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w i n a s i t y v a o b a
     koloiduri qimiis saxelmZRvanelos meore nawili - dispersiuli sistemebi pirveli nawilis logikuri gagrZe​lebaa. koloiduri qimia amTavrebs zogadqimiur ganaTlebas, romlis Semdeg swavlis Semdgom etapze students SeuZlia gamoiyenos fizikur-koloiduri qimiis kanonzo​mierebebi da kvlevis meTodebi nebismieri konkretuli amocanis gadaWris mizniT.

    mikroheterogenuli sistemebi maRalganviTarebuli faza​Ta gamyofi zedapirebiT farTodaa gavrcelebuli bune​baSi da udidesi mniSvneloba aqvs Tanamedrove teqnikaSi. ar aris saxalxo merurneobaSi mrewvelobis dargi, romelsac ama Tu im xarisxiT saqme ar qondes koloidur sistemebTan da pro​cesebTan.

     koloidur-qimiuri kanonzomierebebi da kvlevis meTo​debi warmo​adgens rigi teqnikuri da teqnologiuri proce​sebis safuZvels, ro​mlebsac Seiswavlian keramikuli da silikaturi, samkurnalo preparatebis warmoebis, bioteqno​logiis, ekologiis, kvebis produqtebis teqno​logiis speci​a​lobis bakalavrebi.

     aRsaniSnavia is faqti, rom fizikuri da koloiduri qimiis kaTedraze ukanaskneli damxmare saxelmZRvanelo ko​lo​idur qimiaSi 1992 w. gamovida, romelic ukve biblio​grafiul iSviaTobas warmoadgens.

     winamdebare saxelmZRvaneloSi aRwerilia dispersiuli sistemebis zogadi daxasiaTeba, miRebis meTodebi, mole​ku​lur-kinetikuri, optikuri, struqturul-meqanikuri Tvisebe​bi, koloiduri sistemebis mdgradobisa da koagulaciis Tanamedrove Teoriebi, maRalmolekuluri naerTebis - mole​kuluri koloidebis zogadi daxasiaTeba da Tvisebebi, mikroheterogenuli sistemebis – suspenziebisa da emulsi​ebis, aerozolebisa da qafebis daxasiaTeba da Tvisebebi, kvlevis koloidur-qimiuri meTo​debis safuZvlebi.

     saxelmZRvanelos safuZvels warmoadgens koloiduri qimiis leqciebis kursi, romelic ukanaskneli 10 – 15 wlis manZilze ikiTxeba qimiuri teqnologiisa da metalurgiis fakultetis studentebisaTvis.

   saxelmZRvanelos Sedgenisas avtorebma isargebles ru​sul enaze arsebuli originaluri saxelmZRvaneloebiTa da monografiebiT, aseve citirebul literaturaSi motanili naxazebiTa da sxva masalebiT.

     saxelmZRvanelo dawerilia koloiduri qimiis kursis moqmedi programis Sesabamisad. masSi ganxilulia koloiduri qimiis ZiriTadi Tavebis yvela sakvanZo sakiTxi. igi gami​znulia qimiuri da bioteqno​logiis, ekologiis, samrewvelo farmaciis, farmacevtuli produqtebis eqspertizis, marke​tingisa da menejmentis, kvebis produqtebis teqno​logiisa da eqspertizis specialobis bakalavrebisaTvis. saxelmZRva​nelo SeiZleba gamoiyenos amave specialobebis magistrantebma da koloiduri qimiis sakiTxebiT dainteresebulma sxva pirebma.

     saxelmZRvanelos avtorebi madlobas vuxdiT recen​zents sasarge​blo rCevebisa da samarTliani SeniSvnebisaTvis, F    romelic gaTvaliswi​nebulia saxelmZRvaneloSi. cxadia, sa​xelm​ZRvanelos pirveli gamocema unaklo ar iqneba, yvela samarTlian SeniSvnas siamovnebiT miviRebT da gaviTva​liswinebT.AA
avtorebi

S e s a v a l i
      ukve aRniSnuli iyo, rom Tanamedrove kolo​iduri qimia aris mecniereba zedapiruli movlenebisa da dis​per​siuli sistemebis Sesaxeb.

     dispersiuli ewodeba sistemas, romelSic erTi niv​Tiereba garkveuli formisa da zomis nawila​kebadaa dawvri​lmanebuli da ganawilebulia meo​reSi. dispers​iuloba (dawvrilmaneba) koloidur mdgomareobaSi myofi nivTierebis ZiriTadi raodenobrivi maxasi​aTebelia. igi, am sityvis farTo gagebiT, molekulur, atomur, birTvul doneze axa​siaTebs nebismier nivTierebas. kolo​idur qimi​aSi disper-siulobis cneba sxeulTa zomebis sakmaod farTo zRvrebSi vrceldeba: Cveulebrivi molekulebis zomaze meti da Seuia​raRebeli Tvali​sTvis xiluli nawilakebi.

     dispersiuli sistemebi koloiduri qimiis yvelaze metad tipiuri da amave dros, rTuli obieqtebia, radgan maTSi Tavs iCens zedapiruli movlenebis umravlesoba. dispersiul sistemebs warmoadgens Cveni garemo​mcveli realuri sxeulebis umetesoba.

     yvela sxeuli, rogorc wesi, polikris​rtaluri, boW​kovani, fxvieri, fenovani, forovani nivTi​erebaa, romlebic Sedgeba mWida masalebisa da Semavseblebisagan, imyofeba sus​penziis, pastis, emulsiis, qafis da mtvris  mdgomareobaSi. niadagi, mcenareTa da cxovelTa samyaros sxeulebi, Rrubeli da nisli, warmoebis mravali produqti, maT Soris samSeneblo masalebi, polimerebi, qaRaldi, tyavi, qsovilebi, kvebis produqtebi – yvela eseni dispersiuli sistemebia.

3. koloiduri sistemebis miReba

       dispersiuli sistemebis mravalsaxeoba maTi miRebis mravalricxovani meTodebidan gamomdinareobs. dispergacia da kondensacia Tavisufaldis​per​siuli sistemebis miRebis ZiriTadi meTodebia, romelTa saSualebiTac miiReba suspenziebi, emul​siebi, zolebi da a.S. 

       dispergireba didi nawilakebis ufro mcire zomis nawilakebad dawvrilmanebaa, kondensacia  ki - homogenuri siste​mis molekulebis, atomebis an ionebis asociaciis (gaerTianeba) Sedegad maRaldis​persiuli heteroge​nuli sistemis warmoqmna. ganvi​xiloT TiToeuli meTodi cal-calke.

3.1. dispergaciis meTodi

       Tanamedrove teqnikaSi myari sxeulebis disper​gireba 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 zedapiri, saWiroa davZlioT am sxeulSi moqmedi koheziuri Zalebi, romlebic iwvevs sxeulis mTlianobis SenarCunebas.

       dispergirebisas kondensirebuli nivTiereba Tavidan moculobiT deformacias ganicdis da mxolod amis Semdeg garkveuli zemoqmedebiT xdeba misi daSla. Sesabamisad, dispergirebisTvis saWiro muSaoba iyofa or nawilad: erTi nawili ixarjeba sxeulis moculobiT deformaciaze, meore ki – axali zedapiris warmoqmnaze. 

       deformaciis muSaoba sxeulis moculobis proporciulia 
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sadac K aris proporciulobis koeficienti, romelic erTe​u​lovani moculobis mqone kondensirebuli nivTie​rebis deformaciis muSaobis tolia, V ki - sxeulis moculoba.

       dispergaciisas axali zedapiris warmoqmnis muSa​o​​ba zedapiris nazrdis proporciulia da SeiZleba ase gamoisaxos:    

                      Ws=S                  (3.2)

sadac  axali zedapiris farTobis erTeulis warmoqmnaze daxarjuli muSaba, anu zedapiruli daWimulobaa. dispergirebisTvis sawiroYsruli muSaoba gamoisaxeba rebinderis     gantolebiT, romelsac Semdegi saxe aqvs: 

                  W=Wdef+Ws=KV+S          (3.3)

       moculobiTi deformacia sxeulis moculobis proporciulia, moculoba  - V(d3, sadac d  sxeulis xazovani zomaa. zedapiris cvlileba misi sawyisi zedapiris pro​porciulia, Tavis mxriv, S(d2, amitom SeiZleba dav​weroT :

            W = K1d3 + K2d2d2 (K1d + K2(3.4)

       am gantolebidan Cans, rom didi zomis sxeulebis dispergirebisas  SeiZleba zedapiris warmoqmnis muSaobis ugu​lebelyofa, maSin dispergirebis muSaoba deformaciis muSaobiT ganisazRvreba. mcire zomis sxeulebis Sem​TxvevaSi ki SeiZleba deformaciis muSaoba ugule​belvyoT da dispergaciis sruli muSoba ZiriTadad axali zedapiris warmoqmnis muSaobiT, anu koheziuri Zalebis daZlevaze daxarjuli muSaobiT ganisazRvreba.

       dawvrilmanebisas masala iSleba pirvel rigSi simtkicis defeqtebis adgilebSi (makro da mikro bzarebi), amitom dawvrilmanebis Sesabamisad masalis simtkice izrdeba, rac misi Semdgomi dawvrilmanebisaTvis saWiro energiis xarjs zrdis.

       masalis dawvrilmaneba SeiZleba gaadvildes rebinderis efeqtis gamoyenebiT. es aris masalis simtkicis adsorbciuli Semcireba, rac xdeba zedapi​rulad aqtiuri niTierebebis meSveobiT. rebinderis mixedviT, myari sxeulis kristaluri mesris defeqtian an, rogorc ityvian, sust adgilebSi viTardeba mikrobzarebi, romlebic sxeulis meqanikur simtkices amcirebs. zedapirulad aqtiuri nivTiereba aRwevs bzarebSi da warmoqmnis am nivTierebis adsorbciul Sres, rac iwvevs zedapiruli energiisa da, Sesabamisad, myari sxeulis meqanikuri dawvrilmanebisTvis saWiro muSaobis Semcirebas.

       dispergaciis meTodiT dispersiuli sistemebis miRebisaTvis gamoiyeneba meqanikuri mowyobilobebi: samsxvrevela, rodini, sanjRrevela, mfrqvevarebi, centrifuga, mbrunavi diskebi da a.S. 

       myari da Txevadi fazebis ufro wvrilad disper​girebisaTvis gamoiyeneba sxvadasxva konstruqciis wisqvilebi. laboratoriebsa da samrewvelo pirobebSi dispergirebas umetesad burTulebian wisqvilSi axdenen. igi Sedgeba cilindruli formis dolisagan, romelic nawilobriv Sevsebulia imave masalisagan damzadebuli burTulebiT (foladi, agati, faifuri). wisqvilSi SesaZlebelia mSrali da sveli dafqva. sveli dafqvisas cilindrSi aTavseben dasawv​rilmanebeli nivTierebis uxeS dispersias, sadispersio garemos da stabilizators. cilindris brunvisas burTulebi centridanuli Zalis moqmedebiT ekvrian mis kedels da warmoqmnili xaxunis Zalis gavleniT garkveul simaRleze awevis Semdeg, kvlav wydebian da ecemian qvemoT darCenil burTulebs, rac iwvevs maT Soris moTavsebuli nivTierebebis cveTasa da msxvrevas. kargi Sedegis misaRebad wisqvilSi burTulebis moculoba saerTo moculobis 30–40%-s, xolo sadispergacio masalis moculoba – 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 is, rom muSaobisas xdeba burTulebis cveTa, rac miRebuli dispersiis gaWuWyianebas iwvevs. garda amisa, igi dabali warmadobisaa.

       amJamad energiis danaxarjis Semcirebis mizniT iyeneben axal aparatebs, kerZod, wisqvilebs, romlebSic dispergireba gaadvilebulia perioduli meqanikuri rxevebiT, planetarul da Wavlian wisqvilebs. am ukanasknelSi milsadenidan maRali wneviT gamomdinari uxeSdispersiuli suspenziis ori Wavli kveTs erTmaneTs, rasac dispersiulobis xarisxis gazrda axlavs. 

       liofiluri koloiduri sistemebi warmoiqmneba TavisTavadi dispergirebiT Sesabamis gamxsnelSi. procesi mimdi​nareobs sistemis Tavisufali energiis Semcirebis xarjze. amitom es sistemebi  Termodi​namikurad mdgradi sistemebia, romlebsac xangrZlivi droiT arseboba SeuZlia. 

       liofoburi koloiduri sistemebis misaRebad fazis dispergirebisaTvis saWiroa garkveuli muSaobis Sesruleba. amis gamo es sistemebi Termodinamikurad aramdgradia, floben Warb Tavisufal energias, romlis swrafva TavisTavadi Semcirebisaken iwvevs nawilakebis Sewebebas da kuTri zedapiris Semcirebas.

       dispergaciis meTodiT liofoburi koloiduri sistemebis miReba xdeba suspenziebisa da emulsiebisagan specialuri konstruqciis wisqvilebSi. maTi muSa​obis principi emyareba uZrav statorsa da didi siCqariT moZrav rotors Soris arsebul viwro RreCoSi an moZrav diskebs Soris moTavsebul suspenziasa da emulsiaSi centridanuli Zalis moqmedebiT gamgleji zemoqmedebis warmoqmnas., rac iwvevs nivTierebis dawvrilmanebas koloiduri zomis nawilakebade. 

       farTod gamoiyeneba agreTve ultrabgeriTi da eleq​truli meTodebi. ultrabgeriT meTods im SemTxve​vaSi mimarTaven, rodesac sadispergacio nivTierebas mcire simtkice axasiaTebs. meTodis meqanizmi sabolood ar aris dadgenili. erT-erTi axsna aseTia: disper​girebis procesSi siTxeSi ultrabgeriTi talRebis gavlisas sxeulis damSleli zemoqmedeba aRiZvreba, rogorc swrafadmonacvleobiTi lokaluri (adgilobrivi) SekumSva-gafar​Toebis, 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. 

       eleqtruli meTodi emyareba sadispersio garemoSi moTavsebul liTonis or eleqtrods Soris voltas rkalis warmoqmnas. maRal temperaturaze xdeba liTonis gafrqveva umcires nawilakebad da civ garemoSi maTi Sewebebis (kondensaciis) Sedegad miiReba koloi​duri xsnari – zoli. am meTods kombinirebuli meTodi ewodeba (xdeba jer dispergireba, Semdeg ki – kondensacia). 

       dispergaciis meTodiT zolebis miRebisas adgili aqvs energiis did xarjs. garda amisa, Zalian maRaldispersiulobis miRweva SeuZlebelia. amitom upiratesoba kondensaciis meTods eniWeba.  

3.2. kondensaciis meTodi, micelas aRnagoba

       kondensaciis meTodi garedan muSaobis xarjvas ar moiTxovs. pirobebis SerCevisas am meTodiT SeiZleba nebismieri dispersiulobis sistema miviRoT. arsebobs fizikuri da qimiuri kondensaciis meTodebi. fizikuri kindensaciis mniSvnelovani xerxebia orTqlis konden​sacia da gamxsnelis Secvla. orTqlis kondensaciis TvalsaCino magaliTia nislis warmoqmna.  liozo​lebi miiReba dispersiuli fazisa da sadispersio garemos warmomqmneli nivTierebebis orTqlis erTdrouli kondensaciiT civ zedapirze. sistemis parametrebis Secvlisas, kerZod, temperaturis Semcirebisas orTqlis wneva SeiZleba meti aRmoCndes siTxis an myari fazis zedapirze wonasworul wnevaze, ris gamoc airad fazaSi warmoiqmneba axali Txevadi faza, amis Sedegad sistema gaxdeba heterogenuli, warmoiqmneba aerozoli. am xerxiT miRebuli sistemebi umetesad polidis​persiulia.

       gamxsnelis Secvlis meTodi dafuZnebulia sistemis parametrebis iseT cvlilebaze, romlis drosac komponentebis qimiuri potenciali sadispersio garemoSi wonasworulze meti xdeba da wonasworobisken swrafvis tendencia iwvevs sistemaSi axali fazis warmoqmnas. am meTodSi, orTqlis kondensaciisagan gansxvavebiT, cvlian sadispersio garemos Sedgenilobas. magaliTad, gogirdis najer spirtxsnarze didi raodenobis wylis damatebiT miRebuli spirt-wyalxsnari gadajerebuli aRmoCndeba. gogirdis molekulebis agregaciis Sedegad xdeba axali fazis warmoqmna da miiReba gogirdis hidrozoli. 

       qimiuri kondesaciis meTodi emyareba gadaje​rebuli xsnarebidan axali fazis gamoyofas. oRond, nivTiereba, romelic warmoqmnis dispersiul fazas, miiReba qimiuri reaqciis safuZvelze. nebismieri qimiuri reqcia, romelic axali fazis warmoqmniT mimdinareobs gamodgeba koloiduri sistemebis misaRebad gamodgeba. es reaqciebi SeiZleba iyos: daJangvis, aRdgenis, mimocvlis, hidrolizis.

     zolis miRebis nebismieri meTodis gamoyenebisas aucileblad daculi unda iqnas ori ZiriTadi piroba: 

    1) nivTiereba, romlis zolis miRebac gvinda, ar unda ixsnebodes sadispersio garemoSi. es ganapirobebs sistemis heterogenulobas. 

    2) agregatulad mdgradi zolis misaRebad auci​lebelia sistemaSi arsebobdes nivTiereba, romelic iwvevs warmoqmnili dispersiuli fazis nawilakebis stabilizacias. am nivTierebas stabilizatori ewodeba. igi SeiZleba iyos rogorc garedan specialurad Setanili nivTiereba, ise reaqciis romelime reagenti an produqti. stabilizatorebi, TavianTi bunebidan gamomdinare, zolebis stabilizacias sxvadasxva meqanizmiT iwveven. stabilizatori eleqtroliti dispersi​uli fazisa da sadispersio garemos sazRvarze warmoqmnis ormag eleq​trul Sres (oeS). ormagi eleqtruli Sris agebuleba da masSi ionebis ganawileba iwvevs dispersiuli fazis nawilakebis damuxtvas erTnairi niSniT, rac uzrunvelyofs maT urTierT​ganzidvas da amis safuZvelze zolis agregatul mdgradobas.

      ganvixiloT vercxlis iodidis hidrozolis miReba qimiuri kondensaciis meTodiT mimocvlis reaqciis safuZvelze, romelic mimdinareobs wyalxsnarebSi: 
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         AgI wyalSi uxsnadi nivTierebaa, amitom is reaqciis Sedegad meore fazis saxiT gamoiyofa. e.i. zolis miRebis pirveli piroba daculia. sistemaSi koloiduri dispersiulobis SenarCunebis mizniT saWiroa stabili​zatoris gamoyeneba. stabilizatorad SeiZleba gamodges orive reagenti, Tu romelime maTgans aviRebT Warbi raodenobiT.

       KJ -is siWarbisas m raodenobiT AAgI-is molekulis asociaciis Sedegad (m aTeulobiT aTasi molekula) warmoiqmneba didi  zomis agregati. mis zedapirze xsnaridan adsorbirdeba n raodenobiT iodis ioni –J
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, romelsac potencialganm​sa​zRvreli ioni ewodeba. agregati iodis ionebTan erTad warmoqmnis birTvs, romelsac aqvs uaryofiTiYYmuxti.  birTvi xsnaridan miizidavs n raodenobis K+-- ions. am ionebs sawinaaRmdego ionebi ewodeba. sawinaaRmdego ionebis garkveuli (n-x) raodenoba garda eleqtrostatikuri Zalebisa, miizideba meore – spe​cifikuri adsorb​ciuli (van-der-vaalsis) ZalebiT birTv​Tan axlos da warmoqmnis egreT wodebul adsorbciul Sres. adsorbciuli Sris ionebi iwveven birTvis muxtis nawilobriv kompensacias. birTvs adsorbciul SresTan erTad koloiduri nawilaki ewodeba. nawilaks gaaCnia potencialganmsazRvreli ionis (am SemTxvevaSi uaryofiTi) muxti. sawinaaRmdego  ionebis danarCeni X raodenoba Tburi moZraobis gamo imyofeba birT​vi​sgan moSorebiT difuziur SreSi da miizideba mxolod eleqtro​sta​tikuri ZalebiT. koloi​dur nawilaks difu​ziur SresTan erTad micela ewo​deba. micela eleqtronei​tra​luria. misi struqtura gamosaxulia nax. 3.1 –ze.
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nax.3.1. micelis aRnagoba

stabilizatorad  AgNO
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-is gamo​ye​nebis SemTxvevaSi kolo​i​dur nawilaks eqneba dadebiTi muxti, radgan poten​cial​ganm​saz​Rvreli ionebis rols Seasrulebs vercxlis ionebi.

  zogadad, potencialganmsazRvreli ionis rols asru​lebs stabilizatori eleqtrlitis is ioni, romelic Sedis agregatis SemadgenlobaSi (panet - faiansis wesi).

       daJangvis reaqciiT zolis miRebis umartivesi magaliTia gogirdis hidrozolis miReba gogirdwyal​badis daJangviT wylis garemoSi 

                            2H
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       hidrolizis reaqciiT koloiduri sistemebis miRebis magaliTia mZime liTonebis hidroqsidebis zolebis sinTezi. magaliTad, rkinis hidroqsidis zoli miiReba, Tu mduRare wyalSi CavumatebT mcire raodenobiT FeCl
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                     FeCl
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 + 3H
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O        Fe(OH)
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 + 3HCl 
duRili xels uwyobs sistemidan HCl-is mocilebas wylis orTqlTan erTad. stabilizatoris rols asrulebs FeOCl, romelic warmoiqmneba FeCl
[image: image13.wmf]3

-is arasruli hidrolizis Sedegad. 

                         FeCl
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O        FeOCl + 2HCl

                                  FeOCl         FeO+ + Cl
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Fe(OH)3-is  hidrozolis micela ase gamoisaxeba:

                   {[m Fe(OH)
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]n FeO+ (n – x) Cl -}x + xCl
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3.3. koloiduri sistemebis gasufTaveba

       Zalian xSirad ama Tu im meTodiT miRebuli liozoli Seicavs dabalmolekulur minarevebs, romlebic iwvevs zolis astabilizacias – misi agregatuli mdgradobis darRvevas (koagulacias). amitom aucilebelia am minarevebisagan zolebis gawmenda.

       koloiduri qimiis uZvelesi meTodebi, romlebsac dabalmolekuleri minarevebisagan liozolebis gasawmendad iyeneben, aris dializi da ultrafiltracia. 

       dializi  aris naxevad gamtari tixriT SezRuduli difuzia. xelsawyo dializisaTvis – dializatori warmoadgens naxevrad gamtari masalisagan (membrana) damzadebul parks, romelSic aTavseben sadializo siTxes. parki CaSvebulia WurWelSi, romelSic cirkulirebs wyali.               

dabalmolekuleri nivTierebebis molekulebi gadian membranaSi, koloiduri nawilakebi ver aRweven membranis forebSi da rCeba parkSi gawmendili koloiduri xsnaris saxiT. naxevrad gamtari tixris saxiT, Cveulebriv, ufro xSirad gamoiyeneba pergamenti, celofani, keramikuli filtrebi, membranebi, romlebic damzadebulia celulozis nitratis xsnarisagan – kolodiumisagan. dializi sakmaod xangrZlivi procesia. dializis intensifikacia xdeba: im zedapiris gazrdiT, romelzec mimdi-nareobs procesi, sadializo siTxis fenis SemcirebiT, gare siTxis (wylis) uwyveti cvliT da gaTbobiT, romelic xels uwyobs difuzias.

       dReisaTvis arsebobs srulyofili konstruqciis mravali dializatori, romlebic uzrunvelyofs dializis procesis daCqarebas. 

       eleqtrodializi.  liozolebi minarevebis saxiT ZiriTadad eleqtrolitebs Siecavs. dializis procesi SeiZleba daCqardes, Tu sadializo siTxes movaTavsebT mudmiv eleqtrul velSi. arsebobs mravali sxvadasxva konstruqciis eleqtrodi​alizatori. eleq​tro​di​a​​lizi ufro efeqturia, Tu zoli winaswar gasufTavebulia Cveulebriv dializatorSi.

       eleqtordializs xSirad iyeneben koncentri​rebuli suspenziebis, pastebis gruntisa da minera​lebisagan marilebis mosacileblad, zRvis, tbisa da mdinaris wylis gasamtknareblad, samrewvelo Camdinare wylebis, vaqcinebis, Sratisa da mravali dispersiuli sistemis gasawmendad. 

       ultrafiltracia.   xSirad kvleviTi miznebisa da sawarmoo - teqnikuri  amocanebis gadasaWrelad aucilebelia dispersiuli fazisa da sadispersio garemos 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 makro​molekulebis Semakavebeli filt​ris rols.

       ultrafiltraciis ganxorcieleba SeiZleba ori gziT:  

 a) gasafiltri siTxis svetis hidrostatikuri wnevis gavleniT;

 b) xelovnurad Seqmnili wnevaTa sxvaobis meSveobiT. pirve​li xerxiT ultafiltracia Zalian nela mimdinareobs, ris gamoc mas praqtikulad ar iyeneben. wnevaTa sxvaobas aRweven an filtris qveS gauxSoebis SeqmniT (ultrafiltracia vakuumSi), an xelovnuri wneviT gasafiltr xsnarze (ultrafiltracia wnevis qveS).

       didi wnevebis gamoyeneba gansakuTrebiT xSirad xdeba maRalmolekuluri naerTebis xsnarebis filtraciis dros, romlebic WeSmarit xsnarebsa da zolebze bevrad ufro nela ifiltreba. 

       ultrafiltraciisaTvis mravali xelsawo arsebobs. radgan procesi yovelTvis wnevis qveS mimdinareobs, yvela xelsawyoSi membrana efineba wvrilnaxvretebian firfitas, romelic sayrdenis rols asrulebs, an uSualod miiReba moumi​nanqrebeli WurWlis kedlebze, magaliTad, kolodiumis ganzavebuli xsnaris dataniTa da misi Semdgomi gamoSrobiT.

       Zalian wvrilforebian membranebSi maRali wnevis qveS dializis dros xdeba ara mxolod koloiduri nawilakebis, aramed gaxsnili molekulebisa da eleqtrolitis ionebis Sekaveba. am process hiperfiltracia anu Sebrunebuli osmosi ewodeba. igi farTod gamoiyeneba bunebrivi da teqnikuri wylebis gasawmendad.

       sxvadasxva zomis forebiani ultrafiltrebis meSveobiT SeiZleba koloiduri sistemis dayofa ufro metad monodis​persiul fraqciebad da am fraqciebis dispersiulobis xarisxis gansazRvra.

III  Tavis ZiriTadi daskvnebi

1. koloiduri sistemebis miRebis ZiriTadi meTodebia dispergireba da kondensacia. dispergireba aris didi nawilakis dawvrilmaneba ufro mcire zomis nawilakebad, romelic SeiZleba ganxorcieldes sxvadasxva meqanikuri mowyobilobebiT: samsxvre​vela, rodini, sanjRrevela, mfrqvevara, centrifuga da sxvadasxva konstruqciis wisqvilebi. kondensacia aris homogenuri sistemebidan molekulebis, atomebis an ionebis gaerTianebis (asociaciis) Sedegad maRaldispersiuli heterogenuli sistemis warmoqmna, romelic SeiZleba ganxorcieldes qimiuri da fizikuri procesebis Sedegad.

2. zolis nebismieri meTodiT miRebisas daculi unda iqnas ori ZiriTadi piroba: 1) nivTiereba, romlis zolis miRebac gvinda, ar unda ixsnebodes,  an mcired ixsnebodes sadispersio garemoSi. es uzrunvelyofs sistemis heterogenulobas. 2) agregatulad mdgradi zolis misaRebadGsaWiroa sis​te​maSi arsebobdes nivTiereba (stabilizatori), romelic iwvevs warmoqmnili fazis nawilakebis stabilizacias. 

3. stabilizatori – eleqtrolitis SemTxvevaSi fazaTa gamyof sazRvarze warmoiqmneba ormagi eleqtruli Sre, romlis erTi Sre Sedgeba myari fazis zedapirze adsorbirebuli stabilizatoris im ionebisagan, romlebic Sedis myari fazis SedgenilobaSi. maT potencialganm​sazRvreli ionebi ewodeba. sawinaarmdego niSnis mqone ionebi imyofeba myari fazis irgvliv da gayofilia or nawilad. erTi nawili eleqrtostatikuri da adsorb​ciuli Zalebis gavleniT miizideba zedapirTan Zalian axlos da warmoqmnis adsorbciul Sres, meore nawili ki Tburi moZraobis gamo imyofeba moSorebiT, difuziur SreSi, romlebzec myari fazis mxri​dan mxolod eleqtrostatikuri 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 myar fazas (birTvs) adsorbciul SresTan erTad koloiduri nawilaki ewodeba, romelsac poten​cialganmsazRvreli ionis muxti aqvs. nawilaks difuziur SresTan erTad ki micela ewodeba, romelic eleq​troneitraluria.

5. koloidur sistemaSi moZravi (kinetikuri) erTeuli aris koloiduri nawilaki.

4. dispersiuli sistemebis ZiriTadi Tvisebebi
4.1. dispersiuli sistemebis molekulur-

kinetikuri Tvisebebi

       molekulur-kinetikuri Teoria molekulebis Tavis​Tavadi moZraobis kanonebs swavlobs. WeSmarit xsnarTa zogi​erTi Tviseba swored aseTi moZraobiTaa ganpirobebuli da damoki​debulia ara Sedgenilobaze, aramed kinetikur erTe​ulTa – moculobis an masis erTeulSi molekulaTa ricxvze. aseT koligatiur Tvisebebs miekuTvneba: difuzia, osmosuri wneva, xsnaris orTqlis wneva, duRilis da gayinvis temperaturebis cvli​leba.                    

gremis naSromebidan Cans, rom koloidur sistemebSi man ver aRmoaCina difuziisa da osmosis movlenebi. swo​red es Tvisebebia koloiduri sistemebsa da WeSma​rit xsnarebs Soris ZiriTadi ganma​sxvavebeli niSnebi.

