reagtori Sedgeba svetisa, TefSisa —cecx B rikebis
cxaurisa, romelic wyoburs iWers, wyoburisa da
sarwyavi ~ mowyobi B obisagan. reagtoris normalluri
muSaoba damokidebu B i1a wyoburis arCevaze.
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auci Bebelia, rom mas hgondes didi xvedriTi zedapiri,
Tavisufali moculoba, i1yos msubugi, gimiurad mdgradi
da iafFi. garda amisa wyoburi minimaBlur winaaRmdegobas
unda uwevdes airis nakads da kargad sveldebodes

230

SiTxiT. gamoiyeneba sxvadasxva formis wyoburi,
ZiriTadad foladis an keramikisagan damzadebuli
erTnairi simaRBisa da Siga diametris rgolebi

(hxd=100x100, 50x50 an 25x25). reagtoris muSaobis
intensifikaciisaTvis adideben airisa da siTxis nakadebis
siCgares da iyeneben specialluri tipis wyoburebs
(spiralurs, unagirisebrs da sxv.), romel Tac aqvT didi
Tavisuftali mocu B oba, mcire hidravl ikuri
winaaRmdegoba da iZBeva ufro intensiuri reJimebis
gamoyenebis saSua l ebas.

wyoburiani svetebi yvelBaze ufro gavrcellebulli
reaqgtorebia absorbciull-desorbciulli procesebisaTvis;
maT +FarTod 1iyeneben gogirdisa da azotis mJavebis
warmoebaSi, kogsis airis gadamuSavebis dros, organulli
sinTezis mravall procesSi da sxv.

Txevadi da airadi reagentebis monawi BeobiT
mimdinare procesebSi FfarTod iyeneben barbotaJul
reagtorebs. aseT reaqtors (nax. VIIL.11) SeiZleba
hgondes erTidan ramdenime aTeuBamde Tall Fagebiani an
sacrulli TefSi. procesis xasiaTis, mocemu Bi reagtoris
mgk-isa da saWiro selBeqciurobisagan damokidebu BebiT.
yovel TefSze airi disperhirdeba siTxis mocu ll obaSi
barbotaliT, e. 1. airis buStullebis gatarebiT TefFSze
Camomdinare siTxis  TFenaSi. yovel TefSze airi
urTierTgmedebs jgvaredini nakadis principiT, magram
svetis simaR B is mixedviT daculia winaRdenis principi.
barbotaJulli reagtorebi TarTod gamoiyeneba qimiur
teqgnoBogiaSi  mJavebis  koncentrirebisaTvis, sodis
warmoebasSi, disti Baciisa da reqtifikaciis
procesebisaTvis, org anull nivTierebaTa tegno B ogiaSi.

231



es reaqtorebi konstruqciullad ufro rTulia, vidre

wyoburiani

Gob. VIILTT, BoBragyognems Gasiimbos Bfumdarmemds:
- ewengpdeshe egydpdens g

svetebi,
did siZneBeebTan da xar jebTan,

maTi

[-a)

magram

isini

eqsp Buatacia dakavSirebullia

uzrun-
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- gy Jgdaske mamBe, 2 - mag;:n&ajn; 3 - aopsliolbiBqome Boeme
- Bopmygrme sofnlemgas, B - Lopme mapde [(Hemda),
6 - gogdrhidbdgmo dorma.
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velyofen siTxisa da airis didi raodenobiT gada-
muSavebas, muSaoben ufro intensiurad, iZBevian na-
revebis ufro Tagizad gayofis saSuallebas. Rru koSki
siTxis gaSxefebiT warmodgeni Bia VIII.12 naxazze. aseTi
tipis reagtorebSi Txevadi Fazis zedapiris ganviTareba
xdeba airis mocu Bl obaSi an nakadSi misi disperhirebiT,
e. 1. gaSxefebiT, pnevmaturi an meganikuri gziT -
gamtverviT. aseTi reagtori gamoiyeneba, magalliTad.
gogirdmJavis warmoebaSi.

gaftovani reagtoris mowyobi B oba naCvenebia VIII.13

naxazze. am reaqtorSi airi gadis qvemodan zeviT
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cxaurSi da masze myofi siTxis TenaSi iseTi siCgariT,
rom siTxeze airis xaxunis Zallebi awonasworebs mis
wonas. amis Sedegad warmoigmneba moZravi gaFis
Setivtivebuli1 Fena swrafad moZravi afskebis, wveTebisa
da siTxis WavBebis saxiT, romBebic mWidrod aris
areuli airis buStullebsa da WavBebTan. reagtoris
kveTSi airis siCgare SeiZlBeba i1yos 1-dan 3,5 m/wm-mde;
ufro didi siCgarisas gaFis Setivtivebuli Tena i1rRvea
da gaitaneba airisa da tivtivaris nakadis saxiT. airis
xar Jis ZBieri Semcirebisas ki xdeba barbotali da
siTxis mniSvne B ovani nawi B i gaedineba cxauris
xvre BebSi (gaJonva)

absorbciull-desorbciulli procesebisaTvis Ziri-
Tadad  iyeneben mravBTaroian qgafovan reagqtorebs
gadasasxme Bi milBebiT, zogjer ki gadasasxmeBi mow-
yobi B obis gareSe; am SemTxvevaSi mTelB1 Semosul1 siTxe
TandaTanobiT  gaedineba cxauris  xvrelebSi zeda
Tarodan momdevno qvemo Taroze airis Semxvedrad da
masTan urTierTgmedebiT yveBa Taroze warmogmnis qgaFis
Tenas. Taroebis ricxvi ganisazRvreba mocemuBi mgk-1T
da seleqciurobiT. miBovani reagtorebi (ix. nax. VII.4)
T-a sistemebisaTvis ZiriTadad ixmareba organul
nivTierebaTa tegno B ogiaSi pirolizis
maRa I temperaturulli procesebisaTvis; isini gamoiyeneba,
agreTve, absorbciull-desorbciulli procesebisaTVis,
magaliTad gBlorwyalbadis absorbciisaTvis mariBmJavis
warmoebaSi.

iseTi reagtorebis daproeqtebisaTvis, romBebSic
procesebi xorcieldeba airadi da myari reagentebis
monawi BeobiT, safuZvelia: a)kinetikuri kanonzomie-
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rebani, kerZod, myari nawiBakis zedapirze mimdinare
reaqciis  siCgaris ganto Beba; b) orive  Tazis
hidrodinamikuri reJimi  reagtorSi; g) monacemebi
sxvadasxva zomis nawi Bakebis masaBis TenaSi ganawi Bebis
Sesaxeb; d) monacemebi temperaturaTa ganawi Bebis Sesaxeb
da sxv. VII.14 naxazze moyvani Bia zogierTi tipuri

reagtoris sgema a-m sistemebisaTvis.

Bab. VIIL13. Jogyrogebo tampitentin:
1 - ghogdel 2 - ndogde grmenegn: 3 - gomololodgenn
ool 4 - Joagol meliothoogage geeamop.

arakatallizuri procesebis umravBesoba a-m
sistemaSi dafuZnebul ia qimiur reaqciebze da
mimdinareobs maRall temperaturaze. aseTi procesebis
gansaxorciellebel reagtorebs RumBebs uwodeben; maT
agqvT saerTo damaxasiaTebe i1 Tvisebebi.
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sanrewe Bo Rumeli aris aparati, sadac gamo-
muSavdeba  siTbo, romelsac TviT RumelSive iyeneben
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myari masallebis Thburi damuSavebisaTvis. masSi siTbo
gamoiyofa saTbobis wvis, egzoTermuli reagciis mim-
dinareobis, an eleqtroenergiis siTburad gardagmnis
xar gze. samreweBlo RumBebis gansakuTrebuli niSania
erT agregatSi sareaqcio aparatisa (gansazRvrulli
sawarmoo procesis ganxorcielleba) da energetikulli
mowyobi Bobis (siTbos gamoyofa da gamoyeneba) Serwyma.
amis Sesabamisad Rume s waeyeneba rogorc
teqgnoBogiuri, aseve energetikulli moTxovni Bebebi.
Tanamedrove samrewve Bo RumBebis konstruirebis dros
cdiBoben uzrunvelyon Semdegi moTxovnebi: 1) maRali
mwarmoeb Buroba: 2) energiis wyarodan gasacxelebel
masalaze, nakeTobaze an sareaqgcio narevze siThos
gadacemis maRalli1 intensivoba; 3) siThos gamoyenebis
didi koeFficienti Thuri danakargebis minimumamde
SemcirebiT da misi regeneraciis sxvadasxva Xerxebis
gamoyenebiT. 4) produgtis magsimaBuri gamosavalli misi
maRa ll i Xarisxis SenarCunebiT; 5) konstrugciis
simartive da saimedooba; 6) muSaobaSi mdgradoba; 7)
RumB is muSaobis avtomatizacia da meganizacia.

mrewve B obaSi gamoyenebu Bi maRall temperaturulli
procesebis gansakuTrebu B ma mrava I Ferovnebam
gamoiwvia xmarebu b1 Rum B ebis tipebisa da
konstruqciebis didi simravBle. samrewelo RumBebs
yofen sxvadasxva niSnis mixedviT: warmoebis dargebis,
Tburi energiis wyaros, gacxe Bebis wesis, tegno B ogiuri
daniSnu Bebis, CatvirTvis xerxisa da sxv.

siTburi energiis wyaros mixedviT arsebobs:

1. Tburi RumBebi, romBebSic iyeneben myar,
mevrisebr, Txevad da airad saTbobs.
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2. eleqgtrulli Rumlebi, romBebSic siThos wayro
aris elleqgtroenergia.

3. RumBebi, romBebSic salWiro temperaturas
aRweven mimdinare reaqciis siThos xarjze (almadnisa da
sxva  gogirdovani madnebis  gamosawvavi Rum B ebi,
brZmedebi, HBiTonebis gamosadnobi konvertorebi da
SXV.).

gacxe Bebis xerxis mixedviT RumBebi SeiZleba
1yos:

1. pirdapiri gacxellebis RumBebi, romlebic
iyofa Semdeg jgufebad: a) RumBebi, romBebSic ene-
rgiis wyaro uSuallod exeba gasacxelebel masallas
(magaBiTad, cementis RumBebi, kaBcinaciis RumBebi
Tixamiwis warmoebaSi, pirdapiri gacxelebis eleqtro-
rkaluri RumBebi); b) RumBebi, romBebSic Tburi
energia gamoiyofa gasacxelBebel masaBlaSi (magaliTad,
Saxturi RumBebi kazmis saTbobTan erTad gamosawvavad,
almadnis  gamowvisa da  meTanis  Termul-JangviTi
piroBizis RumlBebi); g) RumBebi, romBebSic Thburi
energiis wyarodan siTbo gasacxe Bebel masalas gadaecema
gacxeBebuli haeris an sacecxBis airis saSuallebiT; d)
RumBebi, romBebSic Tburi energiis mniSvnell ovani
nawi Bi1  gadaicema gavarvarebuli myari  sxeullebis
gamosxivebiT (gvirabRumBebi, anrekBi1 RumBebi).

2. arapirdapiri gacxelebis RumBebi, romlebSic
Tburi energiis wyarodan gasacxelebel masallas siTbo
gadaecema ked B ebis saSuallebiT (magal 1 Tad,
naxevradsakogsavi da sakogsavi RumBebi, RumBebi
garedan gacxellebiT, retortuli, tigelis, mufelis
Rum B ebi).
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sanrewe 8o  RumBebSi ganxorciellebulli  Tbo-
gadacemis procesebis kanonzomierebebi masagadacemis
analogiuria. pirdapiri gacxellebis Tburi Rumle-
bisaTvis, romBebSic siTbo gadaicema gacxelBebulli
alris an gamosxivebis saSuallebiT, Tbogadacemis zogad
ganto Bebas aseTi saxe aqvs:

Q = aFAt, (VII.1)

sadac Q aris drois erTeullSi gadacemulli siTbhos

raodenoba; At — ThbomatarebBisa da gasacxelebeli
masal is saSuallo temperaturaTa sxvaoba; F — masalis
gacxe Bebis  zedapirti; a - Thogacemis  koeFicienti,
romelic damokidebu I ia Thomatareb B isa da

gasacxe BebeBi masalis gadaadgi Bebis +FTardobiT siCg-
areze, maT simkvriveze, sibBanteze, Tbogamntarobis
koeFicientze, Tbotevadobaze, nawi Bakebis (wveTebis)
formasa da mdgomareobaze, RumBis konstruqciaze da
SXV.

masa- da Tbogadacemis procesebis intensiFikaci-
isaTvis am  RumBebSi iyeneben  Semdeg  xerxebs: 1)
Tbhogadacemis At mamoZravebeBi1 ZalBlis gadidebas
Thomatareb Bis temperaturis gazrdiTa da misi da
gasacxeBebel1 masalis winaRdenis gamoyenebiT (gvi-
rabRumBebi, doBuri, mbrunavi RumBebi); 2) Thocvlis
zedapiris gadidebas gasacxe Bebel i masal is
daqucmacebiTa da misi areviT Tbomatareblis nakadSi
(doRuri mbrunavi RumBebi), masalis gamtverviT an
SetivtivebiT airis nakadSi (nduRare +Tenis Rumiebi),
gasacxeBebeli  kazmis gaBRobiT  (brZmedebi, kon-
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vertorebi); 3) Tbogadacemis koeFicientis gadidebas
RumBis kedBebisa da kamaris gamosxivebis siTbos
gamoyenebiT (arekvBiTi RumBebi), macxeBebeli1 airebis
turbu lenturobis gadidebiT, Thogamtarobis
koeFicientis amaR BebiT gasacxe Bebel i masall is
galRobis dros da sxv.

arapirdapiri gacxelebis Thuri RumBebisaTvis

Q = K,FAt, (VIIL.2)
sadac K; aris Tbogadacemis koeFicienti. zogad
SemTxvevaSi:
_ 1
Ke=q4—51 (VI111.3)
4+ 4+
1 A a,
sadac a, aris Tbogacemis koeFicienti  Tbomata-
rebBidan kedeBze, romelic yofs gasacxelebelli
masa B isagan;  a, — Tbogacemis  koeFicienti kedBidan

gasacxe Bebel masall aze;
Thogamtaroba.
teqgnoBogiuri daniSnullebis mixedviT arsebobs
Semdegi  tipis RumBebi: RumBebi myari masallebidan
tenis mosaSorebBad, romlbebsac saSrobebs uwodeben;
macxe Hebe i  RumBebi masalebis gasacxelebBad maTi
agregatullt  mdgomareobis SeucvBellad (BiTonebis
Termul1 damuSaveba, minis gamowva); sa@lRobr Rumllebi
dasamuSavebe B 1 masalBebis gasal Robad (eBegqtroRumlebi,
bovebi); gamosawvavi Rum#ebri mineraluri nedBeullisa

O —kedlis sisge; A —kedlis
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da misi nakeTobebis gamosawvavad (aBmadnis, Kkirqvis,

keramikis gamowva), piro#lizis Rumllebr saTbobis
uhaerod Termuli1 damuSavebisaTvis da sxv.

Taroebiani meganikuri Rum B ebi miekuTvneba
pirdapiri gacxelebis RumBebs, gamosawvav masallaSi

egzoTermuli reagciis Sedegad siThos gamoyoFfiT. am
tipis RumBebSi reagentebis areva, dagucmacebu i1 myari
masa I 1sa da alris urTierTgmedebis zedapiris
ganviTareba da ganaxBeba xdeba meganikuri sarevebis
saSuallebiT, romBebic urevs da gadaaadgilebs myar
masaBas RumBis Taroebze (TaRebze) (ix. nax. VIII.14, g).
aseT RumBebs adre 1iyenebdnen almadnisa da sxva
sul Fiduri madnebis gamosawvavad Terad metalBurgiaSi,
gogirdmJavisa da celuloza-gaRaBdis warmoebaSi. am
RumBebs yveBlaze ufro rTulli konstrugcia aquT
sxvebTan SedarebiT da mcired intensiurni arian.
amitom. miuxedavad muSaobaSi mdgradobisa, maT sxva
tipis RumBebiT cvlian.

mtvrisebri gamowvis Rumeli (nax. VIII.15) muSaobs
wmindad daqucmacebuli  gamosawvavi masalis haeris
nakadSi1 gamtvervis principiT, reagentebis pirdapiri
nakadis mimarTulebiT moZraobisas. es aris pirdapiri
gacxe Bebis Rumeli, romeBic cxeldeba gamowvis dros
mimdinare egzoTermuli reagciis siTbos xarjze.
Rumel 1 warmoadgens Samotis aguriT amogebu 1
cillindrs, romelic aRWurvilia TrqvevaniT (saqSeniT)
almadnis gamtvervisaTvis, miByeBebiT airisa (haeris) da
myari masall is Sesayvanad da gamosayvanad. aseT RumBebs
iyeneben, magalliTad, aBmadnis gamosawvavad gogirdmJavis
warmoebaSi.
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mSrali FHRotaciuri allmadani +Frqgvevanas saSu-
alebiT haerTan erTad SeberviT Sedis gavarvarebul
Rume BSi. haeris WavBis dawneviT almadani adis RumlBis
zeda  nawi BSi, sadac  ereva gamowvis  procesis
gasaum j obeseb I ad Seberill damatebiT haers; es
grZeBdeba ramdenime wami (nawi Bakis Frenis dro).
warmogmni BT namwvi (myari naSTi) ecema RumBis Zirze,
saidanac gamoitvirTeba. airi 1000°C temperaturiT
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gamodis gverdiTi mi Bye B idan orTqglis qvab-
utilizatorSi, Semdeg ki miemarTeba mtvrisagan ga-
sawmendad. Setivtivebull mdgomareobaSi myofi nawi-

Bakebis didi reaqciisunarianoba iZlBleva am martivi
mowyobi Bobis RumBebis muSaobis maRali intensiurobis
miRwevis  saSuallebas. magram mtvrisebri  gamowvis
Rum BebisaTvis saWiroa wmindad dafqui ki mo-
nodispersiuli masala; didia masaBlisa da namwvis mEtvris
gatana airis nakadiT, ris gamoc RumBis muSaoba
mdgradi ar aris. amitom mtvrisebri gamowvis Rumlebma
TfarTo gavrcelleba ver hpova.

mduRare (Setivtivebull) Teniani
sgematurad warmodgenilia VII.16 naxazze. wmindad
daqucmacebu B'1 gamosawvavi masall is nawi B akebi
(magaliTad, 0,01-0,5 mm =zomis allmadani) uwyvetad
miewodeba gisosze, romBis qveSac haeri Sedis 1seTi
siCgariT, romelic uzrunve Byofs nawi Bakebis gadasv il as
Setivtivebul mdgomareobaSi, magram ar aris sakmarisi
RumBidan maT gasatacebBad. imyofeba ra mudmiv
pullsaciur mdgomareobaSi, nawi Bakebi amave dros
moZraobs gisosze, rasac Tan axBavs maTi iIntensiuri
gamowva. monodispesiul1 masaBlis SemTxvevaSi siCgareTa
samnuSao intervali metia, nawi Bakebis wataceba nak Bebi
da RumBis muSaoba ufro mdgradi.

mduRare  fenian RumBebSi
nawi Bakebis zedapiri (romellic

Rumel i

gamosawvavi  myari
ekvivalenturia
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TazaTa kontagtis zedapirisa) magsimaBuria da
mT Bianad "sveBdeba" airiT, didia orTfaziani garemos

turbullenturoba da minimaBuria difuzuri

asamgsnb

Bak, VI 16, aqﬂagﬁd& ﬂgﬂ;\gaﬁnﬂ tmEa'ﬂ'a E,oﬂmlmifaoan
ergdgepe
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Bombols delsoffermadamme Gbays; 5 - Bodfanl asdemlula-
preme Gognena yeba) B - ontaliogopme setonls asdmbols-
prenom; 7 - Bogyogetan [etmdemels Jacdols ligdegeo).

winaaRmdegobani, rac amaRBebs masa- da Tbogadacemis

koeFicientebs. reagentebis moZraobis Jvaredini

mimarTulebis gamo am RumBebSi uzrunvelyofilia
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maRal 1 mamoZravebeBli Zalla da procesis yvelaze meti

sisrulle. mduRare Tfenis RumBebSi temperaturuli
reJimi i1zoTermulia, rac aadvillebs masSi mimdinare
procesis marTvas. wis reag-
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ciis siThos 1iyeneben orTgBis misaRebad, amitom
mduRare +Tenis zonaSi aTavseben wyBis gasacxelebel
mi Bebs an orTqglis qvabis seqciebs. amn RumBebis naklia
airis didi damtverianeba (200 g/m*-mde).

