
 

 

 reaqtori Sedgeba svetisa, TefSisa –cecxlrikebis 

cxaurisa, romelic wyoburs iWers, wyoburisa da 

sarwyavi mowyobilobisagan. reaqtoris normaluri 

muSaoba damokidebulia wyoburis arCevaze.   

 

aucilebelia, rom mas hqondes didi xvedriTi zedapiri, 

Tavisufali moculoba, iyos msubuqi, qimiurad mdgradi 

da iafi. garda amisa wyoburi minimalur winaaRmdegobas 

unda uwevdes airis nakads da kargad sveldebodes 

siTxiT. gamoiyeneba sxvadasxva formis wyoburi, 

ZiriTadad foladis an keramikisagan damzadebuli 

erTnairi simaRlisa da Siga diametris rgolebi 

( dh × =100x100, 50x50  an 25x25). reaqtoris muSaobis 

intensifikaciisaTvis adideben airisa da siTxis nakadebis 

siCqares da iyeneben specialuri tipis wyoburebs 

(spiralurs, unagirisebrs da sxv.), romelTac aqvT didi 

Tavisufali moculoba, mcire hidravlikuri 

winaaRmdegoba da iZleva ufro intensiuri reJimebis 

gamoyenebis saSualebas. 

 wyoburiani svetebi yvelaze ufro gavrcelebuli 

reaqtorebia absorbciul-desorbciuli procesebisaTvis; 

maT farTod iyeneben gogirdisa da azotis mJavebis 

warmoebaSi, koqsis airis gadamuSavebis dros, organuli 

sinTezis mraval procesSi da sxv. 

 Txevadi da airadi reagentebis monawileobiT 

mimdinare procesebSi farTod iyeneben barbotaJul 

reaqtorebs. aseT reaqtors (nax. VIII.11) SeiZleba 

hqondes erTidan ramdenime aTeulamde Talfaqebiani an 

sacruli TefSi. procesis xasiaTis, mocemuli reaqtoris 

mqk-isa da saWiro seleqciurobisagan damokidebulebiT. 

yovel TefSze airi disperhirdeba siTxis moculobaSi 

barbotaJiT, e. i. airis buStulebis gatarebiT TefSze 

Camomdinare siTxis fenaSi. yovel TefSze airi 

urTierTqmedebs jvaredini nakadis principiT, magram 

svetis simaRlis mixedviT daculia winaRdenis principi. 

barbotaJuli reaqtorebi farTod gamoiyeneba qimiur 

teqnologiaSi mJavebis koncentrirebisaTvis, sodis 

warmoebaSi, distilaciisa da reqtifikaciis 

procesebisaTvis, org anul nivTierebaTa teqnologiaSi. 
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 es reaqtorebi konstruqciulad ufro rTulia, vidre 

wyoburiani svetebi, maTi eqspluatacia dakavSirebulia 

did siZneleebTan da xarjebTan, magram isini uzrun-

velyofen siTxisa da airis didi raodenobiT gada-

muSavebas, muSaoben ufro intensiurad, iZlevian na-

revebis ufro faqizad gayofis saSualebas. Rru koSki 

siTxis gaSxefebiT warmodgenilia VIII.12 naxazze. aseTi 

tipis reaqtorebSi Txevadi fazis zedapiris ganviTareba 

xdeba airis moculobaSi an nakadSi misi disperhirebiT, 

e. i. gaSxefebiT, pnevmaturi an meqanikuri gziT - 

gamtverviT. aseTi reaqtori gamoiyeneba, magaliTad. 

gogirdmJavis warmoebaSi.     

qafovani reaqtoris mowyobiloba naCvenebia VIII.13 

naxazze. am reaqtorSi airi gadis qvemodan zeviT 
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cxaurSi da masze myofi siTxis fenaSi iseTi siCqariT, 

rom siTxeze airis xaxunis Zalebi awonasworebs mis 

wonas. amis Sedegad warmoiqmneba moZravi qafis 

Setivtivebuli fena swrafad moZravi afskebis, wveTebisa 

da siTxis Wavlebis saxiT, romlebic mWidrod aris 

areuli airis buStulebsa da WavlebTan. reaqtoris 

kveTSi airis siCqare SeiZleba iyos 1-dan 3,5 m/wm-mde; 

ufro didi siCqarisas qafis Setivtivebuli fena irRvea 

da gaitaneba airisa da tivtivaris nakadis saxiT. airis 

xarjis Zlieri Semcirebisas ki xdeba barbotaJi da 

siTxis mniSvnelovani nawili gaedineba cxauris 

xvrelebSi (gaJonva) 

absorbciul-desorbciuli procesebisaTvis Ziri-

Tadad iyeneben mravlTaroian qafovan reaqtorebs 

gadasasxmeli milebiT, zogjer ki gadasasxmeli mow-

yobilobis gareSe; am SemTxvevaSi mTeli Semosuli siTxe 

TandaTanobiT gaedineba cxauris xvrelebSi zeda 

Tarodan momdevno qvemo Taroze airis Semxvedrad da 

masTan urTierTqmedebiT yvela Taroze warmoqmnis qafis 

fenas. Taroebis ricxvi ganisazRvreba mocemuli mqk-iT 

da seleqciurobiT. milovani reaqtorebi (ix. nax. VIII.4) 

T-a sistemebisaTvis ZiriTadad ixmareba organul 

nivTierebaTa teqnologiaSi pirolizis 

maRaltemperaturuli procesebisaTvis; isini gamoiyeneba, 

agreTve, absorbciul-desorbciuli procesebisaTvis, 

magaliTad qlorwyalbadis absorbciisaTvis marilmJavis 

warmoebaSi. 

iseTi reaqtorebis daproeqtebisaTvis, romlebSic 

procesebi xorcieldeba airadi da myari reagentebis   

monawileobiT, safuZvelia: a)kinetikuri kanonzomie-

rebani, kerZod, myari nawilakis zedapirze mimdinare 

reaqciis siCqaris gantoleba; b) orive fazis 

hidrodinamikuri reJimi reaqtorSi; g) monacemebi 

sxvadasxva zomis nawilakebis masalis fenaSi ganawilebis 

Sesaxeb; d) monacemebi temperaturaTa ganawilebis Sesaxeb 

da sxv. VIII.14 naxazze moyvanilia zogierTi tipuri 

reaqtoris sqema a-m sistemebisaTvis. 

 

arakatalizuri procesebis umravlesoba a-m 

sistemaSi dafuZnebulia qimiur reaqciebze da 

mimdinareobs maRal temperaturaze. aseTi procesebis 

gansaxorcielebel reaqtorebs Rumlebs uwodeben; maT 

aqvT saerTo damaxasiaTebeli Tvisebebi. 
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samrewvelo Rumeli aris aparati, sadac gamo-

muSavdeba  siTbo, romelsac TviT RumelSive iyeneben 

myari masalebis Tburi damuSavebisaTvis. masSi siTbo 

gamoiyofa saTbobis wvis, egzoTermuli reaqciis mim-

dinareobis, an eleqtroenergiis siTburad gardaqmnis 

xarjze. samrewvelo Rumlebis gansakuTrebuli niSania 

erT agregatSi sareaqcio aparatisa (gansazRvruli 

sawarmoo procesis ganxorcieleba) da energetikuli 

mowyobilobis (siTbos gamoyofa da gamoyeneba) Serwyma. 

amis Sesabamisad Rumels waeyeneba rogorc 

teqnologiuri, aseve energetikuli moTxovnilebebi. 

Tanamedrove samrewvelo Rumlebis konstruirebis dros 

cdiloben uzrunvelyon Semdegi moTxovnebi: 1) maRali 

mwarmoebluroba: 2) energiis wyarodan gasacxelebel 

masalaze, nakeTobaze an sareaqcio narevze siTbos 

gadacemis maRali intensivoba; 3) siTbos gamoyenebis 

didi koeficienti Tburi danakargebis minimumamde 

SemcirebiT da misi regeneraciis sxvadasxva xerxebis 

gamoyenebiT. 4) produqtis maqsimaluri gamosavali misi 

maRali xarisxis SenarCunebiT; 5) konstruqciis 

simartive da saimedooba; 6) muSaobaSi mdgradoba; 7) 

Rumlis muSaobis avtomatizacia da meqanizacia. 

mrewvelobaSi gamoyenebuli maRaltemperaturuli 

procesebis  gansakuTrebulma mravalferovnebam 

gamoiwvia xmarebuli Rumlebis tipebisa da 

konstruqciebis didi simravle. samrewvelo Rumlebs 

yofen sxvadasxva niSnis mixedviT: warmoebis dargebis, 

Tburi energiis wyaros, gacxelebis wesis, teqnologiuri 

daniSnulebis, CatvirTvis xerxisa da sxv. 

siTburi energiis wyaros mixedviT arsebobs: 

1. Tburi Rumlebi, romlebSic iyeneben myar, 

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

aris eleqtroenergia. 

3. Rumlebi, romlebSic saWiro temperaturas 

aRweven mimdinare reaqciis siTbos xarjze (almadnisa da 

sxva gogirdovani madnebis gamosawvavi Rumlebi, 

brZmedebi, liTonebis gamosadnobi konvertorebi da 

sxv.). 

gacxelebis xerxis mixedviT Rumlebi SeiZleba 

iyos: 

1. pirdapiri gacxelebis Rumlebi, romlebic 

iyofa Semdeg jgufebad: a) Rumlebi, romlebSic ene-

rgiis wyaro uSualod exeba gasacxelebel masalas 

(magaliTad, cementis Rumlebi, kalcinaciis Rumlebi 

Tixamiwis warmoebaSi, pirdapiri gacxelebis eleqtro-

rkaluri Rumlebi); b) Rumlebi, romlebSic Tburi 

energia gamoiyofa gasacxelebel masalaSi (magaliTad, 

Saxturi Rumlebi kazmis saTbobTan erTad gamosawvavad, 

almadnis gamowvisa da meTanis Termul-JangviTi 

pirolizis Rumlebi); g) Rumlebi, romlebSic Tburi 

energiis wyarodan siTbo gasacxelebel masalas gadaecema 

gacxelebuli haeris an sacecxlis airis saSualebiT; d) 

Rumlebi, romlebSic Tburi energiis mniSvnelovani 

nawili gadaicema gavarvarebuli myari sxeulebis 

gamosxivebiT (gvirabRumlebi, amrekli Rumlebi). 

2. arapirdapiri gacxelebis Rumlebi, romlebSic 

Tburi energiis wyarodan gasacxelebel masalas siTbo 

gadaecema kedlebis saSualebiT (magaliTad, 

naxevradsakoqsavi da sakoqsavi Rumlebi, Rumlebi 

garedan gacxelebiT, retortuli, tigelis, mufelis 

Rumlebi). 

samrewvelo RumlebSi ganxorcielebuli Tbo-

gadacemis procesebis kanonzomierebebi masagadacemis 

analogiuria. pirdapiri gacxelebis Tburi Rumle-

bisaTvis, romlebSic siTbo gadaicema gacxelebuli 

airis an gamosxivebis saSualebiT, Tbogadacemis zogad 

gantolebas aseTi saxe aqvs: 

 

              ,tFQ Δ= α              (VIII.1) 

 

sadac Q aris drois erTeulSi gadacemuli siTbos 

raodenoba; tΔ  – Tbomatareblisa da gasacxelebeli 

masalis saSualo temperaturaTa sxvaoba; F  – masalis 

gacxelebis zedapiri; α  − Tbogacemis koeficienti, 

romelic damokidebulia Tbomatareblisa da 

gasacxelebeli masalis gadaadgilebis fardobiT siCq-

areze, maT simkvriveze, siblanteze, Tbogamtarobis 

koeficientze, Tbotevadobaze, nawilakebis (wveTebis) 

formasa da mdgomareobaze, Rumlis konstruqciaze da 

sxv. 

 masa- da Tbogadacemis procesebis intensifikaci-

isaTvis am  RumlebSi  iyeneben  Semdeg  xerxebs: 1) 

Tbogadacemis tΔ   mamoZravebeli Zalis gadidebas 

Tbomatareblis temperaturis gazrdiTa da misi da 

gasacxelebeli masalis winaRdenis gamoyenebiT (gvi-

rabRumlebi, doluri, mbrunavi Rumlebi); 2) Tbocvlis 

zedapiris gadidebas gasacxelebeli masalis 

daqucmacebiTa da misi areviT Tbomatareblis nakadSi 

(doluri mbrunavi Rumlebi), masalis gamtverviT an 

SetivtivebiT airis nakadSi (mduRare fenis Rumlebi), 

gasacxelebeli kazmis galRobiT (brZmedebi, kon-
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vertorebi); 3) Tbogadacemis koeficientis gadidebas 

Rumlis kedlebisa da kamaris gamosxivebis siTbos 

gamoyenebiT (arekvliTi Rumlebi), macxelebeli airebis 

turbulenturobis gadidebiT, Tbogamtarobis 

koeficientis amaRlebiT gasacxelebeli masalis 

galRobis dros da sxv. 

 arapirdapiri gacxelebis Tburi RumlebisaTvis 

 

                 ,tFKQ Δ=
T

             (VIII.2) 

 

sadac 
T

K  aris Tbogadacemis koeficienti. zogad 

SemTxvevaSi: 

               ,11
1

21 αλ
δ

α
++

=
T

K          (VIII.3) 

 

sadac 1α    aris Tbogacemis koeficienti Tbomata-

reblidan kedelze, romelic yofs gasacxelebeli 

masalisagan; 2α  − Tbogacemis koeficienti kedlidan 

gasacxelebel masalaze;  δ  − kedlis sisqe; λ  − kedlis 

Tbogamtaroba. 

teqnologiuri daniSnulebis mixedviT arsebobs 

Semdegi tipis Rumlebi: Rumlebi myari masalebidan 

tenis mosaSoreblad, romlebsac saSrobebs uwodeben; 

macxelebeli Rumlebi masalebis gasacxeleblad maTi 

agregatuli mdgomareobis Seucvlelad (liTonebis 

Termuli damuSaveba, minis gamowva); salRobi Rumlebi 

dasamuSavebeli masalebis gasalRobad (eleqtroRumlebi, 

bovebi); gamosawvavi Rumlebi mineraluri nedleulisa 

da misi nakeTobebis gamosawvavad (almadnis, kirqvis, 

keramikis gamowva), pirolizis Rumlebi saTbobis 

uhaerod Termuli damuSavebisaTvis da sxv. 

Taroebiani meqanikuri Rumlebi miekuTvneba 

pirdapiri gacxelebis Rumlebs, gamosawvav masalaSi 

egzoTermuli reaqciis Sedegad siTbos gamoyofiT. am 

tipis RumlebSi reagentebis areva, daqucmacebuli myari 

masalisa da airis urTierTqmedebis zedapiris 

ganviTareba da ganaxleba xdeba meqanikuri sarevebis 

saSualebiT, romlebic urevs da gadaaadgilebs myar 

masalas Rumlis Taroebze (TaRebze) (ix. nax. VIII.14, g). 

aseT Rumlebs adre iyenebdnen almadnisa da sxva 

sulfiduri madnebis gamosawvavad ferad metalurgiaSi, 

gogirdmJavisa da celuloza-qaRaldis warmoebaSi. am 

Rumlebs yvelaze ufro rTuli konstruqcia aqvT 

sxvebTan SedarebiT da mcired intensiurni arian. 

amitom. miuxedavad muSaobaSi mdgradobisa, maT sxva 

tipis RumlebiT cvlian. 

mtvrisebri gamowvis Rumeli (nax. VIII.15) muSaobs 

wmindad daqucmacebuli gamosawvavi masalis haeris 

nakadSi gamtvervis principiT, reagentebis pirdapiri 

nakadis mimarTulebiT moZraobisas. es aris pirdapiri 

gacxelebis Rumeli, romelic cxeldeba gamowvis dros 

mimdinare egzoTermuli reaqciis siTbos xarjze. 

