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winasityvaoba 

Tanamedrove mecnierebisa da teqnikis progresis Sesaba-
misad viTardeba da Rrmavdeba analizuri qimiis Teoriuli 
safuZvlebi, farTovdeba misi praqtikuli gamoyenebis sfe-
roebi. bunebrivia, cvlilebebi da progresi adekvaturad 
unda aisaxos saswavlo programebsa da saxelmZRvaneloebSic, 
raTa ar dairRves wonasworoba mecnierebis ganviTarebis di-
namikasa da disciplinaTa swavlebas Soris. 

analizuri qimiis efeqturi meTodebis gamoyenebis gareSe 
SeuZlebelia mrewvelobisa da soflis meurneobis wamyvani 
dargebis ganviTareba. analizuri qimiis meTodebiT xorci-
eldeba warmoebis nedleulis, mza nawarmis, farmacevtuli 
preparatebis, kvebis produqtebis, Sxamqimikatebis analizi 
da eqspertiza; kosmosis da garemos (wyalsacavebis, mdina-
reebis, tbebis, zRvebis da a.S.) monitoringi da sxva. 

analizuri qimiis klasikur da Tanamedrove meTodebs 
didi mniSvneloba aqvs sabunebismetyvelo mecnieruli dis-
ciplinebis ganviTarebisaTvis. 

dRevandelobis moTxovnaTa Sesabamisad, Cven SevecadeT 
winamdebare saxelmZRvaneloSi: `analizuri qimia (identifi-
cirebisa da dacilebis meTodebi)~, Tavmoyrilad, erTian sis-
temaSi gadmogveca nivTierebis aRmoCenis, identificirebis, 
dacilebis rogorc klasikuri, ise unificirebuli Tanamed-
rove meTodebi; maTi Sesabamisi Teoriuli safuZvlebi, semi-
naruli da laboratoriuli samuSaoebi, savarjiSoebisa da 
amocanebis amoxsnis xerxebi, sakontrolo amocanebi da kiT-
xvebi studentTa damoukidebeli muSaobisaTvis. 

qarTul enaze aseTi saxelmZRvanelo jerjerobiT ara 
gvaqvs. gasuli saukunis 50-60-ian wlebSi gamocemuli saxel-
mZRvaneloebi xelmisawvdomi ukve aRar aris, Tanac masSi gan-
xiluli masala ukve arasrulia, moiTxovs saTanado Sevsebas 
da ganaxlebas.  

winamdebare saxelmZRvanelo Sedgenilia sauniversiteto 
qimiuri ganaTlebis specifikis gaTvaliswinebiT da gankuT-
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vnilia sabunebismetyvelo mimarTulebis (qimiis, biologiis, 
geologiis) da medicinis (farmaciis) bakalavriatis studen-
tebisaTvis. SeuZliaT isargeblon magistrantebma da am sa-
kiTxiT dainteresebulma mkvlevarebma. 

saxelmZRvanelo miznad isaxavs: 1. gaacnos studentebs niv-
Tierebis identificirebis da dacilebis klasikuri da Tana-
medrove instrumentuli meTodebi, maTi Teoriuli safuZvlebi, 
raTa maT mizezSedegobrivad (TeoriasTan kavSirSi) Seasrulon 
da aiTvison seminaruli da laboratoriuli samuSaoebi; 2. mie-
ces studentebs safuZvliani codna; CamouyalibdeT praqti-
kuli da damoukidebeli muSaobis unar-Cvevebi analizuri qimiis 
mTliani kursis srulyofilad SeswavlisaTvis. 

 
rCevisa da SeniSvnebisaTvis madlierni dagrCebiT. 
                 
 

avtorebi: qimiis mecnierebaTa  
    akademiuri   doqtorebi: q. grigalaSvili 

                                                                              e. kakabaZe 
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T a v i  1   

Sesavali 

1.1. analizuri qimiis sagani da amocanebi.  
TvisebiTi analizis adgili analizur qimiaSi 

analizuri qimia warmoadgens qimiis erT-erT Semadgenel 
nawils; qimiis sxva sferoebisagan gansxvavebiT, analizuri 
qimiis mTavari amocanaa nivTierebebis (garemomcveli makro 
samyaros obieqtebis) qimiuri Sedgenilobis da, garkveulwi-
lad, agebulebis dadgena.  

Sedgenilobis dadgena gulisxmobs ra nivTierebas 
(atoms, makro da mikromolekulas, elementarul nawilaks da 
a.S.) Seicavs saZiebeli obieqti. agebuleba — rogoria Semadge-
neli komponentebis urTierTkavSiri da urTierTTanafar-
doba. saZiebeli obieqti mTlianobaSi aRiwereba: elementebis 
saxeobiT, maTi raodenobiT da agebulebiT. aqedan gamom-
dinare, analizuri qimiis ZiriTadi mizania — Tvisobrivad, 
raodenobrivad da struqturulad daaxasiaTos sakvlevi 
obieqti. 

maSasadame, farTo gagebiT, analizuri qimia aris mecnie-
reba elementaruli obieqtebis (atomis, molekulis, ionis, 
formuluri erTeulis*), da a.S.) gamocnobis — identificire-
bis, raodenobiTi Sedgenilobis da, garkveulwilad, age-
bulebis (struqturis) dadgenis meTodebisa da saSualebe-
bis**) Sesaxeb. 

ufro martivi da lakonuri ganmartebiT, analizuri 
qimia aris mecniereba, romelic swavlobs nivTierebis qi-
miuri Sedgenilobis agreTve agebulebis kvlevis meTodebsa 
da saSualebebs. 

                                                 
*) magaliTad: NaCl (formula) Sedgeba natriumis da qloris formuluri 
erTeulisagan. 
**) igulisxmeba xelsawyo, aparatura, reaqtivebi, standartuli etalonebi da 
kompiuteruli programebi. 
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analizuri qimia sakvlevi obieqtis Sedgenilobis da 
struqturis Sesaxeb informacias Rebulobs meTodebis saSua-
lebiT. amdenad, analizuri qimiis ZiriTadi daniSnulebaa qi-
miuri analizis meTodebis SemuSaveba, srulyofa, unificire-
ba da praqtikuli gamoyeneba. 

qimiur analizSi igulisxmeba im procesTa erToblioba, ro-
melic iZleva amomwurav, Teoriulad dasabuTebul informacias 
nivTierebis qimiuri Sedgenilobis da agebulebis Sesaxeb. 

unda ganvasxvaoT qimiuri analizis meTodi da analizis me-
Todika. 

qimiuri analizis meTodi aris nivTierebis qimiuri Sed-
genilobis gansazRvris universaluri da Teoriulad dasabu-
Tebuli saSualeba. qimiuri analizis yvela meTods safuZ-
vlad udevs erTi saerTo principi — nivTierebis Sedgeni-
lobasa da Tvisebebs Soris kavSiri. analizis meTodebi da 
saSualebebi viTardeba mecnierebisa da teqnikis Tanamedrove 
miRwevaTa safuZvelze. 

analizis meTodika aris sakvlevi obieqtis analizis 
dawvrilebiTi aRwera SerCeuli meTodiT. meTodikaSi miTiTe-
bulia aRmosaCeni an gansasazRvravi komponentis, gamoyene-
buli meTodis da saanalizo obieqtis saxelwodeba. maga-
liTad, manganumis (II) fotometruli gansazRvra Camdinare 
wylebSi. 

nivTierebis qimiuri Sedgenilobis Seswavla gulisxmobs, 
gairkves, Tu ra elementebisagan (ionebisagan) Sedgeba saZi-
ebeli obieqti (TvisebiTi analizi) da rogoria maTi rao-
denoba (raodenobiTi analizi). maSasadame, kvlevis mizan-
dasaxulobis mixedviT analizuri qimia iyofa TvisebiT da 
raodenobiT analizad. 

TvisebiTi analizis amocanaa: a) sakvlevi komponentis 
(ionis) identificireba. b) sakvlevi obieqtis Semadgeneli 
komponentis (ionis) e.w. `aRmoCena~. identificireba gulisx-
mobs nivTierebis (ionis) identurobis (igiveobis) dadgenas. 
amisaTvis winaswar swavloben cnobili nivTierebis (ioni) Tvi-
sebebs. organuli nivTierebisaTvis adgenen agreTve fizikur 
parametrebs (mag., duRilis, dnobis temperaturas, siblantes 
da sxv.). Semdeg imave cdebs atareben saZiebel nivTierebaze 
(ionze) da miRebul Sedegebs adareben erTmaneTs. iden-
turobis SemTxvevaSi adgenen ucnobi saanalizo nivTierebis 
bunebas (raobas). identificirebis meTodi pasuxobs kiTxvaze:  

`ra aris es nivTiereba, an ioni?~ 
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nivTierebis, ionis aRmoCena gulisxmobs saanalizo obi-
eqtSi ama Tu im komponentis (ionis) arsebobis Semowmebas. igi 
svams kiTxvas: `aris Tu ara es nivTiereba, ioni (mag., Ca2+) 
sakvlev obieqtSi?~ 

analizuri qimiis Seswavla iwyeba TvisebiTi analiziT. 
Tavdapirvelad unda gairkves Sedis Tu ara sakvlev obieqtSi 
es nivTiereba, ioni da Semdeg ganisazRvros misi raodenoba. 

maSasadame, TvisebiTi da raodenobiTi analizis mizani 
erTia: nivTierebis qimiuri Sedgenilobis dadgena (mikro mi-
narevebis kvlevisas TvisebiT da raodenobiT analizs Soris 
zRvari TiTqmis iSleba). 

TvisebiT analizSi nivTierebis raobis dasadgenad farTo-
d iyeneben analizuri qimiis meTodebsa da saSualebebs. niv-
Tierebis qimiuri Sedgenilobis Sesaxeb zusti informaciis 
misaRebad saWiroa: a) swored SeirCes nivTierebis aRmoCenis, 
identificirebis da gansazRvris meTodebi; b) Tavidan iqnes 
acilebuli xelisSemSlel komponentTa gavlena SeniRbviT, an 
dacilebiT; g) gamovlindes da aRmoifxvras cdomilebebi;      
d) statistikurad damuSavdes miRebuli Sedegebi. 

analizis Sedegebis siswore garkveulwilad damokidebu-
lia analitikos-praqtikosis kvalifikaciaze. kategoriebis 
mixedviT ZiriTadad ansxvaveben: analitikos-mkvlevars da 
analitikos-praqtikoss. analitikos-mkvlevaris (mecnieris) 
mowodebaa analizuri qimiis, rogorc mecnierebis, ganvi-
Tareba. misi amocanaa: a) Seqmnas srulyofili, Teoriulad 
dasabuTebuli analizis meTodebi; b) SeimuSaos qimiuri ana-
lizis meTodebis standartizaciis da unificirebis prince-
pebi; g) mogvawodos meTodebis ganxorcielebis konstruq-
ciuli saSualebebi; d) praqtikulad da SemoqmedebiTad Seas-
rulos konkretuli obieqtis analizi. 

analitikos-praqtikosi ZiriTadad asrulebs konkretuli 
obieqtis analizs: tipurs, masiurs da a.S. misi amocanaa — 
swori informacia miiRos saanalizo obieqtis Sesaxeb; mu-
Saobis staJisa da gamocdilebis Sesabamisad SeuZlia Tavisi 
wvlili Seitanos analizis meTodikis unificirebaSi.  

nivTierebis Sedgenilobis dasadgenad gamoiyeneba agreT-
ve sinTezi. sinTeziT SeiZleba axali nivTierebis miReba; 
sinTezirebuli nivTierebis daSliT — Semadgenel kompo-
nentTa Tanafardobebis dadgena, e.i. sinTeziT SeiZleba ana-
lizis Sedegis Semowmeba da piriqiT — sinTezisa — analizis 
SedegiT. 
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nivTierebis qimiuri Sedgenilobis kvlevis Sedegebis sa-
fuZvelze SeiZleba gadawydes rogorc Teoriuli, ise praq-
tikuli sakiTxebi. magaliTad, dadgindes bunebrivi da sin-
Tezuri nivTierebebis qimiuri formulebi; saanalizo obi-
eqtSi nivTierebebis (ionebis) arsebobis formebi da a.S. 

1.2. analizuri qimiis mecnieruli                                    
da  praqtikuli mniSvneloba 

analizuri qimiis fundamenturi da gamoyenebiTi aspeq-
ti. fundamentur da gamoyenebiT disciplinebad dayofis 
sayovelTaod miRebuli kriteriumi ar arsebobs. kriteriume-
bis — `Seicnobs~, `Seimecnebs~*), `qmnis~ — Tanaxmad, fundamen-
turi disciplina `Seicnobs~ bunebasa da sazogadoebaSi rea-
lurad arsebul materias da movlenas; gamoyenebiTi sfero 
`qmnis~ movlenaTa arsSi Cawvdomis meTodebs, saSualebebs, mo-
wyobilobebs da sxv. 

analizur qimias, ise rogorc sxva mecnierul discipli-
nebs, gaaCnia mecnieruli, fundamenturi da gamoyenebiTi 
aspeqti. am mxriv unda ganvasxvaoT analizuri qimia da ana-
lizuri samsaxuri. 

nivTierebis qimiuri Sedgeniloba icvleba qimiuri garda-
qmnebis Sedegad: Sedgenilobis cvlileba iwvevs Tvisebebis 
Secvlas. maSasadame, analizuri qimia swavlobs agreTve niv-
Tierebebis gardaqmnebs da maT Tvisebebs, magram qimiisagan 
gansxvavebiT misi mizania nivTierebis qimiuri Sedgenilobis 
dadgena. analizuri qimia emyareba Sedgeniloba-Tvisebis 
kavSiris princips. 

analizur qimias, rogorc codnis sferos, akisria Semdegi 
ZiriTadi funqcia: 1. qimiuri analizis saerTo (zogadi) sakiT-
xebis gadawyveta; 2. analizis meTodebis SemuSaveba; 3. qimiuri 
analizis konkretuli sakiTxis gadawyveta.  

analizuri qimia yvela am sakiTxs wyvets misi arsebobis 
manZilze dagrovili sistemuri codnis safuZvelze. ana-
lizuri qimia SeimuSavebs analizis meTodebis Teoriul sa-
fuZvlebs, adgens analizuri meTodebis gamoyenebis diapa-
zons, metrologiur da sxva mniSvnelovan maxasiaTeblebs; 

                                                 
*) igulisxmeba movlenaTa arsSi Rrmad Cawvdoma da arsebul kanonzomierebaTa 
aRmoCena. 
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qmnis analizis saSualebebs da adgens praqtikulad misi gan-
xorcielebis SesaZleblobebs. 

analizuri samsaxuri servisuli sistemaa, romelic uz-
runvelyofs gansasazRvravi obieqtis konkretuli analizis 
srulfasovnad Sesrulebas, analizuri qimiis rekomendebuli 
(standartuli, unificirebuli) meTodebis gamoyenebiT. 

analizuri samsaxuri, rogorc analizuri qimiis praqti-
kuli gamoyenebis sfero, SeiZleba uSualod ar iyos dakav-
Sirebuli samecniero-meTodologiur samuSaosTan, magram am 
sferoSi moRvawe analitikosi SemoqmedebiTad unda awar-
moebdes analizs da srulyofdes meTods. 

analizuri qimiis da analizuri samsaxuris gaigiveba ar 
SeiZleba, radgan amiT mcirdeba analizuri qimiis, rogorc 
mecnierebis roli, sustdeba analizuri samsaxuris fundamenti. 

analizuri samsaxuri funqcionirebs soflis meurneobis, 
mrewvelobis, garemos dacvis, jandacvis, kosmosuri sivrcis, 
aeronavtikis da a.S. kvlevis sferoebSi. 

analizuri qimiis laboratoriebi funqcionireben samec-
niero-kvleviT institutebsa da umaRles saswavleblebSi. 
analizuri qimiis laboratoriebis saqmianobas didi mniSvne-
loba aqvs saxelmwifosTvis. 

analizuri qimiis kavSiri sxva mecnierul disciplineb-
Tan. upirvelesad, unda aRiniSnos analizuri qimiis roli qi-
miis ganviTarebis saqmeSi: analizuri qimiis meTodebis ga-
moyenebiT warmoebs elementebis atomuri masebis da ekviva-
lentebis gansazRvra, nivTierebis qimiuri formulebis dad-
gena,  xsnarebSi  ionTa  arsebobis  formebis  garkveva da a.S. 
analizur qimias mniSvnelovani wvlili miuZRvis sxva mec-
nieruli disciplinebis ganviTarebis saqmeSi: niadagis, mine-
ralis, qanis, bunebrivi wylebis da sxva obieqtebis qimiuri 
Sedgenilobis dadgena da elementTa Soris funqcionaluri 
damokidebulebis codna garkveul daxmarebas uwevs sabune-
bismetyvelo disciplinebs sakvanZo sakiTxebis gadawyvetaSi. 
analizuri qimiis miRwevebzea dafuZnebuli geologiis, geo-
fizikis, biologiis, hidrologiis, kosmologiis da sxva dar-
gebis ganviTareba. 

analizuri qimiis ganviTarebaze, Tavis mxriv, did gav-
lenas axdens qimiis dargebi da sxva momijnave mecnieruli 
disciplinebi. magaliTad, organuli reagentebis gamoyenebam 
sagrZnoblad gazarda nivTierebis identificirebis da da-
cilebis SesaZlebloba, gansazRvris mgrZnobiaroba, seleq-
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turoba da siswrafe. analizur qimias mWidro kavSiri aqvs 
fizikasTan. fizikis dargebis — speqtroskopiis, optikuri, 
rentgenuli, birTvuli fizikis miRwevebis gamoyenebis Se-
degad aSkarad gaumjobesda analizuri gansazRvrebis siswra-
fe, avtomatizaciis SesaZlebloba, seleqturoba da a.S. Semu-
Savda axali instrumentuli meTodebi: potenciometria, vol-
tampermetria, atomur-absorbciometria, speqtrofotomet-
ria da a.S. sxva disciplinebTan kontaqtis zRvarze Seiqmna 
axali hibriduli mecnieruli disciplinebi: bioqimia, ge-
oqimia, hidroqimia, kosmoqimia. maSasadame, Tanamedrove etap-
ze analizuri qimia gaxda disciplinaTaSorisi mecniereba. 

soflis meurneobasa da mrewvelobaSi gamoyeneba. ana-
lizuri qimiis efeqturi meTodebis gamoyenebis gareSe SeuZ-
lebelia soflis meurneobis da mrewvelobis wamyvani dar-
gebis ganviTareba. analizuri meTodebi gamoyenebulia war-
moebis  teqnologiuri  procesebis sworad warmarTvisTvis, 
nedleulis da miRebuli produqtis xarisxis SefasebisTvis 
da a.S. analizuri qimiis meTodebis gamoyenebiT xorcieldeba 
garemos kvleva da monitoringi, samedicino da sasamarTlo 
eqspertizebi, sakvebi produqtebis, farmacevtuli prepara-
tebis, sasuqebis da sxva analizi. analizuri kontroli auci-
lebelia axali warmoebis aTvisebisaTvisac. 

warmoebis kontrolSi gamoyenebuli meTodebis mniSvne-
lovani faqtorebia: eqspresuloba (siswrafe), avtomatizaci-
is da optimizaciis SesaZlebloba, ekonomiuroba. am faq-
torTa gaTvaliswinebiT SemuSavebuli instrumentuli meTo-
debi saSualebas iZleva Tvalyuri vadevnoT teqnologiuri 
procesebis dinamikas, sakvebi produqtebis xarisxs da a.S. 
analizuri kontrolis Rirebuleba saerTod didi araa. ma-
galiTad, metalurgiaSi is ar aRemateba produqciis saerTo 
Rirebulebis 1%-s (ufro xSirad Seadgens 0,3-0,7%-s). qimiuri 
kontrolis damatebiTi xarjebi SeiZleba anazRaurdes gamoS-
vebuli produqciis xarisxis gaumjobesebiT, rac SeiZleba 
miRweul iqnes teqnologiuri procesebis stabilurobiT. 
analizuri qimiis ganviTarebis stimuli da Tanamedrove 
problemebi. analizuri qimiis, rogorc mecnieruli discipli-
nis, dinamiuri ganviTarebis stimuls warmoadgens praqtika. 
Tanamedrove teqnikuri progresi garemos anTropogenuri ga-
binZurebis problemebis gadawyveta da sxva moiTxovs qimiuri 
kontrolis teqnikuri donis amaRlebas, analizuri qimiis me-
Todebis sizustis, mgrZnobiarobis, seleqtiurobis, siswrafis 
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gazrdas. warmoebis tempis zrda ganapirobebs avtomatizaciis, 
distanciuri marTvis SesaZleblobas. 

amJamad, analizuri qimia viTardeba sxvadasxva mimarTu-
lebiT: izrdeba qimiur analizSi fizikuri da biologiuri 
meTodebis SemuSavebis da gamoyenebis tempebi. farTovdeba 
analizis avtomatizacia, Sedegebis maTematikuri damuSaveba 
da kompiuterizacia. iqmneba lokaluri, distanciuri, dis-
kretuli, nivTierebis daSlis gareSe analizis xerxebi da 
saSualebebi. muSavdeba meTodebis mgrZnobiarobis, seleqtu-
robis da siswrafis gazrdis axali SesaZleblobebi, bunebriv 
obieqtebSi Semadgeneli komponentebis arsebobis formebis 
dadgenis meTodebi. farTod inergeba kompiuteruli siste-
mis, lazeris sxivebis da sxvaTa gamoyenebis SesaZleblobebi, 
ris Sedegadac mniSvnelovnad izrdeba analizuri kontrolis 
roli garemosa da kosmosis obieqtebis kvlevis saqmeSi. 

analizuri qimiis ganviTarebis stimulad iTvleba agreT-
ve analitikos-mkvlevris mier axlis Ziebis unari da in-
teresi. a. puankare werda: `mecnieri bunebas ikvlevs ara imi-
saTvis, rom es sasargebloa, aramed imitom, rom es aniWebs mas 
siamovnebas~. 

qimiur-teqnologiuri procesebis avtomatizaciam, nivTi-
erebaTa gansazRvris optimizaciam, axal xelsawyo-aparatu-
raze avtomaturi gamoTvliTi manqanebis damontaJebam da 
kompiuterizaciam kidev ufro efeqturi gaxada teqnolo-
giuri procesebis kontroli; Seamsubuqa analitikosTa Sroma 
mravalprocedurian analizebze; gaamartiva da daaCqara ana-
lizi, magram es imas ar niSnavs, rom Tanamedrove qimiuri ana-
lizi warmoadgens `xelsawyo-aparatis~ Rilakze mxolod Ti-
Tis daWeras da TiTqos is ZiriTadad efuZneba `elqtronikas.~ 
amJamad, analitikos-mkvlevars da analitikos-praqtikoss 
ufro meti pasuxismgebloba akisria, ramdenadac qimiuri, 
fizikuri, fizikur-qimiuri procesebiT aRZruli, `analizu-
ri signalidan~ swori informaciis miReba, damuSaveba, mec-
nieruli dasabuTeba, adgilze wamoWrili problemebis gada-
wyveta ufro Rrma codnasa da gamocdilebas moiTxovs. am-
denad, analizis klasikur meTodebs ar daukargavs Tavisi me-
Todologiuri da didaqtikuri funqcia maRalkvalificiuri 
analitikosebis Camoyalibebis saqmeSi. 

Tanamedrove etapze analizuri qimiis ZiriTadi miznebi da 
problemebi SeiZleba Semdegnairad CamovayaliboT: 
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1. Teoriis sferoSi: analizuri qimiis Teoriis ganviTare-
ba axali (qimiuri, fizikuri, fizikur-qimiuri, biologiuri) 
meTodebisa da praqtikis moTxovnaTa Sesabamisad; sistemis 
parametrebis da sxva gaTvlebis warmoeba algoriTmebisa da 
gamoTvliTi teqnikis gamoyenebiT. 

2. meTodur aspeqtSi: avtomatizaciis danergva analizur 
kontrolSi principulad axali meTodebis gamoyenebiT, ro-
melTa safuZvels warmoadgens Sedgeniloba-Tvisebas Soris 
kavSiri. 

3. meTodebis gamoyenebis aspeqtSi: analizis sizustis da 
meTodis mgrZnobiarobis gazrda, axali meTodebis SemuSaveba, 
romelic gamoricxavs xelisSemSlel komponentTa dacilebis 
aucileblobas. analizis eqspres-meTodebis mowodeba, rom-
lebic gamoiyeneba iqneba qimiur-teqnologiuri procesebis 
kontrolisaTvis.  

Zalzed mniSvnelovania droSi mimdinare procesebis 
kvleva:  

a) kontroli makroskopul nakadze warmoebis teqnolo-
giuri procesis mimdinareobis dros.  

b) molekuluri gadajgufebis xasiaTis, meqanizmis da sis-
wrafis dadgena.  

g) saanalizo obieqtis (izotopuri, elementuri, fazuri, 
ionuri, struqturul-jgufuri, TvisebiTi da raodenobiTi) 
Sedgenilobis dadgena.  

d) nivTierebis struqturis gansazRvra, e.i. molekulaSi 
Semaval elementarul nawilakTa Soris kavSiris da urTierT-
ganlagebis garkveva. myari sxeulis zedapirsa da mTel mo-
culobaSi araerTgvarovnebis aRmoCena (magaliTad elemen-
tTa ganawileba fenebs Soris, romelic xorcieldeba lo-
kalur-ganawilebiTi analiziT).  

e) ultramikro, magaliTad 10-10 — 10-11% nivTierebis aRmo-
Cena da gansazRvra. organuli nivTierebebis makro- da mik-
roanalizis meTodebis SemuSaveba. diskretuli da aradis-
kretuli, distanciuri analizis meTodebis SemuSaveba da 
srulyofa. 

analizuri qimiis meTodebis simravle da mravalsaxeoba 
ganpirobebulia saanlizo obieqtis bunebiT da mravalfe-
rovnebiT. 

analizuri qimiis meTodebs, rogorc informaciis wyaros, 
farTod iyenebs qimiuri, geologiuri, bioqimiuri, metalur-
giuli, agronomiuli, medicinis da sxva dargebi. 
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1.3. analizuri qimiis ganviTarebis mokle istoria 

analizurma qimiam ganviTarebis xangrZlivi dro ganvlo. 
jer kidev uZveles xanaSi keTilSobili liTonebis sisufTa-
vis Sesamowmeblad farTod iyenebdnen e.w. ~sinjarul me-
Tods~, atarebdnen madnebis, Senadnobebis samkurnalo prepa-
ratebis da sxvaTa analizs. 

analizuri qimia, rogorc mecnieruli disciplina Camoya-
libda XIX saukuneSi. jer kidev XVIII saukuneSi aRmoCenili iyo 
steqiometriis (i. rixteri), Sedgenilobis mudmivobis              
(J. prusti), nivTierebis masis mudmivobis (m. lomonosovi,        
a. lavuazie) kanonebi. qimikos-analitikosebs ukve gaaCndaT 
nivTierebis TvisebiTi da raodenobiTi analizis meTodebi. 
daxvewili iyo nivTierebis daleqvis da dacilebis procesebi. 
safuZveli eyreboda gazur analizs.  

analizuri qimiis ganviTarebaSi didi Rvawli miuZRvis in-
glisel mecnier r. boilis (1627-1691 w.w.). man SeimuSava saer-
To warmodgenebi analizis Sesaxeb, safuZveli Cauyara Tvise-
biTi analizis `mSral~ meTods, sistemaSi moiyvana manamde 
cnobili aRmomCeni reaqciebi da mogvawoda axalic (amiakis, 
qloris da a.S. Sesaxeb). man pirvelma gamoiyena reaqtivad go-
girdwyalbadi kalisa da tyviis kationebis dasacileblad, 
mJavebisa da tuteebis aRmosaCenad — lakmusi da sxv. analizu-
ri qimiis ganviTarebis istoria dakavSirebulia rusi mecnie-
ris m.v. lomonosovis (1711-1765 w.w.) saxelTan. 

lomonosovi, romelic cnobilia rogorc fizikuri qimiis 
fuZemdebeli, SesaniSnavi analitikosic iyo. igi kvlevis dros 
iyenebda saswors. pirvelma gamoiyena mikroskopi qimiuri miz-
nebisaTvis da safuZveli Cauyara mikrokristaloskopur me-
Tods, aRmoaCina nivTierebis masis mudmivobis kanoni. mikrok-
ristaloskopuri mimarTulebiT kvleva gaagrZela t. lovic-
ma (1757-1804 w.w.). man aRmoaCina naxSiris adsorbciis unari, 
romelic safuZvlad daedo qromatografiul meTods. 

aRsaniSnavia, rusi mecnieris m. severginis (1765-1826 ww.) 
moRvaweoba. man mogvawoda kolorimetruli meTodi, Seqmna qi-
miuri analizis saxelmZRvanelo. gansakuTrebiT mniSvnelova-
nia misi fundamenturi naSromi madnebisa da sxva wiaRiseulis 
qimiuri kvlevis Sesaxeb. 

XVIII saukunis dasasruls da XIX saukunis dasawyisSi aR-
saniSnavia  t. bergmanis  (1735-1784 w.w.),  k. klausis  (1796-
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1864) da sxvaTa Sromebi, romelTa safuZvelze Seiqmna siste-
muri TvisebiTi analizi. is daasrula k. frezeniusma (1818-
1897 w.w.). man dawera agreTve TvisebiTi da raodenobiTi 
analizis saxelmZRvanelo da daaarsa pirveli Jurnali 
analizur qimiaSi (”Zeitschrift für analztische Chemie“.  

XIX saukuneSi aRsaniSnavia gamoCenili rusi mecnieris       
d. mendeleevis moRvaweoba (1834-1907 w.w.). man aRmoaCina pe-
riodulobis kanoni da Seqmna perioduli sistema; misma naS-
romma `qimiis safuZvlebi~ da periodulma sistemam didi  
roli  iTamaSa analizuri qimiis ganviTarebis saqmeSi. m. lo-
monosovis da d. mendeleevis aRmoCenebma safuZveli Cauyara 
analizuri qimiis mecnierul disciplinad Camoyalibebas. 

didi mniSvneloba aqvs peterburgis universitetis pro-
fesoris n. menSutkinis (1824-1907 w.w.) moRvaweobas. universi-
tetSi man pirvelma SemoiRo sistemuri mecadineoba TvisebiT 
da raodenobiT analizSi. misi saxelmZRvanelo `analizuri 
qimia~ mravaljer gamoica ruseTSi. es iyo analizuri qimiis 
kursi Teoriuli dasabuTebiT. am wignma didi roli iTamaSa 
qimikos mkvlevarTa momzadebis saqmeSi. 

analizur qimiaSi organuli reagentebis danergvis fuZe-
mdeblad iTvlebian m. ilinski (1856-1941 w.w.) da l. Cugaevi 
(1863-1922 w.w.). pirvelma mogvawoda meTodi α-nitrozo-β-naf-
toliT kobaltis, xolo meorem — dimeTilglioqsimiT nike-
lis aRmoCenisa da gansazRvrisaTvis. amiT maT safuZveli Cau-
yares axal mimarTulebas analizur qimiaSi. 

aRsaniSnavia, agreTve m. cvetis (1872-1919 w.w.), moRvaweoba 
romelmac safuZveli Cauyara qromatografiul analizs. me-
Todis perspeqtuloba daadastura praqtikam. am meTods far-
Tod iyeneben analizur qimiaSi nivTierebebis dacilebisa da 
gansazRvrisaTvis. 

analizuri qimiis ganviTarebaSi didi wvlili miuZRvis      
n. tananaevs, romelic mravali naSromis da saxelmZRvanelos 
avtoria. analizur qimiaSi man daamuSava Sesasruleblad mar-
tivi wveTuri analizi, romelsac emyareba analizis uburbu-
Selo meTodi. 

peroqsidebis qimiis dargSi mniSvnelovani mecnieruli ga-
mokvlevebi ekuTvnis qarTvel mecniers p. meliqiSvils. man 
mogvawoda mgrZnobiare aRmomCeni reaqciebi niobiumsa da 
tantalze, SeimuSava fosformJavas raodenobiTi gansazRvris 
meTodi da sxva. 
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qarTvel mecniers — v. petriaSvils mravali naSromi aqvs 
Sesrulebuli fizikuri qimiis dargSi. amasTan, cnobilia,  
rogorc analitikosi. metad mniSvnelovania misi Sromebi uwe-
risa da wyaltubos wylebis gamokvlevis Sesaxeb. 

sayuradReboa, agreTve S. cincaZis Sromebi; man daamuSava 
fosforisa da dariSxanis mJavebis gansazRvris axali ko-
lorimetruli meTodebi, romlebic gamoiyeneba organul na-
erTebSi aRniSnuli mJavebis gansazRvrisTvis. 

analizuri qimiis ganviTarebaSi didi roli iTamaSa Svedi 
mecnieris s. areniusis eleqtrolituri disociaciis Teo-
riam, romelic safuZvlad daedo Tanamedrove analizur 
qimias. 

