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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 
   

 

 

 

  

 



 7 

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: 
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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) 
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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 



 51 

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. 



 57 

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 



 78

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 
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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-
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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
en

is
 Z

al
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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1
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α
H2C2O4 HC2O-

4
C2O2-

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,  

Kp= b
B

a
A

d
D

c
C

CC
CC

⋅
⋅     (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-
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degnairad: rogorc cnobilia, a = f [A] maSin (7.2.2) gamosaxu-
lebis TiToeuli wevrisaTvis gveqneba: 

;D][f    ;B][f     ;C][f       ;A][f dd
D

d
D

bb
B

b
B

cc
c

c
c

aa
A

a
A ==== aaaa      (7.2.7) 

SevitanoT es mniSvnelobebi (7.2.2) gamosaxulebaSi: 

TK =        
ff
ff

K
ff
ff

]B[[A]

D][[C]
b
B

a

d
D

c
C

b
B

a

d
D

c
C

ba

dc

⋅
⋅

=
⋅
⋅

⋅
⋅

⋅

AA

k                  (7.2.8) 

aqedan:  kK = TK d
D

c
C

b
B

a
A

ff
ff

⋅
⋅

   (7.2.9). es gamosaxuleba gamoxatavs 

Termodinamikur da koncentraciul (realur) konstantebs 

Soris kavSirs da gamoiyeneba kK -s gamosaTvlelad, roca ad-
gili aqvs sistemaze eleqtrostatikur zegavlenas.        

analogiurad, gamoiyvaneba kavSiri TK da pK  — konstan-
tebs Soris. 

pK = TK d
D

c
C

b
B

a
A

d
D

c
C

b
B

a
A

ff
ff

αα
αα

⋅
⋅⋅

⋅
⋅

  (7.2.10).   es gamosaxuleba gamoxatavs 

samive konstantas Soris urTierTkavSirs da gamoiyeneba, ro-
ca sistemaze gavlenas axdens orive faqtori: eleqtrosta-
tikuri da qimiuri. Tu gamovricxavT eleqtrostatikuri faq-
toris gavlenas, maSin: 

pK = TK d
D

c
C

b
BA

αα
αα

⋅
⋅a

    (7.2.11) 

rogorc Cans, realuri konstantebis ( kK , pK )  gamoTvla 

SesaZlebelia TK —konstantas saSualebiT, romlis ricxviTi 
mniSvnelobebi cnobilia. magaliTad, gamovTvaloT WianWve-

lmJavas koncentraciuli kK konstanta, 0,01 M NaCl-is Ta-

naobisas; TK = 1,78·10-4;  
amoxsna: 
moc. NaClC =0,01 M; 

            HHCOOKT =1,78·10-4; 

------------------------------------- 

u.g. koncentraciuli konstanta, kK =? 
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wyalxsnarSi WianWvelamJava disocirdeba: 

HCOOH⇄HCOO¯ + H+ 

kK = TK
−+ ⋅

HCOOH

HCOOH

ff
f

 

debai-hiukelis postulatebis Tanaxmad: fHCOOH≈1; 

_HCOOH ff =+ . xsnaris ionuri Zala  μ=
2
1 (0,01·12 + 0,01·12) = 0,01. 

cxrilSi vpoulobT _HCOOH ff =+ -s mniSvnelobebs, romelic 

tolia _HCOOf = 0,89, maSin: 

2

4

2HCOOH )89,0(
1078,1

f
KK

−⋅==
T

k = 2,25·10-4; 

7.3. qimiuri wonasworobis konstantebis saxeebi     
da maTi mniSvneloba 

wonasworobis konstantis saxes gansazRvravs reaqciis ti-
pi. magaliTad, mJavur-fuZuri wonasworobis konstantas uwo-
deben mJavebis da fuZeebis disociaciis konstantebs. 

mJavasaTvis: HA + HOH ⇄H3O+ + A¯                  

KHA=
[HA]

]][AO[H3
−+

                          (7.3.1) 

fuZisaTvis:   B + HOH ⇄ B+ + OH¯                      

KHA=
[B]

]][OH[B −+
                            (7.3.2) 

   daleqva-gaxsnis wonasworobis konstantas uwodeben 
xsnadobis namravls — Lp;  MmAn naleqisaTvis:  

MmAn ⇄ mM + nA 

MmAnLp ⇄ [M]m[A]n                  (7.3.3) 
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kompleqswarmoqmnis wonasworoba xasiaTdeba — kompleqs-
warmoqmnis, anu mdgradobis konstantiT — β; kompleqsisaTvis 

MR: M + R ⇄ MR 

βMR= 
[M][R]
[MR]    (7.3.4) da a.S. 

wonasworobis konstantebi mniSvnelovan informacias 
gvawvdis xsnarSi mimdinare procesebis Sesaxeb. maTi daxma-
rebiT SesaZlebelia mizandasaxulad vmarToT qimiuri wonas-
woroba.  

wonasworobis konstanta K=
2

1

K
K , sadac K1 da K2 — pirda-

piri da sapirispiro reaqciebis siCqaris mudmivebia. 

Tu 
2

1

K
K

>>1, maSin pirdapiri reaqcia mimdinareobs ufro 

meti siCqariT, vidre misi sapirispiro. Tu K>>1, reaqcia praq-
tikulad bolomde midis. magaliTad, spilenZis amiakuri kom-
pleqsis warmoqmnis wonasworobis konstanta sagrZnoblad di-

dia da reaqciac praqtikulad bolomde midis: Cu2+ + 4NH3 ⇄ 
[Cu(NH3)4]2+, Seqcevadi reaqciebis wonasworobis konstantebis 
ricxviTi mniSvnelobebi mcirea, K<<1. reaqciis bolomde war-
marTva SesaZlebelia moreagire komponentebis koncentra-
ciis cvlilebiT an sareaqcio aredan produqtis gamoyvaniT. 
zogjer es cvlilebebi SesamCnevia vizualuradac. magaliTad:  

FeCl3  + 3NH4SCN ⇄ Fe(SCN)3  + 3NH4Cl 

3
43

3
4

SCN]][NH[FeCl

Cl]][NH[Fe(SCN)
K

3
=  

Tu gavzrdiT NH4SCN-is koncentracias, maSin Semcirdeba 
[FeCl3]-is koncentracia, ise, rom K-s mniSvneloba mudmivi rCe-

ba. garegnuli efeqtiT Fe(SCN)3-is wiTeli Seferiloba ufro 
intensiuri xdeba. 

konkurentuli reaqciiT SesaZlebelia sareaqio aredan 
reaqciis produqtis gamoyvana. magaliTad:  

2BaCl2 + K2Cr2O7 + 2H2O ⇄ 2BaCrO4↓+ 2HCl + 2KCl 
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BaCrO4 marilmJavaSi xsnadia. wonasworobis marcxnidan 
marjvniv gadasanacvleblad umateben natriumis acetats: 

CH3COONa + HCl → CH3COOH + NaCl 
ZmarmJavaSi BaCrO4 ar ixsneba da reaqcia praqtikulad bo-

lomde warimarTeba. wonasworobis konstantebis gamoyenebiT 
SesaZlebelia: vawarmooT raodenobiTi xasiaTis gamoTvlebi 
reaqciis siRrmis SefasebisaTvis, Teoriuli gaangariSebis sa-
fuZvelze gaviTvaliswinoT reaqciis mimdinareobis optima-
luri pirobebi da sxv. 

fazuri*)  wonasworobis  tipebidan  TvisebiT  analizSi um-
Tavresad  gamoiyeneba  wonasworoba:  I — airi-siTxe;  II — siTxe-
myari nivTiereba; III — siTxe-siTxe. pirveli tipis wonasworo-
baze damyarebuli meTodebi arc Tu ise mravalferovania, mag-
ram gamoirCevian specifiurobiT (mag., NH3-is aRmoCena). meore 
tipi — siTxe-myari nivTiereba, gamoyenebulia daleqva-gaxsnis 
procesebSi (nivTierebis aRmoCenisa da dacilebisaTvis). mas 
emyareba gravimetruli analizi. mesame tipi — wonasworoba — 
siTxe-siTxe, warmoadgens ZiriTadad eqstraqciis safuZvels 
da masze agreTve damyarebuli eleqtroanalizi vercxlis-
wylis kaTodiT. fazuri wonasworobis mniSvnelovan proce-
sebs Tanmimdevrulad ganvixilavT momdevno TavebSi. 

7.4. tipuri amocanebis amoxsnis magaliTebi.  

savarjiSo kiTxvebi da amocanebi 

#1. ras udris bromid-ionis aqtiuri koncentracia xsnarSi, 
romelic toli raodenobiT — 0,01 mol/l — Seicavs natri-
umisa da aluminis bromids? 

amoxsna 
moc. C1(NaBr) = 0,01 mol/l 
     )(AlBr 2 3

C = 0,01 mol/l 

-----------------------------------------------  
     u.g. −Bra =?   

                                                 
*) fazas uwodeben sistemis nawils, romelic misi sxva nawilisagan gamoyo-
filia gansazRvruli zedapiriT. amasTan, TiToeuli fazis Semadgeneli niv-
Tiereba fizikurad da qimiurad erTgvarovania.  
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wyalxsnarebSi NaBr ⇄ Na+ + Br¯; AlBr3 ⇄ Al3+ + 3Br¯; 
gavigoT xsnaris ionuri Zala. 

μ=
2
1

( 2
BrBr

2
AlAl

2
BrBr

2
NaNa ZC3ZCZCZC 33 −−−− ⋅+⋅+⋅+⋅ ++++ );   (a) 

NaBr-is xsnarSi [Br¯]=0,01 mol/l; AlBr3-is xsnarSi 

[Br]¯=0,01·3 = 0,03 mol/l; SevitanoT es mniSvnelobebi μ-s ga-
mosaTvlel formulaSi: 

μ =
2
1

(0,01·1 + 0,01·1 + 0,01·9 + 0,03·1) = 0,07 

cxrilSi vpoulobT μ-s Sesabamis −Br
f -is mniSvnelobas. 

debai-hiukelis Tanaxmad, −Br
f = 0,74. xsnarSi Br¯-is saerTo 

koncentracia — −Br
C = 0,01 + 0,03 = 0,04 mol/l. 

maSin −Bra = 0,74·0,04 = 0,03 mol/l. 

#2. azotovani mJavas disociaciis Termodinamikuri kon-

stanta TK = 6,2·10-4. gamoTvaleT wonasworobis realuri kon-
stanta, Tu μ = 0,01. 

 
amoxsna 

moc. T
2HNOK = 6,2·10-4. 

      μ = 0,01. 
----------------------------- 

u.g. kK =? 

wyalxsnarebSi: HNO2 ⇄ H+ + −
2NO ; -

2NOH ff =+ . 

cxrilSi vpoulobT -
2NOH ff =+  mniSvnelobas, roca μ = 0,01. 

maSin, +Hf = 0,89; rogorc zemoT aRvniSneT,  

 

kK = TK /f2 = = 2

10

)89,0(
102,6 −⋅ =7,8·10-4; 

 
#3. gamoTvaleT karbonat-ionis wonasworuli koncentracia 

naxSirmJavas 1,25·10-3 M  xsnarSi, Tu pH=6,0.  
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amoxsna 
moc. pH=6,0. e.i. [H+]=10-6 moli/l. 
     naxSirmJavas saerTo 

32COHC =1,25·10-3 M;   

u.g. ][CO2
3

− =? 

materialuri balansis pirobis Tanaxmad:  
 

]HCO[]CO[C 3
2
3CO2

3

−− +=− + [H2CO3]. 

I.   −2
3CO  + H+ ⇄ −

3HCO ;      K1 = 4,5·10-7; 

II.  −
3HCO + H+ ⇄ H2CO3;    K2 = 5,0·10-11; 

][CO2
3

− = =
⋅++

⋅⋅
++

−

212
2

21CO

KK][HK][H

KKC 2
3  

= 1177626

1173

100,5105,4105,4100,1)10(
100,5105,41025,1

−−−−−

−−−

⋅⋅⋅+⋅⋅⋅+
⋅⋅⋅⋅⋅

= 1,9·10-8 mol/l; 

][CO2
3

− =1,9·10-8 mol/l (am formulis gamoyvana ix. $7.1). 
 
4. SevadginoT CaCl2-is wyalxsnaris eleqtroneitralobis gan-
toleba.  

amoxsna 
 

eleqtroneitralobis zogadi gantolebis Tanaxmad, Ca-ke-

tili sistemisaTvis  Σ Zi [Ai]= 0, sadac  [Ai] — aris i — ionis 

wonasworuli koncentracia, Zi — misi muxti. wyalxsnarSi CaCl2 

disocirdeba. 

CaCl2 + HOH ⇄Ca2+ + 2Cl¯ + H+ + OH¯ 
am dros Cl¯ ufro meti raodenobiT warmoiqmneba, vidre 

Ca2+. amitom eleqtroneitralobis gantolebis Sedgenisas 
kalciumis ionis koncentracia unda gavaormagoT. maSin eleq-
troneitralobis gantoleba gamoisaxeba ase: 

2[Ca2+] + [H3O+] – [Cl¯] – [OH¯] = 0. 
anu      2[Ca2+] + [H3O+] = [Cl¯] + [OH¯] 
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savarjiSo kiTxvebi da amocanebi 
 

1. ras warmoadgens idealuri da realuri sistemebi? 
2. daasaxeleT sistemis idealuri mdgomareobidan gadax-

ris mizezebi; 
3. ra kavSiria aqtiur da analizur koncentracias Soris;  

xsnaris ionur Zalasa da aqtivobis koeficients Soris? 
4. ra aris Termodinamikuri, koncentraciuli da pirobi-

Ti konstantebi da rogoria maT Soris urTierTkavSiri. 
5. ra faqtorebi axdens gavlenas qimiur wonasworobaze? 
6. raSi mdgomareobs materialuri balansis piroba? 
7. ra mniSvneloba aqvs wonasworobis konstantebs? 
8. gamoTvaleT I¯-is aqtiuri koncentracia (aqtivoba) 

natriumis iodidis 0,2 M xsnarSi. 
9. gamoTvaleT wyalbad-ionTa aqtiuri koncentracia 0,1 

M marilmJavas xsnarSi 0,05 M Na2SO4-is Tanaobisas. 
10. gamoTvaleT mJaunmJavas realuri wonasworobis (I sa-

fexuris) konstanta 0,01 M kaliumis qloridis xsnarSi. 
11. gamoTvaleT hidrosulfid-ionis wonasworuli kon-

centracia 0,1M amoniumis sulfidis xsnarSi, Tu xsnaris 
pH=7,0. 

12.  gamoTvaleT ZmarmJavas disociaciis realuri kons-

tanta 0,02 M  KCl-is xsnarSi, Tu KT=1,75·10-5; 
13. SeadgineT bariumis qloridis — BaCl2-is wyalxsnaris 

eleqtroneitralobis gantoleba. 
14. dawereT gogirdwyalbadmJavas materialuri balansis 

gantoleba.  
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Tavi  8  

mJavur-fuZuri (protolituri) wonasworoba 

8.1. mJavur-fuZuri reaqciebis gamoyeneba 

mJavur-fuZuri reaqciebi farTod aris gamoyenebuli qi-
miur analizSi, kerZod:  

1)  nivTierebebis (ionebis) aRmoCenisa da identificirebisa-
Tvis. mag., Cu2+-is aRmosaCenad misi marilebis Semcvel xsnars 
umateben amoniumis tutes, jer mcire raodenobiT, Semdeg War-
bad. miiReba lurji feris spilenZis tetraamiakati. 

2CuSO4 + 2NH4OH → Cu2(OH)2SO4↓ + (NH4)2SO4 
                                  momwvano-lurji 

spilenZis fuZe-sulfati ixsneba Warb amoniumis tuteSi: 

Cu2(OH)2SO4↓ + (NH4)2SO4 + 6NH3 → 2[Cu(NH3)4]SO4 + 2H2O 
                                              lurji xsnari 

2) ionebis  an  nivTierebebis  dasacileblad. magaliTad:  a) 
Fe(III) da Cr(III)-sagan Al-isa da Zn2+-is dasacileblad xsnars 
umateben NaOH-s (Warbad). gafiltvris Semdeg naleqSi rCeba 
Fe(III) da Cr(III) hidroqsidebi.  

b) filtratSi gadis alumini da cinki aluminatisa da cin-
katis saxiT. 

g) kationebis (Ag+, Pb2+, Hg+) jgufis dasacileblad. 

AgNO3 + HCl → AgCl↓+ HNO3 
Pb(NO3)2 + 2HCl → PbCl2↓+ 2HNO3 

Hg2(NO3)2 + 2HCl → Hg2Cl2 + 2HNO3 
3)  mJavur-fuZuri reaqciebi safuZvlad udevs neitrali-

zaciis meTods. am dros raodenobrivad sazRvraven mJavebs, 
tutis titriani xsnariT da piriqiT. isazRvreba agreTve ma-
rilebic. meTods safuZvlad udevs reaqcia: H+ + OH⎯ → H2O. 

4) xsnaris garemos Sesaqmnelad TvisebiT analizSi gamoye-
nebul reaqciaTa mimdinareoba damokidebulia xsnarSi wyal-
bad- da hidroqsid-ionebis koncentraciaze. mag., Mn2+-is 
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aRmoCenis Jangva-aRdgeniTi reaqcia mimdinareobs mJava 
garemoSi:  

2MnSO4 + 5PbO2 + 6HNO3 → 2HMnO4 + 3Pb(NO3)2 + 2PbSO4 + 2H2O 
                                                                                                  iisferi xsnari 

5) marilTa hidrolizis Tavidan asacileblad iyeneben 
mJavebs an tuteebs. mag., FeSO4-is wyalSi gaxsnisas wyalxsnars 
winaswar SeamJaveben gogirdmJavaTi. 

6)  wyalSi Zneladxsnadi nivTierebebis gasaxsnelad.  

ZnS+2HCl→ZnCl2+H2S 
As2S3+6NaOH→Na3AsO3+Na3AsS3+3H2O 

7)  buferuli narevebis dasamzadeblad.  
magaliTad, e.w. standartuli acetaturi buferis dasam-

zadeblad iyeneben ZmarmJavas da natriumis tutes (an nat-
riumis acetats); boratul buferebs amzadeben boris mJavasa 
da tutis xsnarebis SereviT da sxv. 

8.2. warmodgenebi mJavur-fuZur wonasworobaze 

qimiis mecnierebis ganviTarebis Sesabamisad, icvleboda 
da viTardeboda warmodgenebi mJavur-fuZuri urTierTobis 
Sesaxeb. cnebebis — `mJava~ da `fuZe~ — Sinaarsi iyo da dResac 
rCeba erT-erT aqtualur sakiTxad analizur qimiaSi. 

mJavas pirveli ganmarteba, romelic erTmaneTisagan da-
moukideblad wamoayenes ingliselma fizikos-qimikosma hemf-
ri devim da frangma qimikosma — p. diulongma, ukavSirdebo-
da nivTierebaSi wyalbad-ionis Semcvelobas. Semdeg germa-
nelma qimikosma — i. libixma aRniSna, rom mJavas wyalbads 
unda hqonoda liToniT Canacvlebis unaric.  

wyalxsnarebSi mJavebisa da fuZeebis Sesaxeb Teoria ga-
naviTara s. areniusma. areniusis Teoriis Tanaxmad, mJava ise-
Ti eleqtrolitia, romelic wyalxsnarebSi disocirdeba 
wyalbad-ionis, xolo fuZe — hidroqsid-ionis warmoqmniT. 
mJavas da fuZis urTierTqmedebis Sedegad warmoiqmneba ma-
rili da wyali, e.i. neitralizaciaSi monawileobs mxolod H+ 

da OH⎯ ionebi: H+ + OH⎯ ⇄ H2O. 
maSasadame, mJavas buneba dakavSirebulia H+-is ionTan, fu-

Zisa — OH⎯ ionTan. areniusis Teoria Semdgom ganaviTara ger-
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manelma fizikos-qimikosma v. ostvaldma. man aRmoaCina gan-
zavebis kanoni, romelSic maTematikurad dakavSirda mJavur-
fuZuri wonasworobis mniSvnelovani maxasiaTeblebi — diso-
ciaciis konstanta da disociaciis xarisxi. arenius-ostval-
dis Teoriam didi roli iTamaSa mJavur-fuZuri urTierT-
qmedebis garkvevis saqmeSi. am TeoriiT aixsna wyalxsnarebSi 
mJavas da fuZis Tvisebebi, gansxvavebuli elgamtaroba da a.S. 
mJavas da fuZis areniusiseuli ganmartebebiT, xsnarebis pH-
is gamomTvleli maTematikuri aparatiT, dResac sargebloben 
analizur qimiaSi. es Teoria amJamadac gamoiyeneba Zlier 
ganzavebuli eleqtrolitebis xsnarebis mimarT. 

miuxedavad amisa, areniusis Teorias gaaCnia SezRudvebi 
da nakli: 

1) mcire yuradReba eTmoba gaxsnis process: gamoricxulia 
gamxsnelis roli. magaliTad, wyalxsnarebSi mJavebis diso-
ciacia srulyofilad ver aRiwereba gantolebiT: 

HA ⇄ H+ +A⎯ 
vinaidan wyalxsnarebSi H+-s ar SeuZlia Tavisuflad arseboba. 
igi Tavisi mcire zomis gamo, qmnis didi intensivobis eleq-
trul vels, izidavs wylis molekulebs da warmoqmnis hid-
roqsoniumis ions — H3O+; 

H+ + HOH ⇄  H3O+ + OH⎯ 
maSasadame, wyalTan mJavas urTierTqmedebisas warmoiqmneba 
H3O+; 

HA + HOH ⇄  H3O+ + A⎯ 
e.i areniusis Teoriis Tanaxmad, mJavas gaxsna ganixileba, ro-
gorc fizikuri procesi da gamoricxulia gamxsnelis da gax-
snili nivTierebebis urTierTqmedeba.  

2) ver xsnis arawyalxsnarebis Tvisebebs. gamoricxavs 
arawyalxsnarebSi mJavur-fuZur urTierTqmedebas. 

3) am TeoriiT ver aixsneba im nivTierebebis mJavur-fuZu-
ri Tvisebebi, romlebic uSualod ar Seicaven H+ da OH⎯-
ionebs. magaliTad, ratom aqvT aminebs da sxva organul fuZes 
fuZe Tvisebebi maSin, rodesac isini ar disocirdebian OH⎯-
ionebis warmoqmniT, an ratom aqvs FeCl3-is wyalxsnars mJava 
garemo maSin, roca igi ar Seicavs H+-s da a.S. 
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4) ver xsnis Zlieri eleqtrolitis Tvisebebs da qcevas 
maT nalRobebsa da koncentrirebul xsnarebSi. 

5) ver xsnis hidrolizis movlenebs da amfoterobis 
faqts.  

magram miuxedavad amisa, areniusis Teoriam dadebiTi ro-
li iTamaSa mJavur-fuZuri wonasworuli procesebis Seswav-
lisa da ganviTarebis saqmeSi. 

d.i. mendeleevis hidratuli Teoria. areniusis Teoriis 
ZiriTad naklad d.i. mendeleevs miaCnda gamxsnelis rolis ig-
norireba. mendeleevis Tanaxmad, xsnari warmoadgens Txevad 
disocirebad sistemas, romelic Seicavs gaxsnili nivTiere-
bis, gamxsnelis Semadgenel komponentebs da maTi urTierT-
qmedebis produqtebs. am procesebSi gamxsnelis rolis aRi-
arebas didi mniSvneloba hqonda gamxsnelis Tvisebebis Ses-
wavlisaTvis.  

amJamad, mJavur-fuZuri urTierTobis Sesaxeb mravali 
Teoriaa mowodebuli, romelSic sxvadasxva kriteriumia ga-
moyenebuli. ganasxvaveben TeoriaTa or ZiriTad jgufs:  

a) e.w. aprotonul Teoriebs, romelic mJavur Tvisebas ar 
ukavSirebs nivTierebis SemadgenlobaSi H+-is arsebobas. e.i. 
mJavas bunebis matarebeli SeiZleba iyos ara marto Tavi-
sufali, an solvatirebuli protoni, aramed nebismieri sxva 
nawilakic (mag., luisis da usanoviCis Teoriebi). 

b) e.w. protolituri Teoriebi, romlebic mJavur bunebas 
da Tvisebebs xsnis nivTierebaSi H+-is SemcvelobiT (mag., bren-
sted-louris Teoria). 

luisis Teoria. luisis Teoriis Tanaxmad*), is nivTiereba, 
romelsac gaaCnia Tavisufali, (vakanturi) orbitali da SeuZ-
lia miiRos gauziarebeli wyvili eleqtroni, avlens mJavas, 
xolo nivTiereba, romelic gascems eleqtronul wyvils — 
fuZis Tvisebas. maSasadame, luisis mixedviT: mJava aris nawi-
laki, ioni an molekula, romelsac SeuZlia miiRos eleq-
tronuli wyvili — e.i. eleqtronuli wyvilis aqceptoria. 
xolo fuZe — eleqtronuli wyvilis gamcemi — donoria. 

maSasadame, mJavur-fuZuri urTierTqmedeba dayvanilia 
donor-aqceptorul meqanizmamde, romelic SeiZleba mimdina-
reobdes H+ da OH⎯-ionebis gareSec. magaliTad: 

 

                                                 
*) luisma es Teoria mogvawoda 1932 wels. 
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am tips miekuTvneba iseTi reaqciebic, romelSic protoni ar 
monawileobs. 

Cl H
Cl : B  +  : N: H

. . . .

. . . .
Cl H

Cl : B : N: H
Cl. . H. .
. . . .
Cl H

mJava fuZe marili  
 
maSasadame, am Teoriis Tanaxmad, neitralizaciis arsi 

mdgomareobs koordinaciuli bmis myisierad warmoqmnaSi. ne-
itralizaciis dros eleqtronuli wyvili xdeba saziaro. ami-
Taa gansxvavebuli Jangva-aRdgenis procesebisagan, romlis 
drosac eleqtronebis gadatana xdeba aRmdgenlidan mJan-
gavze. e.i. neitralizaciis procesi warmoidgineba: 

zogadad: A   +  :B   ⇄  A:B 
                                                                                 mJava  fuZe    marili 

luisis Tanaxmad, BCl3, AlCl3, SO2, SO3 – miekuTvneba mJavebs*). 
e.w. luisis mJavebs; fuZeebia: amiaki, amini, piridini, spirtebi, 
martivi eTerebi da sxva. 

Tavis winamorbedebTan SedarebiT es Teoria SeiZleba ga-
moyenebul iqnes mJavur-fuZuri meqanizmis asaxsnelad. magram 
am TeoriiT ver aixsneba Cveulebrivi protonSemcveli mJa-
vebis Tvisebebi, magaliTad, ratom mimdinareobs reaqcia NH3-
sa da HCl-s Soris da sxv. 

usanoviCis Teoria. mJavebis da fuZeebis Sesaxeb ganzoga-
debuli  Teoria  1939  wels  SeimuSava  fizikos-qimikosma         
m. usanoviCma. luisis msgavsad, igi Tvlida, rom mJavuri Tvi-
sebebi SeiZleba gaaCndes im nivTierebasac, romelic ar Sei-
cavs protons.  

                                                 
*) qimiur literaturaSi am tipis naerTebs uwodeben luisis mJavebs, aRniS-
naven simboloTi `L~. 

         
                                                + 
                . .                             . .  

 H+ + :N :H  ⇄  H:N :→ H   
                . .                             . .  
 

H

H 

H 

H 

am SemTxvevaSi H+ — aris mJava, 
NH3 — fuZe. 
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usanoviCis mixedviT, mJava ewodeba nivTierebas, romel-
sac SeuZlia gasces kationi (maT Soris protonic), an Seier-
Tos anioni (eleqtroni). 

fuZe — aris nivTiereba, romelic gascems anions (eleq-
trons), an ierTebs kations (protons). 

usanoviCis Tanaxmad, marilwarmoqmnis yoveli procesi, 
SeiZleba ganxilul iqnes, rogorc mJavur-fuZuri urTierT-
qmedeba. magaliTad, NaCl — marilis warmoqmnis Jangva-aRdge-
nis procesi: 

2Na + Cl2   ⇄ 2NaCl 
          fuZe   mJava    marili 

2Na0 – 2e → 2Na+ 
Cl 0

2 + 2e → 2Cl⎯ 
e.i. es Jangva-aRdgenis procesi usanoviCis Tanaxmad, ganixi-
leba, rogorc mJavur-fuZuri urTierTqmedeba, radgan: 

1. reaqciis Sedegad warmoiqmneba marili. 
2. natriumi (Na) gascems eleqtrons, e.i. fuZea. 
3. qloris molekula (Cl2) iZens eleqtrons, e.i. mJavaa. 
rogorc Cans, usanoviCis Teoria Zalzed ganzogadebulia, 

moicavs nivTierebis yvela klass da yvela reaqcias; swored 
amaSia misi naklic. 

luisis da usanoviCis Teoriebma ver poves sayovelTao 
aRiareba da praqtikuli gamoyeneba qimiur analizSi, magram 
dadebiTi roli iTamaSes mJavur-fuZuri warmodgenebis gan-
viTarebis saqmeSi. 

brensted-louris protolituri Teoria. mJavebisa da 
fuZeebis Sesaxeb protolituri Teoriebidan aRiareba da 
praqtikuli gamoyeneba pova brensted-louris Teoriam*). 

am Teoriis Tanaxmad, mJavebi iseTi nivTierebebia, romle-
bic gascemen protons, xolo fuZeebi, romlebic iZenen (ier-
Teben) protons. nivTierebis mJavur bunebas ganapirobebs mas-
Si ara marto protonis arseboba,  aramed misi mJavidan fuZeze 
gadatanac; maSasadame, brenstedis Tanaxmad, mJavur-fuZuri 
urTierTqmedeba erTianobaSi ganixileba. mJavas ar SeuZlia 
fuZis gareSe arseboba da piriqiT. am urTierTqmedebis dros 
mJava gascems protons da gardaiqmneba SeuRlebul fuZed, 
xolo fuZe miierTebs protons — warmoqmnis mJavas. 

                                                 
*) es Teoria erTmaneTisagan damoukideblad mogvawodes danielma fizikos-
qimikosma i. brenstedma da ingliselma qimikosma lourim 1932 wels. 
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maSasadame, mJavur-fuZuri urTierTqmedeba warmodgeni-
lia, rogorc ormagi protolituri wonasworoba, romelSic 
monawileobs mJavas da fuZis ori wyvili. mag. wyalxsnarebSi 
ZmarmJavas disociacia mimdinareobs Semdegnairad: 

CH3COOH + HOH ⇄ CH3COO⎯ + H3O+          (8.2.3) 
                      mJava-1                  fuZe-2                   fuZe-1     mJava-2       

aq SeuRlebuli wyvilebia: CH3COOH/CH3COO⎯ 
                                                                                                mJava                         fuZe   

meore wyvilia     H2O/H3O+;            
                                                         fuZe   mJava        
protonebis gacemis da SeZenis naxevarreaqciebi sqematurad 
gamoisaxeba: 
I.  mJava gascems protons: 

HA ⇄ H+ + A⎯  — protonis gacemis naxevarreaqcia. 
II. fuZe iZens protons:  

B + H+ ⇄ BH+ — protonis SeZenis naxevar-reaqcia. 
naxevarreaqciebi, praqtikulad, erTdroulad mimdinare-

obs da ara cal-calke. gaerTianebuli saxiT: 

HA   +   B   ⇄   BH+   +   A⎯ 
                                                                        mJava-1       fuZe-2          mJava-2           fuZe-1      
wyvilebs: HA/A⎯, CH3COOH/CH3COO⎯ da sxv. uwodeben proto-
litur wyvilebs, TiToeuli wyvilis calkeul komponents — 
protolits; erTi da igive wyvilSi mJavas Sesabamis fuZes 
uwodeben SeuRlebul fuZes. mag., mJavebis — CH3COOH (HA) 
SeuRlebuli fuZeebia CH3COO⎯ da A⎯  Sesabamisad. aseve, B-
fuZis SeuRlebuli mJavaa BH+. 

protolitebis urTierTqmedebis reaqcias uwodeben 
protoliturs. protonebis gacemis unari, neitraluri mole-

kulebis garda, gaaCniaT muxtian nawilakebsac. mag.: −
3HCO , 

−−−
4

2
442 HSO,HPO,POH  da sxv. gamomdinare aqedan, mJavebi da fu-

Zeebi Semdegnairad klasificirdeba:  
mJavebs miekuTvneba: 

1. neitraluri mJavebi — HCl, HNO3, HNO2, H2SO4, CH3COOH 
da sxv. 

2. anionuri mJavebi —  −−−− 2
44234 HPO,POH,HCO,HSO  da sxv. 

3. kationuri mJavebi — H3O+, ++
34 RNH,NH   , [Al(H2O)6]3+ da sxv. 
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fuZeebi: 
1. neitraluri fuZeebia: H2O; NH3, NaOH, KOH  da sxv. 

2. anionuri fuZeebia: OH⎯,  Cl⎯, CH3COO⎯, −− 3
4

2
4 PO,SO  da sxv. 

3. kationuri fuZeebia: NH— +
3NH , metalTa kationuri 

kompleqsebi, magaliTad, [Cu(NH3)4]2+. 
protonebis gacemis da SeZenis unari vlindeba gaerTiane-

bul protolitul reaqciaSi. erT da imave nivTierebas, 
partnioris bunebis mixedviT, SeuZlia gamoavlinos protone-
bis rogorc gacemis, ise SeerTebis unari, riTac kargad 
aixsneba nivTierebis amfoteruli buneba. 

 mag. −
3HCO — amfolitia 

      
 
 
 

−
3HCO  — fuZea, romlis SeuRlebuli mJavaa H2CO3.  

−
3HCO +  HOH   ⇄  H3O+ + −2

3CO  
                                                                   mJava-1        fuZe-2                 mJava-2          fuZe-1     

−
3HCO  — mJavaa, romlis SeuRlebuli fuZea −2

3CO  
amfolitebi SeiZleba iyos neitraluric da muxtis mqone 

nawilakebic. neitraluri amfolitebia: H2O; NH3, C2H5OH; 
Al(OH)3; Zn(OH)2 da a.S.; anionuria — −− 2

442 HPO,POH , CH3COO⎯ da 
sxv.  

wyali, rogorc amfoliti, disocirdeba: 

H2O  +  H2O  ⇄  H3O+ + OH⎯ 
                                                                    mJava-1        fuZe-2            mJava-2           fuZe-1     
amas didi mniSvneloba aqvs wyalxsnarebSi nivTierebebis mJa-
vur-fuZuri Tvisebebis gamosamJRavneblad magaliTad: 

     NH3  +  HOH  ⇄  NH +
4  +  OH⎯ ; am SemTxvevaSi wyali mJavaa. 

           fuZe-1
  
mJava-2     mJava-1    fuZe-2 

am Teoriis Tanaxmad, marilebi Sedgeba ori protolitisagan 
— kationuri mJavas da anionuri fuZisagan. mag., AlCl3-is 
kationuri mJavaa [Al(H2O)6]3+; anionuri fuZea Cl⎯ — qlorid-ioni.  

brenstedis Teoriis ZiriTadi upiratesobaa gamxsnelis 
monawileoba protolitur reaqciaSi. protolitebis urTi-
erTqmedeba xdeba ori Tanmimdevruli procesiT: 

 
−
3HCO  +  HOH   ⇄  H2CO3  + OH⎯ 

fuZe-1     mJava-2      mJava-1    fuZe-2 



 124

a) gamxsnelSi protoliti (mJava) gascems protons: 

HA ⇄ H+  +  A⎯ 
b) gamxsneli ierTebs am protons: 

H+  +  S (gamxsneli) ⇄ SH+ 

gaerTianebuli protolituri reaqcia  

HA +  S ⇄ SH+  +  A⎯ 
analogiurad, kationuri fuZis disociacia gamxsnelSi: 

+
4NH  + SH   ⇄ NH3  + +

2SH  

anionuri eleqtrolitis disociacia: 

CH3COO⎯ + SH   ⇄ CH3COOH  + S⎯ 
muxtis mqone mJavebisa da fuZeebis wyalTan, rogorc gam-

xsnelTan, urTierTqmedeba ganixileba rogorc protolitu-
ri wonasworoba. 

CH3COO⎯ + HOH  ⇄ CH3COOH + OH⎯ 
+
4NH + HOH  ⇄ H3O+ + NH3 

areniusis Teoriis mixedviT, es procesebi ganixileba, 
rogorc hidrolizi. 

maSasadame, protolituri Teoriis mixedviT, hidrolizi 
warmoadgens protolituri urTierTqmedebis erT-erT kerZo 
SemTxvevas. e.i. gamxsnelis buneba did gavlenas axdens proto-
litur wonasworobaze; man SeiZleba gaaZlieros an Seasustos 
masSi gaxsnili nivTierebis buneba. 

rogorc Cans, gamxsnelTan dakavSirebiT brenstedis Teo-
riam aRmofxvra areniusis Teoriis nakli. gaafarTova mJavas da 
fuZis masStabebi da sxva. yovelive aman ganapiroba protoli-
turi Teoriis sayovelTao aRiareba da praqtikuli gamoyeneba. 
magram es Teoria ZiriTadad exeba wyalbadSemcvel mJavebs da 
naklebad gamoiyeneba aprotonuli mJavebis mimarT. 

amrigad, zemoT ganxilul mJavur-fuZur urTierTqmede-
bis koncefciebs da Teoriebs gaaCnia Tavisi Rirseba da nakli. 
TiToeuli maTgani gamoiyeneba Tavis adgilas maTi gavlenis 
sferos, zRvrebis Sesabamisad. magaliTad, ganzavebuli xsna-
rebisaTvis sakmarisi da misaRebia areniusis Teoria, wyal-
badSemcveli mJavebisaTvis — brenstedis Teoria; organul 
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qimiaSi didi warmatebiT sargebloben, rogorc brenstedis, 
ise luisis TeoriiT da sxva. 

8.3. gamxsnelTa mJavur-fuZuri Tvisebebi                    
da maTi klasifikacia 

donor-aqceptoruli Tvisebebis mixedviT gamxsnelebi iyofa 
or ZiriTad jgufad: protonul da aprotonul gamxsnelebad. 

1) protonul gamxsnels axasiaTebs donor-aqceptoruli 
buneba, SeuZlia gasces an SeierTos protoni da monawileoba 
miiRos protolitur procesebSi. 

2) aprotonul gamxsnels ar SeuZlia protonebis mierTe-
ba, gacema; ar monawileobs protolitur urTierTqmedebaSi. 
aseT gamxsnelSi fuZeebi da mJavebi ar disocirdeba.  

gamxsnelTa aseTi dayofa pirobiTia. didi mniSvneloba 
aqvs partnioris bunebas. mag., benzoli iTvleba aprotonul 
gamxsnelad, magram natriumis amidis amiakalur xsnarSi av-
lens mJavur bunebas. es klasifikacia mraval analizur sis-
temaSi gamarTlebulia. 

protonuli gamxsnelebi Tavis mxriv iyofa: a) mJavur (pro-
togenur); b) fuZur (protofilur); g) amfiprotogenur (am-
foterul) gamxsnelebad. 

protogenuri gamxsneli advilad gascems protons. masSi 
ukeT disocirdeba fuZeebi. mJavas disociacia umniSvneloa. 
maT miekuTvneba uwylo ZmarmJava, erbos, gogirdis, WianWve-
las, fosforis mJavebi da a.S. 

protofiluri gamxsneli advilad ierTebs protons. Tum-
ca mas SeuZlia gadasces protoni im nivTierebas, romelsac 
bevrad ufro metad aqvs gamovlenili protonebis mierTebis 
unari. aseTebia: piridini, hidrazini, amiaki, NH2OH;  H2N–CH2–
NH2;  (C2H5)2–NH  da sxva. 

protofiluri gamxsnelebi, amfoterulebisagan gansxvav-
deba protonebis ufro advilad mierTebis unariT. rac ufro 
Zlieria gamxsnelis aqceptoruli buneba, miT ufro mkveTrad 
avlens mJavur Tvisebas masSi gaxsnili mJava da piriqiT. 

amfoterul gamxsnelebs SeuZliaT protonebis gacemac da 
SeerTebac. isini warmoadgenen ufro sust mJavebs da ufro 
sust fuZeebs, vidre protofiluri gamxsnelebi. aseTebia wya-
li, meTanoli, eTanoli, fenoli, ketonebi da sxva. aseT gam-
xsnelebSi disocirdeba mJavebic da fuZeebic. unda iTqvas, 
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rom gamxsnelebs Soris mkveTri zRvari ar arsebobs, vinaidan 
maTze gavlenas axdens partnioris buneba. 

aprotonul gamxsnels ara aqvs mkveTrad gamosaxuli pro-
ton-donoruli da proton-aqceptoruli Tvisebebi. masSi niv-
Tierebebis disociacia umniSvneloa. aseTia: benzoli, qlo-
roformi, oTxqloriani naxSirbadi, cikloheqsani da sxv. ap-
rotonul gamxsnelebs miekuTvneba agreTve e.w. polaruli da 
dipolaruli aprotonuli gamxsnelebi, rogoricaa acetoni, 
dimeTilformamidi, nitromeTani da sxva. 

manivelirebeli da madiferencirebeli gamxsnelebi. 
imisda mixedviT, Tu rogor zemoqmedebas axdens gamxsnelebi 
gaxsnili mJavas (fuZis) Zalaze, ansxvaveben manivelirebel da 
madiferencirebel gamxsnelebs. 

manivelirebel gamxsnelebSi eleqtrolitebis Zala Ta-
nabrdeba. mag.: HCl, HNO3, HClO4 — wyalxsnarebSi Zlieri eleq-
trolitebia, CH3COOH — ki susti; magram bevrad ufro Zlieri 
fuZe-Tvisebebis mqone gamxsnelebSi (mag., Txevad amiakSi) 
ZmarmJavas siZliere izrdeba da utoldeba zemoT aRniSnuli 
mJavebis siZlieres wyalxsnarebSi. maSasadame, Zlieri fuZe-
Tvisebebis mqone gamxsnelSi susti mJavas Zala, uTanabrdeba 
Zlieri mJavebis Zalas wyalxsnarSi, e.i. Zlier fuZe-Tvise-
bebis gamxsnelSi susti mJava Zlierdeba. 

gamxsnelebSi mJavebis siZlieris gaTanabrebas gamxsnelis 
fuZe-TvisebebTan uwodeben manivelirebel efeqts. 

gamxsnelis manivelirebeli moqmedeba miT ufro met mJa-
vasa da fuZeze vrceldeba, rac ufro mkveTrad avlens gam-
xsneli donor-aqceptorul Tvisebas. magaliTad, Txevadi ami-
aki manivelirebeli gamxsnelia, rogorc susti, ise Zlieri 
mJavebisTvis. 

madiferencirebel gamxsnelebSi mJavasa da fuZis Zala 
vlindeba individualurad da TiToeulis siZliere gansxvav-
deba wyalxsnarebSi maTi siZlierisagan. e.i. am dros xdeba mJa-
vas da fuZis Zalis diferencireba. magaliTad, Zlieri mJa-
vebis (HCl, HNO3, HClO4) meTileTilketonSi (igi susti fuZea) 
gaxsnisas, siZliere klebulobs Semdegi TanmimdevrobiT: 
HNO3<HCl<HClO4. gamxsnelebis aseT efeqts madiferencirebe-
li efeqti ewodeba. am SemTxvevaSic, klasifikacia pirobiTia, 
vinaidan urTierTqmedebis pirobebis da partnioris bunebis 
mixedviT, gamxsnelma SeiZleba gamoavlinos rogorc dono-
ruli, ise aqceptoruli buneba. 
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8.4. protolituri wonasworobis konstantebi. 
avtoprotolizi 

qimiur analizSi umTavresad gamoiyeneba amfiprotonuli 
gamxsnelebi (SH). aseT gamxsnelSi mJavas gaxsnisas mimdina-
reobs protolituri reaqcia: 

HA  +  HS  ⇄  +
2SH   +  A⎯             (8.4.1) 

                                                     mJava-1   fuZe-2            mJava-2      fuZe-1     
praqtikulad procesi safexurebrivad mimdinareobs: 

I. HA  ⇄ H+ + A⎯   protonis gacemis naxevarreaqcia. am 
SemTxvevaSi naxevarreaqciis konstanta, anu mJavas disocia-
ciis konstanta 

(HA)a1
K *) 

[HA]
]][A[H -+

=     (8.4.2) 

(HA)a1
K aris protolituri wyvilis — HA/A⎯ , anu (HA) mJavas 

disociaciis konstanta, romelic areniusis mixedviT warmoa-
dgens HA mJavas disociaciis konstantas wyalxsnarebSi. misi 
ricxviTi mniSvneloba mocemulia cnobaris cxrilSi. 

