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winasityvaoba 
 

saqarTvelos teqnikuri universitetis fizikuri da 

koloiduri qimiis mimarTulebas koloiduri qimiis swavlebis 

mdidari gamocdileba aqvs, romelsac ormoc welze met xans 

xelmZRvanelobda da koloiduri qimiis kurss kiTxulobda 

cnobili qarTveli mecnieri, qimiis mecnierebaTa doqtori, 

profesori b.kandelaki. igi saqarTveloSi koloiduri qimiis 

ganviTarebis fuZemdeblad iTvleba. 

gasuli saukunis meore naxevarSi ganviTarda kolo-

iduri qimiis mravali mimarTuleba, magram koloiduri qimiis 

saswavlo kursSi es naklebad poulobda asaxvas. sagnis 

tradiciuli swavleba mecnierebisa da mrewvelobis moTxov-

nebs aRar akmayofilebda. aqedan gamomdinare, daiwyo kursis 

programis Secvlis mcdeloba.  

      saxelmZRvanelos safuZvels warmoadgens koloiduri 

qimiis leqciebis kursi, romelic ukanaskneli 15 – 20 wlis 

manZilze ikiTxeba qimiuri teqnologiisa da metalurgiis 

fakultetis studentebisaTvis. 

      arsebuli saxelmZRvanelo warmoadgens 2009 wels 

gamoqveynebuli saxelmZRvanelos stilisturad gadamuSvebul 

variants, sadac garda amisa gaTvaliswinebulia recenzentTa 

konstruqciuli SeniSvnebi.  

wigni Cafiqrebulia rogorc koloiduri qimiis zogadi 

kursi bakalavrebisa da profesiuli ganaTlebis studentTa-

Tvis. masSi yuradReba aqvs daTmobili koloiduri qimiis 

ZiriTad debulebebs, romlebic qmnian sagnis Seswavlis myar 

safuZvels.  

warmodgenili saxelmZRvanelo dawerilia koloiduri 

qimiis kursis moqmedi programisa da silabusis Sesabamisad 

da gamiznulia qimiuri teqnologiis, bioteqnologiis, ekolo-

giis, samrewvelo farmaciis, farmacevtuli produqtebis 

eqspertizis, marketingisa da menejmentis, kvebis produqtebis 

teqnologiisa da eqspertizis, metalurgiis, samTo-geolo-

giuri specialobebis bakalavrebisaTvis. saxelmZRvanelo 
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SeiZleba gamoiyenon agreTve amave specialobis profesiuli 

ganaTlebis studentebma, magistrantebma da koloiduri qimiis 

sakiTxebiT dainteresebulma sxva pirebmac. 

saxelmZRvanelos avtorebi did madlobas uxdian 

recenzentebs sasargeblo rCevebisa da SeniSvnebisTvis, romle-

bic gaTvaliswinebulia aRniSnul naSromSi. 

 
                           

avtorebi 
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1. Sesavali 

 1.1. koloiduri qimiis swavlebis sagani da 

ZiriTadi cnebebi 

 
koloiduri qimiis swavlebis sagania heterogenuli, 

maRaldispersuli da maRalmolekuluri sistemebi, maTi 

fizikur-qimiuri Tvisebebi da fazaTa gamyof zedapirze  

mimdinare movlenaTa zogadi kanonzomierebis dadgena. 

Cvens irgvliv myofi samyaro ZiriTadad koloiduri 

sistemebisagan Sedgeba, amitom koloiduri qimiis codna saWi-

ro da aucilebelia. magaliTisaTvis sakmarisia moviyvanoT 

kosmosuri mtveri, Rrublebi, bunebrivi wylebi, gruntebi da 

niadagebi, mcenareuli da cxoveluri samyaro, mikroor-

ganizmebi da bolos TviTon adamiani da misi moxmarebis saganTa 

didi umravlesoba. amitom garemoSi mimdinare movlenaTa da 

procesTa mimarTebaSi fizikuri da qimiuri kanonebis gamoye-

nebisas aucileblad gaTvaliswinebul unda iqnas koloidur 

mdgomareobaSi myof nivTierebaTa gansakuTrebuli buneba. ko-

loiduri qimiis kvlevis obieqtTa ZiriTadi maxasiaTebeli 

niSnebia:  

1. sistemis heterogenuloba, anu misi mravalfazianoba, 

romelic pirdapir miuTiTebs fazaTa Soris arsebul gamyof 

zedapirze.  

swored aseTi zedapirebi da maTze mimdinare fizikur-

qimiuri movlenebia koloiduri qimiis kvlevis erT-erTi 

upirvelesi obieqti. nivTierebaTa gamyof zedapirze mimdinare 

procesebi ganapirobeben koloiduri sistemebisaTvis maxasia-

Tebel TvisebaTa did umravlesobas. am movlenebis zogadi 

kanonzomierebebis Seswavla ki saSualebas iZleva warmatebiT 

gadaiWras konkretuli teqnologiuri problemebi da gaazre-

bulad imarTos aRniSnul sistemebSi mimdinare sxvadasxva 

qimiuri Tu fizikuri procesebi. 

2. dispersuloba koloidur sistemaTa meore ZiriTadi 

maxasiaTebeli niSania da mas sakvlevi sistemis romelime 
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fazis daqucmaceba, danawevreba an dawvrilmaneba udevs safuZv-

lad. mis dasaxasiaTebelad gamoiyeneba dispersulobis xaris-
xi, romelic raodenobrivad gviCvenebs Tu ramdenadaa dawv-

rilmanebuli esa Tu is faza. dispergirebisas (danawevrebisas, 

dawvrilmanebisas, dafqvisas) miiReba sxvadasxva zomis sfe-

ruli, kuburi, cilindruli an saerTod nebismieri formis 

mqone nawilakebi. Tu sakvlevi koloiduri sistema erTidaigive 

zomis nawilakTagan Sedgeba, aseT sistemas monodispersuls 

uwodeben, xolo Tu sxvadasxva zomis nawilakTagan - 

polidispersuls. simartivisaTvis dispersulobis xarisxis 

gasaangariSeblad aviRoT kuburi formis nawilakTagan Semd-

gari monodispersuli sistema, sadac nawilakTa wibos zoma a 
m-ia, maSin aseTi sistemis dispersulobis xarisxi tolia  

 
                                      D=1/a                                           (1-1) 
  
(1-1)-dan gamomdinare rac ufro metia nawilakis zoma 

(a), miT naklebia dispersulobis xarisxi (D) da piriqiT. 

fazas, romelic dispergacias ganicdis dispersul fazas 
uwodeben, xolo ares, sadac igia Sereuli (Tanabrad gana-

wilebuli) – sadispersio garemos (ares).  

nivTierebis daqucmacebisas izrdeba rogorc misi 

dispersulobis xarisxi (D), aseve misi gamyofi zedapiris 

farTobic (S), romelic yvela arsebul nawilakTa zedapiruli 

farTobebis jamis tolia (ix. cxr.1).  

aqve unda aRiniSnos is faqtic, rom calke aRebuli 

dispersuli fazis saerTo zedapiruli farTi ar iZleva 

nivTierebaTa daqucmacebulobis xarisxis srul suraTs, 

radgan erTi da igive zedapiruli farTi SeiZleba hqondes 

rogorc maRali dispersulobis xarisxisa da mcire masis (m1) 

mqone erT fazas, ise dabali dispersulobis xarisxisa da 

meti masis (m2) mqone meore fazasac (roca m2  m1). 
amitom koloidur qimiaSi SemoRebulia dispersuli 

fazis xvedriTi zedapiris (Sxv) cneba, romelic raodenob-

rivad miuTiTebs Tu ra zedapiruli farTi aqvs erTeuli masis 
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an erTeuli moculobis mqone  dispersul fazas da gamoiTv-

leba igi Semdegi formuliT: 

 

                                   Sxv =  S/m      [m2/kg]                       (1-2) 
an 
                                   Sxv = S/V   [m2/m3]           (1-3) 
 

sadacV da m Sesabamisad dispersuli fazis saerTo moculoba 

da saerTo masaa.  

xvedriTi zedapiris sidide pirdapirproporciuladaa 

damokidebuli koloiduri sistemis dispersulobis xarisxze. 

gamoTvlis gasamartiveblad ganvixiloT kuburi formis nawi-

lakebisagan Semdgari monodispersuli sistema, sadac nawi-

lakis wibos zoma a m-ia, maSin misi zedapiris farTi iqneba 
6a2, moculoba ki a3. Tu am monacemebs CavsvamT (1-3) 

formulaSi miviRebT, rom 

           Sxv= S/V = 6a2/a3 = 6
1

a
   6D                (1-4) 

analogiur Sedegs miviRebT sferuli formis nawila-

kTaTvisac. nebismieri formis nawilakebisaTvis ki (1-4) 

formula Semdeg saxes miiRebs 

 

                                                     Sxv= kD                                   (1-5) 
 

sadac k nawilakTa geometrul formaze damokidebuli 

koeficientia. 
 

 1.2. koloidur sistemaTa klasifikacia 
 

koloiduri sistemebi sakvlevi obieqtebis didi simrav-

liT gamoirCevian, romlebic mkveTrad gansxvavebulni arian 

erTmaneTisagan agregatuli mdgomareobiT, fizikur-qimiuri 

TvisebebiT, organuli an araorganuli warmoSobiTa da a.S. 

swored amitom koloiduri qimiis, rogorc mecnierebis 
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Camoyalibebis dasawyisSive mwvaved dadga misi kvlevis obi-

eqtebis klasifikaciis sakiTxi. mravali mcdelobis miuxedavad 

yovlismomcveli klasifikacia dRemde jer kidev araa 

SemuSavebuli. amis mizezad SeiZleba CaiTvalos koloiduri 

sistemebis Tvisebebisadmi fundamentaluri da yovelmxrivi 

midgomis ar arseboba, anu sxvagvarad, aqamde SemoTavazebuli 

klasifikaciis yvela modeli Sefasebis kriteriumad iyenebs 

koloiduri sistemebis ama Tu im kerZo Tvisebas da ara srul 

TvisebaTa jams (rac albaT mecnierebis ganviTarebis am etapze 

principulad SeuZlebelicaa). 

gavecnoT koloiduri sistemebis klasifikaciis yvelaze 

ufro gavrcelebul (popularul) modelebs: 

1. klasifikacia nawilakTa zomebis mixedviT. klasifika-

ciis es modeli koloiduri sistemebis dispersuli fazis 

nawilakebs asxvavebs geometruli zomebis anu maTi disper-

sulobis xarisxis mixedviT: 

- ultramikroheterogenuli koloiduri sistemebi 

nawilakTa zomebiT 10-910-7 m (1-100 nm). aqedan gamomdinare 
aRsaniSnavia, rom nanoteqnologiaSi gamoyenebuli nawilakTa 

zomebi srudad jdeba ultramikroheterogenuli koloiduri 

sistemebisaTvis daSvebul nawilakTa zomebis zRvarSi; 

- mikroheterogenuli koloiduri sistemebi nawilakTa 

zomebiT 10-710-5 m; 
- uxeSad dispersuli koloiduri sistemebi, romelTa 

nawilakis zomebi icvleba 10-510-3 m zRvarSi.  
2. klasifikacia kinetikuri da struqturul-meqanikuri 

Tvisebebis mixedviT. klasifikaciis es modeli ansxvavebs 

dispersuli fazis nawilakTa sadispersio garemoSi gada-

adgilebis SesaZleblobas da Sesabamisad am sistemis struq-

turul-meqanikuri Tvisebebis cvlilebas. arsebobs ori Ziri-

Tadi klasi: 
- Tavisufaldispersuli sistemebi, sadac brounis 

moZraobis safuZvelze dispersuli fazis nawilakebi 

Tavisuflad gadaadgildebian sadispersio garemoSi da didi 

drois intervalSi maT Soris ar warmoiqmneba raime saxis 
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mtkice urTierTkavSirebi. yovelive amis gamo isini mie-

kuTvnebian niutonis siTxeebis klass. magaliTad zolebi, 

ganzavebuli emulsiebi, aerozolebi da a.S.; 

-  SezRuduldispersuli sistemebi, sadac sadispersio 

areSi dispersuli fazis nawilakTa moZraoba SezRudulia, 

radgan maT Soris yalibdeba sakmaod mtkice urTierTkavSirebi, 

ris safuZvelzec dispergirebul nawilakTagan warmoiqmneba 

sivrcul-struqturuli bade. aseTi koloiduri sistemebi 

bingamis siTxeTa klass miekuTvnebian. magaliTad gelebi, sus-

penziebi, pastebi, koncentrirebuli emulsiebi da a.S.  

3.klasifikacia sadispersio garemosa da dispersuli 

fazis agregatuli mdgomareobis mixedviT. 
 klasifikaciis es modeli yvelaze ufro gavrce-

lebulia koloidur qimiaSi da sadispersio garemosa da 

dispersuli fazis Semadgeneli nivTierebebis agregatul 

mdgomareobazea damokidebuli (ix. cxr. 2). 

yvela is sistema, sadac dispersuli fazis daquc-

macebulobis done akmayofilebs koloiduri donis disper-

sulobis xarisxs, zolebad moixsenieba. Semdgomi maTi 

gradacia damokidebulia sadispersio arisa da dispersuli 

fazis Semadgenel nivTierebaTa agregatul mdgomareobaze. 

magaliTad, Tx/air da my/air sistemebs aerozolebi ewodeba, 

Tx/Tx da my/Tx – liozolebi.  

sadispersio aris Tvisebebidan gamomdinare, arsebobs 

hidrozolebi, organozolebi (alkozolebi, eTerozolebi) da 

a.S. 

Tu dispersuli faza myaria da sadispersio garemo 

Txevadi, maSin aseT mikroheterogenul sistemebs suspenziebi 

ewodeba, maRalkoncentrirebul suspenziebs – pastebi, siste-

mebs Tx/Tx ki emulsiebs uwodeben da a.S. 
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cxrili 2 

sadispersio  

garemo 

sadispersio

faza 

aRniSvna sistemis dasaxeleba da 

magaliTebi 

myari myari my/my myari, heterogenuli 

sistemebi: mineralebi, 

Senadnobebi, sitalebi, 

betoni, kompoziciuri ma-

salebi. 

Txevadi Tx/my kapilaruli sistemebi: 

siTxe forovan tanebSi, 

niadagi, grunti 

airi airi/my forovani tanebi: ceoli-

tebi  

 

Txevadi 

myari my/Tx suspenziebi da zolebi: 

sawarmoo suspenziebi, 

pulpebi, pastebi, Slamebi, 

Slikerebi. 

Txevadi Tx/Tx emulsiebi: bunebrivi nav-

Tobi, sxvadasxva saxis 

sacxi saSualebebi, rZe. 

airi airi/Tx aeroemulsiebi da qafebi: 

xanZarsawinaaRmdego, flo-

taciuri, sakonditro da 

sapnis  qafebi. 

 

airi 

myari my/airi aerozolebi: mtveri, 

boli, wvrildispersuli 

fxvnilebi. 

Txevadi Tx/airi aerozolebi: Rrubeli, 

burusi. 

airi airi/airi koloiduri sistemebis 

miReba SeuZlebelia. 
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 (buferis) rols. isini Tavisuflad urTierTqmedeben 

koloiduri sistemis Semadgenel komponentebTan, amcireben ra 

amiT Tavisufal zedapirul energias da zrdian koloiduri 

sistemis mdgradobas. liofoburi sistemebi wylis 

sadispersio garemoTi hidrofobur sistemebad moixsenebian. 

magaliTad, yvela saxis wyalSemcveli aerozoli, qafi, 

mravali saxis emulsia, suspenzia da a.S. 

4.klasifikacia dispersuli fazisa da sadispersio 

garemos molekulaTa urTierTqmedebis xasiaTis mixedviT. 
miRebulia, rom dispersuli sistemebis didi 

umravlesoba iyofa or jgufad - liofilur da 

liofobur sistemebad.  
liofilur sistemebSi dispersuli fazisa da 

sadispersio garemos Soris arsebul gamyof zedapirze mcirea 

energetikuli barieri, Sesabamisad izrdeba maT Soris aqtiuri 

urTierTqmedebis xarisxi, rac xSir SemTxvaSi Tavisufali 

zedapiruli energiis Semcirebis fonze TavisTavad  mimdi-

nareobs da ganapirobebs aseTi sistemebis maRal Termodina-

mikur da agregatul mdgradobas. liofiluri sistemebi 

wyliani sadispersio ariT hidrifilur sistemebad moixse-

nebian. magaliTad cilebis, Jelatinis, saxameblis koloiduri 

sistemebi da a.S.  

liofiluri sistemebis didi umravlesoba an TavisTavad 

miiReba an aseTi sistemebis misaRebad Zalze mcire energiis 

daxarjvaa saWiro.  

liofobur sistemebSi ki yvelaferi piriqiTaa, maRalia 

gamyof zedapirze fazaTa Soris energetikuli barieri, rac 

xels uSlis dispersuli fazisa da garemos nivTierebaTa 

urTierTqmedebasa da Tavisufali zedapiruli energiis Semci-

rebas. amis gamo isini Termodinamikurad da agregatulad ara-

mdgradni arian da saWiroeben specialur, zedapirulad 

aqtiur danamatebs (stabilizatorebs). stabilizatorebi 

ganTavsdebian ra dispersuli fazisa da sadispersio garemos 
Soris gamyof zedapirze, asruleben gardamavali Sris  
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 1.3. koloiduri qimiis ganviTarebis istoriuli 

etapebi 

 
koloidurma qimiam, rogorc 

qimiuri mecnierebis damoukidebelma 

nawilma, Camoyalibeba  saukunis 
60-iani wlebis dasawyisidan daiwyo, 

roca naTlad da konkretulad 

gamoikveTa misi kvlevis ZiriTadi 

obieqtebi da meTodebi. es movlena 

dakavSirebulia ingliseli mecnie-

ris Tomas gremis saxelTan, magram 

koloidur sistemebs manamdec ara-

erTxel miuqcevia kacobriobis did 

moazrovneTa da mecnierTa yurad-

Reba. 

koloidur mdgomareobaSi 

myofi nivTierebebis aRwera pirve-

lad aristotelesa da Sua saukuneebis rig alqimikosTa 

naSromebSi gvxvdeba.  

Semdgom m. lomonosovma Seiswavla oqros zolebi 

wyalsa da minebSi (1751 w.), T. lovicma aRmoaCina da Seiswavla 

adsorbciis movlena xsnarebidan naxSiris zedapirze (1789 w.), 

f. reisma aRmoaCina Tixur suspenziebSi eleqtroforezisa da 

eleqtroosmosis movlenebi (1809 w.), berceliusma 1824-34 

wlebSi Seiswavla da aRwera uxsnadi naerTebis suspenziebi, 

f. selmi 1845 w. aqveynebs WeSmarit da fsevdo xsnarebis 

Tvisebebis aRweras da a.S. 

  1861 wlidan gamoCnda Tomas gremis samecniero 

naSromebi, sadac igi araorazrovnad miuTiTebs sruliad 

gansxvavebuli Tvisebebis mqone axali klasis - koloidur 

sistemaTa Seswavlis aucileblobaze. gremma aRmoaCina da 

Seiswavla koloiduri sistemebis gasufTavebis xerxi – 

dializi da pirvelad swored man SemoiRo mecnirebaSi termini 

 
Tomas gremi    
(1805-1869) 
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koloidi (rac berZnulidan TargmniT webosmagvars, webovans 
niSnavs).  

gremis paralelurad kolo-

idur sistemebs swavlobda rusi 

mecnieri borSCovi, romelmac 

marTebulad gansazRvra zolTa 

warmoSobis arsi. igi  aRniSnavda, 

rom koloidur “xsnarebSi” ar 

mimdinareobs “namdvili” gaxsnis 

procesi da rom sadispersio 

areSi dispersuli faza faqti-

urad uxsnadia. 

aqve unda aRiniSnos, rom 

1907 wels v. ostvaldis Zalis-

xmeviT gamoica pirveli samecniero-sawarmoo Jurnali 

koloidur qimiaSi “Zeitschrift  für Chemie und Industrie der 
Kolloide” (“koloidebis qimiisa da industriis Jurnali”), 
romelsac SemdgomSi ewoda “Kolloide Zeitschrift” (“koloiduri 

Jurnali”). am Jurnalma Zalian didi biZgi misca koloiduri 

qimiis, rogorc mecnierebis calke dargis Camoyalibebisa da  

ganviTarebis saqmes. 

XIX saukunis dasasrulsa da XX saukunis dasawyisSi 

fizikasa da fizikur qimiaSi Sesrulebul iqna mTeli rigi 

fundamenturi samuSaoebisa, romelTac didi gavlena moaxdines 

koloiduri qimiis ganviTarebaze. 

aseT samuSaoTa ricxvs miekuTvneba laplasis kapila-
robis Teoria (1806 w.), releis Suqis ganbnevis Teoria (1871 
w.), jibsis zedapirul movlenaTa Teoria (1879 w.), 

ainStainisa da smoluxovskis brounis moZraobis Teoria 
(1905-1906 w.), zigmondis ultramikroskopi (1903 w.), 

smoluxovskis koagulaciis kinetikis Teoria (1916 w.), leng-

miuris adsorbciisa da zedapiruli monomolekuluri fenebis 
Teoria (1917 w.), helmholcis, kvinkesa da reisis naSromebi 
zedapiruli eleqtruli movlenebis Sesaxeb (1870-80 w.), 

 
vilhelm ostvaldi 

(1853-1932) 
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guis, Cepmenisa da Sternis ormagi eleqtruli Sris Teoria 
(1910-24 w.) da sxva mravali. 

koloiduri qimiis ganviTarebis Semdgomi etapi 

dispersuli fazis nawilakTa zomebisa da koloiduri 

sistemis fizikur-qimiur TvisebaTa Soris arsebuli kanonzo-

mierebis Seswavla iyo. XX saukunis dasawyisSi am mimar-

Tulebis pionerebi ostvaldi da veimarni iyvnen.  

koloiduri qimiis ganviTarebis saqmeSi waruSleli 

kvali datoves iseTma mecnierebma, rogorebic iyvnen pereni, 

svedbergi, freindlixi, cveti, Silovi, dumanski, peskovi, 

rebinderi, kargini, deriagini da sxvani.  

I Tavis ZiriTadi daskvnebi 

 

1. koloiduri qimiis swavlebis sagania heterogenuli 

maRaldispersuli da maRalmolekuluri sistemebi, maTSi 

mimdinare zedapiruli movlenebisa da procesebis zogadi 

kanonzomierebani da maTi fizikur-qimiuri Tvisebebi. 

2. koloiduri sistemebis ZiriTadi niSnebia: 

  - heterogenuloba; 

  - maRaldispersuloba. 

3. koloiduri sistemebis klasifikaciis ZiriTadi 

modelebia: 

- klasifikacia nawilakTa zomebiT; 

- klasifikacia kinetikuri da struqturul-meqanikuri 

TvisebebiT; 

- klasifikacia dispersuli fazisa da sadispersio gare-

mos Semadgenel nivTierebaTa urTierTqmedebis xasiaTiT; 

- klasifikacia sadispersio garemosa da dispersuli 

fazis agregatuli mdgomareobiT. 

4. koloidurma qimiam, rogorc qimiuri mecnierebis 

damoukidebelma nawilma, Camoyalibeba  saukunis 60-iani 
wlebis dasawyisidan daiwyo, roca konkretulad gamoikveTa 

misi kvlevis ZiriTadi obieqtebi da meTodebi. 
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2. zedapiruli movlenebi koloidur sistemebSi  
 

heterogenuloba koloiduri sistemebis erT-erTi 

mTavari maxasiaTebeli Tvisebaa, amitom didi mniSvneloba 

eniWeba fazaTa Soris gamyof zedapirs, mis sidides, 

struqturasa da masze mimdinare sxvadasxva saxis qimiur Tu 

fizikur movlenebs, romelTac Semdeg zedapirul movlenebad 
movixseniebT.  

aqedan gamomdinare, koloiduri qimiis kursis danarCeni 

sakvanZo sakiTxebis Semecnebis gasamartiveblad logikuri 

iqneba Tu jer zedapiruli movlenebis ganxilvaze SevCerdebiT. 

 

2.1. fazaTa  gamyofi zedapiris Warbi Tavisufali 

energia da zedapiruli daWimuloba 
 

maRaldispersuli, heterogenuli sistemebis Seswav-

lisas, koloiduri qimiis kvlevis obieqtebis specifikuri 

Taviseburebebidan gamomdinare, ZiriTadi mniSvneloba fazaTa 

Soris gamyof zedapirs, mis struqturul Taviseburebebsa, da 

aqedan gamomdinare, masze mimdinare sxvadasxva zedapirul 

movlenas mieniWeba. 

nivTierebis koloidur zomebamde  daqucmacebisas Ses-
rulebuli muSaoba ixarjeba ZiriTadad molekulaTSorisi bme-
bisa da kavSirebis gawyvetaze, rac Tavis mxriv iwvevs fazaTa 
gamyof zedapirze gawyvetil-gaujerebeli bmebis dagrovebasa 
da maT xarjze gaujerebeli energetikuli velis warmoqmnas. 
es Tavis mxriv ganapirobebs Warbi zedapiruli energiis 

arsebobas fazaTa gamyof zedapirze.  Tu gaviTvaliswinebT 

koloiduri sistemebis zedapiruli farTis kolosalur 

sidideebs (ix. cxr. 1), maSin naTladaa warmosadgeni, Tu ra 

sididis Tavisufal zedapirul energiasTan gvaqvs saqme.  

aqedan gamomdinare, koloidur mdgomareobaSi myof 
nivTierebebs bevrad ufro maRali Tavisufali energia gaaCniaT 
da Sesabamisad, bevrad ufro aqtiurni da Termodinamikurad 
metad arastabilurni arian igive Sedgenilobisa da masis, 
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magram dabali dispersulobis xarisxis  mqone nivTierebebTan 
SedarebiT. 

swored Tavisufali energiis siWarbe da misi 

minimizaciis SeuZlebloba ganapirobebs liofoburi koloi-
duri sistemebis agregatul da kinetikur arastabilurobas 
(umdgradobas). 

koloiduri sistemebis am Taviseburebidan gamomdinare, 

koloidur zomebamde daqucmacebul nivTierebas Tavisufali 

zedapiruli energiis Semcirebis xarjze SeuZlia: 

a) sadispersio garemodan miizidos masSi gaxsnili ionebi 

an molekulebi (adsorbcia);  

b) TviTon sadispersio aris molekulebi (solvatacia);  

g) dispersuli fazis mezobeli nawilakebi (koagulacia). 

 yoveli am procesis Semdeg koloiduri sistema gadadis 

SedarebiT ufro energetikulad stabilur mdgomareobaSi.  

radgan Warbi energia ganawilebulia fazaTa Soris 

gamyof zedapirze, Sesabamisad misi sidide ZiriTadad ganpiro-

bebulia TviT am zedapiris struqturiTa da formiT, 

dispersulobis xarisxiT, dispersuli fazisa da sadispersio 

garemos qimiuri SemadgenlobiT, maT Soris urTierTqmedebis 

saxiTa da sididiT. zemoT Tqmulidan gamomdinare, Zalian 

saintereso iqneba koloidur sistemebSi gamyofi zedapiris 

Camoyalibebis procesis ufro detaluri aRwera da 

gaanalizeba.   

gamyofi zedapiri yalibdeba maSin, roca sistemaSi 

arsebobs ori an meti faza. swored maTi Semadgenloba da 

struqtura ganapirobebs gamyofi zedapiruli Sris struqtu-

ris Camoyalibebasa da masze mimdinare procesebis raobas. 

simartivisaTvis ganvixiloT erTkomponentiani magram 

orfaziani sistema “airi-siTxe” (magaliTisaTvis, “wylis 
orTqli-wyali”). Txevad da airad fazebSi wylis molekulaTa 

moZraobis unari faqtiurad SeuzRudavia, magram maT gamyof 

zedapirze garda molekulaTa mudmivi da Tavisufali 

gadaadgilebisa, ganuwyvetlad mimdinareobs aorTqlebisa da 
kondensaciis procesebic. sxvagvarad rom vTqvaT, aRniSnuli 
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sistemis gamyofi zedapiri mudmiv transformaciaSia 
(ganaxlebaSia) da amitom masze molekulebis Seyovnebis dro, 

sxvagvarad rom vTqvaT, molekulaTa dayovnebis xangrZlivoba 

Zalzed mcirea da wylis molekulebisaTvis igi 10-7 wams 
Seadgens. swored amis safuZvelze warmoiqmneba zedapiruli 

Sre (fena), romlis sisqe xSirad kondensirebuli fazis ram-

denime molekulis diametrTa jamis tolia.  aseTi fenis sim-
kvrive icvleba wylis simkvrividan wylis orTqlis simkvri-
vemde. kondensirebuli fazis molekulebis maRali Zvradobis 

gamo misi zedapiri erTnairad mkvrivi, swori, sriala da 

aqedan gamomdinare eqvipotencialuria, anu misi zedapiris 
yvela ubani energetikulad Tanabaria. 

TvalsaCinoebisaTvis nax.2.1-ze mocemulia erTkomponen-

tiani da orfaziani sistemis “wyali-wylis orTqlis” gamyofi 
zedapiri. ganvixilod sxva-

dasxva adgilze myof 

wylis molekulaze moqme-

di Zalebi. 

(1) molekula wylis 

orTqlSia (I), romelzec 

yoveli mxridan simetriu-

lad moqmedeben airad fa-

zaSi myofi igive saxis 

molekulebi, amitom maTi 

urTierTqmedebis ZalTa 

tolqmedi nulis tolia, 

ris gamoc (1) molekula 

wonasworul mdgomareobaSi imyofeba. analogiuri mdgomareo-

baa Txevad fazaSi myofi (3)-e molekulisaTvisac, magram aqve 

unda davsZinoT, rom radgan wylis simkvrive bevrad aRemateba 

Tavisive orTqlis simkvrives, me-(3) molekulaze garegani 

zemoqmedeba raodenobrivad ufro maRali iqneba, TumcaRa aqac 

moqmed ZalTa simetriulobis gamo maTi  tolqmedi Zala 

nulis tolia da me-(3) molekulac  wonasworul 

mdgomareobaSi imyofeba. 

 
nax.2.1. “wyali-wylis orTqlis” 

sistemis gamyofi zedapiri 
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absoluturad gansxvavebuli mdgomareobaa fazaTa 

gamyof zedapirze arsebul (2)-e saxis molekulaTaTvis, 

romelTa zedapiris erTi nawili airad, xolo meore ki Txevad 

fazebTanaa SexebaSi. wylisa da wylis orTqlis simkvriveTa 

didi sxvaobis gamo me-(2) saxis molekulebi arasimetriul 

ZalTa zemoqmedebis zonaSi arian moqceulni. isini airadi 

fazidan bevrad ufro mcire zemoqmedebas ganicdian, vidre 

Txevadi fazidan da Sesabamisad maTze moqmedi Zalebis 

tolqmedi ( F


 ) araa nulis toli, igi gamyofi zedapiris 
perpendikularulia da Txevadi fazis siRrmiskenaa mimarTuli. 
es Zala gamyof zedapirze moxvedril yvela molekulas 

gadaadgilebs fazis siRrmisaken. aqedan gamomdinare, ZalTa 

tolqmedi ( F


 ) xels uwyobs fazaTa Soris arsebuli 
gamyofi zedapiris farTis maqsimalurad Semcirebasa da 
moculobis minimizacias, rac Tavis mxriv zrdis sakvlevi 
nivTierebis Txevadi fazis Sinagan wnevas. swored esaa fazaTa 
Soris gamyofi zedapiris arsebobisa da misi “sicocxlis una-

rianobis” ZiriTadi arsi.   

rac Seexeba myari fazis Semcvel koloidur sistemebSi 

arsebul gamyof zedapirs, aq radikalurad sawinaaRmdego 

procesebTan gvaqvs saqme. myari fazis moculobaSi Zalian 

SezRudulia molekulaTa an atomTa moZraoba, amitom gamyofi 

zedapiris forma da struqtura faqtiurad ucvlelia, masze 

arsebul molekulaTa dayovnebis didi xangrZlivobis gamo 

(magaliTad, volframis zedapirze misi atomebis dayovnebis 

xangrZlivoba 1032 wamia). rac ufro maRalia myari 
nivTierebis orTqladqcevis temperatura, miT ufro didia mis 
gamyof zedapirze molekulaTa an atomTa dayovnebis xangr-
Zlivoba.  
   aqedan gamomdinare, sistemebSi “airi(siTxe)-myari”, gamyofi 
zedapiris arsebobas, mis formasa da Tvisebebs ZiriTadad myari 

faza ganapirobebs. 

dafqvisas (dispergirebisas, daqucmacebisas) misi zedapi-

ris reliefis miRebuli forma kristalur meserSi atomebs 
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(molekulebis an ionebis) Soris arsebul wonasworul 

mdgomareobazea damokidebuli.  

nax.2.2-ze  - Txevadi an airadi fazaa,  - gamyofi 
zedapiri, xolo  - myari fazaa, 1 - siTxis (airis) garemoSi 
myari fazis uswormasworo pikisebri centrebia, 2 ki piriqiT. 

myari fazis zedapirze arsebuli atomebis faqtiuri uZraoba 

ayalibebs gamyofi zedapiris profils, amitom Cveni yuradReba 

swored am ukanasknelze gamaxvildeba. isini ZiriTadad sxva-

dasxva sigluvis pikebia, romlebic Txevad fazaSi sakmao 

manZilze arian SeWrili da amitom maT wveroze moTavsebuli 

myari fazis atomebi garemosagan ufro met zemoqmedebas gani-

cdian vidre Tavisive fazis atomebisagan. 

aqedan gamomdinare, gamyofi zedapiris aseT ubnebze 

ganlagebul myari fazis nawilakebze moqmedi Zalebis 

tolqmedi Zlier gansxvavebulia nulisagan. amas isic emateba, 

rom myari fazis daqucmacebas Tan sdevs kristaluri mesris 

rRveva da molekulaTa 

SigniT qimiuri bmebis 

wyveta, rac Tavis mxriv 

daukompensirebeli, Tavi-

sufali energetikuli ve-

lis warmoqmnasa da mis 

gaZlierebas uwyobs xels. 

amitomaa myari fa-

zis zedapiris yoveli 

ubani energetikulad ara-

Tanabari, rac Tavis mxriv 

aseTi saxis zedapirze mimdinare fizikur-qimiur movlenaTa 

mraval Taviseburebas ganapirobebs. 

zemoT Tqmulidan gamomdinare, Tavisufali zedapiruli 

energia fazaTa gamyofi zedapiris farTis pirdapirproporci-

ulia da mudmivi temperaturisa da wnevis pirobebSi igi 

jibsis Tavisufali energiis tolia 

                                    G = S                                           (2-1) 

 
 

nax. 2.2. “airi(siTxe)-myari” sistemaSi 
gamyofi zedapiris reliefi  
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sadac G – fazaTa gamyofi zedapiris jibsis Tavisufali 

energiaa,  S – gamyofi zedapiris jamuri farTi, xolo  ki 
zedapiruli daWimulobaa. (2-1) formulidan gamodis, rom 

                 =
S

G
                    (2-2) 

 zedapiruli daWimuloba fazaTa Soris gamyofi 

zedapiris Tavisufali energiis intensiurobis faqtoria da 

gamowveulia fazaTa zedapirze arsebuli molekulaTSorisi 

Zalebis arakompensirebuli Zalovani veliT. sxvagvarad ki igi 
fazaTa Soris gamyofi zedapiris erTeul farTze arsebuli 
Tavisufali energiis tolfasia [j/m2].  

nivTierebebs, romlebic gamyof zedapirze koncen-

trirdebian da iwveven zedapiruli daWimulobis Semcirebas, 

zedapirulad aqtiur nivTierebebs (zan)  uwodeben. tipiuri 

zan-ebia iseTi organuli naerTebi romelTa molekulebi 

erTdroulad Seicavs rogorc arapolarul - liofobur 
(najeri naxSirwyalbaduri jaWvi), ise polarul – 

liofilur, COOH-, OH- an ujeri naxSirbaduri bmebis 

funqciur jgufebs. zan-ebSi pirvelebis arseboba ganapirobebs 
maT karg xsnadobas arapolarul gamxsnelebSi, xolo meoreni 
ki xels uwyoben polarul gamxsnelebSi xsnadobis zrdas. 
swored amitom zan-ebs gamyofi zedapiris orive mxaresTan 
garkveuli urTierTqmedebis unari axasiaTebT, amcireben ra 
amiT fazaTSoris daWimulobas, isini heterogenul sistemebSi 
energetikuli buferis rolSi gvevlinebian. 

zan-ebis aqtiurobis daxasiaTebas liofobur-lio-

filuri balansiT adgenen, romelic maTi qimiuri struq-

turidan gamomdinare liofiluri da liofoburi dajgufe-

bebis moluri masebis Tanafardobis ricxviTi sididiT 

dgindeba. am Tanafardobas grifitis ricxvi ewodeba da rac 
ufro metia igi, miT ufro metia liofilur dajgufebaTa 

molebis raodenoba zan-Si da piriqiT.  

XIX saukunis 80-ian wlebSi traubem Seiswavla hetero-

genuli sistemebis zedapirul daWimulobaze erTi homolo-

giuri jgufis najeri organuli mJavebis zemoqmedeba. kvleva-



 

22 
 

Ziebam aCvena, rom sufTa mdgomareobaSi myof organul mJavebs 

TiTqmis erTnairi zedapiruli daWimuloba aqvT da rom maT 

naxSirwyalbadur jaWvSi yoveli CH2-jgufis Camatebisas mJa-

vebis  zedapiruli aqtiuroba 3,2-jer izrdeba (ix. nax. 2.3), 
rasac koloidur qimiaSi xSirad traubes wesis saxeliT 

moixsenieben. 

    Catarebuli kvlevebis safuZvelze SiSkovskim mogvca 

empiriuli gantoleba, romelic kavSirs amyarebs zan-is 

koncentraciasa da zedapiruli daWimulobis cvlilebas 

Soris, romelsac SiSkovskis formulas uwodeben: 

 

                 0 ln(1 )a bc                  (2-3) 

0 da  Sesabamisad sufTa 
gamxsnelisa da xsnaris 

zedapiruli daWimulobe-

bia, c zan-is koncentra-

ciaa, a – konstantaa, 

romelic damokidebuli 

araa gaxsnili nivTierebis 

raobaze, b konstanta ki 

individualuria da axasi-

aTebs yvela gaxsnil niv-

TierebaTa zedapirul aq-

tiurobas. mas xSirad 

xvedriT kapilarul aqti-
urobasac ki uwodeben. 
 

 

2.2. dasvelebis movlena heterogenul sistemebSi 

 
ori sxvadasxva fazis molekulaTa urTierTqmedebis 

Seswavlis magaliTad aviRoT Txevadi fazis wveTisa da myari 

fazis zedapiris urTierTqmedeba (analogiuri procesebi 

SeiZleba ganxilul iqnas sistemaSi “siTxe - siTxe”). Tu 

 
 

nax.2.3. wlis zedapiruli 

daWimulobis damokidebuleba masSi 

gaxsnili najeri organuli mJavebis 

koncentraciaze. 1) WianWvelmJava, 

2) ZmarmJava, 3) propionmJava, 4) 

erbomJava. 
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Txevadi fazis molekulaTa Soris urTierTqmedebis Zala 
bevrad naklebia myari da Txevadi fazebis molekulaTa Soris 
urTierTqmedebis Zalaze, maSin siTxe Tanabrad gaiSleba myari 
fazis zedapirze, rasac dasvelebis movlenas uwodeben. igi 
manamde mimdinareobs, sanam siTxe ar dafaravs myari fazis 

mTlian zedapirs, an sanam siTxis zedapiruli fena 

monomolekuluri ar gaxdeba. aseTi xarisxis dasvelebas  

sruli dasveleba ewodeba. misi TvalsaCino magaliTia 

wylis wveTis mier minis gancximuli zedapiris dasveleba.  

Tu Txevadi fazis molekulaTa Soris urTierTqmedebis 

Zala bevrad metia myari da Txevadi fazebis molekulaTa 

Soris urTierTqmedebis Zalaze, maSin zedapirze siTxis gaSla 

aRar moxdeba. aseT dros igi Seikvreba da dedamiwis 

mizidulobis Zala rom ar yofiliyo gasaTvaliswinebeli 

srul sferul formas miiRebda. magaliTisaTvis gamodgeba 

arametalur zedapirebze vercxliswylis wveTis TiTqmis 

sferuli forma miuxedavad misi maRali xvedriTi wonisa, 

romelic wveTis gaSlas cdilobs.  

dasvelebis xarisxis Sesafaseblad dasvelebis kuTxis  
sididea miRebuli, romelic yovelTvis siTxis  mxridan 

aiTvleba. nax. 2.4-ze naCvenebia sxvadasxva dasvelebis kuTxis 

da e.i. sxvadasxva dasvelebis sididis mqone ori SemTxveva, 

sadac  siTxe (1) bevrad ufro kargad asvelebs myar zedapirs 

vidre me-(2) siTxe. 

siTxis mier myari zedapiris dasvelebis movlena 

SeiZleba avxsnaT, rogorc zedapirul daWimulobaTa Zalebis 

 
 
 
 
 
 

nax.2.4. arasruli dasvelebis sxvadasxva SemTxvevebi: 

1 – roca <900 da 2 - roca >900 
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rezultatiuri moqmedebis Sedegi. ganvixiloT es movlena 

arasruli dasvelebis SemTxvevisaTvis, romelic nax.2.5-zea 

naCvenebi.  

A wertilSi erTdroulad Tavs iyris sami sxvadsaxva 

faza. iungis kanonis Tanaxmad, maT Soris wonasworoba 

damyardeba mxolod maSin, roca erTmaneTs gaawonasworebs 

dasvelebis zedapiris perimetris yovel santimetrze moqmedi 

sami, sxvadasxva bunebis mqone zedapiruli daWimulobis Zala, 

rogorebicaa: a) zedapiruli daWimulobis Zala myar da airad 

(2,3), b) myar da Txevad (1,3)  da g) Txevad da airad (1,2) 

fazaTa Soris. aRniSnul ZalTa wonasworobis piroba ki 

iungis gantolebis meSveobiT gamoisaxeba 
  

                  2,3 1,3 1,2cos                  (2-4) 
saidanac      

                   
1,3

1,2

cos
 




                (2-5) 

cos -s adheziuri procesebis raodenobiT Sesafaseblad 

iyeneben da amitom mas dasvelebis xarisxs uwodeben. igi 

icvleba +1  -1. roca =0 maSin B = +1 (sruli dasveleba), 
xolo roca =180O  maSin B =-1 (sruli ardasvelebis 

 
 

nax.2.5. dasvelebis kuTxesa da zedapirul daWimulobas Soris 

damokidebuleba, sadac 1 - siTxe, 2 - airi da 3 - myari fazebia 
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SemTxveva). aqedan gamomdinare, rac ufro naklebi Zala 

imoqmedebs Txevadi da myari fazis molekulebs Soris miT 

meti iqneba dasvelebis xarisxi, amitom, rogor wesi, mcire 

zedapiruli daWimulobis mqone [(23).10-6 j/m2] arapolaruli 
siTxeebi (mag. naxSirwyalbadebi) kargad asveleben myari fazis 
zedapirebs. siTxis wveTis mier myari nivTierebis zedapiris 
dasvelebuli farTis sidide damokidebulia urTierTmoqmed 

fazebs Soris wonasworobisas zedapiruli energiis 

minimizaciis principze, anu ori siTxidan myari fazis 
zedapirs ufro kargad is siTxe asvelebs, romelic zedapirze 
gaSlisas ufro metad amcirebs zedapirul energias. 
Sesabamisad aseTi procesis mimdinareobisas adgili aqvs 
eqvivalenturi raodenobis siTbos gamoyofas. e.i. dasvelebis 
movlena egzoTermuli procesia. dasvelebisas farTis yovel 

1 sm2-ze gamoyofil siTbos raodenobas dasvelebis siTbo 
ewodeba. rig SemTxvevebSi, roca dasvelebis kuTxis gansazRvra 

SeuZlebelia (mag. fxvnilebis siTxiT dasvelebisas), igi 

SeiZleba B sididis sanacvloT, dasvelebis xarisxis Sesafa-

seblad iqnas gamoyenebuli. 

 temperaturis momatebasTan erTad dasvelebis siTbo 

mcirdeba, rac imaze migvaniSnebs, rom es ukanaskneli fazaTa 

Sexebis adgilze zedapiruli daWimulobis cvlilebazea 

damokidebuli, romelis temperaturasTan damokidebuleba 

Semdegi saxis gantolebiT aRiwereba 

                    0(1 )T T                    (2-6) 

 rebinderis mier SemoRebul iqna myar nivTierebaTa 

zedapiris dasvelebis xarisxis Sefasebis martivi sistema. igi 

mdgomareobs SemdegSi - Tu wyali asvelebs myari nivTierebis 

zedapirs, maSin aseT zedapirebs hidrofilurs, xolo Tu ar 

asvelebs hidrofoburs uwodeben. rogorc wesi, TiTqmis yvela 
hidrofoburi zedapiri oleofiluria, anu aseT zedapirebs 
kargad asvelebs iseTi arapolaruli organuli warmoSobis 

siTxeebi, rogoricaa benzoli da sxva naxSirwyalbadebi, 

gamonaklisad unda CaiTvalos am SemTxvevaSi ftoroplastebi. 



 

26 
 

 koloidur qimiaSi dasvelebis movlenis raodenobriv 

Sesafasebelad ZiriTadad mainc dasvelebis kuTxes iyeneben da 

amitom didi mniSvneloba eniWeba misi sididis gansazRvris 

meTodikasa da xelisSemSleli gverdiTi movlenebis Seswav-

las.  

    “myari-siTxe-airi” sistemaSi dasvelebis kuTxis 

sididis gansasazRvravad myari nivTierebis zedapirze 

awveTeben sakvlevi siTxis wveTs da anaTeben am zedapiris 

paralelurad mimarTuli sxivTa koniT, ris Semdegac misi 

mimarTulebis sawinaaRmdego mxares moTavsebul ekranze 

afiqsireben wveTis formas. samive fazis Sexebis wertilSi 

(A) wveTis konturis mimarT gaivleba mxebi da siTxis mxridan 

izomeba miRebuli  dasvelebis kuTxis () sidide (ix. nax.2.5). 
“myari-siTxe-siTxe” sistemisaTvis or urTierT uxsnad 

siTxes Soris dasvelebis kuTxe Semdegnairad izomeba: minis 

kiuvetSi asxamen ufro mcire kuTri wonis mqone siTxes da 

masSi aTavseben sakvlev myar nivTierebas, romlis zedapirzec 

pipetis meSveobiT frTxilad awveTeben didi kuTri wonis 

mqone meore siTxes, ris Semdegac dasvelebis kuTxis gazomva 

zemoT moyvanili meTodis analogiurad xdeba. dasvelebis 

kuTxis gazomvis aq SemoTavazebuli meTodi sxva cnobil 

meTodTa Soris yvelaze martivi da yvelaze ufro arazustia.  

erTi SexedviT iolad dasadgeni dasvelebis kuTxis 

zusti sididis gansasazRvravad gaTvaliswinebuli unda iyos 

Semdegi pirobebi: 

1. maqsimaluri dasvelebis misaRebad myari nivTierebis 

zedapiri idealurad sufTa unda iyos, radgan misi 

damabinZurebeli nivTierebis monomolekuluri Sris arsebobac 

ki dasvelebis kuTxis naxtomisebr cvlilebas iwvevs; 

2. haerTan Sexebisas metalTa zedapiri, Znelad 

aRmosaCeni, metalis Jangeulis monomolekuluri feniT 

ifareba, romelic Zlier moqmedebs dasvelebis kuTxis 

sidideze; 

3. sayovelTaod cnobili faqtia, rom haeri kargad 

adsorbirebs myar nivTierebaTa zedapirebze, rac cvlis mis 
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zedapirul struqturas da 

anelebs myari fazis 

zedapirze siTxis gandena-
dobas. zedapiridan haeris 

desorbcias mohyveba dasve-

lebis kuTxis Semcireba da 

am procesis dasrulebisas 

miiRweva dasvelebis kuTxis 

wonasworuli sidide. e.i. 

zedapiris dasvelebis wo-

nasworuli mdgomareoba mi-

iRweva mxolod garkveuli drois gasvlis Semdeg, romlis 

sididec haeris desorbciisaTvis saWiro drois monakveTiT 

ganisazRvreba. dasvelebis procesis mimdinareobis aseT 

Senelebas dasvelebis histereziss uwodeben. dasvelebis 

histereziss didi adgili ukavia kapilarul movlenebSic. 

sakvlevi nivTierebis mier kapilarebis Siga kedlebis 

arasruli dasvelebisas masSi siTxe sxvadasxva simaRleze 

adis. am dros kapilarebis Siga kedlebze adsorbirebuli 

nivTierebani ewinaaRmdegebian kapilarSi sakvlevi siTxis gada-

adgilebas. histerezisis movlena ganapirobebs agreTve daxril 

zedapirze siTxis wveTis mier dasvelebis kuTxis sxvadasxva 

sidides (2>1) (ix. nax. 2.6). idealur SemTxvevaSi, roca 

sakvlevi sistema moTavsebulia vakuumSi da myari nivTierebis 

zedapiri gancximuli, dauJangavia da ar Seicavs sxva 

adsorbirebul nivTierebebs, dasvelebis wonasworuli kuT-

xeebi toli iqneba (2=1). 
4. myari nivTierebis zedapiris dasvelebaze did gavle-

nas axdens misi xaoianoba (zedapiruli uswormasworoba). Tu 

<900 (liofiluri zedapiri) da am dros gavzrdiT myari 

zedapiris xaoianobas, maSin siTxe SedarebiT ufro kargad 

daasvelebs da Sesabamisad kargad aavsebs zedapiris gazrdil 

uswormasworobebs ise, rogorc igi Seavsebda liofilur 

kapilarebs, xolo Tu >900 (liofoburi zedapiri), maSin 

xaoianobis gazrdisas siTxe ufro metad ar asvelebs zedapirs 

 
nax. 2.6. daxrili zedapiris 
dasvelebisas histerezisis 
gamovlinebis magaliTi 
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da Sesabamisad veRar avsebs zedapiris uswormasworobebs. 

sxvagvarad rom vTqvaT, liofiluri zedapirebis xaoianobis 

gazrda zedapirs ufro met liofilurobas aniWebs da 

piriqiT, liofoburi zedapirebisaTvis misi zrda liofobur 

Tvisebebs adidebs. 

 dasvelebis movlenas Zalian didi adgili ukavia poli-

grafiaSi, samRebro warmoebasa da qsovilebis zedapirulad 

damuSavebisas. maTi sxva, saWiro Tvisebebis mqone nivTierebiT 

gaJRenTvisas aRniSnul qsovilebs sruliad gansxvavebul 

zedapiruli Tvisebebi eniWeba, magaliTad wyalgaumtaroba, 

haergaumtaroba, meqanikuri Tvisebebis gaumjobeseba, cecxlme-

degoba da a.S.  

 

2.3. adsorbcia da adsorbciuli wonasworoba 
 

heterogenul sistemebSi nivTierebaTa dispergirebis an 

homogenur sistemebSi atomebis da/an molekulebis Sewebeba-

SekavSirebis (asociaciis) dros mkveTrad icvleba nawilakTa 

zomebi, gamyofi zedapiris farTi, struqtura da Sesabamisad 

dispersuli fazis zedapirze mimdinare fizikuri da qimiuri 

procesebis buneba, rac Tavis mxriv ganxiluli sistemis 

TvisebaTa didi nawilis cvlilebas ganapirobebs. swored 

zemoT naxsenebi procesebis zogadi kanonzomierebebis Seswav-

laa is gasaRebi, romlis SemdgomSi gamoyenebiT koloidur 

sistemebSi mimdinare mravali specifikuri fizikuri da 

qimiuri procesebis axsnis, gaazrebisa da marTvis saSualeba 

gveZleva.  

