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myarimyari narCenebisnarCenebis marTvamarTva    warmoadgenswarmoadgens mzardmzard garemosdacviTgaremosdacviT dada finansurfinansur prob-prob-

lemaslemas    yvelayvela ganviTarebadganviTarebad qveyanaSi,qveyanaSi, maTmaT SorisSoris saqarTveloSicsaqarTveloSic. . qveyanaSiqveyanaSi dReisaTvisdReisaTvis 
narCenebisnarCenebis ganTavsebaganTavseba tradiciuladtradiciulad nagavsayrelebzenagavsayrelebze xdeba,xdeba, TumcaTumca arsebobsarsebobs narCe-narCe-

nebisnebis marTvismarTvis saerTaSorisosaerTaSoriso gamocdileba,gamocdileba,    racrac moicavsmoicavs    narCenebisnarCenebis gadamuSavebisgadamuSavebis sx-sx-

vadasxvavadasxva teqnologiasteqnologias. . 
winamdebarewinamdebare dokumentSidokumentSi warmodgeniliawarmodgenilia nagavsayrelzenagavsayrelze narCenebisnarCenebis ganTavsebisganTavsebis al-al-

ternatiuliternatiuli gzagza -  - narCenebisnarCenebis    gadamuSavebisgadamuSavebis yvelazeyvelaze gavrcelebulgavrcelebul teqnologiebiteqnologiebi    dada 
maTimaTi saqarTveloSisaqarTveloSi gamoyenebisgamoyenebis SesaZleblobisSesaZleblobis analizi,analizi, kerZodkerZod:

• • biologiuribiologiuri gadamuSavebagadamuSaveba ( (kompostireba,kompostireba, anaerobulianaerobuli degradacia,degradacia, meqanikurmeqanikur-   -   
biologiuribiologiuri gadamuSavebagadamuSaveba););

• • narCenebisnarCenebis energiadenergiad aRdgenaaRdgena  (  (narCenebisnarCenebis insineraciainsineracia););
• • narCenebisnarCenebis gadamuSavebisgadamuSavebis pirolizispirolizis sistemasistema.

narCenebis gadamuSavebis (utilizaciis) meTodebi

zemoaRniSnulizemoaRniSnuli meTodebismeTodebis gamoyenebagamoyeneba uzrunvelyofsuzrunvelyofs sanitarulisanitaruli nagavsayrelebisnagavsayrelebis    
farTobisfarTobis dazogvasadazogvasa dada misimisi gamoyenebisgamoyenebis periodisperiodis gaxangrZlivebasgaxangrZlivebas. . miuxedavadmiuxedavad imisa,imisa, 
romrom miwismiwis RirebulebaRirebuleba dada transportirebistransportirebis xarjebixarjebi SeiZlebaSeiZleba icvlebodesicvlebodes da,da, zogi-zogi-

erTerT SemTxvevaSi,SemTxvevaSi,    ZalianZalian maRalicmaRalic kiki iyos,iyos, sanitarulisanitaruli nagavsayrelebisnagavsayrelebis gamoyeneba,gamoyeneba, 
narCenebisnarCenebis gansaTavseblad,gansaTavseblad, dReisaTvisdReisaTvis iTvlebaiTvleba narCenebisnarCenebis marTvismarTvis yvelazeyvelaze iafiaf sa-sa-

SualSualebadebad.

narCenebis kompostirebanarCenebis kompostireba
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narCenebisnarCenebis biologiuribiologiuri gadamuSavebisgadamuSavebis sxvadasxvasxvadasxva sistemebissistemebis gamoyenebagamoyeneba mravalmraval aT-aT-

wleulswleuls iTvlisiTvlis. . amam mxrivmxriv aRsaniSnaviaaRsaniSnavia kompostirebakompostireba, romelicromelic dResacdResac efeqturefeqtur sa-sa-

SualebadSualebad iTvlebaiTvleba baRebisbaRebis/parkebisparkebis biomasisbiomasis ( (moxvetilimoxvetili foTlebifoTlebi dada xisxis totebistotebis 
gadanaWrebigadanaWrebi)  )  gadasamuSavebladgadasamuSaveblad.  .  municipalurimunicipaluri narCenebidannarCenebidan    biomasisbiomasis kompostirebakompostireba    
arar iTvlebaiTvleba mizanSewonilad,mizanSewonilad, vinaidanvinaidan miRebulimiRebuli kompostikomposti uxarisxoauxarisxoa dada misimisi gamo-gamo-

yenebayeneba arar SeiZlebaSeiZleba sasuqadsasuqad.

bolobolo wlebSi,wlebSi,    biologiuribiologiuri gadamuSavebisgadamuSavebis    koncefciakoncefcia ganixileba,ganixileba, rogorcrogorc meqani-meqani-

kur- biologiuri gadamuSavebakur- biologiuri gadamuSaveba (MBT) (MBT). . amam koncefciiskoncefciis qveSqveS erTiandebaerTiandeba:

• • sortirebissortirebis SedegadSedegad reciklirebadireciklirebadi narCenebinarCenebi;

• • narCenebisnarCenebis sawvavadsawvavad gamoyenebadigamoyenebadi fraqcia,fraqcia, sawarmoebissawarmoebis RumelebSiRumelebSi ( (cementiscementis 
warmoebawarmoeba););

• • kompostikomposti -  - dabalidabali xarisxisxarisxis kompostikomposti anuanu stabilizirebulistabilizirebuli narCeni,narCeni, romlisromlis 
ganTavsebaganTavseba usafrTxoausafrTxoa sanitarulsanitarul nagavsayrelzenagavsayrelze;

• • biogazibiogazi.

biogazisbiogazis      miRebismiRebis sistemebissistemebis ( (narCenebisnarCenebis anaerobulianaerobuli gadamuSavebagadamuSaveba - AD)  - AD) gamoy-gamoy-

eneba,eneba, municipalurimunicipaluri narCenebisnarCenebis gadasamuSaveblad,gadasamuSaveblad, SedarebiTSedarebiT gviangvian iqnaiqna danergilidanergili. . 
didididi moculobismoculobis    gadamamuSavebelgadamamuSavebel sawarmoebSi,sawarmoebSi,    aRniSnuliaRniSnuli teqnologiisteqnologiis gamoyene-gamoyene-

basbas axlavsaxlavs operirebisoperirebis sirTulesirTule dada sakmaodsakmaod ZviriZviri teqnologiaa,teqnologiaa, TumcaTumca saqarTveloSisaqarTveloSi 
misimisi danergvadanergva SeiZlebaSeiZleba ganxilulganxilul iqnesiqnes meqanikurimeqanikuri sortirebissortirebis sawarmosTansawarmosTan integri-integri-

rebulirebuli formiTformiT.

biologiuri gadamuSaveba

biogazis gadamamuSavebelibiogazis gadamamuSavebeli
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biologiuribiologiuri gadamuSavebisgadamuSavebis ZiriTadiZiriTadi mimarTulebebiamimarTulebebia:

• • narCenebisnarCenebis kompostirebiskompostirebis fanjrulifanjruli meTodimeTodi -  - ZiriTadadZiriTadad gamoiyenebagamoiyeneba mwvanemwvane 
biomasisbiomasis kompostirebisaskompostirebisas RiaRia sivrceSi,sivrceSi, bunebrivibunebrivi ventilaciiTventilaciiT. . kompostiskompostis miRebismiRebis 
procesiprocesi xangrZliviaxangrZlivia dada amitomamitom gamoiyenebagamoiyeneba SedarebiTSedarebiT mciremcire raodenobisraodenobis baRebisabaRebisa 
dada parkebisparkebis sufTasufTa mwvanemwvane narCenebisnarCenebis gadasamuSavebladgadasamuSaveblad. . miRebulimiRebuli kompostikomposti maRalimaRali 
xarisxiTxarisxiT gamoirCevagamoirCeva. . aRniSnuliaRniSnuli narCenebisnarCenebis SedarebiTSedarebiT didididi raodenobisraodenobis gadasamuSave-gadasamuSave-

blad,blad, SeiZlebaSeiZleba xelovnurixelovnuri airaciisairaciis sistemissistemis gamoyenebagamoyeneba dada kompostirebiskompostirebis procesisprocesis 
daCqarebadaCqareba.

