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1.1. qimiuri teqnologiis gansazRvreba 

                                            
sityva teqnologia berZnuli warmoSobisaa -   

technes – xelovneba (xelosnoba, moxerxeba),  logos – 
mecniereba, swavleba, e.i. sityva teqnologiis pirdapiri 
Targmania – swavleba raimes miRebis xelovnebaze, raRa-
cis keTebis codnaze. am sityvis ukve genezisi gansaz-
Rvravs teqnologias rogorc mecnierebas (swavlebas) 
xerxebis, gadamuSavebis procesebis, damzadebis, warmoe-
bis Sesaxeb. “qimiuri teqnologia” gulisxmobs, amave 
dros, aucileblad qimiuri gardaqmnebis ganxorciele-
bas, e.i. gansazRvravs mas rogorc mecnierebas (swavle-
bas) qimiuri warmoebis Sesaxeb. 

qimiuri teqnologia aris sabunebismetyvelo mec-
niereba nedleulis produqtad (moxmarebis sagnebad an 
warmoebis saSualebebad) gadamuSavebis procesebis Sesa-
xeb, rac xorcieldeba qimiuri da fizikur-qimiuri ope-
racebis monawileobiT teqnikurad, ekonomikurad da so-
cialurad mizanSewonili gziT. 

mecnierebas, rogorc codnis calkeul dargs bu-
nebaze, sazogadoebasa da azrovnebaze, unda hqondes Ses-
wavlis obieqti, kvlevis mizani da kvlevis meTodi. 

qimiur teqnologias aqvs: 
Seswavlis obieqti – qimiuri warmoeba, romelic 

moicavs nedleulis produqtad gadamuSavebis 
procesebsa da meTodebs. 

kvlevis mizani – kacobriobisaTvis aucilebeli 
produqtebis ekonomiuri warmoebis Seqmna. 
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kvlevis meTodebi – qimiuri warmoebis aparatebSi 
mimdinare movlenebis maTematikuri modelireba da qimi-
ur-teqnologiuri procesebis sistemuri analizi. 

teqnikur literaturaSi termini “qimiuri teqno-
logia” xSirad ixmareba agreTve sxva mniSvnelobiTac, 
rogorc sinonimi cnebebisa: “gardaqmnis xerxi”, “miRebis 
meTodi”. magaliTad, “navTobisa da gazis teqnologia” 
niSnavs “navTobisa da gazis gadamuSavebis meTodebs”, 
“xorcisa da rZis teqnologia” igivea rac “xorcisa da 
rZis produqtebis warmoebis meTodebi” da a.S. 

qimiuri gardaqmna ZiriTadi procesia ara marto 
qimiuri da navTobqimiuri warmoebebisaTvis. qimiuri 
gardaqmna safuZvelia samSeneblo da mWida masalebis, 
liTonebis, samedicino mrewvelobis da mikrobiolo-
giuri warmoebebis, wvis procesebisa enrgetikasa da 
transportze, ludis, purisa da sakonditro nawarmis 
teqnologiaSi da sxv. es niSnavs, rom qimiuri teqno-
logiis zogad kanonzomierebebs dargTaSorisi mniSvne-
loba aqvT. 
 

1.2. qimiuri warmoebis struqtura 

                        
davazustoT qimiuri teqnologiis gansaxilve-

li obieqti. aRvniSneT, rom qimiuri teqnologiis 
Seswavlis obieqtia qimiuri warmoeba. qimiuri war-

moeba procesebis erTobliobaa, romelic xorciel-

deba Sesabamis aparatebsa da manqanebSi da miznad 
isaxavs nedleulidan produqtebis mizanSewonili 
meTodiT miRebas. 

qimiur warmoebaSi operaciebis pirveli jgu-

fia nedleulis momzadebis stadiebi. upiratesad es 
fizikuri zemoqmedebebia: dafqva, gaxsna, gacxeleba, 
koncentrireba, minarevebisagan gawmenda da a. S. 
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operaciebis meore jgufi qimiur procesebs 
moicavs. nedleulis momzadebis Semdeg tardeba sa-
kuTriv qimiuri gardaqmna, ris Sedegadac warmo-

iqmneba narevi, romlis qimiuri Sedgeniloba gansx-
vavdeba amosavali nedleulis Sedgenilobisagan. 
nedleulis qimiuri gardaqmnis procesis arseboba 
aris imis niSani, rom warmoeba qimiuria. 

operaciaTa mesame jgufia sasargeblo produ-

qtis gamoyofa da minarevebisagan gawmenda. am ope-
raciebis aucilebloba imiTaa gamowveuli, rom qi-

miuri gardaqmnebis dros SeiZleba warmoiqmnas ned-

leulis arasruli gardaqmnis Tanauri naerTebi, 
romelTaganac produqti unda gaiwmindos. 

operaciebis sami jgufi – nedleulis mom-

zadeba, qimiuri gardaqmna, produqtis gamoyofa _  
qimiuri warmoebis ZiriTadi Semadgeneli nawilebia, 
romlebic uzrunvelyofs qimiuri warmoebis Ziri-

Tadi amocanis Sesrulebas _ produqtis miRebas. 
mrewvelobis ganviTarebam axali amocanebi 

dausaxa yvela warmoebas. maTi funqcionirebis Zi-

riTadi mizania ara marto produqtis miReba, ara-
med iseTi funqciis Sesrulebac, rogoricaa nedle-
ulis kompleqsuri gamoyeneba, garemos dacva, saT-

bobenergetikuli resursebis ekonomia. qimiuri wa-
rmoeba mravalfunqciuri gaxda. amitom saWiroa ga-
movyoT, agreTve, qimiuri warmoebis Semadgeneli na-
wilebi, romlebic uzrunvelyofs aRniSnuli dama-
tebiTi, magram aseve mniSvnelovani amocanebis gada-
wyvetas, 

qimiuri warmoebis aparatebis sistemaSi gada-
muSavdeba nivTierebisa da energiis nakadebi, rome-
lTac qimiuri warmoebis komponentebs vuwodebT. 
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maT miekuTvneba: nedleuli, energia, wyali, produ-

qtebi, naxevarproduqtebi, narCenebi da sxv. 
nedleuli amosavali gadasamuSavebeli nivTie-

rebebi da masalebia. daniSnulebis mixedviT ned-

leuli SeiZleba iyos ZiriTadi (teqnologiuri) da 
damxmare. ZiriTadi nedleuli produqtad gardai-

qmneba, damxmare ki gamoiyeneba warmoebis uzrun-

velyofisaTvis. 
Eenergia, agreTve, qimiuri warmoebis uzrun-

velyofisaTvis gamoiyeneba. SesaZlebelia qimiuri 
warmoebis energiis nakadebis sasargeblo gamoyeneba 
e.w. meoreuli energetikuli resursebis saxiT. 

wyali  qimiur mrewvelobaSi aris ara marto 
macivebeli agenti an Tbomatarebeli, aramed erT-
erTi umniSvnelovanesi nedleulic. 

qimiuri warmoebis produqti SeiZleba iyos 
ZiriTadi da damatebiTi, an Tanauri. 

naxevarproduqti – mocemuli qimiuri war-

moebis produqtia, romelic sxva warmoebaSi ned-

leulad gamoiyeneba. 
narCenebi – mocemul warmoebaSi warmoqmnili 

nivTierebebi da masalebia, romelTac sasargeblo 
gamoyeneba ar aqvT. 

qimiuri warmoeba rTuli sistemaa. masSi mim-
dinareobs qimiuri reqciebi, siTbos, nivTierebisa 
da impulsis gadatana, moZraoba molekulur do-

neze da aparatebis masStabiT, Tburi, masuri, ener-

getikuli, meqanikuri nakadebiT mimocvla mraval-

ferovan aparatebsa da mowyobilobebs Soris.              
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1.3.1.3.1.3.1.3. qimiuri warmoebis maCveneblebiqimiuri warmoebis maCveneblebiqimiuri warmoebis maCveneblebiqimiuri warmoebis maCveneblebi    
 

ganvsazRvravT ra qimiuri teqnilogiis, ro-

gorc mecnierebis, mizans – Seqmnas kacobriobisa-
Tvis aucilebeli produqtebis warmoebis ekonomi-

uri xerxebi (qimiuri gardaqmnebis gamoyenebiT), 
aucilebelia ganisazRvros warmoebis srulyofisa 
da efeqturobis damaxasiaTebeli maCveneblebi. Sei-

Zleba gamovyoT maCveneblebis Semdegi jgufebi: 
teqnikuri, ekonomikuri, saeqspluatacio da soci-

aluri. 
teqnikuri maCveneblebi axasiaTebs mocemuli 

sawarmos teqnikur srulyofas. maT miekuTvneba 
mwarmoebluroba anu simZlavre, xarjviTi koe-
ficienti, muSaobis intensiuroba, produqtis xa-
risxi da sxv.D 

sawarmos mwarmoebluroba anu simZlavre 
gansazRvravs erTeul droSi gamomuSavebuli pro-

duqtis raodenobas:  

tG /=Π  
Cveulebriv, misi ganzomilebaa “tona dRe-

RameSi” an “aTasi tona weliwadSi”. Tanamedrove 
qimiurma sawarmoebma aseT mwarmoeblurobas 
miaRwies: 
 
  amiakis warmoeba           450 aTasi t/w;       

    gogirdmJavis warmoeba     500 aTasi t/w; 
    meTanolis warmoeba        250 aTasi t/w. 
 
     xarjviTi koeficienti sawarmos teqnikuri 

srulyofis mniSvnelovani maCvenebelia da gansa-
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zRvravs nedleulisa da energiis danaxarjebs 
sawarmoo produqciis erTeulze: 

                    K xarj. = G amos////G ,,,, 
sadac G amos aris nedleulis, saTbobis, energiis 
xarji produqtis warmoebis dros. 
 xarjviT koeficientebs SeiZleba hqondes gan-

zomileba “kg nedleuli - tona produqtze”, “m3 
saTbobi – tona produqtze”, “kvt.sT eleqtro-
energia - tona produqtze” da a. S. Tu gaviTva-

liswinebT, rom produqtis Rirebulebis naxevarsa 
da mets Seadgens danaxarjebi nedleulsa da ener-

giaze, nedleulis mimarT gansazRvruli xarjviTi 
koeficienti xSirad warmoebis efeqturobis ganmsa-
zRvreli maCvenebelia. 
 produqtis gamosavali Teoriuli sidididan 
agreTve aris procesis srulyofis maCvenebeli da 
gviCvenebs miRebuli produqtis G  raodenobis far 

dobas Teoriul G Teor sididesTan, romelic Se-
iZleboda warmoqmniliyo imave raodenobis ned-

leulidan procesis idealuri organizaciis dros: 
                      GGg /= Teor 
 procesis intensiuroba axasiaTebs calkeul 
aparatSi misi organizaciis srulyofas. es maCve-
nebeli gansazRvravs drois erTeulSi miRebuli 
produqtis an miwodebuli nedleulis raodenobas 
Sefardebuls aparatis zomebis maxasiaTebel rome-
lime sididesTan ( V ap – aparatis moculoba, an sa                   
reaqcio sivrce, F  - Aaparatis ganivi kveTis far-

Tobi): 
VGI /= ap. 

Cveulebriv, misi ganzomilebaa “kg/m3sT”, “m3/m3sT”, 
“kg/m2sT” da a.S. 
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 produqtis xarisxi Tvisebebisa da maxasiaTeb-

lebis nakrebia, romelic produqtis samomxmareblo 
Rirebulebas gansazRvravs. aqve Sedis produqtis 
sisufTavis maCveneblebi, minarevebis Semcveloba, ag-

reTve qimiuri, fizikuri, meqanikuri da sxva Tvise-
bebi. isini ganisazRvreba saxelmwifo da dargo-

brivi standartebiT, agreTve mocemul produqtze 
dadgenili teqnikuri pirobebiT. 
 ekonomikuri maCveneblebi axasiaTebs warmoebis 
ekonomikur efeqtianobas da dawvrilebiT Seiswav-
leba qimiuri mrewvelobis ekonomikis kursSi.  Teq-

nikuri da ekonomikuri maCveneblebi urTierT-
kavSirSia; amitom zogierT maTgans teqnikur-
ekonomikur maCveneblebs uwodeben. maT SeiZleba 
mivakuTvnoT sawarmos simZlavre, xvedriTi kapita-
luri danaxarjebi, Sromis nayofiereba, produq- 
tis TviTRirebuleba, dayvanili xarjebi da sxv. 
 kapitaluri danaxarjebi an xvedriTi kapi-

taluri danaxarjebi gviCvenebs danaxarjebs mow-

yobilobaze, komunikaciebze, samSeneblo nawilze, 
Sefardebuls mTlianad mwarmoeblurobasTan an 
warmoebis simZlavris erTeulTan: 

 

./ GKK kapxv =  

mas aqvs ganzomileba “kg liToni 1 t produqciaze 
weliwadSi”, “lari 1 t produqciaze weliwadSi” 
da sxva. 
 Sromis nayofiereba SrП – drois erTeulSi 
gamomuSavebuli produqtis raodenobaa, romelic 
erT momuSaveze modis: 

ПSr=G/NmuS, 

ПSr=GЦ./NmuS, 
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sadac N muS  mocemuli warmoebis momsaxure perso-

nalis ricxvia, Ц – produqtis erTeulis fasi. 
Sromis nayofierebas aqvs raodenobrivi an 

RirebulebiTi gamoxatuleba da, Sesabamisad, misi 
ganzomilebebia “tona weliwadSi momuSaveze” an 
“lari weliwadSi momuSaveze”. 
 produqtis TviTRirebuleba da dayvanili 
xarjebi gviCvenebs danaxarjebs produqciis erTe-
ulze fuladi gamoxatulebiT. 
 saeqspluatacio maCveneblebi axasiaTebs Seqm-

nili warmoebis, rogorc samrewvelo obieqtis, 
srulyofas. maT miekuTvneba: marTvadoba anu regu-

lirebadoba, mgrZnobiaroba muSaobis pirobebidan 
gadaxrebis mimarT, aparatebisa da mTlianad war-

moebis saimedooba, saxanZro da feTqebad-
usafrTxoeba. 
 socialuri maCveneblebi gansazRvravs momsa-

xure personalis Sromis pirobebsa da warmoebis 
uvneblobas garemosaTvis, momsaxurebis uvneblobas, 
avtomatizaciisa da meqanizaciis xarisxs, ekolo-

giur usafrxoebas da sxv. 
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2.1. cneba qimiur_teqnologiuri procesis cneba qimiur_teqnologiuri procesis cneba qimiur_teqnologiuri procesis cneba qimiur_teqnologiuri procesis 

SesaxebSesaxebSesaxebSesaxeb 
    

qimiur teqnologiaSi ganixileba qimiuri da 
fizikuri movlenebis erToblioba, romelTa kom-

pleqsic Seadgens teqnologiur process. qimiur-
teqnologiuri procesi, rogorc wesi, Sedgeba Sem-

degi urTierTdakavSirebuli procesebisagan (sta-
diebisagan): 1. moreagire komponentebis miwodeba 
reaqciis zonaSi; 2. qimiuri reaqcia; 3. miRebuli 
produqtis gamoyvana reaqciis zonidan. 
 1. moreagire komponentebis miwodeba reqciis 
zonaSi xdeba molekuluri difuziiT an konveq-

ciiT. moreagire komponentebis Zlieri arevis dros 
nivTierebis konveqciur gadatanas turbulentur 
difuziasac uwodeben. or- da mravalfazian sis-
temebSi moreagire komponentebis miwodeba SesaZle-
belia absorbciiT, gazebis adsorbciiT an desorb-
ciiT, orTqlis kondensaciiT, myari nivTierebebis 
galRobiT an siTxeebSi maTi gaxsniT, siTxeebis 
aorTqlebiT an myari nivTierebebis aqrolebiT. 
 2. qimiuri reaqcia qimiur-teqnologiuri 
procesis meore etapia. sareaqcio sistemaSi Cve-
ulebriv erTdroulad mimdinareobs ramdenime mi-

mdevrobiTi (zogjer ki paraleluri) qimiuri rea-
qcia (romelTa Sedegadac warmoiqmneba ZiriTadi 
produqti), agreTve, rigi Tanauri reaqciebi amo-
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saval nivTierebebsa da minarevebs Soris, romelTa 
arsebobac amosaval nedleulSi gardauvalia; amis 
Sedegad, garda ZiriTadisa, warmoiqmneba Tanauri 
produqtebi (romelTac garkveuli mniSvneloba 
aqvT praqtikuli gamoyenebisaTvis) da usargeblo 
narCenebi. 
 3. produqtis gamoyvana reaqciis zonidan  
SeiZleba iseve ganxorcieldes, rogorc  moreagire 
komponentebis miwodeba - difuziiT, konveqciiT da 
nivTierebis gadasvliT erTi fazidan meoreSi.  
 teqnologiuri procesis saerTo siCqare da-
mokidebulia erT-erTi Semadgeneli elementaruli 
stadiis siCqareze, romelic sxvebze ufro nela mi-

mdinareobs. Tu yvelaze ufro nela qimiuri reaq-

ciebi mimdinareobs da isini gansazRvraven saerTo 
siCqares, maSin procesi midis kinetikur areSi; am 
SemTxvevaSi teqnologebi miiswrafvian gaaZlieron 
swored is faqtorebi (amosavali nivTierebebis kon-

centracia, temperatura, katalizatorebis gamoye-
neba da sxv.), romlebic gansakuTrebiT moqmedebs 
reaqciis siCqareze. Tu procesis saerTo siCqares 
gansazRvravs reagentebis miwodeba reaqciis zonaSi 
an produqtis gamoyvana, es niSnavs, rom procesi 
difuzur areSi mimdinareobs. difuziis siCqares, 
upirvelesad adideben areviT (moreagire sistemis 
turbulizaciiT), temperaturis da koncentraciis 
gadidebiT, mravalfaziani sistemebis erTfazianad 
gadaqceviT da sxv. Tu teqnologiuri procesis Se-
madgeneli yvela elementis siCqareebi Sedarebadia, 
maSin procesi midis gardamaval areSi da auci-

lebelia iseTi faqtorebiT zemoqmedeba, romlebic 
aCqarebs rogorc difuzias, aseve reaqcias, e. i. Sa-
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Wiroa amosavali nedleulis koncentraciisa da 
temperaturis gadideba. 
 qimiuri teqnologiis ZiriTadi kanonzomiere-
bebis codna arsebiTad aadvilebs iseTi teqnologi-
uri reJimis gamovlenas, romelic saSualebas iZ-
leva procesi Catardes ufro efeqturad, e. i. di-
di intensivobiT, maRalxarisxovani produqtis didi 
gamosavliT. 
 
    
2.2. qimiur2.2. qimiur2.2. qimiur2.2. qimiur----teqnologiuri procesebis klasifikaciateqnologiuri procesebis klasifikaciateqnologiuri procesebis klasifikaciateqnologiuri procesebis klasifikacia    

    
qimiuri teqnologiis procesebi iyofa, uwi-

nares yovlisa, qimiur, romlebic qimiur reaqciebs 
moicaven, da fizikur procesebad. qimiuri reaqci-
ebi qimiur-teqnologiuri procesis yvelaze mniSv-
nelovani etapia. qimiur-teqnologiuri procesebis 
klasifikaciis dros iTvaliswineben qimiuri reaqci-
ebis dayofas martiv, rTul-paralelur da rTul-
Tanamimdevrul reaqciebad. calkeuli klasis qimi-
ur-teqnologiuri procesebis aRwerisas reaqciebs 
yofen reagentebis urTierTqmedebis tipis mixedviT 
rogorc fuZe-mJavurs (heteroliturs) da Jangva-
aRdgeniTs (homoliturs). qimiuri reaqciebi da ma-
sagadacemis procesebi SeiZleba iyos Seqcevadi da 
Seuqcevadi. Sesabamisad, mTlianad gansxvavdeba teq-
nologiuri procesebic. aucilebelia gaiyos kine-
tikur da difuzur ubanSi mimdinare procesebi. 
procesebis am saxiT klasifikacia Zlier rTuldeba 
heterogenul sistemebSi, gansakuTrebiT airadi an 
Txevadi komponentis narevis myari forovani masa-
lis zedapirTan urTierTqmedebisas. aseT proce-
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sebSi, ganmsazRvreli  etapisagan damokidebulebiT, 
SeimCneva Semdegi ubnebi: gare-difuzuri, gare-di-
fuzuridan Siga-difuzurSi gardamavali, Siga-di-
fuzuri (myari masalis forebSi), Siga-gardamavali 
da kinetikuri. aseT ubnebs yvelaze meti mniSvne-
loba aqvT heterogenul-katalizuri procesebi-
saTvis. 
 Tu procesis meqanizmi rTulia, maSin misi 
mikuTvneba ama Tu im klasisadmi mizanmimarTulo-
biT ganisazRvreba. teqnologiuri procesebis kla-
sifikaciaSi didi mniSvneloba aqvs maTi optimiza-
ciisaTvis aucilebel reJims. teqnologiuri reJimi 
ewodeba ZiriTadi faqtorebis (parametrebis)  er-
Tobliobas, romelic moqmedebs procesis siCqare-
ze, produqtis gamosavalsa da xarisxze. umravlesi 
qimiur-teqnologiuri procesebisaTvis reJimis Zi-
riTadi parametrebia temperatura, wneva, kataliza-
toris gamoyeneba da misi aqtivoba, urTierTmoq-
medi nivTierebebis koncentracia, reagentebis are-
vis xerxi da xarisxi. zogierTi tipis qimiur-teq-
nologiuri procesebisaTvis pirvelxarisxovani mni-
Svneloba aqvs reJimis sxva maCveneblebs, romlebic 
damaxasiaTebeli ar aris umetesi qimiur-teqnolo-
giuri procesebisaTvis. magaliTad, eleqtroqimiuri 
procesebi xasiaTdeba denis ZabviT da simkvriviT, 
radiaciul-qimiuri -  radiaciis gamoyenebuli do-
niT da sxv.  
 teqnologiuri reJimis parametrebi gansazRv-
ravs Sesabamisi reaqtorebis konstruirebis princi-
pebs. am parametrebis optimalur mniSvnelobas See-
sabameba aparatebis maqsimaluri mwarmoebluroba 
da procesis momsaxure personalis maRali Sromis 



15 

 

nayofiereba. amitom teqnologiuri reJimis parame-
trebis xasiaTi da mniSvneloba safuZvlad udevs 
qimiur-teqnologiuri procesebis klasifikacias. 
teqnologiuri reJimis yvela parametri urTierT-
dakavSirebulia da erTmaneTs ganapirobebs. erTi 
romelime parametris cvlileba iwvevs reJimis sxva 
parametrebis optimaluri sidideebis mkveTr cvli-
lebas.  
 reaqtorebis konstruqciasa da procesis siC-
qareze Zlier gavlenas axdens reagentebis arevis 
xerxi da xarisxi. Tavis mxriv moreagire masebis 
arevis xerxi da intensivoba damokidebulia maT ag-
regatul mdgomareobaze. swored gadasamuSavebeli 
nivTierebebis agregatuli mdgomareoba gansazRv 
ravs maTi teqnologiuri gadamuSavebis xerxsa da 
aparatebis konstruirebis principebs. amitom qimi-
uri teqnologiis zogadi kanonzomierebebis Seswav-
lisas miRebulia procesebisa da maTi Sesabamisi 
reaqtorebis dayofa, uwinares yovlisa, urTierT-
moqmedi nivTierebebis agregatuli (fazuri) mdgo-
mareobis mixedviT. am niSnis mixedviT urTierT-
moqmedi nivTierebebis yvela sistemebs da maT Se-
sabamis teqnologiur procesebs yofen erTgvarovan, 
anu homogenur da araerTgvarovan, anu heteroge-
nul procesebad. 
 homogenurs uwodeben iseT sistemebs, sadac 
yvela moreagire nivTiereba erT romelime fazaSi 
imyofeba: airadSi, TxevadSi an myarSi. homogenur 
sistemebSi reaqciebi,  Cveulebriv, ufro swrafad 
mimdinareobs, vidre heterogenulSi, mTeli pro-
cesis meqanizmi ufro martivia da misi marTva 
advilia. amitom praqtikaSi xSirad miiswrafvian 
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homogenuri procesebisaken, anu gadahyavT myari 
moreagire nivTierebebi, ukidures SemTxvevaSi erTi 
maTgani, Txevad mdgomareobaSi galRobiT an gax-
sniT. amave mizniT atareben airebis absorbcias an 
kondensacias. 
 heterogenuli sistemebi or an mravalric-
xovan fazebs moicavs. arsebobs Semdegi orfaziani 
sistemebi: airi-siTxe, airi-myari sxeuli, siTxe-siT-
xe (Seurevadi), siTxe-myari sxeuli da myari sxeu-
li-myari sxeuli. sawarmoo praqtikaSi ufro  xSi-

ria sistemebi: a-s, a-m, s-m. xSirad sawarmoo pro-
cesebi mimdinareobs mravalfazian  heterogenul  

sistemebSi,  magaliTad,  a-s-m, a-m-m, s-m-m,  a-s-
m-m  da a. S. samrewvelo praqtikaSi ufro gavr-
celebulia heterogenuli procesebi, vidre homoge-
nuri. amasTan, rogorc wesi, procesis heteroge-
nuli etapi (masagadacema) difuzuri xasiaTisaa, xo-
lo qimiuri reaqcia mimdinareobs airad an Txevad 
areSi. magram rig warmoebebSi mimdinareobs hete-

rogenuli reaqciebi a-m, a-s, s-m sistemebis saz-
Rvarze da Cveulebriv gansazRvravs procesis sae-
rTo siCqares. heterogenuli reaqciebi mimdinare-
obs, magaliTad, myari nivTierebebisa da siTxeebis 
wvis (daJangvis) dros, liTonebisa da mineralebis 
mJavebsa da tuteebSi gaxsnisas. 
 teqnologiuri reJimis parametrebis mniSvne-
lobaTa mixedviT procesebi SeiZleba daiyos ro-
gorc dabal- da maRaltemperaturuli, katali-
zuri da arakatalizuri, vakuumSi, normalur da 
maRal wnevaze mimdinare, amosavali nivTierebebis 
dabali da maRali koncentraciebiT da sxv.  
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 procesebis droSi mimdinareobis xasiaTis mi-
xedviT Sesabamisi aparatebi da maTSi ganxorcie-
lebuli procesebi iyofa periodul da uwyvet 
procesebad. uwyvetad momuSave reaqtorebs uwo-
deben gamdinares, radgan maTSi ganuwyvetliv ga-
edineba moreagire masebis nakadebi. 
 hidrodinamikuri reJimis mixedviT asxvaveben 
reaqciis produqtebTan moreagire komponentebis 
Serevis or zRvrul SemTxvevas: sruli Sereva, ro-
ca turbulizacia imdenad Zlieria, rom reagen-
tebis koncentracia gamdinare reaqtorSi erTnai-
ria aparatis mTel moculobaSi sawyisi narevis 
Seyvanis wertilidan produqciuli narevis gamo-
sasvlelamde; idealuri gamodevna _  roca sawyisi 
narevi ar ereva reaqciis produqtebs da lamina-
rul nakadad gaedineba aparatis mTel sigrZeze an 
simaRleze. aseT reaqtorebSi SeimCneva koncentra-
ciis mudmivi gradienti aparatis yovel kveTSi da 
misi mdovre cvlileba reagentebis nakadis mimar-
TulebiT, maSin roca sruli Serevis sareaqcio mo-
culobaSi saerTod ar aris koncentraciis gra                                                                     
dienti. samrewvelo gamdinare reaqtorebSi arevis 
xarisxi yovelTvis naklebia, vidre sruli Serevis 
aparatebSi da metia vidre idealuri gamodevnis 
aparatebSi. zogierTi tipis reaqtorebSi arevis 
reJimi uaxlovdeba erT-erT zRvrul SemTxvevas. 
 temperaturuli reJimis mixedviT gamdinare 
reaqtorebi da maTSi mimdinare procesebi iyofa 
rogorc izoTermuli, adiabaturi da poliTer-                                                                     
muli. izoTermul reaqtorebSi temperatura mud-
mivia mTel sareaqcio moculobaSi, radgan egzo-
Termuli reaqciis siTbo gaiyvaneba an Tanabrad 
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nawildeba sareaqcio moculobaSi, xolo siTbos 
danaxarjebi procesebze mTlianad kompensirdeba 
siTbos miwodebiT. idealuri izoTermuli reJimi 
SesaZlebelia sruli Serevis reaqtorebSi. 
 adiabatur reaqtorebSi ar aris siTbos 
gamoyvana an miwodeba; mTeli siTbo akumulirdeba 
moreagire nivTierebaTa nakadiT. idealuri adiaba-
turi reJimi SesaZlebelia mxolod idealuri gamo-
devnis reaqtorSi garemodan misi sruli izola-
ciis dros. aseT reaqtorebSi nakadis temperatura 
reaqtoris RerZis gaswvriv sawyisi nivTierebis 
produqtad gardaqmnis xarisxis pirdapir- an uku-
proporciulia 
 programulad regulirebad (poliTermiul) 
reaqtorebSi reaqciis siTbo mxolod nawilobriv 
gaiyvaneba reaqciis zonidan an kompensirdeba misi 
miwodebiT endoTermuli procesebisaTvis. amis Se-
degad temperatura sareaqcio moculobis sigrZeze, 
an simaRleze, erTnairad icvleba. samrewvelo re-
aqtorebs umetesad poliTermiuli temperaturuli 
reJimi aqvT, rac zogjer uaxlovdeba izoTermul 
an adiabatur reJims. nivTierebaTa qimiur garda-
qmnebs ama Tu im zomiT YTan axlavs Tburi proce-
sebi. procesebs Tburi reJimis mixedviT yofen 
egzo- da endoTermulad. aseT dayofas gansakuTre-
biT didi mniSvneloba aqvs Seqcevadi reaqciebis 
wonasworobasa da siCqareze Tburi efeqtis 
gavlenis gansazRvris dros. mTel rig warmoebebSi 
Tburi efeqti gansazRvravs warmoebis teqnolo-
giur sqemas da reaqtoris konstruqcias. 
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2.3. wonasworoba teqnologiur procesebSi. wonasworoba teqnologiur procesebSi. wonasworoba teqnologiur procesebSi. wonasworoba teqnologiur procesebSi 
 