 

2.3.1. adsorbciuli procesebis ZiriTadi gansazRvrebebi    

 

nivTierebis koloidur zomebamde dispergirebis 

procesisaTvis saWiro energia ZiriTadad dispersiuli fazis 

zedapiruli farTis gazrdaze ixarjeba. am process Tan sdevs 

gamyof zedapirze gaujerebeli bmebis mqone atomebisa da 

ionebis raodenobis zrda, ris Sedegadac masze yalibdeba 
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energetikuli veli, romelic Tavis mxriv ganapirobebs 

dispergaciisas miRebul fazaTa gamyof zedapirze Warbi 

Tavisufali zedapiruli energiis arsebobas.  

zemoT Tqmulidan gamomdinare dispergirebis Sebru-

nebuli procesi, nawilakebis Sewebeba-gamsxvileba TavisTavad 

unda warimarTos Tavisufali energiis garkveuli nawilis 

gamonTavisuflebiTa da zedapiruli farTis SemcirebiT 

(koagulacia), rasac koloiduri sistemis struqturis 

sabolood daSlamde mivyavarT. 

arsebobs maRaldispersuli sistemebis Tavisufali 

zedapiruli energiis Semcirebis kidev erTi gza. esaa sadis-

persio garemodan molekulebis, atomebisa an ionebis 

gadanacvleba da koncentrireba fazaTa gamyof zedapirze, rac 

zedapiris energetikuli velisa da Sesabamisad zedapiruli 

daWimulobis Semcirebas gamoiwvevs. aseT process adsorbcia 
ewodeba. adsorbcia dispersuli fazis gamyof zedapirze 
sadispersio garemodan masSi gaxsnili ionebis, atomebis an 
molekulebis gadanawilebis, dagrovebisa da koncentrirebis 
procesia, rasac Tan sdevs gamyofi zedapiris Warbi 
Tavisufali energiis Semcireba. adsorbciisas fazaTa gamyof 
zedapirze adsorbirebs sadispersio garemos is Semadgeneli 

komponentebi, romlebic yvelaze ufro metad amcireben Tavi-

sufal zedapirul energiasa da fazaTSoris daWimulobas. 

sxvagvarad rom vTqvaT, adsorbciisas mimdinareobs  Warbi 
zedapiruli energiis “utilizacia” da koloiduri sistema 
gadadis naklebad stabiluri mdgomareobidan metad stabilur 
mdgomarebaSi. energiis mudmivobis kanonis Tanaxmad, 

dispersuli fazis zedapiris Warbi Tavisufali energiis 

Semcireba mimdinareobs misi eqvivalenturi sididis siTbos 

gamoyofis fonze. aqedan vaskvniT, rom adsorbciis procesi 
egzoTermulia. 

zemoT xsenebulidan vaskvniT, rom maRaldispersuli 
koloiduri sistemebis zedapiruli energia miiswrafis 
TavisTavadi Semcireba-minimizaciisa da Sesabamisad fazaTa 
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gamyofi zedapiris farTisa da misi zedapiruli daWimulobis 
Semcirebisaken. 

erTkomponentian heterogenul sistemebSi gamyofi 

zedapiris Camoyalibeba xdeba misi Sesqelebisa da SemWid-

roebis gziT, romelsac xSirad avtoadsorbciadac moixse-

nieben. adsorbciis Sebrunebul process ki desorbcias 

uwodeben, romelic gamowveulia rogorc brounis moZraobis 

intensifikaciiT (sistemis temperaturis momatebis xarjze), 

ise sakvlev sistemaSi mimdinare sxva difuziuri proce-

sebiTac. desorbcia endoTermuli procesia.  
im fazas, romlis zedapirzec xdeba molekulebis, 

atomebis an ionebis dagroveba-koncentrireba - adsorbenti 

ewodeba. rogorc wesi, es faza sadispersio garemosTan 

SedarebiT ufro mkvrivia, amitom adsorbenti SeiZleba iyos 

mxolod Txevad an myar mdgomareobaSi. sadispersio garemos 

Semadgenel im komponentebs, romlebic adsorbentis zedapirze 

koncentrirdebian adsorbtivs an adsorbats uwodeben. isini 
yovelTvis airad an Txevad fazaSi imyofebian. 

erTmaneTisagan ganasxvaveben fizikur da qimiur adsorb-

cias. fizikuri adsorbciis safuZveli fizikuri bunebis mqone, 
susti qmedebis van-der-vaalsuri mizidulobis Zalebia.D 

fizikuri adsorbcia dinamiuri procesia da amitom igi 
Seqcevadia, rac misi warmomqmneli Zalebis sisustiTaa ganpi-

robebuli. aqedan gamomdinare, fizikuri adsorbcia  Zlieraa 

damokidebuli Tburi moZraobis intensiurobaze (tempe-

raturaze). am ukanasknelis momatebiT izrdeba sistemis 

Sinagani energia, rac ganapirobebs sistemis Semadgeneli 

molekulebis, atomebisa da ionebis kinetikuri energiis 

zrdas, es iwvevs nawilakTa Tburi moZraobis intensifikacias, 

romlis safuZvelze iwyeba adsorbciis sawinaaRmdego, 

desorbciuli procesis gaaqtiureba. am dros adsorbentis 

zedapirze susti urTierTqmedebis van-der-vaalsuri Zalebi 

veRar akaveben maRali energiis mqone adsorbirebul nawilakebs 

da isini isev sadispersio ares ubrundebian.  
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radgan fizikuri adsorbcia Seqcevadia, misi sidide 
sorbciuli procesis wonasworobis damyarebaze iqneba 
damokidebuli, wonasworoba ki maSin damyardeba, roca adsorb-
ciis procesis siCqare desorbciis siCqares gautoldeba. aqve 

unda aRiniSnos sorbciuli procesebis mimdinareobis maRali 

siCqareebi, rac Tavis mxriv wonasworobis swrafad damyarebas 

uwyobs xels.  

fizikuri adsorbciis Seswavlis procesSi xSirad 

gvxvdeba garegnulad gansxvavebuli, magram saerTo bunebis 

mqone  aralokaluri da lokaluri adsorbcia. pirvel SemT-

xvevaSi adsorbatis nawilakebs adsorbentis gamyof zedapirze 

Tavisuflad gadaadgildebis saSualeba aqvT. aralokalur 

adsorbciul procesebs xels uwyobs: 

- adsorbatis mier adsorbentis aqtiuri zedapiris arasrulad 
Sevseba; 
- adsorbentis zedapiris mcire Tavisufali energia;  
- adsorbatis nawilakebis SedarebiT maRali kinetikuri 
energia.  

lokaluri adsorbciisas ki yvelaferi piriqiTaa, 

adsorbatis nawilakebs ara aqvT adsorbentis zedapirze 

Tavisufali gadaadgilebis saSualeba im martivi mizezis gamo, 

rom maT mier adsorbentis zedapiri mTlianadaa dakavebuli. 

temperaturis momatebisas nawilakTa siTburi moZraobis 

intensifikaciis gamo lokaluri adsorbcia TandaTan 

aralokalurSi gadadis, rac  zemoT moyvanili msjelobis 

safuZvelze iolad asaxsnelia. 

qimiuri adsorbcia bevrad ufro Zlieri qimiuri 
xasiaTis Zalebis moqmedebiTaa ganpirobebuli da amitom igi 
Seuqcevadi procesia. xSirad qimiur adsorbcias qemosorb-

ciasac uwodeben. 

Teoriuli da praqtikuli kvlevebis safuZvelze dadge-

nil iqna fizikuri adsorbciis  procesis ZiriTadi Tavi-

seburebani: 

1. sorbciuli procesebis Seqcevadoba (adsorbcia   
desorbcia); 
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2. egzoTermuloba; 
3. mcire aqtivaciis energia; 
4. sorbciuli procesebSi wonasworuli mdgomareobis  
miRwevis didi siCqareebi. 

moreagire fazebis agregatuli mdgomareobidan gamom-

dinare, arCeven adsorbcias myar-Txevad, myar-airad, Txevad-
Txevad da Txevad-airad sistemebis gamyof zedapirebze. 

adsorbciis raodenobrivad aRsawerad ki ZiriTadad or 

sidides iyeneben: 

1. absoluturi adsorbcia (A) - adsorbatis molebis 

raodenobaa, romelic ganawilebulia adsorbentis zedapiris 

farTis an masis erTeulze. misi ganzomilebaa moli/g an 

moli/m2;  

2. jibsis adsorbcia (Г) - sadispersio aresTan SedarebiT 
zedapirul SreSi adsorbatis raodenobrivi siWarbea molebSi, 

romelic ganawilebulia adsorbentis zedapiris farTis an 

masis erTeulze. misi ganzomilebaa moli/g an moli/m2. 

    adsorbciis sidide A damokidebulia adsorbatis koncen-

traciaze, wnevasa da garemos temperaturaze, rac maTema-

tikurad Semdegnairad SeiZleba  gamoisaxos: 

                           
/( , ) ( , )A f c T A f p T an                  (2-7) 

 (2-7) gantolebis pirveli nawili Txevadi, meore ki 

airadi fazebisTvisaa dawerili. sadac c da p Sesabamisad 

adsorbatis koncentracia (siTxisaTvis) da parcialuri wnevaa 

(airisaTvis), xolo T ki sistemis absoluturi temperatura. 

 aqedan gamomdinare, adsorbciis damokidebuleba am 

parametrebTan SeiZleba sami sxvadasxva saxis iyos: 

1. mudmivi temperaturisas adsorbciis damokidebuleba 

koncentraciaze – izoTerma: 

          
/( ) ( )T TA f c A f p an                          (2-8) 

2. adsorbciis damokidebuleba temperaturaze mudmivi 

koncentraciisas (izopikna) an mudmivi wnevisas (izobara): 

                     
/( ) ( )c pA f T A f T an                          (2-9) 
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3. adsorbciis mudmivobisas adsorbatis koncentraciis an 

parcialuri wnevis damokidebuleba temperaturaze–izostera:  

                 ( )Ac f T  da ( )Ap f T            (2-10) 

 praqtikul saqmianobaSi bevrad ufro iolia tempera-

turis mudmivobis dacva, amitom adsorbciis procesi xSirad 

izoTermis saSualebiTaa aRwerili. adsorbciis izoTermebidan 

SeiZleba miRebul iqnas sxva danarCeni damokidebulebebis 

grafikuli aRwerilobebi (ix. nax. 2.7). 

 (1) kveTaze aRebuli 

wertilebis mniSvnelobebiT 

aigeba izostera, xolo me-

(2) kveTaze aRebuli werti-

lebiT ki izobara an izo-
pikna. 
 igives damtkiceba SeiZ-

leba sxvagvaradac. (2-7) 

gantolebidan gamomdinare A-
s sruli difrenciali iqneba 

 

                                

( ) ( )T c

A A
dA dc dT

c T

 
 

 
         (2-11) 

Tu A=const, maSin  

                ( ) ( ) 0( ) ( )T A c A

A A
c T

c T

 
   

 
      (2-12) 

an 

               0( ) ( ) ( )T A c

A c A

c T T

  
 

  
        (2-13) 

 
 
 
 
 
 
 
 
 

 

nax. 2.7. adsorbciis izoTerma   

sxvadasxva temperaturebze, 

     sadac T4>T3>T2>T1 
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Tu (2-13) gantolebis orive mxares gavamravlebT ( )c

T

A




-ze 

miviRebT, rom 

               1( ) ( ) ( )T A c

A c T

c T A

  


  
           (2-14) 

am SemTxvevaSi (2-14) gantolebis yoveli mamravlTagani 

mimdevrobiT warmoadgens izoTermas, izosterasa da izopiknas, 

rac miuTiTebs TiToeuli maTganis ricxobriv sidideTa 

urTierTkavSirze. (2-14) gantolebis mixedviT SeiZleba 

gamoiTvalos nebismieri maTgani, Tu viciT ori danarCeni. 

 radgan zedapiruli daWimuloba adsorbciis sididezea 

damokidebuli, maSin igive saxis damokidebuleba SeiZleba 

Caiweros zedapiruli daWimulobisaTvisac 

                 
/( , ) ( , )f c T f p T                 (2-15)  

zemoT moyvanili gardaqmnebis msgavsad zedapiruli daWimulo-

bisaTvis miviRebTY(2-15) gantolebis analogiur gantolebas 

                 1( ) ( ) ( )T c

c T

c T 



  

 
  

        (2-16) 

(2-14) da (2-16) gantolebebi  kidev erTxel miuTiTeben ze-

dapirul  daWimulobasa  da  adsorbciis movlenas Soris 

Rrma urTierTkavSirze. 

 

2.3.2. adsorbciuli procesebis ZiriTadi Teoriebi 

 

    XX saukunis dasawyisSi Seiqmna adsorbciis, rogorc 

fizikur-qimiuri movlenis aRwerisa da ganzogadebis ramode-

nime modeli, romlebic sxvadasxva saxis sistemebSi sxvadasxva 

sizustiT aRweren adsorbcias. adsorbciis Teoriis Camoya-

libebis saTaveebTan idgnen iseTi mecnierebi, rogorebic iyvnen 
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freindlixi, lengmiuri, jibsi, poliani da sxvani. droTa 

ganmavlobaSi mkveTrad gamoikveTa adsorbciis movlenisadmi 

midgomis oTxi ZiriTadi gza: 

1. arsebul empiriul monacemebze garkveuli maTema-
tikuri modelis (formulis) morgeba (freindlixis 
modeli); 

2. adsorbciis movlenisadmi molekulur-kinetikuri mid-
goma (lengmiuris adsorbciis Teoria); 

3. adsorbciis movlenisadmi Termodinamikuri midgoma 
(jibsisa da polianis adsorbciis Teoriebi); 

4. adsorbciis movlenisadmi kombinirebuli midgoma 
(adsorbciis bet-Teoria). 

ganvixiloT TiToeuli cal-calke. 

adsorbciis izoTermis freindlixiseuli, empiriuli for-

mula. adsorbciuli movlenebis Rrma da mravalmxrivma 

Seswavlam XIX saukunis bolosa da XX saukunis dasawyisi-

saTvis Seqmna sakmaod didi moculobis monacemTa baza, ris 

Sedegadac mecnieruli kvleva-Zieba mimarTul iqna xelT 

arsebul informaciaSi 

adsorbciis movlenis 

logikurad gamarTuli 

modelisa da adsorbciis 

procesis zogadi kanon-

zomierebis Ziebisaken. 

gamoCenili germaneli 

mecnieri freindlixi 

erT-erTi pirvelTagani 

iyo, vinc XX saukunis 

10-ian wlebSi SemogvTa-

vaza adsorbciis aRmweri maTematikuri modeli, romelic Sem-

dgom koloidur qimiaSi freindlixis formulis saxeliT 

Semovida      

                        A c            (2-17) 

 
 
 
 
 
 
 
 

nax. 2.8 adsorbciis izoTermis 

saerTo saxe 
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sadac A aris adsorbciis sidide, c adsorbatis wonasworuli 

koncentracia, xolo  da  mocemuli maTematikuri modelis 

koeficientebia, romlebic 

faqtiurad moklebulni arian 

raime fizikur arss.  

      roca 0, maSin fre-
indlixis formuliT nax.2.8-

ze gamosaxuli adsorbciis 

( )A f c  izoTermis BC swor-

xazovani ubani aRiwereba, 

roca 1 - OA horizon-

taluri ubania aRwerili, 

xolo roca  0<<1, maSin  

adsorbciis izoTermis mrudxazovani AB ubania aRwerili. 

 arsebobs  da  koeficientebis gansazRvris 

martivi maTematikuri meTodi - (2-17) gantolebis galo-

gariTmeba, ris safuZvelzec lgA-sa da lgc-s Soris miiReba 

sworxazovani damokidebuleba  
                    lg lg lgA c         (2-18) 

nax.2.9-dan Cans, rom lg OA monakveTis sigrZis tolia (misi 

sidide aiTvleba lgA-s RerZze masStabis gaTvaliswinebiT), 

xolo =tg romelic daiTvleba isev masStabis gaTvalis-

winebiT. adsorbciis izo-

Termis logariTmuli saxe 

martivia, Tanac masze ufro 

TvalnaTliv Cans ad-

sorbciis procesze tem-

peraturis gavlena (ix. nax. 

2.10), sadac T1>T2>T3. ro-

gorc xedavT temperaturis 

gazrdiT mcirdeba ad-

sorbcia da izrdeba sorb-

ciul procesebSi desorb-

 
nax. 2.9. adsorbciis izoTermis 

logariTmuli saxe 

 

nax.2.10. adsorbciis damokidebuleba 

temperaturaze 
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ciis wili. rogorc cnobilia, adsorbcia egzoTermuli pro-

cesia da Tu garedan gadacemuli siTbos xarjze gavzrdiT 

sakvlevi sistemis temperaturas, maSin le-Satelies wonaswo-
robis principis Tanaxmad sistemam unda daakompensiros gare-
mos moqmedeba mis SigniT warmarTuli procesebiT. amitom am 

dros gadacemuli Warbi siTbos raodenobis Sesamcireblad 
aqtiurdeba desorbciuli (endoTermuli) procesebi da gark-
veuli drois Semdeg  adsorbciis sididis Semcirebis gziT 
sistema gadadis xarisxobrivad axal wonasworul mdgoma-
reobaSi. 

lengmiuris adsorbciis Teoria. XX saukunis 

dasawyisSi molekulur-kinetikuri Teoriis safuZvelze 

lengmiuris mier ganxilul iqna sadispersio areSi disper-

girebul nivTierebis gamyof zedapirze mimdinare adsorb-

ciuli procesebis Teoria. lengmiuris monofeniani ad-
sorbciis molekulur-kinetikuri 
Teoriis ZiriTadi postulatebia: 

- adsorbcia Tavisi bunebiT 

lokaluri procesia da iseTi Zale-

biTaa gamowveuli, romlebic Tavisi 

bunebiT axlos dganan qimiur 

ZalebTan, magram aqvea aRsaniSnavi, 

rom TviTon lengmiuri aseTi tipis 

Zalebis qveS moiazrebda Zalebs, 

romlebic Tavs iCenen, rogorebicaa 

koheziis, aorTqlebis, krista-

lizaciis, zedapiruli daWimulobi-

sa da sxva procesebis mimdinareobisas; 

- molekulebis adsorbcia mimdinareobs gamyofi 

zedapiris aqtiur centrebze (ix. nax.2.2, gv. 20), anu am zeda-
pirze arsebul pikebsa da amaRlebebze, sadac myofi atomebi 

yvelaze metad xasiaTdebian gaujerebeli bmebis didi 

simravliT, es ki maT garSemo qmnis Zlier potenciur vels. 

swored aseTi velis meSveobiT magrdebian adsorbatis 

molekulebi adsorbentis zedapirze. aqtiuri centrebis mier 

 

irving lengmiuri  
(1881-1957) 
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dakavebuli farTi bevrad ufro nalkebia adsorbentis 
zedapiris saerTo farTze;   

- TiToeuli aqtiuri centris zedapirze adsorbi-

rdeba mxolod erTi molekula, romlis dayovnebis 

xangrZlivoba brounis siTburi moZraobis intensiurobazea 

damokidebuli, es Tavis mxriv energiis fluqtuacias iwvevs, 

ris Sedagadac adsorbatis molekulebi isev sadispersio 

garemos ubrundebian, xolo maT adgils sxva molekulebi 

ikaveben da a.S. radgan aqtiur centrebze adsorbatis 

molekulebis dayovnebis xangrZlivoba damokidebulia brounis 

moZraobaze, amitom igi temperaturazecaa damokidebuli; 

- lengmiuri Tavis TeoriaSi ar iTvaliswinebda 

adsorbirebul molekulaTa Soris urTierTqmedebas. 

  adsorbciis Teoriisadmi molekulur-kinetikuri 

midgoma ganixilavs d  drois monakveTSi iseT sorbciul 

wonasworobis damyarebas, rodesac gamyofi zedapiridan 

adsorbatis imdeni molekula gadadis sadispersio garemoSi, 

ramdenic am garemodan ukan ubrundeba adsorbentis zedapirs, 

anu mudmivi temperaturis pirobebSi adsorbciisa da 
desorbciis procesTa siCqareebi erTmaneTs utoldeba. 

lengmiuri adsorbentis zedapirs ganixilavda 

rogorc diskretuls, anu aqtiur zedapirs adsorbciul 

ZalTa moqmedebis maqsimumiT (aqtiuri centrebi) da sxva 

danarCens - inertul zedapirs, sadac adsorbciuli procesebi 

ar mimdinareobs.  

vTqvaT aqtiuri centrebis saerTo raodenoba 

adsorbentis zedapiris 1sm2-ze -is tolia. lengmiuris 

Teoriis safuZvelze TviToeul maTganze adsorbirebs 

adsorbatis mxolod erTi molekula (atomi an ioni). Tu 

adsorbciis mimdinareobisas yvela aqtiuri centri dakavdeba 

adsorbatis molekulebis mier, maSin adgili aqvs zRvrul 
adsorbcias. misi miRwevis mere adsorbatis koncentraciis 

Semdgomi zrdiT adsorbciis sidide aRar icvleba. am dros 

fazaTa gamyofi zedapiris aqtiuri nawili ifareba adsorbatis 

nawilakTa monofeniT, romlis sisqe daaxloebiT am nawilakTa 
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diametris tolia. zRvruli adsorbciis sididis gaangariSeba 

xdeba Semdegi formuliT 

            [ ]A
N


 

moli

2
sm

            (2-19) 

sadac N avogadros ricxvia (6,022.1023 moli-1), xolo 

zRvruli adsorbciis sidide ki yvela adsorbentisaTvis erT-

erTi ZiriTadi maxasiaTebeli sididea. xSirad A miuRweveli 

sididea, am dros gamyofi zedapiris aqtiuri centrebi 

srulad araa dakavebuli adsorbatis molekulebiT. amitom 

CavTvaloT, rom raRac  drois momentisaTvis adsorbatis 
molekulebis mier gamyofi zedapiris 1 sm2-ze dakavebuli 

aqtiuri centrebis ricxvia . vTqvaT 1 sm3-Si aris adsorbatis 
molekulebis n raodenoba, maSin adsorbentis zedapiris 1 sm2-
ze erT wamSi dajaxebul molekulaTa ricxvi n an   iqneba, 

xolo d  droSi dajaxebaTa ricxvi ki  

               n and                     (2-20) 

sadac 
2

kT
a

m
 , k – bolcmanis mudmivaa (1,38.10-23j.K-1), T 

– absoluturi temperatura, m erTi molekulis masa. airis 

SemTxvevaSi ki 
2

RT
a

M
 , sadac R – airebis universaluri 

mudmivaa (8,314 j.moli-1.K-1), xolo M ki adsorbatis 

molekuluri wona. 

  Tu -Ti aRvniSnavT dajaxebaTa saerTo raodenobidan 
Sedegian dajaxebaTa wils, anu adsorbentis zedapirze 

dajaxebuli adsorbtivis mTlian molekulaTa raodenobidan 

adsorbirebul molekulaTa wils, maSin adsorbciis dawyebis 

momentidan garkveuli d drois monakveTSi adsorbcias 

ganicdis  

                         n d                     (2-21) 
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d drois monakveTSi adsorbirebuli molekulebis ricxvi 

unda Seicvalos gamyof zedapirze Tavisufali aqtiuri 

centrebis fardobiTi cvlilebis Sesabamisad, romelic 

gamoiTvleba formuliT 

                         
 






                   (2-22) 

e.i. realurad adsorbirebuli molekulebis raodenoba iqneba 

                       ( )n d
  





              (2-23) 

meore mxriv, gamyofi zedapiridan desorbciuli procesebis 

zemoqmedebiT adsorbirebul () molekulaTa  nawili d 
drois monakveTSi isev ukan, sadispersio areSi brundeba. aseTi 

molekulaTa raodenoba iqneba 
                         d                     (2-24) 
radgan adsorbciis sidideze msjeloba mxolod wonasworuli 

mdgomareobis miRwevisas SeiZleba, amitom Cven gvainteresebs 

is momenti roca adsorbciul da desorbciul procesTa 

siCqareebi erTmaneTs gautoldeba. wonasworobis miRwevis 

Semdeg, drois nebismieri momentisaTvis, adsorbirebul da 

desorbirebul molekulaTa ricxvi erTmaneTis toli iqneba. 

maSin adsorbciuli procesis wonasworoba SeiZleba Caiweros 

Semdegnairad 

                    ( )n d d
    





          (2-25) 

saidanac adsorbirebul molekulaTa ricxvi () toli iqneba: 

                     

1

n

n


 






                (2-26) 

SemoviRoT aRniSvna k


 . maSin (2-26) gantoleba 

Semdeg saxes miiRebs 
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1

k n

k n
 

 


 
              (2-27) 

Tu ar gvinda, rom adsorbciis angariSi calkeuli 

molekulebis raodenobaTa gaTvaliswinebiT moxdes, maSin unda 

gadavideT adsorbatis koncentraciis sidideze da amisaTvis 

(2-27) formulis gardasaqmnelad unda SemovitanoT Semdegi 

aRniSvnebi 

, , , , ,
n

n an A A c k N k
N N N

 
       da 

radgan ,
2

RT
a const

M
   aRvniSnoT ak b .                   

     (2-27) formulaSi am aRniSvnebis Setanisa da 

maTematikuri gardaqmnebis Semdeg miviRebT lengmiuris 
monofeniani adsorbciis formulas 

                    
1

bc
A A

bc


                  (2-28) 

Zlier ganzavebuli adsorbatis xsnarebisaTvis roca 

c0, maSin bc<<1 da adsorbciis sidide adsorbatis koncen-
traciis pirdapirproporciulia (ix. nax. 2.9-ze OA sworxa-
zovani ubani), maRal koncentraciebze bc-s sidide ricxobrivad 
imdenad didia, rom (2-28) formulis mniSvnelSi SegviZlia 

erTianis ugulebelyofa da maSin A A , es ki imas niSnavs, 

rom gamyofi zedapiris yvela aqtiuri centri dakavebulia 

adsorbatis molekulebiT, anu miRweulia zRvruli 

adsorbcia, ris Semdegac adsorbciis sidide aRaraa damo-

kidebuli koncentraciis cvlilebaze (ix. nax. 2.9-ze BC 
horizontaluri monakveTi). sxva danarCen SemTxvevaSi ki (2-

28) gantoleba kargad aRwers adsorbciis izoTermis 

mrudxazovan AB monakveTs (nax. 2.9). 
 lengmiuris adsorbciis gantolebis koeficientebs 

A da b freindlixis formulis (2-17) mudmivebisagan 

gansxvavebiT sruliad konkretuli, fizikur-qimiuri bunebis 
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datvirTva aqvT. A adsorbatis zRvruli adsorbciis sididea. 

b koeficienti gamoisaxeba Semdegnairad 
2

RT
b N

M


 

  

airebisaTvis, 
2

kT
b N

m


 

  xsnarebisaTvis, sadac 

2

kT
N

m
 mudmivi sididea, xolo    fardoba ki fazaTa 

gamyof zedapirze adsorbirebul molekulaTa “cxovrebis 

xangrZlivobaa” mocemul temperaturaze. Tu mxedvelobaSi 

miviRebT, rom  adsorbentis zedapiris 1 sm2-ze arsebuli 

aqtiur centrTa raodenobaa da rom TiToeul maTganze 

SeiZleba mxolod erTi molekulis adsorbireba, maSin 

zRvruli adsorbciisas
 




 sididis fizikuri mniSvne-

loba adsorbentis zedapiris erTeulze adsorbatis mole-

kulaTa cxovrebis xangrZlivoba iqneba. es ki raodenobrivad 

aRwers mudmiv temperaturaze adsorbentze adsorbatis 

adsorbciis unarsa da xarisxs.  

 Tu adsorbentis zedapirze erTdroulad adsor-

birdeba ori sxvadasxva nivTiereba, maSin gvaqvs  adsorbciis 

ori sidide 

    1 1

b c b c' ''
b c b c b c b c 

 
      

      
da    (2-29) 

Tu b b  , maSin (1 )b c  imdenad mcire sididea, rom 

mxedvedvelobaSi aRar iReben da '
  . am dros pirveli 

nivTiereba mTlianad daikavebs adsorbentis zedapirs da 

meoresaTvis adgili aRar darCeba. radgan b sidide axasiaTebs 
adsorbatis adsorbciis xarisxs, maSin ramdeni saxeobis 

adsorbati iqneba, imden sxvadasxva adsorbciis sididesTan 

gveqneba saqme. amis gamo moxdeba adsorbentis zedapirze 
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xsnaridan (an airTa narevidan) adsorbciuli aqtivobis 

mixedviT adsorbatebis safexureobrivi adsorbcia. am 

movlenis praqtikul gamoyenebas rusma mecnierma cvetma 

miagno. man pirvelma moaxdina myari adsorbentis meSveobiT 

airTa narevis adsorbciuli dayofa, riTac safuZveli Cauyara 

qromatografiuli kvlevis meTods. 

    originaluri kvlevebis safuZvelze lengmiurma wamoa-

yena adsorbciis Teoria, romlis safuZvelia mosazreba, rom 

yvela zedapirulad aqtiuri nivTierebis molekula Tavis 

struqturaSi Seicavs rogorc polarul, ise arapolarul 

dajgufebebs. magaliTad, zedapirulad aqtiuri organuli niv-

Tierebebi Seicaven naxSirbadatomebs Soris arsebul gaujere-

bel bmebs, COOH--is an OH- tipis polarul jgufebsa da sak-

maod grZel arapolarul, najer naxSirwyalbadur jaWvebs. 

  Tu ganvixilavT ZmarmJavisa (CH3COOH) da valerian-

mJavis (CH3(CH2)3COOH) adsorbcias “wyali-benzoli” siste-

mis gamyof zedapirze, sadac wyali polaruli nivTierebaa, 

xolo benzoli ki arapolaruli, maSin najer organul mJavaTa 

polaruli nawili (-COOH) mimarTuli iqneba wylis mxares, 

xolo arapolaruli (naxSirwyalbaduri jaWvi) ki benzolis 

mxares. amave dros rac ufro grZeli, najeri naxSirwyalba-

duri jaWvi aqvT organuli mJavis molekulebs, miT ufro met 

xans yovndebian isini gamyof 

zedapirze.  

  aseTi adsorbciu-

li fena “uZravia” (ix. 

nax.2.11-2), anu adsorbatis 

ramdeni molekulac dato-

vebs gamyof zedapirs, imde-

nive xsnaris siRrmidan 

daikavebs mis adgils. igive 

procesebi warimarTeba 

maSinac, roca wylis zeda-

pirTan SexebaSi iqneba 

 
nax.2.11. organuli mJavebis adsorbcia 

“benzoli-wylis” gamyof zedapirze 
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airadi garemo an sxva uxsnadi arapolaruli Txevadi faza. 

Tu organuli mJavebis koncentracia mcirea, maSin misi 

molekulebi bolomde ver avseben gamyof zedapirs, ris gamoc 

adsorbatis molekulebs gamyof zedapirze Tavisuflad gada-

adgilebis  saSualeba eZlevaT da amitom ise iqcevian, rogorc 

airis molekulebi oRond, sibrtyeze (nax.2.11-1). amis gamo maT 

xSirad “organzomilebian airebs” uwodeben.  

lengmiurma gamoigona aparati, romlis saSualebiTac 

SesaZlebelia “organzomilebian airTa” wnevis gazomva (ix. nax. 

2.12). dRes es xelsawyo lengmiuris sasworis saxeliTaa 

cnobili. 

am aparatis ki-

uvetaSi (1) Casxmulia 

sufTa wyali, masze mo-

Tavsebulia parafinis 

Txeli feniT dafaruli 

minis firfita (2), 

romelic Tavisuflad 

gadaadgildeba wylis 

zedapirze. me-3 firfi-

ta ki sasworis  erT-

erT moZrav mxarTanaa 

(4) damagrebuli, rom-

lis sayrdeni prizmac 

(5), Stativze xistad damagrebul  sayrdenzea (6) moTav-

sebuli. sasworis mxaris gasawonasworeblad SeiZleba gamoye-

nebul iqnas sapirwone (7), rac SemdgomSi “organzomilebiani 

airis” wnevis gasazomad iqneba gamoyenebuli. 

(1) kiuvetaSi, wylis zedapirze awveTeben wyalSi 

uxsnadi benzolSi gaxsnili organuli mJavis ramodenime 

wveTs. benzoli wylis zedapirze Txel fenad gaiSleba, Semdeg 

orTqldeba da wylis zedapirze masSi faqtiurad uxsnadi 

organuli mJava monomolekulur fenad rCeba ganfenili. ioli 

gasaangariSebelia, Tu ramdenia kiuvetaSi wylis zedapiris 

farTi, benzolSi gaxsnili mJavis raodenoba da maSin Cven 

 
nax.2.12. “organzomilebiani airis” wnevis 

gasazomi lengmiuris saswori 
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gvecodineba, Tu wylis zedapiris S farTze ramdeni Tanabrad 
ganawilebuli organuli mJavis molekula iqneba ganTavsebuli. 

mJavas molekulaTa raodenobis simcirisas, isini idealuri 

airis molekulebis msgavsad iqcevian, oRond sibrtyeze 

(wylis zedapirze anu or ganzomilebaSi). 

      me-(2) firfitis gadaadgilebiT (3)-is mimarTulebiT 

Cven vamcirebT zedapiris farTs da Sesabamisad vzrdiT farTis 

erTeulze organuli mJavis molekulaTa ricxvs. gaizrdeba ra 

“organzomilebiani airis” koncentracia, moimatebs misi 

zemoqmedeba (wneva) me-(3) firfitaze, rac gamoiyvans wonaswo-

ruli mdgomareobidan sasworis me-(4) mxars da igi gadaixreba. 

misi gawonasworeba xdeba me-7 sapirwoneze mcire zomis wo-

nakTa damatebiT. aseTi gziT SeiZleba avagoT  P-S  saxis izo-
Termebi (ix. nax.2.13), 

romlebic kritikuli 

temperaturebis siaxlo-

ves Zalian miagavan airis 

P-V saxis izoTermebs. 
nax.2.13-ze P-S da-

mokidebulebis (1) graf-

iki tridekanis (C12H25-  -
COOH) mJavisaTvisaa ga-

mosaxuli, xolo (2) ki 

miristinis mJavisaTvis 

(C13H27-COOH). (1) wer-
tilidan S1 wertilamde “organzomilebiani airebi” ise 

iqcevian, rogorc kritikuli temperaturis midamoebSi 

Cveulebrivi airebi. am dros monotonurad izrdeba “organzo-

milebiani airi”-s wneva, romelic zedapiris farTis 

SemcirebiTaa gamowveuli. S1-dan S2-mde P-S damokidebuleba 

Sedis maTi najerobis (dakoncentrireba-dakondensirebis) 

fazaSi, anu gamyofi zedapiri misdami orientirebuli uxsnadi 

mJavis molekulebis mier mTlianadaa dakavebuli ise, rogorc 

es nax.2.12-2-zea naCvenebi, amitom S-is SemcirebiT wneva aRar 
icvleba da orive P-S damokidebulebis grafikze aRiniSneba 

 
 

nax.2.13. monomolekuluri adsorbciuli 

fenebis P-S damokidebulebis izoTermebi 
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horizontaluri (S2S1) ubani, romelsac Seesabameba adsorbi-
rebuli molekulebiT mWidrod Sevsebuli da mkacrad 
vertikalurad orientirebuli maRalmolekuluri organuli 
mJavas adsorbciul-kondensirebuli fena. S2 wertili aseTi 

fenis Seqmnisa da ganviTarebis bolo zRvaria. rogorc es 

naxazidan Cans “organzomilebiani airis” Semdgomi SekumSva, 

bevrad ufro maRali wnevebis ubnisakenaa mimarTuli.  

lengmiuris Semdeg “organzomilebiani airebi”-s 

Tvisebebi mravalma mecnierma Seiswavla. erT-erTi maTgani 

marseleni iyo. man Seqmna lengmiuris xelsawyoze bevrad ufro 

mgrZnobiare aparati, mravalmxrivad Seiswavla zemoT xse-

nebuli movlena da gamoTqva azri, rom Cveulebriv airebTan 
“organzomilebiani airebi”-s analogia araadeqvaturia da 
radgan aseT sistemebSi adsorbatis molekulebi gamyofi 
zedapiris mimarT Tavisuflad gadaadgildebian (da ara mis 
moculobaSi), amitom marselenma maT zedapiruli xsnarebi 
uwoda. 

  xSirad “airad (Txevad) - myari” saxis sitemebisaTvis 

sorbciuli procesebi pirdapir ver gadadian wonasworul 

mdgomareobaSi da amitom adsorbcia safexureobrivad midis 

(ix. nax. 2.14, pozicia 1, 2 

da 3). es erTi SexedviT 

alogikuri Sedegi lengmi-

uris Teoriis saSualebiT 

Semdegnairad SeiZleba aix-

snas: adsorbciis safexure-

obrivobas ganapirobebs ad-

sorbentis zedapirze sxva-

dasxva energetikuli donis 

mqone aqtiuri centrebis 

arseboba. maTze adsorbatis 

molekulebi (atomebi an ionebi) adsorbirdebian jer ufro 

dabali energetikuli donis aqtiur centrebze (nax. 2.15-1), 

Semdeg ufro maRali energetikuli donis centrebze (nax.2.15-

2,3) da ase TandaTanobiT, safexurebad ivseba adsorbentis 

 
 

nax.2.14. safexureobrivi    adsorbciis 
mrudi 
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zedapiris yvela energetikuli donis aqtiuri centri. 

miuxedavad imisa, rom lengmiuris adsorbciis molekulur-

kinetikuri Teorias didi gamoyenebis areali aqvs, igi srulad 

mainc ver aRwers adsorbciis yvela SemTxvevas.  

  jibsis adsorbciis fundamenturi formula. XX 

saukunis dasawyisSi jibsma mogvca adsorbciis procesis 

Termodinamikuri aRwera. rogorc uk-

ve viciT, adsorbciis procesis 

mimdinareobisas fazaTa gamyof zeda-

pirze xdeba komponentebis gadana-

wileba-dakoncentrireba, rac Tavis 

mxriv adsorbatis qimiuri poten-

cialis Secvlas iwvevs.  

 dasawyisisaTvis CavTvaloT, rom 

adsorbciuli fenis sisqe nulis 

tolia da gamyofi zedapiris Sinagani 

energiisaTvis  Termodinamikis pirve-

li da meore kanonebis gaerTianebuli 

gantoleba (zedapiruli da qimiuri 

energiis gaTvaliswinebiT) davweroT: 

                 i i
i

dU TdS ds dn              (2-30) 

sadac S – fazaTa gamyofi zedapiris entropiaa, xolo s ki 
misi farTi. 

   radganac zedapiris Sinagani energia eqstensiuri 

Tvisebebis proporciulia, amitom  

           i i
i

U TS s n                  (2-31) 

xolo misi sruli diferenciali ki Semdegnairad Caiwereba 

    d d d d d d di i i i
i i

U T S S T s s n n         
  

 (2-32) 

(2-30) gantoleba CavsvaT (2-32) gantolebaSi da miviRebT 

 

 

 
jozaia vilard jibsi 

(1839-1903) 
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                  d d d 0i i
i

S T s n              (2-33)   

izoTermuli procesebisaTvis, roca T=const da dT=0  

                     d d 0i i
i

s n                (2-34) 

(2-33) da (2-34) gantolebebs jibsis fazaTaSorisi zedapiris 
gantolebebad moixsenieben. radgan zedapiris yvela eqs-

tensiuri parametri TviTon am zedapiris farTzea damo-

kidebuli maSin aRsaqmelad ufro moxerxebuli iqneba maTi 

farTze fardobis Semotana. Tu (2-34) gantolebis orive mxare 

gaiyofa s-ze miviRebT adsorbciis procesebisaTvis jibsis 

fundamentur gantolebas 

                d ( / )d di i i i
i i

n s               (2-35) 

sadac i  gamyofi zedapiris farTis erTeulze i-uri 

kompinentis siWarbea, moculobiT fazaSi mis raodenobasTan 

SedarebiT, anu igivea rac jibsis adsorbciis sidide.  
  (2-35)-dan gamomdinare, orkomponentiani xsnarebisaTvis 

jibsis adsorbciis gantoleba SeiZleba asec Caiweros 

                       
d

d




                     (2-36) 

rac imaze miuTiTebs, rom zedapirul SreSi adsorbatis 
molekulaTa (atomTa an ionTa) siWarbe da Sesabamisad maTi 
qimiuri potencialis zrda, imavdroulad zedapiruli 
energiis cvlilebis siCqaresac ganapirobebs. 
  wonasworobaSi myof Termodinamikur sistemisaTvis 

misi nebismieri komponentis qimiuri potenciali yvela fazisa 

da gamyofi zedapiruli fenisaTvis mudmivi sididea, amitom 

gaxsnili nivTierebis qimiuri potenciali xsnaris mTel 

moculobaSi gamoiTvleba formuliT 
                     ln( )d RTd c                (2-37) 
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sadac  aqtiurobis koeficientia, xolo c  ki xsnaris 

koncentracia. Zlier ganzavebuli xsnarebisaTvis 1  , maSin 

(2-37) formulas Tu CavsvamT (2-35)-Si, miviRebT 
orkomponentiani da Zlier ganzavebuli sistemebisaTvis jibsis 
adsorbciis formulas 

                       
c d

dcRT
                  (2-38) 

koncentrirebuli xsnarebis SemTxvevaSi (2-38) formulaSi 

koncentraciis (c) nacvlad Caiwereba an aqtiuroba a  an c -

s namravli. 

Tu saqme gvaqvs “orTqli-siTxe” sistemaSi orTqlis 

adsorbciasTan, maSin (2-38) formula Semdegnairad Caiwereba 

                 
p d

dpRT
                 (2-39) 

sadac p  orTqlis wnevaa. am saxis damokidebulebas gansa-

kuTrebiT didi mniSvneloba eniWeba “airi-myari” saxis 

sistemebSi adsorbciuli procesebis Seswavlisas. 

  erTi SexedviT, molekulur-kinetikuri da Termo-

dinamikuri midgomiT aRweril adsorbciis izoTermis ganto-

lebebs araferi saerTo ara aqvT, magram Tu SiSkovskis 
gantolebas (gant. 2-3, ix.Ggv. 21) koncentraciis mimarT gava-
diferencialebT, miviRebT 

                       
1

d bc

dc bc


 


              (2-40)  

da 2-40 gantolebas CavsvamT jibsis adsorbciis gantolebaSi 

(2-38) miviRebT: 

                       
1

a bc

RT bc
  


              (2-41) 

aRvniSnoT 
a

RT   , maSin lengmiuris adsorbciis izoTermis 

gantoleba miiRebs Semdgom saxes 

                       
1

bc

bc   


              (2-42) 
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rac iZleva imis saSualebas rom davaskvnaT - jibsisa da 
lengmiuris adsorbciis izoTermis gantolebebi gamoyvanil 
iqna sxvadasxva tipis sistemaTaTvis, magram maT Soris 
arsebobs Rrma azrobrivi urTierTkavSiri, romelic SemdgomSi 
mdgomareobs: sxvadasxva nivTierebis adsorbcia sxvadasxva 
adsorbentis zedapirebze mimdinareobs erTidaigive Sinagani 
fizikur-qimiuri kanonzomierebis dacviT. rogorc xedavT, 

lengmiurisa da jibsis erTi SexedviT damoukidebel TeoriaTa 
Soris makavSirebeli xidi, zedapirul daWimulobasa da 
adsorbatis koncentracias Soris damakavSirebeli SiSkovskis 
maTematikuri modeli aRmoCnda, rac zemoT gamoTqmul 

mosazrebaTa kidev erTi 

damadasturebeli faqtia. 

      polianis adsorbciis 

potencialuri Teoria.  

gamocdilebam gviCvena, rom 

adsorbciis izoTermas 

yovelTvis ara aqvs 

standartuli saxe (ix. 

nax.2.9). “airi-myari” siste-

mebis Seswavlisas xSirad 

vxvdebiT aRniSnuli kanon-

zomierebebidan gadaxvevebs 

(ix. nax.2.15), sadac B wertilidan abscisaTa RerZis para-

leluri monakveTis nacvlad izoTermis mrudi aRmavali mimar-

TulebiT vrceldeba, rac Tavis mxriv lengmiuris, jibsisa da 

freindlixis TeoriaTa arasrulfasovnebaze miuTiTebs. aseTi 

tipis movlenebis asaxsnelad XX saukunis 20-ian wlebSi 

polianim SemogvTavaza adsorbciis potencialuri Teoria. ad-
sorbciis am modelSi gasarkvevad ganvixiloT misi ZiriTadi 

debulebebi: 

   1. adsorbciis movlena gamowveulia sufTa fizikuri 
bunebis ZalebiT; 

 
 
nax.2.15. safexureobrivi adsorbciis 

izoTerma 
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   2. adsorbentis zedapirze araa aqtiuri centrebi, 
adsorbciuli Zalebi moqmedeben fazaTa gamyofi zedapiris 

siaxloves da qmnian uwyvet Zalovan vels; 
   3. adsorbciuli Zalebi moqmedeben sakmao manZilze, ase rom 

saqme gvaqvs garkveuli sisqis mqone adsorbciul fenasTan, 
romelic monofenis sisqeze metia da romlis moculoba 

maqsimaluradaa dakavebuli adsorbatis molekulebiT; 

   4. gamyofi zedapiridan moSorebisas adsorbciuli Zalebi 

TandaTanobiT mcirdeba da bolos garkveul manZilze nulis 

toli xdeba; 

   5. adsorbentis zedapirze adsorbatis molekulis mizidvis 

Zala araa damokidebuli zedapirul SreSi sxva molekulebis 

raodenobaze, anu SesaZlebelia polimolekuluri adsorbcia; 
   6. adsorbciuli Zalebi ar aris damokidebuli 

temperaturaze, anu temperaturis cvlilebiT adsorbciuli 
Sris sisqe ar icvleba (da ara adsorbirebuli nivTierebis 
koncentracia).  
  aseTi midgoma ar ewinaaRmdegeba temperaturis 

momatebisas adsorbciis Semcirebis faqts, ubralod, am dros 

siTburi moZraobisa da desorbciuli procesebis gaaqtiurebis 

fonze adsorbciul SreSi mcirdeba adsorbatis koncentracia, 

adsorbentis zedapiruli Zalovani potencialuri veli ki 

ucvleli rCeba. 

  nax. 2.16-ze sqema-

turadaa naCvenebi adsorb-

ciuli Sris fenovani 

struqtura. rogorc yvela 

Zalovani veli, adsorb-

ciuli velic Sedgeba eqvi-

potencialuri Sreebisagan, 

romlebic aRniSnul naxaz-

ze wyvetili wirebiTaa 

gamosaxuli.  

 adsorbciuli potenciali 
(Eads.) ewodeba energiis im 

 

nax. 2.16. polianis adsorbciuli Sris   
aRnagoba 
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raodenobas, romelic saWiroa airad mdgomareobaSi myofi 
erTi moli adsorbatis molekulebis adsorbciuli Sridan 
airad fazaSi gadasatanad. Eads. maqsimaluria adsorbentis 

zedapirsa da adsorbciul Sres Soris (nax.2.16-2 wiri), xolo 

nulis tolia adsorbciuli Srisa da airad fazas Soris 

(nax.2.16-1 wiri). 

 adsorbciuli potencialis cvlilebas xSirad adsorb-

ciuli Sris sisqesTan dakavSirebiT ki ar adgenen, aramed 

akavSireben am fenis moculobasTan ( )E f Vads. -is saxiT, 

radgan misi eqsperimentalurad gansazRvra bevrad ufro 

iolia. ganvixiloT adsorbciul SreSi airadi adsorbatis 

mdgomareoba misTvis maxasiaTebel kritikuli temperaturis 

intervalSi, anu roca igi Txevad mdgomareobaSi imyofeba. 

vTqvad 1 gr. adsorbentis zedapirze adsorbciuli Sris 

moculobaa VTx., romelic SeiZleba gamoviTvaloT Semdeg-

nairad 

                 V aVTx. mol.                  (2-43) 

sadac a  1 gr. adsorbentze adsorbirebuli adsorbatis 

raodenobaa molebSi, xolo Vmol.  ki adsorbatis kondensatis 

moluri moculobaa. Tu viciT 1 gr. adsorbentis zedapiruli 

farTi s, iolad gamoviTvliT masze adsorbirebuli Sris sis-

qes 

                        
V

l
s

Tx.
Tx                  (2-44) 
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zedapiris sruli farTis 

gageba rTulad gadasaWreli 

problemaa, amitom polianim 

SemogvTavaza adsorbciuli 

potencialis ( )E f Vads. Tx.  

saxis gantolebiT Seswavla, 

romlis grafikuli saxe  nax. 

2.17-zea moyvanili.  

    ( )E f Vads. Tx.  araa 

damokidebuli temperaturaze 

da mas polianis maxasiaTebel mruds uwodeben. polianis po-

limolekuluri Teoria SesaZleblad Tvlis “airi-myar” 

sistemaSi mimdinare adsorbciuli procesebisaTvis airis 

mdgomareobis aRmweri gantolebis gamoyenebas. amitom 

adsorbatis simkvrivesa () da moculobas (V) Soris kavSiris 
saxe Zalian waagavs airis p,V-izoTermas. dabali tempera-

turebisas Termuli moZraobis Semcirebisa da zedapirul 

SreSi adsorbatis koncentraciis gazrdis fonze, adsorb-

ciuli Zalebi yvela pirobas qmnian imisaTvis, rom zedapirul 

SreSi moxdes airadi adsorbatis SekumSva-koncentrireba da 

misi Semdgomi kondensacia, ris gamoc adsorbatis kondensatis 

simkvrive Txevadi fazis simkvrives (Tx) uaxlovdeba. am dros 

mTeli adsorbciuli Sris moculoba dakavebuli iqneba Txevad 

mdgomareobaSi myofi adsorbatiT da misi ukumSvadobis gamo 
=f(V) mrudi TiTqmis abscisaTa RerZis paraleluria. amis 

Semdeg mrudi mkveTrad eSveba dabla da adsorbatis simkvrive 

airadi fazis simkvrivis toli xdeba, anu am dros miiRweva 

adsorbciuli Sris bolo, eqvipotenciuri fenis zedapiri (ix. 

nax. 2.16-1, ix. gv. 51), romlis merec wydeba adsorbciuli 

Zalebis moqmedebis areali da iwyeba airadi faza. 

  maRali temperaturebis intervalSi mcirdeba adsorb-

ciis sidide, e.i. mcirdeba adsorbciul SreSi adsorbatis 

koncentracia da simkvrive, Sesabamisad adsorbati ise iqceva, 

 
 

nax. 2.17. polianis maxasiaTebeli 

mrudis tipiuri magaliTi 
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rogorc idealuri airi da =f(V) izoTerma aRiwereba idea-
luri airis izoTermis msgavsad - pV=RT. am dros adsorb-
ciul SreSi adsorbatis mTeli raodenoba airad mdgoma-

reobaSia. 

kritikuli temperaturebis intervalSi =f(V) 
damokidebulebis mrudi  van-der-vaalsis izoTermis mruds 

miagavs, rac imaze mianiSnebs, rom gamyofi zedapiris siaxloves 

adsorbirebuli nivTierebis erTi nawili Txevad mdgomareo-

baSia, xolo adsorbciuli Sris zeda fenebSi misi meore 

nawili airad mdgomareobaSia. amitom =f(V) mrudis mkveTrad 
qvemod daSveba, adsorbatis Txevadi mdgomareobidan airadSi 

gadasvlaze migvaniSnebs.  

zemoT ganxilulidan gamomdinare, polianim maxasi-

aTebeli mrudebis asagebad Semdegi gza airCia. i-uri wertilis 

adsorbciuli potenciali Ei SeiZleba gamovsaxoT rogorc 1 

moli airis Ti temperaturaze  SekumSvis muSaoba, maSin  

                                    
0

ip

i

p

E Vdp                                   (2-45) 

sadac pi Txevadi adsorbatis wnevaa zedapirul SreSi, xolo 

p0 adsorbatis wneva airad fazaSi. (2-45) gantolebaSi Tu 

gaviTvaliswinebT, rom idealuri airis gantolebidan V=RT/p, 
maSin miviRebT: 

             

0 0 0

ln
i ip p

i
i

p p

pdp
E Vdp RT RT

p p
            (2-46) 

pi mravali nivTierebisaTvis cnobili sididea, p0 ki cdiseuli 

monacemi. imis gasagebad, Tu romeli Vi Seesabameba Ei xmaroben 

(2-43) gantolebas. 

kritikulze dabali temperaturebisaTvis, roca 

adsorbciul SreSi adsorbati ZiriTadad Txevad mdgoma-

reobaSia, amitom p0-s sidide eqsperimentalurad  SeiZleba 

ganisazRvros da Semdeg ki aigos Ei =f(Vi) damokidebulebis 

mrudi, romelic gviCvenebs, Tu rogor nawildeba adsorb-
ciuli potenciali adsorbciuli Sris moculobaSi, es ki 
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“airi-siTxe” sistemaSi adsorbciis mimdinareobis srul su-
raTs gvaZlevs. rac Seexeba (2-46) formulaSi temperaturis 

monawileobas, es sulac ar niSnavs imas, rom temperaturis 

cvlilebiT icvleba Ei =f(Vi) damokidebulebis saxe. igi 

migvaniSnebs imaze, rom temperaturis cvlilebiT p0-is igive 
sididisas,  Seicvleba adsorbciul SreSi siTxe-airis gamyofi 

zedapiris mxolod adsorbciuli potenciali. 

  adsorbciis bet-Teoria. rogorc vnaxeT, adsorbciuli 

procesebis aRmweri Teoriebi ar aris universaluri. polianis 

Teoria kargad xsnis fizikuri adsorbciisas mimdinare 

procesebs, lengmiuris Teoria kargad aRwers rogorc qimiur, 

ise fizikur adsorbcias, oRond sakvlev sistemaTa SezRudul 

arealSi. amitom logikuri iqneboda lengmiurisa da polianis 

TeoriaTa ZiriTadi warmodgenebis ganzogadebiT miegnoT 

xarisxobrivad axali maTematikuri modelisaTvis, romelic 

adsorbciis izoTermebis umetes nawils axsnida. 

XX saukunis 30-40-ian wlebSi brunaueris, emetisa 
da teleris mier SemoTavazebul iqna adsorbciis aRmweri 

axali Teoria. misi dasaxeleba avtorTa gvarebis pirveli 

asoebisagan Semdgari abreviaturaa (bet).  

ganvixilod am Teoriis ZiriTadi debulebebi: 

1. adsorbentis zedapirze ganTavsebulia energetikulad 
Tanabari aqtiuri centrebi, romlebsac SeuZliaT gamyof 

zedapirze adsorbatis molekulaTa SeCereba-dakoncen-

trireba; 

2. erTmaneTis mezoblad adsorbciuli Sris fenebSi gana-

wilebul adsorbatis molekulebs Soris urTierTqme-

debis Zalebi ar ganixilebian (lengmiuris TeoriasTan 

ufro meti siaxlovisaTvis); 

3. pirveli adsorbciuli fenis TiToeuli molekula meore 

adsorbciuli fenis molekulaTaTvis SesaZlo aqtiur 

centradaa ganxiluli da ase me-3, me-4 da a.S. 

adsorbciuli fenebisaTvis;  
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4. meore da yoveli misi momdevno adsorbciuli fenis 

molekulebs pirveli fenis molekulaTa mdgomareobisagan 

gansxvavebuli statistikuri mdgomareoba ukaviaT. 

      rogorc nax.2.18-dan 

Cans, adsorbirebuli faza 

SegviZlia warmovidginoT 

adsorbciuli kompleqsebis  
(vertikaluri molekuluri 

jaWvebis) erTobliobad, 

romelic pirveli fenidan 

anu adsorbentis zedapi-

ridan iwyeba. bet-Teorias 

sakmaod gamartivebuli aqvs 

mezobelad adsorbirebul 

molekulaTa Soris energetikuli urTierTqmedeba, anu es 

jaWvebi erTmaneTTan ar urTierTqmedeben. miRebulia, rom 

adsorbatis yoveli molekula esazRvreba mxolod or, 

zemodan da qvemodan mezobel molekulas, maSin roca am 

molekulas bevrad ufro meti realuri “mezobeli” 

molekula hyavs irgvliv. miuxedavad aseTi saxis 

gamartivebisa, bet-Teoria kargad aRwers mravali saxis 

adsorbciul process, romelsac sxva danarCeni Teoriebi ver 

axerxeben. polianis TeoriasTan SedarebiT bet-Teorias kidev 

erTi dadebiTi mxare aqvs, esaa adsorbciis izoTermis 

aRmweri formula, romlisganac garkveul pirobebSi miiReba 

jer lengmiuris adsorbciis izoTerma, xolo Semdeg henris 
kanonis aRmweri maTematikuri formula. aq ar daviwyebT bet-

Teoriis adsorbciis izoTermis gamoyvanas, romelsac sakmaod 

rTuli maTematikuri meqanizmi aqvs, amitom mxolod misi 

saboloo saxis CvenebiT SemovifarglebiT.  

 brunaueri, emeti da teleri am gantolebis gamoy-

vanisas ganixilavdnen orTqlis molekulebis adsorbcias 

adsorbentis gamyof zedapirze, rogorc erTeuli an jeradi 

adsorbciuli kompleqsebis warmoqmnis kvaziqimiur procesTa 

erTobliobas: 

 
nax.2.18. bet-Teoriis mixedviT 

gamosaxuli adsorbciuli Sreebis 
struqtura  
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 orTqli + adsorbentis zedapiri  erTeuli kompleqsebi + Q1  

 orTqli + erTeuli kompleqsebi   ormagi kompleqsebi + Q2 

 orTqli + ormagi kompleqsebi  sammagi kompleqsebi + Q2   da 

a.S.  

 am dros, pirveli fenis adsorbciis siTbo, anu 

erTmagi kompleqsebis warmoqmnis siTbo (Q1) bevrad ufro 

metia sxva danarCeni adsorbciuli fenebis warmoqmnis 

siTboebTan SedarebiT. meore, mesame da a.S. danarCeni fenebis 

adsorbciis siTboebi faqtiurad Tanabari sididis arian da 

moculobiTi kondensaciis siTbos (QL) utoldebian. maSin 

polimolekuluri adsorbciis izoTermis gantoleba ase 

gamoisaxeba 

             
1

1 1 ( 1)

A Cf
A

f C f
 
  

         (2-47) 

sadac A adsorbirebuli airis moculobaa mudmiv 

temperaturasa da wnevaze, C ki polimolekuluri adsorbciis 

wonasworobis mudmivaa, xolo  

                  
0

p
f

p
                  (2-48) 

aq  cdis pirobebSi 0p  

najeri orTqlis wnevaa, mv  

- lengmiuris monoSreSi ad-

sorbirebuli airis maqsima-

luri moculoba, 

exp( )E
C

RT


 ,  -s ad-

sorbciis siTbos uwodeben 

da igi gamoiTvleba for-

muliT 1 LE E E   , sadac 

 
 

nax.2.19. bet-Teoriis izoTermas  
sworxazovani saxe 
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1E  lengmiuris fenaSi airis adsorbciis, xolo LE  ki airis 

moculobiTi kondensaciis siTboebia. roca 1 LE E , maSin 

1C   da Tu am dros f-is mniSvnelobas CavsvamT (2-47) 
formulaSi, miviRebT bet-Teoriis polikmolekuluri 
adsorbciis izoTermis gantolebas 

         0

0

0

1 1

1( )

p
p C p
p A C A C pA p

 


  


      (2-49) 

Tu 
0

0
1( )

Y

p
p
pA p




, 

0

X
p

p
  da maT mniSvnelobebs davitanT 

Sesabamisad ordinatTa da abscisaTa RerZebze, maSin miviRebT 

wrfivi saxiT gamosaxul adsorbciis izoTermas (ix. nax.2.19), 

romlis gadakveTa ordinatTa RerZTan gvaZlevs 
1

a
A C




, xo-

lo abscisTa RerZis mimarT wrfis daxrilobis kuTxis  tan-

gensi 
1C

tg
CA


 


.  

    e.i. cdiseuli monacemebis gamoyenebiT SeiZleba gamo-

iTvalos A da C -s realuri sidideebi, lengmiuris SreSi 

adsorbciis siTbo, monomolekuluri Sris moculoba da masSi 
ganTavsebul molekulaTa raodenoba. xSirad sacnobaro 

masalebSi moyvanilia sxvadasxva polaruli adsorbatis 

molekulaTa mier adsorbentis gamyof zedapirze dakavebuli 

farTi (s0), viciT ra gamyof zedapirze maTi maqsimaluri 

koncentracia ( A), romelic adsorbatis mier yvela aqtiuri 

centris dakavebisas miiRweva, ukve iolad SegviZlia 
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davadginoT adsorbentis sruli zedapiris farTi Semdegi 

formuliT 

                      0As A N s xv               (2-50) 

sadac AN  avogadros ricxvia. (2-50) gantolebisa da 

cdiseuli monacemebis gamoyenebiT SesaZlebelia Sebrunebuli 

amocanis gadaWrac, anu adsorbatis molekulisaTvis s0 

dadgenac. 

 sxvadasxva naklis miuxedavad bet-Teoria dRevand-

lamde mainc fizikuri adsorbciis aRmwer erT-erT saukeTeso 

modelad miiCneva. 