S-m sistemaSi Casaterebel i procesebisaTvis
gamoyenebu i reagtorebi tipuri aparatebia romlebSic
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atareben  Fizikur  (Fizikuri  gaxsna,
kristalizacia) da gimiur operaciebs. aseTi

egstragcia,

his

babs. VI8, ﬁ:ﬂod@mﬁm ﬂ)@ﬁ)ﬂﬂﬁdﬁ-ﬂi’:ﬁn ogboom!
1 - Bojeapbapmn dotaoge; 2 - Bomhgqebe;

3 - ﬂdﬂﬁarﬂn @3?3335:’: b

procesebis umravBlesoba difuzur ubanSi mimdinareobs,
amitom reaqtorebSi iyeneben +F¥azaTaSorisi zedapiris
ganviTarebis sxvadasxva saSuallebebs da adideben orive
Tazis gadaadgi Bebis FardobiT siCgares. es saSuall ebebi
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ZiriTadad daiyvaneba myari masallis mFiltrav an
Setivtivebul FenaSi siTxis gatarebaze, an arevis
sxvadasxva Xxerxebze.

m¥i B travfeniani reaqtorebi, Cveullebriv Sedgeba
Rru cilindrulli korpusisagan, romhbis ZirSi
horizontalurad an daxrilad damagrebullia sacrisebri
an Tall Fagebiani TefSi (zogjer cecxBrikebis gisosi).
TefSze moTavsebulBia myari TForovani masalis TFena
(adsorbentis granulebi an cxoburis  natexebi),
rome BSic 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
mimarTu Beba da misi siCgare damokodebu Bia mFiltravi
Tenis simaRBesa da granullebis zomebze. ufro xSirad
siTxis nakadi gadis reagtorsSi zevidan  qveviT.
mFi B travfenian reagtorebSi axorcielleben sxvadasxva
adsorbciull procesebs, i1oncvBlas (magaBiTad, wylis

Serbi Bebas), cxoburebis gamotutuvas mari Bebis,
tuteebis, Tixamiwis da sxv. tegnoBogiaSi. FTorovani
cxoburebis gamosatutavi reaqgtorebis, e. w.

difuzorebis batarea, warmodgeni Bia VIII.17 naxazze.
difuzorebis aseTi kaskadebi muSaobs winaRdenis
principiT, e 1. yvelaze koncentrirebulli xsnari
gamohyavT boBo difuzoridan (siTxis svBis mixedviT)
da masSive tvirTaven axal cxoburs. pirvel i
difuzoridan gamotvirTaven damuSavebull  cxoburs;
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masSive miawvdian yve Baze sust xsnars (wyalls), romelic
koncentrirdeba reagtorebis batareaSi gavlisas.

myari  marcvBovani masaBlis siTxeSi Setivtive-
bu I Feniani uwyvetad momuSave reaqtorebi sull ufro
metad gamoiyeneba adsorbciisa da ioncvlis pro-
cesebisaTvis, cvlis ra mcireintensiur periodulli
mogmedebis m¥i I travfenian aparatebs. Cveu Bebriv
Setivtivebu I Feniani reagtorebi gamosadegia Txevadi da
myari reagentebis simkvriveTa mniSvne Bovani sxvaobisa da
am ukanaskneBis msxvili marcvBebis SemTxvevaSi. Tu
TazaTa simkvriveebi mcired gansxvavdeba da granulebi

mcire zomisaa, mizanSewonilia Sadrevnisebrfeniani
reaqgtorebi (nax. VI1I11.18). Sadrevnisebri Tena
Setivtivebulis saxesxvaobaa. misi gamoyeneba

gansakuTrebiT mizanSewoni Bia poRidispersiulll myari
masa Bebis damuSavebisas da roca sareagcio garemos
agresiullobis gamo ar SeiZlleba reagtorSi HRiTonis
gisosis dayeneba. Sadrevnisebrfenian reagtorSi xazovani
siCgare aTeulobiT sm/wm-ia, maSin roca Cveullebriv
Setivtivebul m-T FenaSi igi ramdenime mm/wm-s ar aRe-
mateba. amitom Sadrevnisebrfeniani reagtori muSaobs
meti intensivobiT da ufro mwarmoeb Buria.
meqanikursarevian da agreTve pnevmaturi arevis
reagtorebs FfarTod iyeneben S-m sistemaSi gansa-
xorciellebeli1 procesebisaTvis, kerZod gaxsnis, eQs-
trahirebis, ganotutvisa da polimerizaciisaTvis,

mari Bebis teqno B ogiaSi, hidrometallurgiasa da
organul  nivTierebaTa warmoebaSi. amave reaqtorebs
iyeneben  Txevad F¥azaSi mimdinare reaqciebisa da

Seurevadi siTxeebis urTierTgmedebisaTvis. sarevis T€ipi
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ganisazRvreba sareagcio garemos sibBantiT. mcire
sibBantis siTxeebisaTvis iyeneben propelerisebr (nax.
VIIL.5) da pnevmatursarevian (nax. VIII.6) reagtorebs.
saSuallo sibBantis siTxeebisaTvis 1yeneben
TrTebian an spiraluri tipis sarevebs. FrTebin
sareviani reagtori warmodgeni Bia VIII.19 maxazze.
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sareaqgcio garemos maRali sibBantisas 1yeneben
Ruzisebr sarevian reagtorebs (nax. VIII. 20). aseTi
tipis sarevs SeuZBia gauZBos did meganikur datvir-
Tvas. Ruzisebri sarevis TaTebs aqvs hidrodinamikuri
profilli, romelic 1i1ZBleva bHRant garemoSi arevis
minimaBuri daZabuBobiT Catarebis saSuallebas. sarevis
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gare nawiBebi TiTgmis exeba reagtoris kedBebs da
wmends mas myari masall is Fenisagan.

callkeul sarevian ragtorebs SeuZBiaT rogorc
periodulli, aseve uwyveti reJimiT muSaoba.

1
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procesis uwyvetobisa da produgtis maRalli gardagmnis
xarisxis misaRwevad minimaBuri sareaqgcio moculobis
dros iyeneben sareviani reagtorebis mimdevrobiT
SeerTebull sistemas (ix. VI Tavi, reaqtorebis kaskadi).

es xerxi amcirebs sareagcio narevis reagqtorSi yofnis
saerTo dros, romelic saliroa mocemuli1 gardagmnis
xarisxis misaRwevad.

Snekiani  reagtori (nax. VII.21) warmoadgens
varcls, romelSic horizontalur RerZze brunavs
spiraluri Sneki, urevs ra myar reagents (magalli-

Bob. VIIL21. BB fgdemtoe dammmgbBe aspbgmgbac.

Tad, marills) xsnarTan da gadaaadgi Bebs sareagcio masas.
gaxsnis procesis dasaCqarebBad reagentebs acxelleben
mwave orTqBiIT an gamaTbobelB i miBebiT (ganBagebulia

Snekis gverdebze), romBebSic cirkulirebs wylis
orTgli. Snekian reaqtorebs 1iyeneben, magaliTad,
bunebrivi mari Bebis gadasamuSaveb I ad, kerZod

siBvinitidan KCl-is cxeli gamotutvisaTvis. am
reagtorebis mwarmoebBoba maRalia, magram muSaobis
mcire intensiurobis gamo  didia maTi zomebi
(magaBiTad, diametri — 4 m, sigrZe 20 m).
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8.3. reaqtorebi katalizuri
procesebisaTvis

homogenuri katalizis reagtorebs ar agvT raime
gansakuTrebu B1 damaxasiaTebe Bi niSnebi. erTgvarovan
areSi  katalizuri reaqciis Catareba  tegnikurad
advillia da ar moiTxovs specialuri konstruqciis
aparatebs. reaqgtorebi, romBlebSic mimdinareobs
katalizuri procesebi airad +TazaSi, SeiZlBleba iyos
kamerebi, svetebi, miBebiani TbomcvBelebi da sxv. SO,
is homogenuri dalangva azotis oqsidebiT nitrozuli
meTodiT gogirdmlavis warmoebis dros xorcielldeba
rogorc Txevad, aseve, nawilobriv, airad TazaSic,
koSkebis wyoburis Tavisufall moculobaSi. ZmarmJavis
endoTermulli dehidrataciis process orTglis fazaSi,
trieTil Fosfatis katalizuri Tanaobisas, atareben
mi Bovan reagtorebSi, romBebic cxeldeba milTaSoris
sivrceSi mocirkulire sacecxBis airebiT. Txevadfazur
homogenur katalizur procesebs atareben sxvadasxva-
gvari amrevi mowyobi BobebiT aRWurvill reagtorebSi.
magaliTad, +¥fenolisa da Fformaldehidis polikon-
densacias wyallxsnarSi maril@mJavis (rogorc kata-
Bizatoris) monawi BeobiT atareben meganikursarevian
reaqtorsSi.

heterogenulli katalizis reagtorebi, gansakuT-
rebiT  sakomtagto  aparatebi, romBebSic  airebi
reagirebs myar katalizatorebze, specifikuri da
mravall ferovania. sakontagto aparati uwyvetad unda
muSaobdes, hqondes maRalBi intensiuroba, uzrunvelyos
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optimalurTan miax Boebu B i
(gansakuTrebiT tmperaturulli) reldimi.
heterogenullt  katalizuri reagciebis Casata-
rebel i1 reagtorebis djgufeba SeiZlBeba reagentebisa da
katalizatoris Tazuri mdgomareobis, katalizatorsa
da reagentebs Soris kontaqtis xerxis da Thomcvleli
mowyobi B obis konstruqciulli gaformebis mixedviT.
reagentebis Tazuri mdgomareobis mixedviT ga-
moyenebu Bi reagtorebi SeiZBleba daiyos oTx kHNasad.

I. moreagire are — airi, katalizatori — myari:
1) zedapiruli kontagtis sakontagto aparatebi:
katalizatorisagan damzadebulli milebi an badeebi; 2)
sakontagto aparatebi katal izatoris mFi I travi
(uZravi) feniT; 3) sakontagto aparatebi katalizatoris
Setivtivebuli FeniT; 4) sakontagto aparatebi moZravi
katal izatoriT.

Il. moreagire are — siTxe, katalizatori — myari:
1) aparatebi katalizatoris uZravi feniT; 2) apa-
ratebi katalizatoris Setivtivebulli  FeniT; 3)
aparatebi siTxeSi katalizatoris tivtivaris nakadiT;
4) sareviani aparatebi.

I1l. moreagire nivTierebebli — airebi da siTxeebi,
katalizatori — siTxe an myaris tivtivari siTxeSi: 1)
wyoburiani  svetebi (siTxisa da airis afskovani
kontaqti); 2) barbotaJulli svetebi (airis siTxeSi an
siTxisa da myaris tivtivarSi barbotali); 3) sareviani
reagtorebi.

IV. moreagire nivTierebebi — Seurevadi siTxeebi,
katal izatori — siTxe: sareviani reagqtorebi.

tegno B ogiuri
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sanrewe Bo kataBlizuri procesebis didi umrav-
Besoba pirvel jgufs miekuTvneba.
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zedapirulli  kontaqtis sakontagto aparatebi
mi Bebis an Dbadeebis saxiT ganBagebulli kataliza-
torebiT, romBebSic moZraobs airi, ufro iSviaTad
gamoiyeneba, vidre katalizatoris mFiltrav- an Setiv-
tivebu I Feniani aparatebi. zedapirulli kontagtis dros
katal izatoris zedapiri didi ar aris, amitom aseTi
aparatebis gamoyeneba mizanSewonilBia mxoBod swrafi
egzoTermuli reaqciebisaTvis, romBebic yzrunvelyofs

Teoriulis maxBobell gamosavalls. aseT pirobebSi ar
aris auci lebeli sakontagto aparatSi didi raodenobis
katalizatoris moTavseba. badisebrkatall izatoriani
sakontagto aparatis principulli sgema mocemullia
VIII.22 naxazze. aparatis korpusSi horizontalurad,
erTi meoris Tavze, damagrebulia ramdenime bade
(badeebis paketi), romBebic damzadebulia mocemuli
reaqciisaTvis agtiuri BiTonisa an Senadnobisagan. badis
zedapirTan airis Sexebis dro Seadgens wamis meaTased-
meaTiaTased nawilBebs. aseTi aparatebi mowyobilobis
mxriv martivi da maRaBmwarmoeb Buria. isini gamoiyeneba
platina-rodiumis  badeebze  amiakis  daJangvisaTvis,
vercxBis badeebze izopropillis spirtidan acetonis
sinTezisaTvis, spi BenZis an vercxhis badeebze
meTano Bis konversiisaTvis da sxv. amave procesebs sxva,
nak Bebad agtiuri, magram ufro iafi katalizatorebis
gamoyenebi T, atareben aparatebsSi, romBlebSic
katalizatori imyofeba mFiltravi an Setivtivebuli
Tenis saxiT.

m¥i B travfeniani reagtorebi  amJamad  yve Baze
metadaa gavrcelebuli. isini gamosadegia nebismieri
tipis katalizuri vreagciisaTvis. am aparatebSi myari
katalizatoris erTi an ramdenime ¥ena uZravad devs
gisosisebr sayrdenze (Taroze) an CatvirTullia mi BebSi.
uZrav katalizatorze gadis moreagire airebis narevi
idealuri gamodevnis maxBobelBi reJimiT. rac maRalia
katalizatoris Tfena, miT nakBebad SeimCneva airis
RerZulli areva da reagtoris gasaangariSeblad miT
ufro gamosadegia idealuri gamodevnis modeli.
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katal izators, rogorc wesi, agvs marcvlebis,
abebis, granullebis Fforma, ara nakBebi 4-5 mm-isa ganiv
kveTSi, radgan ufro wvrili nawi Bakebis SemTxvevaSi
mkveTrad izrdeba katalizatoris Tenis hidravlikuri
winaaRmdegoba da advi Bdeba misi Secxoba. CatvirTulli
katal izatoris raodenoba, Tenis simaRBe, ricxvi da
aparatSi maTi ganBageba damokidebulBia katalizatoris
agtivobaze, reaqciis xasiaTze, Thbocvlis pirobebze.
rac ufro agtiuria

Feon
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kataBizatori da metia reaqciis wonasworulli ga-
mosavali da siCgare, miT nakBebi sakontagto masis
CatvirTvaa saWiro aparatSi, miT nakBebi unda iyos
katalizatoris fTenis simaR le.
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sakontaqto aparatebis konstruqciis Tavisebu-
rebani damokidebuBia  Tbhomcvileli mowyobi B obis
konstrugqciull formebze. optimaBuri temperaturuli
reJimis SenanarCuneba yve Baze rTulli amocanaa
sakontagto aparatis konstruirebis dros. endo-



Termuli reaqciebis dros saWiroa siTbhos miyvana
kataBizis zonaSi; mravali katalizuri procesisaTvis
saWiroa temperaturulli relJimis zusti regulireba
Tanauri reaqciebis Tavidan asacillebBad. yvelBlaze Zneli

Casatarebel ia Seqcevadi egzoTermuli reaqciebi,
romeBTa  mimdinareobis dros saWiroa  aparatis
simaRBeze siTbos araTanabari intensiuri arTmeva
katalizis zonidan da am siTbos sasargebllod
gamoyeneba.

mFi B travfeniani reagtorebi Thomcvleli mow-
yobi B obis gareSe konstrugciis mxriv yve laze martivia.
isini muSaoben adiabaturi reJimiT, amasTan
temperaturulli reJimi regulirdeba mxoBlod amosavali
airis Sedgeni BobiTa da temperaturiT. aseTi aparatebis
gamoyeneba  SeiZ M eba: a) pragtikullad  Seuqcevadi
egzoTermuli reaqciebisaTvis, romBebic mimdinareobs
metad agqtiuri katalizatoris +TenaSi (nax. VIII.23),
magaBiTad, meTanoBis Formaldehidad daJangvisaTvis; b)
reagciebisaTvis reagentebis daballi koncentraciiT,
magal 1Tad, airebis katalizuri gawmendisas minarevebis
daJangviT an hidrirebiT; g) mcire Tburefeqtiani
egzoTermulli an endoTermulBi reaqciebisaTvis (nax.
VIIL.24). CatvirTulll katalizatoris raodenoba misi
mcire aqtivobis dros SeiZBleba ZBier didi iyos da
Tfenis simaRBe zogjer ramdenime metria. aseTi saxis
aparatebSi xorcieldeba adiabaturi reJimi; Sesabamisad,
egzoTermu 1 procesebis dros moreagire airebis tempe-
ratura katalizatoris TenaSi izrdeba x gardagmnis
xarisxis (mocemuli reagciisaTvis) proporciullad.
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temperaturis gadideba adiabaturi procesis Sedegad
SeiZleba gamoiTvalos FormuliT:

- - + q rCamXM ﬂ’
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(VII1.4)

sadac t, aris airis saboBoo temperatura katali-
zatoris Tenis gavlis Semdeg; t,, — alris sawyisi tem-

saw

peratura;, , =Q,G..,— reaqciis Thuri efeqti srulli
gardagmnisas erT mol produgtze; G —
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sareaqgcio narevis raodenoba;, ¢ — sareaqcio nharevis
siThotevadoba; x — gardagmnis xarisxi; C, — ZiriTadi
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amosavalli reagentis koncentracia aparatSi Semaval

narevSi; [ —koeFicienti, romelic udris erTi moli
amosavali nivTierebidan miRebuli produgtis mo Bebis
ricxvs.
aparatebi ThomcvBeli1 mowyobi Bobis gareSe adre
gamoiyeneboda naxSirJangis konversiis, eTilenis
pirdapiri hidrataciis, bunebrivi airisa da meTanis
konversiisa da sxva procesebisaTvis. am aparatebis
Rirsebaa konstruqciis simartive, magram isini srullad
ver uzrunve lyofen optimallur temperaturull relims,
amitom maT cvlian ufro efeqturebiT —
Thomcv el ianebiT.
arsebobs sakontaqto aparatebSi Tbocvlis ram-
denime wesi; amasTan sareaqgcio moculobaSi siThos
miwodebisa da mocilebis xerxebi erTnairia egzo-
Termuli da endoTermulli reagciebis Casatareblad.
katal izatoris mFilltravfeniani reagtorebis sanimuSo
k Basifikacia siTbos miwodebis (an moci Bebis) xerxebis
mixedviT, aseTia:
I. sakontagto aparatebi
miwodebiTa da moci BebiT,;
Il. sakontagqto aparatebi gare ThomcvlelebiT,
Ill. sakontaqto aparatebi Siga ThomcvBelebiT:
1. Taroebiani (siTbos safexurebrivi gamoyvaniT):
a) ThomcvlelebiT Taroebs Soris;
b) TarosSorisi gacivebiT civi reagentebis dama-
tebiTi SeyvaniT.
2. milovani (siTbhos uwyveti miwodebiT an ga-
moyvaniT):
a) katal izatoris moTavsebiT mi BebSt;

siThos perioduli

b) katalizatoris moTavsebiT milBTaSoris si-
vrcesSi.
IV. sakontagto aparatebi
xerxis kombinirebiT.
aparatebi siTbo 260 riodulli miwodebiTa da
moci BebiT gamoiyeneba, ...i1Tadad, egzoTermulli Kka-
talizuri reaqciebisaTvis. isini, rogorc wesi, erT-
Tenovania (nax. VIII.24), garedan dafarullia izolaciis
feniT.  aparatsSi, romBis gisosze moTavsebulia
katalizatoris fena, monacvBeobiT miawvdian xan
moreagire nivTierebebs, xan Thomatarebels (sacecxlis
airs, gadaxurebull irTqlls, haers). Tbomatarebeli
acxellebs kaatalizators, gisossa da amonagebs reaqciis
temperaturamde, ris Semdegac kvBav gaiSveba moreagire
airnarevi. katalizatori, gisosi da amonagebi siThos
akumu Batorebia. zogjer gisosze, katalizatoris Tfenis
qveS, yrian inertulllt masalis +¥enas, riTac adideben
aparatis saerTo siThotevadobas da misi muSaobis
periods. aseT aparatebs iyeneben naxSirwyall badebis
dehidrirebis, katalizuri krekingisa da sxva
endoTermul i procesebisaTvis, romBebSic aucillebelia

Thocvlis ramdenime

katal izatoris regeneracia reaqciis Tanauri
produqtebiT misi zedapiris bR okirebis gamo.
gareTbomcv B el ebian sakontagto aparatebSi

Thocvla xdeba kontaqtirebis stadiebs Soris opti-
maBuris maxBobeli +temperaturulll reJimis Sesanar-
CunebBad. VIIL.25 naxazze moyvani Bia kontaqtirebis
principulli sgema gare TbomcvBelebSti Sualleduri
ThocvBiT. aseTi sgema damaxasiaTebeBia  Seqcevadi
egzoTermu B 1 reagciebisaTvis.
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sakontagto aparatebis erT-erTi gavrcellebuli

tipia Tarovani aparatebi. maTi Tavisebureba isaa,
airi Tbeba an civdeba Taroebze mdebare katall izatoris
Tenebs Soris TviT sakontagto aparatSi sxvadasxva

ThomatarebBis an Tbhocvlis xer-xebis gamoyenebiT.

egzoTermu i reaqciebis Casatarebel i
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aparatis principuli sgema warmodgenillia
naxazze.

