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reziume 
 

sadisertacio naSromi struqturisa da moculobis mixedviT 
Sedgeba:  

Sesavlis, oTxi Tavis, daskvnisa da 68 dasaxelebis litera-
turis  nusxisagan, maT Soris 10 naxazi da 40 cxrilia. 

pirveli Tavi eZRvneba Camdinari wylebis analizs sxvadasxva 
maCveneblebis mixedviT, romelic moicavs bunebrivi da Camdinari 
wylebis qimiur Sedgenilobas, klasifikacias, Semcveli nivTiere-
bebis gavlenas wyalsatevebis (mdinareebis, tbebis da sxv.) sani-
tarul reJimze. agreTve moicavs Camdinari wylebis gawmendis 
zogad meTodebsa da principebs. maT Soris navTobproduqtebiT 
dabinZurebuli wylebis gawmendis sakiTxebs. 

meore TavSi ganxilulia adsorbciis fizikur-qimiuri dax-
asiaTeba da maTi gamoyenebis SesaZleblobebi navTob- da cxim-
Semcveli Camdinari wylebis gawmendaSi, adsorbciuli gawmendis 
ZiriTadi sqemebi ceolitebis gamoyenebiT, agreTve gamfiltravi 
masaliss saxiT daxasiaTebulia perlitis nedleuli.  

mesame TavSi warmodgenilia samecniero-kvleviTi eqsperimen-
tebi gamfiltrav masalad perlitis gamocdaze, rogorc navTob- 
da cximSemcveli Camdinari wylebis gafiltvra-gawmendis saSu-
aleba. kerZod, Catarebulia eqsperimentul dakvirvebaTa seriebi 
perlitis nedleulis gamfiltravi unaris dasadgenad manqanis 
zeTiTa da Txevadi cximiT dabinZurebis SemTxvevaSi. Sesabamisad 
damuSavda (maTematikur-statistikuri meTodebis gamoyenebiT) eq-
sperimentuli dakvirvebis monacemTa Sedegebi da Sedgenil iqna 
regresiuli tipis modelebi. 

meoTxe TavSi moyvanilia navTob- da cximSemcveli Camdinari 
wylebis dabinZurebis xarisxis Sefaseba, prognozireba da Ron-
isZiebebi wyalarinebis sistemis ekologiuri usafrTxoebis uz-
runvelsayofad. am mizniT Sedgenilia sameurneo-sayofacxovrebo 
Camdinari wylebis dabinZurebis xarisxis Sefasebisa da prog-
nozirebis deskrifciuli modelebi. agreTve navTob- da cximSem-
cveli produqtebiT dabinZurebuli sameurneo-sayofacxovrebo 
Camdinari wylebis gasawmendad SemuSavebulia mowyobiloba sxva-
dasxva daniSnulebis obieqtebze (avtosamrecxaoebi, restornebi 
da sxv.) gamosayeneblad. Ggamokvleulia wyalarinebis sainJinro 
sistemebis funqcionirebis xarisxis maxasiaTeblebi (saeqsplua-
tacio saimedoba, usafrTxoeba, riskis faqtori) da maTi gavlena 
Camdinari wylebis gamwmendi sadguris muSaobis pirobebis 
gasaumjobeseblad.   

saerTaSoriso gamocdilebis Tanaxmad Camdinari wylebis gaw-
mendis msoflio praqtikiT, wylis gawmendis saTanado xarisxis 
miRweva zogadad SesaZlebelia gawmendis Tanamedrove teqnolo-
giuri sqemebis danergviT, romlebSic garkveulwilad iyeneben 
sorbciul procesebs. cnobilia agreTve navTob- da cximSemcveli 
motivtiveminarevebiani sameurneo-sayofacxovrebo Camdinari wyle-
bis gawmendis teqnologiebi, romlebic damyarebulia daleqvisa 
da gafiltvris meTodis gamoyenebaze. Camdinari wylebis 
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gawmendis aRniSnuli teqnologiebis gamoyeneba, jererTi, Zviria 
da meorec, mouxerxebelia lokaluri tipis obieqtebisaTvis. 
amasTan, aRsaniSnavia, rom standartuli navTobdamWeri nagebobebi 
konstruqciulad did zomebs ikaveben (mag., tipuri navTob-
damWeris erTi seqciis sigane 3-6 m-s aRwevs, xolo siRrme - 2 m-s), 
ris gamoc maTi mibma konkretul obieqtebTan garkveul 
siZneleebTanaa dakavSirebuli da xSirad SeuZlebelic. garda 
amisa, es nagebobebi eqspluataciisas eleqtroenergias iyeneben, 
rac garkveul xarjebTanaa dakavSirebuli. aRniSnulma garemoebam 
ganapiroba Cveni gadawyvetilebis miReba, romelic lokalur 
pirobebSi iTvaliswinebs dasmuli problemis iafad da moxer-
xebulad gadaWras. 

naSromSi SemuSavebulia navTob- da cximSemcveli Camdinari 
wylebis gawmendis efeqturi meTodi aqtiuri gamfiltravi qimi-
uri adsorbentebis gamoyenebiT, romlis safuZvelzec SesaZle-
beli iqneba gasawmendi mowyobilobiT sxvadasxva obieqtebidan 
miRebuli navTob- da cximSemcveli produqtebiT dabinZurebuli 
Camdinari wylebis lokaluri gawmenda qalaqis wyalarinebis qse-
lebSi CaSvebamde. es problema (riTac miiRweva qalaqis gamwmendi 
sadgurebis muSaobis reglamentis Serbileba da wyalsatevebis 
ekosistemebis mdgomareobis gajansaReba) praqtikulad SeiZleba 
ganaxorcielon qalaqis municipalitetebma Cven mier SemoTava-
zebuli meTodologiis mixedviT. zogadad unda aRiniSnos, rom 
saqarTveloSi municipaluri samsaxurebis saqmianoba mimarTuli 
unda iyos mimdebare garemos dacvisa da gajansaRebis prob-
lemebis gadawyvetisken, risTvisac regularulad unda gamoiyo-
fodes saTanado saxsrebi miznobrivi ekologiaorientirebuli 
politikis gansaxorcieleblad, romelic gulisxmobs:  

● adamianis azrovnebis xasiaTis Sesabamisobas ekolo-
giaorientirebul politikasTan da mis ganuxrel ganxor-
cielebas; 
● axali Taobis teqnikuri mowyobilobebis (agreTve, progre-
suli teqnologiebis), meqanizmebis Seqmnas da danergvas, 
mimdebare garemos ekologiuri usafrTxoebis uzrunvelyo-
fis mizniT; 
● mimdebare garemoze adamianis moRvaweobis uaryofiTi Sede-
gebis Serbilebas da Tavidan acilebas; 
● ekologiurad sufTa sawarmoebis Seqmnas da maTze mudmivi 
zedamxedvelobis dawesebas; 
● ekologiuri TvalsazrisiT axali samarTlebrivi da nor-
matiuli aqtebis SemuSavebas da maT ganuxrel dacvas; 
● mimdebare garemos dabinZurebaze pasuxismgeblobis gamkac-
rebas; 
● ekologiuri problemebis gadasawyvetad saerTaSoriso 
TanamSromlobisa da gamocdilebis gamoyenebas.  

aRniSnuli ekologiaorientebuli politikisa da qalaqebis mimde-
bare garemos dacvis ganxriT saqarTvelos qalaqebis (Tbilisi, 
baTumi, QquTaisi, rusTavi, gori, Telavi, xaSuri da a.S.) munici-
palurma samsaxurebma aRniSnuli mimarTulebiT saqmianoba unda 
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warmarTon saqarTvelos kanoniT: "wylis Sesaxeb" (ZalaSia 1997 
wlidan), saqarTvelos kanoniT: "garemos dacvis Sesaxeb" (ZalaSia 
1996 wlidan), agreTve, evrosabWos direqtivis 91/271/EEC Tanaxmad, 
romelic Seexeba municipaluri wyalarinebis Camdinari wylebis 
gawmendas, da romlis Tanaxmad yvela saqalaqo da sxva same-
urneo-sayofacxovrebo Camdinari wylebi Segrovili da gaw-
mendili unda iqnes (damabinZurebeli ingredientebis mixedviT 
zRvrulad dasaSveb koncentraciebis farglebSi) wyalsatevebSi 
maT CaSvebamde, kerZod:  

• wylis obieqtebis (mdinareebis, tbebis, wyalsacavebis da 
a.S.) dacva da wylis resursebis racionaluri gamoyeneba axlan-
deli da momavali Taobis interesebis da mdgradi ganviTarebis 
principebis gaTvaliswinebiT; 

• wylis mavne zemoqmedebis Tavidan acileba da Sedegebis 
efeqturi likvidacia; 

• wylis obieqtebis mdgradi gamoyeneba kompleqsuri wyal-
sameurneo-monopoliuri daniSnulebiT (wyalmomarageba, hidro-
energetika, morwyva, rekriacia da a.S.); 

• saqarTvelos wylebis ekologiuri faseulobebis da fun-
qciebis SenarCuneba; 

• Camdinari wylebiT dabinZurebis ekologiuri riskis mini-
mumamde dayvana da Semcireba da, Sesabamisad, SesaZlo zaralis 
Tavidan acileba. 

sadisertacio naSromis ZiriTadi Sedegebi moyvanilia 
daskvnaSi: 

naSromSi sistemuri midgomis safuZvelze gadawyvetilia 
sainJinro amocana “ navTob- da cximSemcveli Camdinari wylebis 
gawmendis efeqturi meTodis SemuSaveba aqtiuri gamfiltravi 
qimiuri adsorbentebis gamoyenebiT” kerZod: 

1. sakvlevi problema adamianTa janmrTelobis, ekologiuri 
usafrTxoebisa da garemos dacvis ganxriT, erovnuli usaf-
rTxoebis uzrunvelyofis sainJinro amocanaTa klass gane-
kuTvneba, ris gamoc misi gadawyveta aqtualuri da droulia. 

2. SemuSavda navTob- da cximSemcveli produqtebiT 
dabinZurebuli sameurneo-sayofacxovrebo Camdinari wylebis gaw-
mendis efeqturi meTodi, romelic emyareba qimiuri adsorbente-
bis samecniero-eqsperimentul kvlevebs, kerZod: 

_ adsorbentebis (klinoptiloliti, ordeniti, Sabaziti, 
erioniti da sxv.) jgufidan navTob- da cximSemcveli Camdinari 
wylebis gasawmendad samecniero-eqsperimentuli kvlevebis safuZ-
velze SeirCa aqtiur gamfiltrav qimiur gamfiltrav masalad 
Termulad damuSavebuli (afuebuli) perliti; 

_ samecniero-eqsperimentuli kvlevebiT dadginda aRniSnuli 
saxis Camdinari wylebis gawmendaSi perlitis masalis gamoyene-
bis maRalefeqturoba, ris gamoc es masala rekomendebul iqna 
avtosamrecxaoebis da sazogadoebrivi kvebis obieqtebis wylebis 
gasawmendad wyalarinebis qselebSi CaSvebamde. 

3. samecniero-eqsperimentuli kvlevebis safuZvelze dasabuT-
da qimiuri gamfiltravi masalis _ perlitis gamoyeneba, xelov-
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nurad aRebuli manqanis zeTiTa da Txevadi cximiT dabinZure-
buli wylebis gasawmendad  

_ statistikur sarwmunoebaze dasabuTda eqsperimentul dak-
virvebaTa amonakrebis eqstremaluri mniSvnelobebis generaluri 
ganawilebisadmi maTi mikuTvnebadobis xarisxi. 

_ sakvlevi amonakrebebis statistikuri damuSavebis safuZ-
velze Sedgenil iqna sarwmuno regresiuli modelebi, romlebic 
asaxaven perlitis gamoyenebis SesaZleblobas Camdinari wylebis 
gamfiltrav masalad sxvadasxva daniSnulebis obieqtebisaTvis. 

4. SemuSavebul RonisZiebaTa kompleqsis ganxorcielebiT av-
tosamrecxaoebsa da sxva sazogadoebrivi kvebis obieqtebze, mniS-
vnelovnad gaumjobesdeba saqarTvelos qalaqebis Camdinari wyle-
bis xarisxi wyalsatevebSi (mdinareebi, tbebi da sxv.) maT CaSve-
bamde (q. Tbilisis pirobebSi ki miiRweva gardabnis Camdinari 
wylebis gamwmendi sadguris muSaobis reglamentisa da md. 
mtkvris ekosistemis gaumjobeseba). 
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Summary 
 

Dissertation work in structure and volume consists of: introduction, four chap-
ters, conclusion and literature list of 68 denominations, also 10 figures and 40 tables. 

Chapter 1 is dedicated to the analysis of waste waters according different factors 
which comprise chemical composition of natural and waste waters, classification, the 
effect of contained matter on sanitary regime of water reservoirs (rivers, lakes, etc.). 
Also comprises general methods and principles of waste waters purification, including 
the problems of purification of waters contaminated with mineral oil products. 

Chapter 2 discusses physical-chemical characterization of adsorption and the 
possibilities of its using in purification of oil- and fat containing waste waters, main 
diagrams of adsorptive purification with zeolites, also pearlite raw material is charac-
terized as adsorbent. 

Chapter 3 presents scientific-research experiments for pearlite material testing as 
adsorbent, as the means of filtration-purification of oil- and fat-containing waste wa-
ters. In particular, a series of experimental observations has been carried out in order 
to state filtering capacity of raw pearlite in the case of contamination with engine oil 
and liquid fat. Respectively, the results of experimental observation data have been 
processed (using mathematical statistics methods) and regressive type models have 
been composed. 

Chapter 4 gives the estimation of mineral oil- and fat-containing waste waters 
pollution rate, prognosis and the measures for ecological safety support of draining 
systems. With this purpose descriptive models of pollution rate estimation and prog-
nosis of industrial and household waste waters were created. Also, for purification of 
waste waters contaminated with oil- and fat-containing products a device is elaborated 
for using in different purpose objects (car washing stations, restaurants, etc). The 
characteristics of engineering draining systems operation quality (exploitation reliabil-
ity, safety, risk factor) are investigated and their effect on perfection of the conditions 
of waste waters purification station operation is investigated. 

According to international experience and world practice of waste waters purifi-
cation, the required water purification rate can be generally achieved with inculcation 
of modern technological schemes of purification which, in a sense, use sorption proc-
esses. The technologies of purification of industrial and household waters with oil- 
and fat-containing floating admixtures are also known which are based on using the 
methods of deposition and filtration. The mentioned technologies of waste water 
treatment are, in the first place, expensive and in the second place, are awkward for 
local type objects. Also it should be mentioned that standard oil-trapping constructions 
are of big dimensions (e.g. the length of one section of typical oil-trapper is about 3-6 
m and depth 2 m), therefore, their attachment to concrete objects is difficult and often 
even impossible. Besides, these constructions work on electric power which is con-
nected with definite expenses. The mentioned circumstances were the reason of our 
solution which in local conditions is a cheep and convenient solution of the stated 
problem. 

The article elaborates effective method of oil- and fat-containing waste waters 
purification with the use of active filtering chemical adsorbents on the basis of which 
local purification of waste waters polluted with oil- and fat-containing products col-
lected from different objects with treating device before draining into town spillway 
networks will be possible. This problem (which enables the softening of town purifi-
cation stations operation regulations and sanitation of water reservoirs ecosystems) 
can practically be realized by town municipalities according to the methodology pro-
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posed by us. Generally, it should be mentioned that in Georgia the activity of munici-
pal services should be directed to the solution of protection and sanitation problems of 
the adjacent environment for which it is necessary that respective sums be regularly 
assigned for realization of purposeful ecology-oriented policy which implies: 

• The adequacy of human thinking to ecology-oriented policy and its 
strict realization; 

• The creation and inculcation of new generation technical equipment 
(also progressive technologies), mechanisms with the purpose of provision of 
environment ecological safety; 

• Softening and avoiding of negative results of human activity on 
neighboring environment; 

• Creation of ecologically pure enterprises and permanent supervision; 
• Development of new legal and normative regulations in ecological 

viewpoint and strict execution of them; 
• Tightening of responsibility for neighboring environment pollution;  
• Using of international cooperation and experience for the solution of 

ecological problems. 
In the sphere of the mentioned ecology-oriented policy and protection of envi-

ronment adjacent to towns the municipal services of the towns of Georgia (Tbilisi, Ba-
tumi, Kutaisi, Rustavi, Gori, Telavi, Khashuri, etc.) should direct their activity accord-
ing to the Law of Georgia “About water”(in act since 1997), the Law of Georgia “On 
environment protection” (in act since 1996), also according to EU directions 
91/27/EEC concerning the purification of municipal waste water drainage and accord-
ing to which all municipal and industrial-household waste waters should be collected 
and purified (within the limits of allowed concentrations of polluting ingredients) be-
fore draining into reservoirs, in particular: 

 Water objects (rivers, lakes, water reservoirs, etc.) protection and ra-
tional using of water resources with consideration of interests of contemporary 
and future generations and sustainable development principles; 

 Avoiding of harmful effect of water and effective elimination of the re-
sults; 

 Sustainable using of water objects for complex water industry monopo-
listic measures (water supply, hydro power engineering, irrigation, recreation, 
etc.); 

 Preservation of ecological values and functions of waters of Georgia; 
  Minimization and lowering of ecological risks of waste waters pollu-

tion and respectively, avoidance of possible losses. 
The main results of dissertation work are given in solution: 
In the work on the basis of systems approach an engineering problem “Elabora-

tion of effective method of oil- and fat-containing waste waters purification using ac-
tive chemical filtering adsorbents” is solved, particularly: 

1. In the sense of human health, ecological safety and environment protection 
the researched problem concerns the class of engineering problems of national safety 
provision, therefore its solution is urgent and timely. 

2. An effective method of purification of industrial-household waste waters pol-
luted with oil- and fat-containing products was developed which is based on scientific-
experimental researches of chemical adsorbents, particularly: 

- On the basis of scientific-experimental researches for purification of oil- and 
fat-containing waste water the thermally treated (swelled) pearlite was chosen as ac-
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tive filtering chemical adsorbent from the group of adsorbents (clinoptilolite, odenite, 
shabazite, erionite, etc.); 

- Scientific-experimental researches proved high effectiveness of pearlite mate-
rial used for purification of the mentioned type waste waters, therefore, this material 
was recommended for purification of waters of car washing and public feeding objects 
before draining into spillway systems. 

3. On the basis of scientific-experimental researches the advantage of using 
chemical adsorbent – pearlite for purification of water polluted with machine oil and 
liquid fat was proved. 

- The extreme values of experimental observations extracts and the rate of their 
appertaining to general distribution were proved in the sense of statistic reliability;  

- On the basis of statistic processing of research extracts the reliable regressive 
models have been made which comprise the possibilities of pearlite using as waste 
water filtering material in different purpose objects. 

4. With realization of the developed measures at car washing stations and other 
public feeding objects the quality of waste waters in the towns of Georgia will be sig-
nificantly improved before its draining into water reservoirs (rivers, lakes, etc.) (while 
in conditions of Tbilisi the improvement of purification station of Gardabani waste 
water regulations and the river Mtkvari ecosystem will be achieved).        
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Sesavali 

 

garemos dabinZureba samarTlianad miekuTvneba Tanamedrove-

obis umniSvnelovanes problemaTa rigs. dabinZurebis wyaroebi 

mravalgvaria, amdenad, aucilebelia garemos obieqtebis xaris-

xobrivi mdgomareobis menejmentis gaumjobeseba, romlis sabo-

loo mizani iqneba adamianis janmrTelobaze dabinZurebuli ga-

remos obieqtebis uaryofiTi zegavlenis Semcireba da usafrTxo 

garemos uzrunvelyofa. 

kacobriobis winaSe dResdReobiT dgas sufTa sasmeli wylis 

SenarCunebis metad rTuli amocana. msoflios mraval qveyanaSi 

aRiniSneba mtknari wylis saerTo deficiti, mimdinareobs misi 

wyaroebis TandaTanobiTi degradacia da Sesabamisad, dabin-

Zurebis mateba. xSirad mdinareebSi, zRvebsa da okeaneebSi Caedi-

neba mravali sxvadasxva nivTiereba, zogjer manamde sruliad uc-

nobi Sedgenilobisa da Znelad gansasazRvri. 

Camdinari wylebis uaryofiTi gavlena wylis obieqtebze 

upirveles yovlisa, vlindeba maTSi toqsikuri nivTierebebis 

SemcvelobiT, romelTac aqvT hidrobiontebSi dagrovebis unari, 

riTac safrTxes uqmnian mosaxleobis janmrTelobas. mavne nivTi-

erebebi axSoben wylis mikrofloris cxovelqmedebas, romelic 

mniSvnelovan rols asrulebs wylis obieqtebis TviTgawmendis 

procesebSi. organuli nivTierebebiT mdidari Camdinari wylebi 

arRveven wylis obieqtebis Jangbadur reJims. Camdinari wylebi, 

romlebic Seicaven cximebs, zeTebs, navTobsa da navTobpro-

duqtebs, aferxeben wyalsargeblobas, warmoqmnian wylis zed-

apirze afsks da seriozul dabrkolebas uqmnian wylis obieqtis 

sxvadasxva miznebisaTvis gamoyenebas. 

Camdinari wylebis gawmendis msoflio praqtikis Sesabamisad 

[1], wylis gawmendis saTanado xarisxis miRweva SesaZlebelia gaw-

mendis im axali teqnologiuri sqemebis danergviT, romlebSic 

garkveulwilad gamoyenebulia sorbciuli procesebi. cnobilia 

agreTve navTob- da cximSemcveli motivtiveminarevebiani sameur-
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neo-sayofacxovrebo Camdinari wylebis gawmenda, rac damyarebulia 

daleqvisa da gafiltvris meTodis gamoyenebaze [2], navTob-

Semcveli wylebis gawmendis xerxebi warmodgenilia cxrilSi 1 [3]. 

navTobSemcveli wylebis gawmendis xerxebis 
klasifikacia da misaRwevi efeqturoba 

cxrili 1 
 

 

gawmendis xerxi 

 

navTobproduq-

tebis sawyisi 

koncentracia 

CanadenSi 

gawmendis 

misaRwevi 

siRrme, 

mg/l 

 

SeniSvna 

 

1. meqanikuri (daw-

doba) 

 

> 1000 

 

40-1000 

ar asufTavebs emul-

girebuli produqte-

bisagan 

 

2. fizikur-qimiuri: 

 

flotacia 

 

 

 

200 

 

 

 

20-50 

 

gawmendis xarisxi da-

mokidebulia flo-

taciis pirobebze 

 

koalescencia 

 

 

 

100 

 

10-15 

nawilobriv wmends 

emulgirebuli 

minarevebisagan 

 

adsorbcia 

 

 

 

100 

 

1-3 

asufTavebs emulgire-

buli navTobproduqte-

bisagan (winaswari gaw-

mendis Semdeg) 

  

qimiuri 

 

 

 

50 

 

1-10 

gamoiyeneba filtraci-

asa da dawdomasTan 

SerwymiT 

3. bioqimiuri 

(aerobuli mikro-

organizmebis meS-

veobiT) 

 

100 

 

1-100 

aucilebelia winaswari 

dawdoma, asufTavebs 

emulgirebuli navTob-

produqte-bisagan 
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cnobilia [2,4] sxvadasxva tipis navTob da cximdamWeri mow-

yobilobebi (tipuri navTobdamWeri, mravalsarTuliani navTobdam-

Weri, hidrocikloni da a.S.). es nagebobebi warmoadgens konstruq-

ciulad wagrZelebuli formis rezervuars (horizontaluri sa-

leqaris saxiT), romelSic navTobSemcveli da nawilobriv cxim-

Semcveli produqtebi amotivtivdeba wylis zedapirze, xolo mya-

ri mineraluri da koloiduri narevi rezervuaris fskerze ga-

moileqeba. erTi mxriv, myari mineraluri nawilakebis da kolo-

iduri narevis daleqvis, xolo meore mxriv, navTob- da cximSem-

cveli minarevebis gamocalkevebis procesi damokidebulia Semdeg 

faqtorebze: navTobisa da cximSemcveli produqtebis simkvriveze, 

myari mineraluri narevisa da lamis simsxoze, navTobis an cxime-

bis da mineraluri nawilakebis narevis Tanafardobaze da a.S. 

sakvlevi problema, adamianTa janmrTelobis ekologiuri usa-

frTxoebisa da garemos dacvis ganxriT, agreTve erovnuli usaf-

rTxoebis uzrunvelyofis amocanaTa rigs ganekuTvneba, ris gamoc 

misi gadawyveta aqtualuri, drouli da, amave dros, unikaluricaa 

gasawmendi mowyobilobis konstruqciuli Taviseburebisa da aR-

niSnul obieqtebze gamoyenebadobis efeqturobis mixedviT.  

sameurneo-sayofacxovrebo Camdinari wylebis (maT Soris 

navTob- da cximSemcveli produqtebiT dabinZurebuli Camdinari 

wylebis) dabinZurebis xarisxis Sefaseba-prognozirebisaTvis 

Cvens mier SemuSavebulia deskrifciuli tipis modelebi, rom-

lebic agebulia Semcvel nivTierebaTa zRvrulad dasaSvebi kon-

centraciebis mixedviT (wyalarinebis wylebis Sesaxeb evrosabWos 

91/271/EEC direqtivebiT gansazRvruli moTxovnebis gaTvalis-

winebiT (ix. cxr. 4.1) [5]. 

Sedgenili modelebi rekomendebulia gamoyenebul iqnes 

saqarTvelos pirobebSi (da ara marto saqarTvelos pirobebSi) 

Camdinari wylebis gamwmendi sadgurebidan miRebuli wylis 

dabinZurebis xarisxis Sesafaseblad zedapiruli wylis 

obieqtebSi (mdinareebi, tbebi, wyalsacavebi da sxv.) maT 

CaSvebamde (ix. cxr. 4.2.). 

navTob- da cximSemcveli sameurneo-sayofacxovrebo Camdi-

nari wylebis gasawmendad rekomendebulia avtosamrecxaoebs, 
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restornebsa da sxva daniSnulebis obieqtebze gamoyenebul iqnes 

Camdinari wylebis gamwmendi mowyobiloba. amave dros, am 

mowyobilobis filtris Semvsebad gamoyenebul iqnes adgilob-

rivi masala perliti, romelic koncentrirebuli navTob- da 

cximSemcveli Camdinari wylebis gawmendis pirobebSi (rogorc 

Cvens mier Catarebuli samecniero-eqsperimentuli kvlevebiT 

dasabuTda) maRalsorbciuli TvisebebiT xasiaTdeba [6]. 

garkveul interess iwvevs wyalarinebis sainJinro sistemebis 

funqcionirebis saeqspluatacio saimedoobis, ekologiuri usaf-

rTxoebisa da riskis problemebis gadawyvetis sakiTxebi. Cveni 

azriT, am problemis gadawyveta unda daemyaros wyalmomarageba-

wyalarinebis sainJinro sistemebis Semadgeneli elementebis da 

mowyobilobebis saeqspluatacio saimedoobis, ekologiuri usaf-

rTxoebisa da riskis marTvis uzrunvelyofis kompleqsuri amoca-

nebis gadawyvetis SesaZleblobis normatiuli monacemebisa da 

pirobebis gaTvaliswinebiT [7]. 

Tbilissa da saqarTvelos qalaqebSi (aseve, msoflios urba-

nizebul qalaqebSi) bolo aTwleulSi aRiniSneba saavtomobilo 

transportis masStabebis ganuxreli zrda, rac mimdebare 

garemos intensiuri dabinZurebis keras qmnis (da, amave dros, 

rogorc atmosferuli haeris, aseve saniaRvre-zedapiruli 

wylebis dabinZurebis umTavresi faqtoria). saavtomobilo 

transportis mier gamonabolqvi airebi Seicavs mravali saxis 

kancerogenul nivTierebebs (tyvia, benzoli da sxv.), romlebic 

CasunTqvisas adamianis organizmSi (filtvebSi) akumulirdeba da 

mniSvnelovan safrTxes uqmnis janmrTelobas. cnobilia, rom rig 

qalaqebSi transportis mier weliwadSi gamonabolqvma airebma 

mavne nivTierebebis saxiT atmosferul garemoSi milion tonaze 

meti moculoba Seadgina [1].  

aRniSnuli toqsikuri nivTierebebiT binZurdeba ara marto 

atmosferuli haeri, aramed garkveulwilad qalaqis terito-

riuli zedapiruli Camdinari wylebic, romlebic qalaqis 

wyalarinebis sistemis qselebiT transportirdeba gamwmend 

sadgurebSi, sadac maTi gauvnebleba xdeba wyalsatevebSi maT 

CaSvebamde. garda aRniSnuli saxis dabinZurebisa, sameurneo-
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sayofacxovrebo Camdinari wylebi binZurdeba agreTve navTob- da 

cximSemcveli produqtebiT, romlebic formirdeba avtosamrec-

xaoebis, restornebis da sazogadoebrivi kvebis qselis obieqte-

bidan. es wylebi qalaqis wyalarinebis (kanalizaciis) magistra-

lur qselebSi xSir SemTxvevebSi lokaluri gawmendis gareSe 

CaiSveba, rac dauSvebelia (radgan es iwvevs gamwmendi sadgurebis 

muSaobis reglamentis gadatvirTvas da saWiroebs Camdinari 

wylebis gauvneblobis Zvirad Rirebuli meTodebis gamoyenebas). 

cximebiTa da navTobproduqtebiT dabinZurebis tendencia 

aRiniSneba rogorc TbilisSi, aseve sxva qalaqebSic, rac 

dabinZurebis Semqmnel kerebSi (aRniSnul obieqtebze) Camdinari 

wylebis gasawmendad efeqturi mowyobilobebis aucilebel 

SemuSavebasa da danergvas moiTxovs. arsebul pirobebSi 

aRniSnuli qalaqebis wyalarinebis qselebSi ukontrolod 

xvdeba cximebiTa da navTobproduqtebiT zRvrulad dasaSveb 

koncentraciebze meti SemcvelobiT dabinZurebuli Camdinari 

wylebi, romlebic gamwmend sadgurebs muSaobis forsirebul 

reJimebs uqmnian. amis magaliTad SeiZleba davasaxeloT 

gardabnis gamwmendi sadguri, romelic isedac uaRresad mZime 

da arasakmaris reJimSi muSaobs.  

 saerTaSoriso gamocdilebis Tanaxmad Camdinari wylebis 

gawmendis msoflio praqtikiT [2], wylis gawmendis saTanado 

xarisxis miRweva zogadad SesaZlebelia gawmendis Tanamedrove 

teqnologiuri sqemebis danergviT, romlebSic garkveulwilad 

iyeneben sorbciul procesebs. cnobilia agreTve navTob- da 

cximSemcveli motivtiveminarevebiani sameurneo-sayofacxovrebo 

Camdinari wylebis gawmendis teqnologiebi, romlebic damya-

rebulia daleqvisa da gafiltvris meTodis gamoyenebaze [3]. 

Camdinari wylebis gawmendis aRniSnuli teqnologiebis gamo-

yeneba, Zviria da agreTve, mouxerxebelia lokaluri tipis 

obieqtebisaTvis. amasTan, aRsaniSnavia, rom standartuli 

navTobdamWeri nagebobebi konstruqciulad did zomebs ikaveben 

(mag., tipuri navTobdamWeris erTi seqciis sigane 3-6 m-s aRwevs, 

xolo siRrme - 2 m-s [3]), ris gamoc maTi mibma konkretul 

obieqtebTan garkveul siZneleebTanaa dakavSirebuli da xSirad 
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SeuZlebelic. garda amisa, es nagebobebi eqspluataciisas 

eleqtroenergias iyeneben, rac garkveul xarjebTanaa dakav-

Sirebuli. aRniSnulma garemoebam ganapiroba Cveni gadawyve-

tilebis miReba, romelic lokalur pirobebSi iTvaliswinebs 

dasmuli problemis iafad da moxerxebulad gadaWras. 

naSromSi SemuSavebulia navTob- da cximSemcveli Camdinari 

wylebis gawmendis efeqturi meTodi aqtiuri gamfiltravi qimi-

uri masalebis gamoyenebiT, romlis safuZvelzec SesaZlebeli 

iqneba gasawmendi mowyobilobiT sxvadasxva obieqtebidan 

miRebuli navTob- da cximSemcveli produqtebiT dabinZurebuli 

Camdinari wylebis lokaluri gawmenda qalaqis wyalarinebis 

qselebSi CaSvebamde. 