Qqimiuri procesebi iyofa Seqcevad da Se-
uqcevad procesebad. Seuqcevadi procesebi mxolod 
erTi mimarTulebiT mimdinareobs. reaqciebi, ro-
gorc wesi, Seqcevadia im mxriv, rom pirobebis 
Sesabamisad isini mimdinareobs rogorc pirdapiri, 
aseve uku mimarTulebiT. tipur sawarmoo piro-
bebSi mravali qimiuri reaqcia praqtikulad Seuq-
cevadia. ase, magaliTad, reaqcia 

 

,)( 2322 QOHCaCOOHСaCO ++=+  

 
airTa narevebis 2CO -sagan kiris rZiT gawmendis 
pirobebSi, praqtikulad Seuqcvvadia. Seuqcevadia 
mravali rTuli reaqcia, romlebic rigi stadiebis 
erTobliobaa, magaliTad piritis gamowvis reaqcia 

 
.82114 2222 3

QSOOFeOFeS ++=+  

    
heterogenul sistemebSi Seqcevads uwodeben 

iseT procesebs, romlebSic SesaZlebelia nivTie-
rebis an siTbos gadasvla rogorc erTi fazidan 
meoreSi, aseve piriqiT. 
 yvela Seqcevadi qimiur-teqnologiuri proce-
si miiswrafvis wonasworobisaken, romlis drosac 
pirdapiri da ukuprocesebis siCqareebi erTmaneTs 
utoldeba. amis Sedegad urTierTmoqmed sistemaSi 
komponentebis Tanafardoba ucvleli rCeba, sanam 
ar Seicvleba gare pirobebi. temperaturis, wnevis 
an koncentraciis cvlilebiT ki wonasworoba ir-
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Rveva da sistemaSi TavisTavad mimdinareobs di-
fuzuri da qimiuri procesebi, ris Sedegadac  aR-
dgeba wonasworoba axal pirobebSi. 
 teqnologiuri reJimis parametrebis gavlena 
wonasworobaze homogenur da heterogenul siste-
mebSi Tvisobrivad le-Satelies principiT ganisa-
zRvreba. am principis Tanaxmad sistemebSi, romle-
bic wonasworobis mdgomareobidan gamodis gare 
zemoqmedebiT, mimdinareobs sistemis wonasworo-
bidan gamomyvani zemoqmedebis Sesustebisaken mimar-
Tuli cvlilebebi. magaliTisaTvis ganvixiloT le-
Satelies principis gamoyeneba sinTezis egzo-
Termuli reaqciis mimarT: 
 
                ,QpDnBmA +↔+         (II, 1) 
  
sadac ,m  ,n  da p  aris ,A  B  da D  nivTierebebis 
molebis raodenobebi; Q - reaciis Tburi efeqti. 
aRvniSnoT nivTierebebis moculoba V -Ti da Cav-
TvaloT, rom AV + BV DVf  e. i. reaqcia mimdinareobs 
moculobis SemcirebiT. 
 ZiriTadi pirobebi, romlebic gavlenas axdens 
misaRebi produqtis raodenobaze, aris t  tempera-
tura, P  wneva da moreagire nivTierebebis AC  da 

BC  koncentraciebi (Tanafardobani sareaqcio mo-
culobaSi). wonasworobis marjvniv gadanacvlebi-
saTvis, e. i. produqtis gamosavlis gasadideblad 
(wonasworuli gamosavlis gasadideblad), le-
Satelies principis Tanaxmad, aucilebelia t  
temperaturisa da produqtis DC  koncentraciis 
Semcireba, e.i. produqtis gamoyvana sareaqcio zo-
nidan, agreTve, P  wnevisa da amosavali nivTie-
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rebebis AC  da BC  koncentraciebis gadideba sare-
aqcio zonaSi. amasTan, AC -s gadideba xels Seuw-
yobs B  nivTierebis ufro srul gardaqmnas da 
piriqiT. am garemoebas xSirad iyeneben mrew-
velobaSi. ase, magaliTad, qlorwyalbadis sinTezis 
dros jamuri reaqciiT: 
 

,222 QHClHСl +=+     
 
qloris arseboba qlorwyalbadovan airSi arasa-
survelia (is aWuWyianebs marilmJavas), wyalbadis 
Semcveloba ki garTulebebs ar iwvevs. amitom iye-
neben ra airTa narevs Warbi wyalbadiT, Rebuloben 
produqts, romelic TiTqmis ar Seicavs qlors. 
 sistemis wonasworul mdgomareobas axasia-
Teben wonasworobis mudmivas saSualebiT. igi ix-
mareba moZravi wonasworobis raodenobrivi gansa-
zRvrisaTvis. fizikur qimiaSi wonasworobis mudmi-
va ganisazRvreba rogorc Termodinamikuri sidide, 
magram misi gamoyvana SeiZleba moqmed masaTa kano-
nidanac, romlis Tanaxmadac qimiuri reaqciis siC-
qare mocemul momentSi moreagire nivTierebaTa 
moluri koncentraciebis namravlis pirdapirpro-
porciulia. zemoT moyvanili reaqciisaTvis pirda-
piri reaqciis siCqare 

               1u 1k= ,][][ nm BA (II, 2) 
 
xolo Sebrunebuli reaqciis siCqare 
                         

                2u 2k= PD][ ,            (II, 3) 
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sadac 1k  da 2k  pirdapiri da Sebrunebuli reaq-
ciebis siCqareTa mudmivebia; [ ],A  [ ]B  daD [ ]D  - 
moreagire nivTierebebis moluri koncentraciebi 
(an parcialuri wnevebi) mocemul momentSi, e. i. 
droSi cvladi sidideebi. wonasworobis K  mudmiva 
gamoiTvleba rogorc pirdapiri da Sebrunebuli 
reaqciebis siCqareTa mudmivebis fardoba wonas-
worobis dros, e. i. roca  1u 2u= : 

     

         [ ] [ ] [ ]pnm
DkBAk ∗∗ = 21 ,    saidanac              

 

    
nm

p

BA

D

k

k
K

][][

][
**

*

2

1 == ,        (II,4) 

 

sadac ],[ *A  ][ *B  daD ][ *D  moreagire nivTierebebis 
koncentraciebi an parcialuri wnevebia wonaswo-
robis mdgomareobaSi. airebisaTvis K  SeiZleba ga-
moisaxos moreagire komponentebis p  parcialuri 
wnevis (magaliTad atmosferoebSi), komponentebis 
C  koncentraciis (magaliTad moli/m3-Si) da, bo-
los, moluri N  wilebis saSualebiT. Ses abamisad 
miiReba wonasworobis mudmivebi  ,PK  ,CK  da NK . 

isini erTmaneTTan dakavSirebulia gantolebebiT 
 

  N

CP RTKK
∆= )(     da       ,N

NP PKK
∆= , 

 
sadac PP  aris airTa narevis saerTo wneva, ∆ N  - 
reaqciis Sedegad airebis molebis ricxvis nazrdi. 
mocemuli samodelo reaqciisaTvis 
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∆ )( nmpN +−= . 
 
 wonasworobis mudmivas miRebuli gantoleba 
gamousadegaria K -s gansazRvrisaTvis, radganac wo-
nasworuli koncentraciebi Cveulebriv ucnobia da 
ganisazRvreba cnobili amosavali koncentracie-
bisaTvis K -s sididis mixedviT. cdebiT gansazRv-
ruli wnevisa da temperaturis mixedviT analizuri 
gziT gamoTvlili wonasworobis mudmivas mniSvne-
lobebi sxvadasxva reaqciisaTvis mocemulia Sesaba-
mis saxelmZRvaneloebsa da cnobarebSi cxrilebisa 
da nomogramebis saxiT. cdiseuli monacemebiT K -s 
gansazRvrisaTvis mas gamoxataven produqtis ga-
mosavlis saSualebiT. 
 produqtis gamosavali ewodeba faqtobrivad 
miRebuli produqtis  Gf  raodenobis Sefardebas 
produqtis maqsimalur Gmaqs raodenobasTan, rome-
lic SeiZleba miRebul iqnes mocemuli amosavali 
nivTierebidan:  
 
                                    maqsf GGx /=                                 (II, 5) 

 
qimiuri reaqciebisaTvis produqtis maqsimaluri 
raodenoba ganisazRvreba reaqciis gantolebiT Zi-
riTadi amosavali nivTierebis mixedviT. ZiriTad 
nivTierebad, rogorc wesi, iTvleba sareaqcio nare-
vis yvelaze Zvirfasi komponenti, romelic, Cveu-
lebriv, steqiometriulze naklebi raodenobisaa. 
ase, magaliTad, samrewvelo reaqciisavis  

322 22 SOOSO =+ ,  ZiriTad reagentad Tvlian gogi-

rdis dioqsids, radgan meore reagenti – Jangbadi 
– haeris SedgenilobaSi Sedis da naklebad Zvir-
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fasia. es exeba haeris JangbadiT daJangvis yvela 
mravalricxovan reaqcias, romelSic Jangbadi yo-
velTvis Warbi raodenobiT monawileobs.  

 wonasworul gamosavals wonx -s Cveulebrivad 

iTvlian wonasworobis konstantis mniSvnelobis 
cxrilebis gamoyenebiT. meore mxriv, cxrilebSi mo-
cemuli K -s mniSvnelobebi gamoTvlilia igive 
formulebiT eqsperimentulad gansazRvruli pro-
duqtis wonasworuli gamosavlis saSualebiT. pro-
duqtis wonasworuli gamosavlis saSualebiT wo-
nasworobis konstantis gamosaTvleli formulis 
saxe ganisazRvreba reaqciis tipiT. gamoviyvanoT 
formula airebs Soris mimdinare DBA ↔+  tipis 
reaqciisaTvis. am saxiT mimdinareobs warmoebaSi 
rigi reaqciebisa, kerZod azotis oqsidisa da di-
oqsidis asociacia azotmJavis warmoebaSi, eTilis 
spirtis, fosgenis, sulfurilqloridis sinTezebi: 

 

322 ONNONO ↔+ , 

,23222 OHCHCHOHCHCH ↔+=  

,22 COClClCO ↔+  

                 .2222 ClSOClSO ↔+  
  

Tu aRvniSnavT produqtis wonasworul gamo-
savals erTeulis wilebSi x-iT, amosavali nivTie-
rebebisa da produqtis parcialur wnevebs air-

narevSi ∗∗
BA pp ,  da  ∗

Dp -Ti, sufTa airnarevSi amosava-
li nivTierebebis steqiometriuli Tanafardobis 
dros wonasworobis mdgomareobaSi SeiZleba 
daiweros: 
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                ,∗∗∗ ++= dBA pppP            (II, 6)    

 
sadac P   aris saerTo wneva. Tavis mxriv wonaswo-
ruli gamosavali ( )wonxx =  iqneba:QNEBA  

   

P

p

G

G
x DD

∗

==
maqs

won  . 

 
(II,6) gantolebis P-ze gayofiT miviRebT: 

 

wonx
P

p

p

p BA −=+
∗

1       da       
2

1 wonx

P

p

P

p BA
−

==
∗∗

. 

  
Tavis mxriv wonasworobis konstanta 
 

 .
]][[

][
**

*

∗∗

∗

⋅
==

BA

D

pp

p

BA

D
K  

 
Tu am gantolebaSi CavsvamT parcialuri wnevebis 
mniSvnelobebs miviRebT: 
 

          ( ) .
1

4

2

1
2

2

2
Px

x

P
x

Px
K

won

won

won

won

−
=








 −
=        (II, 7) 

 
reaqciebisaTvis, romelTa gantolebebic 

gamoixateba modeliT ,2DBA ↔+  magaliTad, qlo-
rwyalbadis sinTezis, azotis oqsidis dimeris 
daJangvisaTvis ,2 2222 NOOON ↔+  SeiZleba agreTve 
daiweros:           
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 amrigad, SeiZleba miviRoT gantolebebi, 
romlebic akavSirebs K -sa da x -s nebismieri Seq-
cevadi reaqciisaTvis. Tu miRebul gantolebebs 
amovxsniT x -is mimarT, SeiZleba davadginoT, rom 
le-Satelies principis Tanaxmad, pirvel SemTxvevaSi 
gamosavali izrdeba wnevis gadidebiT, xolo meore 
SemTxvevaSi masze ar aris damokidebuli. moyvanili 
tolobebi, romlebic reqciis siCqares an wonaswo-
robas gamoxatavs, marTebulia idealur airebsa an 
usasrulod ganzavebul siTxeebs Soris mimdinare 
martivi reaqciebisaTvis. praqtikul pirobebze ga-
dasvlis dros saWiroa moreagire komponentebis 
aqroladobisa da aqtivobis gaTvaliswineba. 
 K -s gamosaTvlelad xSirad iyeneben teqnikur 
cnobarebsa da fizikuri qimiis saxelmZRvaneloebSi 
mocemul standartul cxrilebs, sadac standar-
tul mdgomareobaSi mocemulia warmoqmnis siT-
boebi (siTboSemcvelobis cvlileba) rq  an ∆Η  
(j/moli), ∆Ζ  izobarul-izoTermuli potencialis 
cvilileba da S  absoluturi entropiebi  250C  
temperaturasa da 1 atm wnevaze. ase, magaliTad, 
   

T

Z
KP

1,19
lg

∆
= ,    Aan   .

1,19
lg

T

HST
KP

∆−∆
=  
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 magram am formulebis mixedviT gamoTvli-
saTvis aucilebelia procesis meqanizmis axsna, e, i. 
reqciis ara jamuri, aramed WeSmariti gantolebis 
codna. wonasworobis K  konstantis temperaturaze 
damokidebuleba gamoixateba izobaris gantolebiT: 
 

           ,
ln

2
RT

q

dT

Kd P =                    (II,9) 

 
romelic gamoiyeneba 2T  temperaturaze ucnobi 

2PK  

wonasworobis konstantis gansazRvrisaTvis 1T -ze 

cnobili 
1PK -sa da mudmiv wnevaze cnobili reaq-

ciis q  Tburi efeqtis  mixedviT: 
 

,
11

3,2
lg

211

2









−=

TTR

q

K

K

P

P  

 
sadac  3,8=R  j/moli.grad aris airebis mudmiva. 
Tu CavsvamT mis mniSvnelobas, miviRebT: 
 

            
( )

.
1,19

lg
21

12

1

2

TT

TTq

K

K

P

P −
=            (II, 10)      

 
 gantolebebi miRebulia q -s mudmivi mniSvne-

lobisaTvis gansazRvrul 1T  temperaturaze, ami-
tom maTi gamoyeneba SeiZleba iseT temperaturul 
intervalSi, romelic q -s mcire cvlilebas Seesa-
bameba. temperaturis mniSvnelovani  cvlilebis 
dros K -s gamosaTvlelad iyeneben gantolebas: 
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,
8,136,4

lg
3,2

lg 1

2210

0

KT
R

a
T

R

a
T

R

a

RT

q
KP ±

∆
±

∆
±

∆
±=     (II, 

11)            

 
sadac 210 ,, aaa ∆∆∆ , nernstis Tburi gantolebis 
koeficientebia, romlebic sxvadasxva reaqciebisa-
Tvis mocemulia sacnobaro literaturaSi. imis 
gamo, rom  219 ,, aaa ∆∆∆  koeficientebis mniSvnelo-

bebi Zalian mcirea, teqnikuri gaangariSebebisaTvis 
xSirad iyeneben gamartivebul formulas: 

1lg K
T

a
KP ±=    sadac  

R

q
a

3,2

0

= , ( “+” egzoTermu-

li, xolo “–“ endoTermuli reaqciebisaTvis). 
 heterogenul procesebSi wonasworoba, rome-
lic gansazRvravs wonasworul gamosavals, damoki-
debulia wnevaze, temperaturasa da urTierTmo-
qmedi nivTierebebis koncentraciaze. qimiuri  wo-
nasworobis konstantebs heterogenuli sistemebis 
yvela fazaSi iTvlian zemoTmoyvanili gantole-
bebiT. fazaTaSoris wonasworobas sazRvraven niv-
Tierebis ganawilebis kanonisa da fazaTa wesis 
safuZvelze.   

 

 

2.2.2.2.4444. qimiur. qimiur. qimiur. qimiur----teqnologiuri sistemebiteqnologiuri sistemebiteqnologiuri sistemebiteqnologiuri sistemebi    
    

2.2.2.2.4444.1 qimiuri warmoeba rogorc.1 qimiuri warmoeba rogorc.1 qimiuri warmoeba rogorc.1 qimiuri warmoeba rogorc    
rTuli sistemarTuli sistemarTuli sistemarTuli sistema    

    
    realuri qimiuri warmoeba aris mravalri-

cxovani urTierTdakavSirebuli teqnologiuri 
aparatebis erToblioba, romelTa daniSnulebaa 
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nedleulis gadamuSaveba moxmarebis produqtebad 
da warmoebis saSualebebad. es rTuli kompleq-

sia, romelSic mraval SemTxvevaSi aparatebis mu-
Saobis optimaluri parametrebi erTmaneTs ar em-

Txveva. magaliTad, gogirdmJavis warmoeba Sedgeba 
Tanamimdevruli etapebisagan, romelTa tempera-

turuli, da agreTve hidrodinamikuri pirobebi 
sxvadasxvaa: 
 1. almadnis gamowva xdeba 7000C-ze maRal 
temperaturaze mduRare fenian RumlebSi (reJimi 
axlosaa srul SerevasTan). 
 2. namwvi airi iwmindeba daaxloebiT 300C-ze 
wyoburian svetebsa (reJimi axlosaa idealur ga-

modevnasTan) da eleqtrofiltrebSi. 
 3. gogirdis dioqsidi iJangeba trioqsidad 
400-6000C-ze sakontaqto aparatebSi, magaliTad 
TarovanSi, romelic SeiZleba ganvixiloT ro-

gorc ujredovani modeli. 
 4. gogirdis anhidridi STainTqmeba wyliT 
500C-ze wyoburian svetebSi. 
 Sesabamisad, mTeli warmoebis optimaluri 
funqcionireba ar SeiZleba iyos yoveli aparatis 
muSaobis pirobebis aditiuri funqcia. aqedan ga-

momdinare, teqnologiuri procesis calkeuli 
elementebis gamokvlevasTan erTad aucilebelia 

mTeli qimiur-teqnologiuri sistemis (qts) Ses-

wavla. qimiur-teqnologiuri sistema aris teqno-

logiuri nakadebiT urTierTdakavSirebuli apa-
ratebis erToblioba, romelic moqmedebs rogorc 
erTi mTliani da sadac xorcieldeba teqno-
logiuri operaciebis gansazRvruli Tanamimdev-

roba – nedleulis momzadeba qimiuri gardaqmni-

saTvis, qimiuri gardaqmna, miznobrivi produqte-

bis gamoyofa da gawmenda.  
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yoveli teqnologiuri operacia mimdina-

reobs calkeul aparatebSi, romlebic qts-is 
elementebia. qts-is kvlevisaTvis damaxasiaTebe-

lia, rom am dros ar Seiswavleba elementebis 
Sinagani Tvisebebi da struqtura, analizdeba ma-

Ti mxolod iseTi Tvisebebi, romlebic gansaz-

Rvravs mis urTierTkavSirs qts-is sxva ele-
mentebTan da moqmedebs mTlianad sistemis Tvise-
bebze. 

 sistemis mdgomareoba damokidebulia qts-
is konstruqciul parametrebsa da teqnologiur 
reJimze. 
 qimiur-teqnologiuri sistemis konstruqci-

uli parametrebia sistemis elementebis geometri-

uli maxasiaTeblebi – moculoba, diametri, sima-

Rle da a. S. qts-is teqnologiuri reJimis para-

metrebi maCveneblebis erTobliobaa elementis 
SigniT, romlebic moqmedebs teqnologiuri pro-

cesis siCqareze, produqtis gamosavalsa da xa-

risxze; maT miekuTvneba reagentebis koncentra-

cia, tmperatura, katalizatoris aqtivoba, naka-

dis hidrodinamika. qts-is parametrebze damoki-

debulia misi funqcionireba, rac ganisazRvreba 
efeqturobis maCveneblis – realizebuli pro-

duqciis – raodenobiT, produqciis xarisxiT, sa-

eqspluatacio da kapitaluri danaxarjebis mi-
xedviT. 

 amasTan, unda aRiniSnos, rom qts-is maCvene-

blebze ueWvelad moqmedebs misi calkeuli ele-

mentebis maCveneblebi, romlebSic erTdroulad 
mimdinareobs fizikuri da qimiuri procesebi. 
procesebisa da maTi Sesabamisi aparatebis mimde-

vrobiT aRweras ewodeba qts-is teqnologiuri 
sqema. 
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 miRebulia qts-is teqnologiuri sqemebis 
or ZiriTad jgufad dayofa: 1) Ria jaWviani; 2) 
cikluri (cirkulaciuri, wriuli, Caketili).  
 Ria jaWviani sqema Sedgeba aparatebisagan, 
romlebSic moreagire komponentebi an erT-erTi 
urTierTmoqmedi faza mxolod erTjer gaivlis. 
Tu erT aparatSi gardaqmnis xarisxi mcirea, 
mimdevrobiT dgamen ramdenime erTtipur aparats, 
magaliTad, reaqtorebis batareas. 
 airadi fazis mixedviT Ria jaWviani 
procesis magaliTia nitrozuli airebis mJavuri 
absorbciis ganyofilebis teqnologiuri sqema 
atmosferul wnevaze susti azotmJavis warmoe-
baSi. Ria jaWviani sqemiT ageben warmoebebs, ro-
mlebic moicavs produqtis sakmaod maRali gamo-
savliT mimdinare Seqcevad da Seuqcevad proce-
sebs. Tu ki erT aparatSi produqtis gamosavali 
Seadgens 4-5%-s (spirtebis sinTezi) an 20%-mde 
(amiakis sinTezi) da moreagire narevi Seicavs 
minarevebs mxolod umniSvnelo raodenobiT (Cve-
ulebriv inertuls), maSin mizanSewonilia warmo-
ebis ageba cikluri sqemiT. 
 cikluri sqema iTvaliswinebs erTsa da ima-
ve aparatSi yvela teqnologiuri masebis an erT-
erTi fazis (heterogenul procesebSi) mravalje-
rad dabrunebas amosavali nivTierebis mocemuli 
gardaqmnis xarisxis miRwevamde. cikluri sqemebis 
tipuri magaliTebia amiakis, spirtebis, Zravis 
saTbobis sinTezis sqemebi da sxv. yvela aseT 
warmoebaSi aparatSi erT ciklSi miiRweva mcire 
gardaqmnis xaarisxi, magram moreagire narevi 
produqtis gamoyofis Semdeg mravaljer cirku-
lirebs aparatSi TiTqmis praqtikulad srul 
gardaqmnamde. sacirkulacio narevs ganuwyvetliv 
emateba amosavali masalebis iseTi axali raode-
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noba, romelic Seesabameba mis xarjs erT ciklSi 
warmoqmnil produqtze, danakargebis gaTvaliswi-
nebiT. ramdenadac procesSi ixarjeba mxolod Zi-
riTadi amosavali komponentebi, cirkulirebul 
narevSi grovdeba is balasturi minarevebi, rom-
lebsac amosavali narevi Seicavs. maT mosaSore-
blad periodulad ciklidan gamohyavT sacirku-
lacio airnarevis raRac nawili. ciklur sqemebs 
gansakuTrebuli ekonomikuri da ekologiuri mni-
Svneloba aqvT, radganac warmoebaSi maTi gan-
xorcieleba iZleva mavne gamonatyorcnebis mkve-
Trad Semcirebis saSualebas. 
 heterogenul procesebSi xSirad iye-
neben kombinirebul sqemebs, romlebSic erT-erTi 
moreagire faza gadis mimdevrobiT SeerTebuli 
aparatebis rigSi da misi darCenili nawili 
gamoityorcneba, xolo meore faza cirkulirebs 
sqemis zogierT aparatSi. magaliTad, koqsis 
airis gadamuSavebis dros orTqlairis narevi 
gadis mimdvrobiT Ria jaWviani sqemis yvela 
aparatSi, xolo gamacivebeli da saabsorbcio 
xsnarebi cirkulirebs calkeul aparatebSi. 
 
    

III  UbUbUbUbwjwjwjwj 

!!!!
ipnphfovsj!qspdftfcjipnphfovsj!qspdftfcjipnphfovsj!qspdftfcjipnphfovsj!qspdftfcj!!!!

!!!!

3.1. homogenuri qimiuri procesebis 3.1. homogenuri qimiuri procesebis 3.1. homogenuri qimiuri procesebis 3.1. homogenuri qimiuri procesebis     
daxasiaTebadaxasiaTebadaxasiaTebadaxasiaTeba 

 
homogenuri, e. i. erTgvarovan areSi (Txe-

vadi an airadi narevebi, romelTac ar aqvT sis-
temis nawilakebis erTmaneTisagan gamyofi zeda-
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piri) mimdinare procesebi, SedarebiT iSviaTad 
gvxvdeba mrewvelobaSi. wminda homogenuri siste-
mis miReba Znelia. nebismieri nivTiereba Seicavs 
meore fazaSi myofi sxvadasxva minarevebis kvals. 
magaliTad, 1 ml distilirebuli wyali Seicavs 
20000-dan 30000-mde mtvris nawilaks. 
 mravali samrewvelo procesisaTvis (Jangva, 
wva da sxv.) haeri homogenur ared iTvleba, pla-
tinis katalizatorze amiakis daJangvis proce-
sisaTvis ki igive haeri heterogenuli garemoa ma-
sSi mtvris, wylis wveTebisa da sxv. Semcvelobis 
gamo. mrewvelobaSi gamoyenebuli amosavali ned-
leuli yovelTvis Seicavs minarevebs, romlebic 
xSirad moqmedebs procesis msvlelobaze rogorc 
katalizatorebi an inhibitorebi. amitom mxolod 
pirobiTad  SeiZleba CavTvaloT homogenurad is 
sawrmoo procesebi, romlebic airad an Txevad 
fazaSi mimdinareobs. sazRvari homogenursa da 
heterogenul sistemebs Soris gadis koloidebsa 
da wminda aerozolebze, romlebsac mikrohete-
rogenul sistemebs uwodeben. da Tumca ar SeiZ-
leba mkveTri sazRvris povna, erTi mxriv, hete-
rogenul tivtivarebsa da koloidur xsnarebs, 
xolo meore mxriv koloidur da WeSmariT 
xsnarebs Soris, mainc pirobiTad SeiZleba am 
dayofis Catareba dispersiuli fazis nawilakebis 
zomebis mixedviT. uxeSi dispersiuli sistemebi 
(suspenziebi, emulsiebi), romlebic SeiZleba mi-
vakuTnoT heterogenulebs, Seicavs 0,1 mk-ze meti 
diametris nawilakebs. koloidur sistemaSi nawi-
lakebis zoma meryeobs 1 mmk-dan 0,1 mk-mde. WeSma-
riti xsnarebi ki (molekuluri da monodis-
persiuli sistemebi), romelTac miekuTvneba 
marilebis, mJavebis, tuteebisa da sxva xsnarebi, 
Seicavs 1 mmk-ze mcire zomis nawilakebs, 
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 koloiduri nawilakebis zomebis molekule-
bamde Semcireba aaxloebs maqsimalurad ganviTa-
rebul zedapirian mikroheterogenul koloidur 
xsnarebs WeSmaritTan, e. i. isini SeiZleba CaiTva-
los homogenur sistemebad, maSin  roca suspenzi-
ebi (Tixa, mRvrie wyali, kiris rZe da sxv.) da 
emulsiebi (zeTis uwvrilesi wveTebi wyalSi) uk-
ve heterogenul sistemebs miekuTvneba. homogenur 
sistemebSi reaqciebi, rogorc wesi, gacilebiT 
swrafad mimdinareobs, vidre heterogenulSi. gu-
lmodgined arevis drosac ki or urTierTuxsnar 
siTxeSi urTierTmoqmed nivTierebaTa molekule-
bis SejaxebaTa ricxvi gacilebiT mcirea, vidre 
homogenur sistemebSi. homogenurad mimdinare 
procesebis ganxorcieleba da marTva advildeba. 
amitom mravali samrewvelo heterogenuli proce-
si romelime etapis saxiT Seicavs homogenur qimi-
ur stadias (reaqcias) airad an Txevad fazaSi. 

sistemis homogenizaciisaTvis mrewvelobaSi 
xSirad airebs STanTqaven an orTqls aTxevade-
ben, myar masalebs xsnian an alRoben da am gziT 
Rebuloben Txevad garemos, romelSic ufro 
swrafad mimdinareobs reaqciebi. zogjer siTxe-
ebs aorTqleben an gamoyofen maTgan saWiro kom-
ponentebs da reaqcias atareben airad fazaSi. 
ase, magaliTad, eTilenis gogirdmJavuri hidra-
taciis dros procesi iwyeba gogirdmJaviT eTi-
lenis fizikuri absorbciiT, Semdeg ki Txevad 
fazaSi homogenurad xorcieldeba eTilgogird-
mJavis warmoqmna da misi Semdgomi hidrolizi: 

 

,2524222 OHOSOHCSOHCHCH ↔+=  

.4252252 SOHOHHCHOHOHOSOHC +↔+  
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ase tardeba sinTezis (asociacia, polimeri-
zacia, mimocvla, mierTeba, Canacvleba), daSlis 
(depolimerizacia, krekingi) da mravali sxva 
reaqcia.  

