze, reaqciis xasiaTze, Tbocvlis  pirobebze. 
rac  ufro aqtiuria      

 

   
 
katalizatori da metia reaqciis wonasworuli ga-
mosavali da siCqare, miT naklebi sakontaqto masis 
CatvirTvaa saWiro aparatSi, miT naklebi unda iyos 
katalizatoris fenis simaRle. 

 

sakontaqto aparatebis  konstruqciis Tavisebu-
rebani damokidebulia Tbomcvleli mowyobilobis 
konstruqciul formebze. optimaluri temperaturuli 
reJimis SenanarCuneba yvelaze rTuli amocanaa  
sakontaqto aparatis konstruirebis dros. endo-
Termuli reaqciebis dros saWiroa siTbos miyvana 
katalizis zonaSi; mravali katalizuri procesisaTvis 
saWiroa temperaturuli reJimis zusti regulireba 

257 
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Tanauri reaqciebis Tavidan asacileblad. yvelaze Zneli 
Casatarebelia Seqcevadi egzoTermuli reaqciebi, 
romelTa mimdinareobis dros saWiroa aparatis 
simaRleze siTbos araTanabari intensiuri arTmeva 
katalizis zonidan da am siTbos sasargeblod 
gamoyeneba. 

mfiltravfeniani reaqtorebi Tbomcvleli mow-
yobilobis gareSe konstruqciis mxriv yvelaze martivia. 
isini muSaoben adiabaturi reJimiT, amasTan 
temperaturuli reJimi regulirdeba mxolod amosavali 
airis SedgenilobiTa da temperaturiT. aseTi aparatebis 
gamoyeneba SeiZleba: a) praqtikulad Seuqcevadi 
egzoTermuli reaqciebisaTvis, romlebic mimdinareobs 
metad aqtiuri katalizatoris fenaSi (nax. VIII.23), 
magaliTad, meTanolis formaldehidad daJangvisaTvis; b) 
reaqciebisaTvis reagentebis dabali koncentraciiT, 
magaliTad, airebis katalizuri gawmendisas  minarevebis  
daJangviT an  hidrirebiT; g) mcire Tburefeqtiani 
egzoTermuli an endoTermuli reaqciebisaTvis (nax. 
VIII.24). CatvirTuli katalizatoris raodenoba misi 
mcire aqtivobis dros SeiZleba Zlier didi iyos da 
fenis simaRle zogjer ramdenime metria. aseTi saxis 
aparatebSi xorcieldeba adiabaturi reJimi; Sesabamisad, 
egzoTermuli procesebis dros moreagire airebis tempe-
ratura katalizatoris fenaSi izrdeba x   gardaqmnis 
xarisxis (mocemuli reaqciisaTvis) proporciulad. 
temperaturis gadideba adiabaturi procesis Sedegad 
SeiZleba gamoiTvalos formuliT: 

     ,
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'
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saw
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saw      (VIII.4) 

 
sadac  sabt   aris airis saboloo temperatura katali-
zatoris fenis gavlis Semdeg; sawt  – airis sawyisi tem-

peratura; r"rr GQq ∗= – reaqciis Tburi efeqti sruli  
gardaqmnisas  erT mol produqtze; G  –  

 
sareaqcio narevis raodenoba; c – sareaqcio narevis 
siTbotevadoba; x  – gardaqmnis xarisxi; amC  – ZiriTadi 
amosavali reagentis koncentracia aparatSi Semaval 