(navTob- da cximSemcveli produqtebiT dabinZurebul Cam-

dinar wylebSi, igulisxmeba avtosamrecxaoebidan, benzin-

gasamarTi sadgurebidan da sxva daRvrili da manqanis Zravis ga-

recxvis Sedegad miRebuli zeTebis narCenebi, agreTve sazogadoe-

brivi kvebis obieqtebidan (restornebi, kafe-barebi da sxva) Wur-

Wlis da sxva cximovani narCenebi, romlebic uSualod xvdeba 

qalaqis wyalarinebis sistemis qselebSi da gauwmendavad trans-

portirdeba qalaqis Camdinari wylebis gamwmend sadgurSi. 

es problema (riTac miiRweva qalaqis gamwmendi sadgurebis 

muSaobis reglamentis Serbileba da wyalsatevebis ekosiste-

mebis mdgomareobis gajansaReba) praqtikulad SeiZleba ganaxor-

cielon qalaqis municipalitetebma Cven mier SemoTavazebuli 

meTodologiis mixedviT. zogadad unda aRiniSnos, rom 

saqarTveloSi municipaluri samsaxurebis saqmianoba mimarTuli 

unda iyos mimdebare garemos dacvisa da gajansaRebis 

problemebis gadawyvetisken, risTvisac regularulad unda 

gamoiyofodes saTanado saxsrebi miznobrivi ekologiaorien-

tirebuli politikis gansaxorcieleblad, romelic gulisxmobs:  

● adamianis azrovnebis xasiaTis Sesabamisobas ekologiaori-

entirebul politikasTan da mis ganuxrel ganxorcielebas; 

● axali Taobis teqnikuri mowyobilobebis (agreTve, prog-

resuli teqnologiebis), meqanizmebis Seqmnas da danergvas, 



 25

mimdebare garemos ekologiuri usafrTxoebis uzrunvelyo-

fis mizniT; 

● mimdebare garemoze adamianis moRvaweobis uaryofiTi Sede-

gebis Serbilebas da Tavidan acilebas; 

● ekologiurad sufTa sawarmoebis Seqmnas da maTze mudmivi 

zedamxedvelobis dawesebas; 

● ekologiuri TvalsazrisiT axali samarTlebrivi da nor-

matiuli aqtebis SemuSavebas da maT ganuxrel dacvas; 

● mimdebare garemos dabinZurebaze pasuxismgeblobis gam-

kacrebas; 

● ekologiuri problemebis gadasawyvetad saerTaSoriso 

TanamSromlobisa da gamocdilebis gamoyenebas.  

aRniSnuli ekologiaorientebuli politikisa da qalaqebis mim-

debare garemos dacvis ganxriT saqarTvelos qalaqebis (Tbilisi, 

baTumi, QquTaisi, rusTavi, gori, Telavi, xaSuri da a.S.) Mmunici-

palurma samsaxurebma aRniSnuli mimarTulebiT saqmianoba unda 

warmarTon saqarTvelos kanoniT: "wylis Sesaxeb" (ZalaSia 1997 

wlidan), saqarTvelos kanoniT: "garemos dacvis Sesaxeb" (ZalaSia 

1996 wlidan), agreTve, evrosabWos direqtivis 91/271/EEC Tanaxmad, 

romelic Seexeba municipaluri wyalarinebis Camdinari wylebis 

gawmendas, romlis Tanaxmad yvela saqalaqo da sxva sameurneo-

sayofacxovrebo Camdinari wylebi Segrovili da gawmendili unda 

iqnes (damabinZurebeli ingredientebis mixedviT zRvrulad 

dasaSveb koncentraciebis farglebSi) wyalsatevebSi maT CaSve-

bamde, kerZod:  

• wylis obieqtebis (mdinareebis, tbebis, wyalsacavebis da a.S.) 

dacva da wylis resursebis racionaluri gamoyeneba axlandeli 

da momavali Taobis interesebis da mdgradi ganviTarebis princi-

pebis gaTvaliswinebiT; 

• wylis mavne zemoqmedebis Tavidan acileba da Sedegebis 

efeqturi likvidacia; 

• wylis obieqtebis mdgradi gamoyeneba kompleqsuri wyal-

sameurneo-monopoliuri daniSnulebiT (wyalmomarageba, hidro-

energetika, morwyva, rekriacia da a.S.); 
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• saqarTvelos wylebis ekologiuri faseulobebis da funqciebis 

SenarCuneba; 

• Camdinari wylebiT dabinZurebis ekologiuri riskis minimumamde 

dayvana da Semcireba, Sesabamisad, SesaZlo zaralis Tavidan ac-

ileba. 

 sakvlevi problemis gadasawyvetad naSromSi warmodgenilia 

Cven mierve SemuSavebuli navTob- da cximSemcveli sameurneo-

sayofacxovrebo Camdinari wylebis gasawmendi mowyobilobis fil-

tris Semavseblad sorbentis SerCeva da misi gamfiltrav masalad 

gamoyenebis SesaZleblobis gamovlena da dasabuTeba seriuli sa-

mecniero-kvleviTi samuSaoebis Catarebis safuZvelze, kerZod: 

1. sameurneo-sayofacxovrebo saxis Camdinar wylebSi arse-

buli navTob- da cximSemcveli produqtebis dasaWerad SeirCeva 

da eqsperimentulad gamoicdeba aqtiuri safiltravi masala, ro-

melic moipoveba saqarTvelos pirobebSi; 

2. navTob- da cximSemcveli Camdinari wylebis gasawmendi 

mowyobilobis avtosamrecxaoebsa da sazogadoebrivi kvebis obi-

eqtebze dasanergad SemuSavdeba rekomendaciebi; 

4. SemuSavdeba rekomendaciebi qalaqis municipalitetisTvis 

miznobrivi ekologiaorientirebuli politikis gansaxorcieleb-

lad, rac ZiriTadad gamoixateba sameurneo-sayofacxovrebo wyle-

bidan navTob- da cximSemcveli produqtebis (damabinZureblebis) 

mocilebiT zRvrulad dasaSvebi koncentraciebis farglebSi, 

lokalurad adgilebze, wyalarinebis qselebSi maT CaSvebamde; 

5. SemuSavebul RonisZiebaTa kompleqsis avtosamrecxaoebsa 

da sxva daniSnulebis obieqtebze ganxorcielebiT mniSvnelovnad 

gaumjobesdeba saqarTvelos qalaqebis Camdinari wylebis xarisxi 

wyalsatevebSi maT CaSvebamde (Tbilisis pirobebSi ki miiRweva 

gardabnis gamwmendi sadguris muSaobisa da md. mtkvris ekosis-

temis gaumjobeseba). 
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Tavi 1. Camdinari wylebis analizi da  

zogadi daxasiaTeba sxvadasxva maCveneblebis  

mixedviT 

 

B1.1. bunebrivi wylebis qimiur Sedgenilobaze  

moqmedi faqtorebi da maTi fizikur qimiuri  

Sedgenilobis ZiriTadi komponentebi 

 

wyals dedamiwis zedapiris 3/4 uWiravs. misi saerTo raode-

noba Cvens planetaze 1.5·1018 tonaa. okeaneSi wylis moculoba 1370 

mln km³-ia. atmosferoSi wyali orTqlis saxiT arsebobs 12 km³-

mde. sul hidrosferoSi wylis raodenoba 1400 mln km³-ia, aqedan 

97.57 % okeaneSia, 2.1 % gvxvdeba yinulis saxiT, 0.29 % modis 

xmeleTis wylebze. 

wylisTvis damaxasiaTebelia mudmivoba. dedamiwis mosaxle-

oba yoveldRiurad 7 mlrd tonaze met wyals iyenebs, magram misi 

saerTo raodenoba arsebiTad ar icvleba. wyals iyeneben cxove-

luri da mcenareuli organizmebi, rac iwvevs misi Tvisebebis 

Secvlas. manqanaTa cilindrebSi, orTqlis qvabebsa da tur-

binebSi gavlisas wyali icvlis Tavis fizikur da qimiur Tvise-

bebs. wyals ereva saRebavebi, mJavebi, tuteebi, marilebi, kvebis 

produqtebi, Sxamqimikatebi da uamravi sxva nivTiereba, ris Sede-

gadac xdeba wylis gabinZureba, magram droTa ganmavlobaSi igi 

ibrunebs Tavis Tvisebebs, kvlav sufTa da gamWvirvale xdeba. 

didi raodenobiT wyali binZurdeba mravali Canadenis Serevis 

Sedegad, ris gamoc igi adamianisaTvis gamousadegari xdeba. 

bunebaSi ar arsebobs sufTa wyali, radgan wyali univer-

salur gamxsnelad iTvleba, Tavisi mimoqcevis gzaze xsnis bevr 

nivTierebas, haeridan ki gadadis airadi nivTierebebi. bevri niv-

Tiereba wyalSi uxsnadia, meqanikurad ereva da mihyveba mas 

Setivtivebul mdgomareobaSi. miwis Rrma fenebSi wyali ganicdis 

maRali temperaturisa da wnevis gavlenas, rac xels uwyobs niv-
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TierebaTa gaxsnas. wyals mravali nivTiereba ereva samrewvelo 

CamonadenebiT da amdidrebs mis Sedgenilobas. 

aseTi procesebis Sedegad wyalSi grovdeba mravali myari, 

Txevadi da airadi nivTiereba, rogorc xsnad, ise Setivtivebul 

da koloidur mdgomareobaSi [8]. 

Setivtivebuli nivTierebebi.  wvimisa da Tovlis wyali 

niadagze moxvedrisas gadarecxavs qviSisa da Tixis nawilakebs. 

es nawilakebi wyalSi Znelad ixsnebian da Setivtivebul mdgo-

mareobaSi rCebian. Setivtivebul nivTierebaTa arseboba wyalSi 

xels uSlis mis gamoyenebas sasmelad da saojaxo saqmeebisaTvis. 

ionebi.  miwis qerqSi moZraobisas wyalSi ixsneba marilebi, 

romlebic Zlier eleqtrolitebs warmoadgenen da TiTqmis 

mTlianad disocirebulia ionebad. wyalSi ZiriTadad gvxvdeba 

kalciumis, natriumis, magniumis, kaliumis, rkinis kaTionebi da 

anionebidan _ ZiriTadad qlorid- da sulfationebi. bunebriv 

wylebs daaxloebiT neitraluri reaqcia aqvs. 

ionebi erTmaneTisagan gansxvavdeba TvisebebiT. zogi ioni 

Zlieri sawamlavia da maTi arsebobis gamo wyali SeiZleba 

uvargisi aRmoCndes, mag., stronciumi, beriliumi, tyvia, nitra-

tionebi toqsikuri nivTierebebia da wyalSi maTi arseboba dasaS-

vebia Zalian mcire koncentraciebiT. 

gaxsnili airebi. bunebrivi wylebi yovelTvis Seicavs airebs, 

ZiriTadad Jangbads, azots, naxSirbad (IV) oqsids, mcire raode-

nobiT gvxvdeba wyalbadi, meTani, gogirdwyalbadi da sxv. wylebSi 

gaxsnili airebi sxvadasxva warmoSobisaa. maT 4 jgufad yofen, 

esenia: atmosferuli, bioqimiuri,  metamorfuli,  radioaqtiuri. 

1) atmosferuli warmoSobis airebia: Jangbadi, azoti da in-

ertuli airebi. 

2) bioqimiuri warmoSobis airebia: meTani, naxSirbadis (IV) 

oqsidi, gogirdwyalbadi, mZime naxSirwyalbadebi, azoti, Jangbadi. 

3) metamorfuli airebia: naxSirbadis (IV) oqsidi, gogird-

wyalbadi, meTani, wyalbadi, naxSirbadis (II) oqsidi, azoti, 

gogirdis (IV) oqsidi. 
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4) radioaqtiuri warmoSobis airebs miekuTvneba heliumi da 

radoni. 

bunebriv wylebSi farTod aris gavrcelebuli mikroele-

mentebi, romelTagan mniSvnelovania iodi. mas didi raodenobiT Se-

icavs zRvis fskeris wyalmcenareebi. didi mniSvneloba aqvs agreT-

ve fTors, romlis gansazRvruli koncentracia aumjobesebs sas-

meli wylis xarisxs. fTori gvxvdeba rogorc mtknar, ise minera-

lur wylebSi. mineralur wylebSi mniSvnelovani raodenobiT aris 

ceziumi, liTiumi, bori, rubidiumi da sxva mikroelementebi [9]. 

 

1.2. Camdinari wylebis daxasiaTeba  

warmoSobis mixedviT 

 

warmoSobis mixedviT Camdinar wylebs ZiriTadad yofen sam 

jgufad: 1) sameurneo-sayofacxovrebo, 2) samrewvelo da 3) atmos-

feruli. Camdinari wylis CaSveba wyalsatevSi SeiZleba uSualod 

an gawmendis Semdeg, es damokidebulia dabinZurebis xarisxsa da 

masze wayenebul sanitarul moTxovnebze. samrewvelo Camdinari 

wylebi warmoiqmneba nedleulis mopovebisa da gadamuSavebis 

dros. aseTi wylebi sam jgufad iyofa:  

1) SedarebiT sufTa, 

2) mcired dabinZurebuli, 

3) dabinZurebuli. 

dabinZurebuli wylebi winaswar sufTavdeba da Semdeg xdeba 

misi CaSveba wyalsatevebSi. samrewvelo Camdinari wylebi 

dabinZurebis mixedviT iyofa: 

1) mineraluri nivTierebebiT dabinZurebuli wylebi, 

2) organuli nivTierebebiT dabinZurebuli wylebi, 

3) organuli da araorganuli nivTierebebiT dabinZurebuli 

wylebi. 

samrewvelo Camdinari wylebis qimiuri Sedgeniloba da-

mokidebulia ZiriTadad warmoebis xasiaTze. 
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Camdinari wylebi erTmaneTisgan gansxvavdeba rogorc Tviso-

brivi, ise raodenobrivi SedgenilobiT. maTSi minarevebis kon-

centracia meryeobs 1 mg/dm³-dan aTobiT aTas mg/dm3-mde. 

warmoebaSi gamoyenebulma wyalma SeiZleba SeiZinos tutis an 

mJavas Tviseba, romlis mixedviTac icvleba misi agresiulobis 

xarisxi. amis mixedviT Camdinar wylebs yofen 3 jgufad: 

1) sustad agresiuli (pH = 6.0 _ 6.5), 

2) Zlier agresiuli (pH < 6 an ph > 9), 

3) araagresiuli (pH = 6.5 – 8.0). 

samrewvelo Camdinari wylebis minarevebis yvelaze gavr-

celebuli jgufebia: 

navTobi da navTobproduqtebi, romlebic ZiriTadad navTob-

mompovebeli da navTobgadamamuSavebeli dawesebulebebis Camdi-

nar wylebSi gvxvdeba. navTobi wyalSi ar ixsneba, magram mas er-

eva Setivtivebul mdgomareobaSi. igi SeiZleba arsebobdes 

rogorc maRaldispersiul, ise dabaldispersiul mdgomareobaSi. 

fenolebi wyalSi xvdeba fiqlebis gadamuSavebis Sedegad. 

fenolebi agreTve didi raodenobiT Sedis koqsqimiuri warmoebis 

Camdinar wylebSi. fenolebi mavne gavlenas axdenen cocxal or-

ganizmebze, amitom aucilebelia Camdinari wylebis gawmenda 

fenolebisagan, rac ZiriTadad eqstraqciis gziT xdeba. 

sulfituri da sulfaturi TuTqebi ZiriTadad celulozis 

gadamuSavebis Camdinar wylebSi gvxvdeba. sulfituri celuloza 

miiReba merqnisagan, romelsac amuSaveben Ca, Mg, NH4
+ da Na-is 

hidrosulfitebis gogirdovani mJavas xsnariT maRal tempera-

turaze. aseT damuSavebas ewodeba sulfituri xarSva, romelic 

metad rTuli procesia. miRebuli masidan gamoyofen celulozas, 

rCeba naxarSi xsnari, romelsac sulfituri TuTqi ewodeba. 

celulozis warmoebaSi naxmari wyali yovelTvis Seicavs 

sulfitur da sulfatur TuTqebs. 

organuli mJavebi arsebobs qimiuri, kvebis da mravali sxva 

mrewvelobis Camdinar wylebSi. maTgan yvelaze metia WianWve-
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lamJava, ZmarmJava, mJaunmJava, salicilismJava da sxva. organuli 

mJavebi warmoiqmneba TviT wyalSic mravali nivTierebis qimiuri 

da biologiuri gardaqmnis Sedegad. mJavebis arseboba dauSvebe-

lia Camdinar wylebSi, radgan aseTi wyali iwvevs liTonTa 

korozias. bioqimiur procesebze uaryofiTi zemoqmedebis gamo 

saWiroa mJavebis Semcveli wylebis ganeitraleba. 

acetons Seicavs laq-saRebavebis, qimiuri, farmacevtuli, 

plastmasebis da sxva sawarmoebis Camdinari wylebi. Tu wyalSi 

acetonis koncentracia 20 mg/dm3-ia, is anelebs wylis nitrifi-

kaciis pirvel fazas, xolo 100mg/dm3 koncentracia am process 

axSobs ramdenime dRiT. acetonisagan wylis gawmendis yvelaze 

efeqturi meTodia misi bioqimiuri damuSaveba. 

araorganuli marilebi yovelTvis arsebobs rogorc bune-

briv, ise Camdinar wylebSi. yvelaze gavrcelebulia kalciumis, 

magniumis, amoniumis, aluminis, rkinis, spilenZisa da magniumis 

marilebi. 

maRali toqsikuroba axasiaTebs dariSxanis, tyviisa da sxva 

liTonebis marilebs, agreTve, cianidebs, romlebsac wyali gal-

vanuri saamqroebidan iZens. 

zedapirulad aqtiuri nivTierebebi (zan) wyalSi gaxsnisas 

amcirebs mis zedapirul daWimulobas. es naerTebi polaruli 

agebulebisaa da Sedgeba hidrofiluri da hidrofoburi nawile-

bisagan. maTi hidrofiluri nawilia karboqsilis, sulfatis, 

sulfonatis jgufebi: hidrofoburi nawilia alifaturi da aro-

matuli naxSirwyalbadebis radikalebi. yvelaze metad gavrcele-

bulia naerTebi, romelTa molekulis erTi bolo hidrofiluria, 

meore ki _ hidrofoburi. 

zedapirulad aqtiuri nivTierebebi advilad adsorbirdeba 

Setivtivebul nawilakebsa da koagulantebis fifqebze, rac aad-

vilebs wylidan maT mocilebas. zedapirulad aqtiuri nivTiere-

bebi qmnis qafs wylis zedapirze, rac did zians ayenebs saaera-

cio nagebobebs da wyalsatevebs. 
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1.2.1. sameurneo-fekaluri Camdinari wylebis  

qimiuri Sedgeniloba 

 

sameurneo-fekaluri wylebis formireba xdeba saWmlis 

momzadebisa da WurWlis recxvis, sanitaruli rgolebis, sam-

recxaoebis, abanoebisa da saabazanoebis moqmedebis Sedegad. isini 

dabinZurebulia mravali organuli da araorganuli nivTierebiT, 

agreTve, mikroorganizmebiT. am wylebis Jbm dRe-RameSi meryeobs 

100-dan 400-mde mg/dm3-is farglebSi. 

sayofacxovrebo Camdinari wylebisaTvis damaxasiaTebelia 

daaxloebiT mudmivi Sedgeniloba. isini ZiriTadad dabinZu-

rebulia mcenareuli da cxoveluri warmoSobis organuli niv-

TierebebiT, Seicavs araorganul nivTierebebsac, romelTagan 

ZiriTadia: qviSis, Tixis, widisa da carcis nawilakebi, marilebi. 

aseT wyalSi aris rogorc xsnadi, ise uxsnadi nivTierebebi, 

romlebic Setivtivebul, koloidur da xsnad mdgomareobaSia. 

Camdinari wylebis gawmendis meTodebis SerCeva emyareba 

maTSi Semavali nivTierebebis bunebas da mdgomareobas. isini 

arseboben wylebSi Setivtivebuli da koloiduri nawilakebis 

saxiT an xsnad mdgomareobaSi. Tu wyals organuli nivTierebebi 

urevia, maTi gawmenda SeiZleba mikroorganizmebis zemoqmedebiT. 

maTze gavlenas axdens agreTve temperatura, wneva, Jangbadi da 

sxva reagentebi, romlebsac SeuZliaT gamoiwvion koagulacia, 

Jangva-aRdgena da sxva fizikur-qimiuri procesebi. 

arasakmarisad gawmendil wyals SeuZlia daarRvios wyalsat-

evis TviTgawmendis unari. Camdinari wylis Setivtivebuli 

nawilakebi iwvevs lamis warmoqmnas wyalsatevSi. Tu lami or-

ganuli warmoSobisaa, igi iwvevs bioqimiuri Jangvis procesebs, 

razec ixarjeba wyalSi gaxsnili Jangbadi. 

arasasurvel Sedegebs iwvevs cximebisa da zeTebis minarevebi 

wyalSi. isini wylis zedapirze qmnian brkes, rac xels uSlis 

masSi haeris SeRwevas, amitom SeiZleba wyalsatevSi Jangbadis 

reJimi dairRves. 
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Zlier saSiSia momwamlav nivTierebaTa Semcveloba Camdinar 

wylebSi. zogi maTgani iwvevs wylis biologiur sterilizacias 

da xels uwyobs organizmisaTvis saSiSi paTogenuri mikroor-

ganizmebis ganviTarebas [10]. 

    

1.2.2. sameurneo-fekalur wylebSi  

Semaval naerTTa ZiriTadi jgufebi 

 

qalaqis Camdinari wylebi 

qalaqis Camdinari wylebi xasiaTdeba rTuli da cvalebadi 

SedgenilobiT, razec mravali faqtori axdens gavlenas. aseTi 

wylebis xarisxi da Sedgeniloba mniSvnelovnad aris damokide-

buli wyalsadenis wylis bunebasa da raodenobaze. es ukanask-

neli gansazRvravs minarevebis ganzavebis xarisxs. rac metia 

wyalsadenis wylis raodenoba, romelsac iyenebs mosaxleoba, miT 

naklebia dabinZurebis xarisxi, e.i. wyalSi moxvedrili narCenebis 

koncentracia da miT ufro advilad tardeba organul nivTiere-

baTa bioqimiuri daSla. 

erT-erTi mniSvnelovani faqtoria wyalSi gaxsnili Jangbadi. 

rac ufro maRalia Jangbadis koncentracia wyalsadenis wyalSi, 

miT ufro intensiurad xdeba masSi moxvedrili organuli niv-

Tierebebis bioqimiuri daSla. Jangvis procesebi iwyeba qalaqis 

koleqtorSi da xels uwyobs organul nivTierebaTa daJangvas 

gamwmend nagebobebSi. gaxsnil Jangbads yovelTvis Seicavs zed-

apiruli wylebi. miwisqveSa wylebSi is TiTqmis ar gvxvdeba. 

wyalsacavebSi Jangbadi SedarebiT didi raodenobiT aris 

gaxsnili zafxulSi, roca wyalmcenareebi masobrivad viTardeba. 

samrewvelo obieqtebze xSirad iyeneben teqnikur wyals, ro-

melic gawmendilia nawilobriv, magram akmayofilebs warmoebis 

procesis moTxovnebs. teqnikuri wylis xarisxi gavlenas axdens 

Camdinari wylebis Sedgenilobasa da maTi gawmendis procesebze. 

qalaqis Camdinari wylebis Sedgenilobaze gavlenas axdens 

koleqtorebis sigrZe. qalaqis koleqtori Taviseburi gamwmendi 
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nagebobaa, masSi gavlisas wyali aireva, Setivtivebuli 

nawilakebi ufro intensiurad moZraobs, izrdeba maTi dispersi-

ulobis xarisxi, zogi gaxsnili organuli naerTi ganicdis 

hidrolizs. rac ufro grZelia koleqtori, miT ufro efeqturad 

mimdinareobs es cvlilebebi. roca koleqtoris sigrZe mcirea, 

gamwmend nagebobebSi Sedis Camdinari siTxe, romlis sawyisi 

Sedgeniloba da Tvisebebi TiTqmis ucvlelia. 

adamianis cxovelmoqmedebas mosdevs narCenebis dagroveba 

biologiuri da sawarmoo procesebis Sedegad. es narCenebi Tavs 

iyris wyalSi, romelic Semdeg xvdeba wyalsatevSi, saidanac is iyo 

aRebuli. 

sasmeli wylebisagan gansxvavebiT, Camdinari wylis analizi 

iTvaliswinebs ara calkeuli komponentebis, aramed naerTTa jgu-

febis gansazRvras. analizur laboratorias aqvs ramdenime gan-

yofileba: 

  1) Camdinari wylis, 

  2) naleqebis, 

  3) biologiuri. 

Camdinari wylebis analizis ZiriTadi mizania:  

1) wylis dabinZurebis xarisxisa da Sedgenilobis gansaz-

Rvra, ris safuZvelzec SesaZlebelia gawmendis meTodebisa da 

gamwmend nagebobaTa konstruqciebis SerCeva; 

2) sasargeblo minarevebis Semcvelobis gansazRvra; 

3) Camdinari wylebis sxvadasxva masalasTan urTierTq-

medebis bunebis gamokvleva; 

4) wyalSi toqsikuri minarevebis Semcvelobis gansazRvra; 

5) wylis gawmendis kontroli. 

 

1.2.3. Camdinari wylebis reaqcia 

 

Camdinari wylebis reaqcias gansakuTrebuli  mniSvneloba 

eniWeba. cnobilia, rom mJava wylebi Slian koleqtorebis 

nawilebs, kidev ufro didi yuradReba eqceva Camdinari wylebis 

reaqcias maTi gawmendis dros. 
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didi mJavianobis an tutianobis mqone Camdinari wylebi ar 

CaiSvebian wyalsatevebSi. am SemTxvevaSi saWiroa maTi ganei-

traleba, ris Semdegac SeiZleba maTi CaSveba gamwmend mowyo-

bilobebSi. gaTvaliswinebulia, rom wyalsadenis wyali, romelic 

gamoiyeneba sameurneo miznebisaTvis da sasmelad, yovelTvis unda 

iyos susti tute reaqciis mqone, gansazRvruli susti tute 

reaqcia aqvs agreTve sameurneo-fekalur Camdinar wylebsac. 

rogorc cnobilia, reaqcia SeiZleba gavigoT lakmusis qaRal-

diT, magram misi gamoyeneba mJavurobis da tutianobis xarisxis 

gasagebad ar SeiZleba. mJavurobis da tutianobis raodenobrivi 

gansazRvra dReisaTvis xdeba wyalbadionebis koncentraciis 

mixedviT. rogorc cnobilia qimiidan, wylis molekulebi 

ganicdian disociacias wyalbad- da hidroqsidionebis warmoqmniT:  

H2O  H+ +OH- 

qimiurad sufTa wyalSi wyalbadisa da hidroqsidis ionebis 

koncentracia umniSvneloa. kerZod, wylis eleqtrogamtarobis 

mixedviT yoveli aTi milioni litri wyali Seicavs erT disoci-

rebul molekulas, aqedan gamomdinare, wyalbad- da hidroqsil-

ionebis koncentracia udris 10-7, e.i.  

[H+] =10-7;  agreTve [OH-] =10-7. 

moqmed masaTa kanonis Tanaxmad: 

[H+] [OH-] = const, 

e.i   [H+] [OH-] = 10-14. 

am sidides wylis ionuri namravli ewodeba da misi 

mniSvneloba icvleba 0-dan 14-mde. 

roca [H+] > 10-7, reaqcia aris mJavuri, 

      [H+] < 10-7,    reaqcia aris tute, 

                  [H+]  = 10-7,  reaqcia aris neitraluri. 

xsnaris mJavurobis dasaxasiaTeblad moxerxebulia pH-is ga-

moyeneba, romelic aris wyalbadionebis koncentraciis Se-

brunebuli sididis logariTmi: 

pH = -lg  [H+], aqedan 
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roca  pH > 7  –     tute reaqcia, 

       pH <   7 _    mJavuri reaqcia, 

       pH = 7   –    neitraluri reaqcia . 

pH-is gansazRvra SeiZleba kolorometruli meTodiT. 

dadgenilia, rom sameurneo-fekaluri wylebis pH =7.2 ÷ 7.4 

am meTodiT gansazRvruli sameurneo-fekaluri wylebisaTvis 

damaxasiaTebelia susti tute reaqcia ara umetes 1.2 sm3 nor-

maluri xsnarisa erT litrze. 

wyalbadionTa koncentracias didi mniSvneloba aqvs wylis 

damuSavebis procesSi. Jangva-aRdgenis mravali reaqcia xSirad 

icvlis mimarTulebas wyalbadionTa koncentraciis SecvliT. 

wyalbadionTa koncentracia arsebiT gavlenas axdens bioqimiuri 

procesebis msvlelobaze, koagulaciaze, orTqlis qvabebSi mi-

naduRis warmoqmnasa da misi Tavidan acilebis pirobebze. 

umravles bunebriv wylebs axasiaTebs pH-is mudmivoba 

(6.8_7.3) [11]. 

     

1.2.4. Camdinari wylebis klasifikacia 

Jbm da Jqm Sefardebis sididis mixedviT 

 

Camdinari wylebi yovelTvis Seicavs organul nivTierebebs, 

romelTa jamur Semcvelobas afaseben GJ.b.m, J.q.m da perman-

ganatuli JangvadobiT. 

bioqimiurad Janvadi organuli nivTierebebiT Zlier 

dabinZurebuli Camdinari wylebisaTvis Sefardeba Jbm : Jqm < 0.5. 

pirveli jgufis wylebis gawmenda mizanSewonilia biologi-

uri meTodiT, xolo meore jgufisa _ fizikur-qimiuri meTodebiT. 

wylis bioqimiuri gawmendis procesSi Sefardeba Jbm : Jqm 

mcirdeba, miT ufro Zlierad, rac ufro Rrmad xdeba gawmenda. es 

Sefardeba SeiZleba Semcirdes 14%-mde. am dros wyalSi rCeba 

ZiriTadad bioqimiurad dauJangavi nivTierebebi. 
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1.2.5. Camdinari wylebSi arsebuli nivTierebebis  

gavlena wyalsatevebis sanitarul reJimze 

 

Tu Camdinari wyali ar aris saTanadod gawmendili, SeiZleba 

misi wyalsatevSi CaSvebisas warmoiqmnas lami, rac damRupvelad 

moqmedebs cocxal organizmebze. Tu naleqi organuli nivTiere-

bebisagan Sedgeba, is ganicdis bioqimiur gardaqmnas, razedac ix-

arjeba wyalSi gaxsnili Jangbadi. amis gamo wyalsatevis wyals 

SeiZleba moakldes Jangbadi, dakargos TviTgawmendis unari da 

Tevzebi moispos. 

Camdinar wylebSi SeiZleba iyos gaxsnili iseTi araor-

ganuli nivTierebebi, romlebic ganicdian qimiur gardaqmnebs, 

icvleba wylis wyalbaduri maCvenebeli da warmoiqmneba lami. 

aseTi nivTierebebia: mJavebi, tuteebi, sulfidebi, kiri, mZime li-

Tonebis ionebi. 

Tu Camdinar wyalSi Sereulia cximebi da zeTebi, wyalsatevSi 

misi CaSvebisas wylis zedapirze warmoiqmneba afski, es ki haeris 

SeRwevas da wyalsatevis sanitarul mdgomareobas auaresebs. 

wyalsatevebze mavne gavlenas axdens saRebavebis, mTrimlavi 

nivTierebebisa da fisebis Semcveli Camdinari wylebi, es niv-

Tierebebi iJangeba, razec ixarjeba Tavisufali Jangbadi. 

Camdinar wylebSi mineralur nivTierebaTa Semcveliba mSral 

naSTze gadaangariSebiT ar unda aRematebodes 1000 mg/dm3-s, qlo-

ridebis koncentracia dasaSvebia 350 mg/dm3, sulfidebis ki _ 500 

mg/dm3-mde. 

Tu wyali mineralur mJavebs Seicavs, mis gasaneitraleblad iy-

eneben nebismier tutes, magram metad gamosadegia kiri (CaO) an kal-

ciumisa da magniumis karbonatebi, romlebsac suspenziebis saxiT iy-

eneben. es reagentebi iafi da xelmisawvdomia. Tu dasamuSavebeli wy-

ali gogirdmJavas Seicavs, ganeitraleba Semdegnairad mimdinareobs: 

H2SO4 + Ca(OH) 2 →2H2O + CaSO4, 

H2SO4  +  CaCO3  → CaSO4 + CO2  + H2O. 
sanitaruli wylebis gawmendisas ZiriTadad gamoiyeneba Sem-
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degi wesebi: 

1) dabaldispersiuli Setivtivebuli nawilakebis 

mocileba daleqviT da koagulaciiT, 

2) eqstragireba, 

3) adsorbcia, 

4) mJavebis da fuZeebis ganeitraleba, 

5) flotacia, 

6) daqlorva, 

7) qimiuri gawmenda, 

8) bioqimiuri gawmenda. 