Rumeli warmoadgens Samotis aguriT amogebul 

cilindrs, romelic aRWurvilia frqvevaniT (saqSeniT) 

almadnis gamtvervisaTvis, milyelebiT airisa (haeris) da 

myari masalis Sesayvanad da gamosayvanad. aseT Rumlebs 

iyeneben, magaliTad, almadnis gamosawvavad gogirdmJavis 

warmoebaSi.  
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mSrali flotaciuri almadani frqvevanas saSu-

alebiT haerTan erTad SeberviT Sedis gavarvarebul 

RumelSi. haeris Wavlis dawneviT almadani adis Rumlis 

zeda nawilSi, sadac ereva gamowvis procesis 

gasaumjobeseblad Seberil damatebiT haers; es 

grZeldeba ramdenime wami (nawilakis frenis dro). 

warmoqmnili namwvi (myari naSTi) ecema Rumlis Zirze, 

saidanac gamoitvirTeba. airi 1000
0C temperaturiT 

gamodis gverdiTi milyelidan orTqlis qvab-

utilizatorSi, Semdeg ki miemarTeba mtvrisagan ga-

sawmendad. Setivtivebul mdgomareobaSi myofi nawi-

lakebis didi reaqciisunarianoba iZleva am martivi 

mowyobilobis Rumlebis muSaobis maRali intensiurobis 

miRwevis saSualebas. magram mtvrisebri gamowvis 

RumlebisaTvis saWiroa wmindad dafqvili mo-

nodispersiuli masala; didia masalisa da namwvis mtvris 

gatana airis nakadiT, ris gamoc Rumlis muSaoba 

mdgradi ar aris. amitom mtvrisebri gamowvis Rumlebma 

farTo gavrceleba ver hpova. 

mduRare (Setivtivebul) feniani Rumeli 

sqematurad warmodgenilia VIII.16 naxazze. wmindad 

daqucmacebuli gamosawvavi masalis nawilakebi 

(magaliTad, 0,01-0,5 mm zomis almadani) uwyvetad 

miewodeba gisosze, romlis qveSac haeri Sedis iseTi 

siCqariT, romelic uzrunvelyofs nawilakebis gadasvlas 

Setivtivebul mdgomareobaSi, magram ar aris sakmarisi 

Rumlidan maT gasataceblad. imyofeba ra mudmiv 

pulsaciur mdgomareobaSi, nawilakebi amave dros 

moZraobs gisosze, rasac Tan axlavs maTi intensiuri 

gamowva. monodispesiuli masalis SemTxvevaSi siCqareTa 

samuSao intervali metia, nawilakebis wataceba naklebi 

da Rumlis muSaoba ufro mdgradi. 

mduRare fenian RumlebSi gamosawvavi myari 

nawilakebis  zedapiri  (romelic   ekvivalenturia  
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fazaTa kontaqtis zedapirisa) maqsimaluria da 

mTlianad "sveldeba" airiT, didia orfaziani garemos 

turbulenturoba da minimaluria difuzuri  

 

winaaRmdegobani, rac amaRlebs masa- da Tbogadacemis 

koeficientebs. reagentebis moZraobis jvaredini 

mimarTulebis gamo am RumlebSi uzrunvelyofilia 

maRali mamoZravebeli Zala da procesis yvelaze meti 

sisrule. mduRare fenis RumlebSi temperaturuli 

reJimi izoTermulia, rac aadvilebs masSi mimdinare 

procesis  marTvas. wvis  reaq- 

 

ciis siTbos iyeneben orTqlis misaRebad, amitom 

mduRare fenis zonaSi aTavseben wylis gasacxelebel 

milebs an orTqlis qvabis seqciebs. am Rumlebis naklia 

airis didi damtverianeba (200 g/m
3
-mde). 

s-m sistemaSi Casaterebeli procesebisaTvis 

gamoyenebuli reaqtorebi tipuri aparatebia romlebSic 
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atareben fizikur (fizikuri gaxsna, eqstraqcia, 

kristalizacia) da qimiur operaciebs. aseTi  

 

 

procesebis umravlesoba difuzur ubanSi mimdinareobs, 

amitom reaqtorebSi iyeneben fazaTaSorisi zedapiris 

ganviTarebis sxvadasxva saSualebebs da adideben orive 

fazis gadaadgilebis fardobiT siCqares. es saSualebebi 

ZiriTadad daiyvaneba myari masalis mfiltrav an 

Setivtivebul fenaSi siTxis gatarebaze, an arevis 

sxvadasxva xerxebze. 

mfiltravfeniani reaqtorebi, Cveulebriv Sedgeba 

Rru cilindruli korpusisagan, romlis ZirSi 

horizontalurad an daxrilad damagrebulia sacrisebri 

an Talfaqebiani TefSi (zogjer cecxlrikebis gisosi). 

TefSze moTavsebulia myari forovani masalis fena 

(adsorbentis granulebi an cxoburis natexebi), 

romelSic gadis siTxe. fazaTaSorisi myari zedapiris 

sidide izrdeba masalis forianobis gadidebiT; forebis 

Siga zedapiri asjer da aTasjer aRemateba gare 

zedapirs. Txevadi reagentis difuzias, ZiriTadad, 

winaaRmdegobas uwevs forebis Siga arxebi, e. i. procesi 

mimdinareobs Siga difuzur ubanSi. siTxis nakadis 

mimarTuleba da misi siCqare damokodebulia mfiltravi 

fenis simaRlesa da granulebis zomebze. ufro xSirad 

siTxis nakadi gadis reaqtorSi zevidan qveviT. 

mfiltravfenian reaqtorebSi axorcieleben sxvadasxva 

adsorbciul procesebs, ioncvlas (magaliTad, wylis 

Serbilebas), cxoburebis gamotutuvas marilebis, 

tuteebis, Tixamiwis da sxv. teqnologiaSi. forovani 

cxoburebis gamosatutavi reaqtorebis, e. w. 

difuzorebis batarea, warmodgenilia VIII.17 naxazze. 

 difuzorebis aseTi kaskadebi muSaobs winaRdenis 

principiT, e. i. yvelaze koncentrirebuli xsnari 

gamohyavT bolo difuzoridan (siTxis svlis mixedviT) 

da masSive tvirTaven axal cxoburs. pirveli 

difuzoridan gamotvirTaven damuSavebul cxoburs; 
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masSive miawvdian yvelaze sust xsnars (wyals), romelic 

koncentrirdeba reaqtorebis batareaSi gavlisas. 

myari marcvlovani masalis siTxeSi Setivtive-

bulfeniani uwyvetad momuSave reaqtorebi sul ufro 

metad gamoiyeneba adsorbciisa da ioncvlis pro-

cesebisaTvis, cvlis ra mcireintensiur perioduli 

moqmedebis mfiltravfenian aparatebs. Cveulebriv 

Setivtivebulfeniani reaqtorebi gamosadegia Txevadi da 

myari reagentebis simkvriveTa mniSvnelovani sxvaobisa da 

am ukanasknelis msxvili marcvlebis SemTxvevaSi. Tu 

fazaTa simkvriveebi mcired gansxvavdeba da granulebi 

mcire zomisaa, mizanSewonilia Sadrevnisebrfeniani 

reaqtorebi (nax. VIII.18). Sadrevnisebri fena 

Setivtivebulis saxesxvaobaa. misi gamoyeneba 

gansakuTrebiT mizanSewonilia polidispersiuli myari 

masalebis damuSavebisas da roca sareaqcio garemos 

agresiulobis gamo ar SeiZleba reaqtorSi liTonis 

gisosis dayeneba. Sadrevnisebrfenian reaqtorSi xazovani 

siCqare aTeulobiT sm/wm-ia, maSin roca Cveulebriv 

Setivtivebul m-T fenaSi igi ramdenime mm/wm-s ar aRe-

mateba. amitom Sadrevnisebrfeniani reaqtori muSaobs 

meti intensivobiT da ufro mwarmoebluria.  

 meqanikursarevian da agreTve pnevmaturi arevis 

reaqtorebs farTod iyeneben s-m sistemaSi gansa-

xorcielebeli procesebisaTvis, kerZod gaxsnis, eqs-

trahirebis, gamotutvisa da polimerizaciisaTvis, 

marilebis teqnologiaSi, hidrometalurgiasa da 

organul nivTierebaTa warmoebaSi. amave reaqtorebs 

iyeneben Txevad fazaSi mimdinare reaqciebisa da 

Seurevadi siTxeebis urTierTqmedebisaTvis. sarevis tipi 

ganisazRvreba sareaqcio garemos siblantiT. mcire 

siblantis siTxeebisaTvis iyeneben propelerisebr (nax. 

VIII.5) da pnevmatursarevian (nax. VIII.6) reaqtorebs. 

 saSualo siblantis siTxeebisaTvis iyeneben 

frTebian an spiraluri tipis sarevebs. frTebin 

sareviani reaqtori warmodgenilia VIII.19 maxazze.    

. 

sareaqcio garemos maRali siblantisas iyeneben 

Ruzisebr sarevian reaqtorebs (nax. VIII. 20). aseTi 

tipis sarevs SeuZlia gauZlos did meqanikur datvir-

Tvas. Ruzisebri sarevis TaTebs aqvs hidrodinamikuri 

profili, romelic iZleva blant garemoSi arevis 

minimaluri daZabulobiT Catarebis saSualebas. sarevis 
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gare nawilebi TiTqmis exeba reaqtoris kedlebs da 

wmends mas myari masalis fenisagan. 

calkeul sarevian raqtorebs SeuZliaT rogorc 

perioduli, aseve uwyveti reJimiT muSaoba.  

 

 

 

procesis uwyvetobisa da produqtis maRali gardaqmnis 

xarisxis misaRwevad minimaluri sareaqcio moculobis 

dros iyeneben sareviani reaqtorebis mimdevrobiT 

SeerTebul sistemas (ix. VI Tavi, reaqtorebis kaskadi). 

es xerxi amcirebs sareaqcio narevis reaqtorSi yofnis 

saerTo dros, romelic saWiroa mocemuli gardaqmnis 

xarisxis misaRwevad.  

Snekiani reaqtori (nax. VIII.21) warmoadgens 

varcls, romelSic horizontalur RerZze brunavs 

spiraluri Sneki, urevs  ra  myar reagents (magali- 

 

Tad, marils) xsnarTan da gadaaadgilebs sareaqcio masas. 

gaxsnis procesis dasaCqareblad reagentebs acxeleben 

mwvave orTqliT an gamaTbobeli milebiT (ganlagebulia 

Snekis gverdebze), romlebSic cirkulirebs wylis 

orTqli. Snekian reaqtorebs iyeneben, magaliTad, 

bunebrivi marilebis gadasamuSaveblad, kerZod 

silvinitidan KCl-is cxeli gamotutvisaTvis. am 

reaqtorebis mwarmoebloba maRalia, magram muSaobis 

mcire intensiurobis gamo didia maTi zomebi 

(magaliTad, diametri – 4 m, sigrZe 20 m). 
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8.3. reaqtorebi katalizuri 

procesebisaTvis 

 

homogenuri katalizis reaqtorebs ar aqvT raime 

gansakuTrebuli damaxasiaTebeli niSnebi. erTgvarovan 

areSi katalizuri reaqciis Catareba teqnikurad 

advilia da ar moiTxovs specialuri konstruqciis 

aparatebs. reaqtorebi, romlebSic mimdinareobs 

katalizuri procesebi airad fazaSi, SeiZleba iyos 

kamerebi, svetebi, milebiani Tbomcvlelebi da sxv. SO2-
is homogenuri daJangva azotis oqsidebiT nitrozuli 

meTodiT gogirdmJavis warmoebis dros xorcieldeba 

rogorc Txevad, aseve, nawilobriv, airad fazaSic, 

koSkebis wyoburis Tavisufal moculobaSi. ZmarmJavis 

endoTermuli dehidrataciis process orTqlis fazaSi, 

trieTilfosfatis katalizuri Tanaobisas, atareben 

milovan reaqtorebSi, romlebic cxeldeba milTaSoris 

sivrceSi mocirkulire sacecxlis airebiT. Txevadfazur 

homogenur katalizur procesebs atareben sxvadasxva-

gvari amrevi mowyobilobebiT aRWurvil reaqtorebSi. 

magaliTad, fenolisa da formaldehidis polikon-

densacias wyalxsnarSi marilmJavis (rogorc kata-

lizatoris) monawileobiT atareben meqanikursarevian 

reaqtorSi. 

heterogenuli katalizis reaqtorebi, gansakuT-

rebiT sakomtaqto aparatebi, romlebSic airebi 

reagirebs myar katalizatorebze, specifikuri da 

mravalferovania. sakontaqto aparati uwyvetad unda 

muSaobdes, hqondes maRali intensiuroba, uzrunvelyos 

optimalurTan miaxloebuli teqnologiuri 

(gansakuTrebiT tmperaturuli) reJimi.  

heterogenuli katalizuri reaqciebis Casata-

rebeli reaqtorebis djgufeba SeiZleba reagentebisa da 

katalizatoris fazuri mdgomareobis, katalizatorsa 

da reagentebs Soris kontaqtis xerxis da Tbomcvleli 

mowyobilobis konstruqciuli gaformebis mixedviT. 

reagentebis fazuri mdgomareobis mixedviT ga-

moyenebuli reaqtorebi SeiZleba daiyos oTx klasad. 

I. moreagire are – airi, katalizatori – myari: 

1) zedapiruli kontaqtis sakontaqto aparatebi: 

katalizatorisagan damzadebuli milebi an badeebi; 2) 

sakontaqto aparatebi katalizatoris mfiltravi 

(uZravi) feniT; 3) sakontaqto aparatebi katalizatoris 

Setivtivebuli feniT; 4) sakontaqto aparatebi moZravi 

katalizatoriT. 

II. moreagire are – siTxe, katalizatori – myari: 

1) aparatebi katalizatoris uZravi  feniT; 2) apa-

ratebi katalizatoris Setivtivebuli feniT; 3) 

aparatebi siTxeSi katalizatoris tivtivaris nakadiT; 

4) sareviani aparatebi. 

III. moreagire nivTierebebi – airebi da siTxeebi, 

katalizatori – siTxe an myaris tivtivari siTxeSi: 1) 

wyoburiani svetebi (siTxisa da airis afskovani 

kontaqti); 2) barbotaJuli svetebi (airis siTxeSi an 

siTxisa da myaris tivtivarSi barbotaJi); 3) sareviani 

reaqtorebi. 

IV. moreagire nivTierebebi – Seurevadi siTxeebi, 

katalizatori – siTxe: sareviani reaqtorebi. 
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samrewvelo katalizuri procesebis didi umrav-

lesoba pirvel jgufs miekuTvneba. 

zedapiruli kontaqtis sakontaqto aparatebi 

milebis an badeebis saxiT ganlagebuli kataliza-

torebiT, romlebSic moZraobs airi, ufro iSviaTad 

gamoiyeneba, vidre katalizatoris mfiltrav- an Setiv-

tivebulfeniani aparatebi. zedapiruli kontaqtis dros 

katalizatoris zedapiri didi ar aris, amitom aseTi 

aparatebis gamoyeneba mizanSewonilia mxolod swrafi 

egzoTermuli reaqciebisaTvis, romlebic yzrunvelyofs 

Teoriulis maxlobel gamosavals. aseT pirobebSi ar 

aris aucilebeli sakontaqto aparatSi didi raodenobis 

katalizatoris moTavseba. badisebrkatalizatoriani 

sakontaqto aparatis principuli sqema mocemulia 

VIII.22 naxazze. aparatis korpusSi horizontalurad, 

erTi meoris Tavze, damagrebulia ramdenime bade 

(badeebis paketi), romlebic damzadebulia mocemuli 

reaqciisaTvis aqtiuri liTonisa an Senadnobisagan. badis 

zedapirTan airis Sexebis dro Seadgens wamis meaTased-

meaTiaTased nawilebs. aseTi aparatebi mowyobilobis 

mxriv martivi da maRalmwarmoebluria. isini gamoiyeneba 

platina-rodiumis badeebze amiakis daJangvisaTvis, 

vercxlis badeebze izopropilis spirtidan acetonis 

sinTezisaTvis, spilenZis an vercxlis badeebze 

meTanolis konversiisaTvis da sxv. amave procesebs sxva, 

naklebad aqtiuri, magram ufro iafi katalizatorebis 

gamoyenebiT, atareben aparatebSi, romlebSic 

katalizatori imyofeba mfiltravi an Setivtivebuli 

fenis saxiT. 

mfiltravfeniani reaqtorebi amJamad yvelaze 

metadaa gavrcelebuli. isini gamosadegia nebismieri 

tipis katalizuri reaqciisaTvis. am aparatebSi myari 

katalizatoris erTi an ramdenime fena uZravad devs 

gisosisebr sayrdenze (Taroze) an CatvirTulia milebSi. 

uZrav katalizatorze gadis moreagire airebis narevi 

idealuri gamodevnis maxlobeli reJimiT. rac maRalia 

katalizatoris fena, miT naklebad SeimCneva airis 

RerZuli areva da reaqtoris gasaangariSeblad miT 

ufro gamosadegia idealuri gamodevnis modeli. 
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katalizators, rogorc wesi, aqvs marcvlebis, 

abebis, granulebis forma, ara naklebi 4-5 mm-isa ganiv 

kveTSi, radgan ufro wvrili nawilakebis SemTxvevaSi 

mkveTrad izrdeba katalizatoris fenis hidravlikuri 

winaaRmdegoba da advildeba misi Secxoba. CatvirTuli 

katalizatoris raodenoba, fenis simaRle, ricxvi da 

aparatSi maTi ganlageba damokidebulia katalizatoris 

aqtivobaze, reaqciis xasiaTze, Tbocvlis  pirobebze. 

rac  ufro aqtiuria      

 

   
 

katalizatori da metia reaqciis wonasworuli ga-

mosavali da siCqare, miT naklebi sakontaqto masis 

CatvirTvaa saWiro aparatSi, miT naklebi unda iyos 

katalizatoris fenis simaRle. 

sakontaqto aparatebis  konstruqciis Tavisebu-

rebani damokidebulia Tbomcvleli mowyobilobis 

konstruqciul formebze. optimaluri temperaturuli 

reJimis SenanarCuneba yvelaze rTuli amocanaa  

sakontaqto aparatis konstruirebis dros. endo-
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Termuli reaqciebis dros saWiroa siTbos miyvana 

katalizis zonaSi; mravali katalizuri procesisaTvis 

saWiroa temperaturuli reJimis zusti regulireba 

Tanauri reaqciebis Tavidan asacileblad. yvelaze Zneli 

Casatarebelia Seqcevadi egzoTermuli reaqciebi, 

romelTa mimdinareobis dros saWiroa aparatis 

simaRleze siTbos araTanabari intensiuri arTmeva 

katalizis zonidan da am siTbos sasargeblod 

gamoyeneba. 

mfiltravfeniani reaqtorebi Tbomcvleli mow-

yobilobis gareSe konstruqciis mxriv yvelaze martivia. 

isini muSaoben adiabaturi reJimiT, amasTan 

temperaturuli reJimi regulirdeba mxolod amosavali 

airis SedgenilobiTa da temperaturiT. aseTi aparatebis 

gamoyeneba SeiZleba: a) praqtikulad Seuqcevadi 

egzoTermuli reaqciebisaTvis, romlebic mimdinareobs 

metad aqtiuri katalizatoris fenaSi (nax. VIII.23), 

magaliTad, meTanolis formaldehidad daJangvisaTvis; b) 

reaqciebisaTvis reagentebis dabali koncentraciiT, 

magaliTad, airebis katalizuri gawmendisas  minarevebis  

daJangviT an  hidrirebiT; g) mcire Tburefeqtiani 

egzoTermuli an endoTermuli reaqciebisaTvis (nax. 