 

2.3.3 adsorbciis saxesxvaobani 
 

qimiuri adsorbcia. fizikuri adsorbciis gverdiT 

praqtikaSi xSirad gvxvdeba qimiuri adsorbcia (qemosorbcia). 
maT Soris mkafio gamyofi sazRvris gavleba umravles 

SemTxvevaSi SeuZlebelia. adsorbcia xSirad fizikuri adsor-

bciiT iwyeba da gamyof zedapirze adsorbatis molekulebis 

damagrebisa da dakoncentrirebis Semdeg ki procesi grZeldeba 

qimiuri adsorbciiT, anu adsorbatis molekulebi qimiuri 

Zalebis zemoqmedebiT reaqciaSi Sedian aqtiur centrebis 

wveroebze.  

am dros warmoqmnili adsorbirebuli fena mono-

molekuluria da bevrad ufro myaradaa SeWiduli gamyof 

zedapirTan. fizikuri adsorbciis siTbo 8-35 kj/mol sididis 

farglebSi icvleba, maSin roca qimiuri adsorbciis siTbo 

800 kj/molamdec aRwevs. swored amitomaa, rom temperaturis 

momatebiT mcirdeba fizikuri da izrdeba qimiuri adsorbcia, 

romlis sididis zrda swored qimiuri ZalebiTaa ganpiro-

bebuli. qimiuri reaqciebis dawyebisaTvis 40-130 kj/mol 

donis minimaluri energetikuli barieris gadalaxvaa saWiro. 

swored amitomaa rom qemosorbciis procesis damTavrebis mere 

Zalian Zneli xdeba desorbciuli movlenebis dawyeba, rasac 
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bevrad ufro maRali temperatura sWirdeba. qimiuri adsorb-

ciis Semdeg desorbciuli procesebis mimdinareobisas, 

rogorc wesi adsorbirebuli nivTiereba Tavdapirveli saxiT 

ukan aRar an veRar gamoiyofa. magaliTisaTvis ganvixilod 

Jangbadis adsorbcia naxSirbadis zedapirze (ix. nax. 2.20). 

naxSirbadis garemosTan arsebul gamyof zedapirze 

ganlagebulia gawyvetili (gauwyvilebeli) qimiuri bmebis 

mqone naxSirbadis atomebi (nax.2.20-1), swored maT safuZvelze 

xdeba naxSirbadis gamyof zedapirze Jangbadis atomTa adsorb-

cia. Jangbadis adsorbciis Semdeg fazaTa gamyofi zedapiris 

saxecvlileba nax.2.20-2-zea naCvenebi, am dros naxSirbadsa da 

Jangbads Soris praqtikulad qimiuri bma yalibdeba. qemosorb-

ciis mimdinareobis aseTi meqanizmis gamo garkveul donemde 

temperaturis matebisas mcirdeba adsorbciis siCqare. desorb-

cia ki Cveulebrivze ufro maRal temperaturebze iwyeba, 

oRond am dros gamoiyofa ara Tavdapirvelad adsorbirebuli 

nivTiereba (Cvens SemTxvevaSi – Jangbadi), aramed CO an CO2. 
sxvagvarad rom vTqvaT, gamyof zedapirze naxSirbadisa da 

Jangbadis atomebs Soris urTierTqmedebis energia EO-C 

aRemateba naxSirbadsa da naxSirbads Soris urTierTqmedebis 

energias EC-C.  
es faqti dadgenil iqna sxvadasxva mkvlevarTa mier da 

igi SeiZleba Semdegnairad Camoyalibdes – qimiuri adsorbciis 
dros fazaTa Soris gamyof zedapirze mimdinare procesebis 

 
nax.2.20. Jangbadis adsorbcia naxSirbadis zedapirze 
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siTbo bevrad aRemateba cal-calke aRebul moreagire qimiur 
nivTierebaTa warmoqmnis siTboebs.  

mimocvliTi adsorbcia. xSiria SemTxvevebi, roca 

adsorbents, romelzec ukve adsorbirebulia garkveuli saxis 

ionebi, SevucvliT ra sadispersio garemos qimiur Sedgen-

lobas, moqmedebas iwyebs mis zedapirsa da garemos Soris 

ionTa mimocvliTi procesi, anu adsorbentis zedapirze manamde 
ukve adsorbirebul nawilakTa Secvla xsnarSi myof 
garkveuli saxis, igive niSna da eqvivalenturi raodenobis 
ionebze. aseT process mimocvliTi adsorbcia ewodeba, 

romelic rigi TaviseburebebiT xasiaTdeba: 

1. mimocvliTi adsorbcia specifiuri xasiaTisaa, anu 

mimocvliT procesebSi monawileobas iReben mxolod garkve-

uli saxis ionebi, rac mis qimiur movlenebTan siaxloveze 

miuTiTebs. mimocvliT adsorbciaze Zlier moqmedebs myari 
fazis zedapirisa da adsorbatis ionTa buneba. ansxvaveben mJava 
da fuZe adsorbentebs, romlebsac xsnarebTan ionTa mimocvla 

SeuZliaT. mJavuri tipis adsorbentebi garemosTan (xsnarTan) 

mimocvlian kaToinebs, xolo fuZe adsorbentebi ki anionebs. 

cnobilia amfoteruli tipis adsorbentebic, romlebic 

garemos qimiuri Semadgenlobis mixedviT masTan xan kaTionebs 

cvlian, xan ki anionebs.  

2. mimocvliTi adsorbcia yovelTvis Seqcevadi xasi-

aTis araa, anu xandaxan SeuZlebeli xdeba garemos qimiuri 

Sedgenilobis SecvliT ukve adsorbirebul ionTa desorbcia. 

3. mimocvliTi adsorbciis siCqare bevrad ufro 

naklebia molekuluri adsorbciis siCqareze. igi mcirdeba, 

roca ionTa mimocvla garemosTan adsorbentis siRrmiseuli 

fenebidan mimdinareobs. aseT dros difuziuri movlenebis 

fonze adsorbciis siCqaris Semcireba, anu adsorbentis 

siRrmiseuli fenebidan gamyofi zedapirisaken ionTa migraciis 

(gadaadgilebis) siCqare difuziuri ZalebiTaa ganpirobebuli, 

romelic siCqariT bevrad Camouvardeba adsorbciul proce-

sebs.  
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4. xSirad adsorbenti garemosTan wyalbadis (H+) an 

hidroqsilis (OH-) ionebs cvlis, aseT SemTxvevebSi garemos 

(xsnaris) pH-is sidide icvleba. es procesebi Semdegnairad 

SeiZleba gamovsaxoT: 

a) mJavuri tipis adsorbentTaTvis 

 

 
 

b) fuZe tipis adsorbentTaTvis 

 

 
 

nikolskis mier SemoTavazebul iqna ori saxis ionTaTvis 

mimocvliTi adsorbciis formula 

                   
1 1

2 2

1 1

1 1
1 1

2 2

z z

z z

g a
k

g a

              (2-51) 

sadac 1g  da 2g  adsorbentis zedapirze (an mis siRr-

meSi) ionTa Semcvelobaa g.eqvivalenti/g-Si, 1a  da 2a  xsnaris 

mxridan mimocvlaSi monawile ionebis aqtiurobebia, 1z  da 

2z  ionTa valentobebi, xolo k ki proporciulobis koefi-

cientia. Zlier ganzavebul xsnarebSi aqtiurobis nacvlad 

ionTa koncentraciebis gamoyeneba SeiZleba. erT valentiani 

ionebisaTvis (2-51) forula martivdeba da Semdeg saxes iRebs 

                1 2 1 2( )g g k c c             (2-52) 

mimocvliT adsorbcias didi gamoyeneba aqvs rogorc 

saxalxo meurneobaSi, ise teqnikaSi. magaliTad, niadags unari 

aqvs sasuqebTan Sexebisas TavisTavze daaadsorbiros kaliumis, 
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amoniumis ionebi da sakmao xans Seakavos isini, rac sakmarisia 

imisaTvis, rom moxdes maTi nargavTa fesvebisaken difuzia. 

Semdgom ki adsorbciis gziT xdeba zemoT aRniSnul ionTa 

Sewova nargavTa ReroebSi, rac nargavTa kvebis safuZvelia. 

mimocvliT adsorbcias iyeneben xisti wylis dasarbileblad, 

anu am meTodiT xdeba kalciumisa da magniumis ionebis 

adsorbentis zedapirze adsorbcia-dakoncentrireba. amisaTvis 

intensiurad gamoiyeneba bunebrivi warmoSobis ceoliTebi 

(permutiti da glaukoniti) da xelovnuri ionmimomcvleli 

fisebi. mimocvliT adsorbcias iyeneben agreTve Zlier 

ganzavebuli xsnarebidan saWiro saxeobis ionTa gamosayvanad 

da mikroelementebis minarevebisagan wylis gasasufTaveblad. 

am meTodis gamoyenebisas adsorbentis zedapirze xdeba 

mikroelementTa ionebis adsorbcia da Semdgom adsorbentis 

regeneraciisas maTi an sufTa saxiT gamoyofa, an adsorbentis  

gasufTaveba misi xelmeored gamoyenebis mizniT. 

molekuluri adsorbcia. “myari-xsnari” saxis sistemebSi 

adsorbciuli procesi mimdinareobs ori mimarTulebiT, esaa 

xsnarebidan myari adsorbentis zedapirze molekuluri da 

ionuri adsorbcia. aseTi saxis sistemebSi gamxsnelis 

faqtoris zemoqmedebis gamo adsorbciuli procesebi sul 

sxvagvarad mimdinareobs.  

ganvixiloT molekuluri adsorbcia “myari-xsnari” 

saxis sistemebSi. am dros xsnaridan adsorbirebuli nivTiere-

bis raodenoba adsorbentis 1 g-ze gadaangariSebiT iqneba 

                0( )v
1000

c c
A

m


            (2-53) 

sadac c0 da c adsorbatis sawyisi da wonasworuli 

koncentraciebia, v – adsorbatis xsnaris moculoba dm3, m – 

adsorbentis masa g-Si, 1000 ki mmol/g-ze gadamyvani 

koeficientia. xSirad ise xdeba, rom eqsperimentis 

mimdinareobisas cnobilia adsorbentis xvedriTi zedapiruli 

farTi, maSin m-is magivrad ixmareba sxv, anu adsorbciis 

sididis ganzomileba iqneba mmol/sm2. 
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 gaxsnil nivTierebaTa sakmaod maRali koncentra-
ciebisTvisac ki myari adsorbentis zedapirze molekuluri 
adsorbcia sakmaod kargad aRiwereba freindlixisa da 
lengmiuris gantolebebiT. myari fazis zedapiruli 

daWimulobis eqsperimentulad gansazRvris sirTule rom ar 

uSlides xels, aseTi adsorbciuli procesebi sakmao 

sizustiT SeiZleba aRweril iqnas jibsis gantolebiTac. 

TumcaRa, jibsis adsorbciis sidide SeiZleba sxvagvaradac 

iqnas gamoTvlili  

                       0( )n N N

m s


 

 xv

            (2-54) 

sadac n xsnarSi adsorbatis molTa saerTo raodenobaa, N0 

misi moluri wilia adsorbciamde, N ki adsorbentTan 

wonasworul mdgomareobaSi myofi adsorbatis moluri wili, 

xolo m da sxv Sesabamisad adsorbentis masa da xvedriTi 
zedapiruli farTia. 

 “myari-xsnari” tipis sistemebSi adsorbciis sidide 
damokidebulia adsorbentis, gamxsnelisa da adsorbatis 
zedapirul daWimulobaze, polarobaze, adsorbentis 
forianobaze, xsnaris koncentraciasa da adsorbciis droze. 
ganvixiloT TviToeuli cal-calke. 

xsnarebidan molekuluri adsorbciis procesis 

dasaxasiaTebisas gasaTvaliswinebelia TviTon gamxsnelis 

adsorbciac, romelic garkveul SemTxvevebSi gaxsnili 

nivTierebis konkurentadac SeiZleba mogvevlinos, rac ufro 

mcirea adsorbentze gamxsnelis molekulebis adsorbcia, miT 

metia adsorbatis adsorbcia. Tu amosaval wertilad miviCnevT 

sayovelTaod cnobil faqts, rom zedapirulad aqtiur 
nivTierebebs adsorbentis zedapirTan mimarTebaSi axasiaTebT 
mcire zedapiruli daWimuloba, maSin SegviZlia davaskvnaT, 

rom rac ufro meti zedapiruli daWimuloba eqneba 
adsorbentis zedapiris mimarT gamxsnels, miT ufro mcire 
iqneba misi adsorbcia da Sesabamisad miT ufro didi iqneba 
aRniSnuli myari adsorbentis zedapirze adsorbatis 
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adsorbciis sidide. swored gamsxnelis didi zedapiruli 

daWimulobis gamo wyalxsnarebidan adsorbciis sidide ufro 

metia, vidre organuli gamxsnelebidan (spirti, benzoli da 

a.S.).  

rac Seexeba adsorbentis, adsorbatisa da gamxsnel 

nivTierebaTa polarobas, sayovelTaod cnobili faqtia, rom 

polarul adsorbentze kargad adsorbirdeba polaruli, 
xolo arapolarulze ki arapolaruli adsorbatebi.  

ase rom mxedvelobaSia misaRebi gamxsnelisa da gaxsnil 

nivTierebaTa molekulebis polaroba. rebinderis mier 

mignebul iqna polarobis gaTanabrebis wesi. am wesis Tanaxmad, 
C nivTiereba adsorbirdeba A da B nivTierebaTa gamyof 
zedapirze maSin, roca misi iq arseboba xels Seuwyobs A da 
B nivTierebaTa polarobis gansxvavebis gaTanabrebas, 
sxvagvarad rom vTqvaT, C nivTierebis dieleqtrikuli 

SeRwevadobis sidide A da B nivTierebaTa dieleqtrikul 

SeRwevadobaTa sidideebs Soris unda iyos - A>C>B  an 
A<C<B. 

polarobis gaTanabrebis wesidan gamomdinareobs Semde-

gi daskvna, rom rac ufro metia gamxsnelisa da gaxsnili 
nivTierebis polarobaTa Soris gansxvaveba, anu rac ufro 
naklebad xsnadia nivTiereba gamxsnelSi, miT ufro aqtiurad 
adsorbirebs igi myari adsorbentis zedapirze. 

rebinderis wesidan SeiZleba gamovitanoT kidev erTi 

daskvna, rom zedapirulad aqtiur nivTierebaTa difiluri mo-
lekulebi – erTi polaruli (nax. 2.21-1), meore ki 
arapolaruli nawili (nax. 2.21-2) adsorbentisa da xsnaris 
gamyof zedapirze adsorbciisas orientirebuli arian, ise rom 
maTi polaruli nawili (-COOH, -OH an gaujerebeli bmebi) 
mimarTulia polaruli fazisaken, xolo arapolaruli 
(naxSirwyalbaduri jaWvi) ki arapolaruli fazisaken (nax. 
2.21). 
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am ZiriTad kanonzomoerebaTa gverdiT aRmoCenil iqna 

sxva kerZo saxis wesebic: 

- molekuluri wonis matebasTan erTad izrdeba adsorbatis 

adsorbciis sidide; 

- alifantur naxSirwyalbadebTan SedarebiT aromatuli 

naxSirwyalbadebis adsorbciis unari yovelTvis ufro 

maRalia; 

- myari adsorbentis zedapirze cximovani mJavebis adsorb-

ciisas daculia traubes wesi (ix. 22 gv.). 
adsorbciis sidideze didi gavlena aqvs adsorbentis 

forianobisa da adsorbatis molekulaTa zomebsac. adsor-

bentis forianobis zrda sagrZnoblad zrdis adsorbatis ad-

sorbcias da piriqiT, adsorbatis didi zomis  molekulebs 

uWirT adsorbentis mcire zomis forebSi SeRweva. aqedan 

SeiZleba gamovitanoT Semdegi daskvna, rom forebis zomebis 
zrda da adsorbtivis molekulaTa zomebis Semcireba zrdis 
adsorbciuli movlenebis siCqares, piriqiT ki amcirebs mas.  

ionuri adsorbcia. aseTi saxis adsorbcia calke 

gansaxilvelia, radgan igi ver aRiwereba molekuluri 

adsorbciis wesebiT. yoveldRiur cxovrebasa da teqnikaSi 

meti praqtikuli mniSvneloba eleqtrolitTa wyalxsnarebs 

eniWeba. aseTi saxis procesebisaTvis didi mniSvneloba aqvs 
adsorbentis Semadgenlobas, misi zedapiris formasa da 

 
nax.2.21. zedapirulad aqtiur nivTierebaTa difiluri molekulebis 
orientacia sxvadasxva polarobis mqone fazaTa sazRvarze. difiluri 

molekulis 1 – arapolaruli nawili, 2 – polaruli nawili 
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struqturas. radgan sadispersio garemodan ionebis adsorbcia 
mxolod adsorbentis zedapirze myof polarul molekulebsa 

an ionebze midis, amitom ionur adsorbcias xSirad polarul 
adsorbcias uwodeben. adsorbentis zedapiris damuxtul 

mikromonakveTebze garemodan adsorbirdeba maT sawinaaRmdego 

niSniT damuxtuli ionebi, romelTa adsorbciul aqtiurobaze 

Zlier moqmedebs ionTa radiusi. erTnairi valentobis mqone 

ionebidan ufro metad adsorbirebs didi radiusis mqone 

ionebi. es imiT aixsneba, rom rac metia ionis radiusi miT 

metia misi zedapiruli farTi da naklebia zedapiruli muxti, 

Sesabamisad mcirdeba aseTi ionebis hidrataciis  xarisxi da 

amasTanave hidratuli fenis sisqec. adsorbciisas ki es iwvevs 

ionis zedapiris adsorbentis damuxtul zedapirTan daaxlo-

ebas da maT Soris bevrad ufro Zlieri eleqtrostatikuri 

(kulonis) mizidulobis Zala iwyebs moqmedebas, vidre patara 

radiusis mqone ionTan SedarebiT, romelsac didi zedapiruli 

muxtis gamo hidratirebuli Sris sisqe bevrad ufro meti 

aqvs. amitom aseTi ionis mizidvis Zala adsorbentis zedapirze 

bevrad ufro mcirea da igi veRar ikavebs adsorbatis did 

raodenobas. aseT SemTxvevaSi adsorbciis sididec mcirea. nax. 

2.22-ze naTlad Cans ionebis realur da hidratirebul 

radiusebs Soris gansxvaveba. 

   

 koloidur qimiaSi kargadaa cnobili liotropuli, 
an sxvanairad, hofmeisteris rigebi, sadac ionebi dalagebulia 

 
nax.2.22. erTvalentiani ionebis realuri da hidratirebuli 

(punqtirebiT) radiusebis Sedareba 
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adsorbciis unaris zrdis mixedviT. magaliTisaTvis moviyvanT 

zogierT maTgans: 

Li+<Na+<K+<Rb+<Cs+ 
Mg2+<Ca2+<Sr2+<Ba2+ 

Cl-<Br-<NO3
-<NCS- 

aq moyvanil liotropul rigebSi ceziumis, bariumisa 

da NCS–is ionebs adsorbciis yvelaze didi unari aqvT. 

ionTa adsorbciis unari didadaa damokidebuli maT 

valentobaze. rac ufro didia adsorbatis ionis valentoba, 

miT metia adsorbentis polarul centrebTan maTi mizidu-

lobis Zala da Sesabamisad adsorbciis sididec. liotropuli 

rigebis msgavsad ionebis dalagebas valentobis mixedviT 

SeiZleba hqondes Semdegi saxe: 

            1 2 3 4R R R R       
 
panetisa da faiansis  mixedviT xsnaridan myari 

(kristaluri) adsorbentis zedapirze ionTa adsorbciis 

procesi Zalian hgavs krista-

lizaciis process, romlis 

drosac kristali izrdeba 
xsnaridan mis SemadgenlobaSi 
myofi ionebisa an maTi msgavsi 
ionebis daSeneba-gamokris-
talebis procesis  xarjze. 
magaliTad, Tu AgI-is kris-

talebs SevitanT KI-is 
xsnarSi, maSin kristalisa da 

xsnaris gamyof zedapirze 

adsorbcias daiwyebs iodis 

da ara kaliumis ionebi. 

igive kristalur nivTierebas Tu SevitanT AgNO3-is 

xsnarSi, maSin adsorbcias daiwyebs vercxlis kaTionebi (ix. 

nax. 2.23, sadac wyvetili wiriT gamosaxulia AgI-is kris-
talis sawyisi zedapiri). 

 
nax. 2.23. vercxlis iodidis 

kristalis “daSeneba” kaliumis 
iodidis xsnarSi 
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aseT process specifiuri adsorbcia ewodeba. aqve 

aRsaniSnavia is faqtic, rom kristalis zedapirze ionTa 

daSeneba xdeba xsnaridan ara marto mis qimiur SemadgenlobaSi 

myofi ionebiT, aramed maTi izomorfuli ionebiTac. am dros 

warmoqmnili adsorbciuli fena adsorbentis kristalur 

zedapirTan Zlieri qimiuri da eleqtrostatikuri 

Zalebis meSveobiTaa dakavSirebuli da igi myari disper-

suli fazis zedapiris muxtis ganmsazRvrel fenad iTv-

leba. e.i. specifiuri adsorbciis Sedegad miRebuli 
ionuri Sre myar zedapirs garkveuli niSnisa da sididis 
muxts aZlevs. amis mere sadispersio aridan kulonis Zalebis 

moqmedebiT pirveli adsorbciuli fenis mier xdeba sawinaaR-

mdegod damuxtuli ionebis mizidva ormagi eleqtruli Sris 
mkvrivi fenis warmoqmniT. mis stuqturasa da aRnagobaze 

didadaa damokidebuli koloiduri sistemis mdgradoba da misi 

maxasiaTebeli fizikur-qimiuri Tvisebebi.  

 

2.4. ormagi eleqtruli Sre  

 
bunebaSi, teqnikasa da yoveldRiur cxovrebaSi Zalze 

xSiria sadispersio aridan dispersuli fazis gamyof zeda-

pirze ionTa adsorbcia, rac iwvevs aRniSnul zedapirebze 

ormagi eleqtruli Sris (oeS) warmoqmnas. es ki Tavis mxriv 

koloiduri sistemebis struqturas, agregatuli mdgradobis 

zrdasa da sakvlevi sistemis maxasiaTebeli fizikur-qimiur 

Tvisebebis Camoyalibebas ganapirobebs. 

 

2.4.1. ormagi eleqtruli Sris warmoqmna 
 

oeS-is Camoyalibeba xdeba fazaTa gamyof zedapirze 

ionebis fizikuri da qimiuri adsorbciis safuZvelze, ris 

Sedegadac jer potencialganmsazRvreli, pirveli eleqtruli 
fena warmoiqmneba, romlis muxtis saerTo sididesa da niSans 
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specifikuri adsorbciisas adsorbirebuli ionis raoba gan-
sazRvravs, Semdeg ki eleqtrostatikuri Zalebis gavleniT 
sadispersio aridan miizideba sawinaaRmdego niSnis muxtiT 
damuxtuli ionebi da amiT mTavrdeba ormagi eleqtruli Sris 

Camoyalibebis procesi. roca sawi-
naaRmdego niSniT damuxtuli ione-

bis muxti oeS-is mkvriv fenaSi 

srulad ver aneitralebs poten-

cialganmsazRvreli Sris muxts, 

maSin narCeni muxtis eleqtromag-

nituri veli sadispersio aredan 

miizidavs sawinaaRmdego niSniT 

damuxtul ionebs, magram siTburi 

moZraobis (brounis moZraoba) gamo 

veRar amagrebs maT pirveli fenis 

(oeS-is mkvrivi fenis) siaxloves, rac Tavis mxriv iwvevs 

aseTi ionebis gadanawilebas potencialwarmomqmneli fenis 

irgvliv garkveul manZilze. aseTi fena uformo anu 

difuziuria. dispersuli fazis nawilaks, mis irgvliv 
ganlagebul oeS-is mkvriv da difuziur fenebTan erTad 
koloiduri sistemis micelas uwodeben. nax. 2.24-ze 

warmodgenilia koloiduri sistemis micelis zogadi modeli, 

sadac 1 – potencialganmsazRvrel ionTa fenaa, 2 – sawina-

aRmdego niSniT damuxtuli da eleqtrostatikuri ZalebiT 

miziduli meore difuziuri fenis ionebia.  

 micelis struqturis aRsaqmelad SevajamoT koloi-

duri sistemis aRnagobis Camosayalibeblad  gasavleli gza 

1. specifiuri adsorbciis gziT dispersuli fazis 

zedapirze sadispersio aredan garkveuli saxeobis 

ionebis dakoncentrireba da pirveli, potencialwarmom-
qmneli fenis Camoyalibeba; 
2. eleqtrostatikuri bunebis mqone Zalebis moqmedebiT oeS-

is pirvel fenaze sadispersio garemodan miizidebian 

sawinaaRmdego niSnis mqone ionebi, ris Sedegadac 

 
nax.2.24. oeS-is aRnagoba 
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potencialwarmomqmneli fenis garSemo yalibdeba sawina-
aRmdego niSnisa magram igive sididis muxtis mqone oeS-is 
mkvrivi da difuziuri fenebi; 
3. Tu oeS-is mkvrivi nawilis eleqtruli muxti srulad ver 

aneiteralebs pirveli fenis ionTa muxtis sidides, maSin 

narCeni (gauneitralebeli) muxtis mier sadispersio garemodan 

xdeba sawinaaRmdego niSnis mqone ionTa eleqtrostatikuri 

mizidva da maTi koncentraciis gazrda potencialganm-

sazRvreli fenis irgvliv, sadac isini erTis mxriv eleqtro-

statikuri mizidulobis Zalebis moqmedebiTa da meores mxriv 

ionTa siTburi (brounis) moZraobiT Tanabrad ganawildebian 

aRniSnul sivrcul arealSi da warmoqmnian oeS-is meore, 

mkvrivi fenis gagrZelebis difuziur nawils. ris Sedegadac 
mTavrdeba koloiduri sistemis elementaruli struqturuli 

erTeulis, micelis Camoyalibeba. 
oeS-is aseTi struqtura da koloiduri sistemis 

Semadgeneli nawilakebis, molekulebisa da ionebis siTburi 

(brounis) moZraoba ganapirobebs rogorc koloduri sistemis 

kinetikur da agregatul mdgradobas, ise mis maxasiaTebeli 

fizikur-qimiur TvisebaTaAerTobliobis Camoyalibebas. 

rogorc vxedavT oeS-is CamoyalibebaSi gadamwyveti 

roli sadispersio aridan ionTa specifikur adsorbcias eni-
Weba. specifikuri adsorbciis fizikur-qimiuri azris gasaana-

lizeblad ganvixiloT sayovelTaod cnobili AgI-is 
koloiduri sistemis miReba qvemoT moyvanili wyalxsnarSi 

mimdinare qimiuri reaqciis mixedviT 

AgNO3  + KI     AgI↓ + KNO3 

Tu moreagire nivTierebani (AgNO3     da KI) aRebulia 

steqiometriuli koeficientebis zusti dacviT, maSin 

sareaqcio areSi (wyalSi) miReba AgI-is uxsnadi molekulebi, 

romlebic van-der-vaalsuri mizidulobis ZalTa gavleniT 

erTmaneTs ewebebian, yalibdeba AgI‐is molekulaTa konglo-

merati. igi zomebSi TandaTan izrdeba, msxvildeba da bolos 

simZimis Zalis moqmedebiT sareaqcio aridan TeTri fantelebis 
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saxiT ileqeba. dispersuli fazis (am SemTxvevaSi AgI) mole-

kulebisa da makrodispersuli nawilakebis urTierTSewebebis, 

gamsxvilebisa da gamoleqvis process koagulacias uwodeben. 
Tu reaqciaSi monawile romelime sawyisi reagenti 

Warbi raodenobiTaa aRebuli (magaliTisaTvis - KI), maSin 

zemoT moyvanili qimiuri reaqciis damTavrebisas sadisperio 

garemoSi AgI‐is uxsnad molekulebTan erTad K+, NO3
-  da I–is 

ionebi iqnebian. amaTgan patenisa da faiansis wesis (ix. Ggv.67) 

gamo marto iodis ioni iRebs monawileobas AgI‐is nanokon-
glomeratis zedapirze mimdinare specifikur adsorbciaSi. ro-

gorc nax. 2.26-dan Cans vercxlis iodidis koloiduri zomis 

nawilakis gamyofi zedapiris Camoyalibebisas xdeba AgI-is 
molekulaSi ionuri bmebis gaxleCa, ris Sedegadac zedapirze 

warmoiqmneba ori saxis 

“aqtiuri centri”, pirveli  

(nax. 2.25-1), sadac energe-

tikuli da geometriuli 

TvalsazrisiT moiazreba 

iodis ioni da aseTi saxis 

centrebze yovelTvis misi 

(an misi msgavs, izomor-

ful) ionebis “moTxovna” 

iqneba. meore saxis 

(nax.2.25-2) centrebze ki 

vercxlis ionis naklebobaa 

da yovelTvis aseTi saxis 

(an mis msgavs, izomorful) 

ionebze iqneba “moTxovnileba”. e.i. vercxlis iodidis 

dispersuli fazis gamyof zedapirze SesaZlebelia mxolod 

vercxlis an iodis an maTi izomorfuli ionebis adsorbcia, 

radgan mxolod isini qmnian AgI-is zedapirze pirvel, 

potencialganmsazRvrel ionur fenas. swored amitom xSirad 

specifiur adsorbciis process gamokristalebis movlenas 

adareben. 

 

 
nax.2.25. specifiuri adsorbcia AgI‐is 

koloiduri nawilakis 
zedapirze. 
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2.4.2. ormagi eleqtruli Sris aRnagobis Teoriebi 
 

koloiduri qimiis ganviTarebis dasawyisSi, kolo-

iduri sistemebis eleqtruli Tvisebebis aRmoCenis Semdeg 

(1809 w., prof. reisi), oeS-is aRnago-
bis zogad kanonzomierebaTa Seswavla 

da maTi maTematikuri modelis dadgena 

erT-erT ZiriTad problemad iqca, 

radgan misi yovelmxrivad Seswavla 

mecnierebs gzas uxsnida koloiduri 

sistemebis  maxasiaTebeli parametrebis 

fizikuri arsis gaxsnasa da fizikur-

qimiur-teqnologiuri Tvisebebis 

miznobriv marTvaSi. yovelive aman xeli 

Seuwyo koloiduri nawilakis ormagi 

eleqtruli Sris struqturis aRmweri 

Teoriebis Camoyalibebas. 

helmholcisa da perenis Teoria. am Teoriis Tanaxmad 
koloidur sistemebSi Camoyalibebuli ormagi eleqtruli Sre 

brtyeli kondensatoris msgavsadaa warmodgenili (nax.2.26), 

romlis pirveli damuxtuli Sre warmoiqmneba myari fazis 

zedapirze adsorbirebuli potencialganmsazRvreli  

ionebisagan, xolo meore ki sawi-

naaRmdegod damuxtuli ionebiT, romelic 

myari fazis zedapirTan axlos sadispe-

rsio garemoSia moTavsebuli. amis gamoa, 

rom aseTi aRnagobis ormag eleqtrul 

SreSi eqsperimentalurad potencialis 

vardnis didi siCqareebia dafiqsirebuli. 
helmholcisa da perenis Teoriis 

mixedviT oeS-is zedapiruli muxtis 

sidide (rogorc brtyeli kondensatoris 

SemTxvevaSi) ganisazRvreba Semdegi formu-

liT: 

 

 
Jan batist pereni    

(1870-1942) 

 
herman fon 

helmholci (1821-
1894) 
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04






        (2-55) 

sadac  sadispersio 

garemos absoluturi dieleq-

trikuli SeRwevadobaa, 0 – 

dispersul fazasa da sadis-

persio garemos Soris poten-

cialTa sxvaoba anu gamyofi 

zedapiris Termodinamikuri po-

tencialia, xolo  ki ormagi 
eleqtruli Sris sisqea. 

 helmholcisa da 

perenis Teoriis mixedviT or-

magi eleqtruli Sris bolos 

potencialTa sxvaoba nulis 

tolia, rac srulad gamoricxavs koloiduri sistemebis 

eleqtrokinetikur Tvisebebs. amitom am Teorias ufro isto-

riuli interesis TvalsazrisiT ganixilaven. 

guisa da Cepmenis Teoria. 1910-1913 wlebSi 

erTmaneTisagan damoukideblad guim da Cepmenma gamoaqveynes 
oeS-is aRnagobis axali Teoria. am Teoriis mixedviT sawina-

aRmdegod damuxtuli ionebi 

ganlagebulni arian ara marto 

potencialganmsazRvreli Sris 

siaxloes, mkvriv ionur fenaSi 
(nax.2.27, AB sibrtyemde), 

aramed gafantulebi arian 

gamyofi zedapiridan garkveul 

manZilze (nax.2.27, AB da CD 

sibrtyeebs Soris). aseTi 

struqturis difuzuri Sris 

warmoqmnas ganapirobebs erTis 

mxriv zedapirze potencialwarmomqmneli ionebis mier eleqt-

rostatikuri Zalebis saSualebiT sawinaaRmdego niSnis 

muxtebis mizidva da meores mxriv ki brounis siTburi 

 
nax.2.26. oeS-is aRnagoba helm-

holcisa da perenis  
Teoriis mixedviT 

 
nax.2.27. oeS-is aRnagoba guisa da 
Cepmenis Teoriis mixedviT 
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moZraoba, romlis safuZvelze am ionebis yvela mimarTulebiT 

Tanabari gafantva mimdinareobs. sxvagvarad rom vTqvaT, 

dispersuli fazis gamyof zedapirTan siaxloves (OB= 
manZilze) eleqtrostatikuri Zalebis moqmedeba Warbobs, ris 

gareTac siTburi moZraobis gavlenis zrdasTan erTad maTi 

moqmedeba TandaTanobiT mcirdeba da sawinaaRmdego niSniT 

damuxtul ionTa mier difuzuri fena yalibdeba. 

mkvriv da difuzur SreTa gamyof AB srialis zedapirs 
(nax.2.27), eleqtruli potencialis gansazRvruli sidide 

axasiaTebs, romelsac koloidur qimiaSi eleqtrokinetikuri 

anu Zeta () potenciali ewodeba (nax.2.27, OB monakveTis 
Sesabamisi potenciali). igi fazaTa gamyof zedapirze poten-

cialis sruli vardnis garkveuli nawili da srialis 

zedapiris energetikuli maxasiaTebelia. rac ufro naklebad 

aneitralebs (akompensirebs) oeS-is mkvriv fenaSi sawina-

aRmdegod damuxtul ionTa jamuri muxti potencialganm-

sazRvrel ionTa jamur muxts, miT ufro didi iqneba narCeni 

(gauneitralebeli) muxti, -potencialis sidide da 

Sesabamisad meti iqneba difuzuri fenis sisqec (nax.2.27, BD 

monakveTi). es Tavis mxriv zrdis mezobeli micelebis 
centrebs Soris manZils, minimumamde dahyavs koagulaciuri 
procesebi da Sesabamisad aZlierebs koloiduri sistemis 
agregatul  mdgradobas. 

difuzuri fenis sisqe damokidebulia ara marto 

eleqtrostatikuri mizidulobis Zalebis sidideze, aramed 

koloiduri sistemis temperaturaze da Sesabamisad sistemis 

Semadgenel nawilakTa siTburi moZraobis intensiurobazec. 

anu rac metia temperatura, miT ufro intensiuria ionTa 

siTburi moZraoba da maTi kinetikuri energia, Sesabamisad 

ufro izrdeba difuzuri fenis sisqe. temperaturis abso-

luturi nulis midamoebSi nawilakTa siTburi moZraoba 

minimaluria da amitom sawinaaRmdego niSniT damuxtul ionTa 

mTliani raodenoba dispersuli fazis gamyofi zedapiris 

uSualo siaxloves iqneba Tavmoyrili. am dros oeS-is 

struqtura helmholcis Sres emsgavseba. amdagvarad, oeS-is 
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helmholc-perenis Teoria 
gui-Cepmenis Teoriis kerZo 
SemTxvevas warmoadgens 
temperaturis absoluturi 
nulis midamoebSi. 

garda zemoT moyvani-

lisa, oeS-is aRnagoba 

Zlieraa damokidebuli sadi-

spersio areSi ganTavsebul 

ionTa raobasa da koncen-

traciaze. aqamde ganvixilav-

diT ZiriTadad iseT Sem-

Txvevebs, roca icvleboda potencialwarmomqmneli ionebis 

saxeoba da maTi koncentracia, rac zemoT aRwerili fizikuri 

da qimiuri procesebis gamo  potencialsa da Sesabamisad, 

koloiduri micelis struqturasac cvlida. sainteresoa 

ganvixiloT, Tu rogor imoqmedebs oeS-ze indiferentul 
ionTa saxeobisa da koncentraciis cvlileba. indiferentulia 
is eleqtroliti, romelic ar Seicavs potencialwarmomqmnel 
ionebs. 

nax.2.28-ze moyvanilia ormag eleqtrul SreSi poten-

cialis vardnis damokidebulebis mrudebi indiferentuli 

eleqtrolitis koncentraciaze (koncentracia izrdeba (1)-dan 

me-(3) mrudisaken). rogorc vxedavT, sadispersio areSi indi-

ferentuli eleqtrolitis koncentraciis zrda sawinaaRm-

degod damuxtuli ionebis koncentraciis zrdas iwvevs. am 

procesze ki pirdapirproporciuladaa damokidebuli difu-

zuri Sris sisqe. rogorc nax.2.28-dan Cans indiferentuli 

eleqtrolitis garkveuli koncentraciisas koloiduri 

sistemisaTvis SeiZleba miRweul iqnas izoeleqtruli 

mdgomareoba, roca oeS-Si srialis zedapiris potenciali (-
potenciali) nulis tolia (nax.2.28-3, wertili A). 

gui-Cepmenis oeS-is Teoriis safuZvlad debai-hiukelis 
Zlieri eleqtrolitebis Teoriaa aRebuli, romelic damux-

tuli nawilakis irgvliv ionuri atmosferos Seqmnas 

 
nax.2.28. indiferentuli eleqtroli-
tis koncentraciis gavlena oeS-is 
struqturaze 
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iTvaliswinebs (Cvens SemTxvevaSi dispersuli fazis nawilaki 

potencialwarmomqmneli feniT + difuzuri Sre), romlis 

sisqe (1/) SeiZleba gamoiTvalos Semdegi formuliT 

            
iiZcF

RT




28

1





                (2-56) 

sadac  - sadispersio garemos absoluturi dieleqtrikuli 

SeRwevadobaa, R – airTa universaluri mudmiva, T – 

absoluturi temperatura, F – faradeis ricxvi, ci – 

sxvadasxva bunebis ionTa koncentracia, xolo Zi ki maTi 

valentobaa.  

rogorc vxedavT, (2-56) formulis wevrTa umetesoba 

mudmivi sididea, amitom SeiZleba movaxdinoT misi gamartiveba, 

ris Sedegadac miviRebT Semdegi saxis gantolebas: 

             
iiZc

k



11


                  (2-57) 

sadac k mudmivaa, xolo ciZi ki xsnaris ionuri Zala. aqedan 
gamomdinare, rac ufro metia sawinaaRmdegod damuxtul ionTa 
koncentracia da valentoba, miT naklebi iqneba ionuri 
atmosferos  sisqe. aRniSnuli modeli kargad aRwers 

eleqtrul movlenebs koloidur sistemebSi. 

yovelive zemoT aRniSnulidan vaskvniT, rom -
petencialis Semcirebasa da difuzuri Sris SekumSvaze 
sawinaaRmdego niSniT damuxtul indiferentul ionTa 
koncentracia da maTi valentobis moqmedebs. 

gui-Cepmenis Teoriasac aqvs Tavisi naklovani mxareebi, 

romelTaganac mxedvelobaSi misaRebia Semdegi: 

1. es Teoria ganixilavs ra ionebs garkveuli muxtis mqo-

ne materialur wertilebad, ar iTvaliswinebs maT geomet-

riul formasa da zomas, solvataciur da polarizaciul 

Tvisebebs, ris gamoc SesaZlebelia dispersuli fazis gamyof 

zedapirze ionTa ragind mcire manZilebze miaxloeba. es ki 

Tavis mxriv SesaZlebels xdis oeS-Si sawinaaRmdego niSniT 

damuxtul ionTa koncentraciis Zlier gazrdis saSualebas, 

rac ar Seesabameba empiriul Sedegebs. 
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2. gui-Cepmenis Teoria ver xsnis koloidur sistemebSi   

sawinaaRmdego niSnis mqone polivalenturi ionebis Seyvanisas 

ormagi eleqtruli Sris gadamuxtvas, anu  -potencialis 

niSnisa da sididis Secvlas.  

3. ganxiluli Teoria ufro xSirad ganzavebuli kolo-

iduri sistemebis aRsawerad gamoyeneba da did gansxvavebas 

iZleva koncentrirebuli sistemebisaTvis. 

   oeS-is Sternis Teoria. 1924 wels Sternma 
SemogvTavaza oeS-is aRnagobis Teoriis Taviseuli interpre-

tacia, romelic helmholc-perenisa da gui-Cepmenis Teoriebis 

erTgvari gamaerTianebeli xidia. am Teoriis erT-erTi 

ZiriTadi amosavali wertili adsorbciuli an eleqtro-
statikuri Zalebis gavleniT dispersuli fazis gamyof zeda-
pirze dakoncentrirebul ionTa geometruli zomaa, ris gamoc 
oeS-is Camoyalibebasa da ganviTarebaSi iseTi damatebiTi maxa-

siaTebeli Tvisebebis angariSis gawevaa saWiro, rogorebicaa 

ionis zedapiruli muxtis sidide, solvataciis (an hidra-

taciis) xarisxi, ionis polarizebadoba da adsorbciuli 
Zalebis mier oeS-is meore fenis struqturuli modificireba. 

Sternis Teoriis mixedviT ar icvleba warmodgena spe-
cifiuri adsorbciis Sedegad potencialwarmomqmneli pirveli 
eleqtruli Sris Camoyalibebaze. magram sawinaaRmdego niSniT 
damuxtuli meore fenis CamoyalibebaSi ki eleqtrostatikuri 

bunebis mqone mizidulobis ZalebTan erTad aqtiurad erTveba 

ionTa maxasiaTebeli adsorbciuli bunebis mqone Zalebi, 
romlebic SedarebiT ufro Sor manZilze moqmedni arian, 

TumcaRa eleqtrostatikur ZalebTan SedarebiT maTi sidide 

manZilis GzrdasTan erTad bevrad ufro swrafad mcirdeba. 
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meore fenis struqturaze aseTi saxis zemoqmedeba misi 

sisqis garkveul zrdas iwvevs. 

Tu helmholcisa da gui-

Cepmenis TeoriebSi oeS-s 

ganixilavdnen rogorc sawina-

aRmdego niSniT damuxtuli 

ionebis  sisqis mkvriv, or 

monofenas (nax.2.29, AB zeda-
piramde), Sternis TeoriaSi 

adsorbciuli Zalebis gavle-

niT, meore fenaSi sawina-

aRmdego niSniT damuxtuli 

ionebis mier misi modifici-

rebisas aseT ionTa ricxvi 

izrdeba, rasac Tan sdevs 

meore eleqtruli Sris sisqis () zrda (ix. nax.2.29, CD 
zedapiramde). 

zemoT moyvanilidan gamomdinare, gamyofi zedapiridan 
AB zedapiramde helmholc-perenis oeS-Tan gvaqvs saqme, AB da 
CD zedapirebs Sorisaa moTavsebuli Sternis fena, xolo CD 
da MN zedapirebs Soris ki gui-Cepmenis ormadi eleqtruli 

Sre Tavdeba. srialis zedapiris mdebareoba dRemde gaurkve-

velia da igi realurad unda mdebareobdes AB da  CD 
zedapirebs Soris. mdgomareobis gasamartiveblad (rogorc es 

nax.2.29-zea mocemuli), ragdanac CD zedapiramde difuzur 
SresTan SedarebiT SenarCunebulia meore eleqtrul SreSi 

sawinaaRmdego niSniT damuxtuli ionebis maRali koncen-

tracia, xSirad mas srialis zedapirs, xolo mis potencials 

ki -potencials uwodeben. 
Sternis mixedviT koloidur sistemaze sawinaaRmdegod 

damuxtuli ionebis damatebas adsorbciuli Sris SekumSva-

Semcirebmde mivyavarT, rac gamowveulia CD zedapiris po-

tencialis Semcirebasa da sabolood misi sididis danu-

lebamde. am dros potencialwarmomqmneli ionebis muxti 

sruladaa ganeitralebuli sawinaaRmdego niSnis ionebis 

nax.2.29. oeS-is aRnagoba Sternis 
Teoriis mixedviT 
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muxtis mier, Sesabamisad qreba adsorbciuli Sre da rCeba 

mxolod helmholcis ormagi eleqtruli Sris msgavsi oeS-i. 

sxvagvarad rom vTqvaT, helmholcis oeS-i Sternis oeS-is 

modelis kerZo SemTxvevaa. Tu indiferentuli ionebis kon-

centracias SevamcirebT, maSin daiwyeba eleqtrokinetikuri 

potencialis zrda, rac Sesabamisad difuziuri Sris zomebSi 

gadidebas, mis fonze ki koloiduri sistemis stabilurobisa 

da agregatuli mdgradobis gazrdas gamoiwvevs. 

Sternis Teoriis mixedviT oeS-Si sawinaaRmdego niSniT 

damuxtuli ionebis ganawileba Zlieraa damokidebuli 

aRniSnul ionTa valentobaze, ionur radiusze, solvataciis 

(hidrataciis), polarizaciisa da adsorbciis unarsa da 

xarisxze. 

rac ufro maRalia koloidur sistemaSi garedan 

Seyvanili sawinaaRmdego niSniT damuxtuli ionis valentoba, 

miT ufro aqtiurad aneitralebs igi potencialwarmomqmnel 

ionTa muxts. am dros ormag eleqtrul SreSi moqmedeben 

eleqtrostatikuri da adsorbciuli mizidulobis Zalebi, 

romelTac ionTa garkveuli koncentraciis miRwevisas 

SeuZliaT moaxdinon oeS-is gadamuxtva anu oeS-is meore, 

sawinaaRmdego niSnis Sris muxti gadaaWarbebs pirveli, 

potencialwarmomqmneli Sirs muxtis sidides da TviTon xdeba 

potencialwarmomqmneli fena. am dros xarisxobrivad icvleba 

potencialwarmomqmneli fenis struqtura, potenciali, oeS-

is agebuleba da TviTon koloiduri sistema Tavis 

maxasiaTebeli fizikur-qimiuri TvisebebiT. rac ufro didia 

sawinaaRmdego niSniT damuxtuli ionis valentoba, miT ufro 

mcirdeba -potenciali da Sesabamisad difuziuri Sris sisqec. 

Tu sawinaaRmdego niSnis mqone ionebs erTnairi valentoba 

aqvT, maSin maTi aqtiurobis Sedareba SeiZleba iseTi 

TvisebebiT, rogoricaa solvataciis, polarizaciisa da 

adsorbciis unari da ionTa radiusi. 

Tanabari valentobis SemTxvevaSi rac ufro didia ionis 

radiusi, miT ufro mcirea solvataciis unari, an mcirea misi 

zedapiruli muxti 
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2 24 4

nqq
q

r r 


  eleqion
zed

           (2-58)
 

sadac qzed – ionis zedapiruli muxtia [kuloni/
0
2A ], qeleq – 

eleqtronis muxtia, q nq ion eleq  – ionis muxtis sididea da 

igi valentobis (n) pirdapirproporciulia.    

 

2.4.3. -potencialis damokidebuleba  
gare parametrebze  

 
zemoT ganxiluli sakiTxebis safuZvelze ioli misa-

xvedria, rom -potenciali Zalian mgrZnobiarea sxvadasxva 

saxis gare faqtorebis zemoqmedebaze. radgan -potencialis 

sidide da niSani pirdapir miuTiTebs oeS-is struqturasa, 

koloiduri sistemis ZiriTad fizikur-qimiuri Tvisebebsa da 

xSir SemTxvevaSi koloiduri sistemis mdgradobaze, upriani 

iqneba ufro safuZvlianad ganvixiloT da SeviswavloT misi 

cvlilebis ZiriTadi kanonzomierebani. 

indiferentuli eleqtrolitebis zemoqmedeba -
potencialze. indiferentuli eleqtrolitebis sistemaSi 

Seyvanisas gansaxilvelia ori ZiriTadi SemTxveva: 

- pirveli, roca koloidur sistemaSi Segvyavs iseTi 

eleqtroliti, romlis Semadgeneli erT-erTi ioni oeS-is 

struqturaSi monawile sawinaaRmdegod damuxtul ionTa 

identuria; 

-  meore, roca sistemaSi Segvyavs iseTi eleqtroliti, 

romelsac stabilizator eleqtrolitTan ar aqvs saerTo 

ionebi.  

pirveli SemTxveva ganxiluli iyo oeS-is AaRnagobis 

gui-Cepmenisa da Sternis TeoriebSi. misi ZiriTadi arsi 

mdgomareobs SemdegSi, rom aseTi saxis indiferentuli 

eleqtrolitis sistemaze damatebisas mcirdeba koloiduri 

nawilakis difuziuri Sris sisqe da misi sidide miiswrafvis 

mkvrivi (helmholcisa da perenis) ormagi eleqtruli Sris 
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sisqisaken, risi Sedegic -potencialis sididis Semcireba da 

bolos nulTan gatolebaa. koloiduri sistemis aseT 

mdgomareobas izoeleqtruls uwodeben.   
meore SemTxveva, roca sistemaSi Segvyavs iseTi 

eleqtroliti, romelsac stabilizator eleqtrolitTan ar 

aqvs saerTo ionebi, pirvelisagan gansxvavdeba imiT, rom am 
dros adgili aqvs sawinaaRdego niSniT damuxtul ionTa da 
imave niSnis muxtis mqone sxva ionTa eqvivalenturi 
urTierTgacvlis movlenas. am dros yvelaze martivi 

SemTxvevaa, roca sawinaaRmdego niSniT damuxtul ionebs aqvT 

erTnairi muxti, rac Seesabameba gui-Cepmenis oeS-is 

struqturas, da araa gasaTvaliswinebeli aseTi saxis ionTa 

adsorbciuli potencialebi. am dros maTi urTierT 

Tanafardoba SeiZleba ganisazRvros nikolskis formuliT  

1 2 1 2k( )g g c c  

magram, Tu sawinaaRmdego niSnis ionTa valentoba 

gansxvavebuli iqneba erTmaneTisagan, maSin koloiduri 

nawilakis zedapirTan axlo SreebSi maTi gadanawilebisas 

wonasworoba gadaxrili iqneba ufro maRali valentobis 

ionisaken (Sternis oeS-is struqtura) da aseTi procesebis 

aRwera SesaZlebeli iqneba Semdegi formuliT 

                      1 2 1 2f( )g g c c             (2-59) 

f-koeficienti iTvaliswinebs sxvadasxva saxisa da valentobis 

mqone ionTa adsorbciuli potencialebis sidideebs da 

aRiwereba Semdegi saxis formuliT 

                      

1 2f exp( )
RT

 


  
          (2-60)  

sadac 1 2( )   sistemaSi arsebuli da garedan Seyvanili 

sawinaaRmdego niSniT damuxtuli ionebis adsorbciul 

potencialTa sxvaobaa. 

xSiria SemTxvevebi, roca 1 2( )  -is sidide imdenad 

didia, rom xdeba ara marto -potencialis danuleba, aramed 
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misi niSnis Secvlac ki, rasac koloiduri nawilakis gada-
muxtvas uwodeben (ix. nax.2.31). 

aseTi movlenebi gvxvde-

ba, roca koloidur sistemas 

umateben sam, oTx an ufro 

maRali valentobis mqone io-

nebs. rogorc nax.2.30-dan Cans 

erT- (nax.2.30-1) da orvalenti-

ani  (nax.2.30-2) ionebis koncen-

traciis zrda sadispersio 

garemoSi monotonurad amci-

rebs -potencialis sidides, 

xolo sam- (nax.2.30-3) da oTx-

valentiani ionebis (nax.2.30-4) 

koncentraciis zrdas ki  minis 

dispersuli fxvnilebis gamyof 

zedapirze -potencialis niS-

nis Secvlamdec (zedapiris gadamuxtvamde) ki mivyavarT. sadis-

persio areSi sawinaaRmdego niSnis, maRali valentobisa da 

didi adsorbciuli potencialis mqone ionTa koncentraciis 

zrda oeS-is meore fenaSi maTi raodenobis iseT zrdas iwvevs, 

rom xdeba ara marto pirveli (potencialwarmomqmneli) Sris 

muxtis ganeitraleba, aramed TviTon meore Sre icvlis Tavis 

daniSnulebas da xdeba potencialwarmomqmneli Sre, romelzec 

sadispersio garemodan eleqtrostatikuri Zalebis moqmedebiT 

miizideba sawinaaRmdego niSnis mqone ionebi. Sesabamisad 

icvleba ormagi eleqtruli Sris struqtura, rasac Tan sdevs 

koloiduri sistemis ZiriTadi fizikur-qimiuri da 

teqnologiuri Tvisebebis cvlileba. 