 

1.2.6. Semcvel nivTierebaTa ukiduresad dasaSvebi  

koncentraciebi (udk) da maTi ganmsazRvreli faqtorebi 

 

Camdinari wylebis CaSvebis regulireba emyareba 3 debulebas:  

1) xarisxisa da Sedgenilobis normatiuli maCveneblebi 

dawesebulia ara Camdinar wylebze, aramed im wyalsatevebze, 

romlebsac isini emateba; 

2) normatiul maCveneblebs sxvadasxva mniSvneloba aqvs 

sxvadasxva daniSnulebis wylebis mimarT; 

3) normatiuli maCveneblebi vrceldeba wyalsatevis ara ne-

bismier ubanze, aramed exeba Camdinari wylis CaSvebis adgilis 

qveviT mdebare nawils. 

wyalsatevis sanitaruli mdgomareoba da misi wylis xarisxi 

aRebis adgilze unda Seesabamebodes Semadgenel nivTierebaTa 

ukiduresad dasaSveb koncentraciebs (udk), romlebic uary-

ofiTad ar moqmedebs adamianis organizmze da uzrunvelyofs 

sameurneo-sasmeli an kulturul-sayofacxovrebo daniSnulebis 

wylis gamoyenebis normalur pirobebs. 

mavne nivTierebaTa ukiduresad dasaSveb koncentraciebs 

(udk) gansazRvraven qimiuri da biologiuri gamokvlevebis safuZ-

velze. nivTierebis ukiduresad dasaSvebi koncentraciis sidides 

ZiriTadad misi buneba gansazRvravs. mniSvneloba aqvs agreTve 

sxva nivTierebebis Tanaarsebobas [12]. 
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damabinZurebel nivTierebaTa ukiduresad dasaSvebi   
koncentracia wyalsatevis wyalSi 

cxrili 1.1 

 

nivTiereba 

mavneobis ganmsaz-

Rvreli maCvenebeli 

Uukiduresad 

dasaSvebi kon-

centracia, mg/dm3 

 
aldrini 

acetoncianhidrini 

 

beriliumi 

dieTilvercxliswyali 

seleni 

tetraeTilkala 

tetraeTiltyvia 

eTilmerkurqloridi 

butafosi 

kaptaqsi 

meTilmerkaptani 

simazini (uxsnadi) 

Tiurami 

fenoli 

fozaloni 

tetraqlornonani 

tetraqlorpentani 

Tiofosi 

triqlorfenoli 

tetraqlorheptani 

nitromeTani 

meTilbenzoati 

izopreni 

diqlorfenoli 

o-diqlorbenzoli 

n-diqlorbenzoli 

altaqsi 

eTilakrilati 

O 
organoleptikuri 

sanitarul-

toqsikologiuri 

----- 

----- 

----- 

----- 

----- 

----- 

organoleptikuri 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

----- 

 
0.002 

 

0.001 

0.0002 

0.0001 

0.001 

0.0002 

- 

0.0001 

0.0003 

- 

0.0002 

- 

- 

0.001 

0.001 

0.003 

0.005 

0.003 

0.004 

0.0025 

0.005 

0.001 

0.005 

0.002 

0.002 

0.002 

- 

0.005 
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1.3. Camdinari wylebis gawmenda 

 

Camdinari wylebis gawmendis meTodebi iyofa 2 jgufad: de-

struqciuli da regeneraciuli. 

destruqciuli meTodebi iTvaliswinebs damabinZurebeli 

nivTierebebis qimiur daSlas da reaqciis produqtebis wylidan 

moSorebas gazis an naleqis saxiT. am meTods miekuTvneba wylis 

bioqimiuri gawmenda xelovnur nagebobebSi. 

regeneraciuli gawmenda niSnavs wyalSi gaxsnili nivTiere-

bebis amokrebas da warmoebaSi kvlav gamoyenebas. Tu regen-

eraciuli damuSavebiT wyali saTanadod ver gaiwminda, aucile-

belia destruqciuli meTodebis gamoyeneba. 

Camdinari wylebis gawmendis reagentuli meTodebi. koagu-

lantebiT wyals amuSaveben misgan maRaldispersiuli nawilake-

bisa da koloiduri nivTierebebis mosacileblad. 

dabaldispersiuli (uxeSdispersiuli) nawilakebis mosac-

ileblad wyals ayovneben, ris Sedegad msubuqi nawilakebi amo-

tivtivdeba wylis zedapirze, mZime nawilakebi ki ileqeba fsker-

ze. Tu dawdobis procesi nela mimdinareobs, mimarTaven koagu-

lacias. koagulantis dozas sazRvraven sasinji koagulaciis Ca-

tarebiT. Camdinari wylebis koagulaciisaTvis iyeneben rkinisa da 

aluminis marilebs, aqtiur siliciummJavas da poliakrilamids. 

koagulacia SeiZleba Catardes pH-is SecvliT. am gziT gamoi-

leqeba cilovani nivTierebebi, romlebic yovelTvis arsebobs 

fekalur wylebSi. 

neitralizacias iyeneben mJavebis an tuteebis Semcveli 

wylebis dasamuSaveblad. es nivTierebebi emateba wyals samrew-

velo dawesebulebebSi teqnologiuri procesebis Sedegad. 

yvelaze xSirad samrewvelo Camdinar wylebSi aris gogir-

dmJava, azotmJava, marilmJava, SedarebiT naklebad _ azotovani 

mJava, fosformJava, gogirdwyalbadi, gogirdovani mJava, qrom-

mJava, ZmarmJava, mJaunmJava, salicilmJava, WianWvelmJava. samrew-

velo Camdinar wylebSi mJavebis Semcveloba Cveulebrivad maRali 
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ar aris (3%-mde), magram zog SemTxvevaSi Zlier didia. samrew-

velo obieqtebze, sadac organuli sinTezi tardeba, Camdinari 

wylebi Seicavs didi raodenobiT (40%-mde) gogirdmJavas. 

Camdinari wylebis damuSavebas arTulebs maTSi mJavebTan 

erTad mZime liTonebis arseboba, radgan neitralur da tute 

areSi isini warmoqmnian Znelad xsnad hidroqsidebs, romlebic 

ileqeba filtrebis zedapirze da xels uSlis maT moqmedebas. 

mJavas Semcveli wylebis ganeitraleba niSnavs wyalbadi-

onebis koncentraciis Semcirebas 10-7 g-ion/dm3-mde anu pH-is mo-

matebas 7-mde. tutis Semcveli wylebis ganeitraleba niSnavs 

hidroqsilionebis koncentraciis Semcirebas 10-7 g-ion/dm3-mde anu 

pH-is Semcirebas 7-mde. 

ganeitraleba emyareba hidroqsoniumisa (H3O+) da hidro-

qsilis ionebis urTierTqmedebas. 

H3O+ + OH-→2H2O 

an gamartivebulad: 

H++ OH-→ H2O. 

samrewvelo Camdinari wylebis damuSavebisas aucilebeli ar 

aris sruli ganeitraleba, e.i. wyalbaduri maCveneblis zustad 7-

mde dayvana. sakmarisia wylis wyalbaduri maCvenebeli moeqces 6.5-

dan 8.0-mde farglebSi. maSasadame, Camdinari wylis neitra-

lizacia unda Catardes im SemTxvevaSi, Tu misi wyalbaduri 

maCvenebeli naklebia 6.5-ze an metia 8.0-ze. samrewvelo Camdinar 

wylebSi gacilebiT ufro xSirad gvxvdeba mJavebi, vidre tuteebi. 

ganeitraleba xorcieldeba ZiriTadad sami meTodiT:  

1) mJava da tute wylebis urTierTqmedebiT, 

2) reagentebis damatebiT, 

3) iseT masalaSi gafiltvriT, romelsac SeuZlia ganei-

traleba. 

mJava da tute wylebis urTierTganeitralebis meTods far-

Tod iyeneben qimiur mrewvelobaSi. 

reagentul meTods iyeneben maSin, rodesac samrewvelo obieq-

tebze arsebobs mxolod mJavas an tutis Semcveli Camdinari 
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wyali. am meTods iyeneben metwilad mJavebis gasaneitraleblad. 

Tu wyali mineralur mJavebs Seicavs, gasaneitraleblad iyeneben 

nebismier tutes, magram ufro gamosadegia kiri an kalciumisa da 

magniumis karbonatebi. kirs iyeneben rZis, xolo karbonatebs _ 

suspenziis saxiT. es reagentebi iafia da xelmisawvdomi. 

Tu dasamuSavebeli wyali gogirdmJavas Seicavs, neitrali-

zacia mimdinareobs Semdegnairad:  

H2SO4 + Ca(OH2) → CaSO4 + 2H2O, 

H2SO4   + CaCO3     → CaSO4  + H2O + CO2. 

   neitralizaciis Sedegad miRebuli kalciumis sulfatis 

koncentracia damokidebulia mJavas sawyis koncentraciaze. 

radgan umravles SemTxvevaSi gogirdmJavas koncentracia Camdi-

nar wylebSi maRali ar aris, kalciumis sulfatis koncentra-

ciac aseve SedarebiT mcirea, e.i. mis mimarT xsnari ganzavebulia. 

mutaciuri gafiltvra ganeitralebis erT-erTi ZiriTadi me-

Todia, romelic farTod gamoiyeneba Camdinari wylebis dasa-

muSaveblad. filtrad iyeneben kirqvas, carcs, dolomits (CaCO3· 

MgCO3) da gamomwvar dolomits anu “magnomasas”. dolomitis ga-

mowvisas kalciumisa da magniumis karbonatebi iSleba oqsidebad: 

CaCO3 → CaO +  CO2, 

MgCO3 →MgO + CO2. 

amitom gamomwvari masa ZiriTadad oqsidebisagan Sedgeba, ma-

gram Seicavs sawyis karbonatebsac, romlebic dauSleli darCa, 

amitom magnomasis Sedgenilobas gamosaxaven formuliT: 

xCaO · yMgO · zCaCO3 · pMgCO3 

x, y, z  da p steqiometruli koeficientebia da aRniSnavs moce-

muli nivTierebebis raodenobiT Tanafardobas maT narevSi (mag-

nomasaSi). 

gafiltvris siCqare damokidebulia filtris masalaze da 

Seadgens maqsimum 5 m/sT. filtrTan wylis kontaqtis xangrZ-

livobaa aranakleb 10wT. 

ganeitralebas xels uSlis wyalSi mZime liTonebis arse-

boba, radgan ganeitralebis Semdeg, rodesac wyalbaduri maCvene-
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beli 7-s gadaaWarbebs, isini ileqeba da SeuZliaT filtris 

gaWedva. moreagire filtrebis gamoyeneba miuRebelia iseTi wylis 

dasamuSaveblad, romelSic gogirdmJavas koncentracia 1.5 g/dm3-

ze metia, radgan filtrTan Sexebisas masSi warmoqmnili kal-

ciumis sulfatis koncentracia aRemateba mis xsnadobas da ile-

qeba. naleqi efineba filtrs da xels uSlis masTan mJavas kon-

taqts, riTac abrkolebs neitralizacias. aseTi wylebis gasanei-

traleblad umjobesia filtrTan magniumis karbonatis gamo-

yeneba. am SemTxvevaSi neitralizaciis produqtia magniumis sul-

fati, romelic wyalSi xsnadia. 

aRniSnuli filtrebidan yvelaze ukeTesia magnomasa, radgan 

masSi wylis gafiltvrisas mJavas aneitralebs oqsidebi, ZiriTa-

dad ki magniumis oqsidi: 

MgO + H2SO4 → Mg SO4 + H2O. 

Camdinari wylebis ganeitralebisaTvis saWiro danadgarebi 

(rezervuarebi, milsadenebi, tumboebi da sxva aparatura) unda 

damzaddes mJavagamZle masalisagan. 

mJangavebisa da aRmdgenebis moqmedeba. Jangvas iyeneben toqsiku-

ri nivTierebebis Semcveli Camdinari wylebis gasauvneblad, mJan-

gavebad ki _ qlors, kalciumis hipoqlorits, natriumis hipoq-

lorits, qlorkirs, ozonsa da Jangbads, agreTve, wyalbadis pe-

roqsids, manganumis oqsidebs, kaliumis permanganatsa da biqromats. 

qlorsa da mis Semcvel naerTebs farTod iyeneben cianide-

bis, gogirdwyalbadis, sulfidebis, meTilmerkaptanisa da sxva 

toqsikuri nivTierebebis Semcveli wylebis dasamuSaveblad. 

cianidebis Semcveli Camdinari wylebis formireba xdeba man-

qanaTsaSen da liTondamamuSavebel qarxnebSi, galvanur saam-

qroebSi. gamdnar cianidebSi liTonis nakeTobaTa wrTobis Semdeg 

maT recxaven, ris Sedegad miiReba am toqsinebis Semcveli Camdi-

nari wylebi. aseT wylebSi cianidebis Semcveloba Seadgens 20-dan 

100-mde mg/dm3. 

cianidioni (CN-) advilad iJangeba da gardaiqmneba cianat- 

ionad (CNO-), romelic Semdeg hidrolizdeba: 
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CN- + 2OH- → 2e + CNO- + H2O, 

CNO-  + 2H2O → NH4
+ + CO3

2-. 

amoniumisa da karbonationebi, romlebic am reaqciebis Sede-

gad miiReba, aratoqsikuria.  

regeneraciuli gawmenda 

regeneraciul meTodebs iyeneben wylidan Zvirfasi minareve-

bis amosakrebad, warmoebaSi maTi xelaxla gamoyenebis mizniT. 

regeneraciuli damuSavebisas wyali ise ar iwmindeba, rom 

SeiZlebodes misi CaSveba wyalsatevSi, amitom aucilebelia misi 

damatebiTi gawmenda destruqciuli meTodebiT. 

Camdinari wylebis gawmendisas gamoiyeneba ZiriTadad Semdegi 

wesebi: 1) dabaldispersiuli Setivtivebuli nawilakebis moci-

leba daleqviTa da koagulaciiT, 2) eqstragireba, 3) adsorbcia, 

4) gadadena wylis orTqliT (evaporacia), 5) mJavebisa da fuZeebis 

ganeitraleba, 6) flotacia, 7) daqlorva, 8) qimiuri gawmenda, 9) 

kristalizacia, 10) biologiuri gawmenda, 11) Camdinari wylis 

naleqis daduReba anaerobul pirobebSi. 

 

1.4 navTobproduqtebiT dabinZurebuli  

Camdinari wylebis gawmenda 

 

Camdinari wylebis navTobroduqtebisagan gawmenda adsor-

bciuli meTodiT saSualebas iZleva gaiwmindos Camdinari wyali 

nebismieri moTxovnis donemde masSi raime meoradi damabinZu-

reblebis Setanis gareSe. amiT gamoirCeva wylis gawmendis aR-

niSnuli meTodi reagentulisagan. 

navTobproduqtebis Semcveli Camdinari wylebis gawmenda 

sorbentebis daxmarebiT SeiZleba ganxorcieldes Semdegi xerxe-

biT: 

1) sorbentebiT Sevsebuli mocurave badeebiT motivtive nav-

Tobproduqtebis STanTqmiT; 
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2) wylis zedapirze fxvnilisebri sorbentebis uSualo 

SetaniT da navTobproduqtebiT gajerebuli specialuri mowyo-

bilobebis saSualebiT. 

3) emulgirebuli da gaxsnili navTobproduqtebis Semcveli 

wylis gafiltvriT sorbentebis fenebs Soris, wylebis Rrma gaw-

mendis mizniT. 

sorbentebad gamoiyeneba bunebrivi da xelovnuri forovani 

masalebi: Termulad damuSavebuli alumosilikatebi, mag., perli-

ti, gaaqtiurebuli naxSiri, forovani polimerebi, sxvadasxva 

boWkovani masalebi, xis burbuSela da sxv. 

aRsaniSnavia, rom masalebi (aluminsilikatebi da bazaltis 

boWkoebi) rogorc wesi, saWiroeben sxvadasxva hidrofobiza-

torebiT damuSavebas, raTa maT zedapirs mieniWos oleofiluri 

Tvisebebi. 

gafiltvris meTodiT zedapiruli navTobis mosaSoreblad 

da wylis Rrma gawmendisaTvis rekomendebuli SeiZleba iyos 

rogorc afuebuli perlitebi, aseve naxSiris sorbentebi, rom-

lebsac navTobSemcvel produqtebTan kontaqtis dros maRali 

STanTqmis unari aqvT. 

navTobproduqtebisagan wylis Rrmad gawmendisaTvis sau-

keTeso gamfiltravi sorbentebia agreTve gaaqtiurebuli nax-

Sirebi. gaaqtiurebuli naxSiriT (1–1.2 m fenis simaRlis Sem-

TxvevaSi) navTobproduqtebis Semcveli wylis gawmendisas fil-

traciis rekomendebul siCqared aiReba 5-8 m/sT. 

maRalxarisxiani gaaqtiurebuli naxSiris miRebis procesi 

rTuli da xangrZlivia, amitom misi Rirebuleba sakmaod maRalia. 

maRalRirebuli gaaqtiurebuli naxSiris alternativas war-

moadgens afuebuli perliti da oleofiluri sorbentebi miner-

alur matareblebze. matareblebis saxiT gamoiyeneba sxvadasxva 

foriani alumosilikatebi: keramzidi, perliti, afuebuli vermi-

kuliti, aguris fxvnili da sxva. 

matareblebis zedapirs amuSaveben sxvadasxva masalebiT. am 

dros didi mniSvneloba aqvs imas, rom es masalebi Seicavdnen 
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iseT radikalebs, romlebic reaqciaSi Sevlen matareblebis zed-

apirTan. reaqciis Sedegad warmoiqmneba iseTi oleofiluri fena, 

romelic wyliT ar irecxeba. 

navTobproduqtebiT dabinZurebuli wylis gawmendis maRali 

xarisxis misaRebad 10.05 mg/l rekomendebulia, rom filtraciis 

siCqare ar aRematebodes 4 m/sT, rodesac sorbentebis fenis sisqe 

aiReba 0.7 m. aseTi sorbentebis Rirebuleba 2-2.5-jer naklebia 

gaaqtiurebuli naxSiris fasze. 

oleofiluri sorbentebi mineralur safuZvelze, rogorc 

wesi, gamoiyeneba wylebis filtraciiT gawmendisaTvis, Tumca 

maTi STanTqmis unari navTobproduqtebTan pirdapiri kontaqtis 

dros SedarebiT mcirea _ 6 kg/km. filtraciis dabali siCqare (4 

m/sT) zRudavs am sorbentebis gamoyenebas, radgan msxvili lo-

kaluri gamwmendebis danadgarebis mSeneblobisaTvis izrdeba 

kapitaluri danaxarjebi. filtraciis siCqaris 8m/sT-mde gazrdi-

saTvis SesaZlebelia kompleqsuri sorbciuli CasatvirTi masa-

lis gamoyeneba, romelic oleofilur sorbentebTan erTad Sei-

cavs granulirebul gaaqtiurebul naxSirs. es varianti ara 

mxolod amcirebs sorbciul datvirTvas 1.5-2-jer, aramed 

mcirdeba kapitaluri danaxarjebic. 

dReisaTvis gamoyenebuli sorbentebidan gansakuTrebul 

yuradRebas imsaxurebs karbamidoformaldehiduri fisebi, romle-

bic polikondensaciis procesSi warmoqmnian metismetad ganvi-

Tarebuli zedapiris mqone qafismagvar struqturebs. am poli-

merebis gamorCeuli gansakuTrebuloba aris maT mier STanTqmuli 

navTobproduqtebis biologiuri daSlis swrafi unari [13-14]. 

aseTi sorbentebis navTobtevadoba aris 47-86 kg/kg zRvrebSi. 

maTi miRebis procesi teqnologiurad rTuli ar aris da 

SeiZleba maTi gamoyeneba uSualod savele pirobebSi katastrofis 

adgilze samrewvelo masStabiT am tipis sorbentebi gamoiyeneba 

savaWro markebiT: ТУРБОСОРБ, УНИПОЛИМЕР, НАФТОКС, СОРВОИЛ. 

wylis Rrma gawmendisaTvis filtraciis meTodiT es sorbentebi 

ar gamoiyeneba. 
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sxva xSirad gamoyenebuli polimeruli sorbentebi warmoad-

genen penopoliureTanis sxvadasxva modifikaciebs, maTi gansxva-

vebuli Tvisebaa regeneraciis unari gamowurvis meTodiT. 

navTobproduqtebis STanTqmis unari icvleba 25-60 kg/kg 

zRvrebSi. gamoicema filebis, granulebis, baliSebis saxiT da 

SeiZleba gamoyenebul iqnas rogorc navTobproduqtebTan pirda-

piri kontaqtisTvis, agreTve avariuli daRvris dros da Zlier 

gaWuWyianebuli wylebis (50-50mg/l) filtraciisaTvis. am dros 

gawmendis xarisxi aris 95%.  

garda zemoT ganxiluli polimeruli sorbentebisa, gamoiye-

nebian polieTilenze da polipropilenze damzadebuli sorben-

tebi boWkovani furclebis, granulebis saxiT. maTi navTobprodu-

qtebis STanTqmis unari pirdapiri kontaqtisas aris 15-18 kg/kg. 

gamoiyenebian rogorc pirdapiri kontaqtisas avariuli daRvris 

dros, aseve e.w. koalercentur filtrebSi.   

 

1.5 Camdinari wylebis sruli biologiuri (bioqimiuri)  

gawmendis uzrunvelyofis praqtikuli pirobebi 

 

zedapiruli wylis obieqtebis (mdinareebis, tbebis, wyalsat-

evebis) dabinZurebis erT-erTi mniSvnelovani ingredientia nav-

Tobproduqtebi. Aam damabinZureblis wyaro SeiZleba iyos wyal-

satevebis zonaSi ganlagebuli sawvav-sapoxi masalis sawyobebi, 

sadac SeiZleba maTi Senaxvis wesebi irRveodes, agreTve, qalaqis 

wyalarinebis sistemaSi sxvadasxva saxis obieqtebidan (avtosam-

recxaoebi, avtogasamarTi sadgurebi da sxva) lokaluri gaw-

mendis gareSe CaSvebuli Camdinari wylebi da sxv. 

wylis dabinZurebis xarisxi ganisazRvreba wyalsatevebSi 

CasaSvebi Camdinari wylebis zRvrulad dasaSvebi koncentraciis 

indeqsis (zdk) mixedviT. rogorc wesi, es maCvenebeli SeiZleba 

SedarebiT maRali iyos sezonurad, zafxulis da Semodgomis pe-

riodebSi, romelTa sididem SeiZleba 3-4-jer gadaaWarbos dasaS-
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vebs. Tumca SesaZloa es maCvenebeli sxvadasxva wyalsatevebisaT-

vis gansxvavebuli iyos. 

cnobilia, rom gamwmendi sadgurebidan gawmendili wylis 

Sedgeniloba Tevzsameurneo daniSnulebis wyalsatevebSi CaSve-

bamde  zdk-s mixedviT unda Seesabamebodes Semdeg monacemebs 

(mg/l): Jangbadis qimiuri moTxovna (Jqmsr) – 3.0; amoniumis azoti – 

0.5; fosfori  (P) – 0.2; navTobproduqtebi – 0.05; spilenZi (Cu) – 

0.001; TuTia (Zn) – 0.01; kadmiumi (Cd) – 0.005; agreTve [1]-is Tanax-

mad, Camdinari wylebis gamwmendi sadgurebi unda amuSavebdnen 

sameurneo-sayofacxovrebo xasiaTis wylebs, romlebSic SeiZleba 

Sereuli iyos navTobproduqtebi, agreTve, Camdinar wylebSi 

arsebuli sxvadasxva saxis adsorbirebuli dabinZurebebi da a.S. 

zemoT moyvanil normatiul moTxovnebs xSirad es sadgurebi ver 

uzrunvelyofen (an wmenden Semosuli wylebis mxolod 40%-s, 

meqanikuri gawmendis donemde). sruli biologiuri gawmenda ki 

gulisxmobs Camdinari wylebis gawmendas normatiuli moTxovne-

bis doneze, wyalsatevebSi CaSvebamde. 

Camdinari wylebis sruli biologiuri gawmenda niSnavs 

gamwmend sadgurebSi gadamuSavebiT damabinZurebeli biogenuri 

elementebis (azoti da fosfori) biologiur mocilebas Taname-

drove sazRvargareTuli teqnologiebis gamoyenebiT, romlebic 

warmoadgens  nitro-denitrifikaciisa da defosforizaciis  

procesebis kombinacias. es procesebi sakmaod rTulia da 

moiTxovs ucxouri danadgarebis gamoyenebas (pirvel rigSi, 

meqanikurs anaerobul bioreaqtorebSi morevisTvis). garda amisa, 

nitro-denitrifikaciisa da defosfatizaciis procesebi erTo-

blivad xorcieldeba mxolod sawyis wyalSi  im  advilad Jang-

vadi organikis sakmarisi raodenobis arsebobisas, romelic erT-

nairad aucilebelia sicocxlisunarianobisaTvis anaerobul pi-

robebSi, rogorc denitrificirebadi biomasisTvis, ise poli-

fosfatebis dagrovebis unaris mqone mikroorganizmebisaTvis. 

saqarTvelos (da aramarto saqarTvelos) pirobebSi, sadac 

saqalaqo gamwmendi nagebobebis umravlesobaze Semodis dabalk-
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oncentrirebuli Camdinari wylebi da materialur-finansuri re-

sursebis deficitia, aseTi teqnologiebis praqtikuli danergva 

naklebad SesaZlebeli aRmoCnda, radgan teqnologiuri procesis 

saimedoobis uzrunvelsayofad saWiroa mniSvnelovani kapitalda-

bandebebi (nagebobis moculobis gazrda, damatebiTi aRWurvilo-

bis dadgma) da saeqspluatacio xarjebi (miwodebuli haeris 

raodenobis momateba). Ffosforis biologiuri mocilebis proc-

esSi monawileoben sxva saxeobebic, romlebsac unari SeswevT da-

Jangon organuli nivTierebebi denitrifikaciis pirobebSi  anu 

daJangvis procesSi eleqtronebis aqceptorebad gamoiyenon ara 

Jangbadi, aramed nitrat-ioni. maSasadame, anaerobul pirobebSi 

erTdroulad SeiZleba moxdes denitrifikaciisa da defosfori-

zaciis procesebi mikrobialuri erTobliobis konkurenciis ga-

reSe advilad Jangvadi organikisaTvis. aseTi teqnologiis 

ganxorcieleba SesaZlebelia Cveulebrivi tipisa da zomis aero-

tenkebSi sustad koncentrirebuli wylisaTvis da haeris raode-

nobis gazrdis gareSe. 

Tanamedrove miRwevebiT sruli biologiuri gawmendis nage-

bobebSi, biogenuri elementebis mocilebisas da Setivnarebuli 

nivTierebebisa da zdk koncentraciis mniSvnelovani Semcirebis 

mizniT SemuSavebulia teqnologiebi, romlebic iTvaliswineben 

lamis gadamuSavebas orsafexuriani teqnologiuri sqemis gamoye-

nebiT oTxderefnian aerotenkebSi. aseTi teqnologiis arsebobis 

gamo, rac moiTxovda sazRvargareTuli aRWurvilobis gamoyene-

bas. denitrifikaciis zonaSi aucilebeli pirobebis uzrunvelyo-

fis sadenitrifikacio derefnebis sigane orjer Seamcires nitri-

fikaciis derefnebis siganesTan SedarebiT, xolo morevisTvis ga-

moiyenes Cveulebrivi naxvretebiani milebidan miwodebuli haeri. 

aRniSnuli teqnologia uzrunvelyofs gamwmendi nagebobebis 

muSaobas sruli biologiuri gawmendis teqnologiur reJimSi. 

wylis gawmendis nagebobis kompleqsi Seicavs; oTx cxaurs 

(1800*3000 mm); oTx horizontalur qviSasaWers (22*1.5 m); oTx 40 m 
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diametris eqvs meoreul damleqs; 33 m diametris or lamis ga-

mamkvrivebels; lamis satumb sadgurs; ZiriTad samanqano Senobas; 

sinjebis avtomaturi aRebis pavilions; Semyvan da gamomyvan 

arxebs. 

teqnologiuri monacemebis Sesabamisad miRebulia aerotenke-

bis xuTi oTxderefniani seqcia, sadac pirveli da mesame gamoi-

yeneba rogorc denitrifikatori, xolo meore da meoTxe _ 

rogorc nitrifikatori. aerotenkebis TiToeuli seqciis mocu-

lobaa 57 aTasi m³, sigrZiT 264 m, siRrmiT 6 m da nitrifikatore-

bis sigane 12 m. Camdinari wyali da ukulami aerotenkSi miewodeba 

marTkuTxa Ria sadinarebiT, romelSic aerotenkSi Sesasvlelis 

win dadgmuli proporciuli profilis wyalgamtarebia. ukulamis 

miwodeba mTliani moculobiT (Camdinari wylis xarjis 100%) 

xdeba pirvel derefanSi, Camdinari wylis miwodeba safexure-

brivia _ pirvel da mesame derefanSi xarjis SesaZlo variaciiT 

(regulirebiT). aeraciis sistema nitrifikatorebSi pnevmaturia 

filtrosuli firfitebis gavliT, romlebic moTavsebulia rki-

nabetonis arxebSi grZivi kedlebis gaswvriv, xolo denitrifi-

kaciis derefnebi aerirdeba grZivi naxvretebiani milebiT, 

mxolod lamis narevis Setivnarebul mdgomareobaSi SesanarCune-

blad. 

lamis narevis daleqva xdeba 54 m diametris eqvs radialur 

damleqSi,  daleqvis 5 m   siRrmis  zoniT,  daleqvis   saSualo    

dro t saS = 3.3 sT.  

lamis narevi damleqebSi miewodeba aerotenkis Semkrebi 

arxidan, ganieri zRurblis CauZiravi wyalgamSvebi aRWurvilia 

im kamerebis gavliT, romlebic uzrunvelyofen lamis narevis 

Tanabar ganawilebas damleqebs Soris. ukulami damleqebidan ga-

modis hidrostatikuri wnevis qveS orfrTiani lamis safxekebis 

saSualebiT oTxujredian lamis kamerebSi, romlebic aRWurvilia 

regulirebadi gadamsxmeli wiboebiT. 

ukulami gadaitumbeba lamis satumb sadgurSi dadgmuli 

tumboebiT, sadac aseve ganlagebulia biologiuri gawmendis 
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nagebobebis daclis sistemis tumboebi. Warbi aqtiuri lami er-

liftis saSualebiT miewodeba aerotenkis ukulamis gamanawile-

beli arxidan 33 m diametris or radialur mamkvrivebelSi, 

samuSao siRrmiT 3.5 m, gamkvrivebis saSualo droiT tsaS = 11 sT. 

haeris misawodeblad mTavar samanqano darbazSi  dadgmulia 800 

m³/wT mwarmoeblobis rva damwnexi (ori sarezervo). 

aRsaniSnavia, rom biologiuri gawmendis nagebobebis 

teqnologiuri gamarTva daiwyes 1998 w. aprilSi. nagebobebi 

samuSaod moamzades erTsafexuriani sqemiT: moaxdines gaufer-

ulebuli wylis mTliani gasavlis (500 aTasi m³/dRe) Tanabari mi-

wodeba aerotenkis pirvel derefanSi; daamyares ukuaqtiuri 

lamis 100 %-iani reJimi da igi Tanabrad gaanawiles aerotenkis 

pirvel derefnebSi; lamis narevis dayofis xarisxis mixedviT vi-

zualurad daadgines haeris minimalurad SesaZlebeli miwodeba 

aerotenkis pirvel da mesame derefanSi (lamis Setivnarebul 

mdgomareobaSi SesanarCuneblad); lamis doza aerotenkebSi saSu-

alo koncentraciamde gazardes meoTxe derefnis boloSi – 3 

g/l, nagebobebSi lamis aranakleb 25 dRe-Ramis vadiT SenarCune-

bisaTvis; SeinarCunes gaxsnili Jangbadis koncentracia meoTxe 

derefnis boloSi ara umetes 6 mg/l. 

nagebobebis reJimSi gasvlis Semdeg gauferulebuli da gaw-

mendili Camdinari wylis sakontrolo analizi nagebobebis 

mTels blokSi kviraSi orjer Caatares Semdegi maCveneblis 

mixedviT: Setivnarebuli nivTierebebi, Jbml, azotis  formebi   

(saerTo, N-NH4, N-NO3),   fosfatebi (P-mixedviT) da PsaerTo. 

erT-erT aerotenkSi (sakontroloSi) damatebiT ganisazRvre-

boda nagebobis sigrZeze lamis dozis, lamis indeqsis, gaxsnili 

Jangbadisa da azotis naerTebis cvlileba. mocemul teqnolo-

giur reJimSi nagebobebi muSaobda 3 Tvis ganmavlobaSi. ganisaz-

Rvra mTeli blokis muSaobis gasaSualoebuli teqnologiuri 

maxasiaTeblebi (pirveli reJimi). gasawmendad Semosuli wylis 

xarisxis maCveneblebi mniSvnelovnad icvleboda droSi da saSu-
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alo saproeqtoze naklebi iyo Setivnarebuli nivTierebebisaTvis 

39 mg/l-iT, Jbml – 89 mg/l-iT da  N-NH4  _ 7.5 mg/l-iT. 

profiluri teqnologiuri maCveneblebi aerotenkebis sigrZis 

mixedviT Semdegnairad icvleboda: aqtiuri lamis koncentraciam 

aerotenkis pirveli derefnis (denitrifikatoris) boloSi miaR-

wia garkveul sidides da SemdgomSi aRar icvleboda, meoTxe 

derefnis boloSi saSualod Seadgina 3.1 mg/l; lamis indeqsi 

saSualod aerotenkis mTel sigrZeze 81-is tolia; mniSvnelovani 

cvlilebebi aRiniSneba gaxsnili Jangbadis koncentraciaSic – 2.3 

mg/l-mde, pirveli derefnis boloSi, 5 mg/l-mde, gamosasvlelSi 

N-NH4 _ 11.11-dan 0.36 mg/l-mde; N-NO3 _ 0.87-dan 8.19 mg/l-mde, sinjis 

aRebis imave wertilebSi. 

miuxedavad damabinZureblebis koncentraciis mniSvnelovani 

cvlilebisa gauferulebul Camdinar wyalSi, gawmendili wylis 

xarisxis maCveneblebi teqnologiuri reJimis moqmedebis mTeli 

periodis ganmavlobaSi umniSvnelod icvleboda da Zalian 

maRali iyo _ proeqtiT gaTvaliswinebulze gacilebiT ukeTesi. 

aRiniSneba mxolod zdk-s garkveuli gadaWarbeba Tevzsameurneo 

wyalsacavebSi  N-NO3 formiT (9.53, nacvlad aucilebeli 9.1 mg/l-

isa).  N-NO3  maCveneblis gaumjobesebisaTvis (anu denitrifikaciis 

procesis gasaRrmaveblad) biologiuri gawmendis nagebobebi 

gadaiyvanes orsafexurian teqnologiur sqemaze muSaobis reJimSi, 

rodesac pirvel derefanSi miewodeba gauferulebuli wylis 

gasavlis 50 %, danarCeni nawili ki _ mesameSi. Sedegad orjer 

izrdeba denitrifikatoris moculoba da masSi yofnis dro, Cam-

dinari wylis gawmendis danarCeni teqnologiuri pirobebi ar 

icvleba. 

am teqnologiur reJimSi nagebobebma imuSava sami Tve, 

teqnologiuri kontrolis wesi ki ucvleli rCeboda. ganisaz-

Rvra mTeli blokis muSaobis gasaSualoebuli teqnologiuri 

maxasiaTeblebi (meoTxe reJimi), iseve, rogorc pirvel reJimSi. 

amave dros, gasawmendad Semosuli wylis xarisxis maCveneblebi 

mniSvnelovnad icvleboda droSi da saproeqtoze dabali iyo. 
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aqtiuri lamis doza saSualod 4.7 g/l- iT Semcirda pirveli 

derefnis boloSi, 3.7 g/l-mde – mesame derefnis boloSi da 

aerotenkidan gamosvlisas praqtikulad ucvleli rCeboda 81-is 

toli. amave dros, gaxsnili Jangbadis koncentracia, rCeboda ra 

praqtikulad erTnairi pirveli derefnis bolodan mesame deref-

nis bolomde, aerotenkebSi boloSi mniSvnelovnad matulobda da 

aRwevda saSualod 4.2 mg/l-s. gawmendili Camdinari wylis 

xarisxis maCveneblebi mTeli periodis ganmavlobaSi (iseve, 

rogorc pirvel reJimSi) rCeboda stabiluri da Zalian maRali.  