 
 

3.2. homogenuri procesebi airad 3.2. homogenuri procesebi airad 3.2. homogenuri procesebi airad 3.2. homogenuri procesebi airad 
fazaSifazaSifazaSifazaSi    

 
 airad fazaSi mimdinare homogenur procesebs 
farTod iyeneben organul nivierebaTa teqnologiaSi. am 
procesebis gansaxorcieleblad organul nivTierebebs 
aorTqleben da Semdeg maT orTqls amuSaveben ama Tu im 
airadi komponentiT: qloriT, gogirdis dioqsidiT, Jan-
gbadiT (haeriT), azotis oqsidebiT da sxv. farTod ga-
moiyeneba orTqlfazovani pirolizi (meTanis krekingi 
acetilenad an eTilenad, propanisa – eTilenad da pro-
pilenad da sxv.), romelSic daSlis qimiuri reaqciebi 
orTqlis fazaSi xorcieldeba. naxSirwyalbadebis an ma-
Ti nawarmebis qlorireba xorcieldeba organuli gamxs-
nelebis, Sxamqimikatebisa da organuli sinTezis sxva 
mravalferovani produqtebis misaRebad. gamoyenebuli 
inicirebis saSualebebis nixedviT asxvaveben qlorirebis 
Termul, fotoqimiur da katalizur meTodebs. aqedan 
pirveli ori homogenuria, xolo mesame – heteroge-
nuli. 
 Termuli qlorirebis dros aqtivaciis energia 
daaxloebiT 84 kj/mol-ia. procesi xorcieldeba 250-
4000C-ze. rac naklebad reaqciisunariania naxSirwyal-
badi, miT ufro meti temperaturaa saWiro. meTanis 
qlorirebis dros, misi wyalbadatomebis mimdevrobiTi 
CanacvlebiT miiReba oTxi nawarmis narevi: 

 

,324 HClClCHClCH +→+  

,2223 HClClCHClClCH +→+  
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,3222 HClCHClClClCH +→+  

.423 HClCClClCHCl +→+  

    
    procesis pirobebis, amosavali nivTierebebis Tana-
fardobis, qlorirebis reJimis cvliT, SesaZlebelia re-
aqciis warmarTva ama Tu im qlorwarmoebulis upira-
tesi warmoqmnis mimarTulebiT; ase, magaliTad, qlori-
ani meTili da meTileni miiReba meTanis didi siWarbis 

dros ( 4CH : 2Cl = 3 ÷ 8 :1)  400—450
0
C-ze. qlorirebas 

atareben kameruli tipis specialur reaqtorSi (nax. 
III.1),  romlis foladis korpusi  amogebulia Samotis 
aguriT.  sawvavi airiT (meTanisa da haeris narevi) apa-
ratis winaswari gacxelebis Semdeg, ris Sedegadac amo-
nagebi da wyoburi agrovebs siTbos, keramikuli miliT, 
romlis boloc CaSvebulia Siga keramikul cilindrSi, 
miewodeba aseve winaswar 120-2500C-mde gacxelebuli 
amosavali airadi narevi. reaqciis produqtebi gamohyavT 
aparatis zeda nawilidan da agzavnian gasayofad. 
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nax. III.1. aparati meTanis qlorirebisaTvis: 1 – foladis         
garsacmi; 2 – Samotis amonagebi;  3 – wyoburi (faifuris 

rgolebi); 4 – Siga keramikuli cilindri. 
 
 mrewvelobaSi iyeneben orstadiur process. pirve-
lad, airad fazaSi, meTanis Termuli qorirebiT Rebu-

loben ClCH 3 -sa da 22ClCH -s, xolo Semdeg fotoqi-

miuri Txevadfazuri qlorirebiT procesi mihyavT 

3CHCl -isa da 4CCl -is warmoqmnamde. 

 naxSirwyalbadebis fotoqimiuri qlorireba didi 
siCqariT xorcieldeba dabal temperaturaze. reaqcia 
jaWvuri meqanizmiT mimdinareobs Txevad an airad fa-
zaSi da xSirad misi mimarTuleba sxva aris vidre Ter-
muli qlorirebisa. fotoqimiuri qlorirebis energia 
gacilebiT mcirea da 42-63 kj/mol-s udris. am dros 
reaqciis siCqare da aqtiuri nawilakebis koncentracia 
ganisazRvreba mxolod gamosxivebis intensivobiT da ar 
aris damokidebuli temperaturaze.. 
 sulfoqlorirebas, e. i. najer naxSirwyalbadebze 
gogirdis dioqsidisa da qloris erTdroul moqmedebas 

( )HClClSORClSORH +−−→++ 222  iyeneben gamrecxi 
saSualebebis warmoebisaTvis. es aris tipuri jaWvuri 
reaqcia, romlis seleqciurad warmarTva sulfoqlori-
dis warmoqmnis mimarTulebiT, xerxdeba ultraiisferi 
sinaTlis zemoqmedebiT. 
 

3.3. homogenuri procesebi Txevad fazaSi3.3. homogenuri procesebi Txevad fazaSi3.3. homogenuri procesebi Txevad fazaSi3.3. homogenuri procesebi Txevad fazaSi 
 
 Txevad fazaSi mimdinare mravalricxovani proce-
sebidan homogenurs SeiZleba mivakuTnoT mJavis wyal-
xsnaris tutis wyalxsnariT neitralizaciis procesebi 
mineraluri marilebis teqnologiaSi, maTi urTierT-
qmedebis sawyis periodSi, myari marilis warmoqmnamde; 
magaliTad amoniumis sulfatis miReba amiakiani wylisa 
da gogirdmJavis urTierTqmedebiT. aseTive principiT 
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mimdinareobs xsnarebSi zogierTi mimocvliTi reaqciebi 

,)( 33 NaClKNONaNOKCl +↔+ zogierTi rTuli eTeris 

warmoqmna, eTilgogirdmJavis, izopropilsulfatis, al-
kilqloridebisa da sxvaTa hidrolizis procesebi. Txe-
vad fazaSi tardeba benzolsulfomJavis tutovani 
lRoba  fenolis warmoqmniT, eTilenglikolis miReba 
eTilenis Jangis hidrataciiT: 

 

O

OHCHOHCHCHCH
OH

2222
3 − →−

 

Txevad fazaSi Rebuloben spirtebisagan martiv da 
rTul eTerebs; magaliTad, eTilsulfati iSleba meore 
spirtiT: 

   423523252 SOHOCHHCOHCHOHOSOHC +→+  

  

3.4. homogenuri procesebis Ziri3.4. homogenuri procesebis Ziri3.4. homogenuri procesebis Ziri3.4. homogenuri procesebis ZiriTadi Tadi Tadi Tadi 
kanonzomierebebikanonzomierebebikanonzomierebebikanonzomierebebi    

    
 ganvixiloT qimiuri teqnologiis kanonzo-
mierebani homogenur procesebTan mimarTebaSi, e. 
i. moreagire nivTierebebis koncentraciis, wnevis, 
urTierTarevis gavlena airad da Txevad areSi 
mimdinare procesebis siCqareze. homogenuri pro-
cesebi, rogorc wesi, mimdinareobs kinetikur are-
Si, e. i. procesis saerTo siCqare ganisazRvreba 
qimiuri reaqciis siCqariT, amitom reaqciebisaT-

vis dadgenili kanonzomierebani marTebulia  sae-

rTod airad da Txevad fazaSi mimdinare mTeli 
procesisaTvis. 
 kinetikis TvalsazrisiT qimiuri reaqciebis 
klasificireba SeiZleba molekulurobis, e. i. qi-
miuri gardaqmnis elementarul aqtSi erTdro-
ulad monawile molekulebis ricxvisa da rea-

qciis rigis mixedviT. reaqciis rigi udris more-
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agire nivTierebaTa koncentraciebis xarisxis 
maCveneblebis jams mis kinetikur gantolebaSi. 
umetesad reaqciis rigi ar emTxveva mis mole-
kulurobas. molekulurobis mixedviT reaqciebi 
SeiZleba iyos monomolekuluri, bimolekuluri 
da a. S., xolo rigis mixedviT – pirveli, meore 
da a. S., wiladuri, nulovani an uaryofiTi 
rigisa. 
monomolekulurebs (erTmolekulurebs) miekuTvneba: 

DA →  tipis Sigamolekuluri gadajgufebis reaqciebi, 

magaliTad, izomerizacia, inversia da  ''
DDA +→  

tipis daSlis reaqciebi. magaliTebis saxiT SeiZleba mo-

viyvanoT diazomeTanis daSla ,262323 NHCCHNCH +→  

eTanis krekingi  .24262 HHCHC +→  

bimolekuluria (ormolekuluri) reaqciebi,  ro-
mlebSic elementaruli aqti xorcieldeba amosavali 

nivTierebebis ori erTsaxela ( )A2  an sxvadasxva ( )BA +  
molekulis Sexvedris Sedegad. bimolekuluri SeiZleba 
iyos: 
a) mierTebis ,AAAA →+   ABBA →+    da  

  daSlis    reaqciebi  ;2 ''DDA +→  

b) Canacvlebis an mimocvlis reaqciebi          
∗∗ +→+ BABBBA ; 

g) ormagi mimocvlis   reaqciebi:  

.∗∗∗∗ +→+ BAABBBAA  
     mierTebis bimolekulur reaqciebs miekuTvneba 
atomis an radikalis mierTeba ujeri naerTis mole-
kulasTan da najeri molekulebis asociacia, magaliTad: 

 

,62242 HCHHC →+           .222 HIIH →+  

    
asociaciis gziT xdeba azotis ori molekulis 

SeerTeba: 
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,2 422 ONNO →     an     322 ONNONO →+  

 
da agreTve dienebis SeerTeba aldehidebTan da ole-
finebTan. 
 Canacvlebis an mimocvlis reaqciebs miekuTvneba 
atomebisa da radikalebis mravalricxovani reaqciebi 
sxvadasxva molekulebTan, kerZod izotopuri mimocvlis 
reaqciebi: 

 

DHClDClH +→+  ;33 ICHIICHI +→+ ∗∗ an   

 

urTierTqmedeba  radikalebsa ( )42625252 HCHCHCHC +++ ∗∗
 

da molekulebs Soris ( 222 NNOONNO +→+  an 

22 CONOCONO +→+ ) da sxv. 
 trimolekuluri (sammolekuluri) reaqciebi, 
sadac erTmaneTs xvdeba da qimiurad urTierTqmedebs 
sami molekula, SeiZleba iyos mierTebis, mimocvlis (ma-
galiTad, izotopuri mimocvlis) da rekombinaciis 
reaqciebi:  

;3 DA →  

;2 ∗+→+ DDBA  

...++→++ ∗∗
DDBBA  

 

aseve mimdinareobs  rkinisa (III)  da kalis (II) 
qloridebis urTierTqmedeba wyalxsnarSi: 

 

4243 22 SnClFeClSnClFeCl +↔+ . 

    
sami molekulis erTdroulad Sejaxeba Zalian 

iSviaTad xdeba, metadre airad fazaSi. zemoT Ca-
moTvlili yvela tipis reaqcias Seesabameba Tavisi 
kinetikuri gantoleba, romelic reagentebis koncen-
tracias akavSirebs drosTan. reaqciis rigi mis mo-
lekulurobas mxolod martivi reaqciebisaTvis emT-
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xveva, romlebic erTi mimarTulebiT mimdinareobs da 
erT qimiur etaps Seicavs. qimiuri reaqciis siCqaris 
damokidebuleba temperaturisagan Zlier izrdeba re-
aqciis rigis gadidebisas. amosavali nivTierebebis 
koncentraciis gadidebiT reaqciis siCqare miT ufro 
metad izrdeba wonasworuli gamosavlis miRwevamde, 
rac maRalia reaqciis rigi. 

ganvixiloT zogierTi kinetikuri gantoleba pe-
riodulad da idealuri gamodevnis aparatebSi mimdi-
nare procesebisaTvis. pirveli rigis Seuqcevadi reaqci-
is siCqare proporciulia moreagire nivTierebis mimdi-

nare koncentraciisa. Tu aRvniSnavT  
',, bba –iT, Sesaba-

misad,  
⋅BBA ,,  nivTierebaTa sawyis  koncentraciebs, x -

iT amosavali nivTierebebis koncentraciebis Semcirebas 
reaqciis dawyebidan τ  drois SualedSi da k -Ti 
reaqciis siCqaris konstantas, maSin pirveli rigis 
reaqciis siCqare iqneba: 

 

),( 11
1 xak
d

dx
u −== τ      (III.1) 

 
saidanac integrirebis Semdeg miviRebT: 
 

           .lg
3,2

1

1
xa

a
k

−
=

τ
            (III.2) 

 
 teqnologiuri angariSebisaTvis ufro mosa-
xerxebelia reaqciis siCqare gamoisaxos amosava-

li nivTierebis gardaqmnis xarisxis mixedviT (ix. 
II Tavi): 
 

       ( ).1 xk
d

dxu −== τ        (III.3) 
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                .
1

1
lg

3,2

x
k

−
=

τ
         (III.4)  

 
 pirveli rigis reaqciis tipis mixedviT mimdina-
reobs radioaqtiuri daSlis reaqciebi, izomerebis ur-
TierTgardaqmna da sxv. rTuli molekulebis daSlisa 
da izomerizaciis reaqciebi airebsa da xsnarebSi 

( )DA → ,  da agreTve xsnarebSi mimdinare zogierTi 
bimolekuluri reaqcia (hidrolizi, keto-enoluri 
tautomeria da sxv.) pirveli rigis reaqciebia. mravali 
rTuli katalizuri procesis siCqare, romlebSic gan-
msazRvrelia erTi etapi (magaliTad, aqtiuri komp-
leqsis daSla produqtis warmoqmniT) agreTve pirveli 
rigis gantolebebiT aRiwereba, Tumca steqiometriuli 
gantolebebis mixedviT isini bi-  da  trimolekulur 
reaqciebs unda mivakuTnoT. 
 meore rigis reaqciis siCqare moreagire nivTie-
rebaTa koncentraciebis namravlis proporciulia: 
 

           ( )( ),111
1 xbxak

d
dx

u −−== τ          (III.5) 

 
saidanac: 
 

            
( )

( )
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−
=

τ
         (III.6) 

 
 Tu moreagire nivTierebebis sawyisi koncentra-
ciebi erTmaneTis tolia, e. i. ba = , maSin (III.5) da 
(III.6) gantolebebi Semdeg saxes miiRebs: 
 

                 ( ) ,
2

11
1 xak
d

dx
u −== τ                               (III.7) 

 

da Sesabamisad: 

100 
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             (III.8) 

 
 gamovsaxavT ra procesis siCqares gardaqm-
nis xarisxiT, miviRebT: 

               ( ) ,1
2

xk
d

dxu −== τ            (III.9) 

                  .
1

11

x
k

−
⋅=

τ
              (III.10) 

 
meore rigis reaqciebis tipis mixedviT urTierTqmedeben 
martivi molekulebi airad garemoSi, miiReba da 
isapneba rTuli eTerebi xsnarebSi: 
 

,62242 HCHHC →+  

,2523523 OHHCOOCCHOHHCCOOHCH +→+  

OHRRCOONaNaOHRCOOR
'''' +→+  

 

 meore rigis reaqciis tipis mixedviT mimdina-
reobs formaldehidis daJangvis reaqcia wyalbadis ze-
JangiT, bromis urTierTqmedeba cximovan mJavebTan, ami-
nebis gardaqmna diazonaerTebad da sxv. 
 mesame rigis reaqciebs, maTi mcire siCqaris gamo, 
naklebad iyeneben samrewvelo praqtikaSi. 
 vixilavT ra homogenuri procesebis siCqaris gan-
tolebebs, SeiZleba mivuTiToT im saerTo xerxebzec, 
romlebic xels uwyobs Txevad da airad garemoSi mim-
dinare procesebis intensifikacias. (III.1)-(III.10) ganto-
lebebidan Cans, rom reaqciis siCqare maqsimalurad aris 
damokidebuli im reagentebze, romlebic umetesi rao-
denobiT Sedis reaqciis gantolebaSi. amasTan, mraval-
molekuluri reaqciebis siCqare koncentraciis gadide-
biT ufro swrafad izrdeba, vidre dabali rigis rea-
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qciebisa. amitom koncentrirebis, nedleulis gamdi-
drebis dros aucilebelia reaqciis rigis gaTvalis-
wineba; magaliTad, amosavali nivTierebebis koncentra-
ciis orjer gadideba meore rigis reaqciis siCqares 
oTxjer adidebs. 
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4.1. Sesavali4.1. Sesavali4.1. Sesavali4.1. Sesavali    

 
 heterogenuli qimiur-teqnologiuri  procesebi 
dafuZnebulia sxvadasxva fazaSi myofi reagentebis qi-
miur urTierTqmedebaze. samrewvelo qimiur-teqnologi-
uri procesebis umravlesoba heterogenulebs miekuTvne-
ba. heterogenuli procesebis didi mravalferovneba aZ-
nelebs maT klasifikacias. miRebuli klasifikaciis Sesa-
bamisad, arakatalizur heterogenul procesebs hyofen 
reagentebis fazuri mdgomareobis mixedviT. am niSnis 
mixedviT heterogenuli procesebi SeiZleba mimdinare-

obdes aaaa----s s s s (airi-siTxe),    ssss----mmmm (syTxe-myari), aaaa----m m m m (airi-
myari) da sxv. sistemebSi. 
 heterogenuli procesebis meqanizmi ufro rTu-
lia, vidre homogenurisa, radganac sxvadasxva fazaSi 
myofi reagentebis urTierTqmedebas win uswrebs maTi 
miwodeba fazaTa gamyof zedapirze da masacvla fazaTa 
Soris. amitom arakatalizuri heterogenuli procese-
bis siCqare, rogorc wesi, naklebia, vidre homogenuri 
procesebisa. heterogenuli procesi aris urTierTdakav-
Sirebuli fizikur-qimiuri movlenebisa da qimiuri 
reaqciebis erToblioba.  
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 mravali heterogenuli procesi ar aris dakavSi-
rebuli qimiur reaqciasTan da mxolod fizikur-qimiur 
movlenebzea dafuZnebuli. aseT procesebs miekuTvneba, 
magaliTad, aorTqleba Sedgenilobis Seucvlelad, kon-
densacia, gamoxda, gaxsna da eqstrahireba Tu maT Tan 
ar axlavs qimiuri reaqcia, kristalizacia hidrataciis 
gareSe da sxv. qimiuri heterogenuli procesebi qimiur 
reaqciebs moicavs rogorc mis erT-erT stadias, ro-
melic mimdinareobs fazaTa gamyof zedapirze an erT-
erT fazaSi masSi reagentebis gadanacvlebis Semdeg. 
 heterogenuli procesebis siCqare xasiaTdeba pro-
duqtis faqtobrivi gamosavliT an kinetikur gantole-
baSi procesis siCqaris koeficientiT. produqtis faq-
tobrivi gamosavali damokidebulia rogorc qimiur, 
romlebic reaqciis siCqareze moqmedebs, aseve fizikursa 
da hidrodinamikur faqtorebze, romlebic masagada-
cemis siCqareze axdens gavlenas. qimiuri faqtorebia 
reaqciaTa siCqareebis konstantebi. fizikursa da hid-
rodinamikur faqtorebs miekuTvneba fazaTaSorisi ze-
dapiris sidide, difuziis koeficienti da reagentebisa 
da reaqciis produqtebis sxva fizikuri Tvisebebi, apa-
ratebis geometriuli parametrebi, sistemis turbulen-
turobaze moqmedi faqtorebi. 
 heterogenuli procesebi, romelTac Tan axlavs 
qimiuri reaqcia SeiZleba iyos sami tipis: 1) rodesac 
reaqcia mimdinareobs fazaTa gamyof zedapirze, rome-
lic damaxasiaTebelia myari fazis monawileobiT mim-

dinare procesebisaTvis: mmmm----s,s,s,s, mmmm----a, ma, ma, ma, m----ssss----a a a a da sxv.; 2) ro-
desac reaqcia mimdinareobs erT-erTi fazis moculo-
baSi, meore fazidan masSi nivTierebis gadatanis Semdeg. 
aseTi procesebi yvelaze ufro gavrcelebulia da Se-

iZleba mimdinareobdes aaaa----s, ss, ss, ss, s----s s s s (Seurevadi), mmmm----s, as, as, as, a----ssss----m m m m 
da  sxva sistemebSi  nebismieri  fazis  monawileobiT; 
3) rodesac reaqcia mimdinareobs axlad warmoqmnili 
fazis zedapirze; reaqciis es tipi SesaZlebelia myari 
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fazebis urTierTqmedebis procesebisaTvis. Tu hetero-
genuli procesi kinetikur ubanSi mimdinareobs, maSin 
pirveli ori aRniSnuli tipisaTvis marTebulia homo-
genuri procesebis kinetikis kanonebi. amasTan procesis 
siCqares gansazRvravs qimiuri reaqciis siCqare. difu-
zur ubanSi mimdinare heterogenuli procesebis kineti-
kisaTvis damaxasiaTebelia  aqtivaciis pirobiTi energiis 
SedarebiT mcire mniSvnelobebi da procesis siCqareze 
temperaturis SedarebiT naklebi gavlena. am dros pro-
cesis siCqareze gansakuTrebiT Zlier moqmedebs sistemis 
turbulizacia (reagentebis urTierTareva). 

heterogenuli procesebisaTvis yvelaze ufro da-
maxasiaTebelia difuzuri ubani. magram nakadebis tur-
bulizaciisa da fazaTa Sexebis zedapiris ganviTarebis 
Tanamedrove intensiuri xerxebis gamoyenebiT SesaZlebe-
lia procesis gadayvana difuzuridan kinetikur ubanSi. 
meore mxriv, temperaturis gadidebiT heterogenuli 
procesi SeiZleba kinetikuridan garedifuzur ubanSi 
gadavides.  

 

                        4.2. airi4.2. airi4.2. airi4.2. airi----siTxe (asiTxe (asiTxe (asiTxe (a----s) sistemas) sistemas) sistemas) sistema    
 
procesebi, romlebic emyarebian airadi da Txe-

vadi reagentebis urTierTqmedebas, farTod gamoiyeneba 
qimiuri da misi mosazRvre mrewvelobis dargebSi. aseT 
procesebs miekuTvneba airebis absorbcia da desorbcia, 
siTxeebis aorTqleba, Txevadi narevebis gamoxda (disti-
lacia, reqtifikacia), siTxeebis pirolizi, procesebi 
produqtebis aorTqlebiT, airadi molekulebis asocia-
cia siTxeebis warmoqmniT da sxv. qimiur heterogenul 

procesebSi aaaa----s s s s reaqciebi ZiriTadad Txevad fazaSi mim-
dinareobs, amasTan reaqcias win uswrebs airadi reagen-

tis miwodeba difuziiTa da siTxeSi gaxsniT. aaaa----ssss siste-
misaTvis yvelaze ufro damaxasiaTebelia absorbciuli 
da desorbciuli procesebi. 
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absorbcia ewodeba airis an airTa narevis kom-
ponentis siTxiT STanTqmas xsnaris warmoqmniT. Tu ab-
sorbcias Tan axlavs qimiuri reaqciebi Txevad fazaSi, 
maSin aseT process qimiur STanTqmas  uwodeben. 

desorbcia – absorbciis Sebrunebuli procesi - 
aris siTxidan masSi gaxsnili airis gamoyofa. teqnikaSi 
desorbcias zogjer gadadenas uwodeben. desorbciis 
(gadadenis) dros xsnaridan komponentebi airSi gadadis 
siTxis gacxelebiT an masSi inertuli airis an orTqlis 
gatarebiT. 

wonasworoba aaaa----s s s s sistemaSi xasiaTdeba fazaTa So-
ris komponentebis ganawilebis kanoniT da qimiuri rea-
qciebis wonasworobis konstantiT. 

absorbciuli wonasworoba SeiZleba gadanacvle-
buli iqnes airis xsnadobis gadidebis mxares tempe-
raturis SemcirebiT (ris Sedegadac mcirdeba airis wo-
nasworuli drekadoba xsnaris zedapirze) da STasanTq-
meli komponentis koncentraciis an saerTo wnevis gadi-
debiT.  

 

4.3. airi.3. airi.3. airi.3. airi----myari (amyari (amyari (amyari (a----m) sistemam) sistemam) sistemam) sistema 
 
airadi da myari reagentebis (aaaa----mmmm) monawileobiT 

mimdinare yvelaze ufro tipuri teqnologiuri pro-
cesebia airebis adsorbcia myar adsorbentebze da ad-
sorbirebuli airebis desorbcia, airadi fazis kompo-
nentebis reaqciebi myar katalizatorebze, myari nivTie-
rebebis aqroleba da orTqlis kondensacia, myari saT-

bobis pirolizi da sxv. aaaa----m m m m sistemebisaTvis yvelaze 
ufro damaxasiaTebelia myari nivTierebebis gamowvis 
sxvadasxva saxeebi. 

gamowvas uwodeben maRaltemperaturul qimiur-
teqnologiur process myari da airadi reagentebis mo-
nawileobiT. myari masalebis gamowvisas SeiZleba mimdi-
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nareobdes sxvadasxvagvari procesebi, maT Soris aqrole-
ba, pirolizi, disociacia da kalcinacia sxva qimiur 
reaqciebTan erTad. reaqcia SeiZleba mimdinareobdes 
myar fazaSi, myari da airadi fazebis komponentebs 
Soris da, bolos, airad fazaSi. gamowvis procesSi 
araiSviaTad myari masala lRveba; Cndeba Txevadi faza, 
romelic agreTve urTierTqmedebs sxva fazebTan. erT-
erTi ZiriTadi fizikur-qimiuri movlena, romelic xde-
ba myari masalebis gamowvis dros, aris maTi Termuli 
disociacia, e. i. molekulebis daSla. myari nivTiere-
bebis daSlas, Cveulebriv, Tan axlavs airadi produq-
tebis: naxSororJangis, gogirdis dioqsidis, wylis 
orTqlisa da sxv. warmoqmna. disociaciis erT-erTi 
saxea kalcinacia, e. i. konstituciuri (hidratebis 
saxiT SekavSirebuli) wylisa da naxSirorJangis 
mocileba.  

myari masalebis gamowvis dros airadi faza war-
moiqmneba aqrolebis, disociaciis an myar fazaSi mimdi-
nare sxva reaqciebis xarjze. zogjer gamowva mihyavT 
iseTi airebis monawileobiT, romlebic Seicavs Jangbads, 
naxSirJangs, qlors da sxv. gamowvaze miwodebuli airis 
(Sebervis) Sedgenilobaze damokidebulebiT airsa da 
myar masalas Soris sxvadasxva reaqciebi mimdinareobs. 
am reaqciebis tipis mixedviT gamowva SeiZleba iyos 
JangviTi an aRdgeniTi. JangviTi gamowvis magaliTia 
liTonebis sulfiduri madnebis gamowvis procesi, 
xolo aRdgeniTi gamowvisa – Tujis gamodnoba rkinis 
madnebidan koqsis saSualebiT. 

adsorbcia aris airis, orTqlis an gaxsnili 
nivTierebebis xsnarebidan  STanTqma myari an Txevadi 
sxeulebiT (sorbentebiT). adsorbcia mWidrod dakavSi-
rebulia zedapirul movlenebTan. asxvaveben fizikur 
adsorbcias, romlis drosac ar xdeba qimiuri urTi-
erTqmedeba da qimiur STanTqmas (qemosorbcia), ro-
melsac Tan axlavs zedapiruli qimiuri naerTebis war-
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moqmna adsorbentisa adsorbatTan. airebisa da orTqlis 
adsorbcias xSirad iyeneben desorbciasTan erTad adso-
rbentis regeneraciisa da sorbirebuli airis sufTa 
saxiT misaRebad. 

myar sxeulebze airis adsorbcias didi mniSvne-
loba aqvs heterogenuli katalizuri procesebisaTvis. 
am dros katalizatoris zedapirze mimdinare adsorb-
ciul-desorbciuli movlenebi katalizuri aqtis mniSv-
nelovani stadiebia. 