 
 
nax. 2.30. sxvadasxva valentobis 
mqone indiferentuli ionebis 
koncentraciis gavlena minis 
dispersiis -potencialis sidi-
deze. 
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araindiferentuli eleqtrolitebis zemoqmedeba -
potencialze. am SemTxvevaSi sadispersio areSi Seyvanili 

eleqtroliti Seicavs iseT ions, romelic Sedis dispersuli 

fazis qimiur SemadgenlobaSi, Sesabamisad monawileobas iRebs 

mis zedapirze mimdinare specifiur adsorbciaSi da axdens 

kristaluri struqturis egreTwodebuli “daSenebis” 

gagrZelebas. 

zemoTxsenebuli saxis eleqtrolitebi ori mimar-

TulebiT axdenen zemoqmedebas oeS-ze: 

1. koloidur sistemaze mcire raodenobiT damatebisas 

aseTi eleqtrolitis potencialwarmomqmneli ioni zrdis 
-potencials; 

2. didi raodenobiT aseTi eleqtrolitis damatebisas 

ki xdeba gamyofi zedapiris mimarT potencialwarmomqmneli 
ionis moqmedebis gajereba, ris Sedegadac Cerdeba eleqt-

rokinetikuri potencialis zrda.  

aRniSnuli procesi 

nax.2.31-zea aRwerilia, sad-

ac indiferentuli ionis 

damatebisas potencialis 

vardnas oeS-Si AC mrudi 

aRwers, araindiferentuli 

eleqtrolitis mcire rao-

denobiT damatebisas gamyo-

fi zedapiris potencialis 

zrdasa da muxtis niSnis 

Secvlas AB mrudi aRwers, 
xolo BC – ki axlad 

warmoqmnili potencialis 

vardnas. 

amis damadastureb-

lad ganvixiloT isev AgI-
is zolis miReba. Tu 

vercxlis nitratia dama-

tebuli Warbi raodenobiT, 

 
nax.2.31. araindiferentuli eleq-

trolitis gavlena 0 da -potenc-
ialebis sidideebis cvlilebaze. 
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maSin AgI-is gamyof zedapirze mimdinareobs vercxlis ionebis 

specifikuri adsorbcia, ris Sedegadac koloiduri nawilakis 

zedapiris muxti dadebiTia, xolo sawinaaRmdego niSniT 

damuxtuli ionis rols ki NO3
–-is ionebi asruleben. Tu aseT 

koloidur sistemaSi SeviyvanT damatebiT KI-is Warb 

raodenobas, maSin dispersul areSi myofi vercxlis nitridi 

mTlianad Seva  reaqciaSi kaliumis iodidTan da danarCeni 

iodis ionebi gamyof zedapirze Caanacvleben Ag– ionebs, rasac 
mivyavarT potencialwarmomqmneli ionis Secvlamde, rac Tavis 

mxriv iwvevs 0 da  rogorc sididis, aseve niSnis Secvlasac. 

koloiduri sistemis maxasiaTeblebis aseTi kardinaluri 

Secvlas mis fizikur-qimiuri Tvisebebis  Secvlmde mivyavarT, 

ris Sedegadac sruliad ganxvavebuli Tvisebebis mqone axali 

saxis koloidur sistemas viRebT.  

Tu oeS-Si gadaZabvas iseTi ionebis meSveobiT vaRwevT, 

romlebic ar Sedian dispersuli fazis SemadgenlobaSi  

(indiferentuli ionebi) da  Sesabamisad ver adsorbirdebian 

gamyof zedapirze, magram axasiaTebT maRali adsorbciuli 

potenciali sawinaaRmdego niSnis muxtis mqone 

potencialwarmomqmnel ionebTan SedarebiT, maSin gadaZabvis 

procesis damTavrebisas icvleba mxolod -potenciali, 

zedapiris Termodinamikuri potenciali (0) ki ucvleli 

rCeba, rac imaze miuTiTebs, rom am dros oeS-is struqturaSi 

ZiriTadi gardaqmnebi mis meore fenaSi mimdinareobs, ris 

Sedegadac igi TviTon xdeba potencialwarmomqmneli fena. 
sadispersio garemos pH-is gavlena -potencialze. -

potencialze Zlier moqmedebs sadispersio aris pH-is cvli-

leba. misi mcire sidideebisas (pH<7) sadispersio areSi H+ 

ionebi prevalirebs, romlebic mcire zomiTa da didi 

ZvradobiT xasiaTdebian da gaaCniaT maRali adsorbciuli 

unari.  

roca pH>7, maSin sadispersio areSi OH- ionebi War-

bobs, romelTac didi dipoluri momenti da maRali 

adsorbciis unari axasiaTebT.  
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yovelive zemod Tqmulis safuZvelze H+ da OH-ionebi 

Zalian aqtiurebi arian adsorbciul procesebSi, cvlian ra 

potencialwarmomqmnel Sresa da Sesabamisad mTlianad 

koloidur sistemas.   

koloiduri sistemis koncentraciis gavlena -
potencialze. koloiduri sistemis dispersuli fazis 

ganzaveba-koncentraciac mniSvnelovan gavlenas axdens -
potencialis sidideze, ris safuZveli SeiZleba daiwyos 

Semdegi movlenebi: 

  -  koloiduri sistemis ganzavebisas klebulobs dispersu-

li fazis raodenoba sadispersio garemos ZiriTadi nivTi-

erebis raodenobis zrdis xarjze (hidrozolebis SemTxvevaSi 

es ukanaskneli wyalia), rac iwvevs masSi gaxsnili eleqtro-

litebis koncentraciis Semcirebas. es ki Tavis mxriv iwvevs 

sawinaaRmdegod damuxtuli ionebis koncentraciis Semcirebas, 

rasac Tan sdevs -potecialisa da difuzuri Sris sisqis 

gazrda. am dros icvleba oeS-is zoma (koncentrirebisas 

ikumSeba, ganzavebisas izrdeba). sistemis zedmet ganzavebas 

koloiduri sistemis daSlasTan mivyavarT, xolo koloiduri 

sistemis koncentrireba ki sawinaaRmdego process aaqtiurebs; 

  - koloiduri sistemis ganzavebas SeiZleba dispersuli 

fazis gamyofi zedapiridan potencialwarmomqmneli ionebis 
koncentraciis Semcireba anu desorbcia (koncentrirebisas ki 

adsorbcia) mohyves.  

 romeli procesis intensiurobac daaWarbebs meorisas, 

koloiduri sistema Sesabamisad moiqceva: an SeikumSeba 

(gafarTovdeba) oeS-i an kidev moxdeba potencialwarmomqmneli 
ionebis adsorbcia (desorbcia). 

temperaturis gavlena -potencialze. temperaturis 

zrdisas intensiurdeba brounis moZraoba, rac amcirebs oeS-

is meore fenaSi sawinaaRmdegod damuxtuli ionebis 

koncentracias da Sesabamisad zrdis difuzuri Sris sisqes. 

mxedvelobaSi misaRebia is faqtic, rom temperaturis gazrdam 

SeiZleba dispersuli fazis zedapirze adsorbirebuli 

potencialwarmomqmneli ionebis desorbcia gaaZlieros. es 
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movlena ki -potencialis SemcirebiT mimdinareobs. -poten-
cialis temperaturuli cvlilebis saxe koloiduri sistemis 

individualuri Tvisebebzecaa damokidebuli. gasaTvali-

swinebelia is faqtic, rom dResdReobiT koncentraciisa da 

temperaturis gavlena -potencialis sidideze kargad araa 

Seswavlili. 

dispersuli fazis struqturuli bunebis gavlena -
potencialze. dispersuli fazis qimiuri Sedgeniloba did 

zegavlenas axdens oeS-is Camoyalibebaze, -potencialis 

sididesa da niSanze. cnobili faqtia, rom dispersuli fazis 

gamyofi zedapirisa (0) da Sesabamisad -potencialis 

sidideebi  damokidebulia dispergirebisas gawyvetil qimiur 

bmaTa raodenobaze (maT zedapirul koncentraciaze), magram 

cudadaa Seswavlili maxasiaTebel potencialTa damoki-

debuleba gawyvetil bmaTa bunebaze, am bmaTa siZlieresa da 

dispersul fazaSi myofi zedapirulad aqtiuri nivTierebebis 

raobasa da koncentraciaze. am ukanasknelTa arsebobazea 

damokidebuli dispersuli fazis nivTierebis dispergirebisas 

gawyvetil bmaTa jamuri energiis sidide, specifiur adsorb-

ciaSi monawile potencialwarmomqmneli ionebis raoba, maTi 
zedapiruli koncentracia, oeS-is maxasiaTebeli potenciale-

bis sidide, niSani da Sesabamisad mTlianad koloiduri 

sistemis Sinagani struqtura da fizikur-qimiuri Tvisebebi. 

rTuli Sedgenilobis mqone minanqrebis TviTSewonadi 

suspenziebis misaRebad efeqturia maT SemadgenlobaSi iseTi 

zedapirulad aqtiuri, polivalenturi nivTierebebis Seyvana, 

rogorebicaa manganumis, molibdenisa da volframis oqsidebi. 

dispergirebisas qimiuri bma wydeba da gamyof zedapirze an 

anioni, an kaTioni rCeba. radgan minanqris frita Sedgeba   

oqsidebisagan, maSin  gamyof  zedapirze SeiZleba darCes an 

Jangbadis ioni an  nax.2.32-ze naCvenebi anionebi. 

naxatze moyvanilia dispersuli fazis zedapireze 

darCenili gaujerebeli bmebis maqsimaluri raodenoba. tute 

da tutemiwa elementebis ionebi yvelaze naklebi energiiT 

xasiaTdebian. Semdeg modis amfoterul nivTierebaTa ionebi, 
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romlebic pH-is garkveuli mniSvnelobis areSi TviTon 

qmnian koloidur sistemebs (mag. aluminis hidroqsidi). maT 

ricxvs miekuTvneba agreTve siliciumis dioqsidic. naxatidan 

Cans, rom minanqris fritaSi zedapirulad aqtiur nivTierebaTa 

(molibdenis, volframisa da manganumis oqsidTa) damatebisas 

xdeba zedapiruli energiis naxtomiseburi mateba, rac 

sadispersio aris qimiuri Sedgenilobaze dayrdnobiT 

specifiuri adsorbciis procesis intensifikacias da disper-

suli fazis nawilakTa zedapirze ganviTarebuli oeS-is 

Camoyalibebas iwvevs. dispersuli fazis gamyofi zedapiris 

maRal energiaze da sadispersio aris ionur Sedgenilobaze 

pirdapirproporciuladaa damokidebuli 0 da -potencialTa 

sidide da niSani. Camoyalibebuli oeS-is ganviTarebuli 

struqtura ki Tavis mxriv xels uwyobs koloiduri sistemis 

stabiluri mdgomareobis didi xnis ganmavlobaSi SenarCunebas. 

sadipersio garemos ionuri Sedgenilobis winaswar 

gaazrebuli cvlilebiT SeiZleba miRebul iqnas saWiro 

teqnologiuri da fizikur-qimiuri Tvisebebisa da maRali 

stabilurobis mqone minanqris mdgradi TviTSewonadi 

suspenziebi. 

 

 

 
nax.2.32. gamyofi zedapirze aqtiuri centrebis energiebis gadanawileba 

nivTierebaTa raobis mixedviT. 
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 eleqtroforezi da -potenciali koloidur siste-

mebSi.  
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II Tavis ZiriTadi daskvnebi 

1. koloiduri sistemebis Tvisebebs ZiriTadad ganapi-

robebs dispersulobis xarisxi, fazaTa Soris gamyofi zeda-

piris forma, struqtura, qimiuri Semadgenloba da misi 

safispersio garemosTan urTierTqmedebis xarisxi; 

2. dispersuli fazis koloidur zomebamde danawevrebisas 

gamyof zedapirze warmoiSveba gawyvetil da daukmayofilebel 

qimiur bmaTa didi simravle, romelic Tavis mxriv 

ganapirobebs aseT sistemebSi didi sididis zedapiruli Warbi 

energiis warmoqmnas, maRal zedapirul daWimulobas da a.S. am 

dros dispersul fazasa da sadiepersio ares Soris ener-

getikuli barieri izrdeba, es ki liofoburi koloiduri 

sistemebis kinetikuri umdgradobis sawindaria; 

3. Warbi zedapiruli energiis Semcireba SeiZleba adsorb-

ciis saSualebiT. am drosa dispersuli fazis zedapirze 

warmoiqmneba ionebis, atomebis an molekulaTa garkveuli 

sisqis Sre, romelic bufer-stabilizatoris rols asrulebs 

dispersul fazasa da sadispersio ares Soris, rac fazaTa 

gasayarze amcirebs ra zedapirul daWimulobas Sesabamisad 

mcirdeba Tavisufali zedapiruli energia da koloiduri 

sistema gadadis SedarebiT ufro stabilur mdgomareobaSi; 

4. dasvelebis xarisxis Sesafaseblad dasvelebis kuTxis 

 sididea miRebuli, romelic, rogorc wesi, yovelTvis 

siTxis  mxridan aiTvleba. 

5. rebinderis mier SemoRebul iqna myar nivTierebaTa 

zedapiris dasvelebis xarisxis Sefasebis martivi sistema - 

Tu wyali asvelebs myari nivTierebis zedapirs, maSin aseT 

zedapirebs hidrofilurs, xolo Tu ar asvelebs hidro-
foburs uwodeben. 

6. adsorbcia dispersuli fazis zedapirze sadispersio 

garemodan masSi gaxsnili ionebis, atomebis an molekulebis 

gadanawilebis, dagrovebisa da  koncentrirebis procesia. 
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7. adsorbciuli procesebis mimdinareoba amcirebs 

Tavisufal zedapirul energias, rac ganapirobebs am movlenis 

egzoTermulobas. arsebobs adsorbciis ori saxeoba – fizi-

kuri da qimiuri adsorbcia. aqedan pirveli Seqcevadi procesia 

da xasiaTdeba dinamikuri wonasworobiT, meore ki ganpi-

robebulia Zlieri qimiuri bmebis CamoyalibebiT. aseTi siste-

mebisaTvis damaxasiaTebeli araa desobciuli movlenebi. 

8. adsorbciis Sebrunebul process desorbcias uwodeben, 
romelic gamowveulia rogorc brounis moZraobis inten-

sifikaciiT (sistemis temperaturis momatebis xarjze), ise 

sakvlev sistemaSi mimdinare sxva difuziuri procesebiTac. 

9. im fazas, romlis zedapirzec xdeba molekulebis, 

atomebis an ionebis dagroveba-koncentrireba - adsorbenti 
ewodeba. rogorc wesi, es faza sadispersio garemosTan 

SedarebiT ufro mkvrivia, amitom adsorbenti SeiZleba iyos 

mxolod Txevad an myar mdgomareobaSi. sadispersio garemos 

Semadgenel im komponentebs, romlebic adsorbentis zedapirze 

koncentrirdebian adsorbtivs an adsorbats uwodeben. isini 
yovelTvis airad an Txevad fazaSi imyofebian. 

10. adsorbciis raodenobrivad aRsawerad ki ZiriTadad or 

sidides iyeneben: absoluturi adsorbcias (A), romelic 

adsorbentis zedapiris farTis an masis erTeulze ganawi-

lebuli adsorbatis molebis raodenobaa [moli/g an moli/m2] 

da jibsis adsorbcia (Г) - sadispersio aresTan SedarebiT 
zedapirul SreSi adsorbatis raodenobrivi siWarbea molebSi, 

romelic ganawilebulia adsorbentis zedapiris farTis an 

masis erTeulze [moli/g an moli/m2]. 

11. koloiduri sistemebis mravalferovnebis gamo jer 

araa SemuSavebuli adsorbciis saerTo, globaluri Teoria, 

amitom sxvadasxva sistemebisaTvis gamoiyeneben iseT Teoriebs, 

rogorebicaa legmiuris, jibsis, polianisa da bet-Teoriebi.  

12. adsorbciis ZiriTadi saxesxvaobania: qimiuri, fizi-

kuri, mimocvliTi, molekuluri da ionuri adsorbciebi. 
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13. ormagi eleqtruli Sris warmoqmna xdeba fazaTagamyof 
zedapirze ionebis fizikuri da qimiuri adsorbciis safuZ-

velze, ris Sedegadac jer pirveli potencialganmsazRvreli 
eleqtruli fena warmoiqmneba, romlis muxtis saerTo 
sididesa da niSans specifikurad adsorbirebuli ionis raoba 
gansazRvravs, Semdeg ki eleqtrostatikuri Zalebis gavleniT 
sadispersio aridan miizideba sawinaaRmdego niSnis muxtiT 
damuxtuli ionebi da amiT mTavrdeba ormagi eleqtruli Sris 
(oeS) Camoyalibebis procesi. 

14. oeS-is aRnagobis zogad kanonzomierebaTa Seswavla da 

maTi aRmweri maTematikuri modelis dadgena erT-erT ZiriTad 

amocanad iqca, radgan misi yovelmxrivad Seswavla mecnierebs 

gzas uxsnida koloiduri sistemebis maxasiaTebeli paramet-

rebis fizikuri arsis gaxsnasa da maT fizikur-qimiur-

teqnologiuri Tvisebebis miznobriv marTvaSi. dReisaTvis cno-

bilia oeS-is aRnagobis sami ZiriTadi Teoria: helmholcisa 

da perenis, guisa da Cepmenisa da Sternis Teoriebi. 

15. -potencialis sidide da niSani pirdapir miuTiTebs 

oeS-is struqturaze. Sesabamisad igi koloiduri sistemis 

ZiriTadi fizikur-qimiuri Tvisebebisa da xSir SemTxvevaSi 

koloiduri sistemis mdgradobis ganmsazRvreli erT-erTi 

ZiriTadi parametria.  

 

3. koloiduri sistemebis miReba 
 

       dispersuli sistemebis mravalsaxeoba maTi miRebis 

mravalricxovani meTodebidan gamomdinareobs. dispergireba da 

kondensacia Tavisufaldispersiuli sistemebis miRebis ZiriTadi 

meTodebia, romelTa saSualebiTac miiReba suspenziebi, emulsiebi, 

zolebi da a.S.  

       dispergireba didi nawilakebis ufro mcire zomis 

nawilakebad dawvrilmanebaa, kondensacia  ki - homogenuri sistemis 
molekulebis, atomebis an ionebis asociaciis (gaerTianebis) 
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Sedegad maRaldispersiuli heterogenuli sistemis warmoqmna. 

ganvixiloT TiToeuli meTodi cal-calke. 

  

3.1. koloiduri sistemebis miRebis dispergaciuli meTodi 
 

       Tanamedrove teqnikaSi myari sxeulebis dispergireba erT-

erT yvelaze gavrcelebul da mravaltonaJian process warmoadgens. 

marcvleulis, cementis, naxSiris, laqebisa da saRebrebis 

pigmentebis dafqva, samTo madnebis mopoveba da dafqva flotaciuri 

gamdidrebisa da gadamuSavebis win dispergaciis process 

miekuTvneba.  
       rom davarRvioT (davSaloT) myari sxeuli an siTxe da 

miviRoT axali gamyofi zedapiri, saWiroa davZlioT am sxeulSi 

moqmedi koheziuri Zalebi, romlebic sxeulis mTlianobis Senar-

Cunebis garantia. 

       dispergirebisas kondensirebuli nivTiereba Tavidan 

moculobiT deformacias ganicdis da mxolod amis Semdeg xdeba 

misi daSla. Sesabamisad, dispergirebisTvis saWiro muSaoba iyofa 

or nawilad: erTi nawili ixarjeba sxeulis moculobiT 

deformaciaze, meore ki – axali zedapiros warmoqmnaze.  

       deformaciis muSaoba sxeulis moculobis (V) 
proporciulia  

              W KVdef                (3.1) 

sadac K aris proporciulobis koeficienti, romelic 

erTeulovani moculobis mqone nivTierebis deformaciis muSaobis 

tolia. 

       dispergaciisas axali zedapiris warmoqmnis muSaoba 

zedapiris nazrdis proporciulia da SeiZleba ase gamoisaxos:     

                      Ws=S                  (3.2) 
sadac Ws axali zedapiris farTobis erTeulis warmoqnmaze 

daxarjuli muSaobaa, xolo (S) ki axlad warmoqmnili gamyofi 

zedapiris farTis nazrdia. dispergirebaze daxarjuli sruli 

muSaoba ki gamoisaxeba rebinderis gantolebiT:  

                  W=Wdef+Ws=KV+S          (3.3) 
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       moculobiTi deformacia sxeulis moculobis propor-

ciulia, moculoba ki sxeulis xazovani zomis (d) kubis 

proporciulia (Vd3). zedapiris cvlileba misi sawyisi zedapiris 

anu sxeulis xazovani zomis kvadratis proporciulia (Sd2), 

aqedan gamomdinare formula (3.3) Semdegnairad SeiZleba 

gamovsaxod: 

W = K1d3 + K2d2d2 (K1d + K2(3.4) 
       am gantolebidan Cans, rom didi zomis sxeulebis 

SemTxvevaSi SeiZleba zedapiris warmoqmnis muSaobis ugu-

lebelyofa, maSin dispergirebis muSaoba deformaciis muSaobiT 

ganisazRvreba. mcire zomis sxeulebis SemTxvevaSi ki SeiZleba 

deformaciis muSaoba ugulebelvyoT da dispergaciis sruli 

muSoba ZiriTadad axali zedapiris warmoqmnis muSaobiT, anu 

koheziuri Zalebis daZlevaze daxarjuli muSaobiT ganisazRvreba. 

       dawvrilmanebisas masala iSleba pirvel rigSi struqturu-

li defeqtebis adgilebSi (makro da mikro bzarebi), amitom 

dawvrilmanebis xarisxis gazrdisas masalis simtkice izrdeba, rac 

misi Semdgomi dawvrilmanebisaTvis saWiro energiis xarjs zrdis. 

       masalis dawvrilmaneba SeiZleba gaadvildes rebinderis 
efeqtis gamoyenebiT, romelic zedapirulad aqtiuri niTierebebis 

meSveobiT masalis simtkicis adsorbciul Semcirebas gulisxmobs. 

rebinderis mixedviT, myari sxeulis kristaluri meseris 

defeqtebian adgilebSi viTardeba mikrobzarebi, romlebic amcireben 

sxeulis meqanikur simtkices. zedapirulad aqtiuri nivTiereba ki 

aRwevs ra aseTi tipis bzarebSi warmoqmnis gamyof zedapirze zan-

is adsorbciul Sres, rac iwvevs zedapiruli energiisa da 

Sesabamisad myari sxeulis meqanikuri dawvrilmanebisTvis saWiro 

muSaobis Semcirebas. 

       dispergaciis meTodiT dispersiuli sistemebis misaRebad 

gamoiyeneba Semdegi meqanikuri mowyobilobebi: samsxvrevelebi, 

rodinebi, sanjRrevelebi, mfrqvevanebi, centrifugebi, mbrunavi 

diskebi da a.S.  

       myari da Txevadi fazebis koloidur zomebamde dasaquc-

maceblad gamoiyeneba sxvadasxva konstruqciis wisqvilebi. 

laboratoriebsa da samrewvelo pirobebSi dispergirebas axdenen 



 

95 
 

umetesad burTulebian wisqvilSi, igi Sedgeba cilindruli formis 

dolisagan, romelic nawilobriv Sevsebulia imave masalisagan 

damzadebuli burTulebiT (foladi, agati, faifuri). aseTi saxis 

wisqvilebSi SesaZlebelia mSrali da sveli dafqva. sveli 

dafqvisas cilindrSi aTavseben dasawvrilmanebeli nivTierebis uxeS 

fraqcias, sadispersio garemos nivTierebasa da stabilizators. 

დაბალi ბრუნვის სიხშირისას ბურთულები მხოლოდ დაგორავენ და 

დაწვრილმანება ხეხვით ხდება. wisqvilis dolis saSualo brunTa 

siCqareebisas burTulebi centridanuli Zalis moqmedebiT ekvrian 

mis kedels da warmoqmnili xaxunis Zalis gavleniT garkveul 

simaRleze awevis Semdeg wydebian da ecemian qvemoT darCenil 

burTulebs, rac iwvevs maT Soris moTavsebuli nivTierebebis 

cveTas, msxvrevasa da dafqvas. brunvis siCqaris kidev ufro 

gazrdisas burTulebi centridanuli Zalis gavleniT ekvrian 

wisqvilis dolis kedels da wydeba dafqvis procesi. dafqvis kargi 

Sedegis misaRebad wisqvilSi burTulebis moculoba dolis  

moculobis 30–40%-s, xolo sadispergacio masalis moculoba ki 

20%-s unda Seadgendes. 

       mSrali dafqvis SemTxvevaSi 50 mikronze mcire zomis 

nawilakebis miReba SeuZlebelia. sveli dafqvis SemTxvevaSi ki 

stabilizatoris Tanaobisas SeiZleba miviRoT dispersiebi, 

romelTa nawilakebis zoma koloidurTan axloa. burTulebian 

wisqvils sxva wisqvilebTan SedarebiT axasiaTebs rigi 

upiratesobani:  

- dafqva mimdinareobs daxurul garemoSi aqroladi 

gamxsnelis danakargis gareSe;  

- wisqvilis momsaxureba Zalian martivia.  

         mis nakls warmoadgens dabali warmadoba, 

burTulebis cveTa, rac miRebuli dispersiis gaWuWyianebas 

iwvevs, dispergirebis procesis didi dro, samuSao adgilze 

xmauris maRali done. 
       amJamad energiis danaxarjis Semcirebis mizniT iyeneben 

axali tipis aparatebs, kerZod, wisqvilebs, romlebSic disper-

gireba gaadvilebulia perioduli, maRali sixSiris  meqanikuri 

rxevebiT, planetarul da Wavlian wisqvilebs da a.S. am 
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ukanasknelSi milsadenidan maRali wneviT gamomdinari uxeSdis-

persiuli suspenziis ori Wavli kveTs erTmaneTs, rac ganapirobebs 

dispersiulobis xarisxis swraf zrdas.  

       liofiluri koloiduri sistemebi warmoiqmneba Sesabamis 

gamxsnelSi dispersuli fazis TavisTavadi dispergirebiT. procesi 

mimdinareobs sistemis Tavisufali energiis Semcirebis xarjze da 

amitom aseTi sistemebi Termodinamikurad mdgradebi arian.  

       liofoburi koloiduri sistemebis misaRebad fazis 

dispergirebisaTvis saWiroa garkveuli muSaobis Sesruleba. amis 

gamo es sistemebi Termodinamikurad aramdgradia, floben Warb 

Tavisufal energias, romlis swrafva TavisTavadi Semcirebisaken 

iwveves nawilakebis Sewebebasa da kuTri zedapiris Semcirebas, rac 

xels uwyobs koloiduri sistemis daSlas. 

       liofobur koloidur sistemebSi suspenziebisa da 

emulsiebis dispergaciis meTodiT miReba xdeba specialuri 

konstruqciis koloidur wisqvilebSi. misi muSaobis principi 

emyareba uZrav statorsa da didi siCqariT moZrav rotors Soris 

arsebul mcire manZili an urTierT didi siCqariT moZrav diskebs 

Soris moTavsebul suspenziasa da emulsiaSi centridanuli Zalis 

moqmedebiT damrRvevi zemoqmedebis warmoqmnas. es iwvevs nivTierebis 

dawvrilmanebas koloiduri zomis nawilakebade.  

       farTod gamoiyeneba agreTve ultrabgeriTi da eleqtruli 

meTodebi. ultrabgeriT meTods im SemTxvevaSi mimarTaven, rodesac 

sadispergacio nivTierebas mcire simtkice axasiaTebs. meTodis 

meqanizmi sabolood ar aris dadgenili. savaraudod dispergirebis 

dros dispersuli fazis sxeulSi damSleli zemoqmedeba aRiZvreba 

siTxeSi ultrabgeriTi talRebis gavlisas, rogorc 

swrafadmonacvleobiTi lokaluri (adgilobrivi) SekumSva-gafar-

Toebis gamo, ise kavitaciis (siTxeSi gaxsnili haeriT Sevsebuli 

Rruebis warmoqmna da gaqroba) Sedegad. drois umcires monakveTSi 
wnevis mkveTri lokaluri cvlileba (1000 atm. rigis) iwvevs ara 
marto siTxis, aramed myari sxeulis danawevrebas.  
       Ddispergaciis eleqtruli meTodi ki emyareba sadispersio 

garemoSi moTavsebul liTonis or eleqtrods Soris voltas 

rkalis warmoqmnas. maRal temperaturaze xdeba liTonis gafrqveva 
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umcires nawilakebad da civ sadispersio garemoSi maTi Sewebebis 

(kondensaciis) Sedegad miiReba koloiduri xsnari – zoli. am 

meTods xSirad dispergirebis kombinirebuli meTodi ewodeba 

radgan mimdinareobs jer dispersuli fazis gafrqveva-dispergireba, 

xolo Semdeg ki miRebuli nawilakebis kondensacia.  

       dispergaciis meTodiT zolebis miRebas aqvs Tavisi nakli, 

esaa energiis didi xarji da maRaldispersuli sistemebis miRwevis 

SeuZlebloba. amitom upiratesoba kondensaciis meTods eniWeba.   

 

3.2. koloiduri sistemebis miRebis kondensaciuri meTodi 
 

       koloiduri sistemebis miRebis kondensaciuri meTodi ar 

moiTxovs garedan muSaobis xarjvas. saWiro pirobebis SerCevisas 

am meTodiT SeiZleba nebismieri dispersulobis mqone koloiduri 

sistema miviRoT. arsebobs fizikuri da qimiuri kondensaciis 
meTodebi.  
        fizikuri kondensaciis xerxebia airadi fazidan 
dispersuli fazis kondensacia an kidev gadajerebuli da 
gadacivebuli siTxeebidan wvrildispersuli fazis gamoyofa da 
gamxsnelis Secvlis meTodi. pirveli xerxis TvalsaCino magaliTia 

nislis warmoqmna. kondensaciis meTodis fizikuri arsi 

mdgomareobs SemdegSi - sistemis parametrebis Secvlisas, kerZod 

temperaturis Semcirebisas siTxis an myari fazis zedapirze 

orTqlis wneva wonasworul wnevaze meti SeiZleba aRmoCndes, ris 

gamoc airad fazaSi warmoiqmneba axali Txevadi faza anu sistema 

xdeba heterogenuli aerozolis warmoqmniT. am xerxiT miRebuli 
sistemebi umetesad polidispersiulia. liozolebi miReba 

SesaZlebelia civ zedapirebze dispersiuli fazisa da sadispersio 

garemos warmomqmneli nivTierebebis orTqlis erTdrouli 

kondensaciiTac. 

       gamxsnelis Secvlis meTodi dafuZnebulia sistemis 

parametrebis iseT cvlilebaze, roca sadispersio fazis 

nivTierebis qimiuri potenciali dispersul garemoSi wonaswo-

rulze meti xdeba da misi cvlilebis wonasworobisken swrafvis 

tendencia sistemaSi axali fazis warmoqmnas iwvevs. am meTodSi, 
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civ zedapirebze orTqlis kondensaciisagan gansxvavebiT, cvlian 

sadispersio garemos Sedgenilobas. magaliTad, gogirdis najer 

spirtxsnarze didi odenobiT wylis damatebisa da aqtiuri 

Serevisas miRebuli spirt-wyalxsnari gogirdiT gadajerebuli 

aRmoCndeba, rac gogirdis molekulebis agregaciis gamo iwvevs 

aRniSnuli xsnaridan axali fazis gamoyofas da Sedegad miiReba 

gogirdis hidrozoli.  

       qimiuri kondesaciis meTodi gadajerebuli xsnarebidan 

axali fazis gamoyofas emyareba. oRond im gansxvavebiT, rom 

dispersiuli fazis warmomqmneli nivTiereba garkveuli qimiuri 

reaqciis safuZvelze miiReba. nebismieri qimiuri reqcia, romelic 

axali fazis warmoqmniT mimdinareobs SesaZlebelia axali 

koloiduri sistemebis misaRebad gamodges. aseT reaqciebs SeiZleba 

miekuTvnebodes daJangva-aRdgenis, mimocvlis da hidrolizis 

reaqciebi. 

       miuxedavad imisa, Tu romel meTods viyenebT koloiduri 

sistemebis misaRebad aucileblad daculi unda iqnas ori ZiriTadi 

piroba:  

    1) nivTiereba, romlis zolis miRebac gvinda, ar unda 

ixsnebodes sadispersio garemoSi, rac sistemis heterogenulobas 

ganapirobebs.  

    2) agregatulad mdgradi zolis misaRebad aucilebelia 

sistemaSi arsebobdes stabilizatori, romelic dispersiuli 

fazis nawilakebisa da Sesabamisad mTlianad koloiduri sistemis  

stabilizacias iwvevs. igi SeiZleba iyos rogorc sareaqcio areSi 

garedan specialurad Setanili nivTiereba, ise mimdinare reaqciis 

romelime reagenti an produqti. stabilizatorebi, TavianTi 

bunebidan gamomdinare, iwveven sxvadasxva meqanizmiT zolebis 

stabilizacias. stabilizatori eleqtrolitis movaleobaa 

warmoqmnas dispersuli fazisa da sadispersio garemos sazRvarze 

ormagi eleqtruli Sre (oeS). ormagi eleqtruli Sris agebuleba 

da masSi ionebis mowesrigebuli gadanawileba iwvevs dispersuli 

fazis nawilakebis zedapiris erTnairi niSnis muxtiT dafarvas, 

rac micelaTa urTierTqmedebis dros maT urTierTganzidvas 
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uzrunvelyofs da amis safuZvelze izrdeba zolis agregatuli 

mdgradoba. 

      ganvixiloT kondensaciis meTodiT, mimocvlis reaqciis 

safuZvelze vercxlis iodidis hidrozolis miReba:  

AgNO 3 + KI  AgI  + KNO 3 
          AgI wyalSi uxsnadi nivTierebaa, amitom is mimocvlis 

reaqciis Sedegad axali fazis saxiT iwyebs gamoiyofas - zolis 

miRebis pirveli piroba daculia. sistemaSi koloiduri donis 

dispersiulobis xarisxis SesanarCuneblad saWiroa stabili-

zatoris arseboba. Cvens SemTxvevaSi stabilizatorad SeiZleba 

gamodges orive moreagire nivTiereba, Tu romelime maTgans Warbi 

raodenobiT aviRebT. 

           AgNO3-is siWarbisas m raodenoba AAgI-is molekulis 

asociaciis Sedegad (m - aTeulobiT aTasi molekulaa) warmoiqmneba 

didi zomis agregati, romlis zedapirze sareaqcio aredan 

specifikuri adsorbciis saSualebiT adsorbirebs n raodenobiT 
potencialganmsazRvreli vercxlis ioni ( Ag+). agregati vercxlis 

ionebTan erTad warmoqmnis birTvs, romlis zedapiri dadebiTadaa 

damuxtuli. Aaxladwarmoqmnili dadebiTi muxtis mqone birTvi ki 

eleqtrostatikuri mizidulobis Zalebis saSualebiT sareaqcio 

aredan miizidavs x (roca x n) raodenobis -is anions. aseT 
ionebs sawinaaRmdego niSniT damuxtuli ionebi ewodeba da 
isini potencialganmsazRvrel ionebTan erTad dispersuli 

fazis gamyof zedapirze ormagi eleqtruli Sris mkvriv fenas 

warmoqmnian, sadac aRniSnuli ionebi Zlieri eleqtrosta-

tikuri mizidulobis Zalebis saSualebiT uZravad arian 

dakavSirebuli agregatis zedapirTan. Aagregats ormagi 

eleqtruli Sris mkvriv fenasTan erTad nawilaki ewodeba. 
       sawinaaRmdego ionebis danarCeni (n - x) raodenoba ki 
Tburi (brounis) moZraobis gamo imyofeba birTvisgan 

moSorebiT difuziur SreSi da nawilakisken miizideba 

mxolod eleqtrostatikuri ZalebiT. koloidur nawilaks 

difuziur SresTan erTad micela ewodeba. micela 

eleqtroneitraluria. Micela struqturulad gamosaxulia 

nax. 2.25, (gv. 69). 
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       zemoT aRniSnulidan gamomdinare AgI-is koloiduri 

sistemis micela SeiZleba sxvagvaradac Caiweros: 

[(AgI)m*nAg+
*x ](n-x) + 

* (n-x)  

     stabilizatorad KI gamoyenebisas koloidur nawilaks 

eqneba uaryofiTi zedapiruli muxti, radgan potencialganmsaz-

Rvreli ionis rols am SemTxvevaSi iodis ioni Seasrulebs. Micela 

ki Semdegnairad Caiwereba: 

[(AgI)m*nI-
*xK+](n-x) - 

* (n-x)K+ 

zogadad, potencialganmsazRvreli ionis rols stabili-
zatori eleqtrlitis is ioni asrulebs, romelic agregatis 
nivTierebis qimiur SemadgenlobaSi Sedis (panet - faiansis wesi). 
       daJangvis reaqciiT zolis miRebis umartivesi magaliTia 

gogirdis hidrozolis miReba gogirdwyalbadis daJangviT wylis 

garemoSi  

                            2H2S + O2   2S + 2H2O  
       hidroliziT koloiduri sistemebis miRebis magaliTia 

mZime liTonebis hidroqsidebis zolebis sinTezi. magaliTad, rkinis 

hidroqsidis zols miviRebT Tu mduRare wyalSi CavumatebT mcire 

raodenobiT FeCl3    
                     FeCl3 + 3H2O  Fe(OH)3 + 3HCl  

duRili xels uwyobs sistemidan wylis orTqlTan erTad HCl-is 
mocilebas. Aam dros stabilizatoris rols asrulebs FeOCl, 
romelic warmoiqmneba FeCl3-is arasruli hidrolizis Sedegad.  

                         FeCl3 + H2O  FeOCl + 2HCl 

                                  FeOCl   FeO+ + Cl
-
 

Fe(OH)3-is  hidrozolis micela Semdegnairad gamoisaxeba: 

                   {[mFe(OH)3] *n FeO+ 
* (n – x) Cl-}x + *xCl- 
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A    ase rom, ra meTodiTac ar unda moxdes koloiduri 

sistemis miReba misi minimaluri nawilakis, micelis 

struqtura isev ormagi eleqtruli Sris safuZvelze iqneba 

agebuli.  

3.3. koloiduri sistemebis gasufTaveba 
 

       xSirad ama Tu im meTodiT miRebuli koloiduri sistemebi 

sxvadasxva saxis minarevebs Seicaven, romlebic zolis destabi-

lizaciis anu misi agregatuli mdgradobis darRvevisa da  koagu-

laciis iniciatorebad gvevlinebian. amitom koloidur qimiaSi zo-

lebis minarevebisagan gawmenda aucilebel da gadaudebel amocanaTa 

ricxvs miekuTvneba. 

       dabalmolekuleri minarevebisagan liozolebis gasawmendad 

iyeneben or ZiriTad meTods - dializsa da ultrafiltracias.  
       dializi aris naxevargamtari tixriT SezRuduli difuzia. 

dializis xelsawyo – dializatori warmoadgens naxevrad gamtari 

masalis, membranisagan damzadebul parks, romelSic aTavseben 

gasasufTavebel koloidur sistemas. parki CaSvebulia WurWelSi, 

romelSic cirkulirebs wyali.                

dabalmolekuleri minarevi nivTierebebis mcire zomis 

molekulebi gadian membranaSi, koloiduri nawilakebi ver aRweven 

membranis forebSi da rCebian parkSi gawmendili koloiduri 

xsnaris saxiT. Cveulebriv naxevrad gamtari tixris saxiT xSirad 

gamoiyeneba pergamenti, celofani, keramikuli filtrebi, 

specialuri daniSnulebis membranebi, romlebic damzadebulia 

celulozis nitratis xsnarisagan – kolodiumisagan. dializi 

sakmaod xangrZlivi procesia. dializis intensifikacia xdeba im 

zedapiris gazrdiT, sadializo siTxis fenis SemcirebiT, gare 

siTxis (wylis) uwyveti cirkulirebiTa da gaTbobiT, rac xels 

uwyobs da aCqarebs difuziur procesebs. 

       dReisaTvis arsebobs srulyofili konstruqciis mravali 

dializatori, romlebic uzrunvelyofs dializis procesis maRal 

siCqaresa da gasufTavebis saWiro xarisxs. 
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       eleqtrodializi. liozolebi minarevebis saxiT ZiriTadad 

eleqtrolitebs Siecaven. aseT SemTxvevaSi dializis procesi 

SeiZleba daCqardes, Tu sadializo siTxes mudmiv eleqtrul velSi 

movaTavsebT. eleqtrodializi ufro efeqturia, Tu zoli winaswar 

gasufTavebulia Cveulebriv dializatorSi anu igi gawmendilia 

dabalmolekuluri organuli minarevebisagan. 

       eleqtordializs xSirad iyeneben koncentrirebuli 

suspenziebis, pastebis gruntisagan sxvadasxva saxis marilebis 

mosacileblad, zRvis, tbisa da mdinaris wylis gasamtknareblad, 

samrewvelo Canadeni wylebis, vaqcinebis, Sratisa da sxva mravali 

dispersiuli sistemis gasawmendad.  

       ultrafiltracia. xSirad sakvlevi miznebisa da sawarmoo–

teqnologiuri amocanebis gadasaWrelad aucilebelia dispersuli 

fazisa da sadispersio garemos erTmaneTisagan sruli dacileba. 

aseT gayofas axorcieleben ultrafiltraciisa da centrifu-
girebis meSveobiT. 
       ultrafiltracia ewodeba dispersiuli fazis sadispersio 

garemosagan gancalkevebis process, rodesac naxevrad gamtari 

membrana asrulebs koloiduri nawilekebisa da makromolekulebis 

Semakavebeli filtris rols. 

       ultrafiltraciis ganxorcieleba SeiZleba ori gziT:   

a) gasafiltri Txevadi sistemis svetis hidrostatikuri 

wneviT; 

b) xelovnurad Seqmnili wnevaTa sxvaobis meSveobiT.  

ultafiltracia pirveli xerxiT Zalian nela mimdinareobs, 

ris gamoc mas praqtikulad ar iyeneben. xelovnur wnevaTa sxvaobas 

aRweven an filtris qveS gauxSoebis SeqmniT (ultrafiltracia 

vakuumSi), an wnevis gazrdiT gasafiltr xsnarze (ultrafil-

tracia wnevis qveS). 

       didi wnevebis gamoyeneba gansakuTrebiT xSirad gamoiyeneba 

maRalmolekuluri naerTebis xsnarebis filtraciisas, romlebic 

WeSmarit xsnarebsa da zolebze bevrad ufro nela ifiltreba.        

radgan ultrafiltraciis procesi yovelTvis wnevis an vakuumis 

qveS mimdinareobs, gamfiltravi membrana yovelTvis wvrilnaxvre-

tebian firfitas efineba. 
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       wvrilforebian membranebSi maRali wnevis qveS dializis 

dros xdeba ara mxolod koloiduri nawilakebis, aramed gaxsnili 

molekulebisa da eleqtrolitis ionebis Sekavebac ki. am process 

hiperfiltracia anu Sebrunebuli osmosi ewodeba. igi farTod 
gamoiyeneba bunebrivi da teqnikuri wylebis gasawmendad. 

       aRniSnuli meTodi SeiZleba gamoyenebul iqnas agreTve 

koloiduri sistemis nawilakTa monodispersiulobis xarisxis 

gasazrdelad, rac sxvadasxva zomis forebiani ultrafiltrebis 

gamoyenebiTaa mxolod SesaZlebeli da am meTodiT dayofil-

gasufTavebuli sistemebis dispersulobis xarisxis dadgebis 

sizustes zrdis.     

 

III  Tavis ZiriTadi daskvnebi 
 

1. koloiduri sistemebis miRebis ZiriTadi meTodebia dispergi-
reba da kondensacia. dispergireba aris didi nawilakis dawv-

rilmaneba ufro mcire zomis nawilakebad, romelic SeiZleba 

ganxorcieldes sxvadasxva meqanikuri mowyobilobebiT: msxvre-

vanebiT, rodiniT, sanjRrevelaTi, mfrqvevarebiT, centrifu-

gebiTa da sxvadasxva konstruqciis wisqvilebiT. kondensacia 
aris homogenuri sistemebidan molekulebis, atomebis an 

ionebis gaerTianebis (asociaciis) da axali fazis gamokrista-

lebis Sedegad maRaldispersiuli heterogenuli sistemis 

warmoqmna. kondensaciis procesi SeiZleba ganxorcieldes 

rogorc qimiuri ise fizikuri procesebis safuZvelze. 

2. zolis nebismieri meTodiT miRebisas daculi unda iqnas ori 

ZiriTadi piroba:  

- nivTiereba, romlis zolis miRebac gvinda sadispersio 
garemoSi uxsnadi an mcired xsnadi unda iyos. es 

uzrunvelyofs sistemis heterogenulobas.  

- agregatulad mdgradi zolis misaRebadGsistemaSi 
aucileblad unda arsebobdes erTi nivTiereba mainc, rome-
lic iwvevs warmoqmnili fazis nawilakebis stabiliza-
cias. aseT nivTierebebs stabilizatorebs uwodeben.  
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3. eleqtroliti stabilizatori fazaTa gamyof zedapirze 

warmoqmnis ormag eleqtrul Sres, romlis erTi fena Sedgeba 

myari fazis zedapirze adsorbirebuli stabilizatoris im 

ionebisagan, romlebic Sedian dispersuli fazis molekulis 

SedgenilobaSi. maT potencialganmsazRvreli ionebi ewodeba. 
sawinaarmdego niSnis mqone ionebi ki imyofebian dispersuli 

fazis nawilakebis irgvliv da gayofili arian or fenad. erTi 

nawili eleqrtostatikuri da adsorbciuli Zalebis gavleniT 

miizideba zedapirTan Zalian axlos da warmoqmnis ormagi 

eleqtruli Sris mkvriv fenas, meore nawili ki Tburi 

moZraobis gamo imyofeba moSorebiT, difuziur SreSi, romleb-

zec dispersuli fazis gamyofi zedapiris mxridan mxolod 

eleqtrostatikuri mizidulobis Zala moqmedebs. ormagi 

eleqtruli Sris amgvari struqtura iwvevs dispersuli 

fazis nawilakebis damuxtvas erTnairi niSniT, rac maT Soris 

ganzidvas da Sesabamisad zolis agregatul mdgradobas 

uzrunvelyofs. 

4. damuxtul dispersul fazas (birTvs) oeS-is mkvriv fenasTan 

erTad koloiduri nawilaki ewodeba, romelsac potencial-

ganmsazRvreli ionis muxti aqvs. nawilaks difuziur SresTan 

erTad ki micela ewodeba, romelic eleqtroneitraluria. 

5. koloidur sistemaSi moZravi (kinetikuri) erTeuli  koloi-

duri nawilakia. 

 

4. dispersuli sistemebis ZiriTadi Tvisebebi 

 
4.1. dispersuli sistemebis molekulur- 

kinetikuri Tvisebebi 
 

       molekulur-kinetikuri Teoria swavlobs molekulebis 

TavisTavadi moZraobis kanonebs. WeSmarit xsnarTa zogierTi Tviseba 

swored aseTi moZraobiTaa ganpirobebuli da damokidebulia ara 

Sedgenilobaze, aramed moculobis an masis erTeulSi molekulaTa 

ricxvze. xsnarebis aseT koligatiur Tvisebebs miekuTvneba: 
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difuzia, osmosuri wneva, xsnaris orTqlis wneva, duRilis da 
gayinvis temperaturebis cvlileba.                     

gremis naSromebis mixedviT, koloidur sistemebSi man 

ver aRmoaCina difuziisa da osmosis movlenebi. swored es 

Tvisebebia koloiduri sistemebsa da WeSmarit xsnarebs Soris 

ZiriTadi ganmasxvavebeli niSnebi. 

Semdgomi gamokvlevebiT SesaZlebeli gaxda koloiduri 

nawilakebis moZraobaze uSualod eqsperimentuli dakvirveba, 

romelic XIX-XX saukunis mijnaze molekulur-kinetikuri 

Teoriis triumfad iqca. es eqsperimentuli faqtebi dakav-

Sirebulia brounis moZraobis aRmoCenasTan, romelic didi 

xnis manZilze gamocanad rCeboda. 

 

4.1.1. brounis moZraoba 
 

ingliseli botanikosi brouni (1828 w.) mikroskopSi 
akvirdeboda yvavilis mtvrianas mikronawilakebis moZraobas 

wyalSi da SeamCnia, rom isini uwyvetad da uwesrigod 

(qaoturad) moZraobdnen. SemdgomSi brounma daadgina, rom 

aseTi moZraoba damaxasiaTebelia nebismieri araorganuli da 

organuli warmoSobis mcire zomis nawilakebisaTvis da es 

movlena miT ufro intensiurad mJRavndeba, rac ufro maRalia 

garemos temperatura, naklebia nawilakis masa da garemos 

siblante.  aseT moZraobas brounis moZraoba ewoda.  
AainStainma da smoluxovskim brounis moZraobis Teo-

riuli interpretacia erTmaneTisagan damoukideblad Seqmnes. 

am Teoriis Tanaxmad dispersiuli fazis nawilakebis uwyveti 
da qaoturi moZraobis mizezi maTze sadispersio garemos 
(siTxe an airi) molekulebis dajaxebaa. 
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       Tu koloiduri nawilaki sadispersio  garemos 

molekulebze bevrad ufro didi zomisa da Sesabamisad didi 

masis mqonea, maSin mis zedapirze yoveli mxridan garemos 

molekulebis dajaxebiT ganpirobebuli impulsebi kompensire-

bulia anu moqmed ZalTa tolqmedi nulis tolia da amis gamo 

nawilaki ar gadaadgildeba. mcire zomis nawilakis SemTxvevaSi 

ki mis zedapirze sxvadasxva mxridan molekulebis dajaxebaTa 

gansxvavebuli intensivobis gamo, igi gare moqmed ZalTa 

tolqmedi Zalis mimarTulebiT iwyebs moZraobas. 

       maSasadame, koloidur sistemaSi brounis moZraoba 
sadispersio garemos molekulaTa moZraobis Sedegia. amiT 
SesaZlebeli gaxda molekulebisa da atomebis realurad 
arsebobis eqsperimentulad damtkiceba. 
    brounis moZraobis raodenobrivi daxasiaTebisaTvis 

ainStainisa da smoluxovskis mier Semotanili iqna  droSi 
nawilakis saSualo gadaadgilebis ( X ) cneba. es aris iseTi 
wrfis monakveTi, romelic horizontaluri proeqciis sibr-

tyeSi aerTebs nawilakis moZraobisas mis sawyis mdebareobas 

(τ=0)  drois Semdeg nawilakis mdebareobasTan (ix. nax. 4.1). 
nawilakis gadaadgileba yvela mimarTulebiT rogorc niSniT, 

ise moduliT SemTxveviTia da gadaadgilebis (gadaZvris) 

saSualo ariTmetikuli mniSvneloba SeiZleba nulis tolic 

ki aRmoCndes. amitom angariSoben gadaZvris saSualo kvad-

ratul mniSvnelobas: 

 
 

nax.4.1.  brounis moZraobis sqema 
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sadac n  dakvirvebaTa ricxvia. 
     r radiusis mqone sferul nawilakTaTvis saSualo kva-

dratuli gadaZvra Semdegnairad gamoiTvleba 
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               (4.1)  

sadac R airTa universaluri mudmivaa, T - absoluturi tempe-

ratura,  - dakvirvebis dro,  - sadispersio garemos 

siblante, r - nawilakis radiusi, N ki - avogadros ricxvia. 
koloiduri sistemebisaTvis aRniSnuli gantolebis eqsperi-

mentuli Semowmeba perenma Caatara cnobili T,  da r 
mniSvnelobebis mqone mastikis zolis magaliTze. nawilakis 

saSualo gadaZvris gazomvis safuZvelze man avogadros ricxvi 
gamoTvala, romelic kargad emTxveoda sxva meTodebiT 

gamoTvlil mis mniSvnelobebs. 

      Aamrigad damtkicda, rom koloiduri nawilakebi xasi-

aTdebian aSkarad gamoxatuli Tburi (brounis) moZraobiT. 

aqedan gamomdinare vaskvniT, rom brounis moZraobis 
qaoturoba mTel sadispersio garemoSi dispersuli fazis 
Tanabari ganawilebas unda iwvevdes. 
                                   

4.1.2. difuzia 
 

       Tburi moZraobis Sedegad xsnaris mTel moculobaSi 
mis Semadgenel nivTTierebaTa koncentraciebis TavisTavad 
gaTanabrebas maTi molekulebis an atomebis  urTierT Serevis 
safuZvelze difuzia ewodeba.  
     igi xsnarebisa da koloiduri sistemebisaTvis saerTo 

Tvisebaa. difuziis raodenobrivad daxasiaTebisaTvis 

ganvixiloT nivTierebis ganawilebis procesi sivrcesa da 

droSi. 
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     vTqvaT, koloiduri sistema (an molekuluri xsnari) 

sufTa gamxsnelisagan an gansxvavebuli koncentraciis 

xsnarisgan gamoyofilia moZravi tixriT. tixris frTxilad 

amoRebis Semdeg, daiwyeba am or siTxes Soris difuziis 

procesi _ nawilakTa TavisTavadi gadaadgileba maRalidan 
dabali koncentraciis mimarTulebiT (C1>C2). koncentraciis 
cvlileba iwyeba xsnarTa Sexebis sazRvarze anu sadac koncen-

traciis gradienti (dc/dx) maqsimaluria. molebiT gamosaxuli 

erTi nivTierebis nakadi meoreSi (n) gamoiTvleba fikis I 
kanonis Tanaxmad:  

                  
dc

dn DS d
dx

                (4.2) 

“_” niSnavs, rom procesi mimarTulia koncentraciis Semci-

rebisaken. D difuziis koeficientia da igi nivTierebis im 
raodenobis tolia, romelic 1 wm-Si 1 sm2 farTis mqone 

siTxis kveTaSi gadis, roca dc/dx=1. misi ganzomilebaa [sm2/wm]. 

    D - difuziis procesis raodenobrivi maxasiaTebelia da 

damokidebulia sistemis temperaturaze, nawilakTa zomaze, 

maT moZraobis siCqaresa da garemos siblanteze  

                    6

R T
D

r N 
                (4.3) 

sadac  sadispersio garemos siblantea, r  ki - nawilakis 

radiusi. (4.3) gantolebas ainStainis gantoleba ewodeba, 
romelic erTmaneTTan akavSirebs difuziis koeficients nawi-

lakis zomasTan. (4.2) gantolebis gamoyenebiT cnobili dc/dx 
pirobebSi difundirebuli nivTierebis raodenobis gazomvis 

gziT eqsperimentulad SeiZleba ganisazRvros D-s mniSvne-

loba. am wesiT gazomili D10-5 sm2/wm Cveulebrivi molekule-

bisaTvis, xolo koloiduri nawilakebisaTvis ki  D=10-710-9 

sm2/wm, anu 24 rigiT ufro mcirea, rac sruliad misaRebia 

Tu gaviTvaliswinebT, rom koloidur sistemebSi Zalian 

mcirea nawilakobrivi koncentracia da SesabamisadDmaTi 

koncentraciis gradientic (dc/dx).  
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      cnobili difuziis koeficientisA(D) SemTxvevaSi (4.3) 
gantolebidan SeiZleba ganisazRvros dispersuli fazis 

nawilakis zoma da Sesabamisad koloiduri sistemis dispersu-

lobis xarisxi. garda amisa, ainStainis gantoleba D-sa da 
2

  Soris maTematikuri kavSiris dadgenis saSualebasac 

iZleva. 