XX saukunis 20-ian wlebSi intensiurad iwyo ganviTareba 
analizis fizikur-qimiurma meTodebma.  

v. gerlaxis (1924 w.) mowodebuli meTodis safuZvelze Se-
iqmna  raodenobiTi  emisiuri  speqtraluri analizi. 1925 w.    
i. geirovskis (1890-1967 w.w.) mier SemuSavebul iqna polaro-
grafiuli analizi. 

am periodSi ganviTarda radioqimiuri, qromatografiuli 
meTodebi. 1905 w. e. uolSis mier mowodebul iqna atomur-ab-
sorbciuli speqtroskopuli meTodi. 

aRsaniSnavia, rom Tu winaT mecnierTa mcire jgufi muSa-
obda analizur qimiaSi, amJamad maTi mTeli pleada moRva-
weobs samecniero-kvleviT institutebSi, umaRles saswavleb-
lebsa da saqarxno laboratoriebSi. 
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T a v i  2   

analizuri reaqciebis mimdinareobis 

pirobebi da mniSvnelovani 

maxasiaTeblebi 

2.1. qimiuri analizis etapebi.                          
analizuri reaqciebi 

saanalizo obieqtis qimiuri Sedgenilobis Sesaxeb infor-
maciis miReba xdeba qimiuri analiziT, romelic moicavs Sem-
deg ZiriTad etapebs: 

1. analizis mizandasaxulobis Sesabamisad saTanado meTo-
dis SerCeva da analizis sqemis Sedgena; 

2. saSualo nimuSis aReba saanalizod. laboratoriuli 
nimuSis raodenoba Seadgens 10-50 g. misi saSualo Sedgeni-
loba unda Seesabamebodes saanalizo obieqtis saSualo Sem-
cvelobas. laboratoriul nimuSs amzadeben specialuri we-
sebis dacviT da didi pasuxismgeblobiT; 

3. saanalizo nimuSis daSla da gaxsna (gamxsnelad iyeneben 
wyals, mJavebs, mJavaTa narevs; saWiroebis SemTxvevaSi sxva-
dasxva SemlRob nivTierebebs: sodas — Na2CO3; potaSs — K2CO3, 
peroqsids — Na2O2 da a.S.) am dros mxedvelobaSi unda iqnes 
miRebuli saanalizo nivTierebis buneba (magaliTad, aqro-
ladoba) da daculi unda iyos saTanado pirobebi danakargis 
Tavidan asacileblad; 

4. analizuri reaqciis Catareba: saanalizo komponentze 
(X) reaqtivis ®moqmedebiT produqtis (P) warmoqmna:  
X + R → P. es mniSvnelovani etapia da gansakuTrebul yu-
radRebas moiTxovs; 

5. reaqciis produqtis — P an reaqtivis R-is, an X-is fizi-
kuri parametris gazomva, romlis saSualebiTac adgenen X-is 
raobas, an raodenobas saanalizo obieqtSi.  

aseTi dayofa pirobiTia. TiToeuli etapi rTulia da 
Tavis mxriv moicavs qveetapebs. 
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qimiuri analizis ZiriTadi amocanaa: nivTierebis (kompo-
nentis) aRmoCena, identificireba da gansazRvra. amisaTvis 
gamoyenebulia ionebs Soris analizuri signaliT mimdinare 
reaqciebi. signals, romelic gvawvdis informacias konkre-
tuli elementaruli obieqtis (komponentis, nivTierebis, 
ionis da a.S) arsebobis Sesaxeb — uwodeben analizur sig-
nals. analizuri signali SeiZleba iyos rogorc TvisebiTi, 
ise raodenobiTi informaciis matarebeli. TvisebiT infor-
maciaSi gulisxmoben cnobebs, uwyebebs, romelsac gvawvdis 
konkretuli elementaruli obieqti Tavisi raobis Sesaxeb. 
raodenobiTi xasiaTis informacia moicavs cnobebs, uwyebebs 
saanalizo obieqtis Semadgeneli komponentis raodenobis 
Sesaxeb. TvisebiTi da raodenobiTi informaciis momwodebeli 
analizuri signalebi erTmaneTisagan gansxvavdebian. 

TvisebiT analizSi nivTierebis aRmoCenis, an identifi-
cirebis dros analizuri signalis fiqsireba xdeba maSinve — 
vizualurad. analizuri signalia: naleqis warmoqmna da gax-
sna, Seferili produqtis warmoqmna — gauferuleba, mcired-
disocirebuli naerTis warmoqmna, airadi nivTierebis gamo-
yofa da a.S. TvisebiT analizSi umTavresad aseTi garegnuli 
efeqtiT mimdinare reaqciebia gamoyenebuli. 

magaliTad: analizuri signaliT mimdinareobs Semdegi 
reaqciebi: 

 
1. BaCl2 + K2CrO4→BaCrO4↓ + KCl                      (1) 

                                                                                   yviTeli 

gamoiyofa  yviTeli naleqi. 

2. CaCO3 + 2HCl→CaCl2 + H2O + CO2↑                (2) 
naleqi  ixsneba. 
gamoyofili CO2 gamoicnoba kirian wyalSi gatarebisas — xsna-
ris amRvreviT. 

Ca(OH)2 + CO2 → CaCO3↓ + H2O                          (3) 
3. NH4Cl + NaOH → NaCl + NH3↑+ H2O              (4) 

gamoyofili NH3 gamoicnoba damaxasiaTebeli mwvave suniT da 
sveli wiTeli lakmusis galurjebiT. 
 

4. FeCl3 + 6KSCN ⇄ K3[Fe(SCN)6]+ 3KCl               (5) 
                                                                                                           wiTeli 
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warmoiqmneba wiTeli feris kompleqsnaerTi. am reaqciiT ga-
moicnoba Fe(III). 

aRniSnuli reaqciebi sxvadasxva tipisaa. magaliTad, da-
leqva-gaxsna (1, 2), mJavur-fuZuri (3), kompleqswarmoqmna (5). 
im reaqtivebs, romlebic gamosacnob nivTierebasTan urTi-
erTqmedebisas iwveven analizur signals, uwodeben reagents, 
xolo reaqcias — damaxasiaTebels. zemoT aRniSnul maga-
liTebSi rkinis(III) aRmoCenis damaxasiaTebeli reagentia — 
KSCN, damaxasiaTebeli reaqciaa (5). 

ansxvaveben specifikur, seleqtur reaqciebs (reagentebs) 
da jgufur reagentebs (saerTo damleqavebs). 

specifikuria reagenti (reaqcia), romelic ionTa narevSi 
mxolod erT maTganTan iZleva analizur signals. magaliTad, 
amoniumis marilebis aRmoCenis reaqcia (4) — specifikuri 
reaqciaa. NaOH – ki specifikuri reagenti. specifiur reaq-
ciaTa ricxvi mcirea. yvela ions rom Tavisi aRmomCeni spe-
cifiuri reaqcia gaaCndes, Zalzed gaioldeboda ionTa na-
revis rTuli analizi, magram gareSe ionebi analogiur re-
aqciebs iZleva  da xels uSlis saZiebeli komponentebis aR-
moCenas. amitom saWiroa maTi individualuri an jgufuri da-
cileba. am SemTxvevaSi farTod gamoiyeneba seleqturi da 
jgufuri reagentebi. 

seleqturia (SerCeviTia) reagenti, an reaqcia, romelic 
analizur signals iZleva ionTa garkveul raodenobasTan (2-
4). magaliTad, kationebi Ag+, Hg+, Pb2+, Cl¯-Tan warmoqmnis 
TeTri feris naleqs: 

Ag+ +Cl¯→ AgCl↓ 
Hg+ +Cl¯→ HgCl↓ 

Pb2++2Cl¯→ PbCl2↓ 
am SemTxvevaSi Cl¯ warmoadgens seleqtur reagents, xolo 

reaqciebi — seleqturs. maTi ricxvi specifikur reaqciebze 
ufro metia. 

specifikur da seleqtur reaqciebs iyeneben ionTa anali-
zis calkeul stadiebze. kationTa rTuli narevis analizSi — 
e.w. jgufur reagentebs (saerTo damleqavebs). 

jgufuria reagenti (reaqcia), romelic ionTa ufro met 
raodenobasTan (4-6) iZleva analizur signals. magaliTad, 
amoniumis sulfidi — (NH4)2S warmoadgens kationebis: Co2+, Ni2+, 
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Fe2+, Fe3+, Mn2+, Zn2+, Cr3+ — jgufur reagents (anu saerTo 
damleqavs). 

saerTo damleqavebis gamoyenebiT SesaZlebelia ionTa 
garkveuli jgufebis gamoyofa da dacileba. ionTa dacilebas 
safuZvlad udevs naerTebis msgavsi da gansxvavebuli Tvi-
sebebi, romelebic Tavis mxriv gapirobebulia ionis Sesaba-
misi elementis adgilmdebareobiT mendeleevis periodul 
sistemaSi. 

2.2. reaqciis mimdinareobis pirobebi. reaqciis 
maxasiaTebeli — aRmoCenis zRvari 

yoveli qimiuri reaqcia garkveul pirobebSi mimdinare-
obs. reaqciis sasurveli mimarTulebiT warmarTvisaTvis, e.i. 
mkveTri analizuri signalis misaRebad, saWiroa saTanado 
optimaluri pirobebis Seqmna, rogoricaa: xsnaris pH, re-
aqciaSi monawile nivTierebebis koncentracia, temperatura, 
xsnaris ionuri Zala da a.S. es pirobebi reaqciis produqtis 
TvisebebiTaa nakarnaxevi. magaliTad, kaliumis marilis 
xsnarze Rvinis mJavas damatebiT warmoiqmneba kaliumis hid-
rotartratis TeTri kristaluri naleqi, romlis mniSvne-
lovani Tvisebebia: xsnadoba cxel wyalSi, mineralur mJavebsa 
da tuteebSi, midrekileba zenajeri xsnarebis warmoqmnisadmi 
da a.S. aqedan gamomdinare, mis dasaleqad saWiroa: a) xsnari 
iyos koncentrirebuli da neitraluri; b) meqanikuri zemoq-
medeba — minis wkiriT Caxexva (zenajeri xsnaris warmoqmnis 
asacileblad); g) onkanis wylis  WavliT gaciveba (xsnadobis 
Sesamcireblad). am pirobebis dacvis gareSe naleqi ar war-
moiqmneba. 

analizuri signalis aRZvrisaTvis mniSvnelovania xsnaris 
pH. pH-zea damokidebuli  ionTa formebis arseboba xsnarSi. 
magaliTad, dariSxanis kationuri formebi (As3+, As5+) arsebobs 
mxolod Zlier mJava garemoSi, anionuri formebi 

( −− 3
4

3
3 AsO,AsO ) — tute da neitralur garemoSi. ionTa formebi 

ganapirobebs reagentebTan urTierTqmedebas. magaliTad, go-
girdwyalbadis moqmedebiT ileqeba dariSxanis (III, V) sul-
fidebi: As2S3; As2S5; anionur formebTan H2S ar reagirebs. 

−3
3AsO  da −3

4AsO -Tan urTierTqmedebs AgNO3. maSasadame, xsna-
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ris garemo (pH) gavlenas axdens nivTierebebis mdgomare-
obaze, e.i. arsebobis formebze da, Sesabamisad, maT reaqciis 
unarianobazec. 

ionTa mdgomareoba garemos pH-ze damokidebulebis mi-
xedviT wyalxsnarebSi mocemulia cxrilSi 2.2.1 (ix. gv. 20). 

rogorc Cans, xsnaris pH-ze damokidebulebis mixedviT 
ionebi wyalxsnarSi imyofeba rogorc martivi ionebis, ise 
hidroqsokompleqsebis saxiT. maRali JangviTi xarisxis mqone  
elementebis   ionebi   wyalxsnarebSi   imyofeba   ara  

 

cxrili 2.2.1. 

garemos gavlena ionTa mdgomareobaze wyalxsnarebSi 

g      a      r      e      m      o 
mJava susti mJava neitra- 

luri 
susti tute tute 

−
4HSO , H2SO4 

−2
4SO , −

4HSO  −2
4SO  −2

4SO  −2
4SO  

H2CO3(H2O+CO2) −
3HCO , H2CO3 −

3HCO  −
3HCO , −2

3CO  −2
3CO  

−
42POH , H3PO4 −

42POH  −2
4HPO , 

−
42POH  

−3
4PO , −2

4HPO  −3
4PO  

Zn[(H2O)4]2+ Zn[(H2O)4]2+ 

Zn[(H2O)3OH]+ 

Zn2+, ZnOH+ 

ZnOH+ 

Zn(H2O) 
(OH)2 an 
Zn(OH)2  

Zn(OH)2 

Zn(H2O)(OH) −
3  

an HZnO
−
2 ·2H2O 

[Zn(OH)4]2- 
an 

ZnO −2
2 ·2H2O 

 
martivi ionebis (N5+, S6+, Mn7+, P5+ da a.S.) saxiT, aramed warmoq-

mnis rTul anionebs: −−− 3
44

2
4

-
3 PO,MnO,SONO ,  da sxva. aseTi ione-

bi ar iSleba da partniorTan reagirebs, rogorc damouki-
debeli nawilakebi. 

xsnaris pH gansakuTrebul gavlenas axdens susti mJavebis 
(araorganuli da organuli) anionis Semcveli marilebis xsna-
dobasa da kompleqsnaerTebis mdgradobaze. magaliTad, susti 
mJavas marilebi — bariumis karbonati, aseve misi qromati da 
oqsalati kargad ixsneba mineralur mJavebSi; maT warmosaqmne-
lad saWiroa neitraluri, susti tute garemos Seqmna. 

xsnaris pH-is regulirebiT SesaZlebelia kationTa erTi 
jgufi davaciloT meores. magaliTad, III jgufis kationebi 
sulfid-ioniT — S2- ileqeba neitralur an sust mJava gare-
moSi, IV jgufis kationebi — mJava garemoSi. 
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reaqciis mimdinareobaze gavlenas axdens temperatura. 
xsnaris gacxeleba mniSvnelovania im naleqTa gamosayofad, 
romlebTac midrekileba aqvT koloiduri xsnarebis warmo-
qmnisadmi. magaliTad, Fe(OH)3, Al(OH)3, CuS, CdS, NiS, As2S3, As2S5 
da sxv. am SemTxvevaSi gacxeleba xels uwyobs aRniSnul na-
leqTa koagulacias. 

gacxelebiT mimdinareobs agreTve Jangva-aRdgenis mrava-
li reaqcia. magaliTad, tyviis orJangiT Mn(II)-is aRmosaCenad 
(krumis reaqcia) saWiroa sareaqcio narevis gacxeleba, xolo 
natriumis hidropirostibiatis warmosaqmnelad — saanalizo 
xsnaris gaciveba, radgan naleqi ixsneba cxel wyalSi. 

reaqciis mimdinareobaze gavlenas axdens gamxsneli. reaq-
ciis zogierTi produqti mcired ixsneba, an praqtikulad uxsna-
dia spirtebSi. amitom maT xSirad iyeneben xsnadobis Sesam-
cireblad. magaliTad, natriumis oqsalatis gamosayofad 
xsnars umateben eTilis spirts. spirtebSi mcirdeba agreTve 
naerTTa disociacia. magaliTad, kobaltis Tiocianiduri lur-
ji feris kompleqsi — [Co(SCN)4]2- wyalxsnarSi aramdgradia, ad-
vilad disocirdeba ionebad da wyalxsnari lurji ki ara, var-
disferia (e.i. Co2+-is feri). izoamilis spirtis damatebiT ko-
baltis kompleqsis disociacia imdenad mcirdeba, rom spirtis 
fena Rebulobs kompleqsisaTvis damaxasiaTebel lurj fers.  

reaqciis warmarTvisaTvis mniSvnelovania saanalizo xsna-
ris koncentracia. Zlier ganzavebul xsnarebSi naleqis gamo-
yofa Seyovnebulia. amitom ganzavebuli xsnarebis koncentra-
cias xSirad zrdian gamxsnelis aorTqlebiT (am dros mxedve-
lobaSia misaRebi saanalizo nivTierebis aqroladobis unari). 

TvisebiT analizSi gamoyenebuli analizuri reaqciebi Zi-
riTadad unda akmayofilebdes Semdeg moTxovnebs: 

1. analizuri reaqcia unda mimdinareobdes swrafad (ana-
lizuri signalis aRZvras ar unda Wirdebodes didi dro); 

2. reaqciis aRmoCenis minimumi mcire unda iyos (e.i. Se-
saZlebeli unda iyos nivTierebis mikro, ultramikro rao-
denobis  analizuri signalis fiqsireba). 

3. reaqcia unda mimdinareobdes steqiometrulad bo-
lomde. reaqciis produqti mdgradi unda iyos (swrafad ar 
unda iSlebodes). 
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4. analizuri reaqciis mniSvnelovan maxasiaTebels war-
moadgens aRmoCenis zRvari (`mgrZnobiaroba~)*). 

aRmoCenis zRvari aris nivTierebis is minimaluri rao-
denoba (koncentracia) — Cmin., romelic SeiZleba aRmoCndes 
mocemul pirobebSi. mocemuli nivTierebebis aRmoCenis da 
gansazRvris dros sayuradReboa aRmoCenis zRvaris ricxviTi 
mniSvnelobebi. rac ufro mcirea aRmoCenis zRvari, miT ufro 
mgrZnobiarea reaqcia (meTodi). e.i. nivTierebis miT ufro 
mcire raodenobis aRmoCenaa (gansazRvraa) SesaZlebeli mo-
cemul pirobebSi, mocemuli meTodiT da saimedoobisas. 

yvela reaqcias (meTods) gaaCnia Tavisi aRmoCenis zRvari. 
magaliTad:  

analizis saxe aRmoCenis zRvari 
masuri % 

 

wveTuri analizi 
mikrokristaloskopuri analizi 
katalizuri 
radiometruli 

 

10-4 — 10-5 

10-4 — 10-5 

10-7 — 10-9 

10-7 — 10-12 

         da a.S 

aRmoCenis zRvaris ricxviTi mniSvnelobebi icvleboda 
wlebis ganmavlobaSi, analizuri qimiis ganviTarebis Sesaba-
misad. magaliTad, 1940-1980 ww. misi mniSvneloba Semcirda 10-2 
— 10-10%; misi ufro metad Semcirebis moTxovna —10-12 — 10-13%-
mde, dResac ZalaSia. 

aRmoCenis zRvaris Semcireba SeiZleba: pH-is regulire-
biT, reagentis koncentraciis varirebiT, nivTierebis kon-
centrirebis meTodebis gamoyenebiT, organuli reagentebis 
SerCeviT da sxva. 

 
 
 
 
 
 
 
 
 

                                                 
*) adre reaqciis dasaxasiaTeblad iyenebdnen `mgrZnobiarobas~. amJamad am 
termins xmaroben xelsawyo-aparaturis mimarT. 
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T a v i  3   

qimiuri analizis meTodebis 

klasifikacia. nivTierebebis 

(ionebis) aRmoCenis,   

identificirebis meTodebi 

3.1. analizis meTodebis ganviTarebis tendencia da 
klasifikaciis principebi 

nivTierebis qimiuri Sedgenilobis Sesaxeb informaciis 
miReba warmoebs analizuri qimiis meTodebiT. amdenad, ana-
lizuri qimiis meTodebs mniSvnelovani roli akisriaT niv-
Tierebis Sedgeniloba-Tvisebebis rogorc mecnieruli, ise 
praqtikuli gamoyenebis TvalTaxedviT. analizis meTodebis 
ganviTareba orientirebulia mecnierebis (qimia, fizika, bio-
logia da sxv.) da teqnikis miRwevebze da, bunebrivia, am meTo-
debis ganviTarebis istoria mecnierebis da teqnikis ganvi-
Tarebis Tanmdevia. magaliTad, atomis aRnagobis Sesaxeb (da-
wyebuli periferiidan — gare garsebidan — atomis birTvis 
centramde), Cveni codnis gaRrmavebis Sedegad aRmoCnda da 
ganviTarda analizis mravali axali meTodi (ix. nax. 3.1.1).  

maSasadame, Tavdapirvelad ganviTarda is meTodebi, rom-
lebic emyareba SedarebiT naklebi intensiobis energiis cvli-
lebas: gravitacias — mizidulobis Zalas. magaliTad, Senad-
nobebis Sedgenilobis gansazRvra simkvrivis, an xvedriTi wonis 
mixedviT; Semdeg — meTodebi, romlebic emyareba atomis gare 
garsis eleqtronebis energiis cvlilebas (qimiuri, speqtra-
luri da a.S.), Semdeg — meTodebi dafuZnebuli Siga eleq-
tronuli garsebis energiis cvlilebaze — mag., rentgenul-
speqtraluri, mas-speqtraluri da a.S. dabolos, meTodebi 
damyarebuli bunebriv da xelovnur radiaciaze, e.i. atomis 
birTvis Siga gardaqmnebze; amrigad, atomis periferiidan atom-
gulis centramde energetikuli cvlilebebi safuZvlad daedo 
analizis qimiur, fizikur-qimiur da fizikur meTodebs. 
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nax. 3.1.1. analizis meTodebis ganviTarebis tendencia 

 

++
++

qimiuri, emisiur-
speqtraluri, 

speqtrofo-
tometruli, lu-

minescenturi, po-
larografuli 

analizis meTodebi

rentgenospeqtra-
luri 

birTvul-magnitur-
rezonansuli 

(eleqtronebiT 
birTvis ekranirebis 

efeqti) 

radiaqtivaciuri 

radioqimiuri 
gravitacia

mass-
speqtra-
luri;  
β da γ 

r

messbaueris 
speqtri; 
neitronul-
absorbciuli 

 
 
 

                               ⊖   
                         ⊖ 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
  
qimiuri nivTierebebis Semadgenli komponentebi (atomebi, 

molekulebi, funqcionalur atomTa jgufebi, ionTa for-
muluri erTeuli), gamoicnoba da ganisazRvreba analizuri 
signaliT, romelic aRiZvreba komponentTa Sinagani gardaqm-
nebis, an maT Soris urTierTqmedebis Sedegad. qimikos-anali-
tikosi dainteresebulia analizuri signalis saSualebiT mi-
iRos informacia nivTierebis Sedgenilobis Sesaxeb; amisaT-
vis is iyenebs signalis gamomwvevi procesebis SesaZleblobasa 
da saSualebebs, romelic safuZvlad udevs analizis meTo-
debis klasifikacias. gamomdinare aqedan, analizis meTodebi 
pirobiTad SeiZleba daiyos: qimiur, eleqtro-qimiur, speq-
troskopul da radioqimiur meTodebad (cxrili 3.1.1.), ram-
denadac arsebobs agreTve analizis meTodTa klasifikaciis 
sxva variantebic.  
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cxrili 3.1.1. 

analizis meTodebis klasifikacia 
 

# meTodis 
jgufi 

parametri meTodis 
saxelwodeba 

1 2 3 4 
 
1. 

 
qimiuri 

masa  
reagentis moculoba 
 
reaqciis produqtis 
airadi moculoba 

gravimetria 
titrimetria 
 
gazovolumetria 

2. eleqtroqimi-
uri 

eleqtrodis wonasworu-
li potenciali 
 
polarizebadi eleqtro-
dis winaRoba 
 
daxarjuli eleqtrobis 
raodenoba 
 
xsnaris eleqtrogamta-
roba 

potenciometria 
 
 
voltampermetria 
 
 
kulonometria 
 
 
konduqtometria 

3.  speqtrosko-
pia 

gamosxivebuli foto-
nebis nakadi atomebis ga-
re eleqtronebis gada-
svlisas 
 
STanTqmuli fotonebis 
nakadi atomTa gare 
eleqtronebis gada-
svlisas 
 
fotonebis nakadi atomis 
Siga eleqtronebis 
gadasvlisas 
 
fotonebis nakadis STan-
Tqma gare eleqtronebis 
gadasvlisas  

atomur-emisiuri 
speqtroskopia 
 
 
 
atomur-
absorbciuli 
analizi 
 
 
rentgenostruq-
turuli speqtro-
skopia  
 
fotometria 
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cxrili 3.1.1 (gagrZeleba) 

 
1 2 3 4 
3. speqtrosko-

pia 
fotonebis STanTqma mo-
lekulis rxeviTi energi-
is cvlilebisas 
 
fotonebis nakadi, romel-
sac asxivebs atomebi an mo-
lekulebi ufro maRali 
energiis fotonebis winas-
wari STanTqmis Semdeg. 
 
 
fotonebis STanTqmis six-
Sire, romelic aRiZvreba 
garsebze eleqtronebis ga-
dasvlisas magnitur velSi 

infrawiTeli 
speqtroskopia 
 
 
luminescenturi 
analizi 
 
 
 
 
 
eleqtronul-
paramagnituri 
rezonansuli 
speqtroskopia 

4. speqtrosko-
piuli 

fotonTa sixSire, rome-
lic STainTqmeba eleq-
tronebis garsebze gada-
svlisas da aRiZvreba bir-
TvSi magnituri velis gav-
leniT 

birTvul-magnitu-
r-rezonansuli 
speqtroskopia 

5. radioqimiuri radiaqtiuri gamosxiveba, 
romelic aRiZvreba 
atombirTvuli gar-
daqmnebis Sedegad  

aqtivaciuri 
analizi 
 
 

 

analizis meTodebi efuZneba analizur signals, romelic 
aRiZvreba qimiuri da fizikuri procesebis Sedegad. 

magaliTad, analizis qimiur meTodebs safuZvlad udevs 
qimiuri reaqciebi da misgan aRZruli signali. eleqtroqimi-
uri meTodebi efuZneba wyalxsnarebSi eleqtrolizis dros 
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eleqtrodebsa da eleqtrodul areSi mimdinare eleqtro-
qimiur reaqciebs da maT Sedegad aRZrul analizur signals.  

speqtroskopul meTodebSi analizuri signali aRiZvreba 
eleqtromagnituri gamosxivebis (e.i. fotonebis STanTqmis an 
kvantebis gamosxivebis) dros.  

meTodebis klasifikaciis principi sxvadasxvagvaria: ana-
lizis mizandasaxuloba, saanalizo obieqtis Sedgeniloba, 
saZiebeli komponentis raodenoba, gamoyenebuli reaqciis ti-
pebi da sxva. 

praqtika sakmaod mkacr moTxovnebs uyenebs analizur 
meTodebs. meTodebis Sefasebis kriteriumebia: sizuste, spe-
cifuroba, mgrZnobiaroba, seleqturoba, siswrafe, eko-
nomiuroba da sxva. magram iseTi universaluri meTodi, ro-
melic yvela CamoTvlil kriteriums Tanabrad daakmayofi-
lebs, ar arsebobs: zogi meTodi gamoirCeva sizustiT da 
amitom mas iyeneben arbitraJuli analizisaTvis, zogi — swra-
fia da farTodaa gamoyenebuli qimiur-teqnologiuri proce-
sebis kontrolisaTvis da sxva. 

qimikos-analitikosis maRali kvalifikaciis erT-erTi 
maCvenebelia konkretuli amocanis gadasawyvetad analizis 
meTodebis optimaluri variantis SerCeva. 

3.2. nivTierebis aRmoCenis,                   
identificirebis meTodebi 

TvisebiT analizSi nivTierebis aRmoCenis da identifici-
rebisTvis iyeneben analizuri signaliT mimdinare reaqciaTa 
yvela tips. nivTiereba gamoicnoba reaqciis produqtis vi-
zualuri efeqtiT. iSviaTia SemTxveva, roca reaqciis produqtis 
gamosacnobad saWiroa damatebiT sxva analizuri reaqciac. maga-
liTad, karbonatebis Semcveli mineralebis mJavebiT damuSavebis 
dros gamoiyofa ufero, usuno airi, romlis gamosacnobad 
iyeneben sxva reaqcias: atareben mas bariumis an kalciumis 
hidroqsidis xsnarSi. TeTri feris ZmarmJavaSi xsnadi, naleqis 
warmoqmna gviCvenebs mineralSi karbonatebis Semcvelobas. 

TvisebiT analizSi iyeneben nivTierebis aRmoCenis e.w. 
`mSral~ da `svel~ meTodebs. `mSrali~ meTodiT sargeblobi-
sas nivTierebebsa da reagentebs iReben fxvnilis saxiT. re-
aqcias atareben, rogorc oTaxis, ise maRal temperaturaze. am 
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mxriv ansxvaveben e.w. fxvnilis gasresis meTods da piro-
qimiur analizs. 

fxvnilTa gasresis (Serevis) `mSrali~ meTodi mowodebul 
iqna f.m. flavickis mier 1898 w. mas dResac iyeneben geologebi 
savele pirobebSi nivTierebebis (mineralebis) gamosacnobad. 
magaliTad, calkeul sinjSi rkinis(III) da kobaltis(II) aRm-
osaCenad saanalizo nivTierebasa da reagents (KSCN an NH4 

SCN) erTad sresen faifuris filaSi (an rodinSi). rkinis(III) 
arsebobisas gasresili masa Rebulobs wiTel Seferilobas, 
xolo kobaltis(II) SemTxvevaSi — lurjs. mimdinare reaqciebi 
gamoisaxeba gantolebebiT:  

Fe3+ + nNH4SCN⇄Fe(SCN) 3n
n

−  + n +
4NH , sadac n=1 – 6. 

                                                                    wiTeli 

CoSO4 + 4NH4SCN⇄ (NH4)2[Co(SCN)4] + (NH4)2SO4. 
                      konc.                lurji 

aseve kalas Semcveli mineralis dimeTilglioqsimTan gas-
resvisas warmoiqmneba iisferi kala-rkinis dimeTilglioq-
simatis sxvadasxva birTviani kompleqsi. 

gasresis meTodiT gamoicnoba agreTve amoniumis marile-
bi. am marilebis kirTan gasresisas gamoiyofa gazi, romelic 
gamoicnoba damaxasiaTebeli suniT da sveli wiTeli lakmusis 
qaRaldis galurjebiT. 

2NH4Cl + Ca(OH)2  → CaCl2 + 2NH3↑ + 2H2O 
SedarebiT ufro maRal temperaturaze mimdinareobs alis 

Sefervis reaqciebi. am SemTxvevaSi saanalizo nivTiereba pla-
tinis maryuJiT SeaqvT sanTuris ufero alSi, romelic gac-
xelebisas Rebulobs gamosacnobi nivTierebis damaxasiaTe-
bel Seferilobas. magaliTad, kaliumi als aZlevs  iisfers,  
natriumi — kaSkaSa yviTel fers da a.S. (ix. cxr. 3.2.1.) 

piroqimiuri analizis e.w. `minis~ warmoqmnis meTods ata-
reben maRal temperaturaze. amisaTvis iyeneben boraqss — 
Na2B4O7·10H2O, an natrium-amoniumis hidrofosfats — NaNH4 

HPO4. process atareben Semdegnairad: alSi Tavdapirvelad 
platinis maryuJiT SeaqvT aRniSnuli reagenti da acxeleben. 
am operacias imeoreben manam, sanam maryuJis yuri ferfliT 
ar daifareba. amis Semdeg maryuJis yuriT exebian saanalizo 
nivTierebis fxvnils an xsnars da kvlav gamowvaven. warmoq-
mnili miniseburi masa Rebulobs damaxasiaTebel fers. maga-
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liTad, kobalti ferfls feravs lurjad, manganumi — 
iisfrad, qromi — mwvaned da sxv. 

 
cxrili 3.2.1. 

zogierTi elementisaTvis damaxasiaTebeli alis Seferiloba 
 

elementi alis Seferiloba elementi alis 
Seferiloba 

natriumi kaSkaSa yviTeli spilenZi kaSkaSa mwvane 

kaliumi iisferi bori mwvane 

kalciumi agurisferi-wiTeli tyvia Ria cisferi 
stronci-
umi 

mewamul-wiTeli dariSxani cisferi 

bariumi moyviTalo-mwvane   

 
analizis `sveli~ meTodi. `sveli~ meTodi gamoyenebulia 

wyalxsnarebSi. reaqciebi mimdinareobs umTavresad ionebs 
Soris. am meTodiT xorcieldeba mikroskopuli, wveTuri, 
makro, naxevrad-mikro, fazuri da sxva analizi. 

mikrokristaloskopuli analizi mowodebul iqna akade-
mikos t. lovicis mier 1979 wels. am meTodis ganviTarebaSi 
didi wvlili miuZRvis agreTve rus mecniers, i. korenmans. 
meTods safuZvlad udevs garkveuli Sedgenilobis nivTiere-
bebis damaxasiaTebel formaSi dakristalebis unari. magali-
Tad, natriumis ionis Semcvel xsnarze TuTia-uranil-aceta-
tis damatebisas warmoiqmneba yviTeli feris tetraedrebi an 
oqtaedrebi — NaCH3COO·UO2(CH3COO)2. 