Tarovani

VIII.26

rom

xvrelebian Taroebs Soris, romBebzec ganlage-
bulia katalizatoris Tfenebi, moTavsebulia Tbo-
mcvBelebi. aseTi tipis aparatebSi yoveli qvemoT
mdebare katalizatoris Tena metia, vidre mis zemoT
moTavsebuli, e. i. i1zrdeba airis svlis mimarTulebis
mixedviT. ThbomcvBelis simaRBe ki izrdeba, radganac
gardagmnis saerTo xarisxis gadidebasTan erTad reaqciis
siCgare mcirdeba da, Sesabamisad, mcirdeba gamoyofili
siThos raodenoba. Thomcvilelebis mi B TaSoris sivrceSi
mimdevrobiT qvevidan zeviT gadis airis axali nakadi,
acivebs ra reaqciis produqgtebsa da cxelBldeba TviTon
reaqciis dawyebis temperaturamde.

did warmoebebSi, sadac iyeneben sakontagto
aparatebs 18 m-mde diametriT, aTasobiT milisagan
Semdgari Siga ThomcvBelebis dadgma ZBier arTullebs
konstrugqcias da aZnellebs  momsaxurebas, kerZod
damwvari mi Bebis SecvBas. amitonm Iyeneben  ka-
talizatoris 4-6 fenian sakontaqgto aparatebs da
gamotani I Thbomcvlelebs yoveli Fenis Semdeg.

kontagtirebis stadiebs Soris Sualleduri ga-
civebis sakiTxi zogjer wydeba katalizatoris Tenebs
Soris wylis macivrebis ganBagebiT (nax. VIII.27). zog
katalizur procesSi Sualleduri gaciveba SeiZleba
Catardes erT-erTi reagentis damatebiTi  SeyvaniT
kontagtirebis stadiebs Soris. aseTi reagenti SeiZleba
iyos civi airi, haeri, wyBlis orTgli, magaliTad,
naxSirJangis wy b is orTqhiT konversiis dros.
wya B badis warmoebaSi reaqciiT:

CO+H,0 » CO,+H,+Q,



wya Bbadis gamosavalli izrdeba wyBis orTglis siWarbiT.
amitom iyeneben sakontagto aparatebs —konvertorebs

(nax. VI1I1.28), romBebSic airi civdeba
A 263
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da damatebiT jJerdeba wyBis orTqRiT amaorTqHlebelSi
wyBlis aorTqglebisas. amaorTqglebeli moTavsebulia
rkina-gromis katall izatoris Fnebs Soris da

warmoadgens Taros inertulli wyoburiT, romellzedac
Trqgvevanis saSuallebiT gaSxefdeba wyalli.

Tarovan sakontagqto aparatebSi xdeba siThos sa-
Tfexurebrivi naxtomiseburi gamoyvana; katalizuri re-
agcia da ThocvBa mimdinareobs callcallke mimdevrobiT
ettapebad.
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mi Bovan sakontagto aparatebSi Tbocvla xdeba
uwyvetad da kataBlizur reaqciasTan erTdroulad.
aparatebi mi B ebSi moTavsebu B i katalizatoriT
gamoiyeneba rogorc egzoTermuli, aseve endoTermulli
reaqciebisaTvis. endoTermuBi reaqciebis dros aparatis
mi B TaSoris sivrceSi miawvdian sacecxBis airebs,
romelic gars uvlis katalizatorian millebs. zogjer
aseT1 aparatebi mowyobi-
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Bia amonakirSi Casmuli miBovani ThbomcvBelis TtTipis
mixedviT  (nax. VIIL.29). moreagire airi gadis ka-
talizatorian miBebSi TbomatarebBis Semxvedrad

da ganuwyvet Biv cxeldeba reagciis temperaturamde. am
principiTaa mowyobiBi sakontagto aparatebi butanis
dehidrirebis, meTanis katalBlizuri konversiisa da sxva
procesebisaTvis. egzoTermulli reaqciebis Catarebisas
mi Bovan aparatebSi ThbocvBa warmoebs katallizatorsa
da civ, jer kidev reaqciaSi Seusv@lel airs Soris.
kataBizatori imyofeba miBebSi, romelsac gars uvlis
civi airi, an miBTaSoris sivrceSi. aseTi aparatis sgema
naCvenebia VIII.30 naxazze. axalli airi, moZraobs ra
gqvemodan zeviT, gars uvlis zemodan Ria
kataBizatorian milebs, Semdeg Sedis maTSi, gaivlis
katalizatoris Tenas civi agentis mimarT Semxvedrad.
siTho ag gamoiyvaneba uwyvetad reaqciis procesSi.
miuxedavad amisa temperaturulll reJimi aseT aparatebSi
Sorsaa optimalurisagan da xSirad nak B ebad
xe Bsayrel ia, vidre Tarovan reagqtorebSi.
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konstrugqciullad ufro moxexebulia da xSirad
gamoiyeneba sakontagto aparatebi ormagi Thomcvleli
miBebiT da katalizatoris ganlBagebiT milTaSoris
sivrceSi. ormagi ThbomcvBeli milebi (nax. VIIL31)
ganWo Bavs gisosze ganBagebull katalizatoris +Tenas.
sakontagto aparatSi Semavalli airi gadis Siga
mi BebSi da Semdeg rgoBur sivrceSi Siga da gare
Thomcvlel - millebs Soris. amasTan airi Theba reagciis
temperaturamde, acivebs ra sakontaqto masas, da Semdeg
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Sedis katalizatoris fenaSi. aseT1 sakontagto aparatis
magaliTia saSuallo wnevaze momuSave amiakis sinTezis
sveti. am aparatebSi siThos arTmevis intensivoba da
temperaturaTa ganawi B eba katal izatoris Tenis
simaR Bis mixedviT ufro axBosaa optimalurTan, vidre
ubrallo miBovan aparatebSi. magram am aparatebsac aqvT
nak B ovanebebi: temperaturis araTanabari ganawi Beba
aparatis kveTis mixedviT, katalizatorisagan siTbhos
arTmevis arasakmarisi intensivoba, veeberTella
Thomcvleli elementebi da amis gamo katalizatoriT
dakavebu Bi sasargebl o mocu B obis Semcireba.

sakontagto  aparatebis konstruirebis dros
xSirad 1iyeneben ramdenime xerxis kombinirebas.

AT AT L]
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gvxvdeba, magalBiTad, miBovan-Tarovani aparatebi kata-
lizatoris CatvirTviT Taroebze da maT Soris
ganBagebull miBebSt (nax. VII.32), Tarovanebi - erT
aparatSi  kontagtirebis stadiebs Soris gacivebis
sxvadasxva xerxis SerwymiT da sxv. kombinirebull
mrava B safexurian aparatebSi SesaZBebelBlia optimalur
temperaturull reJimTan yvelBlaze ufro miaxBoeba sxva
tipis mFiltravfenian aparatebTan SedarebiT, magram
katalizatoris mFiltravfenian yvela aparats aqvs
nak B ovanebebi, rac axasiaTebs uZrav katalBizators da
aZnelebs katalizuri procesis Semdgom intesificirebas.
es nak B ovanebebia:

1. mFiltrav +TenaSi dasaSvebia katalizatoris
SedarebiT msxvilli (ara nakBeb 4-6 mm zomis) marcvlebis
an granullebis gamoyeneba, radganac ufro wrili
nawi Bakebis  SemTxvevaSi mkveTrad izrdeba  Fenis
hidravl ikuri winaaRmdegoba. katalizatoris msxvili
nawi B akebis Siga  zedapiri nak B ebad gamoiyeneba
kataBizis procesSi, rac amcirebs misi gamoyenebis
saerTO xarisxs.

2. muSaobis procesSi uZravi katalizatoris na-
wi Bakebi Seicxoba da itkepneba, ris Sedegadac 1zrdeba
aparatebis hidravlikuri winaaRmdegoba, i1rRveva airis
ganawi Bebis Tanabroba da mcirdeba katalizatoris
agtivoba.

3. katalizatoris forovan marcvilebs agvs daballi
Thbogamtaroba, ris gamoc Tbogadacemis siCgare Kka-
talizatoris +Tfenidan Tbocvlis zedapirze Zalian
mcirea. amitom SeuZlBebelBlia siThos intensiuri gamo-

yvana uZravi katalBlizatoridan da
Tanabari ganawi Beba uZravi fenis kveTSi.
4. Tbocvlhis cudi pirobebi

temperaturaTa

katal izatoris

TenaSi ar iZBeva temperaturis zustad regulirebisa

TU
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da optimaBuri temperaturulli relJimis Sena-

rCunebis saSuallebas. amitom, magaBliTad, egzoTermuli
reaqciebisaTvis, kontagtirebis maRall i Xarisxis



miRwevisas  SeimCneva  temperaturis
TandaTanobiT Semcirebis nacvlad.

5. uZravkatalizatorian aparatebSi SeuZBebelia
misi uwyveti regeneracia, rac aucillebelia organul
nivTierebaTa tegno B ogiis mravali procesisaTvis.

aparatebs, romBebSic katalizatori imyofeba
Setivtivebul (nduRare, T¥sevdoTxevad) mdgomareobaSi,
m¥i1 I travfeniani reagtorebis nacv B ad 1yeneben.
Setivtivebuli TFenis principi gamoricxavs CamoTviil
nak I ovanebebs da iZBleva  sakontagto aparatebis
konstruqciis mniSvne Bovani gamartivebis saSuallebas.
aseT aparatebSi, Cveulebriv, 1iyeneben wvriEmarcv il ovan
katalizators (nawi Bakebis zoma 0,5-2 mm; zogjger 3 mm-
mde da meti). wvrili nawi Bakebis Setivtivebulli Tena
warmoigmneba moreagire nivTierebebis airad (an Txevad)
nakadSi. amisaTvis airs atareben gvemodan zemoT katali-
zatorian gisosSi iseTi siCgariT, rom katalBlizatoris
nawi Bakebi  amoZravdes da mTelBi1 Ffena gadavides
Setivtivebul mdgomareobaSi. Setivtivebull fTenaSi Kka-
talizatoris marcvlebi gadaadgilBldeba yvella mi-
marTullebiT, asrullebs xazovan da grigalur moZ-
raobebs, ris Sedegadac Cgardeba reagentis difuzia
nakadis gulidan katalizatoris nawi Bakebisaken. Fenis
garegani saxe mogvagonebs mduRare siTxes. Setivtivebul
Tenas aqvs denadobis Tviseba siTxis msgavsad. pirveli
samrewve 1O gamoyeneba Setivtivebuli Tenisa,
navTobproduqtebis katalizuri krekingis dros,
gapirobebulli i1yo swored misi denadobiT, rac
auci Bebelia katalizatoris uwyveti regeneraciisaTvis.

gadideba  misi

katalizatoris Setivtivebull Ifeniani sakontagto
aparatis principulli sgema mocemulBia VIIL.33 naxazze.
aparatSi aris erTi an ramdenime gamanawi BebeB i1 gisosi.
moreagire airnarevi gadis qvemodan zemoT da yovel
Taroze warmogmnis Setivtivebul  fenas. reaqciis
produgtebi gamodis =zeda gafarToebuli nawiBidan.
gafarToebis daniSnu B ebaa airidan watacebu i
katal izatoris marcvilebis gamoyofa. katalizatoridan
siTbos mocilleba xdeba Tenebs SigniT moTavsebuli
wy Bis macivrebis saSuallebiT. Tbocvlis aseTi xerxi
iZBleva siTbos intensiurad mocillebisa da misi
regu B irebis saSuallebas Tenebis mixedviT. Thomcvileli
mowyobi Bobisa da mTHRianad sakontagto aparatis
konstrugcia martivia; ar aris saliro rTulli da
veeberTela Sualleduri gare da Siga Tbomcvilelebi;
Thocvlis saerTo TfarTobi nak B ebia, vidre
m¥i I travfenian aparatebSi. aseTi gamartiveba
SesaZBebel i1 xdeba Se-tivtivebulli Fenis gansakuTrebulli
Tvisebebis gamo. myari nawi Bakebis uwyveti moZraobis
Sedegad siTbo gadaitaneba konveqciiT da temperatura
fenis SigniT  Tanabrdeba. Tbogacemis koeFicienti
SewoniB1 fenidan Thocvlis zedapiris mimarT aTjer
metia. vidre m¥Fi B travi TenisaTvis. amitonm
SesaZBebelia Tenidan siTbos intensiuri gamoyvana 1ise,
rom ar gvegnes sakontaqto masis "Cagrobis" SiSi. izo-
Termuli reJimis wyalobiT aparatis yovel TenaSi
advillad xorcieldeba temperaturulli relJimis av-
tomaturi regulireba.

Sewoni B'1 Fenis umniSvne B ovanesi upiratesoba aris
katalizatoris mwarmoebBobis gadideba nawi lakebis



zomebis SemcirebiT da, Sesabamisad, misi Siga zedapiris
srulli gamoyenebis Sedegad optimaBlur temperaturasTan
didi miax B oebis pirobebSi.

Setivtivebuli TFfenis ZiriTadi nakBi uZravTan
SedarebiT aris mamoZravebeBi ZalBis Semcireba airis
ufro srulli arevisa da misi nawiBis FTenaSi msxvili
buStebis saxiT gavlis gamo. meore nak B ia
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katal izatoris marcv Bebis cveTa. Setivtivebulli

Tenisavis aucillebelia mtkice, cveTamedegi, wvrill-
marcv B ovani sakontagto masebi.
tegno B ogiuri procesis  pirobebis  mixedviT

gamoiyeneba Setivtivebu I Feniani aparatebi kata-
Bizatoris regeneraciis gareSe an uwyveti rege-
neraciiT (nax. VII.34). aseTi paratebi warmatebiT

gamoiyeneba procesebSi, romBebic moiTxovs katali-
zatoris ganuwyvetel Secvlas regeneraciisaTvis.
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moZravkatall izatorian reagtorebs farTod
iyeneben navTobproduqgtebis orTqgllfazovani  krekin-
gisaTvis, Tumca maTi gamoyeneba SeiZlBeba sxva pro-
cesebSic, sadac saWiroa katalizatoris uwyveti cir-
kuBacia reagtorsa da regenerators Soris. aq



isini  warmatebiT uweven konkurencias Setivtivebul-
fenian reaqtorebs. gamoiyeneba ori  tipis Setiv-
tivebu B Feniani  reaqgtorebi: a) airis nakadSi  Se-
tivtivebuli wvrilmarcvlovani katal izatoriT;

b) msxviBmarcvBovani kataBizatoris mkvrivi FeniT,
romelic eSveba Saxtur aparatSi zemodan qvemoT
moreagire airebis (orTglis) mimarT winaR1 an
pirdapiri deniT. danadgaris sgema katalizatoris

Setivtivebull i nakadiT  naCvenebia  VIII.35 naxazze.
orTqgRairnarevis siCgare imdenad didia, rom
katalizatoris marcvlebze airis xaxunis Zalebi

aRemateba marcvBlebis wonas. amis Sedegad daquc-
macebu Bi an mtvrisebri katalizatori moZraobs airis
nakadTan erTad, gamoyveba mas sakontagto aparatis zeda
gamosasvile B Si. katalizatoris ZiriTadi masa gamoeyofa
reaqciis produqtebs cikBonur separatorebSi da
eJeqtoriT gadaecema regenerators, sadac Setivtivebull
TfenaSi  haeriT amoiwveba katallizatoris zedapiridan
naxSirbadovani nivTierebebi. regenirebull i gavar -
varebulli katalizatori Wisa da mildgaris gavliT
gaiyvaneba nedBeullis orTql Tan Sesarevad da eJeqtoris
saSualebiT kvBav miewodeba reagtors.

moZravkatall izatoriani danadgarebis nakBia airis
nakadidan mtvrisebri katalizatoris srullad gamoyoTfis
siZnelle. am danadgarebSi did adgi s 1kavebs
katalizatoris mevris damWeri cik B onebi,
eleqgtrofil trebi.

Txevadreagentebian da myarkatall izatorian
procesebs SezRudulli  gamoyeneba agvs. am pro-
cesebisaTvis, 1seve rogorc airadi reagentebisaTvis,
reagtori  SeiZBeba Seicavdes katalizators mar-
cvlovani mFiltravi Tenis, Setivtivebuli Tenis an
katalizatoris tivtivaris nakadis saxiT. yvelaze
xSirad gamoiyeneba katalizatoris areva reagentebTan
sarevian avzebSi an avtok BavebSi.
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nedBeulli tegnol oglurl procesis erT-erTi
ZiriTadi elementia, romeBic mniSvneBovnad gansa-
zRvravs procesis ekonomiurobas, warmoebis tegnikasa da
produqciis xarisxs. ned#eulls uwodeben samrewvello
produqgtebis warmoebaSi gamoyenebu B bunebriv masall ebs.

sanrewe Bo produgciisa da, kerZod, qimiuri
produgciis asortimentis zrdis gamo warmoiSoba axali
saxis nedBeulis aucillebBoba. nedBeullis mopovebis,
momzadebis, gamdidrebis tegnikis ganviTareba 1i1ZBeva
iseTi axali saxis nedBeulis, sasargebBlo wiaRiseullis
gamoyenebis saSua Hl ebas, romelic sasargeb o
komponentebs SedarebiT mcire raodeno-biT Seicavs.
amrigad, qgimiuri mrewve Bobis nedBeu-0is  baza
ganuwyvet Biv FarTovdeba. mravali warmoebis amosavali
masalla aris nedBeulli, romelmac ukve ganicada
samrewve 1O gadamuSaveba; aseT ned Beulls
naxevarproduqgts (naxevarfabrikats an ZiriTad masalas)
uwodeben. zogierTi qgimiuri warmoeba nedBeullad
iyenebs sxva warmoebis narCenebsa da Tanaur produqtebs.

9.1. nedBeull is daxasiaTeba da maragi

gimiuri mrewve Bobis nedBeulls sxvadasxva niSnis
mixedviT aggufeben. warmoSobis mixedviT nedBeulls
yofen rogorc mineralluri, mcenareulli da cxoveluri.
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ufro metia mineraluri nedBeulli, e. 1. dedamiwis
gergidan mopovebu B i sasargebllo wiaRiseu 1.
agregatulli  mdgomareobis mixedviT asxvaveben myar,
Txevad (navTobi, mariBxsnarebi, wyali) da airad (haert,
bunebrivi airi) nedBeulls. Sedgeni Bobis mixedviT
ned Beulli iyofa organullad da araorganullad.
mineraluri nedBeulli, Tavis mxriv, iyofa madneul,
aramadneu l da sawvav ned Beu Bad.

madneul mineralur nedBeulls uwodeben iseTi
BiTonebis Semcvel mTis ganebs an mineralur agre-
gatebs, romelTa amoReba tegnikurad SesaZBebelia da
ekonomikurad xelsayreli. magaBiTad, rkina Sedis
magnitur rkinagvaSi FeOsis, wiTell rkinagvaSi FeOs-is,
mura rkinagvaSt Fe(OH)s-is saxiT da sxv. spilenZis
madnebi, Cveullebriv Seicavs spillenZis gogirdovan
naerTebs CuS-s, CuSs, FeCuS,-s da sxv. garda ZiriTadi
BiTonebis SemcveBi mineralebisa madnebs yove B Tvis aqvs
minarevebi. im manarevebs, romBebsac warmoebaSi ar
iyeneben produqgtebis misaRebad, FuW ganebs uwodeben.

madnebs, romBebic Seicavs ramdenime HBiTons
amoRebisaTvis sakmarisi raodenobiT, polinetalurs
uwodeben. maT miekuTvneba, magal iTad, ramdenime Feradi
BiTonis Semcveli madnebi: spillenZ-TuTiisa, tyvia-
TuTia-vercxBisa da sxv.

aramadneulls (an aralBiTonurs) uwodeben yvella
araorganull  nedBeulls, romellsac iyeneben qimiuri,
samSenebBl o da sxva araliTonuri masallebis warmoebaSi,
magram ar warmoadgens HBiTonebis miRebis wyaros.
aramadneuli nedBeullis didi nawilli aseve Seicavs
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BiTonebs (magaliTad, BiTonebis sullfatebi da
TosTatebi, aluminsi B ikatebi da sxv.).

sawvav minerallur nedBeulls, e. 1. organull wi-
aRiseul's: naxSirs, torTs, sawav TFiglebs, navTobs,
bunebriv  airs da sxv. 1yeneben rogorc energetikul
saTbobs an gimiur nedBeuls.

saWiroa aRiniSnos moyvani b1 kBasifikaciis pi-

robiToba, radgan sawvavi wiaRiseuli ar aris tipuri
minerali.

yveBlaze saerTo da gavrcellebulli saxis ned-
Beulia haeri da wyali. mSrali haeri Seicavs 78
moc.% N,-s, 21 moc.% O,-s, 0,94 moc% Ar-s, 0,03
moc.% CO,-s, umniSvnelo raodenobiT — wyallbads,
meTans, neons, helBiums, kriptonsa da gsenons. garda
amisa haerSi cvallebadi raodenobiT aris wylis orTqgli,
mtveri da airadi gamaWuWyianeb Bebi. haeris Jangbads
farTod Iyeneben Jangvis (maga B iTad, saTbobis)
procesebisaTvis, azots -— amiakis sinTezisaTvis. haers
iyeneben rogorc macivebel agents wylBisa da sxva
siTxeebis gasacivebBad SxefmacivrebSi da airebisaTvis -
ThomcvlelebSi. gacxeBebull haers iyeneben airebisa da
siTxeebis gasacxe Beb lad.

mcenareull da cxovelur nedBeulls (mergani,
bamba, zeTebi da cximebi, rZe, tyavi, matyli da sxv.)
amuSaveben kvebis (sakvebi nedBeul1) an sayofacxovrebo
da samrewveBo daniSnullebis produqgtebad (tegnikuri
nedBeulli). zogierT warmoebaSi sakveb nedBeulls
iyeneben tegnikuri produgtebis misaRebad, da piriqiT,
tegnikur produqgtebs gadaamuSaveben kvebis
produqgtebad. sxvadasxva eBementebisa da nivTierebebis
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ned Beullad gamoyeneba damokidebu B ia maT
Rirebu Bebaze, dedamiwis gerqgSi Semcve I obaze, mopovebis
xe Bmisawvdomobasa da im naerTebis xasiaTze, romBebSic
Sedis mocemulBi elementi. yveBla es maCvenebeli
SefardebiTia da drois mixedviT icvleba.

ned Beullis Rirebulleba warmoebisaTvis damoki-
debulia teqgnikis ganviTarebis doneze. magaliTad,
mravall i1SviaT HBiTons adre ar iyenebdnen, bollo
whlebSi ki gansakuTrebiT Zvirfasi da SeucvBleli gaxda
naxevargamtarebis  tegnikaSi, rogorc  Senadnobebis
danamatebi da sxv. ramdenime aTeulli wlis win urani
damamZimebe B 1 gadanayari i1yo radiumis miRebis dros,
dRes ki igi atomuri energetikis safuzZvelia. kall iumis
qRoridi gasull saukuneSi gamouyenebeBi1 narCeni iyo

si Bvinitidan (KCI NaCl) natriumis gloridis
ganoyofis dros. amJamad silvinitis damuSavebiT
miRebu K1 kaltumis qgloridi amosava B 1 masa  aa
kal Tumis mari Bebisa da mineralluri sasuqebis
warmoebaSi.