N-NO3   koncentracia, pirvel reJimTan SedarebiT  7.8 mg/l-iT Sem-

cirda, ramac daadastura meore reJimze gadasvlis marTebuloba. 

Jangbadis amoniumisa da nitratis azotis koncentraciis miax-

loebiTi profili oTxderefnian aerotenkSi, romelic uzrunve-

lyofs azotis formebis zdk-s Tevzsameurneo wyalsacavebSi. 

gauferulebuli Camdinari wylis dabinZurebis, nagebobebis 

mwarmoeblurobis, aqtiuri lamis gasavlis maxasiaTeblebis, hae-

ris kuTri raodenobis da meoreuli muSaobis teqnologiuri max-

asiaTeblebis saSualo mniSvnelobebze dayrdnobiT dasaSvebia 

CaiTvalos, rom biologiuri gawmendis nagebobebi pirvel da 

meore reJimSi muSaobda SedarebiT erTnair pirobebSi. gansxvaveba 

isaa, rom pirvel reJimSi lamis doza erTnairi rCeba aerotenkis 

mTels sigrZeze, meore reJimSi ki igi maqsimaluria pirveli 

derefnis boloSi da saSualo mniSvnelobamde mcirdeba mesames 

boloSi. praqtikulad, pirvel SemTxvevaSi realizebulia 

oTxderefniani aerotenkis muSaobis Cveulebrivi sqema aqtiuri 

lamis regeneraciis gareSe, meoreSi ki _ aqtiur lamze safexure-

brivi datvirTvis teqnologiuri sqema. lamis mSrali nivTierebis 

balansis gamoTvliT dadginda, rom lamis asaki rogorc pirvel, 

ise meore reJimSi 20 dRe-Rameze metia. magram, meore reJimSi 

lamis doza mniSvnelovnad meti iyo, vidre pirvelSi, ramac ga-

napiroba masi asakis gazrda da denitrifikaciis ufro Rrma 

xarisxi. swored amiT aixsneba meore reJimSi nitratuli azotis 

koncentraciis mniSvnelovani Semcireba _ 7.8 mg/l, rac gacile-
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biT naklebia Tevzsameurneo wyalmomaragebis sacavebis moTxov-

nil zdk-ze. 

amrigad, msxvili zomis nagebobebis praqtikuli eqsplua-

taciis pirobebSi sustad koncentrirebul Camdinar wylebze 

dadgenilia stabiluri Rrma biologiuri gawmendis SesaZle-

bloba. denitri-nitrifikaciis orsafexuriani teqnologiuri 

procesi gauferulebuli wylis miwodebiT aerotenkis pirvel da 

mesame derefanSi ufro xelsayrelia da uzrunvelyofs gaw-

mendili Camdinari wylis maRal maCvenebels: Setivnarebuli niv-

Tierebebi ≤ 7 mg/l; БПК ≤ 3 mg/l;  N-NH4 ≤ 0.4 mg/l; N-NO3   ≤ 7.8 mg/l; 

da saerTo Psaer. ≤  2.5 mg/l, rac mniSvnelovnad aRemateba sapro-

eqto maCveneblebs, xolo azotis formebis mixedviT uzrunvely-

ofs Tevzis meurneobis wyalmoxmarebis sacavebis normatiul 

moTxovnebs. 

amrigad, aRwerili teqnologiisa da xangrZlivi eqsplua-

taciis Sedegebi sruli biologiuri gawmendis reJimSi farTo 

SesaZleblobebs iZleva Cveulebrivi oTxderefniani aerotenkebis 

modernizaciisaTvis nitri-denitrifikaciis da defosfatizaciis 

procesebis uzrunvelyofiT anaerobuli zonebis meqanikuri an 

hidravlikuri morevis gareSe. saorientaciod, aseT reJimSi nage-

bobebis muSaobis ZiriTadi teqnikuri maxasiaTeblebi Semdegi 

unda iyos: ukuaqtiuri lamis koncentracia (doza) _ 5.5–7.5 g/l; 

aqtiuri lamis koncentracia (doza) aerotenkis meoTxe derefnis 

boloSi 2.5–3.5 g/l; aqtiuri lamis asaki 20–25 dRe-Rame. Jangbadis 

koncentracia denitrifikaciis zonaSi 1 mg/l-s ar unda aRemate-

bodes nebismier wertilSi, xolo gaxsnili Jangbadis koncentra-

cia nitrifikaciis zonebis boloSi – 7 mg/l-s.                
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Tavi 2. adsorbciis fizikur-qimiuri procesebis  

daxasiaTeba da maTi gamoyenebis SesaZleblobebi  

navTob- da cximSemcveli Camdinari wylebis gawmendaSi 

 

2.1. adsorbciis procesi 

 

fizikur-qimiur procesebSi, romlebsac emyareba wylis da-

muSaveba, mniSvnelovani adgili uWiravs adsorbcias. adsorbcia 

aris myari sxeulis zedapirze atomebisa da molekulebis da-

grovebis procesi. adsorbcias ganapirobebs molekulebs Soris 

SeWidulobis Zalebi, romlebic ufro Zlieria myar sxeulebSi, 

vidre siTxeebsa da airebSi.  

nivTierebis molekulebi gansxvavdeba Tavisi mdgomareobiT. 

myari nivTierebebis Siga fenebSi arsebuli molekulebi urTi-

erTqmedeben garemomcvel molekulebTan, izidaven maT da Tvi-

Tonac miizidebian, amitom maT ar rCebaT Tavisufali SeWidulo-

bis Zalebi. zedapirze moTavsebuli molekulebi urTierTqmedeben 

Siga fenebSi moTavsebul molekulebTan, gareT mimarTuli 

Zalebi ki Tavisufali aqvT, e.i. maT aqvT zedapiruli energia, 

romlis sidide damokidebulia dispersiulobis xarisxze. rac 

ufro metad aris daqucmacebuli nivTiereba, miT metia saerTo 

zedapiri da, Sesabamisad, misi zedapiruli energiac, energiis 

sidide ki gansazRvravs nivTierebis adsorbciis unars.  

myari adsorbentebis umravlesobas aqvs swori zedapiri. is-

ini gamoirCevian adsorbciuli Tvisebebis sxvadasxvaobiT. yve-

laze aqtiur adgilebs adsorbentis zedapirze warmoadgens 

amoburculi adgilebi, xolo nakleb aqtiur adgilebs _ 

CaRrmavebebi. mcire koncentraciis dros nivTierebis adsorbcia 

mimdinareobs mxolod adsorbentis amoburculi wveroebiT, kon-

centraciis gazrdisas xdeba naklebaqtiuri adgilebis dakaveba 

adsorbirebuli nivTierebebis molekulebiT. 

adsorbcia dinamikuri procesia: adsorbentis zedapirze 

ganuwyvetliv gadadis molekulebi mosazRvre fazidan, magram, 
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amave dros, xdeba Sebrunebuli procesic, adsorbentis zedapiri-

dan molekulebi gadadian garemoSi, e.i. xdeba desorbcia. 

Seqcevad procesebSi myardeba wonasworoba, roca adsorbentSi 

garemodan gadasuli molekulebis ricxvi drois erTeulSi to-

lia desorbirebuli molekulebis ricxvisa. adsorbciis sidide 

damokidebulia adsorbtivis koncentraciaze, garemosa da tem-

peraturaze. koncentraciis gazrdiT adsorbcia mcirdeba da de-

sorbcia izrdeba. 

adsorbciis procesis dros fazebis Semadgeneli nivTiere-

bebi gamyofi zedapirisaken gadaadgildeba da Tavs iyris mis ax-

los. xdeba maTi koncentraciis gazrda fazis Txel fenaSi. es 

nivTierebebi zedapirulad aqtiur nivTierebebs warmoadgenen.  

zedapirulad aqtiuri nivTierebebi polaruli naerTebia, 

Seicavs rogorc hidrofilur, aseve hidrofobur jgufebs. 

hidrofilur nawils Seadgens karboqsil-ionebi (COO-), sul-

fationebi (SO42-), azotSemcveli jgufebi da sxv. hidrofobur 

nawils Seadgens parafinis jaWvi, benzolis rgoli da a.S. 

hidrofiluri da hidrofoburi jgufebis mdebareoba moleku-

lebSi sxvadasxvanairia, SeiZleba molekulis erTi bolo iyos 

hidrofiluri, meore ki hidrofoburi. radgan wyali polaruli 

area, mis mimarT zedapirulad aqtiuri nivTierebebis molekulebi 

orientirdeba garkveuli wesiT: maTi hidrofiluri nawili miis-

wrafvis wylisaken, xolo hidrofoburi nawili – arapolaruli 

arisaken. zedapirulad aqtiuri nivTierebebis maRal adsorbciul 

unars didi mniSvneloba aqvs wylis gawmendis procesSi. zed-

apirulad aqtiuri nivTierebebi gamoiyeneba sinTezur gamrecx 

saSualebaTa warmoebasa da mrewvelobis mraval dargSi. ad-

sorbciuli xerxi gawmendis universaluri xerxia da saSualebas 

iZleva mravalkomponentiani Camdinari wylidan gamoyofil iqnes 

praqtikulad yvela saxis dabinZurebebi. garda amisa, gawmendis 

adsorbciuli xerxi efeqturia sorbatis nebismieri koncentra-

ciis dros, maT Soris, mcire koncentraciisTvisac, romlis 

drosac gawmendis sxva xerxebi araefeqturia [15]. 
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adsorbciis TeoriisaTvis gansakuTrebuli mniSvneloba aqvs 

adsorbciuli kavSiris energiis gansazRvras da adsorbciul 

fenaSi nivTierebis mdgomareobis gamokvlevas. amasTan dakavSire-

biT Seiqmna adsorbciuli wonasworobis Sesaxeb sxvadasxva Te-

oriebi, romlebic iTvaliswinebs adsorbcias energetikulad 

erTnair zedapirze. am sakiTxebis gadawyvetaSi didi roli 

iTamaSa frenkelma, romelmac Semoitana cneba myari nivTierebebis 

zedapirze sorbatis molekulebis daWeris drois Sesaxeb: 

 0l P(Q / RT),τ = τ ×   (2.1)  

sadac 0τ  aris myari sxeulis atomebisa da molekulebis rxevis 

periodi; Q _ adsorbciis siTbo; T _ absoluturi temperatura. 

es sidide damokidebulia rogorc adsorbentis da adsorba-

tis fizikur-qimiur Tvisebebze, aseve myari sxeulis zedapiris da 

adsorbirebuli nivTierebebis urTierTqmedebis saxeobaze. igi 

did zRvrebSi icvleba da misi mniSvnelobis mixedviT ad-

sorbcias yofen fizikur da qimiur adsorbciebad [16].  

fizikuri adsorbcia ganisazRvreba adsorbciis siTboTi, ro-

melic ar unda aRematebodes 62.8 kjoul/mols. fizikuri ad-

sorbciis dros myari sxeulis zedapiris mier molekulebis da-

Weris dro _ mcirea, amasTanave, fizikuri adsorbciis procesi 

Seqcevadia. 

adsorbciis xarisxobriv mxares kargad axasiaTebs frenkelis 

gantoleba. 

adsorbciis raodenobrivi mxare wonasworul mdgomareobaSi 

gamoisaxeba adsorbciis izoTermiT. adsorbciis izoTerma gamoi-

yeneba sxvadasxva parametrebis gaTvlisaTvis, kerZod, adsorbciis 

siTbos, adsorbciuli fazis simkvrivis, adsorbciuli procesebis 

mamoZravebeli Zalebis gansazRvrisaTvis. 

adsorbciuli izoTermis erT-erTi pirveli gantoleba iyo 

freindlixis gantoleba: 

 
1
na Kp .=   (2.2) 
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K da P mudmivebi damokidebulia sorbentisa da sorbatis bune-

baze. P aris adsorbirebuli nivTierebebis parcialuri wneva [17]. 

adsorbciis fundamentur gantolebad iTvleba lengmiuris 

gantoleba: 

 B Kp.
1 B

=
−

  (2.3) 

B (a/a m) _ aris adsorbciis fardobiTi sidide; a m _ sidide, ro-

melic miuTiTebs monofenis srul Sevsebas; K _ konstanta, ro-

melic damokidebulia sorbentis struqturaze da sorbatis 

fizikur-qimiur Tvisebebze.  

es gantoleba dafuZnebulia  Semdeg daSvebebze: 

1. zedapirze STainTqmeba adsorbirebuli molekulebis erTi 

fena, romelsac Seesabameba a m. 
2. TiToeul aqtiur centrze SeiZleba adsorbirdes mxolod 

erTi molekula [18]. 

adsorbciis dros myari sxeulis zedapirze SeiZleba war-

moiqmnas molekulebis ramdenime fena, e.i. adsorbcia SeiZleba 

iyos polimolekuluri xasiaTis. am SemTxvevaSi adsorbciuli 

wonasworobis daxasiaTebisaTvis gamoiyeneba brauneris da 

teiloris gantoleba:  

 
m m

x 1 C 1 x,
a(1 x) a C a C

−
= +

−
  (2.4) 

sadac x = (p/ps) fardobiTi wnevaa. 

am gantolebis mixedviT dasaSvebia pirvel adsorbciul 

fenaSi momdevno fenebis warmoqmna, romelTa adsorbciis siTbo 

tolia normaluri fazis kondensaciis siTbosi [19]. 

Tvisobrivad adsorbciuli wonasworobisadmi axali midgoma 

mogvca polianim, romlis Teoriis mixedviT adsorbciis zed-

apirze aris ekvivalenturi fena, romelSic xorcieldeba adsor-

birebuli nivTierebebis koncentrireba. polianis Teoria Sem-

dgomSi ganaviTara dubininma, romlis mixedviT adsorbentis mik-

roforebSi SeimCneva potenciuri velebis mdebareoba, romelic 
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ganpirobebulia van-der-vaalsuri ZalebiT. es efeqti mniSvnelov-

nad zrdis adsorbentis aqtivobas. 

mikroforebSi adsorbciis Teoriis ganviTarebis gantoleba 

gamoisaxeba formuliT:  

 2
0a a lxp[ KA ],= −   (2.5) 

sadac a da ao adsorbciis sidideebia, romelTac Seesabameba wnevebi 

P da Ps;  K _ mudmiva, romelic damokidebulia adsorbentis fo-

rovani struqturis Taviseburebebsa da mis fizikur Tvisebebze.  

  

2.1.1. iongacvliTi adsorbcia 

 

adsorbciis mniSvnelovani saxeobaa iongacvliTi adsorbcia, 

romlis drosac adsorbenti adsorbirebuli ionebis nacvlad 

xsnarSi gzavnis Tanamosaxele (igive muxtis mqone) ionebs. ion-

gacvliTi adsorbentebis saxiT gamoiyeneba mineraluri warmoSo-

bis, rogorc myari araorganuli nivTierebebi, aseve organuli 

maRalmolekuluri nivTierebebi anu ionitebi. ionitebi, romle-

bic mimoicvlebian kaTionebTan, iwodebian kaTionitebad, xolo 

romlebic mimoicvlebian anionebTan – anionitebad. 

kaTionitebi TavianT molekulebSi Cveulebrivad Seicaven 

sulfojgufebs – SO3H, fosfojgufebs – PO(OH)2, an karboqsilis 

jgufebs _- COOH. 

kaTionuri mimocvlis meqanizmi xsnarSi Na+-is ionebsa da ka-

Tionits Soris, romelic Seicavs H+-is ionebs, SeiZleba war-

movidginoT Semdegnairad: 

HnR-+n Na+ →  NanR + nH+ , 

sadac R aris maRalmolekuluri organuli radikali; n - radi-

kalis muxti.  

anionuri mimocvlis reaqcia qloridionsa da anionits So-

ris mimdinareobs Semdegi reaqciiT: 

Rn + (OH)2 + nCl - →R Cln + nOH-. 
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 fisis ionebi, romlebic mimoicvlebian adsorbirebul ioneb-

Tan, iwodebian moZrav ionebad. am gantolebebis mixedviT moZravi 

ionebia H+da OH- ionebi. sorbentsa da xsnars Soris oinebis mi-

mocvla ekvivalenturi TanafardobiT xdeba. ionuri mimocvlis 

reaqcia Seqcevadia da eqvemdebareba moqmed masaTa kanons. ionuri 

mimocvlis reaqciis wonasworuli mdgomareobis damyareba da-

mokidebulia sorbentis marcvlebis sidideze da maTi forebis 

zomaze. aranaklebi mniSvneloba aqvs sorbentis ionizaciis 

xarisxs. rac ufro maRalia igi, miT ufro swrafad xdeba mi-

mocvla. ionitis adsorbciuli unari fasdeba mimocvliTi teva-

dobiT, e.i. ionis g/ekvivalentebis ricxviT, romelic STainTqmeba 

erTi g/ionitiT. 

iongacvliTi fisebis daxmarebiT SeiZleba bunebrivi wylis 

gaTavisufleba masSi gaxsnili marilebis ionebisgan. yvelaze 

mniSvnelovania wylis gaTavisufleba kalciumis, magniumis da 

rkinis ionebisagan, romlebic iwveven wylis sixistes. 

wylis marilebisagan gaTavisufleba emyareba masSi arsebuli 

kaTionebisa da anionebis Tanamimdevrul mocilebas. marile-

bisagan gawmendili wyali pirvelad gaivlis H+ _ kaTionitis 

fenaSi. am dros kaTionebi, romlebic iwveven sixistes, STainTqme-

bian da gamoaZeveben fisidan H+-is ionebs, amis Semdeg gaivlis 

anionitis OH--is fenaSi. miRebuli mJava xsnari neitraldeba: 

Rn+ (OH) n + nA- + 2nH+ →Rnn+An + nH2O. 

Rn+ - naSTi akavSirebs mJavas anionebs (Cl-, SO4
2-) amgvarad, wya-

li Tavisufldeba masSi gaxsnili kaTionebisa da anionebisagan.  

adsorbciuli xerxi gawmendis universaluri xerxia da saSu-

alebas iZleva mravalkomponentiani Camdinari wylidan gamoyo-

fil iqnes praqtikulad yvela saxis dabinZurebebi. garda amisa, 

gawmendis adsorbciuli xerxi efeqturia sorbatis nebismieri 

koncentraciis dros, maT Soris, mcire koncentraciisaTvis, 

romlis drosac gawmendis sxva xerxebi araefeqturia. 
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arCeven sami tipis adsorbcias: 

1) adsorbcias _ romelic sorbatis STanTqmis procesia 

myari an Txevadi sorbentis zedapiris mier. aparatebs, romleb-

Sic xorcieldeba es procesi, adsorberebi ewodeba. 

2) absorbcias – STanTqmis process, romelsac Tan axlavs 

STanTqmuli nivTierebis difuzia sorbentis siRrmeSi xsnarebis 

warmoqmniT, xSir SemTxvevaSi mSTanTqmelis rols asrulebs 

siTxe. aparatebs, romlebSic xorcieldeba es procesi, absor-

berebi ewodeba. 

3) qemosorbcias – adsorbcias, romelic garTulebulia 

STanTqmuli nivTierebebis sorbentTan qimiuri urTierTqmedebiT. 

procesi xorcieldeba forebiani nacmebiT Sevsebul koSkebSi. am 

nagebobebSi gasawmendi Camdinari siTxe nela ifiltreba nacmebis 

fenaSi.  

adsorbciuli gawmenda SeiZleba gamoviyenoT damoukideblad, 

biologiur gawmendasTan erTad da, agreTve Camdinari wylebis 

gawmendisaTvis.  

adsorbciuli xerxebi Zalian efeqturia im SemTxvevaSi, 

rodesac Camdinari siTxidan gamoiyofa gaxsnili sasargeblo 

nivTierebebi, romlebic eqvemdebarebian utilizacias, xolo gaw-

mendili wylebi SesaZloa xelmeored gamoviyenoT warmoebaSi.  

gaxsnili nivTierebis adsorbcia warmoadgens xsnaridan 

gaxsnili nivTierebis molekulebis sorbentis myar zedapirze 

gadasvlis Sedegs zedapiris Zalebis velis zegavleniT. amasTan, 

xdeba molekulaTaSorisi urTierTqmedebis ori nairsaxeoba: 

gaxsnil nivTierebaTa molekulebis sorbentis zedapiris mole-

kulebTan (an atomebTan) da gaxsnil nivTierebaTa molekulebis 

xsnaris wylis molekulebTan (hidratacia). am ori molekulaT-

Sorisi urTierTqmedebis Zalebis sxvaoba aris swored is Zala, 

romliTac sorbati magrdeba sorbentis zedapirze. rac ufro 

metia gaxsnil nivTierebaTa hidrataciis energia, miT naklebad 

gamoiyofa sorbati Camdinari wylidan.  
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adsorbciuli gawmenda iZleva karg Sedegebs koloiduri da 

molekuluri nawilakebis adsorbciis dros da gacilebiT uares 

Sedegebs, Tu molekulebi ganicdian ionebad disociacias. 

unda aRiniSnos agreTve, rom susti mJavebis adsorbcia ufro 

efeqturia wylis pH-is dabali mniSvnelobis dros, xolo susti 

fuZeebisa – wylis pH-is maRali mniSvnelobis dros. 

yovelive naTqvamidan cxadia, rom sorbciuli gawmenda ra-

cionaluria, Tu Camdinari siTxe Seicavs ZiriTad aromatul 

SenaerTebs an hidrofobur alifatur SenaerTebs (qlors an ni-

trojgufebs). Tu Camdinari wyali Seicavs mxolod araorganul 

nivTierebebs da, agreTve, erTatomian spirtebs, gawmendis am 

xerxs ar iyeneben. 

adsorbciis procesi dakavSirebulia Tavisufali energiis 

SemcirebasTan, romelic gamoiyofa siTbos saxiT, e.i. adsorbciis 

procesis warmatebiT ganxorcieleba SeiZleba gamoyofili siT-

bos gayvaniT. es movlena mimdinareobs gasawmendi wylis Sedare-

biT dabali temperaturebis dros. siTxis maRali temperaturebis 

dros piriqiT, SeiZleba mimdinareobdes gamoyofili nivTierebe-

bis desorbcia. amitom Tburi desorbcia maRaltemperaturiani 

orTqliT warmoadgens namuSevari aqtiuri naxSiris adsorbciuli 

aqtiurobis aRdgenis erT-erT yvelaze gavrcelebul xerxs. 

sorbentebad iyeneben sxvadasxva xelovnur da bunebriv 

forovan masalebs: gaaqtiurebul naxSirs, nacars, koqsis wvril-

mans, silikagels, alumogels, aqtiur Tixebsa da miwebs. 

sorbentebis roli SeiZleba Seasrulos liTonebis hidro-

Jangebis fifqebma (koagulantma), aeroteqnkis aqtiurma lamma, 

biofiltrebis bioapkma, planqtonma da wyalsatevebis fskerulma 

natanma. 

am nivTierebaTa adsorbciuli unari sxvadasxvanairia, sor-

bentis aqtiuroba kontaqtis farTobis proporciulia, romelic, 

Tavis mxriv, damokidebulia forebis zomaze, maT struqturaze, 

didi mniSvneloba aqvs sorbentis qimiur Sedgenilobas.  
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forianoba sorbentis yvelaze damaxasiaTebeli saerTo maCve-

nebelia da ganisazRvreba %-iT Semdegi formuliT: 

 dP 100%,
d
−δ

= ⋅   (2.6) 

sadac d da δ aris, Sesabamisad, sorbentis WeSmariti (forebis 

gaTvaliswinebiT) simkvrive. 

gaaqtiurebuli naxSiris forianobaa 60-75%, tufebis – 30-55%, 

diatomitebis – 75%. 

forovani zedapiris struqturis mixedviT ganirCeva wvril-

forebiani, msxvilforebiani da Sereuli sorbentebi. miuxedavad 

imisa, rom wvrilforebiani sorbentebis adsorbciuli poten-

ciali ufro maRalia, aseTi sorbentebi yovelTvis ar aris 

xelmisawvdomi Camdinari wylebis dabinZurebaTa STanTqmisTvis. 

gaaqtiurebuli naxSirebi xelmisawvdomia molekulurad gaxsnil 

nivTierebaTa STanTqmisTvis. bunebriv sorbentebs – tufebs, dia-

tomits da sxv. – aqvs molekulaTa jgufebis STanTqmis unari. 

adsorbciis procesis ZiriTadi teqnologiuri maCvenebelia 

sorbentis aqtiuroba, romelsac axasiaTeben 1m3 an 1 kg sorbentis 

mier STanTqmuli nivTierebis raodenobiT (kg/m3, kg/kg). es sidide 

ganapirobebs sorbentis saerTo xarjs, e.i. erT-erT ZiriTad 

danaxarjs Camdinari wylebis gawmendaze. adsorbciuli aqtiu-

robis Sefardeba procesisaTvis saWiro drosTan saSualebas 

gvaZlevs ganvsazRvroT koSkebis adsorbciuli moculoba.  

ganasxvaveben adsorbcias statikur da dinamikur pirobebSi. 

Tu adsorbcia mimdinareobs statikur pirobebSi, maSin wylis 

nawilaki ar gadaadgildeba adsorbentis nawilakis mimarT an 

gadaadgildeba masTan erTad (sarevebiani aparatebi). am 

SemTxvevaSi sorbenti nafxvenis an fxvnilis saxiT SehyavT gasaw-

mend Camdinar wyalSi. sorbentisa da Camdinari wylis garkveuli 

drois ganmavlobaSi kontaqtis Semdeg awarmoeben narevis 

daleqvas. dinamikuri pirobebis SemTxvevaSi wylis nawilaki 

gadaadgildeba adsorbentis nawilakis mimarT (filtrebi, 

fsevdogaTxevadebulfeniani aparatebi).  
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amasTan dakavSirebiT ganasxvaveben sorbentis statikur da 

dinamikur aqtiurobas. 

sorbentis statikuri aqtiuroba ewodeba nivTierebebis maqsi-

malur raodenobas, romelic STanTqmul iqna sorbentis mocu-

lobis an masis erTeulis mier wonasworobis miRwevis momenti-

saTvis wylis mudmivi temperaturisa da gaxsnil nivTierebaTa 

sawyisi koncentraciis dros (kg/m3, kg/kg). 

dinamikuri aqtiuroba ewodeba nivTierebis im maqsimalur 

raodenobas, romelic STanTqmul iqna sorbentis moculobis an 

masis erTeulis mier im momentamde, vidre sorbirebuli niv-

Tiereba aRmoCndeba filtratSi, rodesac Camdinari wyali ifil-

treba sorbentis fenaSi (kg/m3, kg/kg). dinamikuri aqtiuroba sa-

warmoo adsorberebSi Seadgens statikuri aqtiurobis 45-90%.  

sorbentis mier absorbirebuli nivTierebis raodenobasa da 

xsnarSi darCenil sorbatis raodenobas Soris myardeba wonas-

woroba, romelic emorCileba ganawilebis wesebs. 

adsorbcia Seqcevadi procesia, e.i. adsorbirebuli niv-

Tiereba (sorbati) SeiZleba gadavides sorbentidan isev xsnarSi. 

sxva Tanabari pirobebis SemTxvevaSi adsorbciisa da desorbciis 

siCqareebi proporciulia nivTierebebis koncentraciisa xsnarSi 

da sorbentis zedapirze. 

im momentidan, rodesac xsnaridan sorbirebul nivTierebaTa 

molekulebis raodenoba (drois erTeulSi) utoldeba moleku-

lebis im raodenobas, romelic sorbentis zedapiridan gadadis 

xsnarSi, xsnaris koncentracia rCeba mudmivi. am koncentracias 

wonasworuli ewodeba. 

sorbentis adsorbciuli Tvisebebis Sefasebis kriteriumi 

aris adsorbciis izoTerma, romelic analizurad gamoisaxeba 

freindlix-langmiuris gantolebiT. ukanaskneli empiriuli koe-

ficientebis gardaqmnis Semdeg da im daSvebebis gaTvaliswinebiT, 

romelic ganpirobebulia Camdinari wylebis susti koncentra-

ciiT, iRebs saxes.  
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 a = Kads . Cwonasw,  (2.7) 

sadac a aris xvedriTi adsorbcia, kg/kg; Kads – sorbatsa da 

xsnars Soris sorbatis ganawilebis adsorbciuli mudmiva, rom-

lis sidide sxva Tanabari pirobebis SemTxvevaSi damokidebulia 

temperaturaze; Cwonasw – sorbentze adsorbirebuli nivTierebis 

wonasworuli koncentracia, kg/kg. 