II safexurze gamxsneli ierTebs protons: 

SH + H+ ⇄ +
2SH             (8.4.3) 

+
2SH — aris SeuRlebuli mJava wyvilSi — SH/ +

2SH , misi mJa-
vuri disociaciis konstanta 

][SH
]][SH[HKK

2

-

aSH 22 +

+
==+              (8.4.4) 

[SH] — gamxsnelis koncentraciaa da praqtikulad mudmivi si-
didea (an SeiZleba gavutoloT 1-s), e.i. [SH]=const=1.  maSin, 

][SH
][HKK

2
aSH 22 +

+
==+                (8.4.5) 

ormagi protolituri wonasworobis saerTo (jamuri) kon-
stanta:  

                                                 
*) Ka(HA)=

TK
 —  mJavas mJavuri disociaciis (anu mJavianobis) konstantaa. 
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][HA][SH
][A]SH[

K
-

2
SHHA,

+
=                (8.4.6) 

Tu mricxvelsa da mniSvnels gavamravlebT da gavyofT [H+]-ze, 
maSin: 

][SH][H
]SH[

[HA]
]][A[HK 2

-

SHHA, +

++
⋅=           (8.4.7) 

am gamosaxulebaSi pirveli fardoba warmoadgens KHA(a); meo-
re — gamxsnelTan protonebis mierTebis wonasworobis kon-
stantas Sebrunebul sidideebs. gamomdinare aqedan, gveqneba: 

+
=

2SH

HA
SHa K

KK ,                 (8.4.8) 

 Tu gaviTvaliswinebT, rom gamxsneli +
2SH  sapirispiro pro-

cesebSi gamovlindeba rogorc fuZe, maSin misi fuZuri (fu-

Zianobis) konstanta Kв=
][H
]SH[ 2

+

+
.                (8.4.9) 

maSasadame, gamxsnelis fuZianobis da mJavianobis konstan-
ta dakavSirebulia erTmaneTTan:  

Ka=
вK

1
da Kв=

aK
1

 (8.4.10). gamomdinare aqedan, mJavas diso-

ciaciis protolituri (jamuri) konstanta: Ka,SH=Ka·Kв, sadac 
Ka aris areniusis mJavas disociaciis konstanta, Kв — gamxsne-
lis fuZianobis konstanta. 

maSasadame, mocemul gamxsnelSi mJavas disociacias gana-
pirobebs erTi mxriv mJavadan protonis gacemis unari da 
meore mxriv, gamxsnelis mier protonis mierTebis unari. 
analogiur daskvnas gamovitanT fuZeebis gamxsnelTan urTi-
erTqmedebis drosac: 

B   +   SH   ⇄   BH+   +   S⎯          (8.4.11) 
                      fuZe-1   mJava-2             mJava-1         fuZe-2    
protolituri wyvilebia: B/BH+; SH/S⎯. 

Kв, HS = [B][SH]
]][S[BH -+

                      (8.4.12) 

sadac Kв, HS — warmoadgens fuZuri disociaciis (fuZianobis) 
konstantas. procesi safexurebrivad mimdinareobs: 
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SH + SH ⇄ +

2SH  + S⎯  

I.   SH  ⇄  H+  +   S⎯;    [SH] = const =1.  
     maSin KHS= [H+][S⎯].      (8.4.13)      

       II.  fuZe   ierTebs   protons gamxsnelidan:        
       B +  H+ ⇄  BH+;   BH+ — SeuRlebuli mJavaa. 
       BH+ — SeuRlebuli mJavas disociaciis konstanta: 

][BH
][B][HK BH +

+
=+                        (8.4.14) 

wina SemTxvevis analogiurad: 

Kв, HS =
][B][SH][H
][H]][S[BH -

+

++
=KHS/ +BHK , anu Kв, HS = K HS·Ka    (8.4.15) 

maSasadame, SH gamxsnelSi fuZis disociaciis konstanta 
warmoadgens ori konstantis namravls: erTia — fuZis fuZuri 
disociaciis konstanta, romelic areniusiseuli disocia-
ciis konstantas tolia, meore — gamxsnelis mJavianobis kon-
stantaa.  

arapolaruli nivTierebebis gamxsnelebTan urTierTqme-
deba or safexurad mimdinareobs:  

I safexurze xdeba ionizacia, e.i. molekulaSi gadanawildeba 
eleqtronuli simkvrive da warmoiqmneba e.w. ionuri wyvili. 

HA + S  ⇄ (SH+ ·A⎯) 
II safexurze ionuri wyvili disocirdeba: 

(SH+ ·A⎯) ⇄ SH+ +A⎯ 
dabolos, gaerTianebulad:   

HA + S  ⇄ (SH+ ·A⎯)  ⇄  SH+ + A⎯ 
                                                                       ionuri wyvili   disociacia 

mza ionuri struqturis nivTierebebi (mag., NaOH, NaCl) ma-
Sinve disocirdeba. maSasadame, protolitis Zala damokide-
bulia rogorc maT individualur, ise gamxsnelis bunebaze. 

avtoprotolizi. avtoprotolizis konstanta. 
amfiprotonul gamxsnelebSi TviTionizaciis, anu avto-

protolizis procesi mimdinareobs: 
 
 
                                                                         (8.4.16) 
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CH3COOH + CH3COOH  ⇄ CH3COO⎯  + CH3COO +

2H  

   avtoprotolizis wonasworobis konstanta: 

][SH][SH
][S]SH[

K
-

2
SH

+
=                    (8.4.17) 

sufTa gamxsnelsa da ganzavebul xsnarebSi [SH]=const=1; 
maSin:  

KSH = [ +
2SH ] [S¯]                  (8.4.18) 

es namravli mocemul temperaturaze mudmivia. gamxsnelis ka-

tions +
2SH  — uwodeben lioniumis ions, xolo S¯— liat ions. 

kerZo SemTxvevaSi: 
 
 
 
 
CH3COO +

2H -s uwodeben aciloniumis ions;  

C2H5OH + C2H5OH  ⇄ C2H5O +
2H  + C2H5O¯; 

C2H5O +
2H — eToqsoniumis ionia da sxv. 

lioniumis da liat-ionebis koncentraciaTa namravls 
(8.4.18), romelic mocemul temperaturaze mudmivi sididea, 
uwodeben ionur namravls, anu avtoprotolizis konstantas. 

Tu gamxsneli wyalia, maSin  

HOH + HOH ⇄ H3O+ + OH⎯          (8.4.19) 

[HOH]
]][OHO[HK

-
3

OH2

+
= ;  [H2O]=const=1, maSin 

O][H2
K =[H3O+][OH¯]                     (8.4.20) 

simartivisaTvis H3O+-is nacvlad xmaroben [H+]-s. maSin 

O][H2
K = [H+][OH¯]                         (8.4.21) 

(8.4.21) da (8.4.22) gamosaxulebebs uwodeben wylis ionur 

namravls, romelic mudmivia mocemul temperaturaze. tempe-

raturis gazrdiT misi mniSvneloba izrdeba. mag., 18-200C-ze, 

O][H2
K =10-14; 500C-ze, O][H2

K = 5⋅10-14; 
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realuri sistemebisaTvis 

−+ ⋅
=

OHH

OH
OH ff

K
K 2

2

T
k(r) ; −+ = OHH ff ; maSin =T

OH2
K −+ ⋅ OHH aa ; 

2
OH

f

K
K 2

T
k(r) =                            (8.4.22). 

kK =f(T,P,μ). 
xsnarSi lioniumis (wylis SemTxvevaSi hidroqsoniumis) 

ionis aqtiuri koncentracia ganapirobebs xsnaris reaqcias 
(mJava, neitralur, tute garemos). 

avtoprotolizis konstantas mniSvnelobis uaryofiTi 
logariTmi gviCvenebs pH-is Skalis diapazons. mocemuli gam-

xsnelis, magaliTad, wylisaTvis, 200C-ze =T
OH2

K 1,0⋅10-14;  
rogorc cnobilia, pH — aris wyalbad-ionTa koncntraciis 

uaryofiTi ricxvis logariTmi, xolo pOH — OH¯ ionTa kon-
centraciis uaryofiTi ricxvis logariTmi (p Semotanilia 
koncentraciebis uaryofiTi xarisxebis dadebiTi ricxvebiT 
gamosaxvis mizniT). aqedan gamomdinare, xsnaris mJavianobas 
gamoxataven pH-iT, Semdegnairad: 

  
[H+] 10-1 — 10-3 10-4 — 10-6 10-7 10-8 — 10-10 10-11 —10-

14 
pH 1 — 3 4 — 6 7,0 8 — 10 11—14 

garemo Zlieri 
mJava 

susti 
mJava 

neitraluri susti 
tute 

Zlieri 
tute 

maSasadame,  -lg =T
OH2

K -lg10-14=14; -lg([H+][OH¯])=lg10-14. galogari-

Tmebis Semdeg gveqneba: pH*) + PO4 = 14; wyalxsnarSi mJavianobis  
intervali  imyofeba pH = 0-14 zRvrebSi. meTanolSi — pH = 0-17; 
ZmarmJavaSi pH = 0-14,4; acetonSi — pH = 0-19 da a.S. 

gamxsnelis fuZianobis da mJavianobis konstantebi dakav-
Sirebulia gamxsnelis avtoprotolizis konstantasTan: HA 
mJavas SeuRlebuli fuZis (A) urTierTqmedeba gamxsnelTan 
(SH) gamoisaxeba Semdegnairad: 

                                                 
*) pH=-lg[H+]= -lg10-7 = 7; pOH = -lg[OH¯]= -lg10-7 = 7; e.i. neitralur garemoSi pH = 
pOH = 7. 
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A¯ + SH ⇄ HA + S¯          (8.4.23) 

][A
][HA][SK -

-
=в                   (8.4.24) 

meores mxriv, HA+HS⇄ +
2SH +A¯; KHA(a)= [HA]

]][A[SH -
2
+

     (8.4.25) 

(8.4.24) da (8.4.25) gamosaxulebebi gadavamravloT erTmaneTze: 

Ka·Kв= [HA]
]][A[SH -

2
+

⋅
][A

][HA][S
-

-
. Sekvecis Semdeg miviRebT: 

Ka·Kв =[ +
2SH ][S⎯]=KSH             (8.4.26) 

maSasadame,  

KSH = Ka·Kв                               (8.4.27) 
Tu gamxsnelad aRebulia wyali, maSin analogiuri gardaqmne-
biT miviRebT: 

O][H2
K = Ka·Kв                            (8.4.28) 

e.i. mJavasi da SeuRlebuli fuZis disociaciis konstantebis 
namravli, gamxsnelis ionuri namravlis tolia. am damokide-
bulebas (8.4.28) didi praqtikuli gamoyeneba aqvs. misi saSu-
alebiT SeiZleba gamovTvaloT SeuRlebuli fuZis konstan-
tebi da piriqiT; 

magaliTad, gamovTvaloT −
3HCO -is SeuRlebuli mJavas 

konstanta, Tu ( -
3HCOK = 4,5·10-7). 

amoxsna 
−
3HCO - anionuri fuZea. wyalxsnarebSi disocirdeba:  

−
3HCO +HOH ⇄H2CO3 + OH⎯. 

−
3HCO -is SeuRlebuli mJavaa H2CO3. OH2

K =10-14; 

maSin, 7

14

HCO

OH
COH 105,4

10
K
K

K
-
3

2

32 −

−

⋅
== =2,2·10-8; 

muxtiani mJavebis da fuZeebis disociacia wyalxsnarebSi. 
protolituri Teoriis Tanaxmad, neitraluri, umuxto 

mJavebi wyalxsnarebSi gardaiqmnebian SeuRlebul fuZeebad; 
fuZeebi — SeuRlebul mJavebad. magaliTad:  
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HS −
4O  + HOH ⇄ H3O+ + S −2

4O  

HCl + HOH ⇄ H3O+ + Cl⎯. 
NH3 + HOH ⇄ +

4NH + OH⎯ 

anionuri mJavebi wyalxsnarebSi disocirdebian: 
 
 
 

anionuri fuZeebi: 

CH3COO⎯  + HOH ⇄ CH3COOH + OH⎯, 
mravalprotononiani anionuri mJavebi disocirdebian 

safexurebad:   
I.     −

42POH + HOH ⇄ H3O+ + H −2
4PO  

  
]PO[H

]][HPOO[HK
42

2
43

a1 −

−+
=  

II.     −2
4HPO + HOH ⇄ H3O+ + −3

4PO  

       
][HPO

]][POO[H
K 2

4

3
43

1 −

−+
=в ; 

muxtiani mJavebis da fuZeebis disociacia wyalxsnarebSi 
SeiZleba ganvixiloT rogorc hidrolizis procesi. 

maSasadame, hidrolizi warmoadgens mJavur-fuZuri pro-
tolituri reaqciis kerZo SemTxvevas — muxtis mqone mJavas an 
fuZis disociacias wyalxsnarSi. 

wyalxsnarebSi hidrolizis wonasworobis procesi raode-
nobrivad xasiaTdeba e.w. hidrolizis konstantiT. magaliTad, 
wyalxsnarebSi susti mJavas da Zlieri tutis marilis NaA—s 
hidrolizi gamoisaxeba Semdegnairad: 

A⎯ + HOH ⇄ HA + OH⎯, sadac A⎯ — muxtis mqone fuZea. 

Kh = 
][A

][HA][OH
-

-
. maSasadame, NaA tipis marilis hidrolizis 

konstanta warmoadgens protolituri wyvilis A⎯/HA  fuZianobis 
konstantas. e.i. Kh — hidrolizis konstantaa areniusis Teoriis mi-
xedviT, Kв — protolituri wyvilis fuZianobis konstanta. Kh = Kв. 

Zlieri mJavas da susti fuZis marilis hidrolizi: 

+
4NH + HOH ⇄ H3O+ + NH3 
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Kh = 
][NH

]][NHO[H

4

33
+

+
; protolituri Teoriis Tanaxmad, +

4NH  

warmoadgens kationur mJavas, romlis SeuRlebuli fuZea NH3. 
maSasadame, Kh = Ka. e.i. am SemTxvevaSi hidrolizis konstanta 

aris amoniumis ionis — +
4NH -is mJavianobis konstanta — Ka. mJavas 

da fuZis protolituri wonasworobis konstantebi war-
moadgenen mJavas da fuZis siZlieris maxasiaTebel fundamentur 
sidides. rac ufro didia mJavas an fuZis disociaciis kon-
stanta, miT ufro Zlieria mJava da fuZe. magaliociaciis kon-
stantebi Sesabamisad tolia: 1,8·10-5; 1,0·10-7; 4,0·10-10; aqedan Cans, 

rom H3O+ da HS −
4O  bevrad ufro Zlieri mJavebia, vidre Zmar-

mJava, xolo es ukanaskneli Tavisi siZlieriT bevrad aRemateba 
gogirdwyalbad- da cianwyalbadmJavebs. 

Zlieri mJavebi gamxsnelebTan urTierTqmedebis dros 
mTlianad gardaiqmneba lioniumis ionebad, xolo Zlieri fu-
Zeebi liat-ionebad. wyalxsnarebSi yvelaze Zlieri mJavaa 
H3O+; Zlieri fuZe — OH¯.  

susti protolitebis (mJavebis da fuZeebis) disociaciis 
konstantebi mcirea. fuZeebTan urTierTqmedebisas isini na-
wilobriv gardaiqmnebian lioniumis da liatis ionebad. 

Zlier da sust eleqtrolitebad dayofa pirobiTia, vina-
idan protolitur wonasworobaSi nivTierebis bunebas gana-
pirobebs gamxsnelis (partnioris) buneba. mag., HCl Zlieri mJavaa 
wyalSi, magram yinulovan ZmarmJavaSi — sustia. Txevad amiakSi 

yvelaze Zlieri mJavaa +
4NH ; yvelaze Zlieri fuZea amid-ioni — 

−
2NH ; praqtikaSi mJavebis da fuZeebis disociaciis konstantebs 

farTod iyeneben mJavebis, fuZeebis, marilebis, buferuli 
xsnarebis da amfolitebis pH-is gaTvlebis dros. 

8.5. Zlieri erTfuZiani mJavebis da erTmJavuri 
hidroqsidebis pH-is gamoTvla 

xsnarSi pH-is gamoTvlis dros iyeneben masaTa moqmedebis 
kanonis Sedegs, mJavebis da fuZeebis disociaciis kons-
tantebs, wylis ionur namravls, materialuri balansis da 
eleqtroneitralobis gantolebebs. gamoTvlebis gasamarti-
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veblad [H3O+]-is nacvlad xmaroben [H+]-s da aqtivobis koe-
ficients utoleben erTs. 

wyalxsnarebSi Zlieri mJavebi da Zlieri hidroqsidebi 
praqtikulad mTlianad aris ionebad disocirebuli, amitom 
SeiZleba daiweros:  

[H+]=CHA; [OH⎯]=CB                         (8.5.1); 

sadac CHA da CB aris Sesabamisad mJavasa da Zlieri hidroqsidis 
saerTo koncentracia, maSin Zlieri mJavas pH= -lgCHA; Zlieri 
fuZisaTvis  —  pOH= -lg[OH⎯]= -lgCB    (8.5.2).  

mocemuli formulebi (8.5.1) da (8.5.2) gamoiyeneba: a) Tu 
xsnari ar Seicavs protonis gamcem nivTierebas; b) Tu dasa-
Svebia, rom wylis disociaciiT warmoqmnili [H+] da [OH⎯] ar 
miviRoT mxedvelobaSi (e.i. CHA<10-6 M); g) Tu mJavas koncen-
tracia ar aRemateba 10-3 M; winaaRmdeg SemTxvevaSi unda 
gaviTvaliswinoT xsnaris ionuri Zalac. 

ganvixiloT magaliTebi: 
#1. gamovTvaloT 0,01 M  HCl-is wyalxsnaris pH. 

 
amoxsna 

mocemulia: CHCl=0,01 M = 10-2 M. HCl — Zlieri mJavaa, e.i.  
[H+]= CHCl. 

maSin pH = -lg[H+] 
             pH = -lg10-2 = 2. 

#2. NaOH-is xsnaris koncentracia tolia 10-9 M.  
gamovTvaloT xsnaris pOH da pH. 

 
amoxsna 

mocemulia: CNaOH=10-9 M. 
u.g. pOH=? da pH=? 
NaOH Zlieri tutea. e.i. CNaOH=[OH¯]=10-9M;  pOH = -lg10-9=9. 
wylis ionuri namravlidan: [H+][OH¯]=10-14. e.i. pH+pOH=14. 
maSin pH=14-9=5. 

#3. gamovTvaloT [H+] da [OH⎯] ionTa koncentracia, Tu 
xsnaris pH=5. 

amoxsna 
mocemulia: pH=5,0 
u.g. [H+]=? [OH⎯]=? 
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pH = -lg[H+]; e.i. [H+]=10-5 moli/l; maSin  

[OH⎯]= 5

14
OH

10
10

][H

K
2

−

−

+ = =10-9 moli/l. 

#4. gamovTvaloT [H+] da [OH⎯], Tu xsnaris pH=6,3. 
 

amoxsna 
 

mocemulia: pH=6,3. u.g. [H+]=? [OH⎯]=? 
pH=6,3 niSnavs: [H+]=10-6,3, anu -lg[H] = -6,3; -6,3 SegviZlia ase 

warmovadginoT: -6,3 = -7 + 0,7; 0,7-is antilogariTmi tolia 5,0; 
maSasadame, [H+]=5,0·10-7 g-ioni/l. Sesabamisad:  

            [OH⎯]= 7

14
OH

100,5
10

][H

K
2

−

−

+ ⋅
= = 2,0·10-8 g-ioni/l. 

8.6. buferuli xsnarebi da maTi mniSvneloba 

sistemas, romelic Sedgenilobis cvlilebis dros ucv-
lelad inarCunebs Semadgenel komponentTa raime parametris 
mniSvnelobas, uwodeben buferuls. aseT sistemebs miekuT-
vneba 1. protolitur wyvilTa buferi, romlis pH ar icvle-
ba garkveuli raodenoba mJavas, tutis an wylis damatebis 
dros; 2. redoqs wyvilTa narevis buferul sistemaSi ucvle-
lia potencialis — E-s — mniSnvneloba garkveuli  raodenoba  
aRmdgenelis an mJangavis damatebisas; 3. liTon-buferul 
sistemaSi SenarCunebulia pH-is mniSvneloba da sxv. 

aseT `buferobas~ didi mniSvneloba aqvs cocxal organiz-
mTa da mcenareTa zrdisa da ganviTarebisaTvis. mag., sisxlis 
da mcenareTa siTxeebis (xsnarebis) pH-is mudmivoba gapiro-
bebulia maTi Semadgeneli komponentebis buferuli moqme-
debiT. 

buferuli narevebi farTod aris gamoyenebuli qimiur 
analizsa da teqnologiaSi, geoqimiis, bioqimiis, medicinis da 
sxva sferoSi. mravali qimiuri procesis mimdinareoba damo-
kidebulia garemos pH-ze, romlis regulireba da ucvlelad 
SenarCuneba SesaZlebelia mxolod buferebiT. 

buferuli sistema (narevi) SeiZleba warmoiqmnas qimiuri 
analizis msvlelobis procesSi. magaliTad, susti mJavas an 
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tutis gansazRvris dros moculobiT analizSi (neitrali-
zaciis meTodi). nivTierebebis identifikaciis an maTi daci-
lebisas da sxva. xSir SemTxvevaSi buferul narevs speci-
alurad amzadeben praqtikuli mizandasaxulobis mixedviT. 

protolituri Teoriis Tanaxmad, buferuli narevebi war-
moadgenen mJavasa da fuZis SeuRlebul wyvilTa sistemas. is 
Sedgeba susti mJavasa da misi SeuRlebuli fuZisagan. mag., 
CH3COOH/CH3COO⎯ an susti fuZis da misi SeuRlebuli mJava-

sagan — NH3/NH +
4 ; qimiuri analizis praqtikaSi farTod aris 

gamoyenebuli acetaturi buferi — CH3COOH da CH3COONa-is 
narevi, fosfaturi — natriumis an kaliumis dihidrofos-
fatisa da hidrofosfatis narevi; amiakuri buferi — amoni-
umis tutisa da amoniumis qloridis narevi da sxva. 

buferuli narevis pH-is gamosaTvleli formula SeiZleba 
gamoviyvanoT susti mJavas (HA) da misi SeuRlebuli fuZis na-
revis magaliTze. buferis Semadgeneli HA mJava disocirdeba: 

HA + HOH ⇄ H3O+ + A¯    (8.6.1) 

Ka = 
[HA]

]][AO[H -
3

+
                  (8.6.2) 

susti mJavas aradisocirebuli nawili [HA] SeiZleba ga-
vutoloT (pirveli miaxloebiT) mJavas (HA) saerTo koncen-
tracias — CHA

*). xsnarSi [A⎯] — ganapirobebs SeuRlebuli fuZis 
— A⎯ (anu marilis koncentracia)**) amitom SeiZleba davuSvaT, 
rom [A⎯]=CB; SevitanoT  (HA) da [A¯]  mniSvnelobebi (8.6.2) gamo-
saxulebaSi da gveqneba:                                   

Ka = 
a

B3

C
C]O[H ⋅+

     (8.6.5) 

     aqedan: [H3O+] = Ka ·
B

a

C
C

                    (8.6.6)  

 galogariTmebiT miviRebT: -lg[H3O+] = pH = pK a + lg 
a

B

C
C

  (8.6.7) 

sadac Ca da CB — Sesabamisad susti mJavas da misi SeuRlebuli 
fuZis, anu marilis anionis saerTo koncentraciaa. 

                                                 
*) radgan HA sustia da mcired aris disocirebuli. 
**) HA|A¯ wyvilSi A¯ aris marilis anioni. 
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(8.6.6) da (8.6.7) gamoiyeneba susti mJavas da misive marilis 
(anu SeuRlebuli fuZis) narevis pH-is gamosaTvlelad, magram 
roca Ca an CB ricxviTi mniSvnelobebi mcirea, an mJavaa Zalian 
susti (an Zlieri), maSin [HA] ≠ Ca. am SemTxvevaSi: [HA] = Ca — 
[H3O+]   (8.6.8). maSin (8.6.6) miiRebs Semdeg saxes: 

[H3O+] = Ka ·
]OH[C
]OH[C

3B

3a
+

+

+
−

                   (8.6.9) 

mravalprotoniani susti mJavas da misi SeuRlebuli fu-
Zis narevis pH-is gamoTvlisas mxedvelobaSi unda miviRoT 
susti mJavas disociaciis safexurebrivi konastantebi. maga-
liTad, NaHCO3 da Na2CO3-is narevis dros gvaqvs sistema 

−
3HCO / −2

3CO ; xsnarSi −
3HCO disocirdeba: 

−
3HCO ⇄ H+ + −2

3CO  

es procesi aRiwereba naxSirmJavas disociaciis meore safe-
xuris konstantiT. 

2aK =
]HCO[

]CO][H[
-
3

-2
3

+
                  (8.6.10) 

2aK ·[ −
3HCO ]= [H+][ −2

3CO ]      aqedan 

[H+] = 
2aK

]CO[
]HCO[

-2
3

-
3  

pH = p
2aK + lg

]HCO[
]CO[

-
3

-2
3              (8.8.11) 

analogiurad, mJava marilebis — NaH2PO4 da Na2HPO4-is narevis 
pH-is gamosaTvlelad unda gamoviyenoT fosformJavas diso-
ciaciis II safexuris 

2aK -is mniSvneloba, vinaidan wonasworo-

ba: −
42POH ⇄ H+ + −2

4HPO  xasiaTdeba 
2aK -iT. 

2aK =
]POH[

]HPO][H[
-
42

-2
4

+
               (8.8.12) 

pH = p
2aK + lg 

]HPO[
]POH[

-2
4

-
42     (8.8.13) 
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maSasadame, mravalprotoniani mJavasa da misive marilTa 
narevis pH-is gamoTvlisas yuradRebiT unda SevarCioT mJavas 
disociaciis safexurebrivi konstantebi. 

buferuli narevebis pH-is gamosaTvleli gantolebebi 
axasiaTeben maT qcevas da mniSvneloba ara aqvs romeli gziT 
gamoviyvanT mas — klasikuri, Tu protolituri TeoriiT. 
orive SemTxvevaSi saboloo formulas erTi da igive saxe aqvs. 

buferuli narevis Tvisebebi. protolituri buferuli 
narevis pH praqtikulad ucvlelia garkveuli raodenobis 
Zlieri mJavas damatebisas. mag., ganvixiloT acetaturi bufe-
ri, romelic damzadebulia 0,1 M ZmarmJavasa da 0,1 M 
natriumis acetatis xsnarebis garkveuli moculobebis Sere-
viT (p COOHCH3

K =4,8). am SemTxvevaSi buferis 

pH=p COOHCH3
K +lg

COOHCH

COOCH

3

3

C

C −

=4,8+lg
1,0
1,0 =4,8. 

Tu aseT buferis 1l (1000 ml) xsnars davumatebT 1 M 100 ml 
marilmJavas, maSin Tavisufali ZmarmJavas koncentracia gai-
zardeba:  

CH3COO⎯ + H+ ⇄ CH3COOH 
da gaxdeba: 0,1 moli/l + 0,01 mol/l*) = 0,11 moli; acetatis 
koncentracia ki Semcirdeba: 0,1 — 0,01 = 0,09 moli. SevitanoT 
es mniSvnelobebi pH-is gamosaTvlel gamosaxulebaSi: 

pH=p COOHCH3
K +lg

mJava

marili

C
C

=4,8 + lg
11,0
09,0 =4,71. 

Tu imave bufers (1 l) davumatebT imave raodenobis natriumis 
tutes, maSin mJavas koncentracia Semcirdeba, marilisa — 
gaizrdeba da, Sesabamisad, buferuli narevis pH, tutes dama-

tebis Semdeg iqneba: pH=4,8 + lg
09,0
11,0 =4,89. 

orive SemTxvevaSi (mJavas da tutes damatebiT) buferis pH 
praqtikulad ar icvleba, magram Tu imave proceduras Cava-
tarebT arabuferul sistemaze, mag., gamoxdil wyalze (e.i. 

                                                 
*) 100 ml 1 moli HCl (da Sesabamisad [H+]) 100-jer Semcirdeba 1000 ml buferze 
damatebisas: 1/100=10-2 mols. 



 140

davumatebT mis 1 litrs 10-2 mol marilmJavas an natriumis 
tutes), maSin gamoxdili wylis 

pH=-lgCHCl = -lg10-2 = 2,0 

mJavas damatebamde sufTa wylis pH≈7,0. e.i. mJavas damate-
bis Semdeg wylis pH Semcirda 5 erTeuliT — pH=7-2=5. 

analogiuri gziT SeiZleba davadginoT, rom tutes dama-
tebiT wylis pH gaizrdeba 5 erTeuliT. 

maSasadame, arabuferul sistemaze mJavas an tutes dama-
teba sagrZnoblad cvlis xsnaris pH-s. rasakvirvelia, bufer-
ze didi raodenobiT mJavas an tutes damatebisas buferis 
Semadgenel komponentTa koncentracia SeiZleba ise Seicva-
los, rom buferma dakargos `buferuli~ Tviseba.  

`buferuli~ Tvisebis SenarCunebis unari ganisazRvr-
eba buferuli tevadobiT. yovel buferul sistemas gaaCnia 
Tavisi gansazRvruli tevadoba. 

buferis tevadobis (π) sazoms warmoadgens Zlieri mJavas 
an tutes is ekvivalenturi roadenoba, romelic unda daema-
tos 1l (1000 ml) bufers, rom misi pH erTi erTeuliT Sei-
cvalos. 

π = - 
dpH

dCmJava   (6.8.14);     π= - 
dpH

dCtute         (6.8.15) 

dCmJava,  dCfuZe aris mJavas da tutes namati, romelic iwvevs 
buferis pH-is erTi erTeuliT cvlilebas. `minus~ niSani 
(6.8.14) gantolebaSi gviCvenebs pH-is Semcirebas buferze 
Zlieri mJavas damatebis Semdeg. 

buferuli tevadoba — π — damokidebulia buferis Semad-
geneli komponentebis koncentraciaTa Tanafardobaze. bufe-
ruli tevadoba maqsimalur mniSvnelobas aRwevs, roca 
buferis Semadgeneli komponentebis koncentraciaTa Tana-

fardoba gautoldeba erTs. e.i. 
(mJava)

marili)

a

в(

C
C

=1 zRvrebia 

Cв/Ca=1:10 an  Cв:Ca=10:1; buferuli tevadoba damokidebulia 
agreTve buferis dasamzadebeli sawyisi (ZiriTadi) xsnarebis 
koncentraciaze. sawisi xsnarebis koncentraciis gazrdiT 
buferuli tevadoba izrdeba. buferul tevadobas maqsimalu-
ri mniSvneloba aqvs, roca misi pH≈pKa, e.i. buferuli narevi 
ise unda damzaddes, rom misi pH rac SeiZleba uaxlovdebodes 
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buferis Semadgeneli mJavas an tutes disociaciis konstan-
tebis pKa da pKв mniSvnelobebs. buferuli moqmedebis zRva-
ria: pH = pKmJav.±1;  

buferebis dasamzadebeli saWiro ZiriTadi xsnarebis kon-
centracia, damzadebisa da maTi moculobebis Serevis wesebi 
mocemulia analizuri qimiis saxelmZRvaneloebsa da cnoba-
ris cxrilebSi. 

8.7. tipuri amocanebis amoxsnis magaliTebi 

amocana #1. ras udris 0,01 M  HNO3-is xsnaris pH? 
 

amoxsna 
 

moc. 
3HNOC = 0,01M = 1·10-2M 

----------------------------------------- 
         u.g. pH=? 
HNO3   Zlieri mJavaa: [H+] = 

3HNOC . pH = -lg[H+] = -lg 1·10-2 = 2. 
 
amocana #2. gamoTvaleT 0,001 M  NaOH-is pH? 

 
amoxsna 

 

moc. CNaOH = 0,001 M = 10-3M 
----------------------------------------- 

         u.g. pH=? 
NaOH  Zlieri tutea. [OH⎯] = CNaOH = 10-3M 
pOH = - lg[OH⎯] = - lg10-3. pOH = 3. pH = 14-3 =11. 
 

amocana #3. ras udris xsnarSi [H+] da [OH⎯], Tu xsnaris pH=8,3. 
 

amoxsna 
 

moc. pH=8,3. 
    ----------------------------------------- 

         u.g. [H+]=? [OH⎯]=? 

pH =-lg[H+] =8,3; e.i. [H+] =10-8,3; -8,3 warmovadginoT ase: 
-8,3=-9+0,7; movZebnoT +0,7-is antilogariTmi — 5,0;  
maSasadame, [H+]=5,0·10-9 moli/l. [H+][OH⎯]= OH2

K =10-14. aqedan  
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[OH⎯]= 9

14

105
10

−

−

⋅
= 2,0·10-5 moli/l. 

 

amocana #4. gamovTvaloT 0,1 M NH3 da 0,2 M NH4NO3-is 
narevis pH.  

amoxsna 
 

moc. 
3NHC =0,1 M=10-1 moli/l; 

34NONHC =0,2 M=2·10-1 moli/l; 

    ----------------------------------------- 
         u.g. pH=?  

NH3 – fuZea; +
4NH — misi SeuRlebuli mJava; maSasadame, narevi 

warmoadgens bufers. 

[H+] = 
3

34

4
NH

NONH
NH C

K
C

+ ; cxrilebSi vpoulobT +
4NHK = 5,5·10-10. 

[H+] = 5,5·10-10 
1,0
2,0 =1,1·10-9

 moli/l.  pH =-lg1,1·10-9
 =8,96. 

 

amocana #5. natriumis tutis 1l 10-5M xsnars daumates 0,001 
moli/l a) NaOH; b)  HCl; ramdeni erTeuliT Seicvleba sawyisi 
xsnaris pH.  

amoxsna 
 

moc. CNaOH = 1·10-5
 moli/l;  VNaOH = 1000  moli/l (1 l);  

     damat.  CNaOH = 0,001  moli/l; C2(HCl)= 0,001   moli/l;  
aRvniSnoT pH0 — sawyisi NaOH-is xsnaris pH. 

            pH1 — NaOH-is xsnaris pH tutis damatebis Semdeg. 
            pH2 — NaOH-is xsnaris pH mJavas damatebis Semdeg. 
             u.g. (pH1 – pH0) = ? (pH2 – pH0) = ? 

a)  NaOH  ⇄ Na+ + OH⎯ 
      NaOH + HCl → NaCl + H2O 
      [OH⎯] = CNaOH = 1·10-5

 moli/l;  
      pOH = -lg1·10-5

 = 5. 
      pH0= 14–5 = 9.     
damatebulia CNaOH = 1·10-3  moli/l; 
    [OH⎯] = 1·10-3

 moli/l; pOH = 3,0; pH1=14-3=11; maSin  
pH1 – pH0=11-9=2; e.i. tutis damatebis Semdeg  pH Seicvala         
2 erTeuliT. 
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b) [HCl] = [NaOH] = 10-5
 moli/l (10-5

 M NaOH 1 l reaqciaSi 
Sevida 10-5 M HCl).  

maSasadame, 10-3 moli/l HCl-is damatebis Semdeg Warbad 

darCa: 0,001-0,00001≂0,001=10-3  moli/l HCl. 
[HCl] = [H+] = 1·10-3

 moli/l. pH2=-lg1·10-3
 =3; maSin  

pH2 – pH0 =3-9=-6. maSasadame, mJavas damatebis Semdeg pH 
Seicvala 6 erTeuliT. 

 
savarjiSo kiTxvebi da amocanebi 

 
1. ra nakli aqvs areniusis Sexedulebas mJavur-fuZuri wo-

nasworobis Sesaxeb? 
2. rogoria brensted-louris Sexedulebebi mJavur-fuZu-

ri wonasworobis Sesaxeb? 
3. ra aris avtoprotolizi? dawereT avtoprotolizis re-

aqciebi: Txevadi amiakis, uwylo ZmarmJavas, gogirdmJavas, Wi-
anWvelmJavas da eTilis spirtisTvis. daasaxeleT lioniumis 
da liatis ionebi. 

4. rogor aris dakavSirebuli SeuRlebuli wyvilebis mJa-
vianobis da fuZianobis konstantebi. gamoiyvaneT es kavSiri. 

5. ra aris mJavas da fuZis disociaciis konstantebi? 
6. ra aris hidrolizi protolituri Teoriis Tanaxmad? 
7. axseniT gamxsnelebis manivelirebeli da madiferenci-

rebeli efeqti. 
8. ras warmoadgens buferuli narevi da sad aris gamoyene-

buli? 
9. gamoTvaleT 0,01 M  HCl-is xsnaris pH. 
10. gamoTvaleT 0,02 M NaOH-is xsnaris pH. 
11. ras udris xsnaris pH Tu Sereulia erTmaneTSi:  
a) 200 ml 0,01 M  natriumis fosfati da 100 ml 0,02 M 

natriumis hidrofosfati. 
b) 200 ml 0,02 M  Na2HPO4 da 100 ml 0,02 M  NaH2PO4. 
12. xsnaris pH=4,5; ras udris xsnarSi [H+]? 
13. xsnaris pOH=10,8; ras udris xsnarSi [H+] da [OH⎯] ionebis 

koncentracia? 
14. wyalxsnarSi [H+] = 10-2 moli. rogoria aseTi xsnaris pH 

(mJava garemoa, neitraluri Tu tute)? rogor Seicvleba in-
dikatorebis — meTilnarinjisa da fenolftaleinis — Sefe-
riloba am xsnarSi? 
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Tavi  9  

heterogenuri wonasworoba myari               

faza — xsnari 

9.1. heterogenuli wonasworobis gamoyeneba    
qimiur analizSi 

wonasworoba — myari faza-xsnari miekuTvneba wonaswo-
robis erT-erT yvelaze gavrcelebul tips, romelic safuZ-
vlad udevs daleqvis da myari fazis zedapirze mimdinare 
procesebs. igi farTod gamoiyeneba qimiur analizSi: 

1. nivTierebis aRmosaCenad. magaliTad, Fe(III)-s aRmoaCenen 
K4[Fe(CN)6]-Tan urTierTqmedebisas lurji feris naleqis war-
moqmniT: 

4FeCl3+3K4[Fe(CN)6] → 3Fe4[Fe(CN)6]3↓+12KCl 
bariumi gogirdmJavasa da mis marilebTan warmoqmnis 

TeTri feris kristalur naleqs. 

Ba2+ + −2
4SO → BaSO4↓ 

kalciumis ionis aRmosaCenad iyeneben mJaunmJavas an mis 
marilebs, romlebic kalciumTan warmoqmnis TeTri feris 
kalciumis oqsalats da a.S. 

Ca2+ + −2
42OC → CaC2O4↓ 

2. wonasworobas myari-faza-xsnari emyareba nivTierebis 
koncentrirebis meTodi — Tandaleqva. myari faza, gamoyofis 
dros Tan waritacebs xsnarSi arsebul mikrokomponents, ro-
melic mocemul pirobebSi reaqtiviT ar ileqeba. am princip-
zea damyarebuli mikroelementTa koncentrireba saTanado 
koleqtorebis gamoyenebiT, rogoricaa aluminis, rkinis (III) 
hidroqsidebi, difenilguanidini da sxv. magaliTad, mikro-
raodenoba titanis(IV) koncentrirebisaTvis koleqtorad 
xmaroben aluminis hidroqsids. 
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3. gamoiyeneba nivTierebis dacilebisTvis. mag., Ca2+-isa 
da Sr2+-is dasacileblad umateben [(NH4)2SO4-s Warbad. am dros 
stronciumi ileqeba stronciumis sulfatis saxiT. Ca2+ rCeba 
xsnarSi anionuri kompleqsis [Ca(SO4)2]2- saxiT. 
            Ca2+-isa da Sr2+-sagan Ba2+-s acileben kaliumis diqroma-
tiT natriumis acetatis Tanaobisas. am dros BaCrO4 ileqeba, 
Ca2+ da Sr2+ rCeba xsnarSi. 

2BaCl2 + 2CH3COONa + K2Cr2O7 + 2H2O → BaCrO4↓+2KCl + 

+ 2NaCl+2CH3COOH. 
4.  am wonasworobazea ZiriTadad damyarebuli nivTiere-

bebis raodenobiTi gansazRvris meTodebi: gravimetria, tit-

rimetria. mag., woniT meTodSi −2
4SO -is (an Ba2+-is) raodeno-

biTi gansazRvrisaTvis aRniSnuli ionebi gadahyavT naleqSi — 
BaSO4. naleqis saTanado damuSavebis da Semdgom awonvis gziT 
sazRvraven maT raodenobas. 

9.2. daleqva-gaxsnis reaqciebis wonasworobis 
konstantebi da maTi urTierTkavSiri 

daleqva-gaxsnis procesi mimdinareobs, roca myari faza 
xsnarSi gamoiyofa damleqavi reagentis uSualo damatebiT an 
aRZruli qimiuri reaqciis produqtiT (hidrolizuri da-
leqva).  

 myari faza (naleqi) SeiZleba iyos ionuri an Znelad xsnadi 
molekuluri nivTiereba. maTi warmoqmnis wonasworuli pro-
cesebi SeiZleba Semedgnairad warmovidginoT:  
I. myari faza ionuri tipis naerTia da misi gaxsnili nawili 
xsnarSi mTlianad aris daSlili ionebad (mag., BaSO4, AgCl, 
MgNH4PO4 da a.S.). am dros: 

MA ⇄  M+ + A¯                  (9.2.1) 
                                                             myari      xsnari  

                                                             faza 

masaTa moqmedebis kanonis Tanaxmad:  
 

K = 
MA

M A

a
aa _⋅+

                   (9.2.2) 
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aMA — warmoadgens myari fazis aqtivobas (aqtiur koncentra-

cias): aMA=const=1. maSin K· aMA=const= T
pL . maSasadame,  

−+ ⋅=
AMMApL aaT ; T

pL =f (T, P)                    (9.2.3) 

zogadad:   MmAn ⇄ mMn+ + nAm¯                                  (9.2.4)*) 
nm

p AMMmAn
L −+ ⋅= aa                      (9.2.5) 

 
amrigad, Zneladxsnad eleqtrolitTa najer xsnarSi ion-

Ta aqtiur koncentraciaTa namravli (ayvanili steqiometru-
li koeficientebis tol xarisxSi) mocemul temperaturaze, 
mudmivi sididea da uwodeben Termodinamikur xsnadobis nam-

ravls — T
pL .*)  

II. myari faza kristaluri mesris mqone Znelad xsnadi mole-
kuluri naerTia da xsnarSi mTlianad ar aris disocirebuli 
ionebad. maSin: 
 
 
 
 
 
 
 
 
wonasworoba (9.2.6) warmodgeba ori wonasworuli procesis 
saxiT:  

a)  MmAn    ⇄   MmAn                            b)     MmAn    ⇄  mM+ + nA¯ 
           myari                    molekuluri    (9.27)                                                                          xsnarSi    (9.2.8) 
             faza                         faza 

                                              xsnarSi 
aseTi tipis naerTis aradisocirebuli nawilis koncen-

tracia mcirea (ar aRemateba naleqis xsnadobis 2-3%-s). ami-
tom, praqtikulad, misi ugulebelyofa SeiZleba; maSin wonas-
woroba (9.2.6), fazis (9.2.7) gamotovebis SemTxvevaSi, adekva-

                                                 
*) simartivisaTvis SemdegSi muxtebs gamovtovebT. 
**) Lp — warmodgeba germanuli saxelwodebidan Löslichkeitsprduch — niSnavs `xsna-
dobas~. zogierT saxelmZRvaneloSi am sidides aRvniSnavT Ks-iT. 

  MmAn   ⇄   MmAn    ⇄  mM+ + nA¯                                 (9.2.6) 
        myari      aradisoci-                                ionebi  

                       faza        rebuli    

                   molekulebi  
 

                            xsnarSi
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turad asaxavs naleqis gaxsnis wonasworobas, romelic raode-
nobrivad gamoisaxeba gantolebiT (9.2.5). 

yvela zemoT ganxilul SemTxvevaSi μ=0; f=1; a=c. magram 
realur sistemebSi wonasworobaze gavlenas axdens:  

1) eleqtrostatikuri Zalebi;  
2) qimiuri urTierTqmedeba. 

1) eleqtrostatikur gavlenas adgili aqvs: roca xsnarSi 
didia naleqis sakuTari ionebis an gareSe ionebis koncentra-
cia. e.i. μ≠0; f≠1; maSin wonasworobisaTvis  

MmAn    ⇄  mM+ + nA¯; gveqneba: 

r(k)
pL *)= m[M] · m

Mf · n[A] · n
Af         (9.2.9) 

k

MmAnpL = f(T, p, μ)                          (9.2.10) 

maSasadame, mcired xsnad eleqtolitTa najer xsnarSi 
ionTa wonasworul koncentraciaTa namravli mudmivia, mud-
mivi temperaturis, wnevis da xsnaris ionuri Zalis dros. 

mm

MM
f

++
=a · m[M]  da nn

A
n
A [A]f- =a  formulebis gaTvaliswine-

biT da saTanado gardaqmnebiT miviRebT: 

n
A

m
M

p
p ff

L
L MmAn

MmAn

T
k =   (9.2.11); roca n

A
m ff M = , maSin: 

2
p

p f

L
L MA

MA

T
k =                  (9.2.12) 

(9.2.11) da (9.2.12) formulebi gamosaxavs T
pL  da k

pL  xsnado-

bis namravlebs Soris kavSirs. am formulebiT SeiZleba gamov-

TvaloT realuri sistemebisaTvis k
pL  ( T

pL -is mniSvnelobebi 

mocemulia cnobaris cxrilSi). 
2) wonasworoba xsnari-naleqi irRveva, roca naleqis Se-

madgeneli ionebi urTierTqmedeben gareSe (X,Y) ionebTan (e.i. 

mimdinareobs konkurentuli Tanauri reaqciebi). 

 

                                                 
*) Kr(k) — realuri, anu koncentraciuli konstantaa.    Semdeg vixmarT — 

kK . 
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materialuri balansis pirobis Tanaxmad, kationisa da anionis 

saerTo koncentracia xsnarSi:  

CM = [M+] + [MX1] + [MX2] + . . . 
CA = [A] + [AY1] + [AY2] + . . . 

Sesabamisad, TiToeuli moreagire komponentis wili saerTo 

koncentraciidan — αM=
MC

[M]
 (9.2.15);  αA=

AC
[A]

   (9.2.16). 

roca xsnarSi mimdinareobs konkurentuli reaqciebi: 
MC

[M] ≠1; 

AC
[A] ≠1 da xsnadobis namravlis gamosaxulebaSi Sedis kationis 

da anionis saerTo koncentraciebi, maSin LP-s gamosaxaven e.w 

pirobiTi xsnadobis namravliT — n
A

m
Mp CCL

MmAn
⋅=p  

n
A

m
Mp CCL

MmAn
⋅=k               (9.2.17) 

maSasadame, mciredxsnad eleqtrolitTa najer xsnarSi 
ionTa saerTo koncentraciaTa namravli mudmivi sididea, mu-
dmivi wnevis, temperaturis, xsnaris ionuri Zalis da kon-
kurentul reaqciaSi monawile nivTierebis mudmivi koncen-

traciis dros da ewodeba pirobiTi xsnadobis namravli — p
pL . 

