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damuSaveba 

2 Tema-2 Mmolekuluri da 

ionuri sistemebis 

debarireba (Ba), 

deftorirebis (F) 

nanoqimia, membranuli 

nanoteqnologiebisa da 

nanosistemebis damuSaveba-

Seqmna da sawarmoo 

nimuSis damzadeba 

borjomis mineraluri 

wylis magaliTze; 

membranuli procesebis 

kvleva da 

nanoteqnologiebis 

damuSaveba 

g.bibileiSvili membranuli procesebis 

kvlvisa da 

nanoteqnologiebis 

damuSavebis ganyofileba. 

ganyofilebis ufrosi- 

m. keJeraSvili  

fizikur-qimiuri analizis 

laboratoria. 

laboratoriis ufrosi- 

e. kakabaZe 

Tema 1.    borjomis mineraluri wylis steriluri filtraciisTvis mimdinareobda 

baromembranuli procesebis mikro- da ultrafiltraciis Teoriuli da 

eqsperimentuli kvleva.  aRniSnuli ganxilulia, rogorc molekuluri da ionuri 

sistemebi. Mmocemulia maTi daxasiaTeba da klasifikacia. membranuli teqnologiis 

gamoyenebis safuZvelze miRebuli sakvlevi mineraluri wylis granulometriuli, 

molekuluri da ionuri komponentebis Sedgeniloba gansazRvrulia institutis 

laboratoriaSi, simRvrivis (Turb 555IR), el.gamtarobisa (KEL-IM2) da ionmzomi (I-

160.1MP) xelsawyoebis gamoyenebiT.  

  suraTi 1-ze naCvenebia borjomis mineraluri wylis burR.-is nimuSebi (burRi 1, 

burRi 137 Tb, civi, burRi 41, burRi 37, burRi 25,   burRi 9, burRi likani, burRi 

centr. parki), romlebzec mimdinareobda eqsperimentuli kvlevebi da gamoyenebuli 

qimiuri reaqtivebi(kalciumis karbonati-CaCO3, kaliumis nitrati- KNO3, bariumis 

qloridi- BaCl2.2H2O, kaliumis qloridi- KCl, natriumis qloridi- NaCl, natriumis 

acetati- CH3COONa, natriumis citrati- NaC6H5O7, trilon b, kalciumis qloridi-

CaCl2, eqsikatorSi natriumis ftoridi- NaF,F natriumis hidroqsidi-NaOH, 

romliTac damzadda sakalibro da buferuli xsnarebi fToris, bariumis, 

kalciumisa da qloris qimiuri analizisTvis. 
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   suraTi 1.  borjomis wylis burR. nimuSebi da qimiuri reaqtivebi 

   3D printeris (ULTIMAKER-2) meSveobiT bunebrivi wylis granulometruli 

Semadgenlobis 0,1mkm-dan 0,45mkm-mde damuSavebisTvis Seqmnilia tangencialuri 

tipis universaluri safiltracio xelsawyo, romelic mocemulia suraTi 2-ze. 

mineraluri wylis granulometruli Sedgenilobisa da sterilizaciis minimaluri 

donis (mikrofiltracia) uzrunvelyofisTvis safiltracio laboratoriuli 

xelsawyo iwyoba 0,1-, 0,2-, 0,45- da 0,6mkm-s zomis nawilakebis Semakavebeli 

makompleqtebeli detalebiT. damuSavebuli wylis gamWvirvalobis maCvenebeli 

formazinis erTeuliT Seadgens NFNU 0,1-0,2. mineraluri wylis granulometruli 

Sedgenilobisa da sterilizaciis maqsimaluri donis (ultrafiltracia) 

uzrunvelyofisTvis safiltracio laboratoriuli xelsawyo iwyoba 0,05-, 0,3- da 

0,01mkm-s zomis nawilakebis Semakavebeli makompleqtebeli detalebiT. 

damuSavebuli wylis gamWvirvalobis maCvenebeli formazinis erTeuliT Seadgens 

NFNU 0,10.     mikrofiltraciuli procesis dros borjomis mineraluri wyali 

iwmindeba 0,2mkm-is zomis toli nawilakebisgan, rac uzrunvelyofs siTxis 

sterilizaciis minimalur donesa da saTanado gamWvirvalobas.  

     ultrafiltraciuli procesis dros borjomis mineraluri wyali iwmindeba 0,01 

mkm-is zomis toli nawilakebisa da mikrorganizmebisgan, rac uzrunvelyofs 

siTxis sterilizaciis maqsimalur (99,9%-100%) donesa da saTanadogamWvirvalobas. 

      suraTi 2-ze mocemulia mikro- da ultrafiltraciuli laboratoriuli 

membranuli danadgari, romelic Seqmnili da damzadebuli iqna membranuli 

teqnologiebis saiJinro institutis mier. 
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      membranuli danadgari Sedgeba: 3d printeris meSveobiT damzadebuli  

laboratoriuli membranuli aparatisgan; modernizebuli, reversuli, tipis 

perintaluri tumbosgan УПЛ-0,6; 800ml.l-iani sacirkulacio kolbisgan; 150 ml.l-

iani permeatis Sesagrovebeli kolbisgan; 10 atm.-iani wnevis mzomisgan; permeatisa 

da retentatis nakadis maregulirebeli naxevardiumiani ventilisgan; SemaerTebeli 

makompleqtebeli armaturisa da 10mm. diametris milisgan. 

 

suraTi 2. mikro- da ultrafiltraciuli laboratoriuli  

membranuli danadgari 

  qvemoT moyvanilia burRilebis mixedviT borjomis mineraluri wylis 

gamWvirvalobis maCveneblebi formazinis sazomi erTeulis mixedviT. kvlevebi 

Catarebulia sxvadasxva burRilebidan aRebul nimuSebze (suraTi 3-8).  

                                      

                   suraTi 3.                          suraTi 4.                 suraTi 5. 

     burR. “park. wyali”     burR. “likani”         burR. 9 

                                      

                  suraTi 6.              suraTi 7.             suraTi 8. 
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                    burR.25                burR.37               burR.41 

   mikro- da ultrafiltraciuli procesis meSveobiT damuSavebuli burRebis 

(burR. “park. wyali”, burR. “likani”, burR. 9, burR.25, burR. 37, burR.41) 

gamWvirvalobis maCvenebeli mocemulia suraTebze 8 da 9.  

                                                        

                                            suraTi 9.              suraTi 10.  

                                    mikrofiltracia       ultrafiltracia 

   amrigad, borjomis mineraluri wylis burRebis (burR. “park. wyali”, burR. 

“likani”, burR.9, burR.25, burR.37, burR.41) dasamuSaveblad mikrofiltraciuli 

procesis kvlevisas 0,2 mkm-s zomis nawilakebis mocileba uzrunvelyofs xsnaris 

minimalur doneze sterilizaciasa da formazinis erTeulis mixedviT 

gamWvirvalobis maCvenebelsNFNU 0,10, xolo ultrafiltraciuli procesis 

kvlevisas 0,01 mkm-s zomis nawilakebis mocileba uzrunvelyofs xsnaris 

maqsimalur (99,9%-100%)  doneze sterilizaciasa  da formazinis erTeulis 

mixedviT gamWvirvalobis maCvenebelsNFNU 0,09. 

Tema 2.     „nanoteqnologiebi“ mecnierebis is dargia, romelic axorcielebs atomur 

(molekulur) doneze manipulirebas, nanometruli zomis sistemebis zomiTi 

efeqtiT ganpirobebul specifikur Tvisebebs iyenebs axali teqnologiebis, 

mowyobilobebis, aparaturis Sesaqmnelad. nanoteqnologiebi iqmneba nanozomis 

nawilakebis sinTezis, identifikaciis, gasufTavebis, stabilizaciis, 

dispersulobis xarisxis mixedviT fraqcionirebis meTodebis gamoyenebiT, sadac 

membranul teqnologiebs gamorCeuli da unikaluri adgili uWiravT, rogorc 

Teoriuli aseve  praqtikuli gamoyenebis TvalsazrisiT. 

   nanosistemebis umniSvnelovanes niSanTvisebas warmoadgens maTi realizaciis 

dros miRebuli produqtebis, masalebisa da mowyobilobebis xarisxobrivi 

cvlilebebi da Tvisebebi.  

   borjomis mineraluri wylis nawilobrivi defTorireba-debarirebisTvis  

mimdinareoda baromembranuli  filtraciis sami procesis Teoriuli da 

eqsperimentuli kvleva. esenia mikro-, ultra- da nanofiltracia. 

mikrofiltraciuli procesis dros borjomis mineraluri wyali iwmindeba  0,2 

mkm-is, xolo ultrafiltraciuli procesis dros 0,01mkm-is zomis toli 

nawilakebisgan, rac uzrunvelyofs siTxis sterilizaciasa da saTanado 

gamWvirvalobas.  
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   mikro- da ultrafiltraciuli procesebis gamoyenebiT winaswar Semzadebuli 

xsnari mzadaa nanofiltraciuli damuSavebisTvis, romelic gulisxmobs 

nanozomebis (1nm-100nm) farglebSi SerCeviT ionur seleqcias. 

   nanofiltraciuli procesis meSveobiT damuSavebuli borjomis mineraluri 

wylis (burR. “park. wyali”, burR. “likani”, burR. 9, burR.25, burR. 37, burR.41) 

gamWvirvalobis maCvenebeli formazinis erTeulis mixedviT tolia 0,06-is.   

   qvemoT moyvanilia  burRilebis  (burR. “park. wyali”, burR. “likani”, burR. 9, 

burR.25, burR. 37, burR.41) borjomis mineraluri wylis gamWvirvalobis  

maCvenebeli formazinis erTeulis mixedviT mocemulia suraTi 11-ze.  

 

                                                        

                       suraTi 11. nanofiltracia 

                                                     

   evrokavSiris 2003 wlis 16 maisis direqtivis Tanaxmad, romelic mimarTulia 

wevri qveynebis mimarT, moyvanilia mineraluri wylisTvis zRvruli dasaSvebi 

koncentracia bariumis SemTxvevaSi 1mg/l, fTorisaTvis 5mg/l rac naCvenebia 

cxrilSi 1. 

     suraTi 12-ze pirvel (O) striqonSi mocemulia borjomis mineraluri wylis  

burR.41-is qimiuri komponentebis sawyisi raodenobrivi maCveneblebi. meore 

(K)striqonSi mocemulia borjomis mineraluri wylis  burR.41-is qimiuri 

komponentebis  raodenobrivi maCveneblebi (K) tipis  teqnologiebiT damuSavebis 

Semdeg laminaruli reJimis pirobebSi. mesame (S) striqonSi mocemulia borjomis 

mineraluri wylis  burR.41-is qimiuri komponentebis maCveneblebi (S) tipis  

teqnologiebiT damuSavebis Semdeg laminaruli reJimis pirobebSi. 



7 

 

 

suraTi 12. burR.41-is laminaruli reJimis pirobebSi sawyisi 

 da damuSavebuli borjomis mineraluri  wylis qimiuri 

 komponentebis raodenobrivi  maCveneblebi 

 

 

  suraTi 13-ze pirvel (O) striqonSi mocemulia borjomis mineraluri wylis  

burR.41-is qimiuri komponentebis sawyisi raodenobrivi maCveneblebi. meore 

(K)striqonSi mocemulia borjomis mineraluri wylis  burR.41-is qimiuri 

komponentebis  raodenobrivi maCveneblebi (K) tipis  teqnologiebiT damuSavebis 

Semdeg turbulenturi reJimis pirobebSi. mesame (S) striqonSi mocemulia borjomis 

mineraluri wylis  burR.41-is qimiuri komponentebis maCveneblebi (S) tipis  

teqnologiebiT damuSavebis Semdeg turbulenturi reJimis pirobebSi. 
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suraTi 13.   burR.41-is turbulenturi reJimis pirobebSi sawyisi da damuSavebuli 

borjomis mineraluri  wylis qimiuri komponentebis 

raodenobrivi  maCveneblebi 

 

   evrokavSiris direqtivis Tanaxmad mineralur wyalSi bariumi ar unda 

aRematebodes 1 mg/l, xolo fTori 5 mg/l-s. aseve kalciumis dasaSvebi raodenobis 

diapazonia 20-150 mg/l, xolo qloris 260-380 mg/l.   

   suraTi 12-ze mocemuli burR.41-is wyalSi bariumis sawyisi raodenoba 3,46 mg/l-

iT, xolo fToris-6,96 mg/l-iT aRemateba dasaSvebs laminaruli reJimis pirobebSi.  