  (4.1) da (4.3) gantolebaTa Sedarebidan miviRebT:  

                       
2

 = 2D            (4.4) 
    (4.4) gantoleba ainStain-smoluxovskis gantolebis 
saxeliTaa cnobili, romlis gamoyenebiT eqsperimentulad 

gazomili 
2

 –is safuZvelze sakmao sizustiT SeiZleba 

ganisazRvros D da r sidideebi. 
     amrigad mivdivarT im daskvnamde, rom koloiduri 
sistemebi xasiaTdebian mcire, magram gazomvadi difuziiT, 
romelic difundirebuli nawilakebis zomisa da Sesabamisad 
sakvlevi sistemis dispersulobis xarisxis gansazRvris 
saSualebas iZleva. 
 

4.1.3. osmosuri wneva 
 

   dispersiuli fazis nawilakebis Tburi moZraobis gamo 

koloiduri sistemebi, WeSmariti xsnarebis msgavsad xasiaT-

debian osmosuri wneviT, romlis aRZvris meqanizmi da 

kanonzomierebebi fizikuri qimiis kursSia ganxiluli. 

     vant-hofis kanonis Tanaxmad, idealuri xsnarebisaTvis 

osmosuri wneva iangariSeba formuliT:    
                     Posm =  RTc                           (4.5) 
sadac c xsnaris moluri koncentraciaa.  
     Tu SemoviRebT nawilakTa koncentraciis cnebas, maSin 

es gantoleba SeiZleba gamoyenebul iqnas koloiduri siste-

mebisaTvisac. koloidur sistemaSi kinetikuri erTeuli 
micelaa. amitom koncentraciis erTeulad moculobis erTe-

ulSi nawilakebis ricxvi SeiZleba Semdegnairad davTvaloT  
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= cN, xol maTi masuri koncentracia ki c =
N


,  sadac N 

avogadros ricxvia. vant-hofis gantolebaSi c-s Secvla /N-
iT koloiduri sistemisaTvis osmosuri wnevis gamosaTvlel 

formulas iZleva:  

                 Posm = RT 
N


= KT                     (4.6) 

sadac K bolcmanis mudmivaa ( K=
R

N
). 

      mudmivi temperaturisa da masuri koncentraciis piro-
bebSi nawilakebis ricxvis zrdis anu dispersulobis xarisxis 
zrdis Sesabamisad izrdeba sistemis osmosuri wnevac.  
      Tu ori erTnairi bunebis zoli gansxvavebulia nawila-

kobrivi koncentraciebiT, magram  Seicaven erTnairi  zomis  

nawilakebs, maSin c1 =m1   da c2 =m 2   (m - nawilakis masaa), 

xolo 

           Po sm 1
= m1 RT   da  Posm2

= m2 RT ,  

an 

                 

P

P

osm1

osm2

  = 1

2



           
(4.7) 

          e.i. koloidur sistemebSi osmosuri wneva nawilakTa 
moculobiTi, masuri an nawilakobrivi koncentraciis pirda-
pirproporciulia. 
     im SemTxvevaSi, Tu zolebi masuri koncentraciebiT 

erTmaneTis tolia (c1=c2), magram nawilakebis zomiT 

gansxvavdebian, maSin 

Posm1
=

1

c

m
 KT  da   Posm2

 =

2

c

m
 KT 
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 an 

P

P

osm1

osm2  
= 2

1

m

m  

sadac m = V. sferul nawilakTaTvis V=
4

3
r3, amitom 

                    

P

P

osm1

osm2

=

3
2
3

1

r

r              
(4.8)  

e.i koloidur sistemebSi osmosuri wneva nawilakis masis an 
radiusis kubis ukuproporciulia. aseTi damokidebuleba ki 

saSualebas iZleva eqsperimentulad gazomili osmosuri 

wnevis safuZvelze gamoTvlil iqnas koloiduri sistemis 

nawilakTa zoma an maTi dispersiulobis xarisxi.  

       vant-hofis kanonidan gamomdinare, WeSmarit xsnarebTan 
SedarebiT koloidur sistemebSi osmosuri wneva gacilebiT 
mcire sididis unda iyos, radgan erTnairi masuri 
koncentraciebis SemTxvevaSi koloiduri nawilakebis zoma 
gacilebiT ufro didia, vidre WeSmarit xsnarebSi, Sesabamisad 
ufro mcirea maTi nawilakobrivi koncentraciebi, amis gamo 
Posm Zalian mcire sididea. swored am mizezis gamo gremma ver 
SeZlo koloidur sistemebSi osmosuri wnevis dafiqsireba an 

gazomva. 

 

4.1.4. sedimentacia 
 

      Tavisufaldispersul sistemaSi dispersuli fazis 
nawilakebs sadispersio garemos mTel moculobaSi Tavi-
sufali gadaadgilebis unari aqvT. Zlier ganzavebul siste-

mebSi sadac es moZraoba nawilakTa Soris  urTierTda-

jaxebebiT araa SezRuduli, TiToeuli nawilaki damou-

kideblad moZraobs. amis magaliTia suspenziebi, emulsiebi, 
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aerozolebi.Ddispersuli fazis nawilakebis daleqva an 

tivtivi siTxis zedapirze aseT sistemaTa saerTo Tvisebaa. 

       sedimentacia simZimis Zalis gavleniT nawilakTa 

daleqvis procesia. TiToeul nawilakze moqmedi simZimis Zala 

(F1) misi efeqturi masis (m-m 0) proporciulia:  

                F1= (m-m0)g = V()g                (4.9) 
sadac m da m0 nawilakisa da sadispersio garemos masebia, V 

- nawilakis moculoba, da0 ki   dispersuli fazisa da 

sadispersio garemos simkvriveebi. rodesac  maSin 

nawilaki ileqeba, xolo roca  maSin nawilakebi tivtiveben 
siTxis zedapirze, anu adgili aqvs uaryofiT sedimentacias. 
        nawilakis moZraobisas Txevad an airad garemoSi 

aRiZvreba xaxunis Zala (Fxax), romelic nawilakis moZraobis 

siCqaris (U) proporciulia: 

                     Fxax = BU 
sadac B xaxunis koeficientia. nawilakze moqmed ZalaTa tolq-

medi tolia 

F= F1 - Fxax 

xaxunis Zala izrdeba nawilakis moZraobis dawyebidan U-s 

zrdis Sesabamisad da roca myardeba wonasworuli mdgoma-

reoba, xaxunis Zala gautoldeba sedimentaciis gamomwvev 

Zalas. Tavidan nawilakTa TanabaraCqarebuli moZraoba am 

momentisTvis Tanabari xdeba da nawilaki moZraobs mudmivi 

siCqariT. e.i. F1=Fxax an sxvagvarad: 

V()g = BU 
saidanac 

                                      U=
0V( - )

g
B

 

            
  (4.10) 

       sferul nawilakTaTvis stoqsis kanonis Tanaxmad, B=6r, 
amis gaTvaliswinebiT: 

                   U=

22r ( - )g0
9

 


                      (4.11) 
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Tu aRvniSnavT, rom 

 

                   K= 9

2( - )g0


 

            (4.12) 

maSin  

                                         r = K U                (4.13) 
       cdiT gansazRvruli sedimentaciis siCqaris (U) safuZ-

velze (4.13) formulis gamoyenebiT SeiZleba gamoiTvalos 

nawilakis radiusi da koloiduri 

sistemis dispersulobis xarisxi.  

     ultramikroheterogenul 

sistemebSi nawilakTa daleqva Zali-

an nela mimdinareobs. aseT siste-

mebSi sedimentaciis mosaxdenad 

1912 wels rusi mecnieris dumans-
kis mier gamoyenebul iqna centri-
danuli veli. 
     amis safuZvelze Svedma mecni-

erma svedbergma Seqmna centrifuga, 
romlis brunvis sixSire aRwevda 

ramdenime aTas bruns wamSi, xolo 

centridanuli aCqareba ki ~106 g-s.  
      dispersul sistemebSi sedimentaciis ganxilvisas auci-

leblad gasaTvaliswinebelia difuziis movlena, radgan mas 

SeuZlia Seaferxos nawilakebis daleqvis procesi. daleqvas  
Tan axlavs siTxis zeda fenebSi nawilakTa koncentraciis 
Semcireba, rasac koncentraciis gradientis warmoqmna mohyveba. 
es ki iwvevs qvemodan zeviT difuziur nakads, romelic, fikis 
pirveli kanonis Tanaxmad, SeiZleba Semdegnairad gamoisaxos:   

        
          

jdif=-D
d

dx


=-

6

KT

r *
d

dx

                   (4.14) 

sedimentaciis nakadi ki mimarTulia zemodan qvemoT da tolia         

 
Teodor svedbergi 

(1884-1971) 
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                             jsed=U
22r ( - )g0

9

 

 *(4.15) 

         dispersul sistemebSi am ori nakadis sidideTa 

Tanafardoba gansazRvravs nawilakebis qcevas. nawilakis  

zomis gazrdiT  sedimentaciis  nakadi  izrdeba ufro  Cqara 

(jsed ~ r2), vidre mcirdeba difuziis nakadi (jdif ~ 
1

r
).  

Tu jsed > jdif, difuzia SeiZleba ugulebelvyoT da aseTi 
sistemebi sedimentaciurad aramdgradia, rac mikrohetero-
genuli sistemebisTvisaa damaxasiaTebeli. Tu jdif > jsed, maSin 
nawilakebi Tanabrad arian ganawilebulni sistemis mTel 
moculobaSi. aseT SemTxvevaSi SeiZleba sedimentaciis 
ugulebelyofa da sistemebi sedimentaciurad mdgradia, rac 
ultramikroheterogenuli sistemebisaTvis (zolebi) aris 
damaxasiaTebeli. zolebSi nawilakebis daleqvisas garkveuli 

drois Semdeg SeiZleba dadges momenti, rodesac jsed= jdif. am 
dros wydeba nivTierebis gadatana orive mimarTulebiT da 
myardeba sedimentaciur-difuziuri wonasworoba. nivTierebis 
ganawileba simaRlis mixedviT hifsometruli kanonis Sesaba-
misad xdeba

                 
 

                  c=co
/mgh KTe        

         
(4.16)  

     
 

sadac c siTxeSi nawilakebis  koncentraciaa h simaRleze, c0  
nawilakTa koncentraciaa WurWlis fskerze, m ki nawilakebis 

masa.            
     (4.16) gantolebis Tanaxmad tempetaturis mudmivobis 
pirobebSi siTxis svetis simaRlisa (h) da nawilakebis masis 
(m) zrdis Sesabamisad koloiduri sistemis nawilakebis 
koncentracia mcirdeba. am gantolebiTa da nawilakobrivi 

koncentraciis gansazRvris gziT SeiZleba ganisazRvros 

nawilakTa zoma or sxvadasxva simaRleze. (4.16) gantolebis 

safuZvelze svedbergma gamoTvala avogadros ricxvi, romelic 

sxva meTodiT miRebul SedegebTan karg TanxvdenaSia. 
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4.1.5. sedimentaciuri analizi 
 

       (4.13) gantoleba safuZvlad udevs sedimentaciur 
analizs, romelic dispersuli analizis erT-erTi meTodia da 

farTod gamoiyeneba uxeSdispersuli sistemebis Seswavlisas. 

meTodi gulisxmobs nawilakebis daleqvis siCqaris eqsperimen-

tuli gazomvis safuZvelze suspenziaSi nawilakebis zomis 

(dispersiulobis xarisxis) dadgenas. sedimentaciuri anali-

zis meTods udidesi praqtikuli mniSvneloba aqvs, radganac 

dispersiulobis xarisxi mravali samrewvelo (cementi, beto-

ni, pigmentebi, minanqari, Wiqurebi, Slikerebi) da bunebrivi 

(qviSa, grunti, niadagi) masalebis sawarmoo maCveneblebs 

gansazRvravs.  

       daleqvisas monodispersiul sistemaSi yvela nawilaki 

erTnairi siCqariT moZraobs. amis gamo suspenziaSi sadis-

persio garemosa da dispersul fazas Soris Cndeba mkveTri 

gamyofi sazRvari, romelic TandaTan qveviT iwevs da sazom 

cilindrSi misi gadaadgilebis sididisa da drois gazomviT 

SeZleba ganisazRvros nawilakTa daleqvis siCqare:  

                       U = 

               

(4.17) 

sadac H sazom cilindrSi suspenziis svetis simaRlea,  - ki 
daleqvis dro. daleqvis siCqaris sididisa da (4.13) 
formulis gamoyenebiT ki gamoiTvleba nawilakTa radiusi. 

realur sistemebi TiTqmis yovelTvis polidispersulia, rac 

nawilakTa daleqvis siCqaris sxvadasxvaobas iwvevs. msxvili 

nawilakebi ufro swrafad ileqeba vidre mcire zomis nawila-

kebi, ris gamoc sadispersio aresa da dispersul fazas Soris 

mkveTri sazRvari aRar warmoiqmneba. aseT SemTxvevaSi 

sedimentaciuri analizis amocanaa polidispersul sistemaSi 

calkeuli fraqciis fardobiTi raodenobis gansazRvra da 

zomis mixedviT maTi gadanawilebis Sefaseba. am mizniT eqspe-

rimentulad sazRvraven drois garkveul monakveTebSi 

gamoyofili naleqis wonas mis gamudmivebamde anu dispersuli 

fazis srul daleqvamde da ageben naleqis wonasa (P)  da 
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daleqvis  dros () Soris damokidebulebis grafiks, 

romelsac sedimentaciuri mrudi ewodeba (ix. nax.4.2). sedi-
mentaciuri mrudidan ki miiReba polidispersiuli sistemis 

daxasiaTebisaTvis saWiro yvela danarCeni monacemi. 

       realur sistemebSi aseTi mrudi parabolaa. mis 

sxvadasxva wertilze sadac simrude ufro mkveTrad icvleba 

avleben mxebebs da agrZeleben ordinatTa RerZis gadakveTamde. 

RerZze mxebebiT mokveTili monakveTebis sigrZeebi Sesabamis  

(1, 2, 3, ... , i)DdroSi gamoleqili fraqciebis (P1, P2, P3, ..., 
Pi) wonis tolia. Pmax=P1+P2+P3+...+Pi mTliani dispersiuli 

fazis wonaa, romelic sedimentaciis procesis damTavrebas 

Seesabameba. 

      suspenziaSi calkeuli fraqciis procentul Semcve-

lobas angariSoben formuliT 

                  Qi=
max

100%iP

P
              (4.18) 

Amitom 

 
Q1 + Q2 + Q3+... + Qi = 100% 

 

 
 

nax. 4.2. sedimentaciuri mrudi 
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polidispersul sistemaSi nawilakebis ganawilebaze naTel 

suraTs ganawilebis integraluri (jamuri) da diferenci-
aluri mrudebi iZlevian, romlebic sakvlevi koloiduri 

sistemis polidispersiulobis xarisxs axasiaTeben. maTi 

agebis meTodi detaluradaa aRwerili koloiduri qimiis 

praqtikul saxelmZRvaneloebSi. ganawilebis mrudebis mixed-

viT advilad SeiZleba ganisazRvros polidispersul sistemaSi 

calkeuli fraqciebis Semcvelobebi.  

nax. 4.3 mocemulia nawilakebis ganawilebis diferenci-

aluri mrudi, romelic axasiaTebs polidispersul sistemaSi 

sxvadasxva zomis nawilakTa fardeobiT Semcvelobas, rac 

ufro naklebad gansxvavdeba rmin da rmax  da maRalia mrudis 

maqsimumi, miT axloa sistema monodispersulTan. mrudis maqsi-

mumi ki Seesabameba yvelaze meti raodenobis mqone fraqcias. 

 

     4.2. dispersuli sistemebis optikuri Tvisebebi 
  

        dispersul sistemebSi fazaTa gamyofi zedapiris 

arseboba masze sinaTlis sxivis mimarTulebis Secvlas 

(arekvla da gardatexa) an sxivTa konis gansxvavebul STanT-

qmis unars ganapirobebs. swored amis gamo dispersuli 

 
 

nax. 4.3. ganawilebis diferencialuri mrudi 
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sistemebi fazuri da optikuri araerTgvarovnebiT xasiaT-

debian. sinaTlis sxivis dacemisas uxeSdispersul sistemebis 

nawilakebis zedapiridan xdeba sxvadasxva kuTxiT misi arekvla 

an gardatexa. dispersiulobis xarisxis gazrda ki koloidur 
sistemebSi sinaTlis difraqciul ganbnevas – opalescencias 
iwvevs.  
              

4.2.1 sinaTlis ganbneva 
 

       koloidur sistemebis mier sinaTlis ganbneva pirve-

lad 1868 wels tindalis mier iqna SemCneuli. sinaTlis koniT 

koloiduri xsnaris gverdidan dasxivebisas, bnel fonze 

SeimCneoda mocisfro manaTobeli konusi. am movlenas 

SemdgomSi tindalis efeqti an sxvanairad opalescencia ewoda. 
mikroaraerTgvarovan sistemebSi opalescencia gamowveulia 
sinaTlis difraqciuli ganbneviT. am TvisebiT koloiduri 

sistemebi gansxvavdebian WeSmariti xsnarebisagan, romlebic 

ZiriTadad optikurad indiferentul sistemebs warmoadgens. 

opalescencia SeimCneva bnel oTaxSi mcire zomis naxvretidan 

Semosul mzis sinaTleSi uxeSdispersuli mtvris nawilakebi  

ganuwyvetliv moZravi manaTobeli wertilebis saxiT Canan, rac 

maTi zedapiris mier sinaTlis difraqciiTaa gamowveuli. 

       releim sinaTlis ganbnevis raodenobrivi Teoria 

daamuSava iseTi sferuli formis nawilakTaTvis, romelTa 

Semadgeneli nivTiereba dieleqtrikia da sinaTlis STanTqmiT 

ar xasiaTdeba. aseTi saxis dispersul sistemebSi sinaTlis 

gavla iwvevs sxivis cvladi eleqtromagnituri velis 

zemoqmedebiT nawilakebis polarizacias. Aam dros aRZruli 

dipolebi ki sinaTlis gamosxivebis wyaros warmoadgenen. 

erTgvarovan garemoSi dipolebis mier gamosxivebuli sinaTlis 

talRebi mxolod dacemuli sinaTlis mimarTulebiT vrcel-

debian. mikroaraerTgvarovan garemoSi (koloiduri sistemebi), 
sadac dispersiuli fazisa da sadispersio garemos gardatexis 
maCveneblebi gansxvavebulia, yoveli nawilaki gamosxivebis 
wyaros warmoadgens da Tu dacemuli sinaTlis talRis sigrZe 
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metia nawilakis zomaze, maSin gamosxiveba yvela mimarTulebiT 
gabneuli sinaTlis saxiT xdeba. e.i. sistemis araerTgvarovneba 
sinaTlis ganbnevis umTavresi pirobaa. koloidur sistemebSi 
sinaTlis sxivis difraqciuli ganbneva maSin xdeba, rodesac 
dispersiuli fazis nawilakebs Soris manZili metia talRis 
sigrZeze, xolo es ukanaskneli ki metia nawilakTa zomaze.  
       gabneuli sinaTlis sxivis intensivobis gamosaTvlel 
releis gantolebas Semdegi saxe aqvs  

         I =Io*

3 224 V
4

 


*

2 2
1 20
2 221 0

( )n n

n n




                       (4.19) 

sadac Io da I dacemuli da gabneuli sinaTlis intensiobebia, 

- nawilakobrivi koncentracia, V – nawilakis moculoba, 
1

n  

da 
0

n  dispersiuli fazisa da sadispersio garemos garda-

texis maCveneblebi, xolo - sinaTlis talRis sigrZe. 

       releis gantoleba safuZvlad udevs koloiduri 

sistemebis kvlevis yvela optikur meTods, romelic sinaTlis 

ganbnevas da gabneuli sinaTlis intensivobis gazomvas emyareba. 

        gardatexis maCvenebelTa sxvaobis (
1

n -
0

n ) gazrdiT 

gabneuli sinaTlis intensioba izrdeba. mudmivi masuri koncen-

traciis SemTxvevaSi ki I nawilakTa moculobis proporci-

ulia. difraqciuli ganbnevis Teoriis Tanaxmad es damokidebu-

leba marTebulia, roca 2r/0,3. speqtris xiluli ubni-

saTvis es piroba Seesabameba nawilakebis zomas r <(2 4)*10-6 

sm.  

nawilakTa zomis gazrdiT (roca r ≥sinaTlis ganbneva 
arekvliT icvleba. I proporciulia nawilakobrivi koncentra-

ciisa () da ukuproporciulia 
4 , rac imas niSnavs, rom 

sistemis TeTri sinaTliT ganaTebisas ganbneuli sinaTle 

mokletalRiani komponentebiT (lurji, iisferi) mdidrdeba. 

es mravali koloiduri sistemisTvisaa damaxasiaTebeli, 
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romlebic gverdiTi ganaTebisas mocisfro-iisfer Seferilo-

bas iReben. Sesabamisad gamaval sinaTlis sxivTa konaSi 

grZeltalRiani komponentebi rCeba, romlebic maT mowiTalo  

elfers aZlevs. amiT aixsneba mzis Casvlisas cis mowiTalo 

feri. mze horizonts dabla imyofeba da sxivebis ganmbnevi 

garemos sqeli fenis gavlis Semdeg, Cven grZeltalRian 

mowiTalo-oqrosfer sinaTles vxedavT.  

     ganbneuli sinaTlis intensivobis damokidebulebas 
4 -

ze didi praqtikuli mniSvneloba aqvs signalizaciisa da 

radiolokaciisaTvis. wiTeli feri safrTxis signalad imitom 

gamoiyeneba, rom is naklebi ganbnevis gamo nislian amindSic ki 

Sori manZilidan kargad SeimCneva. infrawiTeli da mokle 

radiotalRebis mcire ganbnevas ki lokaciisaTvis iyeneben. am  

talRebis Sexvedrisas raime ganmbnev an amreklav sxeulTan 

(TviTmfrinavi, Rrubeli) sxivis energiis garkveuli nawili 

airekleba Semxvedri obieqtis zedapiridan da maregis-

trirebel mowyobilobas ubrundeba. signalis dabrunebis 

drois mixedviT SeiZleba ganisazRvros obieqtis siSore, 

xolo sxivis intensivobiT ki - Semxvedri obieqtis zoma.  
                         

4.2.2. sinaTlis STanTqma


mravali koloiduri xsnari Seferilia, rac imis 

maCvenebelia, rom isini xiluli speqtris Sesabamisi ubnis 

sixSiris sxivebs STanTqaven. zoli iRebs STanTqmuli 

sinaTlis damatebiTi feris Seferilobas. magaliTad, lurji 

sinaTlis STanTqmisas zoli ifereba wiTlad, Tu igi 

STanTqavs speqtris mTel xilul ubans, maSin Savi ferisaa, 

Tu es sxivebi ganWolaven gamWvirvale sxeuls, maSin igi 

uferuli Cans, xolo Tu airekleba aragamWvirvale sxeulidan 

igi TeTri ferisaa. Sefervis intensiuroba dispersuli fazis 

nawilakebis zomaze da maT koncentraciazea damokidebuli. 

SiO2–is da Tixamiwis hidrozolebi uferoa radgan maT 

mxolod sinaTlis ganbneva axasiaTebT. dariSxanis sulfidis 
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zoli Jolosfer-wiTelia, berlinis laJvardi - lurji da 

a.S. zolebi gamWol sinaTleze homogenurebi Canan da Zalian 

gvanan WeSmarit xsnarebs, amitom sinaTlis STanTqma am 

sistemebSic emorCileba buger-lambert-beeris kanons, romlis 

Tanaxmad 

                                           I= Io
Klce

             
(4.20) 

sadac Io  da I sistemaze dacemuli da sistemidan gamosuli 

sinaTlis intensivobebia, K - STanTqmis koeficienti, romelic 

iTvaliswinebs sinaTlis ganbnevasac (sistemis simRvrives), c - 
zolis koncentracia, l  ki zolis fenis sisqea, romelSic 

sinaTlis sxivi gadis. 

      liTonTa nawilakebis Semcveli zolebi Zlier StanT-

qaven maTze dacemul sinaTles. es imiTaa gamowveuli, rom 

sinaTlis talRis magnituri veli iwvevs gamtaris nawilakebSi 

eleqtruli denis aRZvras, am dros talRis energiis nawili 

gardaiqmneba joulis siTboSi da am dros dispersiuli fazis 

nawilakebis mier xdeba sinaTlis energiis mniSvnelovani 

sididis STanTqma. liTonTa zolebs axasiaTebT STanTqmis 
SerCeviToba, romelic maTi dispersulobis xarisxis funqcias 
warmoadges. dispersulobis gazrdiT STanTqmis maqsimumi 
mokle talRebisaken inacvlebs. dispersulobis cvlileba 

iwvevs StanTqmisa da ganbnevis speqtrebis cvlilebas 

(fiqtiuri STanTqma). magaliTad, oqros zoli, romelSic 

nawilakebis zoma 20 nm-ia, STanTqavs speqtris mwvane ubans da 

aqvs kaSkaSa wiTeli feri. 40-50 nm zomis nawilakebis SemT-

xvevaSi maqsimaluri STanTqma xdeba speqtris yviTel ubanSi 

da zoli iRebs lurj fers. Zalian maRaldispersuli oqros 

zoli sinaTles STanTqavs speqtris lurj ubanSi da aqvs 

yviTeli feri iseTive. STanTqmis SerCeviTobasTanaa dakavSi-

rebuli zogierTi mineralisa da Zvirfasi qvis Seferiloba. 

rZisferi kvarci, safironi, ameTvisto warmoadgenen kvarcis 

nairsaxeobebs, sadac SiO2–is kristalur meserSi CarTulia 

Mn, Fe da sxva liTonebis maRaldispersiuli nawilakebi. lali 

warmoadgens qromis an oqros koloidur xsnars Al2O3-Si. 
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xelovnuri lalis mina aris oqros koloiduri xsnari minaSi 

da a.S.  

 

4.2.3. dispersuli sistemebis kvlevis  

optikuri meTodebi 
 

       koloiduri sistemebis kvlevis optikuri meTodebi am 

sistemaTa mier sinaTlis sxivTa konis STanTqmis, arekvlis, 

ganWolisa da ganbnevis unars emyareba. am meTodebiT SeiZleba 

ganisazRvros dispersiuli fazis nawilakTa zoma, forma, 

struqtura da koncentracia. optikuri Tvisebebis Seswavlam 

xeli Seuwyo raodenobriv kanonzomierebaTa dadgenas iseT 

procesebSi, rogorebicaa brounis moZraoba da difuzia.  

       dReisaTvis optikuri meTodebidan upiratesi gamo-

yeneba ultramikroskopias, eleqtronul mikroskopias, 
nefelometrias, turbidimetrias da rendgenografias aqvs.  
       ultramikroskopia erT-erTi pirveli optikuri 

meTodia, romelic koloiduri sistemebis kvlevisas iqna 

gamoyenebuli. Cveulebrivi mikroskopisagan gansxvavebiT 

ultramikroskopSi sinaTlis mZlavri koniT koloiduri 

sistema gverdidan naTdeba da xdeba nawilakTa mier ganbneul 

sinaTleze dakvirveba. TiToeuli nawilaki warmoqmnis 

manaTobel konuss da amitom bnel fonze nawilakebi manaTobel 

wertilebad Canan, romlebic qaoturad moZraoben brounis 

moZraobaSi CarTulobis gamo. maTi pirdapiri registracia 

saSualebas ar iZleva vimsjeloT am nawilakTa formasa da 

zomaze, radgan mikroskopSi Cans ara uSualod nawilakebi, 

aramed maT mier yovelmxriv gabneuli sinaTle. manaTobeli 

wertilebis daTvliT cnobili masuri koncentraciis 

SemTxvevaSi SeiZleba gamoviTvaloT nawilakebis zoma. am 

mizniT mikroskopSi gamoyofen garkveul optikur moculobas 

(V0), romelSic iTvlian manaTobeli wertilebis ricxvs (n). 

moculobis erTeulSi nawilakebis ricxvia =
0

n

V
 da erTi 
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nawilakis moculoba ki V= C


, sadac C nawilakebis masuri 

koncentraciaa, ki simkvrive. amis Semdeg kuburi nawilakebi-

saTvis SeiZleba gamoviTvaloT wibos sigrZe l=
3V , sferuli 

nawilakebisaTvis ki radiusi r =
33 / 4V  .

  
   

ultramikroskopiis gamoyenebiT SeiZleba davakvirdeT mTeli 

koloiduri zomis diapazonis mqone nawilakebs.  

kvlevis ufro did SesaZleblobas iZleva eleqtronuli 

mikroskopi, romelSic sxivTa konis nacvlad eleqtronebis 

nakadi gamoiyeneba. sakvlev garemoSi gavlis Semdeg 

eleqtromagnituri velis meSveobiT xdeba eleqtronebis konis 

fokusireba. gadidebuli gamosaxulebis proeqcia monitorze 

miiReba cifruli informaciis saxiT an xdeba misi 

fotografireba. Zlier eleqtrul velSi eleqtronebis 

nakadis aCqareba xdeba rac zrdis eleqtronuli mikroskopis 

garCevisunariaobas, es ki Tavis mxriv saSualebas iZleva 

davakvirdeT koloiduri sistemis TiToeul nawilaks, 

davadginoT maTi forma da zoma. 

       nefelometria - meTods safuZvlad udevs releis 
gantoleba, romelic SeiZleba ase Caiweros:   

                  I=IoKV2=IoKcV                     (4.21)K             
sadac K mudmiva aerTianebs gantolebaSi Semaval yvela mudmiv 

sidides, romlebic gazomvis dros ar icvleba. gabneuli 

sinaTlis intensivobis gazomvis safuZvelze SeiZleba zolSi 

nawilakebis zomis, formisa da koncentraciis dadgena. 

       (4.21) formulidan Cans, rom ori, erTnairi formisa 

da zomis ( 1 2V V ) nawilakebis Semcveli zolis mier 

gabneuli sinaTlis intensivobebi ise Seefardeba erTmaneTs, 

rogorc maTi nawilakobrivi koncentraciebi:  

                                            1

2

I

I
= 1

2
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       erTnairi koncentraciis zolebis SemTxvevaSi ki 

intesivobebis fardoba nawilakebis moculobaTa fardobis 

tolia: 

                   

1

2

I

I
 

2

1

V

V
3
2

3
1

d

d

             (4.22)  

       nefelometriaSi sakvlevi zolis mier gabneuli 

sinaTlis intensivobas adareben standartuli zoliT gabneul 

sinaTlis intensivobasTan da zemoT moyvanili formulebiT 

angariSoben sakvlev sistemaSi nawilakebis koncentraciasa da 

maT zomas. 

       Tu gaviTvaliswinebT ganbneuli sinaTlis intensivobis 

SedarebiT mcire mniSvnelobas, SeiZleba davweroT rom zolis 

simRvrive 

                                                   τ=I/I0             (4.23) 

an releis formulidan gamomdinare 

                                                   τ=KcV            (4.24) 

       nefelometruli meTodi farTod gamoiyeneba poli-

merebis molekuluri masis gansazRvrisaTvis. am mizniT (4.21) 

gantolebas ase weren  

                     I=(I0KcM)/(ρNA)            (4.25) 

sadac M polimeris molekuluri masaa, NA avogadros ricxvi, 

ki polimeris simkvrivea. (4.25) da (4.23) gantolebaTa 

gaTvaliswinebiT miiReba rom 

                  M=τ/(Hc)                (4.26)       

sadac  

                                     H=K/(NAρ)                              (4.27) 
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       nefelometri gabneuli sinaTlis intensivobis ga-

sazomi, fotokolorimetris analogiuri xelsawyoa. prin-

cipuli gansxvaveba mxolod imaSi mdgomareobs, rom 

nefelometrSi sinaTlis wyaro moTavsebulia dasaregis-

trirebeli gabneuli sxivis mimarT garkveuli kuTxiT. garda 

amisa masSi gaTvaliswinebulia sxvadasxva kuTxiT ganbneuli 

sinaTlis sxivTa registraciis SesaZleblobac.    

 

IV Tavis ZiriTadi daskvnebi 
 

1. molekulur-kinetikuri Teoria molekulebis TavisTavadi 

moZraobis kanonebs swavlobs;  

2. ingliselma botanikosma brounma 1828 wels aRmoaCina 

mikronawilakebis uwyveti da uwesrigo moZraoba, 

romelsac SemdgomSi brounis moZraoba ewoda. ainSta-
inisa da smoluxovskis mier Seqmnili brounis 

moZraobis Teoriis safuZveli sadispersio garemos 

(siTxe an airi) molekulaTa dispersiuli fazis 

nawilakebTan dajaxebaa, rac maTi uwyveti da qaoturi 

moZraobis ZiriTadi mizezia; 

3. brounis moZraobis qaoturoba Tavis moqmedebis 

Sedegad, mTel sadispersio garemoSi dispersiuli 

fazis Tanabar gadanawilebas iwvevs; 

4. Tburi moZraobis Sedegad, sakvlevi sistemis mTel 

moculobaSi nawilakTa koncentraciis TavisTavad 

gaTanabrebis process difuzia ewodeba; 
5. difuziis koeficienti pirdapirproporciuladaa damo-

kidebuli sistemis temperaturasa da nawilakTa 

moZraobis siCqareze, xolo ukuproporciuladaa damo-

kidebuli nawilakTa zomasa da garemos siblanteze. 

                         
6

RT
D

rN
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6. dispersuli fazis nawilakebis Tburi moZraobis gamo 

koloiduri sistemebi WeSmariti xsnarebis msgavsad 

osmosuri wneviT xasiaTdebian; 

7. koloidur sistemebSi osmosuri wneva nawilakis masis 

an misi radiusis kubis ukuproporciulia 

         

P

P

osm1

osm2  

= 
2

1

m

m       

P

P

osm1

osm2

=

3
2
3

1

r

r  

8. simZimis Zalis gavleniT dispersiuli fazis nawilakTa 

daleqvis process sedimentacia ewodeba; 
9. koloidur sitemebSi simaRlis mixedviT nivTierebis 

koncentraciis ganawileba hifsometruli kanonis 
Sesabamisad xdeba 

                                       c=co
/mgh KTe  

10. sedimentaciur analizs safuZvlad udevs Semdegi 

gantolebani: 

U=
H

t          
r = K U

       
11. dispersul sistemebSi fazaTa gamyofi zedapiris 

arseboba maTze dacemuli sinaTlis sxivis mimarTu-

lebis Secvlas (arekvla, gardatexa) an sxivTa konis 

gansxvavebul STanTqmis unars ganapirobebs, swored 

amis gamo dispersuli sistemebi fazuri da Sesabamisad, 

optikuri araerTgvarovnebiT xasiaTdebian; 

12. dispersulobis xarisxis zrda koloidur sistemebSi 

sinaTlis difraqciul ganbnevas – opalesencias iwvevs. 
releis gantolebas ganbneuli sinaTlis sxivis 

intensivobis gamosaTvlelad Semdegi saxe aqvs:  

         I =I*
3 224 V
4

 


*

2 2
1 20
2 221 0

( )n n

n n



  

13. nawilakebis zomis gazrdiT (r ≥) sinaTlis ganbneva 

arekvliT icvleba; 
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14. sinaTlis STanTqma dispersul sistemebSi buger-
lambert-beeris kanons emorCileba, romlis Tanaxmad  

I = I
Klce  

 

5. dispersuli sistemebis mdgradoba
                    da koagulacia 

 
     dispersuli sistema mdgradia, Tu misi ZiriTadi 
parametrebi _ dispersulobis xarisxi da sadispersio 
garemoSi dispersiuli fazis nawilakebis Tanabari ganawileba 
droSi ucvlelia.       
     dispersuli sistemis mdgradoba erT_erTi umniSvne-

lovanesi da urTulesi problemaa koloidur qimiaSi. 

mdgradobis SenarCuneba aucilebelia dispersiuli sisteme-

bisagan sxvadasxva saxis nakeTobaTa, danafarebis, samkurnalo 

preparatebisa da sxva masalebis misaRebad. mdgradobis 

likvidacia ki gamoiyeneba saWiro struqturebis warmosa-

qmnelad sawarmoo masalebSi, naleqebis misaRebad, samrewvelo 

gamonabolqvebis gasawmendad da a.S.           

     dispersuli sistemebis mdgradoba ori saxisaa: kine-
tikuri (sedimentaciuri) da agregatuli. 
     kinetikuri mdgradoba ewodeba dispersuli fazis 

nawilakebis simZimis Zalis moqmedebiT, maTi daleqvis mimarT 

mdgradobas anu sistemis unars SeinarCunos dispersiuli 
fazis nawilakebis Tanabari ganawileba sadispersio garemos 
mTel moculobaSi. 
     agregatuli mdgradoba ewodeba dispersiuli fazis 

nawilakebis mdgradobas agregaciis (gamsxvilebis) mimarT anu 

koloiduri sistemis unars SeinarCunos fazis dispersulobis 
xarisxi.  
     mikroheterogenul sistemebSi (suspenziebi, emulsiebi) 

xSirad irRveva kinetikuri mdgradoba didi zomis nawilakTa 

daleqvis gamo, rasac dispersuli sistemis daSlamdec ki 

mivyavarT. maRaldispersuli koloiduri sistemebi ki 
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kinetikurad mdgradi sistemebia, maTTvis damaxasiaTebelia 
sedimentaciur-difuziuri wonasworoba. 
       agregatuli mdgradoba SeiZleba iyos Termodinamikuri 
an kinetikuri. Termodinamikurad mdgradi sistema miiReba erTi 
fazis TavisTavadi dispergirebiT meoreSi. aseTi procesi 

sistemis Tavisufali energiis Semcirebis xarjze midis da 

Tavisufali energiis cvlileba gamoisaxeba formuliT 

                  F = U - TS < O 
aseT sistemebs liofiluri dispersiuli sistemebi ewodeba.      
     liofoburi koloiduri sistemebi Termodinamikurad 

aramdgradni arian. maTSi fazis dispergireba xdeba sistemis 

garedan daxarjuli muSaobis xarjze da am dros Tavisufali 

energia gamoisaxeba Semdegi formuliT   

                   F = U - TS > O 
      liofoburi koloiduri sistemebi Warb Tavisufal 
zedapirul energias floben, ris gamoc maTSi nawilakebis 
gamsxvilebis procesi TavisTavad, Tavisufali energiis 
Semcirebis gziT mimdinareobs. Aswored amis gamo isini agre-
gatulad aramdgrad sistemebs miekuTvnebian.        

      nawilakebis gamsxvileba (agregacia) SeiZleba moxdes 

ori gziT, izoTermuli gamoxdiT an koagulaciiT. 
     izoTermuli gamoxda (gadadena) aris nivTierebis 

gadatana wvrilidan msxvil nawilakebze, romelTa qimiuri 

potenciali wvril nawilakebTan SedarebiT naklebia. amis 

Sedegad sistemaSi mimdinareobs msxvili nawilakebis zomebis 

kidev ufro zrda wvrili nawilakebis gaqrobis (gaxsnis) 

xarjze. 

     Kkoagulacia ki koloiduri nawilakebis SewebebiT ufro 

didi zomis agregatebis warmoqmnaa, swored amis Sedegia  

koloiduri sistemis agregatuli mdgradobis dakargva anu 

dispersuli fazis daleqva da koloiduri sistemis daSla. 

warmoqmnili koagulati SeiZleba iyos sxvadasxvagvari 

struqturis mqone naleqi an sadispersio areSi motivtive 

warmonaqmni. magaliTad mkvrivi an faSari, xaWosebri, 

bambisebri, boWkosebri da a.S. 
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      arastabilizirebuli liofoburi sistemebis agrega-
tuli mdgradoba ZiriTadad kinetikuri xasiaTisaa, romlis 
dakargvac sistemaSi koagulaciuri procesebis dawyebas  

iwvevs.Aam procesebis pirveli safexuria dispersuli fazis 

nawilakebis daaxloeba da mcire manZilze maTi urTierT 

fiqsacia ise, rom nawilakebs Soris rCeba sadispersio garemos 

Txeli Sre. amis Sedegad warmoiqmneba an flokulebi an koagu-
laciuri struqturebi. Fflokulacia ramdenime (3,4,5...) 

nawilakis gaerTianebiT ufro didi zomis agregatebis 

warmoqmnis procesia, romelTa Soris moTavsebulia 

sadipersio garemos Txeli Sre.  

       Sebrunebul process - naleqis an struqturirebuli 

sistemis gadayvanas Tavisufaldispersul sistemaSi peptiza-
cia ewodeba.  
       maSasadame, koagulaciis pirveli safexuri Seqcevadi 
procesia. 
      Kkoagulaciis meore safexuris procesebi micelaTa 

Soris siTxis Sris darRveviT mimdinareoben. Aam dros  

adgili aqvs maT Soris uSualo kontaqts, ris Sedegadac 

micelebisagan miiReba ufro mkvrivi agregatebi. Txevadi 

dispersuli fazis SemTxvevaSi ki xdeba nawilakTa sruli 

Serwyma – koalescencia. Kkoncentrirebul xsnarebSi ki 

warmoiqmneba myari sxeulebis kondesaciur-kristalizaciuri 

struqturebi, romelTa gadayvana Tavisufaldispersiul 

sistemebSi SeiZleba mxolod iZulebiTi dispergirebis gziT. 

Yovelive aqedan gamomdinare vaskvniT rom koagulaciis meore 
safexuri Seuqcevadi xasiaTisaa.  
       amgvarad, koagulacia ramodenime process moicavs da 
yoveli maTgani dispersiuli fazis xvedriTi zedapirisa da 
Sesabamisad Tavisufali energiis SemcirebiT mimdinareobs. 
      liofoburi sistemebis agregatuli mdgradoba gani-

sazRvreba koagulaciis siCqaris sididiT, romelic  brounis 
moZraobis intensiurobis garda nawilakebis garemomcveli 

Sreebis Tvisebebzecaa damokidebuli. Aam Sreebis bunebisa da 
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maTi urTierTganmzidavi moqmedebis mixedviT axdenen disper-

suli sistemebis mdgradobis faqtorTa klasifikacias.  

Tu koagulaciis mizezi fazaTa gamyofi zedapirze 

arsebuli Warbi energiaa maSin ZiriTadi faqtorebi, romlebic 

fazaTa gamyofi zedapiris sididis ucvlelobisas sistemis 

mdgradobas uzrunvelyofen iqnebian zedapirul daWimulobis 

Semamcirebeli nivTierebebi. aseTi saxiT koloiduri 

sistemebis mdgradobis SenarCunebas mdgradobis Termodi-
namikuri faqtorebi ewodeba.  

arsebobs koagulaciisadmi mdgradobis sami ZiriTadi 

faqtori:  

1) eleqtrostatikuri faqtori, romelic dispersiuli 

fazis nawilakebis zedapirze ormagi eleqtruli Sris 

warmoqmnis xarjze amcirebs zedapirul daWimulobas;  

2) adsorbciul-solvaturi faqtori, romlis moqme-

debis gamoc sadispersio garemosTan urTierTqmedebisas 

dispersuli fazis nawilakebis irgvliv warmoqmneba solva-

turi Sreebi, rac Tavis mxriv zedapiruli daWimulobis 

Semcirebis garantia. 

      3) kinetikuri faqtori, romelic ZiriTadad disper-

suli sistemebis hidrodinamikur da struqturul-meqanikur 

TvisebebTanaa dakavSirebuli. struqturul_meqanikuri faqto-
ris moqmedebisas nawilakebis zedapirze maRalmolekuluri an 

zedapirulad aqtiuri nivTierebebis mier garkveuli simtki-

cisa da drekadobis mqone Sreebi warmoiqmneba, romlis 

darRvevisvis garkveuli dro da energiaa saWiro. 

      Aagregatuli mdgradobis Termodinamikur Teorias 

safuZvlad gampobi wnevis cneba udevs. dispersiuli fazis 

nawilakTa urTierTmiaxloebisas apkis sisqe mcirdeba da 

koloiduri zomis nawilakTa zedapiruli Sreebis urTierT-

qmedebis gaZlierebis gamo aRiZvreba gampobi wneva. apki  
ewodeba sadispersio garemos im nawils, romelic dispersuli 

fazis nawilakTa gamyof zedapirebs Sorisaa moTavsebuli. 
       Ggampobi wneva SeiZleba ganvixiloT rogorc wneva, 
romelic nawilakebis mxridan moqmedebs apkze ise, rom 
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SenarCundes misi wonasworuli sisqe. am TvalsazrisiT gampobi 

wneva warmoadgens apksa da mis SemomsazRvrel fazebs Soris 

hidrostatikur wnevaTa sxvaobas 

                     h = P – Po                                      (5.1)  
sadac P wnevaa apkSi, Po – hidrostatikuri wneva apkTan 

wonasworobaSi myof Txevad fazaSi, romlis nawilsac apki 

warmoadgens. 

       gampobi wneva apkSi moqmedi mizidvisa da ganzidvis 
Zalebis jamuri sididea da maTi tolqmedi Zalis tolia. 
Sesabamisad, misi sidide SeiZleba iyos uaryofiTi an dadebiTi. 

G    gampobi wnevis uaryofiTi mdgeneli (apkis SemkumSavi 
Zala) ganpirobebulia atomebsa da molekulebs Soris 

mizidvis ZalebiT rogorc calkeuli fazis SigniT, iseve 

fazebs Sorisac. dadebiTi mdgeneli (ganzidvis Zala) ki Txel 

apkSi myofi molekulebisa da ionebis potencialuri 

energiebis zrdiTaa ganpirobebuli. 

 

5.1. liofoburi koloiduri sistemebis mdgradobisa da 

koagulaciis Teoriuli safuZvlebi 
 

     koloiduri sistemebis mdgradobisa da koagulaciis 

xarisxi dispersuli fazis nawilakebs Soris urTierTqme-

debazea damokidebuli, amitom mdgradobis Teoriebs nawila-

kebs Soris mizidva-ganzidvis energiebis Tanafardoba udevs 

safuZvlad. nawilakebs Soris mizidvis Zalebi ganpirobebulia 

molekulaTaSorisi anu van-der-vaalsis adsorbciuli bunebis 

ZalebiT. ganzidvis Zalebi ki, mdgradobis (stabilizaciis) 

faqtorebidan gamomdinare, SeiZleba sxvadasxvagvari iyos. 

dispersuli sistemebis simravlis gamo mdgradobis 

erTiani raodenobrivi Teoriis Seqmna mecnierTaTvis dRemde 

gadauWreli amocanaa. 

     dReisaTvis upiratesoba eniWeba rusi mecnierebis 

deriaginisa da landaus (1937-1941 w.) da ufro gvian 

holandieli mecnierebis – ferveesa da overbekis mier 
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SemuSavebul Teorias, romelic dlfo-s Teoriis saxel-

wodebiTaa cnobili da avtorTa gvarebis abreviaturas warmo-

adgens. 

     Ddlfo-s Teoriis klasikur variantSi koagulaciis 
procesi van-der-vaalsis mizidvisa da eleqtrostatikuri 
ganzidvis Zalebis erTdrouli moqmedebis Sedegia. am Zalebs 

Soris balanszea damokidebuli nawilakebis urTierTmiax-

loebisas sadispersio garemos Txel apkSi dadebiTi gampobi 

wnevis (romelic nawilakTa Soris ganzidvas iwvevs) an 

uaryofiTi wnevis warmoqmna, romelic apkis SekumSviTa da 

nawilakebs Soris uSualo kontaqtiT mimdinareobs. 

      dlfo-s Teoriis ukeT aRqmis mizniT, ganvixiloT ori 

msxvili nawilakis urTierTqmedeba, romelTaTvisac maTi 

zomebidan gamomdinare siTburi (brounis) moZraoba SeiZleba 

ugulebelvyoT. warmovidginoT es nawilakebi rogorc ori 

urTierTparaleluri firfita, romelTa xazovani zomebi maT 

zedapirze arsebul ormagi eleqtruli Sris sisqesTan 

SedarebiT gacilebiT didia. firfitebs Soris urTierT-

qmedebis saerTo energia firfitis farTobis erTeulze 

gadaangariSebiT iqneba: 

                    U=Uganz+Umiz            (5.2) 
sadac Uganz da Umiz nawilakebs Soris ganzidvisa da mizidvis 

energiebia,  romlebic nawilakTa Soris manZilis (h)  funqcias 
warmoadgenen 

                   dUganz(h) = ganzdh                       (5.3) 
                                       dUmiz(h) = miz dh                                

sadac ganz da miz ganzidvisa da mizidvis gampobi wnevebia. 
Umiz(h) ganpirobebulia molekulaTaSorisi mizidvis ZalebiT, 

Uganz(h) ki – mxolod eleqtrostatikuri ganzidvis ZalebiT, 

amitom   

                                     dganz=d(5.4) 
sadac ormagi eleqtruli Sris eleqtruli muxtis simkvri-

vea, xolo oeS-is eleqtruli potenciali. 

       oeS-Si muxtis moculobiT ganawilebas aRwers 
Sternis Teoria. dlfo-s Teoriis Tanaxmad, nawilakTa 
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urTierTqmedebisas xdeba oeS-is difuziuri nawilis defor-

macia, amitom -is mcire mniSvnelobisaTvis misi  sidide, gui-
Cepmenis Teoriis Tanaxmad ganisazRvreba 

                     
x

x e 
                                (5.5) 

sadac difuzuri Sris potencialia,  - difuziuri Sris 

sisqis Sebrunebuli sidide (= 1


), xolo x manZilia fazaTa 

gamyofi zedapiridan difuziuri Sris mocemul wertilamde. 

rodesac nawilakebi imyofebian h = 2x manZilze, isini ar 

urTierTqmedeben, maTi oeS-ebi ar gadaifarebian da TiToeul 

SreSi potenciali nulamde ecema (nax 5.1.a°). ufro mcire 

manZilze nawilakebis daaxloebisas oeS-ebi gadaifarebian da 

x potenciali firfitebs Soris nulamde aRar mcirdeba. Sua 

manZilze ki roca h=x, potencialis mniSvneloba minimaluria 

da utoldeba 2x=h  (nax 5.1-b).  
     xsnarSi iseTive niSnis potencialis arseboba, rogoric 

firfitebis zedapirebs aqvT, iwvevs maT  urTierTganzidvas, 

anu ganzidvis gampob wnevas. (5.5) formula gamodgeba mxolod 

firfitasTan axlo manZilebze. puanson-bolcmanis gantolebis 

 
 

Nnax 5.1. potencialis ganawileba or erTnairmuxtian nawilaks Soris 
oeS-ebis gadafarvamde (a) da gadafarvis Semdeg (b). 
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Tanaxmad -s mcire mniSvnelobisaTvis ganzidvis wneva 

SeiZleba gamoiTvalos formuliT: 

                   ganz(h) = 22 x
   

romelSic φx-is da h=2x mniSvnelobebis CasmiT sabolood mivi-

RebT:         

                    ganz(h)=22
2
 e-h                   (5.6) 

sadac, eleqtruli mudmivaa, ki sadispersio garemos 

dieleqtruli mudmiva. analogiuri msjelobiT maRali 

potencialebisaTvis miiReba: 

                 ganz(h)=64coRT2e-h                         (5.7) 
sadac co xsnarSi sawinaaRmdego niSniT damuxtuli ionebis 

koncentraciaa,  ki mudmivaa, romelic  -s funqciaa. Firfi-

tebs Soris ganzidvis energias miviRebT h∞ intervalSi (5.3) 

gantolebis integrirebiT da masSi (5.6)-dan ganz mniSvnelobis 

CasmiT vRebulobT, rom 

                 Uganz(h)=2
2
 e-h                   (5.8) 

       amrigad, firfitebs anu nawilakTa zedapirebs Soris 

urTierTganzidvis energia, iseve rogorc gampobi wnevis 

eleqtrostatikuri mdgeneli, firfitebs Soris manZilis 

zrdisas eqsponencialurad mcirdeba. 

      firfitebs Soris mizidvis energia, rogorc ukve 

aRvniSneT ganpirobebulia van-der-vaalsis ZalebiT.  maTgan 

universaluria dispersuli Zalebi, romlebic xasiaTdebian 

aditiurobiT da SeiZleba advilad ganisazRvrul iqnan orive 

nawilakSi molekulebsa da atomebs Soris urTierTqmedi 

Zalebis SekrebiT. aseTi miaxloebiTi gamoTvla Catarebul iqna 

hamakeris mier da igi zedapiris 1 sm2-ze gadaangariSebiT 

tolia: 

                 Umiz(h)= 2
2,1

12 h

A


                   (5.9) 
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 sadac 1,2A =2n2c, 1,2A  hamakeris mudmivaa, romelic 

nawilakebis urTierTmizidvas iTvaliswinebs, c – nawilakebis 

bunebaze damokidebuli mudmivaa, n ki dispersuli fazis 

nawilakis moculobis erTeulSi molekulaTa  ricxvia.  
      rogorc (5.9) formulidan Cans, firfitebs Soris 

mizidvis energia manZilis kvadratis ukuproporciulia. 1,2A
-s energiis ganzomileba aqvs da daaxloebiT 10-12  ergs udris. 

(5.9)  gantoleba gamoyvanil iqna im daSvebiT, rom firfitebis 

urTierTqmedeba vakuumSi xdeba. sadispersio garemos 

Tanaobisas 1,2A  icvleba A*-iT da Sesabamisad viRebT                 

                   Umiz(h) = 212 h

A





         (5.10) 

sadac A*= 1A  + 0A  - 0,1A                

 1A  da 0A  dispersiuli fazisa da garemos hamakeris 

mudmivebia, 0,1A  ki dispersuli fazisa da sadispersio aris 

urTierTqmedebis mudmivaa. rac metia 0,1A  miT naklebia A* anu 

naklebia firfitebs Soris mizidvis energia. firfitebs Soris 

urTierTqmedebis jamuri energia  (5.2) formulis Tanaxmad, 

iqneba: 

     Uh=Uganz(h)+Umiz(h)=2
2
 e-h

212 h

A





            (5.11) 

              dlfo-s Teoriis Tanaxmad, (5.11) gantoleba 

gansazRvravs koloiduri sistemis qcevas. misi mdgradoba an 

koagulaciis siCqare damokidebulia nawilakebs Soris 

urTierTqmedebis jamur  energiaze. mcire da did manZilebze 

dispersuli fazis nawilakebs Soris mizidvis energia Warbobs, 

saSualo manZilebze ki ganzavebul xsnarebSi, rodesac 

difuziuri Sris sisqe () da eleqtruli potenciali ( 
sakmaod didia, Warbobs ganzidvis energia. aseT SemTxvevaSi 
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U=f(h) mrudze Cndeba maqsimumi – potencialuri barieri (U)  
da ori minimumi (nax 5.2).  

koagulaciis elementarul aqtSi nawilakebis daaxlo-

ebisa da koagulaciis dawyebis  SesaZleblobas (albaTobas) 

gansazRvravs potencialuri barieris (ΔU) simaRle, romelic 

eleqtrolitis koncentraciasa da sistemaSi arsebul sxva 

stabilizatorebzea damokidebuli. potencialuri barieris 

simaRlis Semcireba difuziuri Sris sisqis (an potenci-
alis (-s SemcirebiT SeiZleba. 

