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 naSromis zogadi daxasiaTeba 

Temis aqtualoba. dReisaTvis, niadagebis gaWuWyianeba mZime 

liTonebiT da sxva araorganuli gamabinZureblebiT erTerTi 

seriozuli ekologiuri problemaa, romlis Seswavla 

mniSvnelovania rogorc cocxali organizmebis, ise TviT 

niadagis dasacavad. mZime liTonebi advilad grovdeba 

niadagebSi, saidanac mcenaris saSualebiT xdeba maTi CarTva 

kvebis jaWvSi, rac xSirad cxovelebsa da adamianSi sxvadasxva 

daavadebis gamomwvevi mizezia.  

aseve, Zalzed mniSvnelovania sasmeli wylebis gabinZurebis 

Seswavla, maTi xarisxis kontroli, radgan xSiria maTSi 

toqsikuri naerTebis zRvrulad dasaSveb normaze maRali 

raodenobiT moxvedra, rac ZiriTadad Camdinare wylebiT da 

gaWuWyianebuli niadagebidan maTi gamorecxviT aris 

ganpirobebuli. 

kvlevis mizani da amocanebi. kvleva miznad isaxavda zemo 

imereTis regionis agroekologiuri Taviseburebebis Seswavlas. 

kvlevis miznidan gamomdinare dasaxuli iyo Semdegi 

amocanebi: 1) sakvlev raionSi gavrcelebuli ZiriTadi niadagebis 

saerTo Tvisebebis Seswavla; 2) regionis niadagebSi mZime 

liTonebis, kerZod kadmiumis, spilenZis, manganumis, nikelis, 

tyviis da TuTiis saerTo formebis Semcvelobis gansazRvra; 3) 

niadagebsa da sasmel wylebSi calkeuli anionebis – 

ftoridebis, sulfatebis, nitratebis, qloridebis da 

fosfatebis Seswavla.   

mecnieruli siaxle. Tanamedrove kvlevis meTodebiT 

Seswavlil iqna zemo imereTis niadagebi, maTi zogadi niSan-

Tvisebebi da mZime liTonebis Semcveloba. fonur da zRvrulad 
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dasaSveb koncentraciebTan Sedarebis safuZvelze dadginda 

niadagebis liTonebiT gaWuWyianebis xarisxi.   niadagebsa da 

sasmel wylebSi gansazRvrul iqna ftoridebis, sulfatebis, 

nitratebis, qloridebis da fosfatebis Semcveloba.   

praqtikuli mniSvneloba. zemo imereTis regionis 

agroekologiuri TvalsazrisiT naklebadaa Seswavlili da 

miRebuli kvlevis Sedegebi mniSvnelovania regionis ekologiuri 

mdgomareobis SefasebisTvis. 

aprobacia. disertaciis ZiriTadi Sedegebi wardgenil da 

ganxilul iqna: venis agraruli universitetis 

niadagTmcodneobis da metyeveobis departamentis doqtorantTa 

seminarze (2006). 

publikacia. disertaciis ZiriTadi Sedegebi  

gamoqveynebulia 3 naSromSi. 

disertaciis moculoba da struqtura. disertacia Sedgeba 

zogadi daxasiaTebis, 3 Tavis, 16 qveTavis, daskvnebisa da 

danarTisagan. naSromi moicavs 142 nabeWd gverds, 14 cxrils, 18 

grafiks, 1 rukas, gamoyenebulia 213 dasaxelebis literatura, 

maT Soris  196 ucxour enaze. 

 

 5



Tavi 1. literaturuli mimoxilva 

1.1 mZime liTonebi niadagSi 

garemoSi mZime liTonebis moxvedris sxvadasxva wyaro 

arsebobs,  romlebic SeiZleba iyos, rogorc bunebrivi, ise 

anTropogenuri (Bradl, 2005). 

qanebi da niadagi warmoadgens mZime liTonebis ZiriTad 

wyaros garemoSi. pirveladi qanebi, romlebic iwodeba vulkanur 

anu magmur qanebad, yalibdebian magmis qristalizaciis Sedegad 

gacivebis procesSi. magma warmoiSoba dedamiwis mantiidan, 

romlis transportireba zedapirze SesaZlebelia iseTi 

geologiuri procesebis Sedegad, rogoricaa vulkanizmi an 

sibrtyiT-teqtonikuri gadaadgileba (Press, Sievers, 1994). magma 

Seicavs uamrav sxvadasxva qimiur elements, maT Soris mZime 

liTonebsac (Bradl, 2005). 

magmis mineralur kristalizaciaze gavlenas axdens 

temperatura da wneva, romelic mudmivad icvleba gacivebisas. 

sxvadasxva minerali ileqeba maTi mdgradobis Sesabamisad 

gansazRvruli temperaturis, wnevis da qimiuri Semadgenlobis 

pirobebSi. mZime liTonebis umetesoba grovdeba danaleq magmaSi, 

mxolod zogierTi mZime liToni qmnis sakuTar minerals an 

ZiriTadi mineralis mniSvnelovan komponents (Siegel, 2002). 

amis magaliTia qromi (Cr), romelic kristalizdeba, rogorc 

minerali qromiti (FeCr2O4) an Ni, romelic warmodgenilia 

mineral forsteritSi (Mg2[Ni]SiO4), rogorc Mg-is Semcvleli. 

diferenciaciis Semdgom etapebze liTonis koncentracia 

izrdeba, ramac SeiZleba gamoiwvios maTi sakuTari mineralis 

daleqva (mag. U, rogorc uraniti, da Be, rogorc berili), an 
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SesaZloa maTi SeerTebiT moxdes Tanmdevi mineralebis 

formireba (Siegel, 2002). 

mZime liTonebis umravlesoba koncentrirdeba cxel 

danaleq hidroTermul xsnarebSi, romelic formirdeba magmis 

diferenciaciis bolo etapebze. rogorc ki es xsnarebi CaiJoneba 

maTTan dakavSirebul qanSi, adgili aqvs qimiur reaqcias qansa 

da hidroTermul xsnars Soris da mineralebi ileqeba, rogorc 

wiaRiseuli. amis magaliTebia Pb, rogorc galena (PbS), Zn, 

rogorc sfaleriti (ZnS), Cu, rogorc qalkopiriti (CuFeS2) da 

a.S. Cd SeiZleba Caenacvlos nawilobriv Zn-s sfaleritSi 

(Zn[Cd]S). umetesad wiaRiseuli warmoadgens ramdenime mineralis 

erTobliobas. amgvarad, erTi liTonis mopoveba da gadamuSaveba 

xSirad iwvevs sxva liTonebis gamotyorcnas garemoSi (Siegel, 

2002). 

 

1.1.1 bunebrivi wyaroebi 

kadmiumi. bunebaSi Cd arsebobs orvalentiani Jangeulebis 

saxiT. Cd-s 64-e adgili uWiravs dedamiwis qerqSi Semcvelobis 

mixedviT (Krauskopf, 1979), 0,15-dan 0,20 mg/kg saSualo 

koncentraciiT. Cd mWidrodaa dakavSirebuli Zn-Tan da 

ZiriTadad gvxvdeba Zn, Pb-Zn da Pb-Cu-Zn-is madnebSi (Bradl, 2005). 

cxril 1-Si mocemulia kadmiumis Semcveloba garemoSi. 
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cxrili 1. Cd-is Semcveloba garemos sxvadasxva obieqtSi (n/mln) 

(Adriano, 2001). 

dasaxeleba 
saSualo 

koncentracia

qveda da 

zeda zRvari 

vulkanuri qanebi 0.082 0.001 – 0.60 

metamorfuli qanebi 0.06 0.005 – 0.87 

danaleqi qanebi 3.42 0.05 – 500 

Tanamedrove 

danaleqebi 
0.53 0.02 – 6.2 

nedli navTobi 0.008 0.0003 – 0.027 

qvanaxSiri 0.10 0.07 – 0.18 

mtveri 11.7 6.5 – 17 

fosfaturi qanebi 25 0.2 – 340 

fosfaturi sasuqebi 4.3 1.5 – 9.7 

Camdinare wylebis 

narCenebi 
74 2 – 1100 

niadagebi (msoflio, 

sufTa) 
0.35 0.001 – 2.0 

xili (aSS) 0.005 0.0043 – 0.012 

TavTaviani 

marcvlovnebi (aSS) 
0.0047 0.014 – 0.21 

mdinaris danaleqebi 

(gaWuWyianebuli) 
– 30 – >800 

mtknari wyali 

(mikrogrami/l) 
0.10 0.01 - 3 

zRvis wyali 

(mikrogrami/l) 
0.11 <0.01 – 9.4 
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spilenZi. Cu-s dedamiwis qerqSi Semcvelobis mixedviT 26-e 
adgili uWiravs Zn-is Semdeg (Krauskopf, 1979) 24-55 mg/kg saSualo 
koncentraciiT (Bowen, 1979; Nriagu, 1979). cxril 2-Si mocemulia 
spilenZis Semcveloba garemoSi. 

 

cxrili 2. Cu-is Semcveloba garemos sxvadsxva obieqtebSi (n/mln) 

(Adriano, 2001). 

dasaxeleba 
saSualo 

koncentracia

qveda da 

zeda zRvari 

vulkanuri qanebi 125 80 – 200 

qviSaqvebi 30 6 – 46 

kirqvebi 6 0.6 – 13 

Tixafiqlebi da 

Tixa 
35 23 – 67 

mtveri 17 1 – 49 

Camdinare wylebis 

narCenebi 
185 45 – 1452 

niadagebi (msoflio, 

sufTa) 
690 2 – 250 

mtknari wyali 

(mikrogrami/l) 
30 0.2 – 30 

zRvis wyali 

(mikrogrami/l) 
0.25 0.05 – 12 

 
manganumi. manganumi xSirad gvxvdeba metamorful, danaleq 

da vulkanur qanebSi. misi saSualo Semcveloba liTosferoSi 
daaxloebiT 1000 mg/kg-s Seadgens. radgan Mn ionis zoma Ca-is 
ionis msgavsia. am or elements SeuZlia Caenacvlos erTmaneTs 
silikatur mineralebSi. Mn aseve enacvleba Fe-s magnetitSi. 
Tumca, arsebobs 100-ze meti Mn-is minerali: sulfidebi, 
oqsidebi, karbonatebi, silikatebi, arsenatebi, volframatebi da 
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boratebi. bunebrivad yvelaze mniSvnelovani Mn-is mineralia 
Savi manganumis oqsidi - piroluziti (MnO2). Mn-is sxva, mTavar 
madneuls warmoadgens rodoqroziti (MnCO3), manganiti (Mn2O3 

. 

H2O), hausmaniti (Mn3O4) brauniti (3MnO2O3 
. MnSiO3) da rodoniti 

(MnSiO3). cxril 3-Si mocemulia manganumis Semcveloba garemoSi. 

 

cxrili 3. Mn-is Semcveloba garemos sxvadasxva obieqtebSi 

(n/mln) (Adriano, 2001). 

dasaxeleba 
saSualo 

koncentracia

qveda da 

zeda zRvari 

vulkanuri qanebi – 390 – 1620 

qviSaqvebi 460 – 

kirqvebi 620 – 

Tixafiqlebi 850 – 

qvanaxSiri 100 – 

mtveri 357 44 – 1332 

Camdinare wylebis 

narCenebi 
– 60 – 1170 

niadagebi (sasoflo-

sameurneo) 
1000 20 – 10000 

mtknari wyali 

(mikrogrami/l) 
8 0.02 – 130 

zRvis wyali 

(mikrogrami/l) 
0.2 0.03 – 21 

 

nikeli. nikeli dedamiwis qerqSi Semcvelobis mixedviT 23-ea, 

80 mg/kg-ze saSualo koncentraciiT. nikelis ori yvelaze 

mniSvnelovani wiaRiseulia pirhotiti da pentladiti, sulfidi. 

cxril 4-Si mocemulia nikelis Semcveloba garemoSi. 
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cxr. 4. Ni-is Semcveloba garemos sxvadasxva obieqtebSi (n/mln) 

(Adriano, 2001). 

dasaxeleba 
saSualo 

koncentracia

qveda da 

zeda zRvari 

vulkanuri qanebi 75 2 – 3600 

qviSaqvebi 2 – 

kirqvebi 20 –  

Tixafiqlebi da 
Tixa 

68 20 – 250 

qvanaxSiri 15 3 – 50 

mtveri 141 23 – 353 

niadagebi (msoflio) 20 5 – 500 

mtknari wyali 

(mikrogrami/l) 
0.5 0.02 – 27 

zRvis wyali 

(mikrogrami/l) 
0.56 0.13 – 43 

 

tyvia. tyvia yvelaze maRali SemcvelobiT xasiaTdeba 

dedamiwis qerqSi, im mZime liTonebTan SedarebiT, romelTa 

rigiTi nomeri >60. misi saSualo koncentracia 15 mg/kg-ia 

(Heinrichs, Mayer, 1980). misi ZiriTadi mineralebia galena (PbS), 

ceruziti (PbCO3) da angleziti (PbSO4). kaliumiani mindvris 

Spatebi da pegmatitebi Cveulebriv mdidaria Pb-iT. cxril 5-Si 

mocemulia tyviis Semcveloba garemoSi. 
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cxrili 5. Pb-is Semcveloba garemos sxvadasxva obieqtebSi 

(n/mln) (Adriano, 2001). 

dasaxeleba 
saSualo 

koncentracia

qveda da 

zeda zRvari 

vulkanuri qanebi 15 2 – 30 

qviSaqvebi 7 1 – 31 

kirqvebi 9 – 

Tixiani (slanec) 20 16 – 50 

qvanaxSiri 16 60-mde 

mtveri 170 21 – 220 

Camdinare wylebis 
narCenebi 

1832 136 – 7627 

niadagebi (sasoflo-
sameurneo) 

–  2 – 300 

mtknari wyali 
(mikrogrami/l) 

3 0.06 – 120 

zRvis wyali 
(mikrogrami/l) 

0.03 0.03 – 13 

 

TuTia. TuTia dedamiwis qerqSi Semcvelobis mixedviT 24-ea 

(70 mg/kg saSualo koncetraciiT). TuTiis yvelaze mniSvenlovani 

madnebia sulfidebi, sfaleriti da vurciti da maTi gamofitvis 

produqtebi, smitsoniti (ZnCO3) da hemimorfiti [Zn4Si2O7(OH)2
. H2O]. 

me-6 cxrilSi mocemulia Zn-is Semcveloba garemoSi. cxril 6-Si 

mocemulia TuTiis Semcveloba garemoSi. 
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cxrili 6. Zn-is Semcveloba garemos sxvadasxva obieqtebSi 

(n/mln) (Adriano, 2001). 

dasaxeleba 
saSualo 

koncentracia

qveda da 

zeda zRvari 

vulkanuri qanebi 65 5 – 1070 

qviSaqvebi 30 5 – 170 

kirqvebi 20 <1 – 180 

Tixafiqlebi 97 16 – 50 

mtveri 449 27 – 2880 

Camdinare wylebis 

narCenebi 
2250 1000 – 10000 

niadagebi 

(Cveulebrivi) 
90 1 – 900 

mtknari wyali 

(mikrogrami/l) 
15 <1 – 100 

zRvis wyali 

(mikrogrami/l) 
5 <1 – 48 

 

1.1.2 anTropogenuri wyaroebi 

kadmiumi. Cd-iT gaWuWyianebis mTavari anTropogenuri wyaroa 

fosfatovani sasuqebi da liTonebis dnoba-gadamuSaveba. radgan 

Cd-is Semcveli wiaRiseuli gamoiyeneba fosfatovani sasuqebis 

misaRebad es produqtebi SeiZleba Seicavdnen 340 mg/kg Cd-s 

(McLaughlin, Tiller, 1994). miuxedavad amisa, xangrZlivma kvlevebma 

aCvena, rom aseTi sasuqebiT ganoyierebul niadagebze mcenareebis 

mier Cd-is SeTviseba mniSvnelovnad ar gazrdila (Mortvedt, 1987; 

Jeng, Singh, 1995). municipaluri narCenebi farTod gamiyeneba 

niadagis struqturis gasaumjobeseblad da N da P wyarod, 
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romlis gamoyenebac  amJamad izrdeba, ramac SeiZleba gazarados 

kvebiTi jaWvis  Cd-iT gaWuWyianebis albaToba (Bradl, 2005).  

Cd aseve gvxvdeba garemoSi atmosfereuli gamonatyorcnis 

saxiT sadnobi Rumelebidan, plastmasas da kadmiumSemcveli 

pigmentebis wvisas, navTobproduqtebis wvis da gadamuSavebisas, 

foladmwarmoebeli qarxnebidan da metalurgiuli sawarmoebidan. 

garemos aseTi gaWuWyianeba Cd-iT aRniSnulia aSS-Si (Wixson et al., 

1977), iaponiasa (Kabayashi, 1971) da inglisSi (Little, Martin, 1972). 

gzebTan axlos Cd-iT da sxva liTonebiT gaWuWyianebis wyaros 

avtomobilebis gamonabolqvi warmoadgens (Preer, Rosen, 1977). 

spilenZi. spilenZi farTod gamoiyeneba eleqtrosadenebis 

dasamzadeblad da zogadad eleqtro warmoebaSi. mis mTavar 

liTonur narevs warmoadgens TiTberi (TuTiasTan) da brinjao 

(kalasTan). amis garda, iyeneben samzareulos xelsawyoebSi, 

wyalmomaragebis sistemaSi, sasuqebSi, baqteriocidebSi da 

fungicidebSi, sakveb danamatebSi, zrdis stimulatorebSi, 

mecxoveleobasa da mefrinveleobaSi daavadebTa kontrolis 

mizniT. Cu-is mTavari wyaroa spilenZis Semcveli sasuqebi, 

romlebsac farTod iyeneben soflis meurneobaSi, mag. CuSO4
.5H2O, 

CuO, Cu2O da CuSO4
.3Cu(OH)2. agreTve gamoiyeneboda Cu-is 

siTezuri xelatebi Na2CuCuEDTA da NaCuHEDTA da bunebrivi 

organosulfatebi da poliflavonoidebi. Cu-is naerTebi CuSO4 

da Cu(OH)2 gamoiyeneba fungicidebad da baqteriocidebad 

(Loneragan et al., 1981; Walsh et al., 1972), sxvadasxva sasoflo-sameurneo 

kulturebSi, rogoricaa Teslovnebi, kurkovnebi, vazi, 

marcvlovnebi, bostneuli, yava, kakao (Lima, 1994), banani (Cordero, 

Ramirez, 1979) da Cai. am fungicidebisa da baqteriocidebis 
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gamoyenebam SeiZleba gamoiwvios niadagSi Cu-is akumulacia 

fitotoqsikur donemde. 

CuSO4 aseve gamoiyeneba sakveb danamatad meRoreobasa da 

mefrinveleobaSi, zrdis stimulatorad da dizenteriisgan 

dasacavad (Cromwell et al., 1978; Lucas et al., 1962; Stahly et al., 1980) 250 

mg/kg doziT (Dalgarno, Mills, 1975). am saxiT miRebuli Cu-is didi 

nawili gamoiyofa nakelTan erTad. Tu nakeli Seitaneba 

niadagSi, SesaZlebelia akumulaciis Sedegad mas toqsikuri 

gavlenac hqondes, mag. cxvrebze (Blaxter, 1973). 

Cu aseve gamoiyofa metalurgiuli sawarmoebidan spilenZis, 

rkinis da foladis warmoebisas da qvanaxSiris wvis Sedegad. 

mZime liTonebiT gaWuWyianebis done liTonSenadnobebidan 

damokidebulia manZilze (Dudka, Adriano, 1997). 

manganumi. manganumi ZiriTadad gamoiyeneba metalurgiul 

warmoebaSi, igi foladis aucilebeli Semadgenelia siZlieris, 

simtkicis da simagris gasaumjobeseblad. igi aseve gamoiyeneba 

foladur, aluminis da spilenZis SenadnobebSi. Mn aucilebelia 

tute elementebis (batareebis, akumulatorebis) dasamzadeblad, 

eleqtro xviebis, faifuris, asanTis, SesaduRebeli 

eleqtrodebis, SuSis, saRebavebis warmoebaSi da aseve 

katalizatorad. 

Mn-is mTavar anTropogenur wyaros garemoSi warmoadgens 

sawarmoo saqmianoba, rogoricaa liTonebis gadadnoba da 

gadamuSaveba, soflis meurneoba (sasuqebis gamoyeneba, fekaluri 

narCenebi da nakelis gadayra) da atmosferuli emisia 

navTobproduqtebis da narCenebis wvisas. 

nikeli. nikeli ZiriTadad gamoiyeneba eleqtrodanadgarebSi, 

liTonur SenadnobebSi, Ni-Cd-ian elementebSi, eleqtronawilebSi 
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da, rogorc katalizatori, cximis hidrogenizebisa da 

meTanizaciisTvis. nikels yvelaze farTo gamoyeneba aqvs uJangavi 

foladis warmoebaSi, Tumca aseve gvxvdeba sxvadasxva sawarmoo 

produqtebSi, rogoricaa avtomobilebi, elementebi, monetebi, 

saiuveliro nawarmi, qirurgiuli inplantantebi, samzareulos 

mowyobilobebi, niJarebi da WurWeli. igi agreTve gamoiyeneba Ni-

Fe, Ni-Cu, Ni-Ag SenadnobebSi. Ni-foladis Senadnobebi gamoiyeneba 

iaraRis da tyvia-wamlis dasamzadeblad, iseve rogorc 

turbinebis frTebis, TviTmfrinavebis Zravis nawilebis 

warmoebaSi da birTvul reaqtorebSi. Ni-is garemoSi moxvedris 

mTavari wyaroa wiaRiseulis mopoveba-gadamuSaveba, fekaluri 

masebi, navTobproduqtebis da qvanaxSiris wva. mas Semdeg, rac 

sawvavi Seicavs nikels, igi iTvleba atmosferoSi nikelis erT-

erT ZiriTad wyarod (Nriagu, 1980). 

tyvia. tyvia gamoiyeneba adamianis mier 5000 welze meti xnis 

manZilze. mas sasicocxlo mniSvneloba aqvs warmoebaSi da 

ZiriTadad gamoiyeneba didi zomis akumulatorebis, pigmentebis, 

kabelis garsacmis, Senadnobebis, tyvia-wamlis dasamzadeblad da 

sawvavis danamatad. Pb aseve gamoiyeneba radiaciisagan damcav 

safarvelad da aseve Tboregulatorad. tyviis Semcveli 

pesticidebi ukve aikrZala aSS-Si, avstriaSi, germaniaSi da 

belgiaSi, magram kvlav gamoiyeneba sxva qveynebSi. Pb-s agreTve 

farTod iyeneben benzinis danamatad, rac 70-ian wlebSi 

akrZalul iqna aSS-Si, kanadaSi da evrokavSirSi, Tumca dRemde 

gamoiyeneba ruseTSi, CineTSi, indoeTSi da sxva qveynebSi (Bradl, 

2005). 
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tyviis atmosferuli emisia, misi bioqimiur ciklSi CarTvis 

erT-erTi mTavari gzaa, romelic xSirad aRiniSneba Sors 

mdebare ekosistemebSic (Bradl H.B., 2005). 

tyvia gamoiyofa saRebavis daSlis dros, aRdgeniTi 

samuSaoebisas an fanjrebis da iatakis zedapiris gaprialebisas. 

es seriozuli problema, romelsac yuradReba eqceva aSS-Si da 

evropaSi. Tumca, ignorirebulia sxva qveynebSi (Bradl H.B., 2005). 

TuTia. TuTia meoTxe elementia msoflio wliuri 

moxmarebis mixedviT (rkinis, aluminis da spilenZis Semdeg) 

(Adriano, 2001). igi farTod gamoiyeneba manqanaTmSeneblobaSi, 

rkinis da foladis damcavi zedapiris dasamzadeblad. aseve 

kosmetikuri saSualebebis, fxvnilebis, sacxebis, antiseptikebis, 

saRebavebis, laqebis, rezinis da linoleumis misaRebad. TuTia 

agreTve saWiroa pergamentis qaRaldis, SuSis, saburavebis, 

satelevizio ekranebis, mSrali galvanuri elementebis da 

eleqtroxelsayoebis warmoebisTvis. 

soflis meurneobaSi Zn aris mniSvnelovani mikroelementi, 

tyis damcavi saSualeba da iseqticidi. TuTia dedamiwis qerqSi 

Semcvelobis mixedviT 24-ea (70 mg/kg saSualo koncetraciiT). 

TuTiis yvelaze mniSvnelovani madnebia sulfidebi, sfaleriti, 

vurciti da maTi gamofitvis produqtebi: smitsoniti (ZnCO3) da 

hemimorfiti [Zn4Si2O7(OH)2 . 2H2O].  

TuTiis mTavari wyaro garemoSi aris Zn-is sasuqebi, 

fekaluri narCenebi, wiaRiseulis mopoveba da gadamuSaveba. 

soflis meurneobaSi oTxi ZiriTadi saxis TuTiisSemcveli 

sasuqi gamoiyeneba: araorganuli, sinTezuri, xelaturi 

(bunebrivi an siTezuri kompelqsebi) da araorganuli naerTebi 

(McBride, Blasiak, 1979). TuTiis ZiriTadi sasuqebia ZnO, ZnCO3, 
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Zn(NO3)2, ZnCl2 da Zn-amoniumis kompleqsi. fekaluri masebi 

SeiZleba Seicavdnen Zn-s didi raodenobiT. xangrZlivi 

eqsperimentebiT dadasturda, rom Zn biologiurad yvelaze 

xelmisawvdomi elementia fekaluri narCenebiT ganoyierebul 

niadagebSi (Adriano, 2001). aseve wiaRiseulis mopoveba da 

gadamuSaveba Zn-is mniSvnelovani wyaroa garemoSi (Hogan, Wotton, 

1984). sxva wyaroebidan aRsaniSnavia avtotransportis 

gamonabolqvi, saburavebis cveTa, galvanuri foladis korozia 

da Zlieri wvimebis Sedegad sasoflo-sameurneo savargulebis 

gadarecxva (Stigliani et al., 1993). 

 

1.2 mZime liTonebis ganawileba garemoSi da maTi 

transportirebis meqanizmebi 

mZime liTonebis ganawileba niadagis zedapirze 

ganisazRvreba mravali faqtoriT. is damokidebulia 

gaWuWyianebis wyaroze, regionis meteorologiur da 

landSaftur Taviseburebebze da geoqimiur faqtorebze. 

gaWuWyianebis wyaro gansazRvravs gamonatyorcni produqtis 

xarisxs da raodenobas. misi gafrqvevis xarisxi damokidebulia 

gamotyorcnis simaRleze. atmosferoSi gamonatyorcni 

nawilakebis arsebobis xangrZlivoba damokidebulia maT masaze 

da fizikur da qimiur Tvisebebze. rac ufro mZimea nawilakebi, 

isini miT ufro swrafad ileqeba.  

haeris masebi azaveben gamonatyorcnebs,  gadaaqvT myari 

nawilakebi da aerozolebi sxvadasxva manZilze. rac ufro Sor 

manZils gadis gamonatyorcni, miT ufro dabali xdeba misi 

koncentracia. erTgvarovani landSaftis pirobebSi, 
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gaWuWyianebis wyarodan daSorebisas mcirdeba gamonatyorcnebiT 

niadagebis gaWuWyianeba. 

gaWuWyianebis produqtebis ganawilebaze gavlenas axdens 

agreTve qaris siswrafe: rac ufro didia is, miT ufro aqtiuria 

haeris masiT gamonatyorcnis ganzaveba da miT ufro naklebia 

gaWuWyianeba farTobis erTeulze. 

gamonatyorcnebis gabnevas, maTi koncentraciebis Semcirebas  

xels uwyobs haeris masebis turbulenturi moZraoba. 

temperaturuli inversiis dros turbulenturi mimoqceva 

sustdeba da gamWuWyianeblis gabnevis veli mcirdeba maTi 

koncentraciis zrdis pirobebSi. 

haeris tenianoba gavlenas axdens agreTve gamonatyorcni 

produqtebis gavrcelebaze. maRali tenianobisas maTi nawilakebi 

kondensireben tens, rac zrdis maT zomebs, masas da iwvevs 

gamWuWyianeblebis wyarosTan dedamiwis zedapirze maT daleqvas. 

garda meteorlogiuri faqtorebisa, mZime liTonebis 

ganawilebis xasiaTi damokidebulia agreTve reliefze. 

gafxvierebis teqnogenuri arealebi formirdebian ufro mokle 

vadebSi, vidre bunebrivi da Crdilaven maT. liTonebi erTvebian 

biologiur wrebrunvaSi, gadaicema kvebis jaWvebiT da iwvevs 

mTel rig negatiur movlenas. 

liTonebis teqnogenuri ganawilebis araTanabroba 

Zlierdeba bunebriv landSaftebSi geoqimiuri viTarebis 

araerTgvarobiT (uruSaZe, 2001). 
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1.3 mZime liTonebis Zvradobaze da mcenaris mier 

xelmisawvdomobaze moqmedi faqtorebi 

kadmiumi. kadmiumi aris rbili, elastiuri, movercxlisfro-

TeTri, mbzinvare liToni, atomuri masiT 112.4, simkvrive 8.64 g/sm3 

lRobis temperatura Seadgens 3210C. aqvs rva stabiluri 

izotopi: Cd106, Cd108, Cd112, Cd113, Cd114 da Cd116 Semdegi procentuli 

ganawilebiT 1.22%, 0.88%, 12.39%, 12.75%, 24.07% 12.26% da 5.78%. 

kadmiumi miekuTvneba perioduli sistemis II jgufis meore 

qvejgufs. kadmiumi yovelTvis orvalentiania mdgrad naerTebSi, 

igi warmoqmnis hidroqsidebs da kompleqsur naerTebs amoniumTan 

da cianidTan aseve sxvadasxva saxis organul kompleqsebs 

aminebTan, gogirdovan da qlorovan kompleqsebs da xelatebs. 

kadmiumi ileqeba karbonatebTan, arsenatebTan, fosfatebTan, 

oqsalatebTan da ferocianidTan SeerTebisas. is kargad ixsneba 

azotmJavaSi. kadmiumis Zvradoba da biologiuri 

xelmisawvdomoba ZiriTadad damokidebulia mis qimiur formaze 

(Bradl, 2005).  

kadmiumi niadagSi da danaleqebSi gvxvdeba umetesad 

gacvliT fraqciaSi, rkina-manganumis oqsidebTan erTad da leqis 

fraqciaSi. danarCeni aRmoCenilia karbonatebis fraqciaSi, 

radgan organuli nawili akavebs kadmiumis mxolod umniSvnelo 

nawils (Hickey, Kittrick, 1984). zogierTi gamokvlevis mixedviT 

anTropogenurad gaWuWyianebul niadagebSi arsebuli kadmiumi 

ufro metad xelmisawvdomia, vidre kadmiumi, romelsac Seicaven 

sufTa niadagebi (Asami et al., 1995; Chlopeka et al., 1996; Ramos et al., 1994; 

Xian, 1989). niadagis xsnarSi kadmiumis umetesi nawili 

warmodgenilia rogorc Tavisufali Cd2+ kaTioni da CdHCO3+, 

maSin rodesac karbonatul niadagebSi damatebiT Setanili 
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kadmiumi swrafad STainTqmeba an ileqeba myar fazaSi (Hirsch, 

Banin, 1990) da mcirea kadmiumis organuli kompleqsebis 

warmoqmna. Tu niadagi Seicavs Cl- da SO4
2- maRal koncentracias, 

maSin Cd aRmoCndeba qlorovan da sulfatovan kompleqsebSi 

(Garcia-Miragaya, Page, 1976; McLaughlin, Tiller, 1996; 1994; Holm et al., 1995). 

sxva elementebi, rogoricaa Cu, Pb, an Zn, Zlier gavlenas 

ganicdian organuli naerTebis mxridan. kvlevebma aCvena, rom 

Cd2+ an Cd araorganul naerTebTan kompleqsSi warmoadgens 

yvelaze gavrcelebul formas fekaluri narCenebiT 

ganoyierebul umetes niadagebSi (Hirsch, Banin, 1990; Emmerich et al., 

1982; Holm et al., 1996). 