  (K) teqnologiebis gamoyenebiT bariumis raodenoba Semcirda 1.09mg/l-mde, xolo 

fToris-4.82 mg/l-mde. 

  (S) teqnologiebis gamoyenebiT bariumis raodenoba Semcirda 0.937mg/l-mde, xolo 

fToris-6.52 mg/l-mde.  

  aseve kalciumisa da qlorisTvis SenarCunebulia komponentis raodenobrivad  

dasaSvebi mniSvnelobebi: kerZod kalciumisTvis 74.2 mg/l, xolo qlorisTvis 292 

mg/l. 

  suraTi 73-ze turbulenturi reJimis pirobebSi (K) teqnologiebis gamoyenebiT 

bariumis raodenoba Semcirda 0,854 mg/l-mde, xolo fToris- 4,28 mg/l-mde. 

   (S) teqnologiebis gamoyenebiT bariumis raodenoba Semcirda 0,614 mg/l-mde, 

xolo fToris-5,84 mg/l-mde.  

   aseve kalciumisa da qlorisTvis SenarCunebulia komponentebis raodenobrivad 

dasaSvebi mniSvnelobebi: kerZod, kalciumisTvis 69,5 mg/l, xolo qlorisTvis 273 

mg/l. 
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   miRebuli Sedegebi gaTvaliswinebulia  burR.41-is borjomis wylis debarireba-

defTorirebis membranuli danadgaris Sesaqmnelad. 

   qvemoT moyvanilia Semajamebeli cxrili 1. laminaruli reJimis pirobebSi 

sawyisi  da  damuSavebuli   borjomis  mineraluri wylis qimiuri komponentebi 

raodenobrivi  maCveneblebiT.  

laminaruli reJimis pirobebSi sawyisi  da damuSavebuli 

borjomis mineraluri wylis qimiuri komponentebis 

raodenobrivi  maCveneblebi 

cxrili 1. 

burRili  teqnologia Ba, mg/l F , mg/l Ca, mg/l Cl, mg/l 

37  daumuSavebeli 3.27 5.26 51.7 386.0 

37  K 1.60 3.82 28.2 348.0 

37 S 1.05 4.11 38.5 359.0 

41 daumuSavebeli 3.46 6.96  97.2 352.0 

41 K 1.09 4.82 74.2 292.0 

41 S 0.937 6.52 15.8 349.0 

41 2S 1.26 - - 334.0 

25 daumuSavebeli 3.58 9.67 46.8 372.0 

25 K 1.11 5.10 32.5 328.0 

25 S 1.64 6.48 30.8 335.0 

likani daumuSavebeli 2.34 4.06 127.0 243.0 

likani K 0.738 2.26 56.8 206.0 

likani S 0.833 2.95 104 199.0 

cent. 

parki 

daumuSavebeli 3.11 5.76 97.9 323.0 

cent. K 0.875 3.91 71.8 289.0 
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parki 

cent. 

parki 

S 1.16 4.69 51.6 291.0 

dasaSvebi 

diapazoni  
 <1 <5 20 - 150 260 - 380 

 

   qvemoT moyvanilia Semajamebeli cxrili 2. turbulenturi reJimis pirobebSi 

sawyisi  da  damuSavebuli   borjomis  mineraluri wylis qimiuri komponentebi 

raodenobrivi  maCveneblebiT.   

 

turbulenturi reJimis pirobebSi sawyisi  da damuSavebuli 

borjomis mineraluri wylis qimiuri komponentebis 

raodenobrivi  maCveneblebi 

 

                                                            cxrili2 

 

burRili teqnologia Ba, mg/l F , mg/l Ca, mg/l  Cl, mg/l  

37  daumuSavebeli 3.27 5.26 51.7 386.0 

37  K 1.23 3.58 25.5 340.0 

37 S 0.958 3.84 38.5 347.0 

41 daumuSavebeli 3.46 6.96  97.2 352.0 

41 K 0.854 4.28 69.5 273.0 

41 S 0.614 5.84 12.0 318.0 

41 2S 1.26 - - 334.0 

25 daumuSavebeli 3.58 9.67 46.8 372.0 

25 K 0.973 4.57 29.2 305.0 

25 S 1.23 5.77 24.2 328.0 
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likani daumuSavebeli 2.34 4.06 127.0 243.0 

likani K 0.641 1.83 48.6 199.0 

likani S 0.780 2.72 97.6 194.0 

cent. 

parki 

daumuSavebeli 3.11 5.76 97.9 323.0 

cent. 

parki 

K 0.623 3.53 68.4 266.0 

cent. 

parki 

S 0.996 4.50 49.1 285.0 

 dasaSvebi 

diapazoni 
 <1 <5 20 - 150 260 - 380 

     

baromembranuli procesebis optimizaciiis maTematikuri aRwerisa da eqsperimentuli 

kvlevebis safuZvelze dadginda turbulenturi dinebis upiratesoba laminarulTan 

SedarebiT. kerZod, sadawneo sakanSi filtraciis siCqarisa da gayofis procesSi 

koncentraciuli polarizaciis maCveneblebi mniSvnelovnad gansxvavebulia 

laminaruli da turbulenturi reJimebis pirobebSi.  aRniSnuli asaxulia cxrilebSi 

(1-2). 

  eqsperimentuli kvlevebis safuZvelze   SerCeuli tumbosTvis dazustda 

warmadobisa da wnevis maCveneblebi laminaruli da turbulenturi reJimebisTvis. 

dadginda membranuli danadgaris sacirkulacio nakadis sidide winaswar 

gansazRvruli temperaturisa da wnevis pirobebSi. miRebuli Sedegebi mocemulia 

cxrilSi 1. 
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laminaruli da turbulenturi reJimebis 

pirobebSi filtratis raodenobrivi mniSvnelobebi 

                                         cxrili 1. 

 

    miRebuli Sedegebis analizis safuZvelze SeiZleba gamovitanoT daskvna, rom 

borjomis mineraluri wylis nawilobrivi defTorireba-debarireba SesaZlebelia 

sxvadasxva xarisxobriv doneze mikro-, ultra- da nanofiltraciuli procesebis 

gamoyenebiT sxva qimiuri komponentebis zdk-s standartis dacviT. 

membranuli teqnologiebis sainJinro institutSi Teoriuli da eqsperimentaluri 

kvlevebis Sedegad Seiqmna tangencialuri filtraciis piloturi 

nanofiltraciuli membranuli danadgari, romelic mocemulia suraTze 14. 

       membranuli danadgari Sedgeba: sawarmoo wesiT damzadebuli membranuli 

aparatisgan, romlis plastmasis detalebi Camosxmulia 250 gr. moculobis 

Termoplastavtomatze, xolo miltuCebi da makompleqtebeli detalebi saxarato 

da koordinatul-SigsaCarx dazgebze;  centridanuli tumbosgan Pedrollo Pump 8CPM, 

romlis maqsimaluri wneva Seadgens 6.8 atm.-s, xolo warmadoba 3500 l/sT-Si. 10l-

iani plastmasis sacirkulacio da 5l-iani permeatis Sesagrovebeli moculobisgan; 

6 atm.-iani wnevis mzomisgan; permeatisa da retentatis nakadis maregulirebeli 

naxevardiumiani ventilebisgan; SemaerTebeli makompleqtebeli armaturisa da 16-24 

mm. diametris milebisgan. 
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suraTi 14. piloturi  (naxevradsawarmoo)  nanofiltraciuli 

membranuli danadgari. 

   Aamrigad, Catarebul samuSaoTa safuZvelze miRebulia Sedegebi, romelTa 

safuZvelze gakeTda daskvnebi: 

       borjomis bunebrivi mineraluri wylis molekulur-ionuri Sedgenilobis 

regulacia SesaZlebelia  baromembranuli  procesebis gamoyenebiT, rac dasturdeba 

ionometruli da turbidimetruli kvlevis meTodebiT, mineraluri wylis 

mizanmimarTuli deionizaciiT gamowveuli qimiuri Sedgenilobis cvlilebiT;  

      borjomis bunebrivi mineraluri wylis damuSavebisTvis mizanSewonilia 

baromembranuli procesebis (mikro-, ultra-, nanofiltracia) etapobrivi gamoyeneba;  

   borjomis bunebrivi mineraluri wylis damuSaveba moicavs oTx etaps, esenia: 

1.meqanikuri filtracia; 2.ultrafiltracia; 3.nanofiltracia; 4.finiSuri-steriluri 

mikrofiltracia.   

    borjomis bunebrivi mineraluri wylis damuSavebis pirvel etapze 

mizanSewonilia siTxis damuSaveba 50-200 mkm. zomis nawilakebis mocilebis mizniT, 

risTvisac damuSavda da damzadda 50 mkm.-dan 300 mkm.-mde zomis nawilakebis 

Semakavebeli kartrijuli tipis reversuli xelsawyo;  

     borjomis bunebrivi mineraluri wylis damuSavebis meore  etapi gulisxmobs 

ultrafiltraciuli procesis gamoyenebiT siTxis sterilizacias (mikrobiologiuri 

damuSaveba), romlis paralelurad xdeba granulometruli damuSaveba 10-50 nm.-is  

zomis nawilakebis diapazonSi, ris Sedegadac mineraluri wylis sawyisi simRvrive 
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formazinis erTeulis  mixedviT 1.09-6.33 FTU dayvanilia 0.09-0.10 FTU-mde.    

      damuSavda borjomis bunebrivi mineraluri wylis debarireba-defTorirebis 

membranuli nanoteqnologia. 

      borjomis bunebrivi mineraluri wylis ionometruli meTodiT analizis 

Sedegad bariumisa da fToris raodenoba W.burRilebis mixedviT meryeobs 2.34-3.58 

mg/l-sa (dasaSvebi 1mg/l) da 4.04-9.67 mg/l-s  (dasaSvebi 5mg/l) Soris.  

     borjomis bunebrivi mineraluri wylis  nanofiltraciuli procesis meSveobiT 

damuSavebis  Sedegad W.burRilebis mixedviT bariumi meryeobs 0.738-dan 1.11mg/l-mde, 

xolo fTori 2.26-dan  5.10 mg/l-mde, rac dasaxuli amocanis Sesrulebas srulad 

akmayofilebs; 

    borjomis bunebrivi mineraluri wylis sterilizaciisa da Sewonili 

nawilakebisgan gawmendis mizniT gamoyenebul iqna  me-5 Taobis brtyelsakniani 

mememranuli aparati, romelisTvisac SemuSavda mineraluri wylis 

ultrafiltraciuli gayofis procesis maTematikuri modeli.  

       borjomis bunebrivi mineraluri wylis debarireba-defTorirebis procesis 

optimizaciisTvis damuSavda da Seiqmna me-5 Taobis cxauriani brtyelsakniani 

memranuli aparati, romlisTvisac SemuSavda mineraluri wylis ultrafiltraciuli 

gayofis procesis maTematikuri modeli;   

      borjomis bunebrivi mineraluri wylis ionmetruli meTodiT analizis Sedegad 

kalciumisa da qloris raodenoba burRilebis mixedviT meryeobs 46.8-126.0 mg/l-sa 

(dasaSvebi diapazoni 20-150 mg/l) da 243.0-386.0 mg/l-s  (dasaSvebi diapazoni 260.0-380.0 

mg/l) Soris. 

      borjomis bunebrivi mineraluri wylis  nanofiltraciuli procesis meSveobiT 

damuSavebis  Sedegad burRilebis mixedviT kalciumis raodenoba meryeobs 32.5-dan 

74.2mg/l-mde, xolo qloris 206-dan  372-mg/l-mde, rac dasaxuli amocanis  Sesrulebas 

srulad akmayofilebs;  

      damuSavda borjomis bunebrivi mineraluri wylis filtraciis  meqanikuri-, 

ultra- da nanofiltraciuli srulad avtomatizirebuli membranuli danadgaris 

teqnologiuri sqema.  