(9.2.15) da (9.2.16) gamosaxulebebidan, CM da CA koncentra-
ciebi tolia:  

m
MC = [M]m· m

Mα           n
AC =[A]n· n

Aα  

MmAn ⇄ mM+  +  nA¯ — ZiriTadi reaqcia 
                 + X       + Y 
                                          konkurentuli 
               MX         MY1             reaqcia                           (9.2.13) 
                  + X           +Y 
                  
                   MX2          MY2           da a.S. 
                           

     (9.2.14) 
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AgBr ⇄ Ag+  +  Br¯ 
         + 2NH3 

 
                 [Ag(NH3)2]+ 

CaF2⇄Ca2+ + 2F¯         
                   + 2H+ 

                    
                       2HF da a.S. 

SevitanoT es mniSvnelobebi (9.2.17) gamosaxulebaSi da ga-
viTvaliswinoT agreTve eleqtrostatikuri zemoqmedeba da 
gveqneba: 

p
pL = n

A
m
M

n
A

m
M

p
n
A

m
M

p
n
A

m
M

nm

ff

LL[A][M] MmAn

αααααα

Tk

==⋅
    (9.2.18) 

(9.2.18) gamosaxuleba gamosaxavs kavSirs T
pL , k

pL , p
pL Soris. 

wonasworobaze xSirad qimiuri zemoqmedebis gavlena ufro 
didia, vidre eleqtrostatikurisa; amis gamo am ukanasknels 
ugulebelyofen da gamosaxuleba (9.2.18) saTanadod gamar-
tivdeba. 

p
pL = n

A
m
M

pL

αα

T

             (9.2.19) 

gamosaxuleba (9.2.19) gamoiyeneba, roca konkurentul qi-
miur reaqciaSi monawileobs naleqis kationic da anionic. 

Tu mxolod kationia Cabmuli konkurentul procesSi, 
maSin:  

p
pL = m

M

pL

α

T

                    (9.2.20) 

magaliTad:  
                        
 
                                                                                                                                               (9.2.21)   
 

Tu anioni monawileobs, maSin:  p
pL = n

A

pL

α

T

.         (9.2.22)   

magaliTad, CaF2-is najer xsnarSi wyalbad-ionis Tanaobi-

sas gveqneba: CaF2⇄Ca2+ + 2F¯ 
 
 

 

 

 
 
aseT SemTxvevebSi wonasworoba (9.2.21) da (9.2.23) dairRve-

va da gadainacvlebs marcxnidan marjvniv naleqis gaxsnisken. 

(9.2.23) 
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9.3. naleqis xsnadoba. xsnadobaze                         
moqmedi faqtorebi 

xsnadoba aris nivTierebis Tviseba da gviCvenebs erTi niv-
Tierebis meoreSi ganawilebis unars. 

wonasworoba        MmAn    ⇄   mM+  +  nA¯                            (9.3.1)  
                                                    S                                m·S           n·S 

9.3.1. gviCvenebs, rom S*) moli MmAn nivTierebis najer xsnarSi 
warmoiqmneba m·S moli liTonis kationi da n·S  moli anioni. 
aqedan gamomdinare:        

m
M +a = (m·S)m = mm·Sm;    n

A−a = (n·S)n = nn·Sn
 

         maSin: T

MmAnpL = mm · nn · Sn+m                        (9.3.2) 

aqedan, xsnadoba: nm
nm

p
AM nm

L
S MmAn

nm
+=

T

                   (9.3.3) 

Tu m=n=1. e.i. binaruli tipis eleqtrolitisaTvis:  

                                          SMA= T

MApL                   (9.3.4) 

xsnadobaze moqmedi faqtorebi. am faqtorebidan aRsaniS-
navia gareSe da Tanamosaxele ionebis gavlena. gareSe ionebi, 
romlebic ar urTierTqmedeben naleqis ionebTan, zrdis na-
leqis xsnadobas, vinaidan izrdeba xsnaris ionuri Zala, fer-
xdeba xsnarSi naleqis ionTa urTierTqmedeba; Sesabamisad ir-
Rveva wonasworoba (9.3.1) da ixreba naleqis gaxsnisken (mar-
cxnidan marjvniv). 

gareSe eleqtrolitebis zemoqmedebis Sedegad naleqis 
xsnadobis gazrdas uwodeben marilovan efeqts. 

marilovan efeqts iwvevs Tanamosaxele ionic, roca misi 
koncentracia xsnarSi sakmaod maRalia. 

marilovani efeqti miT ufro metad iCens Tavs, rac ufro 
metia xsnarSi gareSe ionebis koncentracia da didia ionis 
muxti. aseve mniSvnelovania reaqciis produqtebis Semadgene-
li ionebis muxtis sididec. mag., ori sxvadasxva wonasworuli 
sistema gareSe ionebis zemoqmedebis dros  

                                                 
*) S-iT aRiniSneba naleqis moluri xsnadoba. 
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                                   AgCl  ⇄   Ag+  +  Cl¯         (a)                                   
                                   BaSO4 ⇄ Ba2+ + −2

4SO       (b) 
(b) metad gadainacvlebs marcxnidan marjvniv, vidre (a). 

maSasadame, realur sistemebSi, roca μ≠0; f≠1, mxedveloba-
Si unda miviRoT eleqtrostatikuri gavlena, maSin xsnadoba:     

nm
n
n

m
M

nm
p

ffnm

L
S MmAn+=

T

             (9.3.5) 

Tu xsnaris ionuri Zala μ≤0,01, maSin aqtivobis koefici-
enti SeiZleba gavutoloT erTs, vinaidan praqtikulad es 
mniSvnelovan cdomilebas ar gamoiwvevs da naleqis xsnadoba 
SegviZlia gamovTvaloT (9.3.3)-iT.  

Tanamosaxele ionis gavlena. aqtiur koncentraciaTa 
namravlis (xsnadobis namravlis) wesidan gamomdinareobs, rom 
Tanamosaxele ioni amcirebs naleqis xsnadobas. magaliTad,  

PbSO4⇄Pb2++ −2
4SO  xsnarSi Tanamosaxele ionis, −2

4SO -is Seta-
nisas wonasworoba gadainacvlebs marjvnidan marcxniv. mag-

ram zogierT SemTxvevaSi, magaliTad: AgCl⇄Ag++Cl¯, Cl¯-is Se-
tana garkveul koncentraciamde, Seamcirebs AgCl-is xsnado-
bas, Semdeg — gazrdis, vercxlis qloriduli kompleqsebis 

AgCl −
2 , AgCl −2

3 , AgCl −3
4 -is warmoqmnis gamo. 

e.i. Warbi Tanamosaxele ioni (kationi an anioni) amcirebs 
naleqis xsnadobas: a) Tu naleqTan ar warmoqmnis xsnad naerTebs: 
mag., saSualo xsnad marils, an kompleqsnaerTs; b) Tu xsnarSi 
Tanamosaxele ionis koncentracia zomieria (Warbi ar aris). 

ganvixiloT zogadad: 1) Warbi Tanamosaxele anionis gav-
lena. Warbi anionis koncentracia aRvniSnoT C moli/l. maSin 
wonasworoba (9.3.1)-is mixedviT: 

MmAnpL = (m·S)m·[(nS) + CA]n
                              (9.3.6) 

binaruli tipis naleqisaTvis m=n=1.   

MApL = S(S+CA) = S2 + S·CA                           (9.3.7) 

2
MAS - SMACA -

MApL =0                      (9.3.8) 
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kvadratuli gantolebis amoxsniT: 

SMA = -
MApL

2
C

2
C 2

AA +⎟
⎠

⎞
⎜
⎝

⎛+           (9.3.9) 

(9.3.9) gamosaxulebiT sargebloben im SemTxvevaSi, roca Ta-
namosaxele anionis koncentracia naleqis xsnadobis rigisaa, e.i. 
CA≈SMA; Tu CA>>SMA, maSin nS ugulebelyofen da pirveli miax-
loebiT anionis wonasworul koncentracias utoleben Warbi 

Tanamosaxele anionis koncentracias, e.i. [A] ≃ CA maSin: 

      
MmAnpL = (mS)m · n

AC = mmSm n
AC  .          (9.3.10) 

aqedan:          m
AM nm

S = n
A

m
p

Cm

L
MmAn ;                    (9.3.11) 

                                
nmAMS = m

n
A

p

C

L

m
1 MmAn⋅                 (9.3.12) 

    Tu m=n=1,      SMA=
AC

L
MAp                      (9.3.13) 

(9.3.12), (9.3.13) gamosaxulebebiT gamoTvlian naleqis xsna-
dobas Warbi Tanamosaxele anionis Tanaobisas. 

analogiurad, Warbi kationis SemTxvevaSi, roca CM>>SMA, 
maSin mxedvelobaSi ar iReben xsnarSi naleqis kationis 
wonasworul koncentracias da [Mn+] ≈ CM. maSin naleqis 
xsnadoba: 

SMA= n
m
M

p

C

L

n
1 MmAn                                              (9.3.14) 

m=n=1, binaruli naleqisaTvis: SMA= 
M

p

C

L
MA ;         (9.3.15) 

xsnadobis namravlis wesidan gamomdinare Sedegebi. 
najer xsnarSi erT-erTi ionis aqtiuri koncentraciis 

cvlileba iwvevs meore ionis koncentraciis iseTnair Secv-
las, rom maTi aqtiur koncentraciaTa namravli mudmivi rCe-
ba. maSasadame, najeri xsnaris Tvisebas, SeinarCunos ionTa aq-
tiur koncentraciaTa namravlis mudmivoba, mocemul piro-
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bebSi, uwodeben xsnadobis namravlis wess (amasTan, koncen-
traciebi ayvanilia steqiometruli koeficientebis Sesabamis 
xarisxSi). am wesidan gamomdinareobs Semdegi:  

I. najer xsnarSi, romelic wonasworobaSia naleqTan, Tana-
mosaxele ionis garkveul koncentraciamde Setana amcirebs 
naleqis xsnadobas, magram Tanamosaxele ionis gazrdilma 
koncentraciam SeiZleba gaxsnas naleqi marilovani efeqtis 
an qimiuri urTierTqmedebis Sedegad. 

II. Tu xsnarSi ionTa aqtiuri koncentraciebis namravli 

toli araa, an naklebia T
pL -ze, e.i. T

MmAnp
n
A

m
M L<⋅aa , maSin naleqi 

ar warmoiqmneba. am dros xsnari ujeria. Tu T

MmAnp
n
A

m
M L>⋅aa — 

naleqi gamoiyofa xsnaridan. xsnari am dros najeria. 
es Zalzed mniSvnelovania, aqedan gamomdinareobs dale-

qva-gaxsnis reaqciebis marTvis SesaZlebloba: 
a) naleqis gasaxsnelad cxadia xsnarSi unda Semcirdes ro-

melime ionis koncentracia. magaliTad, naleqi gaixsneba mJa-
vaSi, Tu gaxsnisTvis gamoyenebuli mJavas disociaciis kon-
stanta aRemateba naleqis Sesabamisi mJavas disociaciis kon-
stantas. mag., BaCO3 — ixsneba ZmarmJavaSi, radgan  

COOHCH3
K =1,75·10-5>>

32COHK =4,5·10-7 da -
3HCOK =5,0·10-11; 

             BaCO3 + 2CH3COOH → Ba(CH3COOH)2 + H2O + CO2↑. 
analogiurad SeiZleba gavarkvioT stronciumis oqsalatis 
marilmJavasa da ZmarmJavaSi gaxsna. marilmJava Zlieri mJavaa; 
H+-ionTa koncentracia sruliad sakmarisia imisaTvis, rom 
aRiZras konkurentuli reaqciebi:  

SrC2O4 ⇄ Sr2+ + −2
42OC  — ZiriTadi reaqcia. 

          I.    −2
42OC +H+ ⇄ H −

42OC  

          II.    H −
42OC +H+ ⇄ H2C2O4 

maSasadame, stronciumis oqsalati ixsneba HCl-Si. 

SrC2O4 + 2HCl → SrCl2 + H2C2O4. 

COOHCH3
K > -

42OHCK — magram naklebia 
422 OCHK -ze. amis gamo 

stronciumis oqsalati ZmarmJavaSi ixsneba Semdegi gantole-
bis Tanaxmad: 

  konkurentuli 
   reaqciebi 
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2 SrC2O4 + 2CH3COOH→ Sr (HC2O4)2 + Sr(CH3COO)2 
b) SeiZleba gamovTvaloT nivTierebis ra koncentraciis 

dros gamoiyofa xsnaridan naleqi. magaliTad, gamoiyofa Tu 
ara PbCO3-is naleqi 400 ml 0,001M  Pb(NO3)2 da 100 ml 0,01 M  
K2CO3-is xsnarebis Serevisas? 

21

1M
M VV

VCC
2)3Pb(NO +

= ;  
100400
4000,001C

2)3Pb(NOM +
⋅= =8·10-4

  moli/l. 

100400
1000,01C

32COK +
⋅= =2·10-3

  moli/l. 

maSasadame: [Pb2+] = 
23)Pb(NOC =8·10-4

  moli/l. 

[ −2
3CO ]=

32COKC =2·10-3
  moli/l. 

aqedan 
3PbCOpL =[Pb2+] [ −2

3CO ]=8·10-4
 ·2·10-3

 =1,6·10-6
 . 

cnobaris monacemebiT: 
2)3Pb(NOPL =7,5·10-14

 ; 1,6·10-6
 ≥7,5·10-14

 . 

e.i. PbCO3 daileqeba. 
konkurentul reaqciaTa tipebis gavlena xsnadobaze. 

naleqis xsnadobaze did gavlenas axdens qimiuri reaqciis 
yvela tipi (mJavur-fuZuri, Jangva-aRdgenis, kompleqswarmo-
qmnis da daleqvis). 

I. mJavur-fuZuri konkurentuli reaqciebis gavleniT 
naleqebis xsnadoba izrdeba. xsnaris pH-is gavlena vlindeba  
hidroqsidebis,  marilebis  da  sxv.  daleqvis dros. pH-is gav-
lena gansakuTrebiT didia im marilebis xsnadobaze, romle-
bic Seicavs araorganuli da organuli susti mJavebis anions 
an susti fuZis kations, an orives erTad. Zlieri mJavas ma-
rilebi mJavebSi praqtikulad uxsnadia. 

erTprotoniani susti mJavas anionis Semcveli mcired 
xsnadi marilis mJavaSi gaxsna mimdinareobs Semdegnairad: 

MmAn + nH3O+ ⇄ mM + nHA + nH2O          (9.4.1) 

K = n
3

nm

]OH[
HA][][M
+

+
                    (9.4.2) 

Tu  mricxvels  da mniSvnels gavamravlebT da gavyofT 
[A¯]n -ze, miviRebT: 
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                             K = 
n-n

3

nnm

][A]OH[
A][HA]][[M]

+
                  (9.4.3) 

am gamosaxulebaSi:  

[M]m·[A¯]n = Lp; xolo n
HA

nn
3

n

K
1

[A]]OH[
HA][ =+ ;           (9.4.4) 

es ukanaskneli susti mJavas (HA) disociaciis konstantas Seb-
runebuli sididea. 

e.i. K = n
HA

p

K

L
nAmM  (9.4.5); Tu mxedvelobaSi miviRebT (9.4.2), gveqne-

ba:  K = n
HA

p

K

L
nAmM = n

3

nm

]OH[
HA]][[M]
+                          (9.4.6).  

naleqis  mJavaSi  xsnadoba  xasiaTdeba  xsnarSi gadasuli M+-is 
koncentraciiT. (9.4.1) reaqciis gantolebidan Cans, rom M-isa 
da HA-s koncentraciebs Soris arsebobs Semdegi damokide-
bulebebi: 

n[M]=m[A¯]; [HA]=
m
n [M+]       (9.4.7). 

HA-s mniSvneloba SevitanoT (9.4.3) gamosaxulebaSi da mi-
viRebT:  

=
⎟
⎠
⎞

⎜
⎝
⎛

+

+

n
3

n
nm

]OH[
m
n[M]

n
HA

p

K

L
nAmM        (9.4.8) 

gaviTvaliswinoT (9.4.7), [M+]-is mniSvneloba da HA-s erTfu-
Zianoba, maSin xsnadoba 

S=
n
HA

n

n
3p

K(n/m)

]O[HL
MmAn

+⋅              (9.4.9) 

am gamosaxulebidan Cans naleqis xsnadobis damokidebu-
leba xsnaris mJavianobaze (pH), naleqis Sesabamisi mJavas di-
sociaciis konstantasa da naleqis xsnadobis namravlze. mJa-
vaTa gavlena sxvadasxvagvaria. Tu naleqis warmomqmneli Sesa-
bamisi susti mJavas disociaciis konstanta — KHA mcirea na-
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leqis xsnadobis namravlze, aseTi naleqebi kargad ixsneba 
mJavebSi. mag., karbonatebi, oqsalatebi, oqsiqinolinatebi da 
a.S. (amis gamo aseT naleqs leqaven neitralur an sust tute 

garemoSi). Tu KHA>> T
pL , maSin naleqi mJavebSi uxsnadia (ar ixs-

neba Zlier mJavebSic ki). mag. gogirdwyalbadis (IV) jgufis ka-
tionTa sulfidebi, bariumis sulfati da sxv. 

Tu naleqis Semadgeneli anioni orprotoniani susti 
mJavas (H2A) anionia, maSin (9.4.9) gantolebas Semdegi saxe aqvs: 

                        S= nm
nn

AH

2n
3p

(n/m)K

]O[HL

2

MmAn+

+⋅
              (9.4.10) 

AH2
K — orprotoniani susti mJavas disociaciis saerTo 

konstantaa, romelic AH2
K = K1K2; (9.4.9) da (9.4.10) formulebs 

iyeneben naleqebis mJavebSi xsnadobis gamosaTvlelad. 
ganvixiloT magaliTi: gamovTvaloT kalciumis oqsalatis 

xsnadoba 0,1 M marilmJavaSi; 
4O2CaCPL =4,0·10-9; mJaunmJavas 

K1·K2=6,5·10-2 ·6,1·10-5 =39,7·10-7 = 4,0·10-6. CaC2O4 mJavaSi ixsneba 
Semdegnairad: 

CaC2O4 + 2H3O+ ⇄ Ca2+ + H2C2O4 + 2H2O 

am SemTxvevaSi m=n=1 (CaC2O4 binaruli eleqtrolitia); 
(9.4.9) gantolebis Tanaxmad, naleqis xsnadoba tolia: 

S= 6

921

OCH

P
2

3

104
104)10(

K

L]O[H

422

4O2CaC

−

−−+

⋅
⋅⋅= =3,2·10-3 = 0,0032 moli. 

marilmJavas daumateblad, naleqis xsnadoba: 
 

S = 9
P 100,4L

4O2CaC

−⋅= = 6,3·10-5 moli. 

 

maSasadame, mJavaSi CaC2O4-is xsnadoba : 3,2·10-3 moli bevrad 

aRemateba wyalSi mis xsnadobas — 6,3·10-5 moli. e.i. amocanis 

mocemul pirobebSi CaC2O4 ar daileqeba.  
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II) kompleqswarmoqmnis gavlena xsnadobaze. 
naleqis xsnadoba izrdeba, roca naleqis kationi (an ani-

oni) kompleqss warmoqmnis Warb damleqavTan an gareSe li-
gandTan. 

magaliTad, HgI2-is naleqi ixsneba Warb KI-Si K2[HgI4]-is 
kompleqsis warmoqmniT. 

Hg(NO3)2 + 2KI → HgI2↓ +2KNO3 
HgI2 + 2KI → K2[HgI4] 

zogadad mcired xsnad naleqze R-ligandis urTierTqme-
debis reaqcia mimdinareobs: 

MmAn + pR ⇄ mMRp + nA¯    (9.4.11) 
                            

K = p

n-m
p

]R[

]A[][MR
                   (9.4.12) 

mricxveli da mniSvneli gavamravloT da gavyoT [M]m-ze. 

K = 
mp

mn-m
p

[M]]R[

[M]]A[][MR
=

nAmMpL ·βMR            (9.4.13) 

sadac βMR= pm

m
p

[R][M]
][MR

 (9.4.14) aris mdgradobis konstanta. maSa-

sadame, naleqis xsnadoba damokidebulia xsnadobis namravli-
sa da kompleqsis mdgradobis konstantaze. naleqi miT ufro 
xsnadia, rac ufro didia xsnadobis namravlis mniSvneloba da 
kompleqsis warmoqmnis konstanta — βMR. Tu kompleqswar-
moqmna safexurebrivad mimdinareobs, maSin: 
 βsaerTo = β1·β2·β3·β4 . . . (β1 — β4  safexurebrivi mdgradobis 
konstantebia).  

maSasadame, Tu gareSe ligandi an Warbi damleqavi naleqis 
Semadgeneli ionebTan warmoqmnis Zalzed mdgrad kompleq-
sebs, maSin naleqi SeiZleba arc ki gamoiyos. 

III. daleqvis konkurentuli reaqciebis gavlena xsnado-
baze. 

realur sistemebSi daleqvis ZiriTad reaqciasTan SeiZle-
ba warimarTos konkurentuli daleqvis procesi da warmo-
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iqmnas axali naleqi (Tu xsnari Seicavs gareSe ionebs, an xdeba 
erTi naleqis meore naleqad gardaqmna). 

magaliTi #1. 

1) ZnS    ⇄    Zn2+ + S2- — ZiriTadi reaqcia  (9.4.15) 
            TeTri                        ↑↓ 
                 myari faza                           + Pb2+        

                                                                            ↑↓ 
                               PbS↓ 
                Savi 
 
 

e.i. ZnS + Pb2+⇄ PbS + Zn2+                          (9.4.16) 
erTi naleqis meore naleqad gardaqmnis procesebs uwode-

ben naleqTaSoris reaqciebs. Teoriulad aseTi reaqciebi pir-
velad daamuSava da praqtikaSi Semoitana n.a. tananaevma. 

wonasworobis (9.4.15) konstanta KT=
ZnSPb

PbSZn

2

2

aa

aa

⋅

⋅

+

+
    (9.4.17) 

sadac aPbS=const =1; aZnS=const = 1. gamosaxuleba (9.4.18) gavamrav-
loT da gavyoT 2Sa -ze. gveqneba:  

KT =
PbS

ZnS

22

22

P

P

SZnSPb

SPbSZn

L
L

=
⋅⋅

⋅⋅

−+

−+

aaa

aaa
                 (9.4.19) 

analogiur gamosaxulebas miviRebT rTul SemTxvevaSic:  
 
magaliTi #2. 

3PbI2 + 2 −3
4PO ⇄ Pb3(PO4)2↓ + 6I ¯            (9.4.20) 

TK  =
2)4(PO3Pb

2
PbI

3
2

32
-3

4

3
2

6

P

3

P

PPbIPO

P)(POPbI

L

L

2

243
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

=
⋅⋅

⋅⋅

+

+−

↓

↓

b

b

aaa

aaa
   (9.4.21) 

maSasadame, sxvadasxva tipis naleqTa gardaqmnis dros Zi-
riTadi naleqis xsnadobis namravli unda daviyvanoT*) miRebu-

                                                 
*) `dayvanili xsnadobis namravlis~ cneba Semoitana n.a. tananaevma naleqebs 
Soris mimdinare wonasworobis raodenobrivi daxasiaTebisaTvis. 

ko
nk

u
r
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t

u
l

i 
   

 d
al

eq
va
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li axali naleqis xsnadobis namravlze. amisaTvis am naleqis 
xsnadobis namravli unda aviyvanoT xarisxSi, romelic ric-
xobrivad steqiometriuli koeficientis tolia. zemoT mo-
yvanil meore magaliTSi PbI2-is dayvanili xsnadobis namravli 

tolia 
3

P
2

PbI
L ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
. binaruli tipis naleqebs Soris reaqciebi-

saTvis (magaliTi 1) xsnadobis namravli da e.w. `dayvanili 
xsnadobis namravli~ erTmaneTis identuria. e.i. am SemTxvevaSi 
naleqebs Soris mimdinare reaqciis wonasworobis konstanta 
warmoadgens xsnadobis namravlebis fardobas. orive — Zi-
riTadi da konkurentuli daleqvis reaqciebi — raodenob-
rivad xasiaTdeba xsnadobis namravliT. maSasadame, naleqTa-
Sorisi wonasworobis konstantebis meSveobiT SegviZlia da-
vadginoT ramdenadaa SesaZlebeli erTi naleqis meoreSi gar-
daqmna. 

mivubrundeT magaliTebs (1,2): 

K = 27

24

P

P

105,2
106,1

L

L

PbS

ZnS
−

−

↓ ⋅
⋅=↓ ≈ 600           (9.4.22) 

K>>1; maSasadame, ZnS (TeTri feris naleqi) I magaliTSi 
gardaiqmna tyviis sulfidis Savi feris naleqad; II magaliTSi: 

K = 
43

27

43

39

P

3

P

109,7
101,1

109,7
)101,1(

L

L

2)4(PO3Pb

2
PbI

−

−

−

−

⋅
⋅=

⋅
⋅=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

=14·1014     (9.4.23) 

radgan K>>1, aseTi gardaqmna SesaZlebelia. 
maSasadame, erTi Znelad xsnadi naleqis meoreSi gardaqmna 

mimdinareobs ufro mcire xsnadobis namravlis mqone naleqis 
warmoqmnisken. rac ufro didia xsnadobis namravlebs Soris 
gansxvaveba, miT ufro swrafad da advilad xdeba naleqis gar-
daqmna (sxvadasxva tipis naleqTa gardaqmnisas mxedvelobaSi 
unda miviRoT `dayvanili xsnadobis namravli~). 
xsnadobis namravlis gamoyenebiT SegviZlia gavarkvioT: 
ionTa martivi narevidan romeli maTgani daiwyebs pirvelad 
daleqvas da rogori TanmimdevrobiT daileqeba danarCeni. ma-

galiTad, Tu xsnari toli raodenobiT —  [Cl¯] = [ −2
4CrO ] = 0,1 
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moli/l — Seicavs Cl¯-is da −2
4CrO -is ionebs da mas 

TandaTanobiT emateba AgNO3-is xsnari, maSin 
AgClPL -dan [Ag+] = 

1

10

-

P

10
100,1

][Cl

L
AgCl

−

−⋅=  = 1,1·10-9
 moli/l. 

3
CrO

2
AgPL -dan  [Ag+] =  

1

12

-2
4

P

10
102,9

][CrO

L
4

CrO
2

Ag

−

−⋅= =9,5 ·10-6
 moli/l.  

maSasadame:  0,1 moli [Cl¯]-is  dasaleqad sakmarisia 10-9 mo-

li [Ag+]; bevrad ufro mcire, vidre −2
4CrO -saTvis. maSasadame, 

pirvelad daileqeba AgCl. 
amrigad, xsnadobis namravli warmoadgens daleqva-gaxsnis 

wonasworobis fundamentalur, mniSvnelovan maxasiaTebels. 
misi gamoyenebiT SeiZleba ganvWvritoT daleqvis procesis 
mimarTuleba da mizandasaxulad vmarToT is; davadginoT na-
leqis warmoqmnis optimaluri pirobebi, gaviTvaliswinoT 
sxvadasxva faqtoris (pH, xsnaris ionuri Zala, konkurentuli 
reaqcia) zemoqmedebis dros naleqis xsnadoba da reaqciaSi 
monawile komponentTa wonasworuli koncentraciebi. 

9.4. xsnadobaze moqmedi fizikuri faqtorebi 

naleqis xsnadobaze gavlenas axdens fizikuri faqtore-
bic: temperatura, gamxsnelis buneba da sxva. 

xSir SemTxvevaSi temperaturis gazrdiT naleqebis xsna-
doba izrdeba da Sesabamisad izrdeba xsnadobis namravlis 
sididec. xsnadobaze temperaturis gavlena ganisazRvreba en-
Talpiis cvlilebiT — ΔH0-iT*), anu gaxsnis siTburi efeqtiT. 
umravlesoba mcired xsnadi naleqis gaxsnis procesi endo-
Termulia (ΔH>0), amitom, le-Satelies principis Tanaxmad, 
aseTi nivTierebebis xsnadoba temperaturis gazrdiT matu-
lobs da, piriqiT, roca procesi egzoTermulia (ΔH0<0) — pi-
riqiT — temperaturis gazrdiT naleqis xsnadoba mcirdeba. 

                                                 
*) H — enTalpia, Termodinamikuri sistemis mdgomareobis erT-erTi maxasiaTe-
beli funqciaa, romelic sistemis srul energias warmoadgens mudmivi wne-
visas. 
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magaliTad, temperaturis momatebiT kaliumis hidrotartra-
tis, tyviis qloridis, tyviis iodidis da sxv. xsnadoba izr-

deba; amitom Rvinis mJavas an misi marilebis (K+-is an +
4NH -is) 

aRmosaCenad saWiroa xsnaris gacieba.  
temperaturis cvlilebiT naleqis xsnadobis Secvla far-

Todaa gamoyenebuli TvisebiT analizSi. mag. PbCl2-is cxel 
wyalSi xsnadobas iyeneben mis dasacileblad Ag+ da Hg+-sagan. 

temperaturis gazrdiT mravali wvrilkristaluri naleqi  
msxvildeba, amorfuli naleqi gadadis kristalurSi da sxva. 

temperatura gavlenas axdens kristalhidratebis Sedge-
nilobaze. temperaturis gazrdiT mcirdeba kristalizaci-
uri wylis molekulebis raodenoba. mag., 600C-mde CaSO4 Sei-
cavs 2 mol H2O (CaSO4·2H2O). 600C-ze zemoT gadadis 
CaSO4·1/2H2O, romlis xsnadoba temperaturis gazrdiT mcir-
deba. gacxeleba da cxladve gafiltvra aucilebelia im na-
leqebisTvis, romlebTac midrekileba aqvT koloiduri xsna-
ris warmoqmnisken. mag., CuS, NiS, Fe(OH)3 da sxva. 

gamxsnelis buneba. nivTierebis xsnadoba, sxva Tanabar pi-
robebSi damokidebulia gamxsnelis bunebaze. organuli gamx-
snelebi amcireben naleqis xsnadobas. mag., spirtebi, acetoni 
da sxva SesamCnevad amcirebs bariumis, kalciumis sulfatis, 
natriumis oqsalatis, kaliumis perqloratis, natriumcinku-
ranilacetatis xsnadobas. es ukanaskneli mTlianad gamoile-
qeba spirtxsnarebidan da gamoiyeneba raodenobrivi gansaz-
RvrisTvisac. 

zogierTi naleqi, piriqiT — kargad ixsneba organul gam-
xsnelSi, cudad — wyalSi. mag., nikelis dimeTilglioqsimati. 
zogjer Znelia winaswar zustad ganvWvritoT naleqis xsna-
doba ama Tu im gamxsnelSi, Tumca eqsperimentiT SeiZleba misi 
dadgena.  

unda aRvniSnoT, rom jer kidev ar daukargavs Tavisi mni-
Svneloba Teziss: msgavsi ixsneba msgavsSi. e,i, rogorc wesi, 
polaruli nivTiereba ixsneba polarul gamxsnelSi, arapola-
ruli — arapolarulSi. magram aseTi mkveTri zRvris gavleba 
ar SeiZleba, vinaidan yvela nivTiereba araa tipuri — pola-
ruli da tipuri — arapolaruli. 

dieleqtrikuli SeRwevadoba nivTierebis xsnadobas akav-
Sirebs gamxsnelis dieleqtrikul mudmivasTan. nivTierebis 
bunebis mixedviT, dieleqtrikuli SeRwevadobis gazrdiT 
xsnadoba SeiZleba gaizardos an Semcirdes, e.i. gaiaros 
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maqsimumi. arapolaruli nivTierebis xsnadoba izrdeba gamxs-
nelis dieleqtrikuli SeRwevadobis gazrdiT. mag. wyali kar-
gi gamxsnelia. organuli gamxsnelebi farTod aris gamoye-
nebuli analizis praqtikaSi. 

9.5. tipuri amocanebis amoxsnis magaliTebi 

savarjiSo kiTxvebi da amocanebi 

magaliTi #1. vercxlis karbonatis najer xsnarSi 200C 
marilis koncentracia Seadgens 2,7·10-9

 g/l. gamovTvaloT am 
marilis xsnadobis namravli. 

 
amoxsna 

moc.: 
32COAgS = 2,7·10-9

 g/l; 

----------------------------------------- 
u.g. 

3
CO

2
AgPL =? 

)CO(Ag 32
Mr = 275,7 

gavigoT moluri xsnadoba:  

32COAgS =
75,275

107,2
Mr

107,2 2

)CO(Ag

2

32

−− ⋅=⋅
=1·10-4

 mol/l. 

xsnarSi: Ag2CO3 ⇄ 2Ag+ + −2
3CO  

1,0·10-4   2,0·10-4    1,0·10-4 

3CO2AgPL = [Ag+]2[ −2
3CO ]. SevitanoT mniSvnelobebi: 

3CO2AgPL = (2,0·10-4) · (1,0·10-4) = 4,0·10-12; 

magaliTi #2. gamoTvaleT CaCO3-is xsnadoba wyalSi (Tana-

uri reaqciebis gareSe), Tu T

3
CaCOPL = 4,8·10-9; 

amoxsna 

moc.: T

3CaCOPL = 4,8·10-9; 

-------------------------------------- 
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u.g. 
3CaCOS = ? 

xsnarSi adgili aqvs Semdeg wonasworobas: 

CaCO3 ⇄Ca2+ + −2
3CO ;    CaCO3 warmoadgens binaruli tipis 

                                  eleqtrolits. 

maSin, 
3CaCOS = 9

P 108,4L
3CaCO

−⋅= ≈7,0·10-5 moli/l. 

magaliTi #3. vercxlis arsenatis xsnadobis namravli 
T
PL =1,0·10-22. gamovTvaloT vercxlis da arsenat-ionebis aqti-

uri koncentraciebi mis najer xsnarSi. 

amoxsna 
moc.: 

4AsO3AgPL =1,0·10-22. 

------------------------------------- 
u.g. +Aga =? -AsO3

4
a =? 

 

xsnarSi: Ag3AsO4 ⇄ 3Ag+ + −3
4AsO ;       T

PL = 3
Ag+a · -3

4AsOa ; 

T
PL =[Ag+]3 3

Af [ −3
4AsO ]· -3

4AsOf ; vinaidan Ag3AsO4 mcired xsnadi na-

leqia ( T
PL =10-22), amitom mis najer xsnarSi [Ag+] da [ −3

4AsO ] 

Zalian mcirea da SeiZleba CavTvaloT, rom f=1, a=c. maSin: 
Lp = 27·S4 (ix. $9.3).  

4
22

4 P
AsOAg 27

100,1
27

L
S 4AsOAg3

43

−⋅==
T

=1,39·10-6 moli/l. 

aqedan, +Aga =3·1,39·10-6=4,17·10-6 moli/l. -AsO3
4

a =1,39·10-6 

moli/l. 
magaliTi #4. ra gavlenas axdens CaC2O4-is xsnadobaze 

(
4O2CaCPL = 2,6·10-9) xsnarSi 0,1M KCl-is Tanaoba? 

amoxsna 

moc.: 
4

O
2

CaCPL =2,6·10-9; CKCl = 0,1M = 10-1 moli/l. 

CaC2O4 ⇄ Ca2+ + −2
42OC  
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gavTvaloT xsnadoba (0,1M KCl-is gareSe). 

S1 = 9
P 106,2L

4O2CaC
−⋅= = 5,09·10-5 moli/l. 

KCl-is Tanaobisas xsnaris ionuri Zala: KCl ⇄ K+ + Cl¯; 

μ= )ZCZ(C
2
1 2

ClCl
2
KK −− ⋅+⋅+ = 

2
1 (0,1·12 + 0,1·12) = 0,1;     +2Caf = -OC 2

42
f ; 

cxrilSi vpoulobT maT mniSvnelobebs — 0,33; e.i. +2Caf = -OC 2
42

f = 

0,33. maSin:  

S2 = 2

9

2
P

)33,(
106,2

f
L

o

−⋅=
T

= 1,54· 10-4; maSasadame, 5

4

1

2

105
1054,1

−

−

⋅
⋅=

S
S

=3,02. 

KCl-is Tanaobisas xsnadoba gaizrdeba 3-jer.  
magaliTi #5. gamovTvaloT CaCO3-is xsnadoba 0,01M CaCl2-

is xsnarSi. 

amoxsna 

moc.: 
2CaClC =0,01 M; cxrilSi vpoulobT T

3
CaCOPL =4,8·10-9; 

davuSvaT μ=0; CaCO3 ⇄ Ca2+ + −2
3CO ; CaCl2 ⇄ Ca2+ + 2Cl¯. 

xsnarSi CaCO3-is Tanamosaxele kationia Ca2+, e.i.  

S = 2

9

2
P

10
108,4

][C
L

−

−

+
⋅=

a

T

=4,8·10-7 moli/l. 

magaliTi #6. gamovTvaloT ramdenjer aRemateba sufTa 
wyalSi BaSO4-is xsnadoba 0,05M Na2SO4-Si xsnadobas? 

( T

4BaSOPL =1,1·10-10). 

amoxsna 

moc.: 
42SONaC = 0,05 M = 5·10-5 moli/l; T

PL = 1,1·10-10; 

------------------------------------------------- 
u.g. xsnadoba wyalSi da Na2SO4-Si; OH2

S =?  
42SONaS =? 

wyalSi xsnadoba: S1= [Ba2+] = T
PL = 10101,1 −⋅ =10-5 moli/l. 

gamovTvaloT BaSO4-is xsnadoba 0,05M Na2SO4-Si: 

Na2SO4 ⇄ 2Na+ + −2
4SO ; aq [ −2

4SO ] =5·10-2 moli/l. 
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4BaSOPL = [Ba2+] [ −2
4SO ];    −2

4SO — Tanamosaxele anionia. 

S2 = [Ba2+] = 2

10

-2
4

P

105
101,1

][SO
L

−

−

⋅
⋅=

T

=2,2·10-9 moli/l. 

9

6

2

1

102,2
1005,1

S
S

−

−

⋅
⋅= =4772-jer aRemateba wyalSi xsnadoba. 

 
savarjiSo kiTxvebi da amocanebi 

 
1. moiyvaneT heterogenuli sistemis magaliTebi. maTgan 

romels aqvs ufro meti gamoyeneba qimiur analizSi; 

2. ganmarteT T
PL , k

PL , p
PL da aCveneT kavSiri maT Soris; 

3. gamoiyvaneT xsnadobis namravlsa da xsnadobas Soris 
kavSiri. ra faqtorebi moqmedebs maTze? 

4. ratom unda veridoT damleqavis siWarbes? 
5. rogor xdeba naleqTa gaxsna mJavebsa da tuteSi? 
6. ra aris marilovani efeqti? 
7. ra Sedegebi gamomdinareobs aqtiur koncentraciaTa 

namravlis wesidan? 
8. ra gavlena aqvs konkurentul qimiur reaqciebs naleqis 

xsnadobaze? 
9. rogor SeiZleba gardavqmnaT mcired xsnadi erTi niv-

Tiereba mcired xsnad meore nivTierebad? 
10. romeli faqtori ufro mniSvnelovnad moqmedebs nale-

qis xsnadobaze (eleqtrostatikuri Tu qimiuri)? 
11. dawereT Semdeg naleqTa gaxsnis reaqciebi: 

a) KHC4H4O6 –  HCl, CH3COOH da NaOH; 

b)  MgNH4PO4 – HCl, CH3COOH; 

g)  CaCO3 – HCl, CH3COOH; 

d)  BaCrO4 – HCl; 

e)  Mg(OH)2 – NH4Cl. 

12. romeli marili ufro xsnadia:  
            a) BaCO3 Tu  BaSO4?  
          b) AgCl Tu  Ag3PO4? g)  PbSO4 Tu  PbI2?  



 166

13. BaCrO4-is  najer xsnarSi misi koncentracia Seadgens 2,7 
mg/l. gamoTvaleT am marilis xsnadobis namravli. 

14. gamoTvaleT CaCO3-is xsnadoba Tu xsnaris pH=5. 
15. gamoTvaleT CaCO3-is xsnadoba 0,02 M CaCl2-is xsnarSi da 

mxedvelobaSi miiReT xsnaris ionuri Zala. 
16. gamoTvaleT Ag2CrO4-is xsnadoba: a) wyalSi; b) 0,01 M KCl-

is xsnarSi da SeadareT erTmaneTs. 

17. BaSO4-is T
PL =10-10. gamoTvaleT BaSO4-is xsnadoba:  

     a) 0,05M NaCl-is xsnarSi;  
     b)  0,05M Na2SO4-is xsnarSi;  

18. gamoTvaleT magnium-amoniumis fosfatis xsnadoba 0,02M  
NH4Cl-is xsnarSi; 

19. gamoTvaleT magniumis hidroqsidis daleqvis pH, Tu 
magniumis qloridis koncentracia tolia 0,010 M; 

20. gamoiyofa Tu ara stronciumis sulfati, Tu 0,01 M 
stronciumis nitratis xsnars davumatebT toli moculobis 
kalciumis sulfatis najer xsnars?  

    naleqTa Sesabamisi xsnadobis namravlis mniSvnelobebi 
ixileT cnobaris cxrilSi. 
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Tavi 10  

Jangva-aRdgenis (redoqs)*)  wonasworoba 

 

10.1. Jangva-aRdgenis reaqciebis gamoyeneba      
qimiur analizSi 

Jangva-aRdgenis procesebSi icvleba moreagire komponen-
tebis daJangulobis xarisxi, rasac xSirad axlavs analizuri 
signali (Seferili naerTis warmoqmna an gaqroba, gazis ga-
moyofa da a.S.)  

qimiur analizSi Jangva-aRdgenis procesebs iyeneben:  
1) saanalizo obieqtis gasaxsnelad, romelsac amuSaveben 

azotmJaviT, marilmJavasa da azotmJavas nareviT. mag., spi-
lenZis Senadnobs xsnian azotmJavaSi (an samefo wyalSi). am 
dros spilenZi iJangeba Cu2+-mde, xolo azotmJava aRdgeba NO-
mde an NO2-mde.  

2) cementaciaSi — liTonis gamoyofa xsnaridan, eleqtro-
uaryofiTi liToniT warmoadgens ionTa koncentrirebis da 
dacilebis farTod gavrcelebul xerxs, romelsac mimarTa-
ven raodenobiTi gansazRvris win. mag., liTonuri spilenZi 
aRadgens Hg2+-s: Cu0 + Hg2+ → Cu2+ + Hg0. gamoyofili vercx-
liswyali efineba spilenZis firfitas.  

3) nivTierebaTa identificirebisaTvis. mag. Mn2+-is aRmo-

Cenas safuZvlad udevs Mn2+-ionebis −
4MnO -ionebamde daJang-

va. Mn2+-is xsnarze koncentrirebuli azotmJavas da PbO2-is 
moqmedebiT, gacxelebisas warmoiqmneba mowiTalo-iisferi 
xsanri.  

                                                 
*) `redoqsi~ warmodgeba laTinuridan — `Reduction~ — niSnavs aRdgenas, `Oxy-
dation~ — daJangvas; redoqsi — aRdgena-daJangva. 
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iodidebze qloriani wylis moqmedebiT gamoiyofa Tavisu-
fali iodi, romelic gamoiwvlileba benzoliT an benziniT da 
organul fazas aZlevs mowiTalo Seferilobas.  

Cl2 + 2KI → 2KCl +I2. 
4) nivTierebaTa dasacileblad. mag., Fe(III) da Cr(III) aci-

leben tute garemoSi wyalbadis zeJangiT. am dros Fe(III) ile-

qeba hidroqsidis saxiT, Cr3+ iJangeba −2
4CrO -mde (gafiltvri-

sas rkina rCeba naleqSi, filtratSi gadis −2
4CrO -is ionebi). 

spilenZis(II) da nikelis(II) eleqtroqimiur dacilebas 
awarmoeben sxvadasxva Zabvaze. spilenZi(II) 2 volti Zabvis 
dros mTlianad daileqeba kaTodze, Zlier mJava garemoSic ki, 
maSin, rodesac Ni(II)-is sruli gamoyofisaTvis saWiroa 3-4 
voltamde Zabva. 

5) nivTierebis raodenobrivi gansazRvrisaTvis, magali-
Tad, titrimetriasa da eleqtrowoniT analizSi. titrantad 
iyeneben sxvadasxva mJangavs da gansazRvris meTodebic ata-
rebs maT saxelwodebas. mag. permanganatmetria — aq titran-
tad gamoyenebulia kaliumis permanganatis xsnari, iodmet-
riaSi — iodis titriani xsnari, diqromatmetriaSi — diq-
romatis xsnari da sxv. 

eleqtrowoniTi analizi emyareba eleqtrodebze mimdina-
re redoqs-procesebs. mag., plumbit-ioni iJangeba anodze da 
gamoiyofa PbO2-is saxiT. 