Semdgomi gamokvlevebiT SesaZlebeli gaxda kolo​iduri nawilakebis moZraobaze uSualo eqsperi​mentuli dakvirveba, romelic XIX-XX saukunis mij​naze moleku​lur-kinetikuri Teoriis triumfad iqca. es eqsperimen​tuli faqtebi dakavSirebulia brounis moZraobis aRmoCe​nasTan, romelic didi xnis manZilze gamocanad rCeboda.

4.1.1. brounis moZraoba

ingliseli botanikosi brouni (1828 w.) mikros​​kopSi akvirdeboda yvavilis mtvrianas mikronawilakebis moZraobas wyalSi da SeamCnia, rom isini uwyvetad da uwesrigod moZraobdnen. SemdgomSi brounma daad​gina, rom aseTi moZraoba damaxa​siaTebelia nebismieri araorganuli da organuli warmoSobis mcire nawila​kebisaTvis da miT ufro intensiurad mJRavndeba, rac ufro maRalia garemos tempe​ratura, naklebia nawilakis masa da garemos siblan​te.  am moZraobas brounis moZraoba ewo​da. 

brounis moZra​obis Teo​ri​uli interpretacia erT​ma​neTisagan damoukideb​lad Seqm​nes ainStainma da smolu​xovs​kim. am Teoriis Tanaxmad dis​per​​siuli fazis nawilakebis uwy​​veti da qaoturi moZraobis mizezi maTze sadispersio gare​mos (siTxe an airi) moleku​lebis dajaxebaa.
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albert ainStaini

(1879-1955)       
       Tu nawilaki sadispersio  garemos molekulebze bevrad ufro didi zomisaa, maSin mis zeda​pirze yoveli mxridan      gare​mos molekulebis dajaxebiT ganpi​robebuli impulsebi kompen​sire​bulia (moqmed ZalTa tolqmedi nulis tolia) da nawilaki ar gadaadgi​ldeba. mcire zomis nawi​lakis SemTxvevaSi ki mis zedapirze sxvadasxva mxri​dan molekulebis daja​xe​baTa gansxvavebuli inten​si​​vobis gamo igi moqmed ZalTa tolqmedi Zalis mi​mar​Tu​lebiT gadaadgildeba.

       maSasadame, brounis moZraoba koloidur siste​maSi sadispersio garemos mo​le​​kulaTa moZraobis Sedegia. amiT SesaZlebeli gaxda mo​le​​​kulebi​sa da atomebis rea​lurad arsebobis eqsperime​ntulad damtkiceba. dispersiuli sis​te​me​bis Seswavlisas brounis moZraobis Teoria faqti​urad pirveli raodenobrivi Teoria aRmoCnda.

   
brounis moZraobis raodenobrivi daxasiaTebi​saT​vis ainStainisa da smoluxovskis mier Semotanili iqna ( droSi nawilakis saSualo gadaadgilebis _
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cneba. es aris iseTi wrfis monakveTi, romelic horizon​ta​luri proeqciis sibrtyeSi aerTebs nawilakis moZra​obisas mis sawyis wertils (τ=0) nawilakis mdebare​obasTan garkve​uli ( drois Semdeg.

nawilakis gadaadgileba yvela mimarTulebiT rogorc niSniT, ise moduliT SemTxveviTia da gadaadgi​lebis (gadaZvris) saSualo ariTmetikuli mniSvneloba SeiZleba nulis tolic ki aRmoCndes. amitom angariSoben gadaZvris saSualo kvadratul mniSvnelobas:
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nax.4.1.  brounis moZraobis sqema
sadac n  dakvirvebaTa ricxvia.

     r radiusis mqone sferul nawila​kTaTvis saSualo kvadratuli gadaZvra Semdegnairad gamoiTvleba:
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sadac R airebis universaluri mudmivaa; T -absoluturi temperatura; (- dakvirvebis dro; ( -sadispersio garemos siblante; r - nawilakis radiusi; N ki - avogadros ricxvi.                       koloiduri sistemebisaTvis aRniSnuli gantolebis eqspe​ri​mentuli Semowmeba Caatara perenma. cnobili T, ( da r mniSvnelobebis mqone mastikis zolis magali​Tze. nawila​kis saSualo gadaZvris gazomvis safuZvelze man gamoTvala avogad​ros ricx​vi, romelic kargad emTxveoda sxva meTode​biT gamoTvlil mis mniSvnelo​bebs.

      Aamrigad, damtkicda, rom koloiduri nawilakebi xasiaTdeba aSkarad gamoxatuli Tburi (brounis) moZraobiT da, aqedan gamo​mdinare, brounis moZraobis qaotiuroba mTel sadispersio garemoSi disper​siuli fazis Tanabar ganawilebas iwvevs.

4.1.2. difuzia

       Tburi moZraobis Sedegad xsnaris mTel moculo​baSi nawilakTa koncentraciis TavisTavad gaTanabrebis process difuzia ewodeba. igi xsnarebisa da koloiduri siste​mebisaTvis saerTo Tvisebaa. difuziis raodenobrivi daxasi​aTebisaTvis ganvixiloT sivrcesa da droSi nivTierebis ganawilebis procesi.

     vTqvaT, koloiduri sistema (an moleku​luri xsnari) sufTa gamxsnelisagan an gansxvavebuli koncentraciis xsnarisgan gamoyofilia moZravi tixriT. tixris frTxilad amoRebis Semdeg daiwyeba difuziis procesi _ nawilakTa TavisTavadi gadaadgi​leba maRalidan dabali koncentra​ciisaken (C1>C2). kon​cen​traciis upiratesi cvlileba xdeba xsnarebis Sexebis sazR​varze iq, sadac maqsimaluria koncen​traciis gradi​enti (dc/dx). molebiT gamosaxuli nivTierebis nakadi (n), fikis I kanonis Tanax​mad,ase gamoiTvleba: 
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“_” niSnavs, rom procesi mimarTulia koncentraciis Sem​ci​rebisaken. D difuziis koeficientia da  nivTi​ere​bis im raodenobis tolia, romelic 1 wm-Si 1 sm2 farTobis mqone siTxis kveTaSi gadis, roca dc/dx=1. misi ganzomilebaa [sm2/wm].

    D difuziis procesis raodenobrivi maxasiaTebelia da damokide​bulia temperaturaze, nawilakis zomasa da misi moZraobis siCqareze, romelic, Tavis mxriv, garemos sib​lan​tis ukuproporciulia 
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sadac ( sadispersio garemos siblantea; r nawilakis  radiusi. (4.3) ewodeba ainStainis gantoleba, romelic erTmaneTTan akavSirebs difuziis koeficientsa da nawi​la​kis zomas. 
    D-s mniSvneloba eqspe​rimentulad SeiZleba (4.2) ganto​lebis saSualebiT ganisazRvros cnobili dc/dx pirobebSi difundirebuli nivTierebis raodenobis gazomvis gziT. am wesiT gazomili D=10-5sm2/wm Cveulebrivi molekule​bisaTvis, xolo kolo​iduri nawilakebisaTvis  D=10-7
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4 rigiT mcirea, rac sruliad misaRebia Tu gavi​TvaliswinebT, rom erTnairi masuri koncentraciis dros kolo​idur sistemebSi nawilakob​rivi koncentracia Zalian mcirea, Sesabamisad mcireaDmaTi koncen​traciis gradienti (dc/dx). 

      (4.3) gantolebidan difuziis koeficientisA cno​bili mniSvnelobis SemTxvevaSi SeiZleba ganisazRvros dispersiuli fazis nawilakis zoma, anu dispersiulobis xarisxi. garda amisa, ainStainis gantoleba D-sa da 
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 Soris kavSiris povnis saSualebasac iZleva.

  (4.1) da (4.3) gantolebaTa Sedarebidan miviRebT: 
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    (4.4) ainStain-smoluxovskis ganto​lebis saxeli​Taa cnobili, romlis gamoye​ne​biT eqsperimen​tulad gazomili 
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–is safuZvelze D da r sidideebi SeiZleba ganisazRvros.

     amrigad, koloiduri sistemebi xasiaTdeba mcire, magram gazo​mvadi difuziiT, romelic difundi​rebuli nawilakebis zomis gansazRvris saSualebas iZleva.

4.1.3. osmosuri wneva

  
dispersiuli fazis nawilakebis Tburi moZra​obis gamo koloiduri sistemebi WeSmariti xsnarebis msgavsad xasiaTdeba osmosuri wneviT, romlis aRZvris meqa​ni​zmi da kanonzomierebebi fizikuri qimiis kursSia ganxi​luli.

     vant-hofis kanonis Tanax​mad, idealuri xsnarebi​saTvis osmosuri wneva iangariSeba formuliT:   

                     Posm =  RTc                           (4.5)

sadac c xsnaris moluri koncentraciaa. 

    
Tu Semovi​RebT nawilakobrivi koncentraciis cne​bas, maSin es gantoleba SeiZleba gamoyenebul iqnas kolo​iduri sistemebisaTvisac. koloidur siste​​maSi kin​eti​kuri erTeuli koloiduri nawi​lakia. amitom koncen​traciis erTeulad iTvleba moculobis erTeulSi nawilakebis ricxvi  =cN, masuri koncentracia c =
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,  sadac N avogadros ricxvia. vant-hofis ganto​lebaSi c-s Secvla /N-iT iZleva koloiduri sistemi​saTvis osmosuri wnevis gamosa​Tvlel for​mulas: 

                 Posm = RT 
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sadac K bolcmanis mudmivaa ( K=
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      mudmivi temperaturisa da masuri koncentraciis pirobebSi nawilakebis ricxvis zrdis, anu dispersიulobis xarisxis zrdis Sesabamisad  izrdeba sistemis osmosuri wnevac. 

      Tu ori erTnairi bunebis zoli gansxvavebulia nawilakobrivi koncentraciebiT, magram  erTnairi  zomis  nawilakebs  Seicavs, maSin c1 =m
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  da c2 =m
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  (m - nawi​la​kis masaa) , xolo 
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          e.i. koloidur sistemebSi osmosuri wneva nawilakTa moculobiTi, masuri an nawilakobrivi koncentraciis pro​por​ciulia.

     Tu zolebi masuri koncentraciebiT erTnairia (c1=c2), magram gansxvavdebian nawilakebis zomiT, maSin
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sadac m = V. sferul nawilakTaTvis V=
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e.i koloidur sistemebSi osmosuri wneva nawilakis masis an radiusis kubis ukuproporciulia. aseTi damokidebu​leba saSualebas iZleva eqsperimentulad gazomili osmo​suri wnevis gamoyenebiT gamoTvlil iqnas koloiduri sis​te​mis nawilakTa zoma an dispersiulobis xarisxi. 

       vant-hofis kanonidan gamomdinare, WeSmarit xsnareb​Tan SedarebiT koloidur siste​mebSi osmosuri wneva gaci​lebiT mcire sididis unda iyos, radgan erTnairi masuri koncentraciebis SemTxve​vaSi koloidur sistemaSi nawilakebis zoma gacilebiT didia, vidre WeSmarit xsnarebSi. Sesabamisad, ufro mcirea maTi nawilakobrivi koncentraciebi. amis gamo Posm Zalian mcire sididea. swored am mizeziT gremma ver SeZlo koloidur sistemebSi osmosuri wnevis gazomva an dafiqsireba.

4.1.4. sedimentacia

      Tavisufaldispersiul sistemaSi dispersiuli fazis nawilakebs sadispersio garemos mTel moculobaSi Tavi​sufali gadaadgileba SeuZliaT. Zlier ganzavebul siste​mebSi, sadac es moZraoba nawilakTa Soris  urTierTda​jaxebebiT araa garTu​lebuli, TiToeuli nawilaki damou​kideblad moZra​obs. amis magaliTia suspenziebi, emulsiebi, aero​zolebi.  dispersiuli fazis nawila​kebis daleqva an tivtivi siTxis zedapir​ze am siste​maTa saerTo Tvisebaa.

       simZimis Zalis gavleniT nawilakTa daleqvis process sedimentacia ewodeba. TiToeul nawilakze moqme​di simZimis Zala (F
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sadac m da m
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 nawilakisa da sadispersio garemos masebia; V-nawilakis moculoba;  da0 ki  - dispersiuli fazisa da sadispersio garemos simkvriveebi; g- simZimis  Zalis aCqareba. rodesac 
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 nawilaki ileqeba, xolo, roca  
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 - tivtivebs siTxis zedapirze, anu adgi​li aqvs uaryofiT sedimentacias.

        nawilakis moZraobi​sas Txevad an airad garemoSi aRiZvreba xaxunis Zala (Fxax), romelic nawilakis moZra​obis siCqaris (U) proporciulia:

                     Fxax = BU

sadac B xaxunis koeficientia. nawilakze moqmedi tolq​medi Zala 

F= F1 - Fxax
xaxunis Zala izrdeba nawilakis moZraobis dawyebidan U-s zrdis Sesabamisad da, roca myardeba wonasworuli mdgo​ma​reoba, xaxunis Zala sedimentaciis gamomwvev Zalas utoldeba. Tavidan nawilakTa TanabaraCqarebuli moZraoba am momentisTvis Tanabari xdeba da nawilaki moZraobs mudmivi siCqariT. e.i. F
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       sferuli nawilakebisaTvis stoqsis kanonis Tanaxmad, B=6r, sadac r nawilakis radiusia; sadispersio garemos siblante. sferos moculobis gaTvaliswinebiT miviRebT:
                   U=
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Tu aRvniSnavT, rom

                   K=
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maSin 

                                         r = 
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       (4.13)- iT SeiZleba gamoiTvalos nawilakis radiusi cdiT gansazRvruli sedimen​taciis siCqaris (U) safuZvelze. 
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Teodor svedbergi

(1884-1971)

     ultramikrohete​rogenul sistemebSi nawilakTa daleq​va Zalian nela mimdinareobs. am sistemebSi sedimentaciis mosax​denad 1912 wels rusi mecni​eris dumanskis mier gamoyene​buli iyo centridanuli ve​li. amis safuZ​vel​ze Svedma mecni​erma svedberg​ma Seqmna centri​​fuga, romlis brunvis sixSire aRwevda ramde​nime aTaseul bruns wamSi, xolo centrida​nuli aCqareba ~106 g-s.  

      dispersiul sistemebSi se​di​men​taciis ganxilvisas auci​leb​lad unda iqnas gaTvaliswinebuli  difuziis mov​lena, radgan mas SeuZlia Seafer​xos nawilakebis daleqvis procesi. daleqvas  Tan axlavs siTxis zeda fenebSi nawilakTa koncentraciis Semcireba, rasac koncen​traciis gradientis warmoqmna mohyveba. es ki iwvevs qvemodan zeviT difu​ziur nakads, romelic, fikis pir​ve​li kanonis Tanaxmad, SeiZleba Semdegnairad gamoisaxos:  

                  jdif=-D
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sedimentaciuri nakadi mimarTulia zevidan qveviT da tolia:        

                             jsed=U
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         am ori nakadis sidideTa Tanafardoba gansazRvravs nawilakebis qcevas dispersiul sistemebSi. nawilakis  zomis gazrdiT  sedimen​taciuri  nakadi  izrdeba ufro  Cqara (jsed~ r2), vidre mcirdeba difuziuri nakadi (jdif~
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r

). Tu jsed> jdi,, difuzia SeiZleba ugulebelv​yoT da aseTi sistema sedimentaciurad aramdgradia, rac mikrohetero​genuli sis​te​mebisTvisaa damaxasiaTe​beli. Tu jd> jsed, maSin nawilakebi Tanabrad aris ganawilebuli da SeiZ​leba sedimentaciis ugulebel​yofa. aseTi sistema sedi​men​taciurad mdgradia, rac ultramikroheterogenuli sis​te​mebisaTvis(zolebi) aris damaxasiaTebeli. zolebSi nawi​la​kebis daleqvisas gark​ve​uli drois Semdeg SeiZleba dadges momenti, rodesac jsed= jdif. am dros wydeba nivTierebis gadatana orive mimarTulebiT da myardeba sedimentaciur-difuziuri wonasworoba. nivTierebis gana​wi​leba simaRlis mixed​viT hifsometruli kanonis Sesa​ba​misad xdeba:                 
                  c=co
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sadac c siTxeSi nawilakebis  koncentraciaa h simaR​leze; co -  nawilakTa koncentracia WurWlis fskerze; m ki - nawilakebis masa.           

     (4.16) Tanaxmad mudmi​vi tempetaturis pirobebSi siTxis svetis simaRlisa (h) da nawilakebis masis (m) zrdis Sesaba​misad sistemaSi nawilakebis koncentracia mcirdeba. am gantolebiT nawilako​brivi koncentraciis gansazRvris safuZvelze SeiZleba ganisa​zRv​ros nawilakTa zoma or sxvadasxva simaRleze. 
     (4.16) gantolebis safuZvelze svedbergma pirvelad gamoT​va​la avo​gadros ricxvi, romelic sxva meTodiT miRebul SedegebTan karg TanxvdenaSia.

4.1.5. sedimentaciuri analizi

       (4.13) gantoleba safuZvlad udevs sedimenta​ciur analizs, romelic dispersiuli ana​lizis erT-erTi meTodia da farTod gamoiyeneba uxeSdis​persiuli siste​mebis Ses​wa​vlisas. meTodi gulis​xmobs nawilakebis daleq​vis siCqaris eqsperimen​tuli gazomvis safuZvelze suspenziaSi nawi​la​kebis zomis (dispersiulobis xarisxis) dadgenas. sedimentaciuri analizis meTods udidesi praq​ti​kuli mniSvneloba aqvs, radganac disper​siulobis xaris​xi mravali samrewvelo (cementi, betoni, pigmentebi, minan​qari, Wiqurebi, Slikerebi) da bunebrivi (qviSa, grunti, niadagi, baqteriebi) masalis sawarmoo maCve​neblebs gansazRvravs. 

       daleqvisas monodispersiul sistemaSi yvela nawi​laki erTnairi siCqariT moZraobs. amis gamo suspenziaSi sadispersio garemosa da suspenzias Soris Cndeba mkveTri gamyofi sazRvari, romelic TandaTan qveviT iwevs.  sazom cilindrSi misi gadaadgilebis sididisa da  drois gazomviT SeiZleba ganisazRvros nawilakTa daleq​vis siCqare: 

                       U=
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sadac H sazom cilindrSi suspenziis svetis simaRlea, t  ki- daleqvis dro. daleqvis siCqaris sididisa da (4.13) formulis gamoyenebiT gamoiTvleba nawilakis radiusi.
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nax. 4.2. sedimentaciuri mrudi

rac Seexeba realur sistemebs, isini polidis​persiulia. es ki nawilakebis dale​qvis siCqaris sxvada​sxvaobas iwvevs. msxvili nawila​kebi ufro swrafad ileqeba, vidre mcire zomis nawila​kebi, ris gamoc sadispersio aresa da suspenzias Soris mkveTri sazRvari aRar warmoiqmneba. am SemTxvevaSi sedimentaciuri ana​li​zis amocanaa polidis​persiul sistemaSi calkeuli fraqciis SefardebiTi rao​denobis gansazRvra da zomis mixedviT maTi ganawilebis Sefaseba. am mizniT eqspe​rimentulad sazRvraven drois garkveul monakveTebSi gamoyofili naleqis wonas mis gamud​mivebamde, anu suspenziis srul daleqvamde da ageben nale​qis wonasa (P)  da daleqvis  dros (() Soris damoki​debulebis grafiks, romelsac sedimentaciuri mrudi ewodeba (nax.4.2). 

sedimentaciuri mrudidan miiReba polidis​per​siuli sistemis daxasi​aTebisaTvis saWiro yvela monacemi.

       realur sistemaSi mrudi parabolaa. mis sxvadasxva wertilze, sadac simrude ufro mkveTrad icvleba, avleben mxebebs da agrZeleben ordinatTa RerZis gadakveTamde. RerZze mxebebiT mokveTili monakve​Tebis sigrZeebi Sesabamis  ((1, (2, (3, ..., (i)DdroSi gamo​leqili fraqciebis (P1, P2, P3, ..., Pi) wonis tolia. Pmax=P1+P2+P3+...+Pi mTliani dispersi​uli fazis wonaa, romelic sedimentaciis procesis damTavrebas Seesabameba.

      suspenziaSi calkeuli fraqciis procentul Sem​cve​lobas angariSoben formuliT:
                  Qi=
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           Q1 + Q2 + Q3+... + Qi = 100%
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nax. 4.3. ganawilebis diferencialuri mrudi
           polidispersiul sistemaSi nawilakebis ganawilebaze na​Tel suraTs ganawilebis integraluri (jamuri) da dif​e​re​n​ci​aluri mrudebi iZleva, romlebic sakvlevi sistemis polidispersiulobis xa​risxs axasiaTebs. maTi agebis meTodi detaluradaa aRwe​rili koloiduri qimiis praqtikul saxelmZ​Rvane​loebSi. ganawilebis mrudebis mixedviT advi​lad SeiZleba ganisazRvros calke​uli fraqciis Semcveloba polidispersiul siste​maSi. 

nax. 4.3 mocemulia nawilakebis ganawilebis dife​ren​ci​aluri mrudi, romelic axasiaTebs sxvadasxva zomis nawilakTa SefardebiT Semcvelobas polidis​per​siul sis​te​maSi. rac ufro naklebad gansxvavdeba erTmaneTisagan rmin da rmax  da maRalia mrudis maqsimumi, miT axloa sistema monodis​persiulTan. mrudis maqsi​mumi ki Seesa​bameba fraqcias, romelic yvelaze meti raodenobiTaa sistemaSi.

     4.2. dispersiuli sistemebis optikuri Tvisebebi

        dispersuil sistemaSi fazaTa gamyofi zedapiris arseboba masze dacemuli sinaTlis sxivis mimarTulebis Secvlas (arekvla da gardatexa) an sxivTa konis gansxvavebul STanTqmis unars ganapirobebs. swored amis gamo disper​siuli sistemebi fazuri da, Sesabamisad, optikuri araerT​gva​rovnebiT xasiaTdebian. uxeS​disper​siul sistemaze sinaTlis sxivis dacemi​sas xdeba nawilakebis zedapiridan sxva​da​sxva kuTxiT misi arekvla da gardatexa. disper​siulobis xarisxis gazrda koloidur sistemebSi sinaTlis difraqciul ganbnevas – opalescencias iwvevs. 
               4.2.1 sinaTlis ganbneva
       koloiduri sistemebis mier sinaTlis ganbneva pirve​lad 1868 wels tindalis mier iqna SemCneuli. sinaTlis koniT koloiduri xsnaris gverdidan dasxi​vebisas, bnel fonze SeimCneoda mocisfro manaTobeli konusi. am movlenas SemdgomSi tindalis efeqti an, sxvanairad, opales​cencia ewoda. mikroara​erTgvarovan sistemebSi opalescencia gamow​ve​ulia sinaTlis difraqciuli ganbne​viT. am TvisebiT kolo​iduri sistemebi gansxvavdeba WeSmari​t xsnarebisagan, romle​bic ZiriTadad optikurad indiferen​tul sistemebs warmo​adgens. opalescencia SeimCneva bnel oTaxSi mcire zomis naxvretidan Semosul mzis sinaTleSi, Tu haeri Seicavs kvamlis koloidur nawilakebs, uxeSdispersiuli mtvris nawi​lakebi ki ganu​wyvet​liv moZravi, manaTobeli wertilebis saxiT Cans, rac maTi zedapiridan sinaTlis arekvliTaa gamowveuli.

       sinaTlis ganbnevis raodenobrivi Teoria daamuSava releim iseTi sferuli formis nawilakTaTvis, rome​lTa Semadgeneli nivTiereba dieleqtrikia da sinaTlis STan​TqmiT ar xasiaTdeba. aseT dispersiul sistemaSi sinaTlis gavla sxivis cvladi eleqtromagnituri velis zemoqmedebiT nawilakebis polari​zacias iwvevs. aRZruli dipolebi sinaTlis gamosxi​vebis wyaros warmoad​ge​ns. erTgvarovan garemoSi dipo​lebis mier gamosxivebuli sinaTlis talRebi mxolod dacemuli sinaTlis mimarTu​lebiT vrceldebian. mikroaraerTgvarovan garemoSi (koloi​duri sistemebi), sadac dispersiuli fazisa da sadispersio garemos gardatexis maCveneblebi gansxvavebu​lia, yoveli nawilaki gamosxivebis wyaros warmoadgens da, Tu dacemuli sinaTlis talRis sigrZe metia nawilakis zomaze, gamosxiveba xdeba yvela mimarTu​lebiT gabneuli sinaTlis saxiT. e.i. sistemis araerTgvarovneba sinaTlis ganbnevis umTavresi pirobaa. koloidur sistemebSi sinaTlis sxivis difraqciuli ganbneva xdeba maSin, rodesac dispersiuli fazis nawila​kebs Soris manZili metia talRis sigrZeze, xolo es ukanaskneli ki metia nawilakTa zomaze. 

       releis gantolebas ganbneuli sinaTlis sxivis intensivobis gamosaTvlelad Semdegi saxe aqvs 

         I =Io*
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sadac Io da I dacemuli da gabneuli sinaTlis intensiv​obebia; - nawilakobrivi koncentra​cia; V – nawi​la​kis moculoba; 
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 dispersiuli fazisa da sadispersio gare​mos gardatexis maCveneblebi, xolo 
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- sina​Tlis talRis sigrZe.

       releis gantoleba safuZvlad udevs koloiduri sistemebis kvlevis yvela  optikur meTods, romlebic sinaTlis ganbnevasa da gabneuli sinaTlis intensivobis gazomvas emyareba.

       (
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) sxvaobis gazrdiT ganbneuli sinaTlis intensivoba Zlier izrdeba. mudmivi masuri koncentra​ciis SemTxvevaSi I nawilakis moculobis proporci​ulia. dif​raq​ciuli ganbnevis Teoriis Tanaxmad, es damokidebu​leba marTebulia, roca 2r/0,3. speqtris xiluli ubni​saTvis es piroba Seesabameba nawilakebis zomas r <2
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nawilakebis zomis gazrdiT (r ≥sinaTlis ganbneva arekvliT icvleba. I proporciulia nawi​lakobrivi kon​cen​tra​ciis () da ukupropor​ciulia 
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-is, es ki imas niSnavs, rom sistemis TeTri sinaTliT ganaTebisas ganbne​uli sinaTle mokletalRiani komponen​tebiT (lurji, iis​feri) mdidrdeba. rac damaxasiaTebelia mravali koloiduri sistemisaTvis, romlebic gverdiTi ganaTe​bisas mocisf​ro-iisfer Seferilobas iRebs. gamaval sinaTleSi ki sxivTa konaSi grZeltalRiani komponentebi rCeba, romlebic mas wiTel elfers aZlevs. amiT aixsneba cis mowiTalo feri mzis Casvlisas. mze horizonts dabla imyofeba da sxivebis ganmbnevi garemos sqeli fenis gavlis Semdeg Cven grZel​talRian wiTel sinaTles vxedavT. 

     ganbneuli sinaTlis intensivobis damokidebu​lebas 
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-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. infrawi​Teli da mokle radiotalRebis mcire ganbnevas loka​ciisaTvis iyeneben. am  talRebis Sexvedrisas raime ganmbnev an amreklav sxeulTan (TviTmfrinavi, Rrubeli), sxivis energiis garkveuli nawili airek​leba Semxvedri obieqtis zedapiridan da maregis​trirebel mowyobilobas ubrundeba. signalis dabru​ne​bis drois mixedviT SeiZleba ganisazRvros obieq​tis siSore, xolo sxivis intensivobiT - Semxvedri obieqtis zoma. 

                         
4.2.2. sinaTlis STanTqma

mravali koloiduri xsnari Seferilia, rac imis maCvenebelia, rom isini speqtris Sesabamisi ubnis sixSi​ris sxivebs STanTqaven. zoli iRebs STanTqmuli sinaTlis damatebiTi feris Seferi​lobas. magaliTad, lurji sinaTlis STanTqmisas, zoli ifereba wiTlad; Tu sxeuli STanTqavs speqtris mTel xilul ubans, maSin is Savi ferisaa; Tu es sxivebi ganWolaven gamWvirvale sxeuls, maSin igi uferuli Cans, xolo, Tu airekleba aragam​Wvirvale sxeulidan, maSin sxeuli TeTri ferisaa. zolebi uferuli an mudmivi Seferilobisaa. Sefervis intensiuroba dispersiuli fazis nawilakebis zomaze da maT koncentraciazea damoki​debuli. SiO2–is, Tixamiwis hidrozolebi uferoa, maT mxolod sinaTlis ganbneva axasiaTebs. dariSxanis sulfidis zoli Jolos​fer-wiTelia, berlinis laJvardi - lurji da a.S. zolebi gamWol sinaTleze homogenuri Cans da Zalian gvanan WeSmarit xsnarebs, amitom sinaTlis STanTqma am sistemeb​Sic emorCileba buger-lambert-beeris kanons, rom​lis Tanaxmad:

                                           I= Io
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sadac Io  da I sistemaze dacemuli da sistemidan gamosuli sinaTlis intensivobebia; K - STanTqmis koefi​cienti, romelic sinaTlis ganbnevasac (sis​temis simRvrives) iTvaliswinebs c - zolis koncentracia; l  ki -  zolis fenis sisqe, romelSic sinaTlis sxivi gadis.

      liTonTa nawilakebis Semcveli zolebi Zlier STanTqaven maTze dacemul sinaTles. es imiTaa gamowve​uli, rom sinaTlis talRis magnituri veli iwvevs gamtaris nawilakebSi eleqtruli denis aRZvras. am dros talRis energiis nawili gardaiqmneba joulis siTboSi da xdeba sinaTlis energiis mniSvnelovani sididis STanTqma disper​   siuli fazis nawilakebis mier          liTonTa zolebs axasiaTebs STanTqmis SerCeviToba, rac maTi dispersiulobis   xarisxis funqcias warmoadges. dispersiulobis gazrdiT STanTqmis maqsimumi mokle talRebisaken inacv​lebs. dispersiulobis gavlena gamowveulia rogorc STanTqmis, ise ganbnevis speqtris cvlilebiT (fiqtiuri STanTqma). maga​liTad, oqros zoli, romelSic nawilakebis zoma 20 nm-ia, STanTqavs speqtris mwvane ubans da kaSkaSa wiTeli feri aqvs. 40-50 nm zomis nawilakebis SemT​xve​vaSi maqsimaluri STanTqma xdeba speqtris yviTel ubanSi da zoli iRebs lurj fers. Zalian maRaldis​persiuli oqros zoli sinaTles STanTqavs speqtris lurj ubanSi da aqvs yviTeli feri, iseTive, rogorc AuCl3-is WeSmarit xsnars. 
       STanTqmis SerCeviTobasTanaa dakavSirebuli zogierTi mineralisa da Zvirfasi qvis Seferiloba. rZisferi kvarci, safironi, ameTvisto warmo​adgens kvarcis nairsaxeobebs, sadac SiO2–is kris​ta​lur meserSi CarTulia Mn, Fe da sxva liTonebis maRaldis​persiuli nawilakebi. lali warmoadgens qromis an oqros koloidur xsnars Al2O3-Si. xelovnuri lalis mina aris oqros koloiduri xsnari minaSi, romelic gamdnar minaSi samvalentiani oqros ionebis aRdgeniT miiReba. 