3 Tema3.acetatcelulozuri 

polimeruli 

kompoziciebis fazuri 

inversiis procesis 

kvleva; 

qimia da Qqimiuri 

n. gogesaSvili nanokompoziciuri 

masalebis damuSavebis 

ganyofileba. ganyofilebis 

ufrosi- 

n. gogesaSvili 
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teqnologia 

udk 66.081.6, 678.744 

4 Tema 4. polimeruli 

masalebis gamxsneli-

aragamxsneli sistemis 

kvleva; qimia da qimiuri 

teqnologia, 

udk 66.081,6, 678.744 

 

n. gogesaSvili nanokompoziciuri 

masalebis damuSavebis 

ganyofileba. ganyofilebis 

ufrosi- 

n. gogesaSvili 

P 

Tema 3. proeqtis farglebSi Catarebulia kvlevebi sasurveli Tvisebebis mqone 

mikrofiltraciuli membranebis Sesaqmnelad fazuri inversiis procesiT. 

Mmembranebis mosamzadeblad gamoyenebuli iyo diacetatceluloza, romlis 

eTerifikaciis xarisxi Seadgenda  =250-270, xolo Canacvlebis xarisxi 2,5- 2,7. 

diacetatcelulozas saSualo siblanturi molekuluri masa gaangariSebul iqna 

mark-kun-hauvinkis gantolebis gamoyenebiT: [η] = k×Mηα..  k da  gansazRvrul iqna 

cnobili meTodikiT: k=0,8x10-4, 0,78. Ddiacetatcelulozisgan damzadebuli 

xsnarebis maxasiaTeblebi mocemulia 1-el cxrilSi. 

 

diacetatcelulozas 

koncentracia, mas.% 

5 6 7 

dimeTilacetamidis 

koncentracia, mas.% 
94 92 90 

liTiumisqloridis 

koncentracia, mas,% 
1 2 3 

                                     cxrili 1 

  diacetatcelulozas gaxsnisTvis gamoviyeneT aprotonuli nivTiereba 

dimeTilacetamidi, romliTac SesaZlebelia maRalforovani struqturis mqone 

membranebis miReba. dimeTilacetamidSi winaswar gaxsnili iyo liTiumis qloridi, 

romelic garda imisa, rom gaxsnis process uwyobs xels, acetatcelulozebisTvis 

gvevlineba, rogorc forwarmomqmneli agenti, radgan igi iwvevs polimeruli 

xsnaris struqturis cvlilebasac.  M                                                     

momzadebuli maformirebeli xsnarebis fazuri inversiis procesis Seswavlas 

vawarmoebdiT institutSi Seqmnil avtomotorizebul laboratoriul danadgarze. 
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(sur.1 ) 

.  

suraTi 1.Ffazuri inversiis        suraTi 2. Ddiacetatcelulozuri 

              danadgari                          membrana (×5000) 

aRniSnul danadgarze SesaZlebelia fazuri inversiis procesis mimdinareobaze 

iseTi parametrebis gavlenis Seswavla, rogoricaa sakoagulacio abazanis 

temperatura, fuZeSris abazanaSi CaSvebis siCqare da CaSvebis kuTxe. sakvlevi 

nimuSebi momzadeul iqna laboratoriul filerze.  yvela nimuSis sisqe iyo 0,1mm. 

Ggamoleqvis procesi Catarebulia wylian abazanaSi sam temperaturul reJimze 

(20 , 30 , 40 ). abazanaSi CaSvebis kuTxisTvisac arCeuli iyo sami mniSvneloba 100, 

450, 800, xolo abazanaSi nimuSis CaSvebis siCqare iyo 200-300mm/wT. nimuSebis CaSveba 

abazanaSi xdeboda nimuSis nawilobrivi aorTqlebis gareSe. Catarebuli 

eqsperimentebis pirobebi da maxasiaTeblebi mocemulia me-2 cxrilSi. 

N diacetatceluloza

s koncentracia,mas.% 

abazanaSi 

CaSvebis 

kuTxe,  

abazanaSi 

CaSvebis 

siCqare mm/wT 

Abazanis 

temperatura,

 

xvedriTi 

warmadoba 

l/m2sT 

1 5 10 300 20 70 

2 5 45 200 30 160 

3 5 80 200 40 100 

4 7 10 300 20 50 

5 7 45 200 30 80 

6 7 80 200 30 40 

 cxrili 2. fazuri inversiis Catarebis pirobebi da miRebuli membranebis     

                              xvedriTi warmadobebi 

Catarebuli eqsperimentebidan gamoikveTa, rom abazanaSi TiTqmis yvela nimuSis 800-

iani kuTxiT aRniSnul temperaturebze da 300mm/wT siCqariT CaSvebisas adgezia 

xdeba swrafad, ris gamoc miRebuli apkebi Seicaven  defeqts. swrafi adgeziis 

gamo am pirobebSi geli ver aswrebs transformacias da forebis warmoqmnas. 

nawilobriv es gamowveulia imiT, rom wylis molekulebi mTlianad ver 
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Caenacvlebian gamxsnelis molekulebs. nimuSebis abazanaSi 100-iani kuTxiT 

CaSvebisas adgezia midis nela, magram am SemTxvevaSi miiReba araerTgvarovani 

struqturuli warmonaqmnebis mqone masalebi iSviaTi forebiT. 

 vizualurad ukeTesi membranebi miiReba nimuSebis abazanaSi 450-iani kuTxiT 

CaSvebisas. 

 eqsperimentis Sedegebi miRebuli membranebis cifrul kamerian mikroskopze (x5000) 

kvlevamac daadastura . suraTi 2-ze mocemulia membranis mikrosuraTi, romelic 

miRebulia polimeris 5%-iani xsnaridan fuZeSris abazanaSi 450-iani kuTxiT da 

200mm/wT siCqariT CaSvebisas, rodesac abazanis temperatura iyo 30  

  Seswavlilia fazuri inversiis gansxvavebul pirobebSi Catarebisas miRebuli 

membranebis xvedriTi warmadobebi. Sedegebi mocemulia Mme-2 cxrilSi. rogorc 

cxrilidan Cans, polimeris koncentraciisa da abazanis temperaturis gazrdiT 

membranebis xvedriTi warmadobebi mcirdeba.   

institutSi Seqmnil buStulakis wertilis warmoqmnis ganmsazRvrel xelsawyoze 

dadgenilia miRebuli membranebis foris zomebi. zogierTi membranis foris zoma 

Seadgens 0,3-045mkm. 

 Catarebulma kvlevebma gviCvena, rom institutSi Seqmnili laboratoriuli 

avtomotorizebuli danadgari warmatebiT SeiZleba gamoyenebul iqnas fazuri 

inversiis procesis detalurad Sesaswavlad. 

 Tema 4. aRniSnuli proeqtis mizani iyo mikrofiltraciuli membranebis 

momzadebisas gamoyenebuli polimerisaTvis gamxsneli/aragamxsnelis sistemis 

SerCeva,radgan gamxsneli-aragamxsnelis sistemis SerCeva gansazRvravs fazuri 

inversiis procesis ,rogorc mimdinareobis siCqares, aseve imasac Tu ra tipis 

membrana iqneba miRebuli, 

  polimerebisa da wylis an romelime sxva aragamxsnelis Serevisas  miRebuli 

xsnarebis Tvisebebi  gansxvavdeba idealuri xsnarebis Tvisebebisgan maTSi dipol-

dipoluri da wyalbaduri bmebis arsebobis gamo. Amitom, Serevis Tavisufali 

energiis formulas polimerTa xsnarebisaTvis aqvs Semdegi saxe: 

G = ln + ln + ( ) sadac da x binaruli sistemis moculobiTi da 

moluri wilebia, xolo parametri  ganixileba rogorc Serevis Tavisufali 

energia, romelic Seicavs enTalpiur da entropiul maxasiaTeblebs. 

 

xSir SemTxvevaSi aRniSnuli Termodinamikuri parametrebis cvlilebis safuZvelze 

ar SeiZleba membranebis Tvisebebis gansazRvra, radgan eqsperimentebiT 

gansxvavebuli Sedegebi miiReba. amitom, gamxsneli/aragamxsnelis sistemis SerCevis 

MmizniT,Cvens mier ,Catarebulia kvlevebi acetatcelulozas(ac) 5-10%-iani 

koncentraciis xsnarebze sxvadasxva gamxsneli/aragamxsnelis sistemaSi. me-2 

cxrilSi mocemulia aRniSnuli xsnarebis Sedgenilobebi. 
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polimeri koncentracia gamxsneli aragamxsneli 

Aac 5 dioqsani wyali 

ac 10 dioqsani wyali 

ac 5 acetoni wyali 

ac 10 acetoni wyali 

ac 5 dimeTilacetamidi wyali 

ac 10 dimeTilacetamidi wyali 

          cxrili 2. Aacetatcelulozas xsnarebis Sedgenilobebi 

Ggamoleqvis procesis Seswavlam aCvena, rom dmaa/wylis SemTxvevaSi fazuri 

inversiis procesi warimarTeba wamierad, xolo acetoni/wylis da dioqsani/wylis 

SemTxvevaSi dagvianebiT. amasTanave, gansxvaveba ac-s 5%-ian da 10%-ian xsnarebis 

gamoleqvisas droSi iyo Zalian mcire.FSeswavlilia acetatcelulozas xsnaris 

fazuri inversia dmaa/wylis SemTxvevaSi, roca wyalSi damatebuli iyo 40% dmaa. 

aragamxsnelSi gamxsnelis dimeTilacetamidis damatebam  gamoiwvia  fazuri 

dayofis procesis Seneleba.  

Ffazuri inversiis procesis meqanizmis dasadgenad da gamxsneli/aragamxsnelis  

SerCevis mizniT Cvens mier aseve gamoyenebuli iyo  Suqgamtarobis gansazRvris 

meTodi.Aam mizniTE Catarebulia  kvlevebi acetatcelulozas 10%-iani xsnaris 

sxvadasxva gamxsneli/aragamxsnelis sistemisTvis (cxrili 3). 

  procesze dakvirveba xdeboda, rogorc vizualurad, aseve Suqgamtarobis 

xelsawyos daxmarebiT. acetoni/wylis da acetoni/wyali/propanolis SemTxvevaSi 

fazuri dayofis procesi mimdinareobda dagvianebiT. xolo polimeris 

dimeTilformamidis da dimeTilacetamidis  xsnarebis gamoleqvis procesi wyalSi  

warimarTa wamierad, magram wyali/propanolis narevSi mcire dagvianebiT. 

 
 

 

  # 

polimeri gamxsneli aragamxsneli 

   1         ac   Aacetoni       wyali 

   2 Aac    acetone wyali/propanoli 

   3 ac dimeTilformamidi wyali 

   4 ac dimeTilformamidi wyali/propanoli 

   5 ac dimeTilacetamidi wyali 



19 

 

   6 ac dimeTilacetamidi wyali/propanoli 

      cxrili 2.Aatatceluloza/gamxsneli/aragamxsnelis  sistemebi. 

 analogiur daskvnamde mivediT Suqgamtarobis monacemebis damuSavebis  Semdeg 

(sur.1) 

 

                              suraTi 1. Suqgamtarobis mrudebi 

  
 
 suraTze 1, a da b mrudeebi Seesabameba ac/dmf/wyali da ac/dmaa/wyali sistemebs, 

roca koagulacia warimarTeba wamierad, g da d mrudeebi  Seesabameba 

ac/dmf/wyali/propanoli da ac/dmaa/wyai/propanoli sistemebs, roca wyalTan 

Sereulia propanoli da koagulacia umniSvnelo droiT igvianebs, xolo e da v 

mrudeebiT aRiwereba fazuri inversia dagvianebiT  ac/acetoni/wyali da 

ac/acetoni/wyali/propanoli sistemebisaTvis, roca aragamxsnelad gamoyenebulia 

acetoni da acetoni/wylis narevi. Seswavlilia miRebuli membranebis xvedriTi 

warmadobebi (cxrili 3). 
 

polimeri gamxsneli aragamxsneli xv.warmadoba 

l/m2. sT 

   Aac Ddmf wyali 120 

    ac dmf wyali/propanoli 50 

    ac        dmaa          wyali 130 

    ac        dmma wyali/propanoli        70 

   cxrili 3. ac-s sxvadasxva sistemidan miRebuli Mmembranebis warmadobebebi. 