narevSi; β  − koeficienti, romelic udris erTi moli 
amosavali nivTierebidan miRebuli produqtis molebis 
ricxvs. 
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 aparatebi Tbomcvleli mowyobilobis gareSe adre 
gamoiyeneboda naxSirJangis konversiis, eTilenis 
pirdapiri hidrataciis, bunebrivi airisa da meTanis 
konversiisa da sxva procesebisaTvis. am aparatebis 
Rirsebaa konstruqciis simartive, magram isini srulad 
ver uzrunvelyofen optimalur temperaturul reJims, 
amitom maT cvlian ufro efeqturebiT – 
TbomcvlelianebiT. 
 arsebobs sakontaqto aparatebSi Tbocvlis ram-
denime wesi; amasTan sareaqcio moculobaSi siTbos 
miwodebisa da mocilebis xerxebi erTnairia egzo-
Termuli da endoTermuli reaqciebis Casatareblad. 
katalizatoris mfiltravfeniani reaqtorebis sanimuSo 
klasifikacia siTbos miwodebis (an mocilebis) xerxebis 
mixedviT, aseTia: 
     I. sakontaqto aparatebi siTbos perioduli 
miwodebiTa da mocilebiT; 
    II. sakontaqto aparatebi gare TbomcvlelebiT; 
    III. sakontaqto aparatebi Siga TbomcvlelebiT: 
 1. Taroebiani (siTbos safexurebrivi gamoyvaniT): 
      a) TbomcvlelebiT Taroebs Soris; 
      b) TarosSorisi gacivebiT civi reagentebis dama-
tebiTi SeyvaniT. 
     2. milovani (siTbos uwyveti miwodebiT an ga-
moyvaniT): 

a) katalizatoris moTavsebiT milebSi; 
      b) katalizatoris moTavsebiT milTaSoris si-
vrceSi. 
    IV. sakontaqto aparatebi Tbocvlis ramdenime 
xerxis kombinirebiT. 

 aparatebi siTbos perioduli miwodebiTa da 
mocilebiT gamoiyeneba, ZiriTadad, egzoTermuli ka-
talizuri reaqciebisaTvis. isini, rogorc wesi, erT-
fenovania (nax. VIII.24), garedan dafarulia izolaciis 
feniT. aparatSi, romlis gisosze moTavsebulia 
katalizatoris fena, monacvleobiT miawvdian xan 
moreagire nivTierebebs, xan Tbomatarebels (sacecxlis 
airs, gadaxurebul irTqls, haers). Tbomatarebeli 
acxelebs kaatalizators, gisossa da amonagebs reaqciis 
temperaturamde, ris Semdegac kvlav gaiSveba moreagire 
airnarevi. katalizatori, gisosi da amonagebi siTbos 
akumulatorebia. zogjer gisosze, katalizatoris fenis 
qveS, yrian inertuli masalis fenas, riTac adideben 
aparatis saerTo siTbotevadobas da misi muSaobis 
periods. aseT aparatebs iyeneben naxSirwyalbadebis 
dehidrirebis, katalizuri krekingisa da sxva 
endoTermuli procesebisaTvis, romlebSic aucilebelia 
katalizatoris regeneracia reaqciis Tanauri 
produqtebiT misi zedapiris blokirebis gamo.  
 gareTbomcvlelebian sakontaqto aparatebSi 
Tbocvla xdeba kontaqtirebis stadiebs Soris opti-
maluris maxlobeli temperaturuli reJimis Sesanar-
Cuneblad. VIII.25 naxazze moyvanilia kontaqtirebis 
principuli sqema gare TbomcvlelebSi Sualeduri 
TbocvliT. aseTi sqema damaxasiaTebelia Seqcevadi 
egzoTermuli reaqciebisaTvis.  
 sakontaqto aparatebis erT-erTi gavrcelebuli 
tipia Tarovani aparatebi. maTi Tavisebureba isaa, rom 
airi Tbeba an civdeba Taroebze mdebare katalizatoris 
fenebs Soris TviT sakontaqto aparatSi sxvadasxva 
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Tbomatareblis an Tbocvlis xer-xebis gamoyenebiT. 
egzoTermuli reaqciebis Casatarebeli Tarovani 

aparatis principuli sqema warmodgenilia VIII.26 
naxazze.  
   