 

4.4. siTxe4.4. siTxe4.4. siTxe4.4. siTxe----myari (smyari (smyari (smyari (s----m) sistema m) sistema m) sistema m) sistema     
 
myari da Txevadi reagentebis monawileobiT mim-

dinare procesebi mravali qimiuri warmoebis safuZve-
lia. aseT procesebs miekuTvneba myari masalebis gaxsna 
da xsnarebidan kristalizacia, eqstrahireba da gamo-
tutva, myari sxeulebis galRoba da nalRobebidan kri-
stalizacia, Txevadi monomerebis polimerizacia myari 
polimeris warmoqmniT, koagulacia koloidur sistemeb-
Si, myari nawilakebis siTxeSi disperhireba, siTxeSi 
gaxsnili nivTierebebis adsorbcia da maTi desorbcia, 
ionmimocvla siTxeebsa da ionmomocvliT fisebs Soris, 
katalizi Txevad fazaSi myar katalizatorze da sxv. 

myari novTierebebis siTxeSi gaxsna SeiZleba dai-
yos rogorc fizikuri da qimiuri. fizikuri gaxsna, 
romlis drosac mxolod kristaluri gisosi irRveva, 
Seqcevadia, e. i. SesaZlebelia gaxsnili nivTierebis uku-
gamokristaleba. qimiur Seuqcevad gaxsnas Tan axlavs 
iseTi saxis urTierTqmedeba gaxsnil nivTierebasa da ga-
mxsnels, an xsnarSi arsebul aqtiur qimiur nivTiere-
bebs Soris, romlis drosac icvleba gaxsnili nivTie-
rebis buneba da misi gamokristaleba sawyisi saxiT Seu-
Zlebelia. teqnikaSi yvelaze meti gamoyeneba aqvs myari 
nivTierebebis SerCeviT gaxsnas – eqstrahirebasa da 
gamotutvas. eqstrahirebas anu eqstraqcias uwodeben 
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myari an Txevadi narevebis gayofas gamxsnelebiT, rom-
lebSic narevis komponentebi sxvadasxvanairad ixsneba. 
myar nivTierebebs narevidan aeqstrahireben organuli 
gamxsnelebiT, mineraluri mJavebiT, tuteebiTa da 
wyliT. gamotutvis dros gamxsnelad xSirad iyeneben 
wyalsa da sacirkulacio wyalxsnarebs (TuTqebs). gax-
snis, eqstrahirebis, gamotutvis procesebs xSirad Tan 
axlavs xsnarebidan kristalizacia, e.i. xsnaridan gaxs-
nili myari nivTierebebis, maTi hidroqsidebis an xsnarSi 
mimdinare qimiuri reaqciebis Sedegad warmoqmnili axa-
li naerTebis gamoyofa. kristalizacias iyeneben  niv-
Tierebebis gamosayofad xsnarebidan, da agreTve am  
nivTierebebis gasasufTaveblad. wyalxsnarebidan myari 
nivTierebebis (magaliTad marilebis) kristalizacii-
saTvis iyeneben xsnarebis gadajerebis sxvadasxva xerxebs, 
romelTagan yvelaze ufro gavrcelebulia poliTer-
muli da izoTermuli kristalizaciis meTodebi: 

 poliTermuli kristalizacia xorcieldeba na-
jeri xsnarebis gacivebiT da gamoiyeneba iseTi nivTiere-
bebisaTvis, romelTa xsnadoba damokidebulia tempera-
turaze. 

izoTermuli kristalizacia xorcieldeba mudmiv 
temperaturaze da gamoiyeneba iseTi nivTierebebis  ga-
mosayofad, romelTa xsnadoba, ZiriTadad, koncentra-
ciazea damokidebuli, xolo temperaturis gavleniT 
TiTqmis ar icvleba. zogjer kristalizacias atareben 
xsnarSi ZiraTadi gaxsnili komponentis xsnadobis Sema-
mcirebeli nivTierebis SetaniT. aseTi tipis kristali-
zacias gamomarileba ewodeba.  

wyalxsnarebidan marilebis kristalizaciis umar-
tives SemTxvevaSi myari marilis wonasworuli gamosav-
lis gadideba SeiZleba miRweul iqnes xsnarSi marilis 
koncentraciis gadidebiT, gamxsnelis aorTqlebiT an 
xsnaris gacivebiT misi xsnadobis Sesamcireblad. mari-
lTa sistemebis komponentebad dayofisa da maTi maqsi-
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maluri  wonasworuli gamosavlis Sesatyvis pirobebs 
arCeven xsnadobis diagramebis saSualebiT. ase, magali-
Tad, kaliumis ZiriTadi sasuqis – kaliumis qloridis 
– bunebrivi mineralidan – salvinitidan  )( NaClKCl ⋅ – 
warmoeba dafuZnebulia kaliumisa da natriumis qlori-
debis xsnadobis sxvadasxva koeficientze. sistema 

OHNaClKCl 2⋅⋅  xsnadobis diagrama (nax. IV.2)  gviCvenebs 

am marilebis gayofis saSualebas KCl -is maRal tem-
peraturaze gaxsniT da gacivebisas misi Semdgomi kris-
talizaciiT. xsnadobis diagramis Sesabamisad, silvini-
tidan KCl -is miRebis cikluri procesis principuli 
sqema Semdegi ZiriTadi operaciebisagan Sedgeba: 

1) silvinitidan KCl -is gamotutva dedaxsnariT 
105-1150C-ze. am dros xsnarSi gadadis mxolod ,KCl  

NaCl   ki rCeba myar fazaSi; 2) cxeli TuTqis gamoyofa 
NaCl -isa da fuWi qanis myari naSTisagan; 3) NaCl -iTa 
da KCl -iT gajerebuli xsnaris gaciveba 115-dan 250C-
mde. am dros kristaldeba ,KCl   NaCl  ki TiTqmis mTli-

anad rCeba xsnarSi; 4) KCl -is kristalebis mocileba  
NaCl -iTa da KCl -iT gajerebuli deda xsnarisagan 
250C-ze da KCl -is kristalebis Sroba; 5) dedaxsnaris 
gacxeleba 1150C-mde da silvinitis axali ulufis ga-
motutva misi saSualebiT. xsnadobis diagramebis saSu-
alebiT angariSoben xsnaris wonasworul Sedgenilobebsa 
da gamoyofili myari fazis raodenobebs da irCeven 
operaciebis yvelaze ufro efeqtur cikls, romlis 
drosac miiRweva produqtebis yvelaze didi gamosavali. 

 

!
!
!
!
!
!
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5.1. katalizis mniSvneloba da 5.1. katalizis mniSvneloba da 5.1. katalizis mniSvneloba da 5.1. katalizis mniSvneloba da     

gamoyeneba gamoyeneba gamoyeneba gamoyeneba     
    
 katalizi aris qimiuri reaqciebis daCqarebis yve-
laze efeqturi da racionaluri saSualeba. katalizu-
ri procesebi mrewvelobaSi didi masStabiT gamoiyeneba, 
amasTan maTi gamoyenebis are progresulad izrdeba. qi-
miuri mrewvelobis mier ukanasknel wlebSi aTvisebuli 
warmoebebis 90% katalizuria. katalizuri reaqciebi 
qimiisa da Termodinamikis zogad kanonebs emorCileba, 
magram katalizatorebis gamoyeneba mniSvnelovnad aad-
vilebs rigi qimiuri reaqciebis praqtikul ganxorci-
elebas. katalizatorebis Tanaobisas es reaqciebi aTas-
jer da milionjer Cqardeba, mimdinareobs ufro dabal 
temperaturaze, rac xelsayrelia ekonomikurad. Mrava-
li samrewvelo procesis ganxorcieleba mxolod kata-
lizatorebis gamoyenebiT gaxda SesaZlebeli. 

katalizi gamoiyeneba ZiriTadi qimiuri mrewve-
lobis umniSvnelovanesi produqtebis – wyalbadis, ami-
akis, gogirdisa da azotis mJavebis – misaRebad. Gansa-
kuTrebiT didi da mravalferovania katalizis gamo-
yeneba organul nivTierebaTa teqnologiaSi, uwinares 
yovlisa organul sinTezebSi – daJangvis, hidrirebis, 
dehidrirebis, hidrataciis, dehidrataciis da sxv. Pro-
cesebSi. katalizatorebis daxmarebiT Rebuloben Ziri-
Tad naxevarproduqtebs polimerebis sinTezisaTvis. ma-
Ralmolekuluri naerTebis uSualo miReba monomerebis 
polimerizaciiTa da polikondensaciiT, aseve kataliza-
torebis monawileobiT xorcieldeba. katalizatorebis 
gamoyenebazea dafuZnebuli navTobproduqtebis gadamu-
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Savebis mravali meTodi: katalizuri krekingi, rifor-
mongi, naxSirwyalbadebis alkilireba, izomerizacia, 
aromatizacia. Zravis Txevad saTbobs myari saTbobidan 
katalizatorebis daxmarebiT Rebuloben. 
 

 
5.2. katalizis arsi da saxeebi5.2. katalizis arsi da saxeebi5.2. katalizis arsi da saxeebi5.2. katalizis arsi da saxeebi    

 
 katalizs uwodeben qimiuri reaqciebis aRgznebas 
an  maTi siCqareebis cvlilebas gansakuTrebuli nivTie-
rebebis – katalizatorebis – zemoqmedebiT, romlebic 
monawileobs reaqciaSi, Sedis ra Sualedur qimiur 
urTierTqmedebaSi reagentebTan, magram katalizuri aq-
tis Semdeg aRidgens qimiur Semadgenlobas. 
 katalizatorebi sxvadasxva nivTierebebia: airebi, 
Txevadi da myari sxeulebi. reagentebisa da kataliza-
torebis fazuri mdgomareobis mixedviT katalizur 
procesebs or ZiriTad jgufad hyofen: homogenurad da 
heterogenulad. gansakuTrebul jgufad unda gamoiyos 
mikroheterogenuli, kerZod fermentaciuli katalizu-
ri procesebi. 

homogenuri katalizis dros katalizatori da 
moreagire nivTierebebi erT – airad an Txevad – fazaSi 
imyofeba. Hheterogenuli katalizis dros reagenti da 
katalizatori sxvadasxva fazaSia. mikroheterogenuli 
katalizuri procesi mimdinareobs xsnarebSi, sadac ka-
talizatorebi koloiduri nawilakebis saxiT imyofeba. 
fermentaciuli katalizis dros, romelic mcenareul 
da cxovelur ujredebSi mimdinareobs, kataliza-
torebia koloidurad gaxsnili cilovani nawilakebi – 
fermentebi. Tu katalizatoris Tanaobisas reaqcia   
Cqardeba, am movlenas dadebiT katalizs uwodeben, rac 
xSirad gaigivebulia saerTod katalizis cnebasTan. 
xSirad iyeneben qimiuri reaqciebis Semanelebel da da-
mamuxruWebel nivTierebebs – antikatalizatorebsa da 
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inhibitorebs; am movlenas uaryofiTi katalizi ewo-
deba. samrewvelo praqtikaSi dadebiT katalizs ganuzo-
mlad didi mniSvneloba aqvs, vidre uaryofiTs. Ddade-
biTi katalizis arsi ZiriTadad erTnairia misi yvela 
saxisaTvis, magram yvela maTgans aqvs ganmasxvavebeli Ta-
viseburebac. zogad SemTxvevaSi katalizatorebis dama-
Cqarebeli moqmedeba principulad gansxvavdeba qimiuri 
reaqciebis maintensificirebeli sxva faqtorebis – te-
mperaturis, wnevis, radiaciuli zemoqmedebis, sinaTlis 
sxivebisa da sxv. – moqmedebisagan. temperaturis gadi-
deba, magaliTad, aCqarebs reaqcias moreagire moleku-
lebis energetikuli donis amaRlebiT, maTi aqtivaciiT 
garedan miwodebuli siTbos xarjze. katalizatorebis 
moqmedebiT reagentebis energetikuli done ar icvleba; 
igi ar anacvlebs martivi reaqciebis wonasworobas, ara-
med mxolod aCqarebs wonasworobis damyarebas mocemul 
temperaturaze; amdenad katalizi aris qimiuri reaq-
ciebis intensifikaciis rbili saSualeba, romelsac ar 
aqvs maRali temperaturebisa da wnevebis gamoyenebisa-
Tvis damaxasiaTebeli SezRudvebi. 
 katalizatorebis damaCqarebeli moqmedeba mdgo-
mareobs qimiuri reaqciis aqtivaciis energiis dawevaSi 
sareaqcio gzis Secvlis Sedegad an reaqciis jaWvuri 
meqanizmiT ganxorcielebiT 
 katalizatoris zemoqmedebiT sareaqcio gzis Se-
cvlisas reaqcia mimdinareobs rigi elementaruli 
stadiebis gavliT, romlebic nakleb aqtivaciis energias 
moiTxovs, vidre igive reaqcia katalizatoris gareSe. 
reaqciis siCqare miT metia, rac naklebia aqtivaciis E   

energia da eqsponencialuri damokidebulebis Sedegad: 
                 

               
( )

RT
E

ekk
−

= 0 , ENE      (V.1) 

 
reaqciis siCqare mniSvnelovnad izrdeba aqtivaciis ene-
rgiis mcire Semcirebis drosac ki.  
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        ganvixiloT sareaqcio sistemis energetikuli 
suraTi, magaliTad, ⋅⋅⋅+=+ DBA   tipis bimolekuluri 
reaqciisaTvis, romelic ukatalizatorod Semdegi sqe-

miT mimdinareobs: 

                    ⋅⋅⋅+==+ DABBA *
 

 

aqtiuri ∗AB  kompleqsis warmoqmnis gziT. 
 katalizatoris Tanaobisas reaqcia midis sxva 
gziT, ramdenime elementaruli stadiis gavliT: 

 

[ ] [ ],katkat AA =+                                                     (a) 

[ ] [ ],katkat ∗=+ ABBA                                         (b) 

[ ] [ ].katkat +=∗
DAB                                 (g) 

 
 V.1. naxazze naCvenebia moreagire sistemis ene-
rgiis cvlileba ukatalizatorod da katalizatoris 
monawileobiT mocemuli reaqciisaTvis. Tu E  aris ara-

katalizuri reaqciis aqtivaciis energia, aE  katalizu-

ri reaqciis aqtivaciis energia, 1e   da 2e   ki Suale-
duri (a) da (b) stadiebis aqtivaciis energiebi, maSin, 

roca  EE pa   katalizi dadebiTia. katalizuri reaq-

ciebisTvis, romlebSic 0k  ar icvleba arakatalizurTan 

SedarebiT, katalizatoris damaCqarebeli moqmedeba 
izomeba misi A  aqtivobiT, romelic ganisazRvreba 
katalizuri da arakatalizuri reaqciebis siCqareebis 

kk  da k  konstantebis fardobiT: 

 

           ( )
RT

E

RT
E

RT

E

e
e

e

k

k
A

∆

−









−

===

k

k
,             (V.2) 
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sadac E∆  aris katalizuri reaqciis aqtivaciis ener-
giis Semcireba arakatalizurTan SedarebiT: 
                   

                   aEEE −=∆                 (V.3) 
 
 katalizatoris gamoyenebas SeuZlia mniSvnelov-
nad Seamciros aqtivaciis energia, rac iwvevs reaqciis 
siCqaris kolosalur gadidebas. Tu, magaliTad 

=∆E 41800 j/mol-s, maSin K600 -ze katalizuri 
reaqciis siCqare meti iqneba arakatalizuris siCqareze 
 

jer.−⋅== ⋅ 36003,8

41800

104eA  

 
nax. V.1. moreagire sistemis energiis cvlileba     

 arakatalizuri (I) da katalizuri (II) reaqciebis dros. 
 

amrigad, axali sareaqcio gzis aRmoCenisas kata-
lizatori aris procesis aqtiuri monawile, amasTan es 
monawileoba gamoixateba moreagire nivTierebebTan umd-
gradi Sualeduri naerTebis – aqtiuri kompleqsebis – 
warmoqmnaSi, romelTa daSlis Sedegadac katalizatori 
aRdgeba. samrewvelo katalizatorebis praqtikuli qce-
va dakavSirebulia maT ZiriTad teqnologiur maxasia-



57 

 

TeblebTan, rogoricaa: aqtivoba, mwarmoebluroba, 
"anTebis" temperatura, SerCeviTi moqmedeba (seleqci-
uroba), meqanikuri da qimiuri mdgradoba, mowamlva da 
sxv. katalizatoris ZiriTadi maxasiaTebelia misi A  

aqtivoba, e. i. damaCqarebeli moqmedebis zoma mocemuli 
reaqciis mimarT. rac aqtiuria katalizatori, miT uf-
ro dabal temperaturaze SeiZleba procesis Catareba, 
rac iZleva mniSvnelovan ekonomikur da teqnologiur 
upiratesobebs, rogoricaa, magaliTad, Seqcevadi egzo-
Termuli reaqciebis wonasworuli da faqtobrivi gamo-
savlis gadideba, Tanauri produqtebis raodenobis Sem-
cireba, nedleulis xarjviTi koeficientebis dadableba, 
produqtis xarisxis gaumjobeseba. 
 airadi reagentebisaTvis "anTebis" temperatura, e. 
i. reagentebis is minimaluri temperatura, romlis 
drosac katalizatori sakmaod adidebs reaqciis siCqa-
res, damokidebulia myari kataliztoris aqtivobaze. 
 homogenuri da heterogenuli katalizis dros 
mimdinare katalizuri reaqciebi reagentebTan katali-
zatoris urTierTqmedebis principis mixedviT or Ziri-
Tad klasad iyofa: Jangva-aRdgeniTi (homolituri) da 
fuZe-mJavuri (heterolituri) urTierTqmedeba.   
 eleqtronuli Jangva-aRdgeniTi katalizis zogadi 
meqanizmi mdgomareobs eleqtronebis mimocvlaSi kata-
lizatorsa da reagentebs Soris, rac aadvilebs eleq-
tronul gadasvlebs moreagire molekulebSi. Cveuleb-
rivi, ionuri fuZe-mJavuri katalizis meqanizmi mdgoma-
reobs katalizatorsa da moreagire molekulebs Soris 
protonebis an ionebis (kationebisa da anionebis) mimo-
cvlaSi. warmoqmnili Sualeduri damuxtuli kompleq-
sebi aramdgradia da iSleba, an reagirebs sxva moleku-
lasTan. orive SemTxvevaSi katalizatori aRdgeba. 
 sxvadasxva katalizatorebs SeuZliaT daaCqaron 
mxolod erTi reaqcia an reaqciaTa jgufi, e. i. kata-
lizatorebs aqvT individualuri an jgufuri speci-
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fikuroba, rac gansakuTrebiT damaxasiaTebelia bioka-
talizatorebis – fermentebisaTvis. 
 Jangva-aRdgeniTi reaqciebisaTvis tipuri kataliz-
atorebia gardamavali liTonebi, an liTonebis sul-
fidebi da oqsidebi (naxevargamtarebi), xolo fuZe-mJa-
vuri katalizuri procesebisaTvis – mJavebisa da fu-
Zeebis xsnarebi, fuZeebiTa da mJavebiT gaJRenTili myari 
inertuli nivTierebebi, ionuri kristalebi an ionuri 
gelebi.  
 erTsa da imave katalizatorebs  mravali reaqci-
is daCqareba SeuZliaT. ase, magaliTad, pirveli klasis 
reaqciebisaTvis universaluri katalizatorebia platina 
da rkina, romlebic aCqareben rogorc daJangvas, ise 
hidrirebas, meore klasis reaqciebisaTvis ki – wyalba-
dis ionebi – hidrolizis, hidrataciis, izomerizaciis, 
polikondensaciis reaqciebis damaCqareblebi. rTul, 
mravalkomponentian katalizatorebs SeuZliaT erTdro-
ulad daaCqaron rogorc Jangva-aRdgeniTi, ise fuZe-mJa-
vuri reaqciebi. SerCeviTi (seleqciuri) katalizi aris 
katalizuri procesi, romlis drosac katalizatori 
ramdenime SesaZlo reaqciidan aCqarebs mxolod erTs – 
miznobrivs. 
 SerCeviTi katalizatorebis gamoyenebiT SeiZleba 
erTi da igive amosavali nivTierebidan sxvadasxva pro-
duqtis miReba. katalizatoris natifi SerCeviTobis ma-
galiTad erTi da igive tipis ramdenime SesaZlo para-
leluri reaqciis dros, SeiZleba moviyvanoT amiakis 
daJangva azotis oqsidamde platinis katalizatorze. 
platinis Tanaobisas reaqcia praqtikulad srulad 
(optimaluri reJimis pirobebSi) wamis meaTased wilebSi 
ase mimdinareobs: 
 

kj9006454 223 ++=+ OHNOONH ,,,,    
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maSin, roca Termodinamikurad ufro xelsayreli 
reaqciebi: 

                                            ,kj11006244 2223 ++=+ OHONONH     

.kj13006234 2223 ++=+ OHNONH     

    
ar Cqardeba platinis katalizatoriT da amitom Caix-
Soba. 
 eTilis spirtis dehidrirebiT spilenZis oqsidis 
an TuTiis katalizatorze miiReba acetaldehidi: 
 

,2352 HCHOCHOHHC +→  

 

xolo alumosilikatis Tanaobisas mimdinareobs spirtis 
dehidratacia eTilenis warmoqmniT: 
 

.24252 OHHCOHHC +=  

   
 gansakuTrebiT maRalindividualuri specifiku-
roba da didi aqtivoba aqvT bunebriv maRalmolekulur 
katalizatorebs - fermentebs. Tu araorganuli kata-
lizatorebis specifikuroba mJRavndeba reaqciis tipis 
mimarT (magaliTad, nikelis katalizuri aqtivoba hid-
rirebis reaqciebSi, miuxedavad imisa, Tu romeli niv-
Tiereba unda dahidrirdes) fermentebi Tavis aqtivobas 
amJRavneben ukve konkretulad ama Tu im nivTierebis mi-
marT; magaliTad, fermenti saqaraza iwvevs mxolod sa-
qarozis hidrolizs da ar ekareba sxva Saqrebs da a. S. 
  
. 
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                    5.3. homogenuri da heterogenuli 

katalizi 

 

homogenuri katalizi SeiZleba mimdinareobdes 
airad an Txevad fazaSi. misi meqanizmi mdgomareobs re-
agentebsa da katalizators Soris imave fazaSi (airad 
an Txevad) aramdgradi Sualeduri naerTebis warmo-
qmnaSi, romelTa daSlis Sedegadac katalizatori rege-
nerirdeba. heterogenuli katalizuri reaqciebisagan 
gansxvavebiT, homogenuris dros, rig SemTxvevaSi, SeiZ-
leba Sualeduri naerTebis aRmoCena analiziT.  
 xsnarebSi katalizatorebia liTonebis ionebi 

( )2, ++ MeMe , mJavebi ( ),kationi is-+
H  fuZeebi ( −

OH -is  

anioni) da agreTve nivTierebebi, romlebic xels uwyobs 
Tavisufali radikalebis warmoqmnas. 
 xsnarebSi fuZe-mJavuri (ionuri) katalizis meqa-
nizmi imaSi mdgomareobs, rom katalizatorebsa da rea-
gentebs Soris mimdinareobs protonebis gacvla, rasac 
Tan axlavs Sigamolekuluri gardaqmnebi. mJavuri kata-
lizis dros protoni (an dadebiTi ioni) gadadis 
Tavdapirvelad katalizatoridan reagentis molekuli-
saken, fuZovani katalizis dros ki – dasawyisSi ka-
talizatori aris protonis aqceptori an anionis do-
nori reagentis molekulis mimarT. katalizuri reaq-
ciis Semdgom stadiaSi protoni gadaadgildeba ukumima-
rTulebiT da katalizatori aRidgens Tavis Sedgenilo-
bas. katalizatorebis aqtivoba fuZe-mJavuri urTierT-
qmedebis dros izrdeba maTi disociaciis konstantis 
zrdasTan erTad. 
 aseTnairad mimdinareobs hidrataciis, dehidrata-
ciis, hidrolizis, eTerifikaciis, xsnarebSi polikon-
densaciis reaqciebi. xsnarebSi mimdinare fuZe-mJavuri 
katalizis magaliTia spirtebis miReba olefinebis hid-

rataciiT, rac mJavebiT ( )HA  katalizdeba: 
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;222

−+ +−→+= ACHRCHHACHRCH  

;222222

++ −→+− OHCHRCHOHCHRCH  

.22222 HAOHCHRCHAOHCHRCH +→+− −+
 

    
    airfazur homogenur katalizs SedarebiT iSvia-
Tad iyeneben. misi magaliTebia gogirdis dioqsidis da-
Jangva azotis oqsidebiT gogirdmJavis kamerul an koS-
kur warmoebaSi, meTanis daJangva formaldehidad, rac 
azotis oqsidebiT Cqardeba, naxSirJangis daJangva dioq-
sidad wylis orTqlis Tanaobisas da sxv. airfazuri ka-
talizi SeiZleba ganxorcieldes molekuluri an radi-
kaluri jaWvuri meqanizmiT  
 homogenuri katalizis radikaluri meqanizmi 
SesaZlebelia rogorc airad, aseve Txevad fazaSi. kata-
lizatori muSaobs rogorc iniciatori, romelic reaq-
cias warmarTavs jaWvuri meqanizmiT. daCqareba miiRweva 
TviT reaqciis procesSi energiiT mdidari nawilakebis – 
Tavisufali radikalebis warmoqmniT. aseTi meqanizmiT 
mimdinareobs zogierTi JangviTi reaqciebi airebSi, po-
limerizacia Txevad fazaSi da sxv. radikaluri airfa-
zuri reaqciis tipuri magaliTia azotis oqsidebis 
moqmedebiT alkanebis, kerZod meTanis formaldehidad 
daJangva.     

 temperaturis, wnevisa da arevis gavlena homoge-
nur-katalizur reaqciebze homogenuri procesebis zo-
gadi kinetikuri kanonzomierebebis analogiuria. homo-
genuri katalizis ZiriTadi naklia saboloo produq-
tisa da katalizatoris gayofis siZnele (siTxis an ai-
risa), ris Sedegadac katalizatoris nawili Seuqce-
vadad ikargeba, xolo produqti misgan WuWyiandeba. he-
terogenuli katalizis dros airadi da Txevadi sareaq-
cio narevi advilad gamoeyofa myar katalizators 
(umetes SemTxvevaSi igi gadis katalizatoris mfiltrav 

134 
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fenaSi); da es aris heterogenuli katalizis farTod 
gavrcelebis erT-erTi umniSvnelovanesi mizezi. 
 heterogenuli katalizi mrewvelobaSi ufro 
farTod gamoiyeneba vidre homogenuri. fazuri niSnis 
mixedviT cnobilia heterogenuli katalizis sxvadasxva 
saxeebi; gamoiyeneba Txevadi katalizatorebi, romlebic 
aCqarebs reaqciebs Seurevad siTxeebsa da siTxeebsa da 
airebs Soris, da myari katalizatorebi, romlebic 
siTxeebsa da airebs an airad reagentebs Soris mimdi-
nare reaqciebs aCqarebs. katalizuri raqciebis umra-
vlesoba aris reaqciebi airad reagentebs Soris myari 
katalizatoris monawileobiT.  
 heterogenuli katalizis, iseve rogorc homoge-
nuris dros, reaqcia Cqardeba axali sareaqcio gzis aR-
moCeniT, romelic nakleb aqtivaciis energias moiTxovs. 
sareaqcio gzis cvlileba xdeba moreagire nivTierebebis 
Sualeduri qimiuri urTierTqmedebiT katalizatorTan. 
am SemTxvevaSi Sualeduri naerTebi warmoiqmneba kata-
lizatoris zedapirze; isini calke fazas ar warmo-
qmnian da maTi aRmoCena qimiuri analiziT ar SeiZleba. 
 Jangva-aRdgeniTi (eleqtronuli) katalizis dros 
katalizatorebia eleqtrodenis gamtarebi – liTonebi 
– da naxevargamtarebi (ZiriTadad liTonebis oqsidebi). 
cdebiT miRebuli monacemebi gviCvenebs, rom yvelaze me-
ti katalizuri aqtivoba axasiaTebT elementTa perio-
duli sistemis didi periodebis liTonebs. esenia Ziri-
Tadad I, VI, VII da VIII jgufis liTonebi: spilenZi, ve-
rcxli, qromi, molibdeni, volframi, urani, rkina, ko-
balti, nikeli, platina, paladiumi da sxv. yvela es 
liTonebi gardamavali elementebia Seuvsebeli d  
eleqtronuli garsiT da aqvT rigi Tvisebebi, romlebic 
xels uwyobs katalizur aqtivobas: cvalebadi daJan-
gulobis xarisxi, kompleqswarmoqmnisadmi midrekileba, 
eleqtronis gamosvlis SedarebiT mcire muSaoba da sxv. 
miaxloebiTi ganxilviT liTonebze katalizi dafuZne-
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bulia reagentebis aqtivirebul adsorbciaze katali-
zatoris zedapiriT, rasac Tan axlavs eleqtronebis 
donorul-aqceptoruli gadasvlebi liTonis  d   garsSi 
da ukumimarTulebiT, reaqciis tipisagan damokidebule-
biT. magram am gadasvlebiT ar amoiwureba katalizuri 
aqtis mTeli urTulesi arsi. 