Zalzed damaxasiaTebelia K+-is aRmoCenis mikrokrista-
loskopuli reaqcia platinaqlorwyalbad mJavasTan. 

2K+ + [PbCl6]2- ⇄ K2[PtCl6]↓ 
am dros warmoiqmneba mbzinavi limonisfer-yviTeli oqta-

edrebi. cdas atareben mikroskopis sasagne minaze da kris-
talebis formas akvirdebian mikroskopiT. TvalsaCino, gar-
kveuli formis kristalebis misaRebad daculi unda oyos 
optimaluri pirobebi: moreagire komponentTa koncentracia, 
xsnaris pH, dayovnebis dro, temperatura da sxva. reaqciaTa 
Catarebis msvleloba ix. praqtikul nawilSi. 
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mikrokristaloskopuli reaqciebi farTod aris cnobili 
da gamoyenebuli mravali ionis aRmoCenisa da identifi-
cirebisaTvis, romlebic ganxilulia specialur saxelmZRva-
neloebSi. 

wveTuri analizi. wveTuri analizi SeimuSava rusma mec-
nierma, profesorma n.a. tananaevma 1920 wels. ionTa aRmoCenas da 
identificirebas awarmoeben xsnaris mcire moculobaSi (erT an 
ramdenime wveTSi), forovan qaRaldze. saanalizo nivTierebis 
koncentraciaa 0,1 mg/l. wveTis gadatanas qaRaldze axdenen 
kapilariT (filtris qaRaldi asrulebs ara marto fonis rols, 
aramed is saanalizo nivTierebis makoncentrirebelicaa). 

reagentis 1 wveTis damatebis Semdeg warmoiqmneba damaxa-
siaTebeli Seferilobis laqa. magaliTad, aluminis(III) aRmom-
Cen mgrZnobiare reagentad iTvleba alizarin-S, romelic 
aluminTan iZleva wiTeli Seferilobis laqas. 

analizis wveTuri meTodi martivi, ekonomiuri da swrafia 
(gamoricxulia mTeli rigi operaciebi: gafiltvra, Carecxva 
da sxv.), magram naklebad gamoiyeneba rTuli sistemebis (obi-
eqtebis) analizSi. 
makro, mikro, ultramikro analizi. saZiebeli komponentis 
raodenobis, xsnaris moculobis da analizis Sesrulebis 
teqnikis mixedviT ansxvaveben makro, mikro naxevradmikro da 
ultramikro analizs. makrokomponentad iTvleba, roca sakv-
lev obieqtSi komponentis Semcveloba aRemateba 0,1%-s, mik-
rokomponentad, roca misi Semcveloba naklebia 0,01%-ze. me-
Todis SerCevas axdenen: saanalizo nivTierebis koncentra-
ciis da reaqciis aRmoCenis zRvaris mixedviT. 

saanalizo nivTierebis masis da moculobis mixedviT me-
Todebis klasifikacia mocemulia cxrilSi 3.2.2. 

cxrili 3.2.2. 

nivTierebis aRmoCenis meTodebis klasifikacia nivTierebis  
masis da xsnaris moculobis mixedviT 

saZiebeli nivTierebis 

masa da moculoba  
analizis 

saxelwodeba 
(Cveulebrivi) 

 
 

axali saxelwodeba 
g ml 

makro 
naxevrad mikro 
mikro 
ultramikro 
submikro 
subultramikro 

gram-meTodi 
santigram-meTodi 
miligram-meTodi 
mikrogram-meTodi 
nanogram-meTodi 
pikogram-meTodi 

1-10 
0,05-0,5 
10-6-0,001 
10-9-10-6 
10-12-10-9 

10-12 

10-100 
1-10 
10-4-0,1 
10-6-10-4 
10-10-10-7 
10-10 
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wiladuri analizi. wiladur analizs safuZveli Cauyara 
da detalurad daamuSava n. tananaevma. analizs atareben 
xsnaris calkeul ulufaSi. nivTierebis (ionis) aRmosaCenad 
iyeneben specifikur, seleqtur reagentebs da wiladur reaq-
ciebs*), meTodis gamoyenebis diapazonis gasafarToeblad ki 
sxvadasxva SemniRbav nivTierebas da redoqs-reagentebs. roca 
xsnarSi gareSe ionTa koncentracia aRemateba saZiebeli ionis 
koncentracias, maSin gareSe ionebs acileben jgufuri re-
agentis saSualebiT da Semdeg aRmoaCenen saZiebel ions.  

wiladur analizSi ionTa aRmoCenisa da identificirebis 
dros reaqciebis damatebis Tanmimdevrobas mniSvneloba ara 
aqvs. zogadad, M ionis wiladuri analizis sqema SeiZleba Se-
vadginoT Semdeg mosazrebebze dayrdnobiT: 

1. Tu cnobili ar aris M-is aRmomCeni specifikuri reaq-
cia, maSin misi damaxasiaTebeli reaqciebidan unda SeirCes 
yvelaze seleqturi reagenti da reaqcia. 

2. gamoyenebuli unda iyos iseTi SemniRbavi araorganuli 
da organuli reagentebi, romlebic SeniRbaven mxolod 
xelisSemSlel (gareSe) ionebs da ara M-s.  

3. Tu gareSe ionebs aqvT Jangva-aRdgenis unari, maSin un-
da SevarCioT mJangavi an aRmdgeni da pirobebi ise, rom 
JangviTi ricxvis cvlilebiT Tavidan aviciloT maTi gavlena. 

4. Tu me-2 da me-3 punqtebis Sesruleba SeuZlebelia, ma-

Sin unda gamoviyenoT fazuri dayofis reaqciebi: xsnari ⇄ na-

leqi, xsnari ⇄ airadi nivTiereba da sxv. 
wiladuri meTodi martivia, naklebad Sromatevadia, did 

dros ar moiTxovs da rTuli sistemebis analizSi gamoiyeneba 
mxolod calkeul stadiaze. 

nivTierebis aRmoCenisa da identificirebisTvis gamo-
yenebulia agreTve analizis instrumentuli meTodebi, rom-
lebic ganxilulia me-6 TavSi. 

 
 
 
 
 
 

                                                 
*) n.a. tananaevis mixedviT wiladuria qimiuri reaqcia, romlis saSualebiTac 
SeiZleba gamovyoT da aRmovaCinoT erT-erTi ioni sxva ionebis Tanaobisas. 
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Tavi 4  

nivTierebebis (ionebis) dacilebis 

meTodebi da kationTa analizuri 

klasifikacia 

4.1. kationTa analizuri klasifikacia da maTi 
dacileba gogirdwyalbadis meTodiT 

nivTierebis (ionis, komponentis da a.S.) dacileba*) emyare-
ba fazuri dayofis princips — gamoyon saanalizo nivTiereba 
an xelisSemSleli komponenti myari, Txevadi, an airadi fazis 
saxiT. am dros gamoyenebulia mJavur-fuZuri, daleqvis, Jang-
va-aRdgenis, kompleqswarmoqmnis da sxva reaqciebi. nivTi-
erebis dacilebis mravali meTodia cnobili. maTi SerCeva 
damokidebulia: saanalizo obieqtSi Semavali nivTierebebis 
raodenobriv Tanafardobaze, reaqciis aRmoCenis zRvarze, 
analizis sizusteze, saWiro reagentebis, aparaturis arse-
bobaze da a.S. 

nivTierebebis dasacileblad farTod aris gamoyenebuli 
e.w. jgufuri reagenti — saerTo damleqavi, romelic ionTa 
garkveul jgufTan warmoqmnis wyalSi uxsnad naleqs. maga-
liTad, neitralur an sust tute garemoSi amoniumis kar-
bonatis moqmedebiT karbonatebis saxiT ileqeba bariumis, 
stronciumis, kalciumis kationebi. 

gogridwyalbadi mJava garemoSi leqavs vercxlis, spilenZis, 
kadmiumis, bismutis, tyviis, dariSxanis, stibiumis, kalas ionebs. 

ionTa narevis sistemuri analizis principi mdgomare-
obs SemdegSi: saerTo damleqavis saSualebiT TanmimdevrobiT 
gamoyon ionebi calkeul jgufebad, Semdeg Seasrulon misi 
analizi. 

cnobilia kationTa dacilebis sistemuri analizis sxva-
dasxva meTodi: gogirdwyalbadis klasikuri meTodi, ugogir-

                                                 
*) dacileba aris procesi, romlis Sedegadac xdeba saanalizo narevis Se-
madgeneli komponentebis erTmaneTisagan gamoyofa (gancalkeveba). 
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dwyalbado meTodi (mJavur-fuZuri, amiakur-fosfaturi, ze-
Janguri da sxv.) da ionTa dacilebis sxva meTodebi (eqstraq-
cia, qromatografia da sxv.). 

kationTa sistemuri analizis e.w. gogirdwyalbadis meTo-
di mowodebuli iqna n. menSutkinis mier daaxloebiT 200 wlis 
winaT. meTodi emyareba kationTa sulfidebis gansxvavebul 
xsnadobas wyalSi, mJavebsa da tuteSi; am SemTxvevaSi saTanado 
reagentebis ((NH4)2CO3, (NH4)2S, H2S, HCl) saSualebiT garkve-
uli TanmimdevrobiT gamoyofen kationTa garkveul jgufs da 
Semdeg atareben maT analizs. 

gogirdwyalbadis meTodis Tanaxmad, kationebi ZiriTadad 
iyofa xuT analizur jgufad: 

I jgufSia: Li+, K+, Na+, +
4NH , Rb+, Cs+, Mg2+ *). maT saerTo dam-

leqavi ara aqvT. 
II jgufSia: Ba2+, Sr2+, Ca2+. saerTo damleqavia (NH4)2CO3 

(neitralur, sust tute garemoSi). 
III jgufSia: Fe2+, Fe3+, Al3+, Cr3+, Mn2+, Zn2+, Co2+, Ni2+. saerTo 

damleqavia (NH4)2S (neitralur, sust tute garemoSi). 
IV jgufSia: Cu2+, Hg2+, Cd2+, Sb3+, Sb5+, As3+, As5+, Sn2+, Sn4+. 

saerTo damleqavia H2S (0,3M marilmJava garemoSi). 
V jgufSia: Ag+, Hg+, Pb2+. saerTo damleqavia ganzavebuli 

marilmJava. 
kationTa sistemuri analizi gogirdwyalbadis meTodiT 

(Semoklebuli sqema) ixileT gv. 36-37. 
rogorc sqemidan Cans, gogirdwyalbadis moqmedebiT I da II 

jgufis kationTa sulfidebi wyalSi kargad xsnadobis gamo ar 
ileqeba. III da IV jgufis kationTa sulfidebi ileqeba garkve-
uli TanmimdevrobiT, rasac Tavis mxriv ganapirobebs sul-
fid- da wyalbadionTa koncentracia xsnarSi, rogorc cno-
bilia, H2S-is najer xsnarSi 250C. 

[H2S]≈0,1M. H2S-is, rogorc susti mJavas, safexurebrivi 
disociaciis konstantebia: K1=8,9·10-8; K2=1,3·10-15; 

K1·K2=K=
S][H

][S][H

2

22 −+

. aqedan: [S2-]= 2
221

][H
S][HKK

+ ; SevitanoT mniSv-

                                                 
*) II jgufis kationebis karbonatiT daleqvisas, magniumi rCeba xsnarSi I jgu-
fis kationebTan. 
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nelobebi da gveqneba: [S2-]= 2

-24

][H
10

+ . e.i. [H+]-is regulirebiT  Se-

saZlebelia SevqmnaT  S2--is iseTi koncentracia, romlis dro-
sac daileqeba kationTa erTi jgufi da ar daileqeba meore.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

kationTa narevi + HCl → gafiltvra 

naleqSi: V jgufis 
kationebis qloridebi: 
AgCl, Hg2Cl2, PbCl2 

       filtratSi: 
I, II, III, IV jgufis kationebi 
+ H2S (0,3M HCl) gacxeleba, 
gafiltvra 

atareben am 
jgufis analizs 

naleqSi: IV jgufis 
kationTa sulfidebi+ 
+(NH4)2S2. gafiltvra 

       filtratSi: 
I, II, III, jgufis 
kationebi + NH4OH 
                           NH4Cl 
(NH4)2S  gacxeleba 
       gafiltvra 
 

naleqSi: HgS, CdS (PbS) 
                  CuS, Bi2S3. 
                   
 
   atareben qvejgufis 
         analizs 

 filtratSi: 
dariSxanis, 
stibiumis da 
kalas sulfo-
marilebi 
 
 
atareben am 
qvejgufis 
analizs gagrZeleba Semdeg 

gverdze 

kationTa sistemuri analizi gogirdwyalbadis  
meTodiT (Semoklebuli sqema) 
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magaliTad, III, IV, V jgufis kationTa sulfidebs xsnadobis 
namravlis sidide gansxvavebuli aqvT. III jgufis kationebis 
sulfidebis xsnadobis namravli Lp=10-15-10-23 rigisaa. IV da V 
jgufis kationebis xsnadobis namravli ki Lp=10-23-10-60. amitom 
IV da V jgufis kationebis dasaleqad sulfid-ionis gacile-
biT ufro mcire koncentraciaa saWiro, vidre III jgufis 
kationebis sulfidebisaTvis (cxadia, kationTa erTi da imave 
koncentraciis ~ 10-4g.ioni/l dros). 

kationTa sistemuri analizis gogirdwyalbadis meTodi 
klasikuri meTodia. kargad aris Seswavlili da damuSave-
buli misi Teoria da praqtika. meTods mniSvnelovani wvlili 
Seaqvs qimikos-analitikosis kvalifikaciis formirebis saq-
meSi (aviTarebs analitikur azrovnebas, e.w. `analitikosis 

wina gverdidan

naleqSi: III jgufis 
kationebis sulfidebi 
 
 

atareben am jgufis 
analizs 

filtratSi: 
I da II jgufis 
kationebi + NH4OH. 
NH4Cl, (NH4)2CO3. 
gacxeleba, 
gafiltvra 

naleqSi: II jgufis 
kationebis karbonatebi 
 
 

atareben am qvejgufis 
analizs 

filtratSi: 
I jgufis kationebi 
 
 

atareben am 
qvejgufis analizs 
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xels~) da amave dros Zalzed mniSvnelovania meToduri Tval-
sazrisiT. gogirdwyalbads, rogorc damleqav reagents aqvs 
Tavisi upiratesoba. misi siWarbis mocileba advilia duRi-
liT (igi aqroladia). magram meTods gaaCnia naklovani mxa-
reebic: gogirdwyalbadi toqsikuria, saWiroebs calke samu-
Sao oTaxs, Zlier ventilacias, saTanado xelsawyo-aparatu-
ras da sxv. garda amisa, H2S-iT ar xerxdeba zogierTi sul-
fidis sruli dacileba (magaliTad, CdS, ZnS, SnS, PbS). sul-
fidebi advilad iJangebian haerze sulfatebis warmoqmniT, 
rac iwvevs momdevno jgufis kationebis daleqvas. naleqi 
xSirad gabinZurebulia gareSe kationebiT Tandaleqvis gamo 
da sxv. amitom, am bolo wlebSi, gogirdwyalbadis meTodi Se-
icvala e.w. ugogirdwyalbado meTodiT; H2S-is nacvlad iye-
neben iseT nivTierebebs, romlebic S2--ions warmoqmnian uSua-
lod wyalxsnarebSi (magaliTad Tiosulfati, Tioacetat-
amidi da sxv.). 

4.2. kationTa dacilebis                      
ugogirdwyalbado meTodebi 

kationTa analizis ugogirdwyalbado meTodebSi an saer-
Tod gamoricxulia gogirdwyalbadi, an gamoyenebulia mxo-
lod calkeul stadiebze nivTierebebis aRmosaCenad. ugo-
girdwyalbado meTodebs ara aqvT is nakli, rac gogirdwyal-
badis meTods. am meTodebiT SeuZlia imuSaos yvela labo-
ratoriam, romelsac ara aqvs gogirdwyalbadze muSaobis sa-
Tanado pirobebi, Tumca arc es meTodebia unaklo (zogjer 
ver xerxdeba kationTa sruli dacileba, garTulebulia ana-
lizis msvleloba da sxva.). ugogirdwyalbado meTodebSic 
daculia kationTa sistemuri analizis principi. gamoyenebu-
lia kationTa naerTebis hidroqsidebis, qloridebis, sul-
fatebis, karbonatebis, fosfatebis, oqsalatebis gansxvave-
buli xsnadoba wyalSi, mJavebsa da tuteebSi, amiakSi, organul 
gamxsnelebSi da a.S. 

kationTa dacilebisaTvis gamoyenebulia jgufuri rea-
gentebi. zogjer meTodi atarebs am jgufuri damleqavis sa-
xelwodebas. jgufebSi kationTa raodenoba da analizis me-
Todika gansxvavebulia. 
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amJamad, ugogirdwyalbado meTodebidan farTod gamoiye-
neba: mJavur-fuZuri, amiakur-fosfaturi, fuZur-peroqsidu-
li da sxva meTodebi. 

kationTa sistemuri analizis mJavur-fuZuri meTodi. 
mJavur-fuZuri meTodi emyareba kationTa marilebis, qlori-
debis, sulfatebis gansxvavebul xsnadobas wyalSi, mwvave tu-
teebSi, amiaksa da mJavebSi. 

jgufur reagentebad gamoiyeneba: marilmJava da gogird-
mJava, mwvave tuteebi — NaOH, KOH, amoniumis hidroqsidi — 
NH4OH. kationebi iyofa eqvs analizur jgufad: 

I. Ag+, Hg+, Pb+ *) — qloriduli jgufi. jgufuri reagentia 
marilmJava — HCl. 

II. Ba2+, Sr2+, Ca2+ — sulfaturi jgufi. jgufuri reagentia — 
H2SO4. 

III. Al3+, Cr3+, Zn2+,  Sn2+,  Sn4+,  — amfolituri jgufi. jgufuri 
reagentia — NaOH. 

IV. As3+, As5+, Mg2+, Mn2+, Fe3+, Fe2+, Bi3+, Sb3+, Sb5+,  — 
hidroqsiduri jgufi. jgufuri reagentia amoniumis tute.  

V. Cu2+, Cd2+, Ni2+, Co2+, Hg2+ — amiakuri jgufi. jgufuri 
reagentia amoniumis tute. 

VI. K+, Na+, +
4NH  — e.w. xsnadi jgufi. jgufuri reagenti ara 

aqvs. 
maSasadame, marilmJavas damatebiT I jgufis kationebi ga-

moiyofa qloridebis saxiT — AgCl, HgCl, PbCl2, xolo II jgufis 
kationebi H2SO4-iT ileqeba uxsnadi sulfatebis saxiT: BaSO4, 
SrSO4, CaSO4. 

III jgufis kationebi mwvave tuteebis damatebiT warmo-
qmnis amfoterul hidroqsidebs, romlebic ixsneba, rogorc 
Warb mwvave tuteebSi, ise mJavebSic. IV jgufis kationebis 
saerTo damleqavia amoniumis tute; am kationebis hidroq-
sidebi ar ixsneba Warb amoniumis tuteSi; V jgufis kationebis 
jgufuri reagenti amoniumis tutea, magram maTi hidroq-
sidebi IV jgufis kationebisagan gansxvavebiT ixsneba Warb 
amoniumis tuteSi kompleqsnaerTis warmoqmniT. VI jgufis 
kationebs jgufuri reagenti ara aqvs. maT analizs atareben 
bolo stadiaze. aRsaniSnavia, rom mJavur-fuZuri meTodis 

                                                 
*) es kationebi gogirdwyalbadis da amiakur-fosfaturi meTodis mixedviT 
moTavsebulia V jgufSi. 
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gamoyenebisas zogjer icvleba jgufSi kationTa adgilmdeba-
reoba da, Sesabamisad, analizis msvlelobac. magaliTad, Cu2+ 
zogjer III jgufSia moTavsebuli, kerZod misi hidroqsidis — 
Cu(OH)2-is Warb mwvave tuteSi nawilobriv xsnadobis gamo. sa-
yuradReboa agreTve Sb3+ da Sb5+-is hidroqsidebis gansxvave-
buli damokidebuleba mwvave tuteebis siWarbis mimarT. 

kationTa mJavur-fuZuri sistemuri analizis dawvrile-
biTi msvleloba ganxilulia TvisebiTi analizis laborato-
riuli praqtikumis saxelmZRvaneloSi [4]. 
kationTa sistemuri analizis amiakur-fosfaturi meTodi. 
kationTa analizis amiakur-fosfaturi meTodi emyareba ka-
tionTa fosfatebis gansxvavebul xsnadobas wyalSi, minera-
lur da sust mJavebSi, tuteebsa (KOH, NaOH) da amiakis wyal-
xsnarebSi. amoniumisa da tute liTonTa fosfatebi wyalSi 
kargad ixsneba; danarCen kationTa fosfatebi wyalSi uxs-
nadia. 

NH4OH-is koncentrirebul xsnarSi ixsneba: Ni3(PO4)2,  Co3 

(PO4)2,  Zn3(PO4)2,  Cd3(PO4)2,  Cu3(PO4)2,  Hg3(PO4)2,  Ag3PO4 da warmo-
iqmneba Sesabamisi komplamiakatebi. magaliTad: [Ni(NH3)4]2+; 
ganzavebul amoniumis tuteSi ar ixsneba: Ba3(PO4)2,  Sr3(PO4)2, 
Ca3(PO4)2, Hg3PO4, MgNH4PO4, MnNH4PO4, FePO4, CrPO4, AlPO4, BiPO4, 
Sn3(PO4)2, Pb3(PO4)2, (SbO)3PO4. ZmarmJavaSi ixsneba yvela fosfa-
ti, garda FePO4, BiPO4, AlPO4, CrPO4, jgufur damleqavad gamo-
yenebulia amoniumis hidrofosfati an fosfati. aqedan ga-
momdinare, amiakur-fosfaturi meTodis mixedviT kationebi 
iyofa xuT analizur jgufad: 

I. Na+, K+, +
4NH  — jgufuri reagenti ara aqvs (analogia go-

girdwyalbadis meTodTan). 
II. Ba2+, Sr2+, Ca2+

, Mg2+, Mn2+, Fe3+, Fe2+, Cr3+, Al3+, Bi3+, — jgufuri 
reagentia — (NH4)3PO4 an Na3PO4. es jgufi iyofa or qvejgufad. 

pirvel qvejgufSia: Ba2+, Sr2+, Ca2+
, Mg2+, Mn2+, Fe2+. am 

kationebis fosfatebi kargad ixsneba ZmarmJavaSi. 
meore qvejgufSia: Fe3+, Cr3+, Al3+, Bi3+. maTi fosfatebi Zmar-

mJavaSi ar ixsneba. 
III. Cu2+, Cd2+, Hg2+, Co2+, Ni2+, Zn2+. aRniSnul kationTa 

fosfatebi ixsneba Warb amoniumis tuteSi kompleqsamiakate-
bis warmoqmniT. 

IV. Sn2+, Sn4+,  Sb3+, Sb5+,  As3+, As5+. es jgufi azotmJavasTan 
duRiliT warmoqmnis uxsnad metakalas da metastibiumis 
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mJavebs. dariSxanis (III) naerTi azotmJavasTan erTad gacxele-
bisas iJangeba dariSxanis mJavamde, romelic mocemul piro-
bebSi mTlianad adsorbirdeba metakalas mJaviT. 

V. Ag+, Hg+, Pb2+ — jgufuri reagentia ganzavebuli maril-
mJava. es kationebi ileqeba qloridebis saxiT (analogia go-
girdwyalbadis meTodebTan). 

aRsaniSnavia, rom am meTods ufro meti saerTo aqvs go-
girdwyalbadis klasikur meTodTan, vidre mJavur-fuZurs. 

jgufur reagentebad gamoyenebulia agreTve organuli 
damleqavebi, romlebic mTel rig liTonTa kationebTan war-
moqmnian rogorc Znelad xsnad, ise Seferil Sigakompleqsur 
naerTebs. magaliTad, orTo-oqsiqinolini (oqsini), dimeTil-
diTiokarbamati (ddk), N-benzoilfenilhidroqsilamini (bfg), 
kupferoni da sxva. 

orTo-oqsiqinolini — C9H6NOH, leqavs mraval kations, 
magram pH-is regulirebiT, SeniRbviT da sxva optimaluri pi-
robebis dacviT SesaZlebelia maTi dacileba. oqsiqinoliniT 
ileqeba: 

 

l
iT

o
ni

s 
ka

t
io

ni
   

 

Fe
(I

II
) 

C
u(

II
) 

M
o(

V
I)

 

A
l(I

II
) 

Ti
(I

V
) 

Zn
(I

I)
 

C
d(

II
) 

M
g(

II
) 

pH 3-12 3-12 4-7 4-10 5-10 5-12 5-14 8-13 
 
Al3+ da Mg2+-is dasacileblad iyeneben ZmarmJavasa da 

natriumis (an amoniumis) acetatis buferul narevs, pH=4-5. am 
pirobebSi daileqeba aluminis oqsiqinolinati. Semdeg fil-
trats umateben amoniumis tutes da leqaven Mg(II)-is oqsi-
qinolinats da a.S. 

xSirad, kationTa individualur da mcire jgufebad gamo-
yofa praqtikulad bevrad ufro moxerxebulia da farTod 
aris gamoyenebuli, radgan ar arsebobs saanalizo obieqti, 
romelic erTdroulad Seicavs yvela saxis ions. 
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Tavi  5  

nivTierebebis (ionebis) fazuri 

dacilebis sxva meTodebi 

5.1. nivTierebebis dacilebis fazuri wonasworobebi 

TvisebiT analizSi farTod aris gamoyenebuli Semdegi 
fazuri wonasworobebi: siTxe-myari faza, myari faza-airi, 
siTxe-airi, siTxe-siTxe. am dros erTgvarovani homogenuri 
sistema gadadis orfazian heterogenul sistemaSi Tumca zo-
gierTi meTodi emyareba komponentTa erTfazian dacilebas 
(magaliTad, eleqtrodializi, eleqtroforezi, difuziuri 
da Termodifuzuri meTodebi da sxva). 

fazuri gadasvlebis (dayofis) dros nivTiereba A nawil-
deba I da II fazas Soris da myardeba dinamikuri wonasworoba. 

                           AI ⇄ AII                                                     (5.1.1)  
sadac AI — aris nivTiereba I fazaSi 

   AII — aris nivTiereba II fazaSi 
fazebSi (I,II) nivTierebis (A) saerTo koncentraciaTa 

Tanafardobas uwodeben ganawilebis koeficients da aRniS-
naven D-Ti.  

D=
A(I)

A(II)

C
C

                          (5.1.2) 

sadac CA(II) da CA(I) nivTierebis (ionis) saerTo koncentraci-
ebia II da I fazaSi. 

fazuri dacilebis motivacia: saZiebeli nivTiereba 
(ioni, komponenti) A mTlianad davaciloT ZiriTad matricas 
— B. e.i. nivTierebas (A) erTi fazidan meoreSi gadayvaniT 
davaciloT xsnaris Semadgeneli ZiriTadi makrokomponenti 
an gareSe minarevi (Tumca sruli absoluturi, 100%-iani 
dacileba Teoriulad SeuZlebelia). nivTierebis erTi fa-
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zidan meoreSi gadayvanis efeqturobis  xarisxs gamosaxaven R-
iT %-Si. 

R%=
III

II

QQ
Q

−
                       (5.1.3) 

sadac QII da QI aris nivTierebis (A) raodenoba II da I fazaSi. 
nivTierebis II fazaSi sruli (mTlianad) gadayvanis SemTxve-
vaSi R-is mniSvneloba Zalzed unda uaxlovdebodes 100%-s, 
praqtikulad miiCneven, rom R≥99,9%. e.i. nivTierebis (A) 99,9% 
unda iyos II fazaSi gadasuli, xolo B — 0,1%. 

A da B-s fazuri dacilebis raodenobriv maxasiaTebels 
warmoadgens dayofis (dacilebis) koeficienti αA/B, romelic 
gamoxatavs Tanafardobas: 

αA/B=
B

A

D
D                                  (5.1.4) 

sruli dacilebisaTvis aucilebelia αA/B mniSvneloba Zalze 
uaxlovdebodes 100%-s, xolo namravli DADB — erTs. yvela 
fazur wonasworobas dacilebis efeqturobis Sefasebis Ta-
visi kriteriumi aqvs.  

fazur dayofas (dacilebas) miekuTvneba: sublimacia, 
aqroleba, eqstraqcia, qromatografiuli daleqva da sxva. 

sublimacia aris myari nivTierebis airad fazaSi uSua-
lo gadasvlis fizikur-qimiuri procesi, Txevadi fazis 
gamotovebiT da piriqiT, airadi nivTierebebis uSualod myar 
mdgomareobaSi gadasvla (Txevadi fazis gamotovebiT), aris 
desublimacia. 

najeri orTqlis wnevis damokidebuleba sublimaciis tem-
peraturaze, aRiwereba klauziuss-klapeironis gantolebiT: 

2RT
Q

dT
dlnP =                   (5.1.11) 

sadac P —aris wneva, T—absoluturi temperatura, Q—gadas-
vlis siTbo, R — airis universaluri mudmiva. es ukanaskneli 
axasiaTebs myari nivTierebis atomebs (molekulebs) Soris 
bmis energias da Seadgens aTeul da aseul kj/mol-s. 

fazuri wonasworobis siTxe-airi tips miekuTvneba disti-
lacia, romelic emyareba nivTierebis aqroladobis unars. am 
dros nivTiereba Txevadi, an myari mdgomareobidan gadadis 
airad mdgomareobaSi.  
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aseT gadasvlebs xSirad mimarTaven nivTierebebis dasaci-
leblad an gasasufTaveblad. magaliTad, iods asufTaveben sub-
limaciiT. aqroladi nivTierebebi, AsH3, SiF4 da GeCl4 SeiZleba 
davaciloT araaqrolad liTonTa (spilenZi, kadmiumi, TuTia) 
qloridebs. amoniumis marilebis aqroladoba gamoyenebulia K+ 
da Na+-is marilebidan mis dasacileblad da sxva.  

sxvadasxva duRilis temperaturis mqone A da B nivTiere-
bebis narevis (Txevadi an myari mdgomareoba) gacxelebisas, 
orTqlSi (airadi faza) gadadis ufro advilad aqroladi 
nivTiereba — A, xolo Txevad (an myar fazaSi) rCeba B niv-
Tiereba. orive fazaSi (orTqli-siTxe an myari) A da B niv-
Tierebebis molur wilTa Tanafardobis kavSiri gamoisaxeba 
Semdegnairad:  

B

A

B

A

X
X

Y
Y α=                       (5.1.12) 

sadac YA da YB aris A da B-s moluri wili airad fazaSi 
(orTqlSi); XA da XB — A da B nivTierebebis moluri wilia 
Txevad an myar fazaSi. α — aris koeficienti (fardobiTi 
aqroladoba). 

efeqturi dacilebisaTvis aucilebelia α≫1; mxedvelo-
baSi unda miviRoT, rom XB=1-XA da YB=1-YA. maSin: 

A

A

A

A

X-1
X

Y-1
Y α=                   (5.1.13) 

aqroladobis mixedviT airadi faza (orTqli) gamdidrebulia 
SedarebiT ufro aqroladi nivTierebebiT da amdenad, α-s 
Sebrunebuli sidide warmoadgens ganawilebis koeficients. 