• • reaqtorSi kompostirebareaqtorSi kompostireba -  - narCenebisnarCenebis kompostirebiskompostirebis eses meTodimeTodi CqariaCqaria dada uke-uke-

TesadTesad xorcieldebaxorcieldeba arasasiamovnoarasasiamovno sunissunis kontrolikontroli. . aRniSnuliaRniSnuli teqnologiateqnologia SesaZle-SesaZle-

beliabelia gamoyenebulgamoyenebul iqnesiqnes Sereuli,Sereuli, wyarozewyaroze separirebuliseparirebuli biomasisbiomasis gadasamuSavebladgadasamuSaveblad.

SesaZlo variantebi

• • anaerobuli degradacia - anaerobuli degradacia - aRniSnuliaRniSnuli teqnologiisteqnologiis gamoyenebagamoyeneba mizanSewoniliamizanSewonilia 
organuliorganuli narCenebisnarCenebis maRalimaRali SemcvelobisSemcvelobis narCenebisnarCenebis gadasamuSavebladgadasamuSaveblad. . saboloosaboloo 
produqtsproduqts warmoadgenswarmoadgens biogazi,biogazi, romelicromelic ZiriTadadZiriTadad meTanisameTanisa dada naxSirorJangisnaxSirorJangis na-na-

reviarevia. . aRniSnuliaRniSnuli teqnologiisteqnologiis gamoyenebagamoyeneba mizanSewoniliamizanSewonilia efeqturiefeqturi meqanikurimeqanikuri sor-sor-

tirebisatirebisa dada organuliorganuli narCenebisnarCenebis    wyarozewyaroze separirebisseparirebis sistemebissistemebis danergvisdanergvis SemdgomSemdgom. . 

reaqtorSi kompostirebareaqtorSi kompostireba
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Sereuli mu-

). MBT- te-

process da naxSirorJangis gamoyofas.

susssusufTfTa garrrrrrererererererreerrrrrrr momooooomsusssusufTfTa garrrrrrrrererererrerrrr moooooom66666666666666666666666666666666666666666

SereuliSereuli mmmumuuuuuuum --mmmmuuuuuum --

). MBBBTBTBTBTBTBTBTBTBBBBBTTT--). MBBBBBBTBBTBTBTBBBBTTT-- teteteteteteteteetetettee--tetteteteteeeetetee--

ppprprocococccccccccccccccccccccccccceseee s daa nnaxSirorJangis gamoyofas.ccccccccccccccccccccccccese s daa nnaxSiro Jangis gamoyofas.pprprooocce s da naxSirorJangis gamo ofa

anaerobuli gadamuSavebis gadawyveta

Semavali procesi gamomavali procesi

sicocxlisunariani sicocxlisunariani 

naTesebinaTesebi

restornebis/sakvebis restornebis/sakvebis 

samrewvelo narCenebisamrewvelo narCenebi

nakelinakeli eleqtro-eleqtro-

 energia energia

biogazibiogazi

kompostikompostikanalizaciis kanalizaciis 

narCenebisagan gamwmendinarCenebisagan gamwmendi

xelaxla xelaxla 
gamoyenebuli wyaligamoyenebuli wyali

samrewvelo narCenebisamrewvelo narCenebi ganaxlebuli sawvavi

biosasuqibiosasuqi
organuli narCenebis gamoyofili wyaro/organuli narCenebis gamoyofili wyaro/

municipaluri myari narCenebimunicipaluri myari narCenebi

ggggggggggggggggggggggggggggggggggggggg

anaerobuli gadamuSavebaanaerobuli gadamuSaveba
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safexurisafexuri SesaZloSesaZlo elementebielementebi

meqanikurimeqanikuri
barabnulibarabnuli 

meTodimeTodi

ekranuliekranuli 
(statikuristatikuri anan 

vibraciiTvibraciiT)
magniturimagnituri ZabriseburiZabriseburi

xeliTxeliT 
gancalkevebagancalkeveba

airiTairiT 
klasifikaciaklasifikacia

infrawiTeliinfrawiTeli 
deteqciadeteqcia

safexurisafexuri SesaZloSesaZlo elementebielementebi

biologiuribiologiuri

kompostirebiskompostirebis 
RiaRia fanjrulifanjruli 

meTodimeTodi

saxlissaxlis 
pirobebSipirobebSi 

kompostirebakompostireba

daxurulidaxuruli 
kompo-kompo-

stirebastireba

daxurulidaxuruli 
kompostirebakompostireba 

danadgarSidanadgarSi

anaerobulianaerobuli 
degradaciadegradacia

infiltraciainfiltracia biobio-gaSrobagaSroba

aRsaniSnavia, rom Tu nagavsayrelze narCenebis gatanamde ar ganxorcielda nar-aRsaniSnavia, rom Tu nagavsayrelze narCenebis gatanamde ar ganxorcielda nar-

Cenebis stabilizaciis teqnologiis gamoyeneba, maSin organuli fraqciis degrada-Cenebis stabilizaciis teqnologiis gamoyeneba, maSin organuli fraqciis degrada-

cia sanitarul nagavsayrelze ganxorcieldeba anaerobul garemoSi da moxdeba nax-cia sanitarul nagavsayrelze ganxorcieldeba anaerobul garemoSi da moxdeba nax-

SirorJangTan  erTad meTanis gamoyofa da Sesabamisad, „saTburis gazebis“ emisiebis SirorJangTan  erTad meTanis gamoyofa da Sesabamisad, „saTburis gazebis“ emisiebis 

gazrda. narCenebis stabilizacia, anu aerobuli degradacia, uzrunvelyofs narCe-gazrda. narCenebis stabilizacia, anu aerobuli degradacia, uzrunvelyofs narCe-

nebis moculobis Semcirebasac. nebis moculobis Semcirebasac. 

cxrili #1.

MBT-MBT-Si gamoyenebuli meqanikur-biologiuri Si gamoyenebuli meqanikur-biologiuri 

gadamuSavebis tipiuri elementebigadamuSavebis tipiuri elementebi

suraTisuraTi #1. q. larnakas maRali teqnologiebis 1. q. larnakas maRali teqnologiebis 

meqanikur-biologiuri gadamuSavebis sawarmomeqanikur-biologiuri gadamuSavebis sawarmo
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cxrili #2.

N koncefciakoncefcia mizanimizani ZiriTadi komponentebiZiriTadi komponentebi

1

narCenebisnarCenebis 
stabilizaciastabilizacia 
nagavsayrelzenagavsayrelze 

gansaTavsebladgansaTavseblad

municipalurimunicipaluri myarimyari narCenebisnarCenebis 
biodegradirebisbiodegradirebis unarisunaris Semcireba,Semcireba,

reciklirebadireciklirebadi fraqciisfraqciis mciremcire nawilisnawilis 
aRdgenaaRdgena

meqanikurimeqanikuri damuSavebadamuSaveba.
aerobuliaerobuli kompostirebakompostireba.

2
kompostiskompostis    miRebamiReba 

municipalurimunicipaluri myarimyari 
narCenebisgannarCenebisgan

kompostisTviskompostisTvis gamoyenebuligamoyenebuli masalismasalis 
miRebamiReba

reciklirebadireciklirebadi fraqciisfraqciis mciremcire nawilisnawilis 
aRdgenaaRdgena

meqanikurimeqanikuri damuSavebadamuSaveba.
aerobuliaerobuli kompostirebakompostireba.

3

gamamdidrebeligamamdidrebeli 
masalismasalis miRebamiReba 

myarimyari municipalurimunicipaluri 
narCenebidannarCenebidan

kompostisaTviskompostisaTvis gamosayenebeligamosayenebeli masalismasalis 
miRebamiReba.

meqanikurimeqanikuri damuSavebadamuSaveba.
aerobuliaerobuli kompostirebakompostireba.

4
  narCenisgannarCenisgan miRebulimiRebuli 

sawvavisawvavi ( (RDFRDF)

insineratorebisaTisinsineratorebisaTis sawvavissawvavis miReba,miReba, 
aseveaseve reciklirebadireciklirebadi fraqciisfraqciis mciremcire 

nawilisnawilis aRdgenaaRdgena.

biologiuribiologiuri damuSavebadamuSaveba.
aerobuliaerobuli kompostirebakompostireba.

5
sawvavissawvavis miRebamiReba biobio 

gamoSroebisgamoSroebis meTodismeTodis 
gamoyenebiTgamoyenebiT

insineratorebisaTvisinsineratorebisaTvis sawvavissawvavis miReba,miReba, 
aseveaseve reciklirebadireciklirebadi fraqciisfraqciis mciremcire 

nawilisnawilis aRdgenaaRdgena.

meqanikurimeqanikuri damuSavebadamuSaveba.
biobio-gamoSrobagamoSroba

6 biogazisbiogazis miRebamiReba
biobio gazisgazis miReba,miReba, aseveaseve reciklirebadireciklirebadi 

fraqciisfraqciis mciremcire nawilisnawilis aRdgenaaRdgena.
meqanikurimeqanikuri damuSavebadamuSaveba.

anaerobulianaerobuli gadamuSavebagadamuSaveba.