fuZe-mJavur (ionur) katalizur procesebs mieku-
Tvneba hidrataciis, dehidrataciis, aminirebis, izomeri-
zaciis, alkilirebisa da sxva reaqciebi. am reaqciebisa-
Tvis katalizatorebad iyeneben myar mJavebs an fuZeebs, 
romelTac mxolod ionuri gamtaroba aqvT. mJavur ka-
talizatorebs miekuTvneba forovan sarCulze dafenili 

mciredaqroladi mJavebi ( ,43POH 42SOH ),  mJave marilebi 

(fosfatebi, sulfatebi) da agreTve anionis gacemis 
unaris mqone nivTierebebi (aluminsilikatebi, nawilo-
briv Al -is, Si -is, W -is hidratirebuli oqsidebi, li-
Tonebis halogenidebi). 

ionuri heterogenuli katalizis meqanizmi homo- 
genuri fuZe-mJavuris analogiuria, e. i. daiyvaneba io-
nebis (kationebis an anionebis) gacvlaze katalizatorsa 
da reagentebis molekulebs Soris. katalizisaTvis didi 
mniSvneloba aqvs aqtiur centrebs, e. i. katalizatoris 
zedapiris ubnebs, romelTac gadidebuli aqtivoba aqvT. 
es aris zedapiris geometriuli araerTgvarovnebani: pi-
kebi, kuTxeebi, kristalebis wiboebi an zedapiris mikro-
struqturuli defeqtebi. aqtiuri centrebi SeiZleba 
ganvixiloT rogorc zedapirTan yvelaze naklebad daka-
vSirebuli, eleqtronuli an protonuli mimocvlisa-
Tvis yvelaze xelsayrel pirobebSi myofi atomTa jgu-
febi ujeri savalento bmebis arsebobis gamo. reage-
ntebis adsorbcia pirvelad xdeba aqtiur centrebze. 
reaqciis siCqare damokidebulia ara marto komponen-
tebis koncentraciaze airad fazaSi, aramed katali-
zatoris zedapirze maT adsorbciul wonasworobazec. 
ramdenadac reaqciis produqtebi ikavebs aqtiuri cent-
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rebis nawils, isini amuxruWeben reaqcias. myar kata-
lizatorebs amzadeben da iyeneben, rogorc wesi, mcire 
forovani marcvlebis, abebis, granulebis saxiT. amasTan 
forebis Siga zedapiri SeiZleba asjer da aTasjer 
aRematebodes gare zedapirs.  

myari forovani katalizatorebis katalizuri 
aqtivoba ganisazRvreba rogorc maTi qimiuri Sedgeni-
lobiT, aseve forovani struqturiT. forovan struq-
turaSi gulisxmoben marcvlebis formis, forebis zo-
mis, moculobisa da marcvlebis Siga zedapiris erTob-
liobas. katalizatoris aqtivoba proporciulia rea-
gentebisaTvis misawvdomi zedapirisa, magram wvrildis-
persiuli kataliztorebis Siga zedapiri SeiZleba sak-
maod srulad ver gamoviyenoT difuzuri damuxruWebis 
gamo. 

heterogenuli katalizis procesi myar forovan 
katalizatorze Semdegi elementaruli stadiebisagan 
Sedgeba: 1) moreagire nivTierebebis difuzia nakadis 
gulidan katalizatoris marcvlebis zedapirisaken; 2) 
reagentebis difuzia katalizatoris forebSi; 3) aqti-
virebuli adsorbcia (qemosorbcia) katalizatoris 
zedapirze zedapiruli qimiuri naerTebis – gaaqti-
viebuli kompleqsebis –  reagenti-katalizatoris  war-
moqmniT; 4) atomTa gadajgufeba zedapiruli kom-  
pleqsebis – produqti-katalizatoris – warmoqmniT;  
5) produqtis desorbcia katalizatoris zedapiridan; 
6) produqtis difuzia katalizatoris marcvlis fore-
bidan; 7) produqtis difuzia katalizatoris marcvlis 
zedapiridan nakadis gulSi. 

heterogenuli katalizuri procesis saerTo 
siCqare ganisazRvreba calkeuli stadiebis SefardebiTi 
siCqariT da SeiZleba maTgan yvelaze neliT limitir-
debodes. 

heterogenuli katalizuri procesebisaTvis speci-
fikuri teqnologiuri reJimis umniSvnelovanesi para-
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metria sakontaqto aparatebSi Semavali sareaqcio na-
revis sisufTave, masSi katalizatoris momwamvleli niv-
Tierebebis ararseboba.  

katalizatoris mowamvla  aris aqtivobis nawi-
lobrivi an sruli dakargva kontaqtur Sxamebad wode-
buli nivTierebebis mcire raodenobis moqmedebis Sede-
gad. kontaqturi Sxamebi, Cveulebriv, Sedis minarevebis 
saxiT amosaval nivTierebebSi. aqtivobis dakargva xdeba 
aqtiuri centrebis nawilobrivi an sruli gamoTiSvis 
Sedegad. mowamvlis meqanizmi specifikuria mocemuli 
Sxamisa da katalizatorisaTvis da mravalferovania. es 
xdeba katalizatoris zedapirze Sxamis qimiuri urTi-
erTqmedebis Sedegad katalizurad araaqtiuri naerTis 
warmoqmniT, katalizatoris aqtiur centrebze Sxamis 
aqtivirebuli adsorbciiT, Sxamis an misi nawarmebis 
kristalizaciiT katalizatoris zedapirze. 

mowamvla SeiZleba iyos Seqcevadi an Seuqcevadi. 
Seqcevadi mowamvlis dros katalizatoris aqtivoba 
mcirdeba mxolod Semaval narevSi Sxamis Semcvelobis 
dros. Tu am dros ganaxldeba katalizatorze sufTa 
narevis miwodeba katalizatorisa da Sxamis naerTi da-
iSleba, adsorbirebuli Sxami aqroldeba  da ganidev-
neba reaqciis produqtebTan erTad. Seuqcevadi mowam-
vla mudmivia. mowamlul katalizators gamotvirTaven 
aparatidan da cvlian axliT an atareben mis rege-
neracias sakontaqto masidan Sxamis an katalizatoris 
eqstraqciiT. 

Sxamebis moqmedeba specifikuria mocemuli kata-
lizatorisa da reaqciisaTvis. Sxamebisadmi yvelaze 
ufro mgrZnobiarea liTonuri katalizatorebi, gansa-
kuTrebiT keTilSobili liTonebi. platinis kataliza-
torisaTvis, romelic farTod gamoiyeneba daJangvis 
procesebSi, Sxamebia gogirdwyalbadi da sxva gogirdo-
vani naerTebi, dariSxanis naerTebi, fosforwyalbadi, 

+2
Pb ,  

+2
Cu , +2

Sn ,  
+2

Fe da sxva liTonebi. oqsiduri 
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naxevargamtari katalizatorebi naklebad mgrZnobia-

renia Sxamebisadmi. 52OV -is  safuZvelze damzadebuli 

katalizatorisaTvis Sxamebia dariSxanisa da selenis 
naerTebi. mowamvlisagan katalizatorebis dasacavad sa-
reaqcio narevs winaswar wmenden kontaqturi Sxame-
bisagan. 

    

5.4. myari katali5.4. myari katali5.4. myari katali5.4. myari katalizatorebis Tvisebebi zatorebis Tvisebebi zatorebis Tvisebebi zatorebis Tvisebebi 
da maTi damzadebada maTi damzadebada maTi damzadebada maTi damzadeba    

 

    samrewvelo katalizatorebi, Cveulebriv, ar aris 
individualuri nivTierebebi. isini, rogorc wesi, rTu-
li narevebia, romelTac sakontaqto masas uwodeben. sa-
kontaqto masaSi Semavali zogi nivTiereba sakuTriv ka-
talizatoria, xolo zogi aqtivatori da sarCuli. 
 aqtivatorebs an promotorebs uwodeben ZiriTadi 
katalizatoris aqtivobis amamaRlebel nivTierebas. ma-
galiTad, gogirdmJavis warmoebaSi gamoyenebul vanadi-
umis sakontaqto masaSi ZiriTadi komponentis – vana-
diumis xuTJangis – aucilebeli gamaaqtivebeli dana-
matebia tute liTonebis oqsidebi. danamatebis gama-
aqtivebeli moqmedebis meqanizmi rTulia da mraval Sem-
TxvevaSi naTeli ar aris. aqtivacia SeiZleba moxdes da-
namatebis katalizatorTan qimiuri urTierTqmedebis Se-
degad gadidebuli katalizuri aqtivobis mqone pro-
duqtebis warmoqmnis gamo; zogjer aqtivatori adidebs 
katalizurad  aqtiuri nivTierebis zedapirs an amaR-
lebs mis Termomedegobas, zogjer ki icavs sakontaqto 
Sxamebis zemoqmedebisagan. 
 sarCulebs an tregerebs uwodeben Termomedeg, 
inertul, forovan nivTierebebs, romlebzedac xsnare-
bidan daleqviT an sxva xerxiT afenen katalizators. es 
adidebs katalizatoris zedapirs, aZlevs sakontaqto 
masas forovan struqturas, adidebs mis meqanikur sim-
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tkices, icavs aqtiur zedapirs Secxobisa da gada-
kristalebisagan, da agreTve aiafebs sakontaqto masas. 
sarCuli SeiZleba moqmedebdes, agreTve, rogorc aqti-
vatori. sarCulebad iyeneben forovan, inertul masa-
lebs, rogoricaa pemza, silikageli, keramika, kaolini, 
naxSiri, ceoliTebi da sxv. 
 katalizatorebis damzadebisas aucilebelia teq-
nologiiT wayenebuli moTxovnilebebis gaTvaliswineba. 
samrewvelo katalizatorebi unda iyos sakmaod aqtiuri 
mocemuli reaqciisaTvis, rac SeiZleba mdgradi sakon-
taqto Sxamebis moqmedebisadmi, SedarebiT iafi da hqon-
des sakontaqto aparatebSi eqspluataciisaTvis aucile-
beli fizikuri Tvisebebi: meqanikuri simtkice, Termome-
degoba, gansazRvruli siTbogamtaroba da sxv. 
 aqtiuri katalizatorebis dasamzadeblad, Ziri-
Tadad, Semdeg meTodebs iyeneben: 
 1. hidroJangebis an karbonatebis daleqva maTi 
marilebis xsnarebidan sarCulTan erTad an mis gareSe 
sakontaqto masis Semdgomi formirebiT, gavarvarebiTa 
da, saWiroebis SemTxvevaSi, aRdgeniT (daleqili katali-
zatorebi). 
 2. katalizatoris, aqtivatorisa da sarCulis 
(zogjer mWida nivTierebebis) mSrali fxvnilebis er-
Toblivi dawnexa Semdgomi gavarvarebiTa da aRdgeniT. 
 3. forovani sarCulis gaJRenTva katalizatorisa 
da aqtivatoris Semcveli xsnariT, Semdgomi gamoSro-
biT, gavarvarebiTa da aRdgeniT. aseTi tipis katali-
zatorebs miekuTvneba liTonuri, oqsiduri, marilo-
vani, mJavuri da fuZe katalizatorebi. 
 4. ramdenime nivTierebis SelRoba erT-erTi maT-
ganis Semdgomi gamotutviT (ConCxuri katalizatorebi) 
an liTonebis aRdgena oqsidebidan wyalbadiT. ase amza-
deben nikelis ConCxur katalizators hidrirebisaTvis; 
nikelisa da aluminis SenalRobidan alumins gamotu-
taven natriumis tutiT. 
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 fuZe-mJavuri reaqciebis amorful katalizato-
rebs amzadeben komponentebis TanadaleqviT, magaliTad 
gelebis koagulaciiT. sakontaqto masebs wnexaven abebis, 
marcvlebis an granulebis saxiT. zogjer kataliza-
tors amzadeben uwvrilesi badeebis saxiT, romelic 
iqsoveba sxvadasxva liTonebis Senadnobebisagan (platina-
paladium-rodiumis badeebi amiakis dasaJangavad).  
 

 

WJ!Ubwj!
!

fotoqimiuri, radiaciulfotoqimiuri, radiaciulfotoqimiuri, radiaciulfotoqimiuri, radiaciul----qimiuri, qimiuri, qimiuri, qimiuri, 
bioqimiuri, plazmurbioqimiuri, plazmurbioqimiuri, plazmurbioqimiuri, plazmur----qimqimqimqimiuri procesebisa iuri procesebisa iuri procesebisa iuri procesebisa 

da ultrabgeris gamoyeneba qimiur da ultrabgeris gamoyeneba qimiur da ultrabgeris gamoyeneba qimiur da ultrabgeris gamoyeneba qimiur 
teqnologiaSiteqnologiaSiteqnologiaSiteqnologiaSi    

Y 
foto-, radiaciul-  da bioqimiuri procesebi 

Cveulebrivi katalizuri procesebis msgavsia qimiuri 
reaqciebis daCqarebis mxriv, romlebic am aRmgznebis 
zemoqmedebiT sul sxva gziT mimdinareobs, vidre  amg-
zneblebis gareSe molekulebis urTierTmoqmedebisas.  

fotoqimiurs uwodeben sinaTlis moqmedebiT 
gamowveul an daCqarebul reaqciebs. reaqciis agznebis 
an daCqarebisaTvis aucilebeli energia reagentebTan 
miiyvaneba eleqtromagnituri rxevebis saxiT. Fotoqimi-
uri reaqciebis elementaruli meqanizmi mdgomareobs 
moreagire nivTierebebis molekulebis  gaaqtivebaSi fo-
tonebis STanTqmisas. sinaTlis STanTqmisas icvleba mo-
lekulis struqtura; atomebis gare garsebis eleqtro-
nebi, romlebic qimiur bmas axorcielebs, aRigzneba da 
molekula xdeba unariani qimiuri gardaqmnebis mimarT. 
fotoqimiur reaqciebs SeiZleba hqondes sxvadasxva xa-
siaTi da iyofa or ZiriTad jgufad. pirvel jgufs 
miekuTvneba reaqciebi, romelTac Termodinamikurad una-
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ri aqvs TavisTavad mimdinareobdes mocemul pirobebSi. 
am reaqciebisaTvis sinaTle da sxva eleqtromagnituri 
rxevebi asrulebs amgznebis, iniciatoris rols. Cveu-
lebriv maT jaWvuri xasiaTi aqvT; sinaTlis STamnTq-
meli molekulebi disocirdeba da gaaqtivebuli atom-
ebi an atomTa jgufebi aris iniciatorebi meoreuli 
qimiuri reaqciebisaTvis. 

fotoqimiuri reaqciebis meore jgufi aris 
reaqciebi, romlebsac mocemul pirobebSi Termodina-
mikurad ar SeuZlia mimdinareobdes TavisTavad, da ro-
melTa CatarebisTvisac aucilebelia garegani energiis 
ganuwyveteli xarjva. es energia miiyvaneba eleqtro-
magnituri rxevebis saxiT. am SemTxvevaSi gardaqmnili 
nivTierebis raodenoba pirdapir proporciulia STanTq-
muli sinaTlis energiis raodenobisa.  

orive tipis fotoqimiuri reaqciebi mimdinareobs 
bunebaSi da gamoiyeneba mrewvelobaSi. fotoqimiur re-
aqciebs miekuTvneba, magaliTad, qimiur mrewvelobaSi 
gamoyenebuli naxSirwyalbadebisa da sxva nivTierebebis 
qlorirebis procesebi, zogierTi polimerebis sinTezebi 
(polistirolis), parafinebis sulfoqlorireba da sxv. 
meore tipis fotoqimiur reaqciebs miekuTvneba, magali-
Tad, fotosinTezis bunebrivi procesi, e. i. naxSir-
wylebis sinTezi haeris naxSirorJangidan mcenareebSi 
mzis sinaTlis moqmedebiT, romelsac STanTqavs mcenaris 
pigmenti – qlorofili. 

sinaTlis moqmedebiT ganxorcielebuli qimiuri 
procesebis gansakuTrebuli jgufia fotokatalizuri 
reaqciebi, romlebSic sinaTle STainTqmeba ara morea-
gire nivTierebebiT, aramed fotoqimiuri reaqciis dama-
Cqarebeli katalizatoriT. aseTi tipis reaqciebi mimdi-
nareobs, rogorc wesi, airad an Txevad reagentebs So-
ris myari katalizatoris zedapirze katalizatorisa 
da sinaTlis energiis jamuri moqmedebis Sedegad. dasxi-
vebiT aRigzneba eleqtronebi katalizatoris zedapir-
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ze, e. i. eleqtronebis nawili Tavisufldeba da maTi 
koncentracia izrdeba zedapirTan, rac xels uwyobs 
reaqciis energetikuli barieris gadalaxvas. fotokata-
lizatorebad ixmareba zogierTi naxevargamtarebi (Tu-
Tiis, kadmiumis, kalis oqsidebi). 

radiaciul-qimiuri reaqciebi mimdinareobs maRa-
li energiis maionebeli gamosxivebis Sedegad, rogo-
ricaa maRali sixSiris eleqtromagnituri rxevebi 
(rentgenis sxivebi da χ   nawilakebi) da maRali ene-

rgiis nawilakebi (α   da β  nawilakebi, aCqarebuli ele-
qtronebi, neitronebi, radioaqtiuri dayofis "nams-
xvrevebi"). gamosxivebis wyarod iyeneben izotopur dana-
dgarebs (xangrZlivcocxali radioaqtiuri izotopebis 
gamoyenebiT, magaliTad kobalt-60-is), birTvul rea-
qtorebs, nawilakebis amaCqareblebs da sxv. 

maionebeli gamosxivebis moqmedebis meqanizmi gan-
sxvavdeba katalizisa da sinaTlis sxivebis moqmedebi-
sagan. moreagire sistemaSi maRali energiis gamosxivebis 
gavlisas energia gadaecema reagentebs, rasac Tan axlavs 
molekulebis ionizacia da eleqtronuli aRgzneba. rea-
gentebis molekulebis uSualo aRgznebis garda am 
dros xdeba eleqtronebis mowyveta atomTa Siga gar-
sebidan da energia gadaecema amoglejil eleqtronebs. 
meoreuli eleqtronebi, Tavis mxriv, asrulebs moleku-
lebis aqtivaciis an ionizaciis aqts.  

qimiur procesebze maRali energiis gavlenis 
gamokvleva mravali mimarTulebiT mimdinareobs, kerZod 
katalizis sferoSi. am gziT SeiZleba katalizato-
rebis, gansakuTrebiT naxevargamtarebis, aqtivobisa da 
SerCeviTobis farTo zRvrebSi cvlileba da reguli-
reba. dawyebulia mravali radiaciuli qimiur-teqno-
logiuri procesis samrewvelo ganxorcieleba. aseT 
procesebs miekuTvneba, pirvel rigSi, jaWvuri (an jaW-
vuris maxlobeli) meqanizmiT mimdinare da gamosxivebiT 
inicirebuli organuli sinTezis reaqciebi – qlori-
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reba, sulfireba, sulfoqlorireba, ormag bmebTan mi-
erTeba, daJangva da sxv. mrewvelobaSi aTvisebuli pro-
cesia, magaliTad, eTilbromidis sinTezi eTilenTan 
HBr -is pirdapiri mierTebiT  χ  sxivebis moqmedebiT. 
samrewvelo radiaciuli qimiis gansakuTrebiT mniSvne-
lovani dargia polimerebis mravalferovani garda-
qmnebi, kerZod, kauCukis vulkanizacia. radiaciul-
qimiuri gardaqmnebis dros icvleba polimerebis Tvi-
sebebi da struqtura, rac gamoiyeneba maTi teqno-
logiuri Tvisebebis gasaumjobeseblad. mrewvelobaSi 
iTviseben polimerebis, kerZod polieTilenis, radia-
ciuli modificirebis procesebs; samrewvelo danergvis 
stadiaSia radiaciul-qimiuri sinTezebis mTeli rigi: 
eTilenis, tetraftoreTilenis, akrilamidisa da zo-
gierTi sxva monomeris polimerizacia.  

gamosxivebis gavleniT mravali reaqcia axali 
produqtebis warmoqmniT mimdinareobs. naxSirJangis hid-
rirebis farTod cnobili reaqciebi gamosxivebis gavle-
niT SeiZleba miviyvanoT formaldehidis warmoqmnamde 
misi Semdgomi kondensaciiT umaRles Saqrebad. gansakuT-
rebiT perspeqtiulia kompleqsuri qimiur-energetikuli 
danadgarebis Seqmna, romlebic erTdroulad awarmoebs 
eleqtroenergiasa da qimiur produqtebs. specialize-
bul qimiur-birTvul reaqtorSi radioaqtiuri dayofis 
“namsxvreebis" kinetikuri energia SeiZleba uSualod ga-
moviyenoT endoTermuli qimiuri reaqciebis gansaxorci-
eleblad. 

katalizuri reaqciebi damaxasiaTebelia cocxali 
bunebisaTvisac da mimdinareobs cxoveluri organizme-
bisa da mcenareebis ujredebSi. es bioqimiuri proce-
sebia. maTi umravlesoba katalizuria. cocxali materia 
flobs maRalaqtiur, natif da seleqciur biologiur 
katalizatorebs, romlebic Tavisi efeqturobiT ganu-
zomlad aRemateba qimiur teqnologiaSi gamoyenebuls. 
magaliTad, cocxali organizmi boWavs atmosferul 
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azots naerTis saxiT niadagis temperaturasa da atmos-
ferul wnevaze. mrewvelobaSi ki atmosferuli azotis 
fiqsireba (amiakis sinTezi) xerxdeba  didi 
energetikuli danaxarjebis Sedegad (ramdenime aseuli 
atm. wnevisa da aseulobiT gradus temperaturaze). amis 
mizezia amiakis samrewvelo sinTezis katalizatoris 
SedarebiT mcire aqtivoba. biologiuri katalizato-
rebia organizmSi dasinTezebuli fermentebi (anu en-
zimebi) da hormonebi, agreTve garedan Seyvanili vita-
minebi. 

cocxal bunebaSi ganxorcielebuli katalizis 
principebis gamoyeneba saSualebas mogvcemda axleburad 
gardagveqmna qimiuri mrewvelobis mTeli rigi dargebi. 
bioqimiuri procesebis teqnikuri gamoyenebis perspeq-
tivaSia atmosferuli azotis fiqsaciis, cilebisa da 
cximebis sinTezis problemebi, haeris auzis naxSiror-
Jangis gamoyeneba organuli sinTezisaTvis. 

amJamad mrewveloba iyenebs duRilis sxvadasxva 
formebs spirtebis, acetonisa da organuli mJavvebis 
misaRebad, cilovani sakvebi safuaris biologiur sin-
Tezs, Camdinare wylebis biologiur gawmendasa da sxv. 
yvela es procesi mimdinareobs sxvadasxva saxis mikro-
organizmebis monawileobiT, magram mcire siCqariT. ami-
tom aparatura amJamad cnobili biologiuri proce-
sebis Casatareblad gamoirCeva didi zomebiT da warmo-
adgens erTmaneTTan SeerTebuli rezervuarebisa da saw-
domebis batareas. 

mimdinareobs gamokvlevebi fermentuli katali-
zis modelirebisaTvis sinTezuri organuli kataliza-
torebis katalizuri Tvisebebis safuZvelze, romlebic 
SedgenilobiTa da aRnagobiT fermentebze naklebad 
rTulia, magram garkveuli zomiT imeorebs maT kata-
lizur moqmedebas. aseT katalizatorebs miekuTvneba, 
magaliTad, organuli naxevargamtarebi, kerZod xela-
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turi polimerebi, romlebic liTonebTan Sinagan komp-
leqsebs warmoqmnis da sxv. 

did SesaZleblobebs qmnis qimiuri teqnologi-
isaTvis plazmur-qimiuri procesebis gamoyeneba. plazma 
aris materiis mdgomareoba; igi ionizebuli airia, 
romelic Seicavs damuxtul nawilakebs: Tavisufal ele-
qtronebsa da airis ionebs. ionizaciis gamo plazma 
eleqtrogamtaria. plazma eleqtroneitraluria (kvazi-
neitraluri), ramdenadac ionebis dadebiTi da eleq 

 
          nax. V.3 plazmuri Wavlis gamomyofi rkaluri 

plazmotronis sqema: 
1 – kaTodi; 2 – izolatori; 3 – anodi;  4 – saqSeni. 

 
tronebis uaryofiTi muxtebi saSualod urTierTnei-
traldeba.  

plazmuri mdgomareoba aRiZvreba maRali tempera-
turis dros, romelic warmoiqmneba eleqtrorkalSi, 
meqanikur da eleqtromagnitur dartymiT milebSi, ma-
Rali sixSiris airadi ganmuxtvisas, birTvuli reaq-
ciebis dros da sxv. 

qimiur teqnologiaSi gamoiyeneba dabaltempera-
turuli plazma, romelic miiReba generatorebSi (pla-
zmotronebSi): eleqtrorkalurSi – eleqtruli rkalis 
saSualebiT. an induqciurSi – maRali sixSiris airadi 
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ganmuxtvis gziT. dabaltemperaturulad iTvleba plaz-

ma, romlis temperatura 103- K
510 -is rigisaa. aseT pla-

zmaSi kidev arsebobs aradisocirebuli molekulebi, ma-
gram ZiriTadad masSi Sedis airis ionebi da Tavisufali 
radikalebi. plazmaSi molekulebi da Tavisufali radi-
kalebi sxvadasxva reaqciebSi Sedis. amasTan mkvriv, wo-
nasworul plazmaSi reaqciebi mimdinareobs, ZiriTadad, 
maRali temperaturis gamaaqtivebeli moqmedebis xarjze. 
gaiSviTebul arawonasworul (maRalionizebul) plazma-
Si qimiuri reaqciebis meqanizmi radiaciuli da foto-
qimiuri reaqciebis analogiuria. 

plazmur-qimiuri procesebis SesaZleblobebi da 
mimarTuleba ganusazRvrelia. maRalionizebul plazma-
Si SeiZleba wavides iseTi reaqciebi, romelTa ganxor-
cieleba sxva pirobebSi SeuZlebeli iqneboda, magali-

Tad, damZimebuli ionebis ( )+++
253 ,, ArCHH , metastabi-

luri uaryofiTi ionebis ( )−−− BPH ,,  da agreTve Tavi-
sufali radikalebis monawileobiT.H 

samrewvelo ganxorcielebisaTvis damuSavebulia 
mravali teqnologiuri procesi dabaltemperaturuli 
plazmis gamoyenebiT. esenia martivi an konsekutiuri 
reaqciebi, romelTaTvisac produqtis wonasworuli 
gamosavali maqsimaluria maRali temperaturis dros. 
maT miekuTneba azotis Ooqsidis pirdapiri sinTezi hae-
ridan, acetilenis miReba meTanisa da benzinisagan, cian-
wyalbadis miReba azotisa da naxSirwyalbadebisagan, 
fToris mravalgvari naerTebis sinTezebi, naxSirway-
lbadebis airfazuri daJangva da sxv. maRalionizebuli 
arawonasworuli plazmis gamoyenebiT ganxorcielebul 
reaqciebs miekuTvneba, magaliTad, inertuli airebis 
ionuri naerTebis miReba, reaqciebi myari an Txevadi 
fazebis zedapirze (magaliTad, polimeris zedapiris 
aqtivacia) da mravali sxva qimiuri reaqcia. 

azotis oqsidis sinTezi haeridan maRali Zabvis 
eleqtrorkalis saSualebiT ganxorcielda jer kidev 
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1904 wels, magram maRali Rirebulebisa da arasakmao 
damuSavebis gamo am procesma ver gauwia konkurencia 
ufro iaf da teqnikurad srulyofil amiakis sinTezs. 
momavalSi atmosferuli azotis uSualo SekavSireba 
NO-d plazmotronebis gamoyenebiT, unda aRmoCndes 
ufro martivi da ekonomiuri, vidre azotis sasuqebis 
miRebis mravalstadiuri procesi amiakis sinTeziT, misi 
daJangviT, Semdeg azotmJavis miRebiTa da a. S. 

acetilenis miReba plazmur-qimiuri meTodiT Sei-
Zleba aseve ufro efeqturi gaxdes, vidre arsebuli me-
Todebi (magaliTad, meTanis JangviTi pirolizi). aceti-
lenis gamosavali ufro maRalia da TviTRirebuleba 
dabali.  

orive ganxiluli procesi moiTxovs reaqciis zo-
naSi reagentebis dayovnebis mcire dros, rac miiRweva 
plazmis Wavlis didi siCqariT da reaqciis produqtebis 
wrTobiT, e. i. swrafi gacivebiT.  

plazmur-qimiuri procesebis aparatura warmoad-
gens plazmotronisa da reaqtoris Serwymas. reagentebi 
miewodeba an ganmuxtvis zonaSi (plazmotronisa da re-
aqtoris SeTavseba) an maRaltemperaturul plazmaSi 
ganmuxtvis zonis gareT (plazmurWavliani reaqtorebi). 
amJamad qimiuri procesebisaTvis ufro gavrcelebulia 
sxvadasxva tipis eleqtrorkaluri, Wavluri plazmo-
tronebi, magram ukve gamoiyeneba induqciuric. 