ZiriTadi elementebis Semcve loba dedamiwis gerqgSi
mocemu l1a IX.1 naxazze. rogorc am naxazidan Cans,
cxra elementi Seadgens dedamiwis gerqis masis 98%-ze
mets. sicocxBisaTvis 1iseTi mniSvne Bovani e lementi,
rogoricaa naxSirbadi, mxoBod 0,35%-s Seadgens da
dedamiwis gerqgSi Semcve Bobis mixedviT me-11 adgi l zea;
76 elementi, tyviis, vercxBiswyBisa da dariSxanis
CaTvliT, dedamiwis gergsi mxo 1 od 0,06%-is
raodenobiT Sedis.
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406380 - 49.13%

Bab. IX.1. ook Jojrb geodifidesrmn
Aazproed.

nedBeulis mopovebis xeBmisawdomoba ganisaz-
Rvreba, ZiriTadad, sabados geografiulli ganBagebiT,
sasargeb Bo nivTierebis koncentraciiT mis budobebSi
da nedBeullis miwis wiaRSi Cawolis SiIRrmiT.
magaliTad, +tTitani gabneulia dedamiwis q@ergSi da
ganekuTneba iSviaT HBiTonebs, Tumca misi Semcvel oba
dedamiwis gergSi (0,61%) orjer metia naxSirbadis
Semcve Bobaze.  titanisagan  gansxvavebiT, naxSirbadi
koncentrirebulia xeBmisawdom mcenareull, cxovelur
obieqtebSi da gansakuTrebiT saTbobisa da karbonatebis
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mZBavr sabadoebSi. dedamiwis zedapirze nedBeuli
uTanabrodaa ganawi Bebuli, anitom mravali saxe Bmwifo
ar aris uzrunvelyofilBli umniSvne B ovanesi  saxis
nedBeuliT. magaliTad, evropis did saxe@mwifoebs:
gfr-s, 1taliasa da safrangeTs aqvT metad SezRuduli
resursebi iseTi mniSvneBovani da strategiulli ned-
Beulisa, rogoricaa navTobi, bunebrivi airi, gogird-
Semcve B'1 naerTebi, azbesti, rkina, qromi, nikelBi, spi-
BenZi da sxv.

mineraluri nedBeullis msofBio mopoveba XX
saukunis pirvel naxevarSi 3,4-jer gaizarda, xollo
meore msofBio omis wHBebSi mravali sasargeblo
wiaRiseul1 mopovebuli iyo ufro meti, vidre Kka-
cobriobis mTeBi istoriis periodSi. wiaRiseulis
msoFfBio mopovebam 2000 wells TiTgmis 13-jer ga-
daaWarba 1950 wHBis dones. amave dros sasargeblo
wiaRiseulis mravall1 sabado ifiteba. yovel aTwleulSi
aucilebeli xdeba sull ufro ZneBadmisawvdomi da
miznobrivi komponentiT Raribi mineraluri nedBeullis
mopoveba da gadamuSaveba. ramdenadac gqimiur
mrewve B obaSi nedBeulli Seadgens produqciis
TviTRirebu Bebis 60-70%-s, misi swori SerCeva da
racionalluri, ekonomiuri gamoyeneba qimiuri
teqnoBogiis erT-erTi mTavari amocanaa. nedBeulis
probBemis ganviTarebis umniSvne Bovanesi tendenciebia:
1) ufro i1afi saxis nedBeulis gamoZebna da gamoyeneba;
2) koncentrirebulli nedBeullis gamoyeneba (ned Beulis
gandidreba); 3) nedBeullis kompBegsuri gamoyeneba;, 4)
sakvebi nedBeulis Secvla arasakvebiT da mcenareullisa
— mineraluriT. nedBeullis racionaluri SerCevisa da
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gamoyenebis yvella es mimarTu B eba
urTierTdakavSirebuBia. magaliTad, sakvebi nedBeulis
mineraluriT SecvlBa amave dros misi mkveTri gaiafebis
saSua 0 ebaa.

ufro 1iafi nedBeullis Zieba yvela warmoebaSi
sxvadasxva gziT warmoebs. zog warmoebaSi maRal-
xarisxovani nedBeulli, romelic Sor gadazidvebs mo-
iTxovs da 2Zviria, icvleba ufro 1iafi adgilobriviT
nedBeuliT. rig warmoebebSi iswrafvian speciallurad
mopovebu B'1 ned Beulis nacvlad gamoiyenon mrewve I obis
sxva dargebis narCenebi. ZalBlian didxans qimiuri
mrewve B obisaTvis saTbobis ZiriTadi saxe 1yo qvanaxSiri.
magram gaangariSebebma gviCvena, rom navTobis mopovebisa
da momzadebis TviTRirebulleba pirobiTi saTbobis
erTeulze 3,5-Jer nakBebia, vidre miwisqveSa gziT
mopovebul1 qvanaxSirisa, xoBo bunebrivi airisa 13-
jerac ki. amitom bolBlo wHBebSi mkveTrad gaizarda
navTobisa da, gansakuTrebiT, bunebrivi airis mopoveba.
gimiuri  mrewelobis mravali dargi, ZiriTadad,
viTardeba bunebrivi airisa da navTobgadamuSavebis
produqgtebis gamoyenebis safuZvelze, rac amcirebs
mravali produqtis TviTRirebullebas da saSuallebas
iZBeva mniSvneBovnad amaRBdes maRalmolBekuluri
masa Bebis warmoeba. kogsis airis bunebriviT Secvlam
TiTgnis orjer Seamcira amiakisa da, Sesabamisad, azo-
tovani sasugebis TviTRirebuleba. navTobgadamuSavebis
airebidan miRebulli1 eTilis spirti TiTgmnis 3-jer iafia
marcv leu Bl idan miRebu ll ze.

perspeqtivaSi yvela saxis saTbobi
gamoyenebu i  igneba, rogorc qimiuri

ZiriTadad
mrewve B obis

283

nedBeulli, energiis ZiriTadi wyaro ki igneba birTvulli
energia, mzis gamosxiveba, dedamiwis wiaRisa da zRvis
wy Bis siTho.

9.2. nedleullis gandidrebis principebi

gqimiuri warmoebebi, rogorc wesi, miiswrafvian
gamoiyenon rac SeiZleba koncentrirebulli nedBeuli;
es 1ZBeva procesebis intnsificirebisa da nakBebi
danaxar gebiT ukeTesi xarisxis produqciis miRebis
saSualebas. koncentrirebulli needBeulis saSuallebiT
SeiZleba zog procesebSi SevamciroT saThobis xarji
moreagire masaTa gasacxelebBad, sxva procesebSi Ki
ufro efeqturad gamoviyenoT reaqciis siTho,
magaliTad orTqglis misaRebad. bunebriv nedBeullSi
sasargeb Bo komponentebis SemcvelBloba xSirad ar aris
sakmarisi  misi  eFfeqturi gamoyenebisaTvis, amitom
nedBeulls winaswar amdidreben, e. i. adideben masSi
sasargeb B o komponentis Semcve Bl obas, an yofen ramdenime
nawi Bad, romBebic sxvadasxva warmoebis nedBeulebia.
mopovebis adgi B zeve ned Beulis gandidrebisas mcirdeba
gadamuSavebis adgilamde  transportirebis xarjebi
sasargeb o komponentis koncentraciis gadidebis pro-
porciullad. nedBeullis gandidreba aucilBebelia, rad-
ganac koncentrirebulli nedBeullis madani bunebaSi
TandaTan iFfiteba, mrewveBloba iZullebullia gamoiyenos
Raribi nedBeulli da sasargebBo komponenti gamoyos
didi raodenobis Tuwi ganebidan, romlebic
jJerjerobiT  gamouyenebeBia. nedBeullis mopovebis

284



adgi Bebze xSirad ageben did gamamdidrebel Tabrikebs,
romBebic kompBegsurad iyenebs ned Beulis gandidrebis
sxvadasxva meTods. gamdidrebis meTodebi principullad
gansxvavdeba myari masaBebis, siTxeebisa da airebisaTvis
(Txevadi da airadi nedBeullisaTvis gamdidrebas
koncentrirebas uwodeben). ganvixi BoT isini
TanamimdevrobiT.

myari mineraluri nedBeulli imyofeba dedamiwis
gqergsi mTis  JiSebis Semadgen I obaSi, romlebic
warmoadgens metad Tu nakBebad mudmivi Sedgeni Bobis
minera#ebs. minerallebs uwodeben bunebaSi arsebull
Tizikurad gankerZoebull nivTierebebs an maT narevs.
iTvlhian 2500-ze met mineralls, romBebic moicavs
organull da araorganull nivTierebebs. erTi da igive
elementi SeiZBeba sxvadasxva minerallebis Sedgeni I obaSi
Sediodes. myari nedBeullis meganikuri gamdidrebis
meTodebi  daFfuZnebulBlia mTis ganebis  Semadgene B i
minerallebis sxvadasxva Fizikur-qimiur Tvisebebze, xoll o
gimiuri gamdidrebis meTodebi, romBebic damyarebullia
myari  nedBeulis SemadgeneBi komponentebis gansxva-
vebull qgimiur Tvisebebze (Jangvadoba, reaqciis unari
sxvadasxva reagentebis mimarT) specifikuria da
ZiriTadad konkretulli warmoebebis aRwerisas gani-
xiBeba. Termuli gamdidrebis meTodebi damyarebulia
ned Beulis komponentebis gansxvavebull dnobisa da
daSHis +temperaturaze; Termuli gandidrebis meTodi
SedarebiT i1SviaTad gamoiyeneba.

gandidrebisaTvis mTis ganebs agucmaceben ise, rom
dairRves kavSiri FTuW ganebsa da sxvadasxva minerallebis
marcvilebs Soris, romelTac Semdgom yofen sxvadasxva
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meTodebiT. amasTan, miiReba ori an ramdenime T¥ragcia.
mTis gqanis erTi romeBime sasargebBo komponentiT
gandidrebul fraqcias (an ramdenime Traqcias)
koncentrati ewodeba; Tragciebs, romBebic mocemull
warmoebaSi jger kidev gamouyenebeBi minerallebis, e. 1.
TuWi ganebisagan Sedgeba, iwdebs uwodeben

myari  masallebis gamdidrebisaTvis, ZiriTadad,
negqanikuri meTodebi gamoiyeneba: gacra (gacxaureba),
gravitaciuli gayofa, elegtromagnituri da eleg-
trostatikuri separacia da FTHBotacia. gamamdidrebel
TabrikebSi mimdevrobiT 1iyeneben gamdidrebis ramdenime
meTods, magaBiTad, gacxaurebas, eleqtromagnitur da
gravitaciull xerxebs.

masa Bebis  gabneva  maTi nawi Bakebis  simsxos
mixedviT, rogorc gandidrebis meTodi, gamoiyeneba Tu
gani Sedgeba mtkice (bBanti) da aramtkice (msxvrevadi)
mineralebisagan; es ukanaskne Bni ufro advilad ifqgveba,
vidre mtkice minerallebi da gabnevis dros gadis sacris
xvre BebSi. magaliTad, ase gamoeyofa TFosForiti TFuW
gans. mineralluri nedBeullis gabnevas gacxaurebas
uwodeben, xoBo gamoyenebu i BiTonis sacrebs -
cxaurebs. masalis gatareba SeiZBeba ramdenime cxaursSi,
romel Ta xvrelebi TandaTanobiT viwrovdeba da miiReba
ramdenime Fragcia. gabneva gamoiyeneba agreTve metad Tu
nak Bebad erTgvarovani (Sedgeni Bobis mixedviT) masall is
dasaxarisxebBad marcvBlebis simsxos mixedviT (sacrulli
kBasifikacia); magaliTad, ase yofen naxSirsa da kogss
ramdenime Fragciad.

gamoyenebu B1 cxaurebi SeiZlBeba i1yos brtyeli an
cilindrulli. brtyell cxaura vyendeba mcire dax-
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rilobiT, raTa masze dacurdes msxvilli TFraqcia.
muSaobis dros sxvadasxva meganizmebis daxmarebiT cxaura
ganaobs an vibrirebs, rac xells uwyobs xvrelebSi
wrili marcvBlebis gasvlas. uZrav brtyel cxaurebs
iSviaTad iyeneben. cilindrulli cxaurebi cris mbrunavi,
xvre Bebiani cilindris SigniT Semavall masallas. ZBier
gansxvavebu B i formis Kkristalebiani masa B ebis,
magal 1Tad, azbestis, TFuWi ganebisagan gamosayofad
iyeneben Sesabamisi Formis xvreBebian cxaurebs.
gravitaciuli gandidreba (sveBli an mSrali)
emyareba siTxis an airis nakadSi, an centridanulli
Zalis mogmedebiT sxvadasxva simkvrivis an  SImSXos
nawi Bakebis vardnis gansxvavebull siCgares. am meTodiT
(iseve rogorc gabneviT) SeiZBeba 1iseTi masalebis
gayofa, romBebic mniSvne Bovnad gansxvavdeba simkvriviT
an simtkiciT. svel gandidrebas ufro xSirad wylis
nakadSi atareben. Tu wyalls SeuZBia gaxsnas an gaaFuWos
gasandidrebeBi masalla, maSin iyeneben sxva romelime
inertull siTxes an mSrali gamdidrebis xerxs. mSrali
gandidrebisaTvis saWiroa ufro wmindad daqucmacebulli
masalBa, vidre svelBisaTvis. mSrall gamdidrebas atareben,
Cveu Bebriv, haeris nakadSi an, iSviaTad, iyeneben 1iner-
tull airs. gravitaciull xerxs TarTod iyeneben ned-
Beullis gasandidrebBad silikaturi masallebis, mine-
raluri marillebis warmoebebsa da metalurgiaSi.
nawi Bakebis dalBeqvaze dafuzZnebuli svelli gravi-
taciulll gandidrebis sgema mocemulBia 1X.2 naxazze.
sareviani avzidan wyallSi  Sereul1 daqucmacebulli
masalla tivtivaris saxiT miewodeba vertikaBluri tix-
rebiT sam damBeqav kamerad gayofill sawdoms. yoveli
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kameris Zira nawilli aRWurvillia bunkeriT. yvelaze
mZime da msxvi B i nawi Bakebi swrafad iBegeba | kameraSi,
saSualloni - II-Si, xoBo msubugni — Il kameraSi; bolos,
ganis yveBaze msubuqi da wminda namcecebi sawdomidan
gayveba wyalls. principSi SeiZlBeba nebismieri raodenobis

Tragciebis miReba damBegavi kamerebis raodenobis
mixedviT. umartives SemTxvevaSi erT kameraSi
aTavisuf 0 eben ZvirTFas mineralls aramkvrivi FuWi

ganisagan (magaBiTad, Tixisa da HNamisagan), romelic
wyalls miagvs simRvrivis saxiT. aseT xerxs ganBeqva
ewodeba.

@oddernene
obe M0

Bob, 2.2, lsﬂﬂ;-_*_:m aﬁnan@ounmn aoaggngﬁnﬂ-
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{Bbbgoomdoth yqemmaebe) ethodioe; 2 - boBar
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aevensebe efaadiyed,
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arsebobs sveli gravitaciulli gamdidrebis mra-
val1 tipis mangana, romelTa muSaoba dafuznebulia
nakadSi nawi B akebis da B eqvaze: hidravl ikuri
k BasiFikatorebi, xreSsarecxebi, sakoncentracio ma-
gidebi, salleqi manganebi da sxv. hidravBikur kHasi-
TikatorebSi (nax. 1X.2) ufro msubuqi Fraqciis dalleqva
advi Bdeba damBegavis gafarToebis saSuallebiT nakadis
siCgaris Semcirebis Sedegad. iyeneben agreTve dalleqvis
siCgaris regu B irebis meTods bunkeris  Ziridan
damatebiTi reguBirebadi wyBis nakadis SeyvaniT an
damBegav kamerebSi Rru sacavebis (varcBebis) Cayursvis
xerxs, rac amcirebs damBegavis kveTs da, Sesabamisad,
adidebs nakadis siCgares.