 

2.2. adsorbciuli gawmendis ZiriTadi sqemebi 

 

Camdinari wylebis adsorbciuli gawmendis ZiriTadi sqemebi 

moyvanilia cxrilSi 2.1. 

adsorbcia granulirebuli gaaqtiurebuli naxSiriT xor-

cieldeba nayar filtrebSi an aparatebSi naxSiris fsevdo-

gaTxevadebiT. 

ufro martivia nayari filtri (sqema 1) _ sorbentis uZrav-

feniani svetia, romelSic ifiltreba dasamuSavebeli Camdinari 

wyali. filtraciis siCqare damokidebulia Camdinar wyalSi 

gaxsnil nivTierebaTa koncentraciaze da meryeobs 1-dan 6 m/sT-

mde, sorbentis marcvlebis simsxoa 1,5-dan 5 mm. racionaluria 

filtracia qvevidan zeviT, vinaidan am SemTxvevaSi ufro Tana-

brad xdeba svetis mTeli kveTis Sevseba da SedarebiT advilad _ 

airebisa da haeris buStulebis gamodevna, romelic sorbentSi 

xvdeba Camdinar wyalTan erTad, magram SesaZlebelia agreTve 

filtracia zemodan qvemoT. 

sorbentis uZravfeniani filtrebis gamoyeneba mizanSewo-

nilia saamqroebis Camdinari wylebis regeneraciuli gawmendis 

dros SedarebiT sufTa nivTierebebis utilizaciis mizniT. de-

sorbcias awarmoeben qimiuri gamxsneliT an orTqliT. 
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adsorbciuli gawmendis ZiriTadi sqemebi 
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nayari filtrebis gaangariSebis dros sorbciuli filtris 

muSaobis maTematikuri aRwerisaTvis sargebloben Silovis ga-

mosaxulebiT, e.w. filtris dacviTi moqmedebis TdroiT, romelic 

warmoadgens drois xangrZlivobas filtris muSaobis dawyebidan 

im momentamde, vidre sorbati aRmoCndeba filtratSi 

 T = KH_τ  (2.8) 

sadac H aris sorbentis fenis simaRle, m; K _ safiltracio 

(dacviTi) moqmedebis koeficienti, romelic ganisazRvreba cdebiT 

da damokidebulia mTel rig faqtorebze, maT Soris xsnarSi 

sorbatis sawyis koncentraciasa da filtraciis siCqareze; τ _ 

(mudmiva) _ safiltracio qmedebis drois danakargi. dacviTi mo-

qmedebis koeficienti.  

 K=awonasw /(V . Csawy),  (2.9) 

sadac awonasw aris sorbentis zRvruli gajereba, romelic wonas-

worulia koncentraciisa kg/kg. igi adsorbciis izoTermis mixed-

viT eqsperimentulad unda dadgindes; V _ filtraciis siCqare, 

m/sT; Csawy _ nivTierebis sawyisi koncentracia Camdinar wyalSi, 

kg/m3. 

safiltracio qmedebis dros danakargi 

 τ=ε ∆τ  (2.10) 

sadac ε  aris sorbentis forianoba (erTeulis nawilebi); ∆τ _ 
dro, romlis ganmavlobaSi nivTierebis koncentracia filtratSi 

icvleba sorbatis dasaSvebi gasxltomis, CdasaSveb gasxl. koncen-

traciidan Csawyis mniSvnelobamde. 

nayari filtris mier dakavebuli nivTierebis V raodenoba 

ganisazRvreba formuliT 

 V=(H-h).F.ad, kg, (2.11) 

sadac h aris empiriuli konstanta, m; F _ filtris farTobi, m2; ad 

_ sorbentis dinamikuri aqtiuroba, kg/m3. 

adsorbcia fxvniliseburi gaaqtiurebuli naxSiriT. sorben-

tis marcvlebis zomebis Semcireba did gavlenas axdens adsob-

ciis siCqareze (siCqare sagrZnoblad izrdeba). procesi xor-
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cieldeba ramdenime safexurad. yovel safexurSi mimdinareobs 

gaaqtiurebuli naxSiris, Camdinari wylisa da reagentis (po-

lieleqtrolitis) Sereva, fifqebis warmoqmna da daleqva. Camdi-

nari wyali bolo safexuridan miewodeba qviSovan filtrs 

gaaqtiurebuli naxSiris gamosayofad, radganac am ukanasknelis 

gamoyofa Camdinari wylidan daleqvis Semdeg SeuZlebelia. 

SemrevebiT aRWurvili adsorbciuli aparatebis gaangariSe-

bas safuZvlad udevs sabalanso gantoleba.  

 m . a + Q . Cwonasw = Q . Csawy (2.12) 

sadac m aris sorbentis raodenoba kg; Q – Camdinari wylis 

raodenoba, m3; Csawy _ Camdinar wyalSi dabinZurebaTa sawyisi kon-

centracia, kg/m3; a da Cwonasw _ dabinZurebaTa wonasworuli kon-

centracia,Sesabamisad, sorbentsa kg/kg da wyalSi kg/m3. 

saWiro sorbentis m kg raodenoba erTsafexuriani gawmendis 

SemTxvevaSi (2.12) gantolebis gaTvaliswinebiT ganisazRvreba 

formuliT 

 
Q (C  - C )

m
K  .  C

= sawy wonasw

ads wonasw

,  (2.13) 

dasamuSavebel wyalSi sorbitis narCeni koncentracia erT-

safexuriani gawmendis SemTxvevaSi 

 
Q C

C .
Q K  .m

⋅
+

+
sawy

1narC

ads

  (2.14) 

adsorbciuli danadgarebis gaangariSebisaTvis saWiroa 

gvqondes adsorbciis izoTerma, unda vicodeT adsorbciis kon-

stantis sidide da gawmendis saWiro xarisxi, anu sorbatis nar-

Ceni koncentraciis sidide damuSavebul wyalSi.  

Tu Camdinari wyali iwmindeba Tanamimdevrulad SeerTebul n 

safexurSi da yovel safexurSi vawvdiT axal sorbents, 

dasamuSavebel wyalSi dabinZurebaTa narCeni koncentracia I 

safexuris Semdeg iqneba 

 
1

QC C .
Q K  .m

+ ⋅
+1narC sawy

ads

  (2.15) 
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 II safexuris Semdeg 

 
2 2

Q QC C = C ,
Q K  .m Q K  .m

⎛ ⎞
+ ⋅ ⋅⎜ ⎟⎜ ⎟+ +⎝ ⎠

2narC 2narC sawy

ads ads

  (2.16) 

sadac C2 narC aris sorbatis koncentracia II safexuris Semdeg, 

kg/m3; m2 – sorbentis raodenoba, romelic miewodeba yovel safex-

urSi, kg. n safexuris SemTxvevaSi 

 
n

n
n

QC = C .
Q K  .m

⎛ ⎞
⋅⎜ ⎟⎜ ⎟+⎝ ⎠

narC sawy

ads

  (2.17) 

sorbentis doza mn, romelic miewodeba yovel safexurSi, 

ganisazRvreba gantolebiT 

 nn
n

C
m 1 Q / K .

C
⎛ ⎞

= − ⋅⎜ ⎟
⎝ ⎠

sawy

ads

narC

  (2.18)  

saWiro m kg sorbentis raodenoba 

 m = n . mn . (2.19) 

Camdinari wylisa da sorbentis urTierTsawinaaRmdego mi-

marTulebiT moZraobis SemTxvevaSi, rodesac gawmenda n safex-

urSi mimdinareobs, gawmendis Semdeg dasamuSavebel wyalSi sor-

batis narCeni koncentracia 

 
( )n n 1

K  .m/Q-1
C = C .

K  .m/Q 1
+ ⋅
−

ads

narC sawy

ads

  (2.20) 

sorbentis xarji, romelic am SemTxvevaSi miewodeba mxolod 

bolo safexurSi, ganisazRvreba Semdegi gantolebidan 

 n+1m m 0,α −β − γ =   (2.21) 

sadac 

 α = (Kads/Q)n+1 (2.22) 

 β = (Kads . Csawy)/(Q . CnnarC) , (2.23) 

 γ = Csawy/CnnarC _ 1. (2.24) 

adsorbciuli danadgarebi, romlebSic xdeba dasamuSavebeli 

wylisa da sorbentis urTierTsawinaaRmdego mimarTulebiT moZ-

raoba, ufro farTod gamoiyeneba sorbentis ekonomikuri xarjis 

gamo. 
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gaaqtiurebuli naxSiris adsorbciuli Tvisebebis aRdgeni-

saTvis namuSevari sorbentis regeneracias awarmoeben qimiuri 

gamxsnelebiT, orTqliT an Termuli damuSavebis Sedegad. 

gaaqtiurebuli naxSiriT adsorbciuli gawmendis SemTxvevaSi 

Camdinari wylis 1 m3 Rirebulebaa 50-70 TeTri, romlis 30-35% 

Seadgens danaxarjebs gaaqtiurebul naxSirze.  

zemoT ganxiluli adsorbciis fizikur-qimiuri procesis 

analizis safuZvelze mivediT im daskvnamde, rom navTob- da 

cximSemcveli produqtebiT dabinZurebuli Camdinari wylebis ga-

sawmendad SeiZleba gamoyenebul iqnes adsorbciis meTodi. 

 

2.3. ceoliTebi 

 

ceoliTi warmoadgens vulkanuri danaleqi warmoSobis ceo-

liTSemcvel tufs, romelic gamoirCeva maRali forovani stru-

qturiT da aqvs unikaluri Tvisebebi _ maRali STanTqmiTi da 

iongacvliTi unari, SeuZlia seleqciurad gamoyos da Seiwovos 

sxvadasxva nivTiereba. 

ceoliTuri mineralebis pirveli warmomadgenelia stibi-

liti, igi aRmoCenil iqna jer kidev oriaTasi wlis win. dReisaT-

vis aRmoCenilia oTx aTeulze meti ceoliTuri minerali. jer 

kidev 20-30-ian wlebSi dadgenil iqna, rom ceoliTebis mier 

sxvadasxva nivTierebebis molekulebis STanTqma damokidebulia 

maT zomebze, rac dasturia ceoliTebis kristaluri ConCxis mik-

roforovani struqturisa, rac damtkicebul iqna rentgenos-

kopuli gamokvlevebiT. nivTierebaTa narevebis dayofis unaris 

gamo ceoliTebs molekuluri sacrebi ewoda. 

50-ian wlebamde kvlevebi ceoliTebis Sesaxeb tardeboda 

bunebriv mineralebze, romlebic Zalian gabneulia da gvxvdeba 

mcire raodenobiT, am mineralebis faseulma Tvisebebma ganapi-

roba sinTezuri ceoliTebis miRebis meTodebis SemuSavebis au-

cilebloba. dReisaTvis cnobilia 100-ze meti sinTezuri ceo-

liTi, romelTa umravlesobas ara aqvs analogi bunebaSi, uni-
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kaluri adsorbciuli, molekulur-sacruli, katalizuri, ion-

gacvliTi da sxva Tvisebebis gamo. sinTezuri ceoliTebi farTod 

gamoiyeneba mrewvelobaSi. 

1928 wels gamoCnda cnobebi vulkanogenur-danaleqi ceo-

liTebis farTod gavrcelebis Sesaxeb. danaleqi ceoliTebis 

zedapiruli ganlageba, maTi SedarebiT advilad mopoveba da da-

bali Rirebuleba ganapirobebs maT farTo gamoyenebas. 60-70-ian 

wlebSi intensiurad daiwyo bunebrivi ceoliTebis Tvisebebis 

Seswavla da maTi gamoyenebis SesaZleblobebi. 

dawyebuli 1977 wlidan SedarebiT mokle droSi bunebriv 

ceoliTebze Catarebul iqna xuTi konferencia da erTi simpozi-

umi bulgareTSi, agreTve ori konferencia aSS-Si. bulgareTis 

respublika aris erT-erTi qveyana, sadac bunebrivi ceoliTebis 

didi sabadoebia [20]. 

saqarTveloSi mdebare TeZamis ceoliTi erT _ erTi saukeTe-

soa msoflioSi. igi gamoirCeva mineral klinoptilolitis 

maRali SemcvelobiT, romelic aRwevs 80 %. TeZamis ceoliTebis 

gamoyenebas didi istoria aqvs. mas farTod iyenebda rusTavis 

azotis qarxana Camdinari wylebis fenolebisagan gasawmendad. 

ceoliTs moixmarda agreTve sasmeli wylis mravali safiltro 

sadguri. igi didi raodenobiT igzavneboda iaponiaSi qaRaldis 

warmoebisaTvis. Mmisi Semsyidveli iyo libani da egvipte, sadac 

maT gamoiyenebdnen niadagSi tenis SesanarCuneblad, am ceoliTs 

radioaqtiuri elementebis STanTqmis maRali unari aRmoaCnda. 

TeZamis ceoliTis fiziko _ teqnikuri maxasiaTeblebi aseTia:  

klinoptilolitis procentuli Semcveloba _ 80 % 

qimiuri Sedgeniloba woniT procentebSi: 

SiO2_59.8 _62.6 

AL2O2 _12.3 _12.7 

Fe2O3_3.6_2.4 

TiO 2_0.09 _0.31  

CaO _5.7_3.2 

MgO _1.6_1.2 
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Na2O_2.0_2.3 

K2O _1.3_1.5 

H2O _13.0 _13.8 

fardoba _ SiO2 /AL2O3  _ 8.03 _ 8.43 

kumSvaze winaRoba _ 3.3 kg/sm 

forianoba _ 28.4 _ 30.2 % 

simkvrive _ 2.18 _2.22 % 

forebis zoma _ 0.4 nm 

mimocvliTi kationebi: NH4
+ , Na+, K+, Cs+, Li+, Rb+, Ag+, Ca2+, 

Pb2+, Zn2+, Cu2+, Hg2+,  Fe3+, Co3+, Al3+, Cz3+, As3+. 

STanTqmuli nivTierebebi: SO2, CO2, H2S, NH3, NO2, NO, Ar, O2, 

H2O, H2, HCHO, C6H6, Cl2. 

saqarTveloSi gavrcelebuli gamfiltravi masalebidan mniS-

vnelovania agreTve perliti, romelic vulkanur minas warmoadgens. 

igi warmoiqmneba bunebrivi gziT. misi aRwerisaTvis sxvadasxva sax-

elwodebebi iqna gamoyenebuli, magram 1822 wlidan ewoda “perliti”, 

radgan vulkanuri mina afuebis Sedegad iRebs TovliviT TeTr, 

qaTqaTa Ffers, xolo “perliti” laTinurad margalits niSnavs. 

perlitis ganmasxvavebeli Tviseba sxva vulkanuri minebisagan 

aris is, rom garkveul temperaturamde gacxelebis Sedegad is 

fuvdeba da xdeba 4-20-jer didi moculobisa pirvelad moculo-

basTan SedarebiT. afuebis procesi xdeba perlitis qanSi 2_6 % 

qimiurad bmuli wylis Semcvelobis gamo.  

870-1150°C-ze perlitis qani fuvdeba batibutis msgavsad. wyali 

orTqldeba da qmnis uTvalav patara buStulas darbilebul 

minisebr nawilakebSi. swored es patara miniT SefuTuli buS-

tulebi ganapirobeben perlitis simsubuqes da gansakuTrebul 

fizikur Tvisebebs: TovliviT TeTri ferisaa, im dros, roca per-

litis qani bunebriv pirobebSi SeiZleba iyos gamWvirvale 

nacrisferidan priala Sav feramde. afuebuli perlitis qviSa 

SeiZleba iyos 32kg/m³ _ 240kg/m³ moculobiTi wonis, ris gamoc igi 

iZens mravalmxriv gamoyenebiT Tvisebebs iseT dargebSi, rogori-

caa mSenebloba, soflis meurneoba, krioteqnika, metalurgia. igi 
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agreTve warmatebiT gamoiyeneba sxvadasxva siTxeebis: alkoholuri 

da ualkoholo samelebis, sasmeli da teqnikuri wylis, sakvebisa 

da teqnikuri zeTebis, navTobproduqtebis, antibiotikebis da 

sxvaTa safiltravad, filtroperlitis fxvnilis saxiT [20]. 

 

2.3.1 ceoliTebis qimiuri Sedgeniloba 

 
ceoliTebis Sedgenilobis idealuri formula SeiZleba ga-

moisaxos Semdegi saxiT:  

 x/n x y z(x+y) 2M Al Si O  pH O,⎡ ⎤⎣ ⎦  

sadac M _ erTvalentiani (Li, Na, K) an orvalentiani (Ca, Mg, Si, Ba) 

kationebia; n _ kationis muxti 

 y/x=1 6;   O/x=1 4÷ ÷  

ceoliTebis Sedgenilobis gamosaxva moxerxebulia agreTve 

oqsidebis saxiT: 

 M2/ n · AL2O3 · xSiO2·yH2O 

Si/AL-is Tanafardoba bunebriv ceoliTebSi meryeobs 1-dan 6-

mde. 

sinTezur ceoliTebSi siliciumi SeiZleba iyos Canacvle-

buli germaniumiT, xolo alumini _ galiumiT, rkiniT, qromiT, 

boriT da sxv. 

Si/AL-is Tanafardoba SeiZleba Seicvalos mniSvnelovnad 

ceoliTis struqturis tipis mixedviT. ceoliTebisaTvis damax-

asiaTebelia Semdegi Canacvlebis tipebi: 

 Na, Al  Si; Ca,Al Na, Si; 
arsebobs agreTve Canacvlebis martivi tipebi: 

 Ca  2Na; Na  K 
ceoliTebSi wylis Semcvelobac gansazRvrul zRvrebSi 

icvleba. Cveulebriv, ceoliTebis struqturebSi wylis moleku-

lebi avseben mTel Tavisufal moculobebs da sicarieleebs. 



 74

2.3.2 ceoliTebis struqtura 

 

smitis ganmartebiT, ceoliTi warmoadgens alumosilikats 

ConCxiseburi struqturiT, romlebic Seicaven sicarieleebs da es 

sicarieleebi dakavebulia wylis molekulebiT an ionebiT, rom-

lebsac Tavisufali moZraobis unari gaaCniT, riTac ganpiro-

bebulia ionuri mimocvlis da Seqcevadi dehidrataciis unari [21]. 

ceoliTebis struqturis pirveladi erTeuli tetraedria, 

romlis centrSi aris siliciumi an alumini, xolo wveroebSi 

ganlagebulia Jangbadis oTxi atomi, romelTagan ori saerToa 

ori tetraedrisaTvis. amgvarad, tetraedrebis erToblioba qmnis 

ceoliTis uwyvet ConCxs. Si4+-is Secvla Al3+-iT gansazRvravs 

ConCxis uaryofiT muxts, romelic kompensirdeba erT an orva-

lentiani kationebiT, romlebic wylis molekulebTan erTad ar-

ian ganlagebuli struqturis arxebSi. 

ceoliTebis Sedgeniloba da struqtura 
 cxrili 2.2 

minerali, elementa-

ruli ujredis 

Sedgeniloba 

Si/Al Tana-

fardoba da 

mimocvliTi 

kationebi 

singonia 

elementaruli 

ujredebis pa-

rametrebi 

klinoptiloliti 

(K2Na2Ca)Al6Si30O72·22H2O 

4 _ 2 _ 5.25 monoklinuri 

C2/m 

a=1.766, b= 1.726, 

c=0.720, β= 1166.4 

mordeniti 

(Na2Ca)8Al8 Si10 O96·28 H2O 

4.4 _ 5 

Na> Ca ,  K 

rombuli Cm2m 

trigonaluri 

a=1.813, b=2.049, 

c= 0.752 

Sabaziti  

(CaNa2)4Al12Si24 O72· 40H2O 

1.6 _ 4.0 

Sr-6%-mde 

trigonaluri a = 1.371÷1.386 

c = 1.480÷1.516 

erioniti 

(Ca, Mg, Na2, K2)4Al9  

Si27 O72·27 H2O 

2.0 _ 3.5  

Na> K, Mg  

heqsagonaluri a = 1.326 

c = 1.512 
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ConCxebSi ganlagebuli kaTionebi advilad Caenacvlebian, 

amitom maT mimocvliTi ewodebaT. gansxvavebiT Si-isa da Al-isgan, 

romlebic ar mimoicvlebian, amitom maT (Al, Si) tetraedrul anu 

ConCxis atomebs uwodeben. 

ceoliTebis ConCxebi Seicaven sxvadasxvagvar arxebs da si-

carieleebs, maT, Cveulebriv, poliedris forma aqvT. didi po-

liedrebis SigniT warmoiqmneba sakmaod didi sicarieleebi, mag., 

sodalitSi warmoiqmneba 0.66 nm diametris moculobis Tavisu-

fali sivrce. SabazitSi Siga sivrcis moculoba 1.1 nm-ia. rigi 

ceoliTebis struqtura SeiZleba ganxilul iqnes rogorc Tan-

mimdevruli fenebis konkretuli konfiguraciis sistema. 

ceoliTuri ConCxi SeiZleba warmovidginoT gansazRvruli 

konfiguraciebis paraleluri jaWvebis saxiT. Zalian damaxasi-

aTebelia tetraedrebis jaWvebi natrolituri jgufis ceoliTe-

bisaTvis. 

 

2.3.3 ceoliTebis struqturuli klasifikacia 

 

ceoliTebis pirveli mineralogiuri klasifikacia Sedgenil 

iqna maTi fizikuri da qimiuri Tvisebebis safuZvelze. am klasi-

fikaciis mixedviT ceoliTebis nawili ar SeiZleba mivakuTvnoT 

romelime jgufs, xolo rig SemTxvevebSi ar aRiniSneba pirdapiri 

kavSiri habitussa da struqturas Soris. mag., erioniti ga-

moirCeva boWkovani habitusiT, Tumca aqvs mkveTri samganzomile-

biani struqtura. 

amJamad didi popularobiT sargeblobs meorad struqturul 

erTeulebis gamoyenebaze dafuZnebuli klasifikaciebi (msk) [22]. 

brekis monografiaSi [23] ceoliTebis struqturebi klasifi-

cirdebian 7 jgufad maTSi ama Tu im msk-s arsebobis mixedviT. am 

principis Tanmimdevrulma gamoyenebam migviyvana Zalian gansxvave-

buli struqturebis erT jgufSi gaerTianebamde. mag., pirvel 

jgufSi Sedian analcimi, filisiti, polingiti, lomontiti da 

iugavaliti oTxwevriani rgolebis arsebobis safuZvelze. 
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erT jgufSi gaerTianebulia struqturebi, romelTa ConCxebi 

Seicaven erT an met saerTo struqturul erTeuls, romlebic 

Sewevrianebis sxvadasxva xerxebiT ganapirobeben gansxvavebul 

topologias. mag., erTnairi tetraedruli dajgufebidan 4 _ 4 _ 1 

miiReba natrolituri, tomsonituri da edingonituri struqtu-

rebi. rogorc damoukidebeli mineralebi, gamoiyofa nimuSebi, 

romlebsac aqvT karkasis erTnairi topologia, magram gansxvav-

debian qimiuri SedgenilobiT (Si/Al) TanafardobiT, mimocvliTi 

kationebiT, romlebic iwvevs rogorc struqturul, aseve krista-

lografiul gansxvavebas, agreTve, fizikur da qimiur TvisebebSi 

gansxvavebas. natrolitur jgufSi skolecits da mezolits aqvs 

natrolituri ConCxis topologia, xolo gondarits _ tomsoni-

turi topologia. 

  

2.3.4. ceoliTebis speqtruli gamokvlevebi 

 

ceoliTebis speqtruli gamokvlevebi gvaZlevs saintereso 

informacias maT struqturul Taviseburebebze da agreTve mona-

cemebs imis Sesaxeb, Tu ra gavlenas axdens maTi sxvadasxva me-

TodiT damuSaveba maT Tvisebebze. [24, 25] naSromebSi  aRwerilia 

teqstoceoliTebis da maT Soris ceoliTebis (natroliti, sko-

leciti, mezoliti da sxv.) infrawiTeli STanTqmis speqtrebis 

kvlevis Sedegebi. gamokvlevebi tardeboda 660 sm-1_5000 sm-1 

zRvrebSi. yvelaze ufro intensiuri STanTqma aRiniSneboda 660 

sm-1_850 sm-1 zRvrebSi. miRebuli monacemebis analizi gviCvenebs, 

rom STanTqmis intensiuri xazebi 980 sm-1-dan 1099 sm-1-mde Seesa-

bameba O_SI (Al)_O bmebis valentur rxevebs. bevr SemTxvevaSi Seim-

Cneva msgavsi speqtrebis arseboba, gansakuTrebiT, teqsto-

silikatebis erT-erTi jgufis SemTxvevaSi. mocemul naSromebSi 

aRniSnulia, rom calkeuli mineralebis speqtrebs Soris 

gansxvaveba mosalodneli iyo 330 sm-1-3660 sm-1 zRvrebSi, romelic 

Seesabameba ConCxebis deformaciul rxevebs. bunebrivi ceoliTe-
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bis _ natroliti, lomontiti, Sabaziti da sxv. infrawiTeli 

speqtrebi 400 sm-1-4000 sm-1 -mde aRwerilia  SromaSi [26].  

miRebuli Sedegebis analizma gviCvena, rom Seswavlil ni-

muSebSi wylis molekulebis valenturi rxevebi sxvadasxvanairad 

mJRavndeba. Sabazitis da desminis wylis STanTqmis speqtrebi 

xasiaTdeba farTo urTierTgadamfaravi xazebiT, xolo natroli-

tisa da lomantitis STanTqmis speqtrebi _ viwro xazebiT. anal-

cimisaTvis damaxasiaTebelia erTi farTo da asimetriuli xazi. 

wylis molekulebis deformaciuli rxevebis speqtrebi yvela 

ceoliTisaTvis warmodgenilia erTi xaziT 1620 sm-1-Si da 

mxolod tomsonitis da lomontitis speqtrebSi. aRiniSneba sxva 

xazebi sixSireebiT 1675 sm-1 da 1410 sm-1 Sesabamisad. miRebuli 

Sedegebis safuZvelze gakeTebul iqna daskna, rom pirveli jgu-

fis mineralebSi wylis molekulebi ceoliTis ConCxTan da-

kavSirebulia urTierTqmedebis sxvadasxvanairi ZalebiT, xolo 

meore jgufis mineralebisaTvis wylis molekulebi imyofebian 

mkacrad gansazRvrul ZalTa velSi. aseTi daskvna Seesabameba 

ceoliTebis Termul da struqturul monacemebs. 

klinoptilolitebis da maTi ionmimocvliTi formebis in-

frawiTel speqtrebSi radiusis, atomuri masis da kationebis mux-

tis mixedviT [27] SeimCneva maRali sixSiris xazebis 3100 sm-1- 

3700 sm-1 zRvrebSi intensiurobis cvlileba. kationebi am Sem-

TxvevaSi umniSvnelo gavlenas axdens ceoliTis ConCxis Al, Si–O– 

bmebis speqtrebis xasiaTze. 

analcimis da natrolitis SemTxvevaSi Siga kristaluri 

Rrus zomis simciris gamo urTierTqmedeba kaTionebsa da ConCxs 

Soris Zlieri xdeba. misi 5500C-ze damuSavebis Semdeg. Termuli 

damuSaveba iwvevs amoniumis ionebis daSlas da hidroqsilis 

jgufebis gaCenas. STanTqmuli wyali cildeba 3000C-ze  

Zegvis klinoptilolitebis Seswavlis monacemebi mowmoben, 

rom ceoliTisagan wylis ZiriTadi raodenoba gamoiyofa amo-

tumbvisas, oTaxis temperaturaze. praqtikulad wyali srulad 

scildeba 350-4000C-ze. 
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zogierTi bunebrivi da sinTezuri ceoliTis wylis moleku-

lebis infrawiTeli speqtrebis deformaciuli da valenturi 

rxevebis zRvrebis Seswavlam gviCvena, rom 400C-ze mimdinareobs 

wylis desorbcia. amoniumis formebi mTlianad kargaven amiaks 

300-4000C-ze. amave temperaturul intervalSi aRiniSneba OH-

jgufebisaTvis STanTqmis maqsimumebi 3570 sm-1-3615 sm-1 zRvrebSi.  

speqtruli monacemebis safuZvelze gamoTvlil iqna klinop-

tilolitSi wylis molekulebis raodenoba, romelic eqvemde-

bareba vakuumirebas sxvadasxva temperaturaze. 400C-ze dehidra-

taciis dros klinoptiloliti kargavs wylis 2/3 nawils. ceo-

liTebis H_formis speqtrulma Seswavlam, romelic miRebul iqna 

marilmJavas sxvadasxva koncentraciebis xsnarebiT, gviCvena, rom 

am nimuSebisaTvis damaxasiaTebelia mxolod ori xazi _ 3620 sm-1-

3732 sm-1. mJavas koncentraciis gazrdisas SeiniSneba OH-jgufebis 

koncentraciis gazrda, romelsac Seesabameba 3732 sm-1 xazi. 

H-erionitis airad amiaksa da propilens Soris adsorbciuli 

urTierTqmedebis SeswavlisaTvis ceoliTis H-formas iRebdnen 

amoniumis formis bunebrivi erionitisagan. amoniumis formas acx-

elebdnen haerze 300, 400, 500, 600, 7000C-ze. TiToeuli nimu-

SisaTvis, romelsac 1 sT-is ganmavlobaSi acxelebdnen, Sesabamis 

temperaturaze iRebdnen infrawiTel speqtrs OH-jgufebis valen-

turi rxevebis zRvrebSi. miRebulma Sedegebma aCvena, rom nimuSis 

gaxurebisas 3000C-ze mTlianad ar scildeba amiaki da wyali, 

4000C-ze xdeba wylis mTliani mocileba. am temperaturaze isev 

rCeba 3380 sm-1 zolebi da farTo zoli 3200 sm-1, rac imaze mi-

uTiTebs, rom igi miekuTvneba amoniumis ionebs. 

6000C-ze gaxurebul H-erionitis speqtrSi aRiniSneba mxolod 

sami xazi: 3745, 3612, 3565 sm-1 propilenis adsorbciis Sedegad 3612 

sm-1 xazi qreba da xdeba mcire gafarToeba da xazebis gadaweva 

3565 sm-1-3560 sm-1. amiakis adsorbcia H-erionitze iwvevs OH-jgufis 

ori xazis gaqrobas. 3750 sm-1 xazi rCeba ucvlelad da aRiniSneba 

3380 sm-1-3200 sm-1farTo xazebi, romlebic damaxasiaTebelia amoni-
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umis ionisaTvis. miRebuli speqtruli monacemebis safuZvelze ga-

moTqmul iqna varaudi OH-jgufebis delokalizaciis Sesaxeb. 

propilenTan urTierTqmedebaSi monawile OH-jgufebi, rom-

lebsac Seesabameba 3612 sm-1 xazi, rogorc Cans, ganlagebulia did 

arxebSi, xolo 3565 sm-1 xazi warmoadgens eqvswevriani rgolis 

Siga OH-jgufebs. 

ceoliTebis mesris struqturis dasaxasiaTeblad Seswavlil 

iqna zogierTi bunebrivi ceoliTis infrawiTeli speqtrebi alu-

mosilikat Jangbadovani ConCxis rxevis sixSireebis zRvrebSi (200-

1300 sm-1 200-1200 sm-1). am monacamebis safuZvelze moxda klasi-

fikacia tetraedrebis gare bmebis struqturul-mgrZnobiare da Si-

ga calkeuli tetraedrebis struqturul-aramgrZnobiare rxevebad. 

am klasifikaciis mixedviT tetraedrebis Siga rxevebs mie-

kuTvneba sami tipi: antisimetriuli valenturi rxevebi 1250-950 

sm-1, simetriuli valenturi rxevebi 720_650sm-1da deformaciuli 

rxevebi 420-500 sm-1. gare bmebis rxevebi moicavs: ormag rgols 

(650-500 sm-1), fanjaras (300-420 sm-1), simetriul valentur rxevebs 

(750-820 sm-1) da antisimetriul valentur rxevebs (1050-1150 sm-1) 

Zegvis klinoptilolitis speqtrebi xasiaTdeba STanTqmis 

xazebiT: 465, 530, 615, 1065 da 1220 sm-1 0.25 moluri azotmJavas 

xsnariT damuSavebuli nimuSis speqtrSi 530 da 615 sm-1xazebis in-

tensiuroba mcirdeba, mcirdeba agreTve 1065sm-1 xazebis intensiu-

robac. amave dros, xdeba misi gadaweva mokletalRian ubanSi da 

Cndeba 800sm-1  _ xazi. 

ceoliTis damuSaveba 1 moluri azotmJavaTi iwvevs 530 sm-1 

xazis gaqrobas da 800 sm-1_xazis intensiurobis gazrdas. xazis 

gadanacvlebas 1065 sm-1_dan 1095 sm-1_mde da STanTqmis xazebis ga-

moCenas 940 sm-1_Si. azotmJavas koncentraciis gazrdasTan erTad 5 

moluramde iwvevs 530 sm-1 da 615 sm-1 xazebis gaqrobas da 

STanTqmis xazebis intensivobis gazrdas 805 sm-1-905 sm-1-mde da 

xazis gadawevas 1065 sm-1-1100 sm-1-mde. analogiur movlenasTan 

gvaqvs saqme ceoliTebis marilmJavas xsnariT damuSavebisas. 