6) gamoyenebulia polarografiul, kulonometrul da 
katalizur meTodebSi. kulonometruli gansazRvris dros 
nivTierebas gardaqmnian eleqtroqimiuri gziT: daJangaven an 
aRadgenen, razedac ixarjeba eleqtroenergiis garkveuli ra-
odenoba; misi gazomviT adgenen nivTierebis raodenobas. ka-
talizuri meTodi damyarebulia umTavresad redoqs-proce-
sebze. mravali nela mimdinare reaqcia Cqardeba kataliza-
torebiT. gansazRvrul pirobebSi qimiuri reaqciis siCqare 
katalizatoris koncentraciis proporciulia, riTac SesaZ-
lebelia misi raodenobrivi gansazRvra. 
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10.2. Jangva-aRdgenis sistemis daxasiaTeba.      
Jangva-aRdgenis wyvilebi  

Jangva-aRdgenis procesebi mimdinareobs eleqtronebis 
erTi atomidan (ionidan, molekulidan) meoreze gadataniT, 
romelsac Tan axlavs elementis an ionis JangviTi xarisxis 
cvlileba. 

daJangva — eleqtronebis gacemis, xolo aRdgena — eleq-
tronebis SeerTebis procesia. mJangavi (ioni, molekula, ele-
menti) ierTebs eleqtrons da gadadis maRali daJangulobis 
xarisxidan — dabalSi. mJangavi avlens eleqtronebis SeZeni-
sadmi did swrafvas (e.i. mJangavi iZens eleqtrons aRmdge-
nisagan, mas Jangavs, TviTon aRdgeba). aRmdgeni gascems eleq-
trons da gadadis dabalidan ufro maRali daJangulobis xa-
risxSi. e.i. aRmdgens ufro sustad aqvs gamovlinebuli swraf-
va eleqtronebisadmi. 

Jangva-aRdgenis procesi erTdroulad mimdinareobs. Ta-
namedrove warmodgenebidan gamomdinare, advilad SeimCneva am 
procesis msgavseba mJavur-fuZur wonasworobasTan (bren-
sted-luoris Teoria); rac ufro didia fuZis swrafva 
protonis SeZenisaken, miT ufro Zlieria igi. analogiurad, 
Zlieri mJangavi avlens eleqtronebis SeZenisadmi did swraf-
vas. mJavur-fuZuri urTierTqmedebisas warmoiqmneba ufro 
susti mJava (an fuZe). analogiurad, Zlieri mJangavi ierTebs 
eleqtronebs da warmoqmnis ufro sust aRmdgens. gamxsneli, 
mag., wyali avlens rogorc mJavas, ise fuZis Tvisebebs. re-
doqs-procesebSi wyalma SeiZleba gasces eleqtroni, e.i. ga-
movides aRmdgenis rolSi an SeiZinos eleqtroni, rogorc 
mJangavma. mJavur-fuZuri wonasworoba da aseve, analogiu-
rad, redoqs-procesebi erTdroulad mimdinareobs. maSasada-
me, redoqs-sistemaSic aris redoqs-wyvilebi. maTi Jangva-
aRdgenis reaqciebi gamoisaxeba Semdegnairad: 

damJ.1 + e ⇄ aRmdg.2 — aRdgenis naxevarreaqcia. 

aRmd.2 — e ⇄ damJ.1 — daJangvis naxevarreaqcia. 

sadac, damJ.1 da damJ.2 — aris daJanguli formebi. aRmd.1 da 
aRmd.2 — aRdgenili formebi. am formaTa erTianoba war-
moadgens redoqs-wyvilebs. mag., redoqsi wyvilebia: Fe3+/Fe2+; 
Cu2+/Cu0; −

4MnO +8H+/Mn2+ + 4H2O da sxva. 
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Jangva-aRdgenis naxevar-reaqciebi praqtikulad ganuxor-
cielebelia. es procesebi mimdinareobs erTdroulad. 

damJ.1 + aRmdg.2  ⇄ aRmd.1 + damJ.2 

analogiurad gvaqvs:   A1    +    B2     ⇄    B1    +   A2 
                                                                                                           mJava 1           fuZe 2                fuZe 1         mJava 2 

maSasadame, TiToeuli Jangva-aRdgenis reaqcia ganixile-
ba, rogorc ori naxevarreaqciis jami, romelTagan erTi ga-
moxatavs mJangavis, meore — aRmdgenis gardaqmnas. es pro-
cesebi ise mimdinareobs, rom aRmdgenis mier gacemuli eleq-
tronebis raodenoba tolia mJangavis mier SeZenili eleq-
tronebis raodenobisa. amazea damyarebuli Jangva-aRdgenis 
reaqciebis steqiometriuli koeficientebis SerCevis erT-
erTi meTodi. 

Jangva-aRdgenis naxevarreaqciebad warmodgena formalur 
xasiaTs ar atarebs, mas aqvs gansazRvruli fizikuri arsi: 
eleqtronebis gadatana donoridan (aRmdgenidan) aqceptorze 
(mJangavze) SeiZleba warimarTos im SemTxvevaSic, roca aR-
mdgeni da mJangavi moTavsebulia sxvadasxva WurWelSi da Se-
erTebulia marilovani xidiT (KCl-is najeri xsnariT). Tu Ti-
Toeul WurWelSi movaTavsebT eleqtrodebs da SevaerTebT 
maT gamtaris saSualebiT potenciometrTan an galvano-
metrTan, isris gadaxra gviCvenebs denis gadatanas aRmdge-
nidan — mJangavisken.  

Jangva-aRdgenis procesis mimdinareoba damokidebuli ar 
aris misi ganxorcielebis gzaze — e.i. imaze, uSualod or niv-
Tierebas Soris warimarTeba procesi, Tu galvanur ele-
mentSi. 

Jangva-aRdgenis procesebi gamoirCeva Tavisi meqanizmis 
sirTuliT. procesi yovelTvis ar midinareobs reaqciis Se-
majamebeli gantolebis Sesabamisad, radgan Jangva-aRdgenis 
procesis dros warmoiqmneba Sualeduri naerTebi, romlebic 
aramdgradia da swrafad gardaiqmnebian saboloo produq-
tebad.  

redoqs-potenciali. Jangva-aRdgenis unaris raodenob-
riv maxasiaTeblad SemoRebulia redoqs-potencialis sidide 
— E. eqsperimentulad (uSualod) misi gazomva SeuZlebelia. 
amisaTvis sazRvraven ori iseTi wyvilis eleqtrodul poten-
cialTa sxvaobas, romelTagan erT-erTi miRebulia aTvlis 
wertilad. aseT Sesadarebel eleqtrodad miCneulia wyalba-
dis standartuli eleqtrodi. igi warmoadgens axlad ga-
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moyofil e.w. `platinis SavaTi~ mosevadebul platinis fit-
rfitas, romelic moTavsebulia WurWelSi; WurWelSi Cas-
xmulia 1,25 N mJavas xsnari ( +H

a =1) da firfita gajerebulia 

airadi wyalbadiT 1 atmosferuli wnevis qveS. wyalbadis 
naxevareleqtrodze mimdinareobs:  

2H+ + 2e ⇄ H2↑ 

roca +H
a =1 da wneva (airadi H2) udris 1 atmosferos. 

2/H2HE + = 

0; aseT pirobebSi galvanur wyvilSi (romelic Sedgeba wyal-
badis naxevareleqtrodisa da saZiebeli redoqs-wyvilisagan) 
aRZruli eleqtromamoZravebeli Zala (emZ) warmoadgens saZi-
ebeli wyvilis normalur standartul, redoqs-potencials. 

amrigad, standartuli potenciali (E0) aris redoqs-sis-

temis potenciali, rodesac eleqtrodebze mimdinare re-

aqciaSi yvela monawile nivTierebis (komponentis) aqtivoba 

erTis tolia. 

mravali redoqs-sistemisTvis potencialTa ricxviTi mni-
Svnelobebi gazomilia an gamoTvlilia Termodinamikuri mo-
nacemebidan da mocemulia saxelmZRvaneloebis an cnobarebis 
cxrilebSi. mag., 

++ 23 /FeFe
E = +0,77 v; ++ 3Ti/4Ti

E = -0,1 v. `±~ niSnebs 

ganapirobebs wyalbadis eleqtrodis mimarT saZiebeli more-
agire komponentebis eleqtronebisadmi swrafvis energiaTa 
Tanafardoba.  

redoqs-potenciali warmoadgens sistemis Jangva-aRdge-
niTi unaris maxasiaTebel sidides da nernstis gantolebiT 
gamoisaxeba Semdegnairad: 

 E = E0 +
aRd.f

daJ.f

a
a .ln

nF
RT  (10.2.1), sadac E — aris saZiebeli redoqs-

sistemis potenciali, wonasworobis momentSi da gamoisaxeba 
voltebSi (v); E0 — sistemis standartuli normaluri poten-
ciali, roca adaJ.= aaRd.=1;  R — universaluri mudmiva; R= 8,3144 
j/moli·grad; T — absoluturi temperatura — T=273 K; F — 
faradeis ricxvi, F= 96500 kuloni; n — naxevarreaqciebSi mo-
nawile eleqtronebis raodenoba.  
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aRniSnuli mudmivebis Setanis da aTwiladur logariTmze 

gadasvlisas 200C-ze E=E0 +
aRd.f

daJ.f

a
a .lg

n
0,059 .  (10.2.2) 

zogierTi Jangva-aRdgenis reaqciis mimdinareoba damoki-
debulia wyalbadionTa koncentraciaze, rac Sesabamisad aisa-
xeba gantolebebSi: 

E = E0 + 
aRd.f

daJ.f

a
a .ln

nF
RT · m

H +a   (10.2.3), sadac: m — aris reaqciaSi mo-

nawile wyalbad-ionTa ricxvi.  

E=E0 + 
aRd.f

daJ.f

a
a .lg

n
0,059 · m

H +a                            (10.2.4) 

mag., reaqciisaTvis: −
4MnO + 8H+ + 5e → Mn2+ + 4H2O; 

E= 0
2/Mn4MnO

E +− + 
][Mn

]][H[MnOlg
5
059,0

2

8
4

+

+−
       (10.2.5) 

roca daJanguli an aRdgenili forma airadi an myari niv-
Tierebaa, maSin maTi aqtiuri koncentracia miCneulia erTis 
tolad da ar Sedis nernstis gantolebaSi. mag., roca aRdge-
nili forma myari nivTierebaa, maSin:  

E=E0 + 
n

0,059 lgadaJ.f. (10.2.6), roca myaria daJanguli forma, mag.: 

S+2e→S2-; maSin: E= 0
2S/S

E − - 2-S lg
2

0,059 a   (10.2.7) da sxva. 

standartuli potenciali gamoxatavs mJangavis swrafvas 
eleqtronisadmi, e.i. mis JangviT unars. rac ufro metia (uf-
ro dadebiTia) Jangva-aRdgenis wyvilis potenciali, miT uf-
ro Zlieri mJangavia misi daJanguli forma da miT ufro susti 

aRmdgenia misi aRdgenili forma. mag., wyvilebis 0
2/Fe3Fe

E ++ = 

+0,77 v; 0
/2Cl2Cl

E − = +1,36 v; Sedarebidan Cans, rom JangviTi unari 

ufro metad aqvs gamovlenili Cl2-s, vidre Fe3+-s. Sesabamisad, 
Fe2+ ufro Zlieri aRmdgenia, vidre Cl¯; standartuli poten-
cialis gazrdas Seesabameba JangviTi unaris gaZliereba da pi-
riqiT, Semcireba — JangviTi unaris Sesustebas.  
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aqedan gamomdinare, standartul potencialTa mwkrivSi, 
Zlieri mJangavebi moTavsebulia dasawyisSi, Zlieri aRmdge-

nebi — boloSi. mag., yvelaze Zlieri mJangavia F2. 0
/2F2F

E − = +2,87 v. 

−
4MnO — mJava garemoSi 0

2Mn8H-
4MnO /E +++

= 1,51 v da sxv. Zlieri 

aRmdgenlebia: tute da tutemiwaTa liTonebi, Al, Zn, AsH3, V2+, 
Ti3+, Sn2+, S2- da sxv. F¯— praqtikulad ar avlens aRdgeniT unars, 
radgan verc erTi mJangavi ver arTmevs mas eleqtrons. misi 
ganmuxtva xdeba mxolod eleqtrolizuri gziT. 

potencialis sididis mixedviT SeiZleba Tvisebrivad ga-
irkves redoqs-procesis mimarTuleba. Jangva-aRdgenis re-
aqciebi mimdinareobs ufro susti mJangavis warmoqmnisaken; 

maSasadame, Tu ΔE0 = 0
1E - 0

2E >0 (sadac 0
1E da 0

2E aris pirveli da 
meore wyvilis standartuli potenciali), maSin reaqcia 
warimarTeba marcxnidan marjvniv; xolo Tu ΔE<0, marjvnidan 
marcxniv. magaliTad, reaqcia Fe3+-sa da I¯ Soris: Fe3+ +e →Fe2+; 

−+ 2/Fe3Fe
E =+0,77 v; I2 + 2e → 2I¯; 0

/2I2I
E − =+0,53. sxvaoba ΔE = +0,24 v >0; 

e.i. reaqcia warimarTeba Tavisufali iodis gamoyofisaken: 

2Fe3+ +2I ¯ ⇄ 2Fe2+ + I2 . 
maSasadame, Tvisebrivad redoqs-procesebis mimarTule-

bis gasarkvevad saWiroa erTmaneTs SevadaroT standartuli 
potencialebis mniSvnelobebi da daveyrdnoT Semdeg mosa-
zrebebs:  

I. Jangva-aRdgenis potenciali redoqs-procesebis raode-
nobrivi maxasiaTebelia; 

II. ori Jangva-aRdgenis wyvilidan is warmoadgens Zlier 
mJangavs, romlis standartuli potencialis mniSvneloba 
ufro dadebiTia; 

III.  rac ufro metia standartuli potencialis mniSvne-
loba, miT ufro mkveTradaa gamovlenili Jangvis unari da 
naklebad — aRdgenis unari; 

IV. Jangva-aRdgenis procesi mimdinareobs ufro susti 
mJangavis warmoqmnisken; 

V. rac ufro didia wyvilTa potencialebs Soris sxvaoba 
(ΔE0), miT ufro intensiurad mimdinareobs reaqcia marcxnidan 
marjvniv da piriqiT (sxva Tanabar pirobebSi). 
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10.3 redoqs-sistemis wonasworobis konstantebi da 
wonasworobaze moqmedi faqtorebi 

redoqs-sistemaSi mimdinare procesis 

 damJang.1 + aRmdg.2 ⇄ aRmdg.1 + damJang.2        (10.3.1) 
wonasworobis konstanta gamoisaxeba: 

K = 
aRd.f.2daJ.f.1

aRd.f.1daJ.f.2

aa
aa

⋅
⋅

                 (10.3.2) 

(10.3.1) procesis naxevarreaqciebia: 

               daJ.1 + e ⇄ aRd.1 

               aRd.2 - e ⇄ daJ.2 
nernstis gantolebis Tanaxmad:  

E1 = 0
1E  + 

aRd.f.1

daJ.f.1

a
a

ln
nF
RT

                       (10.3.4) 

E2 = 0
2E + 

aRd.f.2

daJ.f.2

a
a

ln
nF
RT

                            (10.3.5) 

wonasworobis momentSi:  E1 = E2. maSin:  

0
1E + 

aRd.f.1

daJ.f.1

a
a

ln
nF
RT

= 0
2E + 

aRd.f.2

daJ.f.2

a
a

ln
nF
RT

                 (10.3.6) 

gardaqmnebis Semdeg: 0
1E - 0

2E =
aRd.f.2daJ.f.1

aRd.f.1daJ.f.2

aa
aa

⋅
⋅

ln
nF
RT

= lnK
nF
RT

; 

maSasadame, lnK=
RT

EE 00
21  _ ;   (10.3.7)   mudmivi sidideebis mniSvne-

lobebis Setanis Semdeg, 200C gveqneba:   

lgK=
0,059

n)EE ( 00
21 ⋅ _

                                 (10.3.8) 

rogorc (10.3.8) formulidan Cans, rac ufro metia ori 
wyvilis redoqs-potencialebs Soris gansxvaveba (sxvaoba), 
miT ufro didia wonasworobis konstantas — K-s mniSvneloba 
da, Sesabamisad, reaqcia warimarTeba marcxnidan marjvniv sxva 

(10.3.3
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Tanabar pirobebSi. magaliTad, reaqciisaTvis: Sn2+ + 2Fe3+ ⇄ 

Sn4+ + 2Fe2+
;     K = 

23

22

]][

]][
++

++

Fe[Sn 
Fe[Sn

2

4
             (10.3.9) 

Sesabamisad, wyvilebisTvis  

                 ++ 2/Sn4Sn
E = 0,15 + 

2
0,059 lg

]

]
+

+

2

4

[Sn 
[Sn

 

                 ++ 2/Fe3Fe
E = 0,77 + 

1
0,059 lg

][

][
2

3

+

+

Fe 
Fe  

wonasworobis momentSi: ++ 2Sn4Sn /E = ++ 2Fe3Fe /E                     (10.3.11) 

lgK=
059,0

)15,077,0( 2− ≈ 21.     K=1021; K>>0, maSasadame, reaqcia praq-

tikulad bolomde midis. Tu K<<0 (didi araa), e.i. wyvilebis 
potencialebs Soris sxvaoba mcirea, maSin reaqcia bolomde 
ar wava. aseT SemTxvevaSi reaqciis sruli warmarTvisTvis un-
da SevqmnaT saTanado pirobebi (moreagire komponentTa kon-
centracia, xsnaris pH da a.S.). magaliTad, reaqcia, romelsac 
iyeneben dariSxanis(V) identifikaciisa da gansazRvrisTvis: 

H −2
4AsO + 2I¯ + 3H+ ⇄ −

2AsO + 2H2O + I2                         (10.3.12) 

ΔE0 = 0,559 – 0,535 = 0,024 v. lgK=
059,0

2024,0
059,0

nΔE0 ⋅=⋅ = 0,83 

K=100,83 = 6,8. es sidide Zalian mcirea. amitom reaqciis marcx-
nidan marjvniv warmarTvisaTvis saWiroa I¯-ionebis siWarbe 
(praqtikulad es reaqcia mimdinareobs mJava garemoSi iodid-
ionebis didi siWarbisas). 

maSasadame, redoqs-procesis wonasworobis konstantas 
gamoyenebiT SeiZleba gavarkvioT reaqciis mimarTuleba da 
siRrme. 

mxedvelobaSi unda miviRoT:  
1) standartuli potencialebiT sargebloba mizanSewo-

nilia im SemTxvevaSi, Tu sistemaSi ar xdeba eleqtrostati-
kuri da qimiuri zemoqmedeba. winaaRmdeg SemTxvevaSi unda vi-
sargebloT sistemis realuri (formaluri) potencialebis 
mniSvnelobebiT; 

 
           
          (10.3.10) 
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2) wonasworobis konstantebis mniSvnelobis sidide jer 
kidev ar warmoadgens Jangva-aRdgeniTi reaqciis didi siC-
qariT mimdinareobis garantias; 

3) rogorc cnobilia, ΔG = -RTlnK; Tavis mxriv, redoqs-
sistemaSi K dakavSirebulia standartul potencialTan. 
aqedan gamomdinare, SegviZlia davweroT: 

ΔG = -RTlnK = -RT
RT

nF)E(E 0 ⋅aRdg.f.daJ.f.  _
0

= -E0nF    (10.3.13). aqedan E0 = 

—
nF
ΔG

.  (10.3.14) 

aq E0 aris eleqtromamoZravebeli Zala (redoqsi wyvilebis 
standartul potencialTa sxvaoba); n — eleqtronebis ricx-
via, xolo ΔG — gibsis energia.*) 

(10.3.14) gantolebis gamoyenebiT SeiZleba ganvsazRvroT 
wonasworobis konstanta da emZ, Tu cnobilia gibsis 
standartuli energia. 

redoqs wonasworobaze moqmedi faqtorebi. realur sis-
temaSi Jangva-aRdgenis potencialis sidideze da, Sesabami-
sad, reaqciis mimarTulebasa da siRrmeze did gavlenas 
axdens: 1) eleqtrostatikuri Zalebi; 2) konkurentuli qimiu-
ri reaqciebi. 

1) redoqs-sistemaSi daJanguli formis muxtis sidide me-
tia aRdgenili formis muxtis sidideze. amis gamo, ionuri 
Zalis gavleniT aqtiuroba sxvadasxva xarisxiT icvleba. a ≠ C. 
e.i. aqtiuri koncentracia aRar aris saerTo koncentraciis 
toli. 

 
 
 
 
SevitanoT nernstis gantolebaSi da gveqneba: 

E =
aRd.f

daJ.f.
.fdaJ.f./aRd

[aRd.f

daJ.f.

.]f
]f[

ln
nF
RTE0 +                  (10.4.2) 

                                                 
*) erTi moli nivTierebis eleqtroqimiuri gardaqmnebisTvis saWiro muSaoba 
(A) warmoadgens gibsis energias: A = –ΔG=nF. `—~ niSani miuTiTebs procesis 
TviTnebur msvlelobas. 

adaJ.f.= [daJ.f.]·fdaJ.f.  
aaRd.f.= [aRd.f.]·faRd.f. 

(10.4.1) 
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E=
.]
][

ln
nF
RT

f
f

ln
nF
RTE0

[aRd.f

daJ.f.

aRd.f

daJ.f.
.fdaJ.f./aRd ++      (10.4.3) 

roca [daJ.f.] = [aRd.f.] = 1 moli/l, maSin  

'0E  = 
aRd.f

daJ.f.
.fdaJ.f./aRd f

f
ln

nF
RTE0 +                            (10.4.4) 

sadac 
'0E warmoadgens realur (formalur) potencials, ro-

melSic Sedis daJanguli da aRdgenili formebis aqtivobis 
koeficientebi. maSasadame, realuri potenciali damokide-
bulia xsnaris ionur Zalaze. Tu ionuri Zala Zalian mcirea 

da SeiZleba misi gamoricxva, maSin, E0  = 
'0E (200C) da  nernstis 

gantoleba gamartivdeba:  

E = E0 + 
n

0,059 lg
.]
][

[aRd.f

daJ.f.
                            (10.4.5) 

Tu ionuri Zalis gamoricxva ar SeiZleba, maSin sargebloben 
(10.4.4) gantolebiT.  

redoqs-potencialis sidideze gavlenas axdens daJanguli 
da aRdgenili formebis koncentraciaTa Tanafardobis 
cvlileba. Tu daJanguli formis koncentracia 100-jer aRe-
mateba aRdgenili formis koncentracias, maSin sistemis 
standartuli potenciali — E0 gadaaWarbebs realur standar-

tul potencials 
'0E . 

n 
0,059 lg100 = 

n
20,059 ⋅ = 0,12/n voltiT. 

sistemis potencialze arsebiT gavlenas axdens xsnaris 
pH. 
pH-is gavlena: redoqs-wonasworoba, romelSic monawileobs 
H+, gamoisaxeba:  

daJ.f. + ne + mH+ ⇄ aRd.f.       

E = 
aRd.f

daJ.f.
fdaJ.f/aRd. a

aa m
H0 ln

nF
RTE

+⋅
+ ; 
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E = 
aRd.f

daJ.f.
.fdaJ.f./aRd a

a
a ln

nF
RTln 

nF
RTE m

H
0 ++ +                    (10.4.5) 

roca adaJ.f. = aaRd.f. = 1. 
'0E = E0 + m

Hln 
nF
RT

+a  warmoadgens realur potencials, ro-

melic damokidebulia H+-is koncentraciaze. -lg +H
a =pH, maSin: 

'0E = 
n
m059,0E0 −.fdaJ.f./aRd pH  (10.4.6). rogorc am gantolebidan 

Cans, redoqs-potenciali damokidebulia xsnaris pH-ze. pH-is 
SemcirebiT izrdeba sistemis potencialis mniSvneloba da 
piriqiT. magaliTad, arsenat-ioni, pH-ze damokidebulebis 
mixedviT, ierTebs protons da warmoqmnis sxvadasxva redoqs-
wyvils. potencialis ricxviTi mniSvneloba izrdeba pH-is 
gazrdiT. magaliTad: 

 
        pH E0, v 
1.   H3AsO4 + 2H+ + 2e ⇄ H3AsO3 + H2O    < 2,3 0,56 

2.   H2AsO −
4 + 3H+ + 2e ⇄ H3AsO3 + H2O    2,3-4,4 0,66 

3.   H2AsO −2
4 + 4H+ + 2e ⇄ H3AsO3 + H2O    4,4-9,2 0,88 

 
(1) reaqciisaTvis 

]AsO[H
]AsO[Hlg

2
0,059]lg[H

2
0,059EE

33

432o
AsO/HAsOHAsO/HAsOH 33433343

++= +  

Tu Jangva-aRdgeniT sistemebSi H+ ar monawileobs, maSin is 
ar Sedis formaluri potencialis mniSvnelobaSi. 

konkurentuli reaqciebis gavlena. I. redoqs sistemaSi 
gareSe ionebis Tanaobisas ZiriTad procesTan erTad SeiZ-
leba warimarTos sxvadasxva konkurentuli reaqcia, mag., da-
leqvis, kompleqswarmoqmnis da sxv.  

a). ganvixiloT SemTxveva, roca gareSe A komponenti na-
leqs warmoqmnis daJangul formasTan: 

daJ.f.+A ⇄ daJ.f., A↓*) — Tanauri reaqcia 

daJ.f.,A↓+e ⇄ aRd.f. + A — axali naxevarreaqcia 

                                                 
*) (daJ.f., A) Tanauri reaqciis Sedegad warmoqmnili naleqia, romlis LP = adaJ.f.· a.  

     (10.5.1) 
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daJ.f.,A/aRd.f. A sistemis axali wyvilia. 0
AE .f.,daJ.f./aRd — 

axali wyvilis standartuli potencialia, romelic Tanauri 
reaqciis konstantas saSualebiT (am SemTxvevaSi axali nale-
qis xsnadobis namravliT — LP) ukavSirdeba ZiriTad redoqs-
wyvilis potencials. e.i. axali naleqisaTvis: 

adaJ.f.·aA = 
↓A.,PL

daJ.f
 (10.5.2). aqedan: adaJ.f.= 

A

P .A
L

a
↓daJ.f       (10.5.3) Tu 

nernstis gantolebaSi SevitanT am mniSvnelobas, gveqneba: 

E= 0E .fdaJ.f./aRd +
aRd.f.

daJ.f

aa ⋅
↓

A

P .A
L

ln
nF
RT  = 0E .fdaJ.f./aRd +

.APLln
nF
RT

daJ.f
+  

+
aRd.f.aa ⋅A

1ln
nF
RT                                       (10.5.4) 

(10.5.4) gamosaxulebis pirveli ori wevris jami warmoad-
gens axali wyvilis daJ.f.,A/aRd.f.,A — standartul poten-
cials. 

  amrigad, gantolebis (10.5.4) gamoyenebiT SeiZleba gamov-
TvaloT sistemis potenciali, roca daleqvis konkurentul 
reaqciaSi Cabmulia daJanguli forma. 

b). Tu daleqvis konkurentul reaqciaSi monawileobs aR-
dgenili forma, maSin analogiuri gardaqmnebiT sabolood 
gveqneba: 

AA/aRd.f.,daJ.f., ↓AAE = 0E .fdaJ.f./aRd + 
↓A.,PL

1ln
nF
RT

aRd.f

                (10.5.5) 

maSasadame, rac ufro mcirea aRdgenil formasTan warmoq-
mnili naleqis xsnadobis namravli, miT ufro didia Sesabamisi 
wyvilis standartuli potenciali. 

II. redoqs-potenciali icvleba agreTve sistemaSi komp-
leqswarmoqmnis konkurentuli reaqciebis gavleniT. 

kompleqsSi SeiZleba SekavSirdes daJanguli da aRdgenili 
forma cal-calke, an orive erTad. 

a) ganvixiloT SemTxveva, roca L gareSe ligandi kompleqss 
warmoqmnis daJangul formasTan. xsnarSi L ligandis Seta-
nisas warimarTeba: 

daJ.f. + mL ⇄ daJ.f.·Lm kompleqsi             (10.5.6) 

ZiriTadi Jangva-aRdgenis naxevarreaqcia gamoisaxeba: 
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daJ.f. + ne ⇄ aRdg.f.                   (10.5.7) 

konkurentuli reaqciis mimdinareobis Sedegad warmoi-
qmneba axali wyvili daJ.f.·Lm/aRdg.f., romlis potencialTan 
dakavSirebulia konkurentuli kompleqswarmoqmnis konstan-
ta β (davuSvaT, rom μ=0). 

βdaJ.f.Lm= m
m

[L][
]L[

daJ.f.]

daJ.f. ⋅
                    (10.5.8) 

aqedan ganvsazRvroT [daJ.f.] — koncentracia: 

[daJ.f.] = m
m

[L]β
]L[

⋅
⋅daJ.f. 

                   (10.5.9) 

SevitanoT mniSvnelobebi nernstis gantolebaSi da gveqneba: 

EdaJ.f./aRd.f. = 0E .f..daJ.f./aRd + 
aRd.f.]

daJ.f. 

[[L]β
]L[

ln
nF
RT

m
m

⋅
⋅

        (10.5.10) 

saTanado gardaqmnebis Semdeg miviRebT: 

EdaJ.f./aRd.f.= 0E .f.daJ.f./aRd  + ++ m[L]
1ln

nF
RT

β
1ln

nF
RT

 

+
aRd.f.]

daJ.f. 

[
]L[

ln
nF
RT m⋅

                             (10.5.11) 

(10.5.11) gamosaxulebidan pirveli ori wevris jami warmoad-
gens axali wyvilis daJ.f.Lm/aRd.f. potencials, xolo pirve-
li sami wevris jami realur (formalur) potencials, rome-
lic damokidebulia xsnarSi L-ligandis koncentraciaze. ro-
ca [daJ.f.]=1 mol./l, [aRd.f.]=1 mol./l, maSin formaluri 
(realuri) potenciali 

'0E  = 0E .fdaJ.f./aRd + m[L]
1ln

nF
RT

β
1ln

nF
RT +           (10.5.12) 

maSasadame, roca daJanguli forma monawileobs konkuren-
tul kompleqswarmoqmnaSi, maSin mcirdeba sistemis poten-
ciali da miT ufro metad, rac ufro didia warmoqmnili 
kompleqsis mdgradobis konstanta. 
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b) Tu kompleqswarmoqmnaSi monawileobs aRdgenili forma, 

maSin: aRd.f. + Lm ⇄ aRd.Lm (axali kompleqsi).    

kompleqswarmoqmnis konstanta: β= m
m

m

]L[
]L[

aRd.f.][

aRd.f. ⋅
, aqedan: 

[aRd.f.] = m
m

m

]Lβ
]L[

[

aRd.f. ⋅
                   (10.5.13) 

Tu cnobilia daJ.f.-is da kompleqsis (aRd.f.·Lm) koncentra-
ciebi: [daJ.f.]=1 moli/l da [aRd.f.·Lm]=1 moli/l da SevitanT 
am mniSvnelobebs nernstis gantolebaSi, gveqneba: 

'0E = 0E .f.daJ.f./aRd + m[L]ln
nF
RTβln

nF
RT +                 (10.5.14) 

aqedan Cans, rom kompleqsSi aRdgenili formis SekavSirebis 
Sedegad miT ufro metad, izrdeba sistemis realuri poten-
ciali rac ufro didia aRmdgenelTan warmoqmnili kompleq-
sis mdgradobis konstanta. 

amrigad, kompleqsTa mdgradobis konstantebiT da ligandis 
koncentraciis gamoyenebiT SegviZlia gamovTvaloT realuri 
potencialis sidide da piriqiT — potencialis gazomviT kom-
pleqsTa mdgardobis konstantebi da xsnadobis namravli. 

10.4. tipuri amocanebis amoxsnis magaliTebi.  

savarjiSo kiTxvebi da amocanebi 

magaliTi #1. dawereT H2SO4-is Tanaobisas, rkinasa(II) da 
azotmJavas Soris mimdinare redoqs-reaqciebi standartuli 
potencialis mniSvnelobis gamoyenebiT. 

amoxsna 

moc. gamosavali nivTierebebi: Fe(II), HNO3 da H2SO4. u.g. rogor 
mimdinareobs reaqcia? 

daJangulobis xarisxi SeiZleba Seicvalos: S, N, Fe(II). Fe2+ 
SeiZleba daiJangos Fe3+-mde an aRdges Fe0-mde.  

/Fe2Fe
E + = -0,44 v; xolo ++ 2/Fe3Fe

E = +0,77 v; xsnarSi araa komponen-

tebi, romelTa E0<-0,43 v. amitom, Fe0-is warmoqmna gamoric-
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xulia. nivTiereba, romlis E0>0,77 v, am sistemaSi aris 
0

/NO-NO3
E = 0,95. maSasadame, midis procesi: Fe2+→Fe3; da −

3NO → 

NO. H2SO4-Si 0
-/SO-SO 22

34
E = 0,1 v; e.i. Jangva-aRdgenis procesSi 

monawileoben: Fe(II) da N(IV), radgan maT potencialebs Soris 
sxvaoba: 
     0,95 — 0,77 = 0,18 v.  reaqciis saboloo produqtia Fe3+ da NO. 
SevadginoT naxevarreaqciebi: 

e2+ - e → e3+;  −
3NO + 4+ + 3e →  + 22; maSin gaerTianebuli 

reaqcia gamoisaxeba gantolebiT: 

       3 Fe2+ + −
3NO + 4H+ → 3Fe3+ + NO + 2H2O. molekuluri formiT: 

6FeSO4 + 2HNO3 + 3H2SO4 → 3Fe2(SO4)3 + 2NO + 4H2O. 
magaliTi #2. gamoTvaleT sistemis ++ 2Fe3Fe /E  realuri poten-

ciali 2M amoniumis fToridis Tanaobisas. 

amoxsna 

       moc. 
FNH4

C = 2M. u.g. ++ 2Fe3Fe /E =? 

 vinaidan NH4F-is koncentracia xsnarSi sakmaod didia, 
SeiZleba CavTvaloT, rom xsnarSi dominirebs [FeF5]2-; e.i.  

Fe3+ + 5F ¯ ⇄ [FeF5]2-; cnobaris cxrilebidan vpoulobT komp-
leqsis β=1,2·1017; 

'0E = 0
2/Fe3Fe

E ++ + 0,059lgβ + 0,059lg 5- ][F
1 = 0,77 + 0,059lg1,2·1017 + 

+ 0,059lg 5(2)
1 = -0,21 v. 

magaliTi #3. gamoTvaleT sistemis −3
4AsO / −3

3AsO  realuri po-

tenciali, Tu pH=8,0.  

amoxsna 

    moc.: pH=8,0; [H+]=10-8 moli/l. 

    u.g. −3
4AsO / −3

3AsO  sistemis realuri potenciali 
'0E = ? 
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Jangva-aRdgenis reaqcia mimdinareobs Semdegnairad: 
−3

4AsO + 2H+ + 2e ⇄ −3
3AsO +H2O. Sesabamisad, sistemis potenciali 

'0
/AsOAsO -3-3

4 3
E = 0

/AsOAsO -3-3
4 3

E +
][AsO
][AsO

lg
2

0,059
-3

3

-3
4 ·[H+]2 = 0

/AsOAsO -3-3
4 3

E + 

+ 2]Hlg[
2

0,059 + + 
][AsO
][AsO

lg
2

0,059
-3

3

-3
4 ;     [ −3

4AsO ] = [ −3
3AsO ]; 

cxrilis monacemiT 0
/AsOAsO -3-3

4 3
E =0,57 v. maSin 

'0
/AsOAsO -3-3

4 3
E = 0

/AsOAsO -3-3
4 3

E + 0,059lg[H+] = 0,57-0,47=0,10 v; 

magaliTi #4. rogori mimarTulebiT warimarTeba reaqcia 

Cu2+ da I¯-s Soris, Tu ++/Cu2Cu
E =0,16 v; 0

-/2II2
E =0,53 v;  

CuIPL = 1,1·10-12.  

amoxsna 

moc.: ++/Cu2Cu
E =0,16 v; 0

/2II -
2

E =0,53 v. 
CuIPL = 1,1·10-12. 

wyvilebis standartuli potencielebis Sedarebidan Cans, 
rom Cu2+ da I ¯-s Soris pirdapiri reaqcia ar unda warimarTos. 
magram daJanguli forma Cu2+ Jangva-aRdgenis procesis dros 
aRdgeba   Cu2+ + e → Cu+.  aRdgenili forma — Cu+.  daJ.f.        aRd.f. 

monawileobs daleqvis konkurentul reaqciaSi:  

Cu2+ + I ¯ → CuI↓ 
gaerTianebuli procesi mimdinareobs Semdegnairad: 
Cu2+ + 4I ¯ → 2CuI↓ + I2 (1); CuI — mciredxsnadi naleqia.  

[Cu2+]=
][I

L
-

PCuI ; ++/Cu2Cu
E = 0

/Cu2Cu
E ++ +

CuIp

-2

L
]I[][Culg

1
0,059 ⋅+

; Tu davuS-

ebT, rom [Cu2+] = 0,1 moli/l; [I ¯]=0,1 moli/l; maSin: 

0
/Cu2Cu

E ++ = 0,16 + 0,059 lg 1210
1,01,0

−
⋅ =0,74 v. 
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maSasadame, daleqvis konkurentuli reaqciis gamo xsnarSi 
Semcirda [Cu+] da, Sesabamisad, gaizarda sistemis Cu2+/Cu+-is 
potenciali. gadaaWarba ra sistemis I2/I1 potencials (0,53 v), 
reaqcia warimarTeba I2-is gamoyofiT (I). 
magaliTi #5. gamovTvaloT kompleqsis [CdL4]2- mdgradobis 
konstanta, Tu cnobilia, rom naxevarreaqciebis: 

Cd2+ + 2e → Cd 
−2

4CdL + 2e → Cd + 4L¯ standartuli potencialebi Sesabamisad 

tolia -0,40 v; -0,958 v (L — aris ligandi). 

amoxsna 

   moc.: 0
/Cd2Cd

E + =-0,40 v; 0

CdL 2Cd/-2
4

E
+

= -0,958 v; 

u.g. -2
4CdL

β =? 

10
CdL Cd/2-

4
E = 0

/Cd2Cd
E + + 

4β
1lg

2
0,059 ; gaviTvaliswinoT mocemuli mo-

nacemebi; maSin gveqneba: -0,958 = -0,40 + 
4β

1lg
2

0,059 ; aqedan: 

029,0
558,0

β
1lg
4

= =19,02;  β4= 1,0·1019. 

savarjiSo kiTxvebi da amocanebi*) 

1. ra aris redoqs-wyvilebi? moiyvaneT magaliTebi; 
2. ra aris potenciali? standartuli eleqtroduli po-

tenciali da realuri (formaluri) potenciali? 
3. ras warmoadgens wyalbadis standartuli eleqtrodi 

da ra gamoyeneba aqvs mas? 
4. ra kavSiria standartul da realur potencialebs So-

ris? 
5. ra faqtorebi axdenen gavlenas redoqs-sistemebsa da 

potencialis sidideze? 
6. ra mniSvneloba aqvs standartuli potencialis sidi-

des? 

                                                 
*) standartuli potencialis mniSvnelobebi ixileT cnobaris cxrilSi. 
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7. ra konkurentuli qimiuri reaqciebi SeiZleba warimar-
Tos redoqs-sistemaSi. moiyvaneT magaliTebi; 

8. rogor ganvsazRvroT redoqs-reaqciis mimarTuleba? 
moiyvaneT magaliTebi; 

9. moiyvaneT Jangva-aRdgenis reaqciebis gamoyenebis maga-
liTebi TvisebiT analizSi; 

10. SeiZleba Tu ara Sn(II)-iT aRdges: a) Br2 — Br-mde; b) Fe(III) – 
Fe(II)-mde; g) Fe(III) – Fe0-mde; pasuxi daasabuTeT; 

11. SeuZlia Tu ara liTonur tyvias gamoaZevos spilenZi 
misi marilTa xsnaridan? gamoZevdeba Tu ara rkina misi 
marilTa xsnaridan spilenZiT? 

12. ras udris redoqs-potenciali wyvilebis: Mn2+/Mn, Tu 
Mn0-is koncentracia tolia:  
      a) 2 moli/l; b) 0,005 moli/l? 

13. dawereT reaqciebis gantolebebi, romlebic mimdina-

reobs: I ¯ da −
4MnO -s Soris mJava garemoSi. gaiTvaliswineT re-

doqs-potencialebi. 
14. gaTvaleT sistemis Fe3+/Fe2+ realuri potenciali 0,05M  

KCl-is xsnarSi. 
15. rogori mimarTulebiT warimarTeba reaqcia Fe3+ da I¯-s 

Soris? 
16. ras udris redoqs-potenciali:  
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Tavi  11 

 kompleqswarmoqmnis wonasworoba 

11.1. kompleqsnaerTebis mniSvneloba da maTi 
gamoyenebis sferoebi 

wonasworuli procesebidan, romlebic safuZvlad udevs 
qimiur da fizikur-qimiur meTodebs, yvelaze farTo gamo-
yeneba pova kompleqswarmoqmnis reaqciebma. Tanamedrove ana-
lizuri qimia warmoudgenelia kompleqsnaerTebis da orga-
nuli reagentebis gamoyenebis gareSe. 

kompleqsnaerTebi farTod gamoiyeneba: 
1. nivTierebis aRmoCenisa da identifikaciisTvis. magali-

Tad, kaliumis aRmosaCenad iyeneben natriumis heqsanitroko-
baltats, romelic neitralur garemoSi K+-Tan warmoqmnis 
yviTeli feris kristalur naleqs; 

2. nivTierebebis (ionebis) dasacileblad. am SemTxvevaSi 
umTavresad gamoyenebulia kompleqsnaerTebis gansxvavebuli 
mdgradoba. magaliTad, Cu2+-is da Cd2+-is dasacileblad iye-
neben cianidebs. spilenZis cianiduri kompleqsi ufro mdgra-
dia (β=5·1027), vidre kadmiumisa  (β=1·1017). 

3. nivTierebis (ionebis) SesaniRbad. gareSe ionebis gavle-
nis Tavidan acilebisTvis farTod gamoiyeneba rogorc ara-
organuli, ise organulligandiani kompleqsebi: mag., Co(II)-is 
aRmoCenas xels uSlis Fe(III). Fe(III)-is SesaniRbad iyeneben amo-
niumis an natriumis fTorids, romelic Fe(III)-Tan iZleva 
mdgrad ufero kompleqss; 

4. Jangva-aRdgenis potencialis Secvlisa da naklebad 
mdgradi JangviTi xarisxis mqone ionebis stabilizaciisTvis. 

magaliTad, kobaltis(II) stabilizacias axdenen −
2NO -iT, roca 

is gadahyavT mdgrad kompleqsSi — [Co(NO2)6]3-; 
5. naleqebis SerCeviTi gaxsnisTvis. mravali naleqi ixsneba 

kompleqsuri naerTis warmoqmniT. magaliTad, HgS ar ixsneba 
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mJavebsa da tuteSi, magram xsnadia KI-Si K2[HgI4]-is kompleqsis 
warmoqmniT da sxva; 

6. gravimetriaSi nivTierebis raodenobrivi gansazRvra 
dafuZnebulia kompleqsTa mcired xsnadobaze. am mxriv ga-
moirCeva organulligandian liTonTa kompleqsebi — orTo-
oqsiqinolinatebi, dimeTilglioqsimatebi, α-nitrozo-β-naf-
tolatebi da sxv.; 

7. titrimetrul analizSi, rogorc titrantebi. magali-
Tad, eTilendiamintetraZmarmJava da misi orCanacvlebuli 
natriumis marili Na2H2Y (kompleqson III). kompleqsonebi mra-
val liTonTan warmoqmnian mdgrad kompleqsebs da gamo-
iyeneba maTi raodenobrivi gansazRvrisTvis. qlorid-ionis 
merkurimetruli gansazRvra emyareba vercxliswylis(II) qlo-
riduli, xolo fToridis gansazRvra — fToriduli komp-
leqsebis waremoqmnas. 

8. fotometruli, speqtrofotometruli analizi damyare-
bulia mikroelementebis (rogorc araorganuli, ise organul-
ligandiani) Seferili kompleqsebis SuqSTanTqmis gazomvaze (ga-
moyenebulia kompleqsnaerTebi wyalbadis zeJangTan, haloge-
nebTan, TiocianidebTan, pirokatexinTan, diTizonTan, alizari-
nTan, piridinuli rigis azosaRebavebTan da a.S.); 

9. farTod gamoiyeneba eleqtroqimiur analizSi kaTodze 
gamoyofili liTonis naleqis Tvisebebis gasaumjobeseblad.         
poligrafiaSi gamoiyeneba im liTonTa gansasazRvravad, ro-
melsac mcired gansxvavebuli naxevartalRis potencialebi 
aqvs; 

10. eqstraqciul-fotometrul, eqstraqciul-atomur-ab-
sorbciul meTodebSi gamoiyeneba organul gamxsnelebSi eqs-
tragirebadi kompleqsebi, mag., diTizonatebi, orTooqsiqino-
linatebi, dieTildiTiokarbaminatebi, piridilazonaftola-
tebi da sxv. 

maSasadame, kompleqsnaerTebi gamoyenebulia qimiuri ana-
lizis TiTqmis yvela sferoSi, rac ZiriTadad gapirobebulia 
maTi mniSvnelovani TvisebebiT. 

 
 
 
 



 188

11.2. kompleqsTa ZiriTadi Semadgeneli 
komponentebi. kompleqsTa klasifikacia 

qimiur literaturaSi kompleqsnaerTebis Sesaxeb mravali 
ganmartebaa*) cnobili, romlebic arsebiTad ar gansxvavdeba 
erTmaneTisgan da ar warmoadgens absoluturad universa-
lurs da srulyofils. yovel maTganSi yuradReba gamaxvile-
bulia kompleqsis ZiriTad Tvisebebze xolo amaTgan, qimiuri 
analizisTvis mniSvnelovania Semdegi: 

1) kompleqsi rTuli naerTia, SeuZlia damoukideblad iar-
sebos kristalsa da xsnarSi; 

2) kompleqsebis Tvisebebi mniSvnelovnad gansxvavdeba misi 
warmomqmneli komponentebis (ionebis) Tvisebebisgan, e.i. komp-
leqsSi SekavSirebisas warmoiqmneba axali nivTiereba. 