xvrelebian Taroebs Soris, romlebzec ganlage-
bulia katalizatoris fenebi, moTavsebulia Tbo-
mcvlelebi. aseTi tipis aparatebSi yoveli qvemoT 
mdebare katalizatoris fena metia, vidre mis zemoT 
moTavsebuli, e. i. izrdeba airis svlis mimarTulebis 

mixedviT. Tbomcvlelis simaRle ki izrdeba, radganac 
gardaqmnis saerTo xarisxis gadidebasTan erTad reaqciis 
siCqare mcirdeba da, Sesabamisad, mcirdeba gamoyofili 
siTbos raodenoba. Tbomcvlelebis milTaSoris sivrceSi 
mimdevrobiT qvevidan zeviT gadis airis axali nakadi, 
acivebs ra reaqciis produqtebsa da cxeldeba TviTon 
reaqciis dawyebis temperaturamde. 

did warmoebebSi, sadac iyeneben sakontaqto 
aparatebs 18 m-mde diametriT, aTasobiT milisagan 
Semdgari Siga Tbomcvlelebis dadgma Zlier arTulebs 
konstruqcias da aZnelebs momsaxurebas, kerZod 
damwvari milebis Secvlas. amitom iyeneben ka-
talizatoris 4-6 fenian sakontaqto aparatebs da 
gamotanil Tbomcvlelebs yoveli fenis Semdeg. 

kontaqtirebis stadiebs Soris Sualeduri ga-
civebis sakiTxi zogjer wydeba katalizatoris fenebs 
Soris wylis macivrebis ganlagebiT (nax. VIII.27). zog 
katalizur procesSi Sualeduri gaciveba SeiZleba 
Catardes erT-erTi reagentis damatebiTi SeyvaniT 
kontaqtirebis stadiebs Soris. aseTi reagenti SeiZleba 
iyos civi airi, haeri, wylis orTqli, magaliTad,  
naxSirJangis wylis orTqliT konversiis dros. 
wyalbadis warmoebaSi reaqciiT: 

 

QHCOOHCO ++↔+ 222 , 
 
wyalbadis gamosavali izrdeba wylis orTqlis siWarbiT. 
amitom  iyeneben sakontaqto  aparatebs –konvertorebs 
(nax. VIII.28), romlebSic airi civdeba  
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da damatebiT jerdeba wylis orTqliT amaorTqlebelSi 
wylis aorTqlebisas. amaorTqlebeli moTavsebulia 
rkina-qromis katalizatoris fnebs Soris da 
warmoadgens Taros inertuli wyoburiT, romelzedac 
frqvevanis saSualebiT gaSxefdeba wyali.  

Tarovan sakontaqto aparatebSi xdeba siTbos sa-
fexurebrivi naxtomiseburi gamoyvana; katalizuri re-

aqcia da Tbocvla mimdinareobs calcalke mimdevrobiT 
etapebad.  
  AM   

  
milovan sakontaqto aparatebSi Tbocvla xdeba 

uwyvetad da katalizur reaqciasTan erTdroulad. 
aparatebi milebSi moTavsebuli katalizatoriT 
gamoiyeneba rogorc egzoTermuli, aseve endoTermuli 
reaqciebisaTvis. endoTermuli reaqciebis dros aparatis 
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milTaSoris sivrceSi miawvdian sacecxlis airebs, 
romelic gars uvlis katalizatorian milebs. zogjer 
aseTi aparatebi mowyobi- 

   
 
lia amonakirSi Casmuli milovani Tbomcvlelis tipis 
mixedviT (nax. VIII.29). moreagire airi gadis ka-
talizatorian milebSi  Tbomatareblis  Semxvedrad            
da ganuwyvetliv cxeldeba reaqciis temperaturamde. am 
principiTaa mowyobili sakontaqto aparatebi butanis 
dehidrirebis, meTanis katalizuri konversiisa da sxva 

procesebisaTvis. egzoTermuli reaqciebis Catarebisas 
milovan aparatebSi Tbocvla warmoebs katalizatorsa 
da civ, jer kidev reaqciaSi Seusvlel airs Soris. 
katalizatori imyofeba milebSi, romelsac gars uvlis 
civi airi, an milTaSoris sivrceSi. aseTi aparatis sqema 
naCvenebia VIII.30 naxazze. axali airi, moZraobs ra 
qvemodan zeviT, gars uvlis zemodan Ria 
katalizatorian milebs, Semdeg Sedis maTSi, gaivlis 
katalizatoris fenas civi agentis mimarT Semxvedrad. 
siTbo aq gamoiyvaneba uwyvetad reaqciis procesSi. 
miuxedavad amisa temperaturuli reJimi aseT aparatebSi 
Sorsaa optimalurisagan da xSirad naklebad 
xelsayrelia, vidre Tarovan reaqtorebSi. 