Catarebuli cdebis mixedviT, mdinaris wyalSi, sadac pH <6, 

gaxsnili Cd mTlianad Tavisufali kaTionis Cd2+-is formiT 

imyofeboda, xolo roca pH 6-8,2 iyo dominirebdnen karbonatuli 

formebi, rogoricaa CdHCO3 da CdCO3. 8,2-10 pH-is pirobebSi Cd 

mTlianad warmodgenili iyo mxolod neitraluri CdCO3-is 

saxiT, radgan kadmiumi naklebad warmoqmnis kompleqss organul 

nivTierebebTan Ca-is konkurenciis pirobebSi da mxolod mcire 

nawili SeiZleba SeuerTdes organul naerTebs (Bradl, 2005). 

niadagSi kadmiumis dabali koncentraciis pirobebSi xdeba 

maTi STanTqma niadagis mier, razec did gavlenas axdens aris 

mJavianoba. pH-is erTi erTeuliT gazrdisas niadagis mier 

kadmiumis STanTqma izrdeba daaxloebiT samjer (Bradl, 2005). 

saerTod Cd-is xsnadoba niadagSi mcirdeba pH-is zrdasTan 

erTad (Street et al., 1978), karbonatuli niadagebisTvis yvelaze 

dabali maCvenebeli dafiqsirda pH=8,4 pirobebSi. msubuq 

niadagebSi Cd-is STanTqma ufro metad mimdinareobs, vidre mZime 
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meqanikuri Sedgenilobis niadagebSi. qviSnar niadagebSi CdCO3-s 

saxiT Cd-is daleqva kaTionebis dabali gacvliTunarianobis 

pirobebSi, organuli nivTierebebis dabali Semcvelobisas da 

tute pH dros zRudavs kadmiumis xsnadobas misi maRali 

koncentraciisas (McBride, 1980). Cd2+ qcevis Seswavlam CaCO3-is 

Semcvelobisas aCvena rom Cd2+-is pirveladi qimiuri STanTqma 

CaCO3-is mier Zalian swrafad moxda, Tumca CdCO3-is daleqva Cd-

is maRali Semcvelobisas sakamod nela mimdinareobda (Garcia-

Miragaya, Page, 1976). 

Cl--is Tanaarsebobisas kadmiumi warmoqmnis umuxto (CdCl2) da 

uaryofiTad damuxtul CdCl3
-, CdCl4

- da a.S. kadmiumis qlorovani 

formebi ufro naklebad absorbirdeba vidre Cd2+ (Bradl, 2005). 

kadmiumis STanTqmaze aseve gavlenas axdens iseTi organuli 

naerTebi, rogoricaa eTilendiamintetraacetatmJava (EDTA), 

(NTA) an sxv. (Holm et al., 1996). kadmiumis STanTqmaze aseve 

mniSvnelovnad moqmedebs misi konkurenti kaTionebis  kalciumis 

da TuTiis Tanaarseboba. am kaTionebs SeuZliaT konkurencia 

gauwion Cd-s niadagSi STanTqmis dros an unari SeswevT 

gamoaZevon igi niadagidan (Santillan-Medrano, Jurinak, 1975; Milberg et al., 

1978). 

spilenZi. spilenZi rigiT 29-e elementia periodul 

sistemaSi. igi mowiTalo, welvadi, drekadi liTonia, kargi Tbo 

da elqtrogamtarobiT. igi miekuTvneba I jgufis meore qvejgufs. 

Cu-is atomuri masa Sedagens 63.55, lRobis temperatura 10830C da 

simkvrive – 8.96 gr/sm3. arsebobs spilenZis ori bunebrivi 

izotopi Cu63 da Cu64, Sesabamisad Semdegi fardobiTi SemcvelobiT 

69.1% da 30.9%. radioaqtiur izotop Cu64-s gaCnia mcire 
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naxeverdaSlis periodi (128 sT). Cu arsebobs erT da 

orvalentiani Jangeulebis saxiT. orvalentiani formiT igi 

izomorfulia Zn2+, Mg2+ da Fe2+ ionebTan. Cu warmoqmnis sxvadasxva 

saxis sufidebs, sufatebs da gvxvdeba TviTnabadi saxiTac. 

spilenZis yvelaze gavrcelebuli mineralia qalkopiriti 

(CuFeS2), romelic Seicavs 34% spilenZs.  

spilenZi niadagSi SeiZleba arsebobdes sxvadasxva formiT, 

romlebic ganawilebulia niadagis xsnarsa da myar fazas Soris. 

spilenZis ganawileba niadagSi ZiriTadad damokidebulia 

niadagSi organuli nivTierebebis arsebobaze da aseve Mn da Fe-

is oqsidebze. Cu Zlier mizidulobas amJRavnebs niadagis humusis 

mimarT, ris gamoc igi sxva liTonebTan SedarebiT yvelaze meti 

raodenobiT gvxvdeba organul fraqciaSi, maSinac ki, rodesac 

misi saerTo Semcveloba sakmaod mcirea (McGrath et al., 1998). 

Cu-is niadagSi damagrebisTvis yvelaze mniSvnelovania Fe-is 

da Mn-is oqsidebi, organuli nivTierebebi da karbonatebi, xolo 

Tixamineralebi da fosfatebi ufro naklebad (Jenne, 1968). 

STanTqmis maqsimumi niadagis nawilebs Soris mcirdeba Semdegi 

TanmimdevrobiT: Mn-is oqsidebi > humusi > Fe-is oqsidebi > Tixa 

mineralebi. (Cu-is SemTxvevaSi specifikur STanTqmas gacilebiT 

meti mniSvneloba aqvs vidre araspecifikur STanTqmas mag. 

kaTionur gacvlas). Mn-is oqsidebi da niadagis organuli 

nawili ZiriTadad amagrebs Cu-s aragacvliT formaSi. Tu 

niadagis xsnarSi arsebobs xsnad organul nivTierebebTan 

kompleqsSi (Hodgson et al., 1966). organuli nivTierebebis 

kompleqsacia humatur da fulvatur mJavebad warmoadgens 

spilenZis dakavebis efeqtur formas niadagSi. dadgenilia, rom 
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Cu ufro intensiurad kopleqsirdeba humusis humatur nawilTan 

(Hodgson et al., 1966) sxva liTonebTan SedarebiT. 

sinTezuri organuli mJavebi, rogoricaa EDTA 

(eTielndiamintetraacetatmJava) da DTPA (dieTilentriamin-

pentaacetatmJava) da sxvebi warmoqmnian mZime liTonebTan 

xelatur naerTebs, Tumca maTi mdgradoba warmoadgens niadagis 

pH-is funqcias. CuDTPA aramdgradia mJave niadagebSi, saSualod 

mdgradia sustad mJave niadagebSi da mdgradia tute da 

karbonatulö niadagebSi. maSin, roca CuEDTA ufro mdgradia 

sustad mJave da neitralur areSi (pH 6.1-7.3). mJave niadagebSi 5.7-

ze dabali mJavianobisas CuEDTA aramdgradi xdeba mas Semdeg, 

rac Cu-s Caenacvleba Fe. 

manganumi. manganumis rigiTi nomeria 25, atomuri masa – 54.94, 

lRobis temperatura – 1244± 30C da simkvrive – 7.2 g/sm3. igi 

miekuTvneba perioduli sistemis VII jgufis mTavar qvejgufs (da 

qimiuri TvisebebiT hgavs mis mezobel rkinas). manganumi 

naerTebSi arsebobs I, II, III, IV, VI da VII valentiani saxiT. II, IV, 

VI da VII valentiani fromiT igi warmoqmnis yvelaze mdgrad 

marilebs. misi oqsidebidan MnO da Mn2O3 fuZea, xolo maRali 

Jangeulebi mJave. Mn moTeTro-nacrisferi, Zlier msxvrevadi da 

haerze advilad Jangvadi liTonia. 

Mn-is bioqimia niadagSi Zalian rTulia, rac 

ganpirobebulia Semdegi faqtorebiT: Mn SeiZleba arsebobdes 

ramdenime JangviTi formiT, Mn-is oqsidebs SeuZliaT iyon 

ramdenime kristaluri da fsevdokristaluri saxiT, oqsidebs 

unari aqvT warmoqmnan danaleqebi Fe-is oqsidebTan erTad. Fe da 

Mn-is oqsidebi amJRavneben amfoterul Tvisebebs da 

urTierTqmedeben rogorc kaTionebTan, ise anionebTan, Jangva-
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aRdgeniTi reaqciebi Mn-is monawileobiT ganicdis sxvadasxva 

saxis biologiur, qimiur da mikrobiologiur zegavlenas. Tumca 

Mn-is STanTqma ufro rTulia, radgan igi warmoqmnis uxsnad 

oqsidebs pH-isa da Eh (eleqtrogamtarobis) pirobebis 

Sesabamisad. umetes mJave da tute niadagebSi Mn2+  dominirebs 

niadagis xsnarSi sxva formebTan SedarebiT. 

Mn-is STanTqma A0 horizontSi (0-4 sm) izrdeboda, rac 

ganpirobebulia Zlieri kaTionuri gacvliT (CEC) organuli 

nivTierebebis da Fe-is amorfuli oqsidebis maRali SemcvelobiT. 

STanTqma izrdeba pH-is zrdisas, rac aixsneba Mn2+-is gazrdili 

hidroliziT, Mn-is daleqvis albaTobis matebiT da gacvliTi 

kompleqsis gazrdili uaryofiTi muxtiT. Mn Zlier STainTqmeba 

Tixa mineralebis mier, rac Zlierdeba pH-is zrdisas (Willett, 

Bond, 1995). 

saerTod Mn-is STanTqmas niadagSi SeiZleba xeli Seuwyos 

ramdenime procesma. pirveli, Mn-is daJangvam  maRalvalentovan 

oqsidebad da/an uxsnadi naerTebis daleqvam (rac damokidebulia 

datenianeba-gamoSrobaze) da meore, Tixa mineralebis kristalur 

badeze da gacvliT nawilze adsrobciam. karbonatul niadagebSi 

SeiZleba mTavari roli iTamaSos CaCO3-ze qimiurma STanTqmam da 

Semdeg MnCO3-ad daleqvam. organuli, xelaciis unaris mqone 

naerTebis arseboba ar iZleva niadagSi mdgradi kompleqsis 

warmoqmnis saSualebas Mn-Tan, radgan Fe-sa da Ca-s SeuZliaT 

Caenacvlon Mn-s (Norvell, Lindsay, 1972). 

nikeli. nikelis atomuri nomeria 28, atomuri masa 58.71, 

simkvrive 8.9 g/sm3 da lRobis temperatura 1453 0C. igi miekuTvneba 

e.w. rkina-kobaltis jgufs (VIII) periodul sistemaSi. Ni 
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movercxlisfro-TeTri, myari, welvadi, drekadi, rkinamagnituri 

liTonia. igi uxsnadia wyalSi magram xsnadia ganzavebul 

azotmJavaSi, sustad xsnadia marilmJavaSi da gogirdmJavaSi da 

uxsnadia amoniummJavaSi. arsebobs xuTi stabiluri izotopi 

Semdegi fardobiTi SemcvelobiT: Ni58 (68.27%), Ni60 (26.10%), Ni61 

(1.13%), Ni62 (3.59%) da Ni64 (0.94%). igi Cveulebriv gvxvdeba nulovni 

an meore JangviTi xarisxiT, I da III JangviTi xarisxi SeiZleba 

arsebobdes calkeul pirobebSi, magram aramdgradia 

wyalxsnarebSi. yvelaze gavrcelebuli Ni-is forma wyalSixsnad 

naerTebSi aris Ni2+. nikeli advilad warmoqmnis kompleqsebs 

organul funqcionalur jgufebTan, magram araorganul 

jgufebTan kopleqsebi mcire xarisxiT iqmneba (OH- > SO4
2- > Cl- > 

NH3). 

niadagSi nikeli gvxvdeba ramdenime qimiuri formiT. 

niadagis xsnarSi nikeli arsebobs Tavisufali ionuri saxiT 

(Ni2+) an ganicdis kompleqsacias organul da araorganul 

funqcionalur jgufebTan. Ni (II) mdgradia pH-is da Jangva-

aRdgeniTi potencialis cvlilebis mimarT. nikelis STanTqma 

niadagSi Zlieraa damokidebuli pH-ze. 

tyvia. tyvia molurjo-nacrisferi, mbzinvare liTonia, 

rigiTi nomriT 82. igi aris rbili, plastikuri, drekadi, susti 

eleqtrogamtari da Zlier medegi koroziis mimarT. Pb 

miekuTvneba perioduli sistemis IV jgufis mTavar qvejgufs, 

misi atomuri masaa 207.2, lRobis temperatura 3280C da simkvrive 

11.4 gr/sm3. igi gvxvdeba ori JangviTi xarisxiT, II da IV. umetes 

araorganul naerTebSi igi orvalentovania. mas gaaCnia oTxi 

stabiluri izotopi: Pb204, Pb206, Pb207 da Pb208, Semdegi fardobiTi 

SemcvelobiT 1.4%, 23.6%, 22.6%, 52.3%. ori radioaqtiuri izotopi 
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arsebobs mikrodozebSi. Pb210
t1/2=22weli da Pb212

t1/2=10sT. misi 

qloridebi da bromidebi mciredxsnadia wyalSi, Tumca 

karbonatebi da hidroqsidis marilebi yovelTvis uxsnadia.  

tyviis qimia niadagSi ganpirobebulia sami mTavari 

faqtoriT: specifikuri STanTqmiT sxvadasxva myari fazis mier 

Zneladxsnadi da myari naerTebis daleqviT da niadagis organul 

nawilTan SedarebiT mdgradi kompleqsebis an xelatebis 

warmoqmniT. Pb ganicdis hidrolizs dabali pH-is  dros da pH 9-

is zemoT xdeba Pb(OH)2-is warmoqmna, maSin roca pH 6-dan 10-mde 

diapazonSi Pb(OH)+ dominirebs. karbonatebis Semcveloba 

niadagSi mniSvnelovan rols asrulebs Pb-is qcevaze. 

arakarbonatul niadagebSi tyviis xsnadoba ganisazRvreba tyviis 

hidroqsidebiT da fosfatebiT, rogoricaa Pb(OH)2, Pb3(PO4)2, 

PbO(PO4)2, an Pb5(PO4)3OH, rac damokidebulia pH-ze. pH-is 

zrdasTan erTad SesaZlebelia tyviis orTofosfatis, Pb 

hidroqsipiromorfitis da aseve PbCO3-is (karbonatul niadagebSi) 

warmoqmna (Elkhabit, Elshebiny, Balba, 1991). Mn-is da Fe-is oqsidebis 

arsebobam SeiZleba mTavari roli iTamaSos niadagSi tyviis 

STanTqmaze. eqsperimentma aCvena, rom tyviis STanTqma sinTezuri 

manganumis oqsidebze 40-jer ufro meti iyo rkinis oqsidebTan 

SedarebiT, xolo Pb-is STanTqma moxda gacilebiT ufro 

Zlierad, vidre sxva Seswavlili liTonebis (Co, Ca, Mn, Ni da Zn) 

(Mckenzie, 1980). arsebobs  sami SesaZlo meqanizmi, romelsac 

SeuZlia ganapirobos Pb-is dakaveba Mn-is oqsidebze: 1) Zlieri 

specifikuri STanTqma, 2) gansakuTrebuli afiniteti 

(miziduloba) Mn-is oqsidebisadmi (Mckenzie, 1970, Mckenzie, 1975) da 

3) zogierTi Pb-Mn-iani mineralebis formireba, rogoricaa 

koronaditi. 
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niadagis organuli nivTierebebis arseboba aseve 

mniSvnelovan rols asrulebs Pb-is STanTqmaSi. niadagis 

organulma nivTierebebma SeiZleba daamagron Pb specifikuri 

STanTqmis reaqciiT, ise rogorc Pb-is Zvradobas SeiZleba xeli 

Seuwyon gaxsnil organul nivTierebebTan an fulvomJavebTan 

kompleqsaciis gziT (Pinheiro, Mota, Benedetti, 1999; Liu, Gonzalez, 1999). 

Pb-is adsrobciaSi a-Al2O3-is mier CarTulia ramdenime meqanizmi. 

saerTod, tyviis STanTqmis kinetika amJRavnebs orfazovan qcevas. 

dasawyisSi swraf reaqcias mohyveba ufro neli reaqcia. neli 

STanTqmis reaqcia ar aris gamowveuli Pb-is zedapirze daleqvis 

gamo, magram SeiZleba ganpirobebul iqnas Sida difuziiT, 

romelic xasiaTdeba neli reaqciiT mis mimarT susti 

mizidulobis gamo da savaraudod damatebiTi STanTqmiTi 

zedapiris formirebis Sedegad, rac Tavis mxriv gamowveulia a-

Al2O3-is neli transformaciiT nakleb reaqciisunarian myar 

fazad. dasawyisSi swrafi reaqcia ufro metad gamowveulia 

qimiuri reaqciiT advilad misawvdom zedapirze (Strawn, Scheidegger, 

Sparks, 1998). Pb amJRavnebs Zlier mizidulobas Tixebis, torfis, 

Fe-is oqsidebis da Cveulebriv niadagebis mimarT (Basta, Tabatabai, 

1992; Sauve et al., 2000). tyviis fosfatebi aRmoCndnen tyviis yvelaze 

mdgradi naerTebi garemoSi, romlebic xasiaTdebian mcire 

xsnadobiT, rac farTod gamoiyeneba tyviiT gaWuWyianebuli 

niadagebis gawmendisas (Bradl, 2005). 

TuTia. TuTiis atomuri nomeria 30, atomuri masa 65.38, 

lRobis temperatura 4200C da simkvrive 7.13 gr/sm3. igi 

miekuTvneba II jgufis meore qvejgufs periodul sistemaSi da 

gvxvdeba orvalentiani formiT mis yvela naerTSi. TuTia aris 

molurjo-TeTri rbili liToni, romelic Seicavs 5 mdgrad 
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izotops Semdegi procentuli ganawilebiT: Zn64 (48.89 %), Zn66 

(27.81 %), Zn67 (4.11 %), Zn68 (18.65 %) da Zn70 (0.62 %). eqvsi 

radioaqtiuri izotopia: Zn62, Zn63, Zn65, Zn69, Zn72 da Zn73. TuTiis 

Jangvis xarisxi bunebSi aris II, Zn2+ ioni uferoa. tute areSi 

TuTiis hidroqsidi ileqeba. damatebiT warmoiqmneba cinkat-ioni 

Zn(OH)4
2- da radgan igi amfoteruli bunebisaa, Zn warmoqmnis 

wyalSi xsnad qloratebs, qloridebs da nitratebs, maSin roca 

oqsidebi, karbonatebi, fosfatebi da silikatebi wyalSi 

SedarebiT uxsnadia. STanTqma mniSvnelovani faqtoria TuTiis 

niadagSi dagrovebisaTvis, romelzec zemoqmedebs iseTi 

faqtorebi, rogoricaa pH, Tixa mineralebis Semcveloba, 

kaTionuri gacvlis simZlavre, niadagis organuli nawili da 

niadagis tipi. Tixa mineralebis STanTqmis siZliere cvalebadia 

gansxvavebuli kaTionuri gacvlis simZlavris, specifikuri 

zedapiris farTobis da ZiriTadi struqturuli aRnagobis 

mixedviT. (2:1) Tixebi rogoricaa monTmoriloniti da iliti 

amJRavneben TuTiis ufro maRal fiqsaciis unars, vidre 

kaoliniti (1:1 minerali). es faqti SeiZleba aixsnas Zn-is 

dakavebiT Tixis Sidakaristaluri badis ganapira zonaSi, 

rodesac igi farTovdeba dasvelebisas da ikumSeba Srobisas 

(Reddy, Perkins, 1974). Tixaze damagrebuli Zn-is nawili, romelic 

dakavSirebulia zedapirul funqcionalur jgufebTan, 

xasiaTdeba rogorc ZiriTadad gardaqmnis unaris mqone forma, 

xolo danarCeni SeboWilia kristaluri nawiliT da 

aragacvliTi formiT arsebobs (Tiller, Hodgson, 1962). karbonatul 

da tute niadagebSi TuTiis miuwvdomloba ganpirobebulia  misi 

STanTqmiT karbonatebis mier, Zn-is hidroqsidis an karbonatebis 

daleqviT, an uxsnadi kalciumis cinkatis warmoqmniT (Adriano, 
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2001). hidroqsidebis zedapiris muxti Zlieraa damokidebuli pH-

ze da izrdeba mis zrdasTan erTad. Zn-is dagrovebas 

nawilobriv iwvevs niadagSi mJangavi zedapirebis arseboba, 

romelTa Tixis fraqciaSi dominirebs silikatebis fena (McBride, 

Blasiak, 1979). xelaciis unaris mqone naerTebi, bunebrivi Tu 

xelovnuri, mniSvnelovan rols asruleben Zn-is ZvradobaSi. 

TuTia aseve warmoqmnis kompleqsebs Cl-, PO4
3-, NO3

- da SO4
2--Tan 

(Lindsay, 1979). 

vinaidan niadagis suspenziaSi EDTA-s arseboba aqveiTebs Zn-

is STanTqmas niadagis mier, savaraudoa rom TuTia qmnis Zlier 

kompleqsebs EDTA-sTan da amgvarad, amcirebs mis mizidulobas 

STanTqmiTi zedapirisadmi (Elrashidi, O`Connor, 1982). aRniSnulis 

sapirispirod Zn-is naerTebi Cl-, NO3
- da SO4

2--Tan ar axdens 

mniSvnelovan gavlenas Zn-is STanTqmaze (Bradl, 2005). 

 

1.4 mZime liTonebis mniSvneloba cocxali organizmebisaTvis 

kadmiumi. adamianisTvis kadmiumi saWiroa mikrodozebSi. is 

aregulirebs sisxlSi Saqris Semcvelobas, magram gadidebul 

koncentraciebSi nebismier mdgomareobaSi kadmiumi Zlier 

toqsikuria (uruSaZe, 2001). 

spilenZi. spilenZi erT-erTi yvelaze kargad cnobili 

mikroelementia Zn, Mn, Fe, B, Mo da Cl-Tan erTad, romlebsac 

sasicocxlo mniSvneloba aqvT mcenaris kvebaSi (Sommer, 1931; 

Lipman, McKinney, 1931), Tumca isini saWiroa mxolod mcire 

raodenobiT 5-20 mg/kg. 4 mg/kg-ze naklebi koncentracia miCneulia 

deficitad da 20 mg/kg-ze meti – toqsikurad (Mortvedt et al., 1972). 

Cu Sedis mcenareuli fermentebis SemadgenlobaSi, romlebic 

uzrunvelyofen sxvadasxva fiziologiur procesebs mcenareSi, 
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rogoricaa fotosinTezi, sunTqva, ujredis kedlebis 

metabolizmi, Teslis warmoqmna da sxv. (Bradl, 2005). 

adamianebSi spilenZi saWiroa sxadasxva spilenZSemcvel 

fermentebSi, rogoricaa peroqsidaza I da II, romelic 

katalizatoris rols asrulebs Fe2+-is Fe3+-ad daJangvis dros, 

citoqrom C oqsidaza, romelic sunTqvis procesis 

damamTavrebeli fermentia. liziloqsidaza da sxv. Cu-is 

nakleboba adamianSi iwvevs anemias, darRvevebs Zvlovan da 

gulsisxlZarRvTa sistemebSi, gonebrivi da nervuli sitemis 

dazianebas da defeqtur Tmis cvenas (Bradl, 2005). 

manganumi. Mn aucilebeli mikroelementia mcenareebisTvis, 

romelic axdens organuli mJavebis da cvlisTvis saWiro 

mravali fermentis aqtivacias. igi aseve saWiroa fotosinTezis 

dros O2-is gamoyofisTvis (hilis reaqcia, romlis drosac xdeba 

qloroplastebSi sinaTlis sxiviT eletronebis induqcia). Mn 

aseve mniSvnelovania fesvis da foTlebis sokovani daavadebebis 

mimarT gamZleobis gamosamuSaveblad (Bradl, 2005). 

Mn aseve aucilebeli elementia cxovelebisa da 

adamianisTvis. Tu normaluri kvebis reJimi SenarCunebulia, Mn-

is deficiti Zalzed iSviaTia. koncentraciebs Soris sxvaoba 

organoebs an bavSvebsa da mozrdilebs Soris mcirea (Kinniburgh, 

Jeckson, 1978). Cai miCneulia, rogorc Mn-iT gansakuTrebulad 

mdidari mcenare. erTi finjani Cai Seicavs 0.3-dan 1.4 mg-mde Mn-s. 

Mn Tanamonawileobs rigi fermentebis funqcionirebaSi, 

rogoricaa hidrolazebi, kinazebi, dekarboqsilazebi da 

ramdenime liTonur fermentSi (Bradl, 2005). 
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nikeli. nikeli sasicocxlo elementia mcenareebis da 

cxovelebisTvis. igi Sedis ureazas, meTilkoenzimreduqtazas, 

hidrogenazas da naxSirJangis dehidrogenazas SemadgenlobaSi 

(Nieboer, Nriagu, 1992). nikelis naklebobis simptomebi mcenareSi 

sxvadasxvaa da moicavs zrdis Senelebas, adreul daberebas, 

rkinis Semcirebul dones qsovilebSi, qlorozs da nekrozs 

(Bradl, 2005). 

tyvia. ar arsebobs mniSvnelovani mtkicebuleba imisa, rom 

tyvia asrulebs raime sasicocxlo rols cocxal organizmTa 

nivTierebaTa cvlaSi (Alloway, 1989). 

TuTia. TuTia sasicocxlo elementia, rogorc 

mcenareebisaTvis, ise cxovelebisaTvis. TuTia monawileobs 

sxvadasxva liTonur fermentSi, citoplazmuri ribosomebis 

mdgradobaSi da fesvis ujredebis plazmis membranaSi. igi 

asrulebs katalizatoris funqcias Jangvis procesSi da cilis 

sinTezis dros, iseve rogorc karbohidratebis gardaqmnisas 

(Bradl, 2005). 