 V.3. naxazze moyvanilia rkaluri plazmurWav-
luri reaqtoris principialuri sqema, romelic gamo-
yofs plazmis Wavls. aseTi tipis plazmotronebisaTvis 
damaxasiaTebelia kaTodisa da anodis korpuss SigniT 
ganlageba da Wavlis gamosvla reaqtorSi. plazmotroni 
aris cilindruli kamera volframis kaTodiTa da spi-
lenZis rgoluri anodiT, romlis gavliTac reaqtorSi 
gamoedineba plazmuri Wavli. plazmis Wavlis asaCqareb-
lad reaqtorSi dayenebulia saqSeni. plazmotronis 
eleqtrodebi da korpusi civdeba wyliT. 
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 bolo xanebSi qimiur mrewvelobaSi sul ufro 
xSirad iyeneben ultrabgeris, e. i. ultrabgeriTi six-
Siris diapazonis drekadi rxevebis moqmedebas qimiur 
procesebze. es fizikuri meTodi gamoiyeneba, ZiriTadad, 
qimiur-teqnologiuri procesebis fizikuri stadiebis 
gansaxorcieleblad, magaliTad, siTxeebis (msaT Soris 
nadnobebis) gamtvervisaTvis, Txevadi da myari nivTi-
erebebis disperhirebisaTvis emulsiebisa da suspenziebis 
misaRebad, aerozolebis koagulaciisa da SrobisaTvis, 
kristalwarmoqmnis marTvisaTvis, kerZod, milgayvanilo-
bis kedlebze kristalwarmoqmnis Sesamcireblad da sxv.  
 ultrabgeris gamoyeneba cvlis agreTve zogierTi 
reaqciis mimdinareobis siCqares (Jangva-aRdgeniTi reaq-
ciebi xsnarebSi, polimerizacia xsnarebsa da nadnobebSi, 
hidrolizi da sxv.). 
 ultrabgeris moqmedebis meqanizmi uwinares yov-
lisa mdgomareobs dasamuSavebel garemoze drekadi rxe-
vebis meqanikur da specifikur zemoqmedebaSi. qimiur 
aparatebSi, Txevad da airad garemoSi iyeneben saSualo 
da maRali intensivobis ultrabgeriT rxevebs 1-5 vt/sm2 
da met intervalSi. aseTi intensivobis talRebis 
gavlis Sedegad garemos Tvisebebi da heterogenuli 
reaqciebis msvleloba am garemoSi icvleba, ZiriTadad, 
meoreuli efeqtebis, kavitaciis, radiaciuli wnevisa da 
bgeriTi qaris Sedegad. 
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 nedleuli teqnologiuri procesis erT-erTi 
ZiriTadi elementia, romelic mniSvnelovnad gansa-
zRvravs procesis ekonomiurobas, warmoebis teqnikasa 
da produqciis xarisxs. nedleuls uwodeben samrewvelo 
produqtebis warmoebaSi gamoyenebul bunebriv masalebs. 
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 samrewvelo produqciisa da, kerZod, qimiuri 
produqciis asortimentis zrdis gamo warmoiSoba axa-
li saxis nedleulis aucilebloba. nedleulis mo-
povebis, momzadebis, gamdidrebis teqnikis ganviTareba 
iZleva iseTi axali saxis nedleulis, sasargeblo wia-
Riseulis gamoyenebis saSualebas, romelic sasargeblo 
komponentebs SedarebiT mcire raodeno-biT Seicavs. Am-
rigad, qimiuri mrewvelobis nedleu-lis baza ganuw-
yvetliv farTovdeba. mravali warmoebis amosavali ma-
sala aris nedleuli, romelmac ukve ganicada samre-
wvelo gadamuSaveba; aseT nedleuls naxevarproduqts 
(naxevarfabrikats an ZiriTad masalas) uwodeben. Zo-
gierTi qimiuri warmoeba nedleulad iyenebs sxva war-
moebis narCenebsa da Tanaur produqtebs.  

 

7777.1. nedleulis daxasiaTeba da maragi.1. nedleulis daxasiaTeba da maragi.1. nedleulis daxasiaTeba da maragi.1. nedleulis daxasiaTeba da maragi    
    

qimiuri mrewvelobis nedleuls sxvadasxva niSnis 
mixedviT ajgufeben. warmoSobis mixedviT nedleuls 
yofen rogorc mineraluri, mcenareuli da cxoveluri. 
ufro  metia mineraluri  nedleuli, e. i. dedamiwis 
qerqidan mopovebuli sasargeblo wiaRiseuli. Agrega          
tuli mdgomareobis mixedviT asxvaveben myar, Txevad   
(navTobi, marilxsnarebi, wyali) da airad (haeri,               
bunebrivi airi) nedleuls. Sedgenilobis mixedviT 
nedleuli iyofa organulad da araorganulad. Minera-
luri nedleuli, Tavis mxriv, iyofa madneul, ara-
madneul da sawvav nedleulad. 

madneul mineralur nedleuls uwodeben iseTi 
liTonebis Semcvel mTis qanebs an mineralur agre-
gatebs, romelTa amoReba teqnikurad SesaZlebelia da 
ekonomikurad xelsayreli. magaliTad, rkina Sedis 
magnitur rkinaqvaSi Fe3O4-is, wiTel rkinaqvaSi Fe2O3-is, 
mura rkinaqvaSi Fe(OH)3-is saxiT da sxv. spilenZis 
madnebi, Cveulebriv Seicavs spilenZis gogirdovan  
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naerTebs  Cu2S-s, CuS-s, FeCuS2-s da sxv. garda ZiriTadi 
liTonebis Semcveli mineralebisa madnebs yovelTvis 
aqvs minarevebi. im manarevebs, romlebsac warmoebaSi ar 
iyeneben produqtebis misaRebad, fuW qanebs uwodeben. 
 madnebs, romlebic Seicavs ramdenime liTons 
amoRebisaTvis sakmarisi raodenobiT, polimetalurs 
uwodeben. maT miekuTvneba, magaliTad, ramdenime feradi 
liTonis Semcveli madnebi: spilenZ-TuTiisa, tyvia-
TuTia-vercxlisa da sxv. 
 aramadneuls (an araliTonurs) uwodeben yvela 
araorganul nedleuls, romelsac iyeneben qimiuri, 
samSeneblo da sxva araliTonuri masalebis warmoebaSi, 
magram ar warmoadgens liTonebis miRebis wyaros. Ara-
madneuli nedleulis didi nawili aseve Seicavs liTo-
nebs (magaliTad, liTonebis sulfatebi da fosfatebi, 
aluminsilikatebi da sxv.). 
 sawvav mineralur nedleuls, e. i. organul wi-
aRiseuls: naxSirs, torfs, sawvav fiqlebs, navTobs, 
bunebriv  airs da sxv. iyeneben rogorc energetikul 
saTbobs an qimiur nedleuls. 

 saWiroa aRiniSnos moyvanili klasifikaciis pi-
robiToba, radgan sawvavi wiaRiseuli ar aris tipuri 
minerali. 
 yvelaze saerTo da gavrcelebuli saxis ned-
leulia  haeri da  wyali. mSrali haeri  Seicavs 78 

moc.% 2N -s, 21 moc.% 2O -s, 0,94 moc% Ar -s, 0,03 

moc.% 2CO -s, umniSvnelo raodenobiT – wyalbads, 
meTans, neons, heliums, kriptonsa da qsenons. garda 
amisa haerSi cvalebadi raodenobiT aris wylis 
orTqli, mtveri da airadi gamaWuWyianeblebi. haeris 
Jangbads farTod iyeneben Jangvis (magaliTad, saTbobis) 
procesebisaTvis, azots – amiakis sinTezisaTvis. haers 
iyeneben rogorc macivebel agents wylisa da sxva 
siTxeebis gasaciveblad SxefmacivrebSi da airebisaTvis -  
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TbomcvlelebSi. gacxelebul haers iyeneben airebisa da 
siTxeebis gasacxeleblad. 
 mcenareul da cxovelur nedleuls (merqani, 
bamba, zeTebi da cximebi, rZe, tyavi, matyli da sxv.) 
amuSaveben kvebis (sakvebi nedleuli) an sayofacxovrebo 
da samrewvelo daniSnulebis produqtebad (teqnikuri 
nedleuli). zogierT warmoebaSi sakveb nedleuls iye-
neben teqnikuri produqtebis misaRebad, da piriqiT, te-
qnikur produqtebs gadaamuSaveben kvebis produqtebad. 
sxvadasxva elementebisa da nivTierebebis nedleulad ga-
moyeneba damokidebulia maT Rirebulebaze, dedamiwis 
qerqSi Semcvelobaze, mopovebis xelmisawvdomobasa da im 
naerTebis xasiaTze, romlebSic Sedis mocemuli eleme-
nti. yvela es maCvenebeli SefardebiTia da drois mixe-
dviT icvleba. 
 nedleulis Rirebuleba warmoebisaTvis damoki-
debulia teqnikis ganviTarebis doneze. magaliTad, mra-
val iSviaT liTons adre ar iyenebdnen, bolo wlebSi 
ki gansakuTrebiT Zvirfasi da Seucvleli gaxda naxevar-
gamtarebis teqnikaSi, rogorc Senadnobebis danamatebi 
da sxv. ramdenime aTeuli wlis win urani damamZimebeli 
gadanayari iyo radiumis miRebis dros, dRes ki igi 
atomuri energetikis safuZvelia. kaliumis qloridi ga-
sul saukuneSi gamouyenebeli narCeni iyo silvinitidan 
( NaClKCl ⋅ ) natriumis qloridis gamoyofis dros. 
amJamad silvinitis damuSavebiT miRebuli kaliumis 
qloridi amosavali masalaa kaliumis marilebisa da 
mineraluri sasuqebis warmoebaSi. 
 ZiriTadi elementebis Semcveloba dedamiwis 
qerqSi mocemulia 7.1 naxazze. rogorc am naxazidan 
Cans, cxra elementi Seadgens dedamiwis qerqis masis 
98%-ze mets. sicocxlisaTvis iseTi mniSvnelovani ele-
menti, rogoricaa naxSirbadi, mxolod 0,35%-s Seadgens 
da dedamiwis qerqSi Semcvelobis mixedviT me-11 adgi-
lzea; 76 elementi, tyviis, vercxliswylisa da dari-
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Sxanis CaTvliT, dedamiwis qerqSi mxolod 0,06%-is 
raodenobiT Sedis.      

   
nedleulis mopovebis xelmisawvdomoba ganisaz-

Rvreba, ZiriTadad, sabados geografiuli ganlagebiT, 
sasargeblo nivTierebis koncentraciiT mis budobebSi 
da nedleulis miwis wiaRSi Cawolis siRrmiT. Magali-
Tad, titani gabneulia dedamiwis qerqSi da ganekuTneba 
iSviaT liTonebs, Tumca misi Semcveloba dedamiwis 
qerqSi (0,61%) orjer metia naxSirbadis Semcvelobaze. 
titanisagan gansxvavebiT, naxSirbadi koncentrirebulia 
xelmisawvdom mcenareul, cxovelur obieqtebSi da 
gansakuTrebiT saTbobisa da karbonatebis mZlavr saba-
doebSi. dedamiwis zedapirze nedleuli uTanabrodaa ga-
nawilebuli, amitom mravali saxelmwifo ar aris uz-

7.1
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runvelyofili umniSvnelovanesi saxis nedleuliT. maga-
liTad, evropis did saxelmwifoebs: gfr-s, italiasa da 
safrangeTs aqvT metad SezRuduli resursebi iseTi 
mniSvnelovani da strategiuli nedleulisa, rogoricaa 
navTobi, bunebrivi airi, gogirdSemcveli naerTebi, 
azbesti, rkina, qromi, nikeli, spilenZi da sxv. 
 mineraluri nedleulis msoflio mopoveba XX 
saukunis pirvel naxevarSi 3,4-jer gaizarda, xolo 
meore msoflio omis wlebSi mravali sasargeblo 
wiaRiseuli mopovebuli iyo ufro meti, vidre ka-
cobriobis mTeli istoriis periodSi. wiaRiseulis 
msoflio mopovebam 2000 wels TiTqmis 13-jer ga-
daaWarba 1950 wlis dones. amave dros sasargeblo 
wiaRiseulis mravali sabado ifiteba. yovel aTwle-
ulSi aucilebeli xdeba sul ufro Zneladmisawvdomi 
da miznobrivi komponentiT Raribi mineraluri nedle-
ulis mopoveba da gadamuSaveba. ramdenadac qimiur mre-
wvelobaSi nedleuli Seadgens produqciis TviTRire-
bulebis 60-70%-s, misi swori SerCeva da racionaluri, 
ekonomiuri gamoyeneba qimiuri teqnologiis erT-erTi 
mTavari amocanaa. nedleulis problemis ganviTarebis 
umniSvnelovanesi tendenciebia: 1) ufro iafi saxis ned-
leulis gamoZebna da gamoyeneba; 2) koncentrirebuli 
nedleulis gamoyeneba (nedleulis gamdidreba); 3) ned-
leulis kompleqsuri gamoyeneba; 4) sakvebi nedleulis 
Secvla arasakvebiT da mcenareulisa – mineraluriT. 
nedleulis racionaluri SerCevisa da gamoyenebis yvela 
es mimarTuleba urTierTdakavSirebulia. magaliTad, 
sakvebi nedleulis mineraluriT Secvla amave dros misi 
mkveTri gaiafebis saSualebaa. 
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7777.2.2.2.2. nedleulis gamdidrebis principebi. nedleulis gamdidrebis principebi. nedleulis gamdidrebis principebi. nedleulis gamdidrebis principebi    
    

 qimiuri warmoebebi,  rogorc wesi,  miisw-
rafvian gamoiyenon rac SeiZleba koncentrire-

buli nedleuli; es iZleva procesebis inten-
sificirebisa da naklebi danaxarjebiT ukeTesi 
xarisxis produqciis miRebis saSualebas. koncen-
trirebuli needleulis saSualebiT SeiZleba 
zog procesebSi SevamciroT saTbobis xarji mo-
reagire masaTa gasacxeleblad, sxva procesebSi 
ki ufro efeqturad gamoviyenoT reaqciis siTbo, 
magaliTad orTqlis misaRebad. bunebriv nedle-
ulSi sasargeblo komponentebis Semcveloba xSi-
rad ar aris sakmarisi misi efeqturi gamoye-
nebisaTvis, amitom nedleuls winaswar amdidre-
ben, e. i. adideben masSi sasargeblo komponentis 
Semcvelobas, an yofen ramdenime nawilad, romle-
bic sxvadasxva warmoebis nedleulebia. mopovebis 
adgilzeve nedleulis gamdidrebisas mcirdeba 
gadamuSavebis adgilamde transportirebis xarje-
bi sasargeblo komponentis koncentraciis gadi-
debis proporciulad. nedleulis gamdidreba au-
cilebelia, radganac koncentrirebuli nedleu-
lis madani bunebaSi TandaTan ifiteba, mrewve-
loba iZulebulia  gamoiyenos Raribi nedleuli 
da sasargeblo komponenti gamoyos didi raode-
nobis fuWi qanebidan, romlebic jerjerobiT 
gamouyenebelia. nedleulis mopovebis adgilebze 
xSirad ageben did gamamdidrebel fabrikebs, 
romlebic kompleqsurad iyenebs nedleulis ga-
mdidrebis sxvadasxva meTods. gamdidrebis meTo-
debi principulad gansxvavdeba myari masalebis, 
siTxeebisa da airebisaTvis (Txevadi da airadi 
nedleulisaTvis gamdidrebas koncentrirebas 
uwodeben). ganvixiloT isini TanamimdevrobiT. 
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 myari mineraluri nedleuli imyofeba dedamiwis 
qerqSi mTis jiSebis SemadgenlobaSi, romlebic warmo-
adgens metad Tu naklebad mudmivi Sedgenilobis mi-
neralebs. mineralebs uwodeben bunebaSi arsebul fizi-
kurad gankerZoebul nivTierebebs an maT narevs. iTv-
lian 2500-ze met minerals, romlebic moicavs orga-
nul da araorganul nivTierebebs. erTi da igive ele-
menti SeiZleba sxvadasxva mineralebis SedgenilobaSi Se-
diodes. myari nedleulis meqanikuri gamdidrebis meTo-
debi dafuZnebulia mTis qanebis Semadgeneli minerale-
bis sxvadasxva fizikur-qimiur Tvisebebze, xolo qimi-
uri gamdidrebis meTodebi, romlebic damyarebulia mya-
ri nedleulis Semadgeneli komponentebis gansxvavebul 
qimiur Tvisebebze (Jangvadoba, reaqciis unari sxvadasxva 
reagentebis mimarT) specifikuria da ZiriTadad kon-
kretuli warmoebebis aRwerisas ganixileba. Termuli 
gamdidrebis meTodebi damyarebulia nedleulis kompo-
nentebis gansxvavebul dnobisa da daSlis tempera-
turaze; Termuli gamdidrebis meTodi SedarebiT 
iSviaTad gamoiyeneba. 
 gamdidrebisaTvis mTis qanebs aqucmaceben ise, rom 
dairRves kavSiri fuW qanebsa da sxvadasxva mineralebis 
marcvlebs Soris, romelTac Semdgom yofen sxvadasxva 
meTodebiT. amasTan, miiReba ori an ramdenime fraqcia. 
mTis qanis erTi romelime sasargeblo komponentiT 
gamdidrebul fraqcias (an ramdenime fraqcias) 
koncentrati ewodeba; fraqciebs, romlebic mocemul 
warmoebaSi jer kidev gamouyenebeli mineralebis, e. i. 
fuWi qanebisagan  Sedgeba, kudebs uwodeben 

myari masalebis gamdidrebisaTvis, ZiriTadad, 
neqanikuri meTodebi gamoiyeneba: gacra (gacxaureba), 
gravitaciuli gayofa, eleqtromagnituri da eleq-
trostatikuri separacia da flotacia. gamamdidrebel 
fabrikebSi mimdevrobiT iyeneben gamdidrebis ramdenime 
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meTods, magaliTad, gacxaurebas, eleqtromagnitur da 
gravitaciul xerxebs. 

masalebis gabneva maTi nawilakebis simsxos 
mixedviT, rogorc gamdidrebis meTodi, gamoiyeneba Tu 
qani Sedgeba mtkice (blanti) da aramtkice (msxvrevadi) 
mineralebisagan; es ukanasknelni ufro advilad ifqveba, 
vidre mtkice mineralebi da gabnevis dros gadis sacris 
xvrelebSi. magaliTad, ase gamoeyofa fosforiti fuW 
qans. mineraluri nedleulis gabnevas gacxaurebas 
uwodeben, xolo gamoyenebul liTonis sacrebs – 
cxaurebs. masalis gatareba SeiZleba ramdenime cxaurSi, 
romelTa xvrelebi TandaTanobiT viwrovdeba da miiReba 
ramdenime fraqcia. gabneva gamoiyeneba agreTve metad Tu 
naklebad erTgvarovani (Sedgenilobis mixedviT) masalis 
dasaxarisxeblad marcvlebis simsxos mixedviT (sacruli 
klasifikacia); magaliTad, ase yofen naxSirsa da koqss 
ramdenime fraqciad. 

gravitaciuli gamdidreba (sveli an mSrali) 
emyareba siTxis an airis nakadSi, an centridanuli 
Zalis moqmedebiT sxvadasxva simkvrivis an simsxos 

7.2 
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nawilakebis vardnis gansxvavebul siCqares. am meTodiT 
(iseve rogorc gabneviT) SeiZleba iseTi masalebis 
gayofa, romlebic mniSvnelovnad gansxvavdeba simkvriviT 
an simtkiciT. svel gamdidrebas ufro xSirad wylis 
nakadSi atareben. Tu wyals SeuZlia gaxsnas an 
gaafuWos gasamdidrebeli masala, maSin iyeneben sxva 
romelime inertul siTxes an mSrali gamdidrebis xerxs. 
mSrali gamdidrebisaTvis saWiroa ufro wmindad daquc-
macebuli masala, vidre svelisaTvis. mSral gamdidrebas 
atareben, Cveulebriv, haeris nakadSi an, iSviaTad, iye-
neben inertul airs. gravitaciul xerxs farTod iye-
neben nedleulis gasamdidreblad silikaturi masalebis, 
mineraluri marilebis warmoebebsa da metalurgiaSi. 
nawilakebis daleqvaze dafuZnebuli sveli gravi-
taciuli gamdidrebis sqema mocemulia 7.2 naxazze. 
sareviani avzidan wyalSi Sereuli daqucmacebuli 
masala tivtivaris saxiT miewodeba vertikaluri tix-
rebiT sam damleqav kamerad gayofil sawdoms. yoveli 
kameris Zira nawili aRWurvilia bunkeriT. yvelaze 
mZime da msxvili nawilakebi swrafad ileqeba I kameraSi, 
saSualoni - II-Si, xolo msubuqni – III kameraSi; 
bolos, qanis yvelaze msubuqi da wminda namcecebi 
sawdomidan gayveba wyals. principSi SeiZleba nebismieri 
raodenobis fraqciebis miReba damleqavi kamerebis rao-
denobis mixedviT. umartives SemTxvevaSi erT kameraSi 
aTavisufleben Zvirfas minerals aramkvrivi fuWi 
qanisagan (magaliTad, Tixisa da lamisagan), romelic 
wyals miaqvs simRvrivis saxiT. aseT xerxs ganleqva 
ewodeba.        

 Zalian efeqturia centridanuli hidravlikuri 
klasifikatorebis gamoyeneba. centridanuli Zalis 
moqmedebaze dafuZnebuli klasifikatoris magaliTia 
hidrocikloni. am aparatSi xdeba suspenziis (tiv-
tivaris) gayofa or nakadad, romelTagan erTi Seicavs 
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ufro msxvil, mZime fraqcias, xolo meore – msubuq, 
wvril, Setivtivebul nawilakebs.       
  

 

 

hidrociklons (nax. 7.3) aqvs konusuri da 
cilindruli nawilebi. gasayofi tivtivari wneviT mi-
ewodeba cilindrul korpuss gverdiTi miltuCiT mxebis 
mimarTulebiT. nakadis brunvisas hidrociklonSi mZime 
nawilakebi centridanuli ZaliT ganityorcneba kedle-
bisaken, moZraobs spiraluri traeqtoriiT da mie-
marTeba aparatis qveda nawilisaken gamkvrivebuli pul-
pis saxiT. siTxis ZiriTad nawilSi Setivtivebuli 
wvrili, msubuqi nawilakebi moZraobs Siga spiralur 
nakadSi, adis centraluri (lamis) miliT gadmosasxmel 

7.3 
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kameraSi da gamodis iqidan wminda tivtivaris nakadis 
saxiT. ciklonis gamyofi moqmedebis regulireba Sei-
Zleba centraluri milis CaSvebis simaRlisa da msxvili 
fraqciis mosacilebeli ciklonis gamosasvleli nawilis 
kveTis cvlilebiT. am aparatebs aqvs ufro maRali 
mwarmoebluroba da, Sesabamisad, naklebi gabaritebi, 
vidre klasifikatorebs, radganac centriskenuli 
aCqareba hidrociklonSi mravaljer aRemateba simZimis 
Zalis aCqarebas nawilakis daleqvis dros. hidro-
ciklonebis mwarmoebluroba ganisazRvreba empiriuli 
formuliT aparatSi gamavali suspenziis moculobis 
mixedviT: 
               

             ,94,0 PddL lS=              (7.1) 

sadac L  aris gasayofi suspenziis moculobiTi xarji, 

m3/sT; Sd  – Sesasvleli milis diametri, sm; ld  – 

centraluri (lamis) milis diametri, sm; P  -  Warbi 
wneva Sesasvleli milis win. 

eleqtrostatikuri separatorebis daniSnulebaa 
sxvadasxva eleqtrogamtarobis mqone masalebis gayofa. 
maTi mowyobilobis principi iseTivea, rac magniturisa, 
magram magnitis nacvlad dayenebulia eleqtrodi, rom-
elic mierTebulia eleqtrodenis gammarTvelis uaryo-
fiT polusTan. maRali eleqtrogamtarobis mqone 
mineralebis nawilakebi imuxteba uaryofiTad da ga-
nityorcneba moSorebul bunkerSi, xolo dieleqtrikebi 
cviva transportioris lentis qveS moTavsebul 
bunkerSi. ase SeiZleba gancalkevdes eleqtrogamtari 
madnebi dieleqtrikuli qanebisagan (kirqva, silikatebi 
da sxv.).     
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flotacia nedleulis gamdidrebis erT-erTi yve-

laze ufro gavrcelebuli xerxia, romelsac didi mas-
StabebiT iyeneben. gamamdidrebel fabrikebSi flota-
ciuri meTodiT yofen polimetalur sulfidur madnebs 
ramdenime fraqciad, acalkeveben apatits nefelinisagan, 
Rebuloben gogirdis koncentrats misi madnidan, 
amdidreben qvanaxSirebs da mravalricxovan mineralebs 
sxvadasxva marilebis warmoebaSi. flotacia damyare-
bulia mineralebis wyliT sxvadasxva dasvelebadobaze. 
  

7.4 

7.5 
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mineralebis dasvelebadobis ZiriTadi maCve-
nebelia dasvelebis kidura Θ  kuTxis sidide, 
romelic warmoiqmneba myari zedapiris dasve-
lebis perimetris, e. i. myari sxeuli-siTxe-haeris 
gamyofi xazovani zedapiris gaswvriv. 7.5 naxazze 
naCvenebia mdgomareoba sami fazis – myari-siTxe-
haeris – sazRvarze. aradasvelebad nawilakTan (1) 
siTxe warmoqmnis blagv Θ  kuTxes, xolo dasve-
lebadTan (2) – maxvils. zedapiruli daWimulobis 
Zalebi cdilobs siTxis donis gasworebas, ris 
Sedegadac aradasvelebadi (hidrofoburi) nawi-
laki amoityorcneba (amocurdeba) siTxidan, xo-
lo dasvelebadi (hidrofiluri) masSi iZireba. 
rac ufro mcirea nawilaki, miT metia misi zeda-
piris fardoba moculobasTan (da masasTan) da 
miT metad igrZnoba dasveleba. amitom flotacias 
win uZRvis mineralebis  daqucmaceba  nawilake-
bis zomiT  0,1-0,3 mm-is zRvrebSi. wvrili hid-
rofoburi nawilakebi amocurdeba zedapirze 
simkvrivisagan damoukideblad. amrigad flo-
taciis dros araiSviaTad amotivtivdeba sasa-
rgeblo mineralebis ufro mZime hidrofoburi 
nawilakebi, fuWi qanis ufro msubuqi nawilakebi 
ki iZireba, ramdenadac isini mainc wyalze mZimea.  
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flotaciis dasaCqareblad iyeneben 
sxvadasxva teqnologiur xerxebs. myari daqucma-
cebuli masalis wyalnarevSi atareben haers 
wvrili buStebis saxiT. wylisa da yovelibuStis 

sazRvarze mimdinareobs ukve ganxiluli 
movlenebi (ix. nax. 7.6). Sedegad buStebi, amodis 
ra wyalSi, Tan waritacebs hidrofobur nawi-
lakebs. rac metia mineralis nawilakis hidro-

foburoba (aradasvelebadoba) da kidura Θ 
kuTxe, miT metia nawilakze buStis miwebebis pe-
rimetri da misi amotivtivebis albaToba.  
 nawilakebis amotivtivbis Sedegad wylis 
zedapirze warmoiqmneba e. w. mineralizebuli 
qafis fena, romelic savsea hidrofoburi 
mineralis nawilakebiT; sxva, ufro dasvelebadi 
mineralebis nawilakebi ki rCeba pulpis 
moculobaSi Setivtivebul mdgomareobaSi da 
TandaTanobiT eSveba Zirs. magram moZravi qafi, 

7.6 
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romelic Seiqmna mxolod hidrodinamokuri 
pirobebis (barbotaJis) xarjze, advilad irRveva, 
misi buStebi swrafad erTdeba. garda amisa 
mineralebs iSviaTad aqvT bunebrivi flotirebis 
unari, e. i.  rogorc wesi mcired gansxvavdeba da-
svelebis unaris mixedviT. amitom flotaciis 
xelsayreli pirobebis Sesaqmnelad pulpaSi 
SehyavT sxvadasxva flotaciuri reagentebi. 
haeris buStebis mdgradobis gasadideblad da 
pulpis zedapirze maTgan stabiluri qafis 
warmosaqmnelad masSi umateben qafwarmomqmne-
lebs, e. i. zedapirulad aqtiur nivTierebebs, ro-
mlebic buStebis zedapirze warmoqmnis adsor-
bciul afsks. qafwarmomqmnelad iyeneben fiWvis 
zeTs, qvanaxSiris fisis zogierT fraqcias, 
merqnis kuprs da sxv. 
 calkeuli mineralebis hidrofoburobis 
asamaRleblad pulpaSi SehyavT koleqtorebi 
(Semgroveblebi), e. i. nivTierebebi, romlebic ad-
sorbirdeba erT, romelime mineralze, faravs ra 
mis zedapirs hidrofoburi afskiT da ar adsor-
birdeba sxvaze. Sedegad hidrofoburi nawilakebi 
grovdeba buStebis zedapirze da amotivtivdeba. 
flotoreagent-koleqtorebis gamoyeneba iZleva 
rTuli mineraluri nedleulis seleqciurad 
flotaciis saSualebas, e. i. SeiZleba mimdev-
robiT gamoiyos koncentratebis amotivtivebuli 
fraqciebi. 
 gasayof qanSi Semavali sxva mineralebis 
hidrofilurobis gasadideblad pulpaSi umateben 
CamxSobebs, romlebic axSobs amotivtivebis 
SesaZleblobas. gamosayofi mineralisagan damoki-
debulebiT Semgroveblebad ixmareba oleinis 
mJava, naftenuri mJavebi da asimetriuli stru-
qturis sxva organuli nivTierebebi, romelTac 
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aqvT mcire polaruli da didi arapolaruli 
nawilebi. adsorbciis dros polaruli jgufebi 
SerCeviTad magrdeba mineralis zedapirze, 
arapolarulebi ki orientirdeba wylis mxares 
da qmnis hidrofobur garss. zedapirulad aqti-
uri reagentebis – qafwarmomqmnelebisa da Sem-
groveblebis – gamoyeneba mkveTrad cvlis zeda-

pirul daWimulobas da dasvelebis kidura Θ 
kuTxes, e. i. gadaanacvlebs wonasworobas fazaTa 
sazRvarze da adidebs flotaciuri procesis 
siCqares. CamxSobebad iyeneben sxvadasxva eleq-
trolitebs, romelTac SeuZlia gaaZlieros mxo-
lod garkveuli mineralebis hidrofiluroba: 
kirs, sulfitebs, cianmarilebs da sxv. ganmeo-
rebiTi flotaciis dros, rasac atareben pirveli 
flotaciisas CaZiruli mineralebis gasayofad, 
iyeneben CamxSobebis moqmedebis gamaneitralebel 
nivTierebebs – aqtivatorebs, magaliTad, gogird-
mJavas. xSirad pulpaSi umateben rgulatorebs 
(sulfatebs, sodas da sxv.), romlebic xels 
uwyobs sxva flotaciuri reagentebis zemoq-
medebas. 
 amrigad, atareben ra kompleqsuri nedleu-
lis, magaliTad. polimetaluri gogirdovani mad-
nebis, seleqciur (SerCeviT) flotacias, qafTan 
erTad mimdevrobiT Rebuloben amotivtivebuli 
koncentratebis rigs, ris Sedegadac wylis qveS 
rCeba fuWi qani – flotaciuri kudi. amasTan, 
flotaciuri reagentebis saerTo xarji didi ar 
aris da 1 t qanze 100 g-s ar aRemateba. 
                   Termuli gamdidreba emyareba narevSi 
Semavali mineralebis gansxvavebul lRobadobas. 
gacxelebisas advillRobadi masalebi gamoedineba 
qanidan gamdnari saxiT. ase adnoben gogirds qanidan, 
romelic, ZiriTadad, Sedgeba SedarebiT Zneldnobadi 
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kirqvisa da sxva mineralebisagan; ase acalkeveben 
bitums araorganuli minarevebisagan. 

gamdidrebis qimiuri meTodebi emyareba rea-
gentebis gamoyenebas, romlebic SerCeviTad xsnis narevis 
Semadgenel erT nivTierebas, an warmoqmnis erT-erT 
maTganTan lRobis, aorTqlebis, daleqvis an sxva gziT 
advilad gamosayof naerTebs. qimiuri gamdidrebis 
procesebs miakuTvneben agreTve mineralebis gamowvas 
karbonatebis dasaSlelad, organuli minarevebis amowvas 
da sxva procesebs, romlebic adidebs produqtSi 
sasargeblo komponentis koncentracias. yvela am opera-
cias atareben ara gamamdidrebel fabrikebSi, aramed 
nedleulis qimiurad gadamamuSavebel qarxnebSi. 

siTxeebi, ufro metad xsnarebi, koncentrirdeba 
gamxsnelis aorTqlebiT, xsnaris gajerebiT sasargeblo 
komponentiT da, bolos, romelime komponentis (mina-
revis) naleqSi (kristalizacia) an airad fazaSi ga-
moyofiT (desorbcia, minarevebis aorTqleba). Txevadi 
narevebis gasayofad iyeneben agreTve Txevadfazur 
eqstraqcias. 

wylis aorTqlebas xSirad iyeneben mineraluri 
marilebisa da tuteebis warmoebaSi, ferad metalu-
rgiaSi, Zneladaqroladi mJavebis (gogirdis, fosforis, 
organuli) koncentrirebisaTvis. bunebrivi maril-
xsnarebis koncentrirebisaTvis aorTqleben wyals 
(zafxulSi) an gamoyinaven mas (zamTarSi). navTobis 
gadamuSavebisas spirtebis, eTerebis, anilinisa da sxva 
mravali organuli produqtis warmoebaSi iyeneben 
distilaciasa da reqtifikacias, roca narevidan 
orTqldeba (Semdgomo kondensaciiT) ufro Zvirfasi 
komponenti (produqti), xolo Txevad fazaSi rCeba 
naklebadRirebuli, maRalmduRare komponentebi (mZime 
naxSirwyalbadebi, wyali da sxv.) 