  Catarebuli eqsperimentebis safuZvelze dadgenilia, rom: acetatcelulozas 

bazaze Fforovani membranebis misaRebad gamxsneli-aragamxsnelis sistemebad 

dmf/wylis da dmaa/wylis arCevis SemTxvevaSi miiReba Fforovani da maRali 
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warmadobis membranebi  da romAfazuri inversiis procesSi aragamxsnelSi (wyalSi) 

40% dmaa-is damateba iwvevs fazuri inversiis procesis Senelebas.  

5 Tema 5.bunebriv wyalSi 

arsebuli qlorSemcveli 

nivTierebebi. 

qimia da mecniereba; 

membranuli procesebis 

kvleva da 

nanoteqnologiebis 

damuSaveba 

 

m. keJeraSvili membranuli procesebis 

kvlevisa da 

nanoteqnologiebis 

damuSavebis ganyofileba. 

ganyofilebis ufrosi- 

m. keJeraSvili 

6 Tema 6. membranuli 

teqnologiebi bunebrivi  

wylis xarisxis 

gasaumjobeseblad”.   

qimia da mecniereba; 

membranuli procesebis 

kvleva da 

nanoteqnologiebis 

damuSaveba 

  

m. keJeraSvili membranuli procesebis 

kvlevisa da 

nanoteqnologiebis 

damuSavebis ganyofileba. 

ganyofilebis ufrosi- 

m. keJeraSvili 

 Tema 5. wyalSi bunebrivi da  teqnologiuri damabinZureblebis gansazRvra 

dReisTvis msoflios masStabiT warmoadgens aqtualur amocanas, radgan es 

nivTierebebi didi toqsikurobiT gamoirCevian da maTi mometebuli raodenoba 

wyalSi safrTxes warmoadgens  nebismieri cocxali organizmisTvis. Cveni kvlevis 

mizans warmoadgenda imis dadgena, gagverkvia Tu ra saxiTaa qlorSemcveli 

nivTierebebi wyalSi, rogoria maTi raodenoba da rogor SeiZleba Semcirdes maTi 

raodenoba. wyalSi qlori  Semdegi saxiTaa: aqtiuri qlori - es aris qlori 

qimiuri naerTebis SemadgenlobaSi. narCeni qlori-qlori, romelic wyalSi rCeba 

daqlorvis Semdeg da wyalSi arsebuli nivTierebebis daJangvis Semdeg. is 

SeiZleba iyos qloris sxvadasxva forma: Tavisufali an dakavSirebuli. 

Tavisufali qlori-es aris narCeni qloris nawili, romelic SeiZleba iyos HClO-is, 

ОСl–isa da elementaruli qloris saxiT. dakavSirebuli qlori-esec narCeni 

qloris nawilia, romelic wyalSi arsebobs araorganuli da organuli 

qloraminebis saxiT. НОСl da ОСl–s  gaaCniaT baqtericiduli Tviseba. maT gaaCniaT 

unari SeaRwios baqteriis ujredebis membranaSi da zemoqmedeba moaxdinon maTze. 
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sinaTlis zemoqmedebiT mimdinareobs Semdegi  procesi:   

                    2HClO  → 2 1O2 + 2HCl → О2 + HCl warmoiqmneba singleturi 

(atomaruli) Jangbadi, romelic aris uZlieresi damJangavi. Yyvela es naerTi  

urTierTqmedeben wyalSi arsebul aRmdgenelebTan, magaliTad: 

(Fe2+),  romelic bikarbonatis saxiTaa wyalSi, gardaiqmneba samvalentian rkinad: 

        2Fe (HCO3)2 + Cl2 + Ca(HCO3)2 → 2Fe(OH)3↓+ CaCl2 + 6CO2     (0,64 mg  Cl2/ mg Fe) 

araorganuli rkinisTvis es reaqcia myisierad mimdinareobs, xolo rkinis organul 

kompleqsebTan reaqcia Senelebulia. 

 (Mn2+), romelic wyalSi orvalentianiia, iJangeba MnO2↓-mde: 

                  Mn2+ +Cl2 + 4OH– → MnO2↓  + 2Cl– + 2H2O         (1,29 mg Cl2/ mg Mn).  

 (S2–), sulfidebTan urTierTqmedebs рН-is mixedviT, miiReba gogirdi an 

gogirdmJava: H2S+Cl2→ S↓ +2HCl  (2,08mgСl2/mgH2S)  

                                       H2S + 4Cl2 + 4Н2О → Н2SО4 + 8HCl      (8,34  mg Сl2/ mg H2S)         рН=6,4; 

(NO2
–) nitritebTan:  

               NO2
– + HClO→ NO3

– + HCl     (1,54 mg Сl2/ mg NO2
–); 

(Br–)  bromidebTan:   

              Br– + HClO →HBrO + Cl–     (0,89 mg Cl2/mg Br–). 

(NH4
+) amoniumTan:   

              2NH4
+ + 3Cl2 → N2 + 6Cl– + 8H+     (7,6 mg Cl2 /N-NH4

+), 

am  reaqcias  rTuli meqanizmi aqvs: 

monoqloraminTan:   NH4
+ + HOCl → NH2Cl + H3O+;                        

diqloraminTan:     NH2Cl + HOCl → NHCl2 + H20;                  

triqloraminTan:      NHCl2 + HOCl → NCl3 + H2O.  

qlorSemcveli naerTebis umravlesoba maRali lipofilurobiT gamoirCeva, ris 

gamoc isini advilad gadian ujredis membranul bariers da TiTqmis 

daubrkoleblad aRweven sxvadasxva organoebSi, maT Soris ujredis birTvSi da 

Seuqcevad cvlilebebs iwveven. qlororganuli dambinZureblebidan yvelaze maRali 

toqsikurobiT dioqsinebi gamoirCevian (Fokin, Kolomiets 1985).naxSirwyalbadebis  

warmoebulebidan  aRsaniSnavia qlorCanacvlebuli alkanebi da alkenebi, maTi 

wyalSi xsnadoba gacilebiT ufro maRalia, vidre Sesabamisi naxSirwyalbadebis. es 
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nivTierebebia: tetraqlormeTani, diqlormeTani, qloroformi, vinilqloridi, 

triqloreTileni da a.S. (Korte et al.,1992). triqlormeTanis metabolizmis Sedegad 

organizmSi warmoiqmneba  qloroformi da qlorbenzoli, romlis Semdgomi 

gardaqmniT miiReba fenolebi (pirokatexini, hidroqinoni) da qlorfenoli. es 

procesebi cocxali organizmebisTvis imdenad maRali riskis matarebelia, rom 1,2-

diqloreTanis metabolizms „letalur sinTezs“ uwodeben, radgan am dros miiReba 

maRalreaqciuli metabolitebi, romlebic Seuqcevadad uerTdebian dnm-s. adamianis 

janmrTelobisTvis safrTxes warmoadgens RviZlSi mimdinare tetraqlormeTanis da 

diqlorZmarmJavas gardaqmnis produqtebi. qloris es nawarmi cvlis qolesterinis 

metabolizms (Smeltzer, Bare). RviZlze toqsikur zemoqmedebas axdens aseve 

qlorirebuli alkenebic, magaliTad: triqloreTileni. qloroformi astimulirebs 

Tavisufali radikalebis warmoqmnas (naadrevi siberis mizezi), iwvevs normaluri 

ujredebis mutacias da ganapirobebs Warbad qolesterinis warmoqmnas. amerikis 

jandacvis organizaciis mier dadginda, rom mTlianad  dafiqsirebul 

simsivneebidan qlorSemcveli nivTierebebiT gamowveuli SemTxvevebSi 9% modis 

Sardis buStis simsivneze da 15% swori nawlavis simsivneze. 

Mmikrofiltraciuli membranuli aparatis gamoyenebiT SesaZlebelia mavne 

qlorSemcveli nivTierebebis raodenobis Semcireba molekulisa da ionis doneze.  

 

                                     

                                       suraTi 1                           suraTi 2 

       qloris maCvenebeli damuSavebamde   qloris maCvenebeli damuSavebis Semdeg 

 

Aam mizniT, Cvens mier sxvadasxva modeluri xsnarebis magaliTze gansazRvruli 

iqna qloris raodenoba bunebriv wyalSi (ionomeri И-160) da dadgenili iqna, rom 

mikrofiltraciuli membranuli aparatis gamoyenebiT SesaZlebelia qloris 

raodenobis Semcireba bunebriv wylebSi. 

 Tema 6. sasmeli wyali SeiZleba Seicavdes Zalian bevr mavne nivTierebas, 

wvrildispersul da koloidur minarevebs, organul da araorganul naerTebs, 

baqteriebs (0,5-10 mkm), riketsiebs-umciresi zomis ujredovani Cxirebi (0,4-1,0 mkm), 

virusebs-mikroorganizmebi zomiT 20-400 nm, sokos-mcenareuli warmoSobis erTi an 

mravalujrediani mikroorganizmebi zomiT  3-50 mkm, koloiduri nawilakebs zomiT 
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200-400 nm, daleqvis siCqare 1m-ze 4 weli, Tixas (pudri), zomiT 500-200nm, daleqvis 

siCqare 0.5-2 Tve, lams, zomiT 27Х103-5Х104, daleqvis siCqare 10-30wT, qviSas  

(msxvili), zomiT 5X106, dalqvis siCqare 10wm, qviSa (wvrili), zomiT 105, daleqvis 

siCqare 2.5 wT, mZime metalebs, sxvadasxva ionebs da a.S.  