4.2.3. dispersiuli sistemebis kvlevis 

optikuri meTodebi

       koloiduri sistemebis kvlevis optikuri meTo​debi am sistemaTa mier sinaTlis sxivis STanTqmis, arekvlis, ganWolvisa da ganbnevis unars emyareba. am meTodebiT SeiZleba ganisazRvros disper​siuli fazis nawilakTa zoma, forma, agebuleba da koncentracia. opti​kuri Tvisebebis Seswavlam xeli Seuwyo raodenobriv kanonzomierebaTa dadgenas iseT procesebSi, rogoricaa brounis moZraoba da difuzia. 

       dReisaTvis optikuri meTodebidan upiratesi gamo​yeneba ultramikroskopias, eleqtronul mikros​ko​pias, nefelometrias, turbidimetriasa da rend​genografias aqvs. 

       ultramikroskopia erT-erTi pirveli optikuri meTodia, romelic koloiduri sistemebis kvlevisas iqna gamoyenebuli. Cveulebrivi mikros​kopisagan gansxva​vebiT ultramikroskopSi sinaT​lis sxivis mZlavri koniT koloidur sistemas ana​Tben gverdidan da akvirdebian nawilakebis mier ganbneul sinaTles. arsebiTad, TiToeuli nawilaki warmoqmnis manaTobel konuss. amitom bnel fonze nawilakebi Cans manaTobel wertilebad, romlebic brounis moZraobaSi arian CarTulni. pirdapiri registra​cia am nawilakTa formasa da zomaze msjelobis saSualebas ar iZleva, radgan mikroskopSi Cans ara uSualod nawilakebi, aramed maT mier yovelmxriv ganbneuli sinaTlis kveTa. manaTobeli werti​lebis daTvliT cnobi​li masuri koncentraciis SemTxvevaSi SeiZleba gamoviTva​loT nawilakebis zoma. am mizniT mikros​kopSi gamoyofen garkveul optikur moculobas (V0), romelSic iTvlian manaTobeli wertilebis ricxvs (n). moculobis erTeulSi nawilakebis ricxvi =
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, xolo nawilakis mocu​loba V=
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, sadac C nawilakebis masuri koncen​tra​ciaa (grami); ki - simkvrive. amis Semdeg kuburi nawilake​bi​sa​Tvis SeiZleba gamoviTvaloT wibos sigrZe l=
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[image: image88.wmf]3

3/4

V

p

    

      ultramikroskopis gamoyenebiT SeiZleba davakvirdeT mTe​li koloiduri diapazonis - 3 nm-mde zomis nawilakebs. 

kvlevis ufro did SesaZleblobas iZleva eleq​tronuli mikroskopi, romelSic sxivTa konis nacvlad eleqtronebis nakadi gamoiyeneba. sakvlev garemoSi gavlis Semdeg eleqtromagnituri veliT xdeba eleqtronebis konis fokusireba. gadidebuli gamosaxulebis proeqcia ki moni​torze miiReba an xdeba misi fotografireba – Cawera cifruli informaciis saxiT. Zlier eleqtrul velSi eleqtronebis nakadis aCqareba ise xdeba, rom maTi moZraobis siCqare Seesabameba 
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5*-9sm eleqtronu​li mikroskopis garCevisunariaoba saSualeebas iZleva davakvirdeT TiToeul nawilaks molekulisa da ionis zomamde, davadginoT maTi forma da zoma.

       nefelometria - meTods safuZvlad udevs releis gantoleba, romelic SeiZleba ase Caiweros:  
                  I=IoKV2=IoKcV                     (4.21)K            

sadac K mudmiva aerTianebs gantolebaSi Semaval yvela mudmiv sidides, romlebic gazomvis dros ar icvleba. ganbneuli sinaTlis intensivobis gazomvis safuZ​velze SeiZleba zolSi nawilakebis zomis, formisa da koncentraciis dadgena.

       (4.21) formulidan Cans, rom ori, erTnairi formisa da zomis (
[image: image90.wmf]12

VV

=

) nawilakebis Semcveli zolis mier ganbneuli sinaTlis intensivobebi ise Seefardeba erTma​neTs, rogorc maTi nawilakobrivi koncentraciebi: 
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       erTnairi koncentraciis zolebis SemTxvevaSi ki intessivobebis fardoba nawilakebis moculobaTa fardo​bis tolia:
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       nefelometriaSi sakvlevi zolis mier ganbneuli sinaTlis intensivobas adareben standartuli zoliT ganbneul sinaTlis intensivobasTan da zemoT moyvanili formulebiT angariSoben sakvlev sistemaSi nawilakebis koncentraciasa da maT zomas.

       Tu gaviTvaliswinebT ganbneuli sinaTlis intensi​vobis SedarebiT mcire mniSvnelobas, SeiZleba davweroT, rom zolis simRvrive:

                                                   τ=I/I0             (4.23)

an releis formulidan gamomdinare:

                                                   τ=KcV            (4.24)

     nefelometriuli meTodi farTod gamoiyeneba polimerebis 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 simkvrive. (4.25) da (4.23) gantole​baTa gaTvaliswinebiT miiReba:

                  M=τ /Hc                (4.26)      

sadac 

                                     H=K /NAρ                              (4.27)

       nefelometri ganbneuli sinaTlis intensivobis g​a​sazomi, foto​ko​​lorimetris analogiuri xelsawyoa. prin​cipuli gansx​va​veba imaSi mdgomareobs, rom nefelometrSi sinaTlis wyaro moTavsebulia registrirebuli ganbneuli sxivis mimarT garkveuli kuTxiT. garda amisa, xelsawyoSi gaTvaliswinebulia sxvadasxva kuTxiT ganbneuli sinaTlis registraciis SesaZlebloba.   

 IV Tavis ZiriTadi daskvnebi

1. molekulur-kinetikuri Teoria moleku​lebis Ta​vis​​Tavadi moZraobis kanonebs swavlobs; 
2. ingliselma botanikosma brounma 1828 wels aRmoaCina mikronawilakebis uwyve​ti da uwesrigo moZraoba, romelsac SemdgomSi brounis moZra​oba ewoda. ainStainisa da smoluxovskis mier Seqmnili brounis moZraobis Teoriis safuZveli sadispersio gare​mos (siTxe an airi) moleku​laTa dis​per​​siuli fazis nawilakebTan dajaxebaa, rac maTi uwy​veti da qaoturi moZraobis Ziri​Tadi mizezia;
3. brounis moZraobis qaoturoba  mTel sadispersio garemoSi disper​siuli fazis Tana​bar ganawilebas iwvevs;
4. Tburi moZraobis Sedegad  sistemis mTel moculo​baSi nawilakTa koncentraciis TavisTa​vad gaTanabrebis process difuzia ewodeba;
5. difuziis koeficienti pirdapirpro​por​ci​uladaa damokide​buli sistemis temperaturaze da nawilak​Ta zomisa da  garemos siblantis ukuproporciulia.                             
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6. dispersiuli fazis nawilakebis Tburi moZra​obis gamo koloiduri sistemebi, WeSmariti xsnarebis msgavsad osmosuri wneviT xasiaTdeba;
7. koloidur sistemebSi osmosuri wneva nawilakis masis an radiusis kubis ukuproporciulia
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8. simZimis Zalis gavleniT dispersiuli fazis nawilakTa daleqvis process sedimentacia ewo​deba;

9. koloidur sitemebSi simaRlis mixed​viT nivTie​rebis ganawileba hifsometruli kanonis Sesaba​mi​sad xdeba
                                       c=co
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10. sedimenta​ciur analizs safuZvlad udevs Semdegi gantolebani:
U=
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11. fazaTa gamyofi zedapi​ris arseboba dispersiul sistemebSi maTze dacemuli sinaTlis sxivis mimarTu​lebis Secvlas (arekvla da gardatexa) an sxivTa konis gansxvavebul STanTqmis unars ganapi​robebs, swored amis gamo dispersiuli sistemebi fazuri da Sesabamisad, optikuri araerTgva​rovnebiT xasiaT​deba;

12. dispersiulobis xarisxis zrda koloidur sistemebSi sinaTlis difraqciul ganbnevas – opalesencias iwvevs. releis gantolebas ganbneuli sinaTlis sxivis intensivobis gamosa​Tv​lelad Semdegi saxe aqvs: 

         I =I*
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13. nawilakebis zomis gazrdiT (r ≥)sinaTlis gan​bneva arekvliT icvleba;

14. sinaTlis STanTqma dispersiul sistemebSi buger-lambert-beeris kanons emorCileba, romlis Tanaxmad 

I = I
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5. dispersiuli sistemebis mdgradoba
                   da koagulacia

     dispersiuli sistema mdgradia, Tu misi ZiriTadi parametrebi _ dispersiulobis xarisxi da sadispersio garemoSi dispersiuli fazis nawilakebis Tanabari ganawi​leba droSi ucvlelia.      

     dispersiuli sistemis mdgradoba erT_erTi umniSv​ne​lovanesi da urTulesi problemaa koloidur qimiaSi. mdgradobis SenarCuneba aucilebelia disper​siuli sisteme​bisagan sxvadasxva saxis nakeTobaTa, dana​farebis, samkur​nalo preparatebisa da sxva masa​lebis misaRebad. mdgra​dobis likvidacia ki gamoiyeneba saWiro struq​turebis warmosa​qmnelad sawarmoo masalebSi, naleqebis misaRe​bad, samrew​velo gamonabolqvebis gasawmendad da a.S.          

     dispersiuli sistemebis mdgradoba ori saxisaa: kine​tikuri (sedime​nta​ciuri) da agregatuli.

     kinetikuri mdgradoba ewodeba dispersiuli fazis mdgradobas simZimis Zalis gavleniT nawilakebis daleqvis mimarT, anu sistemis unars SeinarCunos dis​per​siuli fazis nawilakebis Tanabari gana​wileba sadispe​r​sio garemos mTel moculobaSi.

     agregatuli mdgradoba ewodeba dispersiuli fazis nawilakebis mdgradobas agregaciis (gamsxvile​bis) mimarT, anu sistemis unars SeinarCunos fazis dispersiulobis xarisxi. 

     mikroheterogenul sistemebSi (suspenziebi, emul​si​ebi) xSirad irRveva kinetikuri mdgradoba nawilakTa daleqvis gamo, rasac dispersiuli sistemis daSlamde mivyavarT. maRaldisper​siu​li koloiduri sistemebi ki kinetiku​rad mdgradi siste​mebia, maTTvis damaxasi​aTebelia sedimentaciur-di​fu​ziuri wonasworoba.

       agregatuli mdgradoba SeiZleba iyos Termo​dina​mikuri da kinetikuri. Termodinamikurad mdgradi siste​ma miiReba erTi fazis TavisTavadi disper​girebiT meo​reSi. procesi midis sistemis Tavisufali energiis Semci​rebis xarjze. Tavisufali energiis cvlileba Semdeg​nairad gamoisaxeba:

                  (F = (U - T(S < O

aseT sistemebs liofiluri dispersiuli sistemebi ewo​deba.     

     liofoburi koloiduri sistemebi Termodinami​kurad aramdgradni arian. maTSi fazis dispergireba xdeba garedan Sesrulebuli muSaobis xarjze, Sesabamisad:  

                   (F = (U - T(S > O

      liofoburi koloiduri sistemebi flobs Warb Tavisufal zedapirul energias, ris gamoc maTSi nawilakebis gamsxvilebis procesi TavisTavad, Tavisufali energiis Semcirebis gziT mimdi​nareobs. amitom isini agre​gatulad aramdgradi siste​mebia. 

      nawilakebis gamsxvileba (agregacia) SeiZleba moxdes ori gziT: izoTermuli gamoxdiTa da koagu​laciiT.

     izoTermuli gamoxda aris nivTierebis gadatana wvrilidan msxvil nawilakebze, romelTa qimiuri poten​ci​ali wvril nawilakebTan SedarebiT naklebia. amis Sedegad sistemaSi mimdinareobs msxvili nawilakebis zomis zrda wvrili nawilakebis gaqrobis (gaxsnis) xarjze.

     Kkoagulacia aris koloiduri nawila​kebis SewebebiT bevrad ufro didi zomis agregatebis warmoqmna da amis gamo agregatuli mdgradobis dakargva, rac maT Semdgom daleqvas da koloiduri sistemis daSlas iw​vevs. warmoqmnili koagulati SeiZleba iyos sxvada​sxvagvari struqturis mqone naleqi an sadispersio areSi motivtive warmonaqmni, maga​liTad: mkvrivi, xaWosebri, bambisebri, boWkosebri da a.S.

      arastabilizirebuli liofoburi sistemebis agrega​tuli mdgradoba ZiriTadad kinetikuri xasiaTisaa. misi dakargva iwvevs sistemaSi koagulacias, romlis pir​veli safexuria dispersiuli fazis nawilakebis daaxloeba da mcire manZilze maTi urTierTfiqsacia ise, rom nawilakebs Soris rCeba sadispersio garemos Txeli Sre. amis Sedegad warmoiqmneba an flokulebi, an koagu​laciuri struqturebi. Fflokulacia aris agre​gatebis warmoqmna ramdenime (3,4,5...) nawilakisagan, romelTa Soris moTav​sebulia sadipersio garemos Txeli Sre. Sebrunebul process – specialuri nivTierebebis damatebiT naleqis an struqtu​rirebuli sistemis gadayvanas Tavisufaldisper​siul sistemaSi, peptizacia ewodeba. maSasadame, koagulaciis pirveli safexuri Seqcevadi procesia.
      Kkoagulaciis meore, ufro Rrma procesi mimdi​nareobs nawilakebs Soris siTxis Sris darRveviT, ris gamoc adgili aqvs nawilakebis uSualo kontaqts. amis Sedegad myari nawilakebisagan miiReba mkvrivi agregatebi, Txevadi dispersiuli fazis SemTxve​vaSi xdeba nawilakTa sruli Serwyma – koales​cencia. Kkoncentrirebul xsnarebSi ki warmoiqmneba myari sxeulebis kondesaciur-kristalizaciuri struqtu​rebi, romelTa gadayvana Tavisu​faldispersiul siste​maSi SeiZ​​leba mxolod iZulebiTi dispergi​rebiT. Ee.i koagula​ciis es safexuri Seuqcevadia. 

       amgvarad, koagulacia ramdenime process moicavs, yoveli maTgani dispersiuli fazis xvedriTi zedapi​risa da, Sesabamisad, Tavisufali ener​giis SemcirebiT mimdinareobs.

      liofoburi sistemebis agregatuli mdgradoba gani​sazRvreba koagulaciis siCqaris sididiT, romelic  brounis moZraobis intensi​urobis garda nawi​lakebis garemomcveli Sreebis Tvisebebzecaa damokide​buli. Aam Sreebis bunebisa da maTi urTierTganmzidavi moq​​me​​debis mixedviT axdenen disper​siuli sistemebis mdgra​dobis faqtorTa klasifikacias. 

Tu koagulaciis mizezi fazaTa gamyofi zedapiris Warbi energiaa, maSin ZiriTadi faqtorebi, romlebic fazaTa gamyofi zedapiris ucvlelobisas sistemis mdgra​dobas uzrun​velyofen, iqneba nivTierebebi, romlebic amci​​reben zedapirul daWimulobas. maT mdgradobis Termodi​namikuri faqtorebi ewodeba. 

mniSvnelovania koagulaciisadmi mdgradobis sami Ziri​Tadi faqtori: 

1) eleqtrostatikuri faqtori, romelic disper​siuli fazis nawilakebis zedapirze ormagi eleq​truli Sris warmoqmnis xarjze amcirebs zedapirul daWimulobas; 

2) adsorbciul-solvaturi faqtori, romelic sadispersio garemosTan urTierTqmedebisas dispersiuli fa​zis nawilakebis irgvliv solvatur Sres warmoqmnis, rac Tavis mxriv zedapiruli daWimulobis Semcirebas iwvevs.
      3) kinetikuri faqtori, romelic ZiriTadad dispersiuli sistemis hidrodinamikur da struqturul-meqanikur TvisebebTanaa dakavSirebuli. struqtu​rul​_meqa​nikuri faqtoris moqmedebisas nawilakebis zedapirze maRal​molekuluri an zedapirulad aqtiuri nivTierebebis mier garkveuli simtkicisa da drekadobis mqone Sreebi warmoi​qmneba, romlTa darRvevisaTvis garkveuli dro da energiaa saWiro.

      Aagregatuli mdgradobis Termodinamikas safuZvlad udevs gampobadi wnevis cneba. dispersiuli fazis nawilakTa urTierTmiaxloebisas siTxis apkis sisqe mcirdeba da koloidur nawilakTa zedapiruli Sreebis urTierT​qmedebis gaZlierebis gamo aRiZvreba gampobadi wneva. apki  ewodeba sadispersio garemos  im nawils, romelic dispersiuli fazis nawilakTa gamyof zedapirebs Sorisaa moTavsebuli.
       Ggampobadi wneva SeiZleba ganvixiloT rogorc wneva, romelic nawilakebis mxridan moqmedebs apkze da  inarCunebs mis wonasworul sisqes. am Tvalsa​zrisiT, gampobadi wneva warmoadgens apksa da mis Semom​sazRvrel 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.

       gampobadi wneva jamuri sididea, romelic apkSi moqmedi mizidvisa da ganzidvis Zalebis tolqmedis tolia. Sesabamisad, misi sidide SeiZleba iyos uaryofiTi an dadebiTi. Ggampobadi wnevis uaryofiTi mdgeneli (apkis SekumSva) ganpirobebulia atomebsa da molekulebs Soris mizidvis ZalebiT rogorc calkeuli fazis SigniT, ise fazebs Sorisac. dade​biTi mdgeneli (ganzidva) ki Txel apkSi myofi molekulebisa da ionebis potencialuri energiis zrdiTaa ganpirobebuli.

5.1. liofoburi koloiduri sistemebis mdgradobisa da koagulaciis Teoriuli safuZvlebi

     koloiduri sistemebis mdgradobisa da koagu​laciis xarisxi dispersiuli fazis nawilakebs Soris urTierT​qme​debazea damokidebuli, amitom mdgradobis Teoriebs nawi​la​kebs Soris mizidva-ganzidvis energiebis Tanafar​doba udevs safuZvlad. nawilakebs Soris mizidvis Zalebi ganpi​robebulia molekula​TaSorisi (van-der-vaalsis) adsorbci​uli bunebis ZalebiT. ganzidvis Zalebi ki, mdgradobis (stabilizaciis) faqtorebidan gamomdinare, SeiZ​leba sxvadas​xvagvari iyos.

dispersiuli sistemebis simravlis gamo mdgra​dobis erTiani raodenobrivi Teoriis Seqmna mecnier​TaTvis dRem​de gadauWrel amocanas warmoadgens.

     dReisaTvis upiratesoba eniWeba rusi mecnierebis deriaginisa da landaus (1937-1941 w.) da ufro gvian holandieli mecnierebis – ferveesa da overbekis mier SemuSavebul Teorias, romelic dlfo-s Teoriis saxel​wodebiTaa cnobili da avtorTa gvarebis abreviaturas warmo​adgens.

     Ddlfo-s Teoriis klasikur variantSi koagu​laciis procesi  nawilakebs Soris van-der-vaalsis mizidvisa da eleq​tro​sta​tikuri ganzidvis Zalebis erTdrouli moqmedebis Sedegia. am Zalebs Soris balanszea damokidebuli nawi​lakebis urTierTmiax​loebisas sadispersio garemos Txel apkSi dadebiTi gampobadi wnevis (romelic nawilakTa Soris ganzidvas iwvevs) an uaryofiTi wnevis warmoqmna, romelic iwvevs apkis Sekum​Svasa da nawilakebs Soris uSualo kontaqts.

      dlfo-s Teoriis ZiriTadi azrisa da Sedegebis ukeT aRqmis mizniT, ganvixiloT ori msxvili nawilakis urTi​erTqmedeba, romelTaTvis siTburi (brounis) moZraoba SeiZleba ugulebelvyoT. warmovid​ginoT es nawilakebi rogorc ori urTierTparaleluri firfita, romelTa xazo​vani zomebi maT zedapirze arsebul ormagi eleqtruli Sris sisqeze gacilebiT didia. firfitebs Soris urTierTqmedebis saerTo energia firfitis farTo​bis erTeulze gadaan​gariSebiT iqneba:

                    U=Uganz+Umiz            (5.2)

sadac Uganz da Umiz nawilakebs Soris ganzidvisa da mizidvis energiebia,  romlebic nawilakTa Soris manZi​lis (h)  funqcias warmoadgens..

                   dUganz(h)=ganzdh                       (5.3)

                                     dUmiz(h)=miz dh                                

sadac ganz da miz ganzidvisa da mizidvis gampobi wnevebia. Umiz(h) ganpirobebulia molekulaTaSorisi mizid​vis ZalebiT, Uganz(h) ki – mxolod eleqtrostatikuri ganzid​vis ZalebiT, amitom  

                                     dganz=d(5.4)

sadac ormagi eleqtruli Sris eleqtruli muxtis simkvrivea, xolo oeS-is eleqtruli potenciali.

       muxtis moculobiT ganawilebas oeS-Si aRwers Sternis Teoria. dlfo-s Teoriis Tanaxmad, nawilakTa urTierTqme​debisas xdeba oeS-is difuziuri nawilis deformacia, amitom -is mcire mniSvnelobisaTvis misi  sidide, gui-Cepmenis Teoriis Tanaxmad, Semdegnairad ganisazRvreba:
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Nnax 5.1. potencialis ganawileba or erTnairmuxtian nawilaks Soris oeS-ebis gadafarvamde (a) da gadafarvis Semdeg (b).

sadac difuzuri Sris potencialia;  - difuziuri Sris sisqis Sebrunebuli sidide (=
[image: image109.wmf]1

l

), xolo x manZili 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, simetriis gaTvaliswinebiT, potencialis mniSvneloba minimaluria da utoldeba 2x=h  (nax 5.1-b). 

     xsnarSi iseTive niSnis potencialis arseboba, rogoric firfitebis zedapirs aqvs, iwvevs maT  urTi​erTganzidvas, anu ganzidvis gampobad wnevas. (5.5) formula mxolod firfitasTan axlo man​Zi​lebze gamodgeba. puason-bolcmanis gantolebis Tanaxmad, -s mcire mniSvnelo​bi​saTvis, -s mniSvnelobis gaTvalis​winebiT, ganzidvis wneva SeiZleba gamoiTvalos formuliT:

                   ganz(h) = 22 
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romelSic φx-is da h=2x mniSvnelobebis CasmiT sabolood mivi​​RebT:        

                    ganz(h)=22
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sadac, eleqtruli mudmivaa, ki - sadispersio garemos dieleqtrikuli mudm​iva. analogiuri msjelobiT maRali potencialebisTvis miiReba:

                 ganz(h)=64coRT2e-h                         (5.7)

sadac co xsnarSi sawinaaRmdego ionebis koncentraciaa,  ki - mudmiva, romelic 
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-s funqciaa. firfitebs Soris ganzidvis energias miviRebT h
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∞ intervalSi (5.3) gantolebis integrirebiT da masSi (5.6)-dan ganz mniSvnelobis CasmiT

                 Uganz(h)=2
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       amrigad, firfitebs (nawilakebs) Soris urTierT​ganzidvis energia, iseve rogorc gampobadi wnevis eleqtro​statikuri mdgeneli, firfitebs Soris manZilis zrdiT eqsponencialurad mcirdeba.

      firfitebs Soris mizidvis energia, rogorc ukve aRvniSneT, ganpirobebulia van-der-vaalsis Zale​biT.  maTgan universaluria londonis dispersi​uli Zalebi, romlebic xasiaTdeba aditiurobiT da SeiZleba advilad ganisazRvros orive nawilakSi molekulebsa da atomebs Soris urTierTqmedi Zalebis SekrebiT (integrirebiT). aseTi miaxloebiTi gamoTvla Catarebuli iqna hamakeris mier, romlis safuZvelze Umiz  zedapiris 1 sm2-ze gadaangariSebiT tolia:

                 Umiz(h)=
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 sadac 
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 hamakeris mudmivaa, romelic nawilakebis urTierTmizidvas iTvaliswinebs; c – nawila​kebis bunebaze damokidebuli mudmiva; n ki –molekulaTa  ricxvi dispersiuli fazis nawilakis moculobis erTeulSi. 

       (5.9) formulis Tanaxmad firfitebs Soris mizidvis energia manZilis kvadratis ukuproporci​ulia. 
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-s energiis ganzomileba aqvs da daaxloebiT 10-12  ergs udris. (5.9)  gantoleba gamoyvanili  iqna im daSvebiT, rom firfitebis urTierTqmedeba vakuumSi xdeba. sadisper​sio garemos Tanaobisas 
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 icvleba A*-iT da, Sesabamisad:                               

                   Umiz(h) = 
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sadac A*= 
[image: image121.wmf]1

A

 + 
[image: image122.wmf]0

A

 - 
[image: image123.wmf]0,1

A

              

 
[image: image124.wmf]1

A

 da 
[image: image125.wmf]0

A

 dispersiuli fazisa da garemos hamakeris mudmivebia, 
[image: image126.wmf]0,1

A

 ki - dispersiuli fazisa da sadis​persio garemos urTierTqme​debis mudmiva. rac metia 
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, 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
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              dlfo-s Teoriis Tanaxmad, (5.11) gantoleba gansazRvravs koloiduri sistemis qcevas. misi mdgra​do​ba an koagulaciis siCqare damokidebulia nawi​lakebs Soris urTierTqmedebis jamur  energiaze. mcire da did manZilebze dispersiuli fazis nawilakebs Soris mizidvis energia Warbobs, saSualo manZilebze ki ganza​vebul xsnarebSi, rodesac difuziuri Sris sisqe () da eleqtruli poten​ciali ( sakmaod didia, Warbobs ganzidvis energia. aseT SemTxvevaSi U=f(h) mrudze Cndeba maqsimumi – potencialuri barieri (U)  da ori minimumi (nax 5.2). 

koagulaciis elementarul aqtSi nawilakebis daa​xlo​ebisa da koagulaciis dawyebis  SesaZleb​lobas (albaTobas) gansazRvravs potencia​luri barieris (ΔU) simaRle, romelic eleqtrolitis kon​cen​traciasa da siste​maSi arsebul sxva stabili​zatorebzea damokidebuli. poten​cia​luri barieris simaRlis Semci​reba difuziuri Sris sisqis (an potencialis (-s SemcirebiT SeiZleba.

Tu barieris simaRle da meore minimumis siRrme mcirea (ΔU
[image: image130.wmf]£

KT), brounis moZraobis Sedegad nawilakebi erTmaneTs uaxlovdebian iseT SesaZlo umcires manZilze, romelzec xdeba  pirveli minimumis siRrmemde sistemis energiis Semcireba. koagulaciis elementarul aqtSi axlo urTierTqmedebis Sedegad xdeba nawilakebis Sewe​beba. aseTi sistemebi aramdgradia da umetes SemTxvevaSi koagulacia araSeq​ce​vadad midis, radgan pirveli minimumis siRrme, Cveulebriv, bevrad metia KT-s sidideze (KT-nawilakebis Tburi moZraobis saSualo kinetikuri energiaa).     

          Tu barieris simaRle didia (ΔU>>KT), xolo meore minimumis siRrme - mcire (U
[image: image131.wmf]£

KT), maSin nawilakebi ver gadalaxaven energetikul bariers da urTierTSewebebis (koagulacia) gareSe Sordebian erTmaneTs. aseTi siste​mebi   agre​gatulad miT ufro mdgrada, rac ufro metia energetikuli barieris simaRle.
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nax 5.2. nawilakebs Soris ganzidvis (1) da mizidvis (2) energiebisa da maTi jamuri energiis (3) damokidebuleba nawilakebs Soris manZilze
     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 mimdina​reobs. am dros nawilakTa Soris sadispersio garemos Txeli fenis arsebo​bis gamo maT Soris uSualo kontaqti ar myardeba, magram nawilakebi arc Sordebian erTmaneTs. aseT mdgomare​obaSi sistemaSi SesaZlebelia Seqce​vadi procesis-dezagregaciis(flokulebis daSla)dawyeba.procesi miT ufro swrafad midis, rac ufro mcirea II poten​cialuri minimumis siRrme. disper​siuli fazis sakmao koncentraciis SemTxve​vaSi ki xdeba zolis gardaqmna mTlianad struqturi​rebul sistemaSi (geli).  

      koloiduri sistemebis mdgradobis eleqtro​sta​tikuri Teoria marTebulia im sistemebisaTvis, romel​Ta mdgradoba nawilakTa zedapirze ormagi eleqtruli Sris warmoqmniTaa gamowveuli. mdgra​dobis eleqtro​sta​tikuri faqtori damaxasiaTebelia wyliani sadis​persio garemos mqone dispersiuli sistemebisaTvis. wyali warmoadgens  eleqtro​litTa disociaciisa da, aqedan gamomdinare, ormagi eleqtruli Sris warmoqmnisaTvis  xelsayrel garemos.

      rogorc vxedavT, dlfo-s Teoria  amyarebs kavSirs  ormagi eleqtruli Sris Tvisebebsa da dispersiuli sistemebis mdgradobas Soris. 