3) aqvs disociaciis naklebi unari. wyalxsnarSi wonaswo-
robaSia Semadgenel komponentebTan (ionebTan).  

ukraineli mecnieris, a. babkos mixedviT, kompleqsi aris 
yvela is rTuli jgufi, romelic xsnarebSi imyofeba rogorc 
erTiani mTliani da Tavisi TvisebebiT gansxvavdeba misi 
warmomqmneli komponentebisgan. 

analizur qimiaSi ZiriTadad am Tvisebebzea damyarebuli 
nivTierebebis TvisebiTi da raodenobiTi kvleva. komponen-
tTa urTierTqmedeba, romelic ganapirobebs maTi Tvisebebis 
cvlilebebs, xSir SemTxvevaSi, xsnarebSi mimdinareobs. garda 
amisa, kristalur mdgomareobaSi kompleqsTa Sesaxeb mowo-
debuli informacia yovelTvis ar gamodgeba xsnarebSi kom-
pleqsTa qcevis swori SefasebisTvis. amiT aixsneba analiti-
kosTa daintereseba xsnarebSi kompleqsTa qcevis Seswavli-
sadmi.  

kompleqsebi Sedgeba vakanturi orbitalebis mqone liTo-
nis ionisa da ligandisagan da Seicavs gauziarebeli eleq-
tronuli wyvilis mqone donor atomebs, an atomTa jgufebs. 

kompleqsis centrSi moTavsebulia liTonis ioni, anu e.w. 
`centraluri kompleqswarmomqmneli~, romlis garSemo koor-
dinirebulia ligandi Tavisi donor-atomebiT. liTonis ion-
Tan uSualod dakavSirebuli ligandebi qmnian Siga koordina-
ciul sferos, xolo ionebi, romlebic kompleqss ukavSirdeba 

                                                 
*) a. verneris, a. grinbergis, d. da n. rosotebis, k.b. iacimirskis, a.k. babkos da 
sxva.  
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eleqtrostatikuri mizidulobis ZalebiT — gare sferos. 
mag., [Cu(NH3)6]2+ — Sigasferuli kompleqsia, [Cu(H2O)4]SO4

 — 
garesferuli. 

maSasadame, Siga koordinaciul sferoSi moTavsebul cen-
tralur liTonis ions, romelic garSemortymulia anione-
biT, an molekulebiT, uwodeben kompleqswarmomqmnels, anu 
kompleqsis birTvs. kompleqswarmomqmnelis rolSi xSiradaa 
gardamaval liTonTa ionebi, iSviaTad — anionebi, an neit-
raluri atomebi. 

ionebs an molekulebs, romlebic koordinirdebian cent-
raluri atomis (kompleqswarmomqmnelis) garSemo, uwodeben li-
gandebs. ligandebi SeiZleba iyos anionebi: halogenionebi, OH¯, 
CN¯, SCN¯, −

2NO , −2
3CO , −2

42OC  da sxva, neitraluri molekulebi: 

H2O, NH3, CO, NO, N2H2, NH2-CH2-CH2-NH2, NH2CH2COOH da sxv. 
kompleqswarmomqmneli liTonis ionis ZiriTad maxasiaTe-

bels warmoadgens koordinaciuli valentoba, anu koordi-
naciuli ricxvi. koordinaciuli ricxvi gviCvenebs kompleq-
sis Siga sferoSi ligandebis mier dakavebuli adgilis rao-
denobas. 

koordinaciuli ricxvi ufro didia, vidre kompleqswar-
momqmneli liTonis daJangulobis xarisxi; rac ufro metia 
daJangulobis xarisxi, miT didia koordinaciuli ricxvi: 
magaliTad, [Cu+1(NH3)2]+ da [Cu2+(NH3)4]2+; umuxto ligandebi kom-
pleqswarmomqmnels ukavSirdebian ufro meti koordinaciiT, 
vidre muxtianebi. mag., [CoCl4]2-; cnobilia koordinaciuli 
ricxvebi: 1,2,3,4,5,6,7,8,9,12. xSirad gvxvdeba 4 da 6 koordina-
ciul ricxviani kompleqsebi; iSviaTad — 2 da 8; kidev ufro 
iSviaTad — 5 da 7.  

koordinaciuli ricxvi ganisazRvreba centraluri li-
Tonis adgilmdebareobiT mendeleevis periodul sistemaSi. 
erTi da imave liTonisaTvis is icvleba ligandis Tvisebebis 
Sesabamisadac. mag., kobaltis qloridul kompleqsSi — [CoCl4]2-, 
kobaltis koordinaciuli ricxvia 4, xolo kompleqs amiaka-
tSi — [Co(NH3)6]2+ — eqvsi. analogiurad, [AlCl4]¯-Si aluminis ko-
ordinaciuli ricxvi tolia 4-is; fTorTan kompleqsSi icv-
leba 1-6; [AlF]2+; [AlF2]+; [AlF3]0; [AlF5]2-; [AlF6]3-. 

koordinaciuli ricxvi damokidebulia agreTve kompleqs-
warmoqmneli liTonis kationis da ligandis zomaze. mag. alu-
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mini halogenionTan (Cl¯, Br¯, I¯) avlens koordinaciul ricxvs — 
4-s; xolo SedarebiT mcire zomis F¯-Tan — 6-s. 

kations erTi da igive ligandTan SeuZlia warmoqmnas ram-
denime kompleqsi, imisda mixedviT, Tu rogoria centraluri 
liTonis daJangulobis xarisxi, koordinaciuli ricxvi, buneba 
da ligandis muxti. mag., molibdenis JangbadTan kompleqsebs 

aqvT sxvadasxva Sedgeniloba: +n
xMoO , sadac x =1,2,3; n=0,1,2,3,4,5; 

mag.: [MoO]3+, [MoO2]+, [Mo2O2]6+, [Mo2O3]4+,  [Mo2O4]2+  da a.S. 
liTonis ionis garSemo ligandebi ganlagebulia samgan-

zomilebian sivrceSi koordinaciuli ricxvis Sesabamisad da 
ganapirobeben kompleqsis sivrcul struqturas. mag., roca 
koordinaciuli ricxvia 2, kompleqss aqvs xazovani struqtu-
ra; 4 — brtyeli tetraedris an kvadratuli; 6 — oqtaedris, 8 
— dodekaedris, an antiprizmis da sxv. 

ligandis ZiriTad maxasiaTebels warmoadgens ligandis 
koordinaciuli tevadoba, dentantoba. koordinaciuli te-
vadoba gviCvenebs Siga koordinaciul sferoSi centraluri 
ionis garSemo TiToeuli ligandis dakavebul koordinaciul 
adgils; xolo adgilis raodenobas gamoxatavs dentantoba*). 
amrigad, dentantoba Seesabameba im kavSirTa raodenobas, rom-
liTac ligandi bmulia liTonis centralur ionTan. 

ligandis dentantobas ganapirobebs ligandSi Semavali 
donor-atomebis raodenoba. mono, anu erTdentantiani ligan-
debi ikaveben erT koordinaciul adgils, isini Seicaven erT 
donor atoms, mag.: H2O, OH¯, F¯, NH3 da a.S. ordentanturi, anu 

bidentanturia: −2
42OC , eTilendiamini — NH2 – CH2 – CH2 – NH2 –  

—NH2 – CH2 – COO –, S2O −2
3 , −2

4SO , −2
3CO  da sxv. cnobilia oTxi, 

xuTi da ufro metdentanturi ligandebi (anu polidentantu-
ri ligandebi). erT-erTi maTgania eTilendiamintetraZmar-
mJavas orCanacvlebuli natriumis marili — kompleqson (III). 
igi eqvsdentanturi ligandia. misi zogadi formulaa Na2H2Y, 
sadac Y aris: 

                                                 
*) dentantoba warmosdgeba laTinuridan `dentantus~ — kbiliani. 
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polidentanturi ligandis yvela donor-atomis komp-
leqswarmoqmnaSi monawileoba damokidebulia liTonis ionis 
koordinaciul tevadobasa da ligandis struqturaze. maga-
liTad, ligandis donor atomebs iseTi ganlageba unda hqon-
deT, rom SeeZloT centraluri liTonis ionis garSemo erT-
drouli koordinireba. mag., hidrazini, romelic Seicavs azo-
tis or donor atoms liTonis ionis garSemo ikavebs erT ko-
ordinaciul adgils, maSin roca eTilendiamini liTonis ions 
ukavSirdeba orive azotiT. es imiTaa gapirobebuli, rom 
hidrazinSi azotis atomebs Soris manZili mcirea. ar aris imis 
SesaZlebloba, rom orive azoti erTdroulad daukavSirdes 
liTonis kations. eTilendiaminSi azotebs Soris manZili Se-
darebiT didia da Sesabamisad koordinaciis SesaZleblobac 
gazrdilia. 

 polidentantur ligandebs umTavresad warmoadgens or-
ganuli nivTierebebi, romlebic Seicaven OH, -SH; =COOH; -
SO3H, -AsH2 da sxv. 

kompleqsis muxts ganapirobebs koordinaciuli ricxvi da 
ligandis muxti. Tu liTonis kationTan koordinirebulia ne-
itraluri ligandebi (H2O, NH3), maSin kompleqss aqvs dade-
biTi muxti, romelic kationis muxtis tolia: [Cu(NH3)6]2+; 
[Ag(NH3)2]+ da a.S. Tu koordinirebuli anionis muxti liTonis 
ionis muxtis tolia, kompleqsi neitraluria: [Fe(CNS)3]0; uar-
yofiTi muxti kompleqss maSin aqvs, roca uaryofiTmuxtiani 
ligandebis ricxvi gacilebiT metia centraluri liTonis 
kationis muxtze. mag., [AlF6]3-, [Ca(SO4)2]2- da a.S.  

kompleqsTa klasifikacia. kompleqsTa klasifikacia em-
yareba sxvadasxva princips. 

I. kompleqsis muxtis mixedviT ganasxvaveben: 
     a) neitralur — [Pt(NH3)2Cl2]0; b) kationur — [Co(NH3)4]2+;  
     g) anionur — [Fe(CN)6]4- kompleqsebs; 



 192

II. ligandis tipis mixedviT:  
a) erTnairligandiani kompleqsebi: [HgI4]2-, [Zn(OH)4]2-, 

[Al(H2O)6]3+, [Cu(NH3)4]2+ da a.S.  
b) sxvadasxvaligandiani kompleqsebi: [Pt(NH3)2Cl2]0, 

[Al(H2O)3(OH)3]0, [Cu(H2O)5NH3]2+, [Cr(H2O)4Cl2]+ da sxv.  
III. ligandis donor-atomebis mixedviT: 

a) JangbadSemcveli ligandiani kompleqsebi: [Ca(SO4)2]2-,  
[Zn(OH)4]2- da a.S. 

b) azotSemcveli ligandiani kompleqsebi: [Ag(NH3)2]+, 
[Ni(NH3)4]2+, [Co(NO2)6]3- da sxv.  

IV. kompleqswarmomqmneli centraluri atomis ricxvis 
mixedviT: 

a) monobirTvuli kompleqsebi, romlebic Siga koordina-
ciul sferoSi Seicavs liTonis erT atoms (zemoT dasaxele-
buli yvela kompleqsi monobirTvulia);  

b) mravalbirTvuli, anu polibirTvuli kompleqsi, romelic 
Seicavs liTonis or an met atoms. mag., [Al2Cl6]; [Ag2(S2O3)3]4- da sxv.  

mravalbirTvuli kompleqsebidan analizuri mniSvneloba 
aqvs polimJavebs da polisulfidebs. 

is ligandi, romelic uSualod aris dakavSirebuli liTo-
nis centralur atomTan — Seadgens kompleqsis Siga sferos, 
xolo is, romelic kompleqss ukavSirdeba eleqtrostati-
kuri mizidulobis ZalebiT, qmnis gare sferos da warmoqmnis 
Siga da gare sferul kompleqsebs. 

V. ionuri asociatebi, romlebic warmoiqmnebian e.w. `msxvi-
li kationebis~ da `msxvili anionebisagan~, eleqtrostatiku-
ri mizidulobis ZalebiT da warmoadgenen eleqtroneit-
ralur naerTebs: 

Me+ + R¯→[MR]0 an [(RH+)·(MR −
n )]0 

                                                                                                                        ionuri wyvili 

didi zomis e.w. `msxvili kationebia~: (C6H5)4As+ — tetra-
fenilarsoniumi; (C4H9)3NH+ — tributilamini, (C6H5)4P+ — tet-
rafenilfosfoniumi, liTonTa kompleqsuri kationebi mag., 
[Fe(phen)3]2+ *) — rkinis fenantrolinati da sxv. 

`msxvili anionebia~: araorganuli erTmuxtiani mJavebis 

anionebi: ClO −
4 , ReO −

4 , SbCl −
6  da a.S. 

                                                 
*) ”phen” aRniSnavs fenantrolinis molekulas. 
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ionuri asociati kargad eqstragirdeba organul gamxs-
nelSi, aqvs intensiuri mdgradi Seferiloba da farTod gamo-
iyeneba qimiur analizSi. 

11.3. kompleqsnaerTebis warmoqmnis meqanizmi, 
mdgradobis gamsazRvreli faqtorebi 

kompleqsTa warmoqmnis meqanizmi. kompleqsnaerTebi, 
romlebSic ligandi ikavebs erT koordinaciul adgils, war-
moadgenen martiv kompleqsebs. roca polidentanturi ligan-
di erT centralur atoms ramdenime bmiT ukavSirdeba, war-
moiqmneba cikluri kompleqsi. kationebTan ligandis koor-
dinaciuli bmiT dakavSireba kargad aRiwereba mJavebis da fu-
Zeebis Sesaxeb luisis eleqtronuli TeoriiT. am Teoriis 
Tanaxmad,  koordinaciuli bmis warmoqmnis dros eleqtronebis 
aqceptori (luisis mJava) — kationi — urTierTqmedebs eleq-
tronebis donorTan (luisis fuZe) e.i. ligandTan. am dros xde-
ba aqceptoris vakanturi orbitalis (mag., d an f) Sevseba. liTo-
nis ionsa da ligands Soris myardeba donor-aqceptoruli bma, 
romelic sqematurad isriT gamoisaxeba da mimarTulia dono-
ridan aqceptorisaken. aseT SemTxvevaSi, polidentanturi li-
gandebi warmoqmnian koordinaciul naerTebs, romlebic Sei-
caven ciklebs. magaliTad: Cu+ + NH2 – CH2 – COO¯ → NH2 – CH2 – 
COOCu. am SemTxvevaSi cikli Seikvreba 5 wevrisagan, e.i. war-
moiqmneba xuTwevra mdgradi cikluri naerTi:  

 
 
 
 
 
 

 
 
glikokolis molekulas spilenZi(II) ukavSirdeba karboqsilis 

jgufiT (ionogenuri bma) da amino jgufiT (donor-aqcepto-

ruli bma). 

 

            C = O 
 
  H2C         O 
 
  H2N         Cu 

kompleqsSi cikli SeiZleba Seikras Cveuleb-
rivi ionogenuri da donor-aqceptoruli bme-
biTac. magaliTad, aminoZmarmJavasTan (gliko-
kolTan) spilenZis hidroqsidis urTierTqme-
debisas. 
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CH2_H2N

C O

O

Cu

NH2 _CH2O = C
+ 2H2O

H   +   HO2 OH

H2C H2N

Cu
O

O C = O

 
   

polidentanturi ligandi partnioris — liTonis ionis 
bunebaze damokidebulebis mixedviT avlens sxvadasxva denta-
ntobas (mag., kompleqson III ormuxtian kationebs ukavSirdeba 
oTxi, sammuxtianebs — 5 bmiT (I da II). 

 

NCH2O

CH2

N CH2 C O

CO = O Mg2+ O C = O

H2C

C CH2 CH2- -
O O

I  
 

H2C

N CH2 CH2H2C

NOOC

CO = O Fe3+

CO =

O

H2C

CH2

II

O C = O

 
 
magniumis kompleqsonatSi (I) ganxorcielebulia oTxi bma. 

aqedan ori — ionogenuria da ori — donor-aqceptoruli, 
xolo rkinis (III) kompleqsonatSi (II) 5 bmidan sami ionogenuria 
da ori — donor-aqceptoruli. orive saxis bma — ionogenuric 
da koordinaciulic — tolfasia.  
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aseT mravaldentatur ligandian ciklur kompleqsebs, 
romlis marwuxSic moqceulia kompleqswarmomqmneli centra-
luri atomi, uwodeben xelatebs*) (marwuxisebur Caketilcik-
lian Sigakompleqsur naerTebs). `xelaturi efeqti~ formu-
lirebul iqna g. Svarcenbaxis mier. misi arsi mdgomareobs 
SemdegSi: polidentaturi ligandebi warmoqmnian bevrad 
ufro mdgrad kompleqsebs, vidre misi monodentanturi 
analogebi. `xelaturi efeqtis~ sazoms warmoadgens xelatu-

ri MLn-kompleqsis da misi acikluri analogis M '
mL -is mdgra-

dobis konstantebis logariTmebis sxvaoba. 

Δlgβ = lgβn - lgβm (m>n≥1). 
am dros Sedarebis koreqtirebisaTvis polidentanturi 

ligandi — L da monodentanturi — L′ unda Seicavdes erTnair 
donoratomebs da hqondes erTnairi struqtura (magaliTad, 
L-alifaturi poliamini da L′-amiaki an erTatomiani alifatu-

ri amini). kompleqsebs — MLn da M '
mL  unda gaaCndeT donora-

tomTa Tanabari raodenoba da Sigakoordinaciuli sferos 
erTnairi geometria. 

monodentantur ligandiani kompleqsebis warmoqmnisas 
ciklebis wevrebis jamuri ricxvi ar izrdeba. polidentan-
turligandiani xelatebis warmoqmnisas ciklTa wevrebis ric-
xvi izrdeba Cugaevis ciklebis wevrTa wesis Tanaxmad. komp-
leqsTa mdgradoba izrdeba ciklis wevrebis 5-6-mde gazr-
disas. Svidi da ufro meti wevris SemTxvevaSi mdgradoba Zal-
ze mcirdeba da SeiZleba kompleqsi arc warmoiqmnas. 

cikluri aRnagobis xelaturi kompleqsi gamoirCeva md-
gradobiT, Sefervis intensivobiT, mcire xsnadobiT, organul 
gamxsnelebSi eqstraqciis unariT da farTod arian gamoye-
nebuli qimiur analizSi. 

kompleqsis mdgradobas gansazRvravs:  
a) kationis buneba. kompleqsis mdgradoba damokidebulia 

liTonis kationis bunebaze, romelsac gansazRvravs liTonis 
ionis Sesabamisi elementis adgilmdebareoba mendeleevis pe-
riodul sistemaSi. 

                                                 
*) chele — xelati — berZnulidanaa warmomdgari da niSnavs kibosebur marwuxs. 
xelaturi — marwuxiseburi.  
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kationis Tvisebebs ganapirobebs misi eleqtronuli kon-
figuracia. amis mixedviT asxvaveben kationTa sam ZiriTad 
jgufs: 

I. inertuli gazis tipis eleqtronuli konfiguraciis ka-
tionebi, romlebsac gare Sreze aqvT 2 an 8 eleqtroni. am 
jgufs miekuTvneba: Li+, Na+, K+, Rb+, Cs+, Mg2+, Ca2+, Sr2+, Ba2+, Al3+, 
Se3+, La3+, Ti4+, Hf4+, [NbO]3+, [TaO]3+ da sxv. 

II. kationebi, romlebsac aqvT daumTavrebeli d-orbitalebi. 
kerZod: V(III), V(V), Cr(II), Mn(II), Fe(II), Co(II), Cu(II) da platinis 
jgufis liTonebi (ruTeniumi, rodiumi, iridiumi, platina). 

III. kationebi, romlebsac gare Sreze aqvT 18, 18+2 eleqt-
roni: Zn(II), Cd(II), Hg(II), In(III), Tl(I, III), Ge(IV), Sn(II, IV), As(III, V), 
Sb(III, IV), Pb(II), Bi(III). 

pirveli jgufis kationebis kompleqsTa umravlesoba 
ionuri tipisaa. inertuli gazis tipis eleqtronuli garsebis 
mdgradoba ganapirobebs maT mcire polarizebadobas da gare 
garsebis naklebi deformaciis unars. amis gamo aseTi tipis 
kompleqsebi pirveli miaxloebiT SegviZlia ganvixiloT ro-
gorc xisti burTulebi, romlis centrSi moTavsebulia da-
debiTi muxti da ligandebTan urTierTqmedeben mizidulo-

bis, e.w. kulonuri ZaliT: F= 2

2

r
enN ⋅⋅ , sadac N da n centra-

luri liTonis ionis da ligandis muxtebia; e — eleqtronis 
muxtia, r — dadebiTi da uaryofiTi muxtebis centrebs Soris 
manZili. aseTi kompelqsebis mdgradobis kriteriumad iyene-
ben kationis muxtis sidides, radiuss da ionur potencials: 

r
Z

, Tumca es kriteriumebi ar warmoadgenen calsaxa, abso-

lutur kriteriumebs, magram garemoebis gaTvaliswinebiT, ma-
Ti gamoyeneba garkveul warmodgenas gvaZlevs kompleqsTa 
mdgradobaze. 

II da III jgufis kationebis eleqtronuli garsebi, I jgufis 
kationebisagan gansxvavebiT, advilad polarizdeba, defor-
mirdeba da warmoqmnis kovalenturi bmis tipis naerTebs, rom-
lebic gamoirCeva didi mdgradobiT, Seferilobis intensivo-
biT, xsnadobiT da sxva. 

b) ligandis buneba da Tvisebebi. ligandis Tvisebebidan, 
romlebic ganapirobs kompleqsTa mdgradobas, mniSvnelova-
nia Semdegi: 
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1) ligandis donor-atomis Sesabamisi elementis adgil-
mdebareoba mendeleevis periodul sistemaSi; 

2) ligandis zoma da kovalenturi bmis warmoqmnis unari; 
3) Caketili ciklebis warmoqmna; 
4) steriuli faqtori. 
1. ligandebis donor-atomebis Sesabamisi elementebi gan-

lagebulia perioduli sistemis sxvadasxva jgufSi: 

N        O        F 
P         S        Cl 
As       Se      Br 
Sb       Fe       I 

analizur qimiaSi umTavresad gamoiyeneba kompleqsebi, 
romelTa ligandi Seicavs Jangbads, gogirds, azots da 
halogenebs. 

2. ligandis zoma da kovalenturi bmis warmoqmnis unari 
mkveTrad vlindeba liTonTa halogenidur kompleqsebSi, mag-
ram am faqtorsa da kompleqsis mdgradobas Soris calsaxa da-
mokidebuleba ar arsebobs. 

pirveli jgufis liTonebis, aseve zogierTi gardamavali 
liTonis ionisTvis (daumTavrebeli d-qvedoniT) mniSvnelovan 
faqtors warmoadgens ligandis zoma. pirveli jgufis katio-
nebis ftoriduli kompleqsebi ufro mdgradia, vidre qlori-
duli da es ukanaskneli ufro mdgradia, vidre bromiduli da 
iodiduri kompleqsebi. aseve beriliumi, magniumi, alumini, 
lanTani, cirkoniumi, mdgrad kompleqsebs warmoqmnian ftor-
Tan, xolo amave elementebis qloriduli, bromiduli da 
iodiduri kompleqsebis mdgradoba mcirea, an isini saerTod 
arc warmoiqmnebian. analogiuri kanonzomiereba aRiniSneba 
gardamavali elementis — rkinisa da aluminis SemTxvevaSi. 

mesame jgufis kationebi, romlebTac gare eleqtronul 
Sreze aqvT 18, 18+2 eleqtroni, warmoqmnian umTavresad kova-
lenturi bmis kompleqsebs, Tumca mxedvelobaSi iReben halo-
genionebis mier eleqtronebis gacemis unars, romelic yve-
laze metad gamovlenili aqvs I¯-s; gamomdinare aqedan, am tipis 
kationebis halogeniduri kompleqsebis mdgradoba iodidi-
dan fToridisken mcirdeba.  

kationebi Cd2+, Hg2+, Bi3+, romlebsac midrekileba aqvT ko-
valenturi bmis warmoqmnisken, mdgrad kompleqsebs warmo-
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qmnian iodid-ionTan, xolo kationebi: Zn2+, In3+, Sn2+ yvelaze 
mdgrad kompleqss warmoqmnis fTorionTan (F⎯) da nakleb-
mdgrads — iodionTan (I⎯). 

3. ligandebi, romlebic Seicaven donor-eleqtronebis 
mqone atomebs, Jangbads, gogirds, azots, umTavresad, orga-
nuli reagentebia. isini warmoqmnian xelatur, Sigakompleq-
sur naerTebs. am SemTxvevaSi SeiniSneba Semdegi kanonzomi-
ereba: 1 jgufis kationebi JangbadTan ufro mdgrad kompleq-
sebs warmoqmnis, vidre gogirdSemcvel ligandebTan da pi-
riqiT — 18, 18+2 eleqtronuli struqturis kationebis komp-
leqsebi gogirdSemcvel ligandebTan ufro mdgradia, vidre 
JangbadSemcvel ligandebTan. 

liTonTa xelatebi (Caketilcikliani Sigakompleqsuri 
naerTebi) gamoirCeva didi mdgradobiT, organul gamxsneleb-
Si kargi xsnadobiT da sxv. am Tvisebebs ganapirobebs ara mar-
to ciklis wevrTa raodenoba, aramed ciklebis ricxvic. 

 kompleqsTa mdgardoba dakavSirebulia sistemis Tavisu-
fali energiis cvlilebasTan: ΔG0 = -RTlnK (11.3.1). meores 
mxriv, ΔG0 = ΔH - T·ΔS (11.3.2), sadac H -aris enTalpia (anu  izo-
barul procesebSi STanTqmuli siTbo). S — entropia*). am gamo-
saxulebebis gaerTianebiT gveqneba: RTlnK= Q + T·ΔS, sadac Q — 
reaqciis siTburi efeqtia mudmivi wnevis dros. rogorc Cans, 
kompleqsi miT ufro mdgradia, rac metia reaqciis siTburi 
efeqti da entropiis cvlileba. rogorc cnobilia, entropia 
gansazRvravs sistemis mouwesrigebulobis xarisxs, rome-
lic Tavis mxriv damokidebulia sistemaSi nawilakebis rao-
denobaze. magaliTad, nikelTan (II) ori moli NH3-is mier-
Tebisas:  
[Ni(H2O)6]2+ + 2NH3 → [Ni(H2O)4(NH3)2]2+ + 2H2O, nawilakTa raode-
noba ar icvleba. 

eTilendiaminTan urTierTqmedebisas nawilakTa ricxvi 
izrdeba: 

[Ni(H2O)6]2+ + H2N – CH2 – CH2 – NH2 → 2H2O + 
+ [(H2O)4Ni – (H2N – CH2 – CH2 – NH2 )]2+, 

rac iwvevs uwesrigobas da, Sesabamisad, entropiis gazrdas. 

                                                 
*) enTalpia — H da entropia — S Termodinamikuri sistemis mdgomareobis maxa-
siaTebeli funqciebia. 
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xelatur efeqts xsnian agreTve sxvagvari midgomiTac: 
entropia aris sistemis mdgomareobis albaTobis sazomi. igi 
izrdeba sistemis yvelaze nakleb albaTuri mdgomareobidan 
metad albaTur mdgomareobaSi gadasvlisas. 

bidentanturi ligandis koordinirebis dros ciklis 
Sekvra SeiZleba warmovadginoT or stadiad mimdinare pro-
cesad — Tavdapirvelad bidentanturi ligandi uerTdeba li-
Tonis kations erTi donor-atomis saSualebiT. meore etapze 
mosalodnelia Semdegi:  

a) kationTan Seikras cikli ukve dakavSirebuli ligandis 
meore donor-atomis saSualebiT. 

b) kations SeukavSirdes meore ligandi erT-erTi donor-
atomiT. 

TiTqosda umjobesia, rom meore ligandis mierTebis nacv-
lad cikli Seikras ukve dakavSirebuli imave ligandis meore 
donor atomiT, romelic ufro axlosaa liTonis ionTan, mag-
ram albaToba (b) stadiisa ufro didia, vinaidan pirveli li-
gandi erTi boloTi ukve damagrebulia kationTan, misi meore 
bolo ki naklebad Tavisufalia. meore ligandi Tavisufalia 
xsnarSi da orientirebis ufro meti unari aqvs. 

maSasadame, (b) procesis didi albaToba ganapirobebs en-
Tropiis gazrdas da ufro mdgradi kompleqsis warmoqmnas.  

xelatTa mdgradoba izrdeba agreTve ciklebis ricxvis 
gazrdiT. mag., ganvixiloT spilenZis kompleqsebi eTilendia-
minTan (I), dieTilentriaminTan (II) da trieTilentetraaminTan 
(III). spilenZi eTilendiamins ukavSirdeba ise, rom warmoiqm-
neba erTi xuTwevra cikli (I), dieTilentriaminTan — 2 xuT-
wevra cikli (II), xolo trieTilentetraaminTan — 3 xuTwevra 
cikli (III). ciklebis raodenobis Tanaxmad, yvelaze mdgradia 
(III), xolo yvelaze naklebad mdgradia (I). 
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spilenZis(II) kompleqsebi eTilendiaminTan (I), dieTilentriaminTan 
(II) da trieTilentetraaminTan(III) 
lgβ=10,72 (I); lgβ=15,9 (II); lgβ=20,5 (III) 

 
steriuli faqtori. ligandis molekulaSi didi mocu-

lobis radikalebis Setana aZnelebs ligandis koordinirebas 
liTonis ionis garSemo da amiT amcirebs kompleqsis mdgra-
dobas. mag., eTilendiamini liTonebTan warmoqmnis ufro 
mdgrad kompleqsebs, vidre tetrameTilendiamini — (CH3)2 – N – 
CH2 – CH2 – N – (CH3)2. meTilis radikali qmnis steriul siZ-
neles da asustebs azotis atomebisa da liTonis ions Soris 
kavSirs. 
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gansakuTrebuli siZlieriT vlindeba steriuli faqtori 
xelatur kompleqsebSi. ligandis struqturaSi mcireodeni 
cvlileba zogjer mniSvnelovnad cvlis mdgomareobas. mag., 
1,10-fenantrolini Fe(II)-Tan warmoqmnis sakmaod mdgrad wi-
Teli feris kompleqss. reagentSi ori meTilis jgufis Seta-
nisas (e.i. 2,9-dimeTil, 10-fenantrolini) Fe(II)-Tan kompleqss 
aRar warmoqmnis, vinaidan fenantrolinis warmoebuls aRar 
SeuZlia SeaRwios Fe(II)-Tan koordinaciul sferoSi, ste-
riuli faqtoris gamo. 

maSasadame, Camnacvlebelma jgufma SeiZleba daarRvios 
liTonis ionis garSemo ligandis atomebis simetriuli gan-
lageba.  

steriuli faqtoris gavlenisas didi mniSvneloba aqvs ag-
reTve centraluri liTonis kationis zomasac. mag., 2-meTil-
8-oqsiqinolini Al-Tan ar warmoqmnis kompleqss. magram, Fe(III), 
Cr(III), Ga(III) ionebTan warmoqmnis, radgan maT koordinaciul 
sferoSi aqvT sakmao sivrce kompleqswarmoqmnisTvis. zogjer 
didi radiusis mqone ionebi ver axerxeben am sivrceSi SeR-
wevas. meores mxriv, mcire zomis liTonis ionis SemTxvevaSi 
kompleqswarmoqmna SeiZleba Seferxdes ligandis struqtu-
ris gamoc. maSasadame, steriuli faqtoris gavlenis dros, 
gasaTvaliswinebelia iqnes rogorc ligandis, ise liTonis 
ionis zomebi. 

11.4. kompleqswarmoqmnis wonasworobis 
konstantebi da maTi urTierTkavSiri 

kompleqswarmoqmnis meqanizmis garkvevisTvis didi mni-
Svneloba aqvs liTonis centraluri ionis da ligandis ar-
sebobis formebs xsnarebSi. kompleqsis Siga sferoSi liTonis 
ioni hidratirebulia wylis molekulebiT an solvatirebu-
lia gamxsnelis (S)-is molekulebiT. mxedvelobaSia misaRebi 
agreTve ionTa cvladi daJangulobis xarisxi da TviT li-
gandis formebic pH-ze damokidebulebis mixedviT. 

cvlad JangviT xarisxs avlens gardamavali elementebi, 
romlebsac aqvT damTavrebuli Siga garsebi da gare garsze 1 

an 2-eleqtroni. mag., Cr3+, Cr2+, CrO −2
4 , −2

72OCr , Mn2+, Mn4+, 
−−
4

2
3 MnO,MnO , Fe2+, Fe3+, Sn2+,  Sn4+ da a.S. Cr2+, Fe2+, Mn2+ — wyal-
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xsnarebSi naklebad mdgradia. mJava xsnarebSi Mn3+ gadadis 

Mn2+-Si. tute garemoSi dominirebs: ,MnO4
−  ,OA 3

4
−s  −3

3OAs da 

sxv. dariSxanis kationuri formebi — As3+ da As5+ arsebobs mxo-
lod mJava garemoSi. 

gansakuTrebiT advilad hidrolizdeba mZime liTonebis 
ionebi. hidrolizi Zlierdeba ganzavebiT da xsnaris pH-is 
gazrdiT. amdenad, wyalxsnarebSi SesaZlebelia arsebobdes 
kationTa hidrolizirebuli formebi, magaliTad: [Al(OH)2]+, 
[Al(OH)4]¯, [Ti(OH)3]+, [Ti(OH)2]2+, [Ti(OH)]3+ da a.S. 

pH-ze damokidebulebis mixedviT xsnarebSi sxvadasxva 
formiT arsebobs ligandebic. mag., zogadad, H2R mJava ga-
remoSi SeiZleba iyos protonizirebuli H3R+ formiT, sust-
mJava an neitralur xsnarSi — H2R-molekuluri, sust tute 
areSi — HR¯ da Zlier tuteSi — - R2--is saxiT.  

maSasadame, kompleqswarmoqmnis dros saWiroa gaTvalis-
winebul iqnes liTonis ionis da ligandis arsebobis formebi 
mocemul pirobebSi. kompleqsis Sigakoordinaciul sferoSi 
kationi garSemortymulia gamxsnelis (S)-is molekulebiT, an 
ionebiT, romelsac aZevebs ligandi kompleqswarmoqmnis 
safexurebrivi procesis mimdinareobis dros.  

I .     [M(S)n] + L ⇄ [M(S)n-1L] + S 

II.     [M(S)n-1L] + L ⇄ [M(S)n-2L2] + S                                    
------------------------------------------- 

sabolood:  [M(S)n-n΄ ] + L ⇄ [MLn] + S                           (11.4.1) 
sadac n — koordinaciuli ricxvia. 

Tu gamxsneli wyalia, gamoZevebis procesi analogiurad 
mimdinareobs. 

I .     [M(H2O)n] + L ⇄ [M(H2O)n-1L] + H2O  
                         II.     M(H2O)n-1L] + L ⇄ [M(H2O)n-2L2] + H2O                       

       ----------------------------------------------------- 

sabolood: [M(H2O)n-n΄ Ln΄] + L ⇄ [MLn] + H2O           (11.4.2)                            
am dros SeiZleba warmoiqmnas mono- da sxvadasxvaligandiani 
kompleqsebi. xSir SemTxvevaSi gamxsnelad wyalia gamoyenebu-
li. ganzavebul xsnarebSi wylis aqtivoba erTis tolia. 
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simartivisaTvis safexurebrivi kompleqswarmoqmna SeiZ-
leba gamovsaxoT Semdegnairad: 

I.              M + L ⇄ ML 

II.             ML + L ⇄ ML2                           (11.4.3) 
------------------------------ 

bolo safexurze  MLn-1 + L ⇄ MLn 
Sejamebuli:    M + L ⇄ ML 

                                 M +2 L ⇄ ML2                                 (11.4.4)        
                                   ----------------------- 

                                 M +n L ⇄ MLn                                           
SemdegSi vixelmZRvanelebT am martivi sqemebiT (11.4.3; 

11.4.4), magram mxedvelobaSi gveqneba (11.4.1; 11.4.2). 
kompleqswarmoqmnis safexurebrivi da saerTo (Sejamebu-

li) wonasworobebi raodenobrivad xasiaTdeba Sesabamisi sa-
fexurebrivi da saerTo konstantebiT. 

safexurebrivi konstantebi: 

K1 = 
[M][L]
[ML]

, K2 = 
[ML][L]

][ML2 , K3 = 
][L][ML

][ML

2

3  da a.S. 

Kn = 
][L][ML
][ML

1-n

n    (11.4.5) 

saerTo konstantebia: 

β1 = 
[M][L]
[ML]

, β2 = 2
2

[M][L]
][ML

, β3 = 3
3

[M][L]
][ML

 da a.S. βn = n
n

[M][L]
][ML

    11.4.6) 

safexurebrivi wonasworobis konstantebs: K1, K2, K3, ... Kn 
uwodeben kompleqswarmoqmnis, anu kompleqsis mdgardobis 
safexurebriv konstantebs, xolo saerTo konstantebs — kom-
pleqswarmoqmnis, anu mdgradobis saerTo konstantebs (β1, β2, 
β3,  ...βn). I safexurze K1=β1; xolo danarCeni safexurebisaTvis 
saerTo konstanta safexurebrivi konstantebis namravlis 
tolia: βn = K1· K2· K3· ... · Kn  (11.4.7). 

 xsnarebSi kompleqsTa mdgradoba xasiaTdeba agreTve kom-
pleqsis disociaciis (anu umdgradobis) konstantiT. komp-
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leqsTa disociacia mimdinareobs safexurebrivad da warmo-
adgens kompleqsawrmoqmnis Sebrunebul process. 

analogiurad, safexurebrivi disociaciis konstantas uwode-
ben umdgradobis safexurebriv konstantas, xolo saerTos — 
umdgaradobis saerTo konstantas. 

Kn = 
][ML

)][L][M(L

n

n
1-n  (11.4.10);  safexurebrivi umdgradobis kons-

tanta (I safexuri); 

Kn = 
][ML

[M][L]

n

n
 (11.4.11);  umdgradobis saerTo konstanta.  

umdgradobis saerTo konstanta safexurebrivi konstantebis 
namravlis tolia: Kn  = Kn-1· Kn-2· Kn-3· ...  (11.4.12). 

mdgradobis da umdgradobis konstantebi dakavSirebulia 

erTmaneTTan Semdegnairad: βn = 
umdg.K
1  (11.4.13). 

maSasadame, kompleqsis mdgradobis konstanta warmoad-
gens umdgradobis konstantas Sebrunebul sidides. igive 
iTqmis safexurebrivi konstantebis Sesaxebac. gamosaxulebe-
bidan (11.4.6), (11.4.10) Cans, rom rac ufro didia mdgradobis 
konstanta (e.i. mcirea umdgradobis konstanta) miT ufro 
mdgradia kompleqsi. 

konstantebis fizikuri arsi. kompleqsis mdgradobis 
safexurebrivi da saerTo konstantebis maTematikuri ganto-
lebebis gamoyenebiT SeiZleba gavarkvioT konstantebis 

fizikuri arsi. mag., MLn kompleqsisaTvis: βn = n
n

[M][L]
][ML

; stan-

dartul pirobebSi, roca [L]=1 da [MLn]=1, maSin: βn = 
[M]

1
; ma-

Sasadame, mocemul standartul pirobebSi, βn  miT ufro 
didia, rac ufro mcirea xsnarSi Tavisufali liTonis ionis 

safexurebrivi disociacia saerTo wonasworoba 

MLn⇄ MLn-1 + L             MLn⇄ M + nL         
MLn-1⇄ MLn-2+ L             (11.4.8) MLn-1⇄ M + (n-1)L        (11.4.9) 
---------------------               -------------------                 
ML⇄ M + L         ML ⇄ M+L 
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koncentracia da piriqiT. analogiurad, umdgradobis 

konstantas fizikuri arsi: K=
][ML

[M][L]

n

n
; [MLn]=1, [L]=1, maSin 

Kn=[M]; maSasadame, mocemul `standartul pirobebSi~, 
kompleqsis umdgradobis konstanta ricxobrivad tolia li-
Tonis Tavisufali ionis koncentraciisa xsnarSi. e.i. rac 
ufro mcirea umdgradobis konstanta, miT ufro mcirea li-
Tonis ionis koncentracia xsnarSi da, Sesabamisad, miT ufro 
mtkicea kationsa da ligands Soris kavSiri.  

mdgradi kompleqsebis warmoqmna dakavSirebulia sistemis 
Tavisufali energiis mniSvnelovan cvlilebasTan:  

ΔG0 = -RTlnK                (11.4.13) 
naklebad mdgradi kompleqsebisaTvis es cvlileba umniSvne-
loa. (11.4.13) gantolebidan Cans, rom mdgradobis konstanta 
warmoadgens liTonis ionis da ligands Soris bmis energiis 
obieqtur raodenobriv maxasiaTebels.  
urTierTkavSiri mdgradobis konstantebs Soris. wyalxsna-
rebSi kompleqswarmoqmnis procesi damokidebulia mTel rig 
pirobebze: xsnaris pH—ze, moreagire kompoenentebis kon-
centraciaze, konkurentul qimiur reaqciebze, xsnaris ionur 
Zalaze da sxv. 

pirobebisda mixedviT, kompleqswarmoqmnis procesebi ra-

odenobrivad xasiaTdeba Sesabamisi konstantebiT — KT, Tβ , 
kK , β k , Kp, βp; Termodinamikuri mdgradobis konstanta ML3 

kompleqsisaTvis gamoisaxeba Semdegnairad:  

Tβ = 3
LM

ML3

aa
a

⋅
   (11.4.14);  

3ML

3
LMK

a
aa ⋅=T

umd.        (11.4.15); 

Tβ = f (T, P)    (11.4.16);     T
umd.K = f (P, T). 

β p  da pK  = f (T,P,α). 

Tu xsnaris ionuri Zala μ ≠ 0, f ≠ 1, e.i. adgili aqvs 
eleqtrostatikur gavlenas, maSin kompleqswarmoqmnis wonas-

worobis daxasiaTebisaTvis iyeneben β k  da k
umd.K : 

β k = 3
3

[M][L]
][ML

 (11.4.17);     k
umd.K =

][ML
[M][L]

3

3
         (11.4.18) 
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Tu kompleqsis Semadgeneli komponenti (kationi da li-
gandi) monawileobs Tanaur reaqciebSi, maSin procesis daxa-
siaTebisaTvis iyeneben mdgradobis da umdgradobis pirobiT 

konstantebs — βp da p
umd.K  

βp = 3
LM

3

CC
][ML

⋅
     (11.4.19)    p

umd.K =
][ML

CC

3

3
LM ⋅

      (11.4.20) 

βp, Kp = f (T,p,μ,α)                        (11.4.21) 
CM, CL — liTonis ionisa da ligandis saerTo, analizuri 

koncentraciebia. aRniSnul konstantebs Soris arsebuli ur-
TierTkavSiri SeiZleba gamoviyvanoT Semdegnairad: 

3MLa =
3MLf [ML3]; aM=fM[M]; 3

L
3
L f=a [L]3; maSin: 

β k  = 3
3

[M][L]
][ML

= 3
LM

ML3

aa
a

⋅
· 3

LM

ML

Lf

f
3

⋅
; maSasadame: 

β k =βT 
3
LM

ML

Lf

f
3

⋅
  (11.4.22). es gamosaxuleba gamoxatavs koncen-

traciul konstantasa da Termodinamikur konstantas Soris 
kavSirs. analogiurad, SeiZleba gamovsaxoT kavSiri βT da βp 
(KT, Kp) Soris; davuSvaT, xsnarSi liTonis Tavisufali ioni da 
ligandi monawileobs konkurentul reaqciaSi (ligandi ur-
TierTqmedebs protonTan, xolo liTonis kationi — gareSe — 
R ligandTan). maSin: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*)  simartivisaTvis muxtebs ar aRvniSnavT. 