Cveni kvlevis mizania dagvedgina, ramdenad aris SesaZlebeli am nivTierebebis 

moxvedra cocxal organizmebSi kanis forebis saSualebiT. am mizniT SeviswavleT 

kanis struqtura da misi forebi nanozomebSi. Dadgenilia, rom epidermisSi  

Cveulebriv kanis im fenas gulisxmoben, rac garedan Cans.  swored es fena aris 

saintereso nivTierebebis zemoqmedebisaTvis, radgan danarCen fenebSi nivTierebebis 

moxvedra mxolod ineqciis saSualebiT aris SesaZlebeli. zemoT CamoTvlili 

nivTierebebi organizmSi rom moxvdnen, unda gaiaron epidermisisa da dermis 

cocxali ujredebi. ujredebi erTmaneTTan im manZilze imyofebian, romelTa 

zomebi aris  milimetris memilionedi nawili. maSasadame, imisTvis, rom nivTierebis 

molekulam kanis SigniT SeaRwios, 1) unda ixsnebodes cximSi 2) unda daarRvios 

kanis epidermisuli barieri. kanis simSralis dros rqovanis fenaSi wylis 

raodenoba klebulobs, rac azianebs mis struqturas, arRvevs kanis barierul 

Tvisebebs, kanis Sida fena xdeba naklebad efeqturi barieri nivTierebebis 

SeRwevisTvis, ris Sedegadac kanSi advilad SeaRwevs wyalSi arsebuli Sewonili 

wvrildispersiuli nawilakebi, (qviSa, Tixa (pudri), lami, romelTa daleqvis 

siCqare bevrad aRemateba Sxapis miRebis xangrZlivobas, rac zrdis maTi moxvedris 

albaTobas organizmSi kanis saSualebiT. Aaseve mniSvnelovania, rom sxvadasxva 

qimiuri agresiuli nivTierebebis (mag.; maRaltoqsikuri qloroformi,   

triqloreTileni da sxv.), raodenoba wylis gacxelebisas matulobs. difuzia 

Zlierdeba, radgan wylis momatebuli temperatura proporciulad aZlierebs  kanis 

absorbciis (STanTqmis) unars. ase magaliTad, cxeli wyliT duSis miRebis dros 

haerSi wylidan  gadadis qloroformis  50% da triqloreTilenis 80%. kvlevebma 

aCvena, rom 10 wuTiani Sxapis miRebis dros organizmi iRebs imden toqsikur 

qlorSemcvel nivTierebas, ramdensac  miiRebda  6 Wiqa wylis dalevis SemTxvevaSi. 

auzSi 30 wuTis curvis Semdeg biomarkerebma daadastures es cvlilebebi. sisxlis 

limfocitebSi gaizarda mikrobirTvebis raodenoba, rac miuTiTebs qromosomebis 

dazianebaze. (Jurnali „Environmental Health Perspectives“). Jurnali „TOXICAL IND HEALT“ 

(aSS) aqveynebs monacemebs, rom cxel wyalSi trihalogenmeTanis raodenoba 50-jer 

aRemateba raodenobas, romelic civ wyalSia. eqsperimentebma aCvena, rom daxurul 

sacurao auzSi qloriani wyliT banaobisas haeridan adamianis sxeulSi Sedis 76-

78% qloroformi, xolo kanis saSualebiT 22-24% qloroformi, maSinac ki, 

rodesac wyali Seesabameba dadgenil xarisxis normebs. Tbili wyali xsnis kanis 

forebs, is emsgavseba Rrubels da STanTqavs sxvadasxva zomis Sewonil nawilakebs, 

rogoricaa qviSa (msxvili da wvrili), sila da Tixa, romelTa nanozomebi bevrad 

mcirea kanis forebis zomebze. kargad SeRwevadi dabalmolekuluri lipofiluri 

nivTierebebi kanSi SeaRwevs ZiriTadad  transepidermisuli gziT, ufro naklebad 

rqovanas garsisa da saofle jirkvlebis saSualebiT. xolo nivTierebebisTvis, 

romlebic nela Seiwoveba kanis safaris mier, organizmSi SeRwevis upirvelesi gza 
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aris Tmovani folikulebi, Semdeg cximovani da saofle jirkvlebi. rezorfciis 

unaris siCqare damokidebulia Semdeg ZiriTad faqtorebze: nivTierebis Tvisebebze 

da agregatul mdgomareobaze;  mis dozasa da koncetraciaze; kansa da nivTierebas 

Soris kontaqtis xangrZlivobaze;  

   miRebuli kvlevis Sedegebis safuZvelze SeiZleba davaskvnaT, rom aqamde 

saTanadod ar iyo  Sefasebuli is saSiSroeba, romelic SeiZleba miiRos adamianma 

abazanis, Sxapis miRebis an sacurao auzSi curvis dros. uaxlesi SexedulebebiT, 

kani ar warmoadgens absolitur bariers imisaTvis, rom misi saSualebiT 

organizmSi ar SeaRwios mavne, toqsikurma nivTierebebma. warmodgenebi imis Sesaxeb, 

rom wyal-lipiduri mantia da rqovanis fena iTvleboda am nivTierebebisTvis 

gaumtar bariered, Tanamedove SexedulebiT mcdarad iTvleba.  

  mikrofiltraciuli membranuli aparatebi warmatebiT umklavdebian 

dabalmolekulur huminur nivTierebebs, romlebic  wyals moyviTalo Seferilobas 

aZleven, auaresebs mis gemovnur Tvisebebs da romelTa mocilebac sxva meTodebiT 

aris  sakmaod Zneli an SeuZlebeli. Cvens mier, Seswavlil iqna sxvadasxva 

warmoSobis bunebrivi wylebi. laboratoriul simRvrivis mzomze (TURB 555 IR) 

gansazRvruli iqna  maTi simRvriveebi. Semdeg ki es wylebi gafiltrul iqna 

mikrofiltraciuli aparatis saSualebiT, Semdeg ki Semowmebuli iqna maTi 

simRvrivis mniSvnelobebi, zogierTi monacemi motanilia suraTze: 

                                 

                        suraTi 3                       suraTi 4 

 gamWirvalobis maCvenebeli damuSavebamde   gamWirvalobis maCvenebeli damuSavebis    

                                                         Semdeg 

 M 

mikrofiltraciuli membranuli aparatebi aseve efeqturia iseTi wylis 

gasasufTaveblad, romelSic rkinis koncentracia 20 mg/l-mdea, maSin roca 

alternatiuli meTodebi azrs kargaven wyalSi rkinis 10 mg/l Semcvelobazec ki.  

wyali, gaivlis ra  membranaSi, 100%-iT Tavisufldeba da praqtikulad aRar 

Seicavs  baqteriebs, sokoebs, koloiduri nawilakebs, Tixas (pudri), lams, qviSas.  

Mmembranuli teqnologiebiT SesaZlebelia cisferi wylis miReba, romelSic  

SenarCunebulia organizmisaTvis saWiro yvela mikroelementi da bunebrivi gemo. 

7 Tema 7.  ultra- da 

nanofiltraciis 

saSualebiT Tbilisis 

miwisqveSa wylebis 

e. kakabaZe fizikur-qimiuri 

analizis laboratoria. 
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teqnikur wylad 

gamoyenebis 

SesaZleblobebi; 

analizuri qimia, garemos 

qimia 

laboratoriis ufrosi- 

e.kakabaZe 

8 Tema 8. qalaqis garemos 

mZime liTonebiT 

dabinZurebis monitoringi. 

garemos dacva da 

sainJinro ekologia; 

garemos obieqtebis 

monitoringi. 

n. mumlaZe fizikur-qimiuri 

analizis laboratoria. 

laboratoriis ufrosi- 

e.kakabaZe 

Tema 7. wyals, rogorc bunebriv resurss, saqarTvelos energetikisa da bunebrivi 

resursebis  marTvis saqmeSi mniSvnelovani adgili ukavia, miuxedavad amisa,  sakmaod 

moikoWlebs sakiTxi wylis resursebis aTvisebis proeqtebis Sesaxeb.  

Cveni yuradReba miipyro Tbilisis teqnikuri, arteziuli da Termuli 

miwisqveSa wylebis dinamikis Seswavlam, im martivi mizezis gamo, rom arteziuli 

miwisqveSa wylebi miwiszeda wylebze gacilebiT ekologiurad sufTaa da wylis 

mzardi deficitis Sevsebis sakmaod realuri faqtoria. 

qalaq Tbilisis miwisqveSa wylebis sakiTxis Seswavlisas yuradReba 

misaqcevia is faqti, rom  gruntis wylebi Sedgenilobis mixedviT HCO3 – SO4 – Ca da 

SO4 – HCO3 – Ca (mineralizaciiT 3 g/l), SO4 - Ca – Mg ( mineralizaciiT 7 g/l) da SO4 

– Na – Ca (mineralizaciiT 10 g/l) qimiuri tipebiTaa warmodgenili, romelTa 

mineralizaciis zrda ZiriTadad sulfatebis xarjze xdeba. sulfat-ioni bunebrivi 

wylebis erTerTi mTavari ionia, romelic gansazRvravs wylis tips. miuxedavad 

imisa, rom igi ar miekuTvneba toqsikur nivTierebaTa jgufs, misi Semcveloba sasmel 

wylebSi normirebulia. kerZod,  sulfatebis Semcveloba unda iyos ara umetes 250 

mg/l - isa. 

miwisqveSa wylebis Sedgenilobis formirebaSi mniSvnelovan rols asrulebs 

wyalSi xsnadi mineralebis gamotutvis produqtebi. TabaSiriani qanebis gamorecxviT 

unda aixsnas sulfat-ionis maRali Semcveloba  1300 mg/l - mde. aseTi sulfaturi 

wylebi farTodaa gavrcelebuli Tbilisis midamoebSi, kerZod: baraTaSvilis 

aRmarTi, nucubiZis plato, baxtrionis quCa, avlabari, samgori, diRmis teritoria, 

martyofi. swored TabaSiriani qanebis gamorecxvis Sedegia kldovani da 

naxevradkldovani qanebis gaSiSvlebebi, romlebic daikvirveba qalaqis garSemo 

mTebis ferdobebze. 

kvlevis mizans Seadgenda Tbilisis  miwisqveSa wylis sinjebSi sulfat-ionis 

gansazRvra da amgvari wylebis gamoyenebis perspeqtivaze Sesabamisi daskvnebis 
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gakeTeba.  

miwisqveSa wylebis sinjebi aRebuli iqna WaburRilebidan da maTSi 

ganisazRvra sulfat-ionis Semcveloba turbidimetruli maTodiT. Sedegebi 

motanilia cxrilSi 1. 

                                                         cxrili 1 

obieqti  mg/l saerTo mineralizacia, 

mg/l 

baraTaSvilis aRmarTi 902 1577 

diRomi- kerZo 

sastumro „luqsi“ 

1700 2974 

Wis wyali - martyofis 

teritoriaze 

2040 3659 

miwisqveSa wyali 

samgoris teritoriaze 

1750 3000  

Wis wyali - nucubiZis 

platoze 

650  1021 

 

kvlevis Sedegebis mixedviT aRmoCnda, rom miwisqveSa wylebis xarisxis 

maxasiaTeblebi ar aRemateba saqarTvelos standartiT gansazRvrul  normirebul 

maCveneblebs, garda sulfatebis raodenobisa da Sesabamisad mineralizaciisa. 

gamonakliss warmoadgenda sinji arteziuli tipis wylidan Sps „elitburjis“ 

teritoriaze, romelSic kalciumis koncentracia zdk - ze gacilebiT meti aRmoCnda, 

kerZod, 550 mg/l-ze. aRniSnuli wylebis demineralizaciisa da maTSi   -isa da 

-is ionebis Semcvelobis dasaSveb koncentraciebamde  dayvana SesaZlebeli 

aRmoCnda membranuli teqnologiebis gamoyenebiT, kerZod, stu -is membranuli 

teqnologiebis sainJinro institutis mier Seqmnili xelsawyo-danadgaris 

saSualebiT. jer mikrofiltraciiT moixsna Sewonili nawilakebi da organuli 

nawili, xolo Semdeg - nanofiltraciiT ionTa raodenobebi zdkmde Camovida. 

amgvarad, teqnikuri universitetis membranuli teqnologiebis sainJinro 

institutis mier Seqmnili xelsawyo-danadgaris saSualebiT nanoteqnologiisa da 

nanoteqnikis gaTvaliswinebiT srulebiT mogvarebadia wylis deminaralizaciis 

sakiTxi. 