Yo
Bob. [X.3. dnmtoeyyngemmbols li]nds:
1 - pypbyopmapon [prodols) Sopmo; 2 - @obiofn] 3 - aomdelss-
doaﬂt‘;m: o= E,"'lj"ﬂm‘ﬁn l?diaaﬁﬁdnnli ﬁalﬁol}ﬂmqn: & - Eli'ﬂ-
dade (Gafnmdotmeaemmaebo) amadgecl asdmlsliemaemn, a - Oder
& go]gecl (30845megpdgeme Ligsdbionl) aodmlklgengee.
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Zalian efeqturia centridanulli hidravlikuri

kBasifikatorebis gamoyeneba. centridanulli  Zalis
mogmedebaze dafuZnebulli kBasifikatoris magaliTia
hidrocikoni. am aparatsSi xdeba suspenziis

(tivtivaris) gayofa or nakadad, romel Tagan erTi Se-
icavs ufro msxvill, mZime +Fragcias, xolo meore -—
msubug, wvrill, Setivtivebull nawi lakebs.

hidrocikBons (nax. 1X.3) agvs konusuri da
cilindrulli nawi Bebi. gasayofi t€ivtivari wneviT mi-
ewodeba cilindrull korpuss gverdiTi mi B€uCiT mxebis
mimarTu BebiT. nakadis brunvisas hidrocikBonSi mZime
nawi B akebi centridanulli ZalhiT ganityorcneba
ked Bebisaken, moZraobs spiraluri tTraeqtoriiT da
miemarTeba aparatis qveda nawi lisaken gamkvrivebulli
pullpis saxiT. siTxis ZiriTad nawi BSi Setivtivebuli
wvri i, msubugi nawi Bakebi moZraobs Siga spirallur
nakadSi, adis centralluri (Bamis) miBiT gadmosasxme ll
kameraSi da gamodis iqgidan wminda t€tivtivaris nakadis
saxiT. cikBonis gamyofi mogmedebis regullireba SeZHleba
centralluri milis CaSvebis simaRBisa da msxvili
Traqciis mosaci Bebeli1 cikBonis gamosasvleli nawilis
kveTis cvBilebiT. am aparatebs agvs ufro maRali
mwarmoeb Buroba da, Sesabamisad, nakBebi gabaritebi,
vidre k BasiFikatorebs, radganac centriskenulli
aCgareba hidrocikBonSi mravall Jer aRemateba simZimis
Zalis aCgarebas nawi Bakis daleqvis dros.
hidrocikBonebis mwarmoebBuroba ganisazRvreba em-
piriullt FormuliT aparatSi gamavalll suspenziis mo-
cu Bl obis mixedviT:
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L =094d.d, /P, (1X.1)

sadac L aris gasayofi suspenziis mocullobiTi xarji,
m/sT; d; — SesasvBeli milis diametri, sm d, -

centralluri (Bamis) milis diametri, sm; P - Warbi
wneva SesasvBelBi milis win.

saleq manganebSi minerallebi gaiyofa pullsirebul
wyBis WavBSi. pullsacia igmneba sxvadasxva XxerxiT,
magaliTad, dguSiT an gisosis rxeviT, romellzedac
moTavsebu B ia gasandidrebeli1 masalla. ori mineralis
narevs CatvirTaven suspenziaSi, romellsac aqvs ufro
meti simkvrive, vidre minerallebis narevis erT-erT
Semadgenel nawills da ufro nakBebi, vidre meores.
msubugi mineralli amotivtivdeba, mZime — iZireba. mZime
suspenzia mzaddeba wmindad dafqvi ki masal is
(Ferosi biciumis, kvarcisa da sxv.) wyalSi aTqveFiT.
sahaero gamdidreba svelBis msgavsia, aseve gamoiyeneba
k BasiFikatorebi, magidebi da  saleqi manganebi;
gamoiyeneba sahaero separatorebic, rombBebic xSirad
ixmareba daqucmacebis Semdeg masalis dasaxarisxeblad.
centridanulli tipis sahaero  separatoris  sgema
mocemuBia [X.4 naxazze. wmindad dafqgvilli masalla
miewodeba TefSze da ganityorcneba Siga konusis kveTSi.
wvri i nawi Bakebi waritaceba ventiBatoriT Segmnilli
haeris nakadiT zemoT, gadaityorcneba gare konusSi,
CamoeSveba mis kedBebze Zirs da gamodis wvrili
marcvilebis saxiT. msxvilli nawi Bakebi cviva Zirs da
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gamodis  Siga cilindridan. haeri cirkul irebs
separatorsSi.

eleqgtromagnituri gamdidreba gamoiyeneba mag-
nitmgrZnobiare masallis gamosayofad aramagniturisagan,
magaBiTad, magnituri rkinagvis, gromovani rkinaqgvis,
rutilisa da sxva magnituri masa B ebis
gamosaca Bl kevebBad FfuWi ganebisagan. magnituri sepa-
ratoris mogmedeba naCvenebia [IX.5 naxazze. arsebobs
sxvadasxva konstruqciis separatorebi. xSirad magnitur
separatorebs 1iyeneben dasamsxvrevad mimaval1 masall idan
Tfoladis sxvadasxva sagnebis mosacBebBad, romlebic

ganSi xvdeba ned Beu B is mopovebis dros. aseTi sagnebis

ESEBHNISNE SN0 AT
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1 - a%ﬂhan r:-:-ﬂ:ﬂ'ar:{ 2 - gifromechonthel athagbe
3 = gathy goBebn; 4 o« Bhaa geBefin,
msxvrevanaSi moxvedra iwvevs mis dazianebas.
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elegtrostatikuri separatorebis daniSnu lebaa
sxvadasxva elBeqtrogamtarobis mgone masalebis gayoTfa.
maTi mowyobi Bobis principi iseTivea, rac magniturisa,
magram magnitis nacvBad dayenecbullia elegqtrodi,
romelic mierTebullia eleqtrodenis gammarTvelis
uaryofiT poBRusTan. maRali elegqtrogamtarobis mgone
mineralebis  nawi Bakebi imuxteba uaryofiTad da
ganityorcneba moSorebu i bunkersSi, xollo
dielegtrikebi cviva transportioris HBentis qveS
moTavsebu lI bunkerSi. ase SeiZlBeba  gancalkevdes
eleqgtrogantari madnebi dieleqgtrikulli ganebisagan
(kirqgva, silikatebi da sxv.).

Bab. [X.5 ﬂqﬂj@ﬁmﬂoaﬁn&%n bﬂaaﬁm@mﬁml}
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THlotacia nedBeullis gandidrebis erT-erTi
yveBlaze ufro gavrcellebulli xerxia, romellsac didi
masStabebiT iyeneben. gamamdidrebel TabrikebSi

Thlotaciuri meTodiT yofen poRimetalur sullfidur
madnebs  ramdenime  Fragciad, acalkeveben apatits
nefe B inisagan, Rebu B oben gogirdis koncentrats misi
madnidan, amdidreben qvanaxSirebs da mravall ricxovan
mineralebs sxvadasxva mariBebis warmoebaSi. FHotacia
damyarebu B ia mineralebis wyBiT sxvadasxva
dasve I ebadobaze.
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mineralebis dasve Bebadobis ZiriTadi maCvenebell ia
dasveBebis kidura ©O kuTxis sidide, romelic
warmoigmneba myari zedapiris dasvelebis perimetris, e.
i. myari sxeu B i-siTxe-haeris gamyofi xazovani zedapiris
gaswvriv. IX.6 naxazze naCvenebia mdgomareoba sami Fazis
— myari-siTxe-haeris —  sazRvarze. aradasve lebad
nawi BakTan (1) siTxe warmogmnis blagv © kuTxes, xolo
dasve BebadTan (2) — maxvills. zedapirulli daWimu B obis
Zalebi cdilobs siTxis donis gasworebas, ris Sedegadac
aradasve Bebadi (hidrofoburi) nawi Baki amoityorcneba
(amocurdeba) siTxidan, xolBlo dasvelebadi (hidro-



Tiluri) masSi iZireba. rac ufro mcirea nawi Baki, miT
metia misi zedapiris Tardoba moculobasTan (da
masasTan) da miT metad igrZnoba dasveleba. amitom
THlotacias win uZRvis minerallebis daqucmaceba
nawi Bakebis zomiT 0,1-0,3 mm-is zRvrebSi. wvrili
hidrofoburi nawi B akebi amocurdeba zedapirze
simkvrivisagan damoukidebBad. amrigad fHotaciis dros
araiSviaTad amotivtivdeba sasargebBo minerallebis
ufro mZime hidrofoburi nawi Bakebi, FuWi ganis ufro
msubuqgi nawi Bakebi ki iZireba, ramdenadac isini mainc
wya ll ze mZimea.

THlotaciis dasaCgarebBad  1iyeneben  sxvadasxva
tegnologiur xerxebs. myari daqucmacebuli masalis
wyaBnarevSi atareben haers wvrilli buStebis saxiT.
wyBisa da yovel1 buStis sazRvarze mimdinareobs ukve
ganxi Bulli movBenebi (ix. nax. 1X.6). Sedegad buStebi,
amodis ra wyallSi, Tan waritacebs hidrofobur
nawi B akebs. rac metia mineral is nawi Bakis

hidrofoburoba (aradasve Bebadoba) da kidura O kuTxe,
miT metia nawi Bakze buStis miwebebis perimetri da misi
amotivtivebis allbaToba.

nawi Bakebis amotivtivbis Sedegad wylis zedapirze
warmoigmneba e. w. mineralizebull1 gafis fena, romelic
savsea hidrofoburi mineralis nawi BakebiT; sxva, ufro
dasve Bebadi mineralebis nawi Bakebi ki rCeba pullpis
mocu B obaSi Setivtivebull mdgomareobaSi da
TandaTanobiT  eSveba Zirs. magram moZravi qafFi,
romelic Seigmna mxoBod hidrodinamokuri pirobebis
(barbotaldis) xarjze, advillad irRveva, misi buStebi
swrafad erTdeba. garda amisa minerallebs iSviaTad aqvT

bunebrivi FfHRotirebis wunari, e. 1. rogorc wesi
mcired gansxvavdeba dasve Bebis unaris mixedviT. amitom
THlotaciis xelsayreli1 pirobebis SesagmneBad pu Bl paSi
SehyavT  sxvadasxva FHRotaciuri reagentebi. haeris
buStebis mdgradobis gasadideb lad da pu B pis
zedapirze maTgan stabi Buri gafFis warmosagmne Bad masSi
umateben gafwarmomgmne Bebs, e. i. zedapirulad agtiur
nivTierebebs, romBebic buStebis zedapirze warmogmnis
adsorbciull afsks. gafwarmomgmne Bad iyeneben FiWvis
zeTs, qvanaxSiris Tisis zogierT Ffragcias, merqnis
kuprs da sxv.

callkeuli minerallebis hidrofoburobis asama-
REBebBad pullpaSi SehyavT ko Beqtorebi (Semgroveb lebi),
e. 1. nivTierebebi, romBebic adsorbirdeba
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erT, romelime minerallze, faravs ra mis zedapirs hi-
drofoburi afskiT da ar adsobirdeba sxvaze. Sedegad
hidrofoburi nawi Bakebi grovdeba buStebis zedapirze
da amotivtivdeba. Tl otoreagent-ko Beqtorebis
gamoyeneba 1ZBeva rTL 7 mineraluri nedBeulis
selegciurad THotaciis sallebas, e. 1. SeiZleba
mimdevrobiT gamoiyos koncentratebis amotivtivebuli
Tragciebi.

gasayof qganSi SemavaBli sxva minerallebis hid-
rofilurobis gasadidebBad pullpaSi umateben Cam-
xSobebs, romBebic axSobs amotivtivebis SesaZlebll obas.
gamosayoTi minerall isagan damokidebu BebiT
Semgroveb Bebad ixmareba oMBeinis mJava, nafFtenuri
mJavebi da asimetriulll struqturis sxva organuli
nivTierebebi, romeB Tac agqvT mcire polarulli da didi
arapolarulli nawiBebi. adsorbciis dros polaruli
Jgufebi SerCeviTad magrdeba minerallis zedapirze,
arapolarullebi ki orientirdeba wylBis mxares da gmnis
hidrofobur garss. zedapirullad agtiuri reagentebis
— gafwarmomgmne Bebisa da SemgrovebBebis — gamoyeneba
mkveTrad cvlBis zedapirull daWimu B obas da dasvelebis
kidura © kuTxes, e. 1. gadaanacvBlebs wonasworobas
fazaTa sazRvarze da adidebs TfTHRotaciuri procesis
siCgares. CamxSobebad iyeneben sxvadasxva e Begqtrol itebs,
romel Tac SeuzBia gaaZBlieros mxoBlod garkveuli mi-
nerallebis hidrofiluroba: kirs, sull fitebs, cianma-
rillebs da sxv. ganmeorebiTi FHBotaciis dros, rasac
atareben pirveli THRotaciisas CaZirulli minerallebis
gasayofad, 1yeneben CamxSobebis mogmedebis

gamaneitrallebell nivTierebebs - agtivatorebs,
magaBiTad, gogirdmJdavas. xSirad pullpaSi umateben
rgulatorebs (sull fatebs, sodas da sxv.), romlebic
xells uwyobs sxva TFTHRotaciuri reagentebis zemog-
medebas.

amrigad, atareben ra kompBegsuri nedBeulis,
magaliTad. polimetaBluri gogirdovani madnebis, se-
Beqciur (SerCeviT) THRotacias, qgafTan erTad mim-
devrobiT Rebuloben amotivtivebuli koncentratebis
rigs, ris Sedegadac wyBis qveS rCeba FuWi gani -—
THlotaciuri kudi. amasTan, FTHRotaciuri reagentebis
saerTo xarji didi ar aris da 1 t ganze 100 g-s ar

aRemateba. safFBotacio nedBleulls jJer amsxvreven,
Semdeg ki  wmindad  fqvaven. dafqvil gansa da
T 1 otoreagentebian wyall's miawvdian THlotaciis

manganas. gamoiyeneba ori tipis TFHotaciis manganebi:
kamerulli - pullpisa da haeris meganikuri areviT da
varcluri — pnevmaturi (haeriT) areviT. haeramrevian
manganebSi (nax. 1X.7) daqucmacebuBi gani Sedis pu B paSi
da ereva imave haers, romelBic xmardeba hidrofoburi
nawi Bakebis amotivtivebas. haeri saerTo milidan -
koleqgtoridan — buStebad gamodis wvrilli miBIT.
buStebi, amodis ra =zeviT, Sua, viwro ganyofi BebaSi,
waritacebs pullpasa da qafs, romelic dagrovebis
Sesabamisad gaiyvaneba RariT. qgafi iSHBeba da miiReba
sasargebBo minerallis Semcveli1 koncentrati. koncen-
trati wyalls gamoeyofa sawdomebSi da Filltrebze,
Semdeg ki Sreba cxelli1 sacecxBis airebiT sxvadasxva
konstruqciis saSrobebSi. ganis dasvelBebul1 nawili,
romelic, Cveullebriv kudebs warmoadgens, gamoiyvaneba
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pullpis saxiT manganis qveda nawi Bidan. mravall Jeradi
THotaciis dros qanis es nawi Bi, Sesabamisi reagentebis
damatebis Semdeg, gaivlis selleqciuri FTHRotaciis
Semdeg etaps. ubrallo (koleqtiuri) FHRotaciis dros
sasargebBo  komponentis Semcveli kudebi igzavneba
daleqgvasa, Filltraciasa da Srobaze. Tu kudebi FuWi
gania, 1s igzavneba gadasayrelad.
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kameru 1 t€ipis manganebSi puBpis haerTan areva
xdeba meganikuri sarevebis saSuallebiT. mangana Sedgeba

299

erTmaneTTan SeerTebuBi kamerebis rigisagan, romlebsac
mimdevrobiT gaivlis saFBlotacio pull- pa. kamerebs
SigniT da ziarkamerebs Soris moTavsebu Bia xvreBebiani
diskoebi, gisosebi, t€ixrebi, nakveTurebi, romBebic
kamerebSi pu Bpis gansxvavebu Bi donis SenarCunebisa da
THlotaciis sxvadasxva pirobebis Segmnis saSuall ebas
iZBeva. IX.8 naxazze naCvenebia kameruli  tTipis
THotaciis manganis erTi kameris Wrilli.

kamerebis qveda nawilBSi  miewodeba FHoto-
reagentebiani axalli pullpa da haeri qgafis Sesagmnellad.
horizontaluri cecx B rikebiani gisosiT kamera
gayofFilia qveda — Semrev - da =zeda - gamwyof -
nawi Bebad. kameris zeda ganyofilebidan gamoiyvaneba
koncentratis Semcveli mineralizebuli1 gafi, qveda
nawi Bidan ki gamodis kudebi, romBebic SeiZleba
Sualleduri produqgtebi 1iyos. Sualleduri produgtebi
pullpis saxiT zRurbBlisa da Sualleduri kamera-
nakveTuris gavBiT gadaecema FHotaciis Semdeg kameras,
sadac xdeba Semdgomi FHotacia axal pirobebSi, axali
THlotaciis reagentebis damatebiT.

xsnadi minerallebis FTHRotacia gamoiyeneba gallu-
rgiis (marilebis +tegqnologiis) ufro rTulli da
nak Bebad ekonomiuri meTodebis nacvBlad, romlBebic
damyarebu Bia gasayof sistemaTa komponentebis gan-
sxvavebu B xsnadobaze. xsnadi minerallebis (ZiriTadad
mari Bebis) gamdidrebis procesis Tavisebureba is aris,
rom THRotaciisaTvis garemod ixmareba gasamdidrebel
ned Beu BSi Semavali mariBebis nageri xsnari. mari Bebis
gayofa xdeba pullpis aeraciisa da selleqciuri
THlotoreagentebis — SemgrovebBebis — daxmarebiT.
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xsnadi marilBebis THotaciis dros qgafwarmomgmneli
reagentebi yove B Tvis ar gamoiyeneba, radgan
mravalnager marilBxsnarebs TviTon aqvs gafwarmogmnis
unari. gansakuTrebiT didi mniSvneB oba aqvs reagent-
regu latorebis saSuallebiT garemos pH -is
regulirebas, rac xells uwyobs reagent-koBeqtorebis
mogmedebas. FHotaciis meTodi gamoiyeneba, magall iTad,
silvinitis (mineraB i1 KClI NaCl) nageri mari Bxsnaridan,
romelic Seicavs 100 g/dm®-mde KCl-sa da 250 g/dm-mde
NaCl -s, kaBiumis qloridis misaRebad. reagent-
ko Beqtorebad 1yeneben cximis rigis aminebs
naxSirbadatomebis ricxviT Ci-Co.

Termuli gandidreba emyareba narevSi Semavalli
mineralebis gansxvavebu i I Robadobas. gacxe Bebisas
advi I BRobadi masallebi gamoedineba ganidan gamdnari
saxiT. ase adnoben gogirds ganidan, romelic,
ZiriTadad, Sedgeba SedarebiT ZneBdnobadi kirgvisa da
sxva minerallebisagan; ase acalkeveben bitums ara-
organu Bi minarevebisagan.

gandidrebis gimiuri meTodebi emyareba reagentebis
gamoyenebas, romlebic SerCeviTad Xsnis narevis
Semadgene@ erT nivTierebas, an warmogmnis erT-erT
maTganTan B Robis, aorTqlebis, dalleqvis an sxva gziT
adviBlad gamosayof naerTebs. qimiuri gandidrebis
procesebs miakuTvneben agreTve minerallebis gamowvas
karbonatebis dasaSBelad, organulli minarevebis amowvas
da sxva procesebs, romBebic adidebs produqtsSi
sasargebBo  komponentis koncentracias. yvella am
operacias atareben ara gamamdidrebel  FabrikebSi,
aramed ned Beulis gimiurad gadamamuSavebe B garxnebSi.
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siTxeebi, ufro metad xsnarebi, koncentrirdeba
gamxsnelis aorTqlebiT, xsnaris gajerebiT sasargeblo
komponentiT  da, boll os, romell ime komponentis
(minarevis) nallegSi (kristalizacia) an airad TazaSi
gamoyoTiT (desorbcia, minarevebis aorTqBleba). Txevadi
narevebis gasayofad 1iyeneben agreTve Txevadfazur
egstragcias.

wyBis aorTqlebas xSirad 1iyeneben mineralluri
mariBebisa da tTuteebis warmoebaSi, Terad metalu-
rgiaSi, ZneBadagroBladi mJavebis (gogirdis, Fosforis,
organulli) koncentrirebisaTvis. bunebrivi marill-
xsnarebis koncentrirebisaTvis aorTqHleben wyalls
(zafxuBSi1) an gamoyinaven mas (zamTarSi). navTobis
gadamuSavebisas spirtebis, eTerebis, anilBlinisa da sxva
mravali  organuli produgtis warmoebaSi  i1yeneben
distilaciasa da reqtifikacias, roca narevidan
orTgldeba (Semdgomo kondensaciiT) ufro Zvirfasi
komponenti (produqti), xolo Txevad TazaSi rCeba
nak BebadRirebu i, maRalmduRare komponentebi (mZime
naxSirwya B badebi, wyall1 da sxv.)

amosavalli da cirkullirebulli xsnarebis gajereba
myari an airadi komponentebis gaxsniT FarTodaa
gavrcellebul1 qgimiur warmoebaSi. magaliTad, sodis
warmoebaSi bunebrivi mariBxsnari jerdeba myari sufris
mariBis gaxsnis xarjgze. gapereba xdeba mraval
cirku Birebu B xsnarebian warmoebaSi, magaliTad, sufris
mariBis wyallxsnaris eleqtrolizis dros, Tixamiwis
warmoebaSi da sxv. siTxidan mavne da balBasturi
minarevebis dasalleqad mas umateben 1seT nivTierebebs,
romBebic reagirebs minarevebTan kristaluri nalegebis
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warmogmniT. nalleqgs Semdeg acalkeveben. danamatebi
zogjer iwvevs koBoiduri minarevebis an po Bimerebis
koagulacias da dalleqvas. xsnarebidan minarevebis
daleqva gamoiyeneba organuli sinTezis, sodisa da

mravall sxva warmoebaSi. sxva SemTxvevebSi xsnaridan
akristalleben (Begaven) ZiriTad komponents, xollo
minarevebs XsnarSi toveben. ase Rebu N oben

koncentrirebulli saxiT mraval marills. es meTodi
xSirad gamoiyeneba hidrometalurgiaSt poBRimetaluri

madnebidan Teradi B iTonebis koncentratebis
gamosayofad.
Txevadfazuri egstragcia (an egsttrahireba)

mdgomareobs Txevadi narevis zogierTi komponentis
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SerCeviT xsnadobaSi. Sedegad Rebuloben or Txevad
Tazas: amonawv BiBi komponentebis xsnarsa da narevis
darCenil  nawills. es meTodi TFfarTod gamoiyeneba
organull nivTierebaTa tegno B ogiaSi.