Txevadfazuri eqstraqcia (an eqstrahireba) 
mdgomareobs Txevadi narevis zogierTi komponentis 
SerCeviT xsnadobaSi. Sedegad Rebuloben or Txevad 
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fazas: amonawvlili komponentebis xsnarsa da narevis 
darCenil nawils. es meTodi farTod gamoiyeneba 
organul nivTierebaTa teqnologiaSi. 

airnarevebs calkeul komponentebad ZiriTadad 
Semdegi xerxebiT yofen: 1) airebis mimdevrobiTi 
kondensaciiT SekumSvis an gacivebis gziT; 2) airebis 
mimdevrobiTi aorTqlebiT maTi winaswar gaTxevadebuli 
narevebidan; 3) absorbciul-desorbciuli da 4) 
adsorbciul-desorbciuli meTodebiT. 

    

7777.3. sakvebi nedleulis Secvla arasakvebiT .3. sakvebi nedleulis Secvla arasakvebiT .3. sakvebi nedleulis Secvla arasakvebiT .3. sakvebi nedleulis Secvla arasakvebiT 
da mcenareulisa da mcenareulisa da mcenareulisa da mcenareulisa ----    mineraluriTmineraluriTmineraluriTmineraluriT    

 

 organuli qimiis miRwevebi iZleva mravali 
Zvirfasi produqtis metad mravalferovani 
needleulidan miRebis saSualebas. magaliTad, 
eTilis spirti, romelic uzarmazari raodenobiT 
ixmareba sinTezuri kauCukis, xelovnuri boWkis, 
plastikuri masebis, feTqebadi nivTierebebis, 
eTerebisa da sxva warmoebebSi, SeiZleba miviRoT 
sakvebi produqtebidan (marcvleuli, kartofili, 
Saqris Warxali), merqnis hidroliziT da 
eTilenis hidrataciiT. eTileni ki, Tavis mxriv, 
miiReba bunebrivi airebis, navTobisa da sxva 
saxis saTbobis qimiuri gadamuSavebiT. spirtis 
warmoebaSi sakvebi nedleulis gamodevna 
Tavdapirvelad daiwyo merqanma. 1 t merqnidan 
hidrolizis Sedegad miiReba 160 kg-mde eTilis 
spirti, rac cvlis 1,6 t kartofils an 0,6 t 
marcvleuls. hidrolizuri spirtis warmoeba 
ufro iafi jdeba, vidre misi miReba sakvebi 
nedleulidan. kompleqsuri qimiuri gadamuSavebis 
dros merqani gamoiyeneba sakvebi nedleulis 
nacvlad, agreTve, glicerinis, sakvebi Saqris, 
sakvebi safuvrebis, Zmris, limonis, rZis mJavebisa 
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da sxva produqtebis misaRebad. gansakuTrebiT 
farTod ganviTarda sinTezuri spirtis warmoeba 
eTilenis pirdapiri hidrataciiT. mcenareuli 
nedleuli idevneba minealuri nedleulis 
praqtikulad amouwuravi maragiT. navTobis aire-
bidan miRebuli sinTezuri spirtis TviTRirebu-
leba samjer naklebia sakvebi nedleulidan 
miRebulze. Zlier viTardeba agreTve kauCukis 
warmoeba navTobis Tanamgzavri airebis butan-
butilenis fraqciis gamoyenebiT, amitom eTilis 
spirtma dahkarga dominirebuli mniSvneloba sin-
Tezuri kauCukis warmoebaSi. airebisa da navTo-
bis gadamuSavebis produqtebidan amJamad Rebu-
loben agreTve glicerins, ZmarmJavasa da cximebs 
gamrecxi saSualebebis warmoebisaTvis. amiT izo-
geba didi raodenobiT sakvebi nedleuli da 
miiReba ufro iafi produqcia. 
 mcenareuli da cxoveluri nedleuli, Ziri-
Tadad ukve gamodevnilia mineraluriT sinTe-
zuri saRebrebis, laqebis, mravali samkurnalo 
preparatis, plastikuri masebis umravlesobis, 
surnelovani nivTierebebisa da rig sxva warmo-
ebaSi. mcenareuli nedleuli idevneba bunebrivi 
airebis, navTobisa da qvanaxSirisagan miRebuli 
nivTierebebiT kauCukis, qimiuri boWkos, spirte-
bis, organuli mJavebis, gamrecxi saSualebebis 
warmoebaSi; rigSia arasakvebi nivTierebebidan 
kvebis ZiriTadi produqtebis – saxameblis, 
Saqris da, bolos, cilebis Semadgeneli nawi-
lebis - sinTezis sakiTxi. bioqimiuri gardaqmne-
biT axla ukve Rebuloben navTobgadamamuSave-
beli da celuloza-qaRaldis mrewvelobis nar-
Cenebidan cilovan safuars pirutyvis sakvebad. 
sakvebi nedleulis – mcenareulisa da cxove-
luris – mineraluriT Secvlas mivyavarT ned-

306 
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leulis bazis mniSvnelovani gafarToebisa da 
misi gaiafebisaken, rac TavisTavad amcirebs 
ZiriTad sawarmoo maCvenebels – qimiuri pro-
duqciis TviTRirebulebas. 
 
 

7777.4. wyali qimiur mrewvelobaSi.4. wyali qimiur mrewvelobaSi.4. wyali qimiur mrewvelobaSi.4. wyali qimiur mrewvelobaSi    
    

 qimiuri mrewveloba wyals iyenebs Zalian didi 
raodenobiT da metad sxvadasxvagvari miznebisaTvis. es 
aixsneba wylis mniSvnelovani Tvisebebis kompleqsiT, misi 
xelmisawvdomobiTa da gamoyenebis moxerxebulobiT. 
qimiur warmoebebs, Cveulebriv, wylis wyaroebis axlos 
aSeneben. wylis gamoyeneba qimiur warmoebebSi uaRresad 
mravalferovania. zog warmoebaSi igi nedleuli an 
reagentia, romelic uSualod monawileobs ZiriTad 
qimiur reaqciebSi, magaliTad, sxvadasxva meTodiT 
wyalbadis warmoebaSi, Sesabamisi airebidan da wylidan 
gogirdisa da azotis mJavebis miRebisas, sodis, natri-
umis, kaliumis, kalciumisa da sxva hidroqsidebis warm-
oebaSi, hidrolizisa da  hidrataciis sxvadasxva reaq-
ciebSi. zogierT warmoebaSi wyali ki ar moixmareba, 
aramed warmoiqmneba ZiriTadi reaqciis Sedegad, 
magaliTad, fiszeda wyali qvanaxSiris koqsvisas da xis, 
torfisa da sxva saxis saTbobis mSrali gamoxdis dros; 
wyali gamoiyofa saTbobis wvis dros, amiakis da sxva 
wyalbadSemcveli naerTebis Jangvisas. 
 Qqimiuri, metalurgiuli, kvebisa da msubuqi 
mrewvelobis mraval warmoebaSi wyali gamoiyeneba ro-
gorc myari, Txevadi da airadi nivTierebebis gamxsneli. 
xSirad mas iyeneben airebisa da myari masalebis 
meqanikuri garecxvisaTvis, romlebsac igi aclis WuWys. 
fxvieri masalebis flotaciiT an sxva sveli meTodebiT 
gamdidrebis dros wyals iyeneben maTi pulpirebisa da 
qimiuri damuSvebisas. yvela CamoTvlil magaliTebSi 
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wyali gamoiyeneba uSualod teqnologiuri 
miznebisaTvis. gacilebiT didi raodenobiT gamoiyneba 
wyali, rogorc siTbos gadamtani: wyliT aciveben 
egzoTermuli reaqciis Sedegad gacxelebul moreagire 
masebs. wylis orTqli an cxeli (araiSviaTad gada-
xurebuli) wyali gamoiyeneba urTierTmoqmedi nivTiere-
bebis gasacxeleblad, procesis dasaCqareblad, an endo-
Termul procesSi daxarjuli siTbos kompensaciisaTvis. 
moreagire masebsa da wyals Soris TbocvlisaTvis iye-
neben mravalgvar Tbomcvlelebs, macivrebsa da mac-
xeleblebs, romlebSic siTbo zogjer gadaicema wylisa 
da masalebis uSualo SexebiT, ufro xSirad ki ked-
lebis saSualebiT Txevad an airad moreagire masebze. 
Tanamedrove qimiuri warmoebebi wyals uzarmazari rao-
denobiT xarjavs, rac didi kombinatebisaTvis dRe-Ra-
meSi milion kubur metrebiT ganisazRvreba. wylis 
xarjviTi koeficienti  Seadgens: amiakisaTvis - 1500 
m3/t, viskozuri abreSumisaTvis - 2500 m3/t-s, 
kontaqturi gogirdmJavisaTvis – 50 m3/t-s da sxv. am 
wylis umetesi nawili (ZiriTadad teqnikuri) gacivebis 
an gawmendis Semdeg SeiZleba kvlav dabrundes imave 
warmoebaSi; mas sabruni wyali ewodeba.  
 wyali aris mravali myari, Txevadi da airadi 
nivTierebis kargi gamxsneli, amitom bunebrivi wyali, 
Cveulebriv, sxvadasxva minarevebs Seicavs. miRebulia 
bunebrivi wylebis dayofa sam jgufad, romlebic 
Zlier gansxvavdeba erTmaneTisagan minarevebis Semcvelo-
biTa da sxva maxasiaTeblebiT. 
 atmosferuli wyali – wvimisa da Tovlis wyali 
– xasiTdeba minarevebis, ZiriTadad, xsnadi airebis, 
Jangbadis, naxSirorJangis, da agreTve gogirdwyalbadis, 
azotis oqsidebis, gogirdis JangbadnaerTebisa da 
organuli nivTierebebis SedarebiT mcire SemcvelobiT, 
romlebic aWuWyianebs atmosferos samrewvelo rai-
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onebSi. atmosferuli wyali TiTqmis ar Seicavs gaxsnil 
marilebs, kerZod kalciumisa da magniumis marilebs. 
 zedapiruli wylebi – mdinareebis, tbebis, zRvis 
wylebi – garda atmosferul wylebSi Semavali 
minarevebisa, Seicavs mravalgvar nivTierebebs; TiTqmis 
yovelTvis Seicavs kalciumis, magniumis, natriumis, ka-
liumis karbonatebs, sulfatebsa da qloridebs um-
ciresi raodenobidan dawyebuli srul gajerebamde. 
zRvis wyalSi warmodgenilia elementebis TiTqmis 
mTeli tabula Zvirfasi da radioaqtiuri liTonebis   
CaTvliT. wyals, romlis 1 kg 1 g-ze nakleb marilebs 
Seicavs, mtknari ewodeba, xolo Tu 1 g-ze mets – 

mariliani. +2
Ca  

 da +2Mg  ionebis Semcvelobis mixedviT,  
romlebic orTqlis qvabebSi, sareaqcio aparatebsa da 
TbomcvlelebSi naleqs (minaduRs) warmoqmnis, asxvaveben 

rbil  ( +2
Ca  

  da  +2Mg    
 3 mg.ekv./dm3-mde), zomierad 

xist (3-6 mg.ekv./dm3-mde) da xist (6 mg.ekv./dm3-ze meti) 
wyals. 
 miwisqveSa wylebi – arteziuli WaburRilebis, 
Webis, wyaroebis, heizerebis wylebi – xasiaTdeba ga-
xsnili marilebis Semcvelobis mravalferovnebiT, rac 
damokidebulia im niadagebisa da mTis qanebis Sed-
genilobasa da struqturaze, romlebSic gaiJoneba at-
mosferuli da zedapiruli wyalsacavebis wylebi, war-
moqmnis ra miwisqveSa wyalsacavebs. niadagebisa da mTis 
qanebis mfiltravi unari ganapirobebs miwisqveSa wylis 
did gamWvirvalobasa da maTSi organuli warmoSobis 
minarevebis ararsebobas. qimiuri warmoebebisaTvis unika-
luri nedleulia sxvadasxva marilebiT gajerebuli mi-
wisqveSa mineraluri wylebi. magaliTad, natriumis 
qloridiT gajerebuli mineraluri wylebi aris 
nedleuli sodis, natriumis tutisa da qloris 
warmoebisaTvis. miwisqveSa wylebidan Rebuloben agreTve 
iodidebs, bromidebsa da sxva marilebs. 



99 

 

 wylis xarisxi ganisazRvreba misi fizikuri da 
qimiuri maxasiaTeblebiT, rogoricaa gamWvirvaloba, 
feri, suni, temperatura, saerTo marilSemcveloba, 
sixiste, Jangvadoba da mJavianoba (tutianoba). es ma-
Cveneblebi miuTiTebs ama Tu im minarevebis arsebobas an 
ararsebobas. 
 saerTo marilSemcveloba axasiaTebs wyalSi 
mineraluri da organuli minarevebis arsebobas. maT 
raodenobas (mg/dm3) sazRvraven 1 l wylis aorTqlebiT 
da myari naSTis 1100C-ze mudmiv wonamde gamoSrobiT 
miRebuli mSrali naleqis mixedviT. mSrali naSTis muq-
wiTel varvarebamde gacxelebiT, masaTa sxvaobis mixe-
dviT, SeiZleba calke ganisazRvros mineraluri da 
organuli nivTierebebis raodenoba. umetesi warmoebebi-
saTvis wylis ZiriTadi xarisxobrivi maCvenebelia 
sixiste, gapirobebuli wyalSi kalciumisa da magniumis 
marilebis SemcvelobiT. sixiste gamoixateba 1 dm3 way-

lSi +2
Ca -sa da +2Mg -is ionebis miligram-ekviva-

lentebSi, e. i. sixistis erTeulad miRebulia 20,04 

mg/dm3 +2
Ca -is an 12,16 mg/dm3 +2Mg -is ionebis Sem-

cveloba. ganasxvaveben sami saxis sixistes: droebiTs, 
mudmivsa da saerTos. 
 droebiTi (karbonatuli) sixiste gapirobebulia 
wyalSi kalciumisa da magniumis bikar-bonatebis 
arsebobiT, romlebic wylis aduRebisas gardaiqmneba 
uxsnad karbonatebad da gamoiyofa mkvrivi naleqis 
(minaduRis) saxiT: 
 

( )
( ) ( ) .32 222323

;22323

OHCOOHMgMgCOHCOMg

COOHCaCOHCOCa

++⋅=

++=
 

 
 mudmiv (arakarbonatul) sixistes iwvevs 
wyalSi kalciumisa da magniumis yvela iseTi 
saxis marilebis Semcveloba, romlebic adu-
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Rebisas gaxsnil mdgomareobaSi rCeba. droebiTi 
da mudmivi sixistis jams saerTo sixistes 
uwodeben. sixistis mixedviT miRebulia bunebrivi 
wylebis Semdegi klasifikacia:  

 
wylis Jangvadoba gapirobebulia masSi 

organuli minarevebiT da ganisazRvreba kaliumis 
permanganatis miligramebis ricxviT, romelic 1 

l wylis Warb 4KMnO -Tan 10 wT-is ganmavlobaSi 
duRilis dros ixarjeba. 

wylis reaqcia – misi mJavianobis an tuti-
anobis xarisxi – xasiaTdeba wyalbadionebis kon-
centraciiT da ganisazRvreba indikatorebiT. bu-
nebrivi wylebis reaqcia axlosaa neitralurTan, 
pH  meryeobs 6,8-7,3–is sazRvrebSi. sabrunavi 
wylis reaqcia damokidebulia warmoebis xasiaT-
ze. 

wyalSi minarevebis Semcveloba reglamen-
tirdeba Sesabamisi standartebiT. minarevebis mav-
neoba dakavSirebulia maT qimiur Sedgenilobasa 
an dispersiul mdgomareobasTan, da agreTve, am 
wylis momxmarebeli warmoebis xasiaTTan. msxvil-
dispersiuli meqanikuri tivtivarebi anagvianebs 
milgayvanilobasa da aparaturas, amcirebs maT 
mwarmoeblurobas, warmoqmnis sacobebs, romle-
bsac SeuZlia avariis gamowveva. koloiduri nawi-
lakebis saxiT arsebuli minarevebi anagvianebs 
eleqtroliziorebis diafragmebs, iwvevs wylis 
aqafebas da mis gadasrolas qvabebsa da apa-

+2
Ca -is da +2Mg -

is raod. wyalSi,           
mg.ekv./dm3. 

 

0-1,5   
 

 

1,5-3 
 

 

  3-6 
 

 

 6-10 
 

 

>10 
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Zlier 
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ratebSi. didi zarali moaqvs wyalSi gaxsnil ma-
rilebsa da airebs, romlebic warmoqmnis minadu-
Rebs da Slis liTonebis zedapirs koroziis 
Sedegad 

samrewvelo wyalmomarageba warmoadgens 
operaciaTa kompleqss, romelic uzrunvelyofs 
wylis gawmendas, misgan molekulurad gaxsnili, 
koloidur da Setivtivebul mdgomareobaSi myofi 
mavne minarevebis mocilebas. wyalmomaragebis Zi-
riTadi operaciebia: Setivtivebuli minarevebi-
sagan gawmenda dawdomiTa da gafiltvriT, darbi-
leba, calkeul SemTxvevebSi gaumariloeba, neit-
ralizacia, deairacia da gausnebovneba. 

dawdomis procesi iZleva wylis gakam-
kamebis saSualebas misgan msxvildispersiuli 
Setivtivebuli minarevebis mocilebis Sedegad, 
romlebic simZimis Zalis moqmedebiT ileqeba 
sawdomis fskerze. wylis dawdomis process 
atareben uwyvetad moqmed sawdom, dabetonebul 
rezervuarebSi. sruli gakamkamebisa da gaufe-
rulebis misaRwevad sawdomidan dekantirebul 
wyals utareben koagulacias Semdgomi gafil-
tvriT. koagulacia heterogenuli sistemebis ga-
yofis maRalefeqturi procesia, kerZod, wylidan 
Tixis umciresi nawilakebisa da cilovani nivTie-
rebebis gamosayofad. koagulacias axorcieleben 

gasawmend wyalSi mcire raodenobiT ( ) is,−
342 SOAl  

4FeSO -is da zogierTi sxva nivTierebis SetaniT, 
romlebsac koagulantebs uwodeben. am procesis 
fizikur-qimiuri arsi gamartivebuli saxiT imaSi 
mdgomareobs, rom koagulanti, adsorbirdeba ra 
damuxtuli koloiduri nawilakis zedapirze, 
aneitralebs mis muxts. es iwvevs calkeuli 
nawilakebis SeerTebas (koagulacias) da naleqis 
warmoqmnas. rac metia koagulantis ionis muxti 
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( +3
Al , 

+3
Fe ), miT naklebia eleqtrolitis xarji 

koagulaciaze. uryofiTi muxtis mqone Tixovani 
koloiduri nawilakebis koagulaciisaTvis (bune-
briv wylebSi) ufro xSirad iyeneben aluminis 
naerTebs – sulfatebs an Sabebs. amave dros 
naleqis zedapirze adsorbirdeba organuli nae-
rTebi, ris Sedegadac wyali uferuldeba. 

wylis gafiltvra suspenziisagan gasawmen-
dad, Cveulebriv, dawdomis Semdegi procesia. 
xSirad iyeneben inertuli mfiltravi masalis, 
magaliTad, silisfenian filtrebs.  
 wylis darbileba iTvaliswinebs sixistis 
gamomwvevi kalciumisa da magniumis marilebis 
mocilebas. mrewvelobaSi iyeneben darbilebis 
sxvadasxva meTodebs, romelTa arsic mdgoma-

reobs reagentebis saSualebiT +2
Ca  da  +2Mg  io-

nebis uxsnar da advilad mosacilebel naerTebad 
SekavSirebaSi. gamoyenebuli reagentebis mixedviT 
asxvaveben kiris (Camqrali kiri), sodis (kal-
cinirebuli soda), natronul (natriumis tute) 
da fosfatur (trinatrifosfati) xerxebs. qimi-
uri meTodebidan yvelaze ekonomiuria darbi-
lebis kombinirebuli xerxis gamoyeneba, romelic 
iTvaliswinebs droebiTi da mudmivi sixistis 

mocilebas da, agreTve, 2CO -is SekavSirebas, 
rkinis ionebis mocilebas, organuli da sxva 
minarevebis koagulacias. aseTi meTodia 
fosfaturTan kombinirebuli kir-sodis meTodi, 
rac ufro srul darbilebas uzrunvelyofs. 
procesis qimizmi Semdegi reaqciebiT gamoixateba: 
 1. Camqrali kiriT damuSaveba droebiTi 
sixistisa da rkinis ionebis mosaSoreblad da   

2CO -is SesakavSireblad: 
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( ) ( ) OHCaCOOHCaHCOCa 23223 22 +=+ ; 

( ) ( ) ( ) OHOHMgCaCOOHCaHCOMg 223223 22 +↓+↓=+ ; 

 ( ) ( ) ↓+↓=+ 4224 CaSOOHFeOHCaFeSO ; 

( ) ( ) ↓=++ 3222 424 OHFeOHOOHFe ; 

( ) OHCaCOOHCaCO 2322 +↓=+ . 

 
 2. kalcinirebuli sodiT damuSaveba mudmivi 
sixistis mosacileblad: 

 









+↓

+↓

+↓

=+








.

2

423

3

423

32

4

2

4

SONaCaCO

NaClMgCO

SONaMgCO

CONa

CaSO

MgCl

MgSO

 

kir-sodis meTodi iZleva mxolod uxeSi 
darbilebis saSualebas, 0,3 mg.ekv./dm3-mde. 

 3. trinatrifosfatiT damuSaveba ( +2
Ca  da 

+2Mg  ionebis ufro sruli daleqva, daaxloebiT 
0,03 mg.ekv./dm3-mde): 

 

( ) ( ) ,623 32434323 NaHCOPOCaPONaHCOCa +↓=+  

( ) .623
243432 NaClPOMgPONaMgCl +↓=+  

 
 kalciumisa da magniumis fosfatebis 
xsnadoba uaRresad mcirea, rac gansazRvravs 
fosfaturi meTodis maRal efeqturobas. Mni-
Svnelovan ekonomikur efeqts iZleva qimiuri me-
Todebis SeTavseba fizikur-qimiurTan, e. i. Ionmi-
mocvliTTan. wylis darbilebis ionmimocvliTi 

meTodis arsi mdgomareobs wylidan +2
Ca -isa da 

+2Mg -is ionebis mocilebaSi ionitebis saSuale-
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biT, romelTac unari aqvT Tavisi ionebi gacva-
lon wyalSi Semaval ionebze. asxvaveben kati-
onuri da anionuri mimocvlis procesebs. Sesaba-
misad, ionitebs uwodeben kationitebsa da anio-

nitebs. kationitebad iyeneben +H -is, +
Na -is an 

+
4NH -is ionebiani aqtiuri jgufebis Semcvel 

sulfonaxSirs an maRalmolekulur fisebs. 
darbilebis kationur process safuZvlad udevs 
kationebis – natriumisa da wyalbadis ionebis – 
kalciumisa da magniumis ionebze mimocvlis 
reaqciebi. natriumis ionebis mimocvlas Na -

kationireba ewodeba, xolo wyalbadis ionebisas 
– H -kationireba: 
 

[ ] ( ) [ ] ;3232 2NaHCOCaHCOCaNa +↔+ katkat  

[ ] [ ] ;2 4242 SONaMgMgSONa +↔+ katkat  

H [ ] [ ] ;222 HClMgMgClH +↔+ katkat  

  [ ] [ ] ⋅+↔+ 422422 SOHNaSONaH katkat  

 
 amgvaradve gamoyofen wylidan sxva 

liTonebis ionebsac. anionitebia −
OH

-
-is, −

3HCO -

is an −2

3CO -is ionebiani aqtiuri jgufebis 

Semcveli maRalmolekuluri nivTierebebi. 
gaatareben ra anionitebis fenaSi liTonebis 
ionebisagan kationituri procesiT winaswar 
gawmendil wyals, acileben misgan anionebsac, 
romelTaA Semcvelobac ar aris dasaSvebi moce-
muli procesisaTvis gaTvaliswinebul wyalSi: 
           

[ ] [ ] ;2OHClHClOH +↔+ anan  

[ ] [ ] OHSOSOHOH 24242 22 +↔+ anan . 
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moyvanili reaqciebi gviCvenebs, rom ionmi-
mocvliT xerxs SeuZlia uzrunvelyos wylis 
darbileba da gaumariloeba, e.i. wylidan ara 
marto sixistis gamomwvevi, aramed yvela marilis 
sruli mocileba. ionmomocvliTi procesi Seqce-
vadia da  gajerebuli ionitebis mimocvliTi una-
ris aRdgenisaTvis  atareben  regeneraciis  pro-
cess.  Na -kationitebis regeneracias axorciele-
ben sufris marilis xsnariT, xolo H -katio-
nitebisas – mineraluri mJavebis xsnarebiT. 
anionitebis regeneracias atareben tuteebis, nat-
riumis karbonatis an bikarbonatis xsnarebiT.  

  
 neitralizacias ZiriTadad iyeneben sabru-
navi wylis dasamuSaveblad, romelic sawarmoo 
procesebSi anionebiT WuWyiandeba; neitralizaci-
isaTvis iyeneben kirs an sodas. 
 wylis deairacia iseTi mavne, koroziis ga-
momwvevi airebisagan, rogoricaa SH 2 , 2SO , 2CO ,   
xorcieldeba  aerirebiT, e. i. haeris wyalTan Se-
xebiT SxefmacivrebSi, an misi gaSxefebiT. Iyeneben 

7.7 
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qimiur reagentebsac, magaliTad, SH 2 -s Jangaven 
qloriT, Jangbadis mosacileblad wyalSi uma-
teben aRmdgenlebs, magaliTad, natriumis sul-
fits. 
 wylis gausnebovneba (dezinfeqcia) xorci-
eldeba qlorirebiT, ozonirebiT. qimiur sawar-
moebSi specialuri gausnebovneba iSviaTad gamo-
iyeneba. 
 wylis sruli gawmenda – gaumariloeba, da 
agreTve, nawilobrivi deairacia da gausnebovneba 
– miiRweva misi gamoxdiT. distilirebuli wyali 
farTod gamoiyeneba sufTa produqtebis warmoe-
basa da laboratoriul praqtikaSi.  

warmoebaSi gamoyenebis dros wyali, Cveu-
lebriv, cxeldeba, amitom sabrunav wyals 
aciveben specialur wyalsatevebSi (guburebSi), 
auzebSi gaSxefebiT, wyoburian SxefmacivrebSi 
gamacivebeli haeris Semxvedrad CamodinebiT.  
 wyalmomzadebis aRwerili meTodebi ama Tu 
im zomiT SeiZleba gamoviyenoT sawarmoTa 
Camdinare wylebis gawmendis drosac, romelic 
didi raode-nobiT kvlav brundeba warmoebaSi 
xelmeored gamoyenebisaTvis. Camdinare wylebis 
mavne moqmedebisagan garemos dacvis problemis  
yvelaze radikaluri gadawyveta mdgomareobs 
Caketili Caumdinari ciklebis SeqmnaSi. 
 