D=
⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛

=

Y-1
Y

X-1
X

1
α

             (5.1.14) 

Tu distilacias iyeneben makrokomponentebis mosacileblad, 
maSin mikrokomponenti koncentrirdeba Txevad fazaSi. am Sem-
TxvevaSi SeiZleba davuSvaT, rom mikrokomponentis ganawilebis 
koeficienti damokidebuli ar aris narevis Sedgenilobaze, 
xolo mocemuli temperaturis dros is mudmivi sididea da 
tolia: 

D=X/Y                                          (5.1.15) 
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aseTi daSveba samarTliania, ramdenadac mikrokomponen-
tis Semcveloba gacilebiT naklebia makrokomponentTan Se-

darebiT da Sesabamisad: X≪1 da Y≪1. 
Zlier gansxvavebuli duRilis temperaturis mqone nivTi-

erebebis distilacia SedarebiT martivia. magaliTad, dariS-
xanis, osmiumis, ruTeniumis kationebi SeiZleba davaciloT 

mraval ions aqroladi naerTebis — AsCl3, AsBr3, Os −
4O , Ru −

4O  
saxiT.  

mravalkomponentiani sistemebis SemTxvevaSi, roca Semadge-
nel komponentTa duRilis temperaturebi axlosaa erTmaneT-
Tan, maSin mimarTaven mravalsafexurian dacilebas e.w req-
tifikacias, romelic mimdinareobs specialur xelsawyoSi. 

gadadena — martivi gamoxda (aorTqleba), nivTierebebis 
dacilebis da koncentrirebis erTsafexurovani procesia. 
aorTqlebis dros cildeba is nivTiereba, romelic Tavidanve 
aqroladi formis saxiT imyofeba saanalizo obieqtSi (xsnar-
Si). es SeiZleba iyos makrokomponenti (matrica), an mikrokom-
ponenti (romlis gadadenasac iSviaTad mimarTaven). matrica 
orTqldeba aqroladi halogenidebis — AsCl3, PCl3, SbCl3, TeCl4 
da sxvaTa analizis dros. am SemTxvevaSi SeiZleba daikargos 
mikrokomponenti airadi fazis meqanikuri watacebiT an Wur-
Wlis kedlebis zedapirze sorbciiT. aorTqleba-amoSrobi-
saTvis gamoiyeneba sxvadasxva saSualebebi: wylis abazana an 
infrawiTeli naTuris sxivebi da sxv. infrawiTeli naTuris 
gamoyenebis dros danakargi SedarebiT naklebia. wylis aba-
zanis an eleqtroquris gamoyenebisas danakargi zogjer 50-
70%-s Seadgens.  

makro- da mikrokomponentebis aqrolad naerTebSi gadasa-
yvanad  iyeneben airad, Txevad an myar nivTierebebs: F2, Cl2, HCl, 
HF, CCl4, BBr, AsCl3 da sxv. cxrilSi 5.1.1 mocemulia nivTi-
erebebis aqroladi formebi, ra saxiTac cildeba TiToeuli 
maTgani araaqrolad nivTierebebs. 
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cxrili 5.1.1 
elementTa dacileba aorTqlebiT 

 
aqroladi forma elementi 

elementi 
hidridebi 
ftoridebi 
qloridebi da oqsiqloridebi 
 
iodidebi 
bromidebi 
oqsidebi 
meTilborati 

H, Hg, N, halogenebi 
As, Bi, Ge, Pb, Sb, Se, Sn, Te, S, Cl, Rr, I 
B, Si, Ti, Nb, V, Mo, W 
Al, As, Cr, Ge, Hg, Sb, Sn, Ta, Ti, V, Mo, 
Zn, Cd 
As, Sb, Sn, Te 
As, Hg, Bi, Sb, Sn, Se 
As, Os, Ru, Se, Te, S, C, H 
B 

5.2. wonasworobis siTxe-siTxe (eqstraqcia) 
pirobebi da maxasiaTebeli sidideebi 

eqstraqcia miekuTvneba fazuri gadasvlis tips — siTxe-
siTxe da warmoadgens Zalzed gavrcelebul, popularul me-
Tods qimiur analizSi. farTod gamoiyeneba nivTierebebis 
identificirebis, koncentrirebis, dacilebis, SeniRbvis da 
gansazRvris dros. 

TvisebiT analizSi eqstraqcia ZiriTadad gamoyenebulia 
ionTa aRmoCenisa da identificirebisTvis. dacilebis dros 
mas iyeneben kationTa sistemuri analizis garkveul stadi-
ebze; magram fizikur-qimiur da sxva meTodebTan kombinire-
bisas warmoadgens sakmaod efeqtur da saimedo meTods mra-
valkomponentiani sistemebis qimiur analizSi. 

eqstraqciis meTodSi farTod aris gamoyenebuli araor-
ganuli da organulligandiani kompleqsnaerTebi, romlebic 
kargad eqstragirdebian organul gamxsnelebSi (qlorofor-
mi, benzoli, toluoli, oTxqloriani naxSirbadi, izoamilis 
spirti, buTanoli, da sxv.). am dros mniSvnelovnad izrdeba 
meTodis gamoyenebis diapazoni. magaliTad, dimeTilglioqsi-
mi amiakur garemoSi pH=9-10 nikelTan(II) warmoqmnis Sigakom-
pleqsur 5-wevra xelats, romelic kargad eqstragirdeba 
qloroformiT, am dros qloroformiani faza Seifereba wiT-
lad. reaqcia seleqturia da farTod aris gamoyenebuli ni-
kelis rogorc aRmoCenis, ise gansazRvrisTvis. 

eqstraqcia aris or fazas (xSir SemTxvevaSi or erTma-
neTSi Seurevad siTxeebs) Soris nivTierebis ganawilebis 
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fizikur-qimiuri procesi. eqstraqciis dros erTdroulad 
mimdinareobs: eqstragirebadi nivTierebis warmoqmna, fazebs 
Soris misi ganawileba da sxvadasxva procesi organul fazaSi 
(disociacia, asociacia, polimerizacia). 

eqstraqciuli sistemebis aRwerisTvis sargebloben Sem-
degi terminebiT:  

eqstraqti — gamoyofili organuli faza, romelic Sei-
cavs gamowvlilul — eqstragirebul nivTierebas. 

eqstragenti — organuli gamxsneli, romelic gamowvli-
lavs (aeqstragirebs) saanalizo nivTierebas wyalfazidan. 

reeqstraqcia — eqstraqtSi (organul fazaSi) gaxsnili 
nivTierebis wyal-fazaSi gadayvanis procesi. 

reeqstraqti — gamoyofili wyalfaza, romelic Seicavs 
eqstraqtidan gamowvlilul nivTierebas. 

eqstraqciis SesaZlebloba da pirobebi:  
1. liTonTa ionebis, an sxva damuxtuli nawilakebis orga-

nul gamxsnelSi gadayvanisas aucilebelia muxtis ganeit-
raleba. amisaTvis liTonis kationebs boWaven umuxto kom-
pleqsebis, xolo muxtian kompleqsebs — ionuri asociatebis 
saxiT;  

2. eqstraqcia SesaZlebelia, roca eqstragirebadi nivTi-
ereba ufro ukeTesad ixsneba organul gamxsnelSi, vidre 
wyalSi. rac ufro metia solvataciis da mcirea hidrataciis 
energia, miT metia gamowvlilvis (eqstraqciis) xarisxi;  

3. organul gamxsnelSi nivTierebis gaxsnisa da sruli 
eqstraqciisaTvis aucilebelia misi hidrofoburobis uzrun-
velyofa (e.i. is ar unda Seicavdes hidrofilur jgufebs         
SO3H, -COOH, -OH da sxva); xelatis Siga organuli nawili sak-
mao moculobis unda iyos, raTa SeZlos molekulis hid-
rofiluri nawilis blokireba. 

4. eqstraqciis procesi xels uwyobs solvatacias. maga-
liTad, kadmiumis (II), kobaltis (II) da sxva ormuxtiani katio-
nis oqsiqinolinati qloroformian fazaSi 8-oqsiqinolinis 
(zogadad HOX) molekulebTan warmoqmnis solvatirebul 
produqts — M(OX)2·nHOX, e.w. aduqts. 

5. ionuri asociatebis eqstraqciis dros mniSvnelovania 
ionTa muxti da zoma. eqstraqcia uaresdeba kationis muxtis 
gazrdisa da zomis Semcirebisas. sxva Tanabar pirobebSi ufro 
kargad eqstragirdeba erTmuxtiani kationebi, SedarebiT 
cudad — ori da kidev ufro cudad — sammuxtiani kationebi; 
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6. sxva Tanabar pirobebSi ufro kargad eqstragirdeba 
mdgradi kompleqsebi. 
ZiriTadi kanoni da ganawilebis konstantebi. eqstraqciis 
procesi emorCileba nernstis ganawilebis kanons: am SemTxve-
vaSic A nivTiereba nawildeba organul fazasa da wyalfazas 
Soris da myardeba dinamikuri wonasworoba: 

Awy ⇄ Aorg.                           (5.2.1) 

masaTa moqmedebis kanonis Tanaxmad: 

KD = 
wy.

org.

A

A 

a
a

            (5.2.2) 

amrigad, am fazebSi nivTierebis (A) erT da imave formis 
aqtivobaTa fardoba mudmivi temperaturisa da wnevis dros 
mudmivi sididea. aqedan gamomdinare, KD — warmoadgens ga-
nawilebis konstantas. realur pirobebSi (ramdenadac aqti-
urobis koeficienti gansakuTrebiT organuli fazisaTvis 
naklebadaa cnobili) iyeneben e.w. ganawilebis realur kon-
stantas: 

r
DK  =  

wy.

org.

[A]
[A] 

              (5.2.3) 

roca μ→0*), KD -s mniSvneloba uaxlovdeba ganawilebis WeS-
marit konstantas. Tu orive faza xsnaria da nivTierebis 
Sedgeniloba orive fazaSi erTi da imavea (e.i. orive fazaSi is 
erTi da imave formiT arsebobs), maSin ganawilebis konstanta: 

KD =  
wy.

org.

S
S 

                   (5.2.4) 

sadac Sorg. da Swy. aris nivTierebis formis xsnadoba organul 
fazasa da wyalfazaSi. Sesabamisad, eqstragirebuli nivTie-
reba xsnarebSi sxvadasxva formiT SeiZleba arsebobdes. am-
denad, praqtikulad ufro mniSvnelovania nivTierebis yvela 
formis jamuri koncentraciis fardoba wyalsa da organul 
fazebSi. e.i. ganawilebis koeficienti: 

D=
wy.

org.

C
C 

                          (5.2.5) 

                                                 
*) μ — ionuri Zala =0, maSin a=[]. 
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ganawilebis koeficienti damokidebulia eqstraqciis pi-
robebze. mag., xsnaris pH-ze, eqstragentis koncentraciaze 
(radgan ganawilebis konstanta mudmivia, roca μ=const). 

eqstraqciuli procesis maxasiaTebeli sididea agreTve 
eqstraqciis (anu gamowvlilvis) xarisxi — R. is gamoisaxeba 
%-Si da warmoadgens organul fazaSi nivTierebis saerTo 
koncentraciis fardobas nivTierebis gamosaval koncentra-
ciasTan wyalfazaSi. nivTierebis raodenoba TiToeul fazaSi 
tolia: Qwy.=Cwy.Vwy. da Qorg.=Corg.Vorg., sadac Cwy. da Corg. niv-
Tierebis saerTo koncentraciebia wyalsa da organul fazaSi; 
Vwy. da Vorg. — fazebis moculobebi. am aRniSvnebis gamoyenebiT 
ganawilebis koeficienti (D) SeiZleba davakavSiroT eqstraq-
ciis xarisxTan (R). 

R%=
org.wy.org.org.wy.wy.

org.org.

V/VD
D

VCVC
100VC 

+
=

⋅+

⋅⋅
·100        (5.2.6) 

ganawilebis koeficienti (D) gamoxatavs nivTierebis saer-
To koncentraciaTa fardobas orive fazaSi da bunebrivia, es 
sidide damokidebulia ganawilebis pirobebze da ar aris da-
mokidebuli fazebis moculobaze. D-gan gansxvavebiT, gamo-
wvlilvis (eqstraqciis) xarisxi — R, romelic warmoadgens 
nivTierebis eqstragirebul wils saerTo koncentraciidan, 
damokidebulia fazebis moculobebis fardobaze; nivTiere-
bis ganawilebis koeficientis erTi da imave mniSvnelobis 
SemTxvevaSi da aseve wyalfazis Vwy=const mudmivobis dros 
nivTiereba miT ufro mTlianad gamoiwvlileba, rac ufro 
metia organuli fazis moculoba — Vorg. 

praqtikulad didi mniSvneloba aqvs agreTve dayofis faq-
tors — α, romelic warmoadgens ori (1,2) nivTierebis gana-
wilebis koeficientebis fardobas. 

2

1
D
D=α , sadac D1>D2. 

eqstraqciis procesis universalur maxasiaTebels warmo-
adgens eqstraqciis konstanta — Keqst. magaliTad, Tu eqstra-
girebuli nivTiereba Sigakompleqsuri naerTia da is 
mTlianad aris gamowvliluli organuli gamxsneliT, maSin 
wonasworoba gamoisaxeba Semdegnairad: 

+mMwy. +mHL(org.) ⇄ MLm(org.) + m +
wy.H          (5.2.7) 



 50

wonasworobis (5.2.7) konstantas uwodeben eqstraqciis 
konstantas da is ase gamoisaxeba:  

Keqst.= 
mm

m
m

HL][]M[

]H[][ML 

org.wy.

wy.org.

⋅

⋅
+

+

              (5.2.8) 

es imas niSnavs, rom eqstraqcia SeiZleba ganvixiloT ro-
gorc Cveulebrivi orfazuri jamuri reaqcia. 

5.3. eqstraqciul sistemaTa tipebi                                  
da procesTa meqanizmi  

eqstraqciuli sistemis klasifikacias safuZvlad udevs 
sxvadasxva faqtori: eqstragentebis buneba da Tvisebebi; or-
ganul gamxsnelebSi eqstragirebuli naerTebis tipebi, eqs-
traqciis saSualebebi da sxv. 

martivi nivTierebebis, kompleqsnaerTebis da asociatebis 
eqstraqcia sxvadasxva meqanizmiT mimdinareobs. am mxriv an-
sxvaveben:  

1. fizikuri ganawilebis meqanizmi. am meqanizmiT eq-
stragirdeba araorganuli nivTierebebi kovalenturi bmebiT, 
romlebic organul gamxsnelTan ar warmoqmnis qimiur naerTs. 
aseTi nivTierebebis or fazas Soris ganawileba warmoadgens 
fizikur movlenas (vander-vaalsis ZalebiT moqmedeba): maga-
liTad, Br2, I2, HgCl2, HgI2, AsCl3, AsBr3, GeCl4 da sxva. eqstraqcia 
qloroformiT, oTxqloriani naxSirbadiT da sxva organuli 
gamxsneliT. 

2. solvaturi meqanizmi. am meqanizmiT eqstragirdebian 
nivTierebebi, romlebic organul gamxsnelebTan warmoqmnian 

solvatebs. magaliTad, anionebi: −
3NO , Br¯, SCN¯, −

4ClO  da sxva 

eqstragirdeba tributil-fosfatis (C6H9O)3PO gamoyenebiT. 
3. hidratul-solvaturi meqanizmi. am meqanizmiT eq-

stragirdeba mineraluri da kompleqsuri mJavebi (maTi saer-
To formulaa: H2[MLy]). eqstragentad gamoiyeneba organuli 
gamxsnelebi, romlebTac gaaCniaT protonis mierTebis unari 
(e.i. protonizirdebian). maT miekuTvneba spirtebi, ketonebi, 
martivi da rTuli eTerebi.  

eqstragirebuli nivTiereba Sedgeba kationuri nawilis — 
hidratirebuli an solvatirebuli protonisagan da anionuri 
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nawilis — mJavas anionisagan. am meqanizmiT eqstragirdeba 
agreTve Fe(III), Sb(III, V), oqro(III) da sxva. Zlier koncentri-
rebuli marilmJava xsnarebidan. 

4. ionuri asociatebis (ionuri wyvilebis) eqstraqcia.  
am meqanizmiT eqstragirdeba aminebis naerTebi rTul anioneb-

Tan ( -
44 ORe,MnO−  da a.S.), organuli saRebavebis rTuli kati-

onebis naerTebi rTul anionebTan — [SbCl6]¯, [Zn(SCN)4]2- da sxv. 
5. Sigakompleqsuri (xelaturi) naerTebis eqstraqciis 

meqanizmi. mravali xelaturi kompleqsnaerTi Znelad ixsneba 
wyalSi, magram kargad ixsneba organul gamxsnelSi. 

        reaqcia SeiZleba warmovadginoT Semdegnairad: 

+nMwy. + nHLorg.⇄MLn org.+ n +
wy.H            (5.3.1) 

eqstraqciis konstanta: 

Keqst.= 
nm

n
n

HL][]M[

]H[][ML 

org.wy.

wy.org.

⋅

⋅
+

+

                 (5.3.2) 

 
Tu davuSvebT:  

1) liTonis kationis kompleqsuri formebis koncentra-
cia wyalfazaSi Zalian mcirea liTonis [Mn+]-is koncentra-
cisasTan SedarebiT. maSin Cwy.=[Mn+]. 

2) wyalfazaSi warmoiqmneba mxolod erTi kompleqsi; 
3) kompleqsis Sedgeniloba ar icvleba organul fazaSi, 

maSin: 

D=
wy.

org.

]M[

][ML 
n
n
+

                                   (5.3.3) 

Keqst.= D nHL][

]H[ 

org.

wy.
n+

    (5.3.4)       an D = n]H[

]HL[ 

wy.

org.

+

n

Keqst.     (5.3.5) 

aqedan gamomdinareobs, rom ganawilebis koeficienti da, 
Sesabamisad, eqstraqciis xarisxi damokidebulia organul 
fazaSi reagentis raodenobaze, wyalxsnaris pH-ze da sxva. am 
meqanizmiT nivTierebis aRmoCenisa da dacilebisTvis xSirad 
gamoiyeneba: diTizoni, orTo-oqsiqinolini, piridil-azo-
naftoli (pani), acetil-acetoni da a.S. 
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TvisebiT analizSi nivTierebebis (ionebis) eqstraqciuli 
meTodiT aRmoCena (identificireba) da dacileba mimdinare-
obs zemoT aRniSnuli meqanizmiT.  

ionTa aRmosaCenad farTod gamoiyeneba, rogorc wyalSi 
Serevadi, ise wyalSi Seurevadi organuli gamxsnelebi: spir-
tebi, qlroformi, benzoli, izoamilis spirti, oTxqloriani 
naxSirbadi, dieTileTeri da a.S. (cxrili 5.3.1, gv. 52). 

eqstraqciul meTods, sxva meTodebTan SedarebiT, gaaCnia 
mTeli rigi upiratesobebi: 1. meTodi maRalmgrZnobiarea (saa-
nalizo komponenti — ioni wyalxsnaris didi moculobidan ga-
dahyavT organuli gamxsnelis SedarebiT mcire moculobaSi).    
2. meTodi saimedoa. saanalizo komponenti mTlianad eqstra-
girdeba organuli gamxsneliT da naklebad aris gabinZurebuli 
TanaeqstraqciiT*) (gansxvaveba Tandaleqvisagan). 3. meTodi se-
leqturia. SeiZleba gamovyoT da davaciloT nivTierebebi maSi-
nac, roca sxva meTodebiT es SeuZlebelia. ramdenadac eqstraq-
ciuli meTodi iZleva optimizaciis did SesaZleblobas (pH-is 
regulireba, gamxsnelis SerCeva da sxv.). 4) meTodi martivi da 
swrafia. ar saWiroebs specialur xelsawyo-aparaturas (eq-
straqcia tardeba gamyofi Zabris saSualebiT). eqstraqciisaT-
vis saWiro dro 2-5 wuTia. 5. meTodi naklebSromatevadia (gamo-
ricxulia mTeli rigi analizuri operaciebi, daleqva, gafil-
tvra, Carecxva da a.S.). 6. meTods aqvs gamoyenebis farTo diapa-
zoni. gamoyenebulia nivTierebebis aRmoCenis, dacilebis, kon-
centrirebisa da raodenobiTi gansazRvrisaTvis; farTod gamo-
iyeneba agreTve instrumentuli meTodebis bolo stadiebze: eq-
straqciul-fotometrul, eqstraqciul-atomur-absorbciul, 
eqstraqciul-polarografiul, eqstraqciul-speqtralur da 
sxva analizSi. gamoyenebulia mecnieruli kvleva-Ziebis dros 
mJavebis, fuZeebis, disociaciis konstantebis, kompleqsTa 
mdgradobis (umdgradobis) konstantebis, nivTierebis Sedgeni-
lobis dadgenisTvis da sxva. unda aRiniSnos, rom organul gam-
xsnelTa umravlesoba toqsikuria. amitom analizi unda Catar-
des gamwov karadaSi da mkacrad unda iqnes daculi organul 
gamxsnelebTan muSaobis wesebi! 

SeniRbva da ganiRbva. nivTierebebis (komponentebis) aR-
moCenisa da gansazRvris dros gareSe, xelisSemSleli kom-
ponentis gavlenis Tavidan asacileblad, farTod iyeneben Se-
niRbvas.
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SeniRbva aris qimiuri procesis Seferxeba (an SeCereba) 
iseTi meore nivTierebis zemoqmedebiT, romelsac unari aqvs 
Secvalos ZiriTadi reaqciis mimarTuleba an siCqare. am dros 
ar xdeba axali fazis warmoqmna, riTac aSkarad vlindeba 
SeniRbvis upiratesoba dacilebis meTodTan SedarebiT (am 
SemTxvevaSi gamoiricxeba erTi fazis meore fazisagan da-
cilebis operaciebi). 

ganasxvaveben SeniRbvis or saxes: Termodinamikurs (wonaswo-
ruls) da kinetikurs. Termodinamikuri SeniRbvisas reaqciis 
pirobiTi konstanta (saTanado pirobebis SeqmniT) imdenad 
mcirdeba, rom xelisSemSlel komponentsa da reagents Soris 
urTierTqmedebis procesi praqtikulad ar mimdinareobs. e.i. 
SeniRbuli nivTierebis koncentracia im zomamdea Semcirebuli, 
rom analizuri signali ar fiqsirdeba. sqematurad SeniRbvis 
procesi SeiZleba Semdegnairad warmovidginoT: 

 
 
 
 
 
Tu davumatebT SemniRbav R΄ reagents, romelic reaqciaSi 

Sedis minarevTan — B, maSin xsnarSi warmoiqmneba: 

B + R΄ ⇄ BR΄ imdenad mdgradi kompleqsi (an naerTi), rom  
reaqcia B+R         aRar warimarTeba. minarevis gavlenis Tavi-
dan acileba SesaZlebelia agreTve minarevis (B)-s JangviTi 
xarisxis SecvliT.  

kinetikuri SeniRbva emyareba SesaniRbavi komponentis (B) 
da saanalizo nivTierebis (A) erTi da igive reagentTan (R) 
urTierTqmedebis siCqaris mkveTr gansxvavebas. magaliTad, 

−
4MnO  da Cl¯-s Soris mimdinare inducirebuli reaqciis siC-

qare Zalze mcirdeba fosfat-ionis Tanaobisas. 
amrigad, SemniRbavebad iyeneben:  
1. nivTierebas, romelic gareSe komponentTan (ionTan) 

warmoqmnis bevrad ufro mdgrad kompleqss, vidre saanalizo 
nivTierebasTan. magaliTad, Co(II)-is TiocianidiT aRmoCenas 
xels uSlis Fe3+. am SemTxvevaSi rkinis(III) SesaniRbad iyeneben 
amoniumis fTorids, romelic rkinasTan(III) warmoqmnis bevrad 
ufro mdgrad kompleqsanions —  [FeF6]3¯-s, vidre Tiocianid-
ionebi (SCN¯). 

xsnarSia:   A – saanalizo komponenti + B  (minarevi) 
 
                                                      + R reagenti 
                                  ↑↓ AR da BR 
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2. nivTierebas, romelic abrkolebs mcired xsnadi hidro-
qsidebis warmoqmnis mJavur-fuZur reaqcias. magaliTad, Rvi-
nis mJavas Tanaobisas Fe(OH)3 ar ileqeba amoniumis tutiT 
(pH=9-10);  

3. redoqsnivTierebas, romelic cvlis minarevis JangviT 
xarisxs. magaliTad, tute garemoSi wyalbadis peroqsidi Cr3+-s 
Jangavs Cr6+-mde da amoniumis tutis moqmedebisas Cr(OH)3 aRar 
warmoiqmneba. es procesi gamoyenebulia   Cr(III)-is dasacileb-
lad Al3+ da Fe3+-sagan (am SemTxvevaSi  Al(III) da Fe(III) ileqeba 
hidroqsidebis saxiT).  

4. zedapirulad aqtiur nivTierebebs magaliTad, polaro-
grafiul meTodSi polarogramebis zeddebasa da maqsimumis 
gadagvarebis Tavidan asacileblad.   

SeniRbvis efeqturobis Sesafaseblad iyeneben e.w. SeniR-
bvis indeqss. SeniRbvis indeqsi aris gareSe komponentis (mi-
narevis) saerTo koncentraciis misi SeukavSirebeli nawilis 

koncentraciasTan fardobis logariTmi. e.i. lg
Seuk.

saerTo

C
C

;  

qimiur analizSi farTod iyeneben rogorc araorganul 
SemniRbavebs — pirofosfatebs, polifosfatebs, fosformJa-
vas, fToridebs, Tiocianidebs da sxv., ise organul SemniR-
bavebs — Rvinis, limonis, vaSlis, rZis, salicilis mJavebs, 
glicerins, TioSardovanas, kompleqson III-s da sxv. 

qimiur analizSi zogjer mimarTaven SeniRbvis sapirispi-
ro process — ganiRbvas. 

ganiRbva aris nivTierebis sawyis formaSi gadayvanis 
procesi, romelSic is avlens misTvis damaxasiaTebel reaq-
ciaSi Sesvlis unars. 

gasaniRbavad iyeneben, magaliTad, protonizaciis pro-
cess, roca SeniRbul nivTierebas aqvs susti fuZuri Tvi-
sebebi, an Slian mas gacxelebiT da sxva. kationebis anionebTan 
(OH¯, CN¯, F¯) warmoqmnili kompleqsebis ganiRbvas axdenen pH-
is SemcirebiT da gacxelebiT. magaliTad, titanis peroqsi-
duli kompleqsi SemJavebiTa da gacxelebiT iSleba. ganiRbva 
SeiZleba agreTve SemniRbavi nivTierebis daJangviT, an TviT 
saZiebeli ionis JangviTi ricxvis SecvliT.  
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5.4. qromatografiuli analizi. meTodebis 
klasifikacia. maTi arsi da mniSvneloba 

qromatografia fizikur-qimiuri analizis erT-erTi metad 
mniSvnelovani da efeqturi meTodia. meTodi farTod aris 
gamoyenebuli mecnierebisa da teqnikis sxvadasxva sferoSi mTeli 
rigi amocanebis gadasaWrelad: 1. araorganuli da organuli 
warmoSobis rTuli obieqtebis Semadgenel komponentTa dasa-
cileblad. magaliTad, mcenareuli da cxoveluri pigmentebis 
gamoyofa; 2. nivTierebebis koncentrirebisTvis — Zlier ganza-
vebuli xsnarebidan. magaliTad, mikroelementebis gamoyofa 
bunebrivi obieqtebidan (zRvis wyali, niadagi, mTis Raribi qanebi 
da sxv.); 3. nivTierebebis (vitaminebi, antibiotikebi, farmacevtu-
li preparatebi da a.S.) minarevebisagan gasasufTaveblad. 

qromatografia fazaTa dayofis sxva meTodebTan Sedare-
biT, warmoadgens dinamikur meTods, romlis drosac srul-
deba sorbcia-desorbciis mravaljeradi procesi. komponen-
tTa dacileba xdeba moZravi fazis nakadSi da farTod aris 
gamoyenebuli rTuli sistemebis analizSi nivTierebebis kon-
centrirebisa da dacilebisaTvis. 

analizur qimiaSi farTod iyeneben qromatografiuli me-
Todis sxva meTodebTan kombinirebis princips, rac saSua-
lebas iZleva erTdroulad iqnes Sesrulebuli nivTierebis 
koncentrireba-dacileba da raodenobrivi gansazRvra. e.i. 
qromatografia warmoadgens analizur-hibridul meTods. 

qromatografiuli analizi emyareba or erTmaneTSi Seu-
revad (uZrav da moZrav)*) fazebs Soris nivTierebis ganawi-
lebis unars. uZrav fazad iyeneben myar nivTierebas, an siTxis 
Txel afsks, romelic dafenilia inertul myar fazaze, e.w. 
`matarebelze~. saanalizo xsnaris komponentebi moZrav fa-
zasTan erTad gaedineba (gadis) stacionalur uZrav fazaSi, 
romelic moTavsebulia e.w. qromatografiul svetSi. 

sorbcia SesaZlebelia im SemTxvevaSi, roca myar fazas, e.i. 
sorbents gaaCnia nivTierebis (komponentis) STanTqmis Ser-
CeviTi unari. aqedan gamomdinare, cnebaSi — sorbcia — igu-
lisxmeba gazis, orTqlis, gaxsnili nivTierebis  (komponentis, 
ionis da sxva) STanTqmis procesi (fizikuri, qimiuri) myari an 
Txevadi mSTanTqmelebis saSualebiT.  

                                                 
*) uZravi faza — myari forovani nivTiereba (adsorbenti), moZravi — siTxe. 
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uZrav fazas unda gaaCndes Semdegi Tvisebebi:  
1. SeeZlos moZravi fazis komponentis adsorbireba (fizi-
kuri) an sorbireba (qimiuri). 2. xsnides dasacilebel nivTie-
rebas  (komponents). 3.  gaaCndes  forovani  struqtura. 4) un-
da iyos meqanikurad mtkice da mdgradi mJavebis da tuteebis 
zemoqmedebis mimarT da sxva. 

moZravi faza unda akmayofilebdes Semdeg ZiriTad moT-
xovnebs: 1. xsnides saanalizo nivTierebas. 2. unda iyos nakle-
bad blanti (saanalizo komponents unda hqondes difuziis 
sakmaod didi koeficienti). 3. unda iyos inertuli, usafrTxo 
da mocemuli xelsawyos deteqtoris Sesabamisi da sxva. 

unda gavarCioT da ganvasxvavoT terminebi: 
sorbcia aris ionis (komponentis), anu sorbatis*) myari an 

Txevadi mSTanTqmeliT (sorbentiT**), adsorbentiT) STanTq-
mis procesi. 

adsorbcia aris nivTierebis (ionis) koncentrirebis pro-
cesi adsorbentis zedapirze (an fazaTa gayofis zedapirze). 

absorbcia aris nivTierebis an gazebis STanTqma-koncen-
trireba myari sxeulis mTel moculobaSi; adsorbentidan ra-
ime gamxsneliT (eluentiT) sorbatis gamorecxvas (gamotanas) 
uwodeben eluirebas, xolo gamosul filtrats — eluats. 

sorbatis damaxasiaTebeli Tviseba gamoixateba sorbentSi 
misi gasvlis (gaRwevis) siCqariT, romelic yoveli nivTiere-
bisaTvis sxvadasxvaa da erTi da imave drois ganmavlobaSi 
gavlili manZilic, Sesabamisad, gansxvavebulia, e.i. mimdina-
reobs SerCeviTi adsorbcia. Tavdapirvelad adsorbirdebia 
advilad adsorbirebadi, Semdeg SedarebiT Znelad adsor-
birebadi komponentebi. es procesi zogadad SeiZleba warmo-
vadginoT Semdegnairad: adsorbentze, romelic moTavsebu-
lia qromatografiul svetSi, saanalizo xsnaris gatarebisas 
misi Semadgeneli nivTierebebi (komponentebi) adsorbirdeba 
masze — zeda nawilSi Tavs moiyris SedarebiT advilad ad-
sorbirebadi nivTierebebis, xolo qvemoT — sustadadsor-
birebadi nivTierebebis fena. SerCeuli gamxsneliT Carecxvi-
sas es fenebi ufro gamoikveTeba damaxasiaTebeli feris Sre-
ebis saxiT da warmoiqmneba zonebi, e.w. `qromatogramebi~, 
romlebic vizualurad advili SesamCnevia. 