5.2. Cqari koagulaciis kinetika
      lio​foburi koloiduri sistemebis mdgradobaze ms​je​loba koagulaciis siCqaris mixedviTaa SesaZ​lebeli. zogi sistema miRebidan ramde​nime wamSi koagulirdeba, zogi ki dReebis, Tveebis da zogjer wlebis ganmav​lo​ba​Si inarCunebs mdgradobas. koagu​laciis siCqare aris nawilakTa ricx​vis cvlileba droSi. igi  koagulaciis procesis raode​nobrivi sazomia 

V=-d/dt
gamokvlevebma cxadhyo, rom koagulaciis siCqare sadispersio areSi damatebuli eleqtrolitis    koncentra ciazea damokidebuli. koncentraciis mcire mniSvnelobi​saTvis koagu​lacia ar mimdinareobs (V=0), koncentraciis Semdegomi matebisas garkveul mcire intervalSi SeimCneva koagula​ciis siCqaris swrafi zrda, romelic eleqtroli​tis koncentraciis Semdgomi zrdiT aRar icvleba. amis Sesaba​misad SeiZleba gamovyoT sami ubani: mdgradobis, neli da Cqari koagulaciis.

eleqtrolitis koncentraciis gazrdiT mcirdeba energetikuli barieris (U) simaRle. Sesabamisad, zemoT aRniSnuli kanonzomiereba SeiZleba Semdegnairad aixsnas: damatebuli eleqtrolitis mcire raodenoba sakmarisi araa energetikuli barieris im donemde Sesam​cireblad, romelzec brounis moZraobis Sedegad  nawilakebis urTierT​dajaxeba SeiZleba SewebebiT damTavr​des. am ubanSi zoli agregatulad mdgradia. dajaxebaTa efeqturoba-  (SewebebiT damTavrebuli  dajaxebaTa ricx​vis fardoba dajaxebaTa saerTo ricxvTan) nulis tolia. eleqtro​litis didi raodenobiT damateba ukve sakmarisia energetikuli barieris mniSvne​lovnad Sesamci​reblad da koagulaciis dasawyebad. rac metia damatebuli eleqtrolitis rao​denoba da, Sesabamisad, naklebia energetikuli barieris simaRle, miT metia koagula​ciis siCqare. es aris arastabilizirebuli zolis ubani. dajaxebaTa efeqturoba  am ubanSi swrafad izrdeba 0
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1-mde. koagulacias, romlis drosac nawilakebis yvela dajaxeba maTi Sewe​bebiT ar mTavrdeba, neli koagulacia ewodeba. damatebuli eleqtrolitis Semdgomi gazrdiT koagulaciis siCqare maqsimums aRwevs da aRar icvleba. es ubani Seesabameba mTlianad arastabilizirebul zols, nawilakebis yvela dajaxeba SewebebiT mTavrdeba da dajaxebaTa efeqturoba =1. koagulacias, romlis drosac nawilakTa yvela dajaxeba maTi SewebebiT mTavrdeba, Cqari koagulacia ewodeba. “neli” da “Cqari” pirobiTi terminebia da isini koagulaciis procesis siCqaresTan saerTod ar aris dakavSirebuli. 

Cqari koagu​laciis Teoria koloidur sistemebSi brounis moZraobis (difuziis)  ganxilvis safuZvelze Sei​muSava polonelma mecnierma smolu​xovskim. 

     smoluxovskis Teorias safuZvlad udevs warmodgena, romlis Tanaxmad Cqari koagulaciis siCqare, anu drois erTeulSi nawilakTa koncentraciis cvli​leba damoki​debulia: 

1) nawilakTa sawyis koncentraciaze; 

2) brounis moZraobis intensiurobaze, romlis rao​​​​de​no​brivi maxasiaTebelia di​fu​ziis koeficienti -D; 
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3) manZilze (R=2r), romelzec xdeba nawilakebis urTi​erTqmedeba,  r nawilakis mizidvis Zalis moqme​debis radiusia. 

    smoluxovskis Teoria ga​mo​yva​​nilia monodis​per​si​uli zole​bi​​saTvis im daSvebiT, rom​ nawi​la​kebs sferu​li for​ma aqvs da brounis moZraobis Sedegad urT​i​​​erT​qmedeba xdeba mxolod or nawilaks Soris, radgan mravali nawilakis erTdro​uli urTierTda​ja​xe​bis al​ba​Toba metad mcirea. e.i. koagulaciis procesSi yovel elementarul aqtSi erTmaneTs ejaxeba ori nawilaki: TiTo-TiTo nawilaki erTi ormagi nawilakis warmoqmniT, Semdeg aseTi gaormagebuli nawila​kebis urTierTSejaxebiT warmoiqmneba erTi nawilaki, rome​lic oTx sawyis nawilaks Seicavs da a.S. 

      aRvniSnoT 1,,,… iseT nawilakTa koncentraciebi, romlebic Seicavs TiTo, or, sam da a.S. sawyisi zomis (elementarul) nawilaks. sawyis momentSi (t=0), 1=0, 2=3=4=0.  garkveuli t drois Semdeg ki (=1+2+3+…, sadac (nawilakTa saerTo koncentra​ciaa. cxadia, rom (0. avirCioT rome​liRac r radiusiani nawilaki da ganvixiloT difuziis naradi  misi mimarTulebiT. fikis kanonis Tanaxmad, nawila​kebis ricxvis Semcireba droSi, anu koagulaciis siCqare tolia: 

                  -ddt=8DR2                                    (5.12) 

procesi midis bimolekuluri reaqciis msgavsad, romlis siCqarea:

                   -ddt=KCq2                                            (5.13)

   (5.12) da  (5.13)    gatolebaTa Sedarebidan gamodis, rom  

                                                             KCq=8DR                             (5.14)

sadac KCq koagulaciis siCqaris mudmivaa da damoki​de​bulia difuziis koeficientsa da nawilakebs Soris R manZilze, romel​zec xdeba maTi urTierTqmedeba.

      koagulaciis dawyebidan garkveuli drois Semdeg erTmaneTs ormagi nawilakebi ejaxebian, ormagi nawilakebi sammags da a.S. Tu yvela aseTi saxis dajaxebas gaviTva​liswinebT, maSin nawilakebis saerTo ricxvis cvlileba droSi, anu koagulaciis siCqare iqneba:

                 -d(dt=KCq(()2                                     (5.15)

   
(5.15) gantolebis integrirebiT (0
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t) intervalsa da 
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-dan (-mde zRvrebSi miviRebT: 

                 (
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/(1+KCq0t)                    (5.16)

 (5.16) gantoleba saSualebas iZleva ganvsazRvroT yvela saxis nawilakis raodenoba zolSi koagulaciis dawye​bidan garkveuli t drois monakveTSi. magram am gantole​baSi Semavali D da R sidideebis gansazRvra sakmaod rTul amocanas warmoadgens. ufro advilad SeiZleba ganisazRvros naxevarkoa​gulaciis periodi(- dro, romlis ganmavlobaSi nawilakTa ricxvi zolis moculobis erTe​ul​Si orjer mcirdeba (
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 /2            

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

               
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 /2 =
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 /(1+ KCq0 

saidanac

                   KCq0)                          (5.17)

(5.17) formulis gaTvaliswinebiT (5.16) ase Caiwereba: 

                   (=
[image: image141.wmf]1t/
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                             (5.18) 

rogorc vxedavT,damokidebulia difuziis koefici​entsa da nawilakebs Soris manZilze. es sidideebi ki dakavSi​rebulia ainStainis gantolebiT(4.3). misi gaTvalis​winebiT (5.17)-dan miviRebT:  

38KT
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                        (5.19)   

sadac K = 
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 bolcmanis mudmivaa; ki -sadispersio garemos siblante. 

       (5.19) gantolebidan gamomdi​nareobs, rom naxevar- koagu​laciis periodi damokidebulia dispersiuli fazis nawi​lakebis sawyis koncentraciaze, koloiduri sistemis siblantesa da temperaturaze. 
    (5.18) ganto​lebiT SeiZleba gamovTvaloT koagulaciis perio​didrois nebismieri mona​kve​TisTvis, Tu gvecodineba 0 da ( sidideebi. meore mxriv, Tu cnobilia  da 0 sidideebi, SesaZlebelia gamovTvaloT (koagulaciis dawyebidan garkveuli drois Semdeg da SevadaroT igi cdiT miRebul monacemebs, rome​lic yvelaze martivad miiReba ultramikroskopSi nawila​kebis daTvliT. 

       smoluxovskis Teoria eqsperimentulad mraval​​gzis iqna Semowmebuli ultramikriskopiuli, nefelo​met​riuli da turbudimetriuli meTodebiT. Teoriis eqsperi​men​tuli dasabuTeba koagulaciis procesebis axsnisTvis difuziisa da brounis moZraobis gamoyenebis marTebulobis mSvenier mtkicebulebad iTvleba.

5.3. neli koagulaciis Teoria

       neli koagulacia sistemaSi energetikuli barie​ris arsebobis gamo dajaxebaTa arasruli efeqturobiT SeiZleba aixsnas. fuqsma aerozo​lebisaTvis Seqmna neli koagu​laciis srulyofili Teoria, romelSic mocemulia kavSiri daja​xebaTa efeqturobasa da potencialur bari​ers Soris. fuqsis Teoria nawilakebs Soris urTierTqmedebas iTva​liswinebs kinetikur gantolebaSi energe​tikuli bari​eris damaxa​siaTebeli wevris SemotaniT 

           -d/dt=4DRP
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sadac P steriuli faqtoria da nawilakebis dajaxebisas sivrceSi maT xelsayrel urTierTganla​gebas, formasa da zomas iTvaliswinebs. neli koagu​laciis siCqaris mudmiva: 

                            K=4DRP
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                         (5.21)

rogorc CvenTvis ukve cnobilia, Cqari koagulaciis dros  U=0 da P=1, xolo

                                       KCq=4DR                               (5.22)

neli koagulaciis dros U≠0 da P≠1. Tu U sakmaod metia KT-ze, maSin koagulaciis siCqare nuls uaxlov​deba da sistema agregatulad mdgradia. (5.21) da (5.22) formu​lebidan  viRebT: 

                            Kneli=KCqP
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=w, mas Senelebis koeficienti an mdgradobis faqtori ewodeba, romelic gviCvenebs ramdenjer mcirdeba neli koagulaciis siCqaris mudmiva KCq-Tan SedarebiT. dad-genili iqna, rom steriuli faqtori Pr, sadac oeS-is difu​ziuri nawilis sisqis Sebrunebuli sididea, r ki - nawila​kis radiusi.

   Amrigad, SeiZleba  davaskvnaT, rom koagulaciis siCqare mkveTrad mcirdeba energeti​kuli barieris simaRlis, nawilakebs irgvliv arsebuli ormagi eleqtruli Sris difuziuri nawilis sisqis gazr​diTa da nawilakTa radiusis SemcirebiT.

5.4. liofoburi koloiduri sistemebis

koagulacia eleqtrolitebiT

      tipiuri liofoburi koloiduri sistemebi stabi​li​zaciis eleqtrostatikuri faqtorebis meSveo​biT agre​ga​tulad mdgradia, magram advilad koagulir​deba maTze eleqtrolitis damate​bisas.Eeleqtroli​tis im umcires koncentracias (cm), romelic neli koagulaciis dawyebas iwvevs, koagulaciis zRurbli ewodeba. Cqari koagulacii-saTvis saWiroa eleqtrolitis iseTi koncentracia, romlis Semdgomi gazrdiT koagula​ciis siCqare aRar icvleba (roca mdgradobis faqtori w = 1 da U=0). 
             dlfo-s Teoriis Tanaxmad, koagulacias iwvevs eleq​tro​litis is ioni, romelsac koloiduri  nawilakis sawinaaRmdego muxti aqvs. eleq​tro​litis damatebiT xdeba dispersiuli fazis nawilakebze ormagi eleqtruli Sris SekumSvas, ris gamoc isini SeiZleba erTmaneTs miuaxlovdnen iseT manZilze, romelzec Warbobs mizidulobis Zalebi. oeS-is sisqis Semcirebas Tan axlavs sawina​aRmdego ionebis mimocvla koagulaciis gamom​wvev ionebTan. 

ormagi Sris SekumSva xdeba: 

1) damatebuli eleqtro​li​tis ionebis specifikuri adsorbciis gamo nawilakis zedapiruli potenci​alis SemcirebiT; 

2) xsnaris ionuri Zalis gadidebisas sawina​aRm​dego niSnis ionebis difuziis SezRudvis gamo. 
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nax. 5.3. Cqari koagulaciisas dispersiuli 

sistemis potencialuri mrud
koagulaciis procesSi pirveli an meore meqnizmis upiratesi rolis Sesabamisad arssebobs neitralizaciri da koncentraciuli koagu- lacia. 
       dlfo-s Teoriis Tanaxmad, eleqtrolitis im koncentraciisaTvis, romelic Cqari koagu​la​ciis zRur​b​ls Seesaba​me -ba, potencialuri      mru​di moTavsebulia uaryofiTi energiis ubanSi da mxo​lod misi maqsimumi exeba abscisaTa RerZs, sadac poten​cialuri barieris simaRle U=0 nax. (5.3).
am wertils ori poroba Seesabameba:  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 mniSv​nelobas, romelic rCeba nawilakze koagu​laciis momentSi (25—40 milivolti) da ara izoeleqtrul wertils (roca h=0), rogorc amas adre Tvlidnen. am pirobebSi nawilakebs Soris mizidvis da ganzidvis energiebi tolia. hkr=2/kr an hkr=2kr. radgan koagulaciis procesSi ormagi eleqtruli Sris sisqisa da potencialis Semci​reba xdeba, SeiZleba CavTvaloT, rom eleqtrolitis da​ma​te​ba mxolod difuziuri Sris potencialis () da misi sisqis Sebrunebuli sididis  = 
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 cvlilebas iwvevs. aRvniSnoT 
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B                             (5.25)

maSasadame, dabali potencialebisaTvis  koa​gu​la​​ciis zRurbli orm​agi eleqtruli Sris difuziuri nawilis potencialsa da sisqes Soris garkveul Tanafardobas – B-s Seesabameba. Tu es Tanafardoba >B, sistema agrega​tulad mdgradia; Tu Sefardeba <B, maSin xdeba koagulacia. sakvlevi koloiduri  sistemi​sTvis B–s mniSvneloba SeiZleba Seic​valos damatebuli eleqtro​litis meSveobiT oeS-is ama Tu im parametris Secvlisas. 

       mdgradobisa da koagulaciis aRniSnuli piroba empiriulad dadgenili iqna eilerisa da korfis mier (1940 w.), Teoriulad dasabuTebuli ki - deriaginis mier.

      dlfo-s Teoriis Tanaxmad, neitralizaciuri koa​gu​lacia ufro metad damaxasiaTebelia im sisteme​bisaTvis, romelSic nawilakebs dabali eleqtruli potenciali aqvT. koagula​ciaze gansakuTrebul gavlenas axdens dama​tebuli eleqtroli​tis im ionebis specifikuri adsorbcia, romlebsac aqvs ormagi eleqtruli Sris sawinaaRmdego  ionebis msgasi muxti. es ionebi, Sedian ra adsorbciul SreSi, mkveTrad amcireben difuziuri Sris potencials daaxdenen potencialis neitrali​zacias. ionTa speci​fikuri adsorbcia zog​jer zedapiris gadamuxtvas iwvevs. Amdenad, neitraliza​ciuri koagulaciisaTvis damaxasi​aTebelia ubani eleq​tro​litis minimalur da maqsimalur koncen​tra​ciebs Soris. damatebuli eleqtrolitis raRac, maqsimaluri raodeno​bis zeviT, sistema SeiZleba gadavides mdgra​dobis meore ubanSi, romelSic nawilakebs eqneba im muxtis sawinaaRm​dego niSnis muxti, romelic maT hqondaT mdgradobis pir​vel ubanSi. 

ionTa specifikuri adsorbciis unari izrdeba valen​tobis gazrdiT da damaxasiaTebelia maRalva​lentiani ionebisTvis.
       koncentraciuli koagulacia, rogorc ukve aRvniSneT, gamowveulia difuziuri Sris SekumSviT xsna​ris ionuri Zalis gazrdis gamo. is damaxasi​aTebelia indi​ferentuli eleqtrolitebisaTvis. Aam SemTxvevaSic sawina​aRmdego ionebis raodenoba adsorb​ciul SreSi izrdeba, magram 
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 potencialis Semcireba aq ar aris gadam​wyveti. sadispersio garemos ionuri Zalis upiratesi gav​lena koagulaciaze damaxasiaTe​belia Zlier damuxtuli nawi​lakebis mqone disper​siuli sistemebisaTvis. 

       koagulaciis zRurblis damokidebuleba koagu​la​ciis gamomwvevi ionis muxtze dabali potencialis piro​bebSi ase gamoisaxeba:  

                 cCq
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         (5.26)        

sadac C mudmivaa; D - sadispersio garemos dieleqtrikuli mudmiva, A - hamakeris mudmiva;  e - eleqtronis muxti, z ki -makoagulirebeli ionis muxti. koagulaciis zRurbli makoagulire​beli ionis valentobis meeqvse xarisxis ukupropor​ciulia, rac kargad asaxavs Sulce-hardis wess, romlis Tanaxmad makoagu​lirebel moqmedebas iCens sawi​naaRmdego niSnis mqone ioni da makoagulirebeli Zala (Vk = 
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) izrdeba ionis valentobis maRali xarisxis propor​ciulad.

       koagulaciis zRurblis mniSvnelobebi erT, or da samvaletiani ionebisaTvis ise Seefardeba erTmaneTs, rogorc 1:
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. Sulce-hardis wesis mixedviT igive ionebisaTvis Sefardeba aseTia 1:
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       koagulaciis zRurblis ramdenadme naklebi eqsperi​men​tuli damokidebuleba ionis valentobaze 
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-Tan Seda​rebiT, rogorc Cans, aixsneba ionis muxtis matebisas misi specifikuri adsorbciis unaris gazrdiT.
       dlfo-s Teoriis Tanafardobani miaxlo​ebiTia, radgan maTSi araa gaTvaliswinebuli erTnairi muxtis mqone sawinaaRmdego niSnis ionebis buneba. magaliTad, is, rom koagulaciis zRurbli mcirdeba kaTionebisaTvis liotro​pul rigSi: 

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

Cl- >Br - >NO3- > J- .
rac ufro liofoburia ioni, miT met makoagulirebul unars iCens igi koloidur sistemebSi.

       eleqtrolitebis narevis makoagulirebeli moq​medeba xSirad araaditiuria; zogjer koagulaciis dawyebi​saTvis saWiroa narevis meti raodenoba, vidre TiToeuli maTganis cal-calke aRebuli. am movlenas eleqtrolitebis antagonizmi ewodeba. rodesac eleqtro​litebis narevi ufro efeqturad moqmedebs koagu​laciis procesze, vidre TiToeuli maTgani cal-calke, maSin aseT movlenas sinergizmi ewodeba.

       koagulaciis zemoT xsenebuli raodenobrivi ka​non​zo​mierebebi Cqar koagulacias ekuTvnis.

5.5 mdgradobis adsorbciul-solvaturi da

struqturul-meqanikuri faqtorebi

       koloiduri sistemebis mdgradobis adsorbciul-solvaturi faqtori Termodinamikur faq​tors miekuTvneba, romlis moqme​debisas mcirdeba zeda​piruli daWimuloba nawilakebis zedapiris solvata​ciis gamo. nawilakebis miaxloebisas solvaturi Sreebi urTi​erTgadaifarebian da izrdeba gan​zi​d​vis wneva, romelic xels uSlis maT Sewebebas, e.i. koagulacias. ganzidvis meqanizmi SeiZleba imiTac aixsnas, rom nawilakebis Sewe​bebisTvis saWiroa maT zedapirze solvaturi Sreebis darR​veva da  zedapiridan sadispersio garemos mole​kulebis nawilobrivi desorbcia, rac garkveuli muSaobis Sesrulebas saWi​roebs.

      myari nivTierebebidan didi hidrofilurobiT xasi​aT​deba mravali elementis (Si, Al, Fe, Mn) oqsidebi, romel​Ta zolebs kargad ganviTarebuli da mtkice hidratuli garsi gaaCnia. nawilakebis daaxloeba pirveli minimumis Sesabamis manZilze saerTod SeuZle​belia, koagulacia xdeba meore minimumSi faSari struqturi​re​buli agre​gatebis warmoqniT.        dispersiul sistemebs, romelTa nawi​lakebis zedapiri hidro​foburia, solvaturi Sreebis warmoqmna ar axasiaTebs. maTi agregatuli mdgradobis uzrunvelsayofad  siste​maSi SehyavT stabili​zatori, romelic zrdis fazaTa Soris urTierT​qme​debas. am mizniT gamoiyeneba grZeli jaWvis mqone zedapi​rulad aqtiuri nivTie​rebebi an maRalmolekuluri naer​Tebi, romlebic iwveven siste​mis liofilizacias. nawila​kis zedapiri iZens stabili​zatori nivTierebis Tvise​bebs. adsorbciis Sedegad aseTi nivTi​erebis makromo​lekulebi dispersiuli fazis nawilakis zedapirze qmnis adsorbciul-solvatur Sre​ebs, romel​Tac garkveuli sisqe da simtkice aqvT. amis gamo nawilakebis daaxloeba da Sewebeba SeuZle​belia meore (Sor) minimumSic ki. aseTi Zlier liofili​zi​re​buli sistemebis mdgradoba axloa liofi​luri sistemebis mdgra​dobasTan.

       rebinderis mier adsorbciul-solvaturi Sreebis Tvisebebis gamo​kv​le​vebma cxadhyo, rom es struqturebi maRalmolekuluri nivTierebebis (mmn) SemTxvevaSi SeiZ​leba ganvixiloT rogorc   organzomilebiani   liofoburi apkismagvari labebi. aseTi Sreebi gadaZvris mimarT wina​aRm​degobas, drekadobas da maRal siblantes iCens. nawilakebis Sejaxebisas isini mcire droSi ver aswreben “gamodinebas” da qmnian struqturul-meqanikur bari​ers, romelic xels uSlis nawilakebis Sewebebas. aseT  Sreebs warmoqmnis cilebi, sapnebi, Jelatini, celu​loza da sxva maRalmo​lekuluri naerTebi. 

       dispersi​uli sistemebis umetesobisaTvis  stabili​zaciis struqturul-meqanikuri faqtori mdgrado​bis uni -versa​lur faqtors warmoadgens. igi kinetikuri     xasiaTisaa. 

struqturul-meqanikuri faqtoris Sefaseba xdeba zedapiruli Sre​ebis reologiuri parametrebis - meqani​kuri simtkicis, drekadobis, siblantis safu​Z​vel​ze. lio​fo​buri dispersiuli sistemebis stabilizacias maRalmo​leku​luri naerTebiT koloi​duri dacva ewodeba. sxvada​sxva stabili​zatoris damcavi moqmedebis unari SeiZleba SevadaroT romelime standartuli zolis, magaliTad, oqros zolis mimarT. aqedan gamomdinare, damcavi moqme​debis raodenobriv sazomad iyeneben ”oqros ricxvis” cnebas, romelic Semo​Rebul iqna zigmondis mier.

       “oqros ricxvi” ewodeba stabilizatoris maqsimalur masas miligramebSi, romelic unda daematos 10 ml oqros wiTel zols, raTa ar moxdes misi koagu​lacia (galurjeba) NaCl-is 10%-iani xsnaris 1ml-is damatebisas. rac metia “oqros ricxvi”, miT naklebia stabilizatoris damcavi moqmedeba. yvelaze mcire “oqros ricxvi” (0.01) Jelatins aqvs. zogjer stabilizatoris damcav unars adareben vercxlis zolis an rkinis hidro​qsidis zolis mimarT. Sesa​bamisad iyeneben “vercxlis ricxvs” da “rkinis ricxvs”.

       koloiduri nawilakebis dacvas didi gamoyeneba aqvs samkurnalo preparatebis momzade​bisas. xSirad saWi​roa orga​nizmSi nivTierebis maRaldispersiul, kolo​idur mdgomareobaSi Seyvana, raTa moxdes mTel organizmSi wamlis Tanabari ganawileba da TandaTa​nobiTi gaxsnisa da Sewovis gziT saWiro samkurnalo zemoqmedeba.

       xSirad damcavi nivTierebis mcire raodenobiT damateba sistemis mdgradobis (koagulaciis zRurbli) Semcirebas iwvevs. am movlenas sensibilizacia ewodeba. 

V Tavis ZiriTadi daskvnebi

1. dispersiuli sistema mdgradia, Tu misi ZiriTadi parametrebi - dispersiulobis xarisxi da sadis​per​sio garemoSi dispersiuli fazis nawilakTa Tanabari ganawileba droSi ucvlelia;

dispersiuli sistemebis mdgradoba ori saxisaa: kinetikur-sedime​nta​ciuri da agregatuli.

-- kinetikuri-sedime​nta​ciuri mdgradoba ewode​ba simZimis Zalis moqmedebiT nawilakebis daleq​vis mimarT disper​siuli fazis mdgradobas, anu sistemis unars SeinarCunos dispersiuli fazis nawilakebis Tanabari gana​wileba sadis​persio gare​mos mTel moculobaSi.

2.  -- agregatuli mdgradoba ewodeba dispersiuli fazis nawilakebis mdgradobas agregaciis (gamsx​vile​ba) mimarT, anu sistemis unars SeinarCunos fazis dispersiulobis xarisxi;

3.  nawilakebis gamsxvileba (agregacia) SeiZleba moxdes  ori gziT:  izoTermuli gamoxdiT an koagu​laciiT.

     -- izoTermuli gamoxda dispersiuli fazis Sem​cveli nivTierebis maRali qimiuri potencialis mqone wvrili nawilakebidan SedarebiT dabali qimiuri potencialis mqone msxvil nawilakebze gadatanaa. amis Sedegad sistemaSi mim​di​nareobs msxvili nawilakebis zomebis gazrdis xarjze wvrili nawilakebis gaqroba (gaxsna).