 
        
 

konstruqciulad ufro moxexebulia da xSirad 
gamoiyeneba sakontaqto aparatebi ormagi Tbomcvleli 
milebiT da katalizatoris ganlagebiT milTaSoris 
sivrceSi. ormagi Tbomcvleli milebi (nax. VIII.31) 
ganWolavs gisosze ganlagebul katalizatoris fenas. 



59 

 

sakontaqto aparatSi Semavali airi gadis  Siga  
milebSi da Semdeg rgolur sivrceSi Siga da gare 
Tbomcvlel - milebs Soris. amasTan airi Tbeba reaqciis 
temperaturamde, acivebs ra sakontaqto masas, da Semdeg 
Sedis katalizatoris fenaSi. aseTi sakontaqto aparatis 
magaliTia saSualo wnevaze momuSave amiakis sinTezis 
sveti. am aparatebSi siTbos arTmevis intensivoba da 
temperaturaTa ganawileba katalizatoris fenis 
simaRlis mixedviT ufro axlosaa optimalurTan, vidre 

ubralo milovan aparatebSi. magram am aparatebsac aqvT 
naklovanebebi: temperaturis araTanabari ganawileba 
aparatis kveTis mixedviT, katalizatorisagan siTbos 
arTmevis arasakmarisi intensivoba, veeberTela 
Tbomcvleli elementebi da amis gamo katalizatoriT 
dakavebuli sasargeblo moculobis Semcireba. 

sakontaqto aparatebis konstruirebis dros 
xSirad iyeneben ramdenime xerxis kombinirebas.  

 
gvxvdeba, magaliTad, milovan-Tarovani aparatebi kata-
lizatoris CatvirTviT Taroebze da maT Soris 
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ganlagebul milebSi (nax. VIII.32), Tarovanebi – erT 
aparatSi kontaqtirebis stadiebs Soris gacivebis 
sxvadasxva xerxis SerwymiT da sxv. kombinirebul 
mravalsafexurian aparatebSi SesaZlebelia optimalur 
temperaturul reJimTan yvelaze ufro miaxloeba sxva 
tipis mfiltravfenian aparatebTan SedarebiT, magram 
katalizatoris mfiltravfenian yvela aparats aqvs 
naklovanebebi, rac axasiaTebs uZrav katalizators da 
aZnelebs katalizuri procesis Semdgom intesificirebas. 
es naklovanebebia: 

1. mfiltrav fenaSi dasaSvebia katalizatoris 
SedarebiT msxvili (ara nakleb 4-6 mm zomis) marcvlebis 
an granulebis gamoyeneba, radganac ufro wvrili 
nawilakebis SemTxvevaSi mkveTrad izrdeba fenis 
hidravlikuri winaaRmdegoba. katalizatoris msxvili 
nawilakebis Siga zedapiri naklebad gamoiyeneba 
katalizis procesSi, rac amcirebs misi gamoyenebis 
saerTo xarisxs. 

2. muSaobis procesSi uZravi katalizatoris na-
wilakebi Seicxoba da itkepneba, ris Sedegadac izrdeba 
aparatebis hidravlikuri winaaRmdegoba, irRveva airis 
ganawilebis Tanabroba da mcirdeba katalizatoris 
aqtivoba. 

3. katalizatoris forovan marcvlebs aqvs dabali 
Tbogamtaroba, ris gamoc Tbogadacemis siCqare ka-
talizatoris fenidan Tbocvlis zedapirze Zalian 
mcirea. amitom SeuZlebelia siTbos intensiuri gamo-
yvana uZravi katalizatoridan da temperaturaTa 
Tanabari ganawileba uZravi fenis kveTSi.  