7
biogazisabiogazisa dada niadagisniadagis 

gamamdidrebeligamamdidrebeli 
masalismasalis miRebamiReba

biogazisabiogazisa dada niadagisniadagis gamamdidrebeligamamdidrebeli 
masalismasalis miReba,miReba,

aseveaseve reciklirebadireciklirebadi fraqciisfraqciis mciremcire 
nawilisnawilis aRdgenaaRdgena.

meqanikurimeqanikuri damuSavebadamuSaveba.
aerobuliaerobuli kompostirebakompostireba.
anaerobulianaerobuli gadamuSavebagadamuSaveba

MBT MBT koncefciakoncefcia
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meqanikurmeqanikur-biologiuribiologiuri gadamuSavebiTgadamuSavebiT (MBT)  (MBT) SesaZlebeliaSesaZlebelia sawvavissawvavis miRebamiReba dada gada-gada-

muSavebamuSaveba. . amam meTodiTmeTodiT ZiriTadadZiriTadad miiRebamiiReba mSralimSrali narCenebi,narCenebi, paletebispaletebis saxiTsaxiT. MBT-. MBT-isis    
sawarmoebissawarmoebis miermier warmoebuliwarmoebuli sawvavissawvavis ZiriTadZiriTad momxmarebelsmomxmarebels warmoadgenswarmoadgens cementiscementis 
sawarmoebisawarmoebi.

sawvavis miReba meqanikur-biologiuri  (MBT)(MBT)  gadamuSavebiT

mniSvnelovania,mniSvnelovania, SeswavlilSeswavlil iqnasiqnas    arsebobsarsebobs TuTu araara paletebispaletebis sawvavadsawvavad gamoyenebisgamoyenebis 
saSualebasaSualeba bazarzebazarze. . cementiscementis sawarmoebisTvis,sawarmoebisTvis, narCenebisgannarCenebisgan miRebulimiRebuli sawvavissawvavis gam-gam-

oyenebaoyeneba savaldebuloasavaldebuloa    ganviTarebulganviTarebul qveynebSiqveynebSi.  .  saqarTveloSisaqarTveloSi arsebuliarsebuli cementiscementis 
mwarmoebelimwarmoebeli kompaniakompania  „  „haidelberghaidelberg cementicementi“, romelicromelic    warmoadgenswarmoadgens germanulgermanul kompa-kompa-

nias,nias, SesaZlebeliaSesaZlebelia ganxiluliganxiluli iqnesiqnes    potenciurpotenciur momxmarebeladmomxmarebelad. . 
cementiscementis sawarmoebisawarmoebi gamoiyenebengamoiyeneben sawvavadsawvavad aramartoaramarto MBT-is paletebs, aramed  is paletebs, aramed  

sakanalizacio  wylebis gamomSral naleqs da daqucmacebul Zvel saburavebs. narCe-sakanalizacio  wylebis gamomSral naleqs da daqucmacebul Zvel saburavebs. narCe-

nebi aseve SesaZlebelia gamoyenebuli iqnes inseneratorebSi sxva sawvavTan,  magali-nebi aseve SesaZlebelia gamoyenebuli iqnes inseneratorebSi sxva sawvavTan,  magali-

Tad, naxSirTan  erTad.Tad, naxSirTan  erTad.

meqanikur-biologiuri gadamamuSavebeli sawarmo
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narCenidan energiamde (insineracia)

insineracia warmoadgens narCenebis Termul damuSavebas.  insineracia moiTxovs insineracia warmoadgens narCenebis Termul damuSavebas.  insineracia moiTxovs 

did investicias da operirebisTvis did xarjs. amasTan insineraciis sawarmos aSene-did investicias da operirebisTvis did xarjs. amasTan insineraciis sawarmos aSene-

ba seriozul winaaRmdegobas warmoadgens mosaxleobisa da arasamTavrobo orga-ba seriozul winaaRmdegobas warmoadgens mosaxleobisa da arasamTavrobo orga-

nizaciebis mxridan,  radgan ganixileba rogorc, emisiebis, sunis, gamonabolqvis wya-nizaciebis mxridan,  radgan ganixileba rogorc, emisiebis, sunis, gamonabolqvis wya-

ro, Tumca dReisaTvis insineraciis teqnologia daixvewa da Seesabameba maRal gare-ro, Tumca dReisaTvis insineraciis teqnologia daixvewa da Seesabameba maRal gare-

mosdacviT standartebs da SesaZlebelia ganxiluli iqnas, rogorc energiis da/an mosdacviT standartebs da SesaZlebelia ganxiluli iqnas, rogorc energiis da/an 

siTbos miRebis wyaro.siTbos miRebis wyaro.

cxrilSi mocemulia da Sedarebulia emisiebi narCenebis insineratori sawarmodan cxrilSi mocemulia da Sedarebulia emisiebi narCenebis insineratori sawarmodan 

da cementis sawarmoebis Rumelebidan, sadac narCenebi gamoyenebulia Tanasawvavad.da cementis sawarmoebis Rumelebidan, sadac narCenebi gamoyenebulia Tanasawvavad.

cxrili #3.

evro standartebi narCenebis insineraciis SemTxvevaSievro standartebi narCenebis insineraciis SemTxvevaSi    

damabinZurebeli damabinZurebeli 

nivTierebanivTiereba
erTeulierTeuli

evro standarti evro standarti 

insineratorisTvis insineratorisTvis 

evro standarti evro standarti 

cementis sawarmos cementis sawarmos 

RumelebSi narCenis RumelebSi narCenis 

koinsineraciisTvis.koinsineraciisTvis.

mtverimtveri mgmg/N/N m3 1010 3030

HCIHCI mgmg/N/N m3 1010 1010

HFHF mgmg/N/N m3 1 1

SOSO2 mgmg/N/N m3 5050

NONOX mgmg/N/N m3 200200 500500

Cd+TICd+TI mgmg/N/N m3 0.050.05 0.050.05

HGHG mgmg/N/N m3 0.050.05 0.050.05

Sb+As+Pb+Cr+Sb+As+Pb+Cr+
Co+Cu+Mn+Ni+VCo+Cu+Mn+Ni+V

mgmg/N/N m3 0.50.5 0.50.5

dioqsinebidioqsinebi dada 
furanebifuranebi

ngng/N/N m3 0.10.1 0.10.1
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cxrili #4.

msoflio bankis mier rekomendebuli standartebi, narCenebis msoflio bankis mier rekomendebuli standartebi, narCenebis 

insineraciis SemTxvevaSi, SerCeul damabinZurebel nivTierebebzeinsineraciis SemTxvevaSi, SerCeul damabinZurebel nivTierebebze

damabinZurebeli damabinZurebeli 

nivTierebanivTiereba
erTeulierTeuli

emisiis sabaziso emisiis sabaziso 

standartistandarti

emisiis saSualo emisiis saSualo 

standartistandarti

emisiis emisiis 

SedarebiT maRali SedarebiT maRali 

standartistandarti

mtverimtveri mgmg/N/N m3 3030 3030 1010

HCIHCI mgmg/N/N m3 n.a.n.a. 5050 1010

HFHF mgmg/N/N m3 n.a.n.a. 2 1

SOSO2 mgmg/N/N m3 n.a.n.a. 300300 5050

NONOX mgmg/N/N m3 n.a.n.a. n.a.n.a. 200200

Cd+TICd+TI mgmg/N/N m3 n.a.n.a. n.a.n.a. 0.050.05

HgHg mgmg/N/N m3 n.a.n.a. n.a.n.a. 0.050.05

Hg+CdHg+Cd mgmg/N/N m3 n.a.n.a. 0.20.2 n.a.n.a.

Ni+AsNi+As mgmg/N/N m3 n.a.n.a. 1 n.a.n.a.

Pb+Cr+Cu+MnPb+Cr+Cu+Mn mgmg/N/N m3 n.a.n.a. 5 n.a.n.a.