Tu barieris simaRle da meore minimumis siRrme mcirea 

(U  KT), brounis moZraobis Sedegad nawilakebi erTmaneTs 

uaxlovdebian iseT SesaZlo umcires manZilze rasac Tan 

axlavs pirveli minimumis siRrmemde sistemis energiis 

Semcireba. koagulaciis elementarul aqtSi axlo urTierT-

qmedebis Sedegad xdeba nawilakebis Sewebeba. aseTi sistemebi 

koloidurad aramdgradia da umetes SemTxvevebSi maTi 

koagulacia araSeqcevadad mimdinareobs, radgan pirveli 

minimumis siRrme Cveulebriv bevrad metia KT-s sidideze (KT-
nawilakTa Tburi moZraobis saSualo kinetikuri energiaa).      

 
 
 
 
 
 
 
 
 
 
 
 

nax 5.2. nawilakebs Soris ganzidvis (1) da mizidvis (2) 
energiebisa da maTi jamuri energiis (3) damokidebuleba 

nawilakebs Soris manZilze 
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          Tu barieris simaRle didia (U>>KT), xolo meore 

minimumis siRrme ki mcire (U  KT), maSin nawilakebi ver 

gadalaxaven energetikul bariers da urTierTSewebebis 

(koagulaciis) gareSe Sordebian erTmaneTs. aseTi sistemebi 

miT ufro metadaa agregatulad mdgradi, rac ufro metia 

energetikuli barieris simaRle. 

     Tu meore minimumis siRrme didia, maSin barieris 

simaRlisagan damoukideblad xdeba nawilakebis e.w. Sori 
urTierTqmedeba da maTi urTierTfiqsacia daaxloebiT ~100 
nanometrze, rac meore minimumSi  nawilakTa Soris manZils 

Seesabameba. aseT sistemebSi nawilakebis swrafi flokulacia 
mimdinareobs. am dros nawilakTa Soris sadispersio garemos 

Txeli fenis arsebobis gamo maT Soris uSualo kontaqti ar 

myardeba, magram nawilakebi arc Sordebian erTmaneTs. aseTi 

mdgomareobisas SesaZlebelia Seqcevadi koagulaciis procesis 
dawyeba. dezagregaciis (flokulebis daSla) procesi miT 

ufro swrafad midis, rac ufro mcirea II potencialuri 

minimumis siRrme. dispersuli fazis sakmao koncentraciis 

SemTxvevaSi ki xdeba zolis gardaqmna mTlianad struqturi-

rebul sistemaSi (geli).   
      koloiduri sistemebis mdgradobis eleqtrostatikuri 
Teoria marTebulia im sistemebisaTvis, romelTa mdgradoba 

nawilakTa zedapirze ormagi eleqtruli Sris warmoqmniTaa 

gamowveuli. mdgradobis eleqtrostatikuri faqtori 

damaxasiaTebelia wyliani sadispersio garemos mqone disper-

suli sistemebisaTvis. wyali iZleva  eleqtrolitTa 

disociaciisa da ormagi eleqtruli Sris warmoqmnis xelsay-

rel garemos. 

      rogorc vxedavT, dlfo-s Teoria  kavSirs  amyarebs 

ormagi eleqtruli Sris Tvisebebsa da dispersuli sistemebis 

mdgradobas Soris.  

 

 

 

 



 

138 
 

5.2. Cqari koagulaciis kinetika 
 

      liofoburi koloiduri sistemebis mdgradobaze msje-

loba koagulaciis siCqaris mixedviTaa SesaZlebeli. zogi 

sistema miRebidan ramdenime wamSi koagulirdeba, zogi ki 

dReebis, Tveebis da zogjer wlebis ganmavlobaSi inarCunebs 

mdgradobas. koagulaciis siCqare micelaTa ricxvis 
cvlilebas warmoadgens droSi da koagulaciis procesis 
raodenobrivi sazomia  

V = -d/dt 
gamokvlevebma cxadyo, rom koagulaciis siCqare 

sadispersio areSi damatebuli eleqtrolitis koncentra-
ciazea damokidebuli. misi koncentraciis mcire mniSvnelobi-

saTvis koagulacia ar mimdinareobs (V=0), koncentraciis 
Semdegomi matebisas ki drois mcire intervalSi SeimCneva 

koagulaciis siCqaris swrafi zrda, romelic eleqtrolitis 

koncentraciis Semdegi zrdiT aRar icvleba. amis Sesabamisad 

SeiZleba gamovyoT sami ubani: mdgradobis, neli da Cqari 
koagulaciis. 

eleqtrolitis koncentraciis gazrdiT mcirdeba 

energetikuli barieris (U) simaRle. zemoT aRniSnuli 

kanonzomiereba SeiZleba Semdegnairad aixsnas: damatebuli 

eleqtrolitis mcire raodenoba sakmarisi araa energetikuli 

barieris im donemde Sesamcireblad, roca brounis moZraobis 

Sedegad SeiZleba nawilakebis urTierTdajaxeba SewebebiT 

damTavrdes. am ubanSi zoli agregatulad mdgradia. daja-

xebaTa efeqturoba  anu SewebebiT damTavrebul dajaxebaTa 

ricxvis fardoba dajaxebaTa saerTo ricxvTan nulis tolia. 

eleqtrolitis didi raodenobiT damateba ukve sakmarisia 

energetikuli barieris mniSvnelovnad Sesamcireblad da 

koagulaciis dasawyebad. rac ufro metia damatebuli 
eleqtrolitis raodenoba da Sesabamisad naklebia 
energetikuli barieris simaRle, miT metia koagulaciis 
siCqare. es aris zolebis arastabiluri ubani. dajaxebaTa 

efeqturoba () am ubanSi swrafad izrdeba 01-mde. 
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koagulacias, romlis drosac nawilakebis yvela dajaxeba maTi 
SewebebiT ar mTavrdeba, neli koagulacia ewodeba. Damatebuli 

eleqtrolitis raodenobis Semdgomi gazrdiT koagulaciis 

siCqare maqsimums aRwevs da Semdeg aRar icvleba. es ubani 

Seesabameba mTlianad arastabilur zols, rodesac nawilakebis 

yvela dajaxeba SewebebiT mTavrdeba da dajaxebaTa efeqturoba 

=1.  
koagulacias, romlis drosac nawilakTa yvela 

dajaxeba maTi SewebebiT mTavrdeba, Cqari koagulacia ewodeba.  
Cqari koagulaciis Teoria koloidur sistemebSi 

brounis moZraobisa da difuziis ganxilvis safuZvelze Sei-

muSava polonelma mecnierma smoluxovskim.  
     smoluxovskis Teorias safuZvlad udevs debulebebi, 

romelTa Tanaxmadac Cqari koagulaciis siCqare damoki-

debulia:  

1)  nawilakTa sawyis koncentraciaze;  

2) brounis moZraobis intensiurobaze, romlis raodeno-

brivi maxasiaTebelia difuziis koeficienti D;  
3) manZilze (R=2r), romelzec xdeba nawilakebis urTi-

erTqmedeba, sadac r nawilakis mizidvis Zalis moqmedebis 

efeqturi radiusia. 

   smoluxovskis Teoria 

gamoyvanil iqna monodisper-

suli zolebisaTvis, ro-

melTa nawilakebs sferuli 

forma aqvs da brounis 

moZraobis Sedegad urTierT-

qmedeba xdeba mxolod or 

nawilaks Soris, radgan 

mravali nawilakis erTdro-

uli urTierTdajaxebis al-

baToba metad mcirea. e.i. 

koagulaciis procesSi yovel elementarul aqtSi 
erTmaneTs ejaxeba ori nawilaki erTi ormagi nawilakis 

 

 
marian smoluxovski    

(1872-1917) 



 

140 
 

warmoqmniT, Semdeg aseTi gaormagebuli nawilakebis 

urTierTSejaxebiT warmoiqmneba erTi nawilaki, romelic 

oTx sawyis nawilaks Seicavs da a.S. 
     aRvniSnoT 1,, iseT nawilakTa koncentraciebi, 

romlebic Seicaven erT, or, sam da a.S. sawyisi zomis 

elementarul nawilaks. koagulaciis dawyebis sawyis momentSi 

t=0, 1=0 da 2=3=4=0. garkveuli t drois Semdeg ki 

=1+2+3+…, sadac nawilakTa jamuri koncentraciaa da 

cxadia, rom 0. avirCioT romeliRac r radiusiani 

nawilaki da ganvixiloT misi mimarTulebiT difuziis nakadi. 

fikis kanonis Tanaxmad, nawilakebis ricxvis Semcireba droSi 

anu koagulaciis siCqare tolia:  

                  -ddt=8DR2                                    (5.12)  
aseTi procesi mimdinareobs bimolekuluri reaqciis msgavsad, 

romlis siCqarea: 

                   -ddt=KCq2                                            (5.13) 
   (5.12) da  (5.13)    gatolebaTa SejerebiT viRebT   

                                                             KCq=8DR                             (5.14) 
sadac KCq koagulaciis siCqaris mudmivaa da damokidebulia 

difuziis koeficientsa da nawilakebs Soris R manZilze, 

romelzec iwyeba maT Soris miziduloba. 

      koagulaciis dawyebidan garkveuli drois Semdeg 

erTmaneTs ukve ormagi nawilakebi ejaxebian, ormagi nawilakebi 

sammags da a.S. Tu yvela aseT dajaxebas gaviTvaliswinebT, 

maSin nawilakebis saerTo ricxvis cvlileba droSi anu 

koagulaciis siCqare iqneba: 

                 -ddt = KCq()2                                     (5.15) 
    (5.15) gantolebis integrirebiT (0 t) intervalsa da 

 0 -dan -mde zRvrebSi miviRebT:  

                 /(1+KCq0t)                    (5.16) 
 (5.16) gantoleba saSualebas iZleva ganvsazRvroT yvela saxis 

nawilakis raodenoba zolSi koagulaciis dawyebidan garkve-

uli t drois monakveTSi. magram am gantolebaSi Semavali D 
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da R sidideebis gansazRvra sakmaod rTul amocanas warmo-

adgens. ufro advilad SeiZleba ganisazRvros naxevarkoa-

gulaciis periodi (, romlis ganmavlobaSi nawilakTa 

ricxvi zolis moculobis erTeulSi orjer mcirdeba 
/2 

 (5.16) gantolebaSi t-s -Ti SecvliT miiReba: 

                /2 = /(1+ KCq0 
saidanac
                   KCq0)                          (5.17) 
(5.17) formulis gaTvaliswinebiT (5.16) ase Caiwereba:  

                   =
1 t/

0


                             (5.18)  

rogorc vxedavT,damokidebulia difuziis koeficientsa da 

nawilakebs Soris manZilze. es sidideebi ki urTierTTan 

dakavSirebulia ainStainis gantolebiT. misi gaTvaliswinebiT 

(5.17)-dan miviRebT:   
38KT                          (5.19)    

sadac K = 
R

N
 bolcmanis mudmivaa, ki sadispersio garemos 

siblante.  

       (5.19) gantolebidan gamomdinareobs, rom koagulaciis 
periodi damokidebulia dispersuli fazis nawilakebis sawyis 
koncentraciaze, koloiduri sistemis siblantesa da 
temperaturaze. (5.18) gantolebiT SeiZleba gamovTvaloT 

koagulaciis periodidrois nebismieri monakveTisTvis, Tu 

gvecodineba 0 da  sidideebi. meore mxriv, Tu cnobilia  
da 0 sidideebi, SesaZlebelia gamovTvaloT koagulaciis 

dawyebidan garkveuli drois Semdeg da SevadaroT igi 

ultramikroskopSi nawilakebis daTvliT miRebul monacemebs.  

       smoluxovskis Teoria eqsperimentulad mravalgzis 

iqna Semowmebuli ultramikriskopuli, nefelometruli da 

turbudimetruli meTodebiT. smoluxovskis Teoriis eqsperi-

mentuli dasabuTeba koagulaciis procesebis axsnisas 
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difuziisa da brounis moZraobis gamoyenebis sisworis 

mSvenier mtkicebulebad SeiZleba CaiTvalos. 
 

5.3. neli koagulaciis Teoria 
 

       neli koagulacia SeiZleba aixsnas sistemaSi maRali 
energetikuli barieris arsebobis gamo dajaxebaTa arasruli 
efeqturobiT. fuqsma aerozolebisaTvis Seqmna neli koagu-

laciis srulyofili Teoria, romelSic mocemulia kavSiri 

dajaxebaTa efeqturobasa da potencialur bariers Soris. 

fuqsis Teoria nawilakebs Soris urTierTqmedebas iTva-

liswinebs kinetikur gantolebaSi energetikuli barieri-

saTvis damaxasiaTebeli wevris SemotaniT  

           -d/dt = 4DRP
- U/KTe  2                               (5.20) 

sadac P steriuli faqtoria da nawilakebis dajaxebisas 

sivrceSi maT xelsayrel urTierTganlagebas, formasa da 

zomas iTvaliswinebs. neli koagulaciis siCqaris mudmiva:  

                            Kneli = 4DRP
- U/KTe 

                         (5.21) 
rogorc CvenTvis ukve cnobilia, Cqari koagulaciis dros  

U=0 da P=1, xolo 

                                       KCq = 4DR                               (5.22) 
neli koagulaciis dros U≠0 da P≠1. Tu U sakmaod metia 
KT-ze, maSin koagulaciis siCqare nuls uaxlovdeba da 
sistema agregatulad mdgradia.  
      (5.21) da (5.22) formulebidan  viRebT:  

                            Kneli = KCqP
- U/KTe 

                                     (5.23) 

                            
K

K

Cq

neli

=
1

P

- U/KTe 
                        (5.24) 

K

K

Cq

neli

= w, mas Senelebis koeficienti an mdgradobis faqtori 

ewodeba, romelic gviCvenebs Tu ramdenjer mcirdeba neli 
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koagulaciis siCqaris mudmiva KCq-Tan SedarebiT. dadgenil 

iqna, rom steriuli faqtori Pr, sadac oeS-is difu-
ziuri nawilis sisqis Sebrunebuli sididea, r ki nawilakebis 

radiusi. 

       amis safuZvelze SeiZleba davaskvnaT, rom koa-
gulaciis siCqare mkveTrad mcirdeba energetikuli barieris 
simaRlis, nawilakebs irgvliv arsebuli ormagi eleqtruli 
Sris difuziuri nawilis sisqis gazrdiTa da nawilakTa 
radiusis SemcirebiT. 
               

5.4. liofoburi koloiduri sistemebis 

eleqtrolituri koagulacia  
 

      tipiuri liofoburi koloiduri sistemebi stabili-

zaciis eleqtrostatikuri faqtorebis meSveobiT agrega-

tulad mdgradia, magram advilad koagulireben maTze 

eleqtrolitis damatebisas.E 

       eleqtrolitis im umcires koncentracias (cm), 
romelic SesamCnevi koagulaciis dawyebas iwvevs koagulaciis 
zRurbli ewodeba. Cqari koagulaciisaTvis saWiroa 

eleqtrolitis iseTi koncentracia, romlis Semdgomi 

gazrdiT koagulaciis siCqare aRar icvleba (roca mdgradobis 

faqtori w = 1 da U=0).  
             dlfo-s Teoriis Tanaxmad koloiduri sistemebis 

koagulacias iwvevs maTze iseTi ionebis damateba, romelTac 

potencialganmsazRvrel ionTa sawinaaRmdego niSnis muxti 

aqvs. aseTi eleqtrolitebis damateba dispersiuli fazis 

nawilakebze ormagi eleqtruli Sris SekumSvas iwvevs, ris 

gamoc isini erTmaneTs uaxlovdebian iseT manZilebze, 

romelzec maT Soris mizidulobis Zalebi Warbobs. oeS-is 

sisqis Semcirebas Tan axlavs sawinaaRmdego niSnis ionebis 

mimocvla koagulaciis gamomwvev ionebTan.  

ormagi Sris SekumSva ganpirobebulia:  
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1) damatebuli eleqtrolitis ionebis specifikuri 

adsorbciiT koloiduri sistemis nawilakis zedapirze, rac  

zedapiruli potencialis SemcirebiT mimdinareobs;  

2) xsnaris ionuri Zalis gadidebisas sawinaaRmdego 

niSnis ionebis difuziis SezRudvis gamo.  

koagulaciis procesSi romelime meqanizmis upiratesi 

rolis Sesabamisad arsebobs neitralizaciuri da koncentra-
ciuli koagulacia.  
       dlfo-s Teoriis Tanaxmad eleqtrolitis im 

koncentraciisaTvis, romelic Seesabameba swrafi koagulaciis 

zRurbls, dispersiuli sistemis potencialuri mrudi 

moTavsebulia uaryofiTi energiis ubanSi da mxolod misi 

maqsimumi exeba abscisaTa RerZs, rac nulovan potencialur 

bariers Seesabameba (nax. 5.3). 

aseT wertils ori poroba akmayofilebs - U=0 da 
dU/dh=0. U  nawilakebs Soris urTierTqmedebis jamuri 

energiaa, h ki maT Soris manZili. es pirobebi Seesabameba oeS-

is potencialis garkveul kritikul kr mniSvnelobas, 

romelic rCeba nawilakze koagulaciis momentSi (25—40 

milivolti) da ara izoeleqtrul wertils (roca h=0), 
rogorc amas adre Tvlidnen. am pirobebSi nawilakebs Soris 

mizidvis da ganzidvis 

energiebi tolia  xolo 

hkr=2/kr an hkr=2kr. 
radgan koagulaciis 

procesSi ormagi 

eleqtruli Sris sisqisa 

da potencialis Semcireba 

xdeba, SeiZleba 

CavTvaloT, rom 

eleqtrolitis damateba 

mxolod difuziuri Sris 

potencialis () da misi 
sisqis Sebrunebuli 

 
 

nax. 5.3. Cqari koagulaciisas dispersuli  

sistemis potencialuri mrudi  
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sididis x = 
1


 cvlilebas iwvevs. aRvniSnoT 

2  kr

=B=const, an zogadad 

                                             
2  kr B                       (5.25) 

maSasadame, dabali potencialebisaTvis  koagulaciis 

zRurbli ormagi eleqtruli Sris difuziuri nawilis po-

tencialsa da sisqes Soris garkveul Tanafardobas – B-s 
Seesabameba. Tu es Tanafardoba metia B sistema agregatulad 

mdgradia, xolo Tu naklebi maSin iwyeba koagulacia. sakvlevi 

koloiduri  sistemisTvis B–s mniSvneloba SeiZleba Seic-

valos damatebuli eleqtrolitis meSveobiT.  

       mdgradobisa da koagulaciis aRniSnuli piroba 

empiriulad dadgenili iqna eilerisa da korfis mier (1940 
w.), Teoriulad dasabuTebuli ki deriaginis mier. 
      dlfo-s Teoriis Tanaxmad neitralizaciuri koagu-

lacia ufro metad damaxasiaTebelia im sistemebisaTvis, 

romelSic nawilakebs dabali eleqtruli potenciali aqvs. 

koagulaciaze gansakuTrebul gavlenas axdens koloidur 

sistemaze damatebuli iseT ionTa specifikuri adsorbcia, 

romelTac potencialganmsazRvreli eleqtruli Sris sawina-

aRmdego niSnis ionebis msgasi muxtis niSani aqvT. aseTi ionebi 

Sedian ra adsorbciul SreSi, mkveTrad amcireben difuziuri 

Sris potencials daaxdenen saerTo potencialis 

neitralizebas. ionTa specifikuri adsorbcia zogjer 

zedapiris gadamuxtvasac ki iwvevs, swored amitomaa 

neitralizaciuri koagulaciisaTvis damaxasiaTebelia eleq-

trolitis minimalur da maqsimalur koncentraciebs Soris 

ubani. damatebuli eleqtrolitis raRac maqsimaluri raode-

nobis zeviT, sistema SeiZleba gadavides mdgradobis meore 

ubanSi, romelSic nawilakebs eqneba im muxtis sawinaaRmdego 

niSnis muxti, romelic maT hqondaT mdgradobis pirvel 

ubanSi.  
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ionTa specifikuri adsorbciis unari izrdeba valen-

tobis gazrdiT rac damaxasiaTebelia maRalvalentian 

ionTaTvis. 

       koncentraciuli koagulacia, rogorc ukve aRvniSneT, 
gamowveulia difuziuri Sris SekumSviT xsnaris ionuri Zalis 
gazrdis gamo. aaeTi qceva ki damaxasiaTebelia indiferentuli 

eleqtrolitebisaTvis. Aam SemTxvevaSic sawinaaRmdego niSniT 

damuxtuli ionebis raodenoba adsorbciul SreSi izrdeba, 

magram 0  potencialis Semcireba aq ar aris gadamwyveti. 

sadispersio garemos ionuri Zalis upiratesi gavlena 
koagulaciaze damaxasiaTebelia Zlier damuxtuli nawilakebis 
mqone dispersiuli sistemebisaTvis.  
       dabali potencialis pirobebSi koagulaciis 

zRurblis damokidebuleba koagulaciis gamomwvev ionis 

muxtze gamoisaxeba Semdegi damokidebulebiT   

                 CCq  662

53 )(

zeA

KTCD
         (5.26)         

sadac C mudmivaa, D - sadispersio garemos dieleqtrikuli 

mudmiva, A - hamakeris mudmiva,  e - eleqtronis muxti, z ki -
makoagulirebeli ionis muxti. koagulaciis zRurbli 
makoagulirebeli ionis valentobis meeqvse xarisxis 
ukuproporciulia, rac kargad asaxavs Sulce-hardis wess, 
romlis Tanaxmad makoagulirebel moqmedebas iCens sawi-

naaRmdego niSnis mqone ioni da makoagulirebeli Zala (Vk = 
1

CCq

) izrdeba ionis valentobis maRali xarisxis propor-

ciulad. 

       koagulaciis zRurblis mniSvnelobebi erT, or da 

samvaletiani ionebisaTvis daaxloebiT ise Seefardeba 

erTmaneTs, rogorc 1:
1
62

:
1
63

= 1:
1

64
:

1

729
. Sulce-hardis 
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wesis mixedviT igive ionebisaTvis Sefardeba aseTia 1:
20

1
:

500

1
.  

       koagulaciis zRurblis ramdenadme naklebi eqsperimen-

tuli damokidebuleba ionis valentobaze z6-Tan SedarebiT, 
aixsneba ionis muxtis matebisas misi specifikuri adsorbciis 

unaris zrdiT. 

       dlfo-s Teoriis Tanafardobani miaxloebiTia, radgan 

maTSi araa gaTvaliswinebuli erTnairi muxtisa da 

sawinaaRmdego niSnis mqone ionTa buneba. magaliTad is, rom 

kaTionebisaTvis koagulaciis zRurblis sidide mcirdeba 
Semdegi saxis liotropul rigSi  

Li+ >Na+ > K+ >Rb+>Cs+ 
anionebisaTvis ki 

Cl- >Br - >NO3
- > J- . 

rac ufro liofoburia ioni, miT ufro met makoagulirebel 
unars avlens igi koloidur sistemebSi. 
       eleqtrolitebis narevis makoagulirebeli moqmedeba 

xSirad identuria da zogjer koagulaciis dawyebisaTvis 

saWiroa narevis meti raodenobaa saWiro, vidre TiToeuli 

maTganis cal-calke aRebuli. am movlenas eleqtrolitebis 
antagonizmi ewodeba. rodesac eleqtrolitebis narevi ufro 

efeqturad moqmedebs koagulaciis procesze, vidre TiToeuli 

maTgani cal-calke, aseT movlenas sinergizmi ewodeba. 
       aqve unda aRiniSnos, rom koagulaciis zemoT 

xsenebuli raodenobrivi kanonzomierebani Cqar koagulacias 

miekuTvneba. 

 

5.5 mdgradobis adsorbciul-solvaturi da 

struqturul-meqanikuri faqtorebi 
 

       koloiduri sistemebis mdgradobis adsorbciul-
solvaturi faqtori miekuTvneba mdgradobis Termodinamikur 
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faqtors, romlis moqmedebisas nawilakTa zedapiris solvata-

ciis gamo mcirdeba maTi zedapiruli daWimuloba. nawilakebis 

miaxloebisas solvaturi Sreebi urTierTgadaifarebian da 

izrdeba nawilakebs Soris ganzidvis wneva, romelic maT 

koagulacias uSlis xels. am dros nawilakTa Soris ganzidvis 

meqanizmi SeiZleba imiTac aixsnas, rom nawilakebis Sewe-

bebisTvis saWiroa maT zedapirze solvaturi Sreebis darRveva 

da gamyofi zedapiridan sadispersio garemos molekulebis 

nawilobrivi desorbcia, rac saWiroebs garkveuli sididis 

muSaobis Sesrulebas. 

      myari nivTierebebidan didi hidrofilurobiT xasiaT-
deba mravali elementis (Si, Al, Fe, Mn) oqsidebi, romelTa 
zolebs kargad ganviTarebuli da mtkice hidratuli garsi 
gaaCnia. nawilakebis daaxloeba pirveli, axlo minimumis 

Sesabamis manZilze saerTod SeuZlebelia, koagulacia xdeba 

meore minimumSi faSari struqturirebuli agregatebis 

warmoqniT. dispersiul sistemebs, romelTa nawilakebis 

zedapiri hidrofoburia solvaturi Sreebis warmoqmna ar 

axasiaTebs. amitom maTi agregatuli mdgradobis uzrunvel-
sayofad liofobur sistemaSi SehyavT stabilizatorebi, 
romlebic zrdian fazaTa Soris urTierTqmedebis xarisxs. am 
mizniT gamoiyeneba grZeli jaWvis mqone zedapirulad aqtiuri 

nivTierebebi an maRalmolekuluri naerTebi, romlebic iwveven 

sistemis liofilizacias da nawilakis zedapiri iZens 

stabilizatori nivTierebis Tvisebebs. adsorbciis Sedegad 
aseTi nivTierebis makromolekulebi dispersiuli fazis 
nawilakis gamyof zedapirze qmnis adsorbciul-solvatur 
Sreebs, romelTac garkveuli sisqe da simtkice aqvT. amis gamo 
nawilakebis daaxloeba da Sewebeba SeuZlebelia meore (Sor) 
minimumSic ki. aseTi Zlier liofilizirebuli sistemebis 

mdgradoba axloa liofiluri sistemebis mdgradobasTan. 

       rebinderis mier adsorbciul-solvaturi Sreebis 

Tvisebebis kvlevebma gviCvena, rom es struqturebi maRalmo-

lekuluri nivTierebebis (mmn) SemTxvevaSi SeiZleba ganvixi-

loT rogorc organzomilebiani liofoburi apkismagvari 
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labebi. aseTi Sreebi gadaZvris mimarT winaaRmdegobas, 

drekadobas da maRal siblantes iCens. nawilakebis Sejaxebisas 

isini mcire droSi ver aswreben “gamodinebas” da qmnian 

struqturul-meqanikur bariers, romelic xels uSlis 

nawilakebis Sewebebas. aseT  Sreebs warmoqmnian cilebi, 

sapnebi, Jelatini, celuloza da sxva maRalmolekuluri 

naerTebi.  

       dispersuli sistemebis umetesobisaTvis  stabili-
zaciis struqturul-meqanikuri faqtori mdgradobis univer-
salur faqtors warmoadgens. igi kinetikuri xasiaTisaa.  

struqturul-meqanikuri faqtoris Sefaseba xdeba 

zedapiruli Sreebis reologiuri parametrebis - meqanikuri 

simtkicis, drekadobisa da siblantis safuZvelze. liofoburi 

dispersuli sistemebis stabilizacias maRalmolekuluri 

naerTebiT koloiduri dacva ewodeba. sxvadasxva stabili-

zatoris damcavi moqmedebis unari SeiZleba Sevafasod 

romelime standartuli zolis, magaliTad oqros zolis 

mimarT. aqedan gamomdinare, damcavi moqmedebis raodenobriv 
sazomad iyeneben ”oqros ricxvis” cnebas, romelic SemoRebul 

iqna zigmondis mier. 
       “oqros ricxvi” ewodeba stabilizatoris maqsimalur 
masas miligramebSi, romelic unda daematos 10 ml oqros 
wiTel zols, raTa ar moxdes misi koagulacia (galurjeba) 
NaCl-is 10%-iani xsnaris 1 ml-is damatebisas. rac metia 
“oqros ricxvi”, miT naklebia stabilizatoris damcavi 
moqmedeba. yvelaze mcire “oqros ricxvi” (0.01 ml) Jelatins 

aqvs. zogjer stabilizatoris damcav unars adareben 

vercxlis zolis an rkinis hidroqsidis zolis mimarT. Sesa-

bamisad iyeneben “vercxlis ricxvs” da “rkinis ricxvs”. 

       koloiduri nawilakebis dacvas didi gamoyeneba aqvs 

samkurnalo preparatebis momzadebisas. xSirad saWiroa orga-

nizmSi nivTierebis maRaldispersiul, koloidur mdgomareo-

baSi Seyvana, raTa moxdes mTel organizmSi wamlis Tanabari 

ganawileba TandaTanobiTi gaxsnisa da Sewovis gziT saWiro 

samkurnalo zemoqmedebis misaRwevad. 
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       xSirad damcavi nivTierebis mcire raodenobiT 

damateba sistemis mdgradobis (koagulaciis zRurblis) 

Semcirebas iwvevs. am movlenas sensibilizacia ewodeba.  
 

V Tavis ZiriTadi daskvnebi 
 

1. dispersuli sistema mdgradia, Tu misi ZiriTadi 

parametrebi - dispersulobis xarisxi da sadispersio 

garemoSi dispersuli fazis nawilakTa Tanabari 

ganawileba droSi ucvlelia; 

2. dispersuli sistemebis mdgradoba ori saxisaa 

kinetikur-sedimentaciuri da agregatuli: 
- kinetikuri-sedimentaciuri mdgradoba ewodeba 

simZimis Zalis moqmedebiT nawilakebis daleqvis mimarT 

dispersiuli fazis mdgradobas anu sistemis unars 

SeinarCunos dispersiuli fazis nawilakebis Tanabari 

ganawileba sadispersio garemos mTel moculobaSi. 

 - agregatuli mdgradoba ewodeba dispersiuli fazis 

nawilakebis mdgradobas agregaciis (gamsxvilebis) 

mimarT anu sistemis unars SeinarCunos fazis 

dispersulobis xarisxi; 

3.  nawilakebis gamsxvileba (agregacia) SeiZleba moxdes  

ori gziT:  izoTermuli gamoxdiT an koagulaciiT. 
     - izoTermuli gamoxda dispersiuli fazis Semcveli 

nivTierebis maRali qimiuri potencialis mqone wvrili 

nawilakebidan SedarebiT dabali qimiuri potencialis 

mqone msxvil nawilakebze gadasvlaa. amis Sedegad 

sistemaSi mimdinareobs msxvili nawilakebis zomebis 

gazrdis xarjze wvrili nawilakebis gaqroba (gaxsna). 

- koagulacia koloiduri zomis nawilakebis Sewebebis 

gziT bevrad ufro didi zomis agregatebis warmoqmnaa, 

ris gamoc koloiduri sistema kargavs Tavis agrega-

tul mdgradobas; 

4. koagulacia ramodenime process moicavs da yoveli 

maTgani dispersuli fazis xvedriTi zedapirisa da 
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Sesabamisad misi Warbi, Tavisufali energiis sididis  

SemcirebiT mimdinareobs;  

5. mniSvnelovania koagulaciisadmi mdgradobis sami 
ZiriTadi faqtori: 

      1) eleqtrostatikuri faqtori, romelic disper-

suli fazis nawilakTa gamyof zedapirze ormagi eleq-

truli Sris warmoqmnis xarjze amcirebs zedapirul 

daWimulobas;  

      2) adsorbciul-solvaturi faqtori, romelic 

sadispersio garemosa da dispersiuli fazis nawilakTa 

urTierTqmedebisas maT irgvliv solvatur Sreebs 

warmoqmnis, rac zedapiruli daWimulobis SemcirebiT 

mimdinareobs;  

       3) kinetikuri faqtori, romelic ZiriTadad dis-

persuli sistemebis hidrodinamikur da struqturul-

meqanikur TvisebebTanaa dakavSirebuli; 

6. apki ewodeba sadispersio aris im nawils, romelic 

dispersiuli fazis nawilakTa gamyof zedapirebs 

Sorisaa moTavsebuli. nawilakebis urTierTmiaxloebi-

sas apkis sisqe mcirdeba da koloidur nawilakTa 

zedapiruli Sreebis urTierTqmedebis gaZlierebis gamo 

aRiZvreba gampobi wneva; 
 7. koloiduri sistemebis mdgradobisa da koagulaciis 

Teoriebidan dReisaTvis upiratesoba rusi mecnierebis 

- deriaginisa da landaus (1937-1941 w.), ufro 

mogvianebiT ki holandieli mecnierebis – ferveesa da 
overbekis mier SemuSavebul Teorias eniWeba, romelic 

dlfo-s saxelwodebiTaa cnobili; 

8. dlfo-s Teoriis klasikur variantSi koagulaciis 

procesi van-der-vaalsis mizidvisa da eleqtrosta-

tikuri ganzidvis Zalebis erTdrouli moqmedebis 

Sedegia; 

9. dlfo-s Teoriis Tanaxmad, nawilakTa Soris urTi-

erTqmedebis jamuri energia Semdegi saxis gantolebiT 

gamoisaxeba  
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      Uh=Uganz(h)+Umiz(h)=2
2
 e-h-

*

212

A

h
 

10. koagulaciis siCqare droSi nawilakTa ricxvis 

cvlilebas warmoadgens da koagulaciis procesis 

raodenobrivi sazomia  

V= - d /dt 
11. nawilakTa Soris energetikuli barieris arsebobis 

gamo neli koagulacia sistemaSi dajaxebaTa arasruli 

efeqturobiT SeiZleba aixsnas.  

12. koagulaciis dasaxasiaTeblad naxevarkoagulaciis 

periodia () SemoRebuli 


12. koagulaciis siCqare mkveTrad mcirdeba energetikuli 

barieris simaRlis, nawilakebs irgvliv arsebuli 

ormagi eleqtruli Sris difuziuri nawilis sisqis 

gazrdiTa da nawilakTa radiusis SemcirebiT 

K

K

Cq

neli

=
1

P

- U/KTe 
 

 

6. dispersuli sistemebis reologiuri 

Tvisebebi 
 

       rogorc ukve viciT, koloiduri da mikroheterogenuli 

sistemebi iyofa Tavisufal da bmul dispersul sistemebad. 
Tavisufaldispersul sistemebSi fazis nawilakebi moZravia da 
advilad gadaadgildebian sadispersio areSi (zolebi, ganzavebuli 
suspenziebi da emulsiebi). bmul dispersul sistemebSi ki 
SeuZlebelia dispersuli fazis nawilakTa gadaadgileba maT Soris 
struqturuli badis warmoqmnis gamo.  
       koloidur sistemebSi dispersuli fazis koncentraciis 

zrdis Sesabamisad nawilakTa moculobiTi struqturebis warmoqm-

nis gziT zoli TandaTan gadadis gelSi.  



 

153 
 

       struqturebis warmoqmna Tavisufaldispersul sitemebSi 

maTi agregatuli mdgradobis dakargvis - koagulaciis Sedegia, 

romelic mimdinareobs dispersuli fazis nawilakebs Soris moqmedi 

van-der-vaalsis Zalebis Sedegad  maTi Sewebebisa da Sezrdis gziT, 

rac am sistemebs garkveul meqanikur Tvisebebs aZlevs, rogoricaa 

siblante, plastikuroba, drekadoba, simtkice. am Tvisebebs 

struqturul-meqanikuri an reologiuri Tvisebebi ewodeba.  
       reologia aris swavleba materialuri sistemis 
deformaciisa da dinebis Sesaxeb. koloidur qimiaSi reologiur 

meTods dispersuli sistemebis struqturis gamokvlevisa da 

blanti dinebis aRsawerad iyeneben. reologiuri Tvisebebis 

SeswavliT SeiZleba ganisazRvros maTSi warmoqmnili struqtu-

rebis xasiaTi. am Tvisebebis codna aucilebelia praqtikuli 

TvalsazrisiTac, radgan iseTi mniSvnelovani sistemebi, 

rogorebicaa niadagi, cementis xsnari, saRebrebi, laqebi, pastebi, 

labebi xasiaTdebian mTeli rigi gansakuTrebuli struqturul-

meqanikuri TvisebebiT. 

      rebinderisa da misi moswavleebis 

SromebiT Teoriuli safuZveli daedo 

struqturirebuli sistemebis 

warmoqmnis Sesaxeb swavlebas, anu 

koloiduri qimiis damoukidebel nawils 

–  fiziko-qimiur meqanikas. romelic 

zemoT aRniSnuli masalebis meqanikur 

Tvisebebs - simtkices, drekadobas, elas-

tiurobas, plastikurobas swavlobs. 

       dispersuli sistemebis reolo-

giis ZiriTadi safuZvlebis gacnobisas 

aucilebelia meqanikis elementebis 

gaxseneba. arsebobs deformaciis ori ZiriTadi saxe - gaWimva da 
Zvra, romlebic normalur da tangencialur Zabvas Seesabameba. 

normaluri Zabva igive wnevaa - P. 
       dispersul sistemebSi deformaciis yvela saxe gadaZvris 

Zabvis (moqmedebiT aisaxeba, xolo deformaciis siCqare ki am 

dros igivea rac gadaZvris siCqare.  

 
petre rebinderi      

(1898-1972) 
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       deformacia SeiZleba iyos Seqcevadi da narCeni. Sesabamisad 

sxeulebi arian an drekadi an plastikuri. drekadi sxeulebis 

deformacia aRiwereba hukis kanoniT:  

                          =G�              (6.1)
sadac Zvris Zabvaa, G Zvris moduli, romelic sxeulis meqanikur 

simtkices axasiaTebs,  ki deformacia. 
       deformaciis Seqcevadoba imaSi gamoixateba, rom 
datvirTvis moxsnisas sxeulis yvela geometriuli parametri 

aRidgens sawyis mniSvnelobas.  roca dr (dr drekadobis 

zRvaria) maSin xdeba materialuri sxeulis daSla (myife 

sxeulebi) an aRiZvreba narCeni deformacia. roca max, maSin  
iwyeba sxeulis dineba mudmivi siCqariT, romelic denadobis zRvars 

(simtkices) Seesabameba. plastikuri sxeulebisagan gansxvavebiT, 
blanti sxeulebi nebismieri Zabvis dros denadia, maSinac ki, roca 

. 
 

6.1. WeSmariti xsnarebisa da zolebis siblante 
 

       idealurad blanti sxeulebis (siTxeebis) dineba 

niutonis kanons emorCileba, romlis Tanaxmad  

                     F = S
U

x

d

d
              (6.2)  

sadac  proporciulobis koeficientia, F Siga xaxunis Zala, 

romelic garedan modebuli Zalis tolia da sawinaaRmdegodaa 

mimarTuli, S siTxis fenis farTobi, romelzec modebulia  F 
Zala, xolo dU/dx ki siTxis dinebis siCqaris gradientia. 

Zvris Zabvis anu Sris farTobis erTeulze moqmedi 

Zalis SemTxvevaSi: 

                    
F

S
= =  dU

dx
              (6.3)  

rodesac dU/dx,maSin= 
e.i aris Zvris Zabva, rodesac siCqaris gradienti 
erTeulis tolia. mas Sinagani xaxunis koeficienti anu sxvagvarad, 

siblante ewodeba. misi Sebrunebuli sidide 1/ki siTxis denadobaa 
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da gare Zalis zemoqmedebis SemTxvevaSi siTxis Zvradobas axasi-

aTebs. gaugebrobis aRmosafxvrelad aRsaniSnavia, rom hidravlikaSi 

siblantes  asoTi aRniSnaven. 
       kapilarul milSi siTxis dinebas aRwers puazeilis ganto-
leba  

                       V = r 4p/(8l)             (6.4) 
sadac V kapilarSi siTxis gadinebis moculobiTi siCqarea, r  da l 
milis radiusi da sigrZea, P kapilaruli milis boloebs Soris 

wnevaTa sxvaoba, ki siTxis siblantea.  

       niutonisa da puazeilis gantolebebi marTebulia siTxis 
laminaruli dinebisaTvis, aseTi reJimi ki SesaZlebelia mxolod 

siTxis SedarebiT neli dinebisas, roca misi fenebi urTierT-

paralelurad miedinebian. maRali siCqareebis dros laminaruli 

dineba turbulenturSi (siTxis fenebis urTierT areuli 

gadaadgileba) gadadis. am SemTxvevaSi puazeilisa da niutonis 

gantolebebis gamoyenebisas siblantis koeficienti ( azrs 
kargavs, radgan misi mniSvneloba damokidebulia ara mxolod 
siTxis bunebaze, aramed misi moZraobis siCqarezec. Tumca am dros 
SeiZleba vilaparakoT mxolod efeqtur anu moCvenebiT siblanteze, 
romlis sidideSi erTdrouladaa gaTvaliswinebuli siTxis buneba 

da misi gadinebis siCqare.  

       reinoldsma 1883 w. daadgina, rom gluvkedlian milSi 

siTxis laminaruli dineba gadadis turbulenturSi maSin, roca 

reinoldsis ricxvi Re = UD/garkveul mniSvnelobas gadaa-

Warbebs. reinoldsis ricxvi uganzomilebo sididea da 

rogorc formulidan Cans, laminaruli dineba turbulen-
turSi gadadis miT ufro dabali siCqaris dros, rac ufro 

didia milis diametri (D), siTxis simkvrive ()  da naklebia 

siblante (. 
       siTxeebis siblante SeiZleba ganisazRvros sxvadasxva 

meTodiT, romelTagan ufro mniSvnelovania siTxeSi burTulis 

vardnisa da kapilaridan siTxis gamodinebis meTodebi. 

       burTulis vardnis meTodi siTxeSi cnobili moculobisa 

da masis mqone burTulis Tavisufali vardnis siCqaris gansazRvras 

emyareba. turbulenturi dinebis SezRudvis mizniT burTulis 
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moZraobis siCqare mcire unda iyos, xolo WurWeli romelSic 

moZraobs burTula ki sakmaod farTe. siblantis gamoTvla xdeba 

formuliT,romelic sedimentaciissiCqaris gantolebidan (4.11 – 
ix. gv. 112) gamomdinareibs: 

                   r2 0 )g/9U            (6.5)   

                 kapilaridan siTxis Camodinebis meTodi ki cnobili 

sigrZisa (l) da radiusis (r) mqone kapilaruli milidan 

garkveuli moculobis siTxis Camodinebis drois gansazRvras 

emyareba. am SemTxvevaSi siblante gamoiTvleba puazeilis 

gantolebiT:  

                    
44

0,1
8V

r p

l


            (6.6) 

sadac V garkveul droSi Camodinebuli siTxis moculobaa.  
       siblantis gansazRvris mizniT farTod gamoiyeneba 

viskozimetrebi (ostvaldis, gepleris, rotaciuli da a.S.).  

       rotaciuli viskozimetri Seqmnilia Svedovis mier da 
warmoadgens or koaqsialur cilindrs, romelTagan gareTa 

cilindri eleqrtomotoris meSveobiT mudmivi siCqariT 

brunavs, xolo Siga cilindri ki wvril, drekad Zafzea 

dakidebuli da grexvis kuTxis asaTvleli meqanizmiTaa 

aRWurvili. sakvlevi siTxe cilindrebs Soris sivrceSi 

isxmeba. brunvisas gareTa cilindri Tan waritacebs siTxes, 

romelsac Tavis mxriv brunviT moZraobaSi mohyavs Siga 

cilindri da grexs mis Zafs garkveuli kuTxiT manam, sanam 

grexvis Zalis momenti ar gautoldeba xaxunis Zalis moments. 

radganac Zafi, romelzec Siga cilindri hkidia drekadia, misi 

grexvis kuTxe yovelTvis sakvlevi siTxis siblantis 

proporciulia. xelsawyos mudmivebis cnobili mniSvnelobebi-

saTvis -s angariSoben formuliT, romelic grexvis kuTxes 

akavSirebs siblantesTan.  

       zolebis dineba gansxvavdeba dabalmolekuluri nivTie-

rebebis WeSmariti xsnarebis dinebisagan. amis mizezi isaa, rom 

zolebSi Sewonil mdgomareobaSia koloiduri nawilakebi, romelTa 
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zomebi sadispersio garemos molekulebTan SedarebiT mniSvnelov-

nad ufro didia. maTi arseboba siTxeSi aviwroebs im sivrces, 

romelic uWiravs sadispersio garemos gamdinare nakadSi moZrao-

bisas. aqedan gamomdinare, dinebis marTobuli mimarTulebiT 

siCqaris saSualo gradienti izrdeba, ris gamoc zolis siblante 

yovelTvis ramdenadme metia sadispersio garemos siblanteze. 

       zolebi xasiaTdebian bevrad ufro blanti dinebiT, magram 

Tvisebrivad mainc imave kanonebs emorCilebian rasac sufTa 

sadispersio garemos nivTiereba, amitom niutonisa da puazeilis 

kanonebi mravali koloiduri sistemisTvisac marTebulia. 

       dispersuli fazis koncentraciis gazrdiT zolis 

siblante izrdeba. es kavSiri ganzavebuli zolisaTvis gamoisaxeba 
ainStainis gantolebiT:  

                    ( 0 ) 0 = K

sadac da  0 koloiduri xsnarisa da sadispersio garemos 

siblantea, VdV da igi dispersuli fazis moculobiTi wilia, 

K ki mudmivaa, romelic dispersuli nawilakis formazea damoki-

debuli. sferuli nawilakebisaTvis K2.5 da e.i.  

                      0 (1+2,5)                         (6.8) 

 
nax. 6.1. siblantis damokidebuleba dispersuli fazis koncentraciaze: 

I – arastruqturirebuli zolebisaTvis; 
II - struqturirebuli zolebisaTvis. 
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eqsperimentur monacemebze dayrdnobiT zogierTi ko-

loiduri sistemisaTvis f()-is funqcia wrfivia (nax. 6.1-I). 
aseT siTxeebs Cveulebrivi anu niutonis siTxeebi ewodeba.
 ainStainis gantoleba marTebulia iseTi koloiduri 
sistemebisaTvis, romelTa dineba laminarulia, nawilakebsa da 
siTxes Soris adgili ar aqvs srials da nawilakebis zoma 
sadispersio garemos molekulebis Tavisufal ganarbenTan 
SedarebiT didia, magram mcirea im sivrcesTan SedarebiT, 
romelSic siTxe miedineba. aRniSnuli pirobis dacvis 

SemTxvevaSi eqsperimentuli SemowmebiT (gogirdis zolis, 

minis  uwvrilesi  nawilakebis suspenziis, sokos sferuli 

sporebisaTvis) mravalgzis dadasturda, rom K2,5. 
koncentrirebul zolebSi ki adgili aqvs ainStainis kanonidan 

gadaxras. 

 

6.2. struqturirebuli sistemebi da 

plastikuri siblante 
 

       struqturirebuli sistemebi ar emorCilebian niutonisa 
da puazeilis kanonebs. es siTxeSi naklebad mtkice, magram erTiani 

sivrcul-struqturuli badis arsebobiTaa gamowveuli, romelic 

sistemaze garkveuli sididis Zalis zemoqmedebiT SeiZleba 

daiSalos. 

       moculobiTi struqturireba koloidur sistemaSi dinebis 

mrudis xasiaTsa cvlis. amdenad sistemaze modebul Zabvisa da  

dinebis siCqaris damokidebulebis gamokvleva umravles SemTxvevaSi 

koloidur sistemaSi Camoyalibebul sivrcul struqturebze 

msjelobis safuZvels iZleva. 

       bingamisa  (Eugene Cook Bingham) da Svedovis mier 

gamoTqmuli mosazrebis Tanaxmad  struqturirebul koloidur  

sistemebSi dineba iwyeba mxolod maSin, rodesac Zvris daZabuloba 

() gadaaWarbebs raRac garkveul mniSvnelobas (), romelic 

aucilebelia sakvlevi sistemis struqturis rRvevisaTvis da am 

dros daculi unda iyos Semdegi piroba - aseT dinebas 
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bingamma plastikuri uwoda, xolo kritikul Zabvas () ki 

struqturirebuli sistemis denadobis zRvari.  
       plastikuri dinebisaTvis niutonis gantoleba icvleba 

Svedov-bingamis gantolebiT 
 

                    pl dU/dx 
an 

                    pldU/dx                (6.9) 
sadac  pl struqturirebili sistemis plastikuri siblantea.  

Tu sistemaSi sivrciTi struqtura ar aris (), Svedov-
bingamis gantoleba gardaiqmneba niutonis gantolebad, plastikuri 

siblante ki siTxis WeSmarit siblanted. rogorc ki gadaaWarbebs 
-s, daiwyeba dineba da siblante iRebs mudmiv mniSvnelobas. aseT 

pirobebSi siCqaris gradientis dU/dx damokidebuleba Zvris 

Zabvaze gamoisaxeba wrfiT. naxaz 6.2-b-s Tanaxmad              


dU/dx

   ctg           (6.10) 

       bingamis gantoleba kargad aRwers Tixis pastebis, 

konsistenciuri sacxebis, minanqrisa da Wiqurebis koncentri-

rebuli suspenziebis denadobis mrudebs. Tumca struqtu-

rirebuli koloiduri sistemebis umravlesobisaTvis es damo-

kidebuleba gamoisaxeba mrudiT da ara wrfiT. am dros 

 
 

nax. 6.2. siCqaris gradientis damokidebuleba 
 Zvris Zabvaze 

a)normaluri da b)plastiuri dinebisaTvis 

 



 

160 
 

denadobis zRvris miRwevis Semdeg koloiduri sistemis 

struqtura irRveva ara myisierad aramed nel-nela, siTxis 

moZraobis siCqaris gradientis cvlilebis Sesabamisad, rac 

siblantis TandaTanobiT Secvlas iwvevs. naxazis mixedviT 

SeiZleba ganvasxvaoT Zvris Zabvis ori ZiriTadi sidide -  
Zvris minimaluri Zabva, romelic  maqsimaluri siblantis mqone 

struqturirebuli sistemis dinebis dasawyiss Seesabameba da maqs 
romelic denadobis maqsimalur zRvaria. am SemTxvevaSi siTxis 

gadineba turbulenturi reJimiT mimdinareobs, rac struqturis 

mTlian daSlas iwvevs. Sedegad koloiduri sistema ise gaedineba, 

rogorc arastruqturirebuli, niutonis siTxe - minimaluri 

siblantiT. denadobis es orive zRvari sistemaSi arsebuli yvela 
struqturul-meqanikuri Tvisebis maxasiaTebels warmoadgens. 
       struqturirebuli koloiduri sistemebis reologiuri 

Taviseburebani detalurad Seswavlil iqna rebinderisa da mis 

mimdevarTa mier. am Sromebis Tanaxmad, koagulaciur struqturebSi 

siTxis nebismieri siCqariT moZraobisas erTdroulad mimdinareobs 

ori urTierTsawinaaRmdego procesi - struqturis rRveva da 

aRgdena. am procesebs Soris wonasworuli mdgomareobis damyareba 

xasiaTdeba sistemis efeqturi siblantiT - , romelic mcirdeba 

 
nax. 6.3. koloiduri sistemebis dinebis mrudi (a) da dinebis 

efeqturi siblantis damokidebuleba Zvris Zabvaze (b) 
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Zvris Zabvis zrdis Sesabamisad. mcire Zabvis dros efeqtur 

siblantes maqsimaluri mniSvneloba aqvs (), romelic praqti-

kulad dauSleli struqturis mqone siTxis siblantis 

tolia. Zvris Zabvis didi mniSvnelobisas ki mcirdeba zRvrul 

mniSvenlobamde - min, romelic mTlianad daSlili struqturis 

mqone koloidur sistemas Seesabameba. 

      rebinderis mixedviT dU/dx mrudebi da siblantis 

damokidebuleba Zvris Zabvaze mocemulia nax. 6.3.-ze.  

       struqturirebuli koloiduri sistemebis siblante 

Zlieraa damokidebuli misi gansazRvris pirobebze, kerZod ki 

Zvris siCqaris gradientze. amitom am sistemebis siblanteTa 
Sedareba mxolod maSin gvaZlevs realur suraTs, rodesac 
isini reinoldsis ricxvis erTnairi mniSvnelobisaTvisaa 
gansazRvruli. 
 