-- koagulacia koloiduri zomis nawila​kebis Sewebebis gziT bevrad ufro didi zomis agre​gatebis warmoqmnaa, ris gamoc koloiduri sis​tema kargavs  agregatul mdgradobas;

4. koagulacia ramdenime process moicavs da yoveli maTgani dispersiuli fazis xvedriTi zedapirisa da Sesabamisi   War​bi   Tavisufali  energiis Semci -rebiT mimdi​na​reobs; 

5. mniSvnelovania koagulaciisadmi mdgra​dobis sami ZiriTadi faqtori:

      1) eleqtrostatikuri faqtori, rome​lic dis​per​​siuli fazis nawilakTa gamyof zedapirze ormagi eleq​truli Sris warmoqmnis xarjze amcirebs ze​da​pirul daWimulobas; 

      2) adsorbciul-solvaturi faqto​ri, rome​lic sadispersio garemosa da dispersiuli fazis nawilakTa urTierT​qmedebisas maT irgvliv sol​vatur Sre​ebs warmoqmnis, rac zedapiruli daWi​mu​lobis SemcirebiT mimdinareobs; 

       3) kinetikuri faqtori, romelic ZiriTadad dis​per​siuli sistemebis hidrodinamikur da struq​​tu​rul-meqanikur TvisebebTanaa dakavSire​bu​li;

6. apki ewodeba sadispersio aris im nawils, romelic dispersiuli fazis nawilakTa gamyof zedapirebs Sorisaa moTavsebuli. nawilakebis urTierT- miax​loebisas apkis sisqe mcirdeba da koloidur nawilakTa zedapiruli Sre​ebis urTierT​qmedebis gaZlierebis gamo aRiZv​reba gampobi wneva;

 7. koloiduri sistemebis mdgradobisa da koagu​la​ciis Teoriebidan dReisaTvis upiratesoba rusi mecni​erebis - deria​ginisa da landaus (1937-1941 w.),  ufro mogvianebiT holandieli mecnierebis – ferveesa da overbekis mier SemuSavebul Teorias eniWeba, romelic dlfo-s saxelwo​de​biTaa cnobili;

8. dlfo-s Teoriis klasikur variantSi koagu​laciis procesi van-der-vaalsis mizidvisa da eleq​tro​sta​tikuri ganzidvis Zalebis erTdro​uli moqmedebis Sedegia;

9. dlfo-s Teoriis Tanaxmad, nawilakTa Soris urTi​erTqmedebis jamuri energia Semdegi saxis gantolebiT gamoisaxeba: 

      Uh=Uganz(h)+Umiz(h)=2
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10. koagulaciis siCqare droSi nawilakTa ricxvis cvlilebas warmoad​gens da koagulaciis proce​sis raodenobrivi sazomia 

V= - d /dt

11. nawilakTa Soris energetikuli bari​eris arse​bobis gamo, neli koagulacia sistemaSi daja​xe​baTa ara​sruli efeqturobiT SeiZleba aixsnas. koagulaciis dasaxasiaTeblad  naxevar​koagu​la​ciis peri​odia () Se​mo​Rebuli, romelic gani​sa​zRvreba Semdegi formuliT:


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12. koagulaciis siCqare mkveT​rad mcirdeba ener​getikuli barieris simaRlis, nawilakebs irgv​liv arsebuli ormagi eleq​truli Sris difu​ziuri nawilis sisqis gazrdiTa da nawilakTa radiusis SemcirebiT

6. dispersiuli sistemebis reologiuri

Tvisebebi
       rogorc ukve viciT, koloiduri da mikroheteroge​nuli sistemebi Tavisufal da bmul dispersiul sistemebad iyofa. Tavisufaldispersiul sistemebSi fazis nawila​kebi moZravia da advilad gadaadgildebian sadispersio areSi (zolebi, ganzavebuli suspenziebi da emulsiebi). bmul dis​persiul sistemebSi ki SeuZlebelia dispersiuli fazis nawilakTa gadaadgileba maT Soris struqtu​ruli badis warmoqmnis gamo. 

       koloidur sistemebSi dispersiuli fazis koncentra​ciis zrdis Sesabamisad xdeba moculobiTi struqturebis warmoqmna da disper​siuli fazis mdgomareobis farTe “speqtris” gavliT zolidan gelSi gadasvla. 

       struqturebis warmoqmna Tavisufaldispersiul site​mebSi maTi agregatuli mdgradobis dakargvis - koagula​ciis Sedegia, romelic mimdinareobs dispersiuli fazis nawilakebs Soris moqmedi van-der-vaalsis Zalebis Sedegad  maTi Sewebebis an Sezrdis gziT, rac am sistemebs aZlevs garkveul meqanikur Tvisebebs, rogoricaa: siblante, plasti​kuroba, drekadoba, simtkice. am Tvisebebs struqtu​rul-meqanikuri an reolo​giuri Tvisebebi ewodeba. 

       reologia aris swavleba materialuri sistemis deformaciisa da dinebis Sesaxeb. koloidur qimiaSi reologi​ur meTods dispersiuli sistemebis struqturis gamokvlevisa da blanti dinebis aRsawerad iyeneben. reolo​giuri Tvisebebis SeswavliT SeiZleba ganisazRvros maTSi warmoqmnili struqturebis xasiaTi. am Tvisebebis codna aucilebelia praqtikuli TvalsazrisiTac, radgan iseTi mniSvnelovani sistemebi, rogoricaa: niadagi, cementis xsnari, saRebarebi, laqebi, paste​bi, labebi xasiaTdeba mTeli rigi gansakuTrebuli struq​turul-meqanikuri TvisebebiT.
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petre rebinderi      (1898-1972)

      rebinderisa da misi moswavleebis SromebiT Teoriuli safuZveli daedo swavlebas struq​turirebuli sistemebis warmoqmnis Sesaxeb, anu koloiduri qimiis damoukidebel nawils –  fizika-qimiur meqanikas. romelic swavlobs zemoT aRniSnu​li masalebis meqanikur Tvi​sebebs: sim​tki​ces, drekadobas, elas​tiuro​bas, plastikurobas.

       dispersiuli sistemebis reo​​​​​​lo​​giis ZiriTadi safuZvlebis gacno​​bisas aucilebelia meqanikis elementebis gaxseneba. deformaciis ori ZiriTadi saxe arsebobs: gaWimva da gadaZvra, romlebic normalur da tangencialur Zabvas Seesabameba. normaluri Zabva igive wnevaa - P.

       dispersiul sistemebSi deformaciis yvela saxe gadaZvris Zabvis (moqmedebiT aisaxeba. deformaciis siCqare am dros igivea rac gadaZvris siCqare. 

       deformacia SeiZleba iyos Seqcevadi da narCeni. Sesabamisad, sxeulebi aris drekadi an plastikuri. drekadi sxeulebis deformacia aRiwereba hukis kanoniT: 

                          =G              (6.1)

sadac gadaZvris Zabvaa; G - gadaZvris moduli, romelic sxeulis simagres axasiaTebs;   ki - deformacia.

       deformaciis Seqcevadoba imaSi gamoixateba, rom datvirTvis moxsnisas sxeulis yvela geometriuli parametri aRidgens sawyis mniSvnelobas.  roca dr (dr drekadobis zRvari), xdeba materialuri sxeulis daSla (myife sxeulebi) an aRiZvreba narCeni deformacia da, roca max, maSin  iwyeba sxeulis dineba mudmivi siCqariT, romelic denadobis zRvars (simtkices) Seesabameba. plasti​kuri sxeulebisagan gansxvavebiT, blanti sxeulebi nebismieri Zabvis dros denadia, maSinac ki, roca .

6.1. WeSmariti xsnarebisa da zolebis siblante

       idealurad blanti sxeulebis (siTxeebis) dineba emorCileba niutonis kanons, romlis Tanaxmad: 

                     F=S
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              (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; dU/dx ki - siTxis dinebis siCqaris gradienti.

gadaZvris Zabvis, anu Sris farTobis erTeulze moqmedi Zalis SemTxvevaSi:
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              (6.3) 

rodesac dU/dx,maSin= 

e.i aris gadaZvris Zabva, rodesac siCqaris gradienti erTeulis tolia. mas Sinagani xaxunis koeficienti an, sxvanairad, siblante ewodeba. misi Sebrunebuli sidide -(1/siTxis denadoba gare zemoqmedebis SemTxvevaSi siTxis Zvradobas axasiaTebs.

       kapilarul milSi siTxis dinebas aRwers puazeilis ganto​leba :

                       V=r 4 p/(8l)             (6.4)

sadac V kapilarSi siTxis gadinebis moculobiTi siCqarea, r  da l milis radiusi da sigrZe, P - kapilaruli milis boloebs Soris wnevaTa sxvaoba, ki -siTxis siblante. 

       niutonisa da puazeilis gantolebebi marTebulia siTxis laminaruli dinebisaTvis, aseTi reJimi ki SesaZlebelia  siTxis SedarebiT neli dinebisas, roca misi fenebi urTierTparalelurad  moZraobs. maRali siCqareebis dros laminaruli dineba turbulenturSi (siTxis fenebis urTierT areuli gadaadgileba) gadadis. am SemT​xvevaSi puazeilisa da niutonis gantolebebis gamoyene​bisas siblantis koeficienti ( azrs kargavs, radgan misi mniSvne​loba damokidebulia ara mxolod siTxis bunebaze, aramed misi moZraobis siCqareze. Tumca am SemTxvevaSic SeiZleba vilapa​rakoT mxolod efeqtur,  anu moCvenebiT siblanteze, romlis sidideSi gaTvaliswinebulia siTxis buneba da misi gadinebis siCqare. 

       reinoldsma 1883 w. daadgina, rom gluvkedlian milSi siTxis laminaruli dineba gadadis turbulenturSi, rodesac reinoldsis ricxvi Re=Ur/garkveul mniSvne​lobas gadaa​Warbebs. reinoldsis ricxvi uganzomilebo sididea da, rogorc formulidan Cans, laminaruli dineba turbulen​turSi gadadis miT ufro dabali siCqaris dros, rac ufro didia milis radiusi (r), siTxis simkvrive ()  da naklebia siblante (.

       siTxeebis siblante SeiZleba ganisazRvros sxvadas​xva 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 SezRud​vis mizniT burTulis moZraobis siCqare mcire unda iyos, xolo WurWeli, romelSic burTula moZraobs, sakmaod farTe. siblantis gamoTvla xdeba formuliT,romelic sedimentaciissiCqaris gantolebi-dan (4.11) gamomdinareibs:

                   r2
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)g/9U            (6.5)  

                 kapilaridan siTxis Camodinebis meTodi ki cnobi​li sigrZisa (l) da radiusis (r) mqone kapilaruli mili​dan garkveuli moculobis siTxis Camodinebis drois gansazRvras emyareba. am SemTxvevaSi siblante gamoiTvleba puazeilis gantolebiT: 

                 =r 4 p 8 V l             (6.6)
sadac V  droSi Camodinebuli siTxis moculobaa. 

       siblantis gansazRvris mizniT farTod gamoiyeneba viskozimetrebi (ostvaldis, gepleris, rotaciuli da a.S.). 

       rotaciuli viskozimetri Seqmnilia Svedovis mier da warmoad​gens or koaqsialur cilindrs, romelTagan gareTa cilindri eleqrtomotoris meSveobiT mudmivi siCqariT brunavs, Siga cilindri ki wvril, drekad Zafzea Camokidebuli da grexvis kuTxis asaTvleli meqanizmiTaa aRWurvili. sakvlevi siTxe cilindrebs Soris sivrce​Si 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 cnobi​li mniSvnelobebisaTvis -s angariSoben formuliT, romelic grexvis kuTxes siblantesTan akavSirebs. 

       siblantis gansazRvris meTodebi ufro srulyofi​ladaa mocemuli koloiduri qimiis yvela labora​toriul saxelm​ZRvaneloSi.

       zolebis dineba gansxvavdeba dabalmolekuluri nivTie​rebebis WeSmariti xsnarebis dinebisagan. amis mizezi isaa, rom zolebSi Sewonil mdgoma​re​obaSia koloiduri nawilakebi, romelTa zomebi sadispersio garemos molekulebTan SedarebiT mniSvnelovnad didia. maTi arseboba siTxeSi aviwroebs im sivrces, romelic uWiravs sadispersio garemos gamdinare nakadSi moZraobisas. aqedan gamomdinare, dinebis marTo​​buli mimarTulebiT siCqaris saSualo gradienti izrdeba, ris gamoc zolis siblante yovelTvis ramdenadme metia sadis​persio garemos siblanteze.

       zolebi xasiaTdeba bevrad ufro blanti dinebiT, magram Tvisebrivad imave kanonebs emorCileba, romlebsac sufTa sadispersio garemo. amitom niutonisa da puazeilis kanonebi mravali koloiduri sistemisTvisaa marTebuli.

       zolis siblante dispersiuli fazis koncentra​ciis gazrdiT izrdeba. es kavSiri ganzavebuli zolisaTvis gamoisaxeba ainSta​inis gantolebiT: 

                    (
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 koloiduri xsnarisa da sadispersio garemos siblantea; VdV dispersiuli fazis moculobiTi wili; K ki- mudmiva, romelic dispersiuli nawilakis formazea damoki​debuli. sferuli nawilakebisaTvis K2.5, maSin: 

                     
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(1+2,5)                         (6.8)

cdis monacemebiT zogierTi koloiduri sistemi​saTvis –s damokidebuleba –ze wrfivia (nax. 6.1-I). aseT siTxeebs Cveulebrivi anu niutonuri siTxebi ewodeba.

ainStainis gantoleba marTebulia koloiduri sistemebisaTvis, romelTa dineba laminarulia, nawila​kebsa da siTxes Soris adgili ar aqvs srials da nawilakebis zoma sadispersio garemos molekulebis Tavi​sufal ganarbenTan SedarebiT didia, magram mcirea im sivrcesTan SedarebiT, romelSic siTxe miedineba. aRniS​nuli pirobis dacvis SemTxvevaSi, eqsperi​mentuli Semow​mebiT (gogirdis zolis, minis  uwvrilesi  nawila​kebis suspenziis, sokos sferuli sporebisaTvis) mravalg​zis dadasturda, rom K2,5. koncentrirebul zolebSi ki adgili aqvs ainStainis kanonidan gadaxras.

6.2. struqturirebuli sistemebi da

plastikuri siblante

       struqturirebuli sistemebi ar emorCilebian niuto​nisa da puazeilis kanonebs. es imiTaa gamowveuli, rom siTxeSi arsebobs naklebad mtkice, magram erTiani sivrciTi struqturuli bade, romelic sistemaze garkveuli sididis zemoqmedebiT SeiZleba daiSalos.

       sistemaSi struqturebis arseboba dinebis mrudebis xasiaTs cvlis. Amdenad, modebul Zabvaze dinebis siCqaris damokidebulebis gamokvleva, umravles SemTxvevaSi, sistemaSi struqturebis warmoqmnaze msjelobis safuZvels iZleva.

       jer Svedovisa da Semdeg bingamis mier gamoTqmuli mosazrebiT,   struqturirebuli  sistemebis dineba iwyeba mxo​lod maSin, rodesac gadaZvris Zabva () gadaaWarbebs raRac garkveul mniSvnelobas (), romelic aucilebelia struqtu​ris rRvevisaTvis, anu, rodesac daculia piroba: aseT dinebas bingamma plastikuri uwoda, xolo kritikul Zabvas () – denadobis zRvari. 
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nax. 6.1. siblantis damokidebuleba dispersiuli fazis koncentraciaze:

I – arastruqturirebuli zolebisaTvis.;

II - struqturirebuli zolebisaTvis.
       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 ganto​lebad, plastikuri siblante ki - siTxis WeSmarit siblanted. rogorc ki gadaaWarbebs -s, daiwyeba dineba da siblante maSinve miiRebs mudmiv mniSvnelobas. aseT pirobebSi siCqaris gradientis dU/dx damokidebuleba gadaZvris Zabvaze gamoisaxeba wrfiT (nax. 6.2). nax. 6.2-b-s Tanaxmad             
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nax. 6.2. siCqaris gradientis damokidebuleba

 gadaZvris Zabvaze

a)normaluri da b)plastiuri dinebisaTvis
       bingamis gantolebas sakmaod kargad emorCileba Tixis pastebi, konsistenciuri sacxebi, minanqrisa da Wiqurebis koncentrirebuli Slikerebi. Tumca struqtu​rirebuli koloiduri sistemebis umravleso​bi​saTvis es damokidebuleba gamoisaxeba mrudiT da ara wrfiT (nax 6.3-a) aseTi damokidebuleba imiT aixsneba, rom denadobis zRvris miRwevis Semdeg struqtura irRveva ara myisierad, aramed nel-nela siTxis moZraobis siCqaris gradientis zrdis Sesabamisad, rac siblantis TandaTa​nobiT cvlilebas iwvevs. naxazis mixedviT SeiZleba ganvasxvaoT gadaZvris Zabvis ori ZiriTadi sidide:  _ gadaZvris minimaluri Zabva, romelic  maqsimaluri siblantis mqone struqturirebuli sistemis dinebis dasawyiss Seesabameba da maqs, romelic denadobis maqsimalur zRvars Seesabameba. am SemTxvevaSi siTxis gadineba turbulenturi reJimiT mimdina​reobs, rac struqturis mTlian daSlas iwvevs. Sedegad koloiduri sistema ise gaedineba, rogorc arastruq​turirebuli (niutonis) siTxe - minimaluri siblantiT. denadobis orive zRvari sistemaSi arsebuli yvela struq​turul-meqanikuri Tvisebis maxa​siaTebels warmoadgens.

nax. 6.3. koloiduri sistemebis dinebis mrudi (a) da dinebis efeqturi siblantis damokidebuleba gadaZvris Zabvaze (b)
       ukanasknel xanebSi struq​turirebuli koloi​duri sistemebis Taviseburebani detalurad iqna Seswavlili rebin​derisa da misi skolis mier. am Sromebis Tanaxmad, siTxis nebismieri siCqariT moZraobisas koagulaciur struqturebSi mimdinareobs ori urTierT​sawinaaRmdego procesi: struqturis rRveva da aRgdena. am procesebs Soris wonasworuli mdgoma​reoba xasiaT​deba efeqturi siblantiT - , romelic gadaZvris Zabvis zrdis Sesabamisad mcirdeba. mcire Zabvis dros efeqtur siblantes maqsi​maluri mniSvneloba aqvs (
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), romelic praqti​​kulad dauSleli struqturis mqone siTxis sib​lan​​tis tolia. gadaZvris Zabvis didi mniSvnelobisas ki mcirdeba zRvrul mniSvenlobamde - min, romelic mTlianad daSlili struqturis mqone siTxes Seesabameba.

      dU/dx  mrudebi da siblantis damokide​buleba gadaZvris Zabvaze, rebinderis mixedviT mocemulia nax. 6.3.-ze 

       struqturirebuli koloiduri sistemebis siblan​te Zlieraa damokidebuli misi gansazRvris pirobebze, kerZod, gadaZvris siCqaris gradientze. amitom am siste​mebis siblanteTa Sedareba mxolod maSin SeiZleba, rodesac isini reinoldsis ricxvis erTnairi mniSvnelobi​saTvisaa gansazRvruli.

6.3. dispersiuli sistemebis klasifikacia

struqturul-meqanikuri Tvisebebis mixedviT

       struqturul-meqanikuri Tvisebebis mravalsaxeo​ba gamoxatulobas poulobs bunebriv da sinTezur masalebSi, romelTa umetesoba dispersiul sistemas warmoadgens. aseT sistemebSi mimdinare procesebis marTva saWiro Tvisebebis mqone masalebis miRebis SeuzRudav SesaZleblobas iZleva. 

       dispersiul sistemebSi warmoqmnili struqturebi Tvisebebis mixedviT rebinderma or ZiriTad tipad dahyo: kondensa​ciur-kristalizaciuri da koagulaciuri (koagulaciur-tiqsotropiuli) iqidan gamomdinare, rom koagulacia potenci​aluri mrudis I da II minimums Seesabameba. 

       kondensaciur-kristalizaciuri struqturebis war​moqmna Seesabameba pirvel potencialur minimums, sadac nawilakebs Soris uSualo qimiuri urTierTqmedebis Sedegad xisti moculobiTi struqturebi warmoiqmneba. Tu nawilakebi konsistencia amorfuli da faSaria, maSin dispersiul sistemebSi warmoqmnil struq​turebs kondensaciuri ewodeba, xolo kristaluri nawilake​bisagan maTi uSualo SezrdiT warmoiqmneba kristalizaciuri struqturebi. struq​turis meqa​nikuri Tvisebebi TviT am nawilakebis Tvisebebidan gamomdi​nareobs. kondensaciur-kristali​zaciuri struqturebi myari dis​per​siuli fazis mqone dispersiuli sistemebisaTvisaa damaxasiaTebeli,  romlebsac aseTi struqturebi simtkicesa da simyifes aZlevs. es struqturebi meqanikuri daSlis Semdeg TavisiT veRar ubrundeba sawyis mdgomareobas.

       koagulaciuri stuqturebi warmoiqmneba koagula​ciis dros, romelic nawilakebs Soris urTierTqmedebis potencialuri mrudis meore - Sor minimums Seesabameba. nawi​la​kebis urTi​erT​qme​deba 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 warmom​qmneli nawilakebis TvisebebiT, ramdenadac nawilakebs Soris kavSirebisa da siTxis Sris TaviseburebiT.  

       Txevadi sadispersio garemos mqone  koagula​ciuri struqturebis specifikur Tvisebad tiqsotropia iTvleba. berZnulidan TargmniT “tiqso” – Sexeba, “trope”- cvlileba, anu garkveuli meqanikuri zemoqme​debiT struqturis rRvevis Semdeg misi kvlav aRdgenis unari. sxvagvarad, gelis zolSi izoTermuli Seqcevadi gardaqmnis unari. tiqsotro​piis arsi imaSi mdgomareobs, rom meqanikuri zemoqmedebiT nawilakebs Soris darRveuli kavSirebi kvlav aRdgeba brounis moZraobisas maTi efeqturi dajaxebebis dros. 

       tiqsotropiis movlenebi xSirad gvxvdeba bunebaSi. am unars amJRavnebs zogierTi grunti (mewyeri, mcuravi qani). igi damaxasiaTebelia protoplazmisaTvis cocxali organizmebis ujredebSi. tiqsotropiisadmi unars xSirad iyeneben teqnikaSi. magaliTad, navTobis WaburRilebis burRvisas xsnadi Tixis xsnarebs tumbaven WaburRilebSi da Carecxaven mas mTis qanis wvrili nawilakebis mosaci​leblad. am xsnarebis tiqsotro​piuli Tvisebis wyalobiT Tavidan icileben WaburRilSi  nawilakebis daleqvas da amis gamo saburRi instrumentis CaWedvas burRvis droebiT SeCerebisas. tiqsotropiuli sistemebis magaliTia Cveulebrivi zeTiani saRebarebi. meqani​kuri SenjRrevis Semdeg SesaZlebelia maTi datana vertika​lur zedapirze siTxis saxiT. tiqsotropiuli Tvisebis gamo xdeba struqturis swrafi aRdgena, ris gamoc saRebari zeda​pi​ridan ar CamoiRvenTeba.

       koagulaciuri struqturebis mqone sistemebs axasiaTebs cocvadoba, anu dinebisas sivrciTi struqturuli badis praqtikulad SeumCneveli darRvevis gareSe mniSvnelo​vani 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 dors am sistemebSi xdeba struqturis mniSvnelovnad 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 struqturiT xasiaTdeba. rogorc wesi, kondesaciur-kristalizaciuri struq​tu​rebis mqone masalebi da maTgan miRebuli nakeTobebi myar sxeulebs warmoadgens. (liTonebi, nadnobebi, keramika, minanqris safarebi, betoni da sxva), nedleuli da Sualeduri produqtebi ki umeteswilad koagulaciuri stuq​turebis mqone Txevadi an myarismagvari sistemebia. maTgan masalebisa da nakeTo​bebis damzadebis procesSi xdeba koagu​laciuri struqturebidan konden​sa​ciur-kristalizaci​urSi gada​​s​v​​la. koloidur struq​turaTa aseTi klasifikacia sxeulebis meqanikuri Tvisebebis maT aRnagobasTan dakavSirebis saSualebas iZleva.

       arsebobs sxeulebis klasifikacia reologiuri Tvisebebis mixedviT, romlis Tanaxmadac yvela realuri siste​ma SeiZleba davyoT siTxismagvar (0) da myarismagvar (0) sistemebad. Tavis mxriv siTxismagvari sistemebi iyofa niutonur da araniutonur siTxeebad. niutonuri ewodeba iseT siTxeebs, romelTa siblante gadaZvris Zabvaze ar aris damokidebuli da mudmiv sidides warmoadgens (niutonis kanoni). araniutonuri siTxeebi ar emorCileba nitonis kanons, maTi siblante damokidebulia gadaZvris 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 da ararsebobiT gansxvavdeba, aramed deformaciisadmi gansxva​vebuli qceviT. struqturirebuli siTxeebisaTvis damaxa​sia​Tebelia datvirTvis zrdiT niutonur dinebaSi gadasvla, rac maTi struqturis mTlian daSlas Seesabameba. myaris​magvari  sxeulebis datvirTvis gazrdiT ki xdeba maTi meqanikuri mTlianobis darRveva da Seuqcevadi daSla. 

       koagulaciuri struqturebis Semcveli sistemebi, rogorc wesi, mcire simtkiciT, plastikurobiTa da garkveuli elastiurobiT xasiaTdeba. aseTi sistemebisaTvis xSirad damaxa​siaTebelia sinerezisis movlena. sinerezisi gelisagan sadispersio garemos TavisTavadi gamoyofaa, romelic misi moculobis (zomis) SemcirebiT mimdinareobs. sinerezisis mizezi imaSi mdgomareobs, rom gelis  miRebisas struq​turis elementebs Soris kavSirebis SedarebiT mcire raodenoba warmoiqmneba. Semdeg, Tburi moZraobis gamo nawilakebis gadajgufebis Sedegad kontaqtebis ricxvi izrdeba, rac  gelis SekumSvasa da misgan sadispersio garemos gamodevnas iwvevs. zogjer SesaZlebelia krista​lizaciuri xidebis warmoiqmna, romlebic aerTeben nawilakebs. zRvrul pirobebSi nawilakTa aseTma Sezrdis procesma SeiZleba monoliTuri mTliani sxeulis warmoqmnamde migviyvanos. maga​liTad, geologiuri epoqe​bis ganmavlobaSi bunebaSi mimdinareobda Semdegi procesebi:
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       sinerezisze dadebiTad moqmedebs yvela is faqtori, romelic xels uwyobs koagulacias, saxeldobr - eleqtro​litis koncetraciis gazrda, temperatures aweva, sistemaSi desolvataciis gamomwvevi nivTierebis Setana. sinereziss xels uwyobs koagulaciuri struqturebis elementebis Zvradoba, moqniloba da a.S.

       koagulaciuri struqturebis mqone sisteme​bisaTvis damaxasiaTebelia is faqti, rom sadispersio garemos gamoS​robiT miRebul mSral gels kvlav SeuZlia ama Tu im xarisxiT siTxis STanTqma. mSrali geliT (qsero​geli) siTxis STanTqma ganpirobebulia rogorc martivi kapilaruli SewoviT, ise gelis struqturis elementebs Soris gampobi wnevis aRZvris gamo maTi struqturuli erTeulebis urTierTdaSorebiTa da gamoTavi​suflebuli adgilebis sadispersio garemoTi SevsebiT. aseT SemTx​vevaSi adgili aqvs qserogelis gajirjvebas. sruliad naTelia, rom gajirjveba sinerezisis Sebrunebuli procesia. Tumca, imis gamo, rom liofobur sistemebSi struqturebis warmoqmnis Semdeg nawilakTa Soris kontaq​tis adgilebi sakmaod mtkicea, isini umniSvnelod jirjvdeba. maRalmolekuluri nivTierebebSi ki es Tviseba, piriqiT, Zlieraa gamoxatuli.

    VI Tavis ZiriTadi daskvnebi 

1. koloiduri da mikroheteroge​nuli sistemebi Tavisufal da bmul dispersiul sistemebad iyofa.

   -  Tavisufaldispersiul sistemebSi fazis nawila​kebi advilad gadaadgildebian sadispersio areSi (zolebi, ganzavebuli suspenziebi da emulsiebi). 

     -  bmul dis​persiul sistemebSi ki nawilakTa Soris struqtu​ruli badis warmoqmnis gamo SeuZlebelia maTi Tavisufali gadaadgileba. 

           kolo​idur sistemebSi koncentraciis zrdis Sesabamisad xdeba moculobiTi struqturebis warmo​qmna da disper​siuli fazis mdgomareoba zole​bis gavliT gelebamde midis. es sistemebs garkveul meqanikur Tvisebebs aZlevs, rogoricaa siblante, plasti​kuroba, drekadoba, simtkice. am Tvisebebs struqtu​rul-meqanikuri an reolo​giuri Tvisebebi ewodeba;

2. idealurad blanti sxeulebis (siTxeebis) di​ne​ba niutonis kanons emorCileba, romlis Tanaxmad 

                                F=S
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3. zolis siblante dispersiuli fazis koncentraciis gazrdiT izrdeba. es kavSiri ganzavebuli zoli​saTvis ainSta​inis gantolebiT gamoisaxeba
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4. struqturirebuli siTxeebis dineba sakmaod   kargad aRiwereba bingamis gantolebiT 
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5. dispersiuli sistemebi struqturuli Tvisebebis mixedviT rebinderma or ZiriTad tipad dahyo: kondensa​ciur-kristalizaciuri da koagulaciuri (koagulaciur-tiqsotropiuli), iqidan gamomdinare rom koagulacia potencialuri mrudis I da II minimums Seesabameba;

6. Txevadi sadispersio garemos mqone  koagulaciuri struqturebis specifikur Tvisebad tiqsotropia iTvleba, anu garkveuli meqanikuri zemoqmedebis gamo struqturis rRvevis Semdeg misi kvlav aRdgenis unari. sxvagvarad, gelis zolSi izoTer​mulad Seqcevadi gardaqmnis unari. tiqsotro​piis arsi imaSi mdgomareobs, rom brounis moZraobisas meqanikuri zemoqmedebiT darRveuli nawilakebs Soris momqmedi kavSirebi kvlav aRdgeba maTi Semdgomi efeqturi dajaxebebisas;

7. koloidur struqturaTa aseTi klasifikacia sxeu​lebis meqanikuri Tvisebebis maT aRnagobasTan dakavSirebis saSualebas iZleva;

8. sinerezisi gelisagan sadispersio garemos TavisTavadi gamoyofaa, romelic misi moculobis (zomis) SemcirebiT mimdinareobs. mSrali geliT (qsero​geliT) siTxis STanTqma ganpirobe​bulia 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 SemTx​vevaSi adgili aqvs qserogelis gajirjvebas. sruliad naTelia, rom gajirjveba sinerezisis Sebrunebuloi procesia, Tumca imis gamo, rom liofobur sistemebSi struqturebis warmoqmnisas nawilakTa Soris warmoqmnili kontaq​tis adgilebi sakmaod mtkicea, isini umniSvnelod jirjvdeba, maRalmolekuluri nivTi​ere​bebSi ki es Tviseba piriqiT ,Zlieraa gamoxatuli.
7. dispersiuli sistemebis ZiriTadi saxesxvaobani
dispersiuli sistemebis klasifikaciidan gamomdi​nare, saqme gvaqvs maT mravalsaxeobasTan, romelTa ZiriTad fiziko-qimiur Tvisebebs mocemul TavSi SeviswavliT. 