Tema 8. garemos mZime liTonebiT dabinZurebis problemis aqtualoba, upirveles 

yovlisa, aixsneba adamianis organizmze maTi moqmedebis farTo speqtriT. garemoSi 
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moxvedrisas mZime liTonebi abinZureben atmosferul haers, wyals, niadags, xvdebian 

mcenareebSi da cxovelTa organizmebSi. mZime liTonebis migracia biosferoSi 

saSualebas iZleva gairkves maTi adamianis organizmSi moxvedris gzebi. garemos 

dabinZureba toqsikuri liTonebiT pirvel rigSi bavSvebze aisaxeba -Tandayolili 

simaxinjeebi, imunitetis Semcireba, daavadebaTa simravlis ganviTareba, xSirad 

paTologiuri procesis qronikulSi gadasvliT, gonebrivi da fizikuri ganviTarebis 

Seferxeba. 

kvlevis obieqtebad, Cvens mier, SerCeul iqna mosaxleobisa da gansakuTrebiT 

bavSvebis janmrTelobaze moqmedebis maRali riskis teritoriebi: mTawmindis parki, 

zooparkis teritoria, gldanis dasaxlebisa da misi mimdebare nagavsayrelis gare 

teritoria. sakvlevi obieqtebis farglebSi ganxorcielda niadagis, wylis, xis 

foTlebis sinjebis aReba da maTSi mZime liTonebis gansazRvra. 

mZime liTonebis gansazRvrisTvis niadagis sinjebis aReba (0-20 sm fena) da winaswari 

damuSaveba qimiuri analizisTvis ganxorcielda Sesabamisad ISO 10381 da  ISO 11464 

mixedviT. sxvadasxva wertilebSi aRebuli mTavari, saSualo da laboratoriuli 

sinjebidan momzadda  Sereuli sinjebi. 

sakvlev Sereul haermSral sinjebSi mZime liTonebis gansazRvrisTvis gamoyenebuli 

iyo optikur-emisiuri speqtrometri ICP – OES 725 induqciur-bmuli plazmiT, romelic 

perioduli sistemis 73 elementamde erTdrouli preciziuli eqspres-gansazRvris 

saSualebas iZleva Txevad da myar sinjebSi. niadagSi mZime liTonebis gansazRvris 

Sedegebis safuZvelze gamoiTvala zogierTi mZime liTonis Semcvelobis 

saSiSroebis  koeficienti ( ). Cvens mier gansazRvruli mZime liTonebis 

Semcvelobis mixedviT samive nimuSis niadagebi miekuTvneba I da II dones. 

xSirad, rodesac niadagebi dabinZurebulia erTdroulad ramdenime elementiT, maSin 

gamoiTvlian jamuri dabinZurebis maCvenebels ( ), romlis SedarebiT niadagis 

jamuri dabinZurebis saorientacio Sesafasebel skalasTan, SegviZlia aRvniSnoT, 

rom Cvens mier Seswavlili niadagebi miekuTvneba dasaSvebi dabinZurebis kategorias 

< 16. 

Cvens mier, Seswavlil iqna Semodgomis foTolcvenis Sedegad (seqtemberi – 

dekemberi, 2015 w) Segrovili foTlebis elementuri Sedgeniloba, romelic 

ganisazRvra rentgenofluorescenciuri analizis meTodis gamoyenebiT. sakvlevi 

obieqtebis xis nargavebis foTlebis qimiuri analizis Sedegebis Sedarebisas  

niadagSi maT zdk-Tan, zogierTi maTganis Semcveloba aRemateboda zdk, magaliTad, 

dariSxanis (7zdk, mTawminda; 3zdk, zooparki) da spilenZis (9zdk, mTawminda; 8zdk, 

zooparki). tyviis Semcveloba samive wertilSi zdk naklebia;mZime LliTonebis 

Semcveloba Seswavlil md.veresa da gldanis xevSi zRvrulad dasaSveb 

koncentraciaze dabali aRmoCnda; 

9 Tema 9. aparatis sadawneo l. yufaraZe membranuli procesebis 
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saknis Tavsa da boloSi 

siCqareebis gansazvra; 

maTematika –hidromeqanika, 

hidravlika. 

kvlevisa da 

nanoteqnologiebis 

damuSavebis ganyofileba. 

ganyofilebis ufrosi- 

m. keJeraSvili 

10 Tema 10. Teoriuli 

gaangariSebis formulebi 

sadawneo umembrano 

aparatisTvis; 

hidromeqanika, 

diferencialuri 

gantolebebi. 

l. yufaraZe membranuli procesebis 

kvlevisa da 

nanoteqnologiebis 

damuSavebis ganyofileba. 

ganyofilebis ufrosi- 

m. keJeraSvili 

 

  Tema 9. hidrodinamikuri mdgomareobis dasaxasiaTeblad da reJimuli 

parametrebis dasadgenad saWiroa ganisazRvros xaxunis ZalebiT gamowveuli 

siCqaris cvlileba sadawneo saknis sigrZis mixedviT. ganixileba sadawneo sakani 

membranis gareSe. vxelvmZRvaneblobT hidravlikaSi cnobili damokidebulebiT:    

(1) , sadac     (2)                                                                                                                          

aq [kg/m2] - mxebi Zabvis sididea, romelic  viTardeba kedelze siTxis saSualo 

siCqariT moZraobisas da igi damokidelia kedlis zedapiris xorklianobaze, 

nakadze, siTxis fizikur Tvisebebze da sxva [kg/m3] -moculobiTi wonaa;   

[kg.wm2/m4 ]  -siTxis simkvrvea;  [m3] – xvedriTi moculobaa; [m] - hidavliuri 

radiusia; I [m] - hidravliuri qanobi anu  sruli energiis xvedriTi danakargia.                                              

siTxis dinebis  laminaruli reJimis dros mxebi Zabvis gamosaxulebas  Cveulebriv 

warmoadgenen Semdegnairad:         (3)   -xaxunis koeficientia .      Tu 

gaviTvaliswinebiT (2)-s da(3)-s toloba (1)-Si miviRebT Tanabari moZraobis dros 

xaxunze danakargebis ganmsazRvrel Semdeg samuSao formulas:BB     (4) , 

Tu SemoviRebT aRniSvnas         (5), sadac  B[m1/2/wm] –koeficienti 

damokidebulia zedapiris xorklianobaze, maSin formulaB(4) Caiwereba  Semdegi 

saxiT, romelic cnobilia Sezis formulis saxelwodebiT.             (6)                           

vinaidan kveTSi  mcirdeba    -is   proporciulad,  -sTvis gveqneba         

       (7) , Tu am sidides gavamravlebT -ze miviRebT siCqaris  danakargs                                                                                              
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- sigrZeze:    (8) sadac  , - sadawneo saknis sigrZea.                                                     

kinetikuri energiis danakargi sigrZeze iqneba:    (9)                                                                                                      

Tu  kveTSi siCqares avRniSnavT  iT kinetikuri energiebisTvis SeiZleba 

davweroT Semdegi toloba:                  (10)                                              

aqedan ganvsazRvroT                                  (11)                                                              

toloba (11) warmoadgens sadawneo sakanis    manZilze  ganviTarebul siCqaresa 

da saknis TavSi arsebul siCqares Soris analizur damokidebulebas, romelic 

gamowveulia saknis kedelze xaxuniT.  

imisTvis, rom viangariSoT saWiroa gamoangariSebul iqnes  da . -s  

gamosaangariSeblad gamoviyenoT maningis formula:  (12), sadac  –simqisis  

koeficientia.                                                                        

 ganxiluli iyo aparati  1  oTxkuTxa kveTis mqone sadawneo sakniT , romlis 

geometriuli zomebia: m, m, xolo saknis sigrZe ki  

m, cocxali ganivkveTis farTobi iqneba:  .                                          

xolo sveli perimetri:  =2( მ  ;                                                                                                            

Hhidravlikuri radiusi ki   = =0,1737  m      ;                                                                                                                                  

aparati 2-is SemTxvevaSi ki, romlis sadawneo sakanis zeda zedapiri 

reflirebulia , xolo ganivkveTis farTi igivea, rogorc aparati 1-is SemTxvevaSi 

da danarCeni geometriuli zomebi ki:  =0,2 m , m  

m, =0,25 m. cocxali kveTis farTobi iqneba m2; 

sveli pererimetri:  =2[ m ;                                                                             

Hhidravlikuri radiusi ki = m=0,1452 m ;      m 

siCqareTa Sefaseba formula (11)-is mixedviT maningis (12)-e formulis gamoyenebiT, 

sxvadasxva simqisis koeficientebisTvisa da sxvadasxva tipis sadawneo saknebisTvis 

moyvanilia qvemoT cxrilSi  

 

n R   C=

 

  
 

 
=(12)  1-(12) (V-
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1 2 3 4 6 7 8 9 11 12 13 14 15 

აპარატი 

1 

1,737

 

0,1 0,01          

0,011    21,4 461,1 0,080 0,124 0,875 0,935 0,935  0,064 6,46 

0,012    19,6 389,5 0,067 0,148 0,851 0,922 0,922  0,077 7,71 

0,013    18,1 330,1 0,057 0.174 0,825 0,908 0,908  0,091 9,14 

0,014    16,8 284,6 0,049 0,202 0,797 0,893 0,893  0,106 10,6 

0,015    15,7 247,9 0,043 0,232 0,767 0,876 0,876  0,123 12,3 

აპარატი2 1,452

 

0,1 0,01          

0,011    20,8 434,3 0,063 0,158 0,841 0,917 0,917  0,082 8,27 

0,012    19,1 365,1 0,053 0,188 

 

0,811 0,900 0,900  0,099 9,93 

0,013    17,6 311,1 0,045 0,221 0,778 0,882 0,882  0,117 11,7 

0,014    16,3 268,2 0,038 0,256 0,743 0,862 0,862  0,137 13,7 

0,015    15,2 233,6 0,033 0,294 0,705 0,839 0,839  0,160 16,0 

  

                                                                 

Tema 10 -Si ganxilulia blanti ukumSi siTxis moZraoba.  

amisTvis gamovdivarT brtyeli organzomilebiani stacionaluri moZraobis 

gantolebebidan, rodesac masobrivi Zalebi ugulvebelyofilia : 

       a)                                                (1) 

     b) 

                                                                     (2)    

   gantolebaTa sistema (1) arawrfivi kerZo warmoebuliani gantolebaTa sistemaa, 

rac ganpirobebulia  gantolebis marcxena nawilSi arawrfivi wevrebiT. misi 

analizuri amoxsna zogadad SeuZlebelia, magram arsebobs kerZo SemTxvevebi,  

rodesac es wevrebi igivurad nulis tolia da an mcirea da misi ugulvelyofa 

SesaZlebelia. Tu am gantolebebSi davuSvebT, rom siCqaris mdgeneli udris 
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nuls, anu moZraoba gvaqvs mxolod  RerZis mimarTulebiT, maSin masis uwyvetobis 

gantoleba (2)-dan SeiZleba davweroT 

                                                                           (3)                                                                   

Ggatoleba (3)-dan Cans, rom ar aris  -ze damokidebuli, amitom gantoleba (1)-is 

nacvlad gveqneba:                                                                   

            a)                                                         (4) 

     b)   

  gantoleba (4) gveubneba, rom mxolod -zea damokidebuli, amitom igi SeiZleba 

warmovadginoT aseTnairad: 

  

 igi SevcvaloT fardobiT. 

  

sadac  sidide kveTSi mudmivia. meores mxriv, vinaidan ar aris  -ze 

damokidebuli, amitom  

=   

da (4b) miiRebs saxes: 

                                                                     (5) 

gantoleba (5)  wrfivi meore rigis diferencialuri gantolebaa da Tu amoviRebT 

integrals iT jer erTxel, miviRebT : 

   ,                                                            (6) 

Semdeg ki meorejer:  

                                                            (7) 

amgvarad, miviReT -s gamosaxuleba. Tu gantoleba (7)-Si tolobis orive mxares 

gavyofT  ze da gaviTvaliswinebT, rom   

                                                                          (8) 
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miviRebT 

                                                             (9) 

toloba (9)-Si sasazRvro pirobebis, arxis kedelze nawilakis mikvris pirobis 

gaTvaliswinebiT:  

  

 miviRebT  koeficientebis Semdeg mniSvnelobas: , sabolood 

siCqarisTvis  gveqneba Semdegi gamosaxuleba: 

                                                                (!0) 

amgvarad, miviReT sadawneo sakanSi siCqaris gamosaxulebis paraboluri saxe.      

kveTSi gasaSualebuli siCqareebisTvis  ki gveqneba: 

= =              (11) 

                                                                 

 

 

II.1. publikaciebi: 

ა) saqarTveloSi 

statiebi 

# 
avtori/ 

avtorebi 

statiis saTauri, 

Jurnalis/krebulis 

dasaxeleba 

Jurnalis/ 

krebulis 

nomeri 

gamocemis 

adgili, 

gamomcemloba 

gverdebis 

raodenoba 

1 statia 1. 

g.bibileiSvili 

borjomis 

mineraluri wylis 

steriluri 

filtraciisTvis 

membranuli    

teqnologiis   

damuSaveba da 

sawarmoo nimuSis 

t16, #1 Tbilisi,0179, 

i.WavWavaZis 

gamz.1, 

gamomcemloba 

“universali” 

2 
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damzadeba. 