Sb+As+Pb+Cr+Co+Cu+Sb+As+Pb+Cr+Co+Cu+
Mn+Ni+VMn+Ni+V

mgmg/N/N m3 n.a.n.a. n.a.n.a. 0.50.5

dioqsinebidioqsinebi dada 
furanebifuranebi

mgmg/N/N m3 n.a.n.a. n.a.n.a. 0.10.1

sayofacxovrebosayofacxovrebo narCenebisnarCenebis anan/dada msgavsimsgavsi narCenebisnarCenebis insineraciisinsineraciis SedegadSedegad narCe-narCe-

nebisnebis moculobamoculoba mcirdebamcirdeba 95 %- 95 %-iTiT. . energiisenergiis aRdgenaaRdgena SesaZlebeliaSesaZlebelia TburiTburi energiisenergiis 
saxiT,saxiT, aseveaseve SesaZlebeliaSesaZlebelia misimisi gardaqmnagardaqmna eleqtroenergiadeleqtroenergiad.

dReisaTvisdReisaTvis insineraciisinsineraciis teqnologiateqnologia warmoadgenswarmoadgens cxaurzecxaurze masismasis wvaswvas.  .  miRebulimiRebuli 
narCenebinarCenebi iyrebaiyreba bunkerSibunkerSi saidanacsaidanac xdebaxdeba maTimaTi gadatanagadatana insineratorSiinsineratorSi da,da, Sesabamis-Sesabamis-

ad,ad, wviswvis procesiprocesi mimdinareobsmimdinareobs RumelSiRumelSi. . insineraciisinsineraciis/wviswvis temperaturatemperatura meryeobsmeryeobs 950- 950-
1200°C. 1200°C. cxauricxauri iyofaiyofa samsam nawiladnawilad: : pirvelpirvel nawilSinawilSi xdebaxdeba narCenebisnarCenebis gamoSrobagamoSroba kedle-kedle-

bidanbidan gamosxivebisgamosxivebis saSualebiTsaSualebiT.  .  aqveaqve mimdinareobsmimdinareobs    wviswvis procesicprocesic;  ;  mesamemesame nawilSinawilSi 
xdebaxdeba narCenebisnarCenebis    srulisruli      wvawva dada warmoiqmnebawarmoiqmneba    RumelisRumelis fskerzefskerze ferfli,ferfli, romlisromlis 
gacivebisgacivebis SemdegSemdeg xdebaxdeba ferflidanferflidan metalebismetalebis amoRebaamoReba magnitiTmagnitiT.

wviswvis procesiprocesi    aseveaseve SesaZlebeliaSesaZlebelia ganxorieldesganxorieldes mduRaremduRare fenisfenis insinerator-insinerator-

Si,Si, sadacsadac procesiprocesi mimdinareobsmimdinareobs mduRaremduRare qviSaSiqviSaSi. . amam teqnologiasteqnologias aqvsaqvs dadebiTidadebiTi dada 
uaryofiTiuaryofiTi mxareebi,mxareebi, cxauriscxauris teqnologiasTanteqnologiasTan SedarebiT,SedarebiT,    TumcaTumca    evropaSievropaSi daaxloe-daaxloe-

biTbiT 90 %  90 % insineratorebSiinsineratorebSi gamoyenebuliagamoyenebulia masismasis wviswvis cxauriscxauris teqnologiateqnologia. . 
wviswvis procesisprocesis damTavrebisdamTavrebis    SemdegSemdeg mimdinareobsmimdinareobs miRebulimiRebuli    namwvinamwvi    airebisairebis    gacivebagaciveba 

dada gasufTavebagasufTaveba. . dReisaTvisdReisaTvis mniSvnelovnadmniSvnelovnad ganviTardaganviTarda namwvinamwvi airebisairebis gasufTavebisgasufTavebis 
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teqnologiateqnologia dada    SeesabamebaSeesabameba evrokavSirisevrokavSiris    uaxlesuaxles    standartebsstandartebs emisiebisemisiebis SesaxebSesaxeb. . 
gawmendisgawmendis sistemasistema    efuZnebaefuZneba mtvrismtvris mocilebasmocilebas filtrebisfiltrebis saSualebiT,saSualebiT, mJavamJava airebisairebis    
kiriskiris saSualebiTsaSualebiT mocilebas,mocilebas, azotisazotis oqsidebisoqsidebis    denitrifikaciiTdenitrifikaciiT mocilebasamocilebasa dada    di-di-

oqsinebisaoqsinebisa dada furanebisfuranebis gaaqtivebuligaaqtivebuli naxSirisnaxSiris saSualebiTsaSualebiT mocilebasmocilebas.
namwvinamwvi airebisairebis gawmendisgawmendis SedegadSedegad    miRebulimiRebuli narCeninarCeni    sakmaodsakmaod dabinZurebuliadabinZurebulia mZimemZime 

metalebiTmetalebiT dada saWiroasaWiroa misimisi ganTavsebaganTavseba saxifaTosaxifaTo narCenebisnarCenebis    nagavsayrelzenagavsayrelze.
fskerzefskerze dagrovilidagrovili ferfli,ferfli, gadamuSavebisgadamuSavebis Semdgom,Semdgom, metwilad,metwilad, gamoiyenebagamoiyeneba gzisgzis 

mSeneblobisTvis,mSeneblobisTvis, anan    gzisgzis dazianebulidazianebuli adgilebisadgilebis amosavsebad,amosavsebad,    rogorcrogorc xreSisxreSis Semcv-Semcv-

lelileli masala,masala, TumcaTumca arsebobsarsebobs garkveuligarkveuli SezRudvebi,SezRudvebi, fskerzefskerze dagrovilidagrovili ferflisferflis 
gamoyenebisgamoyenebis SemTxvevaSiSemTxvevaSi.  .  

suraTisuraTi #2. namwvi airebis gawmendis sistema2. namwvi airebis gawmendis sistema

narCenebidannarCenebidan aRdgeniliaRdgenili energiisenergiis gamoyenebagamoyeneba    damokidebuliadamokidebulia arsebuliarsebuli bazrisbazris 
moTxovnaze,moTxovnaze,    energomatarebelebisenergomatarebelebis mimarTmimarT ( (Tburi,Tburi, orTqlisorTqlis dada eleqtroeleqtro energiaenergia). ). 
myarimyari sayofacxovrebosayofacxovrebo narCenebisnarCenebis energiisenergiis wyarodwyarod gamoyenebisgamoyenebis variantebivariantebi mocemu-mocemu-

lialia №5  №5 cxrilSicxrilSi.

orTqliorTqli
kirikiri

wyaliwyali

HCl-HCl-
gamwmendigamwmendi

SOSO2-
gamwmendigamwmendi

zvinizvini

saTavsosaTavso
saTavsosaTavso

aqtiuriaqtiuri

naxSirbadis naxSirbadis 

sasilosesasilose

ormoormo

gifsisgifsis

sasilose sasilose 

ormoormo

gifsisgifsis

gadamuSavebagadamuSaveba

30%-iani30%-iani

hidro-hidro-

qlorisqloris

mJavamJava

HCl-HCl-
gadamuSavebagadamuSaveba

kiriskiris

gadamuSavebagadamuSaveba

Tbogamcvleli Tbogamcvleli 

sistemasistema

reciklire-reciklire-

bulibuli

aqtiuriaqtiuri

naxSirinaxSiri

re-re-

cirkura-cirkura-

ciis vinti-ciis vinti-

latorilatori

amiakisamiakis

wyaliwyali

orTqlisorTqlis

generatorigeneratori

boileri-boileri-

dan Cam-dan Cam-

oyrili oyrili 

nacarinacari

saTav-saTav-

sodan sodan 

Camoy-Camoy-

rili rili 

nacarinacari

fskerisfskeris

nacrisnacris

damuSavebadamuSaveba

narCeninarCeni
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cxrili #5.