4. Tbocvlis cudi pirobebi katalizatoris 

fenaSi ar iZleva temperaturis zustad regulirebisa  
 
da optimaluri  temperaturuli reJimis  Senar-

Cunebis saSualebas. amitom, magaliTad, egzoTermuli 
reaqciebisaTvis, kontaqtirebis maRali xarisxis 
miRwevisas SeimCneva temperaturis gadideba misi 
TandaTanobiT Semcirebis nacvlad. 
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5. uZravkatalizatorian aparatebSi SeuZlebelia 
misi uwyveti regeneracia, rac aucilebelia organul 
nivTierebaTa teqnologiis mravali procesisaTvis. 

aparatebs, romlebSic katalizatori imyofeba 
Setivtivebul (mduRare, fsevdoTxevad) mdgomareobaSi, 
mfiltravfeniani reaqtorebis nacvlad iyeneben. 
Setivtivebuli fenis principi gamoricxavs CamoTvlil 
naklovanebebs da iZleva sakontaqto aparatebis 
konstruqciis mniSvnelovani gamartivebis saSualebas. 
aseT aparatebSi, Cveulebriv, iyeneben wvrilmarcvlovan 
katalizators (nawilakebis zoma 0,5-2 mm; zogjer 3 mm-
mde da meti). wvrili nawilakebis Setivtivebuli fena 
warmoiqmneba moreagire nivTierebebis airad (an Txevad) 
nakadSi. amisaTvis airs atareben qvemodan zemoT katali-
zatorian gisosSi iseTi siCqariT, rom katalizatoris 
nawilakebi amoZravdes da mTeli fena gadavides 
Setivtivebul mdgomareobaSi. Setivtivebul fenaSi ka-
talizatoris marcvlebi gadaadgildeba yvela mi-
marTulebiT, asrulebs xazovan da grigalur moZ-
raobebs, ris Sedegadac Cqardeba reagentis difuzia 
nakadis gulidan katalizatoris nawilakebisaken. fenis 
garegani saxe mogvagonebs mduRare siTxes. Setivtivebul 
fenas aqvs denadobis Tviseba siTxis msgavsad. pirveli 
samrewvelo gamoyeneba Setivtivebuli fenisa, 
navTobproduqtebis katalizuri krekingis dros, 
gapirobebuli iyo swored misi denadobiT, rac 
aucilebelia katalizatoris uwyveti regeneraciisaTvis. 

katalizatoris Setivtivebullfeniani sakontaqto 
aparatis principuli sqema mocemulia VIII.33 naxazze. 
aparatSi aris erTi an ramdenime gamanawilebeli gisosi. 

moreagire airnarevi gadis qvemodan zemoT da yovel 
Taroze warmoqmnis Setivtivebul fenas. reaqciis 
produqtebi gamodis zeda gafarToebuli nawilidan. 
gafarToebis daniSnulebaa airidan watacebuli 
katalizatoris marcvlebis gamoyofa. katalizatoridan 
siTbos mocileba xdeba fenebs SigniT moTavsebuli 
wylis macivrebis saSualebiT. Tbocvlis aseTi xerxi 
iZleva siTbos intensiurad mocilebisa da misi 
regulirebis saSualebas fenebis mixedviT. Tbomcvleli 
mowyobilobisa da mTlianad sakontaqto aparatis 
konstruqcia martivia; ar aris saWiro rTuli da 
veeberTela Sualeduri gare da Siga Tbomcvlelebi; 
Tbocvlis saerTo farTobi naklebia, vidre 
mfiltravfenian aparatebSi. aseTi gamartiveba 
SesaZlebeli xdeba Se-tivtivebuli fenis gansakuTrebuli 
Tvisebebis gamo. myari nawilakebis uwyveti moZraobis 
Sedegad siTbo gadaitaneba konveqciiT da temperatura 
fenis SigniT Tanabrdeba. Tbogacemis koeficienti 
Sewonili fenidan Tbocvlis zedapiris mimarT aTjer 
metia. vidre mfiltravi fenisaTvis. amitom 
SesaZlebelia fenidan siTbos intensiuri gamoyvana ise, 
rom ar gveqnes sakontaqto masis "Caqrobis" SiSi. izo-
Termuli reJimis wyalobiT aparatis yovel fenaSi 
advilad xorcieldeba temperaturuli reJimis av-
tomaturi regulireba. 