                                                 
*) sorbati — igulisxmeba saZiebeli komponenti, romelic STainTqmeba myari 
faziT.  
**) sorbenti — romelic STanTqavs (akavebs) sorbats. 
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qromatografiuli analizis meTodebi mravalferovani da 
mravalricxovania. meTodebis klasifikacias safuZvlad 
udevs sxvadasxva principi: analizis Sesrulebis teqnika, 
moZravi da uZravi fazis agregatuli mdgomareoba, sorbentis 
da sorbatis urTierTqmedebis meqanizmi, qromatografirebis 
mizani da sxv. 

Sesrulebis teqnikis mixedviT ansxvaveben statikur da 
dinamikur qromatografiul meTods. statikuri meTodis Ta-
naxmad, adsorbenti da adsorbati uSualod SeaqvT xsnarSi 
stacionalur mdgomareobaSi da ayovneben wonasworobis dam-
yarebamde. Semdeg saZiebel komponents (adsorbats, sorbats) 
acileben — gamowvlilaven Sesabamisi gamxsneliT. 

ufro xSirad iyeneben dinamikur meTods. romlis drosac 
saanalizo xsnars atareben adsorbentis uZrav fenaSi, rome-
lic moTavsebulia specialur qromatografiul svetSi, sa-
Tanado wesis dacviT. 

sorbat-sorbentis urTierTqmedebis meqanizmis mixedviT 
ganasxvaveben: molekulur-adsorbciul, iongacvliT (ionmi-
mocvliT) qromatografias, gamanawilebel-qaRaldis, daleq-
viT qromatografiul meTods da sxv. 

molekulur-adsorbciuli meTodi SeimuSava rusma bo-
tanikosma m.s. cvetma 1903 wels mcenareuli eqstraqtebis 
kvlevisas da uwoda `qromatografia~ (gamomdinare berZnuli 
saxelwodebidan `qromatos~ — feri). meTodi farTod ganvi-
Tarda 1938 wlidan (n.a. izmailovis da m.s. Sraibergis Srome-
bis gamoqveynebis Semdeg). 

Zalzed gafarTovda misi gamoyenebis diapazoni 70-iani 
wlebidan da amJamadac farTod aris gamoyenebuli rogorc 
mecnieruli kvlevis sferoSi, ise praqtikaSi.  

adsorbciuli qromatografiuli meTodi emyareba adsor-
bentis (sorbentis) mier nivTierebebis (komponentebis) STan-
Tqmis gansxvavebul unars. am mimarTebiT ganasxvaveben airad 
da Txevad qromatografias*).  

qimiur analizSi, airad-qromatografiasTan SedarebiT, 
ufro farTod aris gamoyenebuli Txevadi qromatografia, 
ramdenadac nivTierebaTa umravlesoba araaqroladia. garda 
amisa, gacxelebiT nivTiereba iSleba misi airad fazaSi ga-
dayvanis dros. Txevad-qromatografiuli meTodis gamoyene-

                                                 
*) saanalizo xsnari (gaxsnili nivTierebis narevi) uwyveti nakadis reJimiT 
SeaqvT qromatografiul sistemaSi. 
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bisas nivTierebebis identificireba da dacileba warmoebs 
oTaxis temperaturaze. 

Txevadi qromatografiis variantebs gansazRvravs Txeva-
di faza (eluenti)**). eluentis SerCeviT SesaZlebelia qro-
matografirebis mniSvnelovani parametrebis Secvla da, Sesa-
bamisad, qromatografiuli sistemis seleqtiurobis gazrda. 
am meTodis seleqtiurobas, airadi-qromatografiisagan gan-
sxvavebiT, gansazRvravs ara erTi, aramed ori faqtori — 
moZravi da uZravi fazebis buneba. 

uZravi da moZravi fazebis polarobis mixedviT ganasxva-
veben or variants: pirvel variantSi myari faza (sorbenti) — 
polarulia, moZravi faza — arapolaruli. meore variantSi 
piriqiT — sorbenti arapolarulia, moZravi faza ki pola-
ruli. orive variantSi moZravi fazis (eluentis) SerCeva uf-
ro mniSvnelovania, vidre uZravi fazisa, radgan eluentis 
molekulebi konkurencias uwevs qromatografirebadi nivTi-
erebis molekulebs adsorbentis aqtiuri zedapiris daka-
vebaSi. 

pirvel variantSi sorbat-sorbentis urTierTqmedeba 
mimdinareobs specifiuri bmis — mag., wyalbaduri bmis warmo-
qmnis meqanizmiT, romelic gansazRvravs qromatografiuli 
sistemis seleqtiurobas da e.w. `Sekavebis dros~. 

sorbentad iyeneben wvrilad dispergirebul forovan 
masalas (xvedriTi zedapiri ara umetesi 50 m2·g-1). polaruli 
adsorbentebia: SiO2, Al2O3, liTonTa oqsidebi da sxva. maT ze-
dapirze ganlagebulia funqcionaluri jgufi — OH, romelic 
akavebs fuZe Tvisebebis nivTierebebs. aseTi sorbentebi um-
Tavresad gamoyenebulia arapolaruli da saSualo polaru-
li nivTierebebis dasacileblad. 

arapolaruli adsorbenti Zalzed mgrZnobiarea wylis 
mimarT. es arasasurvelia, radgan wyali cvlis adsorbentis 
zedapiris Tvisebas. magaliTad, SiO2-is zedapirze ganlagebu-
li siloqsanuri jgufebi: — Si — O — Si — wylis zegavleniT (ro-
melsac gamxsneli Seicavs) gadadis silanur formaSi ≡ Si — OH. 
amis gamo misi zedapiris Tviseba icvleba da qromatog-
rafirebis Sedegi ganmeorebadi aRar aris, e.i. sorbat-sor-

                                                 
**) saanalizo nimuSi SeaqvT moZravi fazis (eluentis) nakadSi. nimuSis Seta-
namde da Setanis Semdeg eluentis Sedgeniloba ar icvleba. narevis Semad-
geneli komponentebi svetSi gavlisas zonebad gamoiyofa. 
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bentis urTierTqmedebis unari bevrad aris damokidebuli 
sorbentis molekulis sivrcul konfiguraciaze da funqci-
onaluri jgufebis Semcvelobaze. mag., molekulaSi wyalba-
duri bmis warmomqmneli jgufis Seyvanisas, izrdeba nivTi-
erebis Sekavebis unari. rac ufro mtkicea eluentsa da ad-
sorbents Soris bma, miT ufro efeqturad aZevebs sxva mo-
lekulebs da, Sesabamisad, amcirebs e.w. `Sekavebis dros~. 

rac Seexeba moZrav fazas, mas ganasxvaveben maeluirebeli 
unaris (Zalis) mixedviT. adsorbciul qromatografiaSi po-
larul sorbentze maeluirebeli Zala miT ufro didia, rac 
ufro polarulia gamxsneli (e.i. maeluirebeli Zala ganpiro-
bebulia gamxsnelis polarobiT). 

eqsperimentulad dadgenlia, rom gamxsnelTa maeluirebe-
li Zala, rogorc wesi, izrdeba misi dieleqtrikuli SeR-
wevadobis gazrdiT. xSirad iyeneben: najer naxSirwyalbadebs 
(heqsans, pentans), oTxqlorian naxSirbads, qloroforms, eTa-
nols, meTanols da wyals (aq CamoTvlili gamxsnelebi ganla-
gebulia maeluirebeli Zalis zrdis mixedviT). 

susti gamxsnelebis maeluirebeli Zalis gazrdisaTvis 
umateben aqtiur (Zlier) gamxsnelebs. roca arapolarul 
eluents umateben nivTierebas, romelsac wyalbaduri bmis 
warmoqmnis unari aqvs (mag., spirts, eTers da sxv.), maSin ur-
TierTqmedebebis — nivTiereba-adsorbenti, nivTiereba-elu-
enti, eluenti-adsorbenti — seleqtiurobas da Sekavebas gan-
sazRvravs am urTierTqmedebebis specifiuroba. 

wyalbaduri bmebi warmoiqmneba, rogorc sorbentsa da 
nivTierebas Soris, ise nivTierebasa da eluents Soris; es uka-
naskneli gavlenas axdens nivTierebis qromatografiul qce-
vaze. magaliTad, fenoli da anilini eluatSi, romelsac ara 
aqvs wyalbaduri bmis warmoqmnis unari, svetidan gadis aR-
niSnuli TanmimdevrobiT (fenoli→anilini). magram spirtian 
moZrav fazaSi maTi gasvlis Tanmimdevroba sapirispiroa (ani-
lini→fenoli). es imiT aixsneba, rom anilini Seicavs amino-
jgufs — NH2-s, romelsac aqvs spirtTan wyalbaduri bmis 
warmoqmnis ufro didi unari, vidre fenols. 

adsorbciuli meTodis II variantSi gamoyenebulia arapo-
laruli adsorbenti, eluentad — wyali an wylis da organuli 
gamxsnelis (mag., spirtis, acetonnitrilis da sxv.) narevi. 
qromatografirebadi nivTierebebi araspecifiurad urTi-
erTqmedeben hidrofobur uZrav fazasTan. am SemTxvevaSi 
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nivTierebis Sekavebis erT-erT SesaZlebel meqanizms warmo-
adgens hidrofoburi urTierTqmedeba sorbentis najeri nax-
Sirwyalbadis jaWvsa da molekulebis arapolarul ubans So-
ris. eluentSi polaruli funqcionaluri jgufebi orien-
tirebulia da wyalTan warmoqmnis wyalbadur bmebs. hidro-
foburi radikalis raodenobis gazrdiT Zlierdeba arapo-
larul sorbentTan molekulebis urTierTqmedebis unari. am 
SemTxvevaSi Zalzed gaadvilebulia homologebis dacileba. 
garda amisa, eluentidan eluentze gadasvlisas, wonasworoba 
bevrad ufro swrafad myardeba, vidre I variantSi; wyal-or-
ganuli gamxsnelis narevebTan muSaoba ufro mosaxerxebelia. 
yovelive aman ganapiroba II variantis farTo gamoyeneba orga-
nuli nivTierebebis analizSi. 

adsorbciul-sveturi qromatografiis klasikuri vari-
anti martivia, gamoyenebuli qromatografiuli sveti war-
moadgens 20-100 sm sigrZisa da 0,5-5 sm diametris mqone minis 
mils. mils avseben sorbentiT (uZravi faza) da saanalizo 
narevi SeaqvT svetis zeda nawilSi. svetSi xsnaris gavlisas 
gamoiyofa xsnaris Semadgeneli calkeuli komponenti; maT 
agroveben da axdenen analizs. eluentis svetSi gasvlis siC-
qare mcirea da, Sesabamisad, nivTierebis dacilebis procesi 
did dros saWiroebs. meTodi laboratoriul praqtikaSi ga-
moyenebulia simartivisa da xelsawyo-aparaturis xelmisawv-
domobis gamo. 

meTodi Zalzed gafarTovda da ganviTarda modificire-
buli sorbentebis sinTezis, modernizirebuli xelsawyo-apa-
raturis Seqmnis da gamoyenebis Semdeg. amJamad es meTodi 
warmoadgens erT-erT mniSvnelovan maRalefeqtur meTods 
Tanamedrove meTodebs Soris. 

maRalefeqtur siTxur qromatografiaSi farTod aris 
gamoyenebuli Semdegi modificirebuli sorbentebi: 

 
 
 
 
 
 
 
 
 
 

 
≡ Si – O – Si – (CH2)7CH3;   ≡ Si – O – Si – (CH2)17CH3; 
 
 
≡ Si – O – Si – CH2 –                 ;     ≡ Si – O – Si – (CH2)3 – NH2; 
 
 
≡ Si – O – Si – (CH2)3 – CN   da sxva. 
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aseTi adsorbentebis gamoyenebisas swrafad myardeba wonas-
woroba; umjobesdeba ganmeorebadoba, seleqturoba da sxva. 

Tanamedrove xelsawyo-aparaturis gamoyenebiT (Zlieri, 
maRali wnevis tumboebis, maRalmgrZnobiare deteqtorebis, 
qromatografirebis reJimis avtomatizirebiT, sorbentis 
marcvlis zomebis gazrdiT da sxv.) mniSvnelovnad gaizarda 
meTodis siswrafe, seleqturoba, mgrZnobiaroba, ganmeore-
badoba, gamoyenebis diapazoni da sxva. 

meTodi farTod gamoiyeneba biologiurad aqtiuri mo-
lekulebis, optikuri izomerebis, organuli da araorganuli 
nivTierebebis identificirebis da dacilebisTvis. 

iongacvlis (ionmimocvlis) qromatografiul meTods 
safuZvlad udevs ionTa mimocvlis dinamikuri procesi. am 
dros uZravi fazis (ionitis) da moZravi fazis (eluentis) 
ionebs Soris mimdinareobs gacvlis procesi. arsi SemdegSia: 

iongamcvleli nivTiereba (adsorbenti) eleqtrolitur 
xsnarSi moTavsebisas STanTqavs xsnaris Semadgenel ionebs 
(kations an anions), adsorbentidan xsnarSi am ionebis ekvi-
valenturi raodenobiT gadadis imave niSnis da muxtis mqone 
sxva ioni. 

adsorbentis masalad iyeneben rogorc araorganul, ise 
organul nivTierebebs, e.w. `ionitebs~. am mxriv farTod aris 
gamoyenebuli, rogorc bunebrivi, magaliTad, ceolitebi (anal-
citi, stilbiti), kaolini, silikati da sxva sinTezuri ionitebi. 
sinTezuri organuli polimerebi warmoadgens ujeri organuli 
naerTebis polimerizaciisa da polikondensaciis produqtebs. 
ionitis erT-erTi martivi magaliTia e.w. `sulfonaxSiri~, 
romelic miiReba koncentrirebuli gogirdmJaviT qvanaxSiris 
damuSavebis dros da Seicavs sulfojgufs — SO3H. am ionitis 
formula zogadad gamoisaxeba — R – SO3H. e.i. sinTezuri ioniti 
Sedgeba organuli R matricas da masTan dakavSirebuli sxva-
dasxva bunebis ionogenuri atomTa jgufisagan.  

mJavuri bunebis  ionogenuri  atomTa  jgufebia: -SO3H,  -
COOH, -OH, -PO3H2, -AsO3H2, SH da sxva, romlebic R-sagan gan-
sxvavebiT monawileobs ionTa gacvlaSi. aseTi mJavuri bunebis 
jgufebis Semcvel ionitebs gaaCniaT kationebis gacvlis 
(mimocvlis) unari da maT kationitebs uwodeben. maTi qimiuri 
formula sqematurad gamoisaxeba Semdegnairad: R-SO3H, RSO3 

Na, anu martivad: R-H an R-Na; e.i. pirvel SemTxvevaSi kationi 
imyofeba H+ formaSi, meore SemTxvevaSi — Na+-formaSi.  
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analogiurad aniongamcvleli (mimomcvleli) ionitebi 
TavianT struqturaSi Seicavs fuZe bunebis ionogenur jgu-

febs: -N(CH3) +
3 ; =NH +

3 ; = +
2NH  da sxva. aseT ionitebs gaaCniaT 

anionebis gacvlis unari. maT anionitebs uwodeben. maTi qi-
miuri formula sqematurad ase gamoisaxeba: RNH3OH, an ufro 
martivad: R-OH  (OH¯-forma), R-Cl (Cl¯-�forma). kationitebze 
mimdinareobs kationTa mimocvlis Semdegi procesi: 

2R – SO3H + Ca2+⇄ (R – SO3)2Ca + 2H+ 
anionitebze mimdinareobs anionebis mimocvla: 

2R – N(CH3)3Cl + SO −2
4 ⇄ [R – N(CH3)3]2SO4 + 2Cl¯ 

ufro martivad:    R-OH + Cl¯⇄ R-Cl + OH¯ da a.S. 
cnobilia agreTve amfoteruli ionitebi, romlebic Sei-

cavs rogorc mJavuri, ise fuZuri Tvisebis mqone jgufebs. 
ionitebs, romlebic Seicavs mxolod mJavur, an fuZuri 

Tvisebis ionogenur jgufs, uwodeben monofunqcionalur 
ionitebs, xolo orive bunebis (mJavur da fuZuri) Semcvel 
jgufian ionitebs — polifunqcionalurs. 

ioniti, romelic Tavis struqturaSi Seicavs ZliermJa-
vur an ZlierfuZur ionogenur jgufebs, iongacvliT reaq-
ciaSi Sedis eleqtrolitis xsnaris nebismier ionTan, romel-
sac aqvs imave niSnis muxti, rac mis sapirispiro ions. aseT 
ionitebs uwodeben universalurs. 

ionitebis ionogenuri jgufebi ganapirobebs ionTa mimo-
cvlis procesis seleqturobas (SerCeviTobas). eqsperimentu-
lad dadgenilia Zlieri mJavuri ionitebisadmi ionTa seleq-
turobis rigi. magaliTad, eleqtrolitis xsnaris dabali 
koncentraciis SemTxvevaSi erTi da ormuxtiani ionebi sor-
birdebian Semdegnairad: 

Li + Na+ < K+ < Rb < Cs+ 
Mg2+ < Ca2+ < Sr2+ < Ba2+ 

sxvadasxva muxtis ionebi: 

Na+ < Ca2+ < Al3+ < Th4+ 

anionebis SemTxvevaSi, ZlierfuZe anionitze anionebi adsor-
birdeba Semdegi rigis mixedviT: 
 

F¯< OH¯ < Cl¯< Br¯ < NO −
3 < I¯ < NO −

2 < I¯ < SCN¯<ClO −
4  
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praqtikuli amocanebis gadasawyverad saWiroa saTanado 
pirobebis Seqmna: moZravi fazis SerCeva, xsnaris koncen-
traciis, pH-is, ionuri Zalis, ionitis Sedgenilobis da sxv. 
varireba. 

seleqturobis gazrdis saSualebebi sxvadasxvaa: organu-
li gamxsnelis gamoyeneba, sorbentis forianobis, ionogenuri 
jgufebis bunebisa da ganlagebis Secvla; axali sorbentebis 
sinTezi da sxv. maRali seleqturoba axasiaTebs xelatur kom-
pleqsian ionitebs, romlebic Tavis struqturaSi Seicavs or-
ganuli reagentebis damaxasiaTebel funqcionalur jgufebs. 
mag., dimeTilglioqsims, diTizons, 8-oqsiqinolins. kompleq-
son III, Rvinis, limonis mJavebi da sxva. kraun-eTerebis Sem-
cveli sorbentebi STanTqaven tute da tutemiwaTa zogierT 
elementebs da sxva.  

ionmimocvliTi wonasworoba. ionTa gacvla aris Seqce-
vadi steqiometruli procesi. erTmuxtiani ionebisaTvis es 
procesi zogadad SeiZleba warmovadginoT Semdegnairad: 

Axsnari
 + B myari ⇄A myari + Bxsnari

     (5.4.1) 

sadac A da B aris ioni (komponenti) xsnarSi — eluatSi (moZrav 

fazaSi). A  da B  — uZrav fazaSi. procesis Termodinamikuri 
konstanta: 

                                            K = 
BA

BA

aa
aa

⋅
⋅

               (5.4.2) 

sadac aA da aB A da B komponentebis (ionebis) aqtivobaa 

xsnarSi, Aa da Ba — myar fazaSi. Tu aqtivobas SevcvliT wo-
nasworuli koncentraciebiT, maSin gveqneba: 

Kgac.=
BA

BA
A/B

BA

BA

ff
ff

K
ff]B[A][
ff][B]A[

⋅
⋅

=
⋅⋅
⋅⋅

           (5.4.3) 

sadac KA/B —aris konstanta, anu seleqturobis koeficienti, 
romelic axasiaTebs komponentTa (ionTa) swrafvas iongacv-
liTi procesis mimarT; fA, fB — A, B nivTierebebis (A, B) aq-

tivobis koeficientebi xsnarSi, Af da Bf — ionTa  aqtivobis 
koeficientebi myar fazaSi. seleqturobis koeficientis 
gamosaTvlelad iyeneben eqsperimentis monacemebs. 

iongacvliTi qromatografiuli meTodi farTod aris 
gamoyenebuli araorganuli da organuli nivTierebebis da-
cilebisaTvis. 
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             gamxsnelis fronti 

 
          ⊛ 
                                                       L 
                                                   
                                               l2 
 
          ⊛ 
                                    
                                   l1 

              sastarto xazi  
   
    nax. 5.4.1. qromatogramis sqema 

gamanawilebeli qromatografiuli meTodi emyareba or 
erTmaneTSi Seurevad siTxeebs Soris nivTierebis (komponentis, 
ionis) ganawilebis gansxvavebul unars. am SemTxvevaSi e.w. `iner-
tuli matarebeli~ (forovani nivTiereba) Tavis zedapirze aka-
vebs erT-erT maTgans, romelic asrulebs uZravi fazis rols, 
meore siTxe, romelic arSeurevadia pirvel siTxeSi warmoad-
gens moZrav fazas (gamxsnels). 

gamanawilebel qromatografiaSi inertul matareblad ga-
moyenebulia silikageli, saxamebeli, celulozis boWko, alumi-
nis oqsidi da sxv., moZrav polarul gamxsnelad — wyali da spir-
ti, zogierTi polaruli siTxe, romelic dafenilia (fiqsirebu-
lia) myar inertul matarebelze. am SemTxvevaSi moZrav fazad ga-
moyenebulia arapolaruli gamxsnelebi — benzoli, izooqtani 
da sxva.  

qaRaldis qromatografiuli meTodi warmoadgens ganmana-
wilebeli qromatografiuli meTodis erT-erT saxes, romelic 
emyareba erTmaneTSi Seurevad fazebze nivTierebis ganawilebis 
koeficientebis gansxvavebul sidides. uZrav fazas warmoadgens 
qromatografirebisaTvis specialurad damzadebuli filtris 
qaRaldi (igulisxmeba qaRaldis, celulozas forebi), romelic 
am SemTxvevaSi asrulebs e.w. ~matareblis~ rols. moZravi fazis 
qaRaldis forebSi gasvla xdeba umTavresad kapilaruli Zale-
bis saSualebiT. nivTierebis migraciis (moZraobis) siCqaris Se-
safaseblad iyeneben mniSvnelovan parametrs — Rf-s, romelic 
warmoadgens saZiebeli komponentis moZravi fazis siCqaris far-
dobas gamxsnelis moZrao-
bis siCqaresTan (nax. 5.4.1). 
moZravi faza aris wyalSi 
Seurevadi organuli gam-
xsneli, magaliTad, buTi-
lis spirti an acetonisa 
da HCl-is narevi da sxva. 

meTodis teqnika rTu-
li ar aris. saanalizo 
xsnaris mikrowveTs (1 mm3), 
romelic Seicavs agreTve 
dasacilebel komponents, 
daitanen qaRaldze kidi-
dan erTi-ori sm-is daSo-
rebiT. gaSrobis Semdeg 
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qaRalds Camokideben maRal cilindrSi an kameraSi (maT ZirSi 
Casxmulia SerCeuli gamxsneli); kapilaruli Zalis meSveobiT 
gamxsneli TandaTan maRla adis. rodesac is miaRwevs im adgils, 
sadac saanalizo narevia, iwyeba komponentTa dacileba: is kom-
ponenti (nivTiereba), romelic kargad ixsneba SerCeul gam-
xsnelSi da naklebad adsorbirdeba qaRaldiT, zeviT iwevs, TiT-
qmis gamxsnelis frontis Tanabrad, xolo is nivTiereba, rome-
lic organul gamxsnelSi naklebad xsnadia da ufro adsorbir-
deba qaRaldiT, xvdeba ufro qvemoT. e.i. saanalizo xsnaris Se-
madgeneli komponentebi garkveul simaRleze ganawildebian or-
ganul gamxsnelsa da qaRaldis zedapiriT adsorbirebuli 
wylis fenebs Soris. am dros warmoiqmneba laqebi (zonebi), e.w. 
~qromatogramebi~. praqtikulad TiToeuli komponentis Rf-is 

mniSvneloba ganisazRvreba manZilTa fardobiT Rf = 
L
l *) (5.4.4), 

sadac l – aris calkeuli zonis simaRle; L — gamxsnelis frontis 
simaRle (manZili). Rf-is mniSvneloba damokidebulia mraval faq-
torze: qromatografiuli qaRaldis tipze, nivTierebis da gam-
xsnelis bunebaze, moZravi fazis Sedgenilobaze, eqsperimentis 
pirobebze da sxv. yvela am parametris mudmivobis SemTxvevaSi Rf-
is mniSvneloba ganisazRvreba individualuri komponentis Tvi-
sebiT. rac ufro didia komponentebis (nivTierebebis) Sesabamisi 
Rf-is mniSvnelobebs Soris gansxvaveba, miT ufro efeqturia maTi 
dacileba. 

kationTa aRmoCenisa da dacilebisaTvis iyeneben Rf-is mniS-
vnelobebs gansazRvrul gamxsnelebSi. Rf-is mniSvnelobebi zogi-
erTi ionisaTvis mocemulia cxrilSi 5.4.1. 

 
cxrili 5.4.1 

zogierTi kationis Rf-is mniSvnelobebi 
(moZravi faza HCl+acetoni) 

 
kationi Rf kationi Rf 

Cr3+ 
Ni2+ 
Al3+ 
Mn2+ 
Co2+ 

0,02 
0,13 
0,15 
0,25 
0,54 

Pb2+ 
Cu2+ 

Zn2+ 

Cd2+ 

Fe3+ 

0,70 
0,77 
0,94 
1,00 
1,00 

                                                 
*) eqsperimentuli gansazRvrebis Tanaxmad, Rf yovelTvis ≤ 1,00. 
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qaRaldis qromatografiuli meTodis efeqturoba damo-
kidebulia im reaqciis mgrZnobiarobasa da seleqturobaze, 
romelic gamoyenebulia nivTierebis (komponentis) aRmoCeni-
sa (identificirebis) da dacilebisaTvis. 

qaRaldis qromatografiul meTods farTod iyeneben or-
ganuli naerTebis analizSi. 

daleqviTi qromatografiuli meTodi mowodebul iqna e. 
da t. gaponebis mier. is uSualod ar aris dakavSirebuli 
adsorbciis meqanizmTan. am meTodSi uZrav fazad iyeneben 
wvrilad dispergirebul an forovan nivTierebebs, magali-
Tad, `mWada qvis~ marcvlebs. forovani nivTierebebi gaJRen-
Tilia organuli damleqavis xsnariT. qromatograful svetSi 
saanalizo xsnaris gatarebisas aRmosaCeni kationebi adsor-
birdeba forovani uZravi faziT. am SemTxvevaSi kationebi 
organul damleqavTan warmoqmnian xelatur kompleqsebs da 
ganlagdebian zonebis saxiT, maTi Sesabamisi xsnadobis nam-
ravlis mixedviT. Tu warmoqmnili xelaturi kompleqsebi Se-
ferilia, maSin warmoiqmneba feradi zonebi, e.w. qromatogra-
mebi, romlebic vizualurad advili SesamCnevia. meTodi ga-
moyenebulia kationTa identificirebisTvis. am meTods sxva 
meTodebTan SedarebiT is upiratesoba aqvs, rom TiToeuli 
komponentis Sesabamis qromatogramas (zols) aqvs gamokveTi-
li saxe. 

meTodi naklebadaa gamoyenebuli araeleqtrolitebis 
analizSi. 

5.5. qromatografiuli meTodebis ZiriTadi 
parametrebi da maTi gamoyeneba                           

TvisebiT analizSi 

uZrav da moZrav fazasTan TiToeuli nivTierebis (kompo-
nentis) urTierTqmedebas (urTierTdamokidebulebas) gan-
sazRvravs qimiuri buneba da qromatografiul svetSi maTi 
mdgomareoba, romelic SeiZleba daxasiaTebul iqnes mniSv-
nelovani ZiriTadi parametrebis saSualebiT. 

qromatografiul meTodSi erT-erTi ZiriTadi maxasiaTe-
beli parametria eluirebis dro anu e.w. nivTierebis Se-
kavebis dro (saanalizo komponentis Setanidan qromatog-
ramis maqsimumis pikis registraciamde). igi aRiniSneba tR-iT.  tR 
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moicavs: 1) nivTierebis moZrav fazaSi — tm da 2) uZrav fazaSi — 
tS yofnis dros; e.i.  

tR = tm + tS                      (5.5.1) 

faqtobrivad tm-is mniSvneloba tolia arasorbirebuli 
(Seukavebeli) komponentis qromatografiul svetSi gasvlis 
(gatarebis) drosi. tR-is mniSvneloba ar aris damokidebulia 
nivTierebis raodenobaze, magram damokidebulia nivTie-
rebis da sorbentis bunebaze, sorbentis svetSi moTavsebaze 
da SeiZleba Seicvalos svetidan svetamde. amitom WeSmariti 
Sekavebis unaris dasaxasiaTeblad, umTavresad iyeneben e.w. 

`Sesworebul Sekavebis dros~ — '
Rt -s. '

Rt = tR – tm. am mizniT 

xSirad xmaroben agreTve e.w. Sekavebis moculobas~ — VR. VR — 
aris moZravi fazis moculoba, romelsac garkveuli siCqariT 
atareben ionitze nivTierebis gamorecxvisaTvis (eluirebi-
saTvis). VR= tR·F, sadac F aris nakadis siCqare (sm3·wm-1). 

arasorbirebuli komponentis gamorecxvisaTvis saWiro 
moculoba, e.i. e.w. `mkvdari moculoba~, gamoisaxeba Semdeg-
nairad: tm : Vm = tm·F. igi moicavs sorbentiT Seuvsebeli svetis 
da komunikaciebis moculobebs svetidan deteqtoramde. 

`Sesworebuli Sekavebis moculoba~ — '
RV = VR - Vm. qro-

matografirebis mudmiv pirobebSi (nakadis siCqare, wneva, 
temperatura, fazebis Sedgeniloba), tR-is da VR-is mniSvne-
lobebi ganmeorebadia da gamoiyeneba nivTierebis identi-
ficirebis dasadgenad. 

qromatografiaSi mniSvnelovan parametrs warmoadgens 
agreTve  Sekavebis koeficienti — R. 

R=
R

m

m

R

t
t

L/t
L/t

=                 (5.5.2) 

sadac L - aris svetis sigrZe. R — warmoadgens nivTierebis 
moZraobis siCqaris fardobas moZravi fazis siCqaresTan. Tu 
mxedvelobaSi miviRebT (5.5.1) gantolebas, maSin gveqneba: 

R = 
mSSm

m

t/t1
1

tt
t

+
=

+
     (5.5.3) 

arasorbirebuli (Seukavebeli) nivTierebisaTvis tR=tm; R=1. Tu 
moZrav da uZrav fazaSi yofnis dro erTnairia tm=tS, maSin R=0,5 
da R SeiZleba gamoisaxos VR-iT Semdegnairad: 
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R=
R

m

V
V                                  (5.5.4) 

ganawilebis kanonis Tanaxmad: 

D=CS/Cm                               (5.5.5) 
sadac Cm  da CS aris Sesabamisad nivTierebis saerTo koncen-
tracia moZrav da uZrav fazaSi, ganawilebis koeficienti dakav-
Sirebulia qromatografiul parametrebTan Semdegnairad:  

m

S

mm

SS

m

S

V
V

D
VC
VC

t
t

⋅=
⋅
⋅

=       (5.5.6) 

maSasadame, uZrav da moZrav fazaSi nivTierebis yofnis 
droTa Tanafardoba nivTierebis raodenobebis (C·V) Tana-
fardobis tolia. 

(
m

S

V
V

D ⋅ )-s uwodeben tevadobis koeficients (SekavSire-

bis faqtors) — K΄; eqsperimentis monacemebiT K΄-s gamoTvlian 
formuliT: 

K′=
m

mR

V
VV − =

m

'
R

V
V , anu K′=

m

'
R

t
t        (5.5.7) 

K′ gviCvenebs, ramdenad ufro met dros imyofeba 
nivTiereba uZrav fazaSi, moZrav fazasTan SedarebiT. 