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

yvelaze ufro xSirad gamoiyeneba absorbciul-
desorbciulli meTodi, romBis gamartivebulli sgema
mocemulia IX.9 naxazze. absorbciull-desorbciuli
meTodiT airnarevis erT komponents STanTgaven cCivi
gamxsneB1T, romelic SerCeviTad xsnis mxoBlod mocemul
komponents. Sedegad absorberidan gamodis STanTgmu b1
komponentisagan gaTavisuflebulli alrnarevi da
gamoedineba absorbirebull1 komponentis Semcvel1 xsnari.
absorberidan gamodinebu i Xsnars acxe B eben
ThomcvBelSi da awvdian desorberSi, sadac misgan
aorTgleben STanTgmull airs. gamxsneli1 civdeba da
xeBaxBa Sedis absorberSi; is mravall jer cirkulirebs.
ase Rebu B oben koncentrirebull gogirdwyallbads genera-
toris, kogsisa da navTobis airebis gawmendisas, koncen-
trirebull gogirdis diogsids Teradi metalurgiis
gamavali airebidan, nedl Dbenzollsa da piridinul
TuZeebs kogsis airidan, yofen naxSirwyallbadovan airebs
da  sxv. adsorbciull-desorbciull i Xerxi zemoT
aRniSnu B isagan mT gansxvavdeba, rom alradi
komponenti am dros STainTgmeba (adsorbirdeba) myari
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mSTanTame BiT, xoBo Semdeg gacxelBebiT desorbirdeba.
desorbcia  xSirad icvleba egstragciiT, e .
STanTgmu B1  komponentis gaxsniT siTxeSi, romelSic
adsorbenti ar ixsneba.

9.3. sakvebi ned Beullis Secvla arasakvebiT da
mcenareu Bisa - mineraluriT

organulli qgimiis miRwevebi 1ZBeva mravalli Zvir-
fasi produqtis metad mravall Ferovani need Beull idan
miRebis saSualebas. magaliTad, eTi0is spirti, romelic
uzarmazari raodenobiT ixmareba sinTezuri kauCukis,

xe Bovnuri  boWkis, pHlastikuri masebis, TFeTqgebadi
nivTierebebis, eTerebisa da sxva warmoebebSi, SeiZleba
miviRoT sakvebi produgtebidan (marcvileuli,

kartofili, Sagris Warxali), mergnis hidroliziT da
eTillenis hidrataciiT. eTilleni ki, Tavis mxriv, miiReba
bunebrivi airebis, navTobisa da sxva saxis saTbobis
gqimiuri gadamuSavebiT. spirtis warmoebaSi  sakvebi
ned Beu B is gamodevna Tavdapirve Bad daiwyo merganma. 1
t nmergnidan hidroBlizis Sedegad miiReba 160 kg-mde
eTilis spirti, rac cvlis 1,6 t kartofills an 0,6 €
marcvileulls. hidrolizuri spirtis warmoeba ufro
iafFi  jdeba, vidre misi miReba sakvebi nedBeulidan.
kompBegsuri qgimiuri gadamuSavebis dros merqgani
gamoiyeneba  sakvebi nedBeullis nacvBad, agreTve,
glicerinis, sakvebi Sagris, sakvebi safuvrebis, Zmris,
Bimonis, rZis mJavebisa da sxva produqtebis misaRebad.
gansakuTrebiT FfarTod ganviTarda sinTezuri spirtis
warmoeba eTilenis pirdapiri hidrataciiT. mcenareulli
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ned Beuli idevneba mineaBluri nedBeullis pragtikullad
amouwuravi maragiT. navTobis airebidan miRebulli
sinTezuri spirtis TviTRirebulleba samger nakBebia
sakvebi nedBeulidan miRebullze. ZHBier viTardeba
agreTve kauCukis warmoeba navTobis Tanamgzavri airebis
butan-butilenis Fragciis gamoyenebiT, amitom eTilis
spirtma dahkarga dominirebuli mniSvne B oba sinTezuri
kauCukis warmoebaSi. airebisa da navTobis gadamuSavebis
produgtebidan amJamad Rebu B oben agreTve glicerins,
ZmarmJavasa da cximebs gamrecxi saSuallebebis warmoe-
bisaTvis. amiT izogeba didi raodenobiT sakvebi ned-
Beulli da miiReba ufro iafi produgcia.

mcenareuli da cxoveluri nedBeulli, ZiriTadad
ukve gamodevni Bia mineraluriT sinTezuri saRebrebis,
Bagebis, mravali samkurnalo preparatis, pBRastikuri
masebis umravBesobis, surneBovani nivTierebebisa da
rig sxva warmoebaSi. mcenareulli nedBeulli 1idevneba
bunebrivi airebis, navTobisa da gvanaxSirisagan
miRebu B i1 nivTierebebiT kauCukis, qgimiuri boWkos,
spirtebis, organulli mJavebis, gamrecxi saSualebebis
warmoebaSi; rigSia arasakvebi nivTierebebidan kvebis
ZiriTadi produqtebis — saxameb Bis, Sagris da, bolos,
cillebis SemadgeneBi1 nawiBebis - sinTezis sakiTxi.
biogimiuri gardagmnebiT axla ukve Rebu B oben
navTobgadamamuSavebe B 1 da celulloza-gaRall dis
mrewve Bobis narCenebidan cilBovan safuars pirutyvis
sakvebad. sakvebi nedBeullis — mcenareulisa da
cxoveluris — mineraluriT Secvllas mivyavarT
ned Beulis bazis mniSvneBovani gafarToebisa da misi
gaiafebisaken, rac TavisTavad amcirebs ZiriTad
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sawarmoo maCvenebe I s —
TviTRirebu I ebas.

gimiuri produgciis

9.4. wali1 gimiur mrewve I obaSi

gimiuri mrewveBoba wyalls 1iyenebs ZalBian didi
raodenobiT da metad sxvadasxvagvari miznebisaTvis. es
aixsneba wy Bis mniSvne Bovani Tvisebebis komp BeqsiT, misi
xe BmisawvdomobiTa da gamoyenebis moxerxebu BobiT.
gqimiur warmoebebs, Cveu lebriv, wylis wyaroebis axBos
aSeneben. wy B is gamoyeneba qimiur warmoebebSi uaRresad
mravall ferovania. zog warmoebaSi igi nedBeulli an
reagentia, romelic uSualod monawileobs ZiriTad
gimiur  reaqciebSi, magaBiTad, sxvadasxva meTodiT
wya B badis warmoebaSi, Sesabamisi airebidan da wyHlidan
gogirdisa da azotis mJavebis miRebisas, sodis,
natriumis, kalitumis, kalciumisa da sxva hidrogsidebis
warmoebaSi, hidrolizisa da hidrataciis sxvadasxva
reaqciebSi. zogierT warmoebaSi wyali ki ar moixmareba,
aramed  warmoigmneba  ZiriTadi reagciis  Sedegad,
magal iTad, Fiszeda wyali qvanaxSiris koqgsvisas da xis,
torfisa da sxva saxis saTbobis mSralli gamoxdis dros;
wyal1 gamoiyofa saTbobis wvis dros, amiakis da sxva
wya B badSemcve B'1 naerTebis Jangvisas.

Qqimiuri, metalurgiulli, kvebisa da msubuqi
mrewve Bobis mravall warmoebaSti wyalli  gamoiyeneba
rogorc myari, Txevadi da airadi nivTierebebis
gamxsneBi. xSirad mas 1iyeneben airebisa da myari ma-
salebis meganikuri garecxvisaTvis, romBebsac igi aclis

307

WuWys. Fxvieri masallebis FHRotaciiT an sxva sveli
meTodebiT gandidrebis dros wyalls 1iyeneben maTi
pullpirebisa da gimiuri damuSvebisas. yveBla CamoTvHill
maga B 1TebSi wyali gamoiyeneba uSuallod tegno B ogiuri
miznebisaTvis. gacillebiT didi raodenobiT gamoiyneba
wyali, rogorc siThos gadamtani: wyBiT aciveben
egzoTermuli reagciis Sedegad gacxelebull moreagire
masebs. wylBlis orTqli an cxeli (araiSviaTad
gadaxurebu i) wyali gamoiyeneba  urTierTmogmedi
nivTierebebis gasacxeBebBad, procesis dasaCgarebllad,
an endoTermu procesSi daxar gulli siThos
kompensaciisaTvis. moreagire masebsa da wyalls Soris
ThocvhisaTvis  iyeneben mravallgvar  Thomcv e lebs,
macivrebsa da macxeBebBebs, romBebSic siTho zogjer
gadaicema wyBisa da masallebis uSuallo SexebiT, ufro
xSirad ki kedBebis saSuallebiT Txevad an airad
moreagire masebze. Tanamedrove qimiuri warmoebebi
wyalls uzarmazari raodenobiT xarjavs, rac didi
kombinatebisaTvis dRe-RameSi miBion kubur metrebiT
ganisazRvreba. wylis xarjviTi koeFficienti Seadgens:
amiakisaTvis - 1500 m/t, viskozuri abreSumisaTvis -
2500 m*/t-s, kontagturi gogirdmlavisaTvis — 50 m/t-s
da sxv. am wyBis umetesi nawiB1 (ZiriTadad tegnikuri)
gacivebis an gawmendis Semdeg SeiZBeba kvBav dabrundes
imave warmoebaSi; mas sabruni wyali ewodeba.

wyali aris mravalli myari, Txevadi da airadi
nivTierebis kargi gamxsneBi, amitom bunebrivi wyali,
Cveu Blebriv, sxvadasxva minarevebs Seicavs. miRebulia
bunebrivi wyBebis dayofa sam jgufad, romlBebic ZHlier
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gansxvavdeba erTmaneTisagan minarevebis Semcve lobiTa da
sxva maxasiaTebBebiT.

atmosterulli wyalli — wvinisa da Tovlis wyalli —
xasiTdeba minarevebis, ZiriTadad, xsnadi airebis,
Jangbadis, naxSirorJangis, da agreTve gogirdwyallbadis,
azotis ogsidebis, gogirdis JangbadnaerTebisa da
organulli nivTierebebis SedarebiT mcire SemcveBobiT,
romBebic aWuWyianebs atmosferos samrewve l O
raionebSi. atmosferulli wyali TiTgmis ar Seicavs

gaxsnill marilebs, kerZod kalBciumisa da magniumis
mari Bebs.

zedapiru i wy#ebi — mdinareebis, thebis, zRvis
wyBebi — garda atmosferull wyBebSi  Semavalli

minarevebisa, Seicavs mravallgvar nivTierebebs; TiTgmis
yove B Tvis Seicavs kaBciumis, magniumis, natriumis,
kal tumis karbonatebs, sullfatebsa da qlBoridebs
umciresi raodenobidan dawyebuli srull gajgerebamde.
zRvis wyaBSi warmodgeni Bia elementebis TiTgmis mTel 1
tabulla ZvirTfasi da radioagtiuri B iTonebis
CaTvBiT. wyalls, romBis 1 kg 1 g-ze nakBeb mariBebs
Seicavs, mtknari ewodeba, xolo Tu 1 g-ze mets -—
mariBiani. Ca® da Mg?* ionebis Semcve Bobis mixedviT,
romBebic orTqlis qvabebSi, sareagcio aparatebsa da
ThomcvilelebSi nalleqgs (minaduRs) warmogmnis, asxvaveben
roid (Ca® da Mg* 3 mg.ekv./dm*-mde), zomierad
Xxist (3-6 mg.ekv./dm®*-mde) da xist (6 mg.ekv./dm*-ze meti)
wyall's.

miwisqveSa wy #ebi — arteziuli WaburRilebis,
Webis, wyaroebis, heizerebis wyBebi — xasiaTdeba ga-
xsnili marilBebis SemcveBobis mravall FerovnebiT, rac
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damokidebu B ia im  niadagebisa da mTis  qanebis
Sedgeni Bobasa da struqturaze, romlBebSic gaiJoneba
atmosferulli da zedapirulli wyallsacavebis wylebi,
warmogmnis ra miwisqveSa wyall sacavebs. niadagebisa da
mTis qanebis mFiltravi unari ganapirobebs miwisqveSa

wylis did gamWwirvalobasa da maTSi organulli
warmoSobis minarevebis ararsebobas. gqimiuri
warmoebebisaTvis unikaBuri ned Beulia  sxvadasxva

mariBebiT gagerebuli miwisqveSa mineraluri wyBlebi.
maga B 1Tad, natriumis qloridiT gagerebuli
mineraluri wyBebi aris nedBeulli sodis, natriumis
tutisa da qBloris warmoebisaTvis. miwisqveSa wy Bebidan
RebuBoben agreTve iodidebs, bromidebsa da sxva
mari Bebs.

wyBis xarisxi ganisazRvreba misi Fizikuri da
qimiuri maxasiaTeb BebiT, rogoricaa gamWwirvalloba,
feri, suni, temperatura, saerTo marillSemcvell oba,
sixiste, Jangvadoba da mJavianoba (tutianoba). es ma-
Cveneb Bebi miuTiTebs ama Tu Im minarevebis arsebobas an
ararsebobas.

saerTo mari B Semcve I oba axasiaTebs wya I Si
mineraluri da organul1 minarevebis arsebobas. maT
raodenobas (mg/dm®) sazRvraven 1 B wylBis aorTqlebiT
da myari naSTis 110°C-ze mudmiv wonamde gamoSrobiT
miRebuli mSrali nalBegis mixedviT. mSrali naSTis mug-
wiTel varvarebamde gacxelBebiT, masaTa  sxvaobis
mixedviT, SeiZBeba callke ganisa- zRvros mineralluri da
organuli nivTierebebis raodenoba. umetesi
warmoebebisaTvis wy bl is ZiriTadi xarisxobrivi
maCvenebe Bia sixiste, gapirobebullt wyalSi kall ciumisa
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da magniumis mari Bebis Semcve B oObIT. sixiste
gamoixateba 1 dm® wyallSi Ca®-sa da Mg* -is ionebis
mi Bigram-ekvivalentebSi, e 1. sixistis erTeullad

miRebu Bia 20,04 mg/dm® Ca*-is an 12,16
ionebis Semcve Boba. ganasxvaveben sami
droebiTs, mudmivsa da saerTos.
droebiTr (karbonatull1) sixiste
wyalSi kaBciumisa da  magniumis

mg/dm® Mg* -is
saxis sixistes:

gapirobebu lia
bikar-bonatebis

arsebobiT, romBebic wyBis aduRebisas gardaigmneba
uxsnad karbonatebad da gamoiyofa mkvrivi naleqis

(minaduR1s) saxiT:

Ca(HCO,), = CaCO, + H,0 + CO,
2Mg(HCO,), = MgCO, Mg(OH ), +3CO, + H,0.

mudmiv  (arakarbonatull) sixistes

iwvevs wyall Si

kaBciumisa da magniumis yvelBa iseTi saxis marilebis
Semcve I oba, romfbebic aduRebisas gaxsni
mdgomareobaSi rCeba. droebiTi da mudmivi sixistis
jJams saerTo sixistes uwodeben. sixistis mixedviT
miRebu B ia bunebrivi wyBebis Semdegi kBasifikacia:

Ca* -is da Mg*"-
is raod. wyalsi, | 0-1,5 | 1,5-3 3-6

mg.ekv./dm*

6-10 | >10

wy bis sixistis Zblier | rbi- zonmierad
k Basi rbilli | Ri xisti

xisti | Zhier
xisti

wy Bl is Jangvadoba gapirobebulia m
minarevebiT da ganisazRvreba kall iumis
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asS1 organuli
permanganatis

mi Bigramebis ricxviT, romelic 1 KB wylis Warb
KMnO,-Tan 10 wT-is ganmavBobaSi duRilis dros
ixar jeba.

wyB1s reagcia — misi mJavianobis an tutianobis
xarisxi — xasiaTdeba wyalbadionebis koncentraciiT da
ganisazRvreba indikatorebiT. bunebrivi wyBebis reaqcia
axBosaa neitralurTan, pH meryeobs 6,8-7,3—Is
sazRvrebSi. sabrunavi wyBis reaqcia damokidebulia
warmoebis xasiaTze.

wya B Si1  minarevebis SemcveBoba reglamentirdeba
Sesabamisi standartebiT. minarevebis mavneoba
dakavSirebulia maT qimiur SedgeniBobasa an dis-
persiull mdgomareobasTan, da agreTve, am wyBis mom-
xmarebe B 1 warmoebis xasiaTTan. msxvi Bdispersiuli me-
ganikuri t€tivtivarebi anagvianebs milgayvani lobasa da
aparaturas, amcirebs maT mwarmoebBurobas, warmogmnis
sacobebs, romBebsac  SeuZBia avariis  gamowveva.
koBoiduri nawi Bakebis saxiT arsebuli minarevebi
anagvianebs eleqtroliziorebis diafragmebs, 1wvevs
wyBis agafebas da mis gadasroBlas (quabebsa da
aparatebSi. didi zarali moaqvs wyaBSi gaxsnill ma-
rillebsa da airebs, romBebic warmogmnis minaduRebs da
Shis BiTonebis zedapirs koroziis Sedegad

samrewve 8o wyaBmomarageba warmoadgens opera-
ciaTa kompBegss, romelic uzrunvellyofs wylis gaw-
mendas, misgan moBekuBurad gaxsnilli, koloidur da
Setivtivebul mdgomareobaSi myofi mavne minarevebis
moci Bebas. wyalmomaragebis ZiriTadi operaciebia:
Setivtivebul1 minarevebisagan gawmenda dawdomiTa da
gafil tvriT, darbi Beba, callkeul SemTxvevebSi
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gaumari B oeba, neitral izacia, deairacia da
gausnebovneba.
dawdomis procesi iZBeva wyBis gakamkamebis

saSuallebas misgan msxviBdispersiulli Setivtivebuli
minarevebis moci Bebis Sedegad, romBebic simZimis Zalis
mogmedebiT 1HBeqgeba sawdomis TFskerze. wyBis dawdomis
process atareben uwyvetad mogmed sawdom, dabetonebu i
rezervuarebSi. srullli gakamkamebisa da gauferulebis
misaRwevad sawdomidan dekantirebull wyalls utareben
koagu Bacias Semdgomi gafil©tvriT. koagu B acia
heterogenu B i sistemebis gayoTFis maRa B efeqturi
procesia, kerZod, wyBidan Tixis umciresi nawi lakebisa
da cilovani nivTierebebis gamosayofad. koagulacias
axorcielleben gasawmend wyalSi mcire raodenobiT
AIZ(SO4)3—is, FeSO,-is da zogierTi sxva nivTierebis
SetaniT, romBebsac  koagu Bantebs  uwodeben. am
procesis TFTizikur-gimiuri arsi gamartivebulli saxiT
imaSi mdgomareobs, rom koagulanti, adsorbirdeba ra
damuxtuli ko B oiduri nawi Bakis zedapirze,
aneitrallebs mis muxts. es iwvevs callkeuli nawi Bakebis
SeerTebas (koagulacias) da nalleqgis warmogmnas. rac
metia koagulantis ionis muxti (AI*, Fe*), nmiT
nak Bebia eleqtrolitis xarji koagulaciaze. uryofiTi
muxtis mgone Tixovani koBoiduri nawiBakebis koa-
gulBaciisaTvis (bunebriv wyBebSi) ufro xSirad iyeneben
aluminis naerTebs — sullfatebs an Sabebs. amave dros
nalleqis zedapirze adsorbirdeba organulli naerTebi,
ris Sedegadac wyali uferu ldeba.

wyBlis gaFiltvra suspenziisagan gasawmendad,
Cveu Bebriv, dawdomis Semdegi procesia. xSirad iyeneben
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inertulli mFiltravi masalis, magaliTad, silisfenian
Tiltrebs. nawi Bakis umciresi zoma (diametri, d mm),
rombBis Sekavebis wunari aqvs  Filtrs, ganisazRvreba
formulliT:

d=myIw, (IX.2)

sadac | aris gasaFiltri masalis marcvBlebis saSuallo
zoma, mm; m — ganzomilebis koeFicienti, romelic
kvarcis silisaTvis udris 0,0095; w - TFfilltraciis
siCgare, m/sT.

wyBis darbilleba 1Tvaliswinebs sixistis gamo-
mwvevi kaBciumisa da magniumis mariBebis moci Bebas.
mrewve B obaSi iyeneben darbi Bebis sxvadasxva meTodebs,
romel Ta arsic mdgomareobs reagentebis saSuallebiT

Ca*” da Mg* ionebis uxsnar da adviBlad mosacilebell
naerTebad  SekavSirebaSi. gamoyenebu B i reagentebis
mixedviT  asxvaveben kiris (Camgrali Kkiri), sodis
(kaBcinirebulli soda), natronull (natriumis tute) da
fosfatur (trinatrifosfati) Xerxebs. gimiuri
meTodebidan yve Baze ekonomiuria darbi Bebis
kombinirebu Bi xerxis gamoyeneba, romeBic iTvalliswinebs
droebiTi da mudmivi sixistis mocillebas da, agreTve,
CO,-is  SekavSirebas, rkinis ionebis  moci Bebas,
organuli da sxva minarevebis koagulacias. aseTi
meTodia FosfFaturTan kombinirebuli kir-sodis meTodi,
rac ufro srull darbillebas uzrunvelyofs. procesis
qimizmi Semdegi reaqciebiT gamoixateba:
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1. Camgrali kiriT damuSaveba droebiTi sixistisa
da rkinis 1ionebis mosaSorebBad da CO,-i1s  Se-
sakavSireb lad:

ca(HCO,), +Ca(OH), = 2CaCO, + 2H,0 ;
Mg(HCO,), + 2Ca(OH), = CaCO, 1 +Mg(OH), + +2H,0 ;
FeSO, +Ca(OH), = Fe(OH), 1 +CaSO, ¢,
4Fe(OH), + 0, + 2H,0 = 4Fe(OH), ¢ ;
CO, +Ca(OH), =CaCO, | +H,0.