              ML3 ⇄ M + 3L                    ZiriTadi reaqcia  (11.4.23) 
             +R   +H+ 

                      ⇅    ⇅                 konkurentuli 
                          MR1   LH+                  reaqciebi 
                           +R    +H+ 
                       ⇅    ⇅ 
                           MR2    LH2       da a.S. 

e.i. M + R ⇄ MR            L + H ⇄ LH*)      
        M + 2R  ⇄ MR2       L + 2H ⇄ LH2      
       da a.S.          da a.S. 
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materialuri balansis pirobis Tanaxmad,*) liTonis saerTo 
koncentracia tolia: CM=[M]+[MR1]+[MR2] + …      (11.4.24) 
MR1 da MR2 kompleqsebisaTvis:  

β '
MR =

[M][R]
[MR]

   (11.4.25)     β '
MR2

= 2
2

[M][R]
][MR

    (11.4.26) 

 (11.4.25) da (11.4.26)  gantolebebidan  

[MR]= β '
MR [M][R];  [MR2]= β '

MR2
[M][R]2           (11.4.27) 

MC
[M] = αM = 1 + β '

MR [R] + β '
MR2

[R]2 + …           (11.4.28) 

 
αM — warmoadgens Tanaur (konkurentuli reaqciis) koefici-
ents. 
analogiurad ligandisTvis, romelic warmoqmnis LH da LH2 da 
a.S. formebs, gveqneba: 

K1 = 
][L][H

[HL]
+    (11.4.29)    K2 = 2

2

][L][H
][LH

+    (11.4.30) 

CL = [L] + [LH] + [LH2] + ...                        (11.4.31) 

αL(H) = 
LC

[L]
= 1 + K[H+] + K2[H+]2 = ...          (11.4.32) 

αL(H) — aris Tanauri reaqciis koeficienti. 
Tu mxedvelobaSi miviRebT (11.4.27) da (11.4.32) ML kompleq-

sisaTvis gveqneba: β p
ML =

LM CC
[ML]

⋅
 (11.4.33); gamoviyenoT gamosa-

xulebebi: CM = 
Mα

[M]
; CL = 

Lα
[L]

; aM = fM [M]; aL = fL [L]; maSin 

gveqneba:  βp =
LM CC

[ML]
⋅

= βT
ML · αM · αL · fM · fL                (11.4.34);  

MLm kompleqsisaTvis:  β p
MLm =βT

MLm ·αM · α m
L · fM · f m

L                 (11.4.35); 

(11.4.34) da (11.4.35) gamosaxulebebi gamosaxaven kavSirs βp-
sa da βT-s Soris da gamoiyeneba βp-is gamosaTvlelad. Tu 
gamovricxvT eleqtrostatikur gavlenas, maSin:  
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β p
MLm =βT ·αM ·α m

L     (11.4.36) 

kompleqsis mdgradobis pirobiTi konstanta mudmivobas 
inarCunebs mocemul pirobebSi (mudmivi pH, μ da α-s dros).  

mdgradobis da umdgradobis konstantebi warmodgens 
xsnarebSi kompleqsebis mdgradobis fundamentur-raodeno-
briv maxasiaTebels da iseTi didi mniSvneloba aqvs, rogorc 
xsnadobis namravls gravimetrul analizSi, mJavebisa da 
fuZeebis disociaciis konstantebs mJavur-fuZur wonaswo-
robaSi da a.S. 

xsnarebSi kompleqsTa mdgradobis codna saSualebas gvaZ-
levs vmarToT kompleqswarmoqmnis reaqcia da SevqmnaT xel-
sayreli pirobebi elementis aRmoCenis, dacilebisa da rao-
denobrivi gansazRvrisTvis. 

kompleqsTa gamoyenebasTan dakavSirebiT SeiZleba gair-
kves Semdegi: 1) kompleqsTa Semadgenel komponentTa buneba 
da raodenoba; 2) kompleqsTa Sedgeniloba; 3) kompleqsSi Se-
kavSirebuli liTonis ionis da ligandis moluri wili. 4) ga-
movTvaloT kompleqsTa mdgradobis da umdgradobis kons-
tantebi Tu cnobilia gamosaval komponentTa koncentracia 
da sxv. 

unda aRvniSnoT, rom xsnarebSi kompleqswarmoqmnis wonas-
worobis konstantebi naklebad aris damokidebuli tempe-
raturaze, vinaidan reaqciebi mimdinareobs ara umetes 80-
900C-ze. wyalxsnarebSi temperaturis gavleniT koncentra-
ciaTa cvlileba (gazuri nivTierebebisgan gansxvavebiT) mci-
rea da konstantebze maTi gavlena SeiZleba mxedvelobaSi ar 
miviRoT. aseve mcired irRveva wonasworoba wnevis gav-
leniTac. 

zemoT aRniSnuli pirveli ori saxis amocanis gadawyveta 
SesaZlebelia analizis qimiuri da fizikur-qimiuri meTo-
debiT. danarCenis gadasawyvetad iyeneben maTematikur gamoT-
vlebs konstantebis gamoyenebiT da, piriqiT, moreagire kom-
ponentebis koncentraciebis mixedviT gamoTvlian konstan-
tebs. 

Tu kompleqsTa mdgradobis safexurebrivi konstantebi 
umniSvnelod gansxvavdebian erTmaneTisgan, maSin gamoTvle-
bis gamartivebis mizniT uSveben, rom: 1) liTonis ionis siWar-
bis pirobebSi warmoiqmneba umTavresad monoligandiani kom-
pleqsi; 2) mcired xsnadi (mdgradi) kompleqsebisaTvis, roca 
xsnarSi ara gvaqvs Warbi reaqtivi, anu ligandi, arsebobs 
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mxolod mono- da mravalligandiani kompleqsebi. Tanamo-
saxele ionis (kationis an anionis) siWarbisas kompleqswar-
moqmna gadanacvlebulia kompleqsis disociaciis Semcirebis 
mimarTulebiT da Sesabamisad, am nawilakTa koncentraciebi 
xsnarSi mcirea. 

11.5. kompleqswarmoqmnis optimaluri pirobebi 

moreagire komponentebis koncentraciebi. kompleqs-
warmoqmnaze gavlenas axdens liTonis ionis da ligandis kon-
centracia. rac metia ligandis koncentracia, miT ufro mci-
rea kompleqsSi SeukavSirebeli liTonis kationis koncentra-
cia xsnarSi. ligandis koncentraciis gazrdiT izrdeba ma-
Ralkoordinaciuli ricxvis mqone kompleqsTa raodenoba. ma-
galiTad, Fe(III)-is kompleqsis warmoqmna Tiocianid-ionebTan: 

Fe3+ + SCN ¯⇄ Fe(SCN)2+ 
Fe(SCN)2+ + SCN ¯⇄ Fe(SCN) +

2  

Fe(SCN) +
2  + SCN ¯⇄ Fe(SCN) 0

3  

Fe(SCN) 0
3  + SCN ¯⇄ Fe(SCN) −

4  
...................................................................... 

bolo safexurze — [Fe(SCN)5)]2- + SCN → [Fe(SCN)6)]3- 

SCN ¯ — Tiocianid-ionebis siWarbisas warmoiqmneba koordina-
ciulad najeri kompleqsi — [Fe(SCN)6)]3-. ligandis Warb kon-
centracias didi gavlena aqvs mcired mdgrad kompleqsebze. 
aseTi kompleqsebis warmoqmnisTvis saWiroa ligandis sakmaod 
didi siWarbe.  

xsnaris pH-is gavlena. kompleqswarmoqmnaze xsnaris pH-
is gavlena orgvaria: erTi mxriv, SeiZleba dahidrolizdes 
kompleqswarmomqmneli liTonis kationi an ligandi; maSasa-
dame, pH-is gavlena damokidebulia kompleqsis Sedgenilo-
baze. am mxriv asxvaveben: a) Zlieri mJavas anionis; b) susti 
mJavas anionis Semcvel kompleqsebs. kompleqsebze, romlebic 
Seicavs Zlieri mJavas anions, naklebad moqmedebs xsnaris 
mJavianobis gazrda (anu pH-is Semcireba). magaliTad, mJavi-
anobis SemcirebiT (pH-is gazrdiT) xsnarSi Zlierdeba kati-
onis hidrolizi, romelic warmoadgens kompleqswarmoqmnis 
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ZiriTadi reaqciis konkurentul reaqcias. igi mimdinareobs 
safexurebrivad: 

M2+ + HOH ⇄ M(OH)+ + H+ 
M(OH)+ + HOH ⇄ M(OH)2 + H+                (11.5.1) 

------------------------------------------------------ 
Mn+ + HOH ⇄ M(OH)n↓ + nH+                   (11.5.2) 

aq  M aRniSnavs liTonis kations. 
(11.6.1) procesebi raodenobrivad xasiaTdeba warmoqmnili 

hidroqsokompleqsebis mdgradobis saerTo konstantebiT: 
 

β1=
][M][OH

[M(OH)]
- ; β2= 2-

2

][M][OH
][M(OH)

 da a.S. βn= n-
n

][M][OH
][M(OH)

;  (11.5.3) 

maSasadame, xsnarSi kationis saerTo koncentracia mate-

rialuri balansis pirobis Tanaxmad: 

 

CM = [M+] + [M(OH)] + M(OH)2] + … [M(OH)n]          (11.5.4) 
am SemTxvevaSi: 

wili: αM =
MC

[M]
; Tu (11.5.4) gantolebaSi  Semavali komponen-

tebis koncentraciebs ganvsazRvravT (11.5.3) gantolebidan, 

saTanado gardaqmnebis Semdeg miviRebT: 

 

αM =
MC

[M]
= n

n
2

21 ][OHβ...][OHβ][OHβ1
1

−−− +++
    (11.6.5) 

 

(11.5.5) formuliT SeiZleba gamovTvaloT liTonis ionis 
moluri wili hidroqsokompleqsebis mdgradobis kons-
tantebis gamoyenebiT.  

amrigad, kompleqswarmomqmnelis dros daculi unda iyos 
saTanado optimaluri pirobebi (moreagire komponentebis 
koncentraciebi, xsnaris pH, da a.S.).  

 



 211 

11.6. tipuri amocanebis amoxsnis magaliTebi.  

savarjiSo kiTxvebi da amocanebi 

magaliTi #1. gamoTvaleT vercxlis ionebis wonasworuli 
koncentracia 0,01 molur AgNO3-is xsnarSi 2 molur amiakis 
Tanaobisas (β1 = 2,09·103;  β2 = 1,62·107). 

amoxsna: 

moc.: 
3AgNOC =0,01 moli/l; 

3NHC =2 moli/l. 

            β1 = 2,09·103;  β2 = 1,62·107. 
xsnarSi myardeba wonasworoba: 

Ag+ + NH3 ⇄ Ag(NH3)+;    β1 = 
]][NH[Ag
])(NH[Ag

3

3
+

++
=2,09·103; 

Ag(NH3)+ + NH3 ⇄ Ag(NH3) +
2 ; β2 = 2

3

23

]][NH[Ag
])[Ag(NH

+

+
=1,62·107. 

materialuri balansis pirobis Tanaxmad: 

C = [Ag+] + [Ag(NH3)+] + [Ag(NH3) +
2 ]; gamovsaxoT [Ag(NH3)+]-is da 

[Ag(NH3) +
2 ]-is koncentraciebi [Ag+]-iT, mdgradobis konstan-

tebis meSveobiT da gveqneba: 

+AgC =[Ag+]+β1[Ag+][NH3]+ β2[Ag+][NH3]2 =[Ag+](1+β1[NH3] + β2[NH3]2). 
aqedan: 

[Ag+] = 2732
3231

Ag

21062,121009,21
01,0

][NHβ][NHβ1
C

⋅⋅+⋅⋅+
=

++

+

= 

=1,5·10-4 moli/l; 
magaliTi #2. gamoTvaleT AgI-is xsnadoba 1 moluri amiakis 

xsnarSi. T
pL =9,98·10-17; 

amoxsna 

moc.: 
3NHC =1 mol/l; T

pL AgI = 9,98·10-17; 
xsnarSi mimdinareobs Semdegi ZiriTadi reaqcia: 

AgI ⇄ Ag+ + I ¯ (I)  
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NH3-is TanaobiT warimarTeba konkurentuli reaqciebi: 

I.  Ag+ + NH3 ⇄ Ag(NH3)+;            β1 = 2,09·103; 
II. Ag(NH3)+ + NH3 ⇄ Ag(NH3) +

2 ; β2 = 1,62·107. 

p
pL = T

pL ·1/α, sadac 1/α = 
]Ag[

CAg
+ = 1+β1[NH3] + β2[NH3]2. radgan 

mocemulobidan Cans, 
3NHC >> +AgC  SeiZleba miviRoT, rom 

[NH3] = 
3NHC =1; maSin:  

1/α = 1 + 2,09·103·1 + 1,62·107·12 = 1,6·107; 

xsnadoba S = 717
p 106,11098,9L ⋅⋅⋅= −p = 4·10-5 mol/l. 

savarjiSo kiTxvebi da amocanebi 

1. ras ewodeba kompleqsnaerTi? ra gamoyeneba aqvs Tvi-
sebiT analizSi? 

2. moiyvaneT Sigasferuli, garesferuli, sxvadasxvaligan-
diani da mravalbirTvuli kompleqsebis magaliTebi; 

3. ra aris koordinaciuli ricxvi? dentantoba? 
4. rogoria safexurebrivi kompleqswarmoqmnis koncefci-

is formulireba? 
5. rogoraa dakavSirebuli safexurebrivi da saerTo komp-

leqswarmoqmnis da disociaciis konstantebi erTmaneTTan? 
6. ra faqtorebi axdenen gavlenas kompleqsTa mdgradobaze? 
7. ra aris xelaturi efeqti? ra upiratesoba aqvs xela-

tebs? 
8. ra gavlenas axdens kompleqswarmomqmneli liTonis ka-

tionis buneba kompleqsTa mdgradobaze? 
9. rogor gavlenas axdens ligandis buneba kompleqsis 

mdgradobaze? 
10. ra pirobebi unda iyos daculi kompleqsis warmoqmnis 

dros? 
11. gaixsneba Tu ara 0,2 g vercxlis bromidi 100 ml 1 M ami-

akis xsnarSi? 
12. [HgBr4]2-, [HgI4]2-, [Hg(CN)4]2- kompleqsebidan romeli maTga-

nia ufro mdgradi? daasabuTeT. 
13.  gamoTvaleT Zn(OH)2-is xsnadoba 1 l-Si 1 M NH3-is Tana-

obisas, Tu xsnarSi warmoiqmneba mxolod erTi kompleqsi 
[Zn(NH3)4]2+. 
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Tavi  12   

organuli reagentebi qimiur analizSi 

12.1 organuli reagentebis gamoyeneba                 
qimiur analizSi 

organul reagentebs bunebrivi naerTebis saxiT ZvelTa-
ganve iyenebdnen araorganuli nivTierebebis analizSi. ma-
galiTad, bunebrivi saRebavebis eqstraqtebs xmarobdnen in-
dikatorebad (XII s.), qarvis, mJaunas, Rvinis mJavebs iyenebdnen 
SemniRbavebad (venceli, 1877 w.), mJaunmJavas — kalciumis da-
saleqad (viglibi, 1876 w), morins — aluminis aRmosaCenad 
(hoppelsrederi, 1867 w.), anilins — vanadiumis katalizuri 
gansazRvrisaTvis (gviari, 1876 w.), α-nitrozo-β-naftols — 
kobaltis aRmosaCenad (ilinski, 1884 w), α,α-dipiridils da 1-
10-fenantrolins — rkinis(II) gansazRvrisTvis da a.S. analizSi 
organuli reagentebis gamoyeneba daiwyo Cugaevis da ilins-
kis klasikuri Sromebis (1873-1922 w.) Semdeg. ilinskim da Cu-
gaevma analizur qimiaSi safuZveli Cauyares axal mimarTu-
lebas — organuli reagentebis gamoyenebas. 

amJamad, organuli reagentebi gamoyenebulia qimiuri ana-
lizis TiTqmis yvela sferoSi. organul naerTTa kvlevas mi-
eZRvna mTeli rigi mniSvnelovani samecniero naSromi da mo-
nografia. organuli reagentebis masStaburi gamoyeneba gana-
piroba im mniSvnelovanma Tvisebebma, riTac isini gamoir-
Cevian araorganuli reaqtivebisagan. es Tvisebebia: 

1) organuli reagentebis kompleqsnaerTebi bevrad ufro 
uxsnadia, vidre araorganulligandiani kompleqsebi; naleqis 
daleqvis da Carecxvisas xsnadobiT gamowveuli danakargi um-
niSvneloa (TiTqmis gamoricxulia); 

2) organul reagentebs gaaCniaT didi molekuluri masa. 
maT woniT formaSi gansasazRvravi nivTierebis Semcveloba 
mcirea, rac zrdis meTodis gansazRvris sizustes; 

3) mniSvnelovnadaa Semcirebuli Tandaleqvis movlenebi. 
naleqi SedarebiT qimiurad sufTaa; 
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4) maTi kompleqsebi bevrad ufro intensiuradaa Seferi-
li. amiT saSualeba gveZleva didi ganzavebis dros aRmova-
CinoT da ganvsazRvroT nivTierebis mikro- da ultramikro 
raodenobebic ki. magaliTad, diTizoniT SeiZleba aRmova-

CinoT 0,04 mg. tyvia 1:1,3·106 ganzavebisas; 
5) organuli reagentebi gamoirCeva seleqturobiT; komp-

leqsebi sakmaod mdgradia da umravlesoba kargad eqstra-
girdeba organul gamxsnelebSi. amis gamo farTod gamoiyeneba 
nivTierebebis eqstraqciuli aRmoCenis, dacilebisa da eqs-
traqciul-fotometruli gansazRvrisTvis; 

6) bevrad ufro iolad SeiZleba organuli reagentebis 
specifiurobis gazrda analizis optimaluri pirobebis (xsna-
ris pH-is regulireba, SemniRbavebis, eqstragentebis SerCeva 
da sxva) SeqmniT. mag., nikelis(II) dimeTilgliosqimati eqstra-
girdeba qloroformiT; SemniRbavebad ЭDTA da hidroqsila-
minis gamoyenebisas sagrZnoblad izrdeba misi specifiuroba; 

7) organuli reagentebi warmoadgenen saukeTeso SemniR-
bav nivTierebebs (mag., Rvinis, limonis, glikolis mJavebi, 
eTilendiamintetraZmarmJava da misi nawarmebi da sxv.); orga-
nuli reagentebi gamoiyeneba agreTve buferuli (mag., cit-
ratuli, biftalaturi da sxv.) narevebis dasamzadeblad. 

12.2. organuli reagentebis Semadgeneli 
komponentebi. funqcionalur-                        

analizuri jgufebi 

organuli reagentebi Sedgeba ori erTmaneTTan dakavSi-
rebuli organuli radikalisa (R) da specialuri sareaqcio 
analizuri jgufebisgan. specialuri analizuri jgufebi ga-
napirobeben reaqtivis da liTonebTan warmoqmnili naerTebis 
mniSvnelovan analizur Tvisebebs: wyalSi xsnadobas, inten-
siur Seferilobas, organul gamxsnelebSi xsnadobas, eqs-
traqcias da a.S.  

atomTa jgufebs, romlebic ganapirobeben naerTTa ana-
lizur Tvisebebs uwodeben funqcionalur-analizur jgu-
febs (faj). funqcionalur-analizuri jgufi Seicavs uaryo-
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fiT π*)-eleqtronebis mqone heteroatomebs, anu eleqtrodo-
noruli Tvisebebis mqone atomebs, rogoricaa Jangbadi, azo-
ti, gogirdi da sxva. 

JangbadSemcveli funqcionaluri jgufebia: 

= C = O:
..
..

karboqsilis jgufi da sxv. azotSemcvelia

karbonilis jgufi;

C OH
O

..

..
C H _ enoluri jgufi;O

 

—NH2 – amino, =N – H – imino, —N = N – azo, —N = O – nitrozo,  
= N – O — H – oqsimis jgufi da sxv. gogirdSemcvelia:  
 
            Tio, SO3H – sulfo, — SH – hidrosulfo da a.S.  
 
amaTgan ansxvaveben marilwarmomqmnel da kompleqswarmom-
qmnel jgufebs: marilwarmomqmneli jgufebia: – COOH – 
karboqsilis, OH¯ – hidroqsilis, = N – OH – oqsimis, – SO3H – 
sulfo, – NH2 – amino (pirveladi aminuri jgufi), – NH – imino 
(meoreuli aminuri jgufi), – SH – hidrosulfiduri jgufi. am 
jgufebiT organuli radikali liTonis ions ukavSirdeba 
ionogenuri bmiT. 

kompleqswarmomqmneli funqcionaluri jgufebi ZiriTa-
dad Seicavs donor-eleqtronul wyvilebis mqone atomebs, 
maTi saSualebiT xorcieldeba koordinaciuli bma liTonis 
ionTan. es jgufebia:  – NH2; =N – H; ≡N – H; OH¯; = C = O;  
= N – OH; = S da a.S. aRniSnuli jgufebi ganapirobeben komp-
leqsTa mniSvnelovan Tvisebebs: wyalSi xsnadobas, kompleqs-
Ta did mdgradobas, mcired disocirebis unars da sxva. 
zogierTi marilwarmomqmneli jgufi, kompleqswarmomqmne-
licaa. mag., vercxlis, vercxliswylis, spilenZis da sxva mZime 
liTonTa marilebi sust organul mJavebTan, mag., ZmarmJa-
vasTan warmoqmnian wyalSi mcired xsnad an mcired diso-
cirebad naerTebs. aRniSnul liTonTa acetatebis eleqtro-
gamtarobis gazomvam gviCvena, rom es marilebi wyalxsnarebSi 
mcired aris disocirebuli ionebad, rac aixsneba CH3COO¯ da 

                                                 
*) π — eleqtronebs aqvs Zvradobis didi unari. kompleqsTa warmoqmnisas 
icvleba qromoforebis eleqtronuli struqtura, rac iwvevs reagentis 
Seferilobis cvlilebas. 

   C = S 
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liTonis ions Soris mtkice qimiuri bmis arsebobiT. e.i. aq ma-
rilwarmomqmneli jgufi — COOH warmoadgens kompleqs-
warmomqmnelsac. Tu organuli reagentebi Seicavs mxolod 
kompleqswarmomqmnel jgufebs, maSin liTonis ionsa da li-
gands Soris xorcieldeba erTi tipis bma — koordinaciuli. 
mag., liTonTa amiakur, piridinul kompleqsebSi da a.S. 
[Cu(NH3)4]2+— kompleqsur kationSi Cu2+-sa da NH3-is Soris 
ganxorcielebulia mxolod koordinaciuli bma: 
 

H3N Cu NH3

NH3

NH3
2+

;

 
 
organuli reagentebis umravlesoba erTdroulad Seicavs 

orive saxis funqcionalur jgufs. e.i. ligandi polidentan-
turia. is xelatebi, romlebic Seicaven specifiur jgufebs, 
mkveTrad avlenen TavianT individualur Tvisebebs, gamo-
irCevian mdgradobiT da specifiurobiT. cnobilia, rom nike-
lisaTvis damaxasiaTebelia oqsimis jgufi: 

 
 
 
 
 

azotiT — koordinaciulad. damaxasiaTebeli specialuri 
jgufebi gaaCnia agreTve sxva kationebsac. magaliTad: 
 

= C C

H O NOH

vercxlisTvis(I)

;

NHS = C C da a.S.

spilenZisTvis(II)

 
organul reagentebSi aseTi jgufebis arseboba ganapirobebs 
maT specifiurobas. 

OHC = N

OHC = N  

es jgufi kompleqswarmomqmnelicaa da maril-
warmomqmnlic. bma nikelTan(II) xorcieldeba, 
erTi mxriv, wyalbadis gamoZevebiT, (ionogenu-
rad), meores mxriv, oqsimis 
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funqcionalur-analizur jgufebTan erTad organuli 
reagenti Seicavs iseT atoms an atomTa jgufebs, romlebTac 
TviTon ara aqvT eleqtrodonoruli Tviseba, an ar mona-
wileobs ciklis waarmoqmnaSi, magram maTi Semcveloba gav-
lenas axdens reagentis da warmoqmnili kompleqsis Tvise-
bebze (mag., cvlian maT xsnadobas, Sefervis intensivobas da 
a.S.). aseT jgufebs uwodeben analizur-aqtiur jgufebs (a.a), 
mag., auqsoqromuli jgufebi aZliereben kompleqsis fers 

(mag. Cl⎯, Br¯, C2H −
5 da a.S.), aseve — SO3H; — COOH — xsnadobas. 

daleqvis reaqciebis aRmoCenis zRvris Sesamcireblad 
xelatur ligandebSi SehyavT Camnacvlebeli e.w. `mZime jgu-
febi~. am dros naleqis masa izrdeba — `mZimdeba~ da is swrafad 
ileqeba. am efeqts uwodeben `damZimebis efeqts~*, romelsac 
didi  mniSvneloba aqvs daleqva-gaxsnis wonasworuli proce-
sebis mimdinareobisTvis da agreTve gravimetrul analizSi. 
mZime organuli kationebiT SeiZleba daileqos martivi kom-
pleqsuri ionebi. `damZimebis efeqti~ SemCneul iqna bergis 
mier 8-oqsiqinolinsa da mis 5,7-dibromnawarmebze, romlebic 
ufro srulad leqavs liTonTa ionebs, vidre Caunacvlebeli 
8-oqsiqinolini. 

organuli reagentebis Tvisebebis gasaumjobeseblad, mis 
molekulaSi SehyavT agreTve iseTi atomebi da atomTa jgu-
febi, romlebic zrdian organuli ligandis donori atomis 
uaryofiTi muxtis simkvrives da aZliereben eleqtrodono-
rul Tvisebebs. aseT Camnacvleblebs uwodeben nukleofi-
lur, anu eleqtrodonorul jgufebs, mag., CH3 (meTilis ra-
dikali) zrdis ligandis donori atomis eleqtronuli muxtis 
simkvrives da aZlierebs eleqtronebis gacemis unars. eleq-
trofiluri, anu eleqtroaqceptoruli jgufebi ki piriqiT, 
amcireben donor atomebze uaryofiTi muxtis simkvrives, 
asusteben eleqtrodonorul Tvisebebs da, Sesabamisad, li-

Tonis ionsa da ligands Soris kavSiris simtkices** (mag., −
2NO ); 

aseT SemTxvevaSi figurirebs Semdegi zogadi wesi: nukleo-
filuri Camnacvleblebi zrdis, xolo eleqtrofilurebi am-
cirebs liTonTa xelatebis mdgradobas. es gansakuTrebiT 

                                                 
* es cneba SemoiRo faiglma im meTodebis mgrZnobiarobis gazrdis gamo-
saxatavad, rasac daleqvis reaqciebi udevs safuZvlad. 
** bma miT ufro mtkicea, rac ufro fuZuri Tvisebebi aqvs ligands, e.i. rac 
ufro advilad gascems eletronul wyvils. 
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vlindeba maSin, rodesac Camnacvlebeli jgufi uSualod 
ukavSirdeba ligandis donor atoms. mag., eleqtrofiluri 
Camnacvleblebis (Cl⎯, Br¯, I⎯) Setana oqsimebSi, F¯-is Setana ace-

tonSi, Cl⎯, −
2NO  — azosaRebavebSi, zrdis reagentis mJavur bu-

nebas. magaliTad, 5,5,7 halogen 8-orTooqsiqinolinis xela-
tebi ileqeba da eqstragirdeba ufro mJava garemoSi, vidre 
imave liTonis 8-oqsiqinolinatebi. 

qromoforuli da auqsoqromuli jgufebi. organuli 
reagentebis fers ganapirobebs e.w. qromoforuli (feris 
matarebeli) jgufebi. farTodaa cnobili:  

 

C = C C = O; ; C = S ; C = N ; N = N

N = N ;

;

O

;N = O ; = OO N C = C = CC ;

O O da sxva.

 
 
qloroforebis Semcveli molekulebis STanTqmis speqtri 

mdebareobs ultraiisfer an xilul ubanSi. 
qromoforebi, romlebic Seicavs N, S da sxv. ufro Znelad 

STanTqavs sinaTles grZeltalRian ubanSi, vidre Jangbad-
Semcveli qromoforebi. Seferiloba ufro intensiuri xdeba, 
roca organuli molekula Seicavs (an SehyavT masSi) feris 
gamaZlierebel e.w. auqsoqromebs. 

auqsoqromebi moqmedebs, rogorc eleqtrodonoruli 
jgufebi da gavlenas axdens qromoforis eleqtrodonorul 
struqturaze Semdegi TanmimdevrobiT:  

-F¯<-CH3<-Cl<-Br<-OH<-OCH3<-NH2<–NHCH3<-N(CH3)2<-NHC6H5, 
xolo cnobili e.w. antiauqsoqromebis, rogorc eleqtroaq-
ceptoruli jgufebis gavlena gamoisaxeba Semdegi rigiT: 

-NH +
3 <-SO2NH2<-COO¯<-CN<-COOCH3<-COCH3<-CHO<-NO2. 

xelatebis warmoqmnis dros am jgufebis Tavisufali 
eleqtronuli wyvili deformirdeba da cvlis reagentis qro-
moforul sistemas. pirveli miaxloebiT SeiZleba iTqvas, rom 
eleqtronuli simkvrivis gazrda auqsoqromze da misi Sem-
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cireba antiauqsoqromze iwvevs reagentis da kompleqsis 
STanTqmis gadanacvlebas (gadaadgilebas) grZeltalRian 
ubanSi (batoqromuli gadaadgileba) da piriqiT — eleqtro-
nuli simkvrivis Semcireba auqsoqromze da gazrda an-
tiauqsoqromze — STanTqmis mokletalRian ubanSi gadanac-
vlebas (gipsoqromuli gadanacvleba). am efeqts xSirad iye-
neben speqtrofotometrul analizSi kompleqsis Seferilo-
bis intensivobis da kompleqswarmoqmnis reaqciis kontras-
tulobis gasazrdelad. 

reagentis da kompleqsis Tvisebebze did gavlenas axdens 
agreTve hidrofoburi Camnacvleblebis arseboba. organul 
reagentebSi hidrofoburi jgufebis: CnH2n-1, -C6H5, -Br da sxv. 
Setana aniWebs mas hidrofobur Tvisebas (`damZimebis efeq-
ti~), ris Sedegadac mcirdeba reagentis wyalSi xsnadoba. 
damZimebis efeqtiT xsnadobis Semcireba xSirad, magram ara 
yovelTvis zrdis reagentis da kompleqsis arapolarul or-
ganul gamxsnelebSi xsnadobis unars. wyalSi xsnadobis gaz-
rdisaTvis organul reagentSi SeaqvT Zlieri  hidrofiluri  

jgufebi: -SO −
3 , -PO3H⎯, -AsO3H, -COO⎯ da sxv. magaliTad, 

kobaltis(II) kompleqsi 1-nitrozo-naftoli-2-Tan cudad ixs-
neba wyalSi, magram misi sulfowarmoebulis nitrozo R-ma-
rilis xelati wyalSi xsnadia. alifatur oqsikarbonmJavebSi 
karboqsilis jgufis hidrofiluri gavlena gamoyenebulia 
wyalxsnarebSi advilad hidrolizebadi kationebis Sesanar-
Cuneblad. magaliTad, Rvinis mJavas Tanaobisas liTonTa mci-
red xsnadi hidroqsidebi aRar ileqeba. hidrofiluri jgu-
febis –OH, NH2 – Tvisebebi (disociacia tute garemoSi, pro-
tonizireba mJava areSi, protonebisa da wylis dipolTa ori-
entireba da sxv.) gavlenas axdens maT xelatebze.  

xelatebSi orive, hidrofoburi da hidrofiluri jgufis 
erTdroulad arseboba cvlis xelatis Tvisebebs. magaliTad, 
spilenZis(II) xelati aminoZmarmJavasTan Seicavs hidrofobur 
—CH2-s da hidrofilur —NH2-s da kargad ixsneba wyalSi. 

 
H2N

Cu

O

O

CH2

O = C

C = O

NH2

CH2
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  didia efeqti, roca organuli reagentis molekula erT-
droulad Seicavs eleqtrodonorul, eleqtrofilur da an-
tiauqsoqromul jgufebs. organuli nivTierebebis feris 
cvlilebaSi did rols TamaSobs organuli reaqtivebis tau-
tomeruli gardaqmnebi. mag., qinonis gardaqmna: 

 

O N = ON OH
-OH

HO

qinoiduri forma
    yviTeli

benzoiduri forma
      mwvane  

 
kompleqsnaerTis Tvisebebs gansazRvravs agreTve funqci-

onaluri jgufebis urTierTganlageba. 
komplqsis warmosaqmnelad organul reagentebSi funqci-

onalur-analizuri jgufebi ise unda iyos ganlagebuli, rom 
advilad SeeZlos liTonis erTsa da imave atomTan dakavSire-
ba. aromatul naerTebSi funqcionaluri analizuri jgufebi 
unda iyos ganlagebuli erTmaneTis mimarT orTo an peri 
mdgomareobaSi:  

    

X

X

X

X

X

X

X X

meta para orTo peri  
 

magaliTad, pirokatexini (orTofenoli), rkinasTan(III) 
warmoqmnis sakmaod mdgrad kationur kompleqss, radgan pi-
rokatexinis molekulaSi OH⎯ jgufebi ganlagebulia orTo 
mdgomareobaSi. 

 

OH

OH

misi kompleqsi rkinasTan(III):

pirokatexini

O

O Fe +

 



 221 

Camnacvlebeli jgufebis meta da para mdgomareoba kompleqs-
warmoqmnisTvis naklebad xelsayrelia. 

maSasadame, organuli reagentis molekulaSi sxvadasxva 
Camnacvlebeli jgufis SetaniT SesaZlebelia ganxorcieldes 
axali organuli reagentis sinTezi, romelic daakmayofilebs 
analizis mizans. 

12.3. organuli reagentebis gamoyenebis 
optimaluri pirobebi 

pH-is gavlena. reagentTa umravlesoba warmoadgens sust 
organul mJavebs da sust organul fuZeebs. amitom, maTi ga-
moyenebis dros didi mniSvneloba aqvs xsnarSi wyalbad-ionis 
koncentracias (xsnaris pH). organuli ligandis monawileo-
biT kompleqswarmoqmnis procesi xSirad wyalbad-ionis 
gamoyofiT mimdinareobs. 

Mm+ + nHL ⇄MLn + nH+. 
aqedan  Cans, rom wonasworobis marcxnidan marjvniv gadanacv-
leba SesaZlebelia wyalbad-ionis sareaqcio aredan gamoy-
vaniT, e.i. ganeitralebiT. magram xsnaris mJavianobis Sem-
cireba unda moxdes garkveul zRvramde, raTa ar daileqos 
xsnarSi arsebuli kationi hidroqsidis saxiT an, saerTod, ar 
warmoiqmnas axali Seferili ML′ naerTi da a.S.  

xsnaris optimaluri pH-is dacva saWiroa agreTve xsnarSi 
reagentis im formis SesanarCuneblad, romelic Sedis domi-
nirebuli kompleqsis SemadgenlobaSi.  

gamxsnelis bunebis gavlena. organulligandiani xela-
tebi wyalxsnarebSi mcired disocirdeba (mag., diTizonebi, 
nitrozonaftolitebi, piridilazonaftolatebi da a.S.). mag-
ram cnobilia SemTxvevebi, roca maTi disociaciis Sedegad 
mcirdeba kompleqsTa Sefervis intensivoba, izrdeba xsnado-
ba da a.S. xelatebis Tvisebebis gasaumjobeseblad xSirad iye-
neben wyalSiSerevad (mag., spirtebs) da wyalSiSeurevad orga-
nul gamxsnelebs (qloroforms, oTxqlorian naxSirbads, ben-
zols da a.S.). wyalSiSerevad organul gamxsnelebSi mcirdeba 
kompleqsis disociaciis unari, Sesabamisad izrdeba komp-
leqsis Sefervis intensivoba, mcirdeba xsnadoba da a.S. 
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xelaturi kompleqsebi kargad eqstragirdebian wyalSi Se-
urevad organul gamxsnelebSi. am dros izrdeba meTodis 
mgrZnobiaroba (mcirdeba nivTierebis aRmoCenis zRvari). 

organuli reagentis SerCevas da optimalur pirobebs 
adgenen eqsperimentiT. organuli gamxsnelis did siWarbes 
unda veridoT, radgan kompleqsi SeiZleba gauferuldes an 
gaixsnas sxva Sedgenilobis kompleqsis warmoqmnis gamo.  

kompleqsTa eqstraqciis ZiriTadi pirobaa kompleqsTa 
eleqtroneitraloba da koordinaciulad najeroba. muxtiani 
da koordinaciulad ujeri kompleqsnaerTebi organul 
gamxsnelebSi ar eqstragirdebian. mizezi isaa, rom Sigakoor-
dinaciul sferoSi liTonis garSemo Tavisufal vakantur 
adgils ikavebs wylis molekulebi da warmoiqmneba sxvadasxva-
ligandiani hidratuli kompleqsebi. magaliTad, [Cr(NH3)5 

H2O]3+, romlebic organuli gamxsnelebiT ar eqstragirdeba. 
liTonis ionis eleqtronuli struqtura. organuli 

reagentebi SerCeviTad urTierTqmedebs liTonis ionTan, 
rasac apirobebs kationis eleqtronuli konfiguracia. maga-
liTad, keTilSobili airebis eleqtronuli konfiguraciis 
mqone kationebi, reagireben JangbadSemcvel organul reagen-
tebTan (mag., Al3+— alizarinTan) da warmoqmnian wyalSi ad-
vilad hidrolizebad kompleqsebs. liTonTa kationebi, rom-
lebic urTierTqmedeben azotSemcvel organul reagenteb-
Tan (mag., Ni2+-dimeTilglioqsimTan), mdgrad kompleqsebs war-
moqmnian amiakTanac. liTonebi, romlebic mdgrad kompleq-
sebs iZlevian gogirdSemcvel ligandebTan (mag., Hg2+-diTi-
zonTan), warmoqmnian mciredxsnad sulfidebs da a.S. ra-
sakvirvelia, kationTa jgufebad aseTi klasifikacia piro-
biTia, radgan arsebobs gamonaklisebic. 

12.4. zogierTi mniSvnelovani organuli      
reagentis daxasiaTeba 

I. organuli damleqavebi. 
nivTierebaTa aRmoCenisa da dacilebisaTvis farTodaa 

gamoyenebuli 8-hidrooqsiqinolini (oqsini — C9H6NOH an zo-
gadad Hox)*. kargad ixsneba spirtSi, ZmarmJavaSi, mineralur 

                                                 
* oqsini mowodebulia r. bergis mier 1927 w. 
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mJavebSi da tuteebSi. praqtikulad uxsnadia wyalSi da eTer-
Si (analizuri miznebisaTvis iyeneben mis ZmarmJava xsnars). 

oqsiqinolini amfoteruli bunebisaa. fenilis radikalSi 
OH¯-is arseboba ganapirobebs mJavur bunebas, xolo N — fuZe 
Tvisebebs. 

Hox + H3O+ ⇄ H2ox- + H2O;     K= 8· 10-6; 
Hox  + H2O  ⇄ H3O+ + OH¯;     Kf = 1,4· 10-10; 

oqsiqinolini liTonebTan (daaxloebiT 40 liTonTan) war-
moqmnis uxsnad Sigakompleqsur naerTs: 

 

Mn+ + nH++
N N

OH O

M/n  
 
xsnaris pH-is regulirebiT SesaZlebelia liTonis kati-

onebis aRmoCena da dacileba. mag., Al(III) da Mg(II) dasacileb-
lad iyeneben acetatur bufers (pH~5,0). am pirobebSi dai-
leqeba Al-is oqsiqinolinati, magniumi rCeba xsnarSi. metalTa 
oqsiqinolinatebi kargad eqstragirdebian qloroformSi. es 
Tviseba gamoiyeneba rogorc kationTa eqstraqciuli 
dacilebis, ise maTi eqstraqciul-fotometruli gansaz-
RvrisTvis. 

dimeTilglioqsimi (Cugaevis reaqtivi) TeTri feris niv-
Tierebaa. cudad ixsneba wyalSi. advilad ixsneba spirtSi, 
eTerSi, tuteebis xsnarebSi. Seicavs oqsimis jgufebs,  

 
 
 
 
 

or xuTwevra cikls da wyalbaduri bmebis gamoyenebiT kidev 
or eqvswevra cikls. 

aRniSnul liTonTa dimeTilglioqsimatebi mdgradia amia-
kur garemoSi, kargad eqstragirdebian qloroformiT. far-
Tod gamoiyeneba nikelis(II) da paladiumis aRmoCenisa da ra-
odenobrivi gansazRvrisTvis. 

H3C C C CH3

NOH NOH

romlebic nikelisa da paladiumi-
saTvis  specifiuria. igi mraval-
dentanturi  ligandia.  warmoqmnis 
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N

H3C C

N

Ni
N

N

CH3C

O

OO

HH
O

H3C C CH3C  

eTilendiaminotetraZmarmJavas orCanacvlebuli natriu-
mis marili (e.w. kompleqson III) warmoadgens eqvsdentantur 
ligands. liTonis ionTan xsnaris pH-ze damokidebulebis 
mixedviT warmoqmnis ZiriTadad 1:1 Sedgenilobis mdgrad kom-
pleqsebs. 

 

N

NaOOC H2C

OOC
N

COONa

COO

CH2

CH2

CH2

M

CH2

H2C

5

5

5

5 5

 
 
amitom kompleqswarmoqmnisTvis saWiroa pH-is regulire-

ba. farTod gamoiyeneba qimiur analizSi SesaniRbavad, niv-
Tierebebis identificirebis, dacilebis da gansazRvri-
saTvis. 

α-nitrozo-β-naftoli, reagenti mcired ixsneba wyalSi.  
 

O N

OH anu C10H6NOH

=

 
 

kargad ixsneba spirtSi, eTerSi, benzolSi, yinulovan Zmar-
mJavaSi, tuteebSi. liTonebTan (kobalti(II), rkina(III), Cu(II) da 
a.S.) warmoqmnis Sigakompleqsur naerTs. gamoyenebuli iqna 
pirvelad ilinskis mier kobaltis aRmoCenisa da gansaz-
RvrisTvis. 
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alizarin-wiTeli S (1-2-dioqsiantraqinon, 3-sulfomJavas 

natriumis marili — C14H5O2(OH)2SO3Na). warmoadgens fxvni-

lisebr nivTierebas, ixsneba eTanolSi, eTil-eTerSi, liTonis 

kationebTan warmoqmnis Sigakompleqsur naerTs da gamoi-

yeneba, magaliTad, aluminis aRmoCenisa da raodenobiTi gan-

sazRvrisTvis.  

12.5. savarjiSo kiTxvebi 

1. ra TvisebebiT gamoirCevian organuli reagentebi? 
2. ra gavlena aqvs kompleqsnaerTebze funqcionalur-ana-

lizuri jgufebis Semcvelobas da urTierTganlagebas? 
3. romeli funqcionaluri jgufi ganapirobebs kompleqsis 

xsnadobasa da Seferilobas? 
4. raSi mdgomareobs faiglis `damZimebis efeqti~? 
5. ra pirobebi unda iqnes daculi organuli reagentebis 

gamoyenebis dros? 
6. daasaxeleT nivTierebis aRmoCenis, dacilebisa da Seni-

RbvisaTvis gamoyenebuli organuli reagentebi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 226

Tavi  13 

 koloiduri xsnarebi qimiur analizSi 

naleqis warmoqmnis procesSi kristalis zoma umTavresad 
damokidebulia kristalizaciis centrebis simravlze. xSirad 
centrebis simravlis gamo kristalis zrda mis gamsxvile-
bamde Cerdeba da miiReba wvrili kristalebi, romlebic 
Tanabrad nawildeba gamxsnelSi. sistemis am daqucmacebuli 
nawilakebis erTobliobas ewodeba dispersuli faza, xolo 
ZiriTad ares (gamxsnels), romelSic es nawilakebia ganawi-
lebuli — dispersuli are. qimiur analizSi mniSvnelovania 
iseTi dispersuli sistemebi, sadac dispersuli are wyalia, 
xolo dispersuli faza — myari nivTiereba. 

dispersuli sistemebi erTmaneTisagan gansxvavdeba dis-
persulobis xarisxiT, e.i. nawilakis zomiT. rac ufro mcirea 
nawilakis zoma, miT metia dispersulobis xarisxi da piriqiT. 

nawilakebis zomis mixedviT dispersuli sistemebi iyofa 
sam jgufad. roca nawilakebis zoma aRemateba 100 mili-mik-
rons (mμ)*) maSin aseT dispersul sistemas uwodeben suspen-
zias; 100-1 milimikronis SemTxvevaSi — koloidur xsnars, anu 
zols (cru xsnari); xolo Tu naklebia 1 milimikronze — Cve-
ulebriv WeSmarit xsnars.  

zolis warmoqmnis procesi garkveul rols TamaSobs qi-
miur analizSi da gaaCnia rogorc dadebiTi, ise uaryofiTi 
mxareebi. koloiduri xsnaris warmoqmna gansakuTrebiT arasa-
survelia nivTierebis daleqva-gaxsnis, dacilebis da sxva 
procesebSi, radgan koloiduri nawilakebi, mcire zomis gamo, 
advilad gadian filtris qaRaldSi**) (e.w. `naleqis gaparva~) 
cudad ifiltreba, Znelia maTi Carecxva, didia naleqis ga-
WuWyianebis xarisxi da sxva.  

koloiduri xsnarebis warmoqmnisadmi didi midrekileba 
aqvs liTonTa sulfidebs (CuS, NiS, As2S3 da a.S.); liTonTa 

                                                 
*) 1μ (mikroni) = 1·10-3 mm=1·10-4 sm; 1mμ (milimikroni)=1·10-6 mm=1·10-7sm; 
**) filtris qaRaldis forebis diametri daaxloebiT 3 mikronis tolia. 
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hidroqsidebs (Al(OH)3, Fe(OH)3 da sxv.), mJavebs (mag., siliciu-
mis mJavas, metakrilis mJavas da sxva); IV jgufis kationebis 
gogirdwyalbadiT daleqvis dros liTonTa sulfidebi Se-
iZleba gamoiyos koloiduri xsnaris saxiT. am dros TiTqmis 
SeuZebelia maTi gafiltvra da erTmaneTisagan dacileba. mag-
ram analizis praqtikaSi aris SemTxvevebi, roca zolis war-
moqmnas da naleqis koagulacias iyeneben liTonTa raodenob-
rivi gansazRvrisaTvis. magaliTad, cnobilia TuTiis, man-
ganumis, tyviis, kadmiumis da sxva liTonebis gansazRvris 
titrimetruli meTodi kaliumis ferocianidis — K4[Fe(CN)6]-
is gamoyenebiT. am meTodSi zolis warmoqmna da sedimentacia 
(naleqis gamoyofa) gamoyenebulia ekvivalentobis wertilis 
dasadgenad. 

maSasadame, qimiur analizSi koloiduri xsnarebis miznob-
rivi gamoyenebis an misi Tavidan acilebisTvis saWiroa Ses-
wavlil iqnas koloiduri sistemebis ZiriTadi Tvisebebi da 
maTi warmoqmnis pirobebi. 