2 statia 2. 

g.bibileiSvili 

membrnuli 

nanoteqnologiebisa 

da nanosistemebis 

Seqmna borjomis 

mineraluri wylis 

magaliTze 

 

t16, #1 Tbilisi,0179, 

i.WavWavaZis 

gamz.1, 

gamomcemloba 

“universali” 

2 

statia 1. B 

statiaSi mocemulia borjomis mineraluri wylis steriluri filtraciisTvis 

baromembranuli procesebis mikro- da ultrafiltraciis Teoriuli da 

eqsperimetuli kvleva. Mmembranuli teqnologiis gamoyenebiT miRebuli sakvlevi 

mineraluri wylis granulometriuli, molekuluri da ionuri komponentebis 

Sedgeniloba gansazRvrulia institutis laboratoriaSi, simRvrivis (Turb 555IR), 

el.gamtarobisa  (KEL-IM2) da ionmzomi (I-160.IMP) xelsawyoebis gamoyenebiT.                                                 

3D printerisU(UULTIMAKER-2) meSveobiT bunebrivi wylis granulometruli  

Semadgenlobis 0,1mkm-dan 0,45mkm-mde damuSavebisTvis institutSi Seqmnilia 

tangencialuri tipis universaluri safiltracio xelsawyo.  aRniSnul danadgarze 

mikrofiltraciuli procesis dros borjomis mineraluri wyali iwmindeba 0,2mkm-is 

zomis toli nawilakebisgan, rac uzrunelyofs siTxis sterilizaciis minimalur 

donesa da  saTanado gamWvirvalobas, xolo  ultrafiltraciuli procesis dros 

borjomis mineraluri wyali iwmindeba 0,01mkm-is zomis toli nawilakebisa da 

mikroorganizmebisagan, rac uzrunvelyofs siTxis sterilizaciis maqsimalur (99,9%-

100%) donesa da saTanado gamWvirvalobas. Ddadgenilia, rom borjomis mineraluri 

wylis burRebis( burR.”park.wyali”, burR. “likani”, burR.9, burR. 25, burR.37,BburR.41) 

dasamuSaveblad mikrofiltraciuli procesis kvlevisas 0,2mkm-s zomis nawilakebis 

mocileba uzrunvelyofs xsnaris minimalur doneze sterilizaciasa da formazinis 

erTeulis mixedviT gamWvirvalobis maCvenebels FNU 0,10., xolo ultrafiltraciuli 

procesis kvlevisas 0,01mkm-s zomis nawilakebis mocileba uzrunvelyofs xsnaris 

maqsimalur (99,9%-100%) doneze sterilizaciasa da formazinis erTeulis mixedviT 

gamWvirvalobis maCvenebels FNU 0,09. 

statia 2. naSromSi mocemulia borjomis mineraluri wylis nawilobrivi 

defTorireba-debarirebisTvis Catarebuli baromembranuli filtraciis sami 

procesis mikro-, ultra- da nanofiltraciis Teoriuli da eqsperimentuli kvleva. 

borjomis mineraluri wylis damuSaveba Catarebulia (K)  da (S)  tipis 

teqnologiebiT rogorc  laminaruli aseve turbulenturi reJimis pirobebSi. 

Ddadgenilia, rom (K) teqnologiebis gamoyenebiT bariumis raodenoba Semcirebulia 

1,09mg/l-mde, xolo fToris -4,82g/lm-mde.  ( S ) teqnologiebis gamoyenebiT bariumis 

raodenoba Semcirda 0,937mg/l-mde, xolo fToris-6,52mg/l-mde. Aanalogiuri kvlevebi 
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Catarebulia agreTve turbulenturi reJimisTvis. Oorive reJimis gamoyenebis Semdeg 

wyalSi SenarCunebulia kalciumis da qloris dasaSvebi mniSvnelobebi. 

Bbaromembranuli procesebis optimizaciis maTematikuri aRwerisa da eqsperimentuli 

kvlevebis safuZvelze dadgenilia turbulenturi dinebis upiratesoba 

laminarulTan SedarebiT. kerZod, sadawneo sakanSi filtraciis siCqaris da gayofis 

procesSi koncentraciuli polarizaciis maCveneblebi mniSvnelovnad gansxvavebulia 

laminaruli da turbulenturi reJimebis pirobebSi. Bborjomis mineraluri wylis 

nanofiltraciuli procesis meSveobiT damuSavebis Sedegad burRilebis mixedviT 

bariumi  meryeobs 0,738mg/l-dan 1.11mg/l-mde, xolo fTori 2,26mg/l-dan 5,10mg/l-mde, 

rac evrokaSiris dasaSveb raodenobas akmayofilebs. damuSavebulia borjomis 

bunebrivi  mineraluri wylis filtraciis meqanikuri-, ultra- da nanofiltraciuli 

srulad atomatizirebuli membranuli danadgaris teqnologiuri sqema. amasTanave 

dadgenilia, rom mineraluri wylis damuSavebisTvis baromembranuli procesebi 

mizanSewonilia Catardes etapobrivad (mikro-, ultra- da nanofiltracia). borjomis 

bunebrivi mineraluri wylis molekuur- ionuri Sedgenilobis regulacia 

SesaZlebelia baromembranuli procesebis gamoyenebiT, rac dadasturebulia 

ionometruli da turbidimetruli meTodebiT, mineraluri wylis mizanmimarTuli 

deionizaciiT gamowveuli qimiuri Sedgenilobis cvlilebiT. 

 

3. statia 3. 

g.bibileiSvili 

n.gogesaSvili 
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4. statia 4. 

g.bibileiSvili 
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 t16, #1 Tbilisi,0179, 

i.WavWavaZis 

gamz.1, 

gamomcemloba 

“universali” 

2 

statia 3. membranuli teqnologiis sainJinro institutSi acetatcelulozuri 

membranebis Seqmnisa da maTi Tvisebebis Seswavlis  mizniT gamoyenebuli iyo 

diacetatceluloza, romlis eTerifikaciis xarisxi Seadgens = 250-270, xolo 

Canacvlebis xarisxi 2,5-2,8. Ddiacetatcelulozas saSualo molekuluri masa 

gaangariSebulia mark-kun-hauvinkis gantolebis gamoyenebiT. [η] = k×Mηα..  k da  

da gansazRvrulia cnobili meTodikiT k=0,8  acetatcelulozas 
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gamxsnelad gamoyenebulia aprotonuli gamxsneli dimeTilacetamidi, romelSic 

gaxsnili iyo liTiumis qloridi. Ddiacetatcelulozas bazaze momzadebuli 

sxvadasxva koncentraciis xsnarebis fazuri inversiis procesi Seswavlilia 

institutSi Seqmnil avtomotorizebul laboratoriul danadgarze. 

 gansazRvrulia miRebuli membranebis xvedriTi warmadobebi da dadgenilia, rom 

sakoagulacio abazanis temperaturisa da koncentraciis gazrda iwvevs membranebis 

warmadobis Semcirebas. D dadgenilia fazuri inversiis optimaluri pirobebi: 

abazanaSi CaSvebis kuTxe 450, CaSvebis siCqare 200 mm/wT, abazanis temperatura 30  

miRebuli membranebis foris zomebi gansazRvrulia institutSi Seqmnil buStulakis 

wertilis warmoqmnis ganmsazRvrel xelsawyoze. zogierTi nimuSis foris zomaa 0,3-

0,45mkm.  

statia 4. naSromSi ganxilulia acetatcelulozas  (ac) bazaze mikrofiltraciuli 

membranebis mosamzadebeli zogierTi gamxsneli/aragamxsnelis sistemebi: 

acetoni/wyali, acetoni/wyali/propanoli, dmaa/wyali, dmaa/wyali/propanoli, 

dmf/wyali da dmf/wyali/propanoli. Seswavlilia aRniSnuli sistemebis  fazuri 

inversiis procesi. G 

 gamoleqvis procesze dakvirveba Catarebulia rogorc vizualurad, aseve 

Suqgamtarobis xelsawyos meSveobiT. sqematuri mrudebis gamoyenebiT dafiqsirebulia 

momenti, romlis drosac xdeba fazuri dayofa.  

 Seswavlilia gamxsneli/aragamxsnelis sxvadasxva sistemisTvis membranis formirebis 

ori saxvadasxva meqanizmisa da Sesabamisad gansxvavebuli struqturis mqone 

membranebis miRebis SesaZleblobebi. gansazRvrulia  am sistemebidan miRebuli 

membranebis warmadobebi. 

 Suqgamtarobis mrudeebis gamoyenebiT  dadgenilia, rom acetatcelulozas 

mikrofiltraciuli membranebis misaRebad sasurvelia dmf/wyali da dmaa/wyali 

sistemebis SerCeva, radgan acetonis gamxsnelad gamoyenebis SemTxvevaSi fazuri 

inversiis dagvianebiT warmarTvis gamo miiReba  araforovani membranebi. amasTanave 

dadgenilia, rom acetatcelulozas 10%-iani xsnarebidan dimeTilformamidSi da 

dimeTilacetamidSi aragamxsnelad marto wylis gamoyenebis SemTxvevaSi miiReba 

ufro maRali warmadobis membranebi, vidre aragamxsnelad wyali/propanolis 

gamoyenebis SemTxvevaSi. 

 

5. statia 5. 

g.bibileiSvili 

m.keJeraSvili 
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qimiuri Jurnali 

 

6. statia 6. 
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2 

statia 5. cnobilia, rom bunebrivi wylis qlorirebis Semdeg sxvadasxva qimiuri 

gardaqmnebis Sedegad wyalSi SeiZleba warmoiqmnas qlor- da bromorganuli  

nivTiereba, romelTa didi nawili warmoadgens sicocxlisaTvis saSiS toqsikur 

nivTierebebs. Aamitom wyalSi bunebrivi da  teqnologiuri damabinZureblebis 

gansazRvra dReisaTvis msoflios masStabiT warmoadgens aqtualur amocanas. Cveni 

kvlevis mizani iyo  dagvedgina, Tu ra saxiTaa qlorSemcveli nivTierebebi wyalSi, 

rogoria maTi raodenoba da rogor SeiZleba Semcirdes maTi raodenoba. 

qlorSemcveli naerTebis umravlesoba maRali lipofilurobiT gamoirCeva, ris 

gamoc isini advilad gadian ujredis membranul bariers da TiTqmis daubrkoleblad 

aRweven sxvadasxva organoebSi, maT Soris ujredis birTvSi da Seuqcevad 

cvlilebebs iwveven. qlororganuli dambinZureblebidan yvelaze maRali 

toqsikurobiT dioqsinebi gamoirCevian (Fokin, Kolomiets 1985). naxSirwyalbadebis  

warmoebulebidan aRsaniSnavia qlorCanacvlebuli alkanebi: tetraqlormeTani, 

diqlormeTani, qloroformi, vinilqloridi, triqloreTileni da a.S. (Korte et al.,1992). 

triqlormeTanis metabolizmis Sedegad organizmSi warmoiqmneba qloroformi da 

qlorbenzoli, romlis Semdgomi gardaqmniT miiReba fenolebi (pirokatexini, 

hidroqinoni) da qlorfenoli. es procesebi cocxali organizmebisTvis imdenad 

maRali riskis matarebelia, rom 1,2-diqloreTanis metabolizms „letalur sinTezs“ 

uwodeben, radgan am dros miiReba maRalreaqciuli metabolitebi, romlebic 

Seuqcevadad uerTdebian dnm-s.adamianis janmrTelobisaTvis safrTxes warmoadgens 

RviZlSi mimdinare tetraqlormeTanis da diqlorZmarmJavas gardaqmnis produqtebi. 

qloris es nawarmi cvlis qolesterinis metabolizms (Smeltzer, Bare). qloroformi 

astimulirebs Tavisufali radikalebis warmoqmnas (naadrevi siberis mizezi), iwvevs 

normaluri ujredebis mutacias da ganapirobebs Warbad qolesterinis warmoqmnas. 