 
 

7777.5. qimiuri mrewvelobis energetika.5. qimiuri mrewvelobis energetika.5. qimiuri mrewvelobis energetika.5. qimiuri mrewvelobis energetika    
 

 Kqimiur mrewvelobaSi mimdinareobs mravali 
procesi, romlebic dakavSirebulia energiis 
gamoyofasa, daxarjvasa an urTierTgardaqmasTan. 
energia ixarjeba ara marto uSualod qimiuri 
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reaqciis Catarebaze, aramed damxmare operaci-
ebzec, rogoricaa masalebis transportireba, 
damsxvreva, gafiltvra, airebis SekumSva da sxv. 
ama Tu im qimiuri warmoebis energotevadobis 
maCvenebelia enrgiis xarji miRebuli produqciis 
erTeulze. energiis xarji samrewvelo praqtikaSi 
ganisazRvreba produqciis woniT an moculobiT 
erTeulze daxarjuli kilovatsaaTebis, kilojo-
ulebis an saTbobis  (tona, kilogrami, kuburi 
metri) raodenobiT: kvt.sT/t,  kj/kg,  t/t,  kg/m3 
da sxv. energiis xarji sxvadasxva qimiuri pro-
duqtebis miRebaze erTnairi ar aris. aris war-
moebebi, romlebic gamoirCeva didi energoteva-
dobiT da SedarebiT mcire energiis momxmare-
beli warmoebebi. zogierT sawarmoSi Warbobs eg-
zoTermuli reaqciebi, romelTa siTboc gamoi-
yeneba sasaqonlo orTqlis misaRebad; es am-
cirebs energiis xarjs. aseTia, magaliTad gogi-
rdmJavis warmoeba. 
 ama Tu im qimiur warmoebaSi gamoyenebuli 
energiis ZiriTadi saxeebi damokidebulia teqno-
logiuri procesis xaasiaTze. yvelaze ufro 
xSirad iyeneben eleqtrul da Tbur energias. 
 eleqtroenergia qimiur mrewvelobaSi gamo-
iyeneba eleqtroqimiuri (xsnarebisa da nalRo-
bebis eleqtrolizi), eleqtroTermuli (lRoba, 
gacxeleba, sinTezebi maRal temperaturaze) da 
eleqtromagnituri procesebisaTvis. qimiur mrew-
velobaSi gamoiyeneba iseTi procesebi, romlebic 
dakavSirebulia eleqtrostatikuri movlenebiT 
sargeblobasTan (mtvrisa da nislebis daleqva, 
naxSirwyalbadebis eleqtrokrekingi da sxv.). fa-
rTod sargebloben qimiur teqnologiaSi eleq-
troenergiis meqanikurad gardaqmniT, rac auci-
lebelia iseTi fizikuri operaciebisaTvis, rogo-
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ricaa damsxvreva, daleqva, Sereva, centrifu-
gireba, ventilatorebis, kompresorebis, tumbo-
ebis muSaoba da sxv. qvemoT moyvanilia eleq-
troenergiis saSualo xarji zogierTi qimiuri 
produqtis warmoebaze: 
 
    produqti           energiis xarji, kvt.sT/t. 
 
   alumini                     16000-20000 
   magniumi                     17500-18000 
   kalciumis karbidi, 80%-iani    2700-3200 
   sinTezuri amiaki               3000-3500 
   fosfori                    13000-20000 
   qlori                        2300-3500 
   gogirdmJava                     60-100 
   amoniumis sulfati               30-70 
   amoniumis gvarjila               7-15 
   superfosfati                    2-10 
 Tburi energia qimiur mrewvelobaSi gamoi-
yeneba metad mravalferovani fizikuri procese-
bis gansaxorcieleblad, romelTac ar axlavs 
qimiuri reaqciebi (gacxeleba, Sroba, aorTqleba, 
distilacia da sxv.) da reagentebis gasacxe-
leblad reaqciebis Catarebisas. amasTan Tboma-
tareblad gamoiyeneba saTbobis wviT miRebuli 
sacecxlis airebi, wylis orTqli, birTvuli ene-
rgia da sxv. 
 bolo wlebSi qimiur mrqwvelobaSi Tanda-
TanobiT fexs ikidebs radiaciul-qimiuri proce-
sebi, romlebSic radioaqtiuri gamosxivebis ga-
vleniT mimdinareobs polimerizaciisa da mra-
vali organuli naerTis warmoqmnis reaqciebi (ix, 
V Tavi). atomuri energetikis Semdgomi ganvi-
Tareba atomuri energiis mSvidobiani miznebi-
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saTvis gamoyenebiT aris Tanamedroveobis umni-
Svnelovanesi amocana. 
 sinaTlis energia ukanasknel xans sul uf-
ro metad gamoiyeneba qimiur mrewvelobaSi foto-
qimiuri reaqciebis realizaciisaTvis, elemente-
bidan qlorwyalbadis sinTezis, organuli nae-
rTebis halogenirebisa da sxva procesebisaTvis. 
fotoqimiuri movlenebi, romlebSic sinaTlis 
energia eleqtroenergiad gardaiqmneba, gamoiye-
neba teqnologiuri procesebis avtomaturi mar-
Tvisa da kontrolisaTvis.  
 qimiuri sawarmoebis ganlageba, romlebic 
energiis moxmarebis didi masStabebiT gamoirCeva, 
damokidebulia iafi saTbobisa da elqtroener-
giis arsebobaze. amasTan dakavSirebiT saWiroa 
aRiniSnos adgilobrivi nedleulis saxeebis 
roli, romlebic, rogorc wesi, Semotanilze 
iafi jdeba, Tumca xSirad did manZilze milga-
yvanilobiT transportirebuli airis gamoyeneba 
ufro rentabeluria, vidre adgilobrivi saT-
bobiT sargebloba. 
  
 

7.7.7.7.6.6.6.6.    wyalbadiwyalbadiwyalbadiwyalbadi    
 
 atmosferuli haeris ZiriTadi gamaWuWyia-
nebelia gamonabolqvi, romelic warmoiqmneba 
samrewvelo-energetikul obieqtebze (Tec da sxv.) 
da saavtomobilo ZravebSi. energetikis, mrewve-
lobisa da transportis ganviTarebas Tan axlavs 
atmosferoSi iseTi mavne nivTierebebis gamona-
bolqvis zrda, rogoricaa gogirdis dioqsidi, 
azotisa da naxSirbadis oqsidebi, naxSirway-
lbadebi. gamoTvlilia, rom 1975-1980 wlebis pe-
riodSi airadi gamonabolqvis raodenoba atmo-
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sferoSi 30%-iT gaizarda, amasTan Sesabamisad 
gaizarda haeris gaWuWyia-nebiT gamowveuli eko-
nomikuri zarali, rac yovelwliurad aTeulobiT 
miliard dolars Seadgens. 
 mravali specialistis (energetikosebisa da 
qimikos-teqnologebis) azriT momavlis yvelaze 
perspeqtiuli ekologiuri saTbobi aris wyal-
badi. ha-erSi wyalbadis wvis dros erTaderTi 
mavne komponenti wvis produqtebSi SeiZleba iyos 

azotis oqsidebi XNO ; magram −XNO is raodenoba 
damokidebulia haeris miwodebis regulirebaze, 
romlis didi siWarbe iwvevs wyalbadis wvis 
produqtSi – wylis orTqlSi – azotis oqsidebis 
TiTqmis srul gaqrobas. 
 wyalbads miiCneven universalur energoSem-
cvelad, romelsac SeuZlia imuSaos energiis 
gadamcemad atomuri reaqtoridan mravalferovan 
momxmareblebze, roca SeuZlebelia atomuri saT-
bobis energiis uSualod gamoyeneba. wyalbadis, 
rogorc ekologiurad sufTa saTbobisa da ene-
rgoSemcvelis upiratesobani Semdegia: 1) wvis 

produqtebSi nacris,  da sis,is, −−− COCOSO 22  

atmosferos sxva gamaWuWyianeblebis ararseboba; 
2) wyalbadis miRebis wyaro SeiZleba iyos wyali 
– iafi nedleuli, romlis maragi amouwuravi da 
aRdgenadia, radganac wvis dros wyalbadi kvlav 
gardaiqmneba wylad; 3) molekuluri wyalbadis 
wvis siTbo, romelic 125510 kj/kg-s Seadgens, 
TiTqmis oTxjer metia vidre naxSirisa (32800 
kj/kg); 4) SesaZlebelia wyalbadis trans-
portireba nebismier manZilze arsebuli milgay-
vanilobiT, Txevadi saxiT Senaxva an hidridebis 
saxiT akumulireba; 5) wyalbadis gamoyeneba 
arsebul saaviacio da saavtomobilo ZravebSi ar 
gamoiwvevs maT mniSvnelovan cvlilebebs; es exeba 
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wyalbadis gamoyenebas sayofacxovrebo gamaTbo-
bel danadgarebsa da xelsawyoebSi; 6) wyalbadi 
aris qimiuri mrewvelobis, metalurgiis, navTob-
gadamuSavebis, myari saTbobis gadamuSavebis, 
ZiriTadad, aRdgenisa da hidrirebis procesebis 
nedleuli. wyalbadi ZiriTadi amosavali rea-
gentia iseTi didmasStaburi warmoebebisaTvis, 
rogoricaa amiakisa da meTanolis sinTezi. 
 magram wyalbadis warmoeba arsebuli meTo-
debiT imdenad Zviria, rom misi gamoyeneba satran-
sporto da, miT ufro, energetikul saTbobad 
srulebiT araracionaluria. amitom amuSaveben 
wyalbadis msxvilmasStaburi warmoebis principu-
lad axal meTodebs. garda amisa wyalbadis, ro-
gorc energoSemcvelisa da saTbobis gamoyenebis 
dros warmoiSoba sxvadasxva garTulebebi: 1) wya-
lbadis simkvrive 8-jer naklebia bunebrivi airi-
saze, amitom misi moculobiTi siTbotevadoba 3,3-
jer naklebia; es ZiriTadi winaaRmdegobaa wya-
lbadis gamosayeneblad satransporto ZravebSi. 
arsebul hidridebSi wyalbadis wili hidridis 
masis 2%-s ar aRemateba da avtomobilis benzo-
sacavis ekvivalenti 700-900 kg hidrids Seadgens. 
muSavdeba wyalbadis meti Semcvelobis hidride-
bis miRebis meTodebi; 2) wyalbadi ufro feTqe-
badsaSiSia, vidre bunebrivi airi: haerTan is war-
moqmnis feTqebadsaSiS narevebs koncentraciaTa 
mniSvnelovnad did intervalSi (4-75%); 3) wyal-
badis gaTxevadebis temperatura atmosferul 
wnevaze (-2530C)  naklebia, vidre bunebrivi airisa 
(meTanisaTvis –1650C). garda amisa Txevadi saxiT 
Senaxvisas SesaZlebelia wyalbadis gadineba. 
 ramdenadac jerjerobiT wyalbadis Rire-
buleba metia, vidre navTobproduqtebisa, misi da-
nergva navTobproduqtebis Semcvlelad, albaT, 
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daiwyeba saavtomobilo saTbobSi danamatis 
saxiT. wyalbadis damateba 5-10%-is raodenobiT 
mniSvnelovnad amcirebs avtotransportis mavne 
gamonabolqvs da amave dros adidebs Zravis 
ekonomiurobas. amJamad navTobis importior zog 
qveynebSi gaTvaliswinebulia saavtomobilo ben-
zinSi meTanolis damateba navTobproduqtebis mo-
xmarebis Semcirebis mizniT. Tavis mxriv meTano-
lis miReba SeiZleba myari saTbobis gadamu-
Savebis dros warmoqmnili sinTez-airidan. 
 yovelive zemoTqmulis Semdeg, aq albaT, up-
riani iqneboda wyalbadis miRebis meTodebis gan-
xilva, magram ramdenadac es meTodebi sakmaod 
cnobilia da dawvrilebiT ganixileba araorga-
nul nivTierebaTa teqnologiis specialur kur-
sebSi, Cven SevCerdebiT wyalbadis miRebis mxo-
lod erT meTodze, romelic perspeqtivaSi iafi 
wyalbadis miRebas iTvaliswinebs – es aris 
wyalbadis miRebis Termoqimiuri meTodi. 
 wyalbadis miRebis Termoqimiuri meTodi  
iTvaliswinebs wylis daSlas Tburi energiis ga-
moyenebiT, romlis miRebasac varaudoben heliu-
mis macivrebiani atomuri reaqtorebidan gamosu-
li heliumis siTbos xarjze. wylis Termuli da-

SlisaTvis aucilebeli siTbos Teoriuli TQ  ra-
odenoba SeiZleba ganisazRvros   
                

kkT ηη 0GEQ ∆==  

 

tipis formulebiT, sadac E  aris 1T  temperatu-
ris mqone siTbos wyarodan arTmeuli Tburi ene-

rgia; 0
G∆  - Tavisufali energiis cvlileba 

wylis daSlis dros; kη  - karnos ciklis mqk, 
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romelic xorcieldeba zeda 1T  temperaturasa da 

garemos 2T  temperaturas Soris. 
 wylis pirdapiri Termuli daSla cnobili 

HOHOH ∆++↔ 222 2
2

1  reaqciis mixedviT SeuZle-

belia, radgan amisaTvis saWiro temperaturaze 

( )C01000≈  reaqciis wonasworobis konstanta Sea-

dgens 1,48⋅10-6-s, rac Seesabameba sareaqcio  nare-
vSi 2O -sa da 2H -is  parcialur  wnevas ara  ume-
tes 0,1 pa (10 atm-6). 
 wyalbadis miRebis am meTidis praqtikuli 
ganxorcieleba SesaZlebelia mxolod wylis 
uSualod daSlis reaqciis SecvliT iseTi ram-
denime reaqciisagan Semdgari Termoqimiuri ci-
kliT, romelTac aqvT praqtikuli miznebisaTvis 
sakmarisi wonasworobis konstantis mniSv-
nelobebi. Seswavlili da rekomendebulia mrava-
li Termoqimiuri cikli wylis dasaSlelad iseT 
temperaturebze, romlebic ar aRemateba birTvu-
li reaqtoridan gamomavali Tbomatareblis tem-
peraturas (Tburi reaqtorebis narCeni siTbos 
gamoyenebis dros). damuSavebul Termoqimiur cik-
lebSi Sualedur nivTierebebs – halogenebs, VI 
jgufis elementebs (gogirds), II jgufis liTo-
nebs (Mg , Ba , Ca ) - aqvT didi Tvisoba waylbadis 
an Jangbadis mimarT. qvemoT moyvanilia iseTi 
reaqciebis Termoqimiuri ciklis magaliTi, ro-
melTa Sedegia wylis daSla wyalbadad da Jan-
gbadad: 

     

    ( ) ( ) ( ) ( )asaa 22

3000

2 HHgBrHBrHg
C + →+         (a) 

  ( ) ( ) ( ) ( ) ( ) ( )smxsxss OHHgOCaBrOHCaHgBr 2222 ++=+        

(b) 
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           ( ) ( ) ( )asm 22
1 OHgHgO +→ A           (g) 

( ) ( ) ( ) ( ) ( )axsorTxs HBrOHCaOHCaBr
c 22 2

650

22

0

+ →+   (d) 

 
 mTlianad wylis Termoqimiuri daSla Cake-
tili ciklia, radganac yvela amosavali reagenti 
gamoeyofa reaqciis produqtebs da brundeba 
ciklSi, wylis garda, romelic ixarjeba wyal-
badisa da Jangbadis warmoqmnaze. reaqciis maqsi-
maluri temperatura (dddd reaqcia) ar aRemateba 
7000C-s da SeiZleba uzrunvelyofili iqnes Tbo-
matarebliT, romlis temperatura birTvuli rea-
qtoridan gamosasvlelSi 800-9000C-is doneze 
iqneba. 
 jerjerobiT mrewvelobaSi arcerTi Termo-
qimiuri cikli ar aris ganxorcielebuli da ar 
aris gansazRvruli ciklebis mqk da danaxarjebi 
wyalbadis Termoqimiuri meTodiT warmoebaze, e. 
i. ar aris gakeTebuli am meTodis ekonomikuri 
Sefaseba. magram gaangariSebebi gviCvenebs, rom 
wyalbadis Termoqimiuri miRebis meTodis mqk 
birTvuli reaqtoris narCeni Tburi energiis 
gamoyenebisas ufro maRalia, vidre wylis eleq-
trolizis dros da 40-45%-s Seadgens. 
 wylidan wyalbadis warmoebis kombinirebu-
li meTodi emyareba procesis Termoqimiuri da 
eleqtroqimiuri stadiebis kombinirebas. miaCniaT, 
rom kombinirebul meTods SeuZlia SeaTavsos 
orive meTodis Rirsebebi: eleqtroqimiuri meTo-
di yvelaze kargad aris aTvisebuli, martivia 
misi aparaturuli gaformeba, xolo Termoqimiuri 
ufro ekonomiuria, magram igi jer kargad ar 
aris aTvisebuli da Znelia samrewvelo reali-
zaciisaTvis. magaliTisaTvis, moviyvanoT wylidan 
wyalbadisa da Jangbadis miRebis gogirdmJavuri 
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kombinirebuli  meTodi.  es orsafexuriani pro-
cesia: pirveli safexuri  Termoqimiuria, rome-
lic 9000C-ze katalizatorze mimdinare en-
doTermuli reaqciaa: 
           

          222

900

42 2
1

0

OSOOHSOH
C ++ →        (a) 

 
meore safexuri eleqtroqimiuri procesia, rome-
lic Cveulebriv temperaturaze xorcieldeba 

(≈250C-ze): 
 

          42222 22 SOHHeSOOH +=++ −           (b) 
 
 (b) reaqcia praqtikulad mxolod eleqtro-
lizuri xerxiT SeiZleba ganxorcieldes, radgan 
misi wonasworobis mudmiva da wyalbadis Teori-
uli gamosavali metismetad mcirea. 
 (b) reaqciisaTvis gamoangariSebuli daSlis 
Teoriuli Zabva naklebia, vidre wylis pirdapiri 
eleqtrolizisaTvis; igi Seadgens 0,17 v-s, maSin, 
roca pirdapiri eleqtrolizis dros igi 1,23 v-
ia. jamurma mqk-ma 35-37% unda Seadginos. kombini-
rebuli sistemisaTvis energiis wyarod SeiZleba 
gamoyenebuli iqnes airovani birTvuli reaqtori, 
romelic procesis Termoqimiur safexurs narCeni 
Tburi energiiT moamaragebs, xolo eleqtroqimi-
urs – eleqtroenergiiT. 
 specialistebs miaCniaT, rom Termoqimiuri 
da eleqtroqimiuri procesebis kombinireba wyli-
dan wyalbadis  didmasStaburi warmoebis yvela-
ze  perspeqtiuli mimarTulebaa. 
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7.77.77.77.7. meurneobis qimizacia da. meurneobis qimizacia da. meurneobis qimizacia da. meurneobis qimizacia da    
sicocxlis uzrunvelyofis pirobebisicocxlis uzrunvelyofis pirobebisicocxlis uzrunvelyofis pirobebisicocxlis uzrunvelyofis pirobebi    

    
 qimizacia ewodeba meurneobaSi qimiuri me-
Todebis, procesebisa da masalebis danergvas. 
mrewvelobis sxvadasxva dargebSi qimiuri meTo-
debis farTod danergva iZleva warmoebis ufro 
racionalurad marTvis, nedleulis yvela Sema-
dgeneli nawilis gamoyenebis, mavne nivTierebebiT 
garemos gaWuWyianebis gareSe unarCenod muSaobis, 
ZiriTadi produqtis TviTRirebulebis Semcire-
bisa da, bolos, axali masalebis miRebis saSua-
lebas. warmoebis qimizacia qimiuri progresis 
mniSvnelovani mimarTulebaa. 
 qimizacias uzarmazari mniSvneloba aqvs 
kacobriobis sicocxlis uzrunvelyofisaTvis da, 
uwinares yovlisa, kvebis produqtebiT dakmayofi-
lebisaTvis, rac, pirvel rigSi, gamoixateba mi-
neraluri sasuqebiT soflis meurneobis moma-
ragebaSi. mineralur sasuqebze soflis meurneo 
bis moTxovnilebis dakmayofilebasTan erTad 
matulobs mcenareebisa da cxovelebis zrdis 
stimulatorebis roli. qimikosebis winaSe dgeba 
iseTi stimulatorebis damuSavebis amocana, rom-
lebic saSualebas mogvcems weliwadSi ramdenime 
mosavali aviRoT. magram dedamiwis mosaxleobis 
progresul zrdasa da miwaTmoqmedebisaTvis var-
gisi savargulebis SezRudulobasTan dakavSire-
biT warmoiSva sinTezuri da xelovnuri sakvebis 
miRebis aucilebloba. ukve didi xania cxovelTa 
sakvebis fosforis naerTebiT Sesavsebad gamo-

iyeneba sakvebi precipitati 4CaHPO   da karbamidi 

( )
22NHCO ,  rogorc organizmSi cilis sinTezis 

wyaro. 
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 ukanasknel xanebSi daiwyo cilovani prepa-
ratebis farTo samrewvelo warmoeba mikrobio-
logiuri sinTeziT, romlebSic normalur (bu-
nebriv) temperaturaze moqmed katalizatorebad 
iyeneben fermentebs. nedleulad, upiratesad, iye-
neben navTobidan miRebul parafinebs, spirtebsa 
da organul mJavebs. saTbobad gamoyenebuli nav-
Tobi rom Seicvalos energiis sxva wyaroebiT, mi-
si resursebi praqtikulad amouwuravi  iqneboda 
sakvebisa da maRalmolekuluri naerTebis war-
moebisaTvis. mikrobiologiuri sinTezisaTvis nav-
Tobis msoflio mopovebis mxolod 4%-is gamoye-
nebiT SeiZleba dedamiwis mTeli mosaxleobis 
uzrunvelyofa cilis racioniT, magram amJamad 
iwarmoeba mxolod cxovelebis sakvebisaTvis da-
samateblad vargisi cilebi. mimdinareobs biolo-
giuri sinTezis saSualebiT atmosferuli azotis 
sawarmoo SekavSirebis gzebis Zieba. amJamad kve-
bis mrewveloba ukve farTod iyenebs duRilis 
meTodebs spirtebisa da organuli mJavebis misa-
Rebad. 
 sakvebi produqtebis warmoebis qimizaciis 
umaRlesi safexuri iqneba cilovani preparatebis 
qimiuri sinTezi. axla ukve muSavdeba mravali 
aminomJavis organuli sinTezis meTodebi, ro-
melTa nakrebi SeZlebs nawilobriv Secvalos sa-
kuTriv cilovani preparatebi. dadgenilia, rom 
adamianis sakvebSi aminomJavebis damateba adidebs 
mcenareuli cilebis aTvisebadobas. zogierTi 
rTuli cilebis sinTezi, romlebic aseulobiT 
aminomJavur naSTebs Seicavs, ukve SesaZlebelia 
laboratoriul pirobebSi. muSavdeba cilebisa 
da Saqrebis balaxebidan, bostneulisa da merqnis 
narCenebidan, wyalmcenareebidan miRebis meTo-

debi. 

118 

 

 qimiurad gadawyvetilia merqnidan hidroli-
zuri Saqrisa da spirtis warmoeba, Tumca mas 
jer kidev ar SeuZlia Secvalos Saqris warmoeba 
Warxlisa da lerwmisagan. momavalSi dedamiwis 
mosaxleobis uzrunvelyofa sakvebiT savsebiT 
SesaZlebelia qimiuri meTodebisa da masalebis 
safuZvelze, e. i. qimizaciis gziT. 
 qimizacia aucilebeli da savaldebulo xde 
ba kacobriobis sicocxlisa da moRvaweobis 
yvela aspeqtSi. gansakuTrebiT mniSvnelovania am 
mimarTebiT maRalmolekuluri naerTebi plast-
masis nakeTobaTa, rezinis, qimiuri boWkoebis, la-
qebis, saRebrebis, weboebisa da sxvaTa saxiT. 
Tanamedrove manqanaTmSenebloba, gansakuTrebiT 
satransporto, didi raodenobiT iyenebs maRal-
molekuluri naerTebisagan damzadebul nakeTo-
bebs; amasTan am ukanasknelTa roli ganuwyvetliv 
gaizrdeba liTonebis wilis Sesabamis Semcire-
basTan erTad, uwinares yovlisa imitom, rom moT-
xovnilebebi konstruqciul masalebze progresu-
lad izrdeba, liTonebis gamosadnobi madnebis 
maragebi ki sul ufro da ufro mcirdeba. Auci-
lebeli gaxda xelovnuri da qimiuri boWkoebis, 
plastmasebisa da sxva polimeruli masalebis ga-
moyeneba tansacmlis, fexsacmlis da sxva saoja-
xo moxmarebis sagnebis dasamzadeblad, radganac 
SeuZlebeli Seiqna mosaxleobis moTxovnilebebis 
dakmayofileba sasoflo-sameurneo teqnikuri ku-
lturebisa da mecxoveleobis produqciis xarj-
ze. sinTezuri samkurnalo preparatebi da saRe-
brebi ufro mravalmxrivi moqmedebisaa, vidre 
bunebrivi. garda amisa isini, rogorc wesi, 
bunebrivze iafia da amitom dominireben 
xmarebaSi. 
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 moTxovnileba sufTa mtknar wyalze msxvil 
dasaxlebul regionebSi amJamad emyareba 
bunebrivi wylebis gawmendisa da gausnebovnebis 
qimiur meTodebs. dedamiwis mraval raionSi 
mdinareebisa da tbebis mtknari wylebi ukve ar 
aris sakmarisi da qimikosebi wyveten zRvebisa da 
okeaneebis wylis gamtknarebis problemebs, gamo-
yofen ra amasTan erTad liTonebis, maT Soris 
Zvirfasi liTonebis, qloridebs, sulfatebsa da 
karbonatebs. saTbobis, metalurgiuli, kvebis, 
msubuqi, celuloza-qaRaldis da mrewvelobis 
sxva dargebis (qimiuris CaTvliT) da, agreTve, 
energetikuli sadgurebis Camdinare wylebs wmen-
den fizikur-qimiuri da wminda qimiuri xerxebiT. 
 kacobriobis arsebobis uzrunvelyofa moi-
cavs sufTa haerisa da erT sul mosaxleze ener-
gomomaragebis problemebs. orive es problema 
kompleqsurad gadawydeba qimiisa da qimiuri 
teqnologiis meTodebiT wyalbaduri energetikis 
ganxorcielebis gziT. amJamad Tburi energeti-
kuli danadgarebi da satransporto Zravebis 
gamonabolqvi airebi aWuWyianebs atmosferos go-
girdisa da azotis oqsidebiT, naxSirwyalbadebis 
arasruli wvis produqtebiT da, agreTve, mtvriT. 
wyalbadsa an meTanolze, rogorc sawvavze, ga-
dasvlisas erTdroulad wydeba atomuri reaqto-
rebis gamouyenebeli siTbosa da dedamiwis wi-
aRis siTbos utilizaciis problema. meore mxriv 
miiReba sufTa gamonabolqvi airebi. jerjerobiT 
ki warmoebaTa gamonabolqvi airebi unda gaiwmi-
ndos mavne minarevebisagan, da es keTdeba qimiuri 
meTodebis, katalizis, absorbciisa da adsor-
bciis gamoyenebiT.  
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