K′-is optimaluri mniSvneloba icvleba 1,5—4-mde. Tu gana-
wilebis koeficienti mcirea, maSin K΄- mcirea, e.i. nivTiereba 
sustad kavdeba svetSi da gadaadgildeba imave siCqariT, ro-
goriTac moZrav fazaSi. Tu tevadobis koeficienti didia, 
maSin nivTiereba svetSi didxans imyofeba, e.i. analizi did 
dros moiTxovs. 

rogorc Cans, dakavebuli moculoba dakavSirebulia gana-
wilebis koeficientTan: 

'
RV = VR-Vm = D·VS                     (5.5.8) 

aq  VR = Vm + D·VS                      (5.5.9) 
(5.5.8) da (5.5.9) gantolebebi warmoadgenen qromatografi-

is ZiriTad gantolebebs da gviCvenebs, rom '
RV  ganawilebis 

koeficientis (D) da VS-is proporciulia. es ukanaskneli da-
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mokidebulia uZravi fazis raodenobaze, romelic dafeni-
lia sorbentis moculobis an masis erTeulze (svetis sigrZi-
sa da diametris gaTvaliswinebiT). 

ori A da B nivTierebis (komponentis) VR-is gansxvavebuli 
mniSvnelobebi gviCvenebs maTi sruli dacilebis SesaZleblo-
bas. Tu A da B nivTierebebisaTvis DA=15,0; DB=75,0; VS=1,5 ml, 
Vm =3,0 ml, maSin SegviZlia gamovTvaloT 

(A)RV da 
(B)RV . Sevita-

noT mocemuli mniSvnelobebi (5.5.9) gantolebaSi da gveqneba: 

(A)RV = 15·1,5 + 3,0 = 25,5 ml; 

(B)RV = 75·1,5 + 3,0 = 115,5 ml; 

maSasadame, pirvelad eluirdeba nivTiereba (A); Semdeg — 
(B). maTi sruli dacileba xdeba, roca AR  da BR  mniSvnelobe-
bi mkveTrad gansxvavdebian erTmaneTisagan. amrigad, gansxva-
vebuli ganawilebis koeficientis (D) mqone komponentebi (niv-
Tierebebi) sxvadasxva siCqariT Camoedinebian svetidan. nivTi-
erebis sruli dacilebisaTvis ise unda iqnes SerCeuli uZravi 
da moZravi faza, rom D1≠D2; K΄-s sidide SeiZleba vcvaloT DS, 
VS da m—is varirebiT. roca K′ mcirea, nivTiereba sustad kav-
deba adsorbentze (e.i. swrafad Camoedineba) da dacileba ara-

efeqturia. K′-is didi mniSvnelobis SemTxvevaSi dacilebis 

efeqturoba umjobesdeba, magram analizi xangrZlivdeba. K′-
is optimaluri mniSvneloba Seadgens 1,5-4. 

TvisebiT analizSi nivTierebis identificirebisTvis 
iyeneben qromatografiul parametrebs — tR-s da VR-s, romle-
bic gamoirCeva kargi ganmeorebadobiT*). nivTierebis eqspe-
rimentuli kvlevisas miRebuli tR da VR sidideebis mniSvnelo-
bebs adareben standartuli nimuSebis monacemebs. Sedegebis 
identurobis mixedviT adgenen nivTierebis raobas. e.i. Tu 
standartuli da saZiebeli (x) nivTierebis qromatografiuli 
qceva da parametrebi — tR da VR — identuria, maSin x nivTiere-
bis identificirebis saimedoba izrdeba 99%-mde. identifi-
cirebisTvis xSirad iyeneben agreTve fardobiT parametrebs 
—  tf da Vf. 

tf=tR/
standartisRt  VS=VR/

standartisRV         (5.5.10). 
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es parametrebi damokidebulia mxolod moZravi da uZravi 
fazebis qimiur Sedgenilobaze. 

TvisebiTi identificirebis dros ufro mosaxerxebelia 
kovaCis parametriT sargebloba, romelic arsebiTad, fardo-
biT parametrs warmoadgens. am SemTxvevaSi standartad iReben 
or mezobel alkans, magaliTad, normalur heqsans da normalur 
heptans, romelTagan erT-erTi eluirdeba sakvlev (x) nivTiere-
bamde, xolo meore — sakvlevi (x) nivTierebis Semdeg. e.i. 

'
1)R(Z

'
R

'
R(Z) ttt

X +<< , sadac Z gviCvenebs alkanSi naxSirbadis atomTa 

ricxvs. logariTmuli indeqsi gamoiTvleba Semdegi formuliT: 

I=100 z100
tlgtlg

tlglgt
'
R(Z)

'
1)R(Z

'
R(Z)

'
R X ⋅+

−

−

+
               (5.5.11) 

nebismieri normaluri alkanisaTvis I=100Z. yvela sxva naerTi-
saTvis kovaCis indeqsi SeiZleba gamovTvaloT cnobaris cxri-
lebis gamoyenebiT. 

organuli nivTierebis identificirebisa da aRmoCenisaT-
vis farTod aris gamoyenebuli agreTve qaRaldis qromatog-
rafia, romelsac safuZvlad udevs saanalizo x organul niv-
Tierebaze reagentis moqmedebiT Seferili laqis (zonis) war-
moqmna. damaxasiaTebeli feradi zolis warmoqmnis mixedviT 
SesaZlebelia x nivTierebis aRmoCena. 

sxvadasxva klasis organuli naerTebis e.w. gamamJRavnebe-
li reagentebi mocemulia cxrilSi 5.5.1. 

 

cxrili 5.5.1 

zogierTi organuli nivTierebis gamamJRavnebeli reagentebi 
 

naerTis 
klasi 

reagenti laqis Seferiloba 

mJavebi bromkrezol mwvane mwvane 
spirtebi amonium-ceriumis nitrati yavisferi laqa, yvi-

Tel fonze 
`-------` vanadiumis(V) oqsiqinolinati wiTeli laqa, mwvane 

fonze 
aldehidebi 2,4-dinitrofenilhidrazini yviTlidan-wiTelSi 

Ria narinjisfer 
fonze 

aminebi kobaltis Tiocianati cisferi Ria vardis-
fer fonze 

fenolebi FeCl3 wiTel-iisferi 
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qromatografiul analizs gansakuTrebuli yuradReba eT-
moba organuli nivTierebebis, maTi homologebis identi-fi-
cirebis, dacilebisa da gansazRvrisaTvis.  

amJamad qromatografiul analizSi farTod gamoiyeneba 
Tanamedrove qromatografebi. Zalze efeqtur Sedegs iZleva 
am xelsawyos kombinireba sxva aparaturasTan, magaliTad, 
speqtroskopTan, gamomTvlel manqanebTan, kompiuteris pro-
cesorTan da a.S. (am mimarTebiT cnobilia qromat-masspeq-
trometrebi, qromatografebi mikroprocesoriT da sxv. qa-
Raldis qromatografebSi gamoyenebulia TviTCamwerebi, rom-
lebic qromatografiul qaRaldze iweren deteqtoris anali-
zur signals — e.w. qromatogramas). 

zogierTi nivTierebis aRmoCenis, identificirebis da da-
cilebis praqtikuli samuSaoebi ixileT me-14 TavSi. 
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Tavi 6  

instrumentuli meTodebi TvisebiT analizSi 

6.1. meTodebis arsi da mniSvneloba 

qimiuri analizis fizikur da fizikur-qimiur meTodebs 
pirobiTad aerTianeben instrumentuli meTodebis saxelwo-
debiT. fizikur meTodebs miekuTvneba speqtraluri analizi, 
atomur-emisiuri speqtroskopia (aes), atomur-absorbciuli 
speqtraluri analizi (aas) da sxv. aRniSnul meTodebs safuZ-
vlad udevs elementur sistemaze (nivTiereba, atomi, moleku-
la) eleqtromagnituri gamosxivebis*) zemoqmedebis Sedegad 
sistemaSi mimdinare sxvadasxva saxis energetikuli cvlile-
bebi (fizikuri procesebi). praqtikulad am procesebis regis-
trireba xdeba STanTqmuli, ganbneuli an gamosxivebuli tal-
Ris fizikuri parametrebis saSualebiT. 

eleqtromagnitur gamosxivebas axasiaTebs ormagi buneba 
— talRuri da korpuskuluri. am ukanaskneliT aixsneba ato-
mis, molekulis an sxva nawilakis mier eleqtromagnituri 
talRis gamosxivebis da STanTqmis procesebi. elementarul 
nawilakze (atomi, molekula) garkveuli energiis zemoqmede-
bis dros xdeba maTi aRgzneba — dabali energetikuli donidan 
eleqtronebi gadadian maRal energetikul doneze (STanTqma). 
aRgznebuli mdgomareoba arastabiluria; eleqtronebi maRa-
li energetikuli donidan gadadian ufro dabal energetikul 
doneze, ris Sedegadac asxiveben garkveuli sigrZis mqone 
talRebs da warmoqmnian xazebs, zolebs anu speqtrs. 

maSasadame, speqtri**) aris talRis sigrZis (an rxevis six-
Siris) mixedviT mowesrigebuli eleqtromagnituri gamosxi-
vebis warmodgena da xasiaTdeba energetikuli cvlilebebis 
maxasiaTebeli sxvadasxva fizikuri sididiT. 

sinaTlis talRis maxasiaTebeli sidideebia:  
1) talRis sigrZe — λ, romelic warmoadgens sinaTlis tal-

Ris mier erTi periodis (erTi sruli rxevis Sesabamisi dro) 
ganmavlobaSi gavlil manZils. erTeulTa saerTaSoriso sis-
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temaSi (SI) talRis sigrZis erTeulia metri (m). iyeneben agreTve 
ufro mcire erTeulebs — nanometrs (nm) da angstrems — Å.  

1 nm = 1·10-9 m; 1Å.=1·10-10 m = 0,1 nm; 

2) sixSire (ν) — rxevaTa ricxvi erT wamSi*). kavSiri talRis 
sigrZesa da sixSires Soris aseTia:  

λ=c/ν             (6.1.1) 

c — sinaTlis siCqarea mocemul garemoSi. 
sinaTlis talRur da korpuskulur bunebas Soris kavSiri 

aRiwereba plankis gantolebiT: 

ΔE=hν=hc/λ=λcν        (6.1.2) 

sadac ΔE aris elementaruli sistemis energiis cvlileba, 
romelic gamowveulia fotonis STanTqmis an gamosxivebis Se-
degad. SI sistemaSi energiis sazom erTeulad miRebulia jou-
li (j) an eleqtron-volti (ev).  

1 j = 1kg·m2/wm2;   1 ev = 1,6022·10-19 j. 

elementaruli nawilakebis aRgznebul mdgomareobaSi ga-
dasvla xdeba sxvadasxva saSualebiT, magaliTad, Termuli 
gziT (maRali temperatura, gazis sanTuris ali, voltas rka-
li, eleqtruli naperwkali, plazma, qimiuri reaqciebi da sxv.) 

aRmgznebi wyaros bunebis, sistemis SigniT mimdinare ener-
getikuli cvlilebebis mixedviT ansxvaveben: atomur-emisi-
ur, atomur-absorbciul, luminescentur da sxva analizs (me-
Todebs). 

speqtralur-emisiur analizSi gamoyenebulia talRis sig-
rZis farTo diapazoni — rentgenuli gamosxivebidan — radio-
talRamde. 

xazovan speqtrs ZiriTadad iZlevian atomebi an ionebi. 
zolovan speqtrs — ionizirebuli da araionizirebuli mole-
kulebi, romlebic Sedgebian ori an meti atomisagan. zoli mo-
icavs erTmaneTTan axlos ganlagebul xazebs, romlebic advi-
lad SeimCneva speqtrSi. 

analizuri miznebisaTvis ufro xSirad iyeneben ultrai-
isfer, xilul da uaxloes infrawiTeli speqtris ubnebs. speq-

                                                 
*) erTeulTa saerTaSoriso sistemaSi (SI) sixSiris erTeulad miRebulia her-
ci (hc). 1 hc=1 wm-1. iyeneben agreTve megahercs (mghc). 1mghc=1·106 hc. 
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tris ultraiisferi ubani pirobiTad moicavs talRis sigrZe-
ebs 10-185 nm (vakuumi) diapazonSi; Sori ubani — 185-230 nm, uax-
loesi — 230-400 nm; speqtris xiluli ubani — 400-750 nm; speq-
tris xilul ubanSi adamianis TvalisaTvis SesamCnevia Semdegi 
ZiriTadi ferebi: iisferi (390-420 nm), lurji (424-455 nm), cis-
feri (455-494 nm), mwvane — 494-565 nm, yviTeli (565-595 nm), na-
rinjisferi (595-640 nm), wiTeli — 640-723 nm, wiTeli xiluli 
ubnis Semdeg ganlagebulia speqtris infrawiTeli ubani, ro-
melic moicavs axlo ubans — 0,75-25 mkm da Soreuls — >25 mkm 
talRis sigrZeTa diapazonSi. 

atomebsa da molekulebSi energetikuli gardaqmnebi ar-
sebiTad gansxvavdeba erTmaneTisagan. atomebSi energetikuli 
gardaqmnebi ganpirobebulia eleqtronebiT. molekulis Sina-
gani energia aris nawilakebis eleqtronuli, rxeviTi da brun-
viTi energiebis jami: E=Eel.+Erx.+Ebr. es energiebi sididiT Zli-
er (TiTqmis 10-jer) gansxvavdeba erTmaneTisagan: Eel.>Erx.>Ebr. 
mTeli sistema kvanturia. fotonebis zemoqmedebis Sedegad 
xdeba molekulis energiis (samive Semadgenlis) cvlileba. 

eleqtromagnituri gamosxivebis mniSvnelovani maxasiaTe-
belia agreTve monoqromatuloba. sxivebis nakads, romel-
Sic eleqtromagnitur talRebs erTnairi sigrZe aqvT, uwo-
deben monoqromatuls, gansxvavebiT poliqromatulisagan, 
romelic Sedgeba sxvadasxva sigrZis (λ) mqone talRebisagan. 
eleqtromagnitur speqtrs gamoxataven grafikulad, absci-
saTa RerZze gadazomaven energiis qvantebis maxasiaTebel si-
dides, ordinataTa RerZze — gamosxivebis intensivobas emi-
siis an luminescenciis dros, an optikur simkvrives — A-s ab-
sorbciuli procesebis SemTxvevaSi. 

speqtrebs iyeneben TvisebiT da raodenobiT analizSi niv-
Tierebis identificirebisa da raodenobiTi gansazRvrisaTvis. 
speqtraluri analizis saSualebiT adgenen nivTierebebis ele-
mentur, izotopur, molekulur Sedgenilobas da maT agebulebas. 

6.2. atomur-emisiuri speqtroskopia (aes) 

atomur-emisiuri speqtroskopia (aes) emyareba atomTa 
Termul aRgznebas da savalento eleqtronebis an Siga garsis 
eleqtronebis maRali energetikuli donidan dabalze ga-
dasvlas, romelsac Tan axlavs erTi an ramdenime eleqtronis 
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gamosxiveba (ionizacia). amitom aes-Si SesaZlebelia, rogorc 
eleqtromagnituri, ise eleqtronuli speqtris registrireba. 

nivTierebebze dasxivebis fizikuri procesis bunebis mi-
xedviT ansxvaveben emisiur da absorbciul speqtroskopias. 

optikur emisiur meTodSi speqtris misaRebad aucilebe-
lia nivTierebebis (atomebis) winaswar aRgzneba. amisaTvis ga-
moyenebulia e.w. aRmgznebi wyaroebi: maRali temperatura (op-
tikuri meTodi), maRali energiis mqone nawilakebis nakadi 
(rentgenuli meTodi) da sxva. 

optikur emisiur meTodebs, romlis drosac atomis aRsa-
gznebad gamoyenebulia maRali temperatura, uwodeben ato-
mur-emisiur speqtroskopias (aes), e.i. es meTodi efuZneba 
atomis an erTatomiani ionis Termul aRgznebas da maT mier 
gamosxivebuli speqtris (emisia) registracias*). 

atomur-absorbciul speqtroskopul (aas) meTodSi nivTi-
erebis (atomis) winaswari aRgzneba saWiro araa. aas naklebad 
aris gamoyenebuli TvisebiT analizSi. ramdenadac mravale-
lementian (mravalkomponentiani) obieqtTa masiuri analizis 
dros TiToeuli elementisaTvis Sesabamisi individualuri 
gamosxivebis wyaroa saWiro. 

yovel individualur nivTierebas gaaCnia Tavisi damaxa-
siaTebeli speqtri. e.i. aRgznebul mdgomareobaSi elementa-
ruli nawilaki, mis bunebaze damokidebulebis mixedviT, as-
xivebs garkveuli talRis sigrZis sxivebs. sxivebis (xazebis) 
mdebareoba speqtrSi gapirobebulia nivTierebis bunebiT da 
ara nivTierebis koncentraciiT. amdenad, gamosxivebuli tal-
Ris maqsimumis mdebareoba speqtrSi warmoadgens e.w. `anali-
zur signals~ TvisebiT analizSi, xolo talRis sxivebis 
intensivoba — `analizur signals~ raodenobiT analizSi. 

aes klasikuri meTodia, romelic aRmoCenil da mowode-
bul iqna 1860 wels kirxhofis da bunzenis mier. rogorc ana-
lizuri qimiis meTodi, is amJamadac farTod gamoiyeneba niv-
Tierebis identificirebisa da raodenobiTi gansazRvri-
saTvis da intensiurad viTardeba am mimarTulebiT; Tanamed-
rove fotoeleqtronuli kvantometris tipis specialuri 
xelsawyo-aparaturis saSualebiT sruldeba mravalatomiani 
sistemebis analizi. meTodi swrafia da sizustiT zogjer ar 
Camouvardeba qimiur meTodebs. meTodi saSualebas iZleva 

                                                 
*) am SemTxvevaSi atomizatoris da aRmgznebi wyaros funqcias asrulebs erTi 
da igive xelsawyo. 
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erTdroulad dafiqsirdes sxvadasxva atomis analizuri sig-
nali, amdenad is warmoadgens mravalelementiani obieqtebis 
analizis meTods. es mniSvnelovani Tviseba gamoyenebulia 
rTuli sistemebis masiur analizSi. 

tradiciuli aRmgznebi saSualebebidan TvisebiT analizSi 
umTavresad iyeneben rkalur ganmuxtvas. rkalis temperatura, 
erTis mxriv, sakmarisia mravali elementis atomizaciis da 
aRgznebisaTvis, meores mxriv, sxva aRmgzneb wyaroebTan Se-
darebiT (magaliTad, eleqtronuli naperwkali), rkalis tem-
peratura dabalia da am SemTxvevaSi miRebuli speqtri Raribia 
xazebiT, rac aadvilebs nivTierebis identificirebas. rka-
luri ganmuxtvis ZiriTadi naklia misi naklebi stabiluroba, 
Tumca amas TvisebiTi analizisaTvis arsebiTi mniSvneloba ara 
aqvs, radgan nivTierebis identificirebas axdenen speqtris 
xazebis mdebareobiT da ara misi intensivobiT. 

nivTierebis identificirebis saimedobisaTvis aucile-be-
lia, rom speqtri moicavdes erTi da imave elementis atomis 
damaxasiaTebel ramdenime xazs mainc. registracia unda ganme-
ordes ramdenjerme da xazebidan unda SeirCes gamosxivebis 
mkveTri xazebi (atomur-emisiuri speqtri sakmaod mdidaria 
emisiuri xazebiT, amitom saWiroa gamoyenebul iqnes monoq-
romatori an Suqfiltrebi).  

aes meTodis mgrZnobiaroba (aRmoCenis zRvari) damokide-
bulia atomizaciis wesze, gansasazRvravi nivTierebis (ele-
mentis) bunebaze da icvleba sakmaod farTo zRvrebSi. advi-
lad aRmgznebi da advilad ionizirebadi atomebisaTvis (tu-
te-metalebis, tute-miwaTa metalebis umravlesobisaTvis) 
atomizaciis saukeTeso wyaros warmoadgens ali (Cmin. — 10-7 %-
mde masis mixedviT). sxva elementebis umravlesobisaTvis yve-
laze maRali mgrZnobiaroba miiRweva Tanamedrove atomiza-
toriT, e.w. plazmatroniT, sadac plazmur als aqvs Zalian ma-
Rali temperatura. magaliTad, argonis plazmuri alis tempe-
ratura (sanTuris simaRlis mixedviT) 6000-100000C-ia. aseTi 
alis gamoyenebiT meTodis mgrZnobiaroba aRwevs 10-8 %-s masis 
mixedviT, amasTan SedarebiT, tradiciuli atomizatorebis 
gamoyenebisas, mgrZnobiaroba dabalia. 

meTodi gansakuTrebiT mniSvnelovania, roca aucilebe-
lia gairkves, speqtrSi xazi namdvilad saZiebel minarevs See-
sabameba, Tu ZiriTad komponents. magaliTad, tyviasa da kalas 
Semcveli Senadnobis identificirebis dros gamoyofen speq-
tris calkeul ubans — 280 nm, romelSic Cans xuTi xazi. aqedan 
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sami — Pb 8
1 -280,20 nm, Pb 5

1 -288,32 nm, Pb 9
1 -283,31 nm — intensiuri xazia, 

ori — naklebad intensiuri (sustia) — Sn 9
1 -284,00 nm, Sn-286,32 nm. am 

monacemebis Sedarebisas Cans, rom Senadnobis ZiriTadi nawili 

(fuZe) aris tyvia, minarevi — kala (xazebSi Tu ar Cans xazi Sn 6
1 -

285,06 nm, maSin, kalas Semcveloba, cxrilis monacemebiT, ar aRema-
teba ramdenime meased procents), xolo tyviis Sesabamis xazze Se-
saZlebelia nimuSSi arsebuli sxva liTonebis xazebis zeddeba. 

mag., Pb 8
1 -280,20 nm SeiZleba gadaifaros TuTias xaziT Zn 5

1 -280,00 

nm an Mg 9
1 -280,27 nm da a.S. amitom, tyviis speqtris Seswavlisas un-

da davrwmundeT, rom saanalizo nimuSSi sxva xelisSemSleli li-
Toni ar aris (e.i. gamokvleuli unda iyos speqtris am ubanSi yvela 
mosalodneli liTonis xazis zeddebis SesaZlebloba). 

maSasadame, speqtris calkeuli ubnis SeswavliT SeiZleba 
dadgindes saanalizo obieqtSi ZiriTadi da minarevi kompo-
nentis arseboba. rac Seexeba meTodis ganmeorebadobas*), ana-
lizuri signali damokidebulia aRgznebuli atomebis e.w. ~da-
saxlebaze~ (e.i. atomSi orbitalebis eleqtronebiT Sevseba-
ze). atomuri speqtris erT-erTi mniSvnelovani Tvisebaa misi 
xazovani struqtura, ris gamoc atomuri speqtri Zalzed in-
formatulia. atomizaciis stabiluri wyaros gamoyenebis 
dros (ali, plazma) ganmeorebadoba Seadgens 0,01-0,05, rac 
karg Sedegad iTvleba instrumentuli meTodebisaTvis. naper-
wklis an rkalis gamoyenebisas ganmeorebadoba SedarebiT ua-
resdeba.  

ganmeorebadobis gasaumjobeseblad farTod iyeneben e.w. 
`Siga standartis~ meTods. standartul nimuSebad sxvadasxva 
komponentebia gamoyenebuli. Senadnobebis analizis dros 
standartad iyeneben rkinas(III). 

`Siga standartis~ meTodis mixedviT analizur signalad 
miiCneven ara saanalizo nimuSis Sesabamisi xazis absolutur 
intensivobas, aramed Tanafardobas — I/I0, romelsac zomaven 
erTnair pirobebSi (I aris gansasazRvravi elementis Sesabami-
si talRis intensioba, I0 — Siga standartis). am wyvils (I/I0) 

uwodeben homologiur wyvils; I-sa da I0-is mniSvnelobebi ro-
gorc energiis (mag. talRis sigrZeebis Δλ≤10 nm), ise inten-
siobis mixedviT, mcired unda gansxvavdebodes erTmaneTi-
sagan. Tu temperatura da aseve sxva moqmedi faqtorebi, erT-
nair gavlenas axdenen I-sa da I0-is mniSvnelobebze, maSin I/I0 



 79 

Tanafardobis gamoTvlis dros maTi gavlena erTmaneTs akom-
pensirebs da meTodis ganmeorebadoba umjobesdeba. amitom, 
mniSvnelovania, rom I/I0 naklebad iyos damokidebuli tempe-
raturaze. 

aes meTodi, qimiuri meTodebisagan gansxvavebiT, ar saWi-
roebs elementTa dacilebis mTel rig operaciebs. optima-
luri pirobebis dacvisas, am meTodis saSualebiT, advilad 
SegviZlia ganvasxvavoT erTmaneTisagan daaxloebiT erTnairi 
Tvisebebis mqone komponentebi. meTodi gansakuTrebiT mniS-
vnelovania, roca ucnobia saanalizo obieqtis saerTo qimi-
uri Sedgeniloba, an aucilebelia mocemul nimuSSi saZi-
ebeli komponentis (elementis) identificireba. 

aes meTods gaaCnia mTeli rigi SezRudvebi, romlebic ga-
mowveulia fizikur-qimiuri procesebiT. mTliani procesis 
saerTo sqema*), romelic maRal temperaturaze mimdinareobs 
atomizatorSi, SeiZleba Semdegnairad warmovadginoT: 

 
 
 
 
 
 
 
aq M — aris saZiebeli komponenti aRugznebel mdgomareo-

baSi. )(M .
+
aRgz — aRgznebul mdgomareobaSi. 

saanalizo nivTiereba (komponenti) maRal temperaturaze 
aorTqldeba (stadia 1); Semdeg is atomizirdeba (stadia 2). war-
moqmnili metalis Tavisufali atomebi monawileoben or 
damoukideblad mimdinare paralelur procesSi: aRgzneba 
(aRgznebuli mdgomareoba) — stadia 3) da ionizireba (stadia 
4). warmoqmnil M+-ions SeuZlia kidev aRigznos (stadia 5) da 
warmoqmnas M2+-ioni (stadia 6) da a.S. amrigad, saZiebeli kom-
ponenti — M, atomizatorSi imyofeba sxvadasxva formiT. 
amaTgan analizur signals iZleva mxolod erTatomiani 
aRgznebuli nawilaki. danarCeni sxva faqtori, romelic am-
cirebs erTatomiani nawilakis koncentracias, asustebs ana-
lizur signals. aqedan gamomdinare, ZiriTadi fizikur-qi-

                                                 
*) Tu saanalizo nivTiereba imyofeba wyalxsnarSi, maSin mis aorTqlebas win 
uswrebs gamxsnelis aorTqleba, romelic sqemaSi ar aris naCvenebi. 

                 
                               1                               2                            4                  6 
      MX       ⇄     MX      ⇄   M + X  ⇄  M+  ⇄  M2+ +  ⇄ …  (I)    
   myari      orTqli                                   
an Txevadi        airadi   3         5                     

                                                     M*)             )(M .
+
aRgz  
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miuri faqtorebi, romlebic gavlenas axdenen analizur 
signalze, Semdegia: temperatura — maszea damokidebuli 
aRgznebuli nawilakis wili, e.i. nimuSis sruli atomizaciisa da 
ionizaciis xarisxi (saZiebeli ionis muxti). analogiur gavlenas 
axdens aorTqlebis procesi. arasrulma aorTqlebam da ioni-
zaciam SeiZleba sagrZnoblad gaauaresos analizis Sedegi. alis 
temperatura da ionizaciis xarisxi damokidebulia analizato-
ris konstruqciaze. atomizacia SeiZleba gavzardoT zedapiru-
lad aqtiuri nivTierebebis damatebiT. energiis wyarod rkalisa 
da naperwklis gamoyenebisas didi mniSvneloba eniWeba sa-
analizo nimuSis fizikur mdgomareobas. zogjer aorTqlebisa 
da atomizaciis dros warmoiqmneba Termulad mdgradi na-
erTebi, romlebic sakmaod arTulebs analizs. ionizaciis pro-
cesi konkurencias uwevs aRgznebis process, ris Sedegadac 
analizuri signali sustdeba. fizikur-qimiuri procesebis 
gavlenis xarisxi damokidebulia agreTve nimuSis saerTo Sem-
cvelobaze, speqtris xazebis gadafarvaze da sxv. am procesebis 
gavlenis Tavidan asacileblad saWiroa dacul iqnes opti-
maluri pirobebi. am bolo wlebSi farTod aris gamoyenebuli 
Tanamedrove plazmatroni (argonis plazmuri ali). aseT alSi 
atomizaciis da ionizaciis gavlena Zalian aris Semcirebuli. 
aseve Semcirebulia minarev-elementebis gavlena plazmuri alis 
Zalian maRali temperaturis gamo. 

yoveli individualuri komponenti (elementi) asxivebs 
mraval speqtralur xazs (maTi raodenoba daaxloebiT naxe-
var milions aRwevs). amitom TvisebiT analizSi sayuradReboa 
iseTi cdomilebebi, romlebic dakavSirebulia sxvadasxva 
elementis speqtrebis (xazebis) zeddebasTan. aseT SemTxvevaSi 
did daxmarebas gviwevs specialuri cxrilebi da atlasebi, 
romlebic Tan axlavs speqtrografebs (an mocemulia cno-
barebsa da specialur saxelmZRvaneloebSi). 

atlasebSi mocemulia agreTve pirveladi da meoradi eta-
lonebis speqtraluri xazebis mniSvnelobebi (mgrZnobiarobis 
zRvrebi). atlasi ori tipisaa: 1) rkinis speqtraluri xazis 
atlasi (rkalis da naperwklis SemTxvevaSi). es etaloni Tvi-
sebiT analizSi miCneulia meorad etalonad. talRis sigrZis 
pirvel etalonad gamoyenebulia 2) kriptonis (Kr) narinjis-
fer-wiTeli xazi — 587,09 nm. speqtrebis fotografireba war-
moebs specialur xelsawyoebSi — speqtrografebSi didi da 
mcire eqspoziciebiT. ufro xSirad iyeneben saSualo disper-
siis kvarcis speqtrografebs. cxrilebis da atlasebis mona-



 81 

cemebi gansakuTrebiT mniSvnelovania speqtrogramebis gaSif-
vrisa da SeswavlisaTvis, raTa sworad iqnes identificire-
buli saZiebeli komponenti;  

aes meTodi gamoiyeneba mravalkomponentiani sistemebis 
masiur analizebSi nivTierebebis (araorganuli da organuli) 
aRmoCenisa da identificirebisaTvis. magaliTad, elemente-
bis — Li, Na, K, Ca, Sr, B-is marilTa narevis analizis dros sa-
analizo nivTiereba fxvnilis, an xsnaris saxiT SeaqvT 
aRmgznebi wyaros alSi (magaliTad, gazis sanTuris alSi), sa-
dac is aRigzneba; gamosxivebuli talRebis narevi (e.i. emi-
siuri speqtri) dispersirdeba specialur aparatSi, speqtro-
grafSi (speqtrografSive xdeba speqtris suraTebis gada-
Reba). narevSi Semavali elementebis identificirebisaTvis 
iyeneben specialur cxrilebs an am elementebis Sesabamisi 
etalonebis speqtrebs. etalonebis analizs atareben analo-
giurad. etalonebis speqtrografirebis Semdeg, saanalizo 
(saZiebeli) obieqtis xazebis mdebareobas (speqtris suraTs) 
adareben etalonebis speqtrebis suraTs. identurobis Sem-
TxvevaSi adgenen saZiebeli elementis raobas  

 
cxrili 6.2.1 

zogierTi elementis talRis sigrZe da xazis Seferiloba 
  

# elementi talRis sigrZe nm feri 

1 liTiumi — Li 670 karmin-wiTeli 

2 natriumi — Na 590 yviTeli 
3 kaliumi — K 769 muqi wiTeli 
4 kalciumi — Ca 544 an 622 mwvane; wiTeli 

5 stronciumi — Sr 605; an xazebis jgu-
fi — 655-686 

karmin-wiTeli 

6 bariumi — Ba 510-580 mwvane 

6.3. luminescenturi meTodi, misi arsi                         
da gamoyenebis sfero 

meTodis arsi da mniSvneloba. luminescenciis Sesaxeb 
mravali ganmartebaa mowodebuli. mas ganixilaven, rogorc 
nivTierebis Tvisebas gamoasxivos sinaTle sxvadasxva saxis 
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energiis zemoqmedebis  Sedegad. garedan mowodebuli energi-
is wyaro sxvadasxvagvaria. xSir SemTxvevaSi gamoyenebulia 
ultraiisferi sxivebi. gare energiis zemoqmedebis Sedegad 
nivTierebis molekulebi an atomebi ZiriTadi energetikuli 
donidan gadadis ufro maRal energetikul doneze, e.i. 
aRigznebian. am dros nawilakebi STanTqaven energias. Ziri-
Tad, araaRgznebul mdgomareobaSi dabrunebisas, isini ga-
moasxiveben energias luminescenturi sxivebis — kvantebis 
saxiT. gamosxivebamde STanTqmuli energiis nawili garda-
iqmneba siTbur energiad, amis gamo luminescenturi gamos-
xivebis energia (El) naklebia STanTqmul (EST.) energiaze. El < 
EST. sxivuri energia ikargeba. Tavis mxriv: 

El=
l.λ

hc  da EST.= 
ST.λ
hc

              (6.3.1) 

sadac λl. da λST. aris luminescenturi da STanTqmuli talRis 
sigrZeebi, Sesabamisad, c — sinaTlis siCqarea, h — plankis 
mudmiva. 

gamosxivebuli talRis sigrZe ufro metia, vidre STanT-
qmuli sinaTlisa, aRgznebis dros: 
λl.> λST., amitom nivTierebebs, romlebic STanTqaven ultra-
iisfer sxivebs, luminescencireba SeuZliaT speqtris xilul 
ubanSi. 

luminescenciis mniSvnelovan kanonzomierebas warmoad-
gens aRmgznebi eleqtromagnituri rxevis da luminescenturi 
sinaTlis intensivobebs Soris kavSiri, romelic aRmoCenil 
iqna s.i. vavilovis mier. 

luminescenciis dros gamosxivebuli energiis (El) fardo-
bas STanTqmuli energiis kvantTan (EST.) uwodeben energeti-
kul gamosavlianobas: 

Ben.g.=
ST.

l.