TuTia aucilebeli elementia adamianisTvis. dRemde 

aRricxulia TuTiis 200-ze meti fermenti da cila organizmSi 

(Hambidge et al., 1986). TuTiis nakleboba araadeqvaturi kvebis 

reJimis Sedegia, gansakuTrebiT  zrdis, orsulobis, da 

laqtaciis periodSi. Zn-is naklebobis simptomebi moicavs 

dermatits, anemias, Wrilobis Sexorcebis unaris daqveiTebas, 

sasqeso organoebis arasrul ganviTarebas da 

neirofiziologiur moSlilobas (Prasad et al., 1961). 
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1.5 mZime liTonebis toqsikuri zemoqmedeba cocxal 

organizmebze 

kadmiumi. kadmiumi cnobilia, rogorc toqsikuri elementi 

mcenareebisTvis, uxerxemlo da xerxemliani cxovelebisTvis 

ufro mcire dozebSi, vidre mag. Zn, Pb an Cu. fitotoqsikuroba 

ZiriTadad damokidebulia mcenaris saxeobaze da Cd-is 

koncentraciaze garemoSi. kadmiumiT mcenaris mowamvlis 

simptomebia qloroziT da nekroziT daavadeba, Wknoba, foTlebis 

wiTel-narinjisferi Seferva da zrdis Seneleba, rac aRwerilia 

sxvadasxva saxeobebisTvis, rogoricaa xorbali (uruSaZe, 2001) 

brinji da Tvis boloki (Chino, Baba, 1981; Khan, Frankland, 1983). 

kadmiumi erTveba mcenaris metabolur procesebSi, rac 

iwvevs fesvis zrdis Senelebas, suberizacias, fesvis 

struqturis Sida da gare dazianebas, Semcirebul wylis 

gamtarobas, cvlilebebs sakvebis STanTqmasa da gadaadgilebaSi, 

rac iwvevs kvebis  balansis darRvevas, qlorofilis 

Semcvelobis Semcirebas, cvlilebebs fotosinTezTan 

dakavSirebul enzimatur aqtivobaSi, bageebis gaxsnasa da 

gamtarunarianobis daqveiTebas (Waisel et al., 1991; Marchiol et al., 1996; 

Van Assche, Clijsters, 1990; DeVos et al. 1991; Lagriffoul, 1998). xe-mcenareebi 

aseve mgrZnobiareni arian niadagSi Cd-is maRalökoncentraciaze, 

magram ufro didi Semcvelobisas vidre sasoflo-sameurneo da 

baRCeuli kulturebi. 

adamianis organizmSi Cd erTveba Ca-is, D vitaminis da 

qsovilebis SemaerTebeli cilovani nivTierebebis metabolizmSi 

da iwvevs Zvlebis degeneracias, rogoricaa osteomalaqia 

(Zvlebis darbileba). romlis damadasturebeli erT-erTi 

TvalsaCino magaliTia md. jincus auzi iaponiaSi, sadac Cd 
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zemoqmedebda mosaxleobaze 30 wlis ganmavlobaSi. Cd-is 

Semcveli mdinaris wyali gamoiyeneboda brinjis naTesebis 

sarwyavad, ramac gamoiwvia ita-itaiT daavadeba (Takijima, Katsumi, 

1973).  

Cd gamodevnis Ca-s organizmidan SardTan erTad. misi 

xangrZlivi zemoqmedeba gavlenas axdens Tirkmelebze, 

filtvebze da iwvevs cilovan Sardvas, glomeraluri 

filtraciis daqveiTebas da emfizemas. Tambaqo Seicavs 

daaxloebiT 1 mg/kg Cd-s. erTi kolofi sigaretis mowevisas 

organizmSi xvdeba daaxloebiT  3 mikrogrami Cd (Friberg et al., 

1971). zogadad, Cd-is gadasvla sasursaTo kulturebSi umTavresi 

problemaa, radgan am kulturebis moxmareba warmoadgens 

mosaxleobis Cd-iT mowamvlis mTavar gzas. kadmiumi zrdis 

sisxlis wnevas, gaaCnia kancerogenuri Tvisebebi, grovdeba 

Tirkmelebsa da RviZlSi (uruSaZe, 2001). 

spilenZi. wylis ekosistemaSi Tavisufali Cu2+-is ioni 

miCneulia yvelaze toqsikur formad Cu-is sxva kompleqsur 

formebTan SedarebiT (Sllen, Hansen, 1996; Ma et al., 1999). miuxedavad 

imisa, rom Cu sasicocxlo elementia cxovelebisTvis, misi 

koncentracia toqsikuria wylis sistemaSi 10-50-jer ufro metia, 

CveulebrivTan SedarebiT. TevzebSi Cu cvlis hematologiur 

parametrebs da fermentatul aqtivobas (Stouthart et al., 1996). 

spilenZis toqsikuri zemoqmedeba adamianze Zalzed iSviaTia 

da Cveulebriv dakavSirebulia Zroxis rZis xangrZliv 

miRebasTan da organizmis sakvebiT arasakmaris 

uzrunvelyofasTan orsul qalebSi da mcirewlovan bavSvebSi 

(Bradl, 2005). 
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manganumi. Mn-is fitotoqsikuroba metad mniSvnelovania, 

romelic xSirad Tavs iCens Al-is toqsikurobisas. Al-is da Mn-is 

toqsikuroba yvelaze mniSvnelovani zrdis SemzRudavi faqtoria 

mJave niadagebSi (Foy, Campbell, 1984). 

Mn-is toqsikuroba adamianebSi iSviaTia da Cveulebriv 

qronikuli inhalaciis Sedegia. maSin, roca sakvebTan erTad 

moxvedrili Mn nakleb toqsikuria (Chang, 1996), SesunTquli Mn 

SeiZleba neirotoqsikuri iyos sasunTqi da sasqeso gzebisTvis, 

radgan savaraudod SesunTquli Mn pirvel rigSi gaivlis tvins, 

maSin roca sakvebis gziT miRebuli Mn gaivlis RviZls, 

romelsac unari aqvs misi gardaqmnis da gauvnebelyofis. Mn-iT 

mowamvlis simptomebi msgavsia parkinsonis daavadebis 

simptomebis, rac gamoixateba moZraobis kontrolis darRvevaSi, 

saxis gamometyvelebaSi da zogierT neiroqimiur funqciaSi. Mn 

aseve gamoiyeneba benzinis danamatad da cvlis Pb-is SenaerTebs, 

rogoricaa tetraeTil da tetrameTiltyvia. 

nikeli. garemoSi ultrafuZe substratze (mag. peridoditi 

an serpentiti)  arseboben mcenareebi, romlebic axdenen Ni-is 

hiperakumulacias qsovilebSi, zogjer 1000 mg/kg-ze meti 

koncentraciiT. dReisaTvis daaxloebiT 240 aseTi saxeobaa 

cnobili, aqedan 76 Brasicaceae-s ojaxidan, umetesad Alyssum-is 

gvaridan (48 saxeoba) da Thlaspi (23 saxeoba). Ni-is koncentracia 

>50 mg/kg iwvevs toqsikur simptomebs mcenareebSi (Bradl, 2005). 

TuTiis Semcveloba 200-300 mg/kg toksikuri ionjasa da 

WarxlisTvis, xolo 400 mg/kg meti – SvriisTvis (uruSaZe, 2001). 

TevzebisTvis xangrZlivma nikelis miRebam mcire dozebiT 

SesaZloa gamoiwvios ConCxis Semcirebuli kalcifikacia da 
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asfiqsia (Moore, 1991). arsebobs adamianis nikeliT mowamvlis 

ramdenime saxe. Ni-is naerTebis SesuTqva, rogoricaa [Ni(CO)4], 

Ni3S2, Ni2O3, iwvevs pnevmonias, Tirkmelzeda jirkvlis 

ukmarisobas, filtvebis daxSobas, sasunTqi gzebis kibos da 

asTmas. nikelTan xangrZlivi kontaqtiT gamowveuli yvelaze 

xSiri daavadebaa dermatiti (Sunderman et al., 1989). 

tyvia. zogadad Cveulebriv garemo pirobebSi tyviis 

fitotoksikuroba ar aRiniSneba. Pb ar warmoadgens seriozul 

problemas niadagSi, radgan mas axasiaTebs Zlieri miziduloba 

niadagis organuli nivTierebebis mimarT. gamonaklisia 

wiaRiseulis mopovebisa da gadamuSavebis adgilebi, sadac 

mcenareebi ganicdian tyviis maRali koncentraciis gavlenas.  

xorblis da qeris marcvalSi tyviis Semcveloba  5-8-jer 

aRemateba fonur Semcvelobas, kartofilis mklavSi 20-jer, 

xolo bolqvSi – 26-jer, kombostosa da stafiloSi – 4-7-jer. 

tyviis dagrovebaSi yvelaze mcire gansxvaveba anomalur da 

fonur nakveTebze aRiniSneboda mwvane xaxvSi. sasoflo-

sameurneo kulturebi, romlebic moyvanilia saavtomobilo 

gzebis gaswvriv Seicaven 5-10-jer meti raodenobiT tyvias 

(uruSaZe, 2001). 

mikroorganizmebi ufro mgrZnobiareni arian tyviis mimarT, 

vidre mcenareebi (Strojan, 1978). Sinauri cxovelebis, Tevzebisa da 

veluri bunebis warmomadgenlebisTvis tyvia araspecifikuri 

Sxamia, romelic Trgunavs mraval fermentul aqtivobas. tyviiT 

mowamvla Cveulebriv gavlenas axdens sisxlZarRvTa da nervul 

sistemaze da ganayofierebaze (Bradl, 2005). tyviis raodenoba, 

romelic udris sakvebis mSrali wonis 100 mg/kg, iTvleba 

cxovelebisTvis letalur dozad (uruSaZe, 2001). 
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adamianisTvis tyviiT mowamvla mTavar ekologiur safrTxes 

warmoadgens, gansakuTrebiT Cvilebsa da mcirewlovan bavSvebSi. 

gza, romliTac tyvia xvdeba organizmSi, damokidebulia tyviis 

qimiur da fizikur formaze. araorganuli tyvia umetesad xvdeba 

sunTqvis da sakvebis miRebis gziT, romelic ar gaivlis 

biologiur transformacias, maSin roca organuli tyvia, mag. 

tetraeTiltyvia, romelsac iyeneben sawvavis danamatad, aRwevs 

organizmSi ZiriTadad kanis da suTqvis gziT da gadamuSavdeba 

RviZlSi (Adriano, 2001). sisxlSi moxvedris Semdeg tyvia 

upirvelesad Semdeg adgilebSi grovdeba: TviT sisxlSi, rbil 

qsovilebSi (kerZod  Tirkmelebi, Zvlis tvini, RviZli da tvini) 

da mineralur qsovilebSi (Zvlebi da kbilebi). tyvia 

akumulirdeba organizmSi mTeli sicocxlis manZilze da 

gamoiyofa Zalian nela. amgvarad, Pb-iT mowamvla SeiZleba 

gamoiwvios xangrZlivad mcire dozebSi miRebam. tyviiT 

mowamvlis simptomebia saerTo daRliloba, Tavbrusxveva, Tavis 

tkivili, Rebineba, gonis dakargva, molurjo-moSavo zolebi 

RrZilebze da mkveTri tkivilebi. tyvia aseve erTveba 

hemoglobinis sinTezSi da Zlier arRvevs Tirkmelebis funqcias. 

igi gavlenas axdens nayofis Casaxvaze da ganviTarebaze. tyviiT 

mowamvla gansakuTrebiT zemoqmedebs 6 wlamde bavSvebze da 

dRemde ver moxerxda usfarTxo dozis SerCeva (Bradl, 2005). 

tyviis Semcveli naerTebidan gansakuTrebiT Sxamiania 

tetrameTiltyvia, romelsac umateben benzins detonaciis 

dasaTrgunavad. sawvavis 1 litris wvisas haerSi xvdeba 200-400 mg 

tyvia. weliwadSi erTi avtomanqana saSualod gamotyorcnis 1 kg 

tyvias. adamianis sisxlSi tyviis toqsikur dozad iTvleba 0.8 

nawili 1 mln. sakmarisia sakvebTan erTad dReSi adamianma 
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gadaylapos aseTi mtvris 40 mg da am liTonis Semcveloba 

sisxlSi gadaaWarbebs 0.4 nawils 1 mln (uruSaZe, 2001). 

TuTia. Tu TuTiis koncentracia >100 mg/kg, maSin SesaZloa 

gamovlindes qlorozis msgavsi fitotoqsikuri simptomebi 

(Benson, 1966). 

Zn-is toqsikuroba adamianSi Zalian iSviaTia. Zn-is didi 

raodenobiT miRebam SeiZleba gavlena iqonios qolesterinis 

cvlaze (Bradl, 2005). 

 

1.6 ftoridebi, sulfatebi, nitratebi, qloridebi da 

fosfatebi niadagSi 

ftoridebi. ftori yvelaze reaqciiisunariani  uaryofiTad 

damuxtuli elementia, romelsac SeuZlia gamoaZevos naerTebidan 

yvela elementi Jangbadis da azotis garda, amgvarad, igi ar 

moipoveba Tavisufali saxiT (Weinstaein, 2004). 

ftori farTodaa gavrcelebuli dadamiwis qerqSi ftor-

ionis saxiT. sxvadasxva avtorTa azriT igi me-13 (Smith, Hodge, 

1979) an me-17 (Fleischer, 1953; Bell et al., 1970; NAS, 1971) adgils ikavebs 

dedamiwis qerqSi Semcvelobis mixedviT da gvxvdeba vulkanur 

da danaleq qanebSi 0.06%-0.09% raodenobiT masaze 

gadaanagrSebiT liTosferos zeda fenaSi (Kortnig, 1951). ftor-

ions ramdenime aseuli minerali Seicavs, Tumca maTSi ftoris 

Semcveloba did farglebSi meryeobs. yvelaze maRali 

SemcvelobiT gamoirCeva LiF, romelic 73%-mde ftors Seicavs. 

Tumca, warmoebaSi ZiriTadad gamoiyeneba ftoriti (CaF2), 

ftorapatiti (Ca10F2(PO4)6) da krioloti (Na3AlF6) (Weinstaein, 2004). 

ftori bunebrivi elementia niadagSi, sadac igi xvdeba 

qanebis gamofitvis Sedegad, vulkanuri aqtivobisas, sawarmoo 
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gamonabolqvidan (mag. aluminis, aguris, foladis, SuSisa da 

sasuqebis mwarmoebeli obieqtebidan) da fosforovani 

sasuqebidan (Cronin et al., 2000; Loganathan et al., 2005). ftoris 

naerTebidan warmoebaSi yvelaze metad gamoiyeneba 

ftorwyalbadmJava, romelic saWiroa qloridebis Semcveli 

produqtebis misaRebad (Weinstaein, 2004). 

larsenisa da vidousonis mixedviT niadagebSi ftoris 

mTliani formis saSualo Semcveloba 300 mg/kg-ia (Larsen, 

Widdowson, 1971), Tumca bunebrivad sufTa niadagebSi ftoris 

Semcveloba SesaZloa 20-dan 400 mg/kg-mde meryeobdes (Scheffer, 

Schachtschabel, 1989). 

ftori Zalian Zlier adsorbirdeba niadagSi (Barrow, 1986) da 

amgvarad misi  SeTviseba mcenareebis mier mcirea (Singh, 1990; 

McLaughlin et al., 1997; Loganathan et al., 2001; Xie et al., 2000). briueris 

(Brewer, 1966) azriT niadagSi ftoris saerTo formebis 

Semcvelobis codna mxolod akademiur interess warmoadgens da 

rom wyalSi xsnadi ftoridebi mcenaris  mier ftoris 

SeTvisebis ZiriTadi wyaroa. 

sulfatebi. niadagSi gogirdi arsebobs organuli 

naerTebis, STanTqmuli saxiT, xolo niadagis xsnarSi SO4
2- ionis 

formiT. radgan mcenareebi STanTqaven gogirdmJava ions niadagis 

xsnaridan, misi Sevsebis gansazRvra organuli da STanqmuli 

gogirdovani naerTebidan mniSvnelovania gogirdiT mcenaris 

uzrunvelyofis dasadgenad. zomier klimatur regionebSi 

niadagebi Cveulebriv Seicaven 0.1-dan 2.0 g S/kg (Brady, 1974). 

mSrali regionis niadagebi met gogirds Seicaven, teniani 

regionis niadagebTan SedarebiT (Sesabamisad, 0.8 da 0.4 mg/kg-is 
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odenobiT) (Brady, 1974). mSrali havis niadagebSi gogirdis 

yvelaze gavrcelebuli mineraluri formaa TabaSiri. organul 

gogirdze modis niadagis gogirdis umetesi wili, saerTo 

Semcvelobis >90%. organuli gogirdis ZiriTadi Semadgeneli 

naerTebia eTersulfatebi, aminomJavebTan da naxSirbadTan 

dakavSirebuli gogirdi. eTersulfatebi gacilebiT ufro 

xsnadia, vidre naxSirbadTan dakavSirebuli gogirdi da 

miCneulia mcenarisTvis xelmisawvdomi gogirdis mniSvnelovan 

wyarod. 

 STanTqmuli sulfat-ioni xvdeba Tixamineralebis, 

organuli nawilis, rkinis da aluminis oqsidebis dadebiTad 

damuxtul gacvliT zedapirebze (Chao et al., 1962). niadagis mier 

SO4
2--is STanTqmis siZliere mcirdeba niadagis pH-is da 

fosforis Semcvelobis zrdasTan erTad (Ensminger, 1954; Kamprath 

et al., 1956). sulfat-ionis dakaveba mJave niadagebSi Zlierdeba Ca-

is gavleniT (Barrow, 1972; Ryden, Syers, 1976). 

 atmosferuli gogirdis mTavar wyaros okeaneebi (saerTo 

raodenobis 24%), niadagebi (35%), vulkanebi (7%) da warmoeba 

(35%) warmoadgens (Noggle et al., 1986). sawarmoebis wili gogirdis 

emisiaSi ganagrZobs klebas industriul qveynebSi, ris gamoc 

mcirdeba garemoSi gamotyorcnili gogirdis saerTo raodenoba 

(Schung, 1991).  

gogirdi xelmisawvdomia mcenarisTvis, rodesac baqteriebis 

mier xdeba misi elementaruli formis sulfat-ionamde daJangva 

(Starkey, 1966). daJangvis xarisxi damokidebulia gogirdis 

nawilakebis zomaze, temperaturaze da tenianobaze (Burns, 1967). 
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 mcenaris mier gogirdis STanTqmaze aseve gavlenas axdens 

mcenaris fesvebis sigrZe, im niadagebSi, sadac xdeba sulfat-

ionis qveda horizntebSi dagroveba. 

nitratebi. nitratebi pirdapir xvdeba garemoSi zogierTi 

sasuqebis saxiT da warmoiqmneba sxva azotovani sasuqebis da 

organuli nivTierebebis (mcenareTa narCenebi, nakeli da a.S.) 

mineralizaciis (organuli azotis NH4
+-ad gardaqmna) da 

nitrifikaciis (NH4
+-is NO3

--ad gardaqmna) gziT (Sumner, 2001). 

nitratebi Zlier xsnadia da ar gaaCnia raime saxis miziduloba 

niadagis nawilakebis mimarT (Bellini et al., 1996), ris gamoc igi 

advilad transportirdeba zedapirul da infiltraciul 

wylebSi. mas xSirad gabatonebuli adgili uWiravs azotis 

naerTebs Soris infiltraciul wylebSi da wyalsatevebSi. 

ekosistemebs gaaCniaT midrekileba gaxdnen nitratebis 

wyaro garemoSi, Tu isini Zlieraa ganoyierebuli da/an 

ekosistemis funqcionirebaze Zlieria anTropogenuri zegavlena. 

bevr ekosistemaSi nitratis ionis danakargebi Tavidanaa 

acilebuli, radgan nitrifikatori organizmebi konkurencias 

ver uweven mcenareebs amonium ionis mosapoveblad (Vitousek et al., 

1982). amis gamo, nitratebis danakargebi Tavs iCens mxolod iq, 

sadac azotis Setana sasuqebis, atmosferuli da hidrologiuri 

gziT sakmarisad didia, rom daakmayofilos mcenarisa da 

mikrobebis moTxovnileba N-ze an sadac raime saxiT darRveulia 

mcenaresa da mikrobTa Soris arsebuli konkurencia, rac xels 

uwyobs nitrifikaciis process (Aber et al., 1989). arsebobs mravali 

uaryofiTi zegavlena, ramac SeiZleba ganapirobos msgavsi 

darRvevebi. mag. sasoflo-sameurneo savargulebidan mosavlis 

aReba (Gold et al., 1990), tyis pirwmindad Wra (Bormann, Likens, 1979), 
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Zlieri qarebi (Bowden et al., 1993) da sxv. nitrat-ionis dakargvis 

umTavres stimulatorad iTvleba niadgis moxvna, Tumca 

SesaZloa mniSvnelovani iyos iseTi neli procesebic ki 

rogoricaa Wiayelebis aqtiuroba (Edwards, Bohlen, 1996).      

 amJamad, mniSvnelovani yuradReba eTmoba nitratebis 

atmosferuli gziT gadatanas, romelic formirdeba 

atmosferoSi azotis oqsidebis gamotyorcnis Sedegad, rac 

ganpirobebulia wvis procesebis Sedegad da ubrundeba 

dedamiwas wvimis anu sveli, an nawilakovani da orTqlis anu 

myari depozitebis saxiT. msoflio masStabiT nitratebis 

wliuri atmosferuli depozicia 5-dan 20 kg-mde meryeobs 

(Johnson, 1992; Lovett, 1994). nitratebis depoziicia yuradRebis 

centrSi moeqca, mas Semdeg, rac dafiqsirda azotiT bunebrivi 

gaunoyierebeli ekosistemebis gajereba, rac dakavSirebulia  

sxvadasxva mavne qimiur da biologiur cvlilebebTan zomieri 

klimatis zonis ekosistemebSi (mag. niadagis damJaveba) (van 

Breemen et al., 1982; Christ et al., 1995). 

qloridebi. qloridis ioni (Cl-) Cveulerbiv gvxdeba bunebaSi 

da yvelaze metad aRiarebulia rogorc saWiro mikroelementi. 

misi koncentracia niadagebSi meryeobs 20-dan 900 mg/kg-mde, 100 

mg/kg saSualo SemcvelobiT. niadagSi qlor-ionis umetesi 

nawili xvdeba warmomSobi qanis Semadgeneli marilebidan da 

aseve vulkanuri moqmedebiT da zRvis aerozolebis gziT. 

niadagSi qloridebis umetesi nawili arsebobs xsnadi marilebis 

NaCl, CaCl2 da MgCl2 saxiT. qlor-ionis koncentracia niadagis 

xsnarSi 0.5-dan 6 mg/kg-mde cvalebadobs (Sumner, 2001). 

 qlor-ioni Zalian sustadaa bmuli umetes mJave niadagebSi, 

xolo neitraluri pH-is pirobebSi misi STanTqma umniSvnelo 
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xdeba. didi raodenobiT qlor-ioni SeiZleba iqnes STanTqmuli 

mJangavi aris mqone niadagebSi, romelTac gaaCniaT dadebiTi 

muxtis mniSvnelovani odenoba mSTanTqav zedapirze. qlor-ionis 

xelmisawvdomoba mcenaris mier ar aris kavSirSi niadagis 

organul nawilTan, romelTanc igi kompleqsebs ar qmnis (Sumner, 

2001). 

 niadagebis umetesoba sakmarisi raodenobiT Seicavs 

qloridebs, rac Seesabameba mcenaris moTxovnilebas. Tumca, 

qloridebis nakleboba aRniSnulia  ZiriTadad marcvleuli 

kulturebis qveS qviSnar niadagebSi uxvi naleqebis pirobebSi, 

aseve niadagebSi, romlebic warmoSobilia qloris 

mciredSemcveli qanebidan an okeanidan Sors mdebare niadagebSi 

(Sumner, 2001). 

fosfatebi. niadagSi fosfori arsebobs araorganul da 

organul formebSi. fosforis araorganuli naerTebi 

dakavSirebulia amorful da kristalizebul oqsidebTan da 

karbonatul SenaerTebTan. fosforis organuli formebi moicavs 

SedarebiT xsnad fosfolipidebs da fulvomJavebs da ufro 

mdgrad huminis mJavebs (Sumner, 2001). 

niadagSi fosforis Semcveloba Cveulebriv ufro maRalia 

zeda humusovan horizontSi, vidre qveda fenaSi, rac 

ganpirobebulia Setanili fosforis STanTqmiT, ufro maRali 

biologiuri aqtivobiT da organuli nivTierebebis dagrovebiT. 

Tumca, niadagSi fosforis Semcveloba cvalebadobs qanis, 

niadagTwarmoqmnis procesis, meqanikuri Sedgenilobis, 

gamoyenebuli fosforovani sasuqebis da niadagis kultivaciis 

tipTan kavSirSi (Sumner, 2001). 
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fosforis damatebiTi Setana Cveulebriv saWiroa mcenaris 

mier Sesabamisi xelmisawvdomi raodenobis uzrunvelsayofad. 

sasuqebis raodenoba gansxvavebulia rogorc niadagis, ise 

mcenaris tipis mixedviT (Pierzynski, Logan, 1993). Setanili fosfori 

an Seiwoveba mcenareTa mier an STainTqmeba sustad (fizikurad) 

an Zlierad (qimiurad) aluminis, rkinis da kalciumis 

zedapirebze, an xdeba misi organul fosforad gardaqmna 

(McLaughlin et al., 1988; Syers, Currtin, 1989). vinaidan, araorganuli 

fosfori zogadad amaragebs mcenares produqtiul sasoflo-

sameurneo niadagebze, meti yuradReba eqceva araorganuli 

fosforis xelmisawvdomobas vidre organuli fosofris 

damatebas (Sumner, 2001). 

saerTod, niadagis pH mTavari faqtoria, romelic 

akontrolebs araorganuli fosforis formebs, Tumca aluminis, 

rkinis, manganumis da kalciumis Semcveloba gansazRvravs maT 

raodenobas. mJave niadagebSi aluminis, rkinis da manganumis 

amorfuli oqsidebi da hidroqsidebi dominireben fosforis 

STanTqmis procesSi, maSin roca tute niadagebSi fosforis 

STanTqmasa da daleqvaSi kalciumis naerTebs meti mniSvneloba 

eniWebaT (Sumner, 2001).  

araorganuli fosfori droTa ganmavlobaSi ufro mWidrod 

ukavSirdeba Al-is da Fe-is kompleqsebs, rac ganapirobebs 

araorganuli fosforis mcire raodenobiT STanTqmas sasoflo-

sameurneo kulturebis mier (Sumner, 2001). 

miuxedavad imisa, rom araorganuli P iTvleba mcenaris 

mier xelmisawvdom P-ad niadagSi, organuli P-is mineralizacia 

aseve mniSvnelovania, rogorc dabal ise maRalnayofier 

niadagebSi (Stewart, Tiessen, 1987; Tate et al., 1991). organuli P P -is 

 44



mineralizacia ufro Zlieria tropikebSi, sadac gancalkevebuli 

mSrali da wvimiani sezonebi da niadagis maRali temperatura 

aZlierebs mikrobul aqtivobas (Sumner, 2001). 

 

1.7 ftoridebi, sulfatebi, nitratebi, qloridebi da 

fosfatebi miwisqveSa wylebSi 

ftoridebi. ftoridebis mniSvnelovani nawili sasmel 

wylebSi bunebrivad xvdeba. araorganuli ftori farTod 

gamoiyeneba warmoebaSi sxvadasxva miznebisTvis, aluminis 

warmoebis CaTvliT. ftoridebi SeiZleba moxvdes garemoSi 

fosfatovani sasuqebis misaRebad gamoyenebuli fosfatovani 

qanebidan, romlebic Seicaven 4%-mde ftors. 

 miwisqveSa wylebSi ftoridebis koncentracia Cveulebriv 

cvalebadobs qanebis saxeobis Sesabamisad, Tumca iSviaTad 

aWarbebs 10 mg/l (WHO, 2004). 

nitratebi. nitratebi bunebrivad xvdeba garemoSi, rogorc 

azotis wrebrunvis Semadgeneli nawili. nitratebi ZirTadad 

gamoiyeneba araorganul sasuqebSi, agreTve natriumnitriti 

gamoiyeneba sasursaTo produqtebis konservantad, gansakuTrebiT 

Sebolil xorcSi. nitratebis koncentracia miwisqveSa da 

zedapirul wylebSi Cveulebriv dabalia, magram SeiZleba 

miaRwios maRal maCveneblebs sasoflo-sameurneo miwebidan 

CaJonvis an gadarecxvis Sedegad, aseve sayofacxovrebo da 

cxoveluri narCenebidan amiakis daJangvis gziT (WHO, 2004). 

sulfatebi. sulfatebi bunebrivad gvxdeba mTeli rigi 

mineralebis SemadgenlobaSi da ZiriTadad gamoiyeneba qimiur 

warmoebaSi. isini xvdeba wylebSi sawarmoo narCenebidan da 

atmosferuli depoziciis saxiT, Tumca sulfatebis yvelaze 
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maRali Semcveloba dafiqsirebulia miwisqveSa wylebSi, rac 

bunebrivi procesebiTaa ganpirobebuli (WHO, 2004). 

 qloridebi. qloridebi sasmel wylebSi xvdeba bunebrivi 

wyaroebidan, aseve sakanalizacio da sawarmoo Camdinare 

wylebis, dasaxlebuli punqtebidan gzebze yinulis 

sawinaaRmdegod mofrqveuli marilis da marilovani 

intruzivebis gziT (WHO, 2004). 

fosfatebi. fosfatebi bunebrivad xvdeba miwisqveSa 

wylebSi, rac ZiriTadad ganpirobebulia qanebis mineralogiuri 

SedgenilobiT. Tumca fosfatebis koncentracia miwisqveSa 

wylebSi Cveulebriv umniSvneloa da adamianisaTvis safrTxes ar 

warmoadgens. 