Kkvlevis miznis Sesabamisad Cvens mier sxvadasxva modeluri xsnarebis magaliTze 

gansazRvruli iqna qloris raodenoba bunebriv wylebSi (ionomeri И-160) da 

dadgenil iqna, rom mikrofiltraciuli membranuli aparatis gamoyenebiT 

SesaZlebelia qloris raodenobis Semcireba molekulis da ionis doneze.  

statia 6.  msoflio jandacvis organizaciis mier ukanaskneli monacemebiT 



37 

 

dadgenilia, rom sul ufro izrdeba sasmeli wylis uxarisxobiT gamowveuli 

adamianebis daavadebaTa riskebi. sasmeli wyali SeiZleba Seicavdes Zalian bevr mavne 

nivTierebas, wvrildispersul da koloidur minarevebs, organul da araorganul 

naerTebs, baqteriebs (0,5-10 mkm), riketsiebs-umciresi zomis ujredovani Cxirebi (0,4-1,0 

mkm), virusebs-mikroorganizmebi zomiT 20-400 nm, sokos-mcenareuli warmoSobis erTi 

an mravalujrediani mikroorganizmebi zomiT  3-50 mkm, koloiduri nawilakebs zomiT 

200-400 nm, daleqvis siCqare 1m-ze 4 weli, Tixas (pudri), zomiT 500-200nm, daleqvis 

siCqare 0.5-2 Tve, lams, zomiT 27Х103-5Х104, daleqvis siCqare 10-30wT, qviSas  (msxvili), 

zomiT 5X106, daleqvis siCqare 10wm, qviSa (wvrili), zomiT 105, daleqvis siCqare 2.5 wT, 

mZime metalebs, sxvadasxva ionebs da a.S. Cveni kvlevis mizani iyo dagvedgina, 

ramdenad aris SesaZlebeli am nivTierebebis moxvedra cocxal organizmebSi kanis 

forebis saSualebiT. am mizniT, SeviswavleT kanis struqtura da misi forebi 

nanozomebSi. kanis simSralis dros rqovanis fenaSi wylis raodenoba klebulobs, 

rac azianebs mis struqturas, arRvevs kanis barierul Tvisebebs, kanis Sida fena 

xdeba naklebad efeqturi barieri nivTierebebis SeRwevisaTvis, ris Sedegadac kanSi 

advilad SeaRwevs wyalSi arsebuli Sewonili wvrildispersiuli nawilakebi, (qviSa, 

Tixa (pudri), romelTa daleqvis siCqare bevrad aRemateba duSis miRebis 

xangrZlivobas), mikroorganizmebi, sxvadasxva qimiuri agresiuli nivTierebebi (mag.; 

maRaltoqsikuri qloroformi,   triqloreTileni da sxv.), romelTa raodenoba 

wylis gacxelebisas matulobs. eqsperimentebma aCvena, rom daxurul sacurao auzSi 

qloriani wyliT banaobisas haeridan adamianis sxeulSi Sedis 76-78%, kanis 

saSualebiT 22-24% qloroformi, maSinac ki, rodesac wyali Seesabameba xarisxis 

normebs. SeiZleba davaskvnaT, rom saSiSroeba, romelic emuqreba cocxal 

organizmebs aseTi wylis moxmarebis SemTxvevaSi (abazanis,  duSis miRebis an 

sacurao auzSi curvis dros) aqamde ar iyo saTanadod Sefasebuli da Seswavlili. 

Pproblemis gadaWris mizniT Cvens mier Seswavlili iqna sxvadasxva warmoSobis 

bunebrivi wylebi. laboratoriul simRvrivis mzomze (TURB 555 IR) gansazRvruli iqna  

maTi simRvriveebi.  mikrofiltraciuli membranul aparatSi gafiltvris Semdeg 

wyali 100%-iT gaTavisuflda da praqtikulad aRar Seicavda  baqterias, sokoebs, 

koloidur nawilakebs, Tixas (pudri), lams, qviSas.  membranuli teqnologiebis 

gamoyenebiT SesaZlebelia umaRali xarisxis wylis miReba, romelic sruliad 

usafrTxoa janmrTelobisTvis. 

7. statia 7. 

g.bibileiSvili 
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8. statia 8. mZime liTonebi t16, #1 Tbilisi,0179, 2 
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g.bibileiSvili 

n.mumlaZe 

g.kargareTeli 
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gamomcemloba 

“universali” 

 

statia 7. qalaq Tbilisis miwisqveSa wylebis sakiTxis Seswavlisas sayuradReboa is 

faqti, rom  gruntis wylebi Sedgenilobis mixedviT sxvadasxvaa. maTi  

mineralizaciis zrda  ZiriTadad sulfatebis xarjze xdeba. sulfat-ioni bunebrivi 

wylebis erTerTi mTavari ionia, romelic gansazRvravs wylis tips. miuxedavad imisa, 

rom igi ar miekuTvneba toqsikur nivTierebaTa jgufs, misi Semcveloba sasmel 

wylebSi normirebulia. kerZod,  sulfatebis Semcveloba unda iyos ara umetes 250 

mg/l - isa. 

sulfaturi wylebi farTodaa gavrcelebuli Tbilisis midamoebSi, kerZod: 

baraTaSvilis aRmarTi, nucubiZis plato, baxtrionis quCa, avlabari, samgori, diRmis 

teritoria, martyofi. kvlevis mizans Seaდgenda Tbilisis ramodenime miwisqveSa 

wylis sinjebSi sulfat-ionis gansazRvra da amgvari wylebis gamoyenebis 

perspeqtivaze Sesabamisi daskvnebis gakeTeba.  Sedegebis mixedviT aRmoCnda, rom 

miwisqveSa wylebis xarisxis maxasiaTeblebi ar aRemateba saqarTvelos standartiT 

gansazRvrul  normirebul maCveneblebs, garda sulfatebis raodenobisa da 

Sesabamisad mineralizaciisa.  problemis gadaWra adviladaa SesaZlebeli 

membranuli nanoteqnologiebis gamoyenebiT. kerZod, teqnikuri universitetis 

membranuli teqnologiebis sainJinro institutis mier Seqmnili xelsawyo-danadgaris 

saSualebiT srulebiT mogvarebadia wylis deminaralizaciis sakiTxi membranuli 

nanoteqnologiisa da nanoteqnikis gaTvaliswinebiT.                    

                                                

statia 8.garemos mZime liTonebiT dabinZurebis problemis aqtualoba, upirveles 

yovlisa,  aixsneba adamianis organizmze maTi moqmedebis farTo speqtriT. 

garemoSi moxvedrisas mZime liTonebi abinZureben atmosferul haers, wyals, niadags, 

xvdebian mcenareebSi da cxovelTa organizmebSi. liTonebis migracia biosferoSi 

saSualebas iZleva gairkves maTi adamianis organizmSi moxvedris gzebi. kvlevis 

obieqtebad Cvens mier SerCeul iqna mosaxleobisa da gansakuTrebiT bavSvebis 

janmrTelobaze moqmedebis maRali riskis  teritoriebi: mTawmindis parki, zooparkis 

teritoria, gldanis dasaxlebisa da misi mimdebare nagavsayrelis gare teritoria. 

mZime liTonebis gansazRvrisTvis sinjebis aReba (0-20 sm fena) da winaswari 

damuSaveba qimiuri analizisTvis ganxorcielda Sesabamisad ISO 10381 da  ISO 11464 

mixedviT. sxvadasxva wertilebSi aRebuli mTavari, saSualo da laboratoriuli 
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sinjebidan momzadda Sereuli sinjebi. 

mZime liTonebis gansazRvrisTvis gamoyenebuli iyo optikur-emisiuri speqtrometri 

ICP– S 725 induqciur-bmuli plazmiT. analizis Sedegebis safuZvelze ganisazRvra 

niadagSi zogierTi mZime liTonis Semcvelobis saSiSroebis koeficienti ( ) da 

jamuri dabinZurebis maCvenebeli, romlis SedarebiT niadagis jamuri dabinZurebis 

saorientacio Sesafasebel skalasTan, davadgineT, rom Cvens mier Seswavlili  

niadagebi miekuTvneba dasaSvebi dabinZurebis kategorias < 16. 

9. statia 9. 
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10. statia 10. 
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2 

statia 9. vinaidan hidrodinamikuri mdgomareba da reJimuli parametrebis dadgena 

aparatis sadawneo sakanSi siTxis moZraobisas xdeba ganviTarebuli siCqareTa 

veliTa da wneviT, ganxilulia  siCqaris cvlilebebi gamowveuli konstruqciis Siga 

kedelze  siTxis dinebis dros warmoSvebuli xaxunis ZalebiT. amisTvis, 

gamoyenebulia hidravlikaSi kargvebisTvis cnobili Sezis formula.          da 

maningis formula: , garda amisa gamoyenebulia meqanikis cnobili kanoni 

kinetikuri energiis Sesaxeb. Tu  kveTSi siCqares avRniSnavT  iT  

vinaidan, kveTSi  mcirdeba    -is   proporciulad,  -sTvis gveqneba         

       (7)      Tu am sidides gavamravlebT -ze miviRebT siCqaris  danakargs                                                                                                       

- sigrZeze:  . kinetikuri energiis danakargi sigrZeze iqneba:  

   

kinetikuri energiebisTvis SeiZleba daiweros Semdegi toloba: 
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 Aaqedan SeiZleba ganisazRvros                                                 

statia 10. aparatis sdawneo sakanSi siTxis moZraobis Sesafaseblad gamoyenebulia 

blanti ukumSi siTxis brtyeli organzomilebiani stacionaluri moZraobis 

gantolebebi, sadac masobrivi Zalebi ugulvebelyofilia. am gantolebebSi saTanado 

daSvebebis safuZvelze, miRebulia blanti siTxis erTganzomilebiani moZraobis 

gantolebebi:                                                                                                                 

            a)                                                         (1) 

     b)   

 Tu toloba (1 b)-Si gaviTvaliswinebT, rom  ar aris damokidebuli  -ze miviRebT 

 Sendeg amoxsnas : 

                                                            (2) 

saTanado sasazRvro pirobebis gaTvaliswinebiT miRebulia amoxsna, romelic 

akavSirebs erTmaneTTan siCqaresa da sakanSi ganviTarebul wnevაs:   (3)                                                                                                                             

 

 

III. 1. samecniero forumebis muSaobaSi monawileoba 

ა) saqarTveloSi 

# 
momxsenebeli/ 

momxseneblebi  
moxsenebis saTauri  

forumis Catarebis  

dro da adgili 

1 g.bibileiSvili 

n.gogesaSvili 

MCreation of cellulose acetate  

membrane on the basis of 

different, saerTaSoriso 

samecniero konferencia 

21-23 seqtemberi,2016, ureki, 

saqarTvelo 

naSromSi mocemulia diacetatcelulozas sxvadasxva koncentraciis xsnarebis 

damzadebisa da maTi fazuri inversiis procesi. dadgenilia fazuri inversiis 

procesis Catarebis pirobebis damokidebuleba, miRebuli membranebis xvedriT 

warmadobebTan. Seswavlilia zogierTi membranis mikrosuraTi. 

   saqarTvelos teqnikuri universitetis xelmZRvanelobiT membranuli teqnologiebis 

sainJinro institutSi Seqmnili borjomis dabarireba-defTorirebis tangencialuri 



41 

 

filtraciis piloturi nanofiltraciuli membranuli danadgaris aprobireba moxda 

“ExpoGeorgia”-s saerTaSoriso gamofenaze 2016 wlis 17 seqtembers ganaTlebisa da 

mecnierebis ministris-a.jejelavas winaSe. 


