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reziume
statiaSi warmoadgenilia, Tbilisis naga-

vsayrelebidan Camdinare wylebis, tyviisa da 
kadmiumis minarevebisagan sorbciuli meTodiT 
gawmendis optimizacia. Seswavlili iqna wylis 
gawmenda mZime metalebisagan, kerZod: tyviisa 
da kadmiumisagan. sorbentad gamoyenebuli iyo 
bunebrivi ceoliTi (klinoftiloliti), romel-
ic saqarTveloSi moipoveba da SedarebiT iafia.
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ABSTRACT
The article presents, optimization  of  sorption clean-

ing method in landfill waste water lead and cadmium 
impurities. The method of water treatment was studied 
from heavy metals, namely: lead and cadmium. Natural 
zeolite(Klinoptilolit) was used as adsorbent, which are 
relatively inexpensive and available in Georgia.
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Sesavali
dReisaTvis garemos sisufTave erT-erTi 

gadauWreli problemaa, radgan gazrdilia misi 
dabinZurebis safrTxe. am mxriv, gansakuTre-
biT mniSvnelovania Camdinare wylebis gawmenda, 
radgan dabinZurebis erT-erTi saSiSi wyaro, 
swored Camdinare wylebia. TviT termini „Camdin-
are wyali“ miuTiTebs, rom is narCeni produqtia 
da garemos ekologiuri pirobebis dacvis mixed-
viT unda iqnes gauvnebuli [1].

narCenebi garemos dabinZurebis mniSvnelovan 
wyaros warmoadgenen.  sayofacxovrebo narCen-
ebis nagavsayrelze, ZiriTad damabinZurebel 

wyaros warmoadgens wyali, romelic poligo-
nis SigniT atmosferuli naleqebis Sedegad 
warmoiqmneba da warmoadgens rTul maRal min-
eralizirebul wyalxsnarebs sxvadasxva dama-
binZureblebiT, romelTa Soris gansakuTrebiT 
gamosayofia mZime metalebi. isini sxvadasxva 
gziT xvdebian niadagSi, zedapirul da miwisqveSa 
wylebSi da mniSvnelovan mavne gavlenas axdenen 
garemoze [2,3 ] .

mZime metalebiT garemos dabinZurebis saSiS-
roeba ganpirobebulia imiT rom isini organuli 
damabinZureblebisgan gansxvavebiT ar iSlebian, 
aramed gadadian erTi formidan meoreSi, kerZod 
Sedian marilebis, oqsidebis, metalorganuli 
naerTebis, xelatebis da sxvaTa SemadgenlobaSi.

tyvia erT-erTi yvelaze toqsikuri mZime 
metalia, romelic iolad aRwevs da grovde-
ba organizmSi. grovdeba Tavis tvinSi, ZvlebSi, 
RviZlSi da TirkmelSi.

kadmiumi organizmSi moxvedrisas azianebs 
filtvebs, Tirkmelebs, centralur nervul 
sistemas, gul-sisxlZarRvTa da Zvlovan siste-
mebs. xels uwyobs kibosa da sxva mZime daavade-
bebis ganviTarebas.

Cven mier Seswavlili iyo nagavsayrelidan 
Camdinare wylebis gawmenda  mZime metalebisgan, 
kerZod tyviisa da kadmiumisgan, sorbciuli 
meTodiT. gamoyenebuli iyo bunebrivi sorbenti 
Zegvis ceoliTi (klinoptiloliti).

ZiriTadi nawili
eqsperimentebi tardeboda laboratoriul 

pirobebSi. minis milSi (diametriT 5sm), Tavsde-
boda sxvadasxva fraqciis sorbenti, garkveuli 
moculobiT (5 sm simaRleze), gasawmendi wyali 
miewodeboda zemodan. gatarebuli wylis raode-
nobis mixedviT isazRvreboda, wylis moculobi-
Ti siCqare ( saaT -1 ) da kontaqtirebis dro (wm). 
wyalSi mZime metalebis Semcvelobis raodeno-
brivi gansazRvra, xorcieldeboda atomur-ab-
sorbciul speqtrometrze. kvlevis obieqti iyo, 
rogorc uSualod nagavsayrelidan Camdinare, 
aseve modeluri xsnarebi. 

gawmendis procesis maTematikuri modelis 
monaxvisa da procesis optimizaciis mizniT, ga-
moviyeneT eqsperimentebis dagagmvis maTemati-
kuri meTodi. [4,5]
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saoptimizacio parametrad SerCeuli iqna, wylis mZime metalisgan gawmendis 
xarisxi % (y). xolo gawmendis procesze moqmed faqtorebad ceoliTis gamowvis 
temperatura t 0C (X1), adsorbentis marcvlis zoma b mm (X2) da wylisa da 
adsorbentis kontaqtirebis dro τ wm (X3). 