 80

sxva klinoptilolitebis, mordenitebisa da maTi narevebis 

infrawiTeli speqtrebis Seswavlam gviCvena, rom isini xasiaT-

debian STanTqmis Semdegi xazebiT: 550_560, 650_720, 750_820, 850_900, 

1000_1100 da 1150_1250sm-1. es xazebi miekuTvneba Si-O-(Al) daAl-O-(Si) 

bmebis rxevebs tetraedrebSi, romlebic erTiandebian alumin-

silikat-Jangbadovan ConCxebSi. Si-O-(Al) bmis rxevebi, romlebic 

gamowveulia Sinagani deformaciuli, asimetriuli rxevebiT, aRi-

niSneba 650_720, 780_820 da 900_1250 sm-1zRvrebSi. 

yvelaze intensiuri xazi aRiniSneba 1040_1100 sm-1 intervalSi. 

750_820 sm-1 xazebi, rogorc Cans, ganpirobebulia Si-O bmis simet-

riuli valenturi rxevebiT. 550_650 sm-1 STanTqmis xazebi miekuT-

vneba aluminsilikat-Jangbadovani tetraedrebis jaWvebis rxevebs. 

bunebrivi da mJavaTi damuSavebuli mordenitisaTvis naC-

venebia, rom mJavas koncentraciis zrdis dros speqtrSi cvlile-

bebi odnav SeimCneva, rac miuTiTebs am mineralis mJavasadmi 

mdgradobaze. 9.4 moluri HCl-is xangrZlivi damuSavebisas 570 da 

627 sm-1 zRvrebSi xdeba xazebis intensivobis SesamCnevi Semcireba, 

rac damaxasiaTebelia gare rxevebisaTvis. es miuTiTebs imaze, 

rom xdeba garkveulwilad ceoliTis amorfizacia [28]. 

Sabaziti aris mJavebis mimarT SedarebiT naklebad mdgradi 

ceoliTi. misi damuSavebiT 0.12 moluri mduRare marilmJavas 

xsnariT speqtridan qreba 425, 527 da 648 sm-1 xazebi, romlebic 

damaxasiaTebelia tetraedrTaSorisi bmebisaTvis. mJavas koncen-

traciis gazrdiT Sabazitis speqtri uaxlovdeba silikatebis 

speqtrs. 

 

2.4. perlitis nedleuli 

 

perlitis mopoveba warmoebs Ria karierze, romelic mdeba-

reobs samxreT saqarTveloSi Tbilisidan 130 km-is manZilze, fa-

ravnis tbis mimdebare teritoriaze, zRvis donidan 2200_2400 m-ze. 

firmas aqvs sakuTari sarkinigzo misasvleli rkinigzis sadgur 
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faravnidan 2km-is manZilze. karieri gaxsnilia rkinigzis mis-

asvleli liandagidan 1km-Si. 

mopovebuli perlitis transportireba sarkinigzo misasvle-

lamde xdeba avtotransportiT nedleulis saSualedo sawyo-

bidan, sarkinigzo transportiT xdeba perlitis transportireba 

TbilisSi, perlitis gadamamuSavebel qarxanamde. perlitis gada-

muSavebis teqnologia iTvaliswinebs damsxvreva _ Sroba _ 

fraqcionireba _ SefuTvis operaciebs. mza produqciis momxmare-

belze miwodeba xdeba saavtomobilo, sarkinigzo da sazRvao 

transportiT saqarTvelos Savi zRvis navsadgur foTidan.  

bolo dromde iTvleboda, rom afuebuli perlitis miReba 

SesaZlebeli iyo mxolod mJava Sedgenilobis minisebri vul-

kanuri jiSebidan, magram kvlevebiT dadginda, rom vulkanuri 

minis afuebisaTvis perlitovani struqtura ar aris ganmsaz-

Rvreli. mTavar faqtorad iTvleboda is, rom masSi arsebobs 

gaxsnili wyali da airi. misi msgavsi mineralebia: vitrofiri, 

pexSteini da obsidiani. es mineralebi bunebriv mdgomareobaSi 

genetikurad dakavSirebulia erTmaneTTan _ isini vulkanuri 

wyalSemcveli minisebri jiSebia da gaerTianebulia saerTo sa-

TauriT: “afuebuli perliti”. xelovnuri forovani Semvsebis mis-

aRebad msoflio masStabiT, afuebuli perlitis gamoyeneba war-

moadgens 20 mln.m³ weliwadSi. afuebuli perlitis msxvil mwar-

moeblad iTvlebian aSS, germania, safrangeTi, italia, saberZneTi, 

espaneTi, israeli, CineTi, ruseTi. 

vinaidan perlitis qviSa da RorRi Zalze msubuqi, arawvadi 

da aratoqsikuria, mis gamoyenebas aqvs farTo diapazoni. mcire 

nayari moculobiTi masis gamo mas xmaroben Tbosaizolacio, 

akustikur, cecxlgamZle, antikoroziul duRabebSi da sxv. 

perlitis nedleulis qimiuri Sedgeniloba gamoisaxeba 

oqsidebis saxiT:  

SiO2  _ 69.5 _ 73.0 

AL2O3  _12.1 _ 15.6 

Fe2O3 
 _ 0.78 _ 3.40 
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CaO _ 0.84 _ 2.70 

MgO _ 0.01 _ 1.90 

SO3 _ 0.05 _ 1.24 

Na2O ÷  K2O  _ 6.1÷8.4 

wdg _ 3.0÷5.0 

bunebrivi perlitebi iyofa or saxeobad: mZime da msubuqi. 

Seswavlis Sedegad aRmoCnda, rom faravnis perliti miekuTvneba 

msubuq saxeobas.  

perlitis nedleulis bunebrivi da afuebuli saxeobebi 

 cxrili 2.3 

 

perliti 

 

simkvrive 

ρ  _ m/m³ 

Nnayari 

simkvrive 

ρ  _ kg/m³ 

qviSis 

simsxos 

moduli 

Msim 

 

wyal-

STanTqma 

WmasiT, % 

afuebis 

koeficienti 

t = 800_1150°C 

 

bunebrivi 

 

2.29 

 

 

840 

 

4 

 

50 

 

6_18 

afuebuli  

1.3 

 

 

63 

Zalian 

wvrili 

>100  

amrigad, zemoT moyvanili analizidan SeiZleba gakeTdes 

daskvna, rom ceoliTebis (klinoptiloliti, mordeniti, Sabaziti, 

erioniti da sxv.) jgufidan navTob- da cximSemcveli produqte-

biT dabinZurebuli sameurneo-sayofacxovrebo Camdinari wylebis 

gasawmendad mcire obieqtebisTvis (avtosamrecxaoebi, restornebi 

da sxv.) Tavisi gamfiltravi (mSTanTqavi da akumulaciis) maRali 

unaris gamo rekomendebulia gamoyenebul iqnas perlitis 

nedleuli. Ees masala advilad xelmisawvdomi da gacilebiT 

iafia sxva adsorbent masalebTan SedarebiT da moipoveba 

saqarTvelos pirobebSi.  
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Tavi 3. samecniero-kvleviTi eqsperimentebi  

perlitis, rogorc navTob- da cximSemcveli Camdinari 

wylebis gamwmend masalad gamoyenebis  

SesaZleblobis dasadgenad 

 

3.1. perlitis adsorbciis xarisxis damokidebuleba  

manqanis zeTisa da Txevadi cximis koncentraciaze 

 

wyalsatevebis sisufTavis SenarCunebis swori gadawyveta gu-

lisxmobs im zogad kanonzomierebaTa Secnobas, romelsac emya-

reba wylis areSi mimdinare procesebi da maT safuZvelze mra-

vali efeqturi RonisZiebis gatarebas, maT Soris, wylis gaw-

mendis yvelaze racionaluri teqnologiis Seqmnas, romelTagan 

mniSvnelivania adsorbciuli meTodi, Tumca literaturuli mona-

cemebis mixedviT dReisaTvis adsorbciuli meTodebiT didi mocu-

lobis wylis gasufTavebis kvlevebi mcire raodenobiTaa war-

modgenili. adsorbciuli meTodebi gamoiyeneba katastrofebis 

Sedegebis likvidaciisaTvis, agreTve, daRvrili nivTierebebis 

Sesagroveblad msxvili ekologiuri katastrofebis Tavidan ac-

ilebis mizniT. 

Cveni kvlevis mizania navTob- da cximSemcveli Camdinare 

wylebis gawmenda adsorbciis meTodiT, risTvisac Cvens mier ga-

moyenebul iqna adgilobrivi warmoSobis masala _ perliti, ro-

melic iafi da advilad xelmisawvdomia. 

dasaxuli problemis gadawyvetis mizniT Seswavlil iqna 

cximebisa da navTobproduqtebis adsorbciis procesi statikur 

da dinamikur pirobebSi, Seswavlil iqna adsorbciis xarisxis 

damokidebuleba xsnarebis koncentraciasa da temperaturaze. 

gamoyenebul iqna sxvadasxva koncentraciis xsnarebi 0,1%-dan 

25%-mde. xsnarebi mzaddeboda Cven mier. analizisaTvis SerCeul 

iqna Txevadi zeTi _ ’’oleina’’, sisufTvaviT 99.9%. viRebdiT sazom 

kolbas, romelSic vaTavsebdiT Sesabamisi moculobis zeTs da 

kolbas vavsebdiT distilirebuli wyliT Wdemde, miRebuli 
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xsnari gadagvqonda SedarebiT didi zomis WurWelSi, Tavs 

vaxuravdiT hermetulad da vaTavsebdiT meqanikur sarevelaze 1,5 

sT-is ganmavlobaSi. xsnaris koncentraciis gazrdis paralelu-

rad vzrdidiT sarevelaze njRrevis xangrZlivobas. 

miRebul xsnarebs oTaxis temperaturaze (250C-ze) vatarebdiT 

10 sm sisqis perlitis fenaSi, romelic moTavsebuli iyo 10 sm 

diametris mqone minis milSi, romelic bolovdeboda onkaniT. 

procesis dawyebis dros viniSnavdiT da viRebdiT yovel 10-15 wT-

is fraqcias. miRebuli sinjebis analizs vakeTebdiT GJangbadis 

qimiuri moxmarebis (Jbm) mixedviT permanganatometruli titvris 

meTodiT [29]. meTodi emyareba wyalSi arsebuli nivTierebebis da-

Jangvas kaliumis permanganatis 0.01 n xsnariT, gogirdmJavas gare-

moSi, duRilis dros. 

permanganatuli daJangviT gansazRvrisaTvis reaqciis Semdeg 

kaliumis permanganati unda darCes ara umetes 40 %, radganac 

daJangvis xarisxi damokidebulia mis koncentraciaze. didi 

raodenobiT daxarjvis SemTxvevaSi sinji unda ganzavdes. 

aparatura: 1) brtyelZira kolbebi duRilisaTvis aranakleb 

250_300 ml moculobis. Aaxal kolbebs xmarebis win vamuSavebdiT 

kaliumis permanganatis SemJavebuli xsnariT. 2) minis burTulebi, 

kapilarebi an pemza. 

reaqtivebi: 1) distilirebuli wyali, romelic ar Seicavs 

damJangavebs, viyenebdiT reaqtivebis mosamzadeblad da sinjebis 

ganzavebisaTvis.  

2) gogirdmJava, ganzavebuli (1:3) xsnari. 1 moculoba 1.84 g/sm3 

simkvrivis gogirdmJavas vumatebdiT morevis pirobebSi sam mocu-

loba distilirebuli wyals, 400C-mde gacivebisas mas vumatebdiT 

0.01 n kaliumis permanganatis xsnars, Ria vardisfer Sefervamde. 

3) gogirdmJavas ganzavebul (1:15) xsnars, 4) mJaunmJavas 0.01 n 

xsnars, vamzadebdiT fiqsanalisagan. 5) kaliumis permanganatis, 

0.01 da 0.01 n xsnarebi. Aa)  0.1 n kaliumis permanganatis ZiriTad 

xsnars vamzadebdiT fiqsanalisgan. vinaxavdiT muq WurWelSi, iS-

viaTi SenjRreviT, movixmardiT 2-3 kviris Semdeg. Bb) 0.01n 



 85

kaliumis permanganatis samuSao xsnars vamzadebdiT ZiriTadi 

xsnaris ganzavebiT, vinaxavdiT muq WurWelSi da ramdenime dRis 

Semdeg vadgendiT xsnaris titrs. amisaTvis konusur kolbaSi 

vasxamdiT 100 ml gamoxdil wyals, vumatebdiT 10 ml 0.01 n 

mJaunmJavas da 5 ml gogirdmJavas (1:3), narevs vacxelebdiT 

aduRebamde da odnav gacivebiT (80-900C_mde) vtitravdiT 0.01 n 

kaliumis permanganatis xsnariT, Ria vardisfer Sefervamde.  

analizs vatarebdiT Semdegnairad: kolbaSi vaTavsebdiT 100 ml 

sakvlev xsnars da ramdenime kapilars, vasxamdiT 5 ml ganzavebul 

gogirdmJavas (1:3), 20 ml 0.01 n kaliumis permanganats da narevs vac-

xelebdiT ise, rom aduRebuliyo araugvianes 5 wT-Si, vaduRebdiT 

zustad 10 wT, duRilis Semdeg cxel xsnars vumatebdiT 10 ml 0.01 

n mJaunmJavas, gauferulebul cxel (80-900C) narevs vtitravdiT 0.01 

n kaliumis permanganatis xsnariT Ria-vardisfer Sefervamde. 

imavdroulad vatarebdiT Tavisufal cdas: 100 ml dis-

tilirebuli wyliT da vamuSavebdiT ise, rogorc saanalizo 

xsnars. daxarjuli kaliumis permanganatis xsnari ar aRema-

teboda 0.3 ml-s. 

permanganatiT daJangvis sidides (mgO/l) vangariSobdiT for-

muliT 

 (A B) K 0,01 8 1000 (A B) K 80X ,
V V

− ⋅ ⋅ ⋅ ⋅ − ⋅ ⋅
= =  (3.1) 

sadac: A da B kaliumis permanganatis moculobaa _ daxarjuli       

Tavisufali da sakvlevi xsnaris gatitvraze ml-Si; K _ kaliumis 

permanganatis xsnaris Sesworebis koeficienti, V _ analizisaTvis 

aRebuli sinjis moculoba, ml. 

oTaxis temperaturaze (250C) manqanis zeTisa da Txevadi cxi-

mis adsorbciis xarisxis koncentraciaze damokidebulebis Sede-

gebi mocemulia 3.1 da 3.2 cxrilebSi. am monacemebis mixedviT 

zeTisa da cximis koncentraciis gazrdisas proporciulad iz-

rdeba perlitis adsorbciis xarisxi da maqsimums aRwevs 17%-iani 

cximis SemTxvevaSi. koncentraciis Semdgomi zrda aRar moqmedebs 

adsorbciis xarisxze. 
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manqanis zeTis adsorbciis xarisxis  
damokidebuleba koncentraciaze 

cxrili 3.1 
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Txevadi cximis adsorbciis xarisxis  
damokidebuleba koncentraciaze 

cxrili 3.2 
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3.2. perlitis adsorbciis xarisxis 

damokidebuleba temperaturaze 

 

adsorbciis xarisxis temperaturaze damokidebulebis gansa-

sazRvrad cda CavatareT imave xelsawyoSi, romelsac wina 

cdisTvis viyenebdiT. cdas vatarebdiT 20, 30 da 400C-ze. saWiro 

temperaturas vinarCunebdiT mudmivi gazomvis pirobebSi. 

sxvadasxva temperaturul reJimSi perlitis adsorbciis unari 

manqanis zeTisa da Txevadi cximis mimarT Catarda 19, 21 da 23%-

ian xsnarebze 20, 30 da 400C temperaturebze. cdisaTvis viyenebdiT 

imave markis Txevad cxims, vamzadebdiT saWiro koncentraciis 

xsnarebs, romlebsac zustad gansazRvrul temperaturis pi-

robebSi vatarebdiT perlitis 10 sm sisqis fenaSi. miRebuli 

Sedegebis safuZvelze dadginda, rom temperaturis gazrdiT 

perlitis adsorbciis unari mcirdeba. cdebis Sedegebi moyva-

nilia cxrilebSi. 

Txevadi cximis adsorbciis xarisxis  
damokidebuleba temperaturaze 200C-ze 

cxrili 3.3 

K 

sakvlevi xsnaris  

koncentracia, % 

 

 

Aadsorbciis xarisxi % 

 

19 

             

92 

 

21 

 

88 

 

23 

 

80 
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Txevadi cximis adsorbciis xarisxis  
damokidebuleba temperaturaze 300C-ze 

cxrili 3.4 

Ksakvlevi xsnaris 

koncentracia, % 
Aadsorbciis xarisxi % 

19 88 

21 80 

23 48 

   

Txevadi cximis adsorbciis xarisxis  
damokidebuleba temperaturaze 400C-ze 

cxrili 3.5 

K 

sakvlevi xsnaris  

koncentracia, % 

 

Aadsorbciis xarisxi % 

19 144 

21 80 

23 40 

  manqanis zeTis adsorbciis xarisxis  
damokidebuleba temperaturaze 200C-ze 

cxrili 3.6 

K 

sakvlevi xsnaris  

koncentracia, % 

 

Aadsorbciis xarisxi % 

19 80 

21 72 

23 81 
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manqanis zeTis adsorbciis xarisxis  
damokidebuleba temperaturaze 300C-ze 

cxrili 3.7 

Ksakvlevi xsnaris 

koncentracia, % 
Aadsorbciis xarisxi % 

19 69 

21 70 

23 45 

manqanis zeTis adsorbciis xarisxis  
damokidebuleba temperaturaze 400C-ze 

cxrili 3.8 

Ksakvlevi xsnaris 

koncentracia, % 
Aadsorbciis xarisxi % 

19 100 

21 70 

23 40 

3.3. eqsperimentul dakvirvebaTa amonakrebebis eqstremalur 

mniSvnelobaTa Semowmeba statikur sarwmunoobaze 

 

eqsperimentul dakvirvebaTa amonakrebebis monacemTa maTe-

matikur-statistikuri damuSavebis mizniT Catarebul iqna sa-

Tanado literaturuli wyaroebis analizi [30-44]. 
eqsperimentuli monacemebis amonakrebSi SeiZleba moxvdes 

saeWvo monacemebi (aseTebia: ukiduresad maRali an ukiduresad 

minimaluri eqstremaluri mniSvneloba). aseTi monacemebis arse-

boba amonakrebSi monacemTa statistikuri damuSavebis Sedegebis 

gansazRvris dros iwvevs gauTvaliswinebel cdomilebebs da is-

ini unda iqnes gamovlenili da ugulebelyofili. amonakrebSi 
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rCeba mxolod monacemTa is mniSvnelobebi, romlebic eqsperimen-

tuli dakvirvebis generalur rigs Seesabameba da gamoTvlili 

statistikuri maxasiaTeblebic sarwmunod CaiTvleba. 

amrigad, dgeba Semdegi saxis amocana: gamovlenil da ukug-

debul iqnes saeWvo monacemebi, romlebic eqsperimentuli dak-

virvebis rigs ar miekuTvnebian. am nulovani hipoTezis Semowme-

bisaTvis iyeneben gansakuTrebul kriteriumebs. 

eqstremalur monacemTa saeWvoobis Semowmebis kriteriumi, rom-

lis drosac daiSveba Semdegi hipoTeza: amonakrebis ranJirebul 

rigSi Semowmebul iqnas gansxvaveba saeWvo monacemebsa (vTqvaT 

eqstremalur minimumsa da eqstremalur maqsimums Soris) da maT 

mezobel wevrebs Soris. amisaTvis gamoiyeneba formulebi [30]:  

 2 1
1

n 1 1

x xt ,
x x−

−
=

−
  (3.2) 

 n n 1
2

n 2

x xt .
x x

−−
=

−
 (3.3) 

t1 sidides iyeneben dakvirvebaTa ranJirebuli rigis mini-

maluri 1x  sididis Sesamowmeblad, xolo  t2 sidides _ am rigis 

maqsimaluri 2x  sididis Sesamowmeblad. nulovani hipoTeza, n 

moculobis rigis SemTxvevaSi, a miRebuli sarwmunoobis dros 

(a= 0.05) ukugdebulad SeiZleba CaiTvalos, Tu     

tfaqt ≥ tst  (t1 da t2 kritikuli wertilebis cxriluri 

mniSvnelobebi tst  moyvanilia cxr. XVII  da cxr. XVIII [30].  

moyvanili proceduris Tanaxmad manqanis zeTisa da Txevadi 

cximis eqsperimentulad dakvirvebul monacemTa sawyisi rigebi 

moyvanilia 3.9 cxrilSi, xolo manqanis zeTisa da Txevadi cximis 

eqsperimentul dakvirvebaTa monacemebis mixedviT Sedgenili 

ranJirebuli rigebi ki moyvanilia 3.10 cxrilSi. 
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moyvanili kriteriumebisa da angariSis proceduris Sesa-

bamisad statikur sarwmunoobaze SevamowmoT manqanis zeTis eqspe-

rimentul dakvirvebaTa rigebi (sawyisi, saboloo, da adsorbciis 

xarisxis mixedviT) (cxr. 3.11). analogiurad SevamowmoT Txevadi 

cximis eqsperimentul dakvirvebaTa rigebi (sawyisi, saboloo, da 

adsorbciis xarisxis mixedviT) (cxr. 3.12). amisaTvis angariSis 

proceduris Sesabamisad, saWiroa winaswar eqsperimentul 

dakvirvebaTa rigebis mixedviT Sedgenil iqnes maTi ranJirebuli 

mniSvnelobaTa rigebi (cxr. 3.10). 

3.11 cxrilSi moyvanilia manqanis zeTis eqsperimentuli 

dakvirvebebis monacemebis mixedviT (sawyisi, saboloo, adsor-

bciis xarisxi) saeWvo monacemebis Semowmebis Sedegebi. 

saanalizo eqsperimentuli dakvirvebis rigebis monacemTa 

statistikur sarwmunoebaze Sesamowmeblad (a 0,05)=  gamoviyenoT 

agreTve nulovani hipoTezis daSveba, romelic mdgomareobs dak-

virvebaTa rigis monacemebis SemowmebaSi t  normirebuli 

gadaxrebis mixedviT [30]. 

 
( )

x

x x
t ,

S
i −

=   (3.4) 

sadac x i  Sesamowmebeli monacemis sididea; x  _ eqsperi-

mentul dakvirvebaTa rigis saSualo ariTmetikuli (maTematikuri 

molodini); xS  _ dakvirvebaTa rigis saSualo kvadratuli gadax-

ris sidide. 

sarwmunoobaze Semowmebis procedura mdgomareobs SemdegSi: 

Tu eqsperimentul dakvirvebaTa rigSi aRebuli x i  monacemis 

mixedviT gaTvlili tfaq kriteriumi naklebi an toli iqneba tcxr, 

maSin CaiTvleba, rom es monacemi statistikurad sarwmunoa 

miRebuli a 0,05=  daSvebiT. winaaRmdeg SemTxvevaSi (tfaq>tcxr) es 

monacemi ukugdebul unda iqnes. 
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mocemuli statistikuri proceduris Sesabamisad vianga-

riSoT Cvens mier Catarebuli eqsperimentul dakvirvebaTa 

rigebis monacemebis Semowmeba ( a 0,05=  sarwmunoobiT) manqanis 

zeTisa da Txevadi cximis mixedviT (cxr. 3.13 da cxr. 3.14). 

imisaTvis, rom vaCvenoT wina meTodiT miRebuli Sedegebis 

adekvaturoba, analizisaTvis aviRoT igive dakvirveba monacemebis 

minimaluri eqstremaluri da maqsimaluri eqstremaluri mona-

cemebis mniSvnelobebi rogorc manqanis zeTis, aseve Txevadi 

cximis SemTxvevaSi. 

amrigad, manqanis zeTis (sawyisi, saboloo da adsorbciis 

xarisxis mixedviT) eqsperimentul dakvirvebaTa rigebis erTi 

meTodis Semowmebam saeWvo mniSvnelobaze (eqstremaluri minimu-

misa da eqstremaluri maqsimumis mixedviT) aCvena, rom (3.11 da 3.12 

cxrilebis Sedegebi) dakvirvebaTa rigebis yvela monacemi statis-

tikuri proceduris kriteriumebis mixedviT sarwmunoa da isini 

SeiZleba miekuTvnos erTian generalur rigs, anu maT safuZvelze 

SesaZlebelia modelirebis Catareba da sakvlevi gamfiltravi 

masalis daxasiaTeba. 

analogiurad Semowmda dakvirvebaTa igive rigebi sxva 

meTodze (normirebuli gadaxris kriteriumis gamoyenebiT). miRe-

bulma Sedegebma (cxr. 3.13 da cxr. 3.14) daadastura pirveli 

meTodiT miRebuli Sedegebi. 
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manqanis zeTisa da Txevadi cximis eqsperimentulad  
dakvirvebul monacemTa saanalizo sawyisi rigebi 

cxrili 3.9 
 

 
sawyisi monacemebi 

 

 
saboloo monacemebi 

A 
adsorbciis xarisxi 

 
# 

Mmanqanis 
zeTi 

Txevadi 
cximi 

Mmanqanis 
zeTi 

Txevadi 
cximi 

Mmanqanis 
zeTi 

Txevadi 
cximi 

 
1 

 
84.8 
 

 
68.8 

 
68.8 

 
44.8 

 
16 

 
24 

 
2 

 
164.88 

 

 
132.8 

 
132.8 

 
100.8 

 
32 

 
32 

 
3 

 
204.8 

 

 
196.8 

 
156.8 

 
156.8 

 
48 

 
40 

 
4 

 
188.8 
 

 
164.8 

 
132.8 

 
116.8 

 
56 

 
48 

 
5 

 
276.8 

 

 
244.8 

 
220.8 

 
187.8 

 
56 

 
57 

 
6 

 
292.8 

 

 
260.8 

 
228.8 

 
196.8 

 
64 

 
64 

 
7 

 
300.8 

 

 
244.8 

 
244.8 

 
176.8 

 
56 

 
68 

 
8 

 
324.8 

 

 
260.8 

 
252.8 

 
185.6 

 
72 

 
75.2 

 
9 

 
332.8 

 

 
292.8 

 
252.8 

 
212.8 

 
80 

 
80 

 
10 

 
372.8 

 

 
360.8 

 
292.8 

 
275.2 

 
80 

 
85.6 

 
11 

 
420.8 

 

 
388.8 

 
324.8 

 
296.8 

 
96 

 
92 

 
12 

 
404.8 

 

 
388.8 

 
324.8 

 
299.8 

 
80 

 
92 

 
13 

 
412.8 

 

 
380.8 

 
340.8 

 
292.8 

 
72 

 
88 

 
14 

 
404.8 

 

 
372.8 

 
324.8 

 
292.8 

 
80 

 
80 
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manqanis zeTisa da Txevadi cximis eqsperimentul dakvirvebaTa 
monacemebis mixedviT Sedgenili ranJirebuli rigebi 

cxrili 3.10 
 

sawyisi 
 

saboloo adsorbciis 
xarisxi 

 
 
 
 

 
# 

manqanis 
zeTi 

 

Txevadi 
cximi 

 

manqanis 
zeTi 

Txevadi 
cximi 

manqanis 
zeTi 

Txevadi 
cximi 

 
1 

 
84.8 

 
68.8 

 
68.8 

 
44.8 

 
16 

 
24 

 
2 

 
164.88 

 
132.8 

 
132.8 

 
100.8 

 
32 

 
32 

 
3 

 
188.8 

 
164.8 

 
132.8 

 
116.8 

 
48 

 
40 

 
4 

 
204.8 

 
196.8 

 
156.8 

 
156.8 

 
56 

 
48 

 
5 

 
276.8 

 
244.8 

 
220.8 

 
176.8 

 
56 

 
57 

 
6 

 
292.8 

 
244.8 

 
228.8 

 
185.8 

 
56 

 
64 

 
7 

 
300.8 

 
260.8 

 
244.8 

 
187.6 

 
64 

 
68 

 
8 

 
324.8 

 
260.8 

 
252.8 

 
212.8 

 
72 

 
75.2 

 
9 

 
332.8 

 
292.8 

 
252.8 

 
275.2 

 
72 

 
80 

 
10 

 
372.8 

 
360.8 

 
292.8 

 
292.8 

 
80 

 
80 

 
11 

 
404.8 

 
372.8 

 
324.8 

 
292.8 

 
80 

 
85.6 

 
12 

 
404.8 

 
380.8 

 
324.8 

 
292.8 

 
80 

 
28.88 

 
13 

 
412.8 

 
388.8 

 
324.8 

 
296.8 

 
80 

 
92 

 
14 

 
420.8 

 
389.0 

 
340.8 

 
299.8 

 
96 

 
92.8 
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manqanis zeTis eqsperimentul dakvirvebaTa monacemebis mixedviT 
(sawyisi, saboloo, adsorbciis xarisxi) saeWvo monacemebis  

Semowmebis Sedegebi 
cxrili 3.11 

manqanis zeTi 

sawyisi saboloo 
adsorbentis  xarisxi 

 

t1  
kriteriumi 

t2  
kriteriumi 

t1  
kriteriumi 

t2  
kriteriumi 

 
t1  

kriteriumi 
 

t2  
kriteriumi 
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=
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Txevadi cximis eqsperimentul dakvirvebaTa monacemebis mixedviT 
(sawyisi, saboloo, adsorbciis xarisxi) saeWvo monacemebis  

Semowmebis Sedegebi 
cxrili 3.12 

Txevadi cximi 

sawyisi simbolo 
adsorbentis 

xarisxi 

t1 
kriteriumi 

t1 
kriteriumi 

t1 
kriteriumi 

t1 
kriteriumi 

t1 
kriteriumi 

t1 
kriteriumi 

f
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=
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manqanis zeTis eqsperimentul dakvirvebaTa monacemebis (sawyisi, 
saboloo, adsorbciis xarisxi) statistikuri sarwmunoebis Semowmeba t 

normirebuli gadaxrebis mixedviT 
cxrili 3.13 
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Txevadi cximis eqsperimentul dakvirvebaTa monacemebis (sawyisi, 
saboloo, adsorbciis xarisxi) statistikuri sarwmunoebis Semowmeba t 

normirebuli gadaxrebis mixedviT 
cxrili 3.14 
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3.4. manqanis zeTsa da Txevad cximze Catarebuli eqsperimen-

tuli dakvirvebis monacemTa statistikuri maxasiaTeblebis 

gansazRvris formulebi 

 

statistikuri analizi naSromSi warmodgenilia urTierTko-

relaciis koeficientis gaTvlasa da regresiis gantolebis 

SedgenaSi gansaxilvel SemTxveviT sidideTa ix  da iy   wyvilebis 

mixedviT. zogadad ix  da iy  wyvilTa rigebi yalibdeba  manqanis 

zeTisa da Txevadi cximis eqsperimentulad (cdiseulad) dak-

virvebul monacemTa mixedviT (cxr. 3.4.) sawyisi monacemebi: man-

qanis zeTi ( x ),  da Txevadi cximi ( y ); saboloo monacemebi: man-

qanis zeTi  ( x )  Txevadi cximi ( y ); adsorbciis xarisxi manqanis 

zeTi ( x )Txevadi cximi ( y );  dakvirvebuli ix  da iy  statistikuri 

rigebis  mixedviT, Tujis an foladis milebSi momxdar daziane-

baTa Sesabamisad da a.S.    

urTierTkorelaciis mniSvneloba ix  da iy  ),..,.2,1( ni =  

SemTxveviT sidideTa Soris gamoiTvleba formuliT [23]:  

 

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

−

=

∑ ∑∑ ∑

∑ ∑ ∑
−

i i
ii

i i
ii

i i
iiii

yx

x
n

xx
n

x

yx
n

yx

r
ii 2

2
2

2 11

1

 

sadac ∑=
i

ix
n

x 1 x  rigis saSualo ariTmetikulia;  

∑=
i

iy
n

y 1
_ y  rigis saSualo ariTmetikuli;   

222 )(6 xx
i

ix −= ∑  _ x  rigis dispersia;  222 )(6 yy
i

iy −= ∑  _ y  rigis 

dispersia;   



 101

agreTve a  da b  regresiis koeficientebia, romlebic monawi-

leoben bxay +=   tipis wrfiv regresiis gantolebaSi. 

regresiis koeficienti b  gamoiTvleba formuliT:  

∑ ∑

∑ ∑ ∑

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

−

=

i i
ii

i i
iiii

x
n

x

yx
n

yx
b 2

2 1

1

 

xolo regresiis a  koeficienti ki formuliT:  

                      ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−= ∑ ∑

i i
ii xby

n
a 1

 

 

3.5. manqanis zeTsa da Txevad cximze Catarebuli eqsperimentuli   

dakvirvebis monacemTa statistikuri damuSaveba, regresiuli  

modelebis Sedgena da miRebuli Sedegebis analizi 

 

masala perlitis gamfiltravi unaris dasadgenad Catarda 

eqsperimentuli dakvirvebebis seriebi. 

saanalizod aRebul iqna x-is saxiT zeTis Semcveloba %-Si, 

sawyisi monacemebi, sawyisi monacemebi, saboloo monacemebi da y-

is saxiT adsorbciis xarisxi %-Si, saboloo monacemebi ad-

sorbciis xarisxi, adsorbciis xarisxi. x-is da y-is aRniSnul 

monacemebs Soris Sesabamisad 3.4 qveTavis formulebis gamoyene-

biT gansazRvrul iqna statistikuri maxasiaTeblebi: a da b – re-

gresiis koeficientebi, r – urTierTkorelaciis koeficienti, x  _ 

erTi rigis saSualo ariTmetikuli, y _ meore rigis saSualo 

ariTmetikuli, xolo σ2
x  da  σ

2
y – Sesabamisad saanalizo rigebis 

dispersiebi. miRebuli statistikuri maxasiaTeblebis mixedviT 

agebul iqna wrfivi regresiis y = ax + b saxis damokidebulebebi. 

eqsperimentebSi manqanis zeTis gamoyenebis SemTxvevaSi x da y 

rigebs Soris gansazRvruli statistikuri maxasiaTeblebi da 
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Sedgenili modelebi moyvanilia cxr. 3.15-Si. Aanalogiurad eq-

sperimentebSi Txevadi cximis gamoyenebis SemTxvevaSi  x da y-is 

rigebs Soris gansazRvruli statistikuri maxasiaTeblebi da 

Sedgenili modelebi asaxulia cxr. 3.16-Si. 

statistikur analizs dauqvemdebareT manqanis zeTis (x-rigi) 

da Txevadi cximis (y-rigi) rigebs Soris statistikuri maxasiaTe-

blebis da regresiis modelebis gansazRvra (ix. cxr. 3.17). 

miRebuli urTierTkorelaciis koeficientebis mniSvnelobe-

bis mixedviT ar aRmoCnda sarwmuno statistikuri  kavSiri zeTis 

Semcvelobasa da adsorbciis xarisxs Soris aRebuli %-Si (ix. 

cxr. 3.15 da 3.16), amitom aq miRebuli modeli y=21.01–5.07x 

arasarwmunoa. sxva SemTxvevebSi rogorc manqanis zeTisaTvis, 

aseve Txevadi cximisaTvis sakvlev parametrebs Soris aRiniSna 

maRali korelaciuri kavSirebi aranakleb r=0.9, rac Sedgenili 

modelebis maRalsarwmunoebaze migvaniSnebs. 

garkveul interess Seadgenda manqanis zeTsa da Txevad 

cximze Catarebuli eqsperimentuli dakvirvebis x da y rigebs So-

ris korelaciuri damokidebulebis gamokvleva, romelmac ara 

naklebi  r = 0.95 Seadgina, rac Sedgenili modelebis aseve maRal-

sarwmunoebaze migvaniSnebs (ix. cxr. 3.17). 