VIII.24). CatvirTuli katalizatoris raodenoba misi 

mcire aqtivobis dros SeiZleba Zlier didi iyos da 

fenis simaRle zogjer ramdenime metria. aseTi saxis 

aparatebSi xorcieldeba adiabaturi reJimi; Sesabamisad, 

egzoTermuli procesebis dros moreagire airebis tempe-

ratura katalizatoris fenaSi izrdeba x   gardaqmnis 
xarisxis (mocemuli reaqciisaTvis) proporciulad. 

temperaturis gadideba adiabaturi procesis Sedegad 

SeiZleba gamoiTvalos formuliT: 

     ,
cG

'

β⋅+=
⋅

+=
c

xCq
tQtt Mamr

saw

r

saw
     (VIII.4) 

 

sadac  
sab

t   aris airis saboloo temperatura katali-

zatoris fenis gavlis Semdeg; 
saw

t  – airis sawyisi tem-

peratura; 
r"rr

GQq ∗= – reaqciis Tburi efeqti sruli  

gardaqmnisas  erT mol produqtze; G  –  

 

sareaqcio narevis raodenoba; c – sareaqcio narevis 

siTbotevadoba; x  – gardaqmnis xarisxi; 
am

C  – ZiriTadi 
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amosavali reagentis koncentracia aparatSi Semaval 

narevSi; β  − koeficienti, romelic udris erTi moli 

amosavali nivTierebidan miRebuli produqtis molebis 

ricxvs. 

 aparatebi Tbomcvleli mowyobilobis gareSe adre 

gamoiyeneboda naxSirJangis konversiis, eTilenis 

pirdapiri hidrataciis, bunebrivi airisa da meTanis 

konversiisa da sxva procesebisaTvis. am aparatebis 

Rirsebaa konstruqciis simartive, magram isini srulad 

ver uzrunvelyofen optimalur temperaturul reJims, 

amitom maT cvlian ufro efeqturebiT – 

TbomcvlelianebiT. 

 arsebobs sakontaqto aparatebSi Tbocvlis ram-

denime wesi; amasTan sareaqcio moculobaSi siTbos 

miwodebisa da mocilebis xerxebi erTnairia egzo-

Termuli da endoTermuli reaqciebis Casatareblad. 

katalizatoris mfiltravfeniani reaqtorebis sanimuSo 

klasifikacia siTbos miwodebis (an mocilebis) xerxebis 

mixedviT, aseTia: 

     I. sakontaqto aparatebi siTbos perioduli 

miwodebiTa da mocilebiT; 

    II. sakontaqto aparatebi gare TbomcvlelebiT; 

    III. sakontaqto aparatebi Siga TbomcvlelebiT: 

 1. Taroebiani (siTbos safexurebrivi gamoyvaniT): 

      a) TbomcvlelebiT Taroebs Soris; 

      b) TarosSorisi gacivebiT civi reagentebis dama-

tebiTi SeyvaniT. 

     2. milovani (siTbos uwyveti miwodebiT an ga-

moyvaniT): 

a) katalizatoris moTavsebiT milebSi; 

      b) katalizatoris moTavsebiT milTaSoris si-

vrceSi. 

    IV. sakontaqto aparatebi Tbocvlis ramdenime 

xerxis kombinirebiT. 

 aparatebi siTbos perioduli miwodebiTa da 

mocilebiT gamoiyeneba, ZiriTadad, egzoTermuli ka-

talizuri reaqciebisaTvis. isini, rogorc wesi, erT-

fenovania (nax. VIII.24), garedan dafarulia izolaciis 

feniT. aparatSi, romlis gisosze moTavsebulia 

katalizatoris fena, monacvleobiT miawvdian xan 

moreagire nivTierebebs, xan Tbomatarebels (sacecxlis 

airs, gadaxurebul irTqls, haers). Tbomatarebeli 

acxelebs kaatalizators, gisossa da amonagebs reaqciis 

temperaturamde, ris Semdegac kvlav gaiSveba moreagire 

airnarevi. katalizatori, gisosi da amonagebi siTbos 

akumulatorebia. zogjer gisosze, katalizatoris fenis 

qveS, yrian inertuli masalis fenas, riTac adideben 

aparatis saerTo siTbotevadobas da misi muSaobis 

periods. aseT aparatebs iyeneben naxSirwyalbadebis 

dehidrirebis, katalizuri krekingisa da sxva 

endoTermuli procesebisaTvis, romlebSic aucilebelia 

katalizatoris regeneracia reaqciis Tanauri 

produqtebiT misi zedapiris blokirebis gamo.  

 gareTbomcvlelebian sakontaqto aparatebSi 

Tbocvla xdeba kontaqtirebis stadiebs Soris opti-

maluris maxlobeli temperaturuli reJimis Sesanar-

Cuneblad. VIII.25 naxazze moyvanilia kontaqtirebis 

principuli sqema gare TbomcvlelebSi Sualeduri 

TbocvliT. aseTi sqema damaxasiaTebelia Seqcevadi 

egzoTermuli reaqciebisaTvis.  
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 sakontaqto aparatebis erT-erTi gavrcelebuli 

tipia Tarovani aparatebi. maTi Tavisebureba isaa, rom 

airi Tbeba an civdeba Taroebze mdebare katalizatoris 

fenebs Soris TviT sakontaqto aparatSi sxvadasxva 

Tbomatareblis an Tbocvlis xer-xebis gamoyenebiT. 

egzoTermuli reaqciebis Casatarebeli Tarovani 

aparatis principuli sqema warmodgenilia VIII.26 

naxazze.  

   

xvrelebian Taroebs Soris, romlebzec ganlage-

bulia katalizatoris fenebi, moTavsebulia Tbo-

mcvlelebi. aseTi tipis aparatebSi yoveli qvemoT 

mdebare katalizatoris fena metia, vidre mis zemoT 

moTavsebuli, e. i. izrdeba airis svlis mimarTulebis 

mixedviT. Tbomcvlelis simaRle ki izrdeba, radganac 

gardaqmnis saerTo xarisxis gadidebasTan erTad reaqciis 

siCqare mcirdeba da, Sesabamisad, mcirdeba gamoyofili 

siTbos raodenoba. Tbomcvlelebis milTaSoris sivrceSi 

mimdevrobiT qvevidan zeviT gadis airis axali nakadi, 

acivebs ra reaqciis produqtebsa da cxeldeba TviTon 

reaqciis dawyebis temperaturamde. 

did warmoebebSi, sadac iyeneben sakontaqto 

aparatebs 18 m-mde diametriT, aTasobiT milisagan 

Semdgari Siga Tbomcvlelebis dadgma Zlier arTulebs 

konstruqcias da aZnelebs momsaxurebas, kerZod 

damwvari milebis Secvlas. amitom iyeneben ka-

talizatoris 4-6 fenian sakontaqto aparatebs da 

gamotanil Tbomcvlelebs yoveli fenis Semdeg. 

kontaqtirebis stadiebs Soris Sualeduri ga-

civebis sakiTxi zogjer wydeba katalizatoris fenebs 

Soris wylis macivrebis ganlagebiT (nax. VIII.27). zog 

katalizur procesSi Sualeduri gaciveba SeiZleba 

Catardes erT-erTi reagentis damatebiTi SeyvaniT 

kontaqtirebis stadiebs Soris. aseTi reagenti SeiZleba 

iyos civi airi, haeri, wylis orTqli, magaliTad,  

naxSirJangis wylis orTqliT konversiis dros. 

wyalbadis warmoebaSi reaqciiT: 

 
QHCOOHCO ++↔+ 222 , 



 

 

wyalbadis gamosavali izrdeba wylis orTqlis siWarbiT. 

amitom  iyeneben sakontaqto  aparatebs –konvertorebs 

(nax. VIII.28), romlebSic airi civdeba  

 

da damatebiT jerdeba wylis orTqliT amaorTqlebelSi 

wylis aorTqlebisas. amaorTqlebeli moTavsebulia 

rkina-qromis katalizatoris fnebs Soris da 

warmoadgens Taros inertuli wyoburiT, romelzedac 

frqvevanis saSualebiT gaSxefdeba wyali.  

Tarovan sakontaqto aparatebSi xdeba siTbos sa-

fexurebrivi naxtomiseburi gamoyvana; katalizuri re-

aqcia da Tbocvla mimdinareobs calcalke mimdevrobiT 

etapebad.  

  AM   
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milovan sakontaqto aparatebSi Tbocvla xdeba 

uwyvetad da katalizur reaqciasTan erTdroulad. 

aparatebi milebSi moTavsebuli katalizatoriT 

gamoiyeneba rogorc egzoTermuli, aseve endoTermuli 

reaqciebisaTvis. endoTermuli reaqciebis dros aparatis 

milTaSoris sivrceSi miawvdian sacecxlis airebs, 

romelic gars uvlis katalizatorian milebs. zogjer 

aseTi aparatebi mowyobi- 

   
 

lia amonakirSi Casmuli milovani Tbomcvlelis tipis 

mixedviT (nax. VIII.29). moreagire airi gadis ka-

talizatorian milebSi  Tbomatareblis  Semxvedrad            

da ganuwyvetliv cxeldeba reaqciis temperaturamde. am 

principiTaa mowyobili sakontaqto aparatebi butanis 

dehidrirebis, meTanis katalizuri konversiisa da sxva 

procesebisaTvis. egzoTermuli reaqciebis Catarebisas 

milovan aparatebSi Tbocvla warmoebs katalizatorsa 

da civ, jer kidev reaqciaSi Seusvlel airs Soris. 

katalizatori imyofeba milebSi, romelsac gars uvlis 

civi airi, an milTaSoris sivrceSi. aseTi aparatis sqema 

naCvenebia VIII.30 naxazze. axali airi, moZraobs ra 

qvemodan zeviT, gars uvlis zemodan Ria 

katalizatorian milebs, Semdeg Sedis maTSi, gaivlis 

katalizatoris fenas civi agentis mimarT Semxvedrad. 

siTbo aq gamoiyvaneba uwyvetad reaqciis procesSi. 

miuxedavad amisa temperaturuli reJimi aseT aparatebSi 

Sorsaa optimalurisagan da xSirad naklebad 

xelsayrelia, vidre Tarovan reaqtorebSi. 
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konstruqciulad ufro moxexebulia da xSirad 

gamoiyeneba sakontaqto aparatebi ormagi Tbomcvleli 

milebiT da katalizatoris ganlagebiT milTaSoris 

sivrceSi. ormagi Tbomcvleli milebi (nax. VIII.31) 

ganWolavs gisosze ganlagebul katalizatoris fenas. 

sakontaqto aparatSi Semavali airi gadis  Siga  

milebSi da Semdeg rgolur sivrceSi Siga da gare 

Tbomcvlel - milebs Soris. amasTan airi Tbeba reaqciis 

temperaturamde, acivebs ra sakontaqto masas, da Semdeg 

Sedis katalizatoris fenaSi. aseTi sakontaqto aparatis 

magaliTia saSualo wnevaze momuSave amiakis sinTezis 

sveti. am aparatebSi siTbos arTmevis intensivoba da 

temperaturaTa ganawileba katalizatoris fenis 

simaRlis mixedviT ufro axlosaa optimalurTan, vidre 

ubralo milovan aparatebSi. magram am aparatebsac aqvT 

naklovanebebi: temperaturis araTanabari ganawileba 

aparatis kveTis mixedviT, katalizatorisagan siTbos 

arTmevis arasakmarisi intensivoba, veeberTela 

Tbomcvleli elementebi da amis gamo katalizatoriT 

dakavebuli sasargeblo moculobis Semcireba. 

sakontaqto aparatebis konstruirebis dros 

xSirad iyeneben ramdenime xerxis kombinirebas.  
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gvxvdeba, magaliTad, milovan-Tarovani aparatebi kata-

lizatoris CatvirTviT Taroebze da maT Soris 

ganlagebul milebSi (nax. VIII.32), Tarovanebi – erT 

aparatSi kontaqtirebis stadiebs Soris gacivebis 

sxvadasxva xerxis SerwymiT da sxv. kombinirebul 

mravalsafexurian aparatebSi SesaZlebelia optimalur 

temperaturul reJimTan yvelaze ufro miaxloeba sxva 

tipis mfiltravfenian aparatebTan SedarebiT, magram 

katalizatoris mfiltravfenian yvela aparats aqvs 

naklovanebebi, rac axasiaTebs uZrav katalizators da 

aZnelebs katalizuri procesis Semdgom intesificirebas. 

es naklovanebebia: 

1. mfiltrav fenaSi dasaSvebia katalizatoris 

SedarebiT msxvili (ara nakleb 4-6 mm zomis) marcvlebis 

an granulebis gamoyeneba, radganac ufro wvrili 

nawilakebis SemTxvevaSi mkveTrad izrdeba fenis 

hidravlikuri winaaRmdegoba. katalizatoris msxvili 

nawilakebis Siga zedapiri naklebad gamoiyeneba 

katalizis procesSi, rac amcirebs misi gamoyenebis 

saerTo xarisxs. 

2. muSaobis procesSi uZravi katalizatoris na-

wilakebi Seicxoba da itkepneba, ris Sedegadac izrdeba 

aparatebis hidravlikuri winaaRmdegoba, irRveva airis 

ganawilebis Tanabroba da mcirdeba katalizatoris 

aqtivoba. 

3. katalizatoris forovan marcvlebs aqvs dabali 

Tbogamtaroba, ris gamoc Tbogadacemis siCqare ka-

talizatoris fenidan Tbocvlis zedapirze Zalian 

mcirea. amitom SeuZlebelia siTbos intensiuri gamo-

yvana uZravi katalizatoridan da temperaturaTa 

Tanabari ganawileba uZravi fenis kveTSi.  

4. Tbocvlis cudi pirobebi katalizatoris 

fenaSi ar iZleva temperaturis zustad regulirebisa 

da optimaluri  temperaturuli reJimis  Sena- 

 

rCunebis saSualebas. amitom, magaliTad, egzoTermuli 

reaqciebisaTvis, kontaqtirebis maRali xarisxis 



 

miRwevisas SeimCneva temperaturis gadideba misi 

TandaTanobiT Semcirebis nacvlad. 

5. uZravkatalizatorian aparatebSi SeuZlebelia 

misi uwyveti regeneracia, rac aucilebelia organul 

nivTierebaTa teqnologiis mravali procesisaTvis. 

aparatebs, romlebSic katalizatori imyofeba 

Setivtivebul (mduRare, fsevdoTxevad) mdgomareobaSi, 

mfiltravfeniani reaqtorebis nacvlad iyeneben. 