2. kalcinirebulli sodiT damuSaveba mudmivi si-
xistis mosaci Blebllad:

MgSO, MgCO, | +Na,SO,
MgCl, +Na,CO, = MgCO, | +2NaCl
CaSO, CaCO, | +Na,S0,.

kir-sodis meTodi i1ZBeva mxoBlod uxeSi dar-
bi Bebis saSualebas, 0,3 mg.ekv./dm*-mde.

3. trinatrifosfatiT damuSaveba (Ca* da Mg?*
ionebis ufro srulli dalleqva, daaxBoebiT 0,03
mg.ekv./dm*-mde):

3Ca(HCO,), + 2Na,PO, = Ca,(PO,), | +6NaHCO,,
3MgCl, + 2Na,PO, = Mg,(PO,), ¢ +6NaCl.
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kaBciumisa da magniumis FosTatebis xsnadoba
uaRresad mcirea, rac gansazRvravs Fosfaturi meTodis
maRall efeqturobas. mniSvneBovan ekonomikur efeqts
iZBeva gimiuri meTodebis SeTavseba Fizikur-gimiurTan,
e. . 1tonmimocv B iTTan. wy Bis darbi Bebis
ionmimocvliTi meTodis arsi mdgomareobs wylidan
Ca*-isa da Mg*-is 1ionebis mocilebaSi ionitebis
saSuallebiT, romeBTac unari aqvT Tavisi 10nebi
gacvallon wyalBSi Semavall 1onebze. asxvaveben kationuri
da anionuri mimocvlis procesebs. Sesabamisad, ionitebs
uwodeben katronitebsa da anionitebs. kationitebad
iyeneben H7-is, Na'-is an NH;-is ionebiani aqtiuri
JgutTebis Semcvel sullfonaxSirs an maRalmoBekuBur
Tisebs. darbilebis kationur process safuZvBad udevs
kationebis — natriumisa da wyallbadis ionebis —
ka@ ciumisa da magniumis ionebze mimocvlBis reaqciebi.
natriumis ionebis mimocvBas Na-kationireba ewodeba,
xoBo wyalbadis ionebisas — H -kationireba:

Na,|kat |+ Ca(HCO,), - Calkat|+2NaHCO,
Nazlkatj+ MgSO, - Mg[kat]+ 2Na,SO,;
H H,|kat|+ MgCl, - Mglkat|+2HCI;
H,|kat]+ Na,SO, - Na,|kat|+H,SO,

amgvaradve gamoyofen wyBidan sxva HBiTonebis
ionebsac. anionitebia OH ™-is, HCO;-is an COZ -is io-
nebiani agqtiuri jJggufebis SemcveBi maRalmoBekuBuri
nivTierebebi. gaatareben ra  anionitebis TenaSi
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BiTonebis ionebisagan kationituri procesiT winaswar
gawmendi B wyall's, aci Beben misgan anionebsac, romell TaA
Semcve Bobac ar aris dasaSvebi mocemuBi procesisaTvis
gaTva B iswinebul wyall Si:

[an]OH +HCl « [an]CI +H,0;
2[an]oH + H,S0, « [an],50, + 2H,0.

Lo ]
Jame
4 & 3 HO

il
Babi, 1X.10. ﬁﬂqnlﬁ aa'ﬂﬂot‘;:nqma'ﬂmlj bﬂaﬂa
nmﬁan&ﬂuﬂqnl} E,aﬂmaﬂﬁﬂ'ﬂmmf

1 - da@nwﬁr@'ﬂt‘;n ﬂnq@t"’:n: 2 - oEmEqﬁjlﬂﬁm
:anmt‘;:n: 3 - gﬂdnﬁ:o@,m&m: 4 - aaﬁﬂﬁgﬁg‘rn
Tyl Bedeogdn.

moyvani B1 reagciebi gviCvenebs, rom ionmimocvliT
xerxs SeuZlBia uzrunvellyos wylis darbilleba da
gaumariloeba, e.i. wylidan ara marto sixistis
gamomwvevi, aramed yveBa marillis srulli moci leba.
ionmomocvliTi procesi Seqcevadia da gagerebulli
ionitebis mimocvliTi unaris aRdgenisaTvis  atareben
regeneraciis process. Na -kationitebis regeneracias
axorcielleben sufris marilis xsnariT, xolo H-
kationitebisas — mineraluri  mJavebis  xsnarebiT.
anionitebis regeneracias atareben tuteebis, natriumis
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karbonatis an bikarbonatis xsnarebiT. [X.10 naxazze
warmodgeni Bia i1onmimocvlis gamoyenebiT wyBis gauma-
riBloebis sgema (kationireba da anionireba). wyali
Tanabrad miewodeba H-kationitur FiltrSi (nax.
IX.11), romelBSic msxvilli kvarcis sillis Tfenaze
moTavsebu B ia kationitis marcvlebi; is uzrunve lyofs
wyBidan Ca®*, Mg*, Na*, NH;-isa da sxva ionebis
moci Bebas wyalbadionze mimocvBiT. Semdeg wyali Sedis
OH™ anionitur Tilt€trSi anionebis SesakavSireblad

OH™ 1onebze maTi mimocvlis gziT, da Semdeg
deairatorsSi, sadac gamoiyofa wyallSi gaxsnili CO,, O,
da sxv. periodullad TFfiltrs gamorTaven da atareben
mis regeneracias amosavalli 1onis Semcveli xsnaris
gatarebiT. ionmimocvliTi danadgarebis angarisSs
atareben momuSave Filtr-ionmimomcvBlelebis jgamuri
farTobisa da danadgarSi muSa TFiltrebis ricxvis
gansazRvrisaTvis formuliT:

F=—"—, (1X.3)

Wsaan

sadac m aris im darbillebullt wylis xarjis ko-
efFicienti, romelic TviT danadgaris saWiroebisaTvis
ixar yeba (Filtris regeneracia da sxv.); igi meryeobs
1,10-1,25-is sazRvrebSi; L - damarbiBebeli1 danadgaris
mwarmoeb Buroba, m*/sT; w,, — ionitSi wylis gaSvebis

saangariSo saCgare, m/sT.
wyBis Filltraciis saangariSo siCgares sazRvraven
Semdegi TanafardobiT:
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EmuSaH
W, = , (1X.4)

th, + 0,015E dzlg:"

Ll

muSa

sadac E,, aris 1ionitis muSa mimocvBiTi unari
(ionitis tevadoba), g.ekv./m*; H —ionitis Fenis simaR le,

m t - TFiltris muSaobis periodi (regeneraciebs
Soris), sT; h, — wyBis sawyisi (saerTo) sixiste,
mg.ekv./dm®;, he — wylis narCeni sixiste darbilebis
Semdeg, mg.ekv./dm®; d — ionitis marcvBebis saSuallo

diame€tri, mm.

Bob, X, 11, Jogpmbogmtn ooomdfacks lsfgda!
1 = yetadaio, 2 - wdoebogol gibs, 3 - ewmes
Jodesbe acbebn, o - Gyomol g Lbotagbgfognm

Blsbannls Eﬂb&hﬂ@ﬂ@n; 3 - @ﬁ&n@ﬂ&ﬂ@ Eﬂ@nﬁ
oo boﬁﬂaﬂﬁﬂﬁmﬁm Blsbfnls &aﬂml&abﬂgﬂﬂn.

wy Bis narCen sixistes darbilebis Semdeg sazRv-
raven gqimiuri analiziT an angariSoben formuliT:
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1-a M?

h P
T o> 800

(IX.5)

sadac a aris regeneraciis efeqturobis koefFicienti,
romelic iTvaliswinebs ionitis arasrull regeneracias;

M — darbilebull wyalSi kationebis (Ca*, Mg*, Fe*,

Na®, K*) koncentraciaTa jami, mg.ekv./dm®. ionitis
muSa tevadobas sazRvraven formuliT:

Fousa = AByaEqr — 0,500, (1X.6)
sadac f,, aris koeficienti, romelic i1Tvaliswinebs
kationitis mimocvliTi unaris Semcirebas wyallSi

natriumis ionebis arsebobisas; E.. — kationitis srulli

sr
mimocvBiTi wunari (tevadoba), g.ekv/dm®; q - wylis
xvedriTi xar ji kationitis garecxvaze misi regeneraciis
Semdeg, m*m*; mas iReben 5 m’-is tols.a, B,, da sxva

koeficientebis mniSvne lobebs poulloben cdiseulli
monacemebis mixedviT. TFiltris muSaobis 7 periods
iReben 6,5-22,5 sT-is sazRvrebSi. kationitSi wylis
gatarebis rekomendebulli w siCgare damokidebulia

h,-ze da SeirCeva 5-20 m/sT zRvrebSi. danadgarSi muSa

Filltrebis ricxvi ganisazRvreba Filltrebis saerTo
FfarTobis mixedviT [ix.Formulla (IX.3)] aseTi Tanafar-

dobidan :
n= 4%[)12:’ (1X.7)

320



sadac D, aris Filtris diametri, m.

neitralizacias ZiriTadad iyeneben  sabrunavi
wy Bis dasamuSaveb Bad, romelBic sawarmoo procesebSi
anionebiT WuWyiandeba; neitralizaciisaTvis iyeneben Kirs
an sodas.

wy B is deairacia 1seTi mavne, kOoroziis gamomwvevi
alrebisagan, rogoricaa H,S, SO,, CO,, xorcie Bl deba
aerirebiT, e. 1. haeris wyal Tan SexebiT SxefmacivrebSi,
an misi  gaSxefebiT. iyeneben qimiur reagentebsac,
maga B 1Tad, H.,S-s Jangaven qloriT, Jangbadis
mosaci BebBad wyalBSi umateben aRmdgenBebs, magal iTad,
natriumis sull Fits.

wy B is gausnebovneba (dezinfeqcia) xorcielldeba
glorirebiT, ozonirebiT. gqimiur sawarmoebSi
specialluri gausnebovneba i1SviaTad gamoiyeneba.

wyllis srulli gawmenda — gaumariBoeba, da
agreTve, nawiBobrivi deairacia da gausnebovneba —
miitRweva misi gamoxdiT. distiBlirebulli wyali farTod
gamoiyeneba sufTa produqgtebis warmoebasa da
laboratoriull pragtikaSi.

warmoebaSi gamoyenebis dros wyalli, Cveullebriyv,
cxeldeba, amitom sabrunav wyalls aciveben specialur
wya I satevebSi (guburebSt), auzebSi gaSxefebiT,
wyoburian SxefmacivrebSi gamacivebe b 1 haeris
Semxvedrad CamodinebiT.

wya Imomzadebis aRweriBi meTodebi ama Tu im
zomiT  SeiZBleba gamoviyenoT  sawarmoTa Camdinare
wy Bebis gawmendis drosac, romelic didi raode-nobiT
kvBav brundeba warmoebaSi xeB@meored gamoyenebisaTvis.
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Camdinare wyBebis mavne mogmedebisagan garemos dacvis
prob Bemis yve laze radikaluri gadawyveta
mdgomareobs CaketiBi Caumdinari cikBebis SegmnaSi.

9.5. qimiuri mrewve B obis energetika

Kgimiur mrewve BobaSi  mimdinareobs mravalli
procesi, romlebic dakavSirebulia energiis gamoyoTfasa,
daxar gvasa an urTierTgardagmasTan. energia ixar jeba
ara marto uSuallod qgimiuri vreaqciis Catarebaze,
aramed damxmare operaciebzec, rogoricaa masallebis
transportireba, damsxvreva, gaFil tvra, airebis
SekumSva da sxv. ama Tu Im gimiuri warmoebis
energotevadobis maCvenebe Bia enrgiis xarji miRebuli
produgciis erTeullze. energiis xarji samrewello
pragtikaSi ganisazRvreba produgciis  woniT an
mocullobiT erTeullze daxarjulli KkilovatsaaTebis,
ki lojoullebis an saThobis (tona, kiBogrami, kuburi
metri) raodenobiT: kvt.sT/t, Kkj/kg, t/t, kg/m® da
sxv. energiis xarji sxvadasxva qimiuri produqtebis
miRebaze erTnairi ar aris. aris warmoebebi, romBebic
gamoirCeva didi energotevadobiT da SedarebiT mcire
energiis momxmarebe B 1 warmoebebi. zogierT sawarmoSi
Warbobs egzoTermulli reaqciebi, romelTa siThoc
gamoiyeneba sasagonBo orTqglis misaRebad; es amcirebs
energiis  xarjs. aseTlia, magal 1Tad gogirdmlavis
warmoeba.
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ama Tu UIm qgimiur warmoebaSi gamoyenebu i
energiis ZiriTadi saxeebi damokidebuBia tegno Bogiuri
procesis xaasiaTze. yvelaze ufro xSirad iyeneben
eleqgtrull da Thur energias.

elegtroenergia qimiur mrewve BobaSi gamoiyeneba
elegqtrogimiuri (xsnarebisa da na I Robebis
elegtrolizi), elegqtroTermulli (BRoba, gacxeleba,
sinTezebi maRall temperaturaze) da elegtromagnituri
procesebisaTvis. gimiur mrewve BobaSi gamoiyeneba iseTi
procesebi, romflebic dakavSirebu I 1a
eleqgtrostatikuri movBlenebiT sargeb B obasTan (mtvrisa
da nisBebis da B eqva, naxSirwya I badebis
eleqgtrokrekingi da sxv.). farTod sargebBoben qimiur
teqno B ogiaSi eleqtroenergiis meganikurad gardagmniT,
rac aucillebelia 1seTi TFizikuri operaciebisaTvis,
rogoricaa damsxvreva, dallegva, Sereva, centrifugireba,
venti Batorebis, kompresorebis, tumboebis muSaoba da
sxv. qvemoT moyvani Bia elBeqtroenergiis saSuallo xarji
zogierTi gimiuri produgtis warmoebaze:

produgti energiis xarji, kvt.sT/t.

a bl umini 16000-20000
magniumi 17500-18000

kalB ciumis karbidi, 80%-iani 2700-3200
sinTezuri amiaki 3000-3500
Ffosfori 13000-20000
qglori 2300-3500
gogirdmJava 60-100
amoniumis su ll Fati 30-70
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amoniumis gvargilla 7-15

superfostati 2-10
Tburi energia qimiur mrewve B obaSi gamoiyeneba
metad mrava I Ferovani Tizikuri procesebis
gansaxorcielleblad, romeBTac ar axBavs qimiuri

reagciebi (gacxeleba, Sroba, aorTqleba, distilacia da
SXV.) da reagentebis gasacxe Beblad reaqciebis
Catarebisas. amasTan ThomatarebBad gamoiyeneba saTbobis
wviT miRebuli sacecxBis airebi, wyBis orTgli,
birTvulli energia da sxv.

bolo wlebSi gimiur mrgwve BobaSi TandaTanobiT
Texs ikidebs radiaciul-gimiuri procesebi, romlebSic
radioagtiuri gamosxivebis  gavleniT  mimdinareobs
polimerizaciisa da mravali organulli naerTis
warmogmnis reaqciebi (ix, V Tavi). atomuri energetikis
Semdgomi ganviTareba atomuri energiis mSvidobiani
miznebisaTvis gamoyenebiT aris Tanamedroveobis
umniSvne B ovanesi amocana.

sinaT Bis energia ukanasknel xans sull ufro
metad gamoiyeneba qimiur mrewve BobaSi FTotogimiuri
reaqciebis realizaciisaTvis, e B ementebidan
qgBlorwyallbadis sinTezis, organulllt naerTebis ha-
B ogenirebisa da sxva procesebisaTvis. Totoqimiuri
mov Benebi, romBebSic sinaTHlis energia elegqtro-
energiad gardaigmneba, gamoiyeneba tegno B ogiuri
procesebis avtomaturi marTvisa da kontrolisaTvis.

gqimiuri sawarmoebis ganBageba, romBebic energiis
moxmarebis didi masStabebiT gamoirCeva, damokidebu llia
1af1 saThobisa da elBgtroenergiis arsebobaze. amasTan
dakavSirebiT saWiroa aRiniSnos adgiBobrivi nedBeulis
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saxeebis roli, romBebic, rogorc wesi, Semotanillze
1afi Jdeba, Tumca xSirad did manZi B ze
mi Bgayvani BobiT transportirebulli airis gamoyeneba
ufro vrentabelBuria, vidre adgillobrivi saTbobiT
sargeb I oba.

energiis racionalurad gamoyeneba qimiuri pro-
duqgciis TviTRirebullebis erT-erTi ganmsazRvreli
fagtoria. siThos gamoyenebis Xarisxs qimiur-
tegno Bogiur procesebSi gamoxataven Tburi r7; mgk-1T,
romelSic igulisxmeba ZiriTadi qimiuri reaqciebis
ganxorciellebaze uSuallod daxarjulli siTbos Q;
raodenobis  fardoba mTHRianad daxarjul Qurag

raodenobasTan:
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produqgtebis siTbos gamoyenebis principulli  sgema
warmodgeni Bia 1X.12 naxazze. reagentebi Sedis Tbo-
mcvBelSi, magaBiTad, miBovanSi, sadac cxeldeba
reagtoridan gamosuli cxeli produqtebiT da Semdeg
miewodeba reagtors. am magaliTSi Thocvla cxel da
civ produqgtebs Soris xdeba ThomcvBelis milebis
saSuallebiT. aseTi tTipis siThos gamoyenebis aparatebs
rekuperatorebi ewodeba. maRa I temperaturull i
procesebis reaqciebis airadi produgtebis, an
gamava B i airebis siTbos  gamoyenebisaTvis, garda
rekupratorebisa, sargeb B oben regeneratorebiT.
regeneratorebi  wyoburiT  amovsebu i peri-
odulad mogmedi kamerebia. CveulBebriv wyoburad iye-
neben aguris gisosebs. uwyveti procesis Sesagmnelad
saWiroa ara nakBeb ori regeneratori (nax. IX. 13.).
cxel1 airebi Sedis wyoburian regeneratorSi miliT;
safarebi dayenebulia 1iseTnairad, rom airebi gaivlis
regenerators, gadascems siTbos wyoburs da ttovebs
regenerators. amave dros civi airebi Sedis
regeneratorSi, rombis wyoburic ukve gacxelebulia,
arTmevs mas siTbos da gamodis miBiT. ramdenime xnis
Semdeg safarebis mdgomareoba avtomaturad icvleba
(IX.13 naxazze naCvenebia  pungqtiriT) da  maSin
regeneratoris cxell wyoburze iwyebs gavlas civi airi,
xoBo gacivebullze — cxel1 da a. S. gamavall1 airebisa
da reagciis airadi produqgtebis siTho xSirad
gamoiyeneba orTqglis misaRebad e. w. qvab-
utilizatorebSi. reagtorebidan gamosulli produqgtebis
siTbo qimiur warmoebebSi SeiZBeba gamoviyenoT Srobis,
aorTqglebis, distilaciisa da sxva procesebisaTvis.

327

garemoze Tbur danakargebs amcireben, jer erTI,
aparaturis Tburi izolaciiT, meorec, konstrugciuli
gaformebiTa da 1iseTi gabaritebis SerCeviT, romelic

uzrunve Byofs garemoze Thogadacenmis minimaBur
TfarTobs.
Tanamedrove pirobebSi saTbobi ar  SeiZleba

ganvixi BOoT rogorc siTbhuri energiis wyaro. naxSiri,
torTi, navTobi, bunebrivi airebi da sxv. qgimiuri
mrewve Bobis Zvirfasi da umniSvne Bovanesi ned Beulia.
amocana  mdgomareobs saTbhobis, rogorc qimiuri
mrewve Bobis nedBeullisa da rogorc energiis wyaros
komp Beqsur energo-qimiur gamoyenebaSi.