Sedgenili statistikuri damokidebulebebis fardobiTi 

cdomileba gamoiTvleba formuliT: 

 
*y y

,
y
−

Δ = faqt

faqt

 (3.5) 

sadac *y  saprognozo parametria, yfaqt – parametris faqtiuri 

dakvirvebuli sidide. 

manqanis zeTis sawyisi eqsperimentuli monacemebs da ad-

sorbciis xarisxis monacemebs Soris Sedgenili statistikuri 

damokidebulebis ( )*y 6,378 0,191x= +  fardobiTi cdomilebebis 
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mniSvnelobebi moyvanilia cxr. 3.18 – Si, xolo modelis grafi-

kuli saxe nax. 3.2-ze. 

manqanis zeTis sawyisi eqsperimentuli monacemebisa da man-

qanis zeTis saboloo monacemebs Soris Sedgenili statistikuri 

damokidebulebis (Y* = - 6.407 + 0.81x) fardobiTi cdomilebebis 

gansazRvra moyvanilia cxr. 3.19-Si, xolo modelis grafikuli 

saxe nax. 3.3-ze. 

manqanis zeTis saboloo eqsperimentuli monacemebisa da ad-

sorbciis xarisxis monacemebs Soris Sedgenili statistikuri 

damokidebulebis ( )*y 10,202 0,226x= +  fardobiTi cdomilebebis 

gansazRvra moyvanilia cxr. 3.20-Si, xolo modelis grafikuli 

saxe nax. 3.4-ze.   

manqanis zeTis Semcveloba %-Si da adsorbciis xarisxi %-Si 

monacemebs Soris Sedgenili statistikuri damokidebulebis 

( )*y 21,01 5,057x= +  fardobiTi cdomilebis gansazRvra mocemulia 

cxr. 3.21-Si. 

Txevadi cximis Semcveloba %-Si da adsorbciis xarisxi %-Si 

monacemebs Soris Sedgenili statistikuri damokidebulebis  

( )*y 25,596 0,063x= +  fardobiTi cdomilebebis gansazRvra moyva-

nilia cxr. 3.22-Si. 

Txevadi cximis sawyisi eqsperimentuli monacemebis da ad-

sorbciis xarisxis monacemebs Soris Sedgenili  statistikuri    

damokidebulebis        

( )*y 8,93 0,213x= +  fardobiTi cdomilebis gansazRvra moyva-

nilia cxr. 3.23-Si, xolo modelis grafikuli saxe nax. 3.5-ze. 

Txevadi cximis sawyisi eqsperimentuli monacemebis da 

Txevadi cximis saboloo eqsperimentuli monacemebs Soris 

Sedgenili statistikuri damokidebulebis ( )*y 10,891 0,84x= − +  

fardobiTi cdomilebis gansazRvra moyvanilia cxr. 3.24-Si. 
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Txevadi cximis saboloo eqsperimentuli da adsorbciis 

xarisxis monacemebs Soris Sedgenili statistikuri damokide-

bulebis (y*=12.895+0.263x) fardobiTi cdomilebis gansazRvra moy-

vanilia cxr. 3.25-Si, xolo modelis grafikuli saxe nax 3.6-ze.  

manqanis zeTis sawyis eqsperimentul monacemebsa da Txevadi 

cximis sawyis monacemebs Soris statistikuri damokidebulebis 

(y* =-20.118+0.967x) fardobiTi cdomilebis gansazRvra moyvanilia 

cxr. 3.26-Si. 

manqanis zeTis saboloo eqsperimentul monacemebsa da 

Txevadi cximis saboloo monacemebs Soris statistikuri da-

mokidebulebis (y*=-16.972+0.932x) fardobiTi cdomilebebis gansaz-

Rvra moyvanilia cxrilSi 3.27. 

manqanis zeTis adsorbciis xarisxis eqsperimentuli monace-

mebisa da Txevadi cximis adsorbciis xarisxis monacenebs Soris 

statistikuri damokidebulebis (y*=2.35+1.006x) fardobiTi 

cdomilebebis gansazRvra moyvanilia cxrilSi 3.28-Si. 

moyvanili statistikuri modelebi maRalsarwmunoa da maTi 

fardobiTi cdomilebebi Tavsdeba 1-is farglebSi garda 3.21 da 

3.22-Si moyvanili regresiis modelebisa y*=21.01+5.057x  da y*=25.596-

0.063x, rac agreTve dasabuTda urTierTkorelaciis koeficiente-

bis mniSvnelobiT Sesabamisad r = - 0.2, r = - 0.133 

 

 



 105

 

eq
s
pe
r
im
en
t
eb

S
i 

ma
nq
an
is

 z
eT

is
 g

am
o
ye
ne
b
is

 S
em
T
x
ve
va
S
i 

 
x 

 d
a 

y 
r
ig

eb
s
 S

o
r
is

 g
an
s
az

R
vr

u
l
i 

s
t
at

is
t
ik

u
r
i 

ma
x
as

ia
T
eb

l
eb

i 
d
a 
S
ed

g
en
il

i 
mo

d
el

eb
i 

c
x
r
il

i 
3.
15

 



 106

 

eq
s
pe
r
im
en
t
eb

S
i 

T
x
ev
ad

i 
c
x
im
is

 g
am
o
ye
ne
b
is

 S
em
T
x
ve
va
S
i 

 
x 

 d
a 

y 
r
ig

eb
s
 S

o
r
is

 g
an
s
az

R
vr

u
l
i 

s
t
at

is
t
ik
u
r
i 

ma
x
as

ia
T
eb

l
eb

i 
 

d
a 
S
ed

g
en
il

i 
mo

d
el

eb
i 

c
x
r
il

i 
3.
16

 



 107

 

ma
nq
an
is

 z
eT

is
a 
d
a 
T
x
ev
ad

i 
c
x
im
is

 
x 

 d
a 

y 
r
ig

eb
s
  

S
o
r
is

 s
t
at

is
t
ik

u
r
i 

ma
x
as

ia
T
eb

l
eb

is
a 
d
a 
r
eg

r
es

ii
s
  

mo
d
el

eb
is

 g
an
s
az

R
vr

a 
c
x
r
il

i 
3.
17

 



 108

 

ma
nq
an
is

 z
eT

is
 s

aw
yi
s
i 

eq
s
pe
r
im
en
t
u
l
i 

mo
na
c
em
eb

is
 d

a 
ad

s
o
r
b
c
ii

s
 x

ar
is

x
is

 m
o
na
c
em
eb

s
 S

o
r
is

 S
ed

g
en
il

i 
s
t
at

is
t
i-

ku
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (

Y
*=

 6
.3

78
+0

.1
91

X
) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a 
c
x
r
il

i 
3.
18

 



 109

 

 

ma
nq
an
is

 z
eT

is
 s

aw
yi
s
i 

eq
s
pe
r
im
en
t
u
l
i 

mo
na
c
em
eb

is
 d

a 
ma
nq
an
is

 z
eT

is
 s

ab
o
l
o
o
 m
o
na
c
em
eb

s
 S

o
r
is

 S
ed

g
en
il

i 
s
t
a-

t
is

t
ik

u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (

Y
*=

- 6
.4

07
+0

.8
1X

) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a 
  

  
  

  
  

  
c
x
r
il

i 
3.
19

 



 110

 
 

ma
nq
an
is

 z
eT

is
 s

ab
o
l
o
o
 e
qs

pe
r
im
en
t
u
l
i 

mo
na
c
em
eb

is
a 
d
a 
ad

s
o
r
b
c
ii

s
 x

ar
is

x
is

 m
o
na
c
em
eb

s
 S

o
r
is

 s
t
at

is
t
ik

u
r
i 

d
a-

mo
ki
d
eb

u
l
eb

is
 (

Y
*=

10
.2

02
+0

.2
26

X
) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a 
  

 
c
x
r
il

i 
3.
20

 



 111

 

ma
nq
an
is

 z
eT

is
 S

em
c
ve
l
o
b
a 
%
-e
b
S
i 

d
a 
ad

s
o
r
b
c
ii

s
 x

ar
is

x
is

 %
-e
b
S
i 

mo
na
c
em
eb

s
 S

o
r
is

 S
ed

g
en
il

i 
 s

t
at

is
t
ik

u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (
Y
*
=
 2
1,
01
 _

 5
,0
57
X
) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a 
  

  
  

  
  

  
  

  
  

  
c
x
r
il

i 
3.
21

 



 112

 T
x
ev
ad

i 
c
x
im
is

 S
em
c
ve
l
o
b
a 
%
-S
i 

d
a 
ad

s
o
r
b
c
ii

s
 x

ar
is

x
i 

%
-e
b
S
i 

mo
na
c
em
eb

s
 S

o
r
is

 S
ed

g
en
il

i 
s
t
at

is
t
ik
u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (
Y
*
=
 2
5,
53
6 
_
0,
06
3X

) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

eb
is

 g
an
s
az

R
vr

a 
  

  
  

  
  

  
  

  
  

 c
x
r
il

i 
3.
22

 



 113

 

T
x
ev
ad

i 
c
x
im
is

 s
aw

yi
s
i 

eq
s
pe
r
im
en
t
u
l
i 

mo
na
c
em
eb

is
 d

a 
ad

s
o
r
b
c
ii

s
 x

ar
is

x
is

 m
o
na
c
em
eb

s
 S

o
r
is

 S
ed

g
en
il

i 
s
t
at

is
t
ik
u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (
Y
*
=
 8
,9
3+

0,
21
3X

) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a 
  

  
  

  
  

  
  

  
  

  
  
  

  
 c

x
r
il

i 
3.
23

 



 114

 

T
x
ev
ad

i 
c
x
im
is

 s
aw

yi
s
 e
qs

pe
r
im
en
t
u
l
 m
o
na
c
em
eb

s
a 
d
a 
T
x
ev
ad

i 
c
x
im
is

 s
ab

o
l
o
o
 e
qs

pe
r
im
en
t
u
l
 m
o
na
c
em
eb

s
 S

o
r
is

 
S
ed

g
en
il

i 
s
at

at
is

t
ik
u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (
Y
*
=
_
10
,8
91
+
0,
84
X
) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a c
x
r
il

i 
3.
24

 



 115

 

T
x
ev
ad

i 
c
x
im
is

 s
ab

o
l
o
o
 e
qs

pe
r
im
en
t
u
l
i 

mo
na
c
em
eb

is
 d

a 
ad

s
o
r
b
c
ii

s
 x

ar
is

x
is

 m
o
na
c
em
eb

s
 S

o
r
is

 S
ed

g
en
il

i 
s
t
at

is
t
ik
u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (
Y
*
=
12
,8
95
+
0,
26
3X

) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a 
c
x
r
il

i 
3.
25

 



 116

 

ma
nq
an
is

 z
eT

is
 s

aw
yi
s
i 

eq
s
pe
r
im
en
t
u
l
i 

mo
na
c
em
eb

is
 d

a 
T
x
ev
ad

i 
c
x
im
is

 s
aw

yi
s
 e
qs

pe
r
im
en
t
u
l
 m
o
na
c
em
eb

s
 S

o
r
is

 
S
ed

g
en
il

i 
s
t
at

is
t
ik
u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (
Y
*
=
_
20
,1
18
+
0,
96
7X

) 
f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a c
x
r
il

i 
3.
26

 



 117

 

ma
nq
an
is

 z
eT

is
 s

ab
o
l
o
o
 e
qs

pe
r
im
en
t
u
l
i 

mo
na
c
em
eb

is
 d

a 
T
x
ev
ad

i 
c
x
im
is

 s
ab

o
l
o
o
 e
qs

pe
r
im
en
t
u
l
 m
o
na
c
em
eb

s
 S

o
r
is

 
S
ed

g
en
il

i 
s
t
at

is
t
ik
u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (

Y
*=

 -1
6,

97
2+

0,
93

2X
)
 f

ar
d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a 
 
 

c
x
r
il

i 
3.
27

 



 118

 

ma
nq
an
is

 z
eT

is
 a
d
s
o
r
b
c
ii

s
 x

ar
is

x
is

 e
qs

pe
r
im
en
t
u
l
i 

mo
na
c
em
eb

is
 d

a 
T
x
ev
ad

i 
c
x
im
is

 a
d
s
o
r
b
c
ii

s
 x

ar
is

x
is

 
eq
s
pe
r
im
en
t
u
l
 m
o
na
c
em
eb

s
 S

o
r
is

 S
ed

g
en
il

i 
s
t
at

is
t
ik
u
r
i 

d
am
o
ki
d
eb

u
l
eb

is
 (
Y
*
=
2,
35
+
1,
00
6X

) 
 

f
ar

d
o
b
iT

i 
c
T
o
mi
l
eb

is
 g

an
s
az

R
vr

a 
c
x
r
il

i 
3.
28

 



 119

 

nax. 3.1. manqanis zeTis sawyis eqsperimentul monacemebsa  
da adsorbciis xarisxis monacemebs  Soris statistikuri 

damokidebulebis grafikuli asaxva 
 



 120

 
nax. 3.2. manqanis zeTis sawyis da saboloo  eqsperimentul  

monacemebs Soris Sedgenili statistikuri damokidebulebis 
grafikuli asaxva 
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nax. 3.3. manqanis zeTis saboloo eqsperimentul monacemebsa  

da adsorbciis xarisxis monacemebs  Soris Sedgenili statistikuri 
damokidebulebis grafikuli asaxva 
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nax. 3.4. Txevadi cximis sawyis eqsperimentul monacemebsa da 

adsorbciis xarisxis monacemebs  Soris Sedgenili  
statistikuri damokidebulebis grafikuli asaxva 
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nax. 3.5. Txevadi cximis sawyis da saboloo  eqsperimentul monacemebs 
Soris Sedgenili statistikuri damokidebulebis grafikuli asaxva 
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nax. 3.6. Txevadi cximis saboloo eqsperimentul monacemebsa  

da adsorbciis xarisxis monacemebs  Soris Sedgenili statistikuri 
damokidebulebis grafikuli asaxva 
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3.6. manqanis zeTisa da Txevadi cximis eqsperimentulad  

dakvirvebul monacemTa Sesadarebeli amonakrebebis  

Semowmeba normalur ganawilebaze 

 

manqanis zeTisa da Txevadi cximis eqsperimentulad dakvirve-

bul monacemTa saanalizo sawyisi rigebi moyvanilia cxr. 3.9-Si, 

xolo am monacemTa mixedviT Sedgenili ranJirebuli rigebi – 

cxr. 3.10-Si. eqsperimentul dakvirvebaTa moculoba ar aRemateba 

14-s (n=14), amitom am monacemebis safuZvelze SesaZlebelia 

mxolod normaluri ganawilebis kanonis daSvebis hipoTezis Se-

mowmeba araparametruli statistikis kriteriumis gamoyenebiT. 

aRniSnuli daSvebis Semowmeba SesaZlebelia van-der-vardenis 

X kriteriumis gamoyenebiT. Ees kriteriumi miekuTvneba ranguli 

kriteriumebis jgufs da mas iyeneben nulovani hipotezis 

Sesamowmeblad Sesadarebel amonakrebTa rigebis analizis safuZ-

velze [68]. van-der- vardenis X kriteriumis mixedviT gaangariSebis 

procedura mdgomareobs SemdegSi:  

● Sesadarebel n1 da n2 moculobis amonakrebTa rigebi lagdeba 

zrdis mixedviT saerTo ranJirebul N= (n1 + n2 ) rigSi;  

● Semdeg ranJirebili N rigis TiToeul wevrs mianiWeben 

rigiT nomers anu R rangs; 

● erT-erTi amonakrebis Sesadarebeli rigis monacemebis 

mixedviT ganisazRvreba R/(N+1), sadac (N+1)= n1+ n2+ 1 ; 

● R/(N+1) mniSvnelobebis mixedviT (vTqvaT 1-cali amonakrebis 

mixedviT) [68] IX cxrilis danarTis mixedviT ganisazRvreba 

Ψ[R/(N+1)] funqciis mniSvnelobebi TiToeuli R/(N+1); 

● SedegSi miiReba Xfaqt= ∑Ψ[R/(N+1)], romelic Sedarebul 

iqneba van-der-vardenis Xst kriteriumis cxrilur mniSvnelo-

basTan [1, danarTi cxrili X]. amasTan cxrili dagraduirebulia 

5%-iani da 1%-iani statistikuri sarwmunoebis donis Sesabamisad. 

● nulovani hipoTeza an Xfaqt≤Xst. Kdamakmayofilebelia maSin 

rodesac Sesadarebeli amonakrebebis rigebi miekuTvnebian saerTo 
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generalur dajgufebas erTnairi normaluri ganawilebis 

kanoniT. sxva SemTxvevaSi nulovani hipoteza ukugdebul iqneba. 

gaangariSebis procedura da Sedegi Txevad cximze eqsperimen-

tulad dakvirvebul monacemTa Sesadarebeli amonakrebebis Semow-

mebaze normaluri ganawilebis hipoTezaze van-der-vardenis X ara-

parametruli ranguli kriteriumis safuZvelze moyvanilia cxr. A.  

aq  

∑Ψ [R/(N+1)= Xfaqt=3.47< Xst=4.68. 

miRebuli Sedegi ase ganisazRvreba: Txevadi cximis eqsperi-

mentulad dakvirvebul monacemTa Sesadarebeli amonakrebebis ri-

gebi (sawyisi (gafiltvramde) da saboloo (gafiltvris Semdeg)) 

miekuTvnebian erTian generalur rigs statistikuri sarwmunoebiT 

a=5%, centraluri Teoremis Tanaxmad miaxloebiT normaluri 

ganawilebis kanons Seesabameba. 

analogiurad igive SeiZleba iTqvas manqanis zeTzec da (cxr. 

B), sadac ∑Ψ[R/(N+1)=Xfaqt=4.5<Xst=4.6. anu manqanis zeTis eqsperi-

mentulad dakvirvebul monacemTa Sesadarebeli amonakrebebis ri-

gebi (sawyisi (gafiltvramde) da saboloo (gafiltvris Semdeg)) 

miekuTvnebian erTian generalur rigs statistikuri sarwmunoebiT 

a=5%, romelic zRvruli centraluri Teoremis Tanaxmad miaxlo-

ebiT normaluri ganawilebis kanons Seesabameba. 
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3.7. realur obieqtebze navTob- da cximSemcveli 

produqtebiT dabinZurebuli Camdinari wylebis gasawmendi 

mowyobilobis saeqsplutacio muSaobis pirobebis (teqnikur 

reglamentis), dasadgenad Catarebuli gamokvleva 

 

3.7.1. avtosamrecxaoebze, avtogasamarT sadgurebze da 

benzingasamarT sadgurebze Catarebuli gamokvleva 

 

kvlevis obieqtad SerCeul iqna q. TbilisSi ganTavsebuli 

avtosamrecxaoebi, avtogasamarTi sadgurebi da benzingasamarTi 

sadgurebi, saidanac miiReba navTobproduqtebiT (ZiriTadad 

manqanis da sapoxi zeTis narCenebi) dabinZurebuli Camdinari 

wylebi. Camdinari wylebi formirdeba ZiriTadad avtomanqanebis 

Zravebis da savali nawilebis gaumarTaobis gamo, romlebic 

miiReba maTi garecxvis Sedegad da Semdeg am wylebs yovelgvari 

gawmendis gareSe uSveben qalaqis wyalarinebis (kanalizaciis) 

qselebSi. es garemoeba bunebrivia iwvevs qalaqis Camdinari 

wylebis mTavari gamwmendi sadguris normaluri muSaobis 

reJimebis gadatvirTvas. 

gamokvleva Catarda vizualurad SerCeviT oboeqtebze: 

`visolis~ avtosamrecxao (md. mtkvris marjvena sanapiro) 

`lukoilis~ avtosamrecxao (dadianis prospeqti) da 

`rompetrolis~ avtosamrecxao (kostavas gamziri). gamokiTxva 

tardeboda specialistebTan gasaubrebiT Semdegi kiTxvebis 

mixedviT: ramdeni gasarecxi ganyofileba moqmedebs realurad? 

ramdeni msubuqi manqana irecxeba dReSi saSualod erT 

ganyofilebaSi? ramdeni dro sWirdeba manqanis garecxvas 

Zravianad da Zravis gareSe? ra diametris milia gamoyenebuli 

gasarecxi wylis miwodebaze. 

avtosamrecxaoebidan miRebuli Camdinar wylebSi 

navTobproduqtebis dabinZurebis raodenobis (kg/dRe-RameSi) 
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gansazRvris vizualuri gamokvlevis Sedegebi moyvanilia 

cxrilSi 3.29. 

vizualuri gamokiTxvebis Sedegad dadginda, rom saSualod 

dabinZurebis raodenoba erTi manqanis garecxvaze tovebs 3 gr 

zeTs, romlis gaTvaliswinebiT gaangariSebulia dabinZurebis 

raodenoba gr/dRe-RameSi mosuli avtosamrecxaoebidan (ix. 

cxrili 3.29). 

Tu davuSvebT, rom q. TbilisSi funqcionirebs aranakleb 200 

samrecxao da amdenive profilaqtikuri avtomomsaxurebis 

samsaxuri, maSin qalaqis sakanalizacio qselSi moxvedrili 

dabinZurebis saerTo raodenoba dRe-RameSi iqneba 

avtosamrecxaoebidan 8,8 kg, xolo avtoprofilaqtikebidan _ 200 

kg (manqanis nawilebis garecxvaze gaxarjuli 10 litri benzini 

an navTis SemTxvevaSi 

 

restornebSi Catarebuli vizualuri gamokvleva 

  

kvlevis obieqtebad SerCeul iqna q. Tbilisisa da q. mcxeTis 

rigi obieqtebi: restorani “qiziyi” q. TbilisSi (aRmaSeneblis 

xeivani) restorani “mcxeTa” q. mcxeTaSi da restorani “fortuna” 

q. TbilisSi (aRmaSeneblis xeivani). CaiTvala, rom es obieqtebi 

teqnologiurad msgavsi reJimiT funqcionireben.  

es restornebi warmoadgenen qalaqis wyalarinebis 

(kanalizaciis) qselebis cximSemcveli produqtebiT dabinZurebis 

wyaroebs. maTgan miRebuli Camdinari wylebi yovelgvari 

gawmendis gareSe CaiSveba qalaqis erTian qselebis sistemaSi. Ees 

garemoeba qmnis qalaqis Camdinari wylebis mTavari gamwmendi 

sadguris (gardabnis gamwmendi sadguris) funqcionirebis 

normaluri reJimebis forsirebas. cxadia, SemoTavazebuli 

Camdinar wylebSi arsebuli cximSemcveli produqtebis 

lokalurad daWera gasawmendi mowyobilobiT iZleva 

mniSvnelovan ekologiur efeqts. 
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Tavad es Camdinari wylebi binZurdeba restornis muSaobis 

procesSi gadaRvrili da WurWlis garecxviT warmoqmnili cxime-

biT, romlebic uSualod Caedineba wyalarinebis sistemaSi. 

restornebidan miRebul Camdinar wylebSi cximSemcveli 

produqtebiT dabinZurebis raodenobis vizualuri gamokvlevis 

Sedegi moyvanilia cxr. B-Si.  

Tu davuSvebT rom TbilisSi restornebisa da sazogadoe-

brivi kvebis obieqtebis farTo qseli funqcionirebs (aranaklebi 

2500 obieqtisa) maSin dabinZurebis is raodenoba, romelic xvdeba 

qalaqis sakanalizacio qselSi Sefasdeba 3000l/dReRameSi (erT 

obieqtze) 1.5l dabinZurebis miRebis SemTxvevaSi. 
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Tavi 4. navTob- da cximSemcveli Camdinari wylebis 

dabinZurebis xarisxis Sefaseba, prognozireba da  

RonisZiebebi wyalarinebis sistemis ekologiuri  

usafrTxoebis uzrunvelsayofad 

  

4.1. sameurneo sayofacxovrebo Camdinari wylebis  

dabinZurebis xarisxis Sefasebisa da prognozirebis 

deskrifciuli tipis modelebis ageba 

 

zedapiruli wylis obieqtebis ekosistemis normaluri 

sanitarul-higienuri pirobebis dacva udidesi erovnuli mniSvne-

lobis amocanaa [45-46]. am SemTxvevaSi TiToeuli gansaxilveli 

wylis ekosistema moiazreba, rogorc rTuli sistema [47], radgan 

wyali gamoiyeneba mravali daniSnulebiT: hidroenergetikis, 

wyalmomaragebis, wyalarinebis (kanalizaciis), organicaziis, 

rekriaciis, Tevzsameurneo da sxva kompleqsuri daniSnulebiT. 

aqedan gamomdinare, udidesi mniSvneloba eniWeba sameurneo-

sayofacxovrebo Camdinari wylebis xarisxis Sefasebisa da 

prognozirebis deskrifciuli modelebis Sedgenas, romelTa 

saSualebiT SesaZlebeli iqneba (evrosabWos 91/271/EEC direqtivis 

moTxovnaTa Sesabamisad) wylis xarisxis Sefaseba da progno-

zireba zedapiruli wylis obieqtebSi CaSvebamde. 

evrosabWos direqtivis 91/27/EEC Tanaxmad, romelic Seexeba 

municipaluri kanalizaciis Camdinari wylebis gawmendas, 

nebismieri saxis sameurneo-sayofacxovrebo Camdinari wylebi 

qalaqebisa da dasaxlebuli adgilebis teritoriebidan unda 

Segrovdes da gamwmend sadgurebSi gaiwmindos zedapiruli wylis 

obieqtebSi maT CaSvebamde. cnobilia zedapirul wylebSi 

Camdinari wylebis CaSvebis standartebi (cxr. 4.1).  

Cven mier ganzogadda arsebuli standartebi Camdinari wyle-

bis CaSvebaze zedapirul wylebSi, sxvadasxva qveynis SemTxvevaSi. 

4.1. cxrilis Sesabamisad moyvanili es standartebi Seicavs 

damabinZurebel nivTierebaTa zRvrulad CasaSveb koncentraciebs 
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(zdk-ml/l). me-9 grafaSi Cven mier sistematizebuli iqna 

alternatiuli SemTxveva, romelic rekomendebulad miviCnieT 

saqarTvelos pirobebSi gamosayeneblad.  