      cnobilia, rom sam faqtoriani sruli faqtoruli eqsperimentis safuZvelze 
SesaZlebelia dadgenili iqnas procesis maTematikuri modeli Semdegi gantolebis 
saxiT: 

Y=b0+b1X1+b2X 2 + b3X 3+ b12X1X2 + b13X1X3 + b23X2X3 +b123X1X2 X3.....(1) 

              sadac, b0,b1 , ...... saZiebeli koeficientebia, romlebic gansazRvraven mocemuli 
faqtorebis (X1, X 2,....) gavlenis xarisxs saoptimizacio parametrze (y). 

eqsperimentebis dagegmvis sawyis etapze, Catarebuli iqna ramodenime sasinji cda 
da SerCeuli iqna maTgan saukeTeso Sedegis mqone, romelic miCneulia ZiriTad 
doned. gansazRvruli iqna varirebis intervali, zeda da qveda done. 

 

gegmis ZiriTadi maxasiaTeblebi cxrili 1 

    

            gantolebaSi (1) faqtorebi Segvaqvs ara naturaluri, aramed kodirebuli 

saxiT zeda done +1, qveda done -1. 

      ganisazRvra Casatarebeli cdebis raodenoba N=2n=8, sadac n faqtorebis 
ricxvia (n=3). imis gaTvaliswinebiT, rom rvave pirobebSi tardeba m=2 
paraleluri cda, Sedgenili iqna eqsperimentebis dagegmvis matrica, romelic 

warmodgenilia cxrili 2- is saxiT (tyviisTvis). 

eqsperimentebis dagegmvis matrica cxrili 2 

faqtorebi X1, 0C X2, mm X3, wm 

ZiriTadi done 

varirebis intervali 

zeda done 

qveda done 

500 

50 

550 

450 

0,75 

0,25 

1 

0,5 

1082,5 

602,5 

1685 

480 

X0 X1 X2 X3 X1*X2 X1*X3 X2*X3 X1*X2*X3 Y1 Y2       Ῡ Si2 

+1 -1 -1 -1 +1 +1 +1 -1 52.86 52.02 52.44 0.3528 

+1 +1 -1 -1 -1 -1 +1 +1 59.59 57.91 58.75 1.4112 

+1 -1 +1 -1 -1 +1 -1 +1 51.35 49.66 50.505 1.42805 

+1 +1 +1 -1 +1 -1 -1 -1 55.49 55.32 55.405 0.01445 

+1 -1 -1 +1 +1 -1 -1 +1 48.82 49 48.91 0.0162 
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           aq Y1 da Y2 paraleluri cdebis Sedegebia , xolo Ῡ saSualo mniSvneloba 

romelic ganisazRvreba formuliT: 

Ȳ═∑���
�

 

sadac i cdis nimeria, u paraleluri cdis nomeri. 

      Semdeg etapze isazRvreba dispersiis Sefaseba matricis yvela striqonisTvis 

Semdegi formuliT: 

���= �
���

∑����-��)2 

 pirveli cdisTvis 

��� �
�

���
 (52,86-52,65)2+(52.44-52,65) = 0,3528 

       

analogiurad gamoiTvleba dispersiis Sefaseba yvela danarCeni cdebisTvis. 

Sedegebi warmodgenilia cxrili 2-is me-13-e svetSi. 

      imis Sesamowmeblad, aris Tu ara cdomileba yvela cdebSi dasaSveb 

zRvrebSi viyenebT koxrenis kriteriums, romlis saangariSo mniSvneloba 

ganisazRvreba tolobiT: 

Gs=
�����

�

∑��
� = �������

�������
� �� ���� 

  

 miRebul ricxvs vadarebT koxrenis kriteriumis Teoriul mniSvnelobas, 

romelsac veZebT   

  cxrilebSi cdebis raodenobis (N=8) da Tavisuflebis xarisxis (f=m-1=1) 
mixedviT. igi tolia   GT =0,6798 (5) radgan daculia piroba Gs <GT , cdomileba 

dasaSveb zRvrebSia.                                                                              

  amis Semdeg gamoTvlili iqna (1) gantolebis koeficientebi Semdegi formulebiT: 

 

b0=
�
�
∑���     და           bi=

�
�
∑������ 

 

sadac Xji Sesabamisi faqtoris koduri mniSvnelobebia. 