myari sayofacxovrebo narCenebis gamoyeneba energiis wyarod myari sayofacxovrebo narCenebis gamoyeneba energiis wyarod 

sawyisi energiis sawyisi energiis 

wyarowyaro

miRebuli energia: miRebuli energia: 

siTbosa da elenergiis siTbosa da elenergiis 

kombinaciakombinacia

miRebuli energia: miRebuli energia: 

mxolod elenergia mxolod elenergia  

myarimyari  municipalurimunicipaluri  
narCeninarCeni  

100 %100 %

siTbosiTbo  60-65% 60-65%

elel energiaenergia 20-25% 20-25% elel energiaenergia  20-25%  20-25%

TviTmoxmarebaTviTmoxmareba 5% 5% TviTmoxmarebaTviTmoxmareba 5%5%

danakargidanakargi 10-15% 10-15% danakargidanakargi 65-70%65-70%

amdenad, energiis miReba/aRdgena  damokidebulia siTbos/orTqlis da elenergiis amdenad, energiis miReba/aRdgena  damokidebulia siTbos/orTqlis da elenergiis 

bazris xelmisawvdomobaze. miRebuli  siTbos (wylis gacxeleba)/orTqlis gamoiyene-bazris xelmisawvdomobaze. miRebuli  siTbos (wylis gacxeleba)/orTqlis gamoiyene-

ba SesaZlebelia iseT dasaxlebebSi, sadac xelmisawvdomia centralizebuli gaTbo-ba SesaZlebelia iseT dasaxlebebSi, sadac xelmisawvdomia centralizebuli gaTbo-

bis sistema  an sawarmoebi, romlebsac SeuZliaT gamoiyenon energiis amgvari formebi.bis sistema  an sawarmoebi, romlebsac SeuZliaT gamoiyenon energiis amgvari formebi.

narCenebis gadamuSavebis pirolizis sistema

pirolizi warmoadgens narCenebis Termuli damuSvebis process  Jangbadis  gareSe. pirolizi warmoadgens narCenebis Termuli damuSvebis process  Jangbadis  gareSe. 

garedan miwodebuli  Tburi energiis wyaro  gamoyenebulia endoTermuli reaqciis garedan miwodebuli  Tburi energiis wyaro  gamoyenebulia endoTermuli reaqciis 

ganxorcielebisaTvis. narCenebis organuli fraqcia  Termulad arastabiluria da, ganxorcielebisaTvis. narCenebis organuli fraqcia  Termulad arastabiluria da, 

Sesabamisad,  pirolizis procesis dros, mimdinareobs misi daSla gazisebr, Txevad da Sesabamisad,  pirolizis procesis dros, mimdinareobs misi daSla gazisebr, Txevad da 

myar fraqciebad, kerZod, miiReba Semdegi produqtebi:myar fraqciebad, kerZod, miiReba Semdegi produqtebi:

gazisebri fraqciagazisebri fraqcia  - H  - H2 2 (wyalbadiwyalbadi), CH CH4 ( (meTanimeTani), CO  CO dada CO CO2.
Txevadi fraqciaTxevadi fraqcia -  - ZmarmJavis,ZmarmJavis, acetonis,acetonis, meTanolismeTanolis ( (meTilismeTilis spirtispirti) ) dada naxSirwy-naxSirwy-

albadebisalbadebis narevianarevia. . aRniSnuliaRniSnuli narevidannarevidan maRalxarisxianimaRalxarisxiani sawvavissawvavis miReba,miReba, rogoricaarogoricaa 
evroevro dizeli,dizeli, damokidebuliadamokidebulia    SemdgomSemdgom teqnologiurteqnologiur procesze,procesze, racrac TavisTavadTavisTavad Zvi-Zvi-

radRirebulradRirebul teqnologiasteqnologias warmoadgenswarmoadgens. . 
myari fraqcia-myari fraqcia- sufTasufTa naxSirbadinaxSirbadi/naxSirinaxSiri dada inertuliinertuli masalamasala myarimyari narCenebidannarCenebidan.
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nebismierinebismieri teqnologiisteqnologiis danergvisdanergvis winapirobaswinapirobas warmoadgenswarmoadgens seqtorSiseqtorSi moqmedimoqmedi 
kanomdeblobakanomdebloba. . saqarTveloSisaqarTveloSi myarimyari narCenebisnarCenebis marTvismarTvis sferosfero regulirdebaregulirdeba    sakanon-sakanon-

mdeblomdeblo aqtebiT,aqtebiT, strategiulistrategiuli dokumentebiTadokumentebiTa dada narCenebisnarCenebis marTvismarTvis sferoSisferoSi qvey-qvey-

nisnis miermier aRebuliaRebuli saerTaSorisosaerTaSoriso valdebulebebiTvaldebulebebiT. . magaliTad,magaliTad, saqarTvelossaqarTvelos kanoniTkanoniT 
„garemos dacvis Sesaxeb“ „garemos dacvis Sesaxeb“  (1996 (1996, muxlimuxli 5)  5) garemosgaremos dacvisdacvis ZiriTadZiriTad principebad,principebad, sxvasxva 
principebTanprincipebTan erTad,erTad,    gansazRvruliagansazRvrulia: : 

a)")"narCenebisnarCenebis minimizaciisminimizaciis principiprincipi"- "- saqmianobissaqmianobis ganxorcielebisasganxorcielebisas upirate-upirate-

sobasoba eniWebaeniWeba iseTiseT teqnologias,teqnologias, romelicromelic uzrunvelyofsuzrunvelyofs narCenebisnarCenebis minimizaciasminimizacias;  ;  
b)")"reciklirebisreciklirebis principiprincipi" - " - saqmianobissaqmianobis ganxorcielebisasganxorcielebisas upiratesobaupiratesoba eniWebaeniWeba 
xelmeoredxelmeored gamoyenebadgamoyenebad anan gadamuSavebad,gadamuSavebad, biologiuradbiologiurad degradirebaddegradirebad anan garemosaT-garemosaT-

visvis uvnebladuvneblad daSladdaSlad nivTierebebs,nivTierebebs, masalebsmasalebs dada qimiurqimiur naerTebsnaerTebs.
amdenad,amdenad, narCenebisnarCenebis gadamuSavebisgadamuSavebis ( (utilizaciisutilizaciis) ) ganxiluliganxiluli    meTodebismeTodebis/teqnolo-teqnolo-

giebisgiebis danergvadanergva saqarTveloSisaqarTveloSi dakavSirebuliadakavSirebulia mniSvnelovanimniSvnelovani investiciebisinvesticiebis ganxor-ganxor-

cielebasTan,cielebasTan, moqmedimoqmedi kanonmdeblobisakanonmdeblobisa dada saerTaSorisosaerTaSoriso xelSekrulebisxelSekrulebis farglebSifarglebSi 
aRebuliaRebuli valdebulebebisvaldebulebebis    moTxovnebismoTxovnebis    SesrulebasTanSesrulebasTan.   .   

xaTuna CikvilaZexaTuna CikvilaZe

geografiul mecnierebaTa akademiuri doqtorigeografiul mecnierebaTa akademiuri doqtori

statia momzastatia momzadebuliadebulia

ucxour literaturaze dayrdnobiTucxour literaturaze dayrdnobiT

pirolizis sawarmo
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arakontrolirebadi nagavsayrelebi  da maTSi mimdinare 
zogierTi qimiuri da mikrobiologiuri procesebi

arakontrolirebadi nagavsayrelebi, maTi xangrZlivobis, mravalferovani Semad-arakontrolirebadi nagavsayrelebi, maTi xangrZlivobis, mravalferovani Semad-

genlobisa da  adgilmdebareobis gamo safrTxes uqmnian  garemos ekologiur stabi-genlobisa da  adgilmdebareobis gamo safrTxes uqmnian  garemos ekologiur stabi-

lurobas da Sesabamisad,  mosaxleobis jamrTelobas.lurobas da Sesabamisad,  mosaxleobis jamrTelobas.

 narCenebTan dakavSirebuli mTeli rigi epidemiologiuri problemebis gadasaW- narCenebTan dakavSirebuli mTeli rigi epidemiologiuri problemebis gadasaW-

relad, saWiroa bunebaSi arsebuli nagavsayrelebis sanitaruli da ekologiuri relad, saWiroa bunebaSi arsebuli nagavsayrelebis sanitaruli da ekologiuri 

monitoringis Catareba, rac gulisxmobs sruli suraTisa da obieqturi informaciis monitoringis Catareba, rac gulisxmobs sruli suraTisa da obieqturi informaciis 

miRebas maTi qimiuri da mikrobiologiuri Semadgenlobis, agreTve maTi mimdebare miRebas maTi qimiuri da mikrobiologiuri Semadgenlobis, agreTve maTi mimdebare 

teritoriebis mdgomareobis Sesaxeb. kvlevis Sedegebis  safuZvelze  dadgindeba  Tu teritoriebis mdgomareobis Sesaxeb. kvlevis Sedegebis  safuZvelze  dadgindeba  Tu 

ramdenad negatiurni SeiZleba aRmoCndnen isini adamianebis jamrTelobisaTvis.ramdenad negatiurni SeiZleba aRmoCndnen isini adamianebis jamrTelobisaTvis.