Sesabamisad, 4.2 cxrilSi moyvanilia Camdinari wylebis 

xarisxis Sefasebis SemoTavazebuli deskrifciuli tipis mode-

lebi, romlebic Sedgenilia zedapirul wylebSi maT CaSvebaze 

SemoTavazebuli variantis Sesabamisad (cxr. 4.1, me-9 grafa).  

deskrifciuli modelebis agebaSi gamoyenebul iqna 

subieqtur-kriteriuli Sefasebis meTodika [48-49]. es meTodika 

saSualebas iZleva calkeuli nivTierebis mixedviT samodelo 

damokidebulebis Sesabamisad (cxr. 4.2) ganisazRvros TiToeuli di 

(i→1,2,...,m), sadac di aRniSnavs nivTierebis dabinZurebis xarisxis 

diferenciul Sefasebas; (i=1,2,...,m) aris nivTierebaTa saerTo 

raodenoba. amave dros, di∈[0,1].  

aq d=0 Seesabameba xarisxobriv-kritikuli Sefasebis absolu-

turad miRebul mniSvnelobas, anu Camdinari wylis xarisxi Se-

fasdeba, rogorc Zalian dabinZurebuli, xolo d=1 Seesabameba 

nivTierebis zRvrulad dasaSveb koncentracias, anu am SemTxve-

vaSi SeiZleba Camdinari wylis wyalsatevSi CaSveba. modelebis 

Sesadgenad (cxr. 4.2) saWiro iyo TiToeuli gansaxilveli para-

metris cvalebadobis aris daniSvna. standartiT gansazRvruli 

zRvrulad dasaSvebi koncentraciebis mniSvnelobaTa Sesabamisad 

(ix. cxr. 4.2, grafa 3) Sedgenili modelebi (cxr. 4.2. grafa 4) 

zogadad asaxaven saanalizo nivTierebis rogorc cud, ise sxva 

xarisxobriv diferenciul Sefasebebs Semdegi skaluri grada-

ciebis Sesabamisad: Tu 0≤di<0,33, maSin aRiniSneba damabinZurebeli 

nivTierebis cudi xarisxobrivi mdgomareoba, 0,33≤di<0,67, maSin 

mdgomareoba CaiTvleba damakmayofileblad, xolo rodesac 

0,67≤di≤1, kargi mdgomareobaa. 
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standartebi Camdinari wylebis CaSvebaze zedapirul wylebSi 

cxrili 4.1 

zdk(mg/l) parametrebi 

S
ve
i-
c
ar

ia
 

ho
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d
ia
 

d
an
ia
 

av
s
t
r
ia
 

in
g
l
is

i 

ia
po

ni
a 

l
at

vi
a 

S
em
o
T
av
a 

z
eb

u
l
i 

Sewonili 

nawilakebi 

20 35 30 25 - - 15 50 

Jbm 20 10-20 20 20 - - 12 20 

Jbm dabali - - 75 - - 90 75 

saerTo P (PO4
-3) 0,3-0,8 1 1 2 - - 2,5 1,5 

saerTo N (NO3
 -) - 10 - - - - 2,5 12 

NO2
- (nitratebi) N 1 - - 1 - - 0,15 0,5 

NH4
+ (amoniumi) N 0,5 - 2 10 - - 8 2 

cianidi (CN-) 0,1 - 0,1 0,1 - - 0,1 0,1 

naSTi qlori - - 0,1 0,1 - - 0,1 0,1 

qloridebi (Cl-) - - - - - - 300 300 

sulfidi (H2S) 0,1 - - 0,1 1.0 - 0 0,5 

sulfatebi (SO4
-2) dabali - - - - - 500 200 

Cd (kadmiumi) 0,1 0,005 - 0,1 - - 0,02 0.05 

Cr (qromi saerTo) 2 0,05 0,2 0,5 - - 0,05 0,3 

Cu (spilenZi) 0,5 0,05 0,1 0,5 - 2,0 0,05 0,5 

Ni (nikeli) 2 0,05 0,2 0,5 1,0 - 0,1 0,5 

Pb (tyvia) 0,5 0,05 0,1 0,5 1,0 1,0 1,0 0,5 

Al (alumini) 10 - - 2 - - - 2,0 

Fe (rkina) 2 - - 2 - - 2 2,0 

Sn (kala) 2 - - 2 - - - 1,0 

Zn (TuTia) 2 0,05 0,5 2 - 5,0 0,05 0,5 

s.z.a.n. anionuri, 

araanionuri 

- 

- 

- 

- 
- 

- 
1,0 

- 
- 

- 
- 

- 
0,5 

2 
0.5 

1 
navTobproduqtebi 

(saerTo) 

- 0,1 - - - - 0,5 5,0 

fenolebi - - 0,2 0,1 - - 0,2 0,2 

cximebi, organuli 

zeTebi 

- - - - - - 5,0 5,0 
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Sedgenili deskrifciuli modelebi agebuli saqarTvelos 
pirobebisaTvis Camdinari wylebis CaSvebaze zedapirul wylebSi  

evrosabWos (91/271/EEC standarti) direqtivis Sesabamisad  

 cxrili 4.2 

# ingredient-
parametrebi 

parametris cvlilebis 
sasazRvro areebi 

deskrifciuli modeli 

1 Sewonili 
nawilakebi 

S.n.=52→d=0,2; 
S.n.=50→d=0,8 

dS.n.=exp[-exp(-50,9+0,988S.n.)] 

2 Jbm Jbm=22→d=0,2; 
Jbm=20→d=0,8 

dJbm.=exp[-exp(-21,26+0,988Jbm)] 

3 Jqm Jqm=77→d=0,2; 
Jqm=75→d=0,8 

dJqm.=exp[-exp(-75,6+0,988Jqmn.)] 

4 saerTo P(PO4
-3) PO4=1,7→d=0,2; 

PO4=1,5→d=0,8 
d

4po =exp[-exp(-16,32+0,988 4po )] 

5 saerTo N (NO4
-) NO3=14→d=0,2;  

NO3=12→d 0,8 
d

3NO
=exp[-exp(-13,356+988 3NO )] 

6 NO2
-
 (nitritebi) - 

N 
NO2=0,7→d -0,2;  
NO2=0,5 →d=0,8 d

2NO =exp[-exp(-6,44+9,88 2NO )] 

7 NH4
+ (amoniumi) NH4=2,2 →d=0,2; 

NH4=2→d=0,8 
d

4NH
=exp[-exp(-21,26+9,88 4NH )] 

8 cianidi (CN-) CN=0,15 →d=0,2; 
CN=0,1→d=0,8 

d
CN

=exp[-exp(-5,45+39,52 CN )] 

9 naSTi qlori nq=0,45→d=0,2; 
nq=0,4→d=0,8; 

dnq=exp[-exp(-17,308+39,52nq)] 

10 qloridebi (Cl-) Cl=305→d=0,2; 
Cl=300→d=0,8 

dcl=exp[-exp(-120+0,395cl)] 

11 sulfidi (H2S) H2S=0,55→d=0,2; 
H2S=0,5→d=0,8; 

d
2H S
=exp[-exp(-21,26+39,52 2H S )] 

12 sulfatebi (SO-2
4) SO-2

4=205→d=0,2SO-

2
4=200→d=0,8 

d 2
4SO− =exp[-exp(80,3+0,394 2

4
−SO )] 

13 Cd (kadmiumi) Cd=0,07→d=0,2 
Cd=0,05→d=0,8 

d Cd=exp[-exp(-6,44+98,8 Cd)] 

14 Cr (qromi saerTo) Cr=0,4→d=0,2 Cr=0,3→d=0,3 d Cr=exp[-exp(-7,428+19,76Cr)] 
15 Cu (spilenZi) Cu=0,6→d=0,2 

Cu=0,5→d=0,8 
d Cu=exp[-exp(-11,38+19,76 Cu)] 

16 Ni (nikeli) Ni=0,6→d=0,2 Ni=0,5→d=0,8 d Ni=exp[-exp(-11,38+19,76 Ni)] 
17 Pb (tyvia) Pb=0,6→d=0,2 

Pb=0,5→d=0,8 
d Pb=exp[-exp(-11,38+19,76 Pb)] 

18 Al (alumini) Al=0,6→d=0,2 Al=0,5→d=0,8 d Al=exp[-exp(-11,38+19,76 Al)] 
19 Fe (rkina) Fe=2,2→d=0,2 Fe=2→d=0,8 d Fe=exp[-exp(-21,26+9,88 Fe)] 
20 Zn (TuTia)  Zn=0,55→d=0,2 

Zn=0,5→d=0,8 
d Zn=exp[-exp(-21,26+39,52 Zn)] 

21 s.z.a.n. anionuri 
araanionuri 

s.z.a.n. an=0,55→d=0,2  
s.z.a.n. an=0,5→d=0,8 
s.z.a.n. araan=1,5→d=0,2  
 s.z.a.n. araan=1→d=0,8 

d s.z.a.n. an=exp[-exp(-21,26+39,52 
s.z.a.n. an)] 
d s.z.a.n. araan=exp[-exp(-
21,26+39,52 s.z.a.n. araan)] 

22 navTobproduqte-
bi saerTo) 

navT=0,55→d=0,2 
navT=0,5→d=0,8 

d navT=exp[-exp(-21,26+39,52 
navT)] 

23 fenolebi fen=0,55→d=0,2 
fen=0,5→d=0,8 

d fen=exp[-exp(-21,26+39,52 fen)] 

24 cximebi, orga-
nuli zeTebi) 

cx=0,55→d=0,2 
cx=0,5→d=0,8 

d cx=exp[-exp(-21,26+39,52 cx)] 
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amrigad, warmodgenili deskrifciuli modelebis saSualebiT 

(cxr. 4.2. grafa 4) SesaZlebelia ama Tu im qimiuri nivTierebiT 

(cxr. 4.2, grafa 2) dabinZurebis faqtiuri xarisxobrivi mdgo-

mareobis dadgena. calkeuli Sefasebebi asaxaven nivTierebaTa 

dabinZurebis mxolod diferenciul Sefasebebs, xolo integrire-

buli kritikuli Sefasebis gansazRvrisaTvis SeiZleba gamo-

yenebul iqnes [48-49], rogorc Semadgenel nivTierebaTa 

mniSvnelobebis saSualo geometriuli sidide:  

 
1

, 1, 2,...
m

m iD d i m= =∏ ,  (4.1) 

sadac Π namravlis aRebis niSania; rodesac=0, maSin integrire-

buli Sefaseba aRniSnavs wylis absoluturad miuRebel xarisxs, 

xolo rodesac D=1, maSin Camdinari wyali SeiZleba CaSvebul 

iqnes zedapiruli wylis obieqtebSi. aqac, iseve rogorc wina 

SemTxvevaSi, Sefasebis subieqtur-kriteriuli skala igive dar-

Ceba. kerZod, 0≤Di<0,33, cudi mdgomareoba; 0,33≤Di<0,67, _ damakmayo-

filebeli mdgomareoba; xolo 0,67≤Di≤1 _ kargi mdgomareoba. 

Sedgenili modelebis adekvaturobaze Semowmeba dasabuTda kom-

piuterul-programuli gaangariSebiT Matlab sistemaSi. 

 

 

4.2. navTob- da cximSemcveli produqtebiT dabinZurebuli 

sameurneo-sayofacxovrebo Camdinari wylebis gasawmendi 

mowyobiloba sxvadasxva daniSnulebis obieqtebze (avtosam-

recxaoebi, restornebi da sxv.) gamosayeneblad 

 

wyalsatevebis (mdinareebis, tbebis, wyalsacavebis da sxva 

obieqtebis) dabinZureba ZiriTadad ganpirobebulia samrewvelo 

sawarmoebis, sameurneo-sayofacxovrebo (komunaluri) da sxva 

saxis gauwmendavi Camdinari wylebis (agreTve, mimdebare terito-

riebis zedapiruli wylebis) CaSvebiT. damabinZurebel ingredien-

tebs Soris umTavresi adgili ukavia navTobproduqtebs, 
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fenolebs, advilad Jangvad organul nivTierebebs, spilenZis da 

TuTiis SenaerTebs, amoniumisa da nitritul azots, anilins da 

sxv. CamoTvlili nivTierebebidan erT-erT mniSvnelovan 

damabinZureblad moisazreba navTobproduqtebi [50], romelTa 

Warbi raodenoba zRvrulad dasaSvebi koncentraciis mixedviT 

gamousworebel zians ayenebs wylis ekosistemas (rogorc wyalm-

cenareuli, aseve Tevzsameurneo mniSvnelobiT). 

aqedan gamomdinare, udidesi ekologiuri mniSvneloba eniWeba 

aRniSnuli obieqtebis navTobproduqtebiT dabinZurebuli 

sameurneo-sayofacxovrebo Camdinari wylebis lokalur gawmendas 

qalaqis wyalarinebis qselebSi CaSvebamde. 

qalaqis wyalarinebis sistemaSi navTobproduqtebiT 

sameurneo-sayofacxovrebo Camdinari wylebis ZiriTad dabinZure-

bis keras qmnian avtosamrecxaoebi da analogiuri saxis 

obieqtebi, romlebic yovelgvari lokaluri gawmendis gareSe uS-

veben ganarecx wylebs qalaqis wyalarinebis qselebSi. Tu gaviT-

valiswinebT, saavtomobilo transportis zrdis ra tempebia 

dRes, naTeli warmosadgenia is ziani, romelic mieyeneba am 

obieqtebis navTobproduqtebiT dabinZurebul Camdinari wylebis 

wyalsatevebs. Camdinari wylebSi navTobproduqtebis Semcveloba 

SeiZleba iyos 3.12-57.2 mg/dm3 (maSin, rodesac misi normatiuli 

maCvenebeli ar unda aRematebodes 0.3 mgl-s) [51]. amitom es wylebi 

(sanitarul-higienuri moTxovnebis Sesabamisad) qalaqis wya-

larinebis qselebSi CaSvebamde saWiroeben aucilebel lokalur 

gawmendas. aRniSnuli tipis obieqtebisaTvis, navTobproduqtebiT 

dabinZurebuli Camdinari wylebis gawmendis mizniT, SemuSavebu-

lia “sameurneo-sayofacxovrebo Camdinari wylebis gasawmendi 

mowyobiloba” [52], romlis danergva efeqturia praqtikulad 

yvela avtosamrecxaosa da sxva obieqtebisaTvis. SemoTavazebuli 

konstruqcia gamartivebulia arsebul standartul mowyo-

bilobebTan SedarebiT, ikavebs gacilebiT nakleb farTobs (arau-

metes 1.5 m2-sa) da gamosayeneblad praqtikuli da mosaxerxebelia. 

Aamave dros, am mowyobilobis damzadeba da eqspluatacia ar 
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iTxovs did danaxarjebs, saerTod ar saWiroebs eleqtroenergiis 

gamoyenebas. esEmowyobiloba kompaqturia da aRWurvilia Sesabam-

isi filtriT, romlis meSveobiT xdeba masSi gamavali sameurneo- 

Camdinari wylebis nakadidan navTobproduqtebis daWera (ix. nax 1, 

2). filtris Semvsebad rekomendebulia gamoyenebul iqnas per-

liti, romelic Cveni gamokvlevebiT sxva masalebTan SedarebiT 

gamoirCeva maRalsorbciuli TvisebebiT, moipoveba adgilobrivad 

da iafia. mowyobiloba muSaobs Camdinari wylis Semavali nakadis 

rogorc aRmavali (nax. 1), aseve daRmavali mimarTulebiT (nax. 2). 

orive SemTxvevaSi filtrSi gasuli Camdinari wylis masa 

adgilze tovebs navTobproduqtis narCenebs, xolo zRvrulad 

dasaSvebi koncentraciis Sesabamisad gawmendili wyali qalaqis 

wyalarinebis qselSi CaiSveba. 

 

nax. 4.1 
gamwmendi mowyobiloba nakadis aRmavali mimarTulebiT 

aRsaniSnavia mowyobilobis naklovani mxarec, kerZod, nage-

bobis kompaqturi moculobis gamo (40 m³/sT-ze meti gamta-

runarianobis SemTxvevaSi) safiltr Sres dasWirdeba Secvla-

ganaxleba, xolo naklebi gamtarunarianobis SemTxvevaSi ki ga-

rantirebulia SedarebiT normaluri eqspluatacia. amasTan, Tu 
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gaviTvaliswinebT, rom gamwmend mowyobilobas mimRebi safil-

travi Sre rekomendebuli safiltravi masaliT SeiZleba ramden-

ime hqondes, maSin mowyobilobis xangrZlivi eqspluatacia garan-

tirebuli iqneba.  

1-liNnax-is mixedviT Semomavali miliT 1 Camdinari wylis na-

kadi 2 Sedis marTkuTxa formis rezervuarSi 3, romelic as-

rulebs pirveladi saleqaris rols da romelSic fizikurad 

sruldeba myari mineraluri narevisa da Sewonili nawilakebis 

gamoleqva 4, rezervuaris 3 fskerze, xolo amotivtivebuli (ga-

mocalkevebuli) navTobproduqti an cximSemcveli produqti 

wylis nakadTan erTad filtrTan SemaerTebeli milis 5 saSu-

alebiT gadadis marTkuTxa formis filtrSi 9, romelSic fexe-

biT 6 CamontaJebulia safiltre Semvsebi 11 safiltro SriT 

Sevsebuli wvrilgisosiani (wvrilbadiani) avzi 8, romelic wylis 

nakadis Semosvlis mxridan daculia wyalgaumtari fariT 7 da 

romelSic wylis nakadi Sedis aRmavali mimarTulebiT (naxazze 

isrebiT naCvenebia wylis moZraobis aRmavali mimarTuleba). amis 

Semdeg safiltro avzis SreebSi rCeba daWerili navTobproduqti 

(an cximproduqti), xolo am ukanasknelidan wylis nakadi ga-

mavali miliT 10 transportirdeba qalaqis wyalarinebis qselSi. 

 

nax. 4.2 
a. gamwmendi mowyobiloba nakadis daRmavali mimarTulebiT 
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me-2 nax-is mixedviT Semomavali miliT 1 Camdinari wylis na-

kadi 2 Sedis marTkuTxa rezervuarSi 3, romelic asrulebs 

pirveladi saleqaris rols da romelSic fizikurad sruldeba 

myari mineraluri narevisa da Sewonili nawilakebis gamoleqva 4 

rezervuaris 3 fskerze, xolo amotivtivebuli (gamocalkevebuli) 

navTobproduqti an cximSemcveli produqti wylis nakadTan er-

Tad filtrTan SemaerTebeli milis 5 saSualebiT gadadis marT-

kuTxa formis filtrSi 9, romelSic fexebiT 6 CamontaJebulia 

safiltre Semvsebi 11, safiltre SriT Sevsebuli wvrilgisosiani 

(wvrilbadiani) avzi 8, romelSic wylis nakadi Sedis daRmavali 

mimarTulebiT (naxazze isrebiT naCvenebia wylis moZraobis daR-

mavali mimarTuleba) da romelSic gafiltvris Semdeg safiltro 

avzis SreebSi rCeba daWerili navTobproduqti (an cximSemcveli 

produqti), xolo am ukanasknelidan wylis nakadi gamavali 

miliT 10 transportirdeba qalaqis wyalarinebis qselSi. 

SemoTavazebuli mowyobilobis damontaJeba xelmisawvdomia 

zemoT aRniSnuli sxvadasxva daniSnulebis obieqtebis navTob-

produqtebiT dabinZurebuli Camdinari wylebis gasawmendad 

qalaqis wyalarinebis qselSi CaSvebamde [53]. 

1m³ Camdinari wylis gawmendis saorientacio dayvanili Rirebuleba 
cxrili 4.3 

 

Rirebuleba 

meTodi 
ganzomilebis 

erTeuli 
samSeneblo saeqsplu-

atacio 

dayvanili SeniSvna 

1. 

2. 

3. 

a) 

b) 

g) 

lari/m3 

lari/m3 

 

lari/m3 

lari/m3 

lari/m3 

1500 

2000 

 

1100 

1600 

880 

105 

78 

 

85 

55 

37 

255 

278 

 

195 

215 

125 
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nax. 4.3 
biogazis miRebis bioenergetikuli mowyobilobis teqnologiuri sqema 
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cxr. 4.3-is mixedviT 1m³ Camdinari wylis gawmendis dayvanili 

Rirebulebam gawmendis meTodebis mixedviT gviCvena, rom flo-

tacia 2.04 – jer meti jdeba perlitiT gawmendasTan SedarebiT, 

agreTve ozonireba 2.22 – jer meti Rirs vidre perlitiT gawmenda, 

klinoptiloliti 1.56 – jer meti, xolo gaaqtiurebuli naxSiris 

SemTxvevaSi – 1.72 – jer vidre perlitiT gawmenda. amrgad navTob  

da cximproduqtebiT dabinZurebuli wylebis gamenda SedarebiT 

ekonomiuria gawmendis aRniSnul meTodebTan SedarebiT. 

rac Seexeba navTob- da cximSemcveli produqtebiT dabinZu-

rebuli perlitis gamfiltravi Sris regeneracias da gadamuSave-

bas (utilizacias) Cvens mier rekomendebulia gamosayeneblad 

cnobili xerxebi:  

     _ navTobproduqtebiT dabinZurebuli perlitis masis gamo-

yeneba asfaltobetonis warmoebaSi, rogorc msubuqi konstru-

qciebis Seqmnis saSualeba.  

_  cximSemcveli produqtebiT dabinZurebuli perlitis masis 

regeneracia teqnologiurad iTvaliswinebs maRali temperaturis 

wyalSi mis pirvelad dalbobas da  amotivtivebuli cximebis 

daWeras, romelic gadamuSavebas eqvemdebareba specialur bio-

reaqtorSi (ekologiurad sufTa sawvavi biogazis – meTanis da 

sasuqebis miRebis mizniT). 

  

4.3. wyalarinebis sainJinro sistemebis  

funqcionirebis saeqspluatacio saimedoobis, ekologiuri  

usafrTxoebisa da riskis problemebi  

 

wyalmomarageba-wyalarinebis sistemebis element-nagebobebisa 

da mowyobilobebis funqcionirebis saeqspluatacio saimedoobis, 

usafrTxoebisa da riskis problemebis gadawyvetas momxmare-

belTa mier damyarebul wyliT uzrunvelyofis procesSi udidesi 

praqtikuli mniSvneloba eniWeba. aRniSnul konteqstSi Tu gaviT-

valiswinebT wyliT uzrunvelyofis procesis cvalebadobis 

arastacionalur xasiaTs, maSin wyalmomarageba-wyalarinebis 
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sainJinro sistemebis drosa da sivrceSi normaluri funqcioni-

rebis xarisxis SenarCuneba mniSvnelovnad iqneba damokidebuli 

aRniSnuli sistemis Semdgeni element-nagebobebisa da mowyo-

bilobebis saeqspluatacio saimedoobis, ekologiuri usafrTxoe-

bisa da riskis problemebis gadawyvetaze [54-60]. 

problemebis gadawyvetis ZiriTad aspeqtad moisazreba wyal-

momarageba-wyalarinebis sistemebis (rogorc teqnikuri siste-

mebis) element-nagebobebisa da mowyobilobebis saeqspluatacio 

saimedoobis, usafrTxoebisa da riskis uzrunvelyofis kompleq-

suri amocanis gadawyvetis SesaZlebloba saproeqto pirobebiT 

gaTvaliswinebuli saangariSo-maxasiaTebeli parametrebis mixed-

viT. amitom am sistemebis daproeqtebis stadiaze saeqspluatacio 

saimedoobis, usafrTxoebisa da riskis ganmsazRvreli saangariSo 

maxasiaTebeli parametrebis sidideebi, rogorc wesi, aRebuli 

unda iqnes normatiuli pirobebis Sesabamisad. aqve aRsaniSnavia 

is garemoebac, rom moqmedi normatiuli dokumentebi srulyofi-

lad ver iTvaliswineben aRniSnuli sistemebis saimedoobis, usa-

frTxoebisa da saangariSo riskis uzrunvelyofis rig sakiTxebs, 

kerZod saeqspluatacio procesebis modelirebasa da saeqsplua-

tacio-maxasiaTebeli parametrebis albaTuri gaangariSebis midgo-

mebs. bolo periodSi sainJinro sistemur usafrTxoebasa da 

"dasaSvebi" riskis faqtoris gamoyenebas saproeqto-normatiul 

dokumentebSi udides yuradRebas uTmoben. magaliTad, riskebis 

analizisa da marTvis sakiTxebSi, axali ekonomikuri pirobebis 

gaTvaliswinebiT, iyeneben albaTur midgomas sainJinro sisteme-

bis darCenili resursis gansazRvrisaTvis [61-62]. 

zogadad milsadenebis sistemebis funqcionirebis saimedoo-

bis sakiTxebi, maTi normaluri eqspluataciisa da seismur-

eqstremalur situaciebSi funqcionirebis pirobebSi, ganxilulia 

[63-67]-Si, sadac am elementebis saimedoobis, usafrTxoebisa da 

riskis uzrunvelyofa daproeqtebis stadiaze gadawyvetilia rez-

ervirebisa da dublirebis sakiTxebis gaTvaliswinebiT. magram 

unda aRiniSnos rom, sakvlevi problema jer kidev srulyofilad 

araa gadawyvetili. 
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nax. 4.4. teqnogenuri riskis analizis blok-sqema 
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wyalmomarageba-wyalarinebis element-nagebobebisa da mowyo-

bilobebis saeqspluatacio saimedoobis, ekologiuri usafrTxoe-

bisa da riskis sakvlevi problema kompleqsuria da igi Sedgeba 

rigi qveproblemebisagan, romelTa gadasawyvetad rekomendebulia 

gamoyenebul iqnas sistemuri midgoma. nax.-ze moyvanilia teqno-

genuri riskis analizis konceptualuri safuZveli, warmodge-

nili blok-sqemis saxiT (nax. 4.3.). 

amave dros, R riskad moiazreba konstruqciuli H riskis da 

Y zaralis namravli, (R=H·Y) romelic gamowveulia gansaxilveli 

konstruqciis rRveviT, anu Tu adgili eqneba ramdenime i 

arasasurvel movlenas sxvadasxva Hi albaTobiTa da maTi Sesa-

bamisi Yi zaraliT [59]: 

 R=ΣHiYi ,  (4.2) 

konstruqciis mdgomareobis amsaxveli X SemTxveviTi proce-

sis albaTobis gamosvlas Ω dasaSvebi mdgomareobebis aredan 

romelic Caiwereba g(x)=0 zRvruli mdgomareobis gantolebiT, 

ewodeba konstruqciuli riski [59]: 

 H(t)=1-P{X(t) ε Ω; tε{tκ,(t)}, (4.3) 

sadac tκ - konstruqciis kontrolis droa, maSin T darCenili dro-

is daniSvnis gadawyvetilebis wesi, rigiTi kontrolis an inspeqti-

rebis drois mixedviT,SeiZleba Caiweros Semdegi utolobis saxiT: 

 k k xH(t T | t ) H ,+ <   (4.4) 

sadac Hx aris konstruqciuli riskis zRvrulad dasaSvebi 

sidide.  

aRsaniSnavia, rom realuri sistemebis element-nagebobebisa da 

mowyobilobebis rogorc funqcionirebis xarisxis maxasiaTebeli 

parametrebis (saeqpluatacio saimedooba, usafrTxoeba, riski), ase-

ve masalebis maxasiaTebeli parametrebi kompleqsurad warmod-

genil unda iqnes albaTuri SemTxveviTi sidideebis saxiT, ro-



 150

melTa ganawilebis kanonebi unda dadgindes makroeqsperimentebis 

CatarebiT. am SemTxvevaSi konstruqciebis datvirTvis monacemebi 

mogvcems zRvrulad dasaSvebi datvirTvebis, rogorc t drois 

funqciis gaTvaliswinebis saSualebas. Aam mizniT mizanSewonili 

iqneba albaTobis Teoriis maTematikuri aparatis gamoyeneba, ker-

Zod, monte-karlos statistikuri gamocdis meTodi, romelic sak-

vlevi problemis gadawyvetis sakmaris safuZvels iZleva.  
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daskvna 

 

naSromSi sistemuri midgomis safuZvelze gadawyvetilia 

sainJinro amocana “navTob- da cximSemcveli Camdinari wylebis 

gawmendis efeqturi meTodis SemuSaveba aqtiuri gamfiltravi 

qimiuri masalebis gamoyenebiT” kerZod: 

1. sakvlevi problema adamianTa janmrTelobis, ekologiuri 

usafrTxoebisa da garemos dacvis ganxriT, erovnuli usa-

frTxoebis uzrunvelyofis sainJinro amocanaTa klass gane-

kuTvneba, ris gamoc misi gadawyveta aqtualuri da droulia. 

2. SemuSavda navTob- da cximSemcveli produqtebiT 

dabinZurebuli sameurneo-sayofacxovrebo Camdinari wylebis gaw-

mendis efeqturi meTodi, romelic emyareba qimiuri adsorbente-

bis samecniero-eqsperimentul kvlevebs, kerZod: 

_ adsorbentebis (klinoptiloliti, ordeniti, Sabaziti, 

erioniti da sxv.) jgufidan navTob- da cximSemcveli Camdinari 

wylebis gasawmendad samecniero-eqsperimentuli kvlevebis safuZ-

velze SeirCa aqtiur gamfiltrav qimiur masalad Termulad da-

muSavebuli (afuebuli) perliti; 

_ samecniero-eqsperimentuli kvlevebiT dadginda aRniSnuli 

saxis Camdinari wylebis gawmendaSi perlitis masalis gamoyene-

bis maRalefeqturoba, ris gamoc es masala rekomendebul iqna 

avtosamrecxaoebis da sazogadoebrivi kvebis obieqtebis wylebis 

gasawmendad wyalarinebis qselebSi CaSvebamde. 

3. samecniero-eqsperimentuli kvlevebis safuZvelze dasabuT-

da qimiuri masalis _ perlitis gamoyeneba, xelovnurad aRebuli 

manqanis zeTiTa da Txevadi cximiT dabinZurebuli wylebis ga-

sawmendad:  

_ statistikur sarwmunoebaze dasabuTda eqsperimentul dak-

virvebaTa amonakrebis eqstremaluri mniSvnelobebis generaluri 

ganawilebisadmi maTi mikuTvnebadobis xarisxi. 

_ sakvlevi amonakrebebis statistikuri damuSavebis safuZ-

velze Sedgenil iqna sarwmuno regresiuli modelebi, romlebic 



 152

asaxaven perlitis gamoyenebis SesaZleblobas Camdinari wylebis 

gamfiltrav masalad sxvadasxva daniSnulebis obieqtebisaTvis. 

4. SemuSavebulia Camdinari wylebis dabinZurebis xarisxis 

Sefasebisa da prognozirebis deskrifciuli (aRweriTi) tipis 

modelebi zedapirul wyalsatevebSi (mdinareebi, tbebi da a.S) 

CaSvebis SemTxvevaSi evrosabWos (91/27 EEC) moTxovnebis Sesa-

bamisad zRvrulad dasaSvebi koncentraciebis mixedviT. 

5. SemuSavebulia unarCeno teqnologia navTob – da cximSem-

cveli produqtebiT dabinZurebuli Camdinari wylebis regenera-

cia – utilizaciis sakiTxebSi, kerZod:  

_ rekomendebulia navTobproduqtebiT dabinZurebul Camdi-

nar wylebSi arsebuli Sewonili nawilakebiT gajerebuli (daW-

erili) perlitis Sris masis gamoyeneba asfaltobetonebSi 

(msubuqi saxis gadaxurvis filebSi, SenobaTa tixrebSi da sxv.) 

gamosayeneblad; 

_ rekonemdebulia cximSemcveli produqtebiT dabinZurebul 

Camdinar wylebSi arsebuli Sewonili nawilakebiT gajerebuli 

(daWerili) cximis cxel wyalSi pirveladi dalboba, amotivtive-

buli cximis masis daWera da gadamuSaveba bioreaqtorSi ekolo-

giurad sufTa sawvavi gazi meTanisa da sasoflo – sameurneo 

daniSnulebis sasuqebis misaRebad; 

6.  gansazRvrulia 1m³ navTob – da cximSemcveli produqte-

biT dabinZurebuli Camdinari wylis gawmendis dayvanili Rire-

buleba afuebuli perlitis gamfiltravi masalis mixedviT, ro-

melic am wylebis gawmendis sxva xerxebTan (flotacia, ozoni-

reba da sxv.) SedarebiT ekonomiuri aRmoCnda 1.56-2.2 – jer, amave 

dros disertantis mier SemoTavazebuli gamwmendi mowyobilobis 

montaJi lokalurad moxerxebulia avtosamrecxaoebis, restorne-

bis da sxva obieqtebis Camdinari wylebis mimReb sakanalizacio 

WebSi, rac sxva gamwmendi nagebobebis CanacvlebiT ver xerxdeba 

maTi didi gabarituli zomebis gamo. 

7. Semowmda hipoTeza, romlis Tanaxmad manqanis siTze da 

Txevad cximze eqsperimentulad dakvirvebul monacemTa mixedviT 
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Sedgenili zrdadi ranJirebuli rigi (n=24), 5%-iani statistikuri 

sarwmunoebiT miekuTvneba erTian generalur rigs da van-der-

vardenis araparametruli statistikis X kriteriumis Sesabamisad 

ganawilebulia miaxloebiT normaluri kanoniT (kerZod, manqanis 

zeTisaTvis - [ /( ) , , ]R N X Xψ + = = < =∑ faqt st1 3 47 4 68    da Txevadi 

cximisaTvis - [ /( ) , , ]R N X Xψ + = = < =∑ faqt st1 4 5 4 6 ), rac Catarebuli 

eqsperimentuli dakvirvebebis saiJinro gamoyenebis misaReb 

sarwmunoebaze metyvelebs. 

8. SemuSavebul RonisZiebaTa kompleqsis ganxorcielebiT av-

tosamrecxaoebsa da sxva sazogadoebrivi kvebis obieqtebze, 

mniSvnelovnad gaumjobesdeba saqarTvelos qalaqebis Camdinari 

wylebis xarisxi wyalsatevebSi (mdinareebi, tbebi da sxv.) maT 

CaSvebamde (q. Tbilisis pirobebSi ki miiRweva gardabnis Camdi-

nari wylebis gamwmendi sadguris muSaobis reglamentisa da md. 

mtkvris ekosistemis gaumjobeseba). 
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