E

E
                   (6.3.2) 

xolo, gamosxivebuli kvantebis ricxvis (Nl) fardobas STan-
Tqmuli qvantebis raodenobasTan (NST.) uwodeben luminescen-
ciis qvantur gamosavlianobas. 

Bqv.g.=
ST.

l.

N

N
                   (6.3.3) 
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energetikuli da kvanturi gamosavlianobis sidideebi 
warmoadgenen luminescenciis mniSvnelovan sidideebs, 
ramdenadac isini axasiaTeben STanTqmuli energiis lumines-
centur energiad gardaqmnis efeqturobas. 

luminescenciis speqtri damokidebulia molekulis ener-
getikuli doneebis ganlagebaze (wyobaze) da ar aris damo-
kidebuli imaze, Tu romeli kvanti ixarjeba molekulis aR-
sagznebad. amitom molekulis aRgznebisaTvis iyeneben speq-
tris maRali energiis ultraiisferi gamosxivebis ubans (Tum-
ca amiT izrdeba ara sinaTlis, aramed siTbod gardaqmnili 
energia, magram analizuri miznebisaTvis aseT energetikul 
e.w. `danakargs~ arsebiTi gavlena ara aqvs). 

luminescenciis kvanturi gamosavlianoba warmoadgens 
meTodis aRmoCenis zRvaris mniSvnelovan maxasiaTebels. rac 
metia kvanturi gamosavlianoba, miT ufro mcirea meTodis 
aRmoCenis zRvari. e.i. nivTierebis miT ufro mcire raode-
nobis aRmoCenaa SesaZlebeli. 

am TvalsazrisiT luminescenciaSi farTod aris gamoye-
nebuli organulligandiani Sigakompleqsuri naerTebi. maTi 
Tvisebebi Zlier aris damokidebuli kompleqswarmomqmneli 
liTonis bunebaze, kationisa da ligandis eleqtruli done-
ebis konfiguraciaze. aqedan gamomdinare, luminescencias, 
romlis speqtris formirebaSi monawileobs liTonis kati-
onis eleqtronuli orbitali uwodeben sakuTars. magali-

Tad, aseTi naTebiT xasiaTdeba UO +2
2  — uranil-ioni. 

saanalizo nivTierebis koncentraciis maRali zRvari ar 
unda aRematebodes 10-3 — 10-4 M, radgan koncentraciis (da 
aseve temperaturis) gazrdisas adgili aqvs luminescenturi 
naTebis e.w. `Caqrobas~. s. vavilovis mixedviT `Caqroba~ ori 
rigisaa: 

pirvel rigs miekuTvneba procesebi, romlebic dakavSire-
bulia Sigamolekulur gadajgufebasTan da SeiZleba adgili 
hqondes maSinac ki, roca molekulebi imyofebian araaRgzne-
bul mdgomareobaSi. I rigis `Caqroba~ gamowveulia qimiuri 
procesebiT, roca luminescenciis unaris mqone nivTiereba 
gardaiqmneba araluminescencirebad nivTierebad. yovelive 
amas Tan axlavs STanTqmis da luminescenciis speqtrebis 
cvlileba. II gvaris `Caqrobis~ dros speqtrebis cvlilebas 
adgili ara aqvs. aseTi procesebi mimdinareobs aRgznebul 
molekulebze gare faqtorebis zemoqmedebis dros (magram am 
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SemTxvevaSi axali nivTiereba ar warmoiqmneba). `Caqrobis~ mi-
zezi SeiZleba iyos saanalizo nivTierebis koncentraciis, 
temperaturis gazrda da sxv. `Caqrobis~ mizezi sxvadasxvaa da 
yovelTvis rodi aixsneba misi fizikur-qimiuri buneba. 

luminescenturi analizis meTodebis klasifikacias safuZ-
vlad  udevs  sxvadasxva  principi.  s. vavilovis da v. levSinis 
Tanaxmad, arsebobs ori tipis naTeba: 1. diskretuli (calkeu-
li) centris naTeba; 2. naTeba rekombinaciur procesebSi. pir-
vel SemTxvevaSi luminescenturi naTebis aRZvraSi monawile-
obs mxolod erTi nawilaki (naTebis centri), romelic warmo-
adgens rogorc energiis mSTanTqmels, ise sinaTlis talRis ga-
momsxivebels. meore tipis rekombinaciul procesebSi energiis 
STanTqma, rogorc wesi, ar xorcieldeba im nawilakebis saSua-
lebiT, romlebic asxiveben sinaTlis talRebs. 

meTodebis klasifikacias axdenen agreTve aRmgznebi wya-
ros mixedviT: Tu atomis an molekulis aRgznebisaTvis gamo-
yenebulia ultraiisferi gamosxiveba, an speqtris xiluli, 
mokletalRiani ubani, maSin naTebas uwodeben fotolumines-
centurs an fluorescenturs; Tu aRgzneba gamowveulia ka-
Toduri sxivebiT, maSin mas uwodeben kaTodoluminescen-
turs; qimiuri reaqciis Sedegad gamowveuls — qemilumines-
centurs da a.S. 

analizur qimiaSi umTavresad gamoyenebulia fotolumi-
nescencia da qemiluminescencia. 

luminescenciis gamoyeneba TvisebiT analizSi 

luminescenciis Tviseba gaaCnia mraval araorganul da orga-
nul nivTierebas. magaliTad, am unars mkveTrad avlenen iSvi-
aTmiwaTa elementebi — gansakuTrebiT ceriumis qvejgufi: 
samariumi, evropiumi, gadoliniumi, terbiumi, dispoziumi. sa-
kuTar luminescentur Tvisebas avlens: Taliumi(I), kala(II), 
stibiumi(III), tyvia(II), bismuti(III), indiumi(III) da sxv. aseTi 
unari aqvs agreTve mraval organul nivTierebas, magaliTad, 
vazelins (Ria iasamnisferi), parafins (Ria cisferi), naZvis 
fiss (muqi mwvane yviTeli elferiT), kanifols (Ria lurji), 
sufTa asfalts (muqi yavisferi). 

TvisebiT analizSi gamoyenebulia rogorc sakuTari lu-
minescenciis unaris mqone nivTierebebi, ise kompleqsuri 
naerTebi, romlebic warmoiqmnebian kationebis organul re-
agentebTan (mag., 8-oqsiqinolinTan) urTierTqmedebis dros. 
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magaliTad, beriliumi morinTan iZleva kompleqss, romelic 
`anaTebs~ kaSkaSa mwvaned. TvisebiT analizSi gamoyenebulia 
agreTve luminescentuli naTebis e.w. `Caqroba~, romelic ga-
mowveulia aRmosaCeni nivTierebis zemoqmedebis Sedegad. 

zogierT araluminescencirebad kristalebSi, sxva ele-
mentebis narevis e.w. `aqtivatorebis~ SetaniT, kristali av-
lens damaxasiaTebel naTebas. am nivTierebebs uwodeben `kris-
talfosforebs~. aseTi nivTierebebis luminescenturi naTe-
bis mixedviT adgenen nivTierebis raobas. am gziT SeiZleba 
davamzadoT, magaliTad, `kristalfosforebi~ kalciumis oq-
sidis matriciT da sakmaod dabali aRmoCenis zRvriT aR-
movaCinoT seleni agreTve teluri wiTeli luminescenciiT, 
Taliumi(I) yviTel-mwvane, bismuti(III) Ria iisferi naTebis mi-
xedviT. 

nivTierebis aRmoCenas da identificirebas, xSir SemTxve-
vaSi, axdenen luminescenciaze vizualuri dakvirvebiT. mag-
ram nivTierebebis narevze  vizualuri dakvirveba gaZnele-
bulia. am SemTxvevaSi iyeneben Suqfiltrebs luminescenturi 
talRebis gamosaricxad, an narevis Semadgenel komponentebs 
winaswar acileben erTmaneTisagan sxvadasxva meTodebis gamo-
yenebiT. 

TvisebiT analizSi luminescentur naTebaze dakvirvebas 
axdenen agreTve xelsawyo-aparaturis saSualebiT, romelic 
Sedgeba aRmgznebi wyarosagan da Sesabamisi Suqfiltrebisagan 
(es ukanaskneli atarebs iisfer sxivebs da akavebs xiluls). 

qemiluminescenturi analizi 

 qemiluminescenciis movlena adreve iyo cnobili. am Tvi-
sebas avlens mravali cocxali organizmi (magaliTad, ci-
cinaTela, zRvis mikroorganizmebi da sxv.). naTeba gamowve-
ulia Jangbadis zemoqmedebis dros nivTierebebis fermen-
tuli daJangviT. 

qimiur reaqciebSi qimiuri energiis nawili SesaZlebelia 
gardaiqmnas reaqciis produqtis aRmgzneb energiad. aRgzne-
buli nawilakebis gamosxivebis dezaqtivacia iwvevs qemilumi-
nescencias. 

molekulebis an atomebis mier sinaTlis gamosxivebis mov-
lenas, rodesac maT  winaswar aRsagzneblad gamoyenebulia qi-
miuri reaqciis energia, uwodeben qemiluminescencias. 
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yvela qemiluminescenturi reaqciisaTvis saerToa egzo-
Termuli aqtis arseboba, e.i. qimiuri energiis gardaqmna 
siTbur energiad, romelic sakmarisia nawilakis aRsagzne-
blad speqtris xilul ubanSi. 

aRgznebisaTvis saWiro energiaa 160-170 kj/mol. aseTi 
didi energia warmoiqmneba radikaluri meqanizmiT mimdinare 
jaWvuri reaqciebis an Jangva-aRdgenis Sualeduri produq-
tebis warmoqmnisas da a.S. 

qemiluminescencia SeiZleba ganvixiloT, rogorc orsafe-
xuriani procesi:  
 
 
 
 
 
  

Tumca qemiluminescenciis meqanizmi sakmaod rTulia da 
srulyofilad jer kidev ar aris Seswavlili. 

analizur praqtikaSi luminescenciuri indikatorebi ga-
moiyeneba: 

a) titrimetrul analizSi SemRvreuli, Seferili xsnare-
bis ekvivalentobis wertilis dasadgenad; 

b) nivTierebebis identificirebis da gansazRvrisaTvis, 
romlebic warmoadgenen qemiluminescenturi reaqciebis inhi-
bitorebs.  

g) katalizsa da kinetikaSi. 
TvisebiT analizSi luminescenturi meTodis praqtikuli 

samuSaoebi ganxilulia me-15 TavSi. 
 

6.4. voltampermetria.  mniSvneloba                                
da gamoyeneba 

analizis saxeebi. Tanamedrove voltampermetria moicavs: 
polarografiul analizs, inversiul voltampermetrias, 
cvladdenian da impulsur polarografias, voltamperul ga-
titvras da a.S. yvela es meTodi emyareba voltampergramebis 
Seswavlas, interpretacias da gaSifvras, romelTa saSuale-
biTac erTdroulad mogvewodeba mravalgvari informacia niv-

I – aRgzneba.  A + B    →   P*    +   sxva produqtebi 
                moreagire      reaqciis 

             komponentebi    produqti 

II – gamosxiveba. P* → P + hν 

(6.3.8) 
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Tierebebis rogorc Sedgenilobis (TvisebiTi da raodenobiTi), 
ise eleqtroduli procesebis xasiaTis Sesaxeb. 

voltampermetruli analizis yvela meTodi eyrdnoba da-
mokidebulebas, romelic arsebobs nivTierebis Jangva-aRd-
genis eleqtroqimiur procesebsa da voltampermetrul maxa-
siaTeblebs Soris. eleqtroqimiuri procesebi mimdinareobs 
xsnarSi moTavsebul eleqtrodebze denis gavlis dros. 

Tanamedrove voltampermetria warmoadgens maRalmgrZ-
nobiare eqspres-meTods araorganuli da organuli nivTiere-
bebis Tvisobrivi da raodenobrivi kvlevisaTvis. farTod ga-
moiyeneba bioqimiur, geoqimiur, samedicino-farmacevtul da 
sxva analizSi. meTodi maRalkonkurentunariania mravali 
liTonis gansazRvrisaTvis. misi gamoyenebis diapazoni sak-
maod farToa rogorc Teoriuli, ise praqtikuli Tvalsaz-
risiT. magaliTad, qimiuri reaqciebis kinetikis, kompleqsTa 
Sedgenilobis da mdgradobis konstantebis, mJavebis da fu-
Zeebis disociaciis konstantebis gansazRvrisaTvis da sxva. 
farTod aris gamoyenebuli mravalkomponentiani sistemebis 
analizSi, agreTve ramdenime komponentis erTdroulad da-
cilebisa da gansazRvrisaTvis. 

voltampermetruli analizis yvela saxisaTvis damaxasia-
Tebelia Semdegi Tavisebureba: eleqtrolizur procesebSi 
gamoyenebuli eleqtrodebi Zalzed gansxvavdeba erTmaneTi-
sagan zedapiris farTobis mixedviT. indikatoruli eleq-
trodis — vercxliswylis wveTurii kaTodis farTobi anodis 
farTobTan SedarebiT gacilebiT mcirea, Sesabamisad, denis 
simkvrive mikroeleqtrodze (kaTodze) ufro didia, vidre 
Sesadarebel eleqtrodze (anodze). amitom garedan mowode-
buli Zabva did gavlenas axdens mikroeleqtrodze, ris gamoc 
is polarizdeba. rac Seexeba Sesadarebel eleqtrods (anods), 
masze denis simkvrive imdenad mcirea, rom praqtikulad mxed-
velobaSi ar Rebuloben da Tvlian rom anodi ar polarizdeba 
(misi potenciali mudmivia). 

eleqtrodebze mimdinare eleqtroqimiuri procesebis Se-
degad yovelTvis aRiZvreba potencialTa sxvaoba anu eleq-
tromamoZravebeli Zala (emZ), romelic garedan miwodebuli 
denis sawinaaRmdegod aris mimarTuli da amcirebs miwode-
bul Zabvas. am movlenas polarizacias uwodeben.  

ansxvaveben qimiur da koncnetraciul polarizacias. 
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qimiuri polarizacia gamowveulia eleqtrolizis Sede-
gad warmoqmnili galvanuri wrediT*), romlis emZ-is mimarTu-
leba eleqtrolizis procesis sapirispiroa da amcirebs 
xsnarze modebul Zabvas, e.i. adgili aqvs qimiur polarizacias. 

koncnetraciuli polarizacia gamowveulia eleqtro-
lizis dros kaTodur da anodur areSi ionTa koncentraciis 
cvlilebiT. magaliTad, AgNO3-is eleqtrolizis dros, ver-
cxlis eleqtrodis gamoyenebisas, eletrolitis koncentra-
cia kaTodur areSi mcirdeba, anodurSi — izrdeba. sistemaSi 
warmoiqmneba koncentraciuli wredi, romlis emZ-is mimar-
Tuleba garedan miwodebuli denis mimarTulebis sapiris-
piroa, e.i. am SemTxvevaSi adgili aqvs koncentraciul po-
larizacias.  

zRvruli deni, difuziuri deni. daSlis Zabva 

zRvruli da difuziuri denis warmoqmna dakavSirebulia 
polarizaciis movlenasTan. eleqtrolizis dros rodesac 
kaTodad gamoyenebulia vercxliswylis wveTuri mikroeleq-
trodi, garedan miwodebuli denis Zabvis E-s TandaTanobiT 
matebisas, izrdeba eleqtrodis potencialic. Tu xsnari ar 
Seicavs aRsadgen raime ions, maSin xsnarSi denis gavlisas misi 
Zala ar icvleba. Tu grafikulad gamovxatavT denis Zalasa (I) 
da Zabvas (E) Soris damokidebulebas, maSin grafikze miviRebT 
swor xazs, romelic abscisaTa RerZis paraleluria (nax. 6.4.1-
a). magram roca xsnarSi imyofeba saanalizo aRsadgeni ioni da 
e.w. `fonis eleqtroliti~*) (nax. 6.4.1-b), maSin denis Zalis 
TandaTanobiT gazrdisas mivaRwevT Zabvis iseT mniSvnelobas, 
romelic Seesabameba saanalizo ionis aRdgenis (gamoyofis) 
potencialis mniSvnelobas (e.i. saWiro Zabvis im mniSvnelobas, 
romelzedac SesaZlebeli xdeba polarizaciis emZ-is gada-
laxva). am potencialze xdeba ionis ganmuxtva da denis Zala 
TandaTan iwyebs matebas. 

maSasadame, Zabvas, romelic saWiroa eleqtrolizuri pro-
cesis warmarTvisaTvis (magaliTad, eleqtrolizuri daSli-

                                                 
*) wredi Sedgeba polarizebadi indikatoruli eleqtrodisa da arapolari-
zebadi Sesadarebeli eleqtrodisagan. 
*) `foni~ warmoadgens eleqtrolitis — KCl an 4Cl xsnars, romelsac umateben 
saanalizo xsnars eleqtrogamtarobis gasaZliereblad. 
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saTvis) uwodeben daSlis Zabvas (an gamoyofis potencials, 
ramdenadac am dros kaTodze xdeba liTonis gamoyofa). 

daSlis Zabva damokidebulia xsnaris Sedgenilobaze da 
damaxasiaTebelia yvela calkeuli individualuri ionisaT-
vis. eleqtrolizis sawyis momentSi, garkveul mdgomareo-
bamde, xsnarSi gadis Zalian susti deni: roca Zabvis mniS-
vneloba miaRwevs saanalizo M ionis gamoyofis potencials, 
maSinve iwyeba M-is aRdgena vercxliswylis wveTur kaTodze. 
am dros uZravi anodi*) ixsneba Hg-is gamoyofiT, romelic e.w. 
`fonis eleqtrolitis~ Cl־-ionTan warmoqmnis Hg2Cl2-is na-
leqs. amis Semdeg denis Zala TandaTanobiT izrdeba — aRwevs 
maqsimums (zRvars) da Semdeg isev ucvleli xdeba (nax. 6.4.1-b). 
zRvruli denis maqsimaluri mniSvneloba — IzR. — Seesabameba 
xsnarSi saanalizo ionis maqsimalur koncentracias. 

maSasadame, zRvruli denis warmoqmna dakavSirebulia ver-
cxliswylis wveTuri eleqtrodis polarizaciasTan. 

saZiebeli M ionis (da saerTod ionTa) ganmuxtvis Semdeg 
eleqtrodul areSi mcirdeba ionTa koncentracia da iwyeba 

                                                 
*) anodi warmoadgens vercxliswylis uZrav fenas, romelic eleqtrolotis 
ZirSia moTavsebuli. am mizniT SeiZleba gamoyenebul iqnes agreTve najeri 
kalomelis eleqtrodi. 

I, mkA 

miwodebuli Zabva, E, volti 

b)

d
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a 

d
en

is
 Z

al
a 

I, mkA 

a) 

  miwodebuli    E,   volti 
      Zabva 

        nax. 6.4.1. tipiuri kaToduri mrudebi:  

a) xsnarSi ar aris aRsadgeni x-ioni; 
b) xsnarSi aris aRsadgeni x-ioni (da foni — KCl) 
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`fonis~ eleqtrolitis ionTa difuzia — xsnaridan eleqtro-
disaken. garkveuli drois ganmavlobaSi ionTa difuziis siC-
qare ar icvleba (mudmivia) da Sesabamisad mudmivia denis Za-
lac. e.i. denis Zalasa da Zabvas Soris damokidebulebis mrudi 
abscisaTa RerZis paraleluria (nax. 6.4.1, a,b). magram roca 
xsnarSi zomieri siWarbiT aris `fonis~ eleqtrolitis ionebi, 
maSin zRvruli denis mniSvnelobas praqtikulad ganapirobebs 
difuziis siCqare da amitom am dens uwodeben difuziurs — Id. 
maSasadame, difuziuri denis Zala — Id xsnaris Tvisobrivi da 
raodenobrivi Sedgenilobis maCvenebelia (yvela sxva 
faqtoris mudmivobis dros). 

Tu xsnari Seicavs sxva liTonis ionebs, romlebsac moce-
mul pirobebSi ZabvaTa mwkrivSi gansxvavebuli mdgomareoba 
aqvT, maSin isini gamoiyofian miwodebuli Zabvis Sesabamis 
mniSvnelobaze da denis Zalasa da Zabvas Soris damokide-
bulebis grafikze gveqneba xsnarSi arsebuli ionebis Sesaba-
misi damaxasiaTebeli mrudebi. aseT mrudebs uwodeben vol-
tampergramebs anu polarogramebs*). 

polarogramebi, naxevartalRis potenciali da gamoye-
nebis sfero. polarogramebs, romlebic mTel rig faqtorTa 
gaTvaliswinebiT gamoxataven denis Zalasa da Zabvas Soris da-
mokidebulebas, sxvadasxva saxe aqvT. polarogramebis (tal-
Rebis) ganlagebisa da simaRlis mixedviT SeiZleba davadgi-
noT saanalizo nivTierebis TvisebiTi da raodenobiTi Sed-
geniloba. 

polarogramebis registraciisaTvis saWiro wredi Sedge-
ba indikatoruli wveTuri vercxliswylis eleqtrodisa da 
damxmare najeri kalomelis eleqtrodisgan. am eleqtrodebs 
aerTeben mudmivi Zabvis wyarosTan. TandaTan zrdian Zabvas da 
akvirdebian denis Zalis cvlilebas (potencials zomaven 2-5 
milivolti/sm siCqariT). maRali eleqtrogamtarobis uzrun-
velsayofad wredSi SeaqvT 0,05-1 M indeferentuli eleq-
troliti, e.w. `foni~ (mag. KCl, NH4Cl da a.S.) denis Zalis nax-

                                                 
*) polarografia voltampermetruli analizis Semadgeneli nawilia, romelic 
mowodebul iqna 1922 wels Cexi mecnieris i. geirovskis mier vercxliswylis 
wveTur kaTodze mimdinare movlenebis Seswavlis safuZvelze. 1925 wels gei-
rovskim da mikaCma, meTodis Sesabamisad, Seqmnes specialuri xelsawyo — po-
larografi, romlis saSualebiTac avtomaturad xdeba denis Zalasa da Zabvas 
Soris damokidebulebis, e.w. polarogramebis Cawera. meTodis saxelwodeba 
dakavSirebulia polarizaciis im movlenebTan, romlebic warmoiSveba eleq-
trodenis gavlisas eleqtrolitis xsnarebSi. 
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tomiseburi zrda SeimCneva eleqtrodebze mowodebuli gar-
kveuli Zabvis dros, romelic damaxasiaTebelia TiToeuli ioni-
saTvis. miRebuli monacemebis mixedviT ageben damokidebulebas 
denis Zalasa da miwodebul Zabvas — E-s Soris (nax. 6.4.2). 

klasikuri polarogramisaTvis damaxasiaTebelia sami 
mniSvnelovani parametri: 

1. denis Zala — I, miliamperi (an misi proporciuli sidide 
— talRis simaRle, mm); 

2. potenciali, mrudis daxrilobis wertilSi, anu naxe-
vartalRis potenciali — E 1/2; 

3. mrudis daxris kuTxe, α; 

rogorc nax. 6.4.2-dan Cans, polarograma Sedgeba sami ub-
nisagan: I — a-b ubani — polarogramis dasawyisi eleqtroqi-
miur reaqciamde; II — b-g ubani — denis mkveTri aRmavloba 
eleqtroqimiuri reaqciis xarjze; III — g-d ubani — denis mud-
mivobis ubani. d-ubnis zemo aRmavali xazi gapirobebulia axa-
li eleqtroqimiuri reaqciis dawyebiT. sawyis ubanSi a-b 
potencialis cvlilebiT deni Zalian mcired icvleba, es imis 
maCvenebelia, rom eleqtroqimiuri reaqciis dawyebamde, e.i. 

I, mkA 

Id 2
dI

 

dg

a b 

-E, volti 

nax. 6.4.2. tipuri polarograma

E 1/2
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b-wertilamde, vercxliswylis eleqtrodi warmoadgens TiT-
qmis idealurad polarizebads. 

im mcire dens, romelic gadis polarogramis sawyis ubanSi, 
uwodeben narCen dens.*) am dros didi mniSvneloba aqvs ormagi 
eleqtronuli Sris, e.w. kondensatoris formirebas, romelic me-
ordeba vercxliswylis yovel axal wveTze, amitom wredSi gadis 
ara didi, magram mdgradi `damuxtvis~, anu e.w. `tevaduri deni~ 
— It. narCeni denis gavlenis Tavidan acileba SesaZlebelia opti-
maluri pirobebis SeqmniT, magram e.w. tevaduri denis Semcireba 
SeuZlebelia polarografiuli meTodis gamoyenebis dros, 
rac erTgvarad zRudavs meTodis gamoyenebas. 

b-wertilis miRwevisas (nax. 6.4.2) iwyeba eleqtroqimiuri 
reaqcia. am momentidan denis zrda TiTqosda uswrebs eleq-
trodis potencialis zrdas da eleqtrodi depolarizdeba. 
amitom nivTierebebs, romlebic monawileoben eleqtrodze 
mimdinare eleqtroqimiur reaqciaSi uwodeben depolari-
zatorebs. 

aRsadgeni ionebi vercxliswylis wveTur eleqtrodamde 
ZiriTadad aRwevs ori Zalis moqmedebiT: difuziis (nernstis 
difuziuri Sris koncefcia) da mizidulobis ZalebiT (uZrav 
Termostatirebul xsnarebSi nebismieri konvencia TiTqmis 
gamoricxulia), rodesac eleqtroliziori sakmao raodeno-
biT Seicavs eleqtrolitis ionebs, denis gadatana mTlianad 
am ionebiT xdeba. am SemTxvevaSi zRvruli deni (Iz) mTlianad 
difuziur dens warmoadgens (Id.). 

zRvruli denis im nawils, romelic warmoiqmneba aRsad-
geni ionis eleqtronuli migraciiT, geirovskim migraciuli 
deni uwoda. 

depolarizatoris eleqtrodisken migracia gamowveulia 
nawilobriv difuziuri da nawilobriv eleqtruli ZalebiT. 
amrigad, zRvruli deni warmoadgens `difuziuri denisa~ da 
`migraciuli denis~ jams: Iz.=Id.+Imigr. xsnarSi gavlili denis is 
nawili, romelic gadaitaneba erTi garkveuli saxis ionis 
mier, damokidebulia mxolod am ionebis koncentraciaze da 
ar aris damokidebuli sxva faqtorebze (mudmivi temperatu-
ris dros). amitom xsnarSi, romelic Seicavs depolarizato-
ris mcire da `fonis~ eleqtrolitis SedarebiT did rao-
denobas, denis gadatana xdeba `fonis~ eleqtrolitis ione-

                                                 
*) narCen dens ganapirobebs Tanauri procesebi: gamoyenebuli reaqtivebis 
sisufTave, sistemidan airadi Jangbadis gamoZevebis xarisxi da a.S. 
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biT. am pirobebSi eleqtruli da migraciuli denis Zalebi, 
romlebic moqmedeben depolarizatoris ionebze, nulis to-
lia da zRvruli deni utoldeba difuziur dens. e.i. Iz.=Id. 
amrigad b-ubanze (nax. 6.4.2) Id. gamoxatavs polarogramis 
(mTliani talRis) simaRles. es rogorc mzomi parametri ga-
moyenebulia depolarizatoris (saanalizo nivTierebis) 
ionis koncentraciis gansazRvrisaTvis xsnarSi. 

aranakleb mniSvnelovani maxasiaTebelia e.w. naxevartal-
Ris potenciali Id/2, anu E1/2, romelsac mrudze (nax. 6.4.2) Se-
esabameba talRis simaRlis Sua wertili Id/2. amrigad, naxe-
vartalRis potenciali (E1/2) ewodeba polarografiuli tal-
Ris (polarogramis) potencialis naxevars. misi sidide ar 
aris damokidebuli depolarizatoris (saanalizo aRsadgeni) 
ionis koncentraciaze, igi damokidebulia am ionis qimiur 
bunebaze (E1/2 — naxevartalRis potencialis mniSvnelobaze 
deni izrdeba zRvruli mniSvnelobis naxevramde). 

amrigad, naxevartalRis potenciali — E1/2 warmoadgens 
mniSvnelovan maxasiaTebel parametrs nivTierebis aRmoCe-
nisa da identificirebisaTvis TvisebiT analizSi. 

naxevartalRis potencialis sidides ganapirobebs indivi-
dualuri ionis buneba da igi warmoadgens mudmiv sidides 
(konstantas). erTi da imave komponentis martiv da rTul kom-
pleqsur ionebs E1/2-is gansxvavebuli mniSvnelobebi aqvT (ami-
tom gaTvaliswinebuli unda iyos xsnarSi ionebis formebi). 

E1/2-is mniSvnelobebi eqsperimentulad gansazRvruli da 
mocemulia specialur saxelmZRvanelosa da cnobaris cxri-
lebSi. 

ilkoviCis gantoleba. zRvruli denis sxvadasxva faq-
torze damokidebuleba Seiswavla d.i. ilkoviCma da vercx-
liswylis wveTuri kaTodisaTvis gamoiyvana difuzuri denis 
Teoriuli gantoleba: 

Id=607·n·D1/2 ·m·2/3· t1/6·c                     (6.4.1) 

sadac n — eleqtroqimiur reaqciaSi monawile eleqtronebis 

ricxvia, D — difuziis koeficienti (sm2·c-1), m – kapilaridan 
erT wamSi Camodinebuli vercxliwylis masa gramebSi, t — 
vercxliswylis wveTis `sicocxlis xangrZlivoba~ (wveTis 
mowyvetidan mis dacemamde) wamebSi, c — depolarizatoris 
koncentracia, milimoli/l; ricxvi — 607 da  (6.5.3) ganto-
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lebaSi mocemuli yvela wevri (n-is garda), warmoadgens tem-
peraturis funqcias. amitom, polarografiuli gansazRvrebi 
unda Catardes mudmiv temperaturaze (temperaturis cvli-
leba ar unda aRematebodes 0,50C). difuzuri denis sidideze 
(Id) mravali faqtori axdens gavlenas. maTgan ganvixilavT Zi-
riTad faqtorebs (yvela sxva faqtoris gavlena SegiZliaT 
moiZioT specialur literaturaSi). 

polarografiul maxasiaTeblebsa da nernstis gantole-
bas Soris kavSiri mTeli rigi gardaqmnebis Sedegad gamoixa-
teba Semdegnairad: 

E=E1/2 II
Ilg

n
0,059

−
−

z

               (6.4.2) 

(6.4.2) gantolebas uwodeben polarografiuli talRis (pola-
rogramis) gantolebas Seqcevadi procesebisaTvis. am ganto-
lebidan Cans, rom Tu aRdgena arasrulad xdeba, e.i. Suale-
dur produqtebamde da ara bolomde, maSin E1/2-sidide ar gan-
sxvavdeba Jangva-aRdgenis E0-normaluri standartuli po-
tencialis mniSvnelobisagan, e.i. E1/2-is mniSvnelobebi gamo-
yenebulia TvisebiT analizSi, rogorc analizuri signali 
nivTierebis aRmoCenisa da identificirebisaTvis da war-
moadgens TvisebiTi polarografiis safuZvels. 