6.3. dispersuli sistemebis klasifikacia 

struqturul-meqanikuri Tvisebebis mixedviT 
 

       struqturul-meqanikuri Tvisebebis mravalsaxeoba Tavis 

gamosaxvas poulobs bunebriv da sinTezur masalebSi, romelTa 

umetesoba dispersul sistemebs warmoadgens. maTSi mimdinare 

procesebis marTva saWiro Tvisebebis mqone masalebis miRebis 

SeuzRudav SesaZleblobas iZleva.  

       dispersul sistemebSi warmoqmnili struqturebi Tvisebe-

bis mixedviT rebinderma or ZiriTad tipad dahyo: kondensaciur-
kristalizaciuri da koagulaciur-tiqsotropuli.  
       kondensaciur-kristalizaciuri struqturebis warmoqmna 

Seesabameba potencialuri mrudis pirvel minimums, sadac nawila-

kebs Soris uSualo qimiuri urTierTqmedebis Sedegad xisti 

moculobiTi struqturebi warmoiqmneba. Tu nawilakebis konsis-

tencia amorfuli da faSaria, maSin dispersul sistemebSi 

warmoqmnil struqturebs kondensaciuri ewodeba, xolo 

kristaluri nawilakebis uSualo SezrdiT ki warmoiqmneba 

kristalizaciuri struqturebi. aseT dros Camoyalibebuli struq-

turebis meqanikuri Tvisebebi TviT am nawilakebis Tvisebebidan 
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gamomdinareobs. kondensaciur-kristalizaciuri struqturebi 

bmuli dispersuli sistemebisaTvis anu myari sadispersio garemos 

mqone sistemebisTvisaa damaxasiaTebeli, romlebsac aseTi saxis 

struqturebi erTdroulad simtkicesa da simyifes aZlevs. 

meqanikuri daSlis Semdeg aseTi struqturebi TavisiT veRar 

ubrundebian sawyis mdgomareobas. 

       koagulaciuri stuqturebi warmoiqmneba nawilakebs Soris 

urTierTqmedebis potencialur mrudis meore, Sor minimums 

Seesabameba. nawilakebis urTierTqmedeba van-der-vaalsis Zalebis 

gavleniT xdeba maT Soris sadispersio garemos Txeli Sris 

Tanaobisas. amitom sivrciTi struqturuli bade ar SeiZleba iyos 

Zalian mtkice. am struqturebis meqanikuri Tvisebebi ganisazRvreba 
ara imdenad struqturis warmomqmneli nawilakebis TvisebebiT, 
ramdenadac nawilakebs Soris kavSirebisa da maT Soris moqceuli 
siTxis Sris TaviseburebiT.   
       Txevadi sadispersio garemos mqone koagulaciuri 

struqturebis specifikur Tvisebad tiqsotropia iTvleba. 

berZnulidan TargmniT “tiqso” – Sexeba, “trope”- cvlileba anu 

garkveuli meqanikuri zemoqmedebiT struqturis rRvevis Semdeg 

misi kvlav aRdgenis unari. sxvagvarad rom vTqvaT tiqsotropia 

gelis zolSi izoTermuli Seqcevadi gardaqmnis unari. e.i. 

tiqsotropiis arsi imaSi mdgomareobs, rom gare meqanikuri 

zemoqmedebis an brounis moZraobisas nawilakTa dajaxebebis 

meqanikuri zemoqmedebiT maT Soris darRveuli kavSirebi garkveuli 

drois Semdeg kvlav aRdgebian.  

       tiqsotropiis movlenebi xSirad gvxvdeba bunebaSi. am unars 

amJRavnebs zogierTi grunti (mewyeri, mcuravi qani). igi 

damaxasiaTebelia cocxali organizmebis ujredebis protoplaz-

misaTvis. tiqsotropiisadmi unars xSirad iyeneben teqnikaSi. 

magaliTad, navTobis WaburRilebis burRvisas Tixis Txel 

suspenziebs tumbaven WaburRilebSi da recxaven mas mTis qanebis 

wvrili nawilakebisagan. am xsnarebis tiqsotropuli Tvisebis 

wyalobiT Tavidan icileben qanebis nawilakebis WaburRilSi 

daleqvasa da saburRi instrumentis CaWedvas. tiqsotropiuli 

sistemebis magaliTia Cveulebrivi zeTiani saRebrebi. meqanikuri 
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morevis Semdeg SesaZlebelia maTi datana vertikalur zedapirze. 

maTi tiqsotropiuli Tvisebis gamo xdeba struqturis swrafi 

aRdgena, ris gamoc saRebavi zedapiridan ar CamoiRvenTeba. 

       koagulaciuri struqturebis mqone sistemebs axasiaTebs 
cocvadoba anu dinebisas sivrciTi struqturuli badis 

praqtikulad SeumCneveli darRvevis gareSe mniSvnelovani narCeni 

deformaciis neli ganviTarebis unari. koloiduri sistemis cocva 
dasafar zedapirze ganpirobebulia maRali siblantiTa 
(struqturuli badis umniSvnelo daSlis gamo) da dinebis  
sakmaod mcire siCqariT. didi siCqariT dinebis dros am sistemebSi 
xdeba struqturis mniSvnelovani daSla, radgan nawilakebs Soris 

kavSirebi veRar aswrebs aRdgenas. am dros struqturis daSlis 

siCqare misi aRdgenis siCqares aWarbebs, rac iwvevs siblantis 

Semcirebas da xdeba dasafari zedapiridan saRebris  ara cocva, 

aramed misi srulad CamoRvra.  

       realuri sxeulebi sxvadasxva saxis struqturebiT 

xasiaTdeba. rogorc wesi, kondesaciur-kristalizaciuri struq-

turebis mqone masalebi da maTgan miRebuli nakeTobebi myar 

sxeulebs warmoadgenen (liTonebi, nadnobebi, keramika, minanqris 

safarebi, betoni da sxva), nedleuli da Sualeduri produqtebi 

ki umeteswilad koagulaciuri stuqturebis mqone Txevadis an 

myarismagvari sistemebia. maTgan masalebisa da nakeTobebis 

damzadebis procesSi xdeba koagulaciuri struqturebidan konden-

saciur-kristalizaciurSi gadasvla. koloidur struqturaTa 
aseTi klasifikacia sxeulebis meqanikuri Tvisebebis maT 
aRnagobasTan dakavSirebis saSualebas iZleva. 
       reologiuri Tvisebebis mixedviT arsebobs sxeulTa 

klasifikacia, romlis Tanaxmadac yvela realuri sistema SeiZleba 

davyoT siTxismagvar (0) da myarismagvar (0) sistemebad. Tavis 
mxriv siTxismagvari sistemebi iyofa niutonis da araniutonis 
tipis siTxeebad. niutonis siTxeebi ewodeba iseT siTxeebs, 
romelTa siblante Zvris Zabvaze ar aris damokidebuli da mudmiv 
sidides warmoadgens (niutonis kanoni). araniutonis siTxeebi ar 
emorCilebian niutonis kanons, maTi siblante damokidebulia Zvris 
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Zabvaze. es siTxeebi iyofa stacionarul da arastacionarul siTxe-

ebad. stacionaruli siTxeebis reologiuri Tvisebebi droSi ar 

icvleba, arastacionarulisTvis ki es Tvisebebi damokidebulia 

droze.  

       siTxismagvari da myarismagvari sxeulebi erTmaneTisagan ara 

marto denadobis zRvris arsebobiT an ararsebobiT gansxvavdebian, 

aramed deformaciisadmi gansxvavebuli qceviT. struqturirebuli 
siTxeebisaTvis damaxasiaTebelia datvirTvis zrdiT niutonur 
dinebaSi gadasvla, rac maTi struqturis mTlian daSlas 
Seesabameba. myarismagvari  sxeulebis datvirTvis gazrdiT ki xdeba 
maTi meqanikuri mTlianobis darRveva da Seuqcevadi daSla.  
       koagulaciuri struqturebis Semcveli sistemebi, rogorc 

wesi, mcire simtkiciT, plastikurobiTa da garkveuli elastiuro-

biT xasiaTdebian. aseTi sistemebisaTvis xSirad damaxasiaTebelia 

sinerezisis movlena. sinerezisi gelisagan sadispersio garemos 
nivTierebis nawilis TavisTavadi gamoyofaa, romelic misi 
moculobis (zomis) SemcirebiT mimdinareobs. sinerezisis mizezi 
imaSi mdgomareobs, rom gelis warmoqmnisas struqturis 

elementebs Soris kavSirebis SedarebiT mcire raodenoba 

warmoiqmneba. Tburi moZraobisas nawilakebis gadajgufebis Sedegad 

kontaqtebis ricxvi izrdeba, rac iwvevs gelis SekumSvas da misgan 

sadispersio garemos gamodevnas. zogjer SesaZlebelia krista-

lizaciuri xidebis warmoiqmna, romlebic aerTeben nawilakebs. 

zRvrul pirobebSi nawilakTa aseTma Sezrdis procesma SeiZleba 

monoliTuri mTliani sxeulis warmoqmnamde migviyvanos. magaliTad, 

geologiuri epoqebis ganmavlobaSi bunebaSi mimdinareobda Semdegi 

procesebi: 

   iSiO2( )zoli silikageli opali qalcedon kvarci  

       sinerezisze dadebiTad moqmedebs yvela is faqtori, 
romelic koagulacias uwyobs xels, saxeldobr - eleqtrolitis 

koncetraciis gazrda, temperaturis aweva, sistemaSi desol-

vataciis gamomwvevi nivTierebis Setana. sinereziss xels uwyobs 

koagulaciuri struqturebis elementebis Zvradoba, moqniloba da 

a.S. 
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       koagulaciuri struqturebis mqone sistemebisaTvis 

damaxasiaTebelia agreTve is faqti, rom sadispersio garemos gamoS-

robiT miRebul mSral gels kvlav SeuZlia ama Tu im xarisxiT 

siTxis STanTqma. mSrali geliT (qserogeliT) siTxis STanTqma 
ganpirobebulia rogorc martivi kapilaruli SewoviT, ise gelis 
struqturis elementebs Soris gampobi wnevis aRZvris gamo maTi 
struqturuli erTeulebis urTierT daSorebiTa da gamoTavi-
suflebuli adgilis sadispersio garemoTi SevsebiT. aseT SemTx-
vevaSi adgili aqvs qserogelis gajirjvebas. sruliad naTelia, rom 

gajirjveba sinerezisis Sebrunebuli procesia, Tumca imis gamo, 
rom liofobur sistemebSi struqturebis warmoqmnisas nawilakTa 

Soris kontaqtis adgilebi sakmaod mtkicea, isini umniSvnelod 

jirjvdeba. maRalmolekuluri nivTierebebSi ki es Tviseba piriqiT, 

Zlieraa gamoxatuli. 

       

VI Tavis ZiriTadi daskvnebi 
 

1. koloiduri da mikroheterogenuli sistemebi Tavisufal 

da bmul dispersul sistemebad iyofa. 
   -  Tavisufaldispersul sistemebSi fazis nawilakebi 

advilad gadaadgildebian sadispersio areSi (zolebi, 

ganzavebuli suspenziebi da emulsiebi).  

     -  bmul dispersiul sistemebSi ki nawilakTa Soris 

struqturirebuli badis warmoqmnis gamo SeuZlebelia maTi 

Tavisufali gadaadgileba.  

        koloidur sistemebSi koncentraciis zrdis 

Sesabamisad xdeba moculobiTi struqturebis warmoqmna da 

dispersuli fazis mdgomareoba zolebis gavliT gelebamde 

midis. es sistemebs garkveul meqanikur Tvisebebs aZlevs, 

rogoricaa siblante, plastikuroba, drekadoba, simtkice. 

am Tvisebebs struqturul-meqanikuri anu reologiuri 
Tvisebebi ewodeba; 

2. idealurad blanti sxeulebis (siTxeebis) dineba 

niutonis kanons emorCileba, romlis Tanaxmad  
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F = S
U

x

d

d  
3. zolis siblante dispersuli fazis koncentraciis 

gazrdiT izrdeba. es kavSiri ganzavebuli zolebisaTvis 

ainStainis gantolebiT aRiwereba 

 0  0 
3. struqturirebuli siTxeebis dineba kargad aRiwereba 

bingamis gantolebiT  


dU/dx

   ctg            

5. dispersuli sistemebi struqturuli Tvisebebis mixedviT 

rebinderma or ZiriTad tipad dahyo: kondensaciur-
kristalizaciuri da koagulaciur-tiqsotropuli; 

6. Txevadi sadispersio garemos mqone koagulaciuri struq-

turebis specifikur Tvisebad tiqsotropia iTvleba, anu 

garkveuli meqanikuri zemoqmedebis gamo struqturis 

rRvevis Semdeg misi kvlav aRdgenis unari. sxvagvarad, 

gelis zolSi izoTermulad Seqcevadi gardaqmnis unari. 

tiqsotropiis arsi imaSi mdgomareobs, rom brounis 

moZraobisas meqanikuri zemoqmedebiT darRveuli nawilakebs 

Soris momqmedi kavSirebi kvlav aRdgeba maTi Semdgomi 

efeqturi dajaxebebisas; 

7. koloidur struqturaTa aseTi klasifikacia sxeulebis 

meqanikuri Tvisebebis maT aRnagobasTan dakavSirebis 

saSualebas iZleva; 

8. sinerezisi gelisagan sadispersio garemos TavisTavadi 

gamoyofaa, romelic misi moculobis (zomis) SemcirebiT 

mimdinareobs. mSrali geliT (qserogeliT) siTxis STanTqma 
ganpirobebulia rogorc martivi kapilaruli SewoviT, ise 

gelis struqturis elementebs Soris gampobi wnevis 

aRZvris gamo maTi struqturuli erTeulebis urTierT 

daSorebiTa da gamoTavisuflebuli adgilis sadispersio 

garemoTi SevsebiT. aseT SemTxvevaSi adgili aqvs 
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qserogelis gajirjvebas. sruliad naTelia, rom 

gajirjveba sinerezisis Sebrunebuli procesia, Tumca imis 
gamo, rom liofobur sistemebSi struqturebis 

warmoqmnisas nawilakTa Soris warmoqmnili kontaqtis 

adgilebi sakmaod mtkicea, isini umniSvnelod jirjvdeba, 

maRalmolekuluri nivTierebebSi ki es Tviseba piriqiT, 

Zlieraa gamoxatuli. 

 

7. koloiduri sistemebis ZiriTadi saxesxvaobani 
 

dispersuli sistemebis klasifikaciidan gamomdinare, saqme 

gvaqvs maT mravalsaxeobasTan, romelTa ZiriTad fiziko-qimiur 

Tvisebebs mocemul TavSi SeviswavliT.  

 

7.1. qafebi 
 

       qafi Tavisufaldispersiuli sistemaa, romelic 

Sedgeba airadi dispersuli fazisa da Txevadi sadispersio 

garemosagan. qafi warmoadgens SedarebiT uxeS, maRalkon-

centrirebuli airis (Cveulebriv haeris) dispersias siTxeSi, 

sadac haeris buStebis zoma ramdenime milimetris, zogjer 

santimetris rigisacaa. airadi fazis siWarbisa da buStebis 

urTierTdawoliT qafSi maT poliedruli ujredis forma 

aqvT, romlis kedlebi warmoadgens sadispersio garemos 

Zalian Txel apks. qafis apkebis zedapirebi xSirad interfe-

renciul Tvisebebs amJRavneben, rac imis mauwyebelia, rom maTi 

sisqe sinaTlis talRis sigrZis Tanazomieria. 

       qafi SeiZleba miviRoT rogorc dispergaciis, iseve 
kondensaciis meTodiT. dispergaciis meTodiT qafi miiReba 
wvrili naxvretidan siTxeSi gazis barbotaJisas, roca airis 
Wavli iSleba buStebis warmoqmniT. qafi warmoiqmneba airis 
meqanikuri SereviT siTxesTan, romelsac adgili aqvs 

magaliTad, flotaciis dros, recxvisas da a.S. kondensaciuri 
meTodiT qafi miiReba  sistemaSi axali airadi fazis buStebis 

saxiT warmoqmnisas. buStebi an qimiuri reaqciis Sedegad 
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gamoiyofa sareaqcio aridan, an kidev wnevis Semcirebisa da 

temperaturis gazrdisas siTxidan gaxsnili airis gamoyofiT. 

kondensaciuri meTodis magaliTia qafis warmoqmna qafiani 

cecxlmaqrobebis gamoyenebisas, gazian sasmelebSi, romlebic 

gajerebulia naxSirorJangiT da a.S.AADFO 

       qafis miReba SeiZleba haerze siTxis SenjRrevisas. 

sufTa siTxeSi qafi Zalian umdgradia da igi SeiZleba 

arsebobdes dinamikur reJimSi anu rodesac buStebis warmoqnis 

siCqare misi daSlis siCqaris tolia. idealurad sufTa 

siTxis aqafeba xdeba masSi airis 0,7_1,3 m/wm siCqariT 

gatarebisas. aseT siTxeebSi airis siCqaris Semcireba qafis 

myisier gaqrobas iwvevs. amitom statikur pirobebSi qafis 

misaRebad saWiroa specialuri stabilizatorebi, romlebsac 

qafwarmomqmnelebi ewodeba. maT tipze damokidebulebiT qafi 

SeiZleba arsebobdes ramdenime wuTidan ramdenime saaTamde. 

qafwarmomqnelebis gansxvaveba mJRavndeba ara marto qafis 

mdgradobaSi, aramed masze qafwarmomqmnelis koncentraciis 

gavlenaSi. 

       qafis mdgradobaze zedapirulad aqtiuri nivTi-

erebebis gavlenis SeswavliT dadginda, rom dabalmole-
kuluri spirtebisa da cximovani mJavebis qafebis maqsimalur 
mdgradobas Seesabameba maTi garkveuli koncentracia,   
romelic am nivTierebaTa homologiur mwkrivSi naxSirbadis 
atomebis ricxvis zrdis Sesabamisad mcirdeba. amaTgan 

gansxvavebiT, qafwarmomqmnelebis meore jgufi - sapnebi, 

glikozidebi, saponini da cilebi xels uwyobs qafis 

warmoqmnas wyalxsnarebSi, romelTa mdgradoba koncentraciis 

gazrdiT ganuwyvetliv izrdeba.  

       qafSi fazebis SefardebiTi Semcveloba xasiaTdeba misi 

jeradobiT (K). jeradoba aris qafis moculobis fardoba 
siTxis im moculobasTan, romelsac qafi Seicavs. jeradoba 
SeiZleba Sefasdes qafis simkvriviT (dqaf). Tu airis simkvrives 
ugulebelvyofT, qafis simkvrive SeiZleba gamoiTvalos 

formuliT 
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                  dqaf= 
V

Sh
siTx

 dsiTx               (7.1) 

       sadac VsiTx siTxis moculobaa, romlisganac 

warmoiqmneba qafi, S qafis svetis kveTis farTobi, h qafis 
svetis simaRle, dsiTx ki siTxis simkvrivea. qafis jeradoba 
SeiZleba gamoiTvalos Semdegi formuliT: 

                K = 
Sh

V
siTx

= 
d

d
siTx

qaf

                    (7.2)
 

qafis jeradoba gansazRvravs mis struqturas. rodesac 

K=1020, airis buStebs sferos forma aqvs. rodesac K 

aRwevs ramodenime aTeuls an aseuls, buStebi warmoiqmnian 

mravalwaxnaga ujredebs, romlebic erTmaneTisagan gamoyo-

filia siTxis Txeli apkiT. aseTi apkebis Tviseba qafis 

Tvisebebs gansazRvraven. amasTan dakavSirebiT tardeba 

mravalricxovani gamokvlevebi mrgvali gamtaris karkasze 

gadaWimuli Tavisufali apkebisa, romelsac ormxrivi apki 

ewodeba. maTi Tvisebebi damokidebulia adsorbciuli Sreebis 

mdgomareobaze, romelTa Soris moTavsebulia apkTaSorisi 

siTxe. am apkebSi adsorbciuli Sreebis struqturul-

meqanikuri Tvisebebis maxasiTebelia zedapiruli siblante, 

romelic Cveulebrivi monoSris siblantis analogiuria.  

       ormxriv apkebSi adsorbciuli Sreebis struqturul-

meqanikuri maxasiaTeblebis Seswavlis zusti meTodiT 

dadginda, rom qafis mdgradoba am Sreebis maRali zedapiruli 

siblantiTaa ganpirobebuli.  

       ujredovani struqturis mqone qafis Tavisebureba 

aris siTxis simrudis mkveTri gansxvaveba apkis im adgilSi, 

sadac sami apki iyris Tavs. am adgils platos ubani ewodeba. 
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rogorc viciT, siTxis hidrostatikuri wneva miT naklebia, 

rac ufro metia misi zedapiris simrude. amitom siTxe 

gamoedineba apkidan platos ubanidan ris gamoc apki ufro 

Txeli xdeba. simZimis Zalis gavleniT siTxe Camoedineba 

qveviT. qafis mdgradoba platos mixedviT imiT aixsneba, rom 

siblantis efeqtis Sedegad apki nel-nela Txeldeba. es 

warmodgenebi ganviTarebul iqna rebinderis mier qafwarmo-

qmnisaTvis sapnebis, cilisa da saponinis xsnarebSi, romlis 

Tanaxmad apkSi warmoqmnili struqtura xels uSlis apkis 

daSlas. 

       qafwarmomqmnelebi gansxvavdebian mastruqturirebeli 

moqmedebiT. dabali molekuluri wonis mqone nivTierebebis 

(spirtebi, mJavebi, aminebi, fenolebi da sxva) xsnarebSi 

praqtikulad ar xdeba struqturebis warmoqmna, xolo 

apkTaSorisi siTxe Cqara gamoedineba. sapnebi, sinTezuri 

zedapirulad aqtiuri nivTierebebi, cilebi da sxva wyalSi 

xsnadi maRalmolekuluri naerTebi warmoqmnian qafs, 

romlidanac drois garkveul momentamde siTxis gamodineba 

mkveTradaa Semcirebuli. aseT sistemebSi warmoqmnili qafis 

stuqturuli karkasi uzrunvelyofs qafis mdgradobas. 

       deriaginis Termodinamikuri Teoriis Tanaxmad apkis 

xangrZlivad arseboba aixsneba maRali energetikuli barieriT, 

romelic apkis darRvevis Semdeg yofs mis SedarebiT mdgrad 

metastabiluri wonasworobis mdgomareobas sistemis absolu-

turad mdgradi mdgomareobisagan. barieris warmoqmnis erT-

erTi mizezi ki gampobi wnevaa. 

       qafis stabilurobis sazomad calkeuli buStis 

sicocxlis xangrZlivobas an cilindrSi siTxis fenaSi airis 
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Cabervis gziT warmoqmnili qafis calkeuli nawilis daSlis 

dros iyeneben.  

       qafwarmoqmnis procesebis gamoyeneba SesaZlebeli 

gaxda maRalforovani samSeneblo da Termosaizolacio masa-

lebis (qafbetoni, qafmina), plastikuri masebis (penoplasti) 

warmoebaSi, sasargeblo wiaRiseulis gamdidrebisas (qafiani 

flotacia) da a.S.  

       rig SemTxvevebSi qafwarmoqmna arsasurveli procesia. 

orTqlis manqanis qvabebSi warmoqmnil qafs SeuZlia daarR-

vios Tboenergetikuli danadgarebis muSaoba. qafi qreba 

siTxeSi iseTi nivTierebis SetaniT, romelic ufro meti 

zedapiruli aqtiurobis gamo adsorbciuli Sridan qafwarmom-

qmnels gamoaZevebs. qafi SeiZleba daiSalos agreTve meqanikuri 

gziT - haeris WavliT an akustikuri rxevebiT. 

 

7.2. aerozolebi 
 

       koloidur sistemas airadi sadispersio garemoTi 
aerozoli ewodeba. liozolisagan aerozolis gansxvaveba 

ganpirobebulia sadispersio garemos gauxSoebiT da Sesabamisad 

mcire siblantiT, rac xels uwyobs sakvlev sistemaSi brounis 

moZraobis intensiurobisa da sedimentaciis siCqaris zrdas. garda 

amisa, airad fazaSi ar mimdinareobs eleqtrolituri disociaciis 

procesi ris gamoc nawilakebis garSemo ar xdeba ormagi 

eleqtruli Sris warmoqmna.  

       aerozolebis klasifikacias axdenen dispersuli fazis 
agregatuli mdgomareobisa da miRebis meTodebis mixedviT. pirveli 

niSnis Sesabamisad bunebaSi arsebobs aerozolebis ori jgufi 

kvamli da nisli. nisli - Txevadi dispersiuli fazis Semcveli 

aerozoli, kvamli - myari fazis Semcveli. am klasifikaciis 
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mixedviT kvamls miekuTvneba mtveri - ufro msxvili myari 

nawilakebis Semcveli sistema.  

       kvamli, romelSic dispersuli fazis nawilakebze 

atmosferodan tenis mniSvnelovani raodenobaa adsorbirebuli, 

warmoadgens erTdroulad kvamlsac da nislsac. aseTi sistemebi 

xSirad warmoiqmneba didi samrewvelo qalaqebis Tavze. mas smogi 
ewodeba (inglisuridan smoke –kvamli, fog - nisli).  

       dispersulobis mixedviT myari dispersuli fazis mqone 

aerozolebi iyofa - kvamlad, romelSic nawilakebis zoma 10-7-10-3 

sm-ia da mtvrad, romelSic nawilakebis zoma > 10-3 sm.  nislSi 

nawilakebis (wveTebis) zoma 10-510-3sm-s Seesabameba. 

       warmoqmnis an miRebis xerxebis mixedviT gvaqvs 

dispergaciuli da kondensaciuri aerozolebi. dispergaciuli 
aerozolebi miiReba sadispersio garemoSi dispersuli fazis 
nivTirebis dispergaciiT (daqucmacebiT an gafrqveviT). am gziT 
miRebuli sistemebi sakmaod msxvil nawilakebs Seicavs da rogorc 
wesi polidispersulni arian. kondensaciis meTodiT aerozolebi 

miiReba an gadajerebuli orTqlidan an qimiuri reaqciebis Sedegad. 

       aerozolebSi nawilakTa forma damokidebulia dispersuli 

fazis agregatul mdgomareobaze. nislSi nawilakebi umetesad 

sferosebria, mtverSi maT sxvadasxvagvari forma aqvs (nebismieri, 

firfitisebri, varskvlavisebri da a.S.). kvamlSi ki nawilakebi didi 

zomis rTul agregatebs warmoqmnian.  

       nawilakTa formisa da zomis gansazRvra aerozolebSi 

mikroskopiT, ultramikroskopiT an eleqtronuli mikroskopiT 

xdeba. aerozolebis optikuri Tvisebebi imave kanonzomierebebs 

emorCilebian rasac liozolebi, Tumca dispersuli fazisa da 

garemos simkvriveebis gansxvavebis gamo maTi gardatexis 

maCveneblebic gansxvavebulia da sxva optikuri Tvisebebic.           

aerozolebi SedarebiT didi gauxSoebis gamo xasiaTdebian sadis-

persio garemos mcire siblantiT, rac maT molekulur-kinetikur 

Tvisebebzec aisaxeba. 

       rogorc ukve aRvniSneT SeuZlebelia aerozolebSi 
nawilakis garSemo ormagi eleqtruli Sris warmoqmna. miuxedavad 
amisa, maT gansazRvrul pirobebSi gaaCniaT muxti, romlis warmoqmna 
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dakavSirebulia nawilakebs Soris kontaqtis warmoqmnasa da maT 
Semdgom rRvevasTan an nawilakis zedapirze airidan ionebis 
adsorbciasTan  anu nawilakis zedapiruli muxti SemTxveviTia, 
xolo misi sidide da niSani ki damokidebulia aerozolis 
warmoqmnis meTodebze. erTnairi zomisa da Sedgenilobis nawilakebs 

SeiZleba gaaCndeT sididiT (zogjer niSniTac) sxvadasxva muxti, 

romlis cvlileba droSi sruliad SemTxveviT xasiaTs atarebs. 

amitom aerozolis nawilakebis eleqtruli mdgomareoba SeiZleba 
mxolod statistikuri meTodiT daxasiaTdes. nawilakze muxtis 

sidide miT metia, rac metia misi zoma. praqtikidan gamomdinare 
dadgenilia, rom liTonebisa da maTi oqsidebis aerozolebSi 
nawilakebi dadebiTadaa damuxtuli, xolo araliTonebis 
nawilakebi - uaryofiTad.  
       aerozolebis eleqtrul TvisebebTan dakavSirebul 

movlenebs didi praqtikuli mniSvneloba aqvs. aerozolebis 

nawilakebis moZraoba da daleqva Weqa-quxilis mizezs warmoadgens. 

is xels uSlis agreTve marTvisa da dakvirvebis xelsawyoebis 

muSaobas.   

       Zalian mniSvnelovan amocanas warmoadgens aerozolebis 

daSla. problema aqtualuria kvamlis da agreTve sxvadasxva sa-

warmoo procesebisa da mSeneblobebisas warmoqmnili mtvris wina-

aRmdeg praqtikuli brZolis TvalsazrisiTac. es RonisZiebebi 

xorcieldeba sxvadasxva meTodis gamoyenebiT. maTi mravalsaxeobis 

miuxedavad, yvela meTodSi SeiZleba gamoiyos ori ZiriTadi stadia: 
- dispersuli fazis nawilakebis daWera; 
- sadispersio garemodan maTi gamoyofa (umetes SemTxvevaSi 
haeridan) da am garemoSi maTi kvlav moxvedris Tavidan acileba. 
aerozolebis daleqvisaTvis umetesad gamoiyeneba inerciuli da 

eleqtrostatikuri Zalebi. Sesabamisad, meTodebs ewodeba 

inerciuli da eleqtrostatikuri. 
         

7.3. suspenziebi 
 

     suspenzia siTxeSi Sewonili myari dispersuli fazaa. 

mas udidesi mniSvneloba aqvs bunebasa da teqnikaSi. tenis 
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sakmao Semcvelobisas suspenziebs miekuTvneba niadagi da 

grunti, keramikuli nakeTobebisaTvis gamoyenebuli Tixis 

comi, cementisa da kiris xsnarebi, romlebic samSeneblo 

saqmeSi gamoiyeneba, minanqris da keramikuli Wiqurebis 

Slikerebi da a.S. suspenziebs warmoadgens organul garemoSi 

Sewonili pigmentebi, romlebic zeTiani saRebrebisa da feradi 

laqebis saxiT gamoiyeneba. qimiur warmoebaSi marilebis 

wvrilkristalur mdgomareobaSi  miRebisas suspenziebTan 

gvaqvs saqme. 

     suspenziebs mTeli rigi saerTo Tvisebebi aqvs 

fxvnilebTan. isini msgavsni arian dispersulobis mixedviT. 

fxvnilis Txevad sadispersio garemoSi CayriTa da SenjRreviT 

suspenzia miiReba, xolo suspenziis gamoSrobiT ki kvlav 

fxvnili. kocentrirebul suspenziebs pastebi, pulpebi, 

Slamebi da Slikerebi ewodeba. 

     dispersulobis mixedviT supenziebi iyofian uxeS 
(nawilakebis diametri 100 mkm-ze meti), wvril (100 5 mkm-
de) da mRvrie (0,5  100 nm-de) sistemebad. 
     radgan suspenziebSi nawilakebis zoma zolebTan 

SedarebiT bevrad ufro metia, amitom isini sedimetaciurad 

aramdgradi sistemebia. garda amisa sedimentaciur mdgradobas 

amcirebs sistemis siblantis simcire da dispersuli fazis 

simkvrivesTan SedarebiT sadispersio garemos simkvrivis didi 

sxvaoba. amave mizezebiT suspenziebs ar axasiaTebT osmosur 

wneva, brounis moZraobaSi CarTuloba da difuziis unari. 

     suspenziebi erTdroulad STanTqaven da ganabneven 
sinaTlis sxivebs. Tumca maTi nawilakebi koloidur 

nawilakebze zomiT metia, magram zolebisagan gansxvavebiT 

suspenziebi aseT Tvisebebs ara marto gverdiTi ganaTebisas, 

aramed gamaval sinaTlezec ki amJRavnebs. 

     agregatuli mdgradobis mixedviT suspenziebs bevri 
saerTo aqvs zolebTan. suspenziis nawilakebs, iseve rogorc 

liofoburi koloiduri sistemebis nawilakebs zedapirze 

ormagi eleqtruli Sre an solvaturi garsi akravs. 

suspenziis nawilakebis eleqtrokinetikuri potenciali () 
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SeiZleba gansazRvrul iqnas makro da mikro eleqtro- 
foreziT, misi mniSvneloba igive rigisaa, rogorc koloiduri 

sistemebis nawilakebisa. eleqtrolitebis zemoqmedebisas 

suspenziebi koagulacias ganicdian. gansazRvrul pirobebSi 

suspenziebSi warmoiqmneba sivrciTi koagulaciuri struqtu-

rebi, romlebisTvisac sinerezisis movlenaa damaxasiaTebeli. 

xolo rac Seexeba tiqsotropul movlenas, Sesabamisi 

pirobebis Seqmnis SemTxvevaSi igi suspenziebSi gacilebiT 

ufro Zlieraa gamoxatuli vidre liofobur zolebSi. 

     suspenziebisaTvis damaxasiaTebelia zogierTi iseTi 

Tviseba, romelic sxva koloidur sistemebs ar gaaCnia. 

magaliTad filtracia da kolmatacia. 
     suspenziebis filtracia nawilakebis dispersulobiTa da 

agregaciis xarisxiT, agreTve koagulaciuri struqturebis 

warmoqmniTa da gafiltrul naleqSi maTi TviTgamkvrivebis 

unariT ganisazRvreba. amitom filtracia rTuli fiziko-

qimiuri procesia, romelzec nawilakebis agregaciisa da 

koagulaciuri struqturebis warmoqmnis ganmsazRvreli yvela 

faqtori moqmedebs. 

     aranakleb rTulia kolmataciis procesi. es aris Tixis 

an nacris umciresi nawilakebis `Serecxva~ gruntis forebSi 

qanebis wyalgamtarianobis unaris Semcirebis mizniT, rac 

yvelaze xSirad sxvadasxva hidroteqnikur mowyobilobebis 

(dambebi,  kaSxlebi) agebisasaa aqtualuri. 

 

7.4. emulsiebi 
 
     emulsiaLewodeba erTmaneTSi uxsnadi ori siTxisagan 

Semdgar dispersul sistemas, romelSic erTi siTxe 

uwvrilesi wveTebis saxiTaa gadanawilebuli meoreSi. 

emulsiebis dispersuloba farTo zRvrebSi icvleba da maTi 

umravlesoba mikroheterogenul sistemebs miekuTvneba 

(nawilakebis zoma >100 nm), ris gamoc maTi danaxva Cveulebriv 

mikroskopSic kia Sesalebeli. 
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emulsiis saxelwodebis miRebisas jer asaxeleben 

dispersul fazas, xolo Semdeg ki sadispersio garemos. 

magaliTad, benzolis emulsia wyalSi niSnavs, rom benzoli 

wveTebis saxiTaa ganawilebuli wyalSi. 

     emulsiis warmomqmneli orive Txevadi faza erTma-

neTisagan Zalian gansxvavdeba molekulaTa Soris moqmedi 

ZalebiT. mis misaRebad aucilebelia erTnairi saxis 

molekulebs Soris moqmedi Zalebi mniSvnelovnad meti iyos 

sxvadasxva saxis molekulaTa Soris moqmed Zalebze anu erTi 

siTxe polaruli unda iyos, meore ki – arapolaruli. 
     rom gavarCioT emulsiis warmomqmneli siTxeebidan 

romelia dispersuli faza da romeli sadispersio are, 

polarul siTxes pirobiTad `wyali~ vuwodoT,  xolo 

arapolaruls - `zeTi~. amis Sesabamisad arsebobs emulsiebis 

ori tipi: `zeTi-wyalSi~ (z/wy) da `wyali-zeTSi~ (wy/z), 

romelTagan pirveli tipis emulsiebs pirdapiri, meores ki – 
Sebrunebuli emulsiebi ewodeba. navTis, benzolisa da 

oTxqloriani naxSirbadis emulsia wyalSi pirveli tipisaa 

(pirdapiri), xolo wylis emulsia benzolSi – meore tipis. 

saxelwodeba `zeTi~ aq gulisxmobs Txevad cximebs, 

naxSirwyalbadebsa da sxva naklebad polarul siTxeebs. 

     dispersuli fazis koncentraciis mixedviT emulsiebi 

iyofa ganzavebul da koncentrirebul emulsiebad. ganza-

vebulia emulsia romelSic dispersuli fazis moculobiTi 

koncentracia 0,1%-s ar aRemateba. aseTi emulsiebi 

maRaldispersiulobiT gamoirCevian (nawilakebis zoma <100nm). 

koncentrirebul emulsiaSi ki dispersuli fazis koncen-

tracia ki 75%-s ar aRemateba. aseTi koncentracia erTnairi 

zomis sferuli wveTebis umWidroes wyobas Seesabameba, 

romlis drosac wveTebis deformacia ar SeiniSneba. Tu 

dispersuli fazis moculobiTi koncentracia 75%-s aRema-

teba, maSin emulsias maRalkoncentrirebuli ewodeba. masSi 
wveTebis moZraoba SezRudulia da isini mniSvnelovnad 

deformirebulni arian, xolo sadispersio are ki Txeli Sua 

Sris – emulsiuri apkis saxes iRebs. aseTi struqturuli 
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dayofa imiT aixsneba, rom ganzavebuli da koncentrirebuli 

emulsiebis warmoqmnisa da mdgradobis pirobebi erTmaneTisagan 

mkveTradaa gansxvavebuli. 

     emulsiis tipis gansazRvrisaTvis yvelaze ufro xSirad 

konduqtometruli, Serevis anu ganzavebisa da SeRebvis 
meTodebi gamoiyeneba. 

     rogorc cnobilia, wylisa da wyalxsnarebis kuTri 

elgamtaroba gacilebiT metia masSi uxsnadi organuli 

siTxeebis kuTr elgamtarobaze. dispersuli sistemis 

elgamtaroba rigiT axloa sadispersio garemos elgamtaro-

basTan. amitom martivad SeiZleba davadginoT emulsiis tipi. 
Tu emulsiis elgamtaroba sakmaod didia es imaze miuTiTebs, 
rom igi pirveli tipisaa, dabali elgamtarobis SemTxvevaSi 
ki – meore tipis. meTodi mosaxerxebelia tipis dasadgenad 
emulsiis mcire raodenobis SemTxvevaSi. meTodis saimedooba 
maqsimaluri, roca sadispersio garemosa da fazis 
elgamtarobebi mkveTrad gansxvavdebian erTmaneTisagan, xolo 
nakleb saimedoa koncentrirebuli emulsiebisaTvis. 
     fazebis Serevis meTodiT emulsiis tipis dasadgenad, 

sasagne minaze aTavseben emulsiis patara wveTs, mis gverdiT 

daawveTeben wyals an arapolarul siTxes. sasagne minis 

daxrisas wveTebi Seexebian erTmaneTs da Tu am dros moxda 

maTi urTierT Serwyma, maSin aRebuli siTxe mocemuli emul-

siisaTvis sadispersio garemos warmoadgens. 

     SeRebvis meTodi eyrdnoba ori tipis saRebris 

gamoyenebas. aiReben emulsiis or sinjs. erTis zedapirze 

daafrqveven wvrilad dafxvnil wyalSi uxsnad saRebars, 

meorisaze ki - wyalSi xsnads. nimuSebs frTxilad aureven da 

mikroskopSi akvirdebian Seferilobis ganawilebas moculo-

baSi. Tu Seferiloba wyalSi xsnadi saRebridan mTel 

moculobaSi vrceldeba, emulsia pirvel tips (z/wy) ekuTvnis, 

xolo sistemis mTliani SeRebva zeTSi xsnadi saRebriT ki 

miuTiTebs, rom emulsia meore tipisaa (wy/z). sirTule imaSia, 

rom rogorc aseTi, emulsiis tipis dasadgeni universaluri 
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saRebrebi ar arseboben, amitom yoveli calkeuli SemTxvevi-

saTvis unda SeirCes saRebris saWiro saxeoba.  

     emulsiis miReba SeiZleba rogorc dispergaciis ise 
kondesaciis meTodiT, magram praqtikaSi maT dispergaciis 

meTodiT iReben. 

     emulgirebis efeqturoba damokidebulia Serevis 
kritikul siCqareze. Serevis dabali siCqareebisaTvis 
emulgireba ar mimdinareobs efeqturad. emulsiis miRebisTvis 
yvelaze efeqturi aparati koloiduri wisqvilia. 
     CamoTvlili meTodebiT miRebuli da zogierTi bunebrivi 

emulsia, magaliTad rZe, polidispersiulobiTa da dispersu-

li fazis sakmaod msxvili wveTebiT gamoirCeva. maTi Senaxva 

da gamoyeneba xSirad rig siZneleebTan aris dakavSirebuli, 

radgan isini erTmaneTisagan iolad ganSrevdebian. xelmeored 

wveTebis zomis Semcirebas, romelsac Tan axlavs maTi zomebis 

gaTanabreba, homogenizacia ewodeba. warmoebaSi homogenizacias 
anxorcieleben emulsiis gatarebiT viwro naxvretSi maRali 

wnevis (35 megapaskali) qveS. homogenizirebuli rZe 

specialur pirobebSi, ganSrevebis gareSe Tveebis ganmavlobaSi 

SeiZleba Seinaxos. mdgrad emulsiebs iReben ultrabgerebis 

gamoyenebiTac, romelsac Tan axlavs erTdroulad mimdinare 

procesebi - dispergireba da koagulacia. 
     ori siTxis Serevisas mdgradi emulsia ar miiReba,  Tu 

warmoqmnili dispersuli fazis wveTebi Sejaxebisas erTmaneTs 

ewebebian (koalescencia), am dros emulsia swraf ganSrevdebas 

iwyebs.  

     mdgradi emulsiis misaRebad saWiroa stabilizatoris 
gamoyeneba, romelsac am SemTxvevaSi emulgatori ewodeba. 

kombinacia - dispersuli faza, sadispersio garemo da 
emulgatori gansazRvravs emulsiis tips da mis umniSvnelo-
vanes Tvisebebs. 
     emulgatorad gamodgeba nivTiereba, romelic kargad 

ixsneba emulsiis erT-erT fazaSi an myari nivTierebebi. 

praqtikaSi ufro xSirad emulgatorebis pirveli jgufi 

gamoiyeneba. is moicavs bunebrivi da sinTezuri naerTebis 
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Zalian did ricxvs, romelTa Soris gansakuTrebuli adgili 

uWiravs koloidur, zedapirulad aqtiur nivTierebebs. isini 

orive tipis emulsiis stabilizacias iwveven. maTi moqmedeba 

damokidebulia molekulis polaruli (hidrofiluri) 

jgufisa da arapolaruli (hidrofoburi) radikalebis 

urTierT Sexamebaze. hidrofiluri polaruli jgufisa da 
hidrofoburi radikalis moqmedebaTa Tanafardobis maxasi-
aTebelia grifinis mier SemoRebuli hidrofilur-lipo-
filuri balansis (hlb) mniSvnelobaTa empiriuli skala. am 
skalis mixedviT naerTebi, romlebic naxSirwyalbadis did 

radikalebs Seicaven, hlb dabali mniSvnelobiT xasiaTdebian. 

emulgatorebs Sualeduri adgili uWiravs im naerTebs Soris, 

romelTagan erTis Tvisebebze Warbobs polaruli jgufis, 

xolo meorisaze – radikalis gavlena. amas ganapirobebs 

zedapirulad aqtiuri nivTierebebis molekulis iseTi 

agebuleba, rom erTi fazis moculobaSi misi `mizidva~ 

kompensirdeba meore fazis moqmedebiT sawinaaRmdego mimar-

TulebiT. swored amis gamo energetikulad xelsayrelia 

emulgatoris molekulis fazaTa Soris mdebareoba. unda 

aRiniSnos, rom mdgradi emulsiis miRebisaTvis saWiroa 

vicodeT ara marto emulgatoris, aramed dispergirebadi 

nivTierebis hlb mniSvneloba. 

     emulgatorebis moqmedeba SerCeviTia da amis asaxsnelad 
mravali Teoria iqna SemuSavebuli, magram dResdReobiT 
arcerTi maTgani ar iTvleba damakmayofileblad. amitom 
praqtikaSi empiriuli kanonzomierebiT xelmZRvaneloben, 
romlis Tanaxmadac dadgenilia, rom tute liTonebis sapnebi 
zeTi/wyalSi tipis emulsiebis stabilizacias iwveven, xolo 
magniumis, stronciumis, rkinis, aluminis da sxva aratute 
liTonTa sapnebi ki - wyali/zeTSi tipisas. 
     bunebrivi emulgatorebidan kargadaa Seswavlili sapnebi 

da cilebi (kazeini, Jelatini da a.S.). isini liofiluri 

emulgatorebia da zeTi/wyalSi tipis emulsiebis 

stabilizaciisaTvis gamoiyeneba. cilebis mastabilizirebeli 

unari imiT aixsneba, rom maT adsorbcias fazaTa gamyof 
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zedapirze axlavs sakmaod mtkice damcavi Sreebis warmoqmna. 

meore tipis emulsiebis stabilizatorad ki ZiriTadad gamoi-

yeneba zeTis fazaSi gaxsnili maRalmolekuluri naerTebi. 

      orive tipis emulsiis miReba SeiZleba myari 

emulgatorebis (wvrilad dafxvnili metali, marilebi, 

bentonituri Tixebi) Tanaobisas. am dros miRebuli emulsiis 

tipi damokidebulia myari emulgatoris zedapirul 

Tvisebebze. gadamwyveti roli eniWeba dasvelebis xarisxs - 

fxvnilebis hidrofilurobas. rogorc wesi am dros pirveli 

tipis emulsia stabilizirdeba, xolo hidrofoburi 

fxvnilebiT ki meore tipis emulsiis stabilizacia xdeba. nax. 

7.1-ze naCvenebia fxvnilebiT emulsiis stabilizacia. 

      emulsiaze zogierTi nivTierebis damatebisas adgili 

aqvs emulsiis tipis cvlilebas anu pirveli tipis 

(zeTi/wyalSi) emulsia gadadis meore tipSi (wyali/zeTSi). am 

 
nax. 7.1. myari emulgatoris nawilakebis ganawileba emulsiis 

wveTebis gamyof zedapirze: 
I – hidrofiluri emulgatori (kaolini); 
II – hidrofoburi emulgatori (muri). 

 
nax. 7.2. emulsiis fazaTa Sebruneba – inversia. 
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movlenas emulsiis fazebis Sebruneba anu inversia ewodeba 
(ix. nax. 7.2).  

     emulsiis fazebis Sebruneba (inversia) SeiZleba sxvada-

sxva gziT moxdes. maTgan mniSvnelovania:  

- sawinaaRmdegod moqmedi emulgatoris (emulgator-
antagonistis) damateba;  
‐ emulsiaSi iseTi nivTierebis Setana, romelic urTierT-

qmedebs emulgatorTan;  

- dispersuli fazis koncentraciis gazrda;  

- eleqtrolitis damateba. 
     fazebis Sebrunebis mizniT emulsiaSi danamatebis Setana 

kargadaa Seswavlili mcenareuli zeTebis emulsiebis magaliT-

ze, romlebic natriumiani sapnebiTaa stabilizirebuli. am 

dros inversias 

kalciumis qloridis 

an sxva tutemiwaTa 

liTonebis marilebis 

damateba iwvevs. es 

imiT aixsneba, rom 

mimocvlis reaqciias 

Sedegad warmoiqmneba 

kalciumis, bariumis, 

stronciumis da sxva 

liTonebis sapnebi, 

romlebic iwveven 

wyali/zeTi tipis emulsiis stabilizacias.  

     dispersuli fazis koncentraciis zrdis Sedegad 

emulsiis tipis Secvla sakmaod xSiri SemTxvevaa. emulsiis 

fazebis Sebruneba misi Tvisebebis cvlilebas iwvevs. nax. 7.3 

mocemulia emulsiis fardobiTi siblantis damokidebuleba 

fazaTa fardobiT moculobaze. 

  siblantis maqsimumi mrudze fazebis Sebrunebis moments 
Seesabameba.  
 emulsiebze eleqtrolitebis gavlenis SeswavliT ki 

dadginda, rom maRalvalentiani kaTionebis rigSi inversirebis 

 
 

nax. 7.3. emulsiis fardobiTi siblantis 
damokidebuleba fazaTa fardobiT 

moculobaze 
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unari zeTi/wyalSi tipis emulsiaSi mcirdeba ionTa Semdegi 

Tanmimdevrobisas 

 
Al3+ > Cr3+ > Ni2+ > Pb2+ > Ba2+ > Sr2+ 

 
     savaraudoa, rom emulsiaSi zeTis wveTebs zedapiruli 

muxti gaaCnia da aseTi damuxtuli zedapirebi  garSemor-

tymulia sawinaaRmdego niSnis ionebiT. eleqtrolitis 

damatebisas ormagi eleqtruli Sris SekumSvis gamo wveTebs 

Soris eleqtrostatikuri ganzidvis Zalebi mcirdeba, isini 

erTmaneTs uaxlovdebian da ewebebian anu iwyeba emulsiis 

ganSreveba.  

     fazebis Sebrunebis temperaturaze emulgatoris hidro-

filuri da hidrofoburi nawilebis zemoqmedeba erTnairia. 

meqanikuri zemoqmedebiT emulsiis Sebrunebis klasikuri 

magaliTia naRebis SedRvebiT karaqis miReba. am dros 

zeTi/wyalSi tipis emulsia gardaiqmneba wyali/zeTSi tipis 

emulsiaSi mcire odenobiT dispersuli fazis Tanaobisas. 

     bunebriv emulsiebs miekuTvneba mTeli rigi mcenareuli 

da cxoveluri produqtebi. rZe warmoadgens pirveli tipis 

(z/wy) emulsias. igi rZis mrewvelobis ZiriTadi nedleulia, 

romlisganac miiReba rZis sxva mravali produqti: naRebi, 

mawoni, kefiri, yveli da a.S. bunebrivi emulsiaa kvercxis 

gulic. 

     kvebis mrewvelobaSi emulsiebs miekuTvneba: margarini, 

maionezi, sxvadasxva sousebi. farmacevtul mrewvelobaSi 

mravali wamali gamoiyeneba emulsiis saxiT. amasTanave, 

rogorc wesi, wamlebi Sinagani miRebisaTvis warmoadgenen 

pirveli tipis, xolo garegani gamoyenebisaTvis – meore tipis 

emulsiebs. 

     zeTi/wyali tipis emulsiebTan TvisebebiT axloa 

bunebrivi da sinTezuri lateqsebi, romelic farTod 

gamoiyeneba saxalxo meurneobaSi elastikuri apkebisa da 

forovani masalebis, mfrinavi burTebis misaRebad, tyavis 
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Semcvleli qsovilebisaTvis wyalgaumtarobis misaniWeblad, 

saburavebis warmoebaSi kordis (qsovili) gasaJRenTad da a.S. 

     qimiur mrewvelobaSi emulsiebTan saqme gvaqvs eqstraq-

ciur aparatebSi, Serevis procesebSi. sinTezuri lateqsebis 

misaRebad gamoiyeneba emulsiuri polimerizacia – dispersuli 

fazis wveTebSi mimdinare polimerizacia. emulsiebs iyeneben 

forovani organuli sorbentebis, membranebis, apkebis, 

danafarebis misaRebad. 

     xSirad warmoebaSi SeiZleba warmoiSvas emulsiis ara 

miRebis, aramed daSlis saWiroeba. pirdapiri emulsiebi, 

romlebic stabilizirebulia ionogenuri emulgatorebiT, 

SeiZleba daiSalos mravalvalentiani ionebis damatebiT. 

emulsiis daSla SeiZleba agreTve sxva emulgatoriT, 

romelic emulsiis tipis Sebrunebas iwvevs an  zedapirulad 

ufro aqtiuri emulgatoriT, temperaturis gazrdiT, eleqt-

ruli meTodebiT, centrifugirebiT, forovan masalebSi filt-

raciiTa da sxva. 

 

VII Tavis ZiriTadi daskvnebi 
 

1. qafi Tavisufaldispersuli sistemaa, romelic Sedgeba 

airadi dispersiuli fazisa da Txevadi sadispersio 

garemosagan. qafi warmoadgens SedarebiT uxeS, 

maRalkoncentrirebuli airis (Cveulebriv haeris) 

dispersias siTxeSi, sadac haeris buStebis zoma 

ramdenime milimetris, zogjer ki santimetris rigisac 

kia; 

2. qafi SeiZleba miviRoT rogorc dispergaciis ise 

kondensaciis meTodiT; 
3. statikur pirobebSi qafis misaRebad saWiroa spe-

cialuri stabilizatorebi, romlebsac qafwarmom-
qmnelebi ewodeba. maT tipze damokidebulebiT qafi 

SeiZleba arsebobdes ramdenime wuTidan ramdenime 

saaTamde. qafwarmomqnelebis gansxvaveba mJRavndeba ara 
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marto qafis mdgradobaSi, aramed masze qafwarmom-

qmnelis koncentraciis gavlenaSi; 

4. qafSi fazebis SefardebiTi Semcveloba xasiaTdeba misi 

jeradobiT (K). jeradoba aris qafis moculobis 
fardoba siTxis im moculobasTan, romelsac qafi 
Seicavs; 

5. qafis stabilurobis sazomad calkeuli buStis si-

cocxlis xangrZlivobas an cilindrSi siTxis fenaSi 

airis Cabervis gziT warmoqmnili qafis calkeuli 

nawilis daSlis dros iyenebdnen; 

6. koloidur sistemas airadi sadispersio garemoTi 

aerozoli ewodeba; 

7. aerozolebis klasifikacias axdenen dispersuli fazis 

agregatuli mdgomareobisa da miRebis meTodebis mixedviT. 

pirveli niSnis Sesabamisad arsebobs aerozolebis ori 

jgufi: kvamli da nisli. nisli - Txevadi dispersuli fazis 

Semcveli aerozoli. kvamli - myari fazis Semcvelia. 

kvamli, romelSic dispersuli fazis nawilakebze 

atmosferodan tenis mniSvnelovani raodenobaa adsor-

birebuli, erTdroulad kvamlsac da nislsac warmoadgens 

– smogi ewodeba; 

8. warmoSobis an miRebis xerxebis mixedviT aerozolebs 

moixsenieben rogorcs dispergaciulsa da kondensaciurs. 
dispergaciuli aerozolebi  myari nivTierebis dawvril-

manebiT an siTxis gafrqveviT anu dispergaciiT miiReba. am 

gziT miRebuli sistemebi sakmaod msxvil nawilakebs 

Seicavs da rogorc wesi polidispersiulia. kondensaciis 

meTodiT aerozolebi miiReba an gadajerebuli orTqlidan 

an qimiuri reaqciis Sedegad;  

9. dadgenilia, rom liTonebisa da maTi oqsidebis 

aerozolebSi nawilakebi dadebiTadaa damuxtuli, xolo 

araliTonebis nawilakebi – uaryofiTad; 

10. suspenzia siTxeSi Sewonili myari dispersuli fazaa; 

11. suspenziebs mTeli rigi saerTo Tvisebebi aqvs fxvni-

lebTan. isini msgavsni arian dispersulobis mixedviT. 
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fxvnilis Txevad sadispersio garemoSi CayriTa da 

SenjRreviT suspenzia, xolo suspenziis gamoSrobiT 

kvlav fxvnili miiReba; 
12. suspenziebi erTdroulad STanTqaven da ganabneven 

sinaTles, Tumca maTi nawilakebi koloidur nawi-

lakebze zomiT metia. zolebisagan gansxvavebiT sus-

penziebi aseT Tvisebebs ara marto gverdiTi ganaTe-

bisas, aramed gamaval sinaTlezec amJRavneben; 

13. agregatuli mdgradobis mixedviT suspenziebs bevri 
saerTo aqvs zolebTan. suspenziis nawilakebs, iseve 

rogorc liofoburi koloiduri sistemebis nawilakebs 

zedapirze an ormagi eleqtruli Sre an solvaturi 

garsi akravT; 

14. suspenziebisaTvis damaxasiaTebelia filtracia da 

kolmatacia; 
15. emulsia ewodeba erTmaneTSi uxsnadi ori siTxisagan 

Semdgar dispersul sistemas, romelSic erTi siTxe 

uwvrilesi wveTebis saxiTaa gadanawilebuli meoreSi; 

16. emulsiis saxelwodebis miRebisas jer asaxeleben 

dispersuli fazis nivTierebas, xolo Semdeg ki 

sadispersio garemosas; 

17. emulsiis misaRebad aucilebelia rom erTnairi saxis 

molekulebs Soris moqmedi Zalebi mniSvnelovnad meti 

iyos sxvadasxva saxis molekulaTa Soris moqmed 

Zalebze anu erTi siTxe polaruli unda iyos, meore 
ki – arapolaruli. polarul siTxes pirobiTad 

ewodeba `wyali~, xolo arapolaruls - `zeTi~. amis 

Sesabamisad arsebobs emulsiebis ori tipi: `zeTi-

wyalSi~ (z/wy) da `wyali-zeTSi~ (wy/z), romelagan 

pirveli tipis emulsiebs pirdapiri, meores ki – 

Sebrunebuli emulsiebi ewodeba; 
18. dispersuli fazis koncentraciis mixedviT emulsiebi 

iyofa ganzavebul da koncentrirebul emulsiebad; 
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19. emulsiis tipis gansazRvrisaTvis yvelaze ufro 

xSirad konduqtometruli, Serevis, ganzavebisa an 

SeRebvis meTodebi gamoiyeneba; 
20. emulsiis miReba SeiZleba rogorc dispergaciis, ise 

kondesaciis meTodiT, magram praqtikaSi maT disper-
gaciis meTodiT iReben; 

21. mdgradi emulsiis misaRebad saWiroa stabilizatoris 
gamoyeneba, romelsac am SemTxvevaSi emulgatori 
ewodeba. dispersuli faza, sadispersio garemo da 

emulgatori gansazRvravs emulsiis tips da 

Sesabamisad mis umniSvnelovanes Tvisebebs; 

22. emulgatorebis moqmedeba SerCeviTia;  

23. emulsiaze zogierTi nivTierebis damatebisas adgili 

aqvs emulsiis tipis cvlilebas, romelsac emulsiis 
fazebis Sebruneba anu inversia ewodeba; 

 

8. maRalmolekuluri koloidebi 
 

       maRalmolekulur nivTierebebs (mmn), maRalpolimerul 

nivTierebebs da maT xsnarebs gansakuTrebuli adgili uWiravs 

koloiduri sistemebis klasifikaciaSi. mmn-s xsnarebi arsebiTad 
WeSmarit, molekulur xsnarebs warmoadgenen, Tumca koloiduri 
mdgomareobis mravali niSniT xasiaTdebian. TavisTavadi gaxsnisas 
maRalmolekuluri nivTierebebi calkeul molekulebamde dis-

pergirdebian da warmoqmnian homogenur da mdgrad sistemebs. 

magaliTad, cilis wyalxsnari, kauCukis xsnari benzolSi 

principulad ar gansxvavdeba Cveulebrivi molekuluri xsnarisagan, 

magram maTi makromolekulebis zomebi koloiduri nawilakebis 

Tanazomadia da. aqedan gamomdinare mmn xsnarebi xasiaTdebian faq-

tiurad iseTive TvisebebiT, rogoric maRaldispersiul 

heterogenul sistemebs aqvs. magaliTad, difuziis unariT, 

ultrafiltrebze SekavebiT, struqturebis warmoqmniT. optikuri 

da eleqtruli TvisebebiT es xsnarebi koloidur sistemebTan 

ufro axloa, vidre molekulur sistemebTan. radganac mmn 
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xsnarebSi Serwymulia molekuluri xsnarebisa da koloiduri 
sistemebis Tvisebebi, maT molekuluri koloidebi ewodeba.  
       molekuluri koloidebi warmoiqmneba maRalmolekuluri 

nivTierebebis TavisTavadi gaxsniT. maT miekuTvneba iseTi nivTie-

rebebi, romlebic didi (makro) molekulebisagan Sedgebian 

molekuluri woniT aranakleb 1000015000 naxSirbadis erTeuli. 

bunebrivi mmn molekulis masa zogjer aRwevs 1000000 aRwevs. 