unda aRiniSnos, rom myari narCenebis fraqciuli Semadgenloba drois mixedviT gan-unda aRiniSnos, rom myari narCenebis fraqciuli Semadgenloba drois mixedviT gan-

icdis cvlilebebs. magaliTad: XX saukunisagan gansxvavebiT, rodesac narCenebis Ziri-icdis cvlilebebs. magaliTad: XX saukunisagan gansxvavebiT, rodesac narCenebis Ziri-

Tad Semadgenel nawils Seadgenda sakvebi narCenebi, dResdReobiT ukve madominireble-Tad Semadgenel nawils Seadgenda sakvebi narCenebi, dResdReobiT ukve madominireble-

bi xdebian iseTi komponentebi rogoricaa – qaRaldi, polimerebi, SuSa da sxva (sur.1).bi xdebian iseTi komponentebi rogoricaa – qaRaldi, polimerebi, SuSa da sxva (sur.1).

         zafxuli              Semodgoma        zamTari           gazafxuli

            sur. 1. narCenebis fraqciuli Semadgenloba sezonebis mixedviT            sur. 1. narCenebis fraqciuli Semadgenloba sezonebis mixedviT
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nagavsayrelebis saSualo qimiuri Semadgenlobac met-naklebad gansxvavebulia nagavsayrelebis saSualo qimiuri Semadgenlobac met-naklebad gansxvavebulia 

klimaturi zonebis mixedviT.klimaturi zonebis mixedviT.

cxrili #1.

nagavsayrelebis qimiuri Sedgeniloba klimaturi zonebis mixedviTnagavsayrelebis qimiuri Sedgeniloba klimaturi zonebis mixedviT

komponentebikomponentebi saSualo klimaturi zonasaSualo klimaturi zona samxreT klimaturi zonasamxreT klimaturi zona

organuli nivTierebebiorganuli nivTierebebi 56-7256-72 56-8056-80

mtverimtveri 28-4428-44 20-4420-44

saerTo azotisaerTo azoti 0.9-1.90.9-1.9 1.2-2.71.2-2.7

saerTo fosforisaerTo fosfori 0.5-0.80.5-0.8 0.5-0.80.5-0.8

saerTo naxSirbadisaerTo naxSirbadi 30-3530-35 28-3928-39

K 0.5-1.00.5-1.0 0.8-1.10.8-1.1

CaCa 2-32-3 4.0-5.74.0-5.7

mocemuli komponentebi (cxrili 1) xSirad Seicaven kancerogenul nivTierebebs, mocemuli komponentebi (cxrili 1) xSirad Seicaven kancerogenul nivTierebebs, 

romlebic TavisTavad uaryofiT  zegavlenas axdenen garemoze da mosaxleobis jamr-romlebic TavisTavad uaryofiT  zegavlenas axdenen garemoze da mosaxleobis jamr-

Telobaze. aqedan gamomdinare, saSiSi nivTierebebis Semcvelobebis mixedviT, zogi-Telobaze. aqedan gamomdinare, saSiSi nivTierebebis Semcvelobebis mixedviT, zogi-

erTi qveyana narCenebs aniWebs sxvadasxva klasifikacias (cxrili 2).erTi qveyana narCenebs aniWebs sxvadasxva klasifikacias (cxrili 2).
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cxrili #2.

klasifikaciaklasifikacia saSiSroebis xarisxisaSiSroebis xarisxi SemadgenlobaSemadgenloba

I  klasiI  klasi gansakuTrebiT saSiSigansakuTrebiT saSiSi
Hg, K-Hg, K-is is qromati,qromati,

K-K-is cianidiis cianidi

II klasiII klasi maRali saSiSroebis mqonemaRali saSiSroebis mqone CuCu--isa da isa da Pb-Pb-is is naerTebinaerTebi

IIIklasiIIIklasi zomierad saSiSizomierad saSiSi
oTxqloriani naxSirbadi, nikelis oTxqloriani naxSirbadi, nikelis 

qloridi, tyviis oqsidiqloridi, tyviis oqsidi

IV klasiIV klasi mcired saSiSimcired saSiSi
TuTiis naerTebi, fosfatebi, TuTiis naerTebi, fosfatebi, 

aminebiaminebi

V klasiV klasi praqtikulad arasaSiSipraqtikulad arasaSiSi ----------------------------------------------------------------

arakontrolirebad nagavsayrelebze zogjer SeiniSneba sxvadasxva tipis mcena-arakontrolirebad nagavsayrelebze zogjer SeiniSneba sxvadasxva tipis mcena-

reebi an sokoebi (sur. 2). isini iTviseben   niadagidan zogierTi komponentis moZrav reebi an sokoebi (sur. 2). isini iTviseben   niadagidan zogierTi komponentis moZrav 

formebs da aqedan gamomdinare,   aqtiurad monawileoben  niadagis TviTgawmendis formebs da aqedan gamomdinare,   aqtiurad monawileoben  niadagis TviTgawmendis 

procesSi. niadagSi damabinZureblebis  moZravi formebis arsebobas ki xels uwyo-procesSi. niadagSi damabinZureblebis  moZravi formebis arsebobas ki xels uwyo-

ben mikroorganizmebi, romlebic sakmaod mravlad arian nagavsayrelebis niadagebis ben mikroorganizmebi, romlebic sakmaod mravlad arian nagavsayrelebis niadagebis 

SemadgenlobaSi.SemadgenlobaSi.

sur. 2  nagavsayrelze amosuli balaxovani mcenare da sokosur. 2  nagavsayrelze amosuli balaxovani mcenare da soko

adamianis jamrTelobasa da garemoze negatiuri zemoqmedebis adamianis jamrTelobasa da garemoze negatiuri zemoqmedebis 

mixedviT nagavsayrelebis klasebad dayofamixedviT nagavsayrelebis klasebad dayofa
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suraTze warmodgenili soko da balaxovani mcenare amosulia honkongis mitove-suraTze warmodgenili soko da balaxovani mcenare amosulia honkongis mitove-

buli nagavsayrelis teritoriaze. analizis Sedegebma aCvenes, rom orive produqtSi buli nagavsayrelis teritoriaze. analizis Sedegebma aCvenes, rom orive produqtSi 

aris azotis maRali Semcveloba, rac ar aris gasakviri, radgan  am tipis niadagis sin-aris azotis maRali Semcveloba, rac ar aris gasakviri, radgan  am tipis niadagis sin-

jebSic aseve aRmoCnda azotis maRali Semcveloba.  eWvgareSea isic, rom maTSi aseve jebSic aseve aRmoCnda azotis maRali Semcveloba.  eWvgareSea isic, rom maTSi aseve 

iqneba zogierTi, maRali toqsikurobiT gamorCeuli, mZime liTonis maRali koncen-iqneba zogierTi, maRali toqsikurobiT gamorCeuli, mZime liTonis maRali koncen-

traciebic. rasakvirvelia, aseTi produqtebi saSiSia Sinauri cxovelebisaTvis. traciebic. rasakvirvelia, aseTi produqtebi saSiSia Sinauri cxovelebisaTvis. 

nagavsayrelebisa da maTi mimdebare teritoriebis niadagebi imdenad mdidar-nagavsayrelebisa da maTi mimdebare teritoriebis niadagebi imdenad mdidar-

ia azotis naerTebiT  (maTSi sakvebi fraqciis maRali Semcvelobidan gamomdinare), ia azotis naerTebiT  (maTSi sakvebi fraqciis maRali Semcvelobidan gamomdinare), 

rom mkvlevarTa azriT, isini SeiZleba gamoyenebul iqnen sasuqad mcenareebisaTvis. rom mkvlevarTa azriT, isini SeiZleba gamoyenebul iqnen sasuqad mcenareebisaTvis. 

amisaTvis ki saWiroa Tanamedrove teqnologiebis CarTva am procesebSi, raTa am tipis amisaTvis ki saWiroa Tanamedrove teqnologiebis CarTva am procesebSi, raTa am tipis 

niadagebi, srulyofilad Tu ara nawilobriv mainc, gawmendil iqnen saxifaTo narCe-niadagebi, srulyofilad Tu ara nawilobriv mainc, gawmendil iqnen saxifaTo narCe-

nebisagan. yuradsaRebia is faqti, rom dResdReobiT ukve miRebulia fiziologiuri nebisagan. yuradsaRebia is faqti, rom dResdReobiT ukve miRebulia fiziologiuri 

xsnarebi, romelTa meSveobiT SeiZleba mocemuli tipis niadagebis gamotutva dama-xsnarebi, romelTa meSveobiT SeiZleba mocemuli tipis niadagebis gamotutva dama-

binZureblebisagan, Tumca Sesafasebeli iqneba, uRirs Tu ara es qmedeba ama Tu im binZureblebisagan, Tumca Sesafasebeli iqneba, uRirs Tu ara es qmedeba ama Tu im 

qveyanas, finansuri TvalsazrisiT. unda aRiniSnos is faqtic, rom mocemul proble-qveyanas, finansuri TvalsazrisiT. unda aRiniSnos is faqtic, rom mocemul proble-

maze muSaoben mravali qveynis mowinave specialistebi.maze muSaoben mravali qveynis mowinave specialistebi.