13.1. koloiduri xsnaris warmoqmnis pirobebi 

koloiduri nawilaki — micela. koloiduri xsnaris nawi-
lakebi, Staudingeris mixedviT, Seicaven 103-109 atoms. zo-
gierTi koloiduri nawilaki warmoadgens calkeul mikromo-
lekulas, an agregats, romelsac aqvs nemsis, an burTuli-
seburi forma. koloiduri nawilakis masa aRwevs daaxloebiT 
1000 da 10 000 masis atomur erTeuls. magaliTad, rkinis(III) 
hidroqsidis koloiduri nawilakis masa tolia 5 000 m.a.e.; 
siliciummJavisa — 50 000 m.a.e. 

koloiduri xsnaris moZravi nawilakis kinetikuri ener-
gia Warbobs simZimis Zalas, amis gamo myari faza ar gamoile-
qeba da zomierad ganawilebuli rCeba xsnarSi. garda amisa, 
koloidur nawilakebs gaaCniaT erTnairi muxti da maT Soris 
ganzidvis Zalebis zemoqmedebis gamo nawilakebi ar msxvil-
deba. koloiduri nawilakebis erTsaxeliani muxtiT damuxt-
vas amtkicebs eleqtroforezi*). magaliTad, liTonTa sulfi-
debis koloiduri nawilakebi eleqtroforezis dros gadaad-
gildebian anodisaken, e.i. nawilakebs gaaCniaT uaryofiTi 

                                                 
*) procesi, roca eleqtrodenis gatarebisas xdeba nawilakTa gadaadgileba. 
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muxti. maSasadame, koloiduri nawilakis erTnairniSniani mux-
ti ganapirobebs am sistemebis mdgradobas. 

koloiduri xsnarebi warmoiqmneba nimuSis damuSavebis, gax-
snis, hidrolizis, daleqvis, kompleqsawrmoqmnis da sxva Sem-
TxvevebSi. magaliTad, FeCl3-is hidrolizis dros warmoiqmneba 
rkinis hidroqsidis mowiTalo feris koloiduri xsnari. 

koloiduri nawilakis granulas muxts, ganapirobebs ko-
loiduri xsnaris warmoqmnis pirobebi. mag., Tu did moculoba 
wyals wveTobiT davumatebT rkinis (III) qloridis xsnars, 
warmoiqmneba rkinis hidroqsidis Fe(OH)3 nawilaki, romelic 
aadsorbirebs Tavis zedapirze rkinis dadebiTad damuxtul 
ionebs da warmoqmnis dadebiTad damuxtul nawilaks, e.w. gra-
nulas (a). Tu Fe(OH)3-is warmoqmna xdeba tute garemoSi, e.i. na-
wilaki SexebaSia OH¯-ionebTan, maSin igi aadsorbirebs uar-
yofiTad damuxtul hidroqsid-ionebs da granula miiRebs 
uaryofiT muxts (b).  

 

Fe(OH)3 Fe(OH)3
Fe3+

Fe3+

Fe3+
Fe3+

Fe3+

da

OH-OH-

OH-

OH-OH-

OH-

-HO

(a) (b)

Fe3+

 
(a) da (b) granula izidavs xsnarSi myof sapirispirod da-

muxtul ionebs da qmnis e.w. adsorbirebul Sres, romelic Tavis 
mxriv kompensirebulia dadebiTi, an uaryofiTi ionebiT (e.w. 
difuzuri Sre). garkveuli eleqtrobiT damuxtul koloidur 
nawilaks, granulas, xsnarSi myof sapirispiro muxtis mqone 
ionebTan erTad ewodeba micela. rkinis hidroqsidis micelas 
aRnagoba sqematurad SeiZleba warmovadginoT Semdegnairad 

granula

micela

[Fe(OH)3]m   xFe3+ + 3xCl-

guli

granula

micela

(b)[Fe(OH)3]m    xOH- + 3xNa+

guli

. .
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analogiurad dariSxanis sulfidis micela: 
 

{(As2S3)m     nHS-,  (n-x)H3O+}xH3O+

guli

granula

micela

.

 
  
e.i. micelas SemadgenlobaSi Sedis: koloiduri nawilakis 

guli, granula, ormagi eleqtronuli Sre, romlis SigniTa 
Semonafenia granulas zedapirze adsorbirebuli ionebi, e.w. 
adsorbciuli Sre da gare Semonafeni, e.w. difuzuri Sre.  

eleqtroforezis siCqaris mixedviT SeiZleba gamovTva-
loT ormagi eleqtronuli Sris potencialis sidide. mas 
eleqtrokinetikur potencials, anu Zeta potencials*) (ϑ) 
uwodeben. Zeta potenciali warmoiqmneba adsrobciuli da 
difuzuri Sris sazRvarze; igi gansxvavdeba Termodinamikuri 
potencialisagan (jer erTi imiT, rom igi gacilebiT mcirea 
ukanasknelze. eleqtrokinetikuri potenciali izomeba mili-
voltebSi, Termodinamikuri — voltebSi; meore imiT, rom 
Zalian mgrZnobiarea eleqtrolitebis mcire minarevis mimar-
Tac ki).  

eleqtrokinetikuri potenciali ganapirobebs koloidu-
ri nawilakebis Tvisebebs: mdgradobas, eleqtrokosmoss, di-
nebas, migracias da sxva. 

 13.2. koloiduri xsnarebis                           
koagulaciis saSualebebi 

koloiduri xsnarebis stabilurobas ganapirobebs: 
1) koloiduri nawilakis erTnairi eleqtronuli muxti. erT-
nairniSniani nawilakebi ganizidaven erTmaneTs, ris gamoc ar 
xdeba maTi msxvil agregatebad Sekvra; 2) hidrataciis (solva-
taciis) procesi, roca koloiduri nawilaki Tavis zedapirze 
aadsorbirebs gamxsnelis molekulebs (mag., wyals). am dros 

                                                 
*) ϑ — zeta — berZnulad. 
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koloidur nawilaks gars ertymis solvaturi garsi, romelic 
xels uSlis nawilakebis daaxloebas da gamsxvilebas; 3) tem-
peratura gavlenas axdens ionTa adsorbciaze. temperaturis 
gazrdiT izrdeba desorbcia da, Sesabamisad, mcirdeba kolo-
iduri xsnaris mdgradoba; 4) xsnaris  pH. mag. mJavianobis gaz-
rdiT xdeba pirvelad SreSi adsorbirebuli ionebis proto-
nizireba da koloiduri nawilakis mdgradoba mcirdeba; 5) gav-
lenas axdens xsnarSi eleqtrolitebis Setana. eleqtrolitis 
ionebi aneitralebs koloiduri nawilakis muxts, ris Sedegadac 
zoli gadadis gelSi. 6) koloiduri xsnaris mdgradobaze moqme-
debs agreTve koloidze sapirispiro muxtis mqone sxva kolo-
iduri xsnaris damateba. am SemTxvevaSic muxtis ganeitralebis 
gamo koloiduri xsnari gadadis gelSi. sxvadasxva saxis koloi-
duri nawilakis solvataciisadmi midrekileba sxvadasxvagvaria. 
amis Sesabamisad, arCeven liofobur da liofilur koloidebs 
(hidrofoburi, hidrofiluri).*) 

liofilur koloids aqvs gamxsnelis molekulebis STan-
Tqmis unari da sakmaod Zlieradac solvatirdeba. am dros 
koloidebis mdgradobisaTvis mniSvnelovania solvataciis 
faqtori. liofiluri koloidi, liofoburisagan gansxva-
vebiT, ufro blantia; naklebad mgrZnobiarea damatebuli 
eleqtrolitis mimarT. koncentrirebul marilTa xsnarebis 
mimarT aqvs ganSrevebis unari. e.i. koagulirdeba, magram gan-
zavebiT kvlav heptizirdeba. wylis molekulebis adsorbci-
isadmi gansakuTrebiT did midrekilebas iCens organuli ko-
loidebi: cilebi, gumiarabiki, Jelatini, saxamebeli da sxva. 
maT nawilakebs gars ertymis siTxis fena da koagulaciis 
dros warmoqmnis wyliT uzomod mdidar labas, e.w. `gels~. 
araorganuli koloidebidan liofilurs miekuTvneba sili-
ciumis, kalas mJavebi da nawilobriv liTonTa hidroqsidebi: 
Al(OH)3,  Fe(OH)3, da sxva. 

liofoburi koloidi wylis did raodenobas ar aadsor-
birebs da xsnaridan gamoiyofa fxvniliseburi naleqis saxiT. 

liofoburi koloidebis mdgradobas gansazRvravs nawi-
lakebis eleqtronuli muxti da maT Soris urTierTganzidvis 
Zalebi. e.i. liofoburi koloidi warmoadgens uxsnadi ara-
organuli nivTierebis dispersul sistemas Txevad fazaSi. is 
gamoirCeva eleqtrolitebisadmi didi mgrZnobiarobiT. lio-

                                                 
*) `hidrofiluri~ niSnavs wylis moyvaruls; `hidrofoburi — wylis moZules. 
liofoburi da liofiluri — gamxsnelis moZule da gamxsnelis moyvaruli. 
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foburi koloidis zolze eleqtrolitis mcire raodenobis 
damatebisas, muxtiani koloiduri nawilakebi aadsorbireben 
eleqtrolitis sapirispiro muxtis ionebs; amis gamo imdenad 
Semcirdeba koloiduri nawilakis muxti, rom Seiqmneba nawi-
lakebis SeWidulobis saTanado pirobebi da naleqi gamsx-
vildeba*). maSasadame, zolSi koloiduri nawilakebis gams-
xvilebis process uwodeben koagulacias; Sors wasul koagu-
lacias ki — sedimentacias. magaliTad, HCl-is moqmedebiT 
As2S3-is zolis koagulacia da sedimentacia sqematurad SeiZ-
leba ase gamoisaxos: 

(As2S3)m·nHS⎯ + nH+ ⇄(As2S3)m·nH2S 
e.i. am dros Warbi H+-ionebi adsorbirebuli Sris HS¯-ionebTan 
warmoqmnis H2S-is molekulebs da koloiduri nawilakis muxti 
ganeitraldeba. eleqtroneitraluri nawilakebi ewebeba er-
TmaneTs da daiwyeba koagulacia. roca procesis Sedegad war-
moqmnili agregatebi miaRwevs iseT zomas, rom maTi kine-
tikuri energia bevrad naklebi gaxdeba simZimis Zalaze, na-
leqi mTlianad gamoiyofa (sedimentacia). 

analogiurad warmoebs rkinis (III) hidroqsidis zolis koa-
gulacia. amisaTvis sruliad sakmarisia NH4OH-is ramdenime 
wveTis damateba. 

[Fe(OH)3]mnFe3+ + 3nOH⎯⇄[Fe(OH)3]m·Fe(OH)3 

koloidebis koagulaciis procesi Seqcevadia. mravali ni-
vTierebis naleqi, romelic koagulaciis Sedegad aris miRe-
buli, saTanado eletrolitiT damuSavebiT an ganzavebiT Se-
iZleba isev zolSi gadavides. magaliTad, rkinis (III) hidroq-
sidis naleqs Tu davamuSavebT rkinis qloridis wyalxsnariT, 
igi gelidan isev zolis mdgomareobaSi gadava. 

amrigad, mocemul gelze romelime mesame komponentis 
damatebisas zolis warmoqmnis process, peptizacia ewodeba. 
nivTierebas (mesame komponents), romelic xels uwyobs zolis 
warmoqmnas, uwodeben peptizators, e.i. Fe(OH)3-saTvis FeCl3-
peptizatoria. 

                                                 
*) msxvili agregatebis warmoqmnisas simZimis Zalis moqmedebiT gamoiyofa 
dispersiuli faza — e.w. geli. 
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naleqis peptizacia xdeba maSinac, roca peptizator-eleq-
trolitis erT-erTi ioni warmoadgens potencialis ganmsaz-
Rvrel ions. 

piriqiT, zolidan gelSi gadasayvanad, saWiroa koloidur 
nawilaks mTlianad, an nawilobriv mainc isev daubrundes 
muxti, romelic man dakarga koagulaciis dros.  

xSirad, koagulirebuli naleqi Tan waritacebs koagulan-
tis ionebs, rac naleqis gaWuWyianebis mizezi xdeba. ase ma-
galiTad, liTonTa sulfidebi Tavis zedapirze inarCunebs 
H2S-is adsorbirebul Sres, romelic iwvevs gareSe ionTa sul-
fidebis e.w `Semdgom daleqvas~. naleqis gamosayofad saWiro 
koagulantis raodenobas umTavresad ganapirobebs koagu-
lant-ionis muxtis sidide. ase magaliTad, As2S3-is zoli-
saTvis K+, Ba2+, Al3+-is makoagulirebeli moqmedeba 1:20:1000 
ricxvebis proporciulia, e.i. am zolis koagulacia rom 
moxdes, samvalentiani ionebis raodenoba 1000-jer naklebi 
unda aviRoT, vidre erTvalentiani ionebisa da 50-jer nak-
lebi, vidre orvalentiani ionebisa. aseve, dadebiTad damux-
tuli zolis nawilakebis koagulaciisaTvis mniSvneloba aqvs 
makoagulirebeli eleqtrolit-anionis muxts, magaliTad, 

rigSi — Cl¯, −− 3
6

2
4 Fe(CN),SO  — makoagulirebeli moqmedeba 

izrdeba. 
zolis koagulacia xdeba agreTve koloidur xsnarze sa-

pirispiro muxtis mqone koloidis damatebiT. uaryofiTi mux-
tis mqone koloiduri nawilakebis koagulacia SeiZleba dade-
biTad damuxtuli koloiduri nawilakebiT. 

liofoburi koloidebis koagulaciisaTvis sakmarisia 
nawilakis muxtis garkveul zRvramde Semcireba. liofiluri 
koloidis SemTxvevaSi amis garda, saWiroa solvatirebuli 
garsis daSlac, risTvisac eleqtroliti ufro didi raode-
nobiT unda daematos. makoagulirebeli eleqtrolitis ione-
bi koloidur nawilaks arTmevs gamxsnelis molekulebs da 
TviTon solvatirdeba, liofiluri zoli ki Rebulobs lio-
foburi nawilakis Tvisebebs, imavdroulad xdeba agreTve ko-
loiduri nawilakebis ganmuxtvac, e.i. warmoebs sedimentacia. 

eleqtrolitebis mimarT liofoburi koloidebis mdgra-
doba izrdeba Tu mas mcire raodenobiT davumatebT liofi-
lur koloids. am movlenas uwodeben `koloidur dacvas~; misi 
arsi imaSi mdgomareobs, rom liofiluri koloidi adsor-
birdeba liofobur koloidze da TavianTi solvaturi garsiT 
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icaven mas gareSe eleqtrolitis zemoqmedebisagan. damcvel 
koloidebad xmaroben saxamebels, Jelatins, gumiarabiks. 
agar-agars da a.S. es movlena gamoyenebulia, magaliTad, speq-
trofotometriaSi kompleqsTa naerTebis Seferili zolebis 
stabilurobis SesanarCuneblad. 

xSirad nivTierebis identifikaciis, daleqvis, dacilebisa 
da gansazRvris dros koloidis warmoqmna arasasurveli mov-
lenaa. misi Tavidan asacileblad saWiroa dacul iqnas saTa-
nado pirobebi:  

1. saanalizo xsnars winaswar daematos saTanado eleqtro-
liti (marilmJava, an amoniumis qloridi da sxv.). 

2. daleqva da gafiltvra unda vawarmooT cxeli xsnarebi-
dan, dayovnebis gareSe. 

3. naleqi unda Cairecxos cxeli gamoxdili wyliT, romel-
sac mimatebuli aqvs saTanado eleqtroliti da a.S.. 

13.3. savarjiSo kiTxvebi 

1. ra aris zoli da geli? 
2. ra ganapirobebs koloiduri xsnaris stabilurobas? 
3. ra aris micela? dawereT dariSxanis(III) sulfidis da rki-

nis(III) hidroqsidis micelas aRnagobebi. 
4. ra aris koagulacia, sedimentacia da peptizacia? 
5. moiyvaneT koloiduri xsnarebis warmoqmnis magaliTebi 

qimiur analizSi. 
6. qimiuri analizis ra procesebSia gamoyenebuli zolidan 

gelSi da piriqiT — gelidan zolSi gadasvlebi? 
7. rogor aviciloT Tavidan koloiduri xsnaris warmoqmna? 
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Tavi  14  

praqtikuli (laboratoriuli) 

samuSaoebi 

14.1. ionTa aRmoCenisa da dacilebis teqnika 
naxevrad mikroanalizSi 

ionis individualuri aRmoCenis reaqciebs atareben sin-
jarebSi. am dros daculi unda iyos reaqciis Catarebis yvela 
piroba; xsnaris pH-is gasarkvevad iyeneben universaluri 
indikatoris qaRalds. saTanado pH-is Sesaqmnelad xmaroben 
mJavebis, tuteebisa da buferul narevTa xsnarebs. 

wveTuri analiziT ionTa aRmoCenas awarmoeben saanalizo 
xsnaris erT, an ramdenime wveTSi (saanalizo nivTierebis rao-
denoba ~ 0,1 mg/l). wveTis gadasatanad iyeneben kapilarebs, an 
platinis maryuJs. forovan masalad xmaroben sufTa unacro 
filtris qaRalds. 

ionTa mikrokristaloskopur aRmoCenas (identifici-
rebas) awarmoeben mikroskopis saSualebiT. saanalizo xsnaris 
wveTs aTavseben sasagne minaze, umateben saTanado reaqtivebs 
da yvela saWiro proceduras atareben mocemuli meTodikis 
mixedviT. kristalebis formas akvirdebian mikroskopiT. 

qromatografiuli analizisas: 
a) molekulur-adsorbciul meTodSi adsorbentad iye-

neben qromatografirebisaTvis specialurad damuSavebul 
aluminis oqsids — Al2O3, analizisTvis ki — qromatografiul 
svets. is warmoadgens 1 sm diametris mqone minis mils, romlis 
Seviwrovebul boloSi moTavsebulia bamba. milSi gadaaqvT 
Al2O3-is wyliani masa (wyali Camoedineba bolodan; svetSi rCe-
ba Al2O3). saanalizo xsnars zomieri siCqariT atareben ad-
sorbentis svetSi, romelSic xsnaris Sedgenilobis mixedviT 
gamoiyofa (gamoikveTeba) Seferili zonebi, e.w. `qromato-
gramebi~. Tu qromatograma uferoa, umateben `gamommJRavne-
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bel reagents~, romelic saZiebel nivTierebasTan warmoqmnis 
Seferil produqts. am dros Seferili zonebi ufro mkveTri 
da TvalsaCinoa; 

b) daleqviT qromatografiaSi forovan nivTierebas 
JRenTaven damleqavi reagentiT. saanalizo xsnaris gata-
rebisas Semadgeneli komponentebi reagentTan warmoqmnis 
Seferil naleqs maTi xsnadobis namravlis Sesabamisad; 

g)  iongacvliT qromatografiaSi gamoyenebulia organu-
li iongacvliTi fisebi — kationitebi da anionitebi, rom-
lebsac winaswar damuSavebis Semdeg aTavseben qromatog-
rafiul svetSi (svetis sigrZe 20-25 sm; sigane — 1,2-1,5 sm; 
simaRle daaxloebiT 20-jer unda aRematebodes siganes).  

ionitis damuSaveba. ionits (mag., kationits KY-2) aTavse-
ben qimiur WiqaSi da gasajirjveblad umateben NaCl-is najer 
xsnars. ayovneben 24 saaTis ganmavlobaSi. Semdeg kationits 
recxaven gamoxdili wyliT NaCl-is mocilebamde. gadaitanen 
qromatografiul svetSi da umateben 1/3 moculobis gamox-
dil wyals. mag.: Fe(III)-is mosacileblad kationits Carecxaven 
0,5 — 2N HCl-iT. srul Carecxvas amowmeben amoniumis an 
kaliumis TiocianidiT.  

kationitis regeneracias axdenen 2N HCl-iT, romelsac 
atareben svetSi 1 ml/wT siCqariT. Semdeg mJavas Camorecxaven 
gamoxdili wyliT. mJavas srul gamorecxvas amowmeben meTil-
wiTeliT. 

eqstraqciul meTodSi nivTierebis aRmoCenasa da daci-
lebas awarmoeben gamyofi Zabrebis saSualebiT, saTanadod 
SerCeuli meTodikis mixedviT amwov karadaSi. 

instrumentul meTodebSi nivTierebis aRmoCenisa da da-
cilebisaTvis iyeneben specialur xelsawyo aparaturas. ma-
galiTad, luminescentur analizSi iyeneben xelsawyos — lu-
minescentur manaTebels, romelic Sedgeba aRmgznebi wyaros 
(vercxliswyal-kvarcis naTura) da Sesabamisi ultraiisferi 
(ui) Suqfiltrisagan, romelic akavebs xilul sinaTles da 
atarebs ultraiisfers. 

polarografiul meTodSi iyeneben sxvadasxva markis 
polarografebs. magaliTad, universalur ПУ-1-s.  
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xelsawyoze muSaobis meTodika da gazomvis teqnika mo-
cemulia specialur saxelmZRvaneloSi [2]. 

14.2. kationTa analizi gogirdwyalbadis meTodiT 

(kationTa aRmomCeni damaxasiaTebeli reaqciebi) 

kationTa TvisebiTi analizis meTodebi (gogirdwyalba-
dis, ugogirdwyalbado, Tanamedrove instrumentuli) gans-
xvavdebian mravali niSniT (kationTa klasifikaciis, analizis 
meTodikiT, Sesrulebis teqnikuri saSualebebiT, sizustiT, 
seleqturobiT, siswrafiT da sxv.), magram saerTo aqvT sa-
fuZveli — ionebis msgavsi da gansxvavebuli Tvisebebi, ro-
melsac gansazRvravs maTi Sesabamisi elementis adgilmde-
bareoba mendeleevis periodul sistemaSi. 

kationTa sistemuri analizis meTodebidan magaliTisaT-
vis SevarCieT gogirdwyalbadis klasikuri meTodi analizis 
msvlelobebis Semoklebuli variantiT. SedarebiT ufro 
srulyofilad ganvixilavT kationTa aRmoCenisa da daci-
lebisaTvis damaxasiaTebel specifiur, seleqtur reaqciebs, 
romlebic gamoyenebulia kationTa analizis zemoaRniSnul 
meTodebSic. 

I jgufis kationebi 

saerTo daxasiaTeba. kationTa pirvel analizur jgufs mi-

akuTvneben: K+, Na+, +
4NH *) da Mg2+∗∗; am jgufis kationebs saer-

To damleqavi ara aqvT. maTi marilebi da hidroqsidebi ume-
tes SemTxvevaSi wyalSi kargad xsnadia (gamonakliss warmo-
adgens Mg2+).  

TvisebiT analizSi natriumis, kaliumisa da amoniumis tu-
teebs iyeneben rogorc reaqtivebs. aRniSnul kationTa qlo-
ridebi, sulfidebi, karbonatebi, fosfatebi, sulfatebi wyalSi 
xsnadia. magniumis karbonati, fuZe karbonati da fosfatebi 
wyalSi ar ixsneba. am jgufis yvela kationi uferoa. 

                                                 
*) 

+
4NH

- asrulebs erTmuxtiani kationis rols. 
∗∗ Mg2+ - meore jgufis kationebis daleqvis dros NNH4Cl da NH4OH-is narevis 
Tanaobisas ar ileqeba (NH4)2CO3-iT da rCeba xsnarSi I jgufis kationebTan. 
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kaliumi — K 
gavrceleba bunebaSi. kaliumi bunebaSi gavrcelebulia 

rogorc mineralebis, ise marilebis saxiT. moipoveba niadag-
Si, qanebSi, mcenaris nacarSi, zRvis wyalSi. misi Semcveli 
mineralebia: silvini — KCl, silviniti — KCl·NaCl; karnaliti — 
KCl·MgCl2·6H2O; kaliumis gvarjila — KNO3; potaSi — K2CO3. 

kaliumi Sedis mraval silikatSi: muskovitSi — KH2Al3 

(SiO4)3, kaliumis mindvris SpatSi (orToklazi) da sxva. kali-
ums Seicavs agreTve mineraluri wyaroebi. kaliumi Tavisi 
TvisebebiT axlo dgas natriumTan, kaliumis geoqimia — nat-
riumis geoqimiasTan. kaliumi, natriumTan SedarebiT, didi 
raodenobiT adsorbirdeba niadagsa da wvrildispersul qa-
nebSi, xarbad STainTqmeba mcenareebiT; amitom mineralur 
wylebSi kaliumi ufro mcire raodenobiTaa, vidre natriumi. 

 

K+-is aRmomCeni reaqciebi  
 

1. kaliumis marilis koncentrirebul, neitralur wyal-
xsnarze Rvinis mJavas moqmedebiT miiReba kaliumis hidro-
tartratis TeTri feris kristaluri naleqi.  

KCl + H2C4H4O6 ⇄ KHC4H4O6↓ + HCl 
naleqi ixsneba mineralur mJavebSi, magram ar ixsneba sust mJa-

vebSi, magaliTad, ZmarmJavaSi. amitom reaqciis bolomde warmar-
TvisaTvis  H+-is SesaboWad iyeneben natriumis acetats.  

KCl + CH3COONa + H2C4H4O6  → KHC4H4O6↓ + CH3COOH + NaCl 
am dros, natriumis acetatis siWarbes unda veridoT, rad-

gan SeiZleba warmoiqmnas wyalSi kargad xsnadi marili — 
KNaC4H4O6. Rvinis mJavas nacvlad, ukeTesia gamoyenebul iqnes 
natriumis hidrotartrati — NaHC4H4O6. 

KCl + NaHC4H4O6 → KHC4H4O6↓ + NaCl 
am SemTxvevaSi HCl ar gamoiyofa da CH3COONa-is damateba 

saWiro aRar aris.  
kaliumis hidrotartrati ixsneba tuteebSi. miiReba wyal-

Si xsnadi marilebi.  

KHC4H4O6 + NaOH →NaKC4H4O6 + H2O 
KHC4H4O6 + KOH →K2C4H4O6 + H2O 
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kaliumis hidrotartrati kargad ixsneba agreTve cxel 
wyalSi; midrekileba aqvs zenajeri xsnaris warmoqmnisadmi, 
amitom naleqis gamosayofad saWiroa saanalizo xsnaris ga-
cieba (onkanis wylis WavliT) da minis wkiriT meqanikuri ze-
moqmedeba sakristalizacio centris warmosaqmnelad. 

kaliumis ionis msgavs reaqcias iZleva NH +
4 , amitom is 

winaswar unda iqnes mocilebuli.  
2. natriumis heqsanitrokobaltati — Na3[Co(NO2)6] kali-

umis marilebis neitralur, an sust-mJava garemodan gamo-
yofs yviTeli feris kristalur naleqs — kaliumnatriumheq-
sanitrokobaltats. naleqis Sedgenilobas ganapirobebs ka-
liumis xsnaris koncentracia.  

2KCl + Na3[Co(NO2)6]→ K2Na[Co(NO2)6]↓ + 2NaCl 
an   3KCl + Na3[Co(NO2)6]→ K3[Co(NO2)6]↓ + 3NaCl 

reaqciis mgrZnobiaroba izrdeba xsnarSi vercxlis, tyviis 

an vercxliswylis marilebis SetaniT: 

KCl + Na3[Co(NO2)6] + Pb(NO3)2 →KPb[Co(NO2)6]↓ + 2NaNO3 + NaCl 

aRniSnuli reaqciis Casatareblad unda davicvaT Semdegi 
pirobebi: 1) xsnars ar unda hqondes tute garemo, raTa ar 
daileqos Co(OH)3. 2) mJava garemo ar SeiZleba, radgan Slis 
reagents. 3) xsnari ar unda Seicavdes aRmdgenlebsa da mJan-

gavebs. 4) winaswar unda moscildes NH +
4 , radgan is iZleva 

analogiur reaqcias. 5) tyviis marilebis gamoyenebis Sem-

TxvevaSi xsnari ar unda Seicavdes: Cl-, −2
4SO , −2

3SO ionebs, vina-
idan aRniSnuli ionebi tyviasTan naleqs warmoqmnis. 

3. platina qlorwyalbadmJava kaliumis marilis koncen-
trirebuli xsnaridan gamoyofs yviTeli feris kristalur 
naleqs — kaliumis heqsaqlorplatinats. 

2KCl + H2[PtCl6] → K2[PtCl6]↓ +2HCl 

ganzavebuli xsnarebidan naleqi gamoiyofa dayovnebis 
Semdeg. naleqi swrafad warmoiqmneba xsnaris gaciebiT da Sen-
jRreviT. naleqi kargad ixsneba tuteebSi, mcired — spirteb-

Si. analogiuri reaqcia axasiaTebs NH +
4 -s, magram im gansxvave-



 239 

biT, rom amoniumis qlorplatinati gaxurebiT iSleba amiakis 
gamoyofiT da naSTis wyalSi gaxsnis Semdeg aRniSnul re-
agentTan naleqs ar warmoqmnis. 

4. qlormJava — — leqavs TeTri feris kristalur naleqs: 

KCl + HClO4 → KClO4 + HCl 
naleqi uxsnadia spirtsa da koncentrirebul qlormJavaSi. 
5. mikrokristaloskopuri reaqcia: Na2PbCu(NO2)6-is  moq-

medeba K+-ze. aRniSnuli reagenti neitralur garemoSi pH=7, 
K+-Tan warmoqmnis Sav an yavisfer kuburi formis kristalebs. 

Na2Pb[Cu(NO2)6] + 2KCl → K2Pb[Cu(NO2)6]↓ + 2NaCl 

reaqcias atareben Semdegnairad: sasagne minaze aTavseben 
KCl-is koncentrirebuli xsnaris erT wveTs (SeiZleba gamovi-
yenoT kristalebic). amoaSroben mSral naSTamde. mis gverdiT 
awveTeben (1 wveTi) reaqtivs da minis wkiriT frTxilad Seu-
reven mSral naSTs. warmoqmnili kristalebis formas akvir-
debian mikroskopiT. 

aRmoCenas xels uSlis NH +
4 , radgan amoniumis marilebi 

warmoqmnis kaliumis marilebis msgavsi formisa da feris 
kristalebs. xels ar uSlis  Na+, Mg2+. 

 
natriumi — Na 

 
gavrceleba bunebaSi. natriumi kaliumis Semdeg yvelaze 

gavrcelebuli elementia. dedamiwis qerqSi — 2,75%. misi yve-
laze mniSvnelovani mineralia galiti anu qvamarili – NaCl. 

NaCl moipoveba zRvaSi — 8,5%, okeaneSi — 3,5% da agreTve 
mineralur wylebSi. natriumis Semcveli mniSvnelovani mari-
lebia: Cilis gvarjila – NaNO3; boraqsi – Na2B4O7·10H2O; 
trona – Na2CO3·NaHCO3·2H2O; soda – Na2CO3·10H2O; krioliti 
– Na3AlF6; mirabiliti (glauberis marili) – Na2SO4·10H2O; 
natriumi Sedis agreTve mraval silikatSi, rogoricaa natri-
umis mindvris Spati — albiti — NaAlSiO8 da sxva.  

Na+-is aRmomCeni reaqciebi  

1. kaliumis hidropirostibiati – K2H2Sb2O7 natriumis ma-
rilebis neitralur, sust tute, an sust mJava wyalxsnarebidan 
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gamoyofs TeTri feris kristalur naleqs — natriumis hid-
ropirostibiats: 

2NaCl + K2H2Sb2O7 → Na2H2Sb2O7↓ + 2KCl 
reaqciis Casatareblad aucilebelia davicvaT Semdegi 

pirobebi: a) natriumis marilis xsnari unda iyos koncentri-
rebuli, winaaRmdeg SemTxvevaSi naleqi ar gamoiyofa an ga-
moiyofa dayovnebis Semdeg; ganzavebuli xsnarebis SemTxve-
vaSi koncentracia winaswar unda gavzardoT xsnaris aor-
TqlebiT. b) sakvlev xsnars unda hqondes neitraluri, susti 
tute an susti-mJava garemo. winaaRmdeg SemTxvevaSi, Zlier 
mJava garemo Slis reaqtivs: 

K2H2Sb2O7 + 2HCl → H4Sb2O7↓ + 2KCl 

warmoqmnili pirostibiumis mJava iSleba da gamoiyofa 
amorfuli TeTri feris naleqi – HSbO3, SeiZleba Secdomis 
wyaro aRmoCndes, radgan miRebuli amorfuli naleqi SeiZleba 
miiCnion natriumis hidropirostibiatis kristalur naleqad.  

H4Sb2O7→ 2HSbO3↓ + H2O 
g) xsnars ar unda hqondes tute garemo, radgan am dros ga-

moiyofa wyalSi kargad xsnadi ormagi marili: 

Na2H2Sb2O7 + 2KOH  → Na2K2Sb2O7 +H2O 
d) naleqi cxel wyalSi xsnadia, amitom mis gamosayofad sa-

Wiroa sareaqcio aris gacieba.  
e) naleqis gamosayofad saWiroa minis wkiriT meqanikuri 

zemoqmedeba. 
v) xsnarSi ar unda iyos Zlieri mJavas marilebi, radgan 

hidrolizis gamo wyalxsnarebSi  warmoqmnili Zlieri mJava 
reaqtivs Slis HSbO3-is gamoyofiT. 

K+ da NH +
4 -is garda yvela kationi xels uSlis aRmoCenas, 

radgan isini reaqtivTan naleqs warmoqmnian. 
2. TuTia-uranilacetati natriumis ions leqavs neitra-

lur an ZmarmJava garemoSi, yviTeli feris kristaluri na-
leqis natrium-TuTia-uranilacetatis saxiT: 

NaCl+Zn(CH3COO)2+3UO2(CH3COO)2+CH3COOH→ 

→NaZn(UO2)3·(CH3COO)9↓+HCl 
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reaqciis mgrZnobiarobas zrdis spirtis damateba. reaqci-

as xels ar uSlis — NH +
4 , K+, Mg2+, Ca2+, Ba2+, Sr2+, Mn2+, Al3+, Zn2+, 

Ni2+, Co2+. 

3. kaliumis an amoniumis oqsalati natriums leqavs TeTri 
feris kristaluri naleqis saxiT. naleqis xsnadobis Sesam-
cireblad umateben eTilis spirts (a-is saanalizo xsnari kon-
centrirebuli unda iyos). 

2NaCl + K2C2O4 → Na2C2O4↓+2KCl 

amoniumi – +
4NH  

gavrceleba bunebaSi. amoniumis marilebi gvxvdeba mraval 
mineralSi (magaliTad, amoniumis Sabi, apofiliti). mcire rao-
denobiT moipoveba yvela kristalur qanSi, saidanac gamo-
tutvis Sedegad gadadis mineralur wylebSi. amiaki moipoveba 
moqmedi vulkanebis napralebSi NH4Cl-is saxiT; igi warmoiqmneba 
cilovani nivTierebebis lpobis Sedegad.  

+
4NH -is aRmomCeni reaqciebi  

1. amoniumis marilis koncentrirebul xsnarze mwvave 
tuteebis – NaOH, KOH, Ba(OH)2,  Ca(OH)2 – wyalxsnarebis dama-
tebiT da gacxelebiT gamoiyofa airadi amiaki: 

NH4Cl + NaOH ⎯→⎯t  NH3 ↑ + NaCl + H2O 

amiaki gamoicnoba: a) damaxasiaTebeli suniT; b) 12M HCl-Si 
dasvelebuli minis wkiri amiakis orTqlSi Setanisas war-
moqmnis NH4Cl-is TeTr nisls; g) sveli, wiTeli, lakmusiani qa-
Raldi NH3-is moqmedebiT lurjdeba. 

es reaqcia specifiuria. sxva ionebi xels ar uSlis NH +
4 -is 

aRmoCenas. 

NH +
4 -s axasiaTebs K+-is msgavsi reaqciebi. magaliTad: 

Rvinis mJava da misi marilebi, natriumis heqsanitroko-

baltati, qlormJava, platinaqlorwyalbadmJava NH +
4 -Tan mo-

qmedebs K+-is analogiurad (ix. reaqciebi K+-Tan. aq ganvixi-
lavT kaliumis araanalogiur reaqciebs). 



 242

2. mcire raodenoba NH +
4 -is aRmosaCenad iyeneben nesler-

is*) reaqtivs, romelic amiakis did raodenobasTan iZleva 
mowiTalo-yavisfer naleqs, mcire raodenoba ki xsnars yviT-
lad feravs. 

NH4Cl + 2K2[HgI4] + 4KOH →  [Hg2ONH2]I ↓ + 3H2O + KCl + 7KI 
              milonis fuZis 

                                   iodidi 

es reaqcia mgrZnobiarea. gamoiyeneba mcire raodenoba ami-
akis aRmosaCenad (mag., sasmel da mineralur wylebSi). 

3. amoniumis marilebi gaxurebiT iSleba aqroladi naer-
Tebis warmoqmniT. 

            NH4Cl ⎯→⎯t  NH3↑ + 2HCl↑ ;    NH4NO3 ⎯→⎯t  N2O↑ + 2H2O 

am TvisebiT  NH +
4 -s acileben sxva kationebs. 

magniumi – Mg 

gavrceleba bunebaSi. magniumi Seadgens dedamiwis qerqis 
daaxloebiT 2,08%. Tavisufal mdgomareobaSi igi ar gvxvdeba. 
moipoveba okeaneebSi, tbebSi, mcenareebsa da cocxal orga-
nizmebSi. farTodaa gavrcelebuli sxvadasxva mineralsa da 
qanSi. misi yvelaze mniSvnelovani mineralebia: magneziti — 
MgCO3; dolomiti — MgCO3·CaCO3, karnaliti – KMgCl3·6H2O, 
bruciti — Mg(OH)2, kizeriti – MgSO4·H2O, epsomiti – 
MgSO4·7H2O (mware marili) da mravalricxovani silikati, maga-
liTad azbesti — CaMg3(SiO3)4, talki — Mg3H2(SiO3)4, zRvis qafi 
(sepioliTi) – H4Mg2Si3O10. 

Mg2+-is aRmomCeni reaqciebi  

1. Mg2+ ar ileqeba (NH4)2CO3-iT amoniumis marilebis Ta-
naobisas. Tu xsnari ar Seicavs amoniumis marilebs, gacxele-
bisa da dayovnebis Semdeg igi gamoiyofa cvladi Sedgeni-
lobis TeTri feris fuZe karbonatis saxiT. 

                                                 
*) nesleris reaqtivis momzadeba: 1,3 g HgCl2 xsnian 60 ml gamoxdil wyalSi; 3,6g 
K-s xsnian 20 ml gamoxdil wyalSi. vercxliswylis marilis xsnars amateben KI-is 
xsnars jer naleqis warmoqmnamde, Semdeg Warbad — naleqis gaxsnamde. amis 
Semdeg umateben 10g KOH-s da xsnaris moculoba mihyavT 100 ml-mde. 
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4MgSO4+4(NH4)2CO3+H2O→Mg4(CO3)3(OH)2↓+CO2↑+4(NH4)2SO4
                    

TeTri 

magniumis fuZe karbonati ixsneba mJavebsa da amoniumis ma-
rilebSi. gacxelebiT xsnadoba izrdeba. 

2. Zlieri tuteebis moqmedebiT Mg2+ ileqeba TeTri feris, 
amorfuli naleqis — Mg(OH)2 saxiT: 

MgSO4 + 2NaOH → Mg(OH)2↓ + Na2SO4 

magniumis hidroqsidi ar ixsneba Warbad damatebuli Na-Si. 
ixsneba amoniumis marilebsa da mJavebSi: 

Mg(OH)2 + 2HCl → MgCl2 + 2H2O 
Mg(OH)2 + 2CH3COOH → Mg(CH3COO)2 + 2H2O 

Mg(OH)2 + 2NH4Cl ⇄ MgCl2 + 2NH4OH 

3. susti tutis — NH4OH-is moqmedebiT Mg2+ nawilobriv 
ileqeba hidroqsidis saxiT, radgan naleqi ixsneba reaqciis 
Sedegad warmoqmnil amoniumis qloridSi. 

MgCl2 + 2 NH4OH ⇄ 2NH4Cl + Mg(OH)2↓ 

amoniumis marilebis siWarbisas Mg(OH)2 saerTod ar dai-
leqeba. am mxriv Mg(OH)2-is analogiur Tvisebebs avlens Mn2+ 
da Fe2+-is hidroqsidebi. 

4. natriumis hidrofosfati – Na2HPO4 magniumis marileb-
is neitraluri xsnarebidan gamoyofs TeTri feris amorful 
naleqs, romelic wyalSi xsnadia, magram xsnars daleqvis win Tu 
davumatebT NH4Cl da NH4OH, miiReba damaxasiaTebeli TeTri 
feris kristaluri naleqi: 

MgCl2+NH4OH+[NH4Cl]+Na2HPO4→ 

→MgNH4PO4↓+[NH4Cl]+2NaCl+H2O 

NH4OH-s umateben Semdegi mizezis gamo: MgNH4PO4 wyal-
xsnarSi hidrolizdeba: 

MgNH4PO4 + H2O⇄ NH4OH + Mg2+ + H −2
4PO  

reaqciis marjvnidan marcxniv gadasanacvleblad (e.i. hid-
rolizis procesis Tavidan asacileblad), xsnars umateben 
NH4OH-s. igi amcirebs naleqis xsnadobas, NH4OH-is damatebis 
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gareSe reaqciis Sedegad warmoiqmneboda H+, romelic gaxs-
nida naleqs. 

H −2
4PO  + Mg2+ + NH4

+ ⇄ MgNH4PO4 + H+ 

NH4Cl-is damateba saWiroa imisaTvis, rom ar gamoileqos 
Mg(OH)2. meore mxriv, NH4Cl-is SetaniT xsnarSi, izrdeba Tana-

mosaxele NH +
4 -ionebis koncentracia, rac amcirebs NH4OH-is 

disociaciis xarisxs. MgCl2 + NH4OH +NH4Cl – narevs uwodeben 
magnezialur narevs. 

5. orTooqsiqinolini — C9H6NOH susttute xsnarebidan 
mTlianad leqavs Mg2+ momwvano-moyviTalo kristaluri nale-
qis saxiT. sakvlevi xsnari ar unda Seicavdes amoniumis mar-
ilebs. dasaleqad iyeneben reagentis 5%-ian spirtxsnars. 

2C9H6NOH + MgCl2 → (C9H6NO)2Mg↓ + 2HCl 

magniumis oqsiqinolinati mdgradi Sigakompleqsuri na-
erTia. ligandsa da liTonis ions Soris ganxorcielebulia 
ionogenuri da koordinaciuli bmebi.  

mikrokristaloskopuri reaqcia. sasagne minaze awveTe-
ben ramdenime wveT sakvlev xsnars, umateben NH4Cl da Warbad 
NH4OH. aTboben, Semdeg umateben Na2HPO4-is mcire kristals. 
im SemTxvevaSi, Tu xsnari Seicavs 5%-ze met Mg2+-s, jer daile-
qeba X-is msgavsi kristalebi, xolo Semdeg warmoiqmneba rom-
buli hemimorfuli kristalebi. aseTi kristalebis warmoqmna 
xdeba swrafi kristalizaciis dros. reaqcias xels ar uSlis 
tute liTonebi. xels uSlis tute-miwaTa liTonebi. am ukanas-
knelis dacileba SeiZleba H2SO4-is an (NH4)2CO3-is damatebiT. 
am dros warmoqmnil xsnar-naleqs filtraven. filtrze rCeba 
tute miwaTa liTonebis sulfatebi an karbonatebi, xsnarSi 
gadis Mg2+. reaqcia Zalze mgrZnobiarea. 

wveTuri reaqcia. magniumis marilis  Semcveli xsnari ka-
pilaris saSualebiT gadaaqvT filtris qaRaldze. umateben 
erT wveT fenolftaleinsa da amiakis xsnars (NH4OH). laqa 
Jolosfrad Seifereba. Tu am laqas frTxilad gavaSrobT, 
Seferva gaqreba amiakis aqrolebis gamo (mSrali Mg(OH)2 fe-
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nolftaleins ar feravs). laqas Tu davumatebT wylis wveTs, 
Mg(OH)2-is gaxsnis gamo igi kvlav Jolosfrad Seifereba.  

 
II jgufis kationebi 

 
jgufis saerTo daxasiaTeba. kationTa meore analizur 

jgufSi gaerTianebulia: Ba2+, Sr2+, Ca2+. jgufis saerTo dam-
leqavia amoniumis karbonati. am kationTa Sesabamisi liTo-
nebi aqtiuri liTonebia. Cveulebriv temperaturaze Slis 
wyals, gamoyofs wyalbadsa da hidroqsidebs. maT Zlieri 
tute reaqcia aqvT. 

aRniSnul kationTa marilebi uferoa; Seferilia im Sem-
TxvevaSi, Tu Seferilia anioni. maTi marilebidan wyalSi 
kargad xsnadia: qloridebi, sulfidebi, acetatebi, nitrate-
bi, nitritebi. wyalSi uxsnadia: karbonatebi, sulfatebi, sul-
fitebi, fosfatebi, qromatebi, oqsalatebi da sxva, rac metad 
sayuradReboa maTi narevis analizisTvis. 

am jgufis kationTa marilebi wyalSi xsnadobis mixedviT 
SeiZleba ganlagdes Semdegnairad: 

 

 

 

 

maSasadame, II jgufis kationTa marilebidan yvelaze Zne-
lad xsnadia BaSO4 (is iTvleba praqtikulad uxsnad naleqad). 
SedarebiT ukeT ixsneba wyalSi — CaSO4. rac Seexeba oqsa-
latebs, Znelad xsnadia kalciumis oqsalati, SedarebiT xsna-
dia bariumis oqsalati. bariumis karbonati ufro Znelad xsna-
dia, vidre stronciumis da kalciumisa. 

am kationTa hidroqsidebi wyalSi xsnadia, magram Sedare-
biT ufro ukeT ixsneba Ba(OH)2, naklebad – Ca(OH)2. Sr-is 
marilebsa da hidroqsids uWiravs saSualo adgili bariumisa 
da kalciumis naerTebs Soris, rac kargad eTanadeba im fun-
qcionalur damokidebulebas, romelic arsebobs naerTis 
Tvisebebsa da elementis adgilmdebareobas Soris mendele-
evis periodul sistemaSi.  
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BaCO3+2HCl BaCl2+H2CO3

H2O

CO2

aRniSnul kationTa sulfatebis Znelad xsnadoba gamoye-
nebulia kationTa sistemuri analizis mJavur-fuZur meTod-
Si, xolo fosfatebisa — amiakur-fosfatur meTodSi. 