Sewonili fenis umniSvnelovanesi upiratesoba aris 
katalizatoris mwarmoeblobis gadideba nawilakebis 
zomebis SemcirebiT da, Sesabamisad, misi Siga zedapiris 
sruli gamoyenebis Sedegad optimalur temperaturasTan 
didi miaxloebis pirobebSi. 
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Setivtivebuli fenis ZiriTadi nakli uZravTan 
SedarebiT aris mamoZravebeli Zalis Semcireba airis 
ufro sruli arevisa da misi nawilis fenaSi msxvili 
buStebis saxiT gavlis gamo. meore naklia 

katalizatoris  marcvlebis  cveTa. Setivtivebuli 
fenisavis aucilebelia mtkice, cveTamedegi, wvril-
marcvlovani sakontaqto masebi. 

teqnologiuri procesis pirobebis mixedviT 
gamoiyeneba Setivtivebulfeniani aparatebi kata-
lizatoris regeneraciis gareSe an uwyveti rege-
neraciiT (nax. VIII.34). aseTi paratebi warmatebiT 
gamoiyeneba procesebSi, romlebic moiTxovs katali-
zatoris ganuwyvetel Secvlas regeneraciisaTvis.         

moZravkatalizatorian reaqtorebs farTod 
iyeneben navTobproduqtebis orTqlfazovani krekin-
gisaTvis, Tumca maTi gamoyeneba SeiZleba sxva pro-
cesebSic, sadac saWiroa katalizatoris uwyveti cir-
kulacia reaqtorsa da regenerators  Soris. aq isini 

warmatebiT uweven konkurencias Setivtivebul- fenian 
reaqtorebs. gamoiyeneba ori tipis Setivtivebulfeniani 
reaqtorebi: a) airis nakadSi Setivtivebuli  
wvrilmarcvlovani   katalizatoriT;  
b) msxvilmarcvlovani katalizatoris mkvrivi feniT, 
romelic eSveba Saxtur aparatSi zemodan qvemoT 
moreagire airebis (orTqlis) mimarT winaRi an 
pirdapiri deniT. danadgaris sqema katalizatoris 
Setivtivebuli nakadiT naCvenebia VIII.35 naxazze. 
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orTqlairnarevis siCqare imdenad didia, rom 
katalizatoris marcvlebze airis xaxunis Zalebi 
aRemateba marcvlebis wonas. amis Sedegad daquc-
macebuli an mtvrisebri katalizatori moZraobs airis 
nakadTan erTad, gamoyveba mas sakontaqto aparatis zeda 
gamosasvlelSi. katalizatoris ZiriTadi masa gamoeyofa 
reaqciis produqtebs ciklonur separatorebSi da 
eJeqtoriT gadaecema regenerators, sadac Setivtivebul 
fenaSi haeriT amoiwveba katalizatoris zedapiridan 
naxSirbadovani nivTierebebi. regenirebuli gavar-
varebuli katalizatori Wisa da mildgaris gavliT 
gaiyvaneba nedleulis orTqlTan Sesarevad da eJeqtoris 
saSualebiT kvlav miewodeba reaqtors. 
 moZravkatalizatoriani danadgarebis naklia airis 
nakadidan mtvrisebri katalizatoris srulad gamoyofis 
siZnele. am danadgarebSi did adgils ikavebs 
katalizatoris mtvris damWeri ciklonebi, 
eleqtrofiltrebi. 
 Txevadreagentebian da myarkatalizatorian 
procesebs SezRuduli gamoyeneba aqvs. am pro-
cesebisaTvis, iseve rogorc airadi reagentebisaTvis, 
reaqtori SeiZleba Seicavdes katalizators mar-
cvlovani mfiltravi fenis, Setivtivebuli fenis an 
katalizatoris tivtivaris nakadis saxiT. yvelaze 
xSirad gamoiyeneba katalizatoris areva reagentebTan 
sarevian avzebSi an avtoklavebSi. 
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