7.1. qafebi

       qafi Tavisufaldispersiuli sistemaa, romel​ic Sedgeba airadi dispersiuli fazisa da Txevadi sadis​per​sio garemosagan. qafi warmoadgens SedarebiT uxeS, maRalkon​centrirebuli airis (Cveu​lebriv hae​ris) dispersias siTxeSi, sadac haeris buStulebis zoma ramdenime milimetris, zogjer santimetris rigisaa. aira​di fazis siWarbis wyalobiTa da buStebis urTierT​da​wolis gamo qafSi maT aqvT poli​edruli ujredis forma, romlis kedlebi warmo​adgens sadispersio garemos Zalian Txel apks. qafis apkebis zedapiri xSirad inter​fe​renciul Tvisebebs amJRavnebs, rac imis mauwye​belia, rom maTi sisqe sinaTlis talRis sigrZis Tanazomieria.

       qafi SeiZleba miviRoT rogorc dispergaciis, ise kondensaciis meTodiT. dispergaciis meTodiT qafi miiReba wvrili naxvretidan siTxeSi airis barbotirebiT, roca misi Wavli iSleba buStebis warmoqmniT. qafi warmoiqmneba airis meqanikuri SereviT siTxesTan, magaliTad, flotaciis dros, recxvisas da sxva. Kkondensaciis meTodiT qafi miiReba  siste​maSi axali, airadi fazis buStebis saxiT warmo​qmni​sas. buStebi an qimiuri reaqciis Sedegad gamoiyofa sareaq​cio aridan, an kidev, wnevis Semcirebisa da temperaturis gazrdisas siTxidan gaxsnili airis gamoyo​fiT. kondensaciuri meTodis magaliTia qafis warmoqmna qafiani cecxlmaqrobebis gamoyenebisas, gazian sasmelebSi, romle​bic gajerebulia naxSirbadis dioqsidiT da a.S.AADFO

       qafis miReba SeiZleba ubralod, 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 stabili​zato​rebi, romlebsac qafwarmomqmnelebi ewodeba. maT tipze damokidebulebiT qafi SeiZleba arsebobdes ramdenime wuTidan ramdenime saaTamde. qafwarmomqnelebi gansxvavdeba ara marto qafis mdgradobiT, aramed maTi koncentraciis gavleniT mdgradobaze.
       qafis mdgradobaze zedapirulad aqtiuri nivTi​​erebebis gavlenis SeswavliT dadginda, rom dabalmole​kuluri spirtebisa da cximovani mJavebis qafebis maqsi​malur mdgradobas Seesabameba maTi garkveuli koncentracia,   romelic am nivTierebaTa homolo​giur mwkrivSi naxSirbadis atomebis ricxvis zrdis Sesabamisad mcirdeba. amaTgan gansxvavebiT, qafwarmomqmnelebis meore jgufi - sapnebi, glikozidebi, saponini da cilebi xels uwyobs qafis warmoqmnas wyalxsnarebSi, romlis mdgradoba koncen​traciis gazrdiT ganuwy​vetliv izrdeba. 

       qafSi fazebis SefardebiTi Semcveloba xasi​aTdeba 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 SeiZ​leba gamovTvaloT formuliT:

                  dqaf= 
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       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 = 
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qafis jeradoba gansazRvravs mis struqturas. rodesac K=10–20, airis buStulebs sferos forma aqvs. rodesac K aRwevs ramdenime aTeuls an aseuls, buStulebi warmoqmnian mravalwaxnaga ujredebs, rom​le​bic erTmane​Tisagan gamoyo​filia siTxis Txeli apkiT. aseTi apkebis Tviseba gansazRvravs qafis Tvisebas. amasTan dakavSirebiT tardeba mravalricxovani gamo​kvlevebi mrgvali gamtaris karkas​ze gadaWimuli Tavi​sufali apkebisa, romlebsac ormxrivi apki ewodeba. maTi Tvisebebi damokidebulia adsor​bc​iuli Sreebis mdgomareobaze, romelTa Soris moTavsebulia apkTaSorisi siTxe. am apkebSi adsorbciuli Sreebis struqturul-meqanikuri Tvisebebis maxasiTebelia zedapi​ru​li siblante, rome​lic Cveulebrivi monoSris siblan​tis analogiuria. 

       ormxriv apkebSi adsorbciuli Sreebis struq​turul-meqanikuri maxasiaTeblebis Seswavlis zusti meTo​diT dadginda, rom qafis mdgradoba am Sreebis maRali zedapiruli siblantiTaa ganpirobebuli. 

       ujredovani struqturis mqone qafis Tavise​bureba aris siTxis simrudis mkveTri gansxvaveba apkis im adgilSi, sadac sami apki iyris Tavs. am adgils platos ubani ewodeba. rogorc viciT, siTxis hidro​sta​tikuri wneva miT naklebia, rac ufro metia misi zedapiris simrude. amitom siTxe gamoedineba apkidan platos ubanSi da apki ufro Txeli xdeba. simZimis Zalis gavleniT siTxe Camoe​di​neba qveviT. qafis mdgradoba platos mixedviT imiT aixsneba, rom siblantis efeqtis Sedegad apki nel-nela Txeldeba. es warmodgenebi ganviTarebuli iqna rebinderis mier qafwarmoqmnisaTvis sapnebis, cilisa da saponinis xsnarebSi, romlis Tanaxmad apkSi warmoqmnili struq​tura xels uSlis apkis daSlas.

       qafwarmomqmnelebi gansxvavdeba mastruqtu​ri​​r​​e​b​​e​​li moqmedebiT. dabali molekuluri wonis mqone nivTi​erebebis (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 maRal​molekuluri naerTe​bi warmo​qmnian qafs, romlidanac drois garkveul momen​tam​de siT​xis gamodineba mkveT​radaa Semcirebuli. aseT sistemebSi warmoqmnili qafis stuqturuli karkasi uz​run​vel​yofs qafis mdgradobas.

       deriaginis Termodinamikuri Teoriis Tanaxmad, apkis xangrZlivad arseboba aixsneba maRali energe​tikuli bari​eriT, romelic yofs apkis SedarebiT mdgrad, meta​stabilu- ri wonasworobis mdgomareobas apkis darRve​vis Semdeg sistemis absoluturad mdgradi mdgomareobi​sagan. barieris warmoqmnis erT-erTi mizezi gampobadi wnevaa.

       qafis stabilurobis sazomad iyeneben calkeuli buStis sicocxlis xangrZl​ivobas an cilindrSi siTxis fenaSi airis Cabervis gziT warmoqmnili qafis calkeuli nawilis daSlis dros. 
       Qqafwarmoqmnis procesi gamoiyeneba maRalforovani      Termosaizo​lacio masa​​lebis (qafbetoni, qafmina), plastikuri masebis (peno​plasti) warmoebaSi, sasargeblo wiaRi​seulis gam​did​rebisas (qafiani flota​cia) da a.S. 

       rig SemTxvevebSi qafwarmoqmna arsasurveli proc​esia. orTqlis manqanis qvabebSi warmoqmnil qafs SeuZlia daarRvios Tboenergetikuli danadgarebis muSaoba. qafi qreba siTxeSi iseTi nivTierebis SetaniT, romelic ufro meti zedapiruli aqtiurobis gamo qafwarmomqmnels gamoaZevebs adsorbciuli Sridan. qafi SeiZleba daiSalos ag​reT​ve meqanikuri gziT: haeris WavliT an akustikuri rxevebiT.

7.2. aerozolebi

    D dispersiul sistemas airadi sadispersio garemoTi aerozoli ewodeba. liozolisagan aerozolis gansxva​veba ganpirobebulia sadispersio garemos gauxSoebiT da, Sesabamisad, mcire siblantiT, rac xels uwyobs am sistemaSi brounis moZraobis intensiurobisa da sedimentaciis siCqaris zrdas. garda amisa, airad fazaSi eleqtrolituri disociaciis procesi ar xdeba da amis gamo nawilakebis garSemo ormagi eleqtruli Sre ar warmoiqmneba. 

       aerozolebis klasifikacias axdenen dispersiuli fazis agregatuli mdgomareobisa da miRebis meTodebis mixedviT. pirveli niSnis Sesabamisad arsebobs aerozolebis ori jgufi: kvamli da nisli. nisli - Txevadi dispersiuli fazis Semcveli aerozolia, kvamli - myari fazis. am klasifikaciis mixedviT kvamls miekuTvneba mtveri - ufro msxvi​​li myari nawilakebis Semcveli sistema. 

       kvamli, romelSic dispersiuli fazis nawilakebze atmosferodan tenis mniSvnelovani raodenobaa adsorbirebuli, warmoadgens erTdroulad kvamlsa da nisls. aseTi sistemebi xSirad warmoiqmneba didi samrewvelo qalaqebis Tavze. mas smogi ewodeba (inglisuridan smog –kvamli, fog - nisli). 

       dispersiulobis mixedviT myari dispersiuli fazis mqone aerozolebi iyofa: kvamlad, romelSic nawilakebis zoma 10-7-10-3 sm-ia, mtvrad, romelSic nawilakebis zoma > 10-3 sm.  nislSi nawilakebis (wveTebis) zoma 10-5
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10-3sm-ia.

       warmoSobis (an miRebis xerxebis) mixedviT aerozolebi aris dispergaciuli da kondensaciuri. disper​gaciuli aero​zoli miiReba myari nivTierebis dawvril​manebiT, an siTxis gafrqveviT, anu dispergaciiT. am gziT miRebuli sistema sakmaod msxvil nawilakebs Seicavs da, rogorc wesi, polidis​perisiulia. kondensaciis meTodiT aerozoli miiReba an gadajerebuli orTqlidan, an qimiuri reaqciis Sedegad.

       aerozolebSi nawilakis forma damokidebulia disper​siuli fazis agregatul mdgomareobaze. nislSi nawila​kebi umetesad sferosebria, mtverSi maT sxvadasx​vagvari forma aqvs (nebismieri, firfitisebri, varskvla​visebri). kvamlSi nawi​lakebi SeiZleba didi zomis rTul agregatebs warmo​adgendes. 

       Cveulebriv aerozolebSi nawilakis formisa da zomis gansazRvra mikroskopiT, ultramikro​skopiT an eleqtronuli mikroskopiT xdeba. aerozolebis opti​kuri Tvisebebi imave kanon​zomierebebs emorCileba rasac liozolebi. Tumca, disper​siuli fazisa da garemos simkvriveebis gansxvavebis gamo, maTi gardatexis maCve​neblebic gansxvavebulia da sxva opti​kuri Tvisebebic.                                                                                   aerozolebi farTod gamoi​yeneba kvamlis fardebis Sesaqmnelad. sinaTlis ganbnevisa da arekvlis yvela​ze didi unari P2O5 -is kvamls aqvs. misi SemniRbavi unari erTeuladaa miRebuli. aerozolebi SedarebiT didi gauxSoebis gamo xasia​Tdeba sadispersio garemos mcire Sinagani xaxuniT – sib​lantiT, rac maT molekulur-kinetikur TvisebebSi aisaxeba.

       rogorc ukve aRvniSneT, aerozolebSi nawilakis garSemo ormagi eleqtruli Sris warmoqmna SeuZlebelia. miuxedavad amisa, maT gansazRvrul pirobebSi gaaCniaT muxti, romlis warmoqmna dakavSirebulia nawilakebs Soris kontaqtis warmoqmnasa da maT Semdgom rRvevasTan an nawilakis zedapirze airidan ionebis adsorbciasTan, anu, nawi​lakis zedapiruli muxti SemTxveviTia; misi sidide da niSani ki damokidebulia aerozolis warmoqmnis meTodebze. erTnairi zomisa da Sedgenilobis nawilakebs SeiZleba gaaCndes sididiT (zogjer niSniTac) sxvadasxva muxti, romlis cvlileba droSi sru​liad SemTxveviT xasiaTs atarebs. amitom aerozolis nawi​lakebis eleqtruli mdgomareoba SeiZleba mxolod statis​tikuri 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 xSirad vxbdebiT praqtikaSi. aerozolebis nawilakebis moZraoba da daleqva Weqa-quxilis mizezs warmoadgens, is xels uSlis  marTvisa da dakvirvebis xelsawyoebis muSaobas.  

       Zalian mniSvnelovan amocanas warmoadgens aero​zolebis daSla. problema aqtualuria kvamlis, agreTve, sxvadasxva sa​war​moo procesisa da mSeneblobisas warmoqmnili mtvris wina​aRmdeg praqtikuli brZolis TvalsazrisiT. es RonisZiebebi xorcieldeba sxvadasxva meTodis gamoyenebiT. maTi mravalsaxeobis miuxedavad, yvela meTodSi SeiZleba ori ZiriTadi stadia gamovyoT: dispersiuli fazis nawilakebis daWera - gamoyofa sadispersio garemodan (umetes SemTxvevaSi haeridan) da am garemoSi maTi kvlav moxvedris Tavidan acileba. aerozolebis daleqvisaTvis umetesad gamoiyeneba inerciuli da eleqtrostatikuri Zalebi. Sesabamisad, meTo​debs  ewodeba inerciuli da eleqtrostatikuri. 
7.3. suspenziebi(6.6)
     suspenzia siTxeSi Sewonili myari dispersiuli fazaa. mas udidesi mniSvneloba aqvs bunebasa da teqnikaSi. tenis sakmao Semcvelobisas suspenziebs miekuTvneba niada​gi 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 zeTi​ani saRebrebisa da feradi laqebis saxiT gamoiyeneba. qimi​ur warmoebaSi mari​le​bis wvrilkristalur mdgomareobaSi  miRebisas suspenzi​ebTan gvaqvs saqme.

     suspenziebs mTeli rigi saerTo Tvisebebi aqvs fxvnilebTan. isini msgavsni arian dispersiulobis mixed​viT. fxvnilis Txevad sadispersio garemoSi CayriTa da SenjR​reviT suspenzia miiReba, xolo suspenziis gamoS​robiT kvlav fxvnili. . kocentrirebul suspen​ziebs pastebi, pulpebi, Slamebi, Slikerebi ewodeba.

     dispersiulobis mixedviT supenziebi iyofa: uxeSi (nawilakebis diametri 100 mkm-ze meti), wvrili ( 100 
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5 mkm-de), mRvrie (0,5 
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100 nm-de).

      suspenziebSi nawilakebis zoma zolebTan SedarebiT bevrad didia; isini sedimetaciurad aramdgradi sistemebia, Tu sadispersio garemos sim​kvri​ve Zalian axlo araa fazis simkvrivesTan, siblante ki ar aris Zalian didi. amave mizeziT suspenziebi ar amJRavnebs osmosur wnevas da brounis moZraobas, ar axasiaTebs difuziis unari.

     suspenziebi erTdroulad STanTqaven da ganabneven sinaTles. Tumca maTi nawilakebi koloidur nawilakebze zomiT metia; zolebisagan gansxvavebiT suspenzi​ebi aseT Tvisebebs ara marto gverdiTi ganaTebisas, aramed gamaval sinaTlezec 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 eleq​trokinetikuri poten​ciali (() SeiZleba gansazRvrul iqnas makro da mikro eleqtro- foreziT, misi mniSvne​loba igive rigisaa, rogorc koloiduri nawilakebis. eleqtroli​tebis zemo​qmedebisas suspenziebi koa​gulacias ganicdis. gan​sazRv​rul pirobebSi suspenziebSi warmo​iqmneba sivrciTi koagu​laciuri struqtu​rebi, romlis​Tvisac sinerezisis movle​naa damaxasiaTebe​li. rac Seexeba tiqsotropiis movlenas, Sesabamisi pirobebis Seqmnis SemTxvevaSi, igi suspenziebSi gacilebiT Zlieraa gamoxatuli, vidre liofobur zolebSi.

     suspenziebisaTvis damaxasiaTebelia zogierTi iseTi Tviseba, romelic sxva dispersiul sistemebs ar gaaC​nia. magaliTad, filtracia da kolmatacia.

     suspenziebis filtracia nawilakebis dispersiu​lobiTa da agrega​ciis xarisxiT, agreTve koagulaciuri struqturebis warmoqmniTa da gafiltrul naleqSi maTi TviTgamkvrivebis unariT ganisazRvreba. amitom filtracia rTuli fiziko-qimiuri procesia, romel​zec nawilakebis agregaciisa da koagulaciuri struq​turebis warmoqmnis ganmsazRvreli yvela faqtori moqmedebs.

     aranakleb rTulia kolmataciis procesi. es aris Tixis an nacris umciresi nawilakebis `Serecxva~ gruntis forebSi wyalgamtarianobis Semcirebis mizniT, rac yvelaze xSirad sxvadasxva hidroteqnikur mowyobilo​bebSi – dambebSi da kaSxalebSi xdeba.

7.4. emulsiebi

     emulsiaUUUULewodeba erTmaneTSi uxsnadi ori siTxisagan Semdgar dispersiul sistemas, romelSic erTi siTxe uwvrilesi wveTebis saxiTaa ganawilebuli meoreSi. emulsiebis dispersiuloba farTo zRvrebSi icvleba; maTi umravlesoba mikroheterogenul siste​mebs miekuTvneba (nawilakebis zoma >100 nm), ris gamoc maTi danaxva SesalebeliaOUYCveulebriv mikrosko​pSi.
emulsiis saxelwodebisas jer asaxeleben dispersiul fazas, xolo Semdeg – 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 Zale​biT. emulsiis misaRebad aucile​belia erTna​iri saxis molekulebs Soris moqmedi Za​lebi mniSvnelov​nad meti iyos sxvadasxva saxis mole​kulaTa Soris moqmed Zalebze, anu erTi siTxe polaruli unda iyos, meore ki – arapolaruli.

     rom gaarCion emulsiis warmomqmneli siTxe​ebidan romelia dispe​rsiuli faza da romeli are, polarul siTxes pirobiTad `wyali~ ewodeba,  xolo arapolaruls - `zeTi~. amis Sesabamisad arsebobs emul​siebis 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 naxSir​badis emulsia wyalSi pirveli tipi​saa (pirdapiri), xolo wylis emulsia benzolSi – meore tipis(Sebrunebuli). saxelwodeba `zeTi~ aq gulisxmobs Txevad cximebs, naxSirwyalbadebsa da sxva naklebad polarul siTxeebs.

     dispersiuli fazis koncentraciis mixedviT emulsi​ebi iyofa ganzavebul da koncentrirebul emulsiebad. gan​za​vebuls, Cveulebriv, iseT emulsias uwodeben, romel​Sic dispersiuli fazis moculobiTi koncentracia 0,1%-s ar aRemateba. aseTi emulsiebi maRaldisper​siulobiT gamo​ir​Ceva (nawilakebis zoma <100nm). koncen​trirebul emulsiaSi ki dispe​rsiuli fazis koncen​tracia 74%-s ar aRemateba. aseTi konce​ntracia Seesabameba erTnairi zomis sferuli wveTebis umWidroes wyobas, romlis drosac wveTebis defor​macia ar SeiniSneba. Tu dispersiuli fazis koncentracia 74%-s aRemateba, maSin emulsias maRal​koncentrirebuli ewo​deba. masSi wveTebis moZraoba ar xdeba; isini mniSvnelovnad arian deformi​rebulni, xolo sadispersio are Txeli Sua Sris – emulsiuri apkis saxes iRebs. aseTi struqturuli dayofa imiT aixsneba, rom ganzavebuli da koncentri​rebuli emulsi​ebis warmoqmnisa da mdgradobis piro​bebi erTmaneTisagan mkveTradaa gansxvavebuli.

     emulsiis tipis gansazRvrisaTvis yvelaze ufro xSirad konduqtometruli, Serevis, anu ganzavebisa da SeRebvis meTodebi gamoiyeneba.

     rogorc cnobilia, wylisa da wyalxsnarebis kuTri eleqtrogamtaroba gacilebiT metia masSi uxsnadi organuli siTxeebis kuTr eleqtrogamtarobaze. dispersiuli sistemis elgamtaroba rigiT axloa sadispersio garemos elgam​taro​basTan. amitom martivad SeiZleba davadginoT emulsiis tipi. Tu emulsiis elgamtaroba sakmaod didia, es niSnavs, rom igi pirveli tipisaa, dabali elgamta​robis SemTxvevaSi ki – II tipis. meTodi mosaxe​rxebelia tipis dasadgenad emulsiis mcire raodenobis SemTxvevaSi. meTodis saimedooba maSinaa daculi, roca sadispersio garemosa da fazis elgamtarobebi mkveTrad gansxvavdeba, xolo nakleb saimedoa koncentri​rebul emulsiebSi.
     fazebis Serevis meTodiT emulsiis tipis dasadgenad, sasagne minaze moaTavseben emulsiis patara wveTs, mis gverdiT daawveTeben wyals an arapolarul siTxes. minis daxrisas orive wveTs Seaxeben erTmaneTs, maTi SeerTeba imis maCvenebelia, rom aRebuli siTxe mocemuli emul​siisaTvis sadispersio garemos warmo​adgens.

     SeRebvis meTodi eyrdnoba ori tipis saRebris gamoyenebas. iReben emulsiis or sinj, erTis zedapirze afrqveven wvrilad dafxvnil wya​lSi uxsnad saRebars, meorisa​ze ki - wyalSi xsnads. nimuSebs frTxilad ureven. mikroskopSi akvi​rdebian Seferi​lobis ganawilebas mocu​lo​baSi. Tu Seferiloba wyalSi xsnadi saRebridan mTel moculobaSi vrcel​deba, emulsia pirvel tips- (z/wy) ekuTvnis. sistemis mTliani SeRebva zeTSi xsnadi saRebriT imaze miuTiTebs, rom emulsia meore tipisaa- (wy/z). am meTodis gamoyenebisas saguldagulod unda SeirCes gamxsnelebi. saqme imaSia, rom saRebarebi, rogorc emulsiis tipis universaluri indikatorebi ar arsebobs.

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

     emulgirebis efeqturoba damokidebulia nakadis siCqareze Serevisas. kritikul siCqareze dabali siCqa​re​ebisaTvis emulgireba ar mimdinareobs. emulsiis miRebi​sTvis yvelaze efeqturi aparati koloiduri wisqvilia.

     CamoTvlili meTodebiT miRebuli da zogierTi bunebrivi emulsia, magaliTad, rZe polidispersiu​lobiTa da dispersiuli fazis sakmaod msxvili wveTebiT gamoir​Ceva. maTi Senaxva da gamoyeneba xSirad rig siZneleebTan aris dakavSirebuli, radgan isini advilad ganSrevdebian. xelmeored wveTebis zomis Semcirebas, romelsac Tan axlavs maTi zomebis gaTa​nabreba, homo​genizacia ewodeba. warmoebaSi homogenizacias anxorcieleben emulsiis gatarebiT viwro naxvretSi maRali wnevis (35 megapaskali) qveS. homoge​nizirebuli rZe ganSrevebis gareSe SeiZleba Tve​ebis ganmavlobaSi Seinaxos. mdgrad emul​siebs iReben ultra​bgerebis gamoyenebiTac, romelsac Tan axlavs erTdroulad mimdinare procesebi - dispergireba da koa​gu​lacia.

     ori siTxis Serevisas mdgradi emulsia ar miiReba,  warmoqmnili wveTebi Sejaxebis dros erTmaneTs ewebeba (koales​cencia) da emulsia swrafad ganSrevdeba. 

     mdgradi emulsiis misaRebad saWiroa stabiliza​toris gamoyeneba, romelsac am SemTxvevaSi emulgatori ewodeba. Kombinacia: dispersiuli faza, sadispersio garemo da emulgatori gansazRvravs emulsiis tips da maT umniSvnelovanes Tvisebebs.

     emulgatorad gamodgeba nivTiereba, romelic kargad ixsneba emulsiis erT-erT fazaSi da myari nivTierebebi. emulgatorebis pirveli jgufi vrcelia da praqtikaSi ufro xSirad gamoiyeneba. is moicavs bunebrivi da sinTezuri naerTebis Zalian did ricxvs, romelTa Soris gansa​ku​Trebuli adgili uWiravs koloidur, zedapirulad aqtiur nivTierebebs. isini orive tipis emulsiis stabilizacias iwveven. maTi moqmedeba damokidebulia molekulis polaruli (hidro​filuri) jgufisa da hidro​foburi (arapola​ruli) radikalis Sexamebaze. hidro​filuri polaruli jgufisa da hidrofoburi radikalis moqmedebaTa Tanafa​rdobis maxasi​aTebelia grifinis mier SemoRebuli hidrofilur-lipo​filuri balansis (hlb) mniSvne​lobaTa empiriuli skala. am skalis mixedviT naerTebi, romlebic naxSirwyalbadis did radikals Seicavs, hlb dabali mniSvnelobiT xasiaTdeba. emulgatorebs Sualeduri adgili uWiravs im naerTebs Soris, romelTagan erTis Tvisebebze Warbobs polaruli jgufis, xolo meorisaze – radikalis gavlena. amas ganapi​robebs zedapirulad aqtiuri nivTierebebis mole​kulis iseTi agebuleba, rom erTi fazis moculobaSi misi `mizidva~ kompensirdeba meore fazis moqmedebiT sawina​aRmdego mimar​TulebiT. amis gamo energetikulad xelsay​reli aRmoCndeba molekulis mdebareoba fazaTa Soris. unda aRiniSnos, rom mdgradi emulsiis miRebisaTvis saWiroa vicodeT ara marto emulgatoris, aramed dispergirebadi nivTierebis hlb mni​Svneloba.

     emulgatorebis moqmedeba SerCeviTia, mis asaxsnelad mravali Teoria iqna mowo​debuli, magram damakmayofileb​lad arc erTi maTgani ar iTvleba. amitom praqtikaSi xelmZRvaneloben empiriuli kanonzomierebiT , romlis Tanax​mad dadge​nilia, rom tute liTonebis sapnebi zeTi/wyalSi tipis emulsiebis stabilizacias iwvevs, magniumis, stronciumis, rkinis, aluminis da sxva mravalva​lentiani liTonebis sapnebi ki - wyali/zeTSi tipisas.

     bunebrivi emulgatorebidan kargadaa Seswav​lili sapnebi da cilebi (kazeini, Jelatini da a.S.). isini liofiluri emulgato​rebia da zeTi/wyalSi tipis emul​siebis stabilizaciisaTvis gamoiyeneba. cilebis mastabilizi​rebeli unari imiT aixsneba, rom maT adsorbcias fazaTa gamyof zedapirze axlavs sakmaod mtkice damcavi Sreebis warmoqmna. meore tipis emulsiebis stabilizatorad gamoi​yeneba zeTis fazaSi gaxsnili maRalmolekuluri naerTebi.
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nax. 7.1. myari emulgatoris nawilakebis ganawileba emulsiis wveTebis gamyof zedapirze:

I – hidrofiluri emulgatori (kaolini);

II – hidrofoburi emulgatori (muri).
     orive tipis emulsiis miReba SeiZleba myari emulgatorebis (wvrilad dafxvnili metali, marilebi, bentonituri Tixebi) Tanaobisas. am dros miRebuli emulsiis tipi damoki​de​bulia myari emulgatoris zedapi​rul Tvisebebze. gadamwy​ve​ti 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, e.i. pirveli tipis (zeTi/wyalSi) emulsia gadadis meore tipSi (wyali/zeTSi). am movlenas emulsiis fazebis Sebruneba anu inversia ewodeba (nax. 7.2). 
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nax. 7.2. emulsiis fazaTa Sebruneba – inversia.
     emulsiis fazebis Sebruneba (inversia) SeiZleba sxvada​sxva gziT moxdes. maTgan mniSvnelovania: sawinaaRm​degod moqmedi emulgatoris (emulgator-antagonistis) dama​teba. emulsiaSi iseTi nivTierebis Setana, rome​lic urTierT​qmedebs emulgatorTan, disper​siuli fazis koncentraciis gazrda, eleqtrolitis dama​teba.
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nax. 7.3. emulsiis fardobiTi siblantis damokidebuleba fazaTa fardobiT moculobaze
     fazebis Sebrunebis mizniT emulsiaSi danama​tebis Setana kargadaa Seswavlili mcenareuli zeTebis emul​siebis magaliTze, romlebic stabili​zirebulia natri​umiani sap​nebiT. inversias iwvevs kalciumis qloridis an sxva tute​miwaTa liTonebis marilebis damateba. es imiT aixsneba, rom mimocvlis re​aq​ciis Sedegad wa​r​moiqmneba kalci​umis, bari​u​mis, stro​nciumis da sxva liTonebis sap​nebi, romlebic iw​veven wyali/zeTi ti​pis emulsiis stabilizacias. 

     dispersiuli 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 dadginda, rom maRalvalentiani kaTionebis rigSi inversirebis, anu fazaTa Sebrunebis unari zeTi/wyalSi tipis emulsiaSi mcirdeba Semdegi Tanmimdev​robiT:

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

     savaraudoa, rom emulsiaSi zeTis wveTebs zedapiruli muxti gaaCnia, isini garSemortymulia sawina​aRmdego niSnis ionebiT. eleqtrolitis damatebisas ormagi eleq​truli Sris SekumSvis gamo wveTebs Soris eleqtro​statikuri ganzidvis Zalebi mcirdeba, isini erTmaneTs ewebe​bian wylis Sua Sris TanaobiT, ris Semdegac wyali dispersiul fazad gardaiqmneba. emulsiis fazebis Sebruneba SeiZleba gamow​veuli iqnas tempera​turis SecvliT,an kidev, emulsiaze xangrZlivi meqanikuri zemoqmedebiT.

     fazebis Sebru​nebis temperaturaze emulgatoris hidro​filuri da hidrofoburi nawilebi erTnairad moqmedebs. meqanikuri zemoqmedebiT emulsiis Sebrunebis kla​si​kuri magaliTia naRebis SedRvebiT karaqis miReba. am dros zeTi/wyalSi tipis emulsia gardaiqmneba wyali/zeTSi tipis emulsiad mcire raodenobiT dispersuli fazis Tanaobisas.

     bunebriv emulsiebs miekuTvneba mTeli rigi mcena​reuli da cxoveluri produqtei. rZe warmoadgens pirve​li tipis (z/wy) emulsias. igi rZis mrewvelobis Ziri​Tadi nedleulia, romlisganac miiReba rZis mravali produqti: naRebi, mawoni, kefiri, yveli da a.S. bunebrivi emul​siaa kvercxis guli.

     kvebis mrewvelobaSi emulsiebs miekuTvneba: margarini, maionezi, sxvadasxva sousebi. farmacevtul mrewvelobaSi mravali wamali gamoiyeneba emulsiis saxiT. amasTanave, rogorc wesi, wamlebi Sinagani miRebisaTvis warmoadgens pirveli tipis, xolo garegani gamoyenebi​sa​Tvis – meore tipis emulsiebs.

     zeTi/wyalSi tipis emulsiebTan TvisebebiT axloa bunebrivi da sinTezuri lateqsi, romelic farTod gamoiyeneba saxalxo meurneobaSi elastikuri apkebisa da forovani masalebis, mfrinavi burTebis misaRebad, tyavis Semcvleli qsovilebisaTvis wyalgaumtarobis misaniWeb​lad, sabu​ra​ve​bis warmoebaSi kordis (qsovili) gasa​JRenTad da a.S.

     qimiur mrewvelobaSi emulsiebTan saqme gvaqvs eqstraqciur apara​tebSi, Serevis procesebSi. sinTezuri lateqsebis misaRebad gamoiyeneba emulsiuri polimeri​zacia – dispersuli fazis wveTebSi mimdinare polimeri​zacia. emulsiebs iyeneben forovani organuli sorben​tebis, membranebis, apkebis, danafarebis misaRebad.

     warmoebaSi xSirad SeiZleba warmoiSvas emulsiis ara miRebis, aramed daSlis saWiroeba. pirdapiri emulsiebi, romlebic stabilizi​rebulia ionogenuri emulgato​rebiT, SeiZleba daiSa​los mravalvalentiani ionebis damatebiT. emulsiis daSla SeiZleba agreTve sxva emulgatoriT, romelic emulsiis tipis Sebrunebas iwvevs, an  zedapi​rulad ufro aqti​uri emulga​toriT, temperaturis gazr​diT, eleqt​ruli meTodebiT, centrifugirebiT, forovan masalebSi filt​ra​ciiTa da sxva.