miuxedavad imisa, rom baqteriebi aqtiur monawileobas iReben narCenebis orga-miuxedavad imisa, rom baqteriebi aqtiur monawileobas iReben narCenebis orga-

nuli fraqciebis destruqciis (daSlis) ganxorcielebaSi, mainc fragmentaluradaa nuli fraqciebis destruqciis (daSlis) ganxorcielebaSi, mainc fragmentaluradaa 

Seswavlili maTi, ase vTqvaT, qcevebi mocemul sistemaSi da ar aris saTanadoT Sefase-Seswavlili maTi, ase vTqvaT, qcevebi mocemul sistemaSi da ar aris saTanadoT Sefase-

buli mikroorganizmebis roli garemos dabinZurebis procesebSi. miuxedavad amisa, buli mikroorganizmebis roli garemos dabinZurebis procesebSi. miuxedavad amisa, 

zogierT qveyanaSi aqtiurad grZeldeba kvlevebi nagavsayrelebisa da maTi mimdebare zogierT qveyanaSi aqtiurad grZeldeba kvlevebi nagavsayrelebisa da maTi mimdebare 

teritoriebisaTvis damaxasiaTebeli paTogenuri baqteriebis garkveuli speqtris teritoriebisaTvis damaxasiaTebeli paTogenuri baqteriebis garkveuli speqtris 

garSemo. maTgan yuradsaRebia baqteriebis iseTi gram-uaryofiTi an gram-dadebiTi garSemo. maTgan yuradsaRebia baqteriebis iseTi gram-uaryofiTi an gram-dadebiTi 

saxeobebi, rogoricaa nawlavis Cxiri (saxeobebi, rogoricaa nawlavis Cxiri (E-coliE-coli), brucela (), brucela (brucellabrucella), salmonela (), salmonela (Salmonel-Salmonel-
lala), enterobaqteriebi (), enterobaqteriebi (EnterobacterEnterobacter) da sxva (ix. sur. 3).) da sxva (ix. sur. 3).

nawlavis CxiriT daavadebis cikli

gadacema Sinaur gadacema Sinaur 

cxovelebs Soriscxovelebs Soris

garemos, veluri bunebis, wylisa da garemos, veluri bunebis, wylisa da 

sasoflo-sameurneo miwebis dabinZurebasasoflo-sameurneo miwebis dabinZureba

gadacema cxovelidan adamianze gadacema cxovelidan adamianze 

(fermebSi sasaklaoebze, (fermebSi sasaklaoebze, 

bazrebze da a.S.)bazrebze da a.S.)

gadacema pirovnebidan pirovnebaze da gadacema pirovnebidan pirovnebaze da 

pirovnebasa da Sinaur cxovels Sorispirovnebasa da Sinaur cxovels Soris

nawlavis nawlavis 

CxiriCxiri

gadacema gadacema 

saWmlidan saWmlidan 

an wylidan adamianzean wylidan adamianze
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sur. 3  paTogenuri baqteriebis zogierTi sur. 3  paTogenuri baqteriebis zogierTi 

warmomadgeneli warmomadgeneli (E-coli, Brucella, Salmonella)(E-coli, Brucella, Salmonella)

 warmodgenili baqteriebi Seswavlil iqna san-nikolas (meqsika) nagavsayrelsa da  warmodgenili baqteriebi Seswavlil iqna san-nikolas (meqsika) nagavsayrelsa da 

poloneTis erT-erT poligonze, romlebic ganlagebulni arian qalaqis gareubnebSi poloneTis erT-erT poligonze, romlebic ganlagebulni arian qalaqis gareubnebSi 

da warmoadgenen mravalwlian nagavsayrelebs. kvlevebis Sedegad niadagSi identi-da warmoadgenen mravalwlian nagavsayrelebs. kvlevebis Sedegad niadagSi identi-

ficirda 30-mde paTogenuri gram-uaryofiTi da gram-dadebiTi baqteriebi, maT Soris ficirda 30-mde paTogenuri gram-uaryofiTi da gram-dadebiTi baqteriebi, maT Soris 

me-3 suraTze  warmodgenili baqteriebic. mikrobiologiuri analizi Catarebul iqna, me-3 suraTze  warmodgenili baqteriebic. mikrobiologiuri analizi Catarebul iqna, 

rogorc niadagisa da naJuri wylis, aseve atmosferuli haeris sinjebSic. paToge-nur rogorc niadagisa da naJuri wylis, aseve atmosferuli haeris sinjebSic. paToge-nur 

baqteriebs Soris aRmoCndnen iseTi saxeobebic, romlebic saSiSia Sinauri pirut-baqteriebs Soris aRmoCndnen iseTi saxeobebic, romlebic saSiSia Sinauri pirut-

yvisaTvis (ZroxebisaTvis, RorebisaTvis da frinvelisTvis). ase rom, am SemTxvevaSi yvisaTvis (ZroxebisaTvis, RorebisaTvis da frinvelisTvis). ase rom, am SemTxvevaSi 

gamokvleuli nagavsayrelebis teritoria Sefasebul iqna sakmaod uaryofiTad da gamokvleuli nagavsayrelebis teritoria Sefasebul iqna sakmaod uaryofiTad da 

CaiTvala saSiS poligonad aramarto Sinauri cxovelebisaTvis, aramed iq momuSave CaiTvala saSiS poligonad aramarto Sinauri cxovelebisaTvis, aramed iq momuSave 

personalisTvisac ki.personalisTvisac ki.

gansakuTrebiT yuradsaRebia nagavsayrelebisa da maTi mimdebare teritoriebis gansakuTrebiT yuradsaRebia nagavsayrelebisa da maTi mimdebare teritoriebis 

dabinZurebis xarisxi mZime liTonebiT. rogorc cnobilia, zogierTi maTgani dabinZurebis xarisxi mZime liTonebiT. rogorc cnobilia, zogierTi maTgani 

gamoirCeva maRali toqsikurobiT da aqedan gamomdinare, am tipis nagavsayrelebi gamoirCeva maRali toqsikurobiT da aqedan gamomdinare, am tipis nagavsayrelebi 

iTvlebian adamianebisaTvis saSiS obieqtebad. Sesabamisad, sxvadasxva qveyanaSi mim-iTvlebian adamianebisaTvis saSiS obieqtebad. Sesabamisad, sxvadasxva qveyanaSi mim-

dinareobs saintereso kvlevebi am mimarTulebiT. magaliTad: malaiziaSi or naga-dinareobs saintereso kvlevebi am mimarTulebiT. magaliTad: malaiziaSi or naga-
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Sinauri cxovelebi nagavsayrelebze

cxovelebi nagavsayrelebzecxovelebi nagavsayrelebze

vsayrelze, Seswavlil iqna mZime liTonebis migracia niadagSi vertikaluri mimar-vsayrelze, Seswavlil iqna mZime liTonebis migracia niadagSi vertikaluri mimar-

TulebiT (0-20 m.). miRebulma Sedegebma aCvena, rom sxvadasxva metali akumulirdeba TulebiT (0-20 m.). miRebulma Sedegebma aCvena, rom sxvadasxva metali akumulirdeba 

niadagis sxvadasxva siRrmeze, magaliTad: tyviis maRali koncentraciebi dafiqsirda niadagis sxvadasxva siRrmeze, magaliTad: tyviis maRali koncentraciebi dafiqsirda 

niadagis zeda Wrilis nimuSebSi, spilenZisa da TuTiis Semcvelobebi ki niadagis sak-niadagis zeda Wrilis nimuSebSi, spilenZisa da TuTiis Semcvelobebi ki niadagis sak-

maod siRrmiseul qveda Wrilebis nimuSebSi, Tumca erT-erTi nagavsayrelis terito-maod siRrmiseul qveda Wrilebis nimuSebSi, Tumca erT-erTi nagavsayrelis terito-

ria aRmoCnda sakmaod dabinZurebuli da Sesabamisad, saSiSi mosaxleobis jamrTelo-ria aRmoCnda sakmaod dabinZurebuli da Sesabamisad, saSiSi mosaxleobis jamrTelo-

bisaTvis, maTSi zogierTi metalis maRali koncentraciis gamo (gadaaWarbes TavianT bisaTvis, maTSi zogierTi metalis maRali koncentraciis gamo (gadaaWarbes TavianT 

normativebsnormativebs As  As dada Hg  Hg ). ). 