Setivtivebuli fenis principi gamoricxavs CamoTvlil 

naklovanebebs da iZleva sakontaqto aparatebis 

konstruqciis mniSvnelovani gamartivebis saSualebas. 

aseT aparatebSi, Cveulebriv, iyeneben wvrilmarcvlovan 

katalizators (nawilakebis zoma 0,5-2 mm; zogjer 3 mm-

mde da meti). wvrili nawilakebis Setivtivebuli fena 

warmoiqmneba moreagire nivTierebebis airad (an Txevad) 

nakadSi. amisaTvis airs atareben qvemodan zemoT katali-

zatorian gisosSi iseTi siCqariT, rom katalizatoris 

nawilakebi amoZravdes da mTeli fena gadavides 

Setivtivebul mdgomareobaSi. Setivtivebul fenaSi ka-

talizatoris marcvlebi gadaadgildeba yvela mi-

marTulebiT, asrulebs xazovan da grigalur moZ-

raobebs, ris Sedegadac Cqardeba reagentis difuzia 

nakadis gulidan katalizatoris nawilakebisaken. fenis 

garegani saxe mogvagonebs mduRare siTxes. Setivtivebul 

fenas aqvs denadobis Tviseba siTxis msgavsad. pirveli 

samrewvelo gamoyeneba Setivtivebuli fenisa, 

navTobproduqtebis katalizuri krekingis dros, 

gapirobebuli iyo swored misi denadobiT, rac 

aucilebelia katalizatoris uwyveti regeneraciisaTvis. 

katalizatoris Setivtivebullfeniani sakontaqto 

aparatis principuli sqema mocemulia VIII.33 naxazze. 

aparatSi aris erTi an ramdenime gamanawilebeli gisosi. 

moreagire airnarevi gadis qvemodan zemoT da yovel 

Taroze warmoqmnis Setivtivebul fenas. reaqciis 

produqtebi gamodis zeda gafarToebuli nawilidan. 

gafarToebis daniSnulebaa airidan watacebuli 

katalizatoris marcvlebis gamoyofa. katalizatoridan 

siTbos mocileba xdeba fenebs SigniT moTavsebuli 

wylis macivrebis saSualebiT. Tbocvlis aseTi xerxi 

iZleva siTbos intensiurad mocilebisa da misi 

regulirebis saSualebas fenebis mixedviT. Tbomcvleli 

mowyobilobisa da mTlianad sakontaqto aparatis 

konstruqcia martivia; ar aris saWiro rTuli da 

veeberTela Sualeduri gare da Siga Tbomcvlelebi; 

Tbocvlis saerTo farTobi naklebia, vidre 

mfiltravfenian aparatebSi. aseTi gamartiveba 

SesaZlebeli xdeba Se-tivtivebuli fenis gansakuTrebuli 

Tvisebebis gamo. myari nawilakebis uwyveti moZraobis 

Sedegad siTbo gadaitaneba konveqciiT da temperatura 

fenis SigniT Tanabrdeba. Tbogacemis koeficienti 

Sewonili fenidan Tbocvlis zedapiris mimarT aTjer 

metia. vidre mfiltravi fenisaTvis. amitom 

SesaZlebelia fenidan siTbos intensiuri gamoyvana ise, 

rom ar gveqnes sakontaqto masis "Caqrobis" SiSi. izo-

Termuli reJimis wyalobiT aparatis yovel fenaSi 

advilad xorcieldeba temperaturuli reJimis av-

tomaturi regulireba. 

Sewonili fenis umniSvnelovanesi upiratesoba aris 

katalizatoris mwarmoeblobis gadideba nawilakebis 



 

zomebis SemcirebiT da, Sesabamisad, misi Siga zedapiris 

sruli gamoyenebis Sedegad optimalur temperaturasTan 

didi miaxloebis pirobebSi. 

Setivtivebuli fenis ZiriTadi nakli uZravTan 

SedarebiT aris mamoZravebeli Zalis Semcireba airis 

ufro sruli arevisa da misi nawilis fenaSi msxvili 

buStebis saxiT gavlis gamo. meore naklia 

katalizatoris  marcvlebis  cveTa. Setivtivebuli  

 

 

 

fenisavis aucilebelia mtkice, cveTamedegi, wvril-

marcvlovani sakontaqto masebi. 

teqnologiuri procesis pirobebis mixedviT 

gamoiyeneba Setivtivebulfeniani aparatebi kata-

lizatoris regeneraciis gareSe an uwyveti rege-

neraciiT (nax. VIII.34). aseTi paratebi warmatebiT 

gamoiyeneba procesebSi, romlebic moiTxovs katali-

zatoris ganuwyvetel Secvlas regeneraciisaTvis.         

moZravkatalizatorian reaqtorebs farTod 

iyeneben navTobproduqtebis orTqlfazovani krekin-

gisaTvis, Tumca maTi gamoyeneba SeiZleba sxva pro-

cesebSic, sadac saWiroa katalizatoris uwyveti cir-

kulacia reaqtorsa da regenerators  Soris. aq  

 



 

 

 

isini warmatebiT uweven konkurencias Setivtivebul- 

fenian reaqtorebs. gamoiyeneba ori tipis Setiv-

tivebulfeniani reaqtorebi: a) airis nakadSi Se-

tivtivebuli  wvrilmarcvlovani   katalizatoriT;  

b) msxvilmarcvlovani katalizatoris mkvrivi feniT, 

romelic eSveba Saxtur aparatSi zemodan qvemoT 

moreagire airebis (orTqlis) mimarT winaRi an 

pirdapiri deniT. danadgaris sqema katalizatoris 

Setivtivebuli nakadiT naCvenebia VIII.35 naxazze. 

orTqlairnarevis siCqare imdenad didia, rom 

katalizatoris marcvlebze airis xaxunis Zalebi 

aRemateba marcvlebis wonas. amis Sedegad daquc-

macebuli an mtvrisebri katalizatori moZraobs airis 

nakadTan erTad, gamoyveba mas sakontaqto aparatis zeda 

gamosasvlelSi. katalizatoris ZiriTadi masa gamoeyofa 

reaqciis produqtebs ciklonur separatorebSi da 

eJeqtoriT gadaecema regenerators, sadac Setivtivebul 

fenaSi haeriT amoiwveba katalizatoris zedapiridan 

naxSirbadovani nivTierebebi. regenirebuli gavar-

varebuli katalizatori Wisa da mildgaris gavliT 

gaiyvaneba nedleulis orTqlTan Sesarevad da eJeqtoris 

saSualebiT kvlav miewodeba reaqtors. 

 moZravkatalizatoriani danadgarebis naklia airis 

nakadidan mtvrisebri katalizatoris srulad gamoyofis 

siZnele. am danadgarebSi did adgils ikavebs 

katalizatoris mtvris damWeri ciklonebi, 

eleqtrofiltrebi. 

 Txevadreagentebian da myarkatalizatorian 

procesebs SezRuduli gamoyeneba aqvs. am pro-

cesebisaTvis, iseve rogorc airadi reagentebisaTvis, 

reaqtori SeiZleba Seicavdes katalizators mar-

cvlovani mfiltravi fenis, Setivtivebuli fenis an 

katalizatoris tivtivaris nakadis saxiT. yvelaze 

xSirad gamoiyeneba katalizatoris areva reagentebTan 

sarevian avzebSi an avtoklavebSi. 
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 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. 

 samrewvelo produqciisa da, kerZod, qimiuri 

produqciis asortimentis zrdis gamo warmoiSoba axali 

saxis nedleulis aucilebloba. nedleulis mopovebis, 

momzadebis, gamdidrebis teqnikis ganviTareba iZleva 

iseTi axali saxis nedleulis, sasargeblo wiaRiseulis 

gamoyenebis saSualebas, romelic sasargeblo 

komponentebs SedarebiT mcire raodeno-biT Seicavs. 

amrigad, qimiuri mrewvelobis nedleu-lis baza 

ganuwyvetliv farTovdeba. mravali warmoebis amosavali 

masala aris nedleuli, romelmac ukve ganicada 

samrewvelo gadamuSaveba; aseT nedleuls 

naxevarproduqts (naxevarfabrikats an ZiriTad masalas) 

uwodeben. zogierTi qimiuri warmoeba nedleulad 

iyenebs sxva warmoebis narCenebsa da Tanaur produqtebs.  

 
9.1. 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. 

agregatuli mdgomareobis mixedviT asxvaveben myar, 

Txevad (navTobi, marilxsnarebi, wyali) da airad (haeri, 

bunebrivi airi) nedleuls. Sedgenilobis mixedviT 

nedleuli iyofa organulad da araorganulad. 

mineraluri nedleuli, Tavis mxriv, iyofa madneul, 

aramadneul 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  

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. 

aramadneuli nedleulis didi nawili aseve Seicavs 
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liTonebs (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 -  

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 

iyeneben teqnikuri produqtebis misaRebad, da piriqiT, 

teqnikur produqtebs gadaamuSaveben kvebis 

produqtebad. sxvadasxva elementebisa da nivTierebebis 

nedleulad gamoyeneba damokidebulia maT 

Rirebulebaze, dedamiwis qerqSi Semcvelobaze, mopovebis 

xelmisawvdomobasa da im naerTebis xasiaTze, romlebSic 

Sedis mocemuli elementi. yvela es maCvenebeli 

SefardebiTia da drois mixedviT icvleba. 

 nedleulis Rirebuleba warmoebisaTvis damoki-

debulia teqnikis ganviTarebis doneze. magaliTad, 

mraval iSviaT liTons adre ar iyenebdnen, bolo 

wlebSi ki gansakuTrebiT Zvirfasi da Seucvleli gaxda 

naxevargamtarebis 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 gasul 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 IX.1 naxazze. rogorc am naxazidan Cans, 

cxra elementi Seadgens dedamiwis qerqis masis 98%-ze 

mets. sicocxlisaTvis iseTi mniSvnelovani elementi, 

rogoricaa naxSirbadi, mxolod 0,35%-s Seadgens da 

dedamiwis qerqSi Semcvelobis mixedviT me-11 adgilzea; 

76 elementi, tyviis, vercxliswylisa da dariSxanis 

CaTvliT, dedamiwis qerqSi mxolod 0,06%-is 

raodenobiT Sedis.      
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nedleulis mopovebis xelmisawvdomoba ganisaz-

Rvreba, ZiriTadad, sabados geografiuli ganlagebiT, 

sasargeblo nivTierebis koncentraciiT mis budobebSi 

da nedleulis miwis wiaRSi Cawolis siRrmiT. 

magaliTad, 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 sabadoebSi. dedamiwis zedapirze nedleuli 

uTanabrodaa ganawilebuli, amitom mravali saxelmwifo 

ar aris uzrunvelyofili umniSvnelovanesi saxis 

nedleuliT. magaliTad, evropis did saxelmwifoebs: 

gfr-s, italiasa da safrangeTs aqvT metad SezRuduli 

resursebi iseTi mniSvnelovani da strategiuli ned-

leulisa, rogoricaa navTobi, bunebrivi airi, gogird-

Semcveli naerTebi, azbesti, rkina, qromi, nikeli, spi-

lenZi 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 aTwleulSi 

aucilebeli xdeba sul ufro Zneladmisawvdomi da 

miznobrivi komponentiT Raribi mineraluri nedleulis 

mopoveba da gadamuSaveba. ramdenadac qimiur 

mrewvelobaSi nedleuli Seadgens produqciis 

TviTRirebulebis 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 nedleulis gamoZebna da gamoyeneba; 

2) koncentrirebuli nedleulis gamoyeneba (nedleulis 

gamdidreba); 3) nedleulis kompleqsuri gamoyeneba; 4) 

sakvebi nedleulis Secvla arasakvebiT da mcenareulisa 

– mineraluriT. nedleulis racionaluri SerCevisa da 
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gamoyenebis yvela es mimarTuleba 

urTierTdakavSirebulia. magaliTad, sakvebi nedleulis 

mineraluriT Secvla amave dros misi mkveTri gaiafebis 

saSualebaa. 

 ufro iafi nedleulis Zieba yvela warmoebaSi 

sxvadasxva gziT warmoebs. zog warmoebaSi maRal-

xarisxovani nedleuli, romelic Sor gadazidvebs mo-

iTxovs da Zviria, icvleba ufro iafi adgilobriviT 

nedleuliT. rig warmoebebSi iswrafvian specialurad 

mopovebuli nedleulis nacvlad gamoiyenon mrewvelobis 

sxva dargebis narCenebi. Zalian didxans qimiuri 

mrewvelobisaTvis saTbobis ZiriTadi saxe iyo qvanaxSiri. 

magram gaangariSebebma gviCvena, rom navTobis mopovebisa 

da momzadebis TviTRirebuleba pirobiTi saTbobis 

erTeulze 3,5-jer naklebia, vidre miwisqveSa gziT 

mopovebuli qvanaxSirisa, xolo bunebrivi airisa 13-

jerac ki. amitom bolo wlebSi mkveTrad gaizarda 

navTobisa da, gansakuTrebiT, bunebrivi airis mopoveba. 

qimiuri mrewvelobis mravali dargi, ZiriTadad, 

viTardeba bunebrivi airisa da navTobgadamuSavebis 

produqtebis gamoyenebis safuZvelze, rac amcirebs 

mravali produqtis TviTRirebulebas da saSualebas 

iZleva mniSvnelovnad amaRldes maRalmolekuluri 

masalebis warmoeba. koqsis airis bunebriviT Secvlam 

TiTqmis orjer Seamcira amiakisa da, Sesabamisad, azo-

tovani sasuqebis TviTRirebuleba. navTobgadamuSavebis 

airebidan miRebuli eTilis spirti TiTqmis 3-jer iafia 

marcvleulidan miRebulze. 

 perspeqtivaSi yvela saxis saTbobi ZiriTadad 

gamoyenebuli iqneba, rogorc qimiuri mrewvelobis 

nedleuli, energiis ZiriTadi wyaro ki iqneba birTvuli 

energia, mzis gamosxiveba, dedamiwis wiaRisa da zRvis 

wylis siTbo. 

 

 

9.2. nedleulis gamdidrebis principebi 

 

 qimiuri warmoebebi,  rogorc wesi,  miiswrafvian 

gamoiyenon rac SeiZleba koncentrirebuli nedleuli; 

es iZleva procesebis intnsificirebisa da naklebi 

danaxarjebiT ukeTesi xarisxis produqciis miRebis 

saSualebas. koncentrirebuli needleulis saSualebiT 

SeiZleba zog procesebSi SevamciroT saTbobis xarji 

moreagire masaTa gasacxeleblad, sxva procesebSi ki 

ufro efeqturad gamoviyenoT reaqciis siTbo, 

magaliTad orTqlis misaRebad. bunebriv nedleulSi 

sasargeblo komponentebis Semcveloba xSirad ar aris 

sakmarisi misi efeqturi gamoyenebisaTvis, amitom 

nedleuls winaswar amdidreben, e. i. adideben masSi 

sasargeblo komponentis Semcvelobas, an yofen ramdenime 

nawilad, romlebic sxvadasxva warmoebis nedleulebia. 

mopovebis adgilzeve nedleulis gamdidrebisas mcirdeba 

gadamuSavebis adgilamde transportirebis xarjebi 

sasargeblo komponentis koncentraciis gadidebis pro-

porciulad. nedleulis gamdidreba aucilebelia, rad-

ganac koncentrirebuli nedleulis madani bunebaSi 

TandaTan ifiteba, mrewveloba iZulebulia  gamoiyenos 

Raribi nedleuli da sasargeblo komponenti gamoyos 

didi raodenobis fuWi qanebidan, romlebic 

jerjerobiT gamouyenebelia. nedleulis mopovebis 
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adgilebze xSirad ageben did gamamdidrebel fabrikebs, 

romlebic kompleqsurad iyenebs nedleulis gamdidrebis 

sxvadasxva meTods. gamdidrebis meTodebi principulad 

gansxvavdeba myari masalebis, siTxeebisa da airebisaTvis 

(Txevadi da airadi nedleulisaTvis gamdidrebas 

koncentrirebas uwodeben). ganvixiloT isini 

TanamimdevrobiT. 

 myari mineraluri nedleuli imyofeba dedamiwis 

qerqSi mTis jiSebis SemadgenlobaSi, romlebic 

warmoadgens metad Tu naklebad mudmivi Sedgenilobis 

mineralebs. mineralebs uwodeben bunebaSi arsebul 

fizikurad gankerZoebul nivTierebebs an maT narevs. 

iTvlian 2500-ze met minerals, romlebic moicavs 

organul da araorganul nivTierebebs. erTi da igive 

elementi SeiZleba sxvadasxva mineralebis SedgenilobaSi 

Sediodes. myari nedleulis meqanikuri gamdidrebis 

meTodebi dafuZnebulia mTis qanebis Semadgeneli 

mineralebis sxvadasxva fizikur-qimiur Tvisebebze, xolo 

qimiuri gamdidrebis meTodebi, romlebic damyarebulia 

myari nedleulis Semadgeneli komponentebis gansxva-

vebul qimiur Tvisebebze (Jangvadoba, reaqciis unari 

sxvadasxva reagentebis mimarT) specifikuria da 

ZiriTadad konkretuli warmoebebis aRwerisas gani-

xileba. Termuli gamdidrebis meTodebi damyarebulia 

nedleulis komponentebis gansxvavebul dnobisa da 

daSlis temperaturaze; 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 

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. 

gamoyenebuli cxaurebi SeiZleba iyos brtyeli an 

cilindruli. brtyeli cxaura yendeba mcire dax-
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rilobiT, raTa masze dacurdes msxvili fraqcia. 

muSaobis dros sxvadasxva meqanizmebis daxmarebiT cxaura 

qanaobs an vibrirebs, rac xels uwyobs xvrelebSi 

wvrili marcvlebis gasvlas. uZrav brtyel cxaurebs 

iSviaTad iyeneben. cilindruli cxaurebi cris mbrunavi, 

xvrelebiani cilindris SigniT Semaval masalas. Zlier 

gansxvavebuli formis Kkristalebiani masalebis, 

magaliTad, azbestis, fuWi qanebisagan gamosayofad 

iyeneben Sesabamisi formis xvrelebian cxaurebs. 

gravitaciuli gamdidreba (sveli an mSrali) 

emyareba siTxis an airis nakadSi, an centridanuli 

Zalis moqmedebiT sxvadasxva simkvrivis an simsxos 

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 daqucmacebuli 

masala, vidre svelisaTvis. mSral gamdidrebas atareben, 

Cveulebriv, haeris nakadSi an, iSviaTad, iyeneben iner-

tul airs. gravitaciul xerxs farTod iyeneben ned-

leulis gasamdidreblad silikaturi masalebis, mine-

raluri marilebis warmoebebsa da metalurgiaSi. 

nawilakebis daleqvaze dafuZnebuli sveli gravi-

taciuli gamdidrebis sqema mocemulia IX.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 raodenobis 

mixedviT. umartives SemTxvevaSi erT kameraSi 

aTavisufleben Zvirfas minerals aramkvrivi fuWi 

qanisagan (magaliTad, Tixisa da lamisagan), romelic 

wyals miaqvs simRvrivis saxiT. aseT xerxs ganleqva 

ewodeba.        