VII Tavis ZiriTadi daskvnebi

1. qafi Tavisufaldispersiuli sistemaa, romel​ic Sedgeba airadi dispersiuli fazisa da Txevadi sadis​per​sio gare​mosagan. qafi warmoadgens SedarebiT uxeS, maRalkon​centrirebuli airis (Cveu​lebriv hae​ris) dispersias siTxeSi, sadac haeris buStulebis zoma ramdenime milimetris, zogjer santi​metris rigisaa.

2. qafi SeiZleba miviRoT rogorc dispergaciis, ise kondensaciis meTodiT;
3. statikur pirobebSi qafis misaRebad saWiroa spe​cialuri stabilizato​rebi, romlebsac qafwar​mom​qmnelebi ewodeba. maT tipze damoki​debulebiT qafi SeiZleba arsebobdes ramdenime wuTidan ramdenime saaTamde. qafwarmomqnelebis gansxvaveba mJRavndeba ara marto qafis mdgradobaSi, aramed masze qafwarmom​qmnelis koncentraciis gavlenaSi;
4. qafSi fazebis SefardebiTi Semcveloba xasi​aTdeba misi jeradobiT (K). jera​doba 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 dis​persiuli fazis agregatuli mdgoma​re​obisa da miRebis meTodebis mixedviT. pirveli niSnis Sesabamisad arsebobs aerozolebis ori jgufi: kvamli da nisli. nisli - Txevadi dispersiuli fazis Semcveli aerozoli. kvamli - myari fazis Semcvelia. kvamli, romelSic disper​siuli fazis nawi​lakebze atmosferodan tenis mniSvnelovani raodenobaa adsor​birebuli, erTdroulad kvamlsac da nislsac warmoadgens – smogi ewodeba;
8. warmoSobis an miRebis xerxebis mixedviT aero​zolebs moixsenieben rogorcs disperga​ciulsa da kondensaciurs. dispe​r​gaciuli aero​zolebi  myari nivTi​erebis dawvril​manebiT an siTxis gafrqveviT, anu dispergaciiT miiReba. am gziT miRebuli sistemebi sakmaod msxvil nawilakebs Seicavs da, rogorc wesi, polidis​persiulia. konden​saciis meTodiT aerozolebi miiReba an gadaje​rebuli orTqli​dan an qimiuri reaqciis Sedegad. 
9. dadgenilia, rom liTonebisa da maTi oqsidebis aerozolebSi nawilakebi dade​bi​Tadaa damuxtuli, xolo araliTonebis nawilakebi – uaryofiTad.
10. suspenzia siTxeSi Sewonili myari dispersuli fazaa.
11. suspenziebs mTeli rigi saerTo Tvisebebi aqvs fxvni​lebTan. isini msgavsni arian dispers​iulobis mixed​viT. fxvnilis Txevad sadispersio garemoSi CayriTa da SenjR​reviT suspenzia miiReba, xolo suspenziis gamoS​robiT kvlav fxvnili miiReba;

12. suspenziebi erTdroulad STanTqaven da ganabneven sinaTles. Tumca maTi nawilakebi koloidur nawi​lakebze zomiT metia, zole​bisagan gansxvavebiT sus​penzi​ebi aseT Tvisebebs ara marto gverdiTi ganaTebisas, aramed gamaval sinaTlezec amJRavneben.

13. agregatuli mdgradobis mixedviT suspenziebs bevri saerTo aqvs zolebTan. suspenziis nawi​lakebs, iseve rogorc liofoburi koloi​duri sistemebis nawi​lakebs, zedapirze ormagi eleq​truli Sre an sol​vaturi garsi akravs.

14. suspenziebisaTvis damaxasiaTebelia zo​gi​erTi iseTi Tviseba, romelic sxva koloidur siste​mebs ar gaaC​nia. magaliTad, filtracia da kolmatacia;

15. emulsia ewodeba erTmaneTSi uxsnadi ori siTxisagan Semdgar dispersiul sistemas, romel​Sic erTi siTxe uwvri​lesi wveTebis saxiTaa ganawilebuli meoreSi;
16. emulsiis saxelwodebis miRebisas jer asaxe​leben dispersiul fazas, xolo Semdeg – sadispersio garemos;

17. emulsiis misaRebad aucile​belia erT​na​iri saxis molekulebs Soris moqmedi Za​lebi mniSv​nelov​nad meti iyos sxva​dasxva saxis mole​kulaTa Soris moqmed Zalebze, anu erTi siTxe polaruli unda iyos, meore ki – arapo​laruli. polarul siTxes pirobiTad ewodeba `wyali~, xolo arapolaruls - `zeTi~. amis Sesabamisad arsebobs emul​siebis ori tipi: `zeTi-wyalSi~ (z/wy) da `wyali-zeTSi~ (wy/z), romelagan pirveli tipis emulsiebs pirdapiri, meores ki – Sebrunebuli emulsiebi ewodeba;

18. dispersiuli fazis koncentraciis mixedviT emulsi​ebi iyofa ganzavebul da koncentri​rebul emulsiebad;

19. emulsiis tipis gansazRvrisaTvis yve​laze ufro xSirad konduqtometruli, Serevis anu ganza​vebisa da SeRebvis meTodebi gamoiyeneba;

20. emulsiis miReba SeiZleba rogorc disper​gaciis, ise kondesaciis meTodiT, magram praq​tikaSi, rogorc wesi, maT dispergaciis meTodiT iReben. emul​girebis efeqturoba damokidebu​lia Serevi​sas nakadis siCqareze. kritikul siCqareze dabali siCqa​reebisaTvis emulgireba ar mimdi​nareobs. emulsiis miRebisTvis yvelaze efeqturi aparati koloiduri wisqvilia;

21. mdgradi emulsiis misaRebad saWiroa stabili​za​toris gamoyeneba, romelsac am SemTxvevaSi emulgatori ewodeba. kombinacia:  dispersuli faza, sadis​persio garemo da emulgatori gan​sazRvravs emulsiis tips da maT umniSv​nelovanes Tvisebebs;

22. emulgatorebis moqmedeba SerCeviTia; mis asaxsnelad mravali Teoria iqna mowo​debuli, magram dama​kmayofileb​lad arc erTi maTgani ar iTvleba. amitom praqtikaSi empiriuli kanon​zo​mierebiT xelmZRva​neloben, romlis Tanax​mad dadge​nilia, rom tute liTonebis sapnebi `zeTi/wyali” tipis emulsiebis sta​bilizacias iwveven, xolo magniumis, stronciumis, rkinis, aluminis da aseve poliva​lenturi liTonebis sapnebi ki -`wyali/zeTi” tipisas;

23. emulsiaze zogierTi nivTierebis dama​tebisas adgili aqvs emulsiis tipis cvlilebas- inversias(pirveli tipis emulsia gadadis meore tipSi).     

8. maRalmolekuluri nivTierebebi
(molekuluri koloidebi)
       maRalmolekulur nivTierebebs (mmn), maRalpolimerul nivTi​erebebs da maT xsnarebs gansakuTrebuli adgili uWiravs koloidur-qimiur klasifikaciaSi. mmn-s xsnarebi arsebiTad WeSmarit, molekulur xsnarebs warmoadgens, Tumca koloiduri mdgoma​reobis mravali niSniT xasiaT​debian. TavisTavadi gaxsnisas maRalmolekuluri nivTie​rebebi calkeul molekule​bamde dis​pergirdeba da warmoqmnis homogenur, mdgrad da Seqcevad sis​temebs. magaliTad, cilis xsnari wyalSi da kauCukis xsnari benzolSi principulad ar gansxvavdeba Cveulebrivi molekuluri xsnarisagan. magram am makromolekulebis zomebi giganturia Cveu​lebriv molekulebTan SedarebiT da koloi​duri nawilakebis Tanazomadia. aqedan gamomdinare, mmn xsnarebi xasiaTdeba, 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 xsnarebSi Serwymulia molekuluri xsnarebisa da koloiduri sistemebis Tvisebebi, maT moleku​luri koloidebi ewodeba. 

       molekuluri koloidebi warmoiqmneba maRalmo​le​ku​luri nivTierebebis TavisTavadi gaxsniT im gamxsnelSi, romelTanac es molekulebi kargad urTierTqmedeben. 

       maRalmolekulur nivTierebebs miekuTvneba nivTie​rebebi, romlebic Sedgeba didi (makro) molekulebisagan, romelTa molekuluri wona aranakleb 10000 – 15000 naxSirbadis erTeulia (bunebrivi mmn molekulis masa zogjer aRwevs 1000000). Sesabamisad, makromolekulis zoma bevrjer aRemateba Cveulebrivi molekulis zomas.

       maRalmolekuluri nivTierebebi poli​me​ri​zaciisa da polikondesaciis procesSi warmoiqmneba. amaTgan pirveli procesis Sedegad tipiuri maRalpolimeruli naerTebi warmo​iqmneba, meoreSi ki SesaZlebelia warmoiqmnas maRal​molekuluri nivTierebebi, romelTa molekulebi Sedgeba atomTa ara erTnairi jgufebisagan da sakuTriv polimerebad ar iTvleba. magaliTad, cilebi. amitom cneba mmn ufro zogadia da, rogorc kerZo SemTxvevas, maRalpolimerul sistemebsac moicavs. 

       arsebobs bunebrivi da sinTezuri maRalmole​kuluri nivTierebebi. bunebrivs miekuTvneba biologiisa da teqniki​saTvis aucilebeli organuli naerTebi: cilebi, polisaxa​ridebi (saxamebeli, celuloza), bunebrivi kauCuki (lateqsi). sinTezur mmn-s miekuTvneba sinTezuri kauCuki da sxvadasxva sinTezuri polimerebi. 

       polimerizaciis an polikondensaciis dros, teqno​lo​giuri procesis araerTgvarovani pirobebis gamo, sxvadasxva zomis makromolekulebi miiReba, anu adgili aqvs polidis​persiulobas, romelic mniSvnelovnad gansazRvravs mmn xsna​dobas, gajirjvebis unars, maTi xsnarebisa da TviT am nivTierebaTa meqanikur Tvisebebs. amitom mmn-s poli​dis​persiulobis xarisxis gansazRvras da mis regulirebas didi mniSvneloba aqvs teqnikaSi maTi gamoyenebis Tvalsaz​risiT.

       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 koloidur qimiaSi gamoyenebul nawilakob​rivi masis gansazRvris molekulur-kinetikur da optikur meTodebTan difuziis siCqaris, siblantisa da gabneuli sinaTlis intensivobis gansazRv​ris safuZvelze.

       rogorc aRvniSneT, maRalmolekuluri nivTie​rebebi warmoadgens sxvadasxva zomis makromolekulebis narevs, romelTa agebuleba proncipulad erTnairia, magram Seicavs erTi da igive monomerebs sxvadasxva rodenobiT, anu gansxvavdebian molekuluri woniT. amdenad, ufro marTe​bulia, maT dasaxasiaTeblad Semo​viRoT saSualo molekuluri wonis cneba, romlis sidide damo​kidebuli iqneba molekuluri masis gansazRvris dros gamo​yenebul eqsperimentul meTodze. 

       struqturul-meqanikuri Tvisebebi dispersiuli sistemis Siga struqturis funqcias warmoadgens, amitom mmn struqturasa da praqtikuli gamoyenebis mizniT mis Tvisebebs Soris damokidebulebis dadgenas didi mniSvne​loba aqvs.

       arsebobs polimerebis struqturis ramdenime tipi: xazovani (bunebrivi kauCuki), ganStoebuli (saxamebeli), sivrciTi (fenolformaldehiduri fisebi). calke tips miekuTvneba Sekruli struqturebi (eboniti). xazovani struqtura gansazRvravs polimeris iseT maxasiaTebel Tvisebebs, rogoricaa: kauCu​kismagvari elastikuroba, mtkice apkebisa da Zafebis warmoqmnisa da gajirjvebis unari, gaxsnisas blanti xsnarebis warmoqmna. xazovani polimerebis struq​turis ZiriTadi Taviseburebebi, romlebic gansazRvravs maT Tvisebebs, aris: ori sxvadasxva saxis kavSiris arseboba jaWvSi da polimeris moqniloba. polimeris molekulaSi qimiuri kavSirebi aerTebs atomebs jaWvSi, xolo molekulaTaSorisi kavSirebi erTmaneTTan makromole​kulur jaWvebs akavSirebs. aseTi orgvari kavSiri gansazRvravs mmn Tvisebebis specifikas. xazovani polimerebis gansa​kuTrebuli 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 moqni​lobas iwvevs. C – C  kavSiris garSemo brunvisaTvis saWiroa garkveuli aqtiva​ciis energia, anu aucilebelia gadailaxos energetikuli barieri, romelic damokidebilia im atomebis bunebaze, romlisganac jaWvi Sedgeba. es SesaZlebelia sakmaod maRali temperaturis pirobebSi. mezobeli atomebis brunva jamdeba erTi mimarTulebiT maTi erTdrouli brunvisas da, Tu jaWvi sakmaod grZelia, masSi moiZebneba iseTi atomebi, romelzec jamuri brunva 3600–is, anu 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 mole​kulebis energeti​kulad aratolfas formebs, romlebic warmo​iqmneba rgolebis ubralo brunviT qimiuri kavSirebis gawyvetis gareSe. konformaciis dros makromo​lekulebi SeiZleba Seikras globulebis an morgvebis saxiT an gaiSalos da daewyos orientirebul struqturebSi – dastebad (Sekvrebad). 

       makromolekulis moqniloba mis qimiur bunebaze, struqturul ganStoebaze, gamxsnelis bunebaze da polaruli jgufebis ricxvzea damokidebuli. ganxiluli Taviseburebebi saSualebas iZleva davadginoT kavSiri Sedgenilobasa da Tvisebas Soris. polimeris maRali moqnilobis gamo SesaZlebel-                                                                                                 ia advilad gavweloT jaWvi mciredi garegani zemoqmedebiT, romlis moxsnis Semdeg sistema brundeba sawyis – dabal energetikul doneze. maSasadame, maRali elastikurobis (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 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 Teo​ria, romlis Tanaxmad xsnarSi makromolekulebi micelebis saxiT imyofeba. dReisaTvis micelarulma Teo​riam azri dakarga.

2) molekuluri Teoriis Tanaxmad, mmn-s sakmaod ganzave​bu​li xsnarebi erTmaneTisagan damoukidebel calkeul moleku​lebs Seicavs.

       gamokvlevema cxahdyo, rom Sesaferis gamxsnelebSi mmn TavisTavad iSleba calkeul molekulebad. tipiuri zolebisa da maRalmolekulur nivTierebaTa xsnarebis msgavseba emyareba im safuZvels, rom orive SemTxvevaSi xsnari Seicavs SedarebiT didi zomis nawilakebs, pirvel SemTxvevaSi micelebs, meoreSi ki makromolekulebs, romlebic SeiZleba xsnarSi solva​tirebul mdgomareobaSi iyos. 

molekuluri Teoriis marTebu​loba mravali cdiTa da faqtiT dasturdeba: 

1) sinaTlis ganbnevis meTodiT molekuluri wonis gansazRvris safuZvelze, polimerebis ganzavebul xsnareb​Si erTmniSv​nelovnad dadasturda is faqti, rom xsnarebSi micelebi ar arsebobs;

2) maRal da dabalmolekuluri nivTierebebis gaxsna Tavis​Tavad, xSirad siTbos gamoyofiT mimdinareobs;

3) mmn-s xsnarebi Termodinamikurad mdgradi sistmebia da Sesaferis pirobebSi SeiZleba wlebis ganmavlobaSi arse​bobdes maSin, rodesac koloiduri sistema SeiZleba daberdes, anu is Termodinamikurad aramdgradia. es imiT aixsneba, rom polimeris gaxsnisas yovelTvis miiReba homogenuri sistema, romlis drosac xdeba Tavisufali energiis Semcireba polimerisa da gamxs​nelis molekulebis urTierTqmedebis Sedegad siTbos gamoyofis, an kidev, gaxsnis procesSi entropiis zrdis gamo. 

  dispersiuli fazis xvedriTi zedapiris gazrdis gamo heterogenuli, koloiduri sistemis miReba ki Tavisufali energiis zrdiT mimdinareobs. garda amisa, maRalmolekuluri nivTierebis xsnaris misaRebad saWiro araa stabilizatoris gamoyeneba, agregatulad mdgradi liofoburi zolis miReba ki stabi​li​zatoris gareSe SeuZlebelia. da bolos, mmn-s xsnari imyofeba Termodinamikur wonasworobaSi da warmoadgens Seqcevad sistemas, romlisTvisac marTebulia jibsis fazaTa wesi, romelic koloiduri siste​misaTvis miuRebelia. 

yvela​feri zemoT Tqmuli marTebulia ganzavebuli xsnarebi​saTvis, romlebSic molekulebs Soris urTierT​qmedebas ara aqvs adgili. koncentrirebul xsnarebSi ki, sadac mole​ku​laTa dajaxebis albaToba bevrad ufro didia, makromo​lekulebis 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 arsebobs, isini erT adgilze warmoiqmneba, Semdeg daiSleba da sxva adgilze kvlav warmoiqmneba. amis gamo ganzavebul mmn-s xsnarebSi asociatebs mudmivi Sedgeni​loba ar gaaCnia. 

       gamxsnelis bunebaze damokidebulebiT asociatSi makro​molekulebs Soris kavSirebi SeiZleba warmoiqmnas iseve, rogorc dabalmolekuluri nivTierebebis xsnarebSi: wyalba​duri bmis, molekulaTSorisi urTierTqmedebis da eleqtro​sta​tikuri 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 axladwarmoqmnili fazis wveTebis saxiT gamoyofaSi – koa​servaciaSi gamovlindeba. makromolekulebis didi sigrZisa da moqnilobis, agreTve maTi sxvadasxava asociatSi Sesvlis SesaZ​leblobis gamo, asociaciis process SeiZleba mohyves sistemaSi sivrciTi struqturuli badis warmoqmna, ris Sedegad adgili eqneba xsnaris galabebas. 

       XX saukunis dasayisSi freindlixis mier damtkice​buli iqna struqturuli badis arseboba, romelic iwvevs maT elas​tikurobas SedarebiT ganzavebul xsna​rebSic. 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 urTierT​qmedebasTan 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 - TS                              (8.1)
rodesac sistemis moculoba ucvlelia, rac gaxsnis proce​sisaTvis sakmao miaxloebiT SeiZleba CaiTvalos, maSin 

                     F = U - TS                               (8.2)

e.i. mmn TavisTavadi gaxsnisas G< 0 da F< 0. es SesaZlebelia or SemTxvevaSi: 

1) rodesac H< 0  (U< 0). es piroba sruldeba maSin, Tu gaxsnisas adgili aqvs siTbos gamoyofas. egzoTermuli procesisaTvis Qp = -H da Qv = -U, sadac Qp da Qv  gaxsnis integraluri siTboebia Sesabamisad wnevisa da moculobis mu​d​mivobis dros. aseT SemTxvevebs adgili aqvs polaruli mmn-s gaxsnisas polarul gamxsnelSi, rodesac makromolekulis solva​taciis siTbo metia sakuTriv gaxsnis siTboze. gaxsnis siTburi efeqti ki, rogorc viciT, 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 mniSvneloba hqondes. aqedan gamomdinare, zogierTi polimeri Seileba gaixsnas siTbos STanTqmiT. e.i. H>0  (U>0).es imiTaa ganpirobebuli, rom │TS│>│H│ (│TS│>│U│). Sesabamisad, G< 0  da  F< 0.

       statistikuri fizikis Tanaxmad, mmn gaxsnisas entropiis zrda imiT aixsneba, rom xsnarSi makromo​lekulebi SesaZlebelia sxvadasxva saxiT iyos ganlagebuli da TiToeulma maTganma konformaciis mravali ricxvi ganaxorcielos. xsnaris ganza​vebisas makromolekulebis erTmaneTisagan daSorebis gamo es SesaZlebloba izrdeba da zRvrul ganzavebaze maT SeuZliaT nebismieri konformacia miiRon. sxvagvarad rom vTqvaT, nakleb blant xsnarSi makromolekulis 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. tempera​turis gazrdiT entropiuli faqtoris mniSvneloba izr​deba da yoveli polimerisa da gamxsnelisTvis unda arsebobdes gaxsnis kritikuli temperatura Tkr, romlis zeviTac Sereva nebismieri SefardebiT moxdeba. Teoriulad es temperatura SesaZlebelia arsebobdes polimerisa da gamxsnelis nebismieri kombinaciisaTvis, praqtikulad ki, gamxsnelis duRi​lisa da polimeris destruqciis dabali temperaturis gamo, xSir SemxvevaSi es SeuZlebelia. Serevis kritikuli temperatura advilad SeiZleba ganisazRvros pirobidan:

                 H – TkrS = 0              

an         

                   H = TkrS                       

saidanac                 

                   Tkr = 
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                                         (8.3)
sadac H da S gaxsnis dros enTalpiisa da entropiis cvlilebaa.

       ukanaskneli wlebis gamokvlevebma daadastura, rom zogjer polimeris gaxsnisas entropiuli faqtori Serevis entropiis anomaluri mniSvnelobis gamo ZiriTad rols TamaSobs.

8.3. maRalmolekulur nivTierebaTa gajirjveba

       maRalmolekuluri nivTierebis urTierTqmedebiT gamxs​nel​Tan xdeba polimeris moculobisa da masis zrda droSi. am process gajirjveba ewodeba. Mmis sazomad gamoiyeneba gajirj​vebis xarisxi , romelsac sazRvraven gravimetruli meTodiT - wonian nimuSs gajirjvebamde, mis Semdeg da gamoTvlian formuliT :  

                    m–m
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             (8.4)

sadac m
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 polimeris sawyisi masaa, m ki – gajirjvebis Semdeg. gajirjvebis xarisxs moculobiTi meTodiTac sazRvraven; gazomaven ra nimuSis moculobas gajirj​vebamde da mis Semdeg, gajirjvebis xarisxs gamoTvlian formuliT:

                  vV – V
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)/V
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       gajirjveba aris gansazRvruli da ganusazRvreli. pirvel SemTxvevaSi aRwevs mudmiv, zRvrul mniSvnelobas. magaliTad, Jelatinis civ wyalSi gajirjvebisas oTaxis temperaturaze. meore SemTxvevaSi  mniSvneloba aRwevs maqsimums da Semdeg polimeri nel-nela ixsneba. magaliTad, jelatini cxel wyalSi. am SemTxvevaSi gajirjveba gaxsnis sawyis stadias warmoadgens.

       gajirjvebis mizezi mmn da gamxsnelis gansxvavebuli Tvisebebia. am komponentebis Zlieri urTierTqmedeba yovel​Tvis iwvevs maT TandaTanobiT Serevas da fazaTa gamyofi sazRvris waSlas. procesis siCqares gansazRvravs molekulebis Zvradoba, maTi difuziis koeficienti. gajirjvebis specifika imaSi mdgomareobs, rom xdeba ramdenime rigiT gansxvavebuli zomisa da Zvradobis molekulebis urTierTqmedeba da urTierTSereva. amitom makromolekulebis gadasvla gamxsnelSi Zalian nela mimdinareobs, 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 moqniloba. amrigad, gajirjveba calmxrivi Serevaa, romelic molekulebis zomebs Soris didi gansxvavebiTaa gamowveuli. 

       gajirjvebis kinetika aRiwereba pirveli rigis araSeqcevadi reaqciebis kinetikuri gantolebis msgavsi gantolebiT: 

                                        Wv = 
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dV

dt

= K (V∞ - Vt)          (8.5)

sadac Wv  gajirjvebis siCqarea; Vt – nimuSis moculoba t momentSi; V∞ - gajirjvebuli nimuSis zRvruli (maqsimaluri) moculoba; K – mudmiva, romelic damokidebulia polimerisa da gamxsnelis bunebaze da nimuSis geometriul zomebze. gajirjvebis kinetika gajirjvebis xarisxis cvlilebis siCqariTac SeiZleba davaxasiaToT.  

                                       W=
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dV

dt

=K(∞-t)                           (8.6)

sadac tgajirjvebis xarisxia t momentSi,∞ - gajirjvebis wonasworuli xarisxi. SedarebiT mcire an globulisebri agebulebis molekulebis mqone polimerebi gajirjvebis gareSe ixsneba. 

       garkveuli drois monakveTebSi gajirjvebis xaris​xis gansazRvris Semdeg, SeiZleba miviRoT gajirjvebis procesis damaxasiaTebeli kinetikuri mrudebi. 

gajirjvebis procesis SezRuduloba da TavisTavadi gaxsnis SesaZlebloba, ise rogorc TavisTavadi disper​girebis procesi, damokidebulia polimeris gisosis energi​isa da solvataciis energiis ATanafardobaze entropiuli faqtoris gaTvaliswinebiT. gajirjvebis mizezia maRalmo​le​kuluri nivTierebis struqturul sicarieleebSi gamxs​nelis molekulebis ara meqanikuri SeRweva, aramed moleku​laTSorisi urTierTqmedeba, romelic ZiriTadad makromo​lekulebis solvataciiTaa gamo​wve​uli. am procesis kolo​idur-qimiur bunebas adasturebs siTbos gamoyofa da sistemis saerTo moculobis Semcireba--kontraqcia, rome​lic aixsneba gamxsnelis molekulebis orientaciiT makro​mo​lekulebze maTi adsorbciisas, rac iwvevs simkvrivis gazrdas. gajirjveba yovelTvis specifikuri procesia. igi mimdinareobs ara yvela, aramed “karg” gamxsnelSi, romel​Tanac polimeri urTierTqmedebs. es urTierTqmedeba dakav​Sirebulia polarobasTan. polaru​li polimeri jirjvdeba polarul gamxsnelSi (cila wyalSi), arapola​ru​li arapolarulrSi (kauCuki benzol​Si).  
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nax. 8.1. gajirjvebis kinetikuri mrudebis tipebi:

 1 – SeuzRudavi gajirjveba;

2 – Cqari gajirjveba zRvruli gajirjvebis mcire mniSv​nelobiT;

3 – neli gajirjveba zRvruli gajirjvebis didi mniSv​nelobiT;

4–SezRuduli gajirjveba dabalmolekuluri fraq​ciis eqstragirebiT.

       polimerSi polaruli jgufis Seyvana arapola​rul siTxeebSi -s amcirebs, polarul siTxeebSi ki umetes SemTx​vevaSi zrdis.     

       gajirjvebis procesi mimdinareobs or stadiad: pirveli stadia mimdinareobs siTbos (Q) gamoyofiT sistemis kontraqciis Tanxlebisas da xasiaTdeba  -s mcire mniSvnelobiT. empiriuli damokidebuleba -sa da Q-s Soris ase gamisaxeba: 

                  Q=ab+(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 gajirjvebis procesSi mcirdeba, ramdenadac Tavidan solvatacia ufro metad aqtiur ubnebze xdeba, Semdeg ki gamxsnelis molekulebis polimerTan urTierTqmede​bis 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 mimdinareobs specifikuri urTierT​qmedeba maRalmolekulur nivTierebasa da gamxsnels Soris (solvatacia); amasTanave gamoiyofa siTbo, e.i. H<0, xolo S ≈ 0 an S < 0. magram │H│>│TS│ da G< 0. meore stadiaze siTbo TiTqmis ar gamoiyofa (H<0), samagierod izrdeba entropia, radgan jaWvis dafaSareba da masTan dakavSirebuli makromolekulebis nawi​lobrivi ganTavisufleba komformaciis ricxvs zrdis. TS > 0,  G≈-S<0. e.i. gajirjvebis meore stadia ganpirobebulia entropiuli faqtoriT. rac aixsneba SesaZlo komforma​ciebis ricxvis zrdiT. 

       SezRudulad gajirjvebul polimers laba ewodeba. laba TvisebebiT gelis msgavsia; misgan imiT gansxvavdeba, 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. 

       kavSirebis gansxvavebuli buneba gansazRvravs labe​bis struqturul-meqanikur Tvisebebs. maT tiqsotro​piis unari ar gaaCnia. hidratuli garsi, romelic gars akravs polarul jgufebs warmoqmnis drekad wylis bades. siTxes, romelic avsebs labis bades ewodeba intermicelaruli. is pirobiTad SeiZleba gavyoT or nawilad: “Tavisufali” da “bmuli”, romelic Sedis solvituri garsis SedgenilobaSi.

       bmuli wyali xasiaTdeba gansakuTrebuli TvisebebiT: didi simkvrive, gayinvis dabali temperatura (-15 oC-mde), gaxsnis unaris dakargva da a.S. gelebis da labebis bmuli wyali did rols TamaSobs Cvens cxovrebaSi. misi arseboba niadagSi, mcenareebSi, yvela cocxal organizmSi uzrunvel​yofs yinvagamZleobas. adamianis organizmSi bmuli wylis wili axalSobilSi ~70%, sibereSi 40%-mdea. 

       labis dabereba, ise rogorc gelis, vlindeba 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 xsnaris warmoqmnamde mivyavarT.