   nagavsayrelebis teritoriaze Seswavlil iqna poligonebidan gamomdinare naJuri    nagavsayrelebis teritoriaze Seswavlil iqna poligonebidan gamomdinare naJuri 

wylebic. daniaSi, sakvlevi nimuSebSi aRmoCnda, rom erT-erTi nagavsayrelis gaufil-wylebic. daniaSi, sakvlevi nimuSebSi aRmoCnda, rom erT-erTi nagavsayrelis gaufil-

travi naJuri wyali Seicavs:travi naJuri wyali Seicavs: Cd Cd-s -100mkg/l,-s -100mkg/l,  Ni  Ni-s -  500mkg/l, -s -  500mkg/l,   Zn  Zn- s -  1000mkg/l, - s -  1000mkg/l,   Cu  Cu-s -s 

-  1000mkg/l,-  1000mkg/l, Pb Pb-s  800mkg/l., xolo naJuri wylis koloiduri fraqciis Semcveloba, -s  800mkg/l., xolo naJuri wylis koloiduri fraqciis Semcveloba, 

sadac metalebi ZiriTadad imyofebian kompleqsebSi organikasTan, Semdegia: sadac metalebi ZiriTadad imyofebian kompleqsebSi organikasTan, Semdegia: Cd Cd – 38-– 38-

45%,45%, Ni  Ni –  27-56%,–  27-56%, Zn  Zn – 24-45%, – 24-45%, Cu Cu – 86-95%,– 86-95%, Pb  Pb – 96-99%. rogorc miRebuli Sedegebi-– 96-99%. rogorc miRebuli Sedegebi-

dan Cans, mZime metalebi nagavsayrelebis sistemaSi umetesad arian organuli komple-dan Cans, mZime metalebi nagavsayrelebis sistemaSi umetesad arian organuli komple-

qsebis saxiT. qsebis saxiT. 

b bbb b
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  aSS-s CrdiloeT karolinas universitetis mkvlevarebma Seqmnes  narCenebisaTvis   aSS-s CrdiloeT karolinas universitetis mkvlevarebma Seqmnes  narCenebisaTvis 

damaxasiaTebeli zogierTi fraqciis qimiuri da biologiuri destruqciis an daSlis damaxasiaTebeli zogierTi fraqciis qimiuri da biologiuri destruqciis an daSlis 

SesaZlo variantebi:SesaZlo variantebi:

  CineTSi sul ufro popularuli xdeba fitoremediaciis meTodi, romelic iTv-  CineTSi sul ufro popularuli xdeba fitoremediaciis meTodi, romelic iTv-

leba sakmaod efeqtur saSualebad nagavsayrelebisa da maTi mimdebare teritoriebis leba sakmaod efeqtur saSualebad nagavsayrelebisa da maTi mimdebare teritoriebis 

mZime liTonebiT dabinZurebis Tavidan asacileblad. saqme imaSia, rom zogierTi ti-mZime liTonebiT dabinZurebis Tavidan asacileblad. saqme imaSia, rom zogierTi ti-

pis mcenare axdens niadagisa da dabinZurebuli naJuri wylebis dezaqtivacias zogi-pis mcenare axdens niadagisa da dabinZurebuli naJuri wylebis dezaqtivacias zogi-

erTi mZime metalebisagan, anu iTviseben ra isini didi raodenobiT metalebis moZrav erTi mZime metalebisagan, anu iTviseben ra isini didi raodenobiT metalebis moZrav 

formebs, amiT aqtiurad monawileoben am obieqtebis TviTgawmendis procesebSi.formebs, amiT aqtiurad monawileoben am obieqtebis TviTgawmendis procesebSi.

celcelulozauloza

(C6H10O5)n + nH2O 3n CO2→ 3n CH4 +3n CO2

hemicelulozahemiceluloza

(C5H8O4 )n + nH2O → 2.5n CO2 + 2.5n CH4

mikrobiologiuri procesebimikrobiologiuri procesebi

polimerispolimeris

celulozis                                                        glukoza, aminomJavebicelulozis                                                        glukoza, aminomJavebi

cilebiscilebis }
hidrolizihidrolizi

mcenareTa fitomerediacia

fitoremediaciafitoremediacia
mcenaremcenare

baqteriebibaqteriebi

damabinZureblebisdamabinZureblebis

akumulaciaakumulacia

damabiZureblebisdamabiZureblebis

degradaciadegradacia

bioremediaciabioremediacia
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(C6H10O5)n + H2O → C6H12O6 + (C6H10O5)n-1

fermentuli duRilifermentuli duRili

glukoza – advilad aqroladi cximovan mJavebiglukoza – advilad aqroladi cximovan mJavebi

(C6H12O6) + 2H2O → CH3CH2CH2COO-  +2H2+2HCO3
- + 3H+

mikrobiologiuri procesebimikrobiologiuri procesebi

acetaturi produqtebis miRebaacetaturi produqtebis miReba

CH3CH2CH2COO- + 2 H2O → 2CH3C00- + H+ + 2H2

TiToeuli am gardaqmnis Sedegad miiReba meTanisa da naxSirorJangis gazebi (e.w. TiToeuli am gardaqmnis Sedegad miiReba meTanisa da naxSirorJangis gazebi (e.w. 

saTburis gazebi), romlebic  atmosferuli haeris erT-erTi yvelaze mniSvnelovani saTburis gazebi), romlebic  atmosferuli haeris erT-erTi yvelaze mniSvnelovani 

damabinZureblebia da aqedan gamomdinare,  uaryofiT rols asruleben globaluri damabinZureblebia da aqedan gamomdinare,  uaryofiT rols asruleben globaluri 

daTbobis procesSi.daTbobis procesSi.

EGK EGK Tanamedrove kvlevebidan naTlad Cans, rom arakontrolirebadi nagavsayrele-Tanamedrove kvlevebidan naTlad Cans, rom arakontrolirebadi nagavsayrele-

bi, romlebic mravladaa msoflios zogierT qveyanaSi,  Zalian  abinZureben maT  mim-bi, romlebic mravladaa msoflios zogierT qveyanaSi,  Zalian  abinZureben maT  mim-

debare teritoriebs da saerTod garemos.  isini  did safrTxes uqmnian adamianebis debare teritoriebs da saerTod garemos.  isini  did safrTxes uqmnian adamianebis 

jamrTelobas. msgavs saSiSroebasTan gvaqvs saqme saqarTveloSic, radgan arakon-jamrTelobas. msgavs saSiSroebasTan gvaqvs saqme saqarTveloSic, radgan arakon-

trolirebad nagavsayrelebze xvdeba saxifaTo narCenebic, rac erTiorad zrdis  maT trolirebad nagavsayrelebze xvdeba saxifaTo narCenebic, rac erTiorad zrdis  maT 

negatiur gavlenas garemosa da adamianebis mdgomareobaze. aqedan gamomdinare, naga-negatiur gavlenas garemosa da adamianebis mdgomareobaze. aqedan gamomdinare, naga-

vsayrelebis  teritoriebi, sadac aRmoCndeba dabinZurebis maRali xarisxi, dauyo-vsayrelebis  teritoriebi, sadac aRmoCndeba dabinZurebis maRali xarisxi, dauyo-

vnebliv unda iqnen gawmendilni. vnebliv unda iqnen gawmendilni. 

fitoremediatori mcenareebi

nugzar buaCiZenugzar buaCiZe

qimiur mecnierebaTa akademiuri doqtoriqimiur mecnierebaTa akademiuri doqtori

statia momzastatia momzadebuliadebulia

ucxour literaturaze dayrdnobiTucxour literaturaze dayrdnobiT



saredaqcio kolegia:  mariam qimeriZesaredaqcio kolegia:  mariam qimeriZe

    nami zubaSvili    nami zubaSvili

    manana giqoSvili    manana giqoSvili

dizaini:    Tamar tyablaZedizaini:    Tamar tyablaZe
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