 

bariumi — Ba 

gavrceleba bunebaSi. miwis qerqi Seicavs 0,05% bariums. 
bunebaSi umTavresad gvxvdeba ori mineralis saxiT. maTgan, 
viteriti — BaCO3 – aragonitis izomorfulia, xolo bariti, 
anu mZime Spati — anhidritis. bariumi mcire raodenobiT yvel-
gan moipoveba, sadac ki gavrcelebulia kalciumi. bariumis 
xsnadi marilebi toqsikuria. BaSO4-is fxvnili gamoyenebulia, 
rogorc mdgradi TeTri saRebavi. 

a2+-is aRmomCeni reaqciebi  

1. amoniumis karbonati neitralur an sust tute garemoSi 
leqavs Ba2+ TeTri feris bariumis karbonatis saxiT. Tavdapir-
velad naleqi amorfulia, SedarebiT didi moculobisaa, gac-
xelebisa da dayovnebis Semdeg ki gadadis kristalur mdgomare-
obaSi: 

BaCl2+(NH4)2CO3→BaCO3↓+2NH4Cl 

naleqi kargad ixsneba Zlier da sust mJavebSi: 

BaCO3 +2CH3COOH→ Ba(CH3COO)2+H2O +CO2↑ 

bariumis karbonati mcired ixsneba Zlieri mJavebisa da 
susti tutis marilebis (NH4Cl) xsnarSic. mizezi isaa, rom 
NH4Cl wyalxsnarSi ganicdis hidrolizs:  

NH4Cl + HOH ⇄ NH4OH + HCl 

warmoqmnili HCl urTierTqmedebs BaCO3-Tan: 

BaCO3  + 2HCl→ BaCl2 + H2CO3 

BaCO3 + H2CO3→Ba(HCO3)2 
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e.i.     2NH4Cl+2BaCO3+2HOH ⇄ Ba(HCO3)2+BaCl2+2NH4OH 

maSasadame, praqtikulad BaCO3 nawilobriv ixsneba. ami-
tom sakvlev xsnarSi amoniumis marilebis siWarbes unda 
veridoT.  

2. ganzavebuli gogirdmJava, xsnadi sulfatebi, Ba2+-is 
ganzavebuli xsnarebidan gamoyofs TeTri feris kristalur 
naleqs — bariumis sulfats: 

BaCl2 +H2SO4→BaSO4↓ + 2HCl 

naleqi praqtikulad uxsnadia (wyalSi ixsneba 2,5 g/l, 180C), 
naleqi ar ixsneba ganzavebul HCl da HNO3-Si. BaSO4 Zalian 
mcired, magram duRiliT mainc ixsneba koncentrirebul go-
girdmJavaSi.          

                           BaSO4+H2SO4⇄Ba(HSO4)2 

Tu am xsnars ganvazavebT, naleqi kvlav gamoiyofa. koncen-
trirebul Na2CO3-is xsnarTan duRiliT BaSO4 nawilobriv ga-
dadis bariumis karbonatSi 

BaSO4 + Na2CO3⇄BaCO3↓ + Na2SO4 

 BaSO4-is karbonatSi mTlianad gadayvana SeiZleba sodas-
Tan   SelRobiT.  

3. kaliumis qromati K2CrO4 bariumis marilebis neitraluri 
an ZmarmJava xsnaridan gamoyofs yviTeli feris kristalur 
naleqs — BaCrO4-s. 

BaCl2 + K2CrO4→BaCrO4↓ + 2KCl 

naleqi mineralur mJavebSi xsnadia, praqtikulad uxsnadia 
ZmarmJavaSi (gansxvaveba Ca2+-isa da Sr2+-gan). K2CrO4-is xsnarze mJa-
vis moqmedebiT yviTeli feri gadadis narinjisferSi:  

        2 −2
4CrO  + 2H+ ⇄ Cr2

−2
7O  + H2O 

                                   yviTeli           narinjisferi 

reaqcia Seqcevadia, xsnari Seicavs rogorc qromatis, ise 

biqromatis ionebs. tutis moqmedebiT reaqcia gadainacvlebs 

marjvnidan marcxniv. xsnaris feric saTanadod Seicvleba. 
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5. kaliumis biqromati K2Cr2O7 Ba2+-Tan, neitralur an 
sust-mJava garemoSi, warmoqmnis BaCrO4-s da ara biqromats. 

amis mizezi isaa, rom wyalxsnarSi Cr −2
4O ionebicaa, romlebic 

warmoiqmneba Cr2
−2

7O -isa da wylis urTierTqmedebiT:  

Cr2
−2

7O  + H2O ⇄ 2 −2
4CrO  + 2H+ 

K2Cr2O7 + H2O ⇄ K2CrO4 + H2CrO4 

−2
4CrO ionTa koncentracia sakmarisia imisaTvis, rom 

BaCrO4-is xsnadobis namravli ufro adre iqnes miRweuli, vid-
re BaCr2O7 -is. amitom ileqeba BaCrO4, rogorc  ufro Znelad 
xsnadi naleqi da ara BaCr2O7. 

−2
4CrO  + Ba2+ → BaCrO4↓ 

BaCrO4  ZmarmJavaSi ar ixsneba. Zlier mJavebSi ki xsnadia. 

K2Cr2O7+2BaCl2+H2O⇄2BaCrO4↓+2KCl+2HCl 

reaqcia bolomde rom warimarTos, unda daematos 
CH3COONa 

HCl+CH3COONa→CH3COOH+NaCl; amrigad, sabolood: 

2BaCl2+K2Cr2O7+2CH3COONa+H2O→2BaCrO4↓+2KCl+2NaCl+2CH3COOH 
       yviTeli 

Sr2+ da Ca2+  biqromatTan naleqs ar iZleva da amitom Ba2+ -is 
aRmoCenas xels ar uSlis. reaqcia gamoyenebulia Ba2+-is dasa-
cileblad Sr2+ da Ca2+-gan  

alis Sefervis reaqcia: Ba2+-is aqroladi marilebi als 
feravs moyviTalo mwvaned. 

stronciumi — Sr 
gavrceleba bunebaSi: stronciumi mcire raodenobiT gvxvde-

ba iq, sadac aris gavrcelebuli kalciumi. stronciumis mniSvne-

lovani mineralebia: stroncianiti – SrCO3 (izomorfulia ara-

gonitis) da celestini — SrSO4 (izomorfulia baritis). 
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Sr2+-is aRmomCeni reaqciebi  

1. amoniumis karbonati neitralur an sust tute garemoSi 
Sr2+-s leqavs TeTri feris SrCO3-is saxiT. 

SrCl2 +(NH4)2CO3→SrCO3↓ + 2NH4Cl 

naleqi ixsneba Zlier da sust mJavebSi (garda H2SO4). 

SrCO3+2HCl→SrCl2 + H2O+C2O↑ 
SrCO3+2CH3COOH→Sr(CH3COO)2+ H2O+C2O↑ 

2. ganzavebuli gogirdmJava an xsnadi sulfatebi Sr2+-s le-
qaven TeTri feris naleqis — SrSO4-is saxiT. 

SrCl2 + H2SO4→ SrSO4↓+2HCl 

naleqi nawilobriv ixsneba koncentrirebul marilmJavaSi, 
Na2CO3-Tan SelRobiT (analogia Ba2+-Tan) gadadis karbonatSi. 

3. TabaSiriani wyali – CaSO4 – kalciumis sulfatis najeri 
xsnari Sr2+-s leqavs TeTri feris kristaluri naleqis, SrSO4-is 

saxiT: SrCl2 + CaSO4 ⎯→⎯t  SrSO4↓+ CaCl2 

CaSO4-is  wyalSi  xsnadoba  gacilebiT  metia,  vidre SrSO4-isa 
( =

4CaSOPL 6,1·10-5; =
4SrSOPL 2,8·10-7), amitom CaSO4-is najer xsnarSi 

−2
4SO -is koncentracia sakmarisia imisaTvis, rom warmoqmnas SrSO4 

(e.i. gadailaxos xsnadobis namravlis zRvari). naleqi srulad 
gamoiyofa gacxelebisa da dayovnebis Semdeg. am reaqcias xels 
uSlis Ba2+, amitom igi winaswar unda moscildes. 

4. natriumis hidrofosfati – Na2HPO4 stronciumis mari-
lebis neitraluri xsnaridan gamoyofs SrHPO4-is TeTri fer-
is fifqisebr naleqs. 

SrCl2 + Na2HPO4 → SrHPO4↓ + 2NaCl 

amiakis Tanaobisas miiReba kristaluri naleqi: 

3SrCl2 + 2Na2HPO4+2NH3→Sr3(PO4)2↓+4NaCl+2NH4Cl 

orive naleqi — SrHPO4 da Sr3(PO4)2 ixsneba Zlier da sust 
mJavebSi. 

mikrokristaloskopuri reaqcia. sasagne minaze awveTe-
ben stronciumis marilis neitraluri xsnaris erT wveTs 
(sakvlevi xsnari koncentrirebuli unda iyos) da aorTqleben. 
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gaciebis Semdeg mSral naSTs danamaven, umateben K2CrO4-is 
10%-iani xsnaris erT wveTs da warmoqmnil naleqs – SrCrO4-s 
akvirdebian mikroskopSi. reaqcia iZleva 0,8 mkg Sr2+ aRmoCenis 
saSualebas. zRvruli ganzaveba 1:1200; aRmoCenas xels uSlis 
Ba2+ da Ca2+, amitom saWiroa maTi winaswari mocileba. 

alis Sefervis reaqcia: stronciumis aqroladi marilebi 
als aZlevs karmin-wiTel fers. 

kalciumi — Ca 

gavrceleba bunebaSi. kalciumi bunebaSi farTod gavr-
celebuli elementia. igi gvxvdeba mineralebSi, qanebsa da 
wylebSi. misi sabadoebi moipoveba karbonatis – CaCO3 (kirqva, 
carci, marmarilo) saxiT. kirqva da carci xSirad qmnis mTebs; 
misi kristaluri forma — marmarilo SedarebiT ufro nak-
lebadaa gavrcelebuli. 

kalciumis marilebi gvxvdeba agreTve mcenareebsa da ni-
adagSi. gavrcelebuli mineralia kalciumis sulfati — 
CaSO4·H2O (TabaSiri). moipoveba misi uwylo formac (anhid-
riti – CaSO4), dolomiti – MgCO3·CaCO3; kalciumi gvxvdeba 
mraval silikatSic: volastonitSi — CaSiO3; anortitSi — 
CaAl2Si2O8 da sxva. 

Ca(OH)2 wyalSi xsnadia, igi Zlieri tutea. Ca-is marilebi 
wyals aniWebs sixistes: hidrokarbonatebi droebiTs, xolo 
qloridebi da sulfatebi — mudmivs, rac erTob arasasurveli 
movlenaa teqnikasa da yofacxovrebaSi moxmarebis dros 
(wylis dasarbileblad iyeneben sodas, Camqral kirs an ion-
gacvliTi unaris mqone nivTierebebs). 

Ca2+-is aRmomCeni reaqciebi  

1. amoniumis karbonati an sxva xsnadi karbonati kalciumis 
ionis Semcveli xsnarebidan leqavs TeTri feris amorful 
kalciumis karbonats, romelic dayovnebisa da duRilis Se-
degad gadadis kristalur formaSi. 

CaCl2 +(NH4)2CO3→CaCO3↓ + 2NH4Cl 

naleqi ixsneba rogorc Zlier, ise sust mJavebSi. is ixsneba 
agreTve Zlieri mJavas amoniumis marilebSi. 

CaCO3+2NH4Cl→CaCl2 + 2NH3↑+ H2O +CO2↑ 



 251 

CaCO3-is daleqvisas amoniumis qloridis siWarbes unda ve-
ridoT. 

2. ganzavebuli gogirdmJava an xsnadi sulfatebi kalciu-
mis marilebis koncentrirebuli xsnarebidan  gamoyofs TeT-
ri feris kristalur naleqs:  

CaCl2 + H2SO4→ CaSO4↓+2HCl 

naleqis xsnadobis Sesamcireblad, e.i. sruli daleqvisaT-
vis umateben eTilis spirts. Tu xsnari ganzavebulia, naleqi 
gamoiyofa duRilisa da dayovnebis Semdeg. kalciumis sul-
fati ixsneba Warb koncentrirebul (NH4)2SO4-is cxel xsnarSi. 
masTan SedarebiT SrSO4 naklebad ixsneba. am reaqciiT aci-
leben Sr2+ da Ca2+ erTmaneTisgan:              

CaSO4+(NH4)2SO4→(NH4)2[Ca(SO4)2] 

TabaSiris najeri xsnari kalciumis marilebTan simRvri-
ves ar iZleva (gansxvaveba Sr2+ da Ba2+-gan).  

3. amoniumis oqsalati Ca2+-is neitralur an sust mJava ga-
remoSi leqavs TeTri feris kalciumis oqsalats  

CaCl2 +(NH4)2C2O4→CaC2O4↓ + 2NH4Cl 

naleqi wvrilkristaluria, xsnaris dayovnebiT da gac-
xelebiT kristalebi msxvildeba. ganzavebuli xsnarebidan 
kalciumis oqsalati ileqeba dayovnebis Semdeg. naleqi ixs-
neba mineralur mJavebSi. 

CaC2O4+ 2HCl⇄ CaCl2 + H2C2O4 

ZmarmJava kalciumis oqsalats, kalciumis karbonatisgan 
gansxvavebiT, ver xsnis. mizezi SemdegSia:  

1). =
4O2CaCPL 2·10-9,  =

3CaCOPL 1,7·10-8, rogorc Cans, CaCO3 ufro 

xsnadia wyalSi, vidre Ca2C2O4. 

2). ZmarmJavas disociaciis K=1,75·10-5>> =
32COHK 4,5·10-7 da 

ZmarmJava, rogorc SedarebiT ufro Zlieri mJava, advilad 
xsnis CaCO3-s. rac Seexeba mJaunmJavas, K1=5,62·10-2, K2=5,4·10-5, is 
ZmarmJavaze Zlieria. ZmarmJavaSi CaC2O4 ar ixsneba. mis gasax-
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snelad saWiroa H2C2O4-ze ufro Zlieri mJava, raTa Seamciros 
mJaunmJavas disociacia. 

C2
−2

4O +H+⇄HC2
−
4O ;           HC2O −

4 +H+⇄H2C2O4 

rac ufro mcirea naleqis xsnadobis namravlis da didia 
Sesabamisi mJavas disociaciis konstantas ricxviTi mniSvne-
lobebi, miT ufro Znelad xsnadia naleqi. 

4. natriumis hidrofosfati Na2HPO4 kalciumis marilebis 
neitraluri xsnarebidan gamoyofs TeTri feris fifqisebr 
naleqs — kalciumis hidrofosfats. 

CaCl2 + N2HPO4→CaHPO4↓ + 2NaCl 

Ca2+-is aRmomCeni mikrokristaloskopuri reaqcia. sa-
sagne minaze aTavseben kalciumis xsnaris wveTs da umateben 2N 
H2SO4-is xsnaris wveTs, frTxilad aorTqleben, sanam wveTis 
napirze wvrili kristalebi ar gaCndeba. TabaSiris kristalebs 
xsnarSi kalciumis koncentraciis mixedviT aqvs (sur. 14.2.1 
da sur. 14.2.2-ze) warmodgenili forma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur.14.2.1. CaSO4·2H2O kristalebi  
warmoqmnili ganzavebuli xsnaridan 
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alis Sefervis reaqcia: kalciumis aqroladi marilebi  

(CaCl2, CaBr2,  CaI2) als agurisfer-wiTlad feravs. 

III jgufis kationebi 

jgufis saerTo daxasiaTeba. III jgufis kationebs miekuT-
vneba: Al3+, Cr3+, Fe2+, Fe3+, Zn2+, Mn2+, Ni2+, Co2+. es jgufi piro-
biTad iyofa or qvejgufad: rkinisa da TuTiis qvejgufad. 
rkinis qvejgufSia: Fe2+, Fe3+, Al3+, Cr3+; TuTiis qvejgufSi — Zn2+, 
Mn2+, Ni2+, Co2+ rkinis qvejgufis kationebis umravlesoba — 
Fe3+, Al3+, Cr3+, xsnarSi ufro mdgradia samvalentiani katione-
bis saxiT, xolo TuTiis qvejgufisa  — orvalentiani katione-
bis (Zn3+, Mn2+, Ni2+, Co2+) saxiT. mesame jgufis kationebi (garda 
Al3+ da Zn2+) amJRavneben cvlad valentobas. magaliTad, man-
ganumi naerTebSi — or, eqvs da Svid valentiania. qromi — ori, 
sami da eqvsi.  

III jgufis kationebis saerTo damleqavia (NH4)2S (neitra-
lur an susttute garemoSi). am dros Al3+ da Cr3+ ileqeba hid-
roqsidebis saxiT, danarCeni — sulfidebis saxiT. maTi mari-
lebi: qloridebi, nitratebi, nitritebi, sulfitebi — wyalSi 
xsnadia, wyalSi uxsnadia: sulfidebi, karbonatebi, fosfa-
tebi, qromatebi, fuZe acetatebi da hidroqsidebi. amaTgan 
Zn2+, Al3+ da Cr3+-is hidroqsidebi amfoterulia, ixsneba ro-
gorc mJavebSi, ise mwvave tuteebSi. Mn(OH)2, Fe(OH)2 ixsneba 
Warb amoniumis marilebSi. Fe(OH)3, NiS midrekileba aqvT ko-
loiduri xsnaris warmoqmnisadmi. 

sur.14.2.2. CaSO4·2H2O kristalebi warmoqmnili  
koncentrirebuli  xsnaridan 
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wyalxsnarSi kationebi: Al3+, Zn2+ — uferoa; Fe2+ — momwvano, 
Fe3+ — yviTeli, Cr3+ — xsnaris koncentraciis mixedviT mwvane an 
molurjo-iisferia; Co2+ — vardisferia; Ni2+ — mwvane. 

alumini — Al 
gavrceleba bunebaSi. alumini bunebaSi farTodaa gavr-

celebuli, am mxriv mas mesame adgili uWiravs Jangbadisa da 
siliciumis Semdeg. aluminis mTavari masa imyofeba alumosi-
likatebSi. alumini gvxvdeba agreTve sxvadasxva mineralebis 
saxiT: kriolitis — Na3[AlF6], boqsitis — Al2O3·2H2O, korundis — 
Al2O3. korundi minarevis mixedviT sxvadasxva ferisaa. magaliTad, 
Tu Al2O3 Seicavs Cr2O3 — wiTelia, Tu Fe2O3 da TiO2 — lurji sa-
fironis feria.  

alumini warmoadgens movercxlisfro-TeTr, msubuq li-
Tons. Cveulebriv temperaturaze alumini mdgradia, ifareba 
oqsidis mkvrivi feniT, romelic icavs mas Semdgomi 
daJangvisagan.  

Al3+ -is aRmomCeni reaqciebi  

1. aluminis ionebis Semcvel wyalxsnarze tuteebis — KOH, 
NaOH — frTxilad, wveTwveTobiT damatebisas, gamoiyofa 
TeTri feris amorfuli naleqi Al(OH)3

*). Al(OH)3 tipiuri 
amfoteruli bunebis eleqtrolitia. is ixsneba Warb reagentSi 
metaaluminatis warmoqmniT. 

AlCl3 + 3NaOH → Al(OH)3↓ + 3NaCl 

Al(OH)3 + NaOH → NaAlO2↓ + 2H2O 

naleqi ixsneba agreTve mJavebSi saTanado marilis war-
moqmniT. am reaqciiT mJRavndeba misi fuZe Tviseba. 

Al(OH)3 + 3HCl → AlCl3 + 3H2O 

Al(OH)3 xsnadoba mJavebsa da tuteebSi aixsneba Semdegnai-
rad: Al(OH)3 mcired disocirdeba. 

                          

                                                 
*) Al(OH)3-s mJavas saxiT H3AlO3-s ewodeba orTo aluminis mJava. Na3AlO3 
natriumis orToaluminatia. H3AlO3 gacxelebiT kargavs wyals da warmoqmnis 
HAlO2 — metaaluminis mJavas. mis marils metaaluminati ewodeba. 
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                          II                               I 

                     Al3+ + 3OH¯⇄ Al(OH)3⇄ −3
3AlO +3H+ 

naleqi Al(OH)3 wonasworobaSi imyofeba Al(OH)3-is mcired 
gaxsnil, magram aradisocirebul molekulebTan, es ukanask-

neli Tavis mxriv wonasworobaSia, erTi mxriv, −3
3AlO da H+ 

ionebTan, meore mxriv, Al3+ da OH⎯-Tan, e.i. aq gvaqvs ori 
wonasworobis jaWvi. tutis moqmedebiT SeiboWeba wyalbad-
ionebi. wonasworoba I dairRveva; wonasworobis aRsadgenad ki 
ixsneba Al(OH)3 axali ulufa. naleqze mJavas moqmedeba ar-
Rvevs II wonasworobas. OH⎯ -is Semcirebis gamo, wonasworobis 
aRsadgenad Al(OH)3-is axali raodenoba iwyebs xsnarSi gadasvlas. 
e.i. am SemTxvevaSic naleqi ixsneba. 

2. aluminis ionebis Semcveli xsnaridan Na2HPO4 gamoyofs 
TeTri feris amorful naleqs — AlPO4-s.  

Al3+ + −2
4HPO ⇄ AlPO4 + H+ 

amiakis Tanaobisas reaqcia raodenobrivad mimdinareobs.  

Al3+ + NH3 + −2
4HPO → AlPO4↓ + NH+

4
 

AlPO4 ixsneba mxolod mineralur mJavebSi, ar ixsneba sust 
mJavebSi, magaliTad, ZmarmJavaSi. 

AlPO4 ixsneba Zlier tuteebSi aluminatebis warmoqmniT. 
analogiurad ixsneba TuTiisa da qromis fosfatebic.   

AlPO4 + 4OH- → −
2AlO + −3

4PO + 2H2O 

(analogia Zn2+ da Cr3+ -is fosfatebTan). 
aluminat-ionze amoniumis qloridis moqmedebiT warmo-

iqmneba TeTri feris naleqi. am dros jer warmoiqmneba amo-
niumis orToaluminati (NH4)3AlO3, romelic Semdeg, rogorc 
susti fuZisa da susti mJavas marili, wyalSi hidrolizdeba 
da miiReba Al(OH)3. 

1. Al(ONa)3 + 3NH4Cl ⇄Al(ONH4)3+3NaCl 
2. Al(ONH4)3+3H2O⇄Al(OH)3↓+3NH4OH 

Sejamebuli saxiT:  
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Al(ONa)3+3NH4Cl+3H2O⇄Al(OH)3↓+3NH4OH+3NaCl. 

es reaqcia gamoiyeneba Al3+ da Zn2+ dasacileblad. 
3.  Al3+ amoniumis tutis moqmedebiT ileqeba TeTri feris 

naleqis Al(OH)3 saxiT. daleqva unda moxdes ganzavebuli 
NH4OH-iT. koncentrirebuli NH4OH-is moqmedebisas Al3+-is 
SesamCnevi raodenoba dauleqavi darCeba. am dros aucilebe-
lia NH4OH-Tan erTad xsnars daematos NH4Cl, romelic Zli-
eri eleqtrolitia da axdens naleqis — Al(OH)3-is koagu-
lacias.  

Al3+-is aRmomCeni wveTuri reaqcia. Al3+-mgrZnobiare rea-
gentad iTvleba alizarin-S, romelic Al3+-Tan iZleva wiTel 
Sefervas. reaqcias atareben Semdegnairad: filtris qaRald-
ze aTavseben sakvlevi xsnaris erT wveTs da Semdeg moqmedeben 
NH3 orTqliT, romelic Al3+-Tan warmoqmnis Al(OH)3, Semdeg 
umateben alizarinis spirtxsnaris erT wveTs da kvlav SeaqvT 
filtris qaRaldi NH3-is orTqlSi. am dros warmoiqmneba wi-
Teli Seferva. Seferil laqaze moqmedeben erTi wveTi Zmar-
mJaviT. Seferilobis SenarCuneba aluminis arsebobis dama-
dasturebelia. 

qromi — Cr 

gavrceleba bunebaSi. qromi SedarebiT naklebad gavrce-
lebuli elementia. bunebaSi is moipoveba Semdegi madnis sa-
xiT: qromiti — FeO·Cr2O3 da tyviis qromati — PbCrO4 – kro-
koiti.  

qromi haerze mdgradia. ixsneba marilmJavasa da gogird-
mJavaSi. azotmJava (rogorc ganzavebuli, ise koncentrire-
buli) da Tezafi qromze ar moqmedebs (pasiuri xdeba). naer-
TebSi is avlens cvalebad JangviT xarisxs; axasiaTebs Jangva-
aRdgenis reaqciebi. 

Cr3+-is aRmomCeni reaqciebi  

1. Cr3+-is Semcvel xsnarze Zlieri tuteebis (NaOH, KOH) 
moqmedebiT warmoiqmneba momwvano-monacrisfro naleqi. rea-
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genti unda daematos wveTobiT, winaaRmdeg SemTxvevaSi nale-
qi tuteSi gaixsneba. 

CrCl3 + 3NaOH→Cr(OH)3↓+3NaCl 
naleqi amfoterulia, ixsneba mJavebsa da tuteebSi: 

Cr(OH)3 + 3NaOH→Na3CrO3 +3H2O 
          an          Cr(OH)3 + NaOH→NaCrO2 +2H2O 

orToqromitis — Na3CrO3 da metaqromitis NaCrO2 xsnar-
ebs aqvT mwvane feri. qromitebi, cinkatebsa da aluminatebTan 
SedarebiT, naklebad mdgradia. qromitebi ganzavebisa da gac-
xelebisas ganicdis hidrolizs da warmoqmnis Cr(OH)3-is na-
leqs. Cr(OH)3 ixsneba mJavaSi: 

Cr(OH)3 + 3HCl→CrCl3 +3H2O 

2. Cr3+ amoniumis hidroqsidis moqmedebiT ileqeba momwva-
no-monacrisfro labisebri naleqis — Cr(OH)3-is saxiT: 

CrCl3 + 3NH4OH→ Cr(OH)3↓ + 3NH4Cl 

damleqavi unda daematos wveTobiT, radgan naleqi NH4Cl-
is Tanaobisas xsnadia Warb reaqtivSi. naleqi ixsneba amiakSi 
iisferi kompleqsis warmoqmniT. 

Cr(OH)3 + 6NH3→ [Cr(NH3)6](OH)3 

qromis es kompleqsi duRiliT iSleba Cr(OH)3-is ga-
moyofiT. 

[Cr(NH3)6](OH)3 → Cr(OH)3↓ + 6NH3↑ 

3. qromis (III) marilTa xsnarze neitralur, sust mJava ga-
remoSi natriumis hidrofosfatis — Na2HPO4-is moqmedebiT 
warmoiqmneba mwvane feris amorfuli naleqi.  

CrCl3 + Na2HPO4 + CH3COONa → CrPO4↓ + 3NaCl + CH3COOH 

naleqi ixsneba mineralur mJavebSi. 
4. qromis (III) xsnarze wyalbadis zeJangis moqmedebiTa da 

gacxelebiT (tute garemoSi) warmoiqmneba yviTeli feris anioni — 
−2

4CrO  (e.i. mwvane feris xsnari gadadis yviTelSi).  
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          2
+3

Cr Cl3
 + 10 NaOH + 3H2O2 → 2Na2

+6
Cr O4 + 6NaCl + 8H2O 

                         

es reaqcia damaxasiaTebelia Cr(III)-Tvis da gamoyenebulia 
agreTve Cr3+-is sxva ionebisagan (mag., Fe3+) dasacileblad. 

rkina — Fe 
gavrceleba bunebaSi. aluminis Semdeg rkina bunebaSi 

erT-erTi gavrcelebuli liTonia. Tavisufal mdgomareobaSi 
meteoritebSia. dedamiwis qerqSi rkina gvxvdeba naerTebis 
saxiT: Fe3O4 — magnetiti, Fe2O3 — hematiti. magnetiti Seicavs 
72,69% rkinas, hematiti — 66,7%. aranakleb mniSvnelovania 
karbonatuli madnebic — sideriti — FeCO3, romelic Sedare-
biT rkinis ukeTes madnad iTvleba; igi ar Seicavs arasa-
survel minarevebs (gogirdsa da fosfors).  

piriti — FeS2 — rkinis meorexarisxovani madania; miuxeda-
vad imisa, rom igi didi raodenobiT Seicavs rkinas, mas mniS-
vnelovan madnad ar Tvlian, radgan gogirdis mocileba aZvi-
rebs metalurgiul process. pirits umTavresad iyeneben go-
girdmJavas warmoebaSi. 

rkina avlens Jangvis +2 da +3 xarisxs. Fe2+-is marilebi 
wyalxsnarebSi aramdgradia, xolo Fe3+-is marilebi — mdgradi.  

Fe2+ -is aRmomCeni reaqciebi 

1. Zlieri tuteebi (NaOH, KOH), +2Fe -is Semcveli xsnare-
bidan gamoyofs TeTri feris amorful naleqs: 

FeCl2
 + 2NaOH → Fe(OH)2↓ + 2NaCl 

naleqi advilad iJangeba haeris JangbadiT. amitom misi 
feri icvleba TeTridan muq-wiTlamde. 

4 Fe(OH)2 + O2
 + 2H2O → 4Fe(OH)3↓ 

(analogia Mn(OH)2 da Co(OH)2-Tan). 
Fe(OH)2  fuZe Tvisebebis hidroqsidia. ixsneba mJavebSi: 

Fe(OH)2 + 2HCl → FeCl2
 + 2H2O 

Fe(OH)2 + 2CH3COOH → Fe(CH3COO)2 +2H2O 



 259 

2. amoniumis hidroqsidi, haeris miwodebis gareSe orva-
lentiani rkinis marilebis neitraluri wyalxsnaridan gamo-
yofs TeTri feris naleqs: 

FeCl2
 + 2NH4OH ⇄ Fe(OH)2↓ +2NH4Cl 

warmoqmnili naleqi ixsneba amoniumis marilebSi, amitom es 
reaqcia Seqcevadia (gansxvaveba NaOH-is moqmedebisagan). 

3. sisxlis wiTeli marili — kaliumfericianidi — 
K3[Fe(CN)6] — Fe2+-Tan warmoqmnis lurji feris naleqs — e.w. 
`turnbulis lurjs~.  

3FeCl2
 + 2 K3[Fe(CN)6] → Fe3[Fe(CN)6]2↓ + 6KCl 

naleqi ar ixsneba mJavaSi, magram Zlieri tuteebi Slis mas 
Fe(OH)2-is gamoyofiT, romelic haerze daJangvis gamo Fe(OH)3-
Si gadadis.  

4. Fe2+-is daJangva azotmJaviT. Fe2+-is Semcvel koncen-
trirebul xsnars wveTobiT umateben HNO3 da H2SO4 (1:4), ac-
xeleben. reaqcia mimdinareobs Semdegnairad:  

6FeSO4 +3H2SO4 + 2HNO3→ 3Fe2(SO4)3 +2NO + 4H2O. 
2Fe2+ - 2e → 2Fe3+       3 
N5+ + 3e → N2+            2 

H2SO4 an HCl-iT SemJavebis gareSe naleqis saxiT gamoiyofa 
fuZe marili. rkinis (II) xsnari koncentrirebuli unda iyos. 
ganzavebul xsnarebSi daJangva Znelad mimdinareobs. 

Fe3+ -is aRmomCeni reaqciebi  

1. Zlieri tuteebi (NaOH, KOH), rkinis (III)-is marilebis 
xsnarebidan gamoyofs mura-wiTeli feris amorful naleqs: 

FeCl3
 + 3NaOH → Fe(OH)3↓ + 3NaCl 

naleqi Warb tuteSi ar ixsneba. ar ixsneba agreTve amiakSi. na-
leqi ixsneba mJavebSi saTanado marilebis warmoqmniT. 

Fe(OH)3 + 3HCl → FeCl3↓ + 3H2O. 

Fe(OH)3-s midrekileba aqvs koloiduri xsnaris warmoqmni-
sadmi. naleqis koagulacias xels uwyobs eleqtrolitis — 
NH4Cl damateba da gacxeleba.  
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2. susti tute — NH4OH, Fe3+-s leqavs rkinis hidroqsidis 
mura wiTeli feris naleqis saxiT. 

FeCl3 + 3 NH4OH→ Fe(OH)3↓ +3NH4Cl. 

naleqi Warbad aRebul amoniumis marilebSi uxsnadia (gan-
sxvaveba Fe(OH)2-gan). naleqi ar ixsneba agreTve amiakSi (gan-
sxvaveba Zn2+, Co2+, Cr3+, Ni2+ hidroqsidebisagan). 

gaxurebiT iSleba 2Fe(OH)3 ⎯→⎯t  Fe2O3 + 3H2O. 
3. sisxlis yviTeli marili — kaliumis ferocianidi 

K4[Fe(CN)6] Fe3+-Tan warmoqmnis damaxasiaTebel lurji feris 
naleqs e.w. — `berlinis laJvards~.  

4FeCl3
 + 3K4[Fe(CN)6] → 3Fe4[Fe(CN)6]3↓ + 12KCl 

K4[Fe(CN)6] warmoadgens Fe3+-is ionebisaTvis damaxasiaTe-
bel reagents. reaqcia mgrZnobiarea. SeiZleba aRmoCenil iq-
nes rkinis erTi nawili 500000 nawil xsnarSi. naleqi ixsneba 
mJaunmJavaSi; iSleba tuteebiT, mura wiTeli feris Fe(OH)3-is 
warmoqmniT. 

kaliumis ferocianidi kompleqsnaerTebs warmoqmnis tu-
te miwaTa liTonebTanac, magram xels ar uSlis Fe(III)-is aRmo-
Cenas, radgan maTi kompleqsebi uferoa. 

4. kaliumis an amoniumis Tiocianidi Fe3+-is ionebis Sem-
cvel wyalxsnars wiTlad feravs xsnadi kompleqsnaerTis war-
moqmnis gamo: 

FeCl3 + 3KSCN→ Fe(SCN)3 +3KCl 
                                              wiTeli 

aseTi aradisocirebuli neitraluri kompleqsebi ixsneba 
organul gamxsnelebSi. magaliTad, amilis spirtisa da 
eTileTeris narevSi am dros organuli fena wiTlad ifereba 
da SeiZleba aRmoCenil iqnes rkinis erTi nawili 600000 nawil 
xsnarSi. maSasadame, reaqcia sakmaod mgrZnobiarea. aRmoCenas 
xels uSlis Rvinis, limonis mJavebi, natriumis fToridi, 
natriumis acetati, romlebTanac Fe3+ warmoqmnis mdgrad 
kompleqsebs. reaqciis mgrZnobiarobas amcirebs agreTve Hg2+, 
radgan igi reagirebs reagentTan ufero rodanidis 
warmoqmniT. 

2Fe(SCN)3
 + 6HgCl2 → 2FeCl3

 + 3[Hg(SCN)2 · HgCl2] 
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e.i. vercxliswyali (II) SCN⎯ ionebs ierTebs rkinis (III) ro-
danidisagan, amiT SCN⎯ ionTa koncentracia mcirdeba da 
Fe(SCN)3

 aRar warmoiqmneba. Co2+ am reaqcias xels ar uSlis, Tu 
gamoyenebulia KSCN-is koncentrirebuli xsnari. 

wveTuri reaqcia. filtris qaRaldze aTavseben gamosa-
kvlevi xsnaris erT wveTs, umateben KSCN-is 1%-ian xsnaris 
wveTs. imisda mixedviT, Tu ra raodenobiTaa Fe3+, filtris 
qaRaldze warmoiqmneba mkrTali an muqi feris laqa. reaqcias 
xels uSlis Cu(II). amitom is winaswar unda movaciloT. 

mikrokristaloskopuri reaqcia. miuxedavad imisa, rom 
Fe3[Fe(CN)6]-s ara aqvs kristaluri agebuleba, mainc am naleqis 
lurji feris fifqi advilad SeimCneva mikroskopSi. cdas ata-
reben Semdegnairad: sasagne minaze aTavseben 1 wveT FeCl3 da 
axdenen mis koncentrirebas, raTa miRebul naSTs, rac Se-
iZleba mcire zedapiri eWiros. Semdeg umateben erTi wveTi ma-
rilmJaviT SemJavebul reagents K4[Fe(CN)6].  

TuTia — Zn 

gavrceleba bunebaSi. bunebaSi TuTia gvxvdeba Semdegi 
madnebis saxiT: TuTias Spati (halmei) — ZnCO3, romelic izo-
morfulia kalcitTan — CaCO3; vilemiti — Zn2SiO4; frankli-
niti — (FeZnMn)Fe2O4; TuTias wiTeli madani — (ZnMn)O, TuTi-
akriala — ZnS, romelic, praqtikuli TvalsazrisiT, yvelaze 
mniSvnelovania.  

Zn2+-is aRmomCeni reaqciebi  

1. Zlieri tuteebi NaOH, KOH TuTiis ionis Semcveli xsna-
ridan gamoyofs TeTri feris naleqs —Zn(OH)2. reaqtivi unda 
daematos wveTobiT, radgan is Warb tuteSi ixsneba: 

ZnCl2 + 2NaOH → Zn(OH)2↓ + 2NaCl 

TuTiis hidroqsidi amfoterulia. ixsneba mJavebsa da tu-
teebSi:                     

 Zn(OH)2 + 2HCl → ZnCl2 + 2H2O 
Zn(OH)2 + 2NaOH → Na2ZnO2 + 2H2O 

                                              cinkati 
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aluminatebisgan gansxvavebiT, cinkatebi NH4Cl-is moqme-
debiT ar warmoqmnis Zn(OH)2-is naleqs, radgan Zn(OH)2 amo-
niumis marilSi ixsneba. 

2. susti tute — NH4OH TuTiis marilebis neitraluri 
xsnaridan, romelic ar Seicavs amoniumis marilebs, gamoyofs 
TeTri feris naleqs: 

ZnCl2 + 2NH4OH⇄Zn(OH)2↓ + 2NH4Cl 

naleqi — Zn(OH)2 advilad ixsneba Warbad aRebul amiakSi. 

Zn(OH)2 + 6NH3 → [Zn(NH3)6](OH)2 

es Tviseba gamoyenebulia  Zn2+-is da Al3+-is dasacileblad. 
3. kaliumis ferocianidi — K4[Fe(CN)6] TuTiis marilis neit-

raluri wyalxsnaridan gamoyofs TeTri feris naleqs:  

2K4[Fe(CN)6] +3ZnCl2 → Zn3K2[Fe(CN)6]2↓ +6KCl 

naleqi — TuTiakaliumferocianidi Warbi damleqavis da-
matebiT peptizirdeba da warmoqmnis zols (koloidur 
xsnars). Tu koloidur xsnars Warbad davumatebT Zn2+-is io-
nebs, zoli koagulirdeba. es procesi gamoyenebulia mocu-
lobiT analizSi TuTiis raodenobrivi gansazRvrisaTvis. 

manganumi — Mn 
gavrceleba bunebaSi. manganumi, rkinis msgavsad, farTo-

daa gavrcelebuli bunebaSi. igi Tavisufal mdgomareobaSi ar 
moipoveba. gvxvdeba madnebis saxiT. manganumis yvelaze mniSv-
nelovani madania piroluziti. manganumis sxva madnebidan aR-
saniSnavia brauniti — Mn2O3; hausmaniti — Mn3O4; rodoniti — 
MnSiO3  da sxva. 

manganumi naerTebSi avlens cvlad valentobas misi Jang-
viTi ricxvia +2, +3, +4, +6 da +7. Mn-Tvis damaxasiaTebelia 
Jangva-aRdgenis reaqciebi. 

aRmomCeni reaqciebi Mn2+-ze 

1. Zlieri tuteebi — NaOH, KOH — Mn2+-is marilTa xsnare-
bidan gamoyofs TeTri feris naleqs:  

MnSO4 + 2NaOH → Mn(OH)2↓ + Na2SO4 
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Mn(OH)2 haerze fers icvlis: jer mura fers iRebs, Semdeg 
yavisfers, bolos, TiTqmis Savdeba. amis mizezia haeris Jan-
gbadiT daJangva (analogia Fe(OH)2, Co(OH)2). 

2Mn(OH)2 + ½ O2 + H2O → 2Mn(OH)3 
2Mn(OH)3 + ½ O2 → 2H2MnO3 + H2O 

warmoqmnili H2MnO3 reagirebs Mn(OH)2-Tan da warmoqmnis 
manganumis manganits, romelic daJangvis saboloo produqtia.            

                         Mn(OH)2 + H2MnO3 → MnMnO3↓ + 2H2O 

haerze daJangva TandaTanobiT mimdinareobs, magram mTe-
li rigi mJangavebis moqmedebiT SesaZlebelia daJangvis daC-
qareba: 

Mn(OH)2 + H2O2 → H2MnO3 + H2O 
                          Mn2+ - 2e → Mn4+        1 
                          (O2)2- + 2e → 2O2-     1 

daJangvis yvela SemTxvevaSi Mn(OH)2 TeTri feris naleqi 

gadadis muq yavisferSi −2
3MnO -is warmoqmnis gamo. 

2. amoniumis tute Mn2+-is marilebis neitraluri xsna-
ridan, romelic ar Seicavs amoniumis marils, gamoyofs TeTri 
feris amorful naleqs:  

MnCl2 + 2NH4OH ⇄ Mn(OH)2↓ + 2NH4Cl 

es reaqcia Seqcevadia, radgan Mn(OH)2 nawilobriv ixsneba 
warmoqmnil amoniumis qloridSi. amis mizezi isaa, rom NH4

+, 
rogorc Tanamosaxele ioni, imdenad amcirebs NH4OH-is di-
sociaciis xarisxs, rom OH⎯ raodenoba sakmarisi aRar aris 
Mn(OH)2-is xsnadobis namravlis misaRwevad. es Tviseba ga-
moyenebulia manganumis (II), rkinisa (III) da qromisgan (III) dasaci-
leblad. 

manganumis hidroqsidi ar ixsneba mwvave tuteebSi, is ti-

puri fuZe Tvisebis hidroqsidia. ixsneba sust da Zlier 

mJavebSi. 

Mn(OH)2 + 2CH3COOH → Mn(CH3COO)2 +2H2O 
Mn(OH)2 + 2HCl → MnCl2 + 2H2O 
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3. natriumis hidrofosfati — Na2HPO4 Mn2+-is neitralu-
ri xsnaridan gamoyofs TeTri feris naleqs — manganumis 
fosfats. 

3MnCl2 + 2Na2HPO4 ⇄ Mn3(PO4)2↓+ 4NaCl + 2HCl 

manganumis fosfati ixsneba gamoyofil HCl-Si; Tu mas amoni-
umis tutiT gavaneitralebT, warmoiqmneba MnNH4PO4-is Znelad 
xsnadi Ria vardisferi naleqi.  

MnCl2 +Na2HPO4 + NH4OH → MnNH4PO4↓ +2NaCl + H2O 

4. manganumis (II) daJangva −
4MnO -mde (krumis reaqcia) war-

moadgens mis aRmomCen mniSvnelovan seleqtur reaqcias. mJan-
gavad iyeneben PbO2-s. reaqcia mimdinareobs mJava garemoSi, 
gacxelebiT: 

2MnSO4+5PbO2+6HNO3→2HMnO4+3Pb(NO3)2+2PbSO4+2H2O 
                              Mn2+ -  5e → Mn7+    2 
                              Pb4+ + 2e → Pb2+       5 

daJangvis reaqcias atareben Semdegnairad: sinjaraSi aTa-
vseben PbO2-s, umateben koncentrirebul azotmJavas mcire 
raodenobiT da acxeleben. umateben 1-2 wveT Mn(II)-is Semcvel 
xsnars da kvlav acxeleben aduRebamde. anzaveben gamoxdili 
wyliT, ayovneben (acdian Warb PbO2-is fskerze daleqvas). 

xsnari miiRebs −
4MnO -is damaxasiaTebel iisfers. am reaqcias 

xels uSlis: a) aRmdgenlebi Cl⎯, I⎯ da a.S. magaliTad, Cl- 
aRadgens −

4MnO -s da iisferi Seferiloba aRar warmoiqmneba. 

2 −
4MnO + 10Cl- + 16H+ → 2Mn2+ + 5Cl2 + 8H2O 

                              Mn7+ +5e → Mn2+     2 
                              2Cl- - 2e → Cl2        5 

b) MnSO4-is Warbad damatebas unda veridoT, radgan wari-
marTeba reaqcia: 

2HMnO4 + 3MnSO4 + 2H2O → 5MnO2↓ + 3H2SO4 

gamoiyofa MnO2-is mura feris naleqi. 

                              Mn7+ + 3e → Mn4+     2 
                              Mn2+ - 2 → Mn4+        3 
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krumis reaqcia gamoyenebulia manganumis (II) kvalis aR-
mosaCenad.  

nikeli – Ni 
gavrceleba bunebaSi. nikeli TviTnabadi saxiT bunebaSi 

gvxvdeba meteoritebSi. nikels Seicavs magneziuri qanebi, sadac 
is qromTanaa dakavSirebuli. bunebaSi cnobilia misi Semcveli 
mineralebi: NiS-nikelis yviTeli murdasangi, kupfernikeli — 
NiAs, nikelis TeTri murdasangi — NiAs2, anTimon-nikelis kriala 
(ulmaniti) — NiSbS da sxva.  

nikeli naerTebSi umTavresad orvalentiania. 

Ni2+-is aRmomCeni reaqciebi  

1. Zlieri tuteebi — NaOH, KOH — Ni2+-is marilebis Sem-
cveli xsnarebidan gamoyofs Ria mwvane feris hidroqsidis 
labisebr naleqs:  

NiCl2 + 2NaOH → Ni(OH)2↓ + 2NaCl 

naleqi ar ixsneba tutis Warb raodenobaSi. naleqi ixsneba 
mJavebsa da amoniumis marilebSi. amiakSi gaxsnisas warmoiqm-
neba lurji