 

1.8 ftoridebis, sulfatebis, nitratebis, qloridebis da 

fosfatebis mniSvneloba cocxali organizmebisaTvis 

ftoridebi. ftori sasicocxlo elementia adamianisa da 

cxovelebisTvis, magram balaxismWameli cxovelebisTvis is ufro 

cnobilia rogorc toqsikuri da ara sasargeblo elementi (Clark, 

Stewart, 1983; Loganathan et al., 2005). ftoridebis Semcvelobis 

balansis darRvevam organizmSi SeiZleba gamoiwvios kbilebis da 

Zvlebis daavadebebi (Fung et al., 1999; Xie et al., 2001). Tumca, 

adamianisaTvis ftoris sasicocxlo mniSvneloba naTlad ar 

aris naCvenebi da ar moipoveba monacemebi minimaluri sakvebi 

dozis Sesaxeb (Fluoride in Drinking-Water, 2004). 

sulfatebi. gogirdi organuli naerTebis struqturuli 

Semadgenelia, romelTa nawili sinTezirdeba mcenaris mier da 

amaragebs cxovelebs sasicocxlo aminomJavebiT, rogoricaa 

meTionini da cisteini, romlebic aucilebelia gogirdSemcveli 
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cilebis SeqmnisTvis. disulfiduri bmebi mniSvenelovan rols 

asruleben cilebis mesameuli struqturis regulirebaSi, rac 

uzrunvelyofs cilebis enzimatur funqcionirebas. gogirdi 

aseve Sedis vitaminebis da koenzimebis SemadgenlobaSi (Tiamini, 

biotini da a.S.) (Sumner, 2001). 

nitratebi. saukuneze metia rac azoti aRiarebulia 

mcenaris mniSvnelovan sakveb elementad. mcenaris qsovili 

Cveulebriv Seicavs ufro met azots, vidre sxva romelime sakveb 

elements, romlebic Seitaneba sasuqebis saxiT. azoti 

aucilebelia qlorofilis, cilebis da sxva mravali molekulis 

Sesaqmnelad, romelsac sasicocxlo mniSvneloba aqvs 

mcenarisTvis (Sumner, 2001). 

nitratebi da amiaki warmoadgenen araorganuli azotis 

mTavar wyaros, romelic Seiwoveba umaRlesi mcenareebis 

fesvebis mier. nitratebis akumulacia fesvis, Rerosa da 

samarago organoebis  vakuolebSi SesaZloa mniSvnelovani roli 

Seasrulos ionuri balansis dacvaSi. magram imisaTvis, rom 

nitratebma Seasrulon sasicocxlo funqcia, rogorc mcenaris 

sakvebma, nitrati unda aRdges amiakamde. nitratis amiakamde 

aRdgenas mcenaris sicocxlisaTvis iseTive mniSvneloba aqvs, 

rogorc naxSirorJangis asimilacias fotosinTezSi (Marschner,  

2002). 

qloridebi. mcenareSi qloridebi napovnia 130-ze meti 

organuli naerTis SemadgenlobaSi (Engvild, 1986, Marschner, 2002). 

ramdenime gamonaklisis garda, am naerTebSi qloris funqciuri 

mniSvneloba umaRlesi mcenareebisTvis ucnobia. qloris 

saSualo Semcveloba mcenareebSi 2-20 mg/g–is (mSral wonaze 
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gadaanagriSebiT) farglebSi meryeobs, rac makroelementebis 

tipiuri raodenobaa (Marschner, 2002).  

 qlor-ionis roli marcvleuli kulturebis sxvadasxva 

daavadebis SemTxvevebis Sesamcireblad ufro mniSvnelovania, 

vidre misi roli mcenaris kvebaSi (Sumner, 2001). 

fosfatebi. fosfori warmoadgens sasicocxlo elements 

mcenaris zrdaSi (Sumner, 2001). fosforis, rogorc 

makromolekuluri struqturis Semadgeneli nawilis funqcia, 

cnobilia nukleinis mJavebisaTvis, romlebic rogorc dnm-as 

Semadgeneli erTeulebi warmoadgenen genetikuri informaciis 

matareblebs da aseve rnm-as erTeulebs, sadac pasuxismgeblebi 

arian genetikuri informaciis gadatanaze. rogorc dnm-Si ise 

rnm-Si, fosfatebi warmoqmnian damakavSirebel xidebs 

ribonukleotidebs Soris da qmnian makromolekulebs. fosfori 

gansazRvravs nukleinis mJavebis Zlier mJavur bunebas da 

amgvarad gansakuTrebulad maRal kaTionur koncentracias dnm-

asa da rnm-as struqturaSi (Marschner, 2002). 

 

1.9 ftoridebis, sulfatebis, nitratebis, qloridebis da 

fosfatebis toqsikuri zemoqmedeba cocxal organizmebze 

 ftoridebi. araorganuli ftoris toqsikuroba mcenareebze, 

liqenebze, sokoebsa da sxva organizmebze dakavSirebulia misi 

dagrovebiT foTlebSi an ujredebSi da misi reaqciiT 

kalciumTan, magniumTan da sxva kaTionebTan (Weinstaein, 2004).  

ftoridebi toqsikurad moqmedeben mcenareebze ftoriT 

gaWuWyianebul niadagebze. aRniSnulia tyis masivebis seriozuli 

dazianeba aluminis mopoveba-gadamuSvebis Sedegad 

gaWuWuyianebul raionSi (Arnesen et al., 1995). 
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imisaTvis, rom gamowveuli iqnas ftoridebiT adamianis 

Zlieri mowamvla, saWiro minimaluri dozas warmoadgens 1 mg 

ftori sxeulis wonis TiToeul kilogramze (Janssen et al., 1988). 

 mravali epidemiologiuri kvleva Catarda adamianis 

organizmze sasmeli wylis gziT ftoridebis SesaZlo 

uaryofiTi gavlenis Seswavlis mizniT. aRniSnulma kvlevebma 

naTlad daadastures, rom ftoridebi ZiriTadad moqmedeben 

Zvlovan qsovilze. mcire koncentraciebi uzrunvelyofen 

kbilebis dacvas kariesis winaaRmdeg, gansauTrebiT bavSvebSi 

(Fluoride in Drinking-Water, 2004). Tumca SesaZloa, rom iq sadac 

ftoridebis miReba sxva gziTac xdeba (mag. haeri, sakvebi), kbilis 

ftorozi ganviTardes 1.5 mg/l-ze dabali koncentraciis 

SemTxvevaSic (Cao, Li, 1992). 

 ftoridebis gazrdili raodenobiT moxvedras organizmSi 

SesaZloa ufro seriozuli gavlena qondes Zvlovan qsovilze 

(Fluoride in Drinking-Water, 2004). 

sulfatebi. arsebuli monacemebiT ar aRiniSneba  

sulfatebis garkveuli Semcveloba sasmel wyalSi, romelsac 

SeiZleba uaryofiTi gavlena qondes adamianis janmrTelobaze. 

Tumca, saWmlis momnelebel sistemaze uaryofiTi moqmedebis 

gamo, rac gamowveulia sasmeli wylis gziT organizmSi 

moxvedrili sulfatebis zemoqmedebiT, rekomendirebulia maTi 

Semcveloba araumetes 500 mg/l (WHO, 2004). 

 nitratebi. mcenareebi advilad itanen nitratebis da maTi 

aRdgenis produqtebis nitritebis siWarbes. Tumca, adamianis 

organizmisaTvis es naerTebi gansakuTrebiT toksikuria. am mxriv 

gansakuTrebul saSiSroebas warmoadgens nitratebis Warbi 

dagroveba bostneul kulturebSi (uruSaZe, 2001).  
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nitratebis didi raodenobiT moxvedra organizmSi iwvevs  

sisxlis hemoglobinis met-hemoglobinad gardaqmnas, ris 

Sedegadac eriTrocitebi kargaven filtvebidan sxva qsovilebSi 

Jangbadis gadatanis unars. klinikuri efeqti mJRavndeba maSin, 

roca met-hemoglobinis koncentracia sisxlSi 10%-s miaRwevs 

(WHO Nitrate and nitrite in drinking-water, 2003). 

qloridebi. vinaidan qloris mcenarisTvis miwodebis 

sxvadasxva wyaro arsebobs (maragi niadagSi, sarwyavi wyali, 

wvima, sasuqebi, haeris gaWuWyianeba), amJamad msoflio masStabiT 

ufro meti yuradReba eTmoba qloris toqsikurobas, vidre mis 

danakliss mcenaris kvebaSi (Marschner, 2002). 

 qloridebis mTavari wyaro adamianis organizmisTvis 

sakvebTan erTad danamatis saxiT maTi miRebaa, rac 

mniSvnelovnad aRemateba sasmeli wylis gziT qloridebis 

moxvedras organizmSi. qloridebis didi raodenobiT miReba 

rekomenirebuli araa. Tumca, maTi uSualo gavlena adamianis 

janmrTelobaze ar aRiniSneba, ris gamoc maTze raime mkacri 

standartebi ar moipoveba (WHO, 2004). 

fosfatebi. vinaidan, fosfatebi aucilebelia rogorc 

mcenarisTvis, ise cxovelebisa da adamianisaTvis. maTi toqsikuri 

gavlena cocxal organizmebze ar aris cnobili. Tumca, 

aRsaniSnavia, rom soflis meurneobaSi gamoyenebuli 

fosfatovani sasuqebi balastis saxiT Seicaven mniSvnelovani 

raodenobiT kadmiumsa da ftors, romlebic gamoirCevian 

rogorc fito ise zootoqsikurobiT da unari aqvT dagrovdnen 

kvebis jaWvSi.  
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Tavi 2. masalebi da meTodebi 

2.1 sakvlevi raioni 

2.1.1 mdebareoba da sazRvrebi 

sakvlevi raioni saqarTvelos fizikur-geografiuli 

daraionebis mixedviT (xaratiSvili, 1990) kolxeTis olqis 

SemadgenlobaSi  Sedis da ZiriTadad imereTis maRlobis 

qveolqs miekuTvneba. 

sakvlevi teritoria administraciulad WiaTuris, saCxeris, 

xaragaulis, zestafonis da Terjolis raionebis 

SemadgenlobaSi Sedis (danarTi, ruka 1). 

sakvlev raions CrdiloeTidan raWis qedi sazRvravs, igi 

warmoadgens mdinareebis rionis da yvirilas wyalgamyofs. 

raionis aRmosavleTi sazRvari lixis qedis aRmosavleT 

daboloebas emTxveva da pirobiTad mTiswina zols miuyveba. 

dasavleT sazRvari zemo imereTis platos dasavleT 

daboloebas emTxveva. sakvlevi raionis samxreT sazRvari 

mdinareebis sakraulasa da yvirilas wyalgamyofi mesxeTis qedia 

(devdariani, 1965). 

 

2.1.2 geologia 

 zemo imereTis geologiur agebulebaSi monawileobs 

geologiuri formaciebi kambriumamdeli droidan dawyebuli 

meoTxeul periodamde (gavaSeli, 1959). 

aRniSnul raions axasiaTebs sakmaod mravalferovani 

geologiuri agebuleba, rac zedapirTan erTad gansazRvravs aq 

arsebuli niadagebis sxvadasxvaobas, ganviTarebis xarisxs, 

Sedgenilobasa da sxv. am raionSi yvelaze metad 

damaxasiaTebelia danaleqi qanebis, kerZod, carculi kirqvebis, 
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da zogan zedapirze kristaluri da amonaRvari qanebis 

gavrceleba. Zirulis auzis xeobebSi gvxvdeba agreTve mowiTalo 

kirqvebi da leiasis qviSnar-Tixiani kirnari danaleqebi. carcis 

kirqvebsa da qviSaqvebs didi gavrceleba aqvT Zirulis marcxena 

napirzec sof. amaSukeTidan xoriTisaken, xolo Soropnisa da 

zestafonis midamoebSi – mesameuli asakis kirnar qviSaqvebsa da 

mergelebs. 

rogorc geologiuri ganviTarebis istoriidan aris 

cnobili, Zirulis kristaluri masivi zRvidan sabolood Sua 

miocenSi ganTavisuflda da iwyeba subaeraluri ganviTareba 

(saqarTvelos geomorfologiis sakiTxebi, 1966). 

Zirulis masivis geologiuri Seneba xasiaTdeba or 

geoteqtonikur sarTulad. qveda sarTuli aSenebulia mezozouri 

qanebiT, romelmac miiRo Tavisi struqturuli forma 

paleozour orogenur fazaSi. zeda struqturuli sarTuli, 

romelic ikavebs qveda sarTulis zedapiris farTobis naxevarze 

mets. araTanabradaa ganlagebuli am kristalur substratze da 

dafarulia mezo-kainozouris danaleqi da vulkanogenuri 

formaciebiT (Геоморфология Грузии, 1971). 

 sakvlevi teritoriis Zirulis masivis monakveTze gvxdeba 

metamorfuli qanebis ori ZiriTadi jgufi – kristaluri 

fiqlebi da naklebad metamorfuli fiqlebi (filitebi) 

(mrevliSvili, 1997).  

md. yvirilas xeobaSi – sadgur salieTsa da WiaTuras 

Soris, mdinareebis saZalixevis, bujas da RviToris xeobebSi 

gavrcelebulia kavrcporfirebis wyeba. e.w. qveda tufitebis 

wyeba asakobrivad miCneulia kvarciani porfiritebis analogebad, 

warmodgenili Zirulis masivis dasavleT periferiaze md. md. 
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narulas, yvirilas, kotrulas da maWarulas auzSi 

(mrevliSvili, 1997).  

sakvlevi raionis saqarTvelos beltis monakveTze liasuri 

naleqebi gamodis mxolod Zirulis karstuli masivis 

periferiaze. masivis samxreT-dasavleT da Crdilo-dasavleT 

periferiaze liasi facialurad warmodegnilia 

konglomeratebiT, qviSaqvebiT da kirqvebiT, xolo aRmosavleT 

da Crdilo-aRmosavleT periferiaze argilitebiT da Tixovani 

mergelebiT. Zirulis masivis samxreT-dasavleTiT 

periferialuri naleqebi gawyvetilia da gamodian mdinareebis 

narulasa da bJneuras xeobebSi, xolo samxreTiT md. 

Cxereilelas xeobaSi (Геология СССР, 1964; mrevliSvili, 1997). 

carculi sistemis naleqebi mniSvnelovan rols TamaSoben 

sakvlevi raionis calkeuli ubnebis agebulebaSi (tataSiZe, 1959). 

meoTxeuli periodis naleqebi ZiriTadad warmodegnilia 

deluviuri, proliviuri, aluviuri da teqnogenuri nafenebiT 

(geguCaZe, 1973). 

 

2.1.3 geomorfologia 

zemo imereTis plato saqarTvelos mTaTaSoris zolis 

sruliad gansxvavebul raions warmoadgens, romelic emTxveva 

Zirulis kristalur masivs. saqarTvelos reliefur pirobebSi am 

raionis gansakuTrebuli maxasiaTebelia eroziis da Zveli 

peneplenis droindeli denudaciis Sedegad miRebuli naSali 

masalis dagroveba da struqturuli plato TiTqmis 

daurRveveli mezzo-kainozouri danaleqebis SaliTis 

ganalgebiT (Геоморфология Грузии, 1971). 
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zemo imereTis plato mdebareobs saqarTvelos 

mTaTaSorisebis centralur nawilSi, sadac gadis Savi da 

kaspiis zRvebis wyalgamyofi. es ukanaskneli platos 

asimetriulad kveTs. ZiriTadi nawili mdebareobs yvirilis 

auzSi da mxolod misi aRmosavleTi nawili miekuTvneba mtkvris 

auzs. regioni gadaWimulia dasavleTidan aRmosavleTisaken 60 

km-mde, CrdiloeTidan samxreTisaken 4 km-ze. mis dasavleT 

sazRvrad SeiZleba CaiTvalos q. zestafonze gamavali meridiani, 

aRmosavleT sazRvrad lixis qedis aRmosavleT ferdobebi, 

CrdiloeTiT raWis qedis samxreT ferdobebi da samxreTiT 

aWara-imereTis qedis aRmosavleT nawilis CrdiloeT ferdobebi 

(Геоморфология Грузии, 1971). 

zemo imereTis plato warmoadgens hifsometriuli 

TvalsazrisiT erT-erT yvelaze ganviTarebul mTaTaSoris 

raions. misi umaRlesi mwvervalebi TiTqmis 1500 m-s aRweven, rac 

ganapirobebs xidis msgavsi gadasasvlelis warmoqmnas did da 

mcire kavkasions Soris da amasTan yofs mTaTaSoriss or 

urTierTsawinaaRmdego mxares daxril ferdobebad (Геоморфология 

Грузии, 1971). 

lixis qeds uWiravs aRmosavleT imereTis ukiduresi 

daboloeba da igi bunebrivi sazRvaria dasavleT da aRmosavleT 

saqarTvelos Soris da gamoyofs md. rionis auzs md. mtkvris 

auzisagan. amave dros, es qedi SemaerTebeli jaWvia kavkasionsa 

da samxreT mTianeTs Soris. mas emijneba kavkasionis ganStoeba 

loxonis qedi da samxreT mTianeTis ganStoeba vaxanis qedi, 

romlebic lixis qedze yvelaze dabal nawilSi uReltexilTan 

erTdebian. Crdilo nawilSi lixis qedi kavkasionis sxva 

ganStoebebs uerTdeba (sabaSvili, 1965). 
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 lixis qedi warmoadgens uZveles granitovan masivs Zlier 

daSlili Crdilo-aRmosavleTis mimarTulebis naoWebiT. am 

kristaluri masivis arsebobam Tavi iCina kavkasionis samxreT 

ferdobis Zalian rTul teqtonikaSi, mTiswinebis aRmosavleT 

nawilSi. 

 qedis simaRle ar aRemateba 1800-1900 m, yvelaze dabal 

nawilSi ki – rikoTis uReltexilTan – 1197 m-s udris. Zalian 

rTuli reliefi axasiaTebs lixis qedis dasavleT ferdobebs 

imereTis mTa-tyis da mTiswinebis zonebis farglebSi. am qedidan 

da agreTve raWis qedidan wylis nakadebis eroziuli moqmedebiT 

zedapiri Zlier danawevrebulia kldeebis Rrma xeobebiT. am 

mimarTulebiT zedapiri TandaTan dabldeba 800-500 m simaRlemde 

da imereTis mTiswinebis zolSi gadadis.  

zemo imereTis mTiswinebis aRmosavleTi nawili mdinareebis 

Zusis, yvirilas, Zirulas, dumalas da Cxerimelis 

wyalgamyofebSi cnobilia imereTis masivis (maRlobis) 

saxelwodebiT. aRmosavleTidan es raioni esazRvreba lixis qeds 

dasavleT kalTebs zRvis donidan 600-700 m simaRlemde.  

aRniSnuli raioni dasavleTidan aRmosavleTisaken TandaTan 

maRldeba. mis aRmosavleT nawilSi Tavs iCens kavkasionis 

samxreT ferdobebis rTuli teqtonika, rac mTeli rigi 

adgilobrivi darRvevebiT – mravalricxovani nasxletebiT, 

SecocebebiT da agreTve Zveli kristaluri masivis SemoWriT 

aris gamowveuli. 

 a. javaxiSvilis mixedviT (Джавахишвили, 1947) aRniSnul 

reliefs aqvs platosmagvari xasiaTi da nawilobriv 

CrdiloeTisaken saerTo daqanebiT. aRmosavleT nawilSi am 

masivis simaRle 1070-1100 m aRwevs, dasavleT nawilSi 650 m-mde, 
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xolo kolxeTis dablobze gamosvlisas kidev ufro dabla 

ecema. 

imereTis maRlobis reliefi saCxerisa da sxva raionebis 

farglebSi sakmaod rTulia da mravalferovani, rac ZiriTadad 

Sepirobebulia am mxaris geologiuri agebulebiT. kerZod, amgebi 

qanebis liTologiuri SedgenilobiT, teqtonikuri da eroziuli 

procesebiT. 

kristaluri qanebis gavrcelebis areSi, romelTac aq 

sakmaod didi adgili uWiravT, mTiswinebs aqvT mkveTri 

moxazuloba, Rrma da viwro xeobebi. aramdgradi mesameuli 

danaleqi qanebis gavrcelebis adgilebSi ki zedapiri rbili 

moxazulobisaa da mdinareTa xeobebi ufro gaSlilia. md. 

yvirilas xeobaSi kristalur qanebidan gabatonebulia granitebi, 

romlebic zogan gadafarulia miocenis kirnari qviSaqvebiT, 

mergelebiT da sxva danaleqi qanebiT. mTebTan ufro axlos 

zedapirze gaSiSvlebulia carculi kirqvebi (Джавахишвили, 1947). 

raWa-imereTis qedis samxreTi ferdobebis daboloebani md. 

yvirilas marjvena mxareze qmnian gorak-borcviani mTiswinebis 

viwro zols, romelic daserilia md. yvirilas marjvena 

SenakadTa meridianuli xev-xeobebiT (jruWula, Cixura, SuSa da 

sxv.). amave zolSi d. saCxerisa da s. sarekis teritoriaze, 

romelic zeda carcis kirqvebiTaa agebuli, karstuli reliefia 

ganviTarebuli. 

md. yvirilasa da Zirulas Soris teritoria agebulia 

mesameuli asakis qviSaqvebiT, kirqvebiT, TixebiT da nawilobriv 

carculi kirqvebiT. isini gansazRvraven am raionSi zedapiris 

naklebad danawevrebul zegnisebr xasiaTs, romelic 
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TandaTanobiT maRldeba Crdilo-dasavleTisa da samxreT-

aRmosavleTis mimarTulebiT. 

zemo imereTis maRlobis danawevreba calkeul platoebad, 

gansakuTrebiT WiaTuris midamoebSi ukavSirdeba kanionismagvari 

xeobebis ganviTarebas. maRlobis amgvar xeobaTa Soris yvelaze 

mniSvnelovania md. yvirilas da mis SenakadTa bolo nawilebis 

kanionisebri xeobebi s. saReTsa da d. saCxeres Soris. 

zemoT aRniSnuli mosworebuli reliefi zogan darRveulia 

calkeuli gorakebiT, wyalgamyofi serebiT, mdinareTa xeobebiT 

da sxva depresiebiT. depresiaTa Soris yvelaze didia saCxeris 

depresia md. yvirilas xeobaSi. 

zegniseburi reliefi da wyalgamyofi serebi zogi dabalia 

450-700 m-mde (mag. savane-qoreTi). zogi ki maRali (700-1000 m), 

rogorc mag. korboulis wyalgamyofi seri. 

kolxeTis dablobze gasvlisas imereTis mTiswinebi 

TandaTan dabldebian da maT aqvT talRisebri gorakiani 

zedapiri. es imiTaa gamowveuli, rom aq Warbobs Tixiani 

danaleqi qanebi, romlebic advilad ganicdian gadarecxvas 

zedapiruli wylebis zegavleniT (Джавахишвили, 1947). 

 

2.1.4 klimati 

regionis klimatis Taviseburebebs ganapirobebs Tanamedrove 

reliefis morfologia, sadac Tavs iyris raWis, mesxeTis da 

lixis qedebi. aq zRvis gavlena ramdenadme  Sesustebulia, 

xmeleTisa ki gazrdili. amis gamo hava ufro mSrali, zamTari ki 

SesamCnevad ufro civia, vidre kolxeTis dablobze (korZaxia, 

1961). 
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zemo imereTis havaze zRvis gavlena marTalia saerTod 

Sesustebulia, magram mis Termul reJimze sagrZnob gavlenas 

mainc axdens. haeris saSualo wliuri temperatura +12.5, +13.50C-

ia, reliefis maRal hipsometriul doneebze ki +5, +60C-ia. 

simaRlis matebasTan erTad zamTari mkacri xdeba, yvelaze civi 

Tvis haeris temperatura zRvis donidan 600 m-mde dadebiTia da 

meryeobs +3 – 00C-mde. Semdeg, simaRlis matebasTan erTad 

uaryofiTi xdeba, 1200 m simaRleze -40C, 1500 m-ze -60C. zamTarSi 

pirvli yinvebi noemberSi iwyeba da martamde grZeldeba, mTian 

zonaSi ki seqtembridan maisamde. saSualo minimaluri 

temperatura ianvarSi yvelgan uaryofiTia -0.5 – -7.50C. zamTarSi 

arc ise iSviaTad adgili aqvs haeris temperaturis xanmokle, 

magram sagrZnob dacemas. mag. saCxereSi -310C, xolo korboulis 

midamoebSi -290C iyo aRricxuli. 

zafxuli sakmaod Tbili da xangrZlivia. yvelaze Tbili 

Tvea ivlisi. am Tvis saSualo temperatura raionSi meryeobs 15-

230C Soris. haeris maqsimaluri temperatura dabal nawilebSi 

+420C-mdea, zeda zonebSi 300C-s ar aRemateba. 

sakvlev teritoriaze mosuli atmosferuli naleqebi 900-

1800 mm farglebSi meryeobs. simaRlis matebasTan erTad naleqebi 

matulobs. gansakuTrebiT mcire naleqebi modis md. yvirilas 

xeobaSi, WiaTura sxvitoris monakveTze (900-1200 mm). q. saCxeris 

midamoebi dasavleT saqarTveloSi yvelaze mSralia. SedarebiT 

mcire naleqebi modis mesxeTis qedis CrdiloeT kalTebze (1200-

1400 mm). gansakuTrebiT naleqiania lixis qedis zeda nawili da 

raWis qedis samxreTi ferdobi (1600-1800 mm). xaragaulis raionSi 

zRvis donidan 600-1200 m-mde zonaSi naleqebi 1200-1400 

mm/weliwadSi, xolo mesxeTis qedis Txemze 1800 mm-mde. WiaTuris 
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raionSi atmosferuli naleqebis raodenoba saSualod 1100-1200 

mm-ia, xolo saCxeris raionSi 900-1480 mm, xolo saSualo mTian  

zonaSi 1500-1700 mm-mdea, maqsimumi aRiniSneba zamTarSi, minimumi -

zafxulSi. 

mTeli wlis ganmavlobaSi naleqebis umetesoba modis 

Semodgoma-zamTris TveebSi. naleqian dReTa ricxvi raionSi 140-

180-ia weliwadSi. naleqebis dReRamuri maqsimumi sakmaod maRalia 

da 100-105 mm farglebSi icvleba (javaxiSvili, 1977). 

naleqebi, Tovlis saxiT, SeiZleba movides raionis qveda 

zonaSi noembridan aprilamde. aq Tovlis saburveli yovelTvis 

ar Cndeba, misi saSualo simaRle 5-15 sm-ia. simaRlis matebasTan 

erTad Tovlian dReTa ricxvi izrdeba, matulobs Tovlis 

simaRlec da misi xangrZlivobac. maRal adgilebSi Tovli 

SeiZleba movides oqtombridan maisamde. dReTa ricxvi Tovlis 

saburveliT 40-130-ia weliwadSi. misi simaRle 1 m-ze metia. 

meteosadguris mTa sabueTis monacemebiT 150 sm-ze meti simaRlis 

Tovlis saburveli Cndeba (korZaxia, 1961) 

 

2.1.5 mcenareuli safari 

dasavleT saqarTveloSi bunebrivi mcenareuloba zogadad 

Semdeg zonalobas eqvemdebareba (kecxoveli, 1959): 

1. 0-dan 300 m simaRlemde zRvis donidan Waobebi, Txmelnarebi 

da rcxilnarebi, kolxeTis tipis; 

2. 300-dan 1000 m-mde – muxnarebi, rcxilnarebi da wablnarebi; 

3. 450-dan 1700 m-mde – wiflnarebi (bevrgan wifeli 2100 m 

simaRlemdec adis); 

4. 450-dan 2100 m-mde – naZvnarebi; 

5. 2000-dan 2500 m-mde subalpuri tye. 
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Zvel, warsul geologiur epoqebSi arsebuli tyis ieri 

ufro kargad SemorCa im tyes da saerTod mcenareulobas, 

romelic gavrcelebulia kolxeTis dablobze da barSi 

mTebiswina kalTebis CaTvliT. mas reliqtur tyesac uwodeben. 

kolxur tipad gamoiyofa is mcenareuloba, romelic kolxeTis 

dablobzea gavrcelebuli. ZiriTadad 450-500 m simaRlemde zRvis 

donidan. 500 m simaRlis zeviT arsebuli tyeebic kolxeTis 

reliqturi tipis matarebelia, magram aq es ieri ufro 

Senelebulia. 

kolxeTis dablobi da bari SeiZleba daiyos sam ZiriTad 

safexurad: 

1) dablobi, 0-50 m zRvis donidan, sadac, zRvis pirisken 

uaryofiTi hifsometriuli maCveneblebic gvaqvs. aq 

umTavresad gavrcelebulia zRvispirs qviSianebis 

mcenareuloba, Waobebi balaxiani, Waobebi xavsiani 

(sfagnumiani), Waobebi tyiani, Walis tyeebi. 

2) dablobi 50-250 m Soris mdebare, sadac gvaqvs kolxuri 

tipis reliqturi tye, ZiriTadad leSambiani da teniani, 

agreTve Walis tye, sfagnumiani Waoebebi, kirqvianebis 

buCqnarebi, dafnarebi da sxv. 