287 
288 



 

 arsebobs sveli gravitaciuli gamdidrebis mra-

vali tipis manqana, romelTa muSaoba dafuZnebulia 

nakadSi nawilakebis daleqvaze: hidravlikuri 

klasifikatorebi, xreSsarecxebi, sakoncentracio ma-

gidebi, saleqi manqanebi da sxv. hidravlikur klasi-

fikatorebSi (nax. IX.2) ufro msubuqi fraqciis daleqva 

advildeba damleqavis gafarToebis saSualebiT nakadis 

siCqaris Semcirebis Sedegad. iyeneben agreTve daleqvis 

siCqaris regulirebis meTods bunkeris Ziridan 

damatebiTi regulirebadi wylis nakadis SeyvaniT an 

damleqav kamerebSi Rru sacavebis (varclebis) Cayursvis 

xerxs, rac amcirebs damleqavis kveTs da, Sesabamisad, 

adidebs nakadis siCqares.  

Zalian efeqturia centridanuli hidravlikuri 

klasifikatorebis gamoyeneba. centridanuli Zalis 

moqmedebaze dafuZnebuli klasifikatoris magaliTia 

hidrocikloni. am aparatSi xdeba suspenziis 

(tivtivaris) gayofa or nakadad, romelTagan erTi Se-

icavs ufro msxvil, mZime fraqcias, xolo meore – 

msubuq, wvril, Setivtivebul nawilakebs.       

hidrociklons (nax. IX.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 

kedlebisaken, moZraobs spiraluri traeqtoriiT da 

miemarTeba aparatis qveda nawilisaken gamkvrivebuli 

pulpis saxiT. siTxis ZiriTad nawilSi Setivtivebuli 

wvrili, msubuqi nawilakebi moZraobs Siga spiralur 

nakadSi, adis centraluri (lamis) miliT gadmosasxmel 

kameraSi da gamodis iqidan wminda tivtivaris nakadis 

saxiT. ciklonis gamyofi moqmedebis regulireba SeZleba 

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. 

hidrociklonebis mwarmoebluroba ganisazRvreba em-

piriuli formuliT aparatSi gamavali suspenziis mo-

culobis mixedviT: 
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sadac L  aris gasayofi suspenziis moculobiTi xarji, 

m
3
/sT; 

S
d  – Sesasvleli milis diametri, sm; 

l
d  – 

centraluri (lamis) milis diametri, sm; P  -  Warbi 

wneva Sesasvleli milis win. 

 saleq manqanebSi mineralebi gaiyofa pulsirebul 

wylis WavlSi. pulsacia iqmneba sxvadasxva xerxiT, 

magaliTad, dguSiT an gisosis rxeviT, romelzedac 

moTavsebulia gasamdidrebeli masala. ori mineralis 

narevs CatvirTaven suspenziaSi, romelsac aqvs ufro 

meti simkvrive, vidre mineralebis narevis erT-erT 

Semadgenel nawils da ufro naklebi, vidre meores. 

msubuqi minerali amotivtivdeba, mZime – iZireba. mZime 

suspenzia mzaddeba wmindad dafqvili masalis 

(ferosiliciumis, kvarcisa da sxv.) wyalSi aTqvefiT. 

sahaero gamdidreba svelis msgavsia; aseve gamoiyeneba 

klasifikatorebi, magidebi da saleqi manqanebi; 

gamoiyeneba sahaero separatorebic, romlebic xSirad 

ixmareba daqucmacebis Semdeg masalis dasaxarisxeblad. 

centridanuli tipis sahaero separatoris sqema 

mocemulia IX.4 naxazze. wmindad dafqvili masala 

miewodeba TefSze da ganityorcneba Siga konusis kveTSi. 

wvrili nawilakebi waritaceba ventilatoriT Seqmnili 

haeris nakadiT zemoT, gadaityorcneba gare konusSi, 

CamoeSveba mis kedlebze Zirs da gamodis wvrili 

marcvlebis saxiT. msxvili nawilakebi cviva Zirs da 

gamodis Siga cilindridan. haeri cirkulirebs 

separatorSi. 

 eleqtromagnituri gamdidreba gamoiyeneba mag-

nitmgrZnobiare masalis gamosayofad aramagniturisagan, 

magaliTad, magnituri rkinaqvis, qromovani rkinaqvis, 

rutilisa da sxva magnituri masalebis 

gamosacalkeveblad fuWi qanebisagan. magnituri sepa-

ratoris moqmedeba naCvenebia IX.5 naxazze. arsebobs 

sxvadasxva konstruqciis separatorebi. xSirad magnitur 

separatorebs iyeneben dasamsxvrevad mimavali masalidan 

foladis sxvadasxva sagnebis mosacleblad, romlebic 

qanSi xvdeba nedleulis mopovebis dros. aseTi sagnebis 

msxvrevanaSi moxvedra iwvevs mis dazianebas. 
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eleqtrostatikuri separatorebis daniSnulebaa 

sxvadasxva eleqtrogamtarobis mqone masalebis gayofa. 

maTi mowyobilobis principi iseTivea, rac magniturisa, 

magram magnitis nacvlad dayenebulia eleqtrodi, 

romelic mierTebulia eleqtrodenis gammarTvelis 

uaryofiT polusTan. maRali eleqtrogamtarobis mqone 

mineralebis nawilakebi imuxteba uaryofiTad da 

ganityorcneba moSorebul bunkerSi, xolo 

dieleqtrikebi cviva transportioris lentis qveS 

moTavsebul bunkerSi. ase SeiZleba gancalkevdes 

eleqtrogamtari madnebi dieleqtrikuli qanebisagan 

(kirqva, silikatebi da sxv.).     

  

flotacia nedleulis gamdidrebis erT-erTi 

yvelaze ufro gavrcelebuli xerxia, romelsac didi 

masStabebiT iyeneben. gamamdidrebel fabrikebSi 

flotaciuri meTodiT yofen polimetalur sulfidur 

madnebs ramdenime fraqciad, acalkeveben apatits 

nefelinisagan, Rebuloben gogirdis koncentrats misi 

madnidan, amdidreben qvanaxSirebs da mravalricxovan 

mineralebs sxvadasxva marilebis warmoebaSi. flotacia 

damyarebulia mineralebis wyliT sxvadasxva 

dasvelebadobaze. 

  

mineralebis dasvelebadobis ZiriTadi maCvenebelia 

dasvelebis kidura Θ  kuTxis sidide, romelic 

warmoiqmneba myari zedapiris dasvelebis perimetris, e. 

i. myari sxeuli-siTxe-haeris gamyofi xazovani zedapiris 

gaswvriv. IX.6 naxazze naCvenebia mdgomareoba sami fazis 

– myari-siTxe-haeris – sazRvarze. aradasvelebad 

nawilakTan (1) siTxe warmoqmnis blagv Θ  kuTxes, xolo 

dasvelebadTan (2) – maxvils. zedapiruli daWimulobis 

Zalebi cdilobs siTxis donis gasworebas, ris Sedegadac 

aradasvelebadi (hidrofoburi) nawilaki amoityorcneba 

(amocurdeba) siTxidan, xolo dasvelebadi (hidro-



 

filuri) masSi iZireba. rac ufro mcirea nawilaki, miT 

metia misi zedapiris fardoba moculobasTan (da 

masasTan) da miT metad igrZnoba dasveleba. amitom 

flotacias win uZRvis mineralebis  daqucmaceba  

nawilakebis zomiT  0,1-0,3 mm-is zRvrebSi. wvrili 

hidrofoburi nawilakebi amocurdeba zedapirze 

simkvrivisagan damoukideblad. amrigad flotaciis dros 

araiSviaTad amotivtivdeba sasargeblo mineralebis 

ufro mZime hidrofoburi nawilakebi, fuWi qanis ufro 

msubuqi nawilakebi ki iZireba, ramdenadac isini mainc 

wyalze mZimea.  

 flotaciis dasaCqareblad iyeneben sxvadasxva 

teqnologiur xerxebs. myari daqucmacebuli masalis 

wyalnarevSi atareben haers wvrili buStebis saxiT. 

wylisa da yoveli buStis sazRvarze mimdinareobs ukve 

ganxiluli movlenebi (ix. nax. IX.6). Sedegad buStebi, 

amodis ra wyalSi, Tan waritacebs hidrofobur 

nawilakebs. rac metia mineralis nawilakis 

hidrofoburoba (aradasvelebadoba) da kidura Θ kuTxe, 

miT metia nawilakze buStis miwebebis perimetri 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, 

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 dasvelebis 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 qafwarmomqmnelebs, e. i. zedapirulad aqtiur 

nivTierebebs, romlebic buStebis zedapirze warmoqmnis 

adsorbciul afsks. qafwarmomqmnelad iyeneben fiWvis 

zeTs, qvanaxSiris fisis zogierT fraqcias, merqnis 

kuprs da sxv. 

 calkeuli mineralebis hidrofoburobis asama-

Rleblad pulpaSi SehyavT koleqtorebi (Semgroveblebi), 

e. i. nivTierebebi, romlebic adsorbirdeba  

 



 

 

erT, romelime mineralze, faravs ra mis zedapirs hi-

drofoburi afskiT da ar adsobirdeba sxvaze. Sedegad 

hidrofoburi nawilakebi grovdeba buStebis zedapirze 

da amotivtivdeba. flotoreagent-koleqtorebis 

gamoyeneba iZleva rTuli mineraluri nedleulis 

seleqciurad flotaciis saSualebas, e. i. SeiZleba 

mimdevrobiT gamoiyos koncentratebis amotivtivebuli 

fraqciebi. 

 gasayof qanSi Semavali sxva mineralebis hid-

rofilurobis gasadideblad pulpaSi umateben Cam-

xSobebs, romlebic axSobs amotivtivebis SesaZleblobas. 

gamosayofi mineralisagan damokidebulebiT 

Semgroveblebad ixmareba oleinis mJava, naftenuri 

mJavebi da asimetriuli struqturis sxva organuli 

nivTierebebi, romelTac 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 aqtiuri reagentebis 

– qafwarmomqmnelebisa da Semgroveblebis – gamoyeneba 

mkveTrad cvlis zedapirul daWimulobas da dasvelebis 

kidura Θ kuTxes, e. i. gadaanacvlebs wonasworobas 

fazaTa sazRvarze da adidebs flotaciuri procesis 

siCqares. CamxSobebad iyeneben sxvadasxva eleqtrolitebs, 

romelTac SeuZlia gaaZlieros mxolod garkveuli mi-

neralebis hidrofiluroba: kirs, sulfitebs, cianma-

rilebs da sxv. ganmeorebiTi flotaciis dros, rasac 

atareben pirveli flotaciisas CaZiruli mineralebis 

gasayofad, iyeneben CamxSobebis moqmedebis 

gamaneitralebel nivTierebebs – aqtivatorebs, 

magaliTad, gogirdmJavas. xSirad pulpaSi umateben 

rgulatorebs (sulfatebs, sodas da sxv.), romlebic 

xels uwyobs sxva flotaciuri reagentebis zemoq-

medebas. 

 amrigad, atareben ra kompleqsuri nedleulis, 

magaliTad. polimetaluri gogirdovani madnebis, se-

leqciur (SerCeviT) flotacias, qafTan erTad mim-

devrobiT 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. saflotacio nedleuls jer amsxvreven, 

Semdeg ki wmindad fqvaven. dafqvil qansa da 

flotoreagentebian wyals miawvdian flotaciis 

manqanas. gamoiyeneba ori tipis flotaciis manqanebi: 

kameruli - pulpisa da haeris meqanikuri areviT da 

varcluri – pnevmaturi (haeriT) areviT. haeramrevian 

manqanebSi (nax. IX.7) daqucmacebuli qani Sedis pulpaSi 

da ereva imave haers, romelic xmardeba hidrofoburi 

nawilakebis amotivtivebas. haeri saerTo milidan – 

koleqtoridan – buStebad gamodis wvrili miliT. 

buStebi, amodis ra zeviT, Sua, viwro ganyofilebaSi, 

waritacebs pulpasa da qafs, romelic dagrovebis 

Sesabamisad gaiyvaneba RariT. qafi iSleba da miiReba 

sasargeblo mineralis Semcveli koncentrati. koncen-

trati wyals gamoeyofa sawdomebSi da filtrebze, 

Semdeg ki Sreba cxeli sacecxlis airebiT sxvadasxva 

konstruqciis saSrobebSi. qanis dasvelebuli nawili, 

romelic, Cveulebriv kudebs warmoadgens, gamoiyvaneba 
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pulpis saxiT manqanis qveda nawilidan.  mravaljeradi 

flotaciis dros qanis es nawili, Sesabamisi reagentebis 

damatebis Semdeg, gaivlis seleqciuri flotaciis 

Semdeg etaps. ubralo (koleqtiuri) flotaciis dros 

sasargeblo komponentis Semcveli kudebi igzavneba 

daleqvasa, filtraciasa da Srobaze. Tu kudebi fuWi 

qania,  is igzavneba gadasayrelad. 