6.5. polarografiuli meTodis gamoyeneba                      
TvisebiT analizSi 

TvisebiTi polarografia gamoiyeneba araorganuli da or-
ganuli nivTierebebis identificirebisa da dacilebisaTvis. 
agreTve farTod iyeneben qimiuri reaqtivebis sisufTavis xa-
risxis dasadgenad, bunebrivi da samrewvelo obieqtebis (bu-
nebrivi wylebis, bioqimiuri da farmacevtuli preparatebis, 
Senadnobebis mTis qanebis da sxv.) winaswari kvlevisaTvis. sa-
Tanado optimaluri pirobebis Seqmnisas (xsnaris pH-is regu-
lireba, SemniRbavi kompleqswarmomqmneli reagentebis ga-
moyeneba da sxv.). meTodi SeiZleba gamoviyenoT mikrosiste-
mebSi mikroraodenoba ionTa identificirebisa da dacile-
bisaTvis. 

TvisebiT analizSi nivTierebebis (ionebis) identifici-
rebas da dacilebas safuZvlad udevs naxevartalRis poten-
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cialTa mniSvnelobebi (E1/2), romelsac adgenen grafikuli 
wesiT, Sesabamisi standartebis gamoyenebiT. 

standartuli da saanalizo (x) nivTierebebis xsnarebis 
polarografirebas awarmoeben erTnair pirobebSi: standar-
tul xsnarSi aTavseben vercxliswylis wveTur da kalomelis 
najer eleqtrodebs; CarTaven ra maT polarograful wredSi, 
TandaTan zrdian Zabvas eleqtrodebze. miRebuli monacemebis 
mixedviT ageben damokidebulebas I-denis Zalasa da E-Zabvas 

Soris, an 
II

Ilg
−z

-sa da E-s Soris. polarogramaze talRis 

simaRlis mixedviT pouloben E1/2-naxevartalRis mniSvnelo-
bas. analogiurad apolarografireben saanalizo x-kom-
ponentis (nivTierebis, ionis) Semcvel xsnars. standartis da 
x nivTierebis E1/2-mniSvnelobebs adareben erTmaneTs da iden-
turobis mixedviT adgenen nivTierebis (ionis) raobas. Sesa-
dareblad SeiZleba gamoyenebul iqnes agreTve cnobaris 
cxrilebis monacemebic. 

am meTodiT SesaZlebelia nivTierebebis (ionebis) narevis 
polarografirebac roca ionTa naxevartalRis potencialTa 
mniSvnelobebi mkveTrad aris gansxvavebuli erTmaneTisagan, po-
larogramaze gamoikveTeba maTi Sesabamisi talRebi. magaliTad, 
vercxlis (I), Taliumis Tl (I), kadmiumis Cd(II), nikelis (II), TuTiis(II) 
kationTa narevis polarografirebisas polarogramaze Cans aR-
niSnul kationTa Sesabamisi polarografiuli talRebi (nax. 6.5.1; 
ix. momdevno gverdi). TiToeuli talRis E1/2-is dadgenis Semdeg 
advilia maTi identificireba. e.i. am SemTxvevaSi SesaZlebelia 
xuTive kationis calkeulad aRmoCena maTi winaswari dacilebis 
gareSe. ramdenime polarografiuli talRa warmoiqmneba agreTve 
sxvadasxva JangviTi xarisxis mqone ionebis polarografirebisas. 
es damaxasiaTebelia rogorc qromatis, molibdatis, volfra-
matis, vanadatis da sxv. anionebis, ise rkinis(III), kobaltis(III), qro-
mis(III) da sxv. kationebisTvisac. magaliTad, amiakur garemoSi 

−2
4CrO -is polarograful aRdgenas Seesabameba sxvadasxva gada-

Runvis polarograma (nax. 6.5.2). rogorc Cans, pirveli talRa 

Seesabameba −2
4CrO →Cr3+, xolo meore Cr3+-is Cr2+-mde aRdgenas. ele-

menti umaRles JangviT xarisxSi polarograful talRas iZleva 
ufro dadebiTi potencialis mniSvnelobaze, vidre saSualo (an 
dabali) JangviTi xarisxis dros. 
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aRniSnul movlenas xSirad iyeneben gareSe ionebis gavle-
nis Tavidan asacileblad.  magaliTad, Ni(II)-is polarogra-
fiul aRdgenas da identificirebas xels uSlis Co(II). amitom 
mas Jangaven wyalbadis zeJangiT Co(III)-mde. am dros Co(III)-is 
polarografiuli aRdgena ufro advilia, vidre Ni(II). far-
Tod aris gamoyenebuli SeniRbva, romelsac safuZvlad udevs 
kompleqsnaerTTa gansxvavebuli mdgradoba.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

kompleqsnaerTTa xsnarebidan polarografiuli aRdgena bev-
rad ufro Znelad mimdinareobs, vidre Tavisufali martivi 
ionebisa. garda amisa, grafikze polarogramis mdebareobas 
ganapirobebs kompleqsnaerTebis gansxvavebuli mdgradoba da 
ligandis koncentracia. rac ufro mdgradia kompleqsnaerTi, 
miT ufro meti Zabvaa saWiro eleqtrolizis dasawyebad. es 
damokidebuleba gamoisaxeba gantolebiT: 

x..1/2.1/2 lgC
n

0,059plgK
n

0,059EE −=− umdzRvkompl , sadac E1/2 kompl. da 

E1/2 zRv. — aris liTonis kompleqnaerTisa da kompleqsSi Seukav-
Sirebeli liTonis ionis naxevartalRis potencialebi, Se-

d
en

is
 Z

al
a,
 

d
en

is
 Z

al
a 

−2
4CrO – Cr3+ 

Cr3+→Cr2+

Zabva modebuli Zabva 

 nax. 6.5.1. marilTa xsnarebis       nax. 6.5.2. qromat-ionis  
 narevis polarograma                   aRdgenis polarograma 
(Ag(II), Tl(I), Cd(II), Ni(II), Zn(II)) 
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sabamisad, Kumd.— kompleqsis umdgradobis konstanta, p — ko-
ordinirebuli ligandis ricxvi, Cx — ligandis koncentracia. 
kompleqswarmomqmneli reagentis SerCevas axdenen kompleqs-
naerTebis umdgradobis konstantebis mixedviT, romelTa 
ricxviTi monacemebi mocemulia analizuri qimiis cnobarTa 
cxrilebSi. amasTan SeiZleba gamoyenebul iqnes agreTve ka-
tionTa naxevartalRis potencialebis mniSvnelobebic. 

maSasadame, TvisebiTi polarografiuli meTodis seleq-
turobis gazrda SesaZlebelia pirobebis optimizaciiT (pH-is 
regulirebiT, JangviTi ricxvis cvlilebiT, SeniRbviT, li-
gandis optimaluri koncentraciis SerCeviT da a.S.).  

nivTierebebis identificirebas da dacilebas xels uSlis 
xsnarSi arsebuli haeris Jangbadi, romlis E1/2=-0,3 v. Jangba-
dis gavlenas icileben inertuli airebis an Na2SO3-is SetaniT, 
xolo narCeni denis gavlenis asacileblad saWiroa, rom 
analizSi gamoyenebuli reagentebi Zalian sufTa iyos da 
`fonis~ eleqtrolitis koncentracia — zomieri (0,5-1,0 M). 

organuli nivTierebebis identificireba da dacileba. 
organuli nivTierebebis polarografiuli identifikacia,  
dacileba da gansazRvra farTod aris gamoyenebuli organul 
nivTierebaTa narevebis da rTuli obieqtebis analizSi. cno-
bilia, magaliTad, fenantrenis aRmoCena da gansazRvra qva-
naxSiris fisSi, nitrobenzolisa — anilinSi, pikrinis mJavisa — 
fenolSi, monomerebisa — n-polimerul produqtebSi da a.S. 

polarografiuli meTodi farTod gamoiyeneba polimeri-
zaciis reaqciis meqanizmis gasarkvevad; organuli nivTiere-
bebis agebulebis, funqcionaluri jgufebis, Camnacvleblebis 
bunebis da urTierTgavlenis Sesaswavlad. am mxriv arsebobs 
garkveuli kavSiri Camnacvleblebis bunebasa da organuli 
naerTis naxevartalRis E1/2-is gadanacvlebas Soris. magali-
Tad, acetonSi fenilis radikalis Setana ufro aadvilebs 
polarografiul aRdgenas, vidre meTilis radikaliT Canac-
vleba. aldehidebSi karbonilis aRdgena advildeba moleku-
laSi ormagi kavSiris arsebobisas. mag., akroleini, propionis 
aldehidTan SedarebiT, ufro advilad aRdgeba da sxva. 

polarografiuli aRdgenis procesis xarisxis maCvenebels 
warmoadgens naxevartalRis potencialis mniSvneloba (E1/2), 
romelic damokidebulia molekulaSi eleqtronuli simkvri-
vis ganawilebaze da mocemuli eleqtroaqtiuri jgufebisTvis 
SeuZlia Seicvalos sakmaod farTo intervalSi Camnacvlebeli 
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jgufebis adgilmdebareobis, molekulis geometriis da sxv. 
mixedviT. amitom, msgavsi Tvisebebis nivTierebaTa seriaSi 
sidide — E1/2, axasiaTebs molekulis eleqtronul, qimiurad 
araaqtiur nawilTan eleqtronul da steriul urTierT-
qmedebas da warmoadgens informaciis mniSvnelovan wyaros 
nivTierebebis reaqciisunarianobis Sesaxeb. 

 naxevarpotencialisa da molekulis agebulebas Soris ur-
TierTkavSiris empiriuli formula cnobili iyo jer kidev 30-ian 
wlebSi; polarografiuli aRdgena mimdinareobs miT ufro ad-
vilad, rac ufro grZelia SeuRlebuli bmebis sistema (es 
mkveTrad aris gamoxatuli, magaliTad, aldehidebisaTvis, ro-
melTa zogadi formulaa: CH3(CH=CH)nCHO, roca n=1-5) da meorec, 
rac ufro met eleqtrofilur jgufs Seicavs organuli niv-
Tiereba, miT ufro `advilia~ misi polarografiuli aRdgena. 
Sefasebis es wesi amJamadac aris gamoyenebuli. 

sidide — E1/2 mniSvnelovan informacias iZleva organuli 
nivTierebebis eleqtrosinTezis pirobebis prognozirebisTvis. 
am mimarTebiT meTodisadmi interesi sakmaod didia, radgan, 
xSir SemTxvevaSi, SesaZlebelia sxva qimiuri reagentebis gamo-
yenebis gareSe maRali xarisxis produqtis miReba. eleqtro-
sinTezi gamoyenebulia eleqtro-daJangvis reaqciebSic. maga-
liTad, maleinis mJava SeiZleba miviRoT benzolis daJangviT. 
vercxliswylis wveTuri eleqtrolizis saSualebiT warmoebs 
sxvadasxva klasis organuli nivTierebebis polarografiuli 
aRdgena. magaliTad, naxSirwyalbadebis da maTi halogennawar-
mebis, aldehidebis, ketonebis, cximovani da aromatuli rigis 
najeri da ujeri organuli mJavebis, merkaptanebis, nitro- da 
nitrozo- naerTebis, sxvadasxva heterocikluri SenaerTebis, 
akridinis, qinolinis, alkaloidebis da a.S. 

organuli naerTebis polarografirebis gansakuTrebuli Ta-
visebureba mdgomareobs SemdegSi: 1. polarogramebis misaRebad 
saWiro Zabva damokidebulia ara marto aRsadgeni nivTierebis 
bunebaze, aramed xsnaris pH-ze. umravlesoba  organuli  nivTi-
erebebis  aRdgenaSi  monawileobs H+-ioni. magaliTad: 

 
CCl4 + H+ + e → CHCl3 + Cl¯ 

C6H5NO2 + 4H+ + 4e → C6H5NHOH + H2O 
O 
∥ 

C6H5C-H + 2H+ + 2e → C6H5CH2OH 
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mJavianobis momateba aadvilebs aRdgenas. garda amisa, 
Zlier mJava garemoSi polarogramebi miiReba Cveulebrivad 
wyalbadis naklebi gadaZabvis dros, vidre pH-is ufro maRali 
mniSvnelobisas. amitom, organuli nivTierebebis identifi-
cirebis dros, saanalizo da standartuli xsnarebis E1/2-is 
mniSvnelobaTa Sedarebas da identificirebas axdenen xsnaris 
erTnairi qimiuri Sedgenilobisa da pH-is SemTxvevaSi. 2. mra-
vali organuli nivTiereba mcired ixsneba wyalSi. maT gam-
xsnelad xmaroben: spirtebs, acetons, ZmarmJavas, dioqsans da 
a.S. gamxsnelis buneba did gavlenas axdens polarogramaze da 
aRdgenis potencialze. 3. xSirad aRdgena safexurebad 
mimdinareobs da Sesabamisi polarograma moicavs or an met 
polarografiul talRas. magaliTad, nitrobenzolis pola-
rografirebisas erTi talRa Seesabameba fenilhidroqsi-
laminis warmoqmnas, meore — saboloo produqtis — anilinis 
warmoqmnas. 

I.      C6H5NO2 + 4H+ + 4e → C6H5NHOH + H2O 

II.     C6H5NHOH + 2H+ + 2e → C6H5NH2 + H2O 

yvela es Taviseburebani mxedvelobaSia misaRebi organuli 
nivTierebebis polarografiuli analizis dros.  

Tanamedrove pirobebSi polarografiuli analizi Zalzed 
ganviTarda axali meTodebis aRmoCenisa da konstruqciuli 
aparaturis SeqmniT. gaumjobesda eleqtrodebis da pola-
rografebis konstruqcia. sagrZnoblad Semcirda meTodebis 
aRmoCenis zRvari. magaliTad, inversiul-volt-amperuli me-
Todis aRmoCenis zRvari Seadgens 10-9-10-11 M. normaluri im-
pulsur-polarografuli meTodiT SeiZleba aRmoCenil 10-7 M 
nivTiereba. ΔE ½=0,1-0,23. diferencialuri impulsur-pola-
rografuli meTodis aRmoCenis zRvari Seqcevadi eleqtro-
debisaTvis ~10-8 M-ia. am bolo wlebSi popularobiT sargeb-
lobs Tanamedrove inversiuli polarografia, romelsac ga-
aCnia mniSvnelovani upiratesobebi polarografiasTan Seda-
rebiT*) (mag., Tavidan aris acilebuli `tevaduri denis~ 
gavlena). 

                                                 
*) klasikuri polarografiuli meTodis mgrZnobiarobaa 10-5-10-6 g. 
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6.6. savarjiSo kiTxvebi  

1. ra procesebi udevs safuZvlad speqtroskopul ana-
lizs? 

2. raSi mdgomareobs atomur-emisiuri speqtroskopiis 
(aes) arsi da mniSvneloba? 

3. daasaxeleT nivTierebis (atomis) da molekulis aRmgz-
nebi wyaroebi. ra gansxvavebaa atomur da molekulur speq-
trebs Soris? 

4. ra aris `analizuri signali~ atomur-emisiur speqtro-
skopiaSi? daasaxeleT maTi warmomSobi faqtorebi. 

5. daasaxeleT aes meTodis upiratesobebi da SezRud-
vebi. raSi mdgomareobs fizikur-qimiuri procesebis roli am 
mimarTebiT? 

6. luminescencia. misi arsi da mniSvneloba. ra gansxvave-
baa luminescenciasa da qemiluminescencias Soris? 

7. ra aris luminescenciis `Caqroba~? ra aris misi 
gamomwvevi mizezebi? 

8. daasaxeleT luminescenciis gamoyenebis sferoebi. 
9. daasaxeleT voltampermetriis meTodebi da maTi ga-

moyenebis sferoebi qimiur analizSi 
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Tavi  7  

qimiuri wonasworuli procesebi 

wyalxsnarebSi 

qimiuri wonasworobis safuZvliani Seswavla saSualebas 
gvaZlevs mizandasaxulad vmarToT xsnarebSi mimdinare pro-
cesebi. qimiur analizSi gamoyenebul reaqciaTa umravlesoba 
Seqcevadia da efuZneba qimiuri wonasworobis kanonebs. maga-
liTad, masaTa moqmedebis kanoni (Sedegi) safuZvlad udevs 
daleqva-gaxsnis, kompleqswarmoqmnisa da sxva wonaworul re-
aqciebs, ganawilebis kanoni — eqstraqciul analizs da a.S. 

nivTierebis aRmoCenis, identificirebis, dacilebis da 
gansazRvris meTodebs safuZvlad udevs qimiuri, fizikur-qi-
miuri wonasworuli procesebi, amdenad mniSvnelovania am 
procesebis Teoriis safuZvliani Seswavla. 

7.1. idealuri da realuri sistemebi.      
materialuri balansis                                                     

da  eleqtroneitralobis piroba 

qimiuri wonasworobis ganxilvisas ganasxvaveben idealur 
da realur sistemebs. idealur sistemebSi ionebi gavlenas ar 
axdenen erTmaneTze da srulyofilad avlenen TavianT indi-
vidualur bunebas. idealuri sistemebi praqtikaSi ar gvxvde-
ba. maT uaxlovdeba eleqtrolitebis Zalzed ganzavebuli 
xsnarebi, idealuri airebi. idealur sistemebSi ionTa aqtivo-
ba (aqtiuri koncentracia) analizuri, WeSmariti koncentra-
ciis tolia. qimiuri analizis praqtikaSi umTavresad realur 
sistemebTan gvaqvs saqme. realur sistemebSi ionebi ganicdian 
mis irgvliv myofi ionebis, molekulebis gavlenas, ris gamoc 
sagrZnoblad mcirdeba ionis (nivTierebis) reaqciaSi Sesvlis 
unari da Sesabamisad naklebad vlindeba ionis individualuri 
bunebac. realur sistemebSi ionTa qcevis aRsawerad iyeneben 
e.w. ionTa aqtiurobas — a. idealur sistemebSi a=c; realurSi 
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— a<c. idealurobidan gadaxris mizezs warmodgens: eleq-
trostatikuri da qimiuri urTierTqmedebis gavlena.  

eleqtrostatikuri urTierTqmedebis gavlena Tavs 
iCens maSin, roca xsnarSi sistemis Semadgeneli komponentebis 
an gareSe ionebis koncentracia mniSvnelovnad didia. am dros 
TiToeuli ionis garSemo izrdeba sapirispiro muxtis mqone 
ionebis raodenoba, iqmneba e.w. `ionuri atmosfero~ da ionebi 
ise iqcevian, TiTqos maTi koncentracia naklebia WeSmaritze 
(am dros a<c). 

`ionuri atmosferos~, anu eleqtrostatikuri velis rao-
denobrivi  daxasiaTebisaTvis SemoRebulia ionuri Zalis cne-
ba. ionuri Zala — μ — damokidebulia ionis koncentraciasa da 
muxtis sidideze. 

μ= ∑
=

n

1i

2
iizc

2
1                   (7.1.1) 

maSasadame, xsnaris ionuri Zala — μ warmoadgens ionTa kon-
centraciis da muxtis kvadratis namravlTa jamis naxevars. 
rac metia xsnarSi ionTa koncentracia da didia muxti, miT 
metia xsnaris ionuri Zala da, Sesabamisad, mcirea ionTa 
aqtivoba. sistemis idealuridan gadaxris raodenobriv maxa-
siaTeblad SemoRebulia aqtivobis koeficienti — f. mas gan-
zomileba ara aqvs. aqtivoba (a) da koncentracia (c) erT-

maneTTan Semdegnairad aris dakavSirebuli: f = 
c
a   (7.1.2). a=f 

[A] an a=f CA  (7.1.3), sadac [A] — aris A-nivTierebis (ionis) 
wonasworuli koncentracia; CA — A-ionis an nivTierebis sa-
erTo koncentracia. aqtivobis koeficienti — f, aris is ric-
xvi, romelzedac unda gamravldes nivTierebis koncentracia, 
rom miRebuli sidide gauTanabrdes ionTa aqtivobas (aqtiur 
koncentracias — a). e.i. aqtivobis koeficienti funqciuri 
sididea da aqtivobas akavSirebs wonasworul [A] da saerTo CA 
— koncentraciebTan. Zlier ganzavebul xsnarebSi xsnaris 
ionuri Zala minimaluria; aqtivobis koeficienti — f =1 da a 
=c; xsnaris ionuri Zalis gazrdiT aqtivobis koeficienti 
mcirdeba (f<1).  

eqsperimentulad calkeuli ionis aqtivobis koeficien-
tis gazomva SeuZlebelia, vinaidan ar arsebobs mxolod erTi 
saxis ionis Semcveli xsnari. amitom gamoTvlebis dros sar-
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gebloben aqtivobis saSualo koeficientis mniSvnelobebiT. 
binaruli tipis eleqtrolitisTvis: 

f±  = −+ ⋅ ff                                (7.1.4) 

AmBn — eleqtrolitisTvis: 

f±  = nm n
B

m
A ff+ ⋅                          (7.1.5) 

aqtivobis koeficienti damokidebulia xsnaris ionur Za-
laze, es ukanaskneli ki xsnaris koncentraciaze. maTi ur-
TierTdamokidebuleba gamoisaxeba sxvadasxva gantolebiT da 
gamoiyeneba aqtivobis koeficientis gamosaTvlelad. ganza-
vebuli xsnarebisaTvis: 1) roca C≤0,01 M da μ≤0,01, sargeb-
loben debai-hiukelis martivi formulebiT: 

-lgfi = 0,5 μz2
i      (7.1.6) — individualuri ionisTvis. 

-lg μz0,5z
i

f BA ⋅=±    (7.1.7) — eleqtrolitisTvis. 

2) SedarebiT  ufro  koncentrirebuli  xsnarebisTvis — 
   C≤0,1 M da μ≤0,1 — formulebi rTuldeba: 

-lgfi = 
μ1

μz0,5 2
i

+

⋅
     (7.1.8) — individualuri ionisTvis. 

-lg
μ1
z0,5z

if BA

+
⋅

=±    (7.1.9) — eleqtrolitisTvis. 

gamoTvlebis gasamartiveblad sargebloben Semdegi pos-
tulatebiT: 

1. toli muxtis mqone ionebs maTi niSnis da zomis (radiu-
sis) miuxedavad, erTnairi aqtivobis koeficientebi aqvT. 

2. neitraluri molekulebis Semcveli xsnarebi uaxlovde-

bian idealurs μ=0; f≃1. 
3. idealurs uaxlovdeba eleqtrolitis Zlier ganzave-

buli xsnarebic (μ → 0; f → 1). 
gamoTvlebis dros xelmZRvaneloben agreTve cnobaris 

cxrilebSi mocemuli ±if -is mniSvnelobebiT. 

qimiuri urTierTqmedebis gavlena. materialuri balan-
sis da eleqtroneitralobis piroba. ZiriTad qimiur re-
aqciaSi monawile ionebi (molekulebi) SeiZleba reaqciaSi Se-
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vides xsnarSi arsebul sxva ionebTan da warimarTos Tanamdevi 
(konkurentuli) procesi. konkurentul reaqciaSi SeiZleba 
monawileobdes reaqciis produqtebic. maSasadame, ZiriTad 
reaqciasTan erTad mimdinareobs konkurentuli reaqciac. 
sqematurad es procesebi SeiZleba gamovsaxoT Semdegnairad: 

 
 
 
 
 
 
 
 
magaliTad, wyalxsnarSi amoniumis oqsalatis disociacia  

gamoisaxeba Semdegnairad:  

 (NH4)2C2O4 ⇄ 2 +
4NH + −2

42OC      (7.1.12)         ZiriTadi reaqcia 
−2

42OC -is ionebi reaciaSi Sedis H+-Tan. 
 
 
 
 
amis Sedegad, xsnarSi erTdroulad arsebobs: −2

42OC , 

HC2
−
4O , H2C2O4. wonasworobis momentSi formebs Soris myar-

deba gansazRvruli Tanafardoba; TiToeuli formis koncen-
tracias gamoxataven wonasworuli koncentraciiT da svamen 

kvadratul frCxilSi. magaliTad, [ −2
42OC ]; [HC2

−
4O ]; [H2C2O4]. 

aRniSnuli formebis wonasworuli koncentraciebis jami 
warmoadgens saerTo analizur koncentracias — C. maSasadame, 
mocemuli tipis ionis saerTo koncentracia xsnarSi, misi 
calkeuli formebis koncentraciebis jamis tolia: 

C=[H2C2O4] + [HC2
−
4O ] + [ −2

42OC ]               (7.1.14) 

saerTod, TiToeuli A formis moluri wili:  

αA=
AC

[A]  (7.1.15). mis gamosaTvlelad iyeneben gamosaxulebas 

(7.1.14), romelic gamoxatavs materialuri balansis pirobas. 
maSasadame, materialuri balansis pirobis Tanaxmad, moce-

A + B ⇄ C + D        (7.1.10)     ZiriTadi reaqcia 

A + L ⇄ AL 
B+ X ⇄ BX             (7.1.11)     konkurentuli reaqciebi 

C + Y ⇄ CY 

a) −2
42OC + H+ ⇄ HC2

−
4O                                      mJavur-fuZuri 

b) HC2
−
4O + H+ ⇄ H2C2O4                          konkurentuli reaqcia 

(7.1.13)
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muli ionis (nivTierebis) saerTo koncentracia, misi cal-
keuli formis koncentraciebis jamis tolia.*) 

TiToeuli formis wonasworuli koncentraciis gansasaz-
Rvravad saWiroa yoveli maTgani gamoisaxos saZiebeli formis 
koncentraciiT da konkurentuli reaqciis wonasworobis 
konstantebiT. zemoT ganxilul konkretul SemTxvevaSi kon-
kurentuli reaqciebis konstantebs warmoadgens mJaunmJavas 
safexurebrivi disociaciis konstantebi (mocemulia cnoba-
rebSi): 

K1=
]O[HC

]O][C[HK   ;
]OC[H

]O][HC[H
-
42

2
42

2
422

42
−+−+

=            (7.1.16) 

Tu gvsurs gavigoT [H2C2O4]-is koncentracia, maSin diso-

ciaciis konstantebis gamosaxulebidan (7.1.16) [HC2
−
4O ], 

[ −2
42OC ] koncentraciebi unda gamovsaxoT [H2C2O4]-iT. 

[HC2
−
4O ] = K1

][H
]OC[H 422

+                   (7.1.17) 

[ −2
42OC ]=K2·K1 2

422

][H
]OC[H

+                  (7.1.18) 

materialuri balansis gamosaxulebaSi (7.1.14) SevitanoT 
(7.1.17) da (7.1.18). gveqneba: 

422 OCHC = [H2C2O4] + K1
][H

]OC[H 422
+ + K2·K1 2

422

][H
]OC[H

+  = 

= [H2C2O4] ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++ ++ 2

211

][H
KK

][H
K

1 . aqedan: 

[H2C2O4] = 

2
211

OCH

][H
KK

][H
K1

C
422

++ ++
                  (7.1.19) 

 
7.1.19 gamosaxulebaSi mniSvneli warmoadgens konkurentu-

li reaqciis koeficients H2C2O4-is mixedviT, xolo misi Seb-
runebuli sidide aRniSnuli formis molur wils — α

422 OCH -s. 

                                                 
*) materialuri balansis piroba emyareba masis mudmivobis kanons, romlis Ta-
naxmad, izolirebul sistemaSi atomTa ricxvi mudmivia. 
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moluri wili α
422 OCH =

211
2

2

KK]H[K]H[
]H[

++ ++

+
       (7.1.20) 

analogiurad SeiZleba gamoviyvanoT HC2O −
4 -is da C2O −2

4 -is 
koncentraciebis da Sesabamisi moluri wilis gamosaTvleli 
formulebi. 

[HC2O −
4 ] = 

][H
K

K
][H1

C

2

1
+

+
++

                        (7.1.21) 

[C2O −2
4 ] = 

21

2

2 KK
][H

K
][H1

C

⋅
++

++                       (7.1.22) 

-
42OHCα =

211
2

1

KK]H[K]H[
]H[K

++ ++

+
                (7.1.23) 

-2
42OCα =

211
2

21

KK]H[K]H[
KK

++ ++                  (7.1.24) 

 
ionTa moluri wili damokidebulia konkurentul reaqciaSi 

monawile ionis koncentraciaze da xsnaris pH-ze (nax, 7.1.1.) 
 

0
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4

 
nax. 7.1.1. mJaunmJavas wonasworuli formebis ganawilebis diagrama 
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rogorc nax. 7.1.1-dan Cans, xsnaris pH-ze damokidebulebis 
mixedviT, wyalxsnarSi mJaunmJava sxvadasxva formiT arse-
bobs. magaliTad, mJava garemoSi dominirebulia forma — 

H2C2O4, neitralur da tute garemoSi — −2
42OC . 

xsnarSi ionebis sxvadasxva formiT arseboba gasaTvalis-
winebelia qimiuri reaqciis gantolebis Sedgenis dros. 

unda aRiniSnos, rom wonasworul procesebze qimiuri ur-
TierTqmedebis gavlena gacilebiT didia eleqtrostatikur-
ze. amitom, Tu xsnarSi konkurentuli reaqciebi mimdinare-
obs, praqtikulad eleqtrostatikur gavlenas mxedvelobaSi 
ar iReben da Tvlian rom μ=0;  f=1;  [A]=aA. 

wonasworul sistemebSi mTeli rigi maTematikuri gamoTv-

lebisTvis farTod iyeneben agreTve eleqtroneitralobis 

gantolebas, romelic emyareba muxtis Senaxvis kanons. eleq-

troneitralobis pirobis Tanaxmad, Caketil sistemaSi da-

debiTi muxtebis saerTo raodenoba tolia uaryofiTi mux-

tebis saerTo ricxvisa.  

e.i. Σ [Ai] Zi = 0                                     (7.1.25) 

sadac [Ai] — aris i — ionis wonasworuli koncentracia, Zi — i-

ionis muxti (niSnis mxedvelobaSi miRebiT). magaliTad, kali-

umis nitratSi disociaciis dros warmoiqmneba: 

KNO3 + HOH ⇄K+ + NO −
3 + H+ + OH¯ 

eleqtroneitralobis gantoleba, Sesabamisad, ase gamoisaxeba:  

[K+] + [H+] = [NO −
3 ]+[OH¯] 

materialuri balansis da eleqtroneitralobis pirobis 

gantolebebi gamoiyeneba wyalxsnarebSi nivTierebebis arse-

bobis formebis dasadgenad, wonasworuli koncentraciebis 

gamosaTvlelad da sxva. amitom saWiroa vicodeT maTi 

Sedgena. 
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7.2. qimiuri wonasworobis konstantebi                        
da maTi urTierTkavSiri 

wonasworuli sistemebis raodenobrivi daxasiaTebisaTvis 
iyeneben masaTa moqmedebis kanonidan gamomdinare Sedegs. re-
aqciisaTvis: 

aA + bB ⇄ cC + dD                         (7.2.1) 

TK  = b
B

a
A

d
D

c
C

aa
aa

⋅
⋅

                                (7.2.2) 

TK  — uwodeben wonasworobis Termodinamikur konstan-

tas. TK = f(T, P) (7.3.3). e.i. steqiometruli koeficientebis 
tol xarisxSi ayvanili reaqciis produqtebis aqtivobaTa 
namravlis fardoba gamosavali nivTierebebis aqtivobaTa nam-
ravlze, mudmivi sididea mocemuli temperaturis da wnevis 
dros. misi ricxviTi mniSvnelobebi mocemulia cnobarebis 
cxrilebSi. 

realuri sistemebi eleqtrostatikuri zemoqmedebis 
dros raodenobrivad aRiwereba e.w. koncentraciuli kons-

tantiT — kK  (anu realuri konstantiT Kr). igive wonaswo-
robisTvis (7.2.1): 

k(r)K = ba

dc

]B[[A]

D][[C]

⋅

⋅
                   (7.2.3) 

kK = f(T, P, μ)                         (7.2.4) 
koncentraciuli (realuri) konstanta — kK mudmivia mud-

mivi wnevis, temperaturis da ionuri Zalis dros. 
sistemaze qimiuri faqtoris gavlenisas sargebloben e.w. 

pirobiTi konstantiT — Kp. am SemTxvevaSi nivTierebis rao-
denobas gamosaxaven saerTo koncentraciiT — C. maSasadame,  
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⋅     (7.2.5)               Kp = f(T, P, μ, α)        (7.2.6) 

Kp — mudmivi sididea, wnevis, temperaturis da konkuren-
tul reaqciaSi monawile nivTierebis mudmivi koncentraciis 
pirobebSi (roca α=const). aRniSnul konstantebs Soris arse-
bobs urTierTkavSiri, romelic SeiZleba gamoviyvanoT Sem-