3) kolxeTis bari, mTa-gorakiani, borcviani, kavkasionis, 

lixis, aWara-imereTis qedebis wina kalTebi. ZiriTadad 200-

250 metridan, vidre 450-500 metris simaRlemde zRvis 

donidan. aq umaTavresad gavrcelebulia wiflnar-

rcxilnarebi, maradmwvane qvetyiT. 

rcxilnarebi. amJamad yvelaze ufro tipiuria rcxilnarebi. 

naTelkalTian rcxilnarSi balaxeuli mcenareuloba sakmaod 

mdidaria. sxvebze ufro xSirad aseT tyis tipebSi vxvdebiT: 
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Brachipodium silvaticum, Festuca montana, Fragaria vesca, Circaea lutetiana, 

Cyclamen vernum, Galega officinalis, Hypericum androsaemum, Athyrium filix 

femina, Pteridium lanuginosum.     

 rcxilnaris naCexebze, tyis pirebze, an TviT friad meCxer 

rcxilarebSi garda ekal-RiWisa moipoveba SedarebiT mTliani 

Targebi anwlisa (Sambucus ebulus), Wiaferasi (Phitolacca americana), da 

sxv. amaT garda didi raodenobiTaa mayvlebi, romelTa Soris 

SeiZleba aRiniSnos Rubus serpens, R. hirtus, R. discernendus, R. candicans 

da sxv. 

 xSiria rcxilnarebi, sadac qvetyeSi, buCqebis formiT 

gvxevdeba wifeli, kolxuri muxa, imeruli muxa, wabli, ifani, 

nekerCxali, Tela, cacxvi, urTxeli da TviT rcxilac ki. bza 

rcxilnarebSi mxolod qvetyis saxiTRa gvxvdeba, zogan mdinaris 

piris gayolebiT SeiZleba SevxvdeT meore iarusis bzianis 

viwro zols. 

  kolxuri tipis tye ganuwyvetliv `moZraobaSia~, radgan 

adamiani masze metad intensiurad moqmedebs. dRevandeli 

rcxilnari TavisTavad meoradia da TviT rcxilac Seinacvleba 

xSirad buCqnariT, an murynariT da sxv. 

 wiflnarebi. am zonaSi wminda wiflnarebi SedarebiT 

iSviaTia, an wiflnari gaaxovebulia da tyis naalagevze 

kulturuli nakveTia, an arada mis nacvlad rcxilnari an 

zogjer murynaria. kolxeTis mxaris wiflnari ufro 

TviTmyofadia, saxeobaTa Semadgenloba ise mravalferovani ar 

aris, rogorc rcxilnari, TiTo-orola gvxvdeba cacxvi, Tela, 

wabli, imeruli muxa da sxv. 

 wiflnarebis qvetye saxeobaTa SemadgenlobiT Raribia, 

magram ufro TviTmyofadi da tipiuri. Cveulebrivia Sqeri, wyavi, 
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baZgi, Tagvisara, Zmerxli, ieli, mocvi da TiTo-orola 

foTolmcvivani. 

 kargad Senaxul wiflnarebSi balaxeuli safaric Raribia. 

aq ufro tipiuria: Pteridum aquilinum, Dryopteris oreopteris, D. filix, 

Veronica officinalis. Fragaria vesca, Brachipodium silvaticum, Agrostis capillaris, 

Carex glauca, Luzula Forsteri da sxv. tyis napirebSi da naCexebSi 

xSiria mayvlebi Rubus candicans, R. discernendus da sxv. 

 wablnarebi. wablnari kolxuri tyisTvis sakmaod 

damaxasiaTebelia. bevrgan wabli qvetyeSia moqceuli, 

gansakuTrebiT rcxilnarebSi. esec erT-erTi maCvenebelia imisa, 

rom wablnaris gaCexvis Semdeg ufro swrafad ganviTarda 

rcxila da qveS moiyola wabli. 

 balaxeulobidan wablnarisTvis damaxasiaTebelia gvimrebi, 

xolo sxva nairbalaxeulobidan ki: Cynoglossum imereticum, Oxalis 

corniculata, Aristolochia pontica, Viola alba, Vinca pubescens da sxv. 

 muxnarebi da rcxilnarebi. tyeebis es tipi dasavleT 

saqarTveloSi viTardeba kolxuri tipis tyeebis Semdeg 800-850 m 

simaRlemde. 

 mTebis Sua sartylis muxianebis da rcxilnarebis 

formaciebSi mravali asosciacia gvxvdeba, rogorc genetikurad, 

ise floristulad. qarTuli muxisgan Seqmnili muxnarebi da 

rcxilnarebi gavrcelebulia, rogorc aRmosavleT, ise dasavleT 

saqarTveloSic. dasavleT saqarTvelos am zonis muxnarebSi 

gvaqvs muxnarebi kolxuri buCqnarebiT (Querceta fruticosa colchica). 

 muxnar-rcxilnarebi da jagrcxilnarebi damaxasiaTebelia 

dasavleT saqarTvelosTvisac, sadac ukve mraval adgilas 

Cveulebriv movlenadaa gadaqceuli pirveladi tyis nacvlad 

SedarebiT uaryofiTi tipebis gavrceleba. 
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 zemo da qvemo imereTSi gavrcelebuli muxnar-rcxilnarebi 

da muxnar-jagrcxilnarebi warmoSobiTac da saxeobaTa 

SemadgenlobiTac hgavs aRmosavleT saqarTvelos analogiur 

tipebs. marTalia, pirvel periodSi kolxeTis elementebi meti 

raodenobiT gvxvdeba, magram SemdegSi gaqserofiteba friad 

swrafad mimdinareobs (xaragaulis raioni), aq ukve xSiria 

Sefardebani: muxa, rcxila, jagrcxila, Svindi da sxv. 

 wiflnarebi. wiflnaris ganviTarebis optimumi dasavleT 

saqarTveloSi 800-1300 m Soris mdebareobs. SesaZlebelia 

sxvadasxva adgilas, xeobaTa TaviseburebaTa gamo qvemo xazma 500 

m-mde daiwios da zemoT ki 1800 m simaRleze ufro maRla aiwios. 

 am tyisaTvis damaxasiaTebelia mTavari jiSis xSirad 

absoluturi gabatoneba. Tumca, zogjer mainc ereva wabli, 

rcxila, cacxvi, ifani, Teladumi (Ulmus elliptica), TelamuSi (U. 

scabra), boyvi (Acer patanoides) da sxv. wiflnarebis tipiur 

sartyelSi sxva romelime jiSi iSviaTad qmnis damoukidebel 

asociacias. am mxriv upiratesoba miekuTvneba wablsa da cacxvs. 

am tyis qvetyeSi damaxasiTebelia Sqeri, wyavi, baZgi, Tagvisara; 

foTolmcvivanebidan: ieli, mocvi, farTofoTleba WanWyati, 

Txili, imeruli xeWreli, ucveTela da sxv. 

 wiflis tyeebSi lianebs mniSvneloba SedarebiT dakarguli 

aqvT da tipis SeqmnaSi naklebad monawileobs. zog adgilebSi 

SeiZleba naxul iqnes kolxuri da Cveulebrivi suroc. dasavleT 

saqarTvelos wiflnarebSi xSiria Rubus sanguineus, R. candicans, R. 

lepidulus, R. platyphyllus, R. hirtus, R. serpens, R. nakeralicus da sxv. 

 balaxeuli safari saxeobaTa SemadgenlobiT sakmaod 

mdidaria, gansakuTrebiT iseT adgilebSi, sadac wyavi da Sqeri 

SedarebiT sustadaa ganviTarebuli. sxvaze ufro metad 
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aRiniSneba gvimrebi, saxeldobr: Struthiopteris filicastrum, Dryopteris 

oreopteris, D. phegopteris, D. filix, Athyrium filix femina, Polystichum lobatum da 

sxv. 

 marcvlovanebidan Cveulebrivia Poa memoralis, Melica picta, 

Festuca gigantea. nairbalaxovnebidan: Sanicula europea, Asperula odorata, 

Asarum intermedium, Nordmannia orientalis, Circaea lutetiana, Pachiphragma 

macrophyllum, Impatiens noli-tangere, Geranium Robertianum, Polygonatum 

verticillatum, P. multiflorum, Salvia glutinosa, Dentaria bulbifera, Vicia crocea, 

Stachys silvatica da sxva mravali. 

 mniSvnelovania agreTve tyis islebis monawileoba da 

gansakuTrebiT ki Carex silvatica. am tyeebisTvis erTgvari ieris 

mimcemia, riTac isini aRmosavleTis tyeebidan gansaxvavdebian, 

kolxeTis elementebi Dgitalis ferruginea, Ranunculus grandiflorus, Erysimum 

aureum, Senecio platyphyllus da sxvani, romelnic am tipis jgufebSi 

sxvebze ufro xSirad gvxvdeba. xavsebis iarusi ki Seqmnilia 

iseTi tyis saxeobaTagan, rogoricaa: Polytrichum junipericum, 

Pogonatum urnigerum, P. aloides da sxv. (kecxoveli, 1959). 

 

2.1.6 niadaguri safari 

neSompala-karbonatuli niadagebi. neSompala-karbonatuli 

(kordian-karbonatuli) niadagebis geografia Tan sdevs zonaSi 

kirqvebisa da mergelebis geografias. am qanebs da maTze 

ganviTarebul neSompala-karbonatul niadagebs didi gavrceleba 

aqvT dasavleT saqarTveloSi, maT Soris zemo imereTis 

raionebSi (talaxaZe, 1983). 

am niadagebis farTobi respublikis niadagebis saerTo 

farTobis 4.5%-s Seadgens (talaxaZe, 1983; uruSaZe, 1997). misi 

udidesi nawili auTvisebelia da kalcifil muxis, rcxilis, 
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kunelis Txel tyeebsa da buCqnarebs ukavia. mcenareTa safarSi 

balaxebis farTo monawileobis gamo, gakordebis procesi 

SesamCnevad aris gamoxatuli. aTvisebuli farTobi 

gamoyenebulia venaxis, xexilis, maT Soris subtropikuli 

xexilis, dafnis da sxva mravalwlianebisaTvis. dasavleT 

saqarTveloSi mindvris kulturebsac Tesaven (talaxaZe, 1983). 

neSompala-karbonatuli niadagebis geneziss rigi 

specifikuri niSan-Tviseba axasiaTebs. kirqva da mergeli, 

rogorc monomineraluri dedaqani, niadagis ZiriTad Jangeulebs 

(SiO2, Al2O3, Fe2O3 da sxv.) umniSvnelo raodenobiT Seicavs. T. 

CxeiZis monacemebiT, saqarTvelos neSompala-karbonatuli 

niadagebis mTavari raionebis kirqvebSi SiO2 0.6-0.9%-ia, Al2O3 1.5-

1.6% da Fe2O3 0.6-2.0%. aseT qanze niadagis warmoqmna, niadagisa, 

romelSic pirveli Jangeuli ramdenime aTeul procents udris 

da meore da mesame Jangeulis raodenoba bevrad metia, vidre 

kirqvaSi, gansakuTrebul process ukavSirdeba, rasac T. CxeiZis 

gamokvlevebiT kirqvebze da mergelebze dasaxlebuli 

litofilebi (liqenebi, xavsebi da sxv.) ganapirobeben. isini, 

qanTan SedarebiT, TavianT organizmSi orjer meti raodenobiT 

Seicaven SiO2-s, Svidjer meti raodenobiT Al2O3 -s da xuTjer 

meti raodenobiT Fe2O3-s. specifikuri biologiuri aparatis 

aseTi moqmedebis Sedegad  warmoqmnili wvrilmiwis Txeli fena 

xavsis qveS qimiuri Sedgenilobis sruliad sxva suraTs iZleva 

SiO2 – 17.25%,  Al2O3 – 12.37% da Fe2O3 – 4.88%. 

neSompala-karbonatuli niadagebis warmoqmnis procesis 

Taviseburebas dedaqani – kirqva-mergeli gansazRvravs, romlis 

gavleniT neSompala-karbonatuli niadagebis warmoqmnis 

procesSi monawileoben kalcifili merqnianebi da balaxovani 
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mcenareebi. amdenad, es procesi kordiani niadagTwarmoqmnis 

xasiaTs atarebs (talaxaZe, 1983). 

qanis Warbi karbonatuloba niadagTwarmoqmnis process 

neitraluri an susti tute reaqciis pirobebSi, humusis 

warmoqmna-dagrovebis intensiur xasiaTs  aZlevs – humusis 

mJavaTa kalciumis ioniT ganeitralebis gamo, amitom neSompala-

karbonatul niadags, ganviTarebis Sesaferisad, humusis sakmaod 

didi raodenobiT dagroveba da amis gamo Savi an moSavo 

Seferiloba axasiaTebs. 

ordinaluri neSompala-karbonatuli niadagebi profilis 

sizrqis mixedviT sam did jgufad SeiZleba daiyos: mcire 

siRrmis – <30 sm-is, saSualo siRrmis – 30-60 sm-is da Rrma >60 

sm-is. 

Rrma ordinaluri neSompala-karbonatuli niadagebi, 

umTavresad, kirqvis aloqtonur, naSal deluviur nafenebzea 

warmoqmnili, mcire siRrmis, didi qanobis reliefis elementebze, 

avtoqtonur pirobebSi (talaxaZe, 1983). 

am niadagebis saerTo niSani xirxatianobaa. gamonaklisi 

SemTxvevebis garda, niadagis mTeli profili xirxatiania da 

xirxatianoba, rogorc wesi, siRrmiT matulobs. arsebuli 

monacemebiT dasturdeba, rom kirqvaze da gansakuTrebiT 

dolomitizirebul kirqvaze, warmoqmnili es niadagebi ufro 

xirxatiania, vidre mergelebze ganviTarebuli. ukanaskneli 

amasTan erTad ufro mZime meqanikuri Sedgenilobisaa. 

meqanikuri Sedgenilobis mixedviT Cveulebrivi neSompala-

karbonatuli niadagebis saxeebi erTimeorisgan Zalian ar 

gansxvavdebian. niadagis wvrilmiwa nawili, umTavresad, msubuqi 

da ufro metad ki saSualo Tixebia. mikronul fraqcias 
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profilSi ganawilebis mxriv didi ryeva ar axasiaTebs. fizikuri 

Tixis (<0.01 mm) mTavari Semadgeneli nawili mikronuli (<0.001 mm) 

fraqciaa. m. sabaSvilis, a. gogatiSvilis da sxvaTa monacemebiT, 

am niadagebSi xirxatis (>1 mm) raodenoba niadagis mTeli masis 

naxevars da zogjer 70-80%-sac aRwevs. 

analizuri monacemebiT dasturdeba neSompala-karbonatuli 

niadagebis humusis raodenobis ryevis didi farglebi, rogorc 

qvetipebSi, agreTve erTsa da imave niadagis profilSi 

siRrmeebis mixedviT. es garemoeba sxvadasxva mizezzea 

damokidebuli. Cveulebriv, kirqvebze warmoqmnili Cveulebrivi 

neSompala-karbonatuli niadagebi metad humusiania, vidre 

mergelze warmoqmnili igive niadagi. humusis mcire raodenobiT 

xasiaTdeba umetesad aTvisebuli neSompala-karbonatuli 

niadagebi. 

Cveulebriv neSompala-karbonatul niadagebSi CaCo3-is 

yvelaze naklebi raodenobiT mergelze warmoqmnili niadagi 

Seicavs – 12%. mets ki kirqvebze warmoqmnili – 20-50%. zogjer, 

niadagis qveda fenebis karbonatebis raodenoba kirqvis 

karbonatebis raodenobas utoldeba da aRemateba kidec – 89%. 

am niadagebSi maRal gacvliT unarianobas apirobebs mZime 

meqanikuri Sedgeniloba, mikronuli fraqciiT simdidre da 

maRali koloidur-qimiuri aqtivobis humaturi humusi. profilSi 

gacvliTunarianobas stabiluroba – siRrmiT Tanabarzomieri 

Semcveloba – axasiaTebs. STanTqmul kaTionTa Soris gacvliTi 

kalciumis raodenoba metad didia. magniumis nakleboba 

dakavSirebuli unda iyos, kirqvaSi Ca-sa da Mg-is Semcvelobas 

Soris metad gafarToebul TanafardobasTan – 40.    
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am niadagebis eroziisadmi mdgradobas iwvevs mtkice 

agregatuli Sedgeniloba, romelic amave dros awesrigebs mis 

wylovan da aerovan Tvisebebs (talaxaZe, 1983). 

neSompala-karbonatuli niadagebi xasiaTdeba kargad 

gamoxatuli humusiani horizontiT, neitraluri an sustad tute 

reaqciiT, humusis humaturi tipiT, mSTanTqavi kompleqsis 

maZRrobiT, Tixa an Tixnari meqanikuri SemadgenlobiT, ZiriTadi 

oqsidebis met-naklebad Tanabari ganawilebiT da rkinis 

silikaturi formebis siWarbiT (uruSaZe, 1997). 

neSompala-karbonatul niadagebSi ZiriTadi elementaruli 

niadagTwarmomqmneli procesebia: humussialitizacia, 

humusswarmoqmna da gastruqtureba (uruSaZe, 1997). 

yviTel-yomrali niadagebi. yviTel-yomrali niadagebi 

gavrcelebulia dasavleT saqarTveloSi subtropikuli 

sartylis yviTelmiwa-wiTelmiwebsa da yomral niadagebs Soris. 

aRniSnuli niadagebi zemo imereTSi gvxvdeba vanis, xaragaulis, 

baRdaTis, saCxeris, tyibulis raionebSi. misi mTliani farTobi 

qveynis teritoriis 1.5%-s Seadgens (talaxaZe, 1983). 

yviTel-yomrali niadagebis teritoriis erTi nawili tyes 

uWiravs – umTavresad wablisa da nawilobriv, wiflis jiSebs, 

xolo tyisgan Tavisufali farTobebi aTvisebulia iseTi 

Zvirfasi sasoflo-sameurneo kulturebiT, rogoricaa Cai da 

subtropikuli kulturebi, Tambaqo, xolo zogan venaxi, xexili, 

simindi da sxv. 

yviTel-yomrali niadagebi warmoqnilia dasavleT 

saqarTvelos tyis qveda sartyelSi danaleq da amonaRvar 

qanebze an maTi gamofitvis produqtebze. dedaqanebi 

warmodgenilia Sua iurul porfirituli wyebis da amonaRvari 
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neofuziebis (andeziti, andezito-bazalti) Zveli, denudaciuri 

qerqiT da maTi derivatebiT. am niadagebis warmoqmna 

mimdinareobs, erTi mxriv, yomralwarmoqmnis, xolo meore mxriv, 

yviTelmiwawarmoqmnis procesebis erToblivi moqmedebiT 

(talaxaZe, 1983). 

yviTel-yomrali niadagebi xasiaTdeba praqtikulad mkvdari 

safaris uqonlobiT, Camonacvenis uaRresad swrafad gaxrwnis 

gamo, marcvlovani struqturis kargad gamoxatuli mZlavri 

humusovani horizontiT, koStovan-dakuTxuli struqturis 

yviTel-yomrali iluviuri horizontis arsebobiT da leqis 

migraciis niSnebis uqonlobiT. 

yviTel-yomrali niadagebi xasiaTdeba mJave reaqciiT. pH-is 

maCvenebli saSualod 5.0-5.5 farglebSi meryeobs. yvelaze maRali 

mJavianobiT gamoirCeva humusiani horizontebi. siRrmiT 

aRiniSneba mJavianobis Semcirebis tendencia. es niadagebi humuss 

didi raodenobiT Seicaven da ganawilebas ara aqvs tyis 

niadagebisTvis damaxasiaTebeli kanonzomiereba. humusis 

Semcveloba metad nela, TandaTanobiT mcirdeba da profilis 

did nawilSi vrceldeba – erTi metris siRrmeze misi raodenoba 

xSirad 1%-ze metia. humusis Sesabamisad msgavsi kanonzomierebiT 

aris ganawilebuli mTliani azoti, misi didi raodenoba 

gamowveulia azotiT mdidari organuli naerTebis arsebobiT. 

yviTel-yomral niadagebSi naxSirbadisa da azotis Sefardeba, 

yomral niadagebTan SedarebiT, sakmaod viwroa da saSualod 

11.7-12.4-s ar aRemateba. Ch:Cf Sefardebis maCvenebeli erTze 

naklebia da saSualod 0.7-0.8-s udris. niadagebi fuZeebiT 

aramaZRaria. STanTqmuli wyalbadi sakmaod didi raodenobiTaa 

da zog SemTxvevaSi mas STanTqmis tevadobis naxevarze meti 
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uWiravs. kalciumiT da magniumiT yviTel-yomrali niadagebi 

Raribia. maTi raodenoba dakavSirebulia, erTis mxriv, 

eluviaciis procesebTan, meores mxriv, ki niadagTwarmomqmneli 

qanis liTologiur SedgenilobasTan (uruSaZe, 1997). 

meqanikuri SemadgenlobiT yviTel-yomrali niadagebi mZime 

Tixnarebs warmodgenen. am niadagebs umniSvnelod an srulebiT 

ar axasiaTebs mikronuli fraqciebis gadadgileba profilSi. 

leqis fraqciaSi SiO2:R2O3 mixedviT niadagebis mineraluri 

nawili xasiaTdeba feralituri gamofitviT, radganac es 

Sefardeba 2.5-ze naklebia (uruSaZe, 1997). 

yviTel-yomrali niadagebSi didi raodenobiT gvxvdeba 

kaoliniti, qloritebi saSualo raodenobiTaa. SedarebiT mcire 

raodenobiT aRiniSneba monTmoriloniti da qarsebi. 

Tixamineralebis aseTi Tanafardoba iwvevs am niadagebSi K2O-s 

mcire raodenobiT Semcvelobas (1%-mde). 

yviTel-yomrali niadagebi yomralebTan SedarebiT mdidaria 

rkinis naerTebiT (arasilikaturi formis). maTi iluviur 

horizontSi dagroveba intensiuri CarecxviT unda aixsnas. 

yviTel-yomrali niadagebi xasiaTdeba leqis fraqciis 

umniSvnelo gadaadgilebiT, mJave reaqciiT, romelic xels 

uwyobs rkinis mobilizacias da amis Sedegad metalorganuli 

kompleqsis warmoqmnas. kaJmiwis ganawileba profilis mixedviT 

Tanabaria, romelTaganac korelaciaSia erTanaxevari 

Jangeulebis gadidebuli raodenoba da Tanabari ganawileba, 

feralituri gamofitviT, humusovani nivTierebebis garkveuli 

ZvradobiT, e.i. siRrmiT fulvomJavebis SesamCnevi gadidebiT, 

arasilikaturi rkinis gadidebuli SemcevelobiT. 
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yviTel-yomrali niadagebis ZiriTadi elementaruli 

niadagTwarmomqneli procesebia: feralitizacia, humuswarmoqmna, 

gamotutva (uruSaZe, 1997). 

yomrali niadagebi. yomrali niadagebi saqarTveloSi metad 

gavrcelebuli niadagebia, isini gvxvdeba rogorc aRmosavleT, 

ise dasavleT da samxreT saqarTveloSi. maT qveynis teritoriis 

18,1 % uWiravT (uruSaZe, 1997). dasavleT saqarTveloSi yomrali 

niadagebi esazRvreba yviTel-yomral da mTa-tye-mdelos 

niadagebs (talaxaZe, 1983; uruSaZe, 1997). 

yomrali niadagebi viTardeba wiflnarebis, muqwiwvianebis, 

fiWvnarebis, muxnarebis da sxv. tyeebis qveS. 

yomrali niadagebi niadagTwarmoqmnis SedarebiT 

axalgazrda asakiT xasiaTdeba, rac dakavSirebulia maTi 

midrekilebiT evoluciisaken sxva niadagur tipebSi (uruSaZe, 

1997). 

yomrali niadagebi xasiaTdeba kargad gamoxatuli mkvdari 

safariT, romelic Sedgeba foTlebis, totebis, qerqis 

Camonacvenisagan; yomrali SeferviT, humusovan horizontSi 

SedarebiT muqi ieriT, koStovani struqturiT, zeda 

horizontebSi kaklovani da nawilobriv marcvlovani; 

xirxatianobiT, romelic siRrmiT matulobs; siRrmiT meqanikuri 

Sedgenilobis gazrdiT (damZimebiT). 

yomrali niadagebi xasiaTdeba sustad mJave reaqciiT, 

romelic siRrmiT klebulobs. amasTan mJavianobis yvelaze 

dabali maCveneblebi aRiniSneba profilis zeda nawilSi. 

niadagebi zomierad humusiani da Rrmad humusirebulia – yvelaze 

qveda horizontebSi humusis Semcveloba zogjer 1%-s aRwevs. 

niadagebi uzrunvelyofili arian azotiT. humusis tipi 
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fulvaturia. niadagebi, rogorc wesi, sustad an saSualod 

aramaZRaria. STanTqmuli kaTionebis dagrovebas profilis zeda 

nawilSi aqvs biogenuri buneba. gacvliT kaTionebSi mkveTrad 

Warbobs kalciumi. STanTqmuli kaTionebis jami saSualoa 

(uruSaZe, 1997). 

yomrali niadagebi meqanikuri fraqciebis profilSi 

ganawilebis mixedviT xasiaTdeba araerTgvarobiT, Tumca es 

ukanaskneli SedarebiT umniSvneloa. meqanikuri SedgenilobiT 

yomrali niadagebi, ZiriTadad, miekuTvneba saSualo da msubuq 

Tixnarebs, iSviaTad mZimes. umravles SemTxvevaSi fizikuri 

Tixisa da leqis Semcveloba siRrmiT SesamCnevad izrdeba. 

yomrali niadagebis Tixa mineralebi warmodgenilia 

hidroqarsebiT, monTmorilonitis SereulSriani warmonaqmniT da 

agreTve qloritiTa da kaolinitiT. 

yomral niadagebSi rkinis sxvadsxva formis Semcveloba 

sakmaod maRalia.  

amgvarad, yomrali niadagebi xasiaTdeba Semdegi 

diagnostikuri maCveneblebiT: genetikur horizontebze susti 

diferenciacia, profilis met-naklebad monotonuri yomrali 

Seferiloba, kargad gamoxatuli mkvdari safaris arseboba, 

sustad mJave an mJave reaqcia. profilis mTeli sizrqis 

gaTixeba, leqis susti gadaadgileba profilis mixedviT, 

kaJmiwisa da erTnaxevari Jangeulebis metnaklebad Tanabari 

ganawileba, rkinis moZravi formebis maRali Semcveloba, 

saSualo da Rrma humusireba, humusis fulvaturi tipi, 

mineraluri nawilis gamofitvis sialituri tipi, leqis 

fraqciaSi hidroqarsebis monTmorilonitis da qars-

monTmorilonitis SereulSriani warmonaqmnebi. 
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yomrali niadagebis ZiriTadi niadagTwarmomqmneli 

procesebia: mulis tipis humusis dagroveba, gaTixeba, lesivireba 

(uruSaZe, 1997). 

aluviuri niadagebi. aluviuri niadagebi xasiaTdeba 

regularuli datborviT da niadagis zedapirze aluvionis 

Sreeebis daleqviT. es niadagebi xasiaTdeba nairgavri reJimiT, 

SenebiT da TvisebebiT. maTi Tvisebebi bevrad ganisazRvreba im 

auzis bunebiT, sadac viTardeba es niadagebi. niadagur profils 

Cveulebriv Semdegi agebuleba aqvs: A-BC-C-CD. 

aluviuri niadagebis saerTo farTobi saqarTveloSi 351 400 

ha-s (5%) Seadgens. isini formirdeba saqarTvelos mTels 

teritoriaze sxvadasxva bunebriv zonaSi (uruSaZe, 1997). 

aluviuri niadagebi formirdeba sxvadasxva bunebriv zonaSi 

da yovel konkretul SemTxvevaSi xasiaTdeba im zonis 

klimaturi pirobebiT. aseve sakmaod Wrelia aluvionis masala, 

razedac viTardeba es niadagebi. bunebrivi mcenareuloba 

warmodgenilia Walis mcenareulobiT. did farTobze es 

teritoria aTvisebulia sxvadasxva sasoflo-sameurneo 

kulturebis qveS. 

aluviuri niadagebi xasiaTdeba genetikur horizontebze 

susti diferenciaciiT, cudi gastruqturebiT, Sreobrivi 

agebulebiT, xirxatianobiT. 

aluviuri niadagebi xasiaTdeba mJave, neitraluri an tute 

reaqciiT, imisda mixedviT Tu romel auzSi formirdeba es 

niadagebi. humusis Semcveloba saSualo an mcirea, niadagis 

profili Rrmad humusirebulia. azotis Semcveloba maRali an 

saSualoa. STanTqmis tevadoba ki dabali an saSualo. am 

niadagebis Sreobrivi aRnagoba (pirvel rigSi meqanikuri 
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SedgenilobiT) maTi erT-erTi diagnostikuri maCveneblia. amis 

miuxedavad ZiriTadi Jangeulebis ganawileba, rogorc niadagSi, 

ise leqis fraqciaSi, metnaklebad Tanabaria (uruSaZe, 1997). 

Tixa mineralebi warmodgenilia farTo speqtriT – 

monTmoriloniti, kaoloniti, haluaziti, hidroqarsebi da sxv. 

rkinis sxvadsxva formas araTanabari ganawileba aqvs. amasTan 

silikaturi rkinis Semcveloba mkveTrad Warbobs 

arasilikaturs. 

aluviuri niadagebis ZiriTadi elementaruli 

niadagTwarmomqmneli procesebia: humuswarmoqmna, gamdeloeba da 

galebeba. 

aluviuri niadagebi gansxvavdebian zonaluri niadagebisagan 

ufro sustad ganviTarebuli profiliT, Sreobrivi agebulebiT 

galebebis niSnebiT (uruSaZe, 1997). 