8.4. maRalmolekulur nivTierebaTa 

xsnarebis Tvisebebi

       maRalmolekulur nivTierebaTa xsnarebSi Serwymu​lia dabalmolekuluri WeSmariti xsnarebisa da maRal​dispersiuli heterogenuli - koloiduri sistemebis Tvise​bebi. WeSmariti ganzavebuli xsnarebi emorCileba raulis kanons, romlis Tanaxmad araaqroladi gaxsnili nivTierebis SemTxvevaSi:
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 Sesabamisad gamxs​ne​lisa da gaxsnili nivTierebis moluri wilebi. raulis kanonis gamo​yenebiT SeiZleba gansazRvrul iqnas gaxsnili nivTierebis molekuluri wona eqsperimentulad gansazRvruli 
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 gamxsnelisa da gaxsnili nivTierebis molTa raodenobaa idealur xsnarSi; m
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-is, 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 ganvsazRvravT 
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 cdiT, SeiZleba 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 gamoTvlili moluri wilis mniSvnelobiT sazRvraven. 

       dabalmolekuluri nivTierebis ganzavebuli xsnaris osmosuri wneva vant-hofis kanonis Tanaxmad, tolia:

                  Posm = 
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nax. 8.2. osmosuri wnevis damokidebuleba xsnaris koncentraciisagan

I – maRalmolekuluri nivTiereba

II – dabalmolekuluri nivTiereba (Saqari)

III – susti eleqtroliti.
sadac c gaxsnili nivTierebis woniTi koncentraciaa; M - molekuluri masa; n - misi molebis ricxvi; R - airebis uni​ver​saluri mudmiva; T - absoluturi temperatura. maRal​molekuluri nivTierebis xsnarebi​sa​Tvis am saxiT vant-hofis kanoni ar gamodgeba. cdiT dadas​turda, rom poli​merebis xsnarebSi osmosuri wneva gacilebiT didia, vidre es vant-hofis kanonidan gamomdinareobs, radgan mmn xsnarSi makro​molekula didi moqnilobis gamo ise iqceva, rogorc ramdenime ufro mokle molekula, anu kinetikuri erTeuli xsnar​Si aris ara makro molekula, aramed misi seg​menti. amasTanave, rac ufro moqnilia makromo​le​kula, danarCen erTnair pirobebSi, miT metia Posm da miT metad gansxvavdeba igi vant-hofis formulidan gamoTv​lili mniSvnelobisagan. amasTanave, osmosuri wneva koncentraciis gazrdiT mmn xsnarebSi izrdeba ara wrfivad (mrudi 1) im dros, rodesac es damokidebuleba WeSmarit xsnarebSi, vant-hofis kanonis Tanaxmad, aris wrfivi (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 segmentebis ricxvi, romlebadac mmn moqnili moleku​lebi iSleba. osmosur wnevasa da polimeris xsnaris koncentracias Soris, am ukanasknelis farTo intervalSi, Semdegnairad gamoisaxeba:
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                    (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: 
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romelic warmoadgens wrfis gantolebas. misi meSveobiT advilad SeiZleba ganisazRvros polimeris molekulluri wona. am mizniT sxvadasxva koncent​raciis xsnarisTvis gazo​maven osmosur wnevas da ageben grafiks P/c – c koor​dinatebSi (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, rac segmentebis zicxvis zrdis Sedegia. hemoglobinis (sferosebri cila) molekulebisaTvis P/c mniSvneloba ar aris damokidebuli koncentraciaze.
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nax. 8.3. P/c-s damokidebuleba xsnarebis koncentraciaze

1 – natriumiani celulozis xsnari cikloheqsanSi;

2 – hemoglobinis wyalxnari.
       ganzavebuli xsnarebis osmosuri wnevis gazom​viT maRalmolekulur nivTierebaTa molekulu​ri wonis gansazRvris meTodi dReisaTvis erT-erTi yvelaze metad gavrcelebuli 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 maRalmo​le​ku​luri nivTi​erebebis, magaliTad, cilebis mole​kuluri wonis gansazRv​ris mizniT. polimerebis mole​ku​luri wonis dadgena difu​zi​uri meTodiT iseve xdeba, rogorc nawilakobrivi masis dadgena koloidur sistemebSi. paraqtikulad ufro gavrce​lebulia e.w. lamis meTodi, romelic eyrdnoba skalis fo​to​g​ra​firebas mmn xsnaris im svetSi, romelSic mimdinareobs difuzia. koncentraciis gansxvavebuli gradienti iwvevs gansx​vavebas gardatexis maCveneblebs Soris, amis gamo sufTa gamxsnelsa da xsnarSi gadaRebul fotosuraTebze manZili skalis danayofebs Soris gansxvavebulia. siTxis mTel svetSi difuziis sxvadasxva xangrZlivobisas, drois gark​veul intervalSi am manZilTa Sefardebis gazomva koncen​tra​ciis gradien​tis ganawilebis miRebis saSualebas iZleva. am monacemebiT ki SeiZleba difu​ziis 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 gansa​zRv​ra sedimentaciuri meTodiT mxolod mZlavri centri​fugebis gamoyenebiT aris SesaZlebeli. 

       polimerebis xsnarebi koloidur xsnarebTan Seda​rebiT sinaTlis ganbnevis mcire unariT xasiaTdeba. sinaTlis gabnevas koncentrirebul mmn xsnarebSi ganapiro​bebs maTi araerTgva​rovneba, romelic gamowveulia koncen​traciis 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 koloi​dur 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

sadac M polimeris molekuluri masaa; N - avogadros ricxvi; - polimeris simkvrive. saidanac Igabn/Idac-isgaTvaliswinebiT SiZleba gamoviangariSoT molekuluri wona:

                  M = 
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       sinaTlis ganbneva saSualebas iZleva SevafasoT makromolekulebis nawilakebis forma da konformacia, Tu maTi zomebi sinaTlis talRis sigrZis Tanazomieria. nawilakebis formisa da Sor manZilze maTi urTierTq​medebis gamokvlevisaTvis iyeneben monoqromatul sinaTles, magaliTad, vercxliswylis sanaTurs.                   
8.5. maRalmolekulur nivTierebaTa xsnarebis siblante

       maRalmolekulur nivTierebaTa xsnarebis siblante gacilebiT metia imave koncentraciis dabalmolekulur nivTierebaTa xsnarebisa da koloiduri sistemebis siblanteze. niutonisa da puazeilis kanonebs mxolod Zlier ganzavebuli xsnarebi emorCileba. isini arc ainStainis kanons emorCileba.

       maRalmolekulur nivTierebaTa didi zomis moleku​lebs mniSvnelovani wvlili SeaqvT maTi xsnarebis siblan​teSi, romelic SeiZleba advilad gaizomos. mravali saintereso gamokvleva polimerebis molekulebis zomisa da formis dadgenis mizniT Catarebvuli iqna siblantis gazomvis meTodiT, romlis Teoriul safuZvels ainStainis Teoria warmoadgens. gazomvis Sedegebs Cveulebriv gamosa​xaven pirobiTad miRebuli maxasiaTeblebiT, .magaliTad, fardobiTi siblantiT - xsnarisa da gamxsnelis siblan​teTa SefardebiT fard=
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-1;dayvanili siblantiT (kuTri siblante gadaanga​riSebuli koncentraciis erTeulze)kuTriC. ukanasknel sidides xSirad sxvadasxva koncentraciis xsnarisTvis zomaven da axdenenkuTriC - C-ze grafikuli damo​ki​debulebis eqs-trapolacias C→0 mniSvnelobamde. am gziT miRebul sidides lim(kuTriC) = [] maxasiaTebeli siblante ewodeba. 

       polimerebis xsnarebis didi siblante gamowveulia gawelili da moqnili makromolekulebis asociatebisa da advilad daSladi struqturis Semcveli sistemis hidro​dinamikuri 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 polimerhomologiuri mwkrivisaTvis damaxasiaTe​beli mudmivaa mocemul gamxsnelSi. mis mniSvnelobas sazRvraven mwkrivis dabali wevrebisaTvis krioskopuli meTodiT moleku​luri 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 wona; C - xsnaris koncentracia gamosaxuli “ZiriTadi moli”/litri. “ZiriTa​di moli” gramebis is ricxvia, romelic polimerwar​momqmneli 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 pirdapirproporci- uli  damikodebulebidan gadaxras. zogierTi polimeris xsnarSi molekulebs mudmivad cvladi konfiguracia aqvs, an, sxva SemTxvevaSi, molekulebi nakleb elastikuria. Staudingeris ganzogadebuli ganto​leba, romelic iTvaliswinebs polimeris jaWvis zrdis mixedviT K-s cvlilebasa da makromolekulebs Soris urTierTqmedebas ganzavebul xsnarebSic ki, ase gamoisaxeba: 

                       [] = KM
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                             (8.14) 
       sadac  mudmiva axasiaTebs makromolekulis formas xsnarSi da dakavSirebulia jaWvis moqnilobasTan. myife molekulebisaTvis, romelTa forma CxirisebrTan axloa, sferosebri moqnili molekulebisaTvis K damudmivebi ganisazRvreba im polimerebis maxasiaTebeli siblantis gazomviT, romelTa moleku​luri wonebi gansazRvrulia sxva meTodebiT, magali​Tad, sinaTlis ganbne​viT. mudmivebis mniSvnelobebi cnobi​lia mravali gamx​sne​lisaTvis sxvadasxva tempe​raturaze. amdenad, poli​me​rebis molekuluri wonis gansazRvris am meTods far​To gamoyeneba aqvs.

        saSualo koncentraciis polimerebis xsnarebi niutonisa da puazeilis kanonebs ar emorCileba, maTTvis siblantis koeficienti mudmivi ar aris; damokidebulia siCqaris gradientze an wnevaze, Tu misi gansazRvra kapi​laruli viskozimetriT xdeba. struq​tu​rirebuli koloi​duri sistemebis msgavsad, siCqaris gradientis gazrdiT xsnaris siblante mcirdeba da TandaTan uaxlovdeba garkveul zRvars. es imiT aixs​neba, rom xsnaris dinebisas morgvebad Sekruli makro​molekulebi iSleba, swordeba da orientirdeba dinebis mimarTulebiT, rac amcirebs nakadis hidro​dinamikur winaaRmdegobas. garda amisa, sakmaod koncen​trirebul xsnarebSi makromolekulebis urTierTqmede​bis Sedegad warmoiqmneba asociatebi an sivrciTi struqturis nawyvetebi, rac xels uSlis xsnaris dinebas. dinebis siCqaris zrdis Sesabamisad es struqturebi TandaTan iSleba da siblante mcirdeba.

       temperaturis gazrdiT struqturebis warmoqm​nis SesaZlebloba mcirdeba da amis gamo maRal tempe​raturaze niutonisa da puazeilis kanonebidan gadaxra naklebad SesamCnevia.

       koncentraciis Semdgomi gazrdiT polimeris   siblante Taviseburad icvleba. dabalmolekuluri nivTi​erebebisTvis es damokidebuleba wrfivia, polime​rebis xsnarebSi ki koncentraciis gazrdiT siblante mkveTrad izrdeba mrudxazovnad, amasTanave, mrudi amoz​ne​qilia koncentraciis RerZisaken. 
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nax. 8.4. plastiuri siblantis damokidebuleba Saqrisa (1) da natriumis kazeinatis (2) wyalxsnarTa koncentraciebisagan.
siblantis aseTi mkveTri zrda gamowveuli unda iyos struqturis warmoqmniT xsnarSi, anu xsnari ukve struqturuli siblantiT xasiaTdeba.

       siblantis aseTi anomaliis mizezi Tavisuflad SeiZleba aixsnas imiT, rom ainStainis gantolebaSi unda figurirebdes sistemis ara saerTo, aramed efeq​turi moculoba, anu sistemis moculoba makromo​lekulebis moculobis gamoklebiT. radganac xsnarSi makromolekulebi imyofeba morgvebis saxiT, romle​bic Seicavs geometriulad dakavSirebul gamxsnelis did raodenobas, am gamxsnelis moculoba unda miekuTv​nebodes dispersiuli fazis moculobas.

       polimerebis xsnarebis siblanteze moqmedebs xsnarSi zogierTi nivTierebis umniSvnelo raodenobiT Setana. praqtikidan cnobilia, rom celulozis eTe​rebis xsnarebze mzardi raodenobiT spirits an wylis damatebisas siblante jer mcirdeba, semdeg ki izrdeba. amave xsnarebSi aluminis, rkinis, TuTiis, tyviis, magniumis, kalciumis marilebis SetaniT siblante izr​deba, romelic, albaT, gamowveulia maT mier 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 mdgoma​reobaSi imyofeba. didi raodenobiT eleqtrolitis damatebisas adgili aqvs xsnaridan nivTierebis gamoyo​fas, Tumca es movlena tipiuri koloiduri sistemebis koagulaciisagan gansxvavdeba. zolis koagulacia xdeba eleqtrolitis mcire raodenobiT dama​tebisas da, Cveulebriv, Seuqcevadi procesia, mmn gamoyofa ki eleqtrolitis didi raodenobiT damatebisas xdeba, ar emorCileba Sulce-hardis wess da,amave dros, ara- Seqcevadi procesia. naleqidan eleqtrolitis moSorebis Semdeg (dializi an dekantacia), mmn kvlav ixsneba. zolis koagu​lacia xdeba nawilakze arsebuli ormagi eleqt​ruli Sris SekumSvisa da nawilakis zedapiruli muxtis Semcirebis an sruli kompensaciis gamo, rome​lic zolis mdgradobis ZiriTadi faqtoria. eleqtrolitis damatebisas xsnaridan polimeris gamoyofa  eleqtrolitis koncen​trirebul xsnarSi misi xsnadobis SemcirebiT aixs​neba. dabalmole​kuluri nivTiere​bis xsnarebSi msgavsi movlenis analogi​urad, 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 koagulaciis SemTxvevaSi:L

Li+ > N+>K+>Rb+ >Cs+

 anionebisaTvis rigi ki ase Cawereba:

SO
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rac metad liofiluria ioni, miT metad amcirebs igi polimeris xsnadobas mocemul gamxsnelSi.

       gamomarileba maRalmolekuluri naerTebis fra​q​​ci​o​nirebis erT-erTi meTodis safuZvelia. am naer​Tebis xsnarebidan gamoyofis unari damokide​bulia maT qimiur bunebaze da molekuluri wonis zrdiT mkveTrad izrdeba. gamomarilebis gziT fraqcionireba gansa​kuTrebiT farTod gamoiyeneba cilebis dayofisaTvis.

       da, bolos, mniSvnelovani movlenaa maRalmo​leku​luri nivTierebis xsnaris dabereba, romelic yvelaze TvalsaCinod wonasworuli xsnaris siblantis spontanuri cvlilebisas vlindeba. es cvlileba xdeba mole​kulur jaWvze Jangbadis an sxva minarevis zemoqmedebis Sedegad. Jangbadi iwvevs makromole​kulis destruqcias an Zafismagvari calkeuli molekulis SekavSirebas didi zomis warmonaqmnebSi. pirvel SemTxvevaSi xsnaris siblante mcirdeba, meoreSi ki - izrdeba.

       maSasadame, SeiZleba davaskvnaT, rom mmn xsnarebi koloiduri xsnarebisagan gansxvavebiT sakuT​riv daberebas ar eqvemdebareba. maTi zogierTi Tvisebis Secvla xangrZlivi drois ganmavlobaSi gamowveulia xsnarSi arsebuli minare​vebis neli moqmedebiT.        

        VIII Tavis ZiriTadi daskvnebi

1. maRalmolekulur nivTierebebs (mmn) da maT xsnarebs gansakuTrebuli adgili uWiravs kolo​idur – qimiur klasifikaciaSi. mmn xsnarebi arse​biTad WeSmarit xsnarebs warmoadgens, Tumca kolo​iduri mdgomareobis mravali niSniT xasiaT​deba. amitom am nivTierebebs molekulur koloi​debsac uwodeben. 

2. mmn polimerizaciisa da polikondensaciis proce​sebSi warmoiqmneba maTi struqturis ramdenime tipi: xazovani (bunebrivi kauCuki), ganStoe​bu​li (saxamebeli), sivrciTi (fenolformaldehiduri fisebi).

3. mmn SeiZleba iyos myar (kristalur) da Txevad (amorful) mdgomareobaSi.
4. molekuleri Teoriis Tanaxmad, mmn sakmaod ganzavebuli xsnarebi erTmaneTisagan damoukidebel calkeul makromolekulebs Seicavs, romlebic maierisa da markis Teoriis Tanaxmad, micelebis saxiT imyofeba. am Teorias dRes mxolod istoriuli xasiaTi aqvs.

5. P=const pirobebSi mmn TavisTavadi gaxsna  izoba​ruli 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. WeSmariti ganza​vebuli xsnarebi emorCileba raulis kanons, rom-lis gamoyenebiT SeiZleba gansazRvrul iqnas gaxs​nili nivTierebis molekuluri wona. mmn moleku​luri wonis gansazRvrisaTvis es meTodi ar gamo​dgeba, radgan polimeris uzarmazari molekuluri wonis gamo misi moluri wili da, Sesabamisad, gamxsnelis orTqlis wnevis depresia xsnarze im​denad mcirea, rom misi gazomva Zalian Znelia.

7. osmosuri wneva mmn xsnarebSi gacilebiT didia, vidre es vant-hofis kanonidan gamomdinareobs. ama​ve dros koncentraciis zrdisas osmosuri wnva izrdeba ara wrfivad rogorc WeSmarit dabal​molekulur xsnarebSi, aramed ufro Cqara (mrudxazovnad), rac mmn moqnili molekulebis daSlis Sedegad warmoqmnili segmentebis ricxvis zrdiTaa gamowveuli.

8. makromolekulebis didi zomis gamo polimerebis xsnarebi difuziis mcire unariT xasiaTdeba. Semcirebulia am xsnarebSi sinaTlis ganbnevis unaric. miuxedavad amisa, difuziis koeficientis gazomvisa da nefelometruli meTodi farTod gamoiyeneba polimerebis molekuluri wonis gansazRvris mizniT.

9. mmn xsnarebis siblante gacilebiT metia dabal​molekuluri nivTierebebis xsnarebisa da kolo​iduri sistemebis siblanteze. niutonisa da pua​zeilis kanonebs mmn mxolod Zlier ganzavebuli xsnarebi emorCileba. koncentraciis gazrdiT polimeris xsnaris siblante mkveTrad izrdeba, rac gamowveuli unda iyos xsnarSi struqturebis warmoqmniT, anu xsnari plastikuri siblantiT xasiaTdeba. siblantis gazomvis meTodiT SeiZleba polimeris molekuluri wonis gansazRvra. 

danarTi 1

ZiriTadi fizikur-qimiuri konstantebi 

	#
	konstantebi
	aRniSvna/ganzom
	sidide

	1. 
	avogadros ricxvi
	N, [moli-1]
	6,02.1023

	2. 
	bolcmanis mudmiva
	k, [j.K-1]
	1,38.1010-23

	3. 
	airebis universaluri mudmiva
	R, [moli-1.K-1]
	8,314

	4. 
	erTi moli idealuri airis mocu​loba stand. pirobebSi
	[m3.moli-1]
	0,022414

	5. 
	faradeis mudmiva
	F, [kul.moli-1]
	96484,56

	6. 
	eleqtronis muxti (abs. mniSvne​loba)
	kuloni
	1,602.10-19

	7. 
	plankis mudmiva
	[j.wm]
	6,626.10-34

	8. 
	sinaTlis siCqare vakuumSi
	c, [m.wm-1]
	2,997924


literatura

1. Кроит Г.Р. “Коллоиды”, ОНТИ – Ленинградское от​де​ле​ние. 1934.

2. Песков Н.П., Александрова-Преис, “Курс Колло​идной хи​мии” Госхимиздат М-Л,1948.

3. Писаренко А.П., Поспелова К.А., Яковлев А.Г. “Курс  Коллоидной химии” М., 1961. 

4. Пасинский А.Г., “Коллоидная химия” ,  М., 1963.

5. a.i. vardukaZe, “koloiduri qimia”, ganaTleba, Tbilisi. 1965

6. Шелудко А. “Коллоидная химия”, Л., 1960

7. Кузнецов В.А. “Физическая и Коллоидная  химия”,     Вйс​шая школа, Москва, 1968.

8. Пасинский А.Г., “Коллоидная химия”, Вйсшая школа 1968.

9. Воюцкий С.С., “Курс  Коллоидной химии”, Изд. М., 1974.

10. Фридрихсберг Д.А.”Курс  Коллоидной химии”, Изд.    Химия, М., 1984.

11. Фролов Ю.Г.  “Курс  Коллоидной химии”, Изд. Химия,            М., 1984.

12. Захарченко В.Н. “Курс  Коллоидной химии” Изд.  Химия, М., 1984.

S i n a a r s i

	winasityvaoba ------------------------------------------------------
	3

	Sesavali ------------------------------------------------------------
	5

	3
	koloiduri sistemebis miReba -----------------------
	6

	3.1
	dispergaciis meTodi ------------------------------------
	6

	3.2
	kondensaciis meTodi, micelis aRnagoba -----------
	11

	3.3
	koloiduri sistemebis gasufTaveba ----------------
	14

	III Tavis ZiriTadi daskvnebi ----------------------------------
	17

	4
	dispersiuli sistemebis ZiriTadi Tvisebebi ---- 
	19

	4.1
	dispersiuli sistemebis molekulur-kineti​kuri Tvisebebi ---------------------------------------------------
	19

	4.1.1
	brounis moZraoba ----------------------------------------
	19

	4.1.2
	difuzia ----------------------------------------------------
	22

	4.1.3
	osmosuri wneva -------------------------------------------
	24

	4.1.4
	sedimentacia ----------------------------------------------
	26

	4.1.5
	sedimentaciuri analizi -------------------------------
	30

	4.2
	dispersuli sistemebis optikuri Tvisebebi -----------
	33

	4.2.1
	sinaTlis ganbneva -----------------------------------------------
	34

	4.2.2
	sinaTlis STanTqma ---------------------------------------------
	36

	4.2.3
	dispersiuli sistemebis kvlevis optikuri meTodebi -----------------------------------------------------------
	38

	IV Tavis ZiriTadi daskvnebi -----------------------------------------
	42

	5
	dispersiuli sistemebis mdgradoba da koagulacia--
	44

	5.1
	liofoburi sistemebis mdgradobisa da koagulaciis Teoriuli safuZvlebi ---------------------
	49

	5.2
	Cqari koagulaciis kinetika ---------------------------------
	56

	5.3
	neli koagulaciis Teoria -----------------------------------
	61

	5.4
	liofoburi koloiduri sistemebis koagulacia  eleqtrolitebiT -----------------------------------------------
	62

	5.5
	mdgradobis adsorbciul-solvaturi da struqturul-meqanikuri faqtorebi ----------------
	67

	V Tavis ZiriTadi daskvnebi -----------------------------------
	70

	6
	dispersuli sistemebis reologiuri Tvisebebi ------
	73

	6.1
	WeSmariti xsnarebisa da zolebis siblante -----
	75

	6.2
	struqturirebuli sistemebi da plastikuri siblande ---------------------------------------------------
	79

	6.3
	dispersiuli sitemebis klasifikacia struqtu​rul-meqanikuri Tvisebebis mixedviT ---------------
	83

	VI Tavis ZiriTadi daskvnebi ----------------------------------
	88

	7
	dispersiuli sistemebis ZiriTadi saxesxvaobani
	90

	7.1
	qafebi -------------------------------------------------------
	90

	7.2
	aerozolebi -----------------------------------------------
	95

	7.3
	suspenziebi ------------------------------------------------
	98

	7.4
	emulsiebi --------------------------------------------------
	100

	VII Tavis ZiriTadi daskvnebi ---------------------------------
	109

	8
	maRalmolekuluri nivTierebebi 

(molekuluri koloidebi) ----------------------------
	113

	8.1
	maRalmolekulur nivTierebaTa xsnarebi ----------
	117

	8.2
	maRalmolekulur nivTierebaTa xsnarebis Termodinamika ---------------------------------------------
	120

	8.3
	maRalmolekulur nivTierebaTa gajirjveba ------
	122

	8.4
	maRalmolekulur nivTierebaTa xsnarebis Tvisebebi ---------------------------------------------------
	127

	8.5
	maRalmolekulur nivTierebaTa xsnarebis siblante ---------------------------------------------------
	134

	8.6
	maRalmolekulur nivTierebaTa xsnarebis mdgradoba --------------------------------------------------
	138

	VIII Tavis ZiriTadi daskvnebi --------------------------------
	140

	ZiriTadi fizikur-qimiuri konstantebi --------------------
	143

	literatura -------------------------------------------------------
	144

	Sinaarsi -------------------------------------------------------------
	145








 
































PAGE  
4

_1289061581.unknown

_1289061704.unknown

_1289061806.unknown

_1289061947.unknown

_1305783096.unknown

_1305783458.unknown

_1305783774.unknown

_1305783831.unknown

_1305784618.unknown

_1305783524.unknown

_1305783258.unknown

_1305783329.unknown

_1305783188.unknown

_1305782404.unknown

_1305782785.unknown

_1305782340.unknown

_1289061843.unknown

_1289061863.unknown

_1289061902.unknown

_1289061910.unknown

_1289061920.unknown

_1289061924.unknown

_1289061928.unknown

_1289061932.unknown

_1289061922.unknown

_1289061915.unknown

_1289061917.unknown

_1289061913.unknown

_1289061906.unknown

_1289061908.unknown

_1289061904.unknown

_1289061878.unknown

_1289061893.unknown

_1289061895.unknown

_1289061882.unknown

_1289061887.unknown

_1289061889.unknown

_1289061884.unknown

_1289061880.unknown

_1289061869.unknown

_1289061876.unknown

_1289061867.unknown

_1289061851.unknown

_1289061858.unknown

_1289061861.unknown

_1289061854.unknown

_1289061847.unknown

_1289061849.unknown

_1289061845.unknown

_1289061824.unknown

_1289061833.unknown

_1289061838.unknown

_1289061841.unknown

_1289061836.unknown

_1289061828.unknown

_1289061831.unknown

_1289061826.unknown

_1289061815.unknown

_1289061820.unknown

_1289061822.unknown

_1289061817.unknown

_1289061811.unknown

_1289061813.unknown

_1289061809.unknown

_1289061738.unknown

_1289061780.unknown

_1289061788.unknown

_1289061793.unknown

_1289061795.unknown

_1289061797.unknown

_1289061791.unknown

_1289061784.unknown

_1289061786.unknown

_1289061782.unknown

_1289061752.unknown

_1289061763.unknown

_1289061775.unknown

_1289061777.unknown

_1289061768.unknown

_1289061771.unknown

_1289061773.unknown

_1289061765.unknown

_1289061758.unknown

_1289061760.unknown

_1289061754.unknown

_1289061747.unknown

_1289061749.unknown

_1289061741.unknown

_1289061721.unknown

_1289061730.unknown

_1289061734.unknown

_1289061736.unknown

_1289061732.unknown

_1289061725.unknown

_1289061728.unknown

_1289061723.unknown

_1289061712.unknown

_1289061717.unknown

_1289061719.unknown

_1289061714.unknown

_1289061708.unknown

_1289061710.unknown

_1289061706.unknown

_1289061635.unknown

_1289061652.unknown

_1289061674.unknown

_1289061686.unknown

_1289061690.unknown

_1289061695.unknown

_1289061699.unknown

_1289061701.unknown

_1289061697.unknown

_1289061693.unknown

_1289061688.unknown

_1289061678.unknown

_1289061684.unknown

_1289061676.unknown

_1289061661.unknown

_1289061666.unknown

_1289061668.unknown

_1289061663.unknown

_1289061657.unknown

_1289061659.unknown

_1289061655.unknown

_1289061644.unknown

_1289061648.unknown

_1289061650.unknown

_1289061646.unknown

_1289061639.unknown

_1289061642.unknown

_1289061637.unknown

_1289061610.unknown

_1289061621.unknown

_1289061630.unknown

_1289061632.unknown

_1289061626.unknown

_1289061614.unknown

_1289061616.unknown

_1289061612.unknown

_1289061601.unknown

_1289061605.unknown

_1289061608.unknown

_1289061603.unknown

_1289061597.unknown

_1289061599.unknown

_1289061588.unknown

_1289061595.unknown

_1289061500.unknown

_1289061535.unknown

_1289061553.unknown

_1289061566.unknown

_1289061572.unknown

_1289061575.unknown

_1289061568.unknown

_1289061557.unknown

_1289061560.unknown

_1289061555.unknown

_1289061544.unknown

_1289061549.unknown

_1289061551.unknown

_1289061546.unknown

_1289061540.unknown

_1289061542.unknown

_1289061538.unknown

_1289061518.unknown

_1289061527.unknown

_1289061531.unknown

_1289061533.unknown

_1289061529.unknown

_1289061522.unknown

_1289061524.unknown

_1289061520.unknown

_1289061509.unknown

_1289061513.unknown

_1289061516.unknown

_1289061511.unknown

_1289061505.unknown

_1289061507.unknown

_1289061502.unknown

_1289061460.unknown

_1289061481.unknown

_1289061489.unknown

_1289061494.unknown

_1289061496.unknown

_1289061492.unknown

_1289061485.unknown

_1289061487.unknown

_1289061483.unknown

_1289061472.unknown

_1289061476.unknown

_1289061478.unknown

_1289061474.unknown

_1289061467.unknown

_1289061470.unknown

_1289061463.unknown

_1289061440.unknown

_1289061449.unknown

_1289061455.unknown

_1289061458.unknown

_1289061451.unknown

_1289061445.unknown

_1289061447.unknown

_1289061442.unknown

_1289061431.unknown

_1289061436.unknown

_1289061438.unknown

_1289061434.unknown

_1289061427.unknown

_1289061429.unknown

_1289061420.unknown