Sedegebi mocemulia cxrilSi 3 

           

+1 +1 -1 +1 -1 +1 -1 -1 50 48.82 49.41 0.6962 

+1 -1 +1 +1 -1 -1 +1 -1 57.07 58.05 57.56 0.4802 

+1 +1 +1 +1 +1 +1 +1 +1 48.82 48.65 48.735 0.01445 
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cxrili 3 

b0 b1 b2 b3 b1*b2 b1*b3 b2*b3 b1*b2*b3 

55.485625 2.454375 0.141875 2.184375 -1.80688 1.203125 0.068125 -2.48063 

        

       amrigad procesisaTvis maTematikur models eqneba aseTi saxe: 

Y= 55.4556+2.4544X 1- 0.1419 X 2+2.1844 X 3-1.8069X1X2+1.2031 X1X3 -2.4806 X1X2X3 

       imis dasadgenad Tu romeli koeficientia mniSvnelovani, vangariSobT 

studentis kriteriumebs yvela koeficientisTvis. maTi SedarebiT stiudentis 

kriteriumis Teoriul mniSvnelobebTan tTeor =3.36 (5) gamovricxavT 

aramniSvnelovan koeficientebs da sabolood procesis maTematikuri modeli 

miiRebs Semdeg saxes: 

Y= 55.4556+2.4544X 1+2.1844 X 3… 

      bolo etapze miRebuli gantoleba SevamowmeT adeqvaturobaze fiSeris 

kriteriumiT, romlis saangariSo mniSvneloba (Fs =0.2) naklebi aRmoCnda cxrilur 

mniSvnelobaze (FT =11,7), rac miuTiTebs imaze rom, Cven mier miRebuli gantoleba 

adeqvaturad aRwers process. 

      analogiurad iqna Seswavlili wylis kadmiumisgan gawmendis procesi da 

miRebuli iqna Semdegi gantoleba: 

Y= 16,99+6,12X1 +0,678 X3 

      miRebuli gantolebebis analiziT irkveva, rom orive metalis gawmendis 

xarisxze gavlenas axdens pirveli da mesame ( temperatura, kontaqtirebis dro ) 

faqtori. xolo meore faqtori adsorbentis marcvlebis zoma, mocemul 

intervalSi (0,5-1 mm ) gawmendis procesze gavlenas ar axdens da igi SeiZleba 

optimalur zomad CavTvaloT. 

      procesis optimaluri parametrebis dadgenis mizniT, Semdgomi cdebi 

daigegma da Catarda temperaturisa  da kontaqtirebis drois gazrdiT, vinaidan 

orive gantolebaSi am cvladebis algebruli niSnebia + . 

cdebis gegma da Sedegebi warmodgenilia cxrilebSi 4 da 5. 
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Pb- isgan gawmendis optimizacia                                           

cxrili 4 

varirebis intervali da faqtorebis 

done 

         X1�    X3 წმ     Y 

ZiriTadi done 

varirebis intervali 

regresiis koeficienti, bi 

namravli  i=biΔXi 

biji ΔX�∗=0.1i 

cdebi    9 

               10 

               11 

               12 

               13 

500 

50 

2,48 

124 

41≈40 

500 

540 

580 

620 

660 

1082 

602 

2,21 

1330 

443≈400 

1082 

1482 

1882 

2282 

2682 

 

 

 

 

 

25,8 

61,79 

91,13 

92,64 

32,16 

 

Cd- isgan gawmendis optimizacia 

cxrili 5 

varirebis intervali da faqtorebis 

done 

         X1�    X3 წმ     Y 

ZiriTadi done 

varirebis intervali 
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660 
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2,21 

1330 
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1082 

1482 

1882 

2282 

2682 

 

 

 

 

 

4.75 

17.18 

24.09 

44.73 

35.15 
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Cd- isgan gawmendis optimizacia 

cxrili 5 
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daskvna
rogorc cxrilebidan Cans, orive SemTxveva-

Si tyviisaTvis maqsimaluri gawmendis xarisxi 
(92,64 %), xolo kadmiumisaTvis maqsimaluri gaw-
mendis xarisxi (44,73 ) miiRweva me-12 cdaze. miRe-
buli parametrebis mniSvnelobebi optimaluria.

   amrigad Camdinare wylebidan ceoliTiT 
gawmendis ( Y= %) optimaluri pirobebi rogorc 
tyviisTvis aseve kadmiumisTvis aris adsor-
bentis gamowvis temperatura 620 ℃, sorbentis 
marcvlis zoma 0,5-1 mm, kontaqtirebis dro 2282 
wm.
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