 

2.2 nimuSebis aRebis meTodi 

2.2.1 niadagebi 

sakvlev raionSi gavcelebuli niadaguri tipebis 

SeswavlisaTvis niadagis nimuSebi aRebulia genetikuri 

horizontebis mixedviT, teritoriis maqsimalurad dafarvis  

mizniT. risTvisac gakeTda 12 niadaguri Wrili da Seswavlilia 

45 nimuSi. 

niadagSi mZime liTonebis da wyalSi xsnadi anionebis 

Seswavlis mizniT niadagis nimuSebi aRebulia zestafonis 

feroSenadnobTa qarxnis mimdebare teritoriidan, romelic 

regionSi garemos ZiriTad anTropogenur gamWuWyianebels 

warmoadgens, gabatonebuli qarebis mimarTulebiT, reliefis 

Taviseburebebis gaTvaliswinebiT. kerZod, qaris ZiriTadi 
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mimarTulebis Sesabamisad aRmosavleTiT 41 km-is radiusSi 

lixis qedamde, mdinareebis Zirulisa da Cxerimelis auzSi, 

centraluri avtomagsitralebidan moSorebiT, raTa minimumade 

Segvemcirebina avtotransportis gamonabolqvis gavlena niadagSi 

liTonebis Semcvelobaze da dasavleTiT 20 km-is radiusSi md. 

yvirilas auzSi. sul gakeTda 15 niadaguri Wrili, TiToeul 

Wrilidan aRebulia  sami-oTxi nimuSi fiqsirebul siRrmeze, 

SemdgomSi maTi Sesadarisobis uzrunvelsayofad. bunebriv 

saZovrebze da tyis safaris qveS 0-10, 10-20, 20-40 da 40-60 sm-ze, 

xolo saxnav miwebze – 0-15, 15-30 da 30-60 sm-ze. sul aRebulia 55 

nimuSi. 

saerTo jamSi sakvlev teritoriaze gakeTda 27 niadaguri 

Wrili, saidanc aRebuli da Seswavlilia 100 nimuSi. 

 

2.2.2 wylebi 

wylis nimuSebis aReba ganxorcilda im mizniT, raTa 

maqsimalurad moecva sakvlev regionSi arsebul dasaxlebul 

punqtebSi sasmeli wylis ZiriTadi wyaroebi. nimuSebi aRebulia 

rogorc bunebrivi wyaroebidan da Webidan, ise wyalmomaragebis 

qselidan. sul aRebuli da Seswavlilia  23 nimuSi. 

 

2.3 nimuSebis laboratoriuli analizi 

1) karbonatebis gansazRvra moculobiTi meTodiT, kalcimetris 

gamoyenebiT (talaxaZe, nakaSiZe, kirvaliZe, 1973). 

2) STanTqmuli kaTionebis gansazRvra trilon Б 

(eTilendiaminotetra ZmarmJavas marilis) titris saSualebiT 

(talaxaZe, nakaSiZe, kirvaliZe, 1973). 
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3) saerTo humusis gansazRvra i. tiurinis meTodiT, f. simakovisa 

modifikaciiT (talaxaZe, nakaSiZe, kirvaliZe, 1973). 

4) higroskopuli wyali niadagis 1050C-ze gamoSrobiT (talaxaZe, 

nakaSiZe, kirvaliZe, 1973). 

5) pH – wyliT gamonawurSi potenciometriuli meTodiT 

(talaxaZe, nakaSiZe, kirvaliZe, 1973). 

6) eleqtrogamtaroba – konduqtometriuli meTodiT (talaxaZe, 

nakaSiZe, kirvaliZe, 1973). 

7) mZime liTonebis saerTo formebis Seswavla avstriuli 

sdandartis mixedviT (ÖNORM L 1085, 1999). eqstraqti miiReba 

koncentrirebuli azotmJavas gamoyenebiT 1:10 SefardebiT, 1400C-

ze 2 sT-is manZilze duRiliT. miRebul eqstraqtSi liTonebis 

gansazRvra ganxorcilda atomuradsorbciuli meTodiT, aluri 

(Perkin Elmer 2100) da grafitis miliani (Perkin Elmer AS-70) 

speqtrometris meSveobiT. 

8) anionebis Seswavla wylis gamonawurSi avstriuli sdandartis 

mixedviT (ÖNORM L 1092, 1993). niadagis wylis gamonawuri miiReba 

1 wil niadagze da 10 wili wylis damatebiT (1:10), romlis 

njRreva xorciledeba 1 sT-s ganmavlobaSi.  niadagis 

gamonawurSi da aseve wylis nimuSebSi anionebis gansazRvra 

moxda ionuri qromatografis (DIONEX) meSveobiT. 

 

2.4 monacemTa sivrcobrivi analizi gis-is gamoyenebiT 

gis-is mcneba. sakvlevi raionisTvis Seiqmna reliefis 

samgamzomilebiani cifruli modeli (danarTi, ruka 1), romelic 

asaxavs rogorc regionis geografiul Taviseburebebs, ise 

niadagis da wylis nimuSebis aRebis adgilebs. aRniSnuli 

cifruli ruka dakavSirebulia specialur monacemTa bazasTan, 
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sadac ganTavsebulia savele da laboratoriuli kvlevis 

Sedegebi. velze nimuSebis aRebis adgilebis koordinatebi 

aRebul iqna GPS-is (Global Positioning System) gamoyenebiT. rukisa da 

monacemTa bazis Sedgena ganxorcielda geografiuli sistemebis 

(gis) gamoyenebiT.  

Tanamedrove geoinformaciuli sistemebi warmoadgenen 

axali tipis integrirebul sistemebs, romlebic erTis mxriv, 

Seicaven ukve arsebuli avtomatizirebuli sistemebis monacemTa 

damuSavebis meTodikas, meores mxriv, ki floben monacemTa 

damuSavebisa da organizaciis sakuTar specifikas, rac 

praqtikulad gansazRvravs maT, rogorc mravalmxriv da 

mravalaspeqtovan sistemebs. gis-i gaTvlilia aramarto 

monacemTa damuSavebaze, aramed xSir SemTxvevaSi eqspertuli 

Sefasebis saSualebasac iZleva, rac mxolod monacemTa bazis 

doneze SeuZlebelia. gis-i warmoadgens avtomatizirebul 

sainformacio sistemas, romelic gankuTvnilia sivrciT-droiTi 

monacemebis damuSavebisaTvis, romlis integraciis safuZvels 

wamoadgens geografiuli informacia (Цветков, 1998). 

dRes, msoflioSi, kolosaluri raodenobis 

geoinformaciuli sistema arsebobs, romlebic erTmaneTisagan 

gansxvavebulia daniSnulebiT, struqturiTa da mTeli rigi 

TaviseburebebiT. daniSnulebis mixedviT yvela maTgani SeiZleba 

davyoT or did jgufad: standartul da specialur gis-ebad 

(nikolaiSvili, 2004). 

standartuli (universaluri) geoinformaciuli sistemebis 

mTavari Tavisebureba imaSi mdgomareobs, rom igi gvTavazobs 

kompiuteruli procedurebis Sesrulebis  erTgvar mza formats. 

maTi meSveobiT SesaZlebelia monacemTa bazebisa da 
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kartografiuli safuZvlis urTierTdakavSireba, agreTve, 

Tematuri rukis Seqmna da gamobeWvda. gis-is meSveobiT SegviZlia 

miviRoT statistikuri da kartografiuli informacia. 

standartul gis-ebs miekuTvneba: IDRSI, MapInfo, ArcInfo, ArcView, PC 

Arc/Info, Vertical Mapper, AutoCad Map, Network Anlyst, Atlas GIS da sxva 

(nikolaiSvili, 2004). 

geoinformaciuli sistemebis erT-erTi yvelaze 

mniSvnelovani da SeiZleba iTqvas, gadamwyveti nawilia 

monacemTa marTvis sistema, romelic farTod gamoiyeneba 

sxvadasxva saxis monacemebis modelirebisaTvis. gansakuTrebiT 

mniSvnelovania sivrciTi monacemebis baza, romelic gis-is 

safuZvels qmnis (nikolaiSvili, 2004). 

monacemTa baza aris monacemebis nakrebi, romelic 

gamiznulia obieqtebis informaciuli modelebis Sesaqmnelad da 

gamoiyeneba informaciis damuSavebisaTvis (Беручашвили, Жучкова, 

1997). 

monacemTa bazis marTvis sistema aris gis-is integrirebuli 

da mniSvnelovani komponenti, romelic gamiznulia monacemTa 

Senaxvis, manipulaciisa da ZebnisaTvis. gansakuTrebiT 

Rirebulia igi cifruli kartografiuli monacemebis 

damuSavebisaTvis (nikolaiSvili, 2004). 

amJamad geografiuli informaciis srulyofili damuSavebis 

mTavar wyaros warmoadgens adgilis cifruli modeli (DTM), 

romlis meSveobiTac SesaZlebelia topografiuli zedapiris 

kompiuteruli gamosaxulebis Seqmna, misi analizi, modelireba 

da sxvadasxvagvari vizualizacia. monacemebis Setanisa da 

modelirebis mixedviT, igi gansxvavebulia planimetriuli (2D – 

organzomilebiani) modelebisgan. zogierTi mkvlevari adgilis 
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cifruli modelis nacvlad gvTavazobs termins simaRlis 

cifrul models (DEM), rac uSualod gulisxmobs reliefis 

gamosaxvas (nikolaiSvili, 2004). 

cifruli ruka aris obieqtis maTematikuri modeli, 

romelic kodirebulia wertilis koordinatebisa da aplikatis 

cifrul formaSi. e.i. rukis cifruli formiT warmodgena 

gulisxmobs imas, rom gamosaxulebis TiToeul wertils 

Seesatyviseba erTi ricxvi – Z aplikati. magaliTad, adgilis 

simaRle, tyis sixSire, mosaxleobis simWidro da sxv. (Берлянт, 

1985). 

adgilis cifruli modelis Sesaqmnelad xSirad 

sargebloben kartografiuli wyaroebiT (kerZod, topografiuli 

rukebiT), romelTa safuZvelzec iqmneba erTgvari konturebiani 

rukebi da profilebi, vertikaluri Wrilebi. yvelaze xSirad es 

procedura acifvriTDan skanireba-veqtorizaciiT xorcieldeba 

da sakmaod farTodac gamoiyeneba didi moculobis monacemebis 

damuSavebisTvis (nikolaiSvili, 2004). 

geoinfromaciuli sistemebis mniSvneloba. praqtikuli 

daniSnulebis gamo gis-ebi farTod gavrcelda msoflios 

mravali qveynis samecniero-kvleviT da saswavlo 

dawesebulebebSi. amJamad, msoflioSi funqcionirebs mravali 

sxvadasxva tipis geoinformaciuli sistema. zogierT 

organizaciaSi ZiriTadi aqcenti gadatanilia geoinformaciis 

meTodologiuri safuZvlebis Camoyalibebaze, kartografiuli 

informaciis damuSavebasa da garemos modelirebaze 

(nikolaiSvili, 2004). 

gis-is gamoyenebas soflis meurneobaSi SedarebiT mcire 

xnis istoria aqvs, Tumca es periodi sakmarisi aRmoCnda am 
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sferoSi misi adgilis dasamkvidreblad. amJamad isini farTod 

gamoiyeneba aSS-sa da dasavleT evropis qveynebSi, rogorc 

mecnieruli kvlevebis dros, ise praqtikul saqmianobaSi. gis-is 

meSveobiT SesaZlebeli gaxda soflis meurneobisaTvis saWiro 

geografiuli informaciis interpretireba da analizi. gis 

teqnologiebis gamoyenebiT SesaZlebelia sasoflo-sameurneo 

nakveTis dayofa ferdobis daqanebis, eqspoziciis, niadagis tipis 

da masSi sakvebi elementebis Semcvelobis mixedviT. aRniSnuli 

informaciis safuZvelze gis programebis meSveobiT iqmneba 

cifruli rukebi, romelic mibmulia realur geografiul 

koordinatebze, rac sakmaod mniSvnelovania calkeuli 

kulturisaTvis optimaluri pirobebis SesarCevad, swori 

ganoyierebisaTvis, sarwyavi sistemis organizebisa da 

niadagdacviTi RonisZiebebis Casatareblad.  

msgavs rukebs gaaCniaT mTeli rigi upiratesobebi qaRaldze 

arsebul rukebTan SedarebiT. maTi meSveobiT SesaZlebelia 

geoinformaciuli monacemebis da gamosaxulebebis damuSaveba da 

analizi, cifruli samganzomilebiani modelebis ageba, 

masStabisa da proeqciis Secvla, momxmarebels SeuZlia 

erTdroulad ixilos Sinaarsobrivad gansxvavebuli grafikuli 

gamosaxuleba da moaxdinos maTi analizi, daamatos an moaSoros 

ekrans informacia, gamoiyenos ekranuli efeqtebi (feris Secvla, 

ganaTeba da a.S.), amasTan maT aqvT mudmivi ganaxlebis unari, 

riTac kidev ufro izrdeba maTi mniSvneloba (Цветков, 1998). 

 80



Tavi 3. Sedegebi da ganxilva 

Cvens mier Catarebuli savele da laboratoriuli 

gamokvlevebiT (cxrili 8) dadginda, rom aRniSnul raionSi 

ZiriTadad gvxvdeba yviTel-yomrali, neSompala-karbonatuli da 

aluviuri niadagebi, SedarebiT iSviaTad yomrali niadagebi.  

yviTel-yomrali niadagebi ZiriTadad gavrcelebulia zRvis 

donidan 400-500 m-dan 900-1000 m-mde, sadac mcenareuloba 

warmodgenilia wablnarebiT, romlebSic minarevebad gvxvdeba 

kavkasiuri rcxila, harTvisis muxa, aRmosavleTis nekerCxali da 

sxv. es niadagebi genetikuri horizontebis mixedviT Semdegi 

aRnagobiT xasiaTdebian: A, AB, B, BC, C;  an A, B1, B2, BC.  

neSompala-karbonatuli niadagebi gvxvdeba zRvis donidan 

500-600 m-mde, sadac bunebrivi mcenareuloba warmodgenilia 

muxnar-rcxilnarebiT, balaxeulobis farTo monawileobiT. 

profilis Semdegi SenebiT: A, B, C; A, AB.  

yomrali niadagebi gvxvdeba zRvis donidan 900-1800 m-is 

farglebSi umetesad wiflnarebisa da wiwvovanebis qveS, 

profiliT A, B1, B2, BC2. 

aluviuri niadagebi xasiaTdeba regularuli datborviT da 

niadagis zedapirze aluvionis Sreeebis daleqviT. es niadagebi 

xasiaTdeba nairgavri reJimiT, SenebiT da TvisebebiT. maTi 

Tvisebebi bevrad ganisazRvreba im auzis bunebiT, sadac 

viTardeba es niadagebi. niadagur profils Cveulebriv Semdegi 

agebuleba aqvs: A, BC, C, CD. 
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cxrili 8. zogierTi niadagis saerTo Tvisebebi 

STanTqmuli kaTionebi 
mg.-eqv./100 g. niadagze 

% jamidan 
Wr. 
# 

siRrme 
(sm) pH 

humusi
(%) 

Ca Mg H jami
Ca Mg H 

CaCO3
(%) 

yomrali 
0-5 5.75 - 17.38 8.86 1.00 27.24 63.82 32.52 3.66 araa
5-15 5.10 7.94 15.09 8.85 2.60 26.54 56.85 33.34 9.81 `-” 
15-30 5.00 7.04 12.46 4.94 7.00 24.38 51.12 20.18 28.70 `-” 
30-55 4.90 2.68 11.15 3.28 7.40 21.83 51.08 15.03 33.89 `-” 

3 

55-110 4.95 0.40 12.14 5.24 5.80 23.18 52.36 22.60 25.04 `-” 

0-8 6.95 4.51 21.65 11.48 araa 33.13 65.34 34.66 - 0.46 
8-30 6.80 1.88 18.37 11.48 `-” 29.85 61.53 38.47 - 0.46 
30-45 6.65 1.64 14.43 10.17 `-” 24.60 58.67 41.33 - 0.46 

10 

45-75 6.65 1.49 15.09 11.15 `-” 26.24 57.50 42.50 - 0.46 
yviTel-yomrali 

0-12 6.35 1.88 17.06 11.80 2.00 30.86 55.28 38.24 6.48 araa
12-22 5.75 0.35 17.38 13.40 1.60 31.78 54.70 42.16 3.14 `-” 
22-45 5.70 0.25 16.4 11.48 1.80 29.68 55,26 38.68 6.06 `-” 
45-60 5.70 0.15 16.07 12.47 1.40 29.94 53.68 41.65 4.67 `-” 

1 

60-90 5.70 0.15 22.07 15.42 2.00 40.38 56.86 38.19 4.95 `-” 
0-12 5.45 2.03 16.40 4.59 7.60 28.59 57.36 16.05 26.59 `-” 
12-30 4.10 1.09 17.38 7.88 8.60 33.86 51.34 23.27 25.39 `-” 
30-60 4.50 0.84 18.70 9.18 8.40 36.28 51.54 25.30 23.23 `-” 

7 

60-90 4.55 0.64 16.40 9.18 8.20 33.78 48.55 27.17 24.28 `-” 
0-10 6.50 5.21 15.42 6.88 2.20 24.50 62.92 28.08 9.00 0.46 
10-20 6.35 1.59 16.40 10.50 2.60 29.50 55.59 35.59 8.82 0.46 
20-50 6.40 0.45 16.07 10.17 1.40 27.64 58.15 36.79 5.06 0.46 

4 

50-100 6.70 0.25 16.40 11.48 araa 27.88 58.82 41.18 - 0.46 
0-8 6.40 4.46 53.46 12.14 2.00 67.60 79.09 17.96 2.95 0.46 
8-20 6.65 1.78 63.14 19.02 2.00 74.16 71.65 25.65 2.70 0.46 5 
20-50 6.70 0.45 49.20 18.70 1.80 69.70 70.59 26.83 2.58 0.46 
0-15 5.55 5.75 22.63 11.15 2.80 36.58 61,87 30.49 7.64 `-” 
15-25 5.05 2.83 19.02 8.86 2.60 30.48 62,41 29.07 8.52 `-” 
25-55 4.95 1.39 15.74 6.24 4.00 25.98 60.06 24.02 15.38 `-” 

2 

55-90 5.05 0.99 14.76 8.20 2.60 25.56 57.75 32.08 10.17 `-” 
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cxrili 8. zogierTi niadagis saerTo Tvisebebi (gagrZeleba) 

STanTqmuli kaTionebi 
mg.-eqv./100 g. niadagze 

% jamidan 

Wr. 
# 

siRrme 
(sm) pH 

humusi
(%) 

Ca Mg H jami
Ca Mg H 

CaCO3
(%) 

neSompala-karbonatuli 
0-8 7.95 2.23 52.48 13.12 araa 65.60 80.00 20.00 - 5.58 

6 
8-20 8.00 0.99 32.14 8.86 `-” 41.00 78.40 21.60 - 4.65 
0-15 6.75 3.17 25.58 8.20 `-” 33.78 75.74 24.26 - 0.46 
15-35 7.50 1.34 26.24 9.84 `-” 36.08 72.73 27.27 - 1.39 8 
35-70 7.75 0.40 24.60 10.17 `-” 34.70 70.75 29.25 - 2.79 
0-10 7.25 3.47 22.96 10.82 `-” 33.78 67.96 32.04 - 29.30 
10-20 8.20 1.19 25.06 12.46 `-” 37.72 66.96 33.04 - 24.18 9 
20-50 8.45 0.30 17.06 12.46 `-” 29.52 57.78 42.22 - 69.76 
0-10 7.85 1.88 27.22 11.48 `-” 38.72 70.33 29.67 - 14.88 
10-25 8.00 1.34 33.13 12.79 `-” 45.92 72.14 27.86 - 13.49 
25-50 8.00 1.09 30.18 13.77 `-” 43.95 68.67 31.33 - 7.44 

11 

50-100 8.05 1.14 22.96 6.44 `-” 35.42 64.82 35.18 - 1.39 

0-8 7.65 5.36 32.80 13.78 `-” 46.58 70.42 29.58 - 38.13 
8-20 8.00 2.08 31.82 13.44 `-” 45.26 70.30 29.70 - 51.16 
20-35 8.70 0.94 30.83 15.42 `-” 46.25 66.66 33.34 - 69.76 

12 

35-70 8.75 0.40 27.22 19.68 `-” 46.90 58.05 41.95 - 69.76 
aluviuri 

0-10 7.65 3.27 26.24 7.24 `-” 33.46 78.42 21.58 - araa
10-20 7.60 1.14 29.85 11.81 `-” 41.66 71.65 28.35 - `-” 
20-40 7.55 0.99 27.24 11.14 `-” 38.38 70.93 29.07 - `-” 

21 

40-60 7.20 0.25 28.54 15.41 `-” 43.95 64.93 35.07 - `-” 
 

3.1 mZime liTonebis Semcveloba niadagebSi da maTi 

ganawileba sakvlev raionSi 

laboratoriuli analizis Sedegebma aCvena, rom sakvlev 

raionSi niadagebi met-naklebad gaWuWyianebulia mZime 

liTonebiT (danarTi, cxrili 2). Tumca maTi Semcveloba icvleba 

nimuSis aRebis siRrmis, gaWuWyianebis wyarodan daSorebis, 

niadagis Tvisebebis, mcenareulobis tipis da sxva faqtorTa 

gavleniT. 
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amasTan aRiniSna zestafonis feroSenadnobTa qarxnis 

gavlena regionis gaWuWyianebaze. qarxana 1933 wlidan 

funqcionirebs da pirveli gazgamwmedni kompleqsi mxolod 1983 

wels amoqmedda, romlis gamtarunarianoba saaTSi 480 000 m3-s 

Seadgens. sawarmos sruli datvirTviT funqcionirebis periodSi 

filtrebiT daWerili manganumis mtvris raodenoba dRe-RameSi 70 

tonas aWarbebda (zestafonis feroSonadnobTa qarxana, 1983). g. 

gunias Tanaxmad q. zestafonSi haeri mniSvnelovnadaa 

gaWuWyianebuli feroSenadnobTa qarxnis gamonabolqviT, radgan 

ar aris gaTvaliswinebuli gabatonebuli qarebis mimarTuleba 

(Гуния, 1985). 

Seswavlili mZime liTonebis, Cd-is, Cu-is, Mn-is, Ni-is, Pb-is, 

Zn-is, saerTo formebis Semcveloba niadagebSi TandaTan 

mcirdeba gaWuWyianebis wyarodan aRmosavleTiT lixis qedamde 

aRebul niadagur nimuSebSi, rac kargad Cans aRniSnul 

monakveTSi aRebul 8 niadaguri Wrilis monacemebze dayrdnobiT 

agebul grafikebze (graf. 1, 2, 3, 4, 5, 6). TiToeuli grafikis X 

RerZze mocemulia manZili zestafonis feroSenadnobTa 

qarxnidan Wrilis aRebis adgilamde, xolo Y RerZze elementis 

Semcveloba niadagSi. grafikebze gavlebuli wiri asaxavs 

elementis koncentraciis klebis tendencias. Tumca, 

koncentraciis klebis xasiaTi gansxvavebulia calkeuli 

elementis SemTxvevaSi, rac ganpirobebulia garemoSi calkeuli 

liTonis sxva wyaroebis arsebobasa da niadagSi maTi qcevis 

xasiaTze. mag. tyviis Secvelobis klebis tendencia yvelaze 

nakleb SesamCnevia, rac SeiZleba aixsnas niadagSi mis 

moxvedraze moqmedi sxva faqtorebis gavleniT, rogoricaa 

avtotransportis gamonabolqvi, romlis sruli gamoricxva 

 84



avtomagistralidan daSorebis miuxedavad praqtikulad 

SeuZlebelia.  

 

manZili (km)

5 10 15 20 25 30 35 40 45

ko
nc

en
t
r
ac

ia
 (
mg

/k
g
)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

grafiki 1. kadmiumis ganawileba aRmosavleTiT
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grafiki 2. spilenZis ganawileba aRmosavleTiT
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grafiki 3. manganumis ganawileba aRmosavleTiT
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grafiki 6. TuTiis ganawileba aRmosavleTiT

 

aqve unda aRiniSnos, rom zogierT SemTxvevaSi liTonTa 

(mag. manganumi, nikeli, tyvia, spilenZi) Semcveloba sakvlevi 

raionis ukidures aRmosavleT da samxreT-aRmosavleT nawilSi, 

40-e da 41-e km-ze aRebul nimuSebSi, SedarebiT maRalia, vidre 

gaWuWyianebis wyarosTan ufro axlos mdebare niadagebSi. 

koncentraciis msgavsi mateba gamoweveulia imiT, rom aRniSnuli 

nimuSebi aRebulia tyis safar qveS, rac Cveulebriv gansazRvravs 

liTonTa maRal Semcvelobas mdeloebTan da saxnav niadagebTan 

SedarebiT, rasac Tavis mxriv ganapirobebs xeebis varjis mier 

atmosferuli gziT gadatanisas gamWuWyianeblebis didi 

raodenobiT daWera da calkeul SemTxvevaSi mZlavri fesvTa 

sistemis arsebobis gamo niadagis Rrma fenebidan, warmomSobi 

qanis mineralogiuri Sedgenilobis Sesabamisad, maTi 

transportireba miwiszeda nawilebSi, saidanac foTolcvenis da 

zogadad miwiszeda nawilebis kvdomis Sedegad xdeba liTonTa 
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dagroveba niadagis zeda fenebSi (Blum., Wenzel, 1989; Baize, 

Sterckeman, 2001). 

mZime liTonebis ganawilebas feroSenadnobTa qarxnidan 

dasavleTis mimarTulebiT msgavsi kanonzomiereba ar axasiaTebs, 

rac SesaZloa ganpirobebul iyos reliefis TaviseburebebiT da 

am mimarTulebiT maTi transportirebis sxva meqanizmebis an 

sulac gaWuWyianebis sxva wyaroebis arsebobiT. gansakuTrebiT 

manganumis SemTxvevaSi, romlis koncentracia sakvlevi raionis 

ukidures dasavleT nawilSi yvelaze maRali maCveneblebiT 

gamoirCeva sxva nimuSebTan SedarebiT da 21-e Wrilis zeda 

humusovan fenaSi 5163.67 mg/kg aRwevs (danarTi, cxrili 3). 

sayuradReboa is faqtic, rom aRniSnuli teritoris geologiur 

agebulebaSi manganumiT mdidari  qanebi monawileoben, rasac 

teritoriis geologiuri aRwerilobis garda saqarTvelos 

geologiuri rukac (saqarTvelos geologiuri ruka, gamyreliZis 

red., masStabi 1 : 500 000, 2003) adasturebs. savaraudod, 21-e da 

aseve masTan axlos mdebare 20-e WrilSi profilis mTels 

siRrmeze manganumis sakmaod maRali Semcveloba, romelic 

saSualod 3000-4000 mg/kg farglebSi meryeobs, 

niadagTwarmomqmnel qanSi manganumis bunebrivad maRali 

koncentraciiT aixsneba da atmosferuli gziT moxvedrili 

manganumis wili mcirea. amaze miuTiTebs 21-e Wrilis dasavleTiT 

aRebuli 22-e Wrilis monacemebic, sadac manganumis Semcveloba 

mkveTrad ecema da qveda horizontSi (40-60 sm) 1079.64 mg/kg-s 

Seadgens. 
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grafiki 7. manganumis ganawileba niadagis profilSi
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garkveul kanonzomierebas eqvemdebareba mZime liTonebis 

ganawileba niadagis profilSi. Seswavlil niadagur WrilebSi 

umetesad liTonTa maRali koncentraciiT zeda horizontebi 

gamoirCeva da mTi Semcvelobis SesamCnevi kleba, ramdenime 

gamonaklisis garda, 10-20 sm-is qvemoT iwyeba. es movlena ufro 

metad damaxasiaTebelia manganumisa da TuTiisTvis, ris 

sailustraciodac mogvyavs feroSenadnobTa qarxnis 

aRmosavleTiT aRebul 8 niadagur WrilSi manganumis 

koncentraciis cvalebadobis amsaxveli grafiki (grafiki 7), 

sadac 25-e Wrilis garda yvelgan SesamCnevad mcirdeba misi 

Semcveloba siRrmis matebasTan erTad. aRniSnuli faqti 

adasaturebs manganumis, rogorc ZiriTadi gamWuWyianeblis, 

atmosferuli wyaroebis arsebobas. Tumca, rogorc zemoT 

aRiniSna zeda horizontebSi liTonebis dagroveba TviT niadagis 

Tvisebebis garda, romelTagan gadamwyveti mniSvneloba 
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mJavianobas da humusis Semcvelobas eniWeba,  mcenareulobis 

tipzecaa damokidebuli. 

mZime liTonebis sivrcobrivi ganawilebis analizis garda, 

miRebuli monacemebis safuZvelze agebul iqna TiTouli 

elementis Semcvelobis amsaxveli grafikebi calkeuli 

niadaguri tipisTvis (grafiki 8, 9, 10, 11, 12, 13). grafikebi naTlad 

uCvenebs niadagSi liTonTa koncetraciis cvalebadobis 

diapazons, romelic Seswavlil nimuSTa umetesobas Seesabameba, 

da aseve erTeul gadaxrebs rogorc zeda ise qveda 

mimarTulebiT. marTalia, msgavs analizze dayrdnobiT ar 

SeiZleba iTqvas, rom zogadad am niadaguri tipebisTvis 

liTonTa aRniSnuli koncentraciebia damaxasiaTebeli, masze 

moqmedi mravali faqtoris gamo, Tumca igi saSualebas gvaZlevs 

garkveuli warmodgena Segveqmnas Seswavlil niadagebs Soris 

gansxvavebebis aRsaqmelad, rac mxolod cxriluri informaciis 

safuZvelze sakmaod rTulia. garda amisa, zogierT SemTxvevaSi 

gamoikveTa elementTa sxva niadagebTan SedarebiT mniSvnelovnad 

maRali an dabali Semcvelobebi. mag. kadmiumis saSualo 

koncentracia neSompala-karbonatul niadagebSi 2-jer da 

metadac ki aWarbebs danarCen sam niadagur tipSi mis 

Semcvelobas. es SeiZleba ganpiroebebul iyos kadmiumis Zlieri 

afinitetiT karbonatebis mimarT. aseve, manganumis da tyviis 

Semcveloba aluviur niadagebSi ramdenadme maRalia sxva 

niadagebTan SedarebiT. 

zogadad, mikroelementebiT gabinZurebis dadgenaPmoiTxovs 

am elementebis bunebrivi Semcvelobis, anu fonuri 

pedogeoqimiuri Semcvelobis codnas (Sterckeman et al., 2000), rac 

SeiZleba gamoklvelul iqnas amave tipis sufTa niadagebis 
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Sesabamisi horizontebis analiziT an zedapirulad 

gaWuWyianebuli niadagebis Rrma horizontebis SeswavliT (Baize, 

1994).  

warsulSi bunebriv geoqimiur fonur koncentraciad 

aRebuli iyo dedamiwis qerqSi elementTa saSualo Semcveloba, 

rac ar gamodgeba specifikuri gaWuWyianebis problemis 

geoqimiuri kvlevisas, radgan qanebis Sedgeniloba did 

farglebSi meryeobs dedamiwis qerqTan SedarebiT. es ki Tavis 

mxriv iwvevs sxavadasxvaobas niadagis da sxva nafenebis qimiur 

SedgenilobaSi. Tumca, absoluturi bunebrivi fonuri 

Semcveloba SesaZloa mniSvnelovnad gansxvavdebodes 

erTidaigive regionidan aRebul nimuSebSi (Siegel, 2002). mZime 

lTonebis fonuri maCveneblebi SeiZleba gamoyenebul iqnas 

rogorc swori sawyisi informacia am elementebiT niadagis 

gaWuWyianebis donis dasadgenad (Fergusson, 1989). 

fonuri maCveneblebi didadaa damokidebuli warmomSobi 

qanis mineralogiur Sedgenilobaze da gamofitvis procesze, 

romelic ganapirobebs niadagis formirebas (De Temmerman et al., 

1984; Salminen,  Tarvainen, 1997; Tack et al., 1997; Klassen, 1998), magram aseve 

damokidebulia nawilakebis zomaze (Salminen, Tarvainen, 1997), Tixis 

da organuli nivTierebebis Semcvelobaze (Tack et al., 1997; Klassen, 

1998). 