   

  kameruli tipis manqanebSi pulpis haerTan areva 

xdeba meqanikuri sarevebis saSualebiT. manqana Sedgeba 

erTmaneTTan SeerTebuli kamerebis rigisagan, romlebsac 

mimdevrobiT gaivlis saflotacio pul- pa. kamerebs 

SigniT da ziarkamerebs Soris moTavsebulia xvrelebiani 

diskoebi, gisosebi, tixrebi, nakveTurebi, romlebic 

kamerebSi pulpis gansxvavebuli donis SenarCunebisa da 

flotaciis sxvadasxva pirobebis Seqmnis saSualebas 

iZleva. IX.8 naxazze naCvenebia kameruli tipis 

flotaciis manqanis erTi kameris Wrili. 

kamerebis qveda nawilSi miewodeba floto-

reagentebiani axali pulpa da haeri qafis Sesaqmnelad. 

horizontaluri cecxlrikebiani gisosiT kamera 

gayofilia qveda – Semrev - da zeda – gamyof - 

nawilebad. kameris zeda ganyofilebidan gamoiyvaneba 

koncentratis Semcveli mineralizebuli qafi, qveda 

nawilidan ki gamodis kudebi, romlebic SeiZleba 

Sualeduri produqtebi iyos. Sualeduri produqtebi 

pulpis saxiT zRurblisa da Sualeduri kamera-

nakveTuris gavliT gadaecema flotaciis Semdeg kameras, 

sadac xdeba Semdgomi flotacia axal pirobebSi, axali 

flotaciis reagentebis damatebiT. 

xsnadi mineralebis flotacia gamoiyeneba galu-

rgiis (marilebis teqnologiis) ufro rTuli da 

naklebad ekonomiuri meTodebis nacvlad, romlebic 

damyarebulia gasayof sistemaTa komponentebis gan-

sxvavebul xsnadobaze. xsnadi mineralebis (ZiriTadad 

marilebis) gamdidrebis procesis Tavisebureba is aris, 

rom flotaciisaTvis garemod ixmareba gasamdidrebel 

nedleulSi Semavali marilebis najeri xsnari. marilebis 

gayofa xdeba pulpis aeraciisa da seleqciuri 

flotoreagentebis – Semgroveblebis – daxmarebiT. 
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xsnadi marilebis flotaciis dros qafwarmomqmneli 

reagentebi yovelTvis ar gamoiyeneba, radgan 

mravalnajer marilxsnarebs TviTon aqvs qafwarmoqmnis 

unari. gansakuTrebiT didi mniSvneloba aqvs reagent-

regulatorebis saSualebiT garemos pH -is 
regulirebas, rac xels uwyobs reagent-koleqtorebis 

moqmedebas. flotaciis meTodi gamoiyeneba, magaliTad, 

silvinitis (minerali )NaClKCl ⋅  najeri marilxsnaridan, 

romelic Seicavs 100 g/dm
3
-mde KCl -sa da 250 g/dm3-mde 

NaCl -s, kaliumis qloridis misaRebad. reagent-

koleqtorebad iyeneben cximis rigis aminebs 

naxSirbadatomebis ricxviT C16-C20. 
Termuli gamdidreba emyareba narevSi Semavali 

mineralebis gansxvavebul lRobadobas. gacxelebisas 

advillRobadi masalebi gamoedineba qanidan gamdnari 

saxiT. ase adnoben gogirds qanidan, romelic, 

ZiriTadad, Sedgeba SedarebiT Zneldnobadi kirqvisa da 

sxva mineralebisagan; ase acalkeveben bitums ara-

organuli minarevebisagan. 

gamdidrebis qimiuri meTodebi emyareba reagentebis 

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 

operacias atareben ara gamamdidrebel fabrikebSi, 

aramed nedleulis qimiurad gadamamuSavebel qarxnebSi. 

siTxeebi, ufro metad xsnarebi, koncentrirdeba 

gamxsnelis aorTqlebiT, xsnaris gajerebiT sasargeblo 

komponentiT da, bolos, romelime komponentis 

(minarevis) naleqSi (kristalizacia) an airad fazaSi 

gamoyofiT (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.) 

amosavali da cirkulirebuli xsnarebis gajereba 

myari an airadi komponentebis gaxsniT farTodaa 

gavrcelebuli qimiur warmoebaSi. magaliTad, sodis 

warmoebaSi bunebrivi marilxsnari jerdeba myari sufris 

marilis gaxsnis xarjze. gajereba xdeba mraval 

cirkulirebulxsnarebian warmoebaSi, magaliTad, sufris 

marilis wyalxsnaris eleqtrolizis dros, Tixamiwis 

warmoebaSi da sxv. siTxidan mavne da balasturi 

minarevebis dasaleqad mas umateben iseT nivTierebebs, 

romlebic reagirebs minarevebTan kristaluri naleqebis 
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warmoqmniT. naleqs Semdeg acalkeveben. danamatebi 

zogjer iwvevs koloiduri minarevebis an polimerebis 

koagulacias da daleqvas. xsnarebidan minarevebis 

daleqva gamoiyeneba organuli sinTezis, sodisa da 

mraval sxva warmoebaSi. sxva SemTxvevebSi xsnaridan 

akristaleben (leqaven) ZiriTad komponents, xolo 

minarevebs xsnarSi toveben. ase Rebuloben 

koncentrirebuli saxiT mraval marils. es meTodi 

xSirad gamoiyeneba hidrometalurgiaSi polimetaluri 

madnebidan feradi liTonebis koncentratebis 

gamosayofad. 

Txevadfazuri eqstraqcia (an eqstrahireba) 

mdgomareobs Txevadi narevis zogierTi komponentis 

SerCeviT xsnadobaSi. Sedegad Rebuloben or Txevad 

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. 

yvelaze ufro xSirad gamoiyeneba absorbciul-

desorbciuli meTodi, romlis gamartivebuli sqema 

mocemulia IX.9 naxazze. absorbciul-desorbciuli 

meTodiT airnarevis erT komponents STanTqaven civi 

gamxsneliT, romelic SerCeviTad xsnis mxolod mocemul 

komponents. Sedegad absorberidan gamodis STanTqmuli 

komponentisagan gaTavisuflebuli airnarevi da 

gamoedineba absorbirebuli komponentis Semcveli xsnari. 

absorberidan gamodinebul xsnars acxeleben 

TbomcvlelSi da awvdian desorberSi, sadac misgan 

aorTqleben STanTqmul airs. gamxsneli civdeba da 

xelaxla Sedis absorberSi; is mravaljer cirkulirebs. 

ase Rebuloben koncentrirebul gogirdwyalbads genera-

toris, koqsisa da navTobis airebis gawmendisas, koncen-

trirebul gogirdis dioqsids feradi metalurgiis 

gamavali airebidan, nedl benzolsa da piridinul 

fuZeebs koqsis airidan, yofen naxSirwyalbadovan airebs 

da sxv. adsorbciul-desorbciuli xerxi zemoT 

aRniSnulisagan imiT gansxvavdeba, rom airadi 

komponenti am dros STainTqmeba (adsorbirdeba) myari 
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mSTanTqmeliT, xolo Semdeg gacxelebiT desorbirdeba. 

desorbcia xSirad icvleba eqstraqciiT, e. i. 

STanTqmuli komponentis gaxsniT siTxeSi, romelSic 

adsorbenti ar ixsneba. 

 
9.3. sakvebi nedleulis Secvla arasakvebiT da 

mcenareulisa - mineraluriT 

 
 organuli qimiis miRwevebi iZleva mravali Zvir-

fasi 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 da sxva produqtebis misaRebad. 

gansakuTrebiT farTod ganviTarda sinTezuri spirtis 

warmoeba eTilenis pirdapiri hidrataciiT. mcenareuli 

nedleuli idevneba minealuri nedleulis praqtikulad 

amouwuravi maragiT. navTobis airebidan miRebuli 

sinTezuri spirtis TviTRirebuleba samjer naklebia 

sakvebi nedleulidan miRebulze. Zlier viTardeba 

agreTve kauCukis warmoeba navTobis Tanamgzavri airebis 

butan-butilenis fraqciis gamoyenebiT, amitom eTilis 

spirtma dahkarga dominirebuli mniSvneloba sinTezuri 

kauCukis warmoebaSi. airebisa da navTobis gadamuSavebis 

produqtebidan amJamad Rebuloben agreTve glicerins, 

ZmarmJavasa da cximebs gamrecxi saSualebebis warmoe-

bisaTvis. amiT izogeba didi raodenobiT sakvebi ned-

leuli da miiReba ufro iafi produqcia. 

 mcenareuli da cxoveluri nedleuli, ZiriTadad 

ukve gamodevnilia mineraluriT sinTezuri saRebrebis, 

laqebis, mravali samkurnalo preparatis, plastikuri 

masebis umravlesobis, surnelovani nivTierebebisa da 

rig sxva warmoebaSi. mcenareuli nedleuli idevneba 

bunebrivi airebis, navTobisa da qvanaxSirisagan 

miRebuli nivTierebebiT kauCukis, qimiuri boWkos, 

spirtebis, organuli mJavebis, gamrecxi saSualebebis 

warmoebaSi; rigSia arasakvebi nivTierebebidan kvebis 

ZiriTadi produqtebis – saxameblis, Saqris da, bolos, 

cilebis Semadgeneli nawilebis - sinTezis sakiTxi. 

bioqimiuri gardaqmnebiT axla ukve Rebuloben 

navTobgadamamuSavebeli da celuloza-qaRaldis 

mrewvelobis narCenebidan cilovan safuars pirutyvis 

sakvebad. sakvebi nedleulis – mcenareulisa da 

cxoveluris – mineraluriT Secvlas mivyavarT 

nedleulis bazis mniSvnelovani gafarToebisa da misi 

gaiafebisaken, rac TavisTavad amcirebs ZiriTad 

305 
306 



 

sawarmoo maCvenebels – qimiuri produqciis 

TviTRirebulebas. 

 

 

9.4. 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, 

natriumis, kaliumis, kalciumisa da sxva hidroqsidebis 

warmoebaSi, hidrolizisa da  hidrataciis sxvadasxva 

reaqciebSi. 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 

rogorc myari, Txevadi da airadi nivTierebebis 

gamxsneli. xSirad mas iyeneben airebisa da myari ma-

salebis 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 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 

gadaxurebuli) wyali gamoiyeneba urTierTmoqmedi 

nivTierebebis gasacxeleblad, procesis dasaCqareblad, 

an endoTermul procesSi daxarjuli siTbos 

kompensaciisaTvis. moreagire masebsa da wyals Soris 

TbocvlisaTvis iyeneben mravalgvar Tbomcvlelebs, 

macivrebsa da macxeleblebs, romlebSic siTbo zogjer 

gadaicema wylisa da masalebis uSualo SexebiT, ufro 

xSirad ki kedlebis saSualebiT Txevad an airad 

moreagire masebze. Tanamedrove qimiuri warmoebebi 

wyals uzarmazari raodenobiT xarjavs, rac didi 

kombinatebisaTvis dRe-RameSi milion kubur metrebiT 

ganisazRvreba. wylis xarjviTi koeficienti  Seadgens: 

amiakisaTvis - 1500 m
3
/t, viskozuri abreSumisaTvis - 

2500 m
3
/t-s, kontaqturi gogirdmJavisaTvis – 50 m

3
/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 
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gansxvavdeba erTmaneTisagan minarevebis SemcvelobiTa 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 

raionebSi. 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, 

kaliumis karbonatebs, sulfatebsa da qloridebs 

umciresi 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. 
+2Ca   da +2Mg  ionebis Semcvelobis mixedviT,  

romlebic orTqlis qvabebSi, sareaqcio aparatebsa da 

TbomcvlelebSi naleqs (minaduRs) warmoqmnis, asxvaveben 

rbil  (
+2Ca    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 

Sedgenilobasa da struqturaze, romlebSic gaiJoneba 

atmosferuli da zedapiruli wyalsacavebis wylebi, 

warmoqmnis ra miwisqveSa wyalsacavebs. niadagebisa da 

mTis qanebis mfiltravi unari ganapirobebs miwisqveSa 

wylis did gamWvirvalobasa da maTSi organuli 

warmoSobis minarevebis ararsebobas. qimiuri 

warmoebebisaTvis unikaluri nedleulia sxvadasxva 

marilebiT gajerebuli miwisqveSa 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. 

 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/dm
3
) sazRvraven 1 l wylis aorTqlebiT 

da myari naSTis 110
0C-ze mudmiv wonamde gamoSrobiT 

miRebuli mSrali naleqis mixedviT. mSrali naSTis muq-

wiTel varvarebamde gacxelebiT, masaTa sxvaobis 

mixedviT, SeiZleba calke ganisa- zRvros mineraluri da 

organuli nivTierebebis raodenoba. umetesi 

warmoebebisaTvis wylis ZiriTadi xarisxobrivi 

maCvenebelia sixiste, gapirobebuli wyalSi kalciumisa 
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da magniumis marilebis SemcvelobiT. sixiste 

gamoixateba 1 dm
3
 wyalSi 

+2Ca -sa da +2Mg -is ionebis 
miligram-ekvivalentebSi, e. i. sixistis erTeulad 

miRebulia 20,04 mg/dm
3
 

+2Ca -is an 12,16 mg/dm3 +2Mg -is 
ionebis Semcveloba. 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 aduRebisas 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 tutianobis 

xarisxi – xasiaTdeba wyalbadionebis koncentraciiT da 

ganisazRvreba indikatorebiT. bunebrivi wylebis reaqcia 

axlosaa neitralurTan, pH   meryeobs 6,8-7,3–is 

sazRvrebSi. sabrunavi wylis reaqcia damokidebulia 

warmoebis xasiaTze. 

wyalSi minarevebis Semcveloba reglamentirdeba 

Sesabamisi standartebiT. minarevebis mavneoba 

dakavSirebulia maT qimiur Sedgenilobasa an dis-

persiul mdgomareobasTan, da agreTve, am wylis mom-

xmarebeli warmoebis xasiaTTan. msxvildispersiuli me-

qanikuri tivtivarebi anagvianebs milgayvanilobasa da 

aparaturas, amcirebs maT mwarmoeblurobas, warmoqmnis 

sacobebs, romlebsac SeuZlia avariis gamowveva. 

koloiduri nawilakebis saxiT arsebuli minarevebi 

anagvianebs eleqtroliziorebis diafragmebs, iwvevs 

wylis aqafebas da mis gadasrolas qvabebsa da 

aparatebSi. didi zarali moaqvs wyalSi gaxsnil ma-

rilebsa da airebs, romlebic warmoqmnis minaduRebs da 

Slis liTonebis zedapirs koroziis Sedegad 

samrewvelo wyalmomarageba warmoadgens opera-

ciaTa kompleqss, romelic uzrunvelyofs wylis gaw-

mendas, misgan molekulurad gaxsnili, koloidur da 

Setivtivebul mdgomareobaSi myofi mavne minarevebis 

mocilebas. wyalmomaragebis ZiriTadi operaciebia: 

Setivtivebuli minarevebisagan gawmenda dawdomiTa da 

gafiltvriT, darbileba, calkeul SemTxvevebSi 

+2Ca -is da +2Mg -
is raod. wyalSi, 

mg.ekv./dm3. 

 

0-1,5  
 

 

1,5-3 
 

 

  3-6 

 

 

 6-10
 

 

>10 

 

wylis sixistis 

    klasi 

Zlier 

rbili 

rbi-

li 

zomierad 

 xisti 

 xisti Zlier

xisti 
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gaumariloeba, neitralizacia, deairacia da 

gausnebovneba. 

dawdomis procesi iZleva wylis gakamkamebis 

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 gauferulebis 

misaRwevad sawdomidan dekantirebul wyals utareben 

koagulacias Semdgomi gafiltvriT. koagulacia 

heterogenuli sistemebis gayofis maRalefeqturi 

procesia, kerZod, wylidan Tixis umciresi nawilakebisa 

da cilovani nivTierebebis 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 (
+3Al , +3Fe ), miT 

naklebia eleqtrolitis xarji koagulaciaze. uryofiTi 

muxtis mqone Tixovani koloiduri nawilakebis koa-

gulaciisaTvis (bunebriv wylebSi) ufro xSirad iyeneben 

aluminis naerTebs – sulfatebs an Sabebs. amave dros 

naleqis zedapirze adsorbirdeba organuli naerTebi, 

ris Sedegadac wyali uferuldeba. 

wylis gafiltvra suspenziisagan gasawmendad, 

Cveulebriv, dawdomis Semdegi procesia. xSirad iyeneben 

inertuli mfiltravi masalis, magaliTad, silisfenian 

filtrebs. nawilakis umciresi zoma (diametri, d  mm), 
romlis Sekavebis unari aqvs  filtrs, ganisazRvreba 

formuliT: 

 

             ,lwmd =              (IX.2) 

 

sadac l  aris  gasafiltri masalis marcvlebis saSualo 

zoma, mm; m  – ganzomilebis koeficienti, romelic 

kvarcis silisaTvis udris 0,0095; w  – filtraciis 

siCqare, m/sT. 

 wylis darbileba iTvaliswinebs sixistis gamo-

mwvevi kalciumisa da magniumis marilebis mocilebas. 

mrewvelobaSi iyeneben darbilebis sxvadasxva meTodebs, 

romelTa arsic mdgomareobs reagentebis saSualebiT 
+2Ca   da +2Mg ionebis uxsnar da advilad mosacilebel 

naerTebad SekavSirebaSi. gamoyenebuli reagentebis 

mixedviT asxvaveben kiris (Camqrali kiri), sodis 

(kalcinirebuli soda), natronul (natriumis tute) da 

fosfatur (trinatrifosfati) xerxebs. qimiuri 

meTodebidan yvelaze ekonomiuria darbilebis 

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: 
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 1. Camqrali kiriT damuSaveba droebiTi sixistisa 

da rkinis ionebis mosaSoreblad da   2CO -is Se-

sakavSireblad: 

 
( ) ( ) OHCaCOOHCaHCOCa 23223 22 +=+ ; 

( ) ( ) ( ) OHOHMgCaCOOHCaHCOMg 223223 22 +↓+↓=+ ; 
 ( ) ( ) ↓+↓=+ 4224 CaSOOHFeOHCaFeSO ; 

( ) ( ) ↓=++ 3222 424 OHFeOHOOHFe ; 
( ) OHCaCOOHCaCO 2322 +↓=+ . 

 
 2. kalcinirebuli sodiT damuSaveba mudmivi si-

xistis mosacileblad: 

 

⎪
⎩

⎪
⎨

⎧

+↓

+↓

+↓

=+
⎪
⎭

⎪
⎬

⎫

.

2

423

3

423

32

4

2

4

SONaCaCO

NaClMgCO

SONaMgCO

CONa
CaSO
MgCl
MgSO

 

kir-sodis meTodi iZleva mxolod uxeSi dar-

bilebis saSualebas, 0,3 mg.ekv./dm
3
-mde. 

 3. trinatrifosfatiT damuSaveba (
+2Ca  da 

+2Mg  

ionebis ufro sruli daleqva, daaxloebiT 0,03 

mg.ekv./dm
3
-mde): 

 

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

( ) .623 243432 NaClPOMgPONaMgCl +↓=+  

 

 kalciumisa da magniumis fosfatebis xsnadoba 

uaRresad mcirea, rac gansazRvravs fosfaturi meTodis 

maRal efeqturobas. mniSvnelovan ekonomikur efeqts 

iZleva qimiuri meTodebis SeTavseba fizikur-qimiurTan, 

e. i. ionmimocvliTTan. wylis darbilebis 

ionmimocvliTi meTodis arsi mdgomareobs wylidan 
+2Ca -isa da 

+2Mg -is ionebis mocilebaSi ionitebis 

saSualebiT, romelTac unari aqvT Tavisi ionebi 

gacvalon wyalSi Semaval ionebze. asxvaveben kationuri 

da anionuri mimocvlis procesebs. Sesabamisad, ionitebs 

uwodeben kationitebsa da anionitebs. 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 io-
nebiani aqtiuri jgufebis Semcveli maRalmolekuluri 

nivTierebebi. gaatareben ra anionitebis fenaSi 
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liTonebis ionebisagan kationituri procesiT winaswar 

gawmendil wyals, acileben misgan anionebsac, romelTaA 

Semcvelobac ar aris dasaSvebi mocemuli procesisaTvis 

gaTvaliswinebul wyalSi: 

           

[ ] [ ] ;2OHClHClOH +↔+ anan  

[ ] [ ] OHSOSOHOH 24242 22 +↔+ anan . 

 

 
 

moyvanili reaqciebi gviCvenebs, rom ionmimocvliT 

xerxs SeuZlia uzrunvelyos wylis darbileba da 

gaumariloeba, e.i. wylidan ara marto sixistis 

gamomwvevi, aramed yvela marilis sruli mocileba. 

ionmomocvliTi procesi Seqcevadia da  gajerebuli 

ionitebis mimocvliTi unaris aRdgenisaTvis  atareben  

regeneraciis  process.  Na -kationitebis regeneracias 
axorcieleben sufris marilis xsnariT, xolo H -

kationitebisas – mineraluri mJavebis xsnarebiT. 

anionitebis regeneracias atareben tuteebis, natriumis 

karbonatis an bikarbonatis xsnarebiT. IX.10 naxazze 

warmodgenilia ionmimocvlis gamoyenebiT wylis gauma-

riloebis sqema (kationireba da anionireba). wyali 

Tanabrad miewodeba H -kationitur filtrSi (nax. 

IX.11), romelSic msxvili kvarcis silis fenaze 

moTavsebulia kationitis marcvlebi; is uzrunvelyofs 

wylidan 
+2Ca ,  +2Mg ,  +Na ,  +

4NH -isa da sxva ionebis 

mocilebas wyalbadionze mimocvliT. Semdeg wyali Sedis 
−OH  anionitur filtrSi anionebis SesakavSireblad 
−OH  ionebze maTi mimocvlis gziT, da Semdeg 

deairatorSi, sadac gamoiyofa wyalSi gaxsnili 2CO ,  2O    

da sxv. periodulad filtrs gamorTaven da atareben 

mis regeneracias amosavali ionis Semcveli xsnaris 

gatarebiT. ionmimocvliTi danadgarebis angariSs 

atareben momuSave filtr-ionmimomcvlelebis jamuri 

farTobisa da danadgarSi muSa filtrebis ricxvis 

gansazRvrisaTvis formuliT: 

               

                    ,
saan

w
mLF =             (IX.3) 

 

sadac m  aris im darbilebuli wylis xarjis ko-

eficienti, romelic TviT danadgaris saWiroebisaTvis 

ixarjeba (filtris regeneracia da sxv.); igi meryeobs 

1,10-1,25-is sazRvrebSi; L  – damarbilebeli danadgaris 

mwarmoebluroba, m
3
/sT; 

saw
w  – ionitSi wylis gaSvebis 

saangariSo saCqare, m/sT.  

 wylis filtraciis saangariSo siCqares sazRvraven 

Semdegi TanafardobiT: 
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           ,
lg015,0 02

0
f

muSa

muSa

saan

h
hdEh

HE
w

+
=

τ
       (IX.4) 

 

sadac 
muSa

E  aris ionitis muSa mimocvliTi unari 

(ionitis tevadoba), g.ekv./m
3
; H  – ionitis fenis simaRle, 

m; τ  - filtris muSaobis periodi (regeneraciebs 

Soris), sT; 0h  – wylis sawyisi (saerTo) sixiste, 

mg.ekv./dm
3
; 

f
h  – wylis narCeni sixiste darbilebis 

Semdeg, mg.ekv./dm
3
; d  – ionitis marcvlebis saSualo 

diametri, mm. 

  

wylis narCen sixistes darbilebis Semdeg sazRv-

raven qimiuri analiziT an angariSoben formuliT:  

 ,
800

1 2

2

Mh ⋅
−

=
α

α
f

           (IX.5) 

 

sadac a   aris regeneraciis efeqturobis koeficienti, 
romelic iTvaliswinebs ionitis arasrul regeneracias; 

M  – darbilebul wyalSi kationebis (
+2Ca ,  =2Mg ,  +2Fe ,  

+Na ,  +K )  koncentraciaTa jami, mg.ekv./dm
3
. ionitis 

muSa tevadobas sazRvraven formuliT: 

              ,5,0 0qhEF Na −=
srmuSa

αβ          (IX.6) 

 

sadac Naβ    aris koeficienti, romelic iTvaliswinebs 

kationitis mimocvliTi unaris Semcirebas wyalSi 

natriumis ionebis arsebobisas; 
sr

E  – kationitis sruli 

mimocvliTi unari (tevadoba), g.ekv/dm
3
; q  – wylis 

xvedriTi xarji kationitis garecxvaze misi regeneraciis 

Semdeg, m
3
/m

3
; mas iReben 5 m

3
-is tols.α ,  Naβ   da sxva 

koeficientebis mniSvnelobebs pouloben cdiseuli 

monacemebis mixedviT. filtris muSaobis τ  periods 

iReben 6,5-22,5 sT-is sazRvrebSi. kationitSi wylis 

gatarebis rekomendebuli 
saw

w  siCqare damokidebulia 

0h -ze da SeirCeva 5-20 m/sT zRvrebSi. danadgarSi muSa 
filtrebis ricxvi ganisazRvreba filtrebis saerTo 

farTobis mixedviT [ix.formula (IX.3)] aseTi Tanafar-

dobidan : 

                 

                ,
4

2

f
D

Fn π=              (IX.7) 
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sadac 
f

D   aris filtris diametri, m. 

 neitralizacias ZiriTadad iyeneben sabrunavi 

wylis dasamuSaveblad, romelic sawarmoo procesebSi 

anionebiT WuWyiandeba; neitralizaciisaTvis iyeneben kirs 

an sodas. 

 wylis deairacia iseTi mavne, koroziis gamomwvevi 

airebisagan, rogoricaa SH 2 , 2SO , 2CO ,   xorcieldeba  
aerirebiT, e. i. haeris wyalTan SexebiT SxefmacivrebSi, 

an misi gaSxefebiT. iyeneben qimiur reagentebsac, 

magaliTad, SH 2 -s Jangaven qloriT, Jangbadis 

mosacileblad wyalSi umateben aRmdgenlebs, magaliTad, 

natriumis sulfits. 

 wylis gausnebovneba (dezinfeqcia) xorcieldeba 

qlorirebiT, ozonirebiT. qimiur sawarmoebSi 

specialuri gausnebovneba iSviaTad gamoiyeneba. 

 wylis sruli gawmenda – gaumariloeba, da 

agreTve, nawilobrivi deairacia da gausnebovneba – 

miiRweva misi gamoxdiT. distilirebuli wyali farTod 

gamoiyeneba sufTa produqtebis warmoebasa da 

laboratoriul praqtikaSi.  

warmoebaSi gamoyenebis dros wyali, Cveulebriv, 

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. 

 

 

 

9.5. qimiuri mrewvelobis energetika 

 

 Kqimiur mrewvelobaSi mimdinareobs mravali 

procesi, romlebic dakavSirebulia energiis gamoyofasa, 

daxarjvasa an urTierTgardaqmasTan. energia ixarjeba 

ara marto uSualod qimiuri reaqciis Catarebaze, 

aramed damxmare operaciebzec, 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, 

kilojoulebis an saTbobis  (tona, kilogrami, kuburi 

metri) raodenobiT: kvt.sT/t,  kj/kg,  t/t,  kg/m
3
 da 

sxv. energiis xarji sxvadasxva qimiuri produqtebis 

miRebaze erTnairi ar aris. aris warmoebebi, romlebic 

gamoirCeva didi energotevadobiT da SedarebiT mcire 

energiis momxmarebeli warmoebebi. zogierT sawarmoSi 

Warbobs egzoTermuli reaqciebi, romelTa siTboc 

gamoiyeneba sasaqonlo orTqlis misaRebad; es amcirebs 

energiis xarjs. aseTia, magaliTad gogirdmJavis 

warmoeba. 
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 ama Tu im qimiur warmoebaSi gamoyenebuli 

energiis ZiriTadi saxeebi damokidebulia teqnologiuri 

procesis xaasiaTze. yvelaze ufro xSirad iyeneben 

eleqtrul da Tbur energias. 

 eleqtroenergia qimiur mrewvelobaSi gamoiyeneba 

eleqtroqimiuri (xsnarebisa da nalRobebis 

eleqtrolizi), eleqtroTermuli (lRoba, gacxeleba, 

sinTezebi maRal temperaturaze) da eleqtromagnituri 

procesebisaTvis. qimiur mrewvelobaSi gamoiyeneba iseTi 

procesebi, romlebic dakavSirebulia 

eleqtrostatikuri movlenebiT sargeblobasTan (mtvrisa 

da nislebis daleqva, naxSirwyalbadebis 

eleqtrokrekingi da sxv.). farTod sargebloben qimiur 

teqnologiaSi eleqtroenergiis meqanikurad gardaqmniT, 

rac aucilebelia iseTi fizikuri operaciebisaTvis, 

rogoricaa damsxvreva, daleqva, Sereva, centrifugireba, 

ventilatorebis, kompresorebis, tumboebis muSaoba da 

sxv. qvemoT moyvanilia eleqtroenergiis 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 gamoiyeneba 

metad mravalferovani fizikuri procesebis 

gansaxorcieleblad, romelTac ar axlavs qimiuri 

reaqciebi (gacxeleba, Sroba, aorTqleba, distilacia da 

sxv.) da reagentebis gasacxeleblad reaqciebis 

Catarebisas. amasTan Tbomatareblad gamoiyeneba saTbobis 

wviT miRebuli sacecxlis airebi, wylis orTqli, 

birTvuli energia da sxv. 

 bolo wlebSi qimiur mrqwvelobaSi TandaTanobiT 

fexs ikidebs radiaciul-qimiuri procesebi, romlebSic 

radioaqtiuri gamosxivebis gavleniT mimdinareobs 

polimerizaciisa da mravali organuli naerTis 

warmoqmnis reaqciebi (ix, V Tavi). atomuri energetikis 

Semdgomi ganviTareba atomuri energiis mSvidobiani 

miznebisaTvis gamoyenebiT aris Tanamedroveobis 

umniSvnelovanesi amocana. 

 sinaTlis energia ukanasknel xans sul ufro 

metad gamoiyeneba qimiur mrewvelobaSi fotoqimiuri 

reaqciebis realizaciisaTvis, elementebidan 

qlorwyalbadis sinTezis, organuli naerTebis ha-

logenirebisa da sxva procesebisaTvis. fotoqimiuri 

movlenebi, romlebSic sinaTlis energia eleqtro-

energiad gardaiqmneba, gamoiyeneba teqnologiuri 

procesebis avtomaturi marTvisa da kontrolisaTvis.  

 qimiuri sawarmoebis ganlageba, romlebic energiis 

moxmarebis didi masStabebiT gamoirCeva, damokidebulia 

iafi saTbobisa da elqtroenergiis arsebobaze. amasTan 

dakavSirebiT saWiroa aRiniSnos adgilobrivi nedleulis 
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saxeebis roli, romlebic, rogorc wesi, Semotanilze 

iafi jdeba, Tumca xSirad did manZilze 

milgayvanilobiT transportirebuli airis gamoyeneba 

ufro rentabeluria, vidre adgilobrivi saTbobiT 

sargebloba. 

 energiis racionalurad gamoyeneba qimiuri pro-

duqciis TviTRirebulebis erT-erTi ganmsazRvreli 

faqtoria. siTbos gamoyenebis xarisxs qimiur-

teqnologiur procesebSi gamoxataven Tburi 
T

η  mqk-iT, 

romelSic igulisxmeba ZiriTadi qimiuri reaqciebis 

ganxorcielebaze uSualod daxarjuli siTbos 
T

Q   

raodenobis fardoba mTlianad daxarjul 
praq

Q  

raodenobasTan: 

 

%100⋅⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

praq

T
Tb Q

Qη . 

 

 maRaltemperaturuli endoTermuli proce-

sebisaTvis, romlebic didi raodenobiT moixmaren Tbur 

energias, 
Tb

η  70%-s ar aRemateba, 30%-mde siTbo 

(zogjer ki meti) gahyveba reaqtoridan gasul 

produqtebs da 15%-mde ikargeba kedlebidan garemoze 

Tbocvlis Sedegad.  

 

 reaqciis produqtebis an gamavali airebis siTbos 

gamoyeneba SeiZleba sareaqcio aparatSi Semavali 

masalebis winaswar gasacxeleblad. reaqciis 



 

produqtebis siTbos gamoyenebis principuli sqema 

warmodgenilia IX.12 naxazze.  reagentebi Sedis Tbo-

mcvlelSi, magaliTad, milovanSi, sadac cxeldeba 

reaqtoridan gamosuli cxeli produqtebiT da Semdeg 

miewodeba reaqtors. am magaliTSi Tbocvla cxel da 

civ produqtebs Soris xdeba Tbomcvlelis milebis 

saSualebiT. aseTi tipis siTbos gamoyenebis aparatebs 

rekuperatorebi ewodeba. maRaltemperaturuli 

procesebis reaqciebis airadi produqtebis, an  

gamavali airebis siTbos gamoyenebisaTvis, garda 

rekupratorebisa, sargebloben regeneratorebiT. 

 regeneratorebi wyoburiT amovsebuli peri-

odulad moqmedi kamerebia. Cveulebriv wyoburad iye-

neben aguris gisosebs. uwyveti procesis Sesaqmnelad 

saWiroa ara nakleb ori regeneratori (nax. IX. 13.). 

cxeli airebi Sedis wyoburian regeneratorSi miliT; 

safarebi dayenebulia iseTnairad, rom airebi gaivlis 

regenerators, gadascems siTbos wyoburs da tovebs 

regenerators. amave dros civi airebi Sedis 

regeneratorSi, romlis wyoburic ukve gacxelebulia, 

arTmevs mas siTbos da gamodis miliT. ramdenime xnis 

Semdeg safarebis mdgomareoba avtomaturad icvleba 

(IX.13 naxazze naCvenebia punqtiriT) da maSin 

regeneratoris cxel wyoburze iwyebs gavlas civi airi, 

xolo gacivebulze – cxeli da a. S. gamavali airebisa 

da reaqciis airadi produqtebis siTbo xSirad 

gamoiyeneba orTqlis misaRebad e. w. qvab-

utilizatorebSi. reaqtorebidan gamosuli produqtebis 

siTbo qimiur warmoebebSi SeiZleba gamoviyenoT Srobis, 

aorTqlebis, distilaciisa da sxva procesebisaTvis. 

 garemoze Tbur danakargebs amcireben, jer erTi, 

aparaturis Tburi izolaciiT, meorec, konstruqciuli 

gaformebiTa da iseTi gabaritebis SerCeviT, romelic 

uzrunvelyofs garemoze Tbogadacemis minimalur 

farTobs.  

 Tanamedrove pirobebSi saTbobi ar SeiZleba 

ganvixiloT rogorc siTburi energiis wyaro. naxSiri, 

torfi, navTobi, bunebrivi airebi da sxv. qimiuri 

mrewvelobis Zvirfasi da umniSvnelovanesi nedleulia. 

amocana mdgomareobs saTbobis, rogorc qimiuri 

mrewvelobis nedleulisa da rogorc energiis wyaros 

kompleqsur energo-qimiur gamoyenebaSi. 