9.5.1. wyall badi

atmosFeruli haeris ZiriTadi gamaWuWyianebellia
gamonabo B gvi, romelic  warmoigmneba  samrewve l O-
energetikull obieqtebze (Tec da sxv.) da saavtomobilo
ZravebSi. energetikis, mrewveBobisa da transportis
ganviTarebas Tan axBavs atmosferoSi iseTi mavne
nivTierebebis gamonabo B qvis zrda, rogoricaa gogirdis
diogsidi, azotisa da naxSirbadis ogsidebi,
naxSirwya Bbadebi. gamoTvRilia, rom 1975-1980 wHlebis
periodSi airadi gamonabo Bqgvis raodenoba atmosferoSi
30%-1T gaizarda, amasTan Sesabamisad gaizarda haeris
gaWuWyia-nebiT gamowveu i1 ekonomikuri zarali, rac
yove Bwl iurad aTeulobiT miliard dolars Seadgens.

mravali speciallistis (energetikosebisa da qi-
mikos-teqno Bogebis) azriT momavlis yvelaze per-
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speqtiulli ekoBogiuri saTbobi aris wyalBbadi. ha-erSi
wya Bbadis wvis dros erTaderTi mavne komponenti wvis
produqtebSi SeiZlBeba iyos azotis ogsidebi NO,;
magram  NO, —is  raodenoba damokidebulia haeris
miwodebis regulirebaze, romBis didi siWarbe iwvevs
wya B badis wvis produqtSi — wylis orTglSi — azotis
ogsidebis TiTgmis srull gagrobas.

wya B bads miiCneven universalur energoSemcvelad,
romelsac SeuzZBia imuSaos energiis gadamcemad atomuri
reagtoridan mravall ferovan momxmarebBebze, roca
SeuZlebelia atomuri saThobis energiis uSuallod
gamoyeneba. wyalBbadis, rogorc ekologiurad sufTa
saTbobisa da enrgoSemcve Bis upiratesobani Semdegia: 1)
wvis produqtebSi nacris, SO, -is,CO,-1s,CO-s da
atmosferos sxva gamaWuWyianeb Bebis ararseboba; 2)
wya B badis miRebis wyaro SeiZlBeba i1yos wyali — 1afi
nedBeulli, romBis maragi amouwuravi da aRdgenadia,
radganac wvis dros wyalbadi kvBav gardaigmneba wylad;
3) molekuBuri wyalbadis wvis siTho, romelic 125510
kg/kg-s Seadgens, TiTgmis oTxjer metia vidre naxSirisa
(32800 kj/kg); 4) SesaZlebeBia wyalbadis trans-
portireba nebismier manZillze arsebuli mi B gay-
vani BobiT, Txevadi saxiT Senaxva an hidridebis saxiT
akumu B i1reba; 5) wyalBbadis gamoyeneba arsebull saaviacio
da  saavtomobilo ZravebSi ar  gamoiwvevs  maT
mniSvne Bovan cv i Bebebs; es exeba wyallbadis gamoyenebas
sayofacxovrebo gamaTbobe § danadgarebsa da
xe BsawyoebSi; 6) wyalbadi aris qimiuri mrewve lobis,
metaBurgiis, navTobgadamuSavebis, myari saTbobis
gadamuSavebis, ZiriTadad, aRdgenisa da hidrirebis

procesebis nedBeulli. wyallbadi ZiriTadi amosavali
reagentia iseTi didmasStaburi warmoebebisaTvis,
rogoricaa amiakisa da meTano B is sinTezli.

magram wyaBbadis warmoeba arsebulli meTodebiT
imdenad Zviria, rom misi gamoyeneba satransporto da,

mT ufro, energetikul saTbobad srullebiT
araracionalluria. amitom amuSaveben wya B badis
msxvi BmasStaburi warmoebis principullad axal

meTodebs. garda amisa wyalbadis, rogorc energo-
Semcvelisa da saTbobis gamoyenebis dros warmoiSoba
sxvadasxva garTulebebi: 1) wyalBlbadis simkvrive 8-jer
nak Bebia bunebrivi airisaze, amitom misi moculBobiTi
siThotevadoba 3,3-jer nak B ebia; es ZiriTadi
winaaRmdegobaa wyall badis gamosayeneb Bad satransporto
ZravebSi. arsebull hidridebSi wyalbadis wili hidridis
masis 2%-s ar aRemateba da avtomobilis benzosacavis
ekvivallenti 700-900 kg hidrids Seadgens. muSavdeba
wyaBbadis  meti Semcve Bobis  hidridebis  miRebis
meTodebi; 2) wyallbadi ufro +FeTgebadsaSiSia, vidre
bunebrivi airi: haerTan 1s warmogmnis TFeTgebadsaSiS
narevebs koncentraciaTa mniSvne Bovnad did intervalSi
(4-75%); 3) wyallbadis gaTxevadebis  temperatura
atmosferull wnevaze (-253°C) nakBebia, vidre bunebrivi
airisa (meTanisaTvis —165°C). garda amisa Txevadi saxiT
Senaxvisas SesaZ B ebelia wya B badis gadineba.

randenadac jerjerobiT wyallbadis Rirebulleba
metia, vidre navTobprodugtebisa, misi danergva
navTobproduqtebis SemcvBelad, allbaT, daiwyeba sa-
avtomobi lo saTbobSi  danamatis saxiT. wyalbadis
damateba 5-10%-is raodenobiT mniSvne Bovnad amcirebs
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avtotransportis mavne gamonaboBqgvs da amave dros

adidebs Zravis ekonomiurobas. amJamad navTobis
importior z0g qveynebSi gaTval iswinebu B ia
saavtomobhi o benzinSi meTano B is damateba

navTobproduqtebis moxmarebis Semcirebis mizniT. Tavis
mxriv meTanolBis miReba SeiZBeba myari saTbobis
gadamuSavebis dros warmogmni B1 sinTez-airidan.

yoveBive zemoTgmu Bis Semdeg, aq alBbaT, upriani
igneboda wya B badis miRebis meTodebis ganxiBva, magram
randenadac es  meTodebi sakmaod  cnobillia da
dawrilebiT  ganixilleba araorganul nivTierebaTa
teqnoBogiis specialur kursebSi, Cven SevCerdebiT
wyaBbadis miRebis mxoBlod erT meTodze, romelic
perspeqtivaSi iafi wyaBbadis miRebas iTvall iswinebs — es
aris wyalbadis miRebis Termogimiuri meTodi.

wya Bbadis miRebis Termogimiuri meTodi 1Tva-
Biswinebs wyBis daSBas Tburi energiis gamoyenebiT,
romBis miRebasac varaudoben heBiumis macivrebiani
atomuri reaqtorebidan gamosulli heBiumis siThos
xargze. wylBis Termulli daSHisaTvis aucillebeli
siTbos Teoriulli Q; raodenoba SeiZBeba ganisazRvros

Qr=E/ n = AGO/ »

tipis TormullebiT, sadac E aris T, temperaturis
mqone siTbos wyarodan arTmeuli Thburi energia; AG® -
Tavisufali energiis cvlilleba wylis daSHhis dros; 7,

- karnos cikBlis mgk, romeBic xorcieldeba zeda T,
temperaturasa da garemos T, temperaturas Soris.
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wyBis pirdapiri  Termulli daSBa cnobili
H,O o H2+%202+AH reaqciis mixedviT SeuZBebelia,

radgan amisaTvis saliro temperaturaze (= 1000°C)
reaqciis wonasworobis konstanta Seadgens 1,48 10°-s,
rac Seesabameba sareaqcio narevSi  O,-sa da H,-Is
parcialur wnevas ara umetes 0,1 pa (10 atm®).

wya B badis miRebis am meTidis pragtikulli gan-
xorcielleba SesaZBebeBlia mxoBlod wylis uSuallod
daSHis reagciis SecvBiIT 1iseTi ramdenime reagciisagan
Semdgari Termogimiuri cikliT, romel@Tac aquT
pragtiku i miznebisaTvis sakmarisi wonasworobis
konstantis mniSvne Bobebi. SeswavBilli da rekomen-
debullia mravali Termoqgimiuri cikBli wyBis dasa-
SBelad 1seT temperaturebze, romBebic ar aRemateba
birTvuli reagtoridan gamomavali  Thbomatareblis
temperaturas (Thuri reagtorebis narCeni siTbos
gamoyenebis dros). damuSavebull Termogimiur cikBebSi
Sualledur nivTierebebs — halBogenebs, VI jgufFis
e Bementebs (gogirds), Il JguFfis BiTonebs (Mg, Ba, Ca)
- aqvT didi Tvisoba wayBbadis an Jangbadis mimarT.
quemoT  moyvani Bia 1seTi  reagciebis Termogimiuri
cikBis magaliTi, romeBTa Sedegia wylBis daSHa
wya Bbadad da Jangbadad:

Hg(a)+ 2HBr(a) **° - HgBr,(s)+ H,(a) (@)
HgBr,(s) + Ca(OH ), (xs) = CaBr, (xs) + HgO(m) + H,0(s)  (b)
Hgo(n) ~ Hg(s)+ %50,() A ©

CaBr, (xs) + 2H,0(0rT) ®_ Ca(OH),(xs)+ 2HBr(a) (d)
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mT Bianad wyBis Termogimiuri daSBa Caketili
cikBia, radganac yvela amosavalli reagenti gamoeyofa
reaqciis produqtebs da brundeba cikBSi, wylis garda,
romelic ixarjeba wyallbadisa da Jangbadis warmogmnaze.
reagciis magsimaBuri temperatura (d reaqcia) ar
aRemateba 700°C-s da SeiZBeba uzrunveByoFfilli ignes
Thomatareb RiT, romlis temperatura birTvulli
reagtoridan gamosasvBel Si 800-900°C-is doneze igneba.

JerjgerobiT mrewveBobaSi arcerTi Termogimiuri
cikBi ar aris ganxorcielebulli da ar aris
gansazRvrulli cikBebis mgk da danaxar jebi wyallbadis
Termogimiuri meTodiT warmoebaze, e. 1i. ar aris
gakeTebuBi am meTodis ekonomikuri Sefaseba. magram
gaangariSebebi gviCvenebs, rom wyalbadis Termogimiuri
miRebis meTodis mgk birTvulli reagtoris narCeni Thuri
energiis gamoyenebisas ufro maRalia, vidre wylis
eleqgtrolizis dros da 40-45%-s Seadgens.

wyBidan wyalbadis warmoebis kombinirebulli
meTodi emyareba procesis Termogimiuri da eleg-
trogimiuri stadiebis kombinirebas. miaCniaT, rom
kombinirebul meTods SeuZBia SeaTavsos orive meTodis
Rirsebebi: eleqtrogimiuri meTodi yvelaze kargad aris
aTvisebuli, martivia misi aparaturulli gaformeba,
xoBo Termogimiuri ufro ekonomiuria, magram igi jer
kargad ar aris aTvisecouli da Znelia samrewello
realizaciisaTvis. magalBiTisaTvis, moviyvanoT wylidan
wyallbadisa da Jangbadis miRebis gogirdmJavuri
kombinirebuli meTodi. es orsafe-
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xuriani procesia: pirveli safexuri
romelic 900°C-ze katalizatorze
doTermulli reaqciaa:

Termogimiuria,
mimdinare en-

H,S0, *°~H,0+50,+ %0, (a)

meore safexuri elegtrogimiuri procesia, romelic
Cveu Bebriv temperaturaze xorciell deba (=25°C-ze):

2H,0+ S0, +2e” = H, + H,S0, (b)

(b) reagcia pragtikulad mxolod elegtro-
Bizuri xerxiT SeiZlBeba ganxorcieldes, radgan misi
wonasworobis mudmiva da wyalBlbadis Teoriulli gamo-
saval 1 metismetad mcirea.

(b) reagciisaTvis gamoangariSebulli daSHis Te-
oriulli Zabva nakBebia, vidre wylBis pirdapiri
eleqtrolizisaTvis; igi Seadgens 0,17 v-s, maSin, roca
pirdapiri elleqgtrolizis dros igi 1,23 v-ia. jamurma
mgk-ma 35-37% unda Seadginos. kombinirebu i
sistemisaTvis energiis wyarod SeiZBeba gamoyenebulli
ignes airovani birTvulli reagtori, romelic procesis
Termogimiur safexurs narCeni Thuri energiiT
moamaragebs, xolo eleqtrogimiurs — eleqtroenergiiT.

special istebs miaCniaT, rom Termogimiuri da
elegtrogimiuri procesebis kombinireba wyBidan wyal-
badis didmasStaburi warmoebis yveBlaze perspeqtiulli
mimarTu B ebaa.
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9.6. meurneobis qimizacia da
sicocxlis uzrunve lyoFfis pirobebi

gqimizacia ewodeba meurneobaSi gimiuri meTodebis,
procesebisa da masallebis danergvas. mrewvel obis
sxvadasxva dargebSi qimiuri meTodebis FarTod danergva
iZBleva warmoebis ufro racionalurad marTvis,
nedBeulis yvela SemadgeneBi nawi Bis gamoyenebis, mavne
nivTierebebiT garemos gaWuWyianebis gareSe unarCenod

muSaobis, ZiriTadi produgtis TviTRirebu Bebis
Semcirebisa da, boBos, axali masallebis miRebis
saSuallebas. warmoebis qimizacia qimiuri progresis

mniSvne B ovani mimarTu B ebaa.

gimizacias uzarmazari mniSvneBloba aqvs kaco-
briobis sicocxBis uzrunvelyofisaTvis da, uwinares
yov B isa, kvebis produqtebiT dakmayo¥i BebisaTvis, rac,
pirvel rigSi, gamoixateba mineraluri sasuqgebiT
sofhis meurneobis momaragebaSi. mineralur sasugebze
sofhis meurneobis moTxovniBebis dakmayofi BebasTan
erTad matulobs mcenareebisa da cxovelebis zrdis
stimuBatorebis roli. gimikosebis winaSe dgeba 1seTi

stimu latorebis damuSavebis amocana, romlebic
saSuallebas mogvcems welliwadSi ramdenime mosavali
aviROT. magram dedamiwis mosaxBeobis progresul

zrdasa da miwaTmogmedebisaTvis vargisi savargu lBebis
SezRudu B obasTan dakavSirebiT warmoiSva sinTezuri da
xe Bovnuri sakvebis miRebis aucilebBoba. ukve didi
xania cxove B Ta sakvebis FosForis naerTebiT Sesavsebad
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gamoiyeneba sakvebi precipitati CaHPO, da karbamidi
CO(NHZ)Z, rogorc organizmSi cillis sinTezis wyaro.

ukanaskne I xanebSi daiwyo ciBovani preparatebis
farTo samrewvel O warmoeba mikrobio B ogiuri
sinTeziT, romBebSic normalur  (bunebriv)  tem-
peraturaze mogmed katalizatorebad 1iyeneben Fer-
mentebs. nedBeulad, wupiratesad, iyeneben navTobidan
miRebul parafinebs, spirtebsa da organull mJavebs.
saTbobad gamoyenebu B i1 navTobi rom Seicvallos energiis
sxva wyaroebiT, misi resursebi pragtikullad amouwuravi
igneboda  sakvebisa da maRalmoBekuBuri naerTebis
warmoebisaTvis. mikrobio B ogiuri sinTezisaTvis
navTobis msofBio mopovebis mxoBlod 4%-is gamoyenebiT
SeiZleba dedamiwis mTeBi mosax Beobis uzrunvelyofa
cillis vracioniT, magram amJamad iwarmoeba mxolod
cxove Bebis sakvebisaTvis dasamatebBad vargisi cillebi.
mimdinareobs biologiuri sinTezis saSuallebiT
atmosferulli azotis sawarmoo SekavSirebis gzebis
Zieba. amJamad kvebis mrewve Boba ukve TarTod 1yenebs
duRiBis meTodebs spirtebisa da organulli mJavebis
misaRebad.

sakvebi produqgtebis warmoebis gimizaciis umaR-
Besi safexuri igneba cilBovani preparatebis qimiuri
sinTezi. axBa ukve muSavdeba mravali aminomJavis
organu i sinTezis meTodebi, romelTa nakrebi SeZllebs
nawi Bobriv Secvalos sakuTriv cillovani preparatebi.
dadgeni R ia, rom adamianis  sakvebSi aminomJavebis
damateba adidebs mcenareuli cillebis aTvisebadobas.
zogierTi rTulli cilebis sinTezi, romlebic
aseulobiT aminomJavur naSTebs Seicavs, ukve
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SesaZlebelia Baboratoriul pirobebSi.  muSavdeba
cillebisa da Saqrebis balaxebidan, bostneulisa da
merqnis narCenebidan, wya I mcenareebidan miRebis
meTodebi.

gimiurad gadawyvetiBlia mergnidan hidroBRizuri
Sagrisa da spirtis warmoeba, Tumca mas jJer Kkidev ar
SeuzBia Secvalos Saqris warmoeba WarxBisa da
I erwmisagan. momava B Si dedamiwis mosax B eobis
uzrunve Byofa sakvebiT savsebiT SesaZBebeBia qimiuri
meTodebisa da masalBebis safuzvelze, e. 1. gimizaciis
gziT.

gimizacia aucillebeli da savaldebuBlo xdeba
kacobriobis sicocxblisa da moRvaweobis yveBa aspeqtSi.
gansakuTrebiT mniSvne B ovania am mimarTebiT
maRalmoBekuBuri naerTebi pBastmasis nakeTobaTa,
rezinis, qimiuri boWkoebis, Bagebis, saRebrebis, we-
boebisa da sxvaTa saxiT. Tanamedrove manganaTmSeneb N oba,
gansakuTrebiT satransporto, didi raodenobiT iyenebs
maRalmo BekuBuri naer Tebisagan damzadebu i
nakeTobebs; amasTan am ukanaskne@Ta roBi ganuwyvet Biv
gaizrdeba RBiTonebis wilis Sesabamis SemcirebasTan
erTad, uwinares yovBlisa imitom, rom moTxovni lebebi
konstrugciul masa B ebze progresullad 1zrdeba,
BiTonebis gamosadnobi madnebis maragebi ki sull ufro
da ufro mcirdeba. aucillebeli gaxda xelovnuri da
gimiuri boWkoebis, pBastmasebisa da sxva polimerulli
masa Bebis gamoyeneba tansacmBis, TFexsacmBis da sxva
saojaxo moxmarebis sagnebis dasamzadebBad, radganac
SeuZlebeli Seigna mosax B eobis moTxovni B ebebis
dakmayofi B eba sasof 1 o-sameurneo tegnikuri
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kul turebisa da mecxoveleobis produqciis xarjze.
sinTezuri samkurnalo preparatebi da saRebrebi ufro
mrava Emxrivi mogmedebisaa, vidre bunebrivi. garda amisa
isini, rogorc wesi, bunebrivze 1iafia da amitom
dominireben xmarebaSi.

moTxovni Beba sufTa mtknar wyallze msxvil
dasaxBebull  regionebSi amJamad emyareba bunebrivi
wy Bebis gawmendisa da gausnebovnebis gimiur meTodebs.
dedamiwis mravall raionSi mdinareebisa da thebis
meknari wyBebi ukve ar aris sakmarisi da qimikosebi
wyveten zRvebisa da oOkeaneebis wyBis gamtknarebis
prob Bemebs, gamoyofen ra amasTan erTad BiTonebis, maT
Soris Zvirfasi HBiTonebis, gloridebs, sull fatebsa da
karbonatebs. saTbobis, metaBlurgiuli, kvebis, msubugi,
celuloza-gaRaldis da mrewelobis sxva dargebis
(qimiuris CaTvlIT) da, agreTve, energetikulli
sadgurebis Camdinare wyBlebs wmenden Fizikur-gimiuri
da wminda gimiuri xerxebiT.

kacobriobis arsebobis uzrunvellyofa moicavs
sufTa haerisa da erT sull mosaxBeze energomomaragebis
prob I emebs. orive es prob lema komp Begsurad
gadawydeba qimiisa da qimiuri tegnoBlogiis meTodebiT
wyaBbaduri energetikis ganxorciellebis gziT. amJamad
Tburi energetikulli danadgarebi da satransporto
Zravebis gamonaboBqvi airebi aWuWyianebs atmosferos
gogirdisa da azotis oqgsidebiT, naxSirwyallbadebis
arasrulli  wvis produqtebiT da, agreTve, mtvriT.
wyalBlbadsa an meTano Bl ze, rogorc sawvavze, gadasvlisas
erTdroullad wydeba atomuri reaqgtorebis
gamouyenebe i1 siTbhosa da dedamiwis wiaRis siTbhos
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utilizaciis problema. meore mxriv miiReba sufTa
gamonabo Bgvi  airebi. jerjerobiT ki  warmoebaTa
gamonabo B qvi airebi unda gaiwmindos mavne
minarevebisagan, da es keTdeba qimiuri meTodebis,

katalBizis, absorbciisa da adsorbciis gamoyenebiT.
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