Sedegad mZime liTonebis Semcveloba farTod meryeobs 

niadagebSi da gamousadegars xdis universaluri fonuri 

maCveneblebis gamoyenebas, vinaidan liTonebis bunebrivi 

Semcveloba calkeul niadagSi SeiZleba aWarbebdes arsebul 

normebs (Baize, Sterckeman, 2001). 
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fonuri maCveneblebis gamoTvlisaTvis ori gavrcelebuli 

meTodi arsebobs. pirveli meTodi dafuZnebulia gausis xerxze, 

romelic gulisxmobs miRebuli Sedegebidan saSualo 

ariTmetikuli sididis gamoTvlas, saidanac erTi sdandartuli 

gadaxra orive mimarTulebiT Seesabameba geoqimiur Semcvelobas 

(Siegel, 2002). Tumca, zogierTi avtoris mier (Salminen, Tarvainen, 1997) 

naCvenebi iqna medianas gamoyenebis upiratesoba, saSualo 

ariTmetikulis nacvlad. medianas gamoTvlisas masSi ar aisaxeba 

Zlier maRali da dabali maCveneblebi, ris gamoc igi ufro 

kargad axasiaTebs fonur Semcvelobas (Salminen, Tarvainen, 1997; 

Siegel, 2002). 

aRniSnulidan gamomdinare, Cvens mier gamoiTvala 

Seswavlili liTonebisTvis geoqimiuri maCveneblebi salminenis 

da tarvainenis mier (Salminen, Tarvainen, 1997) SemoTavazebuli 

meTodis gamoyenebiT. miRebuli fonuri maCveneblebi SevadareT 

laboratoriuli analizis Sedegad miRebul koncentraciebTan, 

romlis Sedegebi mocemulia cxril 9.  

mZime liTonebiT niadagis gaWuWyianebis donis dasadgenad 

fonur maCveneblebTan erTad Zalzed mniSvnelovania maTi 

SesaZlo toqsikurobis Sefaseba. am mizniT mraval qveyanaSi 

SemoRebulia zRvrulad dasaSvebi koncentraciebi (zdk), 

romelic regulirdeba garemosdacviTi kanomdeblobiT da masze 

mudmivi monitoringi warmoebs. 

vinaidan, dReisaTvis saqarTveloSi niadagebisTvis zdk ar 

aris gansazRvruli, Cven gamoviyeneT avstriuli kanonmdeblobiT 

gaTvaliswinebuli zdk-ebi (ÖNORM L 1075, 2004), romelsac 

evrokavSiris wevr qveynebs Soris saSualo sidideebi gaaCnia 

(cxrili 9). 
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Sedarebis Sedegebi mocemulia me-9 cxrilSi, sadac fonur 

da zRvrulad dasaSveb koncentraciebTan erTad mocemulia 

sufTa niadagebSi liTonTa bunebrivi Semcvelobebi da ZiriTadi 

statistikuri informacia. cxrilidan Cans, rom bevr nimuSSi 

liTonebis Semcveloba fonurTan SedarebiT sakmaod maRalia. es 

ki miuTiTebs regionis anTropogenuli wyaroebiT gaWuWyianebaze. 

nikelis SemTxvevaSi fonurze maRali koncentracia nimuSebis 

TiTqmis mesamedSi (30.9%) dafiqsirda. spilenZis, manganumis da 

TuTiis koncentracia ki nimuSebis mexuTedSi (20%) aRemateba 

geoqimiur maCveneblebs. kadmiumis da tyviis SemTxvevaSi ki 

fonurTan SedarebiT maRali Semcveloba, Sesabamisad, nimuSebis 

14.5 da 9.1%-Si dafiqsirda. 

miRebuli Sedegebis Sedarebam zRvrulad dasaSveb 

koncentraciebTan aCvena, rom kadmiumis, nikelis, tyviis da 

TuTiis Semcveloba arsad ar aWarbebs arsebul zdk-s. spilenZis 

koncentracia 7 nimuSSi (saerTo raodenobis 12.7%) aWarbebs zdk-

s.   

manganumi miCneulia rogorc nakleb toqsikuri liToni 

mcenarisaTvis, ris gamoc niadagSi misTvis zRvrulad dasaSvebi 

koncetracia, rogorc  evrokavSiris qveynebSi, ise aSS-Si ar 

aris dadgenili, Tumca arsebobs FAO-s rekomendacia, romelTan 

mimarTebaSic nimuSebis umravlesoba mas Warbi raodenobiT 

Seicavs. kerZod, nimuSebis 92.7% ver akmayofilebs FAO-s mier 

dadgenil standarts. amasTan aRsaniSnavia, rom manganumis 

koncentracia bevrgan ramdenjerme aRemateba rekomendirebul 

sidides, xolo ramdenime nimuSi 6-8 jerac ki aWarbebs mas 

(danarTi, cxrili 2), rac miuTiTebs manganumiTMregionis 
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gaWuWyianebaze, raSic gadamwyveti roli zestafonis 

feroSenadnobTa qarxanas miuZRvis. 

 

cxrili 9. niadagSi mZime liTonebis Semcvelobis ZiriTadi 

statistikuri maxasiaTeblebi, fonuri da zRvrulad dasaSvebi 

koncentraciebi. *(Blum W., Wenzel W., 1989), **avstriuli  

standarti (ÖNORM L 1075, 2004), *** FAO-s rekomendacia (FAO, 1998). 

 Cd Cu Mn Ni Pb Zn 
saS. ariTmetikuli 0.12 47.64 1534.32 36.25 20.40 63.84 
mediana 0.08 34.97 1092.14 32.47 21.03 63.13 
minimumi 0.01 9.99 309.49 19.92 6.10 47.94 
maqsimumi 0.49 127.37 5163.67 59.88 52.29 93.10 
standartuli 
gadaxra 

0.11 31.68 1067.66 13.32 9.81 11.80 

Semcveloba 
sufTa niadagebSi* 

0.5 20-40 20-800 5-50 2-20 10-80 

fonuri Semcveloba 0.19 66.64 2159.79 45.78 30.85 74.92 
fonur Semcvelobaze 
maRali 

8 11 11 17 5 11 

fonur Semcvelobaze 
maRali (%) 

14.5 20.0 20.0 30.9 9.1 20.0 

zdk 1** 100** 600*** 60** 100** 300** 
zdk-ze maRali - 7 51 - - - 
zdk-ze maRali (%) - 12.7 92.7 - - - 
nimuSebis raodenoba 55 55 55 55 55 55 

 

3.2 ftoridebis, sulfatebis, nitratebis, qloridebis da 

fosfatebis Semcveloba niadagebSi 

niadagSi, wyalSi xsnadi anionebis (F-, SO4
2-, NO3

-, Cl-, PO4
3-) 

Semcvelobis Seswavlis Sedegebis (danarTi, cxrili 3) analizi 

gviCvenebs, rom nimuSebis nawili ftoridebis, sulfatebis da 

iSviaTad nitratebis maRal koncentraciebs Seicavs. qloridebis 

da fosfatebis koncentracia ki axlosaa bunebriv 

SemcvelobasTan. es erTis mxriv SeiZleba aixsnas imiT, rom 
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qloridebi niadagSi Zlieri mobilurobiT gamoirCevian da 

maTTvis specifikuri STanTqma araa damaxasiaTebeli. fosfatebi 

ki cnobilia nakleb xsnadobiT, gansakuTrebiT wylis 

gamonawurSi da Cveulebriv mxolod mcire nawilia xsnadi, rac 

maTi naerTebis mcired xsnadobasTan erTad niadagSi Zlieri 

adsorbciiTacaa ganpirobebuli.      

aseve sainteresoa, maTi sivrcobrivi ganawileba, 

gansakuTrebiT ftoridebis da sulfatebis, romlebic miCneulia 

niadagebis anTropogenuri gaWuWyianebis karg indikatorebad.  
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aRniSnulis gaTvaliswinebiT, Cvens mier aigo mZime 

liTonebis analogiuri grafikebi (grafiki 14, 15), romlebic 

asaxavs maT ganawilebas q. zestafonidan lixis qedamde 41 km-is 

radiusSi, mdinareebis Zirulasa da Cxerimelas xeobebis 

paralelurad. 

grafikebidan kargad Cans ftoridebis da sulfatebis 

Semcveloba calkeul nimuSebSi da maTi koncentraciebis klebis 

tendencia gaWuWyianebis wyarodan manZilis zrdasTan erTad, 

romelic ufro mkveTradaa gamoxatuli sulfatebis SemTxvevaSi, 

rac miuTiTebs regionSi ftoridebisa da sulfatebis 

anTropogenuri wyaroebis arsebobaze, romelTagan mTavari 

gamWuWyianebeli feroSenadnobTa qarxanaa. 
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niadagSi wyalSi xsnadi ftoris koncentraciis  Seswavla 

sakmaod mniSvnelovania, radgan igi kargad asaxavs mcenaris mier 

mis xelmisawvdomobas da Zvradobas niadagSi, da Sesabamisad 

mcenaris mowamvlis da miwisqveSa wylebis gaWuWyianebis 

safrTxes (Loganathan et al., 2005). niadagSi ftoris xsnadobaze 

ZiriTadad gavlenas axdens  ftoris STanTqma niadagis 

araorganuli nawilis mier da niadagis ares reaqcia (McLaughlin 

et al., 2001; Loganathan et al., 2003). niadagis xsnarSi ftoris 

STanTqmisa da gamoyofis Seswavlis Sedegebma aCvena, rom ftor-

ioni ufro metad STainTqmeba niadagis siRrmis zrdasTan erTad. 

zeda organuli nivTierebebiT mdidar horizonts STanTqmis 

naklebi unari aqvs qveda mineralur horizontebTan SedarebiT 

(Arnesen et al., 1995). aSS-Si 200-ze meti niadaguri Wrilis Seswavlis 

Sedegebma aCvenes, rom ftoris koncentraciis cvalebadobis 85% 

damokidebulia Tixis Semcvelobaze (Omueti, Jones, 1977). amis 

dadasturebaa arnsenis kvlevac, romelmac ftoris saerTo 

Semcvelobis SedarebiT dabali maCveneblebi niadagebSi Tixis 

dabali procentuli (≤5%) wiliT axsna (Arnesen et al., 1995). 

ftoriT mcenareebis gaWuWyianeba da misi SesaZlo migracia 

miwisqveSa wylebSi izrdeba mcirehumusovan da fuZeebiT Rarib 

niadagebSi (Evdokimova et al., 2001). vencelis da blumis mixedviT 

miwisqveSa wylebis ftoriT gaWuWyianebis riski yvelaze maRalia 

Zlier mJave da tute niadagebSi (Wenzel, Blum, 1992), radgan am 

pirobebSi ftoris mobiluroba Zlier izrdeba (Blum, Wenzel, 1989). 

ftoris Zlieri xsnadoba mJave areSi aixsneba AlF-is formirebiT, 

xolo tute areSi ftor-ionis (F-) gamoZevebiT niadagis 

mSTanTqmeli kompleqsis uaryofiTad damuxtuli zedapiris mier. 

pH-is msgavsi gavlena aRniSnulia did britaneTSi (Larsen, 
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Widdowson, 1971) da aSS-Si (Gilpin, Johnson, 1980) Seswavlil 

niadagebSi. ftoris yvelaze mcire xsnadoba aRiniSna pH 6-6.5-is 

pirobebSi, romelic izrdeboda pH maCveneblis orive 

mimarTulebiT Secvlisas (Wenzel, Blum, 1992). Cvens mier 

Seswavlil nimuSebSi pH-is maCvenebeli 4.6-8.2 farglebSia, 

amasTan sakvlev raionSi, rogorc mosalodneli iyo, yvelaze 

maRali mJavianoba yviTel-yomral niadagebSi aRiniSna. 

miuxedavad amisa, regionSi gruntis wylebis analizis Sedegebze 

dayrdnobiT, romlebic Semdeg qveTavSia ganxiluli ftoridebis 

migracia arc Tu ise didia da maTi koncentracia wylebSi 

dasaSveb normaze (1.5 mg/l) gacilebiT naklebia. ftoridebis 

Zvradobaze pH-Tan erTad arsebiT gavlenas axdens niadagis 

meqanikuri Sedgeniloba, aluminis, rkinis, manganumis da 

karbonatebis Semcveloba (Larsen, Widdowson, 1971; Wenzel, Blum, 1992; 

Loganathan et. al., 2005).  

loganaTanma (Loganathan et. al., 2005) ipovna KmniSvnelovani 

urTierTdamokidebuleba wyalSi xsnad ftoridebsa da kadmiumis 

saerTo Semcvelobas Soris (r=0.504, p<0.01) aseve ftoridebsa da 

humuss Soris (r=0.584, p<0.01). analogiuri statistikuri analizis 

Sedegad Cven miviReT SedarebiT susti, magram  statistikurad 

mniSvnelovani korelacia ftoridebsa da kadmiums Soris (r=0.411, 

p<0.05; grafiki 16) da aseve ftoridebsa da pH-s Soris (r=0.457, 

p<0.05; grafiki 17), Tumca ftoridebsa da humuss Soris arsebuli 

korelacia umniSvneloa. ftoridebsa da pH-s Soris kavSiri, 

arakarbonatul niadagebSi, SeiZleba aixsnas ftoris maRali 

SemcvelobiT, romelic iwvevs pH-is zrdas, rac dadasturebulia 

laboratoriuli eqsperimentebiT (Larsen, Widdowson, 1971; Blum., 

Wenzel, 1989; Evdokimova, 2001), magram ftoris saerTo Semcvelobis 

 102



Seswavlis gareSe msgavsi daskvnis gakeTeba ar aris marTebuli. 

Tumca, arsebobs garkveuli damokidebuleba niadagSi ftoris 

mTlian Semcvelobasa da wyalSi xsnad formebs Soris. arnesenis 

(Arnesen et al., 1995) Tanaxmad ftoris saerTo formidan gacvliTi 

nawilze modis daaxloebiT 6-15%, saidanac 20-50% wyalSi 

xsnadia. 

 

grafiki 16. ftoris da Cd-is urTierTdamokidebuleba

kadmiumis Semcveloba mg/kg
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grafiki 17. ftoris da pH-is  urTierTdamokidebuleba
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Tu gaviTvaliswinebT msgavs damokidebulebas ftoris 

saerTo da wyalSi xsnad formebs Soris da aseve sxva Zlier 

gaWuWyianebuli regionebidan (ZiriTadad aluminis mopoveba-

gadamuSavebis Sedegad) miRebul monacemebs, romlebic 

Sedarebadia Cvens SedegebTan SegviZlia vivaraudoT, rom 

Seswavlil niadagebSi ftoridebis Semcvelobaze feroSenadnobi 

qarxnidan gamotyorcnili airebis gavlena mniSvnelovania. 

  rac Seexeba sulfatebs maTi koncetraciis gazrdam 

niadagSi SeiZleba niadagis gamJaveba gamoiwvios, niadagidan 

fuZeebis (gansakuTrebiT kalciumis da magnimumis) gamorecxvis 

gamo. msgavsi faqtebi mravlad dafiqsirda evropis da aziis bevr 

qveyanaSi, sadac gogirdis da azotis oqsidebis moxvedram 

niadagebSi, rogorc mSrali depoziciis, ise mJave wvimebis gziT 
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niadagebis mniSvnelovani gamJaveba ganapiroba (Larssen, Carmichael, 

2000; Gimeno et al., 2001; Bini, Bresolin, 1998; Cofala et al., 2004). amasTan 

niadagis pH-is daweva zrdis mZime liTonebis mobilurobas 

niadagSi, riTac xelmisawvdoms xdis maT mcenareTaTvis. msgavsi 

movlena dadasturebuli kulturul mcenareebis SemTxvevaSi 

(Wang et al., 2000). 

 Cvens mier Seswavlil niadagebze gogirdis da azotis 

oqsidebis depoziciis msgavsi gavlena ar SeiniSneba, rac 

savaraudod am oqsidebiT atmosferos SedarebiT nakleb 

gaWuWyianebaze miuTiTebs, es ki Tavis mxriv industrializaciis 

naklebi tempiT da arsebul sawarmoTa arasruli datvirTviT an 

sruli ufunqciobiTaa ganpirobebuli. amasTan, Cvens mier 

Seswavlili yomrali da yviTel-yomrali niadagebisTvis mJave da 

sustad mJave reaqciaa damaxasiaTebeli. neSompala-karbonatuli 

niadagebis pH-is mniSvnelovani daweva ki maTSi fuZebis, 

gansakuTrebiT ki kalciumis didi raodenobiT Semcvelobis gamo 

praqtikulad SeuZlebelia. igive SeiZleba iTqvas aluviur 

karbonatul niadagebze. garda amisa, niadagis sulfat- da 

nitrat-ioniT gamJavebis SeswavlisTvis xangrZlivi kvlevaa 

saWiro, rac ara marto niadagis Rrmad Seswavlas, aramed 

atmosferul naleqebze mudmiv monitorings moiTxovs, rasac 

Cveni kvleva miznad ar isaxavda. 

  

3.3 ftoridebis, sulfatebis, nitratebis, qloridebis da 

fosfatebis Semcveloba miwisqveSa wylebSi 

miwisqveSa wylebi sasmeli wylis mniSvnelovani wyaroa 

msoflios mraval qveyanaSi, gansakuTrebiT soflad. miwisqveSa 

wylebis gaWuWyianeba SeiZleba gamowveuli iyos bunebrivad an 
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adamianis sxvadasxva saxis saqmianobis Sedegad (U.S. EPA, 1993). 

gruntis wylebis gaWuWyianebam SeiZleba ganapirobos sasmeli 

wylis xarisxis daqveiTeba, wylis resursebis dakargva, maRali 

danaxarjebi wylis gawmendis da alternatiuli wyaros 

moZiebisTvis, janmrTelobis potenciuri gauareseba (Nas, Berktay, 

2006). 

dReisaTvis, miwisqveSa wylebis gamWuWyianeblebis farTo 

speqtria aRricxuli, romlebic moicavs sinTetikur organul 

nivTierebebs, naxSirwyalbadebs, araorganul kaTionebs, 

araorganul anionebs, paTogenebs da radionuklidebs (Fetter, 1999). 

 Cvens mier Catarebuli kvleva miznad isaxavda calkeuli 

anionebis kerZod, qloridebis, ftoridebis, nitratebis, 

fosfatebis da sulfatebis Semcvelobis Seswavlas imereTis 

regionis (zestafoni, saCxere, WiaTura, xaragauli)  sasmel 

wylebSi. 

 miRebuli Sedegebis safuZvelze (danarTi, cxrili 4) 

TiToeuli anionis mixedviT, ganxorcielda maTi statistikuri 

analizi, romelic naTlad asaxavs maT raodenobriv da 

xarisxobriv maCveneblebs (danarTi, cxrili 5).  

garda amisa, Seswavlili anionebis koncentraciebi 

SevadareT arsebul zRvrul dasaSveb da rekomendirebul 

koncentraciebs. nitratebis Semcveloba mxolod or nimuSSi 

aWarbebs arsebul zdk-s – 45 mg/l, nimuSebis saerTo raodenobis 

9%. Tumca, sof. mejvirSi (saCxeris r-ni) mis koncentracia 2.6-

jer aRemateba zdk-s. miuxedvad amisa, nitratebis saSualo 

Semcveloba  14.90 mg/l Seadgens, xolo nimuSebis 56%-Si 5 mg/l-

ze naklebi koncentracia dafiqsirda. 
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nitratebis msgavsad or nimuSSi aRmoCnda sulfatebis 

maRali Semcveloba arsebul normebTan SedarebiT. sulfatebisa 

da qloridebisTvis msoflio jandacvis organizaciisa (WHO, 

2004) da aseve evrokavSirisa (Council Directive 98/83/EC, 1998) da aSS-s 

kanonmdeblobiT (U.S. EPA, 2001) rekomendirebulia 250 mg/l-mde 

koncentracia. aRniSnuli nimuSebi aRebul iqna q. zestafonSi da 

sof. cxrawyaroSi (zestafonis r-ni), sadac sulfatebis 

koncentracia Sesabamisad 1.34 da 2.11-jer aWarbebs 

rekomendirebul sidides. sulfatebis didi raodenobiT 

Semcveloba gavlenas axdens wylis gemur Tvisebebze  (rac 

sagrZnobia aRniSnul wylebSi), da iwvevs wyalmomaragebis 

milebis  korozias (WHO, 2004; Hudak, 2000), rac zogjer wylis 

mZime liTonebiT gaWuWyianebis mizezia (Tamasi, Cini, 2004), xolo 

500 mg/l-ze maRalma koncentraciam SesaZloa gamoiwvios sisuste 

adamianebSi (Hudak, 2000).  

ftoridebis Semcveloba arsad ar aWarbebs dadgenil zdk-s 

– 1.5 mg/l (WHO, 2004; Council Directive 98/83/EC, 1998). maTi saSualo 

koncetracia 0.22 mg/l-s Seadgens, xolo maqsimumi 0.8 mg/l-ia 

(sof. dilikauri, zestafonis r-ni). aseve normis farglebSia 

qloridebis Semcveloba, 11.47 mg/l saSualo da  74.13 mg/l (sof. 

mejviri) maqsimaluri koncentraciiT. Tumca, unda aRiniSnos, rom 

bunebrivad sufTa wylebSi (rodesac ar xdeba zRvis wyalTan 

Sereva) qloridebis raodenoba 10 mg/l-s ar aWarbebs da zogjer 

1 mg/l-ze naklebia (Guidelines for Canadian drinking water quality, 1978) 

 rac Seexeba fosfatebs, maTTvis, zdk ar aris dadgenili 

da arc raime rekomendaciebi moipoveba. Tumca, Tu 

gaviTvaliswinebT maT sakmaod mcire Semcvelobas Seswavlil 

nimuSebSi, sadac saSualo da maqsimaluri maCveneblebi, 
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Sesabamisad 0.05 mg/l da 0.78 mg/l-ia, SeiZleba iTqvas, rom maTi 

koncentracia umniSvneloa. 

Seswavlili anionebis urTierTdamokidebulebis dasadgenad 

TiToeuli wyvilisTvis gamoiTvala korelaciis koeficienti 

(Bucher, 1998), romlis Sedegadac nitratebsa da qloridebs Soris 

dafiqsirda statistikurad mniSvnelovani korelacia r=0.835 

(p<0,01). aRniSnuli damokidebuleba mocemulia grafikze (grafiki 

18), rac miuTiTebs maT Zlier mobilurobaze da gruntis 

wylebSi moxvedris saerTo gzebze. sxva naerTebs Soris 

arsebuli korelacia an Zalzed mcirea an saerTod ar 

aRiniSneba. 

 
grafiki 18. qloridebis da nitratebis 
            urTierTdamokidebuleba

nitratebi (mg/l)
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miRebuli Sedegebis analizi gviCvenebs, rom Seswavlili 

anionebis Semcveloba sakmaod did farglebSi meryeobs, ramac 
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asaxva hpova standartuli gadaxris maRal maCveneblebSi 

(danarTi, cxrili 5). gansakuTrebiT,  sulfatebis (121.69), 

nitratebis (24.38) da qloridebis (16.91) SemTxvevaSi. nimuSebis 

umravlesoba Seesabameba moqmed erovnul Tu saerTaSoriso 

standartebs. Tumca, aRsaniSnavia 4 nimuSSi nitratebis da 

sulfatebis zdk-sTan SedarebiT maRali Semcveloba, romlis 

xangrZlivi drois manZilze moxmarebam SesaZloa janmrTelobis 

gauareseba gamoiwvios. 

sasmeli wylebis da maT Soris gruntis wylebis xarisxis 

mudmivi kontroli mniSvnelovania, radgan am gziT organizmSi 

sxvadasxva saxis gamWuWyianeblebis moxvedris didi albaToba 

arsebobs. gamokvlevebis Tanaxmad gruntis wylebSi araorganuli 

anionebis, maT Soris nitratebis Semcveloba xSirad sezonur 

xasiaTs atarebs (Nas, Berktay, 2006),  amasTan soflis meurneobaSi 

gamoyenebuli mineraluri da organuli azotovani sasuqebis 

gavlena gruntis wylebze SedarebiT gvian aisaxeba. samagierod, 

iq moxvedris Semdeg nitratebi rCeba aTeuli wlebis manZilze, 

maSinac ki, roca sasuqebis gziT maTi Setana mcirdeba. (WHO 

Nitrate and nitrite in drinking-water, 2003).  msgavs kvlevebze dayrdnobiT 

zogierT qveyanaSi wylis xarisxis Semowmebis intesivoba 

gaizarda. amis magaliTia evrokavSiris kanonmdebloba (Council 

Directive 98/83/EC 1998), sadac qloridebi, sulfatebi da nitratebi 

Setanilia wylis xarisxis ZiriTad indikatorTa nusxaSi, 

romelic 20 sxvadasxva fizikur, qimiur da biologiur 

maxasiaTebels moicavs. 

 

 

 

 109



daskvnebi 

 

1. zemo imereTis regionSi gavrcelebulia yomrali, yviTel-

yomrali, neSompala-karbonatuli da aluviuri niadagebi. 

2. yomrali niadagebi profiliT A, B1, B2, BC2,  xasiaTdebian 

mJave da sustad mJave reaqciiT (pH=4.90 – 6.95), humusis 

saSualo an maRali SemcvelobiT (7.94%), Rrma humusirebiT, 

STanTqmuli kaTionebis saSualo SemcvelobiT (21.83 – 37.74 

mg.-eqv./100 g. niadagze). 

3. yviTel-yomrali niadagebi profiliT A, AB, BC, C; A, B1, B2, 

BC, mJave da sustad mJave reaqciiT (pH=4.10 – 6.70), humusis 

saSualo SemcvelobiT (5.75%), STanTqmuli kaTionebis 

mcire da saSualo SemcvelobiT (8.96 – 74.16 mg.-eqv./100 g. 

niadagze). 

4. neSompala-karbonatuli niadagebi profiliT A, B, C; A, AB, 

tute da neitraluri reaqciiT (pH=6.75 – 8.75), humusis 

saSualo SemcvelobiT (6.25), saSualo da Zlieri 

karbonatulobiT (0.46 – 69.76%), STanTqmuli fuZeebis 

saSualo SemcvelobiT (29.52 – 65.60 mg.-eqv./100 g. niadagze), 

fuZeebiT maZRrobiT. 