 

 

9.5.1. wyalbadi 

 

 atmosferuli haeris ZiriTadi gamaWuWyianebelia 

gamonabolqvi, romelic warmoiqmneba samrewvelo-

energetikul obieqtebze (Tec da sxv.) da saavtomobilo 

ZravebSi. energetikis, mrewvelobisa da transportis 

ganviTarebas Tan axlavs atmosferoSi iseTi mavne 

nivTierebebis gamonabolqvis zrda, rogoricaa gogirdis 

dioqsidi, azotisa da naxSirbadis oqsidebi, 

naxSirwyalbadebi. gamoTvlilia, rom 1975-1980 wlebis 

periodSi airadi gamonabolqvis raodenoba atmosferoSi 

30%-iT gaizarda, amasTan Sesabamisad gaizarda haeris 

gaWuWyia-nebiT gamowveuli ekonomikuri zarali, rac 

yovelwliurad aTeulobiT miliard dolars Seadgens. 

 mravali specialistis (energetikosebisa da qi-

mikos-teqnologebis) azriT momavlis yvelaze per-
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speqtiuli ekologiuri saTbobi aris wyalbadi. 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 energoSemcvelad, 

romelsac SeuZlia imuSaos energiis gadamcemad atomuri 

reaqtoridan mravalferovan momxmareblebze, roca 

SeuZlebelia atomuri saTbobis energiis uSualod 

gamoyeneba. wyalbadis, rogorc ekologiurad sufTa 

saTbobisa da enrgoSemcvelis 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 wyalbadis gamoyenebas 

sayofacxovrebo gamaTbobel danadgarebsa da 

xelsawyoebSi; 6) wyalbadi aris qimiuri mrewvelobis, 

metalurgiis, navTobgadamuSavebis, myari saTbobis 

gadamuSavebis, ZiriTadad, aRdgenisa da hidrirebis 

procesebis nedleuli. wyalbadi ZiriTadi amosavali 

reagentia iseTi didmasStaburi warmoebebisaTvis, 

rogoricaa amiakisa da meTanolis sinTezi. 

 magram wyalbadis warmoeba arsebuli meTodebiT 

imdenad Zviria, rom misi gamoyeneba satransporto da, 

miT ufro, energetikul saTbobad srulebiT 

araracionaluria. amitom amuSaveben wyalbadis 

msxvilmasStaburi warmoebis principulad axal 

meTodebs. garda amisa wyalbadis, rogorc energo-

Semcvelisa da saTbobis gamoyenebis dros warmoiSoba 

sxvadasxva garTulebebi: 1) wyalbadis simkvrive 8-jer 

naklebia bunebrivi airisaze, amitom misi moculobiTi 

siTbotevadoba 3,3-jer naklebia; es ZiriTadi 

winaaRmdegobaa wyalbadis gamosayeneblad satransporto 

ZravebSi. arsebul hidridebSi wyalbadis wili hidridis 

masis 2%-s ar aRemateba da avtomobilis benzosacavis 

ekvivalenti 700-900 kg hidrids Seadgens. muSavdeba 

wyalbadis meti Semcvelobis hidridebis miRebis 

meTodebi; 2) wyalbadi ufro feTqebadsaSiSia, vidre 

bunebrivi airi: haerTan is warmoqmnis feTqebadsaSiS 

narevebs koncentraciaTa mniSvnelovnad did intervalSi 

(4-75%); 3) wyalbadis gaTxevadebis temperatura 

atmosferul wnevaze (-253
0C)  naklebia, vidre bunebrivi 

airisa (meTanisaTvis –165
0C). garda amisa Txevadi saxiT 

Senaxvisas SesaZlebelia wyalbadis gadineba. 

 ramdenadac jerjerobiT wyalbadis Rirebuleba 

metia, vidre navTobproduqtebisa, misi danergva 

navTobproduqtebis Semcvlelad, albaT, daiwyeba sa-

avtomobilo saTbobSi danamatis saxiT. wyalbadis 

damateba 5-10%-is raodenobiT mniSvnelovnad amcirebs 
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avtotransportis mavne gamonabolqvs da amave dros 

adidebs Zravis ekonomiurobas. amJamad navTobis 

importior zog qveynebSi gaTvaliswinebulia 

saavtomobilo benzinSi meTanolis damateba 

navTobproduqtebis moxmarebis Semcirebis mizniT. Tavis 

mxriv meTanolis miReba SeiZleba myari saTbobis 

gadamuSavebis dros warmoqmnili sinTez-airidan. 

 yovelive zemoTqmulis Semdeg, aq albaT, upriani 

iqneboda wyalbadis miRebis meTodebis ganxilva, magram 

ramdenadac es meTodebi sakmaod cnobilia da 

dawvrilebiT ganixileba araorganul nivTierebaTa 

teqnologiis specialur kursebSi, Cven SevCerdebiT 

wyalbadis miRebis mxolod erT meTodze, romelic 

perspeqtivaSi iafi wyalbadis miRebas iTvaliswinebs – es 

aris wyalbadis miRebis Termoqimiuri meTodi. 

 wyalbadis miRebis Termoqimiuri meTodi  iTva-

liswinebs wylis daSlas Tburi energiis gamoyenebiT, 

romlis miRebasac varaudoben heliumis macivrebiani 

atomuri reaqtorebidan gamosuli heliumis siTbos 

xarjze. wylis Termuli daSlisaTvis aucilebeli 

siTbos Teoriuli 
T

Q  raodenoba SeiZleba ganisazRvros   

                

kkT
ηη 0GEQ Δ==  

 

tipis formulebiT, sadac E  aris 1T  temperaturis 

mqone siTbos wyarodan arTmeuli Tburi energia; 
0GΔ  - 

Tavisufali energiis cvlileba wylis daSlis dros; 
k

η  

- karnos ciklis mqk, romelic xorcieldeba zeda 1T  

temperaturasa da garemos 2T  temperaturas Soris. 

 wylis pirdapiri Termuli daSla cnobili 

HOHOH Δ++↔ 222 22
1  reaqciis mixedviT SeuZlebelia, 

radgan amisaTvis saWiro temperaturaze ( )C01000≈  

reaqciis wonasworobis konstanta Seadgens 1,48⋅10-6-s, 
rac Seesabameba sareaqcio  narevSi 2O -sa da 2H -is  
parcialur  wnevas ara  umetes 0,1 pa (10 atm

-6
). 

 wyalbadis miRebis am meTidis praqtikuli gan-

xorcieleba SesaZlebelia mxolod wylis uSualod 

daSlis reaqciis SecvliT iseTi ramdenime reaqciisagan 

Semdgari Termoqimiuri cikliT, romelTac aqvT 

praqtikuli miznebisaTvis sakmarisi wonasworobis 

konstantis mniSvnelobebi. Seswavlili da rekomen-

debulia mravali Termoqimiuri cikli wylis dasa-

Slelad iseT temperaturebze, romlebic ar aRemateba 

birTvuli reaqtoridan gamomavali Tbomatareblis 

temperaturas (Tburi reaqtorebis narCeni siTbos 

gamoyenebis dros). damuSavebul Termoqimiur ciklebSi 

Sualedur nivTierebebs – halogenebs, VI jgufis 

elementebs (gogirds), II jgufis liTonebs (Mg , Ba , Ca ) 
- aqvT didi Tvisoba waylbadis an Jangbadis mimarT. 

qvemoT moyvanilia iseTi reaqciebis Termoqimiuri 

ciklis magaliTi, romelTa Sedegia wylis daSla 

wyalbadad da Jangbadad: 

     

    ( ) ( ) ( ) ( )asaa 22
3000

2 HHgBrHBrHg C +⎯⎯ →⎯+         (a) 

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

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

( ) ( ) ( ) ( ) ( )axsorTxs HBrOHCaOHCaBr c 22 2
650

22

0

+⎯⎯ →⎯+   (d) 
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 mTlianad wylis Termoqimiuri daSla Caketili 

ciklia, radganac yvela amosavali reagenti gamoeyofa 

reaqciis produqtebs da brundeba ciklSi, wylis garda, 

romelic ixarjeba wyalbadisa da Jangbadis warmoqmnaze. 

reaqciis maqsimaluri temperatura (d reaqcia) ar 

aRemateba 700
0C-s da SeiZleba uzrunvelyofili iqnes 

TbomatarebliT, romlis temperatura birTvuli 

reaqtoridan gamosasvlelSi 800-900
0C-is doneze iqneba. 

 jerjerobiT mrewvelobaSi arcerTi Termoqimiuri 

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 

eleqtrolizis dros da 40-45%-s Seadgens. 

 wylidan wyalbadis warmoebis kombinirebuli 

meTodi emyareba procesis Termoqimiuri da eleq-

troqimiuri stadiebis kombinirebas. miaCniaT, rom 

kombinirebul meTods SeuZlia SeaTavsos orive meTodis 

Rirsebebi: eleqtroqimiuri meTodi yvelaze kargad aris 

aTvisebuli, martivia misi aparaturuli gaformeba, 

xolo Termoqimiuri ufro ekonomiuria, magram igi jer 

kargad ar aris aTvisebuli da Znelia samrewvelo 

realizaciisaTvis. magaliTisaTvis, moviyvanoT wylidan 

wyalbadisa da Jangbadis miRebis gogirdmJavuri 

kombinirebuli  meTodi.  es orsafe- 

 

xuriani procesia: pirveli safexuri  Termoqimiuria, 

romelic 900
0C-ze katalizatorze mimdinare en-

doTermuli reaqciaa: 

           

          222
900

42 2
10

OSOOHSOH C ++⎯⎯ →⎯        (a) 

 

meore safexuri eleqtroqimiuri procesia, romelic 

Cveulebriv temperaturaze xorcieldeba (≈250C-ze): 
 

          42222 22 SOHHeSOOH +=++ −
          (b) 

 

 (b) reaqcia praqtikulad mxolod eleqtro-

lizuri xerxiT SeiZleba ganxorcieldes, radgan misi 

wonasworobis mudmiva da wyalbadis Teoriuli gamo-

savali metismetad mcirea. 

 (b) reaqciisaTvis gamoangariSebuli daSlis Te-

oriuli 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. kombinirebuli 

sistemisaTvis energiis wyarod SeiZleba gamoyenebuli 

iqnes airovani birTvuli reaqtori, romelic procesis 

Termoqimiur safexurs narCeni Tburi energiiT 

moamaragebs, xolo eleqtroqimiurs – eleqtroenergiiT. 

 specialistebs miaCniaT, rom Termoqimiuri da 

eleqtroqimiuri procesebis kombinireba wylidan wyal-

badis  didmasStaburi warmoebis yvelaze  perspeqtiuli 

mimarTulebaa. 
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9.6. meurneobis qimizacia da 

sicocxlis uzrunvelyofis pirobebi 

 

 qimizacia ewodeba meurneobaSi qimiuri meTodebis, 

procesebisa da masalebis danergvas. mrewvelobis 

sxvadasxva dargebSi qimiuri meTodebis farTod danergva 

iZleva warmoebis ufro racionalurad marTvis, 

nedleulis yvela Semadgeneli nawilis gamoyenebis, mavne 

nivTierebebiT garemos gaWuWyianebis gareSe unarCenod 

muSaobis, ZiriTadi produqtis TviTRirebulebis 

Semcirebisa da, bolos, axali masalebis miRebis 

saSualebas. warmoebis qimizacia qimiuri progresis 

mniSvnelovani mimarTulebaa. 

 qimizacias uzarmazari mniSvneloba aqvs kaco-

briobis sicocxlis uzrunvelyofisaTvis da, uwinares 

yovlisa, kvebis produqtebiT dakmayofilebisaTvis, rac, 

pirvel rigSi, gamoixateba mineraluri sasuqebiT 

soflis meurneobis momaragebaSi. mineralur sasuqebze 

soflis meurneobis moTxovnilebis dakmayofilebasTan 

erTad matulobs mcenareebisa da cxovelebis zrdis 

stimulatorebis roli. qimikosebis winaSe dgeba iseTi 

stimulatorebis damuSavebis amocana, romlebic 

saSualebas mogvcems weliwadSi ramdenime mosavali 

aviRoT. magram dedamiwis mosaxleobis progresul 

zrdasa da miwaTmoqmedebisaTvis vargisi savargulebis 

SezRudulobasTan dakavSirebiT warmoiSva sinTezuri da 

xelovnuri sakvebis miRebis aucilebloba. ukve didi 

xania cxovelTa sakvebis fosforis naerTebiT Sesavsebad 

gamoiyeneba sakvebi precipitati 4CaHPO   da karbamidi 
( )22NHCO ,  rogorc organizmSi cilis sinTezis wyaro. 

 ukanasknel xanebSi daiwyo cilovani preparatebis 

farTo samrewvelo warmoeba mikrobiologiuri 

sinTeziT, romlebSic normalur (bunebriv) tem-

peraturaze moqmed katalizatorebad iyeneben fer-

mentebs. nedleulad, upiratesad, iyeneben navTobidan 

miRebul parafinebs, spirtebsa da organul mJavebs. 

saTbobad gamoyenebuli navTobi rom Seicvalos energiis 

sxva wyaroebiT, misi resursebi praqtikulad amouwuravi  

iqneboda sakvebisa da maRalmolekuluri naerTebis 

warmoebisaTvis. mikrobiologiuri sinTezisaTvis 

navTobis msoflio mopovebis mxolod 4%-is gamoyenebiT 

SeiZleba dedamiwis mTeli mosaxleobis uzrunvelyofa 

cilis racioniT, magram amJamad iwarmoeba mxolod 

cxovelebis sakvebisaTvis dasamateblad vargisi cilebi. 

mimdinareobs biologiuri sinTezis saSualebiT 

atmosferuli azotis sawarmoo SekavSirebis gzebis 

Zieba. amJamad kvebis mrewveloba ukve farTod iyenebs 

duRilis meTodebs spirtebisa da organuli mJavebis 

misaRebad. 

 sakvebi produqtebis warmoebis qimizaciis umaR-

lesi safexuri iqneba cilovani preparatebis qimiuri 

sinTezi. axla ukve muSavdeba mravali aminomJavis 

organuli sinTezis meTodebi, romelTa nakrebi SeZlebs 

nawilobriv Secvalos sakuTriv cilovani preparatebi. 

dadgenilia, rom adamianis sakvebSi aminomJavebis 

damateba adidebs mcenareuli cilebis aTvisebadobas. 

zogierTi rTuli cilebis sinTezi, romlebic 

aseulobiT aminomJavur naSTebs Seicavs, ukve 
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SesaZlebelia laboratoriul pirobebSi. muSavdeba 

cilebisa da Saqrebis balaxebidan, bostneulisa da 

merqnis narCenebidan, wyalmcenareebidan miRebis 

meTodebi. 

 qimiurad gadawyvetilia merqnidan hidrolizuri 

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 xdeba 

kacobriobis sicocxlisa da moRvaweobis yvela aspeqtSi. 

gansakuTrebiT mniSvnelovania am mimarTebiT 

maRalmolekuluri naerTebi plastmasis nakeTobaTa, 

rezinis, qimiuri boWkoebis, laqebis, saRebrebis, we-

boebisa da sxvaTa saxiT. Tanamedrove manqanaTmSenebloba, 

gansakuTrebiT satransporto, didi raodenobiT iyenebs 

maRalmolekuluri naerTebisagan damzadebul 

nakeTobebs; amasTan am ukanasknelTa roli ganuwyvetliv 

gaizrdeba liTonebis wilis Sesabamis SemcirebasTan 

erTad, uwinares yovlisa imitom, rom moTxovnilebebi 

konstruqciul masalebze progresulad izrdeba, 

liTonebis gamosadnobi madnebis maragebi ki sul ufro 

da ufro mcirdeba. aucilebeli gaxda xelovnuri da 

qimiuri boWkoebis, plastmasebisa da sxva polimeruli 

masalebis gamoyeneba tansacmlis, fexsacmlis da sxva 

saojaxo moxmarebis sagnebis dasamzadeblad, radganac 

SeuZlebeli Seiqna mosaxleobis moTxovnilebebis 

dakmayofileba sasoflo-sameurneo teqnikuri 

kulturebisa da mecxoveleobis produqciis xarjze. 

sinTezuri samkurnalo preparatebi da saRebrebi ufro 

mravalmxrivi moqmedebisaa, vidre bunebrivi. garda amisa 

isini, rogorc wesi, bunebrivze iafia da amitom 

dominireben xmarebaSi. 

 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, gamoyofen 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 wmenden fizikur-qimiuri 

da wminda qimiuri xerxebiT. 

 kacobriobis arsebobis uzrunvelyofa moicavs 

sufTa haerisa da erT sul mosaxleze energomomaragebis 

problemebs. orive es problema kompleqsurad 

gadawydeba qimiisa da qimiuri teqnologiis meTodebiT 

wyalbaduri energetikis ganxorcielebis gziT. amJamad 

Tburi energetikuli danadgarebi da satransporto 

Zravebis gamonabolqvi airebi aWuWyianebs atmosferos 

gogirdisa da azotis oqsidebiT, naxSirwyalbadebis 

arasruli wvis produqtebiT da, agreTve, mtvriT. 

wyalbadsa an meTanolze, rogorc sawvavze, gadasvlisas 

erTdroulad wydeba atomuri reaqtorebis 

gamouyenebeli siTbosa da dedamiwis wiaRis siTbos 
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utilizaciis problema. meore mxriv miiReba sufTa 

gamonabolqvi airebi. jerjerobiT ki warmoebaTa 

gamonabolqvi airebi unda gaiwmindos mavne 

minarevebisagan, da es keTdeba qimiuri meTodebis, 

katalizis, absorbciisa da adsorbciis gamoyenebiT.  
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