Sesabamisad aseTi makromolekulis zoma bevrjer aRemateba 

Cveulebrivi molekulis zomas. 

       maRalmolekuluri nivTierebebi warmoiqmnebian polimeri-

zaciisa an polikondesaciis procesSi. am dros SesaZlebelia 

warmoiqmnas maRalmolekuluri nivTierebebi, romelTa 

molekula Sedgeba atomTa ara erTnairi jgufebisagan amitom 

isini sakuTriv polimerebad ar iTvlebian, magaliTad cilebi. 

amitom mcneba mmn ufro zogadia da rogorc kerZo SemTxvevas, 

maRalpolimerul sistemebsac moicavs.  
       arsebobs bunebrivi da sinTezuri maRalmolekuluri 
nivTierebebi. bunebrivs miekuTvneba biologiisa da teqnikisaTvis 

aucilebeli organuli naerTebi: cilebi, polisaxaridebi 

(saxamebeli, celuloza), bunebrivi kauCuki (lateqsi). sinTezur 

mmn-s miekuTvneba sinTezuri kauCuki da sxvadasxva sinTezuri 

polimerebi.  

       polimerizaciis an polikondensaciis dros, teqnologiuri 

procesis araerTgvarovani pirobebis gamo sxvadasxva zomis 

makromolekulebi miiReba anu adgili aqvs polidispersiulobas, 

romelic mniSvnelovnad gansazRvravs mmn xsnadobas, gajirjvebis 

unars, maTi xsnarebisa da TviT am nivTierebaTa meqanikur Tvisebebs. 

amitom mmn-s polidispersiulobis xarisxis gansazRvras da mis 
regulirebas didi mniSvneloba aqvs teqnikaSi maTi gamoyenebis 
TvalsazrisiT. 
       amave Tvisebebze gavlenas mmn molekuluri masa axdens. 

amdenad, misi gansazRvris meTodis codna aucilebelia. organul 

naerTTa molekuluri masis gansazRvris meTodebi am mizniT, 

rogorc wesi nakleb gamosadegia. SemuSavebulia molekuluri masis 

gansazRvris mravali meTodi, romelTagan zogierTi axloa 
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koloidur qimiaSi gamoyenebul nawilakobrivi masis gansazRvris 

molekulur-kinetikur da optikur meTodebTan difuziis siCqaris, 

siblantisa da gabneuli sinaTlis intensivobis gansazRvris 

safuZvelze. 

       rogorc aRvniSneT, maRalmolekuluri nivTierebebi 
warmoadgenen sxvadasxva zomis makromolekulebis narevs, romelTa 
agebuleba proncipulad erTnairia, magram Seicavs erTi da igive 
monomerebs sxvadasxva rodenobiT anu gansxvavdebian molekuluri 
woniT. amdenad ufro marTebulia maT dasaxasiaTeblad SemoviRoT 

saSualo molekuluri wonis cneba, romlis sidide damokidebuli 

iqneba molekuluri masis gansazRvris dros gamoyenebul 

eqsperimentul meTodze.  

       struqturul-meqanikuri Tvisebebi dispersiuli sistemis 

Siga struqturis funqcias warmoadgens, amitom mmn struqturasa 

da praqtikuli gamoyenebis mizniT mis Tvisebebs Soris 

damokidebulebis dadgenas didi mniSvneloba aqvs. 

       arsebobs polimerebis struqturis ramdenime tipi: 

xazovani (bunebrivi kauCuki), ganStoebuli (saxamebeli), sivrciTi 
(fenolformaldehiduri fisebi) da Sekruli struqturebi 
(eboniti).  

       xazovani struqtura gansazRvravs polimeris iseT 

maxasiaTebel Tvisebebs, rogorebicaa kauCukismagvari elastiuroba, 

mtkice apkebisa da Zafebis warmoqmnisa da gajirjvebis unari, 

gaxsnisas blanti xsnarebis warmoqmna. xazovani polimerebis struq-

turis ZiriTadi Taviseburebebia sxvadasxva saxis qimiuri bmis 

arseboba molekulis jaWvSi da polimeris moqniloba. polimeris 

molekulaSi qimiuri kavSirebi atomebs aerTebs jaWvSi, xolo 

molekulaTaSorisi kavSirebi erTmaneTTan makromolekulur 

jaWvebs akavSirebs. aseTi orgvari kavSiri gansazRvravs mmn 

Tvisebebis specifikas. xazovani polimerebis gansakuTrebuli 

moqniloba ganpirobebulia or mezobel naxSirbadis atoms Soris 

erTmagi, najeri savalento bmis garSemo jaWvis erTi ubnis brunviT 

meoris mimarT. aseTi calkeuli C – C  kavSirebi makromolekulaSi 

sakmaod bevria, rac maT gansakuTrebul moqnilobas iwvevs. C – C  
kavSiris garSemo brunvisaTvis saWiroa garkveuli aqtivaciis 
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energia anu aucilebelia gadailaxos energetikuli barieri, 

romelic damokidebilia im atomTa bunebaze, romlisganac Sedgeba 

mmn-s jaWvi. es SesaZlebelia sakmaod maRali temperaturis 

pirobebSi. mezobeli atomebis brunva jamdeba erTi mimarTulebiT 

maTi erTdrouli brunvisas da Tu jaWvi sakmaod grZelia, maSin 

masSi moiZebneba iseTi atomebi, romelzec jamuri brunva sruli 

Semobrunebis jeradi aRmoCndeba. jaWvis nawils, romelSic 
atomebis jamuri brunvis Sedegad sruldeba sruli brunva, 
segmenti ewodeba. rac mcirea segmentis sigrZe, miT metia jaWvis 
moqniloba. cxadia, temperaturis Semcireba amcirebs molekulis 
moqnilobas. Tu brunvisas mmn-s molekula iRebs sxvadasxva 

wonasworul mdgomareobas, maSin calkeuli aseTi mdgomareoba 

polimeris calkeul konformacias Seesabameba. konformacia ewodeba 
molekulebis energetikulad aratolfas formebs, romlebic 
warmoiqmneba rgolebis ubralo brunviT qimiuri kavSirebis 
gawyvetis gareSe. konformaciis dros makromolekulebi SeiZleba 
Seikras globulebis an morgvebis saxiT an gaiSalos da daewyos 
orientirebul struqturebSi – dastebad (Sekvrebad).  
       makromolekulis moqniloba mis qimiur bunebaze, 
struqturul ganStoebaze, gamxsnelis bunebasa da polaruli 
jgufebis ricxvzea damokidebuli. ganxiluli Taviseburebebi 

saSualebas iZleva davadginoT kavSiri Sedgenilobasa da Tvisebas 

Soris. polimeris maRali moqnilobis gamo SesaZlebelia advilad 

gavweloT molekulis jaWvi mciredi garegani zemoqmedebiT, 

romlis moxsnis Semdeg sistema daubrundeba sawyis – dabal 

energetikul dones (mdgomareobas). maSasadame, maRali 

elastiurobis rogorc mmn-s Tvisebis mizezia jaWvis didi 

moqniloba (agebulebis Tavisebureba). agebulebasa da Tvisebas 

Soris kavSiris naTelsayofad saWiroa polimeris fazuri da 

fizikuri mdgomareobis Seswavla. 

       mravalricxovani gamokvlevebiT damtkicda, rom 

maRalmolekuluri nivTierebebi SeiZleba iyos myar (kristalur) 

da Txevad (amorful) mdgomareobaSi. oTaxis temperaturaze 

amorfuli, Txevadi struqtura aqvs iseT polimerebs, rogoricaa 

magaliTad, celulozis eTerebi, naturaluri da umetesi 
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sinTezuri kauCukebi, poli-izo-buTileni da sxva. amave pirobebSi 

kristalur polimerebs warmoadgens poliamidi da polieTileni. 

 

8.1. maRalmolekuluri nivTierebebis xsnarebi 
 

       gasuli saukunis dasawyisSi arsebobda polimerTa xsna-

rebis ori Teoria: 

1)  maierisa da markis mier ganviTarebuli micelaruli Teoria, 
romlis Tanaxmad xsnarSi makromolekulebi micelebis saxiT 

imyofeba. dReisaTvis micelarulma Teoriam azri dakarga. 

2) molekuluri Teoriis Tanaxmad, mmn-s sakmaod ganzavebuli 

xsnarebi erTmaneTisagan damoukidebel calkeul molekulebs 

Seicavs. 

       gamokvlevema cxadyo, rom Sesaferis gamxsnelebSi mmn 

TavisTavad iSleba calkeul molekulebad. tipiuri zolebisa da 

maRalmolekulur nivTierebaTa xsnarebis msgavseba emyareba im 

zogad safuZvels, rom orive SemTxvevaSi xsnari Seicavs SedarebiT 

didi zomis nawilakebs - pirvel SemTxvevaSi micelebs, meoreSi ki 
makromolekulebs, romlebic SeiZleba xsnarSi solvatirebul 

mdgomareobaSi iyvnen.  

molekuluri Teoriis marTebuloba mravali cdiTa da 

faqtiT dasturdeba:  

1) sinaTlis ganbnevis meTodiT molekuluri wonis gansazRvris 

safuZvelze, polimerebis ganzavebul xsnarebSi erTmniSv-

nelovnad dadasturda is faqti, rom xsnarebSi micelebi ar 

arsebobs; 

2) maRal da dabalmolekuluri nivTierebebis gaxsna TavisTavad, 

xSirad siTbos gamoyofiT mimdinareobs; 

3) mmn-s xsnarebi Termodinamikurad mdgradi sistmebia da 

Sesaferis pirobebSi SeiZleba wlebis ganmavlobaSi arse-

bobdnen maSin, rodesac koloiduri sistema SeiZleba daberdes 

anu is Termodinamikurad aramdgradia. es ki imiT aixsneba, rom 

polimeris gaxsnisas yovelTvis miiReba homogenuri sistema, 

romlis drosac xdeba Tavisufali energiis Semcireba 

polimerisa da gamxsnelis molekulebis urTierTqmedebis 
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Sedegad siTbos gamoyofis an gaxsnis procesSi entropiis 

zrdis gamo.  

  dispersuli fazis xvedriTi zedapiris gazrdis gamo 

heterogenuli, koloiduri sistemis miReba Tavisufali energiis 

zrdiT mimdinareobs. garda amisa, maRalmolekuluri nivTierebis 
xsnaris misaRebad saWiro araa stabilizatoris gamoyeneba, 
agregatulad mdgradi liofoburi zolis miReba ki stabili-
zatoris gareSe SeuZlebelia. da bolos, mmn-s xsnari imyofeba 

Termodinamikur wonasworobaSi da warmoadgens Seqcevad sistemas, 

romlisTvisac marTebulia jibsis fazaTa wesi, romelic 

koloiduri sistemisaTvis miuRebelia.  

unda aRvniSnoT rom zemoT Tqmuli marTebulia ganzavebuli 

xsnarebisaTvis, romlebSic molekulebs Soris urTierTqmedebas 

ara aqvs adgili. koncentrirebul xsnarebSi ki, sadac molekulaTa 

dajaxebis albaToba bevrad ufro didia, makromolekulebis 

urTierTqmedebiT SeiZleba daiwyos e.w. asociatebis warmoqmna, 

romlebic molekulaTa mcire ricxvs Seicavs, xangrZlivad ver 

arsebobs da amdenad isini ar SeiZleba calke fazad CaiTvalos. 

garda amisa, micelebisagan gansxvavebiT asociatebi mudmivad ar 

arseboben, isini erT adgilze warmoiqmneba, Semdeg daiSleba da a.S.. 

amis gamo koncentrirebul mmn-s xsnarebSi asociatebs mudmivi 
Sedgeniloba ar gaaCnia.  
       gamxsnelis bunebaze damokidebulebiT asociatSi makro-

molekulebs Soris kavSirebi SeiZleba warmoiqmnas iseve, rogorc 

dabalmolekuluri nivTierebebis xsnarebSi - wyalbaduri bmis, 

molekulaTSorisi urTierTqmedebis da eleqtrostatikuri Za-

lebis gziT. asociatebis warmoqmnaze gavlenas axdens agreTve 
teperatura, romlis zrda asociatis daSlas iwvevs, Semcireba ki 
piriqiT, xels uwyobs asociatebis warmoqmnis process.   
       polimeris xsnaris koncentraciis gazrdiT an tempe-
raturis SemcirebiT asociatis zoma da misi arsebobis xangr-
Zlivoba izrdeba. Sesaferis pirobebSi maTi zoma imdenad didi 
SeiZleba gaxdes, rom Seasrulos axali fazis funqcia. axali fazis 

warmoqmnisas sistema iZens ganSrevebis unars, romelic axlad 

warmoqmnili fazis wveTebis saxiT gamoyofaSi – koaservaciaSi 
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gamovlindeba. makromolekulebis didi sigrZisa da moqnilobis, 
agreTve maTi sxvadasxava asociatSi gaerTianebis SesaZleblobis 
gamo, asociaciis process SeiZleba mohyves sistemaSi sivrciTi 
struqturuli badis warmoqmna, ris Sedegad adgili eqneba xsnaris 
galabebas.  
       XX saukunis dasayisSi freindlixis mier damtkicebuli 

iqna struqturuli badis arseboba, romelic iwvevs maT elas-

tiurobas SedarebiT ganzavebul xsnarebSic ki.  

galabebuli xsnari drois ganmavlobaSi ganicdis sinereziss - 
iyofa or fazad - mmn-s xsnari gamxsnelSi da gamxsnelis xsnari 
mmn-Si. maSasadame, asociati sxva araferia, Tu ara axali fazis 
Canasaxi.  
 

8.2. maRalmolekulur nivTierebaTa  

xsnarebis Termodinamika 
 

       maRalmolekuluri nivTierebis gaxsna SeiZleba ganvixiloT 
rogorc ori siTxis Serevis procesi. analogia am or movlenas 

Soris ar aris formaluri, aramed gamosaxavs TviT am movlenis 

arss. magaliTad, mmn-s SezRuduli gajirjveba SezRuduli Serevis 

process Seesabameba, xolo SeuzRudavi gajirjveba, romelic 

gaxsnaSi gadadis – SeuzRudavi Serevis process. es Sexeduleba 

gamxsnelisa da gaxsnili nivTierebis molekulebis energetikul 

urTierTqmedebasTan erTad entropiul faqtorsac iTvaliswinebs. 

       mudmivi wnevis pirobebSi maRalmolekuluri nivTierebis 

TavisTavadi gaxsna sistemis izobaruli potencialis (jibsis 

Tavisufali energia) SemcirebiT mimdinareobs, romlis cvlileba 

SeiZleba Termodinamikis meore kanonis Tanaxmad gamoviTvaloT  

                     G = H - TS                              (8.1) 
rodesac sistemis moculoba ucvlelia, rac gaxsnis procesisaTvis 

sakmao miaxloebiT SeiZleba CaiTvalos, maSin  

                     F = U - TS                               (8.2) 
e.i. mmn TavisTavadi gaxsnisas G< 0 da F< 0. es SesaZlebelia or 

SemTxvevaSi:  
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1) rodesac H < 0  (U < 0). es piroba sruldeba maSin, Tu 

gaxsnisas adgili aqvs siTbos gamoyofas. egzoTermuli proce-

sisaTvis Qp = -H da Qv = -U, sadac Qp da Qv  gaxsnis integraluri 

siTboebia Sesabamisad wnevisa da moculobis mudmivobisas. aseT 

SemTxvevebs adgili aqvs polaruli mmn-s gaxsnisas polarul 

gamxsnelSi, rodesac makromolekulis solvataciis siTbo metia 

sakuTriv gaxsnis siTboze. gaxsnis siTburi efeqti ki am ori 

siTbos algebruli jamis tolia. 

2) rodesac S > 0. es piroba yovelTvis  sruldeba 

gxsnisas, radgan Serevis entropia yovelTvis dadebiTia. 

maRalmolekuluri nivTierebis Serevis entropiis mniSvneloba 

dabalmolekuluri nivTierebis gaxsnisa da koloiduri sistemis 

entropiis mniSvnelobebs Soris mdebareobs.  

       gansaxilvel SemTxvevSi entropiuli wevri ar udris nuls, 

aramed SeiZleba sakmaod didi mniSvnelobac ki hqondes. aqedan 

gamomdinare, zogierTi polimeri Seileba gaixsnas siTbos 

STanTqmiT. e.i. H > 0  (U > 0). es imiTaa ganpirobebuli, rom 

│TS│>│H│ (│TS│>│U│). Sesabamisad, G< 0  da  F< 0. 
       statistikuri fizikis Tanaxmad, mmn gaxsnisas entropiis 

zrda imiT aixsneba, rom xsnarSi makromolekulebi SesaZlebelia 

sxvadasxva saxiT iyos ganlagebuli da TiToeulma maTganma 

konformaciis mravali ricxvi ganaxorcielos. xsnaris ganzavebisas 

makromolekulebis erTmaneTisagan daSorebis gamo es SesaZlebloba 

izrdeba da zRvrul ganzavebaze maT SeuZliaT nebismieri 

konformaciis miReba. sxvagvarad rom vTqvaT, nakleb blant xsnarSi 

makromolekulis arsebobis Termodinamikuri albaToba metia, vidre 

sawyis polimerSi. 

       rogorc ukve aRvniSneT, mmn gaxsnisaTvis arsebiTi 

mniSvneloba aqvs erTi pirobis dacvas – sistemis izobaruli 

potencialis Semcirebas. amitom gaxsna SeiZleba moxdes maSinac, 

rodesac siTburi efeqti uaryofiTia, magram sistemis entropia 

imdenad izrdeba, rom jamSi izobaruli potencialis Semcirebas 

ganapirobebs. temperaturis gazrdiT entropiuli faqtoris 

mniSvneloba izrdeba da yoveli polimerisa da gamxsnelisTvis unda 

arsebobdes gaxsnis kritikuli temperatura Tkr, romlis zeviTac 
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moxdeba Sereva nebismieri TanafardobiT. Teoriulad es 

temperatura SesaZlebelia arsebobdes polimerisa da gamxsnelis 

nebismieri kombinaciisaTvis, praqtikulad ki gamxsnelis duRilisa 

da polimeris destruqciis dabali temperaturis gamo xSir 

SemxvevaSi es SeuZlebelia. Serevis kritikuli temperatura 

advilad SeiZleba ganisazRvros pirobidan: 

H – TkrS = 0 
an          

H = TkrS 
saidanac                  

                   Tkr = 
S

 


                                         (8.3) 

sadac H da S gaxsnis dros enTalpiisa da entropiis cvlilebaa. 

       ukanaskneli wlebis gamokvlevebma daadastures, rom 

zogjer polimeris gaxsnisas Serevis entropiis anomaluri 

mniSvnelobis gamo entropiuli faqtori ZiriTad rols TamaSobs. 

 

8.3. maRalmolekulur nivTierebaTa gajirjveba 
 

       maRalmolekuluri nivTierebis urTierTqmedebiT gamxsnel-
Tan xdeba polimeris moculobisa da masis zrda droSi. am process 
gajirjveba ewodeba. Mmis sazomad gamoiyeneba gajirjvebis xarisxi 

, romelsac sazRvraven gravimetruli meTodiT - wonian nimuSs 

gajirjvebamde, mis Semdeg da gamoTvlian formuliT                        

                    m–m0)/m0             (8.4) 

sadac m0  polimeris sawyisi masaa, m ki – gajirjvebis Semdeg. 

gajirjvebis xarisxs moculobiTi meTodiTac sazRvraven 

zomaven ra nimuSis moculobas gajirjvebamde da mis Semdeg, 

gajirjvebis xarisxs gamoTvlian formuliT: 

                  vV – V0)/V0  

       gajirjveba aris gansazRvruli da ganusazRvreli. pirvel 

SemTxvevaSi  mudmiv, zRvrul mniSvnelobas aRwevs da Semdgom 

aRar icvlis Tavis mniSvnelobas. magaliTad, Jelatinis gajirjveba 
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oTaxis temperaturis wyalSi. meore SemTxvevaSi -s mniSvneloba 

aRwevs maqsimums da Semdeg polimeri nel-nela iwyebs gamxsnelSi 

gaxsnas. magaliTad, jelatini cxel wyalSi. am SemTxvevaSi 
gajirjveba gaxsnis sawyis stadias warmoadgens. 
       gajirjvebis mizezi mmn-sa da gamxsnelis gansxvavebuli 

fizikur-qimiuri Tvisebebia. am komponentebis Zlieri urTierT-

qmedeba yovelTvis iwvevs maT TandaTanobiT Serevas da fazaTa 

gamyofi sazRvris waSlas anu mmn-s gaxsnas gamxsnelSi. aseTi 

procesis siCqares ZiriTadad gansazRvravs molekulebis Zvradoba 

da maTi difuziis koeficienti. gajirjvebis specifika imaSi 

mdgomareobs, rom xdeba ramdenime rigiT gansxvavebuli zomisa da 

Zvradobis molekulebis urTierTqmedeba da urTierTSereva. amitom 

makromolekulebis gadasvla gamxsnelSi Zalian neli procesia, 

maSin rodesac dabalmolekuluri gamxsnelis molekulebi swrafad 

aRweven polimeris badeSi, gawev-gamoweven jaWvs da adideben mis 

moculobas. polimeris badeSi patara zomis molekulebis SeRwevas 

xels uwyobs jaWvis moqnilobac. amrigad, gajirjveba calmxrivi 

Serevaa, romelic molekulebis zomebs Soris didi gansxvavebiTaa 

gamowveuli.  

       gajirjvebis kinetika aRiwereba pirveli rigis araSeqcevadi 

reaqciebis kinetikuri gantolebis msgavsi gantolebiT:  

                                        Wv = 
tdV

dt
= K (V∞ - Vt)          (8.5) 

sadac Wv  gajirjvebis siCqarea, Vt – nimuSis moculobaa t 
momentSi, V∞ - gajirjvebuli nimuSis zRvruli (maqsimaluri) 

moculobaa, xolo K ki mudmivaa, romelic damokidebulia 

polimerisa da gamxsnelis bunebasa da sakvlevi nimuSis geomet-

riul zomebze. gajirjvebis kinetika gajirjvebis xarisxis 

cvlilebis siCqariTac SeiZleba aRiweros   

                                       W= 
tdV

dt
 = K(∞-t)                           (8.6) 

sadac tgajirjvebis xarisxia garkveul t momentSi,∞ ki 

gajirjvebis wonasworuli xarisxia. aRsaniSnavia rom SedarebiT 
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mcire zomis  an globulisebri agebulebis mqone polimerebi 

gajirjvebis gareSe ixsnebian. 

       gajirjvebis xarisxis gansazRvris Semdeg drois garkveul 

monakveTebSi SeiZleba miviRoT gajirjvebis procesis maxasiaTebeli 

kinetikuri mrudebi (nax. 8.1). 

        gajirjvebis procesis SezRuduloba da TavisTavadi 

gaxsnis SesaZlebloba, iseve rogorc TavisTavadi dispergirebis 

procesi, damokidebulia entropiuli faqtoris gaTvaliswinebiT 

polimeris gisosis energiisa da solvataciis energiis 

ATanafardobaze. 

          gajirjvebis mizezia maRalmolekuluri nivTierebis 

struqturul sicarieleebSi gamxsnelis molekulebis ara 

meqanikuri SeRweva, aramed molekulaTSorisi urTierTqmedeba, 

romelic ZiriTadad makromolekulebis solvataciis didi unariTaa 

gamowveuli. am procesis koloidur-qimiur bunebas adasturebs 

siTbos gamoyofa da sistemis saerTo moculobis Semcireba -

kontraqcia, romelic makromolekulebze maTi adsorbciisas 

        

 

nax. 8.1. gajirjvebis kinetikuri mrudebis tipebi: 

 1 – SeuzRudavi gajirjveba; 

 2 – Cqari gajirjveba zRvruli gajirjvebis mcire mniSvnelobiT; 

 3 – neli gajirjveba zRvruli gajirjvebis didi mniSvnelobiT; 

 4 – SezRuduli gajirjveba dabalmolekuluri fraqciis 

eqstragirebiT. 



 

197 
 

gamxsnelis molekulebis orientaciiT aixsneba, rac iwvevs 

simkvrivis gazrdas. gajirjveba yovelTvis specifiuri procesia. 

igi mimdinareobs ara yvela, aramed “karg” gamxsnelSi, romelTanac 

polimeri Tavisuflad urTierTqmedebs. es urTierTqmedeba dakav-

Sirebulia gamxsnelisa da mmn-s polarobasTan. polaruli 

polimeri jirjvdeba polarul gamxsnelSi (cila wyalSi), 

arapolaruli ki arapolarulrSi (kauCuki benzolSi).  

       polimerSi polaruli jgufis Seyvana arapolarul 

siTxeebSi -s sidides amcirebs, polarul siTxeebSi ki umetes 

SemTxvevaSi zrdis.      

       gajirjvebis procesi mimdinareobs or stadiad, pirveli 

stadia mimdinareobs sistemis kontraqciis Tanxlebisas siTbos (Q) 
gamoyofiT da xasiaTdeba -s mcire mniSvnelobiT. empiriuli 

damokidebuleba -sa da Q-s Soris aseTi saxisaa  
                  Q = ab+(8.7)
sadac a da b mudmivebia.  
       arsebobs gajirjvebis integraluri da diferen-
cialuri siTbo. gajirjvebis integraluri siTbo (qint) 
ewodeba erTi grami mSrali polimeris gajirjvebisas gamo-
yofil siTbos saerTo raodenobas. gajirjvebis diferen-
cialuri siTbo (qdif) ewodeba siTbos im raodenobas, romelic 
gamoiyofa erTi grami siTxis STanTqmisas mSrali an ukve 
gajirjvebuli maRalmolekuluri nivTierebiT. gajirjvebis 

integraluri siTbo SeiZleba gamovsaxoT gantolebiT 

                                          qint = i/b+i(8.8)
sadac i gawylianebis xarisxia, a da b ki mudmivebi. 
       gajirjvebis diferencialuri siTbo qdif = Q/dm gaji-
rjvebis procesSi mcirdeba, ramdenadac Tavidan solvatacia 

ufro metad aqtiur ubnebze mimdinareobs, Semdeg ki 

gamxsnelis molekulebis polimerTan urTierTqmedebis 

moluri energia TandaTan mcirdeba. meore stadiaze 

kontraqcia da siTbos gamoyofa mTlianad wydeba (zogjer 

qdif<0), magram swored am stadiaze xdeba ZiriTadad 

polimeris masisa da moculobis zrda. pirvel stadiaze 
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mimdinareobs specifikuri urTierTqmedeba maRalmolekulur 

nivTierebasa da gamxsnels Soris (solvatacia) siTbos 

gamoyofiT. e.i. H<0, xolo S ≈ 0 an S < 0.  magram │H│>│TS│ 
da G< 0. meore stadiaze siTbo TiTqmis ar gamoiyofa (H0), 
samagierod izrdeba entropia, radgan jaWvis dafaSareba da masTan 

dakavSirebuli makromolekulebis nawilobrivi ganTavisufleba 

komformaciis ricxvs zrdis. e.i. gajirjvebis meore stadia 

ganpirobebulia entropiuli faqtoriT. rac aixsneba SesaZlo 

komformaciebis ricxvis zrdiT.  

       SezRudulad gajirjvebul polimers labi ewodeba. labi 

TvisebebiT gelis msgavsia. gansxvaveba mxolod imaSia, rom  

sivrciTi struqturuli badis kveTas molekuluri zomebi aqvs. es 

struqturebi warmoiqmneba ara van-der-vaalsis, aramed qimiuri 

ZalebiT an wyalbaduri kavSirebiT. e.i. gelebisgan gansxvavebiT 
labebi homogenuri sistemebia.  
       labebis struqturaSi kavSirebis gansxvavebuli buneba 

gansazRvravs maT struqturul-meqanikur Tvisebebs. labebs ar 
gaaCniaT tiqsotropiis unari. hidratuli garsi, romelic gars 

akravs polarul jgufebs warmoqmnis drekad Txevad bades - siTxes, 
romelic avsebs labis bades intermicelaruli siTxe ewodeba. is 
pirobiTad SeiZleba davyoT or nawilad Tavisufali da bmuli, 
romelic Sedis solvituri garsis SedgenilobaSi. 

       bmuli siTxe xasiaTdeba gansakuTrebuli TvisebebiT - didi 

simkvrive, gayinvis dabali temperatura (-15 oC-mde), gaxsnis unaris 
dakargva da a.S. gelebis da labebis bmuli siTxe did rols 

TamaSobs Cvens cxovrebaSi. misi arseboba (wylis saxiT) niadagSi, 

mcenareebSi, yvela cocxal organizmSi uzrunvelyofs 

yinvagamZleobas.  

       labebisa gelebis dabereba vlindeba sistemis sinerezisSi. 
amis TvalsaCino magaliTia Sratis gamoyofa (rZis aWra, cvari 

yvelSi da a.S.). am procesSi gamoiwureba jer Tavisufali, Semdeg 
ki bmuli wyali. ganusazRvreli gajirjvebisas labis warmoqmnas 

polimeris gaxsnamde, maRalmolekuluri nivTierebis xsnarTa 

warmoqmnamde mivyavarT. 
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8.4. maRalmolekulur nivTierebaTa  

xsnarebis Tvisebebi 
 

       maRalmolekulur nivTierebaTa xsnarebSi Serwymulia 

dabalmolekuluri WeSmariti xsnarebisa da maRaldispersuli 

heterogenuli, koloiduri sistemebis Tvisebebi. ganzavebuli 

WeSmariti xsnarebi emorCilebian raulis kanons, romlis Tanaxmad 

araaqroladi gaxsnili nivTierebis SemTxvevaSi 

                     P1 / P
0
1 =N 1  =1- N 2                      

sadac P1  gamxsnelis orTqlis wnevaa xsnarze, P
0
1  - wneva 

sufTa gamxsnelze,  N 1  da N 2  Sesabamisad gamxsnelisa da 

gaxsnili nivTierebis moluri wilebia. raulis kanonis gamo-

yenebiT SeiZleba gansazRvrul iqnas gaxsnili nivTierebis 

molekuluri wona eqsperimentulad gansazRvruli P1 / P
0
1 =N

1  safuZvelze, radgan P1 / P
0
1 = n 1 /n 1 + n 2 , sadac  n 1 = m 1 /M 1  

da    n 2 = m 2 /M 2 . 

n 1  da n 2  idealur xsnarSi gamxsnelisa da gaxsnili nivTie-

rebis molTa raodenobebia, m 1  da m 2  Sesabamisad maTi masebi, 

M 1  da M 2  ki maTi molekuluri wonebia. maRalmolekulur 

nivTierebaTa xsnarebSi  P1 / P
0
1   N 1 , amitom es meTodi 

polimeris molekuluri wonis gansazRvrisaTvis ar gamodgeba. 

ramdenadac gaxsnili maRalmolekuluri nivTierebis moluri 

wili misi uzarmazari molekuluri wonis gamo Cveulebriv 

sakmaod mcirea, amdenad xsnarze gamxsnelis orTqlis wnevis 

fardobiTi daweva koncentrirebul xsnarSic ki Zalian mcirea 

da misi eqsperimentuli gansazRvra Znelia. magram Tu davuS-

vebT, rom mmn xsnarebi ise iqcevian, rogorc idealuri 

xsnarebi da P1 /P
0
1 -s cdiT ganvsazRvravT, maSin SeiZleba 
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gamovTvaloT mmn moCvenebiTi molekuluri wona anu sidide, 

romelic polimeris masis ekvivalenturia, Tu igi mocemul 

gamxsnelSi idealur xsnars iZleva. praqtikaSi maRalmo-

lekuluri nivTierebis molekulur wonas xsnaris osmosuri 

wnevis gazomviT gamoTvlil moluri wilis mniSvnelobiT 

sazRvraven.  

       dabalmolekuluri nivTierebis ganzavebuli xsnaris 

osmosuri wneva vant-hofis kanonis Tanaxmad tolia 

                  Posm = 
M

c
RT = nRT 

sadac c gaxsnili nivTierebis woniTi koncentraciaa, M - 
molekuluri masa, n - misi molebis ricxvi, R - airebis uni-
versaluri mudmiva da T absoluturi temperatura. maRal-

molekuluri nivTierebis xsnarebisaTvis am saxiT vant-hofis 

kanoni ar gamodgeba. empiriulad dadasturebulia, rom poli-

merebis xsnarebSi osmosuri wneva gacilebiT metia, vidre es 

vant-hofis kanonidan gamomdinareobs, radgan mmn xsnarSi 

makromolekula didi moqnilobis gamo ise iqceva, rogorc 

 
 
nax. 8.2. osmosuri wnevis damokidebuleba xsnaris koncentraciisagan 

I – maRalmolekuluri nivTiereba 
II – dabalmolekuluri nivTiereba (Saqari) 
III – susti eleqtroliti. 
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ramdenime ufro mokle molekula anu kinetikuri erTeuli 
xsnarSi aris ara makro molekula, aramed misi segmenti. 
erTnair pirobebSi rac ufro moqnilia makromolekula, miT 

metia Posm da miT metad gansxvavdeba igi vant-hofis 

formulidan gamoTvlili mniSvnelobisagan. amasTanave, osmo-

suri wnevis koncentraciaze damokidebulebis grafiki mmn-s 

xsnarebSi arawrfivia (mrudi 1) im dros, rodesac vant-hofis 
kanonis Tanaxmad aseTi damokidebuleba WeSmarit xsnarebSi 

wrfivia (mrudi 2) nax. 8.2. 

rogorc naxazidan Cans, maRalmolekuluri nivTierebis 

xsnarSi koncentraciis gazrdiT osmosuri wneva izrdeba 

ufro Cqara, vidre Saqris xsnarSi. es gamowveulia imiT, rom 

koncentraciis gazrdiT izrdeba segmentTa ricxvi, 

romlebadac mmn moqnili molekulebi iSleba. osmosur wnevasa 

da polimeris xsnaris koncentracias Soris, am ukanasknelis 

farTo intervalSi Semdegnairad gamoisaxeba 

                 Posm = 
M

c
 RT+bc 2                     (8.9) 

sadac b-s mniSvneloba damokidebulia polimeris molekulebs 

Soris urTierTqmedebaze. c-s mcire mniSvnelobisTvis  8.9 

gantolebis bolo wevris sidide nuls uaxlovdeba da 

gantoleba vant-hofis gantolebis saxes iRebs. 

       (8.9) gantoleba SeiZleba Semegnairad Caiweros:  

                   
P

c
 = 

RT

M
+ bc                         (8.10) 

romelic wrfis gantolebas warmoadgens. misi meSveobiT 

advilad SeiZleba ganisazRvros polimeris molekulluri 

wona. am mizniT sxvadasxva koncentraciis xsnarisTvis gazo-

maven osmosur wnevas da ageben grafiks P/c – c koordinatebSi 
(nax.8.3). miRebuli wrfis eqstrapolaciiT ordinatTa RerZze 

mokveTili monakveTi RT/M –is tolia, xolo wrfis mier 

abscisTa RerZTan Sedgenili kuTxis tangensi ki b-s udris. 
rogorc naxazidan Cans celulozis nitratis xazovani 

molekulebis koncentraciis gazrdiT P/c mniSvneloba izrdeba, 
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rac segmentebis zicxvis zrdis Sedegia. hemoglobinis 

(sferosebri cila) molekulebisaTvis P/c mniSvneloba ar aris 

damokidebuli koncentraciaze. 

       ganzavebuli xsnarebis osmosuri wnevis gazomviT 

maRalmolekulur nivTierebaTa molekuluri wonis gansazRv-

ris meTodi dReisaTvis erT-erTi yvelaze metad gavrcele-

buli meTodia. polimerebis gawmenda minarevebisagan advilia, 

amitom am meTodiT miRebuli mniSvnelobebi ufro sarwmunoa 

koloidur sistemebSi amave meTodiT miRebul nawilakobrivi 

wonis mniSvnelobebTan SedarebiT. 

       polimerebis xsnarebi makromolekulebis didi zomis 

gamo, koloiduri sistemebis msgavsad, difuziis mcire unariT 

xasiaTdeba. miuxedavad amisa, difuziis koeficientis 

gansazRvra farTod gamoiyeneba maRalmolekuluri nivTi-

erebebis, magaliTad cilebis molekuluri wonis gansazRvris 

mizniT. polimerebis molekuluri wonis dadgena difuziuri 

meTodiT iseve xdeba, rogorc nawilakobrivi masis dadgena 

koloidur sistemebSi. paraqtikulad ufro gavrcelebulia 

e.w. lamis meTodi, romelic eyrdnoba skalis fotografirebas 

mmn xsnaris im svetSi, romelSic mimdinareobs difuzia. 

koncentraciis gansxvavebuli gradienti iwvevs gansxvavebas 

gardatexis maCveneblebs Soris, amis gamo sufTa gamxsnelsa 

da xsnarSi gadaRebul fotosuraTebze manZili skalis 

 

 
nax. 8.3. P/c-s damokidebuleba xsnarebis koncentraciaze 

1 – natriumiani celulozis xsnari cikloheqsanSi; 
2 – hemoglobinis wyalxnari. 
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danayofebs Soris gansxvavebulia. siTxis mTel svetSi 

difuziis sxvadasxva xangrZlivobisas, drois garkveul 

intervalSi am manZilTa Sefardebis gazomva koncentraciis 

gradientis ganawilebis miRebis saSualebas iZleva. am 

monacemebiT ki SeiZleba difuziis koeficientis gansazvra.  

       difuziis koeficientis mcire mniSvnelobis miuxe-

davad, maRalmolekulur nivTierebaTa xsnarebi maRali 

sedimentaciuri mdgradobiT xasiaTdeba, rac ZiriTadad 

gaxsnili nivTierebis mcire simkvriviTaa ganpirobebuli. 

amitom mmn molekuluri wonis gansazRvra sedimentaciuri 

meTodiT mxolod mZlavri centrifugebis gamoyenebiT aris 

SesaZlebeli.  

       polimerebis xsnarebi koloidur xsnarebTan SedarebiT 

sinaTlis ganbnevis mcire unariT xasiaTdeba. sinaTlis gabnevas 

koncentrirebul mmn xsnarebSi ganapirobebs maTi araerTgvarovneba, 

romelic gamowveulia koncentraciis ganuwyveteli gadaxriT 

saSualo mniSvnelobidan da Sesabamisad gardatexis maCveneblis 

fluqtuaciiT.  

       debaim SeimuSava polimerebis molekuluri wonis 

gansazRvris optikuri meTodi, romelic am nivTierebaTa ganzave-

buli xsnarebis simRvrivis – optikuri simkvrivis gazomvas 

eyrdnoba.  

       ultramikroskopuli meTodiT xsnarSi polimeris jaWvuri 

molekulebis aRmoCena SeuZlebelia, radgan es xsnarebi 

homogenuria da xazovani makromolekulebi koloidur nawilakebs 

mxolod sigrZiT uaxlovdeba, danarCeni ori mimarTulebiT ki 

Cveulebrivi molekulebis zomebs Seesabameba. garda amisa, maTi 

aRmoCena SeuZlebelia molekulebis solvataciisa da imis gamoc, 

rom polimerebis gardatexis maCvenebeli axloa garemos garda-

texis maCvenebelTan. 

       makromolekulebis molekuluri wonis gansazRvra xdeba 

nefelometruli meTodiT.  

       gazomvas safuZvlad udevs releis gantoleba: 

                   I = I0KMc N
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sadac M polimeris molekuluri masaa, N - avogadros ricxvi, - 
polimeris simkvrive. imis gaTvaliswinebiT, rom Igabn/Idac 
SiZleba gamoviangariSoT molekuluri wona: 

                  M = 
τNρ

Kc
 = 

τ

H c
              (8.11)      

sadac                           

                       H =  
K

Nρ
  

       sinaTlis ganbneva saSualebas iZleva SevafasoT 
makromolekulebis nawilakebis forma da konformacia, Tu maTi 
zomebi sinaTlis talRis sigrZis Tanazomieria.  
 

8.5. maRalmolekulur nivTierebaTa xsnarebis siblante 
 

       maRalmolekulur nivTierebaTa xsnarebis siblante 

gacilebiT metia imave koncentraciis dabalmolekulur 

nivTierebaTa xsnarebisa da koloiduri sistemebis siblanteze. maTi 

xsnarebi ar emorCilebian niutonisa,a puazeilis da ainStainis 
kanonebs. 
       ainStainis Teoriis safuZvelze polimerebis molekulebis 

zomisa da formis dadgenis mizniT mravali saintereso kvleva iqna 

Catarebvuli siblantis gazomvis meTodiT. gazomvis Sedegebs 

Cveulebriv gamosaxaven pirobiTad miRebuli iseTi maxasiaTeblebiT, 

rogoricaa fardobiTi siblante - xsnarisa da gamxsnelis siblan-

teTa fardoba fard=, kuTri siblante kuTri-1,dayvanili 
siblante (kuTri siblante gadaangariSebuli koncentraciis 

erTeulze)kuTriC. ukanasknel sidides xSirad sxvadasxva 

koncentraciis xsnarisTvis zomaven da axdenenkuTriC - C-ze 
grafikuli damokidebulebis eqstrapolacias C→0 mniSvnelobamde. 

am gziT miRebul sidides lim(kuTriC) = [] maxasiaTebeli siblante 
ewodeba.  

       polimerebis xsnarebis didi siblante gamowveulia 

gawelili da moqnili makromolekulebis asociatebisa da advilad 
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daSladi struqturebis Semcveli sistemis hidrodinamikuri 

TvisebebiT. Zlier ganzavebul xsnarebSi, romlebic xist, 

Cxirismagvar makromolekulebs Seicavs molekulaTaASoris 

urTierTqmedebas adgili ar aqvs da Staudingeris Tanaxmad, maTi 

kuTri siblante molekuluri wonisa da koncentraciis 

pirdapirproporciulia: 

                     kuTri = KMC                            (8.12) 
an   

                     kuTri /C =  KM                         (8.13) 
sadac K mocemul gamxsnelSi polimerhomologiuri mwkrivisaTvis 

maxasiaTebeli mudmivaa. mis mniSvnelobas sazRvraven mwkrivis 

dabali wevrebisaTvis krioskopuli meTodiT molekuluri wonisa 

da maTi xsnarebis kuTri-is gazomvis safuZvelze. magaliTad, 

parafinebis mwkrivisTvis oTxqlorian naxSirbadSi    K=1,07*10-4, 

polistirolebis mwkrivisaTvis igive gamxsnelSi K = 2,4*10-4 da a.S, 

M - gaxsnili polimeris molekuluri wonaa, C ki xsnaris 

koncentracia gamosaxuli “ZiriTadi moli”/litri. “ZiriTadi 
moli” gramebis is ricxvia, romelic polimerwarmomqmneli 

monomeris molekuluri wonis tolia. 

       Staudingeris formulis meSveobiT advilad SeiZleba 

ganisazRvros molekuluri wona SedarebiT mokle jaWvis mqone 

xisti polimerebisaTvis. molekuluri wonebis farTo diapazonSi 

an gamxsnelis Secvlisas K-s mniSvneloba icvleba. 

       jaWvis sigrZis gazrdiT molekulebis morgvebad Sekvra 

amcirebs mis winaaRmdegobas dinebis mimarT, ris Sedegadac adgili 

aqvs molekulur wonaze siblantis pirdapirproporciuli  

damikodebulebidan gadaxras. zogierTi polimeris xsnarSi 

molekulebs mudmivad cvladi konfiguracia aqvT an sxva 

SemTxvevaSi molekulebi nakleb elastiurni arian. Staudingeris 
ganzogadebuli gantoleba, romelic iTvaliswinebs polimeris 

jaWvis zrdis mixedviT K-s cvlilebasa da makromolekulebs 

Soris urTierTqmedebas ganzavebul xsnarebSi ase gamoisaxeba  

                       [] = KM
a

                             (8.14)  
       sadac  mudmiva axasiaTebs makromolekulis formas 

xsnarSi da dakavSirebulia jaWvis moqnilobasTan. myife 
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molekulebisaTvis, romelTa forma CxirisebrTan axloa, 

sferosebri moqnili molekulebisaTvis K 
damudmivebi ganisazRvreba im polimerebis maxasiaTebeli 

siblantis gazomviT, romelTa molekuluri wonebi gansazRv-

rulia sxva meTodebiT, magaliTad sinaTlis ganbneviT. mravali 

gamxsnelisaTvis sxvadasxva temperaturaze cnobilia mudmi-

vebis mniSvnelobebi. amdenad, polimerebis molekuluri wonis 

gansazRvris am meTods farTo gamoyeneba aqvs. 

        saSualo koncentraciis polimerebis xsnarebi 
niutonisa da puazeilis kanonebs ar emorCilebian, maTTvis 
siblantis koeficienti mudmivi araa da damokidebulia 

siCqaris gradientze an wnevaze (Tuki misi gansazRvra kapi-

laruli viskozimetriT xdeba). struqturirebuli koloi-

duri sistemebis msgavsad, siCqaris gradientis gazrdiT 

xsnaris siblante mcirdeba da TandaTan uaxlovdeba garkveul 

zRvars. es imiT aixsneba, rom xsnaris dinebisas morgvebad 

Sekruli makromolekulebi iSleba, swordeba da dinebis 

mimarTulebiT orientirdeba, rac amcirebs nakadis hidro-

dinamikur winaaRmdegobas. garda amisa, sakmaod koncen-

trirebul xsnarebSi makromolekulebis urTierTqmedebis 

Sedegad warmoiqmneba asociatebi an sivrciT-struqturuli 

nawyvetebi, rac xels uSlis xsnaris dinebas. dinebis siCqaris 

zrdis Sesabamisad es struqturebi TandaTan iSleba da 

siblantec mcirdeba. 

       temperaturis gazrdiT struqturebis warmoqmnis 

SesaZlebloba mcirdeba da amis gamo maRal temperaturaze 

niutonisa da puazeilis kanonebidan gadaxra naklebad 

SesamCnevia. 

       koncentraciis Semdgomi gazrdiT polimeris   

siblante Taviseburad icvleba. dabalmolekuluri nivTi-

erebebisaTvis es damokidebuleba wrfivia, polimerebis 

xsnarebSi ki koncentraciis gazrdiT siblante mkveTrad 

izrdeba mrudxazovnad, amasTanave mrudi Cazneqilia 

koncentraciis RerZisaken. 
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siblantis aseTi mkveTri zrda gamowveuli unda iyos 

xsnarSi struqturis warmoqmniT anu xsnari ukve struqturu-

li siblantiT xasiaTdeba. 

 

 

 

       siblantis aseTi anomaliis mizezi Tavisuflad 

SeiZleba aixsnas imiT, rom ainStainis gantolebaSi unda 

figurirebdes sistemis ara saerTo, aramed efeqturi 

moculoba anu sistemis moculoba makromolekulebis 

moculobis gamoklebiT. radganac xsnarSi makromolekulebi 

imyofebian morgvebis saxiT, romlebic Seicaven maTTan 

dakavSirebuli gamxsnelis did raodenobas, am gamxsnelis 

moculoba unda miekuTvnebodes dispersiuli fazis 

moculobas. 

       polimerebis xsnarebis siblanteze moqmedebs agreTve 

xsnarSi zogierTi nivTierebis umniSvnelo raodenobiT Setana. 

praqtikidan cnobilia, rom celulozis eTerebis xsnarebze 

mzardi raodenobiT spiritis an wylis damatebisas siblante 

jer mcirdeba, Semdeg ki izrdeba. amave xsnarebSi aluminis, 

rkinis, TuTiis, tyviis, magniumis, kalciumis marilebis 

SetaniT siblante izrdeba, rac albaT gamowveulia maT mier 

 
nax. 8.4. plastiuri siblantis damokidebuleba Saqrisa (1) da 
natriumis kazeinatis (2) wyalxsnarTa koncentraciebisagan. 
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polimeris molekulur jaWvze aqtiuri centrebis gamonTavi-

suflebis gamo molekulebs Soris urTierTqmedebis gazrdiT 

an minarevebisa da polimeris molekulebs Soris qimiuri 

kavSirebis warmoqmniT. 

 

 

8.6. maRalmolekulur nivTierebaTa  

xsnarebis mdgradoba 
 

   maRalmolekulur nivTierebaTa xsnarebi WeSmariti 

xsnarebis msgavsad agregatulad mdgradi sistemebia, Tu ki 

isini Termodinamikurad wonasworul mdgomareobaSi imyofe-

bian. didi raodenobiT eleqtrolitis damatebisas adgili aqvs 

xsnaridan nivTierebis gamoyofas, Tumca es movlena tipiuri 

koloiduri sistemebis koagulaciisagan gansxvavebuli 

movlenaa. zolis koagulacia xdeba eleqtrolitis mcire 

raodenobiT damatebisas da Cveulebriv, Seuqcevadi procesia. 

mmn-s gamoyofa ki eleqtrolitis didi raodenobiT 

damatebisas xdeba, Seuqcevadi procesia da ar emorCileba 

Sulce-hardis wess. naleqidan eleqtrolitis moSorebis 

Semdeg (dializi an dekantacia), mmn kvlav iwyebs gaxsnas. 

zolis koagulacia xdeba nawilakze arsebuli ormagi eleqt-

ruli Sris SekumSvisa da nawilakis zedapiruli muxtis 

Semcirebis an sruli kompensaciis gamo, romelic zolis 

mdgradobis ZiriTadi faqtoria. eleqtrolitis damatebisas 

xsnaridan polimeris gamoyofa eleqtrolitis koncen-

trirebul xsnarSi misi xsnadobis SemcirebiT aixsneba. 

dabalmolekuluri nivTierebis xsnarebSi msgavsi movlenis 

analogiurad mas SeiZleba gamomarileba vuwodoT. polimeris 

gamoyofa xsnaridan principulad ar gansxvavdeba gamoma-

rilebisagan masze aragamxsnelis damatebisas. gamomarilebaze 
moqmedi unaris mixedviT ionebi igive liotropul rigSi 
lagdeba, rogorSic koloiduri sistemebis koagulaciis 
SemTxvevaSiL 

Li+ > N+>K+>Rb+ >Cs+ 
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 anionebisaTvis rigi ki rigi ase Cawereba 

SO
2
4

- >Cl- > NO 3


 > Br - > J- > NCS- 

rac metad liofiluria ioni, miT metad amcirebs igi 
polimeris xsnadobas mocemul gamxsnelSi. 
       gamomarileba maRalmolekuluri naerTebis fraqcio-

nirebis meTodis erT-erTi safuZvelia. am naerTebis 

xsnarebidan gamoyofis unari damokidebulia maT qimiur 

bunebaze da molekuluri wonis zrdiT mkveTrad izrdeba. 

gamomarilebis gziT fraqcionireba gansakuTrebiT farTod 

gamoiyeneba cilebis dayofaSi hpova. 

       da bolos, mniSvnelovani movlenaa maRalmolekuluri 

nivTierebis xsnaris dabereba, romelic wonasworuli xsnaris 

siblantis spontanuri cvlilebiT vlindeba. es cvlileba 

xdeba molekulur jaWvze Jangbadis an sxva minarevis 

zemoqmedebis Sedegad. Jangbadi iwvevs makromolekulis 

destruqcias an Zafismagvari calkeuli molekulis 

gaerTianebas didi zomis warmonaqmnebad. pirvel SemTxvevaSi 

xsnaris siblante mcirdeba, meoreSi ki - izrdeba. 

       maSasadame, SeiZleba davaskvnaT, rom mmn-s xsnarebi 

koloiduri xsnarebisagan gansxvavebiT sakuTriv daberebas ar 

eqvemdebareba. maTi zogierTi Tvisebis Secvla xangrZlivi 

drois ganmavlobaSi gamowveulia xsnarSi arsebuli minare-

vebis neli zemoqmedebiT.     

     

VIII Tavis ZiriTadi daskvnebi 
 

1. maRalmolekulur nivTierebebis (mmn) xsnarebi 

arsebiTad WeSmarit xsnarebs warmoadgenens, Tumca 

koloiduri mdgomareobis mravali niSniT xasiaT-

debian. amitom am nivTierebebs molekulur koloi-
debsac uwodeben.  

2. mmn-s polimerizaciisa da polikondensaciis proce-

sebSi warmoiqmneba maTi struqturis ramdenime 

tipi: xazovani (bunebrivi kauCuki), ganStoebuli 
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(saxamebeli), sivrciTi (fenolformaldehiduri 

fisebi). 
3. mmn SeiZleba iyos myar (kristalur) da Txevad 

(amorful) mdgomareobaSi. 
4. molekuluri Teoriis Tanaxmad, mmn-s ganzavebuli 

xsnarebi Seicaven erTmaneTisagan damoukidebel, 

calkeul makromolekulebs.  
5. izobaruli procesebisas mmn-s TavisTavadi gaxsna  

izobaruli potencialis SemcirebiTa da entropiis 

zrdiT mimdinareobs. gamxsnelTan urTierTqme-

debisas xdeba polimeris masisa da moculobis 

zrda droSi. am process gajirjveba ewodeba, 

romlis sazomad gajirjvebis xarisxi 

gamoiyeneba. gajirjveba polimeris gaxsnis wina 
safexuria.  

6. maRalmolekuler nivTierebaTa xsnarebSi Serwymu-
lia WeSmariti dabalmolekuluri xsnarebisa da 
koloiduri sistemebis Tvisebebi.  

7. osmosuri wneva mmn-s xsnarebSi gacilebiT didia, 

vidre es vant-hofis kanonidan gamomdinareobs.  
8. makromolekulebis didi zomis gamo polimerebis 

xsnarebi difuziis mcire unariT xasiaTdebian. 

miuxedavad amisa, polimerebis molekuluri wonis 

gansazRvris mizniT farTod gamoiyeneba difuziis 

koeficientis gazomva da nefelometruli meTodi. 
9. mmn-s xsnarebis siblante gacilebiT metia dabal-

molekuluri nivTierebebis xsnarebisa da kolo-

iduri sistemebis siblanteze. niutonisa da pua-

zeilis kanonebs mmn-s mxolod Zlier ganzavebuli 

xsnarebi emorCileba.  
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