5. aluviuri niadagebi profiliT A, BC, C, CD, mJave, sustad 

mJave da tute reaqciiT (5.90 – 8.20), humusis saSualo 

SemcvelobiT (4.61%), STanTqmuli kaTionebis saSualo 

SemcvelobiT (24.22 – 48.22 mg.-eqv./100 g. niadagze). 

6. Seswavlili niadagebi metnaklebad gaWuWyianebulia mZime 

liTonebiT – Cd, Cu, Mn, Ni, Pb, Zn.  maTi Semcveloba zogierT 

nimuSSi aRemateba zRvrulad dasaSveb koncentracias. 

kerZod, manganumis koncentracia nimuSebis 92.7%-Si 
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mniSvnelovnad aWarbebs arsebul zdk-s, calkeul 

SemTxvevaSi 6-8-jerac ki. zdk-ze maRali koncetracia 

dafiqsirda spilenZis SemTxvevaSi, nimuSebis 12.7%-Si. 

7. niadagebSi mZime liTonebis sivrcobriv ganawilebas 

axasiaTebs garkveuli kanonzomiereba. TiToeuli 

Seswavlili liTonis Semcveloba TandaTanobiT mcirdeba 

zestafonis feroSenadnobTa qarxnidan aRmosavleTis 

mimarTulebiT manZilis zrdasTan erTad. 

8. niadagebSi wyalSi xsnadi anionebis – F-, SO4
2-, NO3

-, Cl-, PO4
3- 

Semcveloba mxolod ftoridebis, sulfatebis da 

nitratebis SemTxvevaSi uaxlovdeba am naerTebiT Zlier 

gaWuWyianebuli niadagebidan miRebul Sedegebs. amasTan, 

sulfatebisa da ftoridebis koncentracias axasiaTebs 

klebis tendencia zestafonis feroSenadnobTa qarxnidan 

lixis qedamde aRebul nimuSebSi. 

9. sakvlevi raionis samel wylebSi ftoridebis, qloridebis 

da fosfatebis Semcveloba normis farglebSia. Tumca, 

sulfatebis da nitratebis Semcveloba nimuSebis 17.4%-Si 

aRemateba maTTvis dadgenil zdk-s.     
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danarTi 

 

cxrili 1. gamokvleuli niadagebis zogadi Tvisebebi 

STanTqmuli 
kaTionebi 

(mg.-eqv./100 g. 
niadagze) 

Wr. 
# 

nimuSebis aRebis 
adgili 

niadagis da 
miwaTsargeblobis 

tipi 

siRrme 
(sm) 

higrosk. 
wyali 
(%) 

pH 
humusi 
(%) 

Ca Mg H 
0-10 7.89 8.10 1.04 39.36 10.17 araa 
10-20 9.64 8.00 0.84 38.37 11.81 `-” 23 

s. kicxi, 
xaragaulis r-ni 

neSompala-
karbonatuli, 

saZovari 20-40 2.89 7.65 0.84 41.33 13.45 `-” 
0-15 3.24 6.10 3.57 18.70 5.24 1.00 
15-30 2.91 5.70 2.63 16.73 6.20 1.80 24 

s. xevi, 
xaragaulis r-ni 

yviTel-yomrali, 
simindis kulturis 

qveS 30-60 2.33 5.60 1.59 12.14 5.90 3.60 
0-10 4.68 7.85 6.25 29.52 12.46 araa 
10-20 4.29 8.05 2.88 28.86 13.78 `-” 25 

s. farcxnali, 
xaragaulis r-ni 

neSompala-
karbonatuli, 

saZovari 20-40 6.11 8.20 2.23 29.85 13.77 `-” 
0-10 4.19 6.90 4.56 36.08 6.56 `-” 
10-20 4.45 7.40 2.48 35.10 8.20 `-” 
20-40 4.12 7.95 0.94 33.78 8.86 `-” 

26 
s. cxrawyaro, 

zestafonis r-ni 

neSompala-
karbonatuli, 

saZovari 
40-60 4.07 8.10 1.50 30.50 7.22 `-” 
0-10 5.16 6.45 5.16 27.22 9.52 1.00 
10-20 3.97 6.10 2.23 26.57 6.23 0.80 
20-40 3.43 6.50 1.09 25.18 7.06 0.72 

27 
s. nunisi, 

xaragaulis r-ni 
yomrali, naZvnari 

40-60 4.18 6.40 0.84 24.27 7.55 0.60 
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cxrili 1. gamokvleuli niadagebis zogadi Tvisebebi (gagrZeleba) 

STanTqmuli 
kaTionebi 

(mg.-eqv./100 g. 
niadagze) 

Wr. 
# 

nimuSebis aRebis 
adgili 

niadagis da 
miwaTsargeblobis tipi

siRrme 
(sm) 

higrosk. 
wyali 
(%) 

pH 
humusi
(%) 

Ca Mg H 
0-10 4.86 7.70 3.22 29.52 7.22 araa 

10-20 4.93 7.90 0.60 24.60 8.20 `-” 
20-40 4.73 8.00 0.25 30.18 11.48 `-” 

17 
s. argveTa, 

zestafonis r-ni 
neSompala-

karbonatuli, saZovari 

40-60 4.71 7.90 0.25 27.88 10.50 `-” 
0-10 4.51 7.65 3.27 26.24 7.24 `-” 
10-20 6.67 7.60 1.14 29.85 11.81 `-” 
20-40 5.86 7.55 0.99 27.24 11.14 `-” 

21 
s. qveda 
simoneTi, 

Terjolis r-ni 
aluviuri, saZovari 

40-60 4.77 7.20 0.25 28.54 15.41 `-” 
0-10 2.56 4.60 3.12 6.89 2.95 2.40 
10-20 2.39 5.10 1.64 4.59 1.97 2.40 
20-40 2.43 5.15 0.89 9.18 5.58 3.60 

13 
rikoTis 

uReltexili, 
xaragaulis r-ni 

yviTel-yomrali, 
wiflnar-wablnari 

40-60 0.42 5.10 0.55 12.14 5.57 2.80 
0-10 3.88 7.55 3.62 22.63 12.47 araa 
10-20 3.16 8.00 1.09 24.27 12.47 `-” 
20-40 2.85 7.75 0.99 10.50 7.54 `-” 

14 
s. SroSa, 

zestafonis r-ni 
neSompala-

karbonatuli, fiWvnari
40-60 0.14 7.70 0.89 14.76 8.20 `-” 
0-10 4.15 5.85 2.33 17.06 5.80 2.40 
10-20 4.24 5.80 1.49 22.30 10.83 4.60 
20-40 3.48 5.70 1.14 22.96 10.50 4.00 

15 
s. zeda saqara, 
zestafonis r-ni 

yviTel-yomrali, 
saZovari 

40-60 4.12 5.75 0.29 18.04 9.84 3.40 
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cxrili 1. gamokvleuli niadagebis zogadi Tvisebebi (gagrZeleba) 

STanTqmuli 
kaTionebi 

(mg.-eqv./100 g. 
niadagze) 

Wr. 
# 

nimuSebis aRebis 
adgili 

niadagis da 
miwaTsargeblobis 

tipi 

siRrme 
(sm) 

higrosk. 
wyali 
(%) 

pH 
humusi 
(%) 

Ca Mg H 
0-10 8.31 4.30 3.27 21.65 6.89 4.40 

10-20 0.56 4.50 1.24 27.55 12.79 3.80 
20-40 0.98 4.40 1.09 25.26 12.13 4.00 

16 
s. meore sviri, 
zestafonis r-ni 

yviTel-yomrali, 
akacia 

40-60 8.37 5.30 0.94 23.94 16.08 4.20 
0-10 4.02 5.90 1.64 17.71 5.91 0.60 
10-20 5.73 5.90 1.39 19.02 5.25 1.00 
20-40 4.58 6.05 1.14 20.01 6.89 araa 

18  
s. RvankiTi, 

Terjolis r-ni 
aluviuri mJave, 

saZovari 
40-60 6.92 6.50 1.04 18.70 8.20 `-” 
0-15 5.09 6.50 4.61 20.01 9.84 `-” 
15-30 5.74 6.55 3.72 19.68 10.50 `-” 19 

s. eweri, 
Terjolis r-ni 

aluviuri, simindis 
kulturis qveS 

30-60 4.43 6.75 1.34 21.98 9.18 `-” 
0-15 5.09 6.80 1.34 21.32 8.86 `-” 
15-30 4.97 6.90 1.24 37.06 13.12 `-” 20 

s. qveda 
simoneTi, 

Terjolis r-ni 

aluviuri, simindis 
kulturis qveS 

30-60 1.67 7.10 0.64 33.46 13.12 `-” 
0-10 8.30 7.75 2.18 29.85 11.48 `-” 
10-20 0.58 7.85 1.14 26.24 12.82 `-” 
20-40 0.44 7.80 0.69 31.82 17.10 `-” 

22 
s. naxSirRele, 
Terjolis r-ni 

aluviuri 
karbonatuli, saZovari

40-60 7.55 8.10 0.40 28.86 11.16 `-” 
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cxrili 1. gamokvleuli niadagebis zogadi Tvisebebi (gagrZeleba) 

STanTqmuli  
kaTionebi  

(%) 
Wr. 
# 

siRrme 
(sm) 

jami 
Ca Mg H 

fuZeebiT 
maZRroba 

(%) 

CaCO3
(%) 

eleqtrogamtaroba 
(mikrosimensi/sm) 

0-10 49.53 79.47 20.53 - 100.00 8.83 132.50 
10-20 50.18 76.48 23.52 - 100.00 4.65 141.50 23 
20-40 54.78 75.44 24.56 - 100.00 0.93 100.50 
0-15 24.94 74.98 21.01 4.01 95.99 araa 55.00 
15-30 24.76 67.57 25.04 7.39 92.72 `-” 21.00 24 
30-60 21.64 56.10 27.26 16.64 83.36 `-” 109.50 
0-10 41.98 70.32 29.68 - 100.00 39.06 197.50 
10-20 42.64 67.69 32.31 - 100.00 36.27 173.00 25 
20-40 43.62 68.43 31.57 - 100.00 26.97 150.50 
0-10 42.64 84.61 15.39 - 100.00 1.39 132.50 
10-20 43.30 81.06 18.94 - 100.00 3.25 188.50 
20-40 42.64 79.23 20.74 - 100.00 31.16 154.00 

26 

40-60 37.72 80.87 19.13 - 100.00 21.39 113.00 
0-10 37.74 72.12 25.22 2.66 97.35 araa 87.50 
10-20 33.60 79.07 18.54 2.39 97.62 `-” 82.00 
20-40 32.96 76.40 21.42 2.18 97.82 `-” 47.00 

27 

40-60 32.42 74.87 23.29 1.84 98.15 `-” 39.00 
0-10 36.74 80.35 19.65 - 100.00 21.86 195.00 
10-20 32.80 75.00 25.00 - 100.00 27.44 122.00 
20-40 41.66 72.44 27.56 - 100.00 24.65 115.20 

17 

40-60 38.38 72.64 27.36 - 100.00 29.77 110.50 130  



cxrili 1. gamokvleuli niadagebis zogadi Tvisebebi (gagrZeleba) 

STanTqmuli  
kaTionebi  

(%) 
Wr. 
# 

siRrme 
(sm) 

jami 
Ca Mg H 

fuZeebiT 
maZRroba 

(%) 

CaCO3 
(%) 

eleqtrogamtaroba 
(mikrosimensi/sm) 

0-10 33.46 78.42 21.58 - 100.00 araa 146.00 
10-20 41.66 71.65 28.35 - 100.00 `-” 116.00 
20-40 38.38 70.93 29.07 - 100.00 `-” 100.50 

21 

40-60 43.95 64.93 35.07 - 100.00 `-” 100.00 
0-10 12.24 51.29 24.10 19.61 80.39 `-” 30.00 
10-20 8.96 51.23 21.99 26.78 73.21 `-” 22.50 
20-40 18.36 50.02 30.39 19.59 80.39 `-” 23.50 

13 

40-60 20.51 59.19 27.16 13.65 86.35 `-” 19.00 
0-10 35.10 64.48 35.53 - 100.00 1.39 149.00 
10-20 36.74 66.06 33.94 - 100.00 0.46 128.50 
20-40 18.04 58.20 41.80 - 100.00 0.93 70.5 

14 

40-60 22.96 64.28 35.72 - 100.00 0.93 69.00 
0-10 25.36 67.27 22.87 9.86 90.50 araa 37.5 
10-20 37.73 59.11 28.70 12.19 87.81 `-” 26.00 
20-40 36.80 62.39 28.53 9.08 89.32 `-” 31.5 

15 

40-60 31.28 57.67 31.46 10.87 89.13 `-” 18.00 
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cxrili 1. gamokvleuli niadagebis zogadi Tvisebebi (gagrZeleba) 

STanTqmuli  
kaTionebi  

(%) 
Wr. 
# 

siRrme 
(sm) 

jami 
Ca Mg H 

fuZeebiT 
maZRroba 

(%) 

CaCO3 
(%) 

eleqtrogamtaroba 
(mikrosimensi/sm) 

0-10 32.94 64.72 20.92 13.36 86.64 `-” 59.00 
10-20 44.14 62.42 28.97 8.61 91.39 `-” 30.00 
20-40 41.39 61.03 29.31 9.66 90.34 `-” 29.50 

16 

40-60 44.22 54.15 36.36 9.49 90.50 `-” 40.00 
0-10 24.22 73.13 24.40 2.47 97.52 `-” 36.50 
10-20 25.27 75.28 20.76 3.96 96.04 `-” 28.50 
20-40 26.90 74.39 25.61 - 100.00 `-” 37.00 

18  

40-60 26.90 69.52 30.48 - 100.00 `-” 41.00 
0-15 29.85 67.03 22.97 - 100.00 `-” 114.00 
15-30 30.18 65.21 34.79 - 100.00 `-” 92.00 19 
30-60 31.16 70.53 29.47 - 100.00 `-” 50.50 
0-15 30.18 70.64 29.36 - 100.00 0.46 58.50 
15-30 50.18 73.86 36.14 - 100.00 0.46 60.00 20 
30-60 46.58 73.40 26.60 - 100.00 0.93 179.50 

0-10 41.33 72.22 27.78 - 100.00 3.93 165.50 
10-20 39.03 67.23 32.77 - 100.00 5.58 129.50 
20-40 48.22 65.98 34.02 - 100.00 7.44 128.50 

22 

40-60 40.02 72.12 27.88 - 100.00 20.46 123.00 
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cxrili 2. mZime liTonebis saerTo Semcveloba gamokvleul niadagebSi 
 

Wr. 
# 

siRrme 
(sm) 

Cd 
(mg/kg) 

Cu 
(mg/kg) 

Mn 
(mg/kg) 

Ni 
(mg/kg) 

Pb 
(mg/kg) 

Zn 
(mg/kg) 

0-10 0.13 127.37 979.44 52.45 13.14 77.43 
10-20 0.12 59.93 895.01 54.93 11.66 67.42 23 
20-40 0.11 49.93 840.41 57.40 9.89 69.88 
0-15 0.17 49.91 911.22 24.99 7.60 77.46 
15-30 0.11 59.97 844.01 24.95 10.01 72.35 24 
30-60 0.10 74.85 749.75 22.47 26.83 67.35 
0-10 0.46 62.43 1397.56 32.41 21.03 62.35 
10-20 0.45 29.97 1442.44 34.97 21.24 52.45 25 
20-40 0.49 29.93 1515.19 37.41 21.50 57.38 
0-10 0.21 114.83 1023.99 57.41 24.93 92.37 
10-20 0.19 104.79 899.99 59.88 18.89 87.33 
20-40 0.14 54.92 875.04 49.92 12.32 57.42 

26 

40-60 0.06 44.97 765.34 49.96 12.85 57.46 
0-10 0.07 64.84 1295.76 47.38 14.53 72.32 
10-20 0.07 69.86 1092.14 42.41 7.02 69.86 
20-40 0.08 69.97 1077.68 34.98 6.10 69.97 

27 

40-60 0.08 74.85 1071.50 42.41 6.18 76.58 
0-10 0.09 34.91 1683.33 34.92 10.93 64.09 
10-20 0.07 29.93 755.55 32.43 9.06 59.62 
20-40 0.07 32.46 783.80 34.94 9.71 57.91 

17 

40-60 0.06 29.97 775.45 32.47 9.08 55.44 
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cxrili 2. mZime liTonebis saerTo Semcveloba gamokvleul niadagebSi (gagrZeleba) 
 

Wr. 
# 

siRrme 
(sm) 

Cd 
(mg/kg) 

Cu 
(mg/kg) 

Mn 
(mg/kg) 

Ni 
(mg/kg) 

Pb 
(mg/kg) 

Zn 
(mg/kg) 

0-10 0.34 34.91 5163.67 49.88 43.47 76.79 
10-20 0.18 32.47 3465.35 49.96 43.07 64.20 
20-40 0.30 34.47 4398.81 54.95 52.29 63.69 

21 

40-60 0.39 29.97 4273.43 52.45 41.03 67.68 
0-10 0.11 9.99 1034.48 22.45 27.11 52.96 
10-20 0.07 9.99 948.01 24.98 23.24 54.46 
20-40 0.05 14.97 872.01 27.44 23.47 56.63 

13 

40-60 0.05 17.49 616.23 32.47 23.61 65.45 
0-10 0.09 24.94 1240.53 22.44 12.28 78.83 
10-20 0.07 29.95 1202.75 24.96 13.88 69.88 
20-40 0.06 24.98 995.21 24.97 13.47 76.17 

14 

40-60 0.05 19.92 921.57 24.90 14.75 70.72 
0-10 0.09 49.94 1993.81 22.47 29.79 88.14 
10-20 0.07 47.43 1443.25 24.96 17.49 93.10 
20-40 0.06 39.88 1153.13 22.43 16.42 77.52 

15 

40-60 0.05 37.46 904.78 19.98 15.81 71.68 
0-10 0.09 122.34 561.23 22.47 18.95 54.18 
10-20 0.08 119.69 309.49 19.94 23.98 53.62 
20-40 0.10 122.04 340.98 19.92 21.93 50.06 

16 

40-60 0.09 122.19 517.03 29.93 18.96 52.37 
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cxrili 2. mZime liTonebis saerTo Semcveloba gamokvleul niadagebSi (gagrZeleba) 
 

Wr. 
# 

siRrme 
(sm) 

Cd 
(mg/kg) 

Cu 
(mg/kg) 

Mn 
(mg/kg) 

Ni 
(mg/kg) 

Pb 
(mg/kg) 

Zn 
(mg/kg) 

0-10 0.05 24.95 2191.33 27.44 22.78 49.65 
10-20 0.04 24.93 2616.54 27.43 23.16 49.36 
20-40 0.05 24.96 2660.62 27.46 22.38 51.68 

18  

40-60 0.05 24.95 2768.01 24.95 22.05 48.90 
0-15 0.06 22.46 1384.55 19.96 26.73 63.64 
15-30 0.05 22.46 1550.05 24.95 25.96 63.13 19 
30-60 0.01 22.46 1248.28 22.46 27.16 48.40 
0-15 0.10 39.89 3065.64 37.39 29.72 52.86 
15-30 0.11 39.95 3676.96 42.44 31.24 52.69 20 
30-60 0.13 27.42 2845.42 57.33 29.97 54.84 
0-10 0.06 39.91 1988.13 54.88 24.52 57.87 
10-20 0.04 37.40 1880.37 52.35 23.82 54.35 
20-40 0.03 37.43 1401.73 57.38 19.72 53.14 

22 

40-60 0.04 34.96 1079.64 57.43 13.08 47.94 
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cxrili 3. wyalSi xsnadi anionebis Semcveloba gamokvleul niadagebSi 

Wr. 
# 

siRrme 
(sm) 

F 
(mg/kg) 

SO4 
(mg/kg) 

NO3 
(mg/kg) 

Cl 
(mg/kg) 

PO4 
(mg/kg) 

0-10 3.31 17.83 14.84 8.89 0.35 
10-20 6.91 20.67 11.94 7.69 0.40 23 
20-40 7.89 20.55 3.95 6.85 0.10 
0-15 2.08 10.30 0.80 9.35 4.05 
15-30 2.13 8.12 4.70 7.39 0.10 24 
30-60 1.55 7.45 0.45 6.39 0.65 
0-10 1.08 9.70 9.03 12.53 0.10 
10-20 6.31 7.20 3.95 7.00 0.15 25 
20-40 5.30 7.33 4.15 4.30 0.20 
0-10 0.38 35.13 1.20 9.49 13.94 
10-20 0.81 17.28 2.30 13.34 1.00 
20-40 0.85 11.68 3.90 5.10 0.40 

26 

40-60 1.27 4.53 0.90 3.90 1.80 
0-10 0.77 16.92 0.95 8.54 1.95 
10-20 1.11 6.82 1.50 7.50 0.10 
20-40 1.44 4.20 1.25 4.05 0.85 

27 

40-60 1.50 3.87 2.15 5.09 1.55 
0-10 1.21 6.05 2.50 10.09 0.15 
10-20 2.90 3.82 5.25 9.34 0.10 
20-40 4.64 4.10 2.75 9.85 0.10 

17 

40-60 4.41 5.28 1.30 7.89 0.15 
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cxrili 3. wyalSi xsnadi anionebis Semcveloba gamokvleul niadagebSi (gagrZeleba) 

Wr. 
# 

siRrme 
(sm) 

F 
(mg/kg) 

SO4 
(mg/kg) 

NO3 
(mg/kg) 

Cl 
(mg/kg) 

PO4 
(mg/kg) 

0-10 2.16 7.42 9.34 9.34 0.15 
10-20 4.37 5.40 13.44 15.09 0.15 
20-40 3.80 6.97 9.54 6.30 0.10 

21 

40-60 2.13 6.15 6.35 7.15 0.10 
0-10 1.04 11.57 10.69 5.70 1.45 
10-20 0.65 7.77 12.28 4.19 0.15 
20-40 0.95 8.17 12.23 7.74 0.15 

13 

40-60 0.40 9.00 7.74 6.15 0.15 
0-10 0.48 8.73 27.84 6.45 0.10 
10-20 1.16 10.00 12.44 6.69 0.15 
20-40 1.19 45.46 9.99 8.69 0.20 

14 

40-60 1.99 9.27 14.38 7.04 0.10 
0-10 1.13 13.97 13.39 7.15 0.20 
10-20 1.15 9.45 23.39 4.75 0.10 
20-40 1.13 8.10 10.69 4.45 0.15 

15 

40-60 1.30 7.50 6.75 6.10 0.15 
0-10 0.23 20.80 157.16 6.30 0.10 
10-20 0.35 20.92 47.52 4.55 0.10 
20-40 0.35 22.57 43.22 7.74 0.20 

16 

40-60 0.29 28.02 50.33 10.75 0.10 
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cxrili 3. wyalSi xsnadi anionebis Semcveloba gamokvleul niadagebSi (gagrZeleba) 

Wr. 
# 

siRrme 
(sm) 

F 
(mg/kg) 

SO4 
(mg/kg) 

NO3 
(mg/kg) 

Cl 
(mg/kg) 

PO4 
(mg/kg) 

0-10 1.59 14.07 3.20 6.44 0.15 
10-20 1.67 19.92 1.25 5.45 0.10 
20-40 2.06 17.02 2.75 5.84 0.15 

18  

40-60 1.91 19.99 5.80 6.05 0.10 
0-15 1.73 35.01 20.19 8.65 2.25 
15-30 1.84 29.60 22.31 8.34 0.75 19 
30-60 2.13 23.59 6.95 7.64 0.15 
0-15 2.07 16.12 10.35 7.00 0.15 
15-30 2.10 15.92 17.25 5.95 0.35 20 
30-60 2.38 615.09 13.84 6.40 0.40 
0-10 3.00 81.94 9.44 5.25 0.20 
10-20 6.32 23.41 11.09 3.95 0.20 
20-40 6.85 29.85 5.85 5.25 0.10 

22 

40-60 5.86 40.46 5.14 3.65 0.40 
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cxrili 4. anionebis Semcveloba sasmel wylebSi 

# 
nimuSebis aRebis 

adgili 
sasmeli 

wylis wyaro
eleqtrogamtaroba
(mikrosimensi/sm) 

F 
(mg/l) 

SO4 
(mg/l)

NO3 
(mg/l) 

Cl 
(mg/l)

PO4 
(mg/l) 

1 
s. xevi, 

xaragaulis r-ni 
wyaro 632.00 0.268 36.590 47.910 10.500 0.020 

2 
s. kicxi, 

xaragaulis r-ni 
wyaro 140.00 0.155 11.130 0.880 1.620 0.020 

3 
s. axalsofeli, 
xaragaulis r-ni 

wyaro 347.00 0.033 3.700 0.890 0.910 0.030 

4 
s. farcxnali, 

xaragaulis r-ni 
wyaro 544.00 0.132 9.000 30.080 11.170 0.010 

5 daba xaragauli wyaro 515.00 0.207 11.750 6.170 1.260 0.010 

6 
rikoTis 

uReltexili, 
xaragaulis r-ni 

wyaro 52.00 0.139 3.350 0.010 1.240 0.010 

7 
s. beJaTubani, 

xaragaulis r-ni 
wyaro 276.00 0.008 9.450 1.660 1.320 0.020 

8 
s. kacxi, WiaTuris 

r-ni 
wyaro 487.00 0.105 7.260 2.110 6.170 0.010 

9 
s. cxrawyaro, 

zestafonis r-ni 
wyaro 740.00 0.216 28.100 37.220 17.030 0.020 

10 
s. mejviri, 

saCxeris r-ni 
wyaro 1086.00 0.211 40.800 106.180 74.030 0.010 

11 
s. vaxani, 

xaragaulis r-ni 
wyaro 264.00 0.098 21.030 0.460 1.370 0.020 
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cxrili 4. anionebis Semcveloba sasmel wylebSi (gagrZeleba) 

# 
nimuSebis aRebis 

adgili 
sasmeli 

wylis wyaro 
eleqtrogamtaroba,
(mikrosimensi/sm) 

F 
(mg/l)

SO4 
(mg/l)

NO3 
(mg/l)

Cl 
(mg/l)

PO4 
(mg/l) 

12 
s. cxrawyaro, 

zestafonis r-ni 
Wa 1472.00 0.156 526.300 1.180 31.350 0.060 

13 daba xaragauli onkani 251 0.098 12.580 5.050 3.500 0.010 
14 daba xaragauli wyaro 382 0.165 26.340 12.820 3.120 0.030 
15 q. WiaTura onkani 463 0.151 17.090 2.840 2.680 0.020 

16 
s. saRvine, 

zestafonis r-ni 
onkani 974 0.158 16.690 2.700 2.680 0.020 

17 
s. nunisi, 

xaragaulis r-ni 
wyaro 505.00 0.139 53.500 4.410 1.920 0.030 

18 
s. korbouli, 
WiaTuris r-ni 

Wa 770.00 0.403 57.770 33.780 33.000 0.030 

19 q. zestafoni wyaro 1472.00 0.209 47.140 28.330 24.280 0.780 
20 q. zestafoni onkani 790.00 0.225 336.180 7.720 22.290 0.020 

21 
s. dilikauri, 

zestafonis r-ni 
wyaro 649.00 0.800 54.280 4.620 4.140 0.010 

22 q. zestafoni Wa 3010.00 0.720 44.420 4.530 4.160 0.020 

23 
s. boriTi, 

xaragaulis r-ni 
wyaro 393.00 0.239 15.490 1.130 3.910 0.010 
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cxrili 5. sasmel wylebSi anionebis Semcvelobis statistikuri maxasiaTeblebi 

F 
(mg/l) n (%) SO4

(mg/l) n (%) NO3 
(mg/l) n (%) Cl 

(mg/l) n (%) PO4
(mg/l) n (%) 

< 0.05 2 9 < 5 2 9 < 1 4 17 < 1.5 5 22 < 0.02 8 35 
0.05 – 0.1 2 9 5 – 10 3 13 1 – 2.5 4 17 1.5 – 3 4 17 0.02 – 0.03 9 39 
0.1 – 0.2 9 39 10 – 50 13 56 2.5 – 5 5 22 3 – 6 5 22 0.03 – 0.04 4 17 
0.2 – 0.4 7 30 50 – 100 3 13 5 – 10 3 13 6 – 12 3 13 0.04 – 0.06 - - 
0.4 – 0.6 1 4 100 – 300 - - 10 – 45 5 22 12 - 24 2 9 0.06 – 0.08 2 9 
0.6 – 1.0 2 9 300 – 600 2 9 45 – 110 2 9 24 - 80 4 17 0.08 – 0.1 - - 

sul 23 100  23 100  23 100  23 100  23 100 
minimumi 0.008  3.33  0.01  0.91  0.01 
maqsimumi 0.8  526.30  106.18  74.13  0.78 
mediana 0.16  21.03  4.53  3.91  0.02 
saSualo 
ariTmet. 

0.22  60.43  14.90  11.47  0.05 

standart. 
gadaxra 

0.19  121.69  24.38  16.91  0.16 

n – nimuSebis raodenoba, % - procentuli wili 
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ruka 1. sakvlevi raionis reliefis samganzomilebiani modeli 

 142  


	disertacia_sruli.pdf
	disertacia_danarTi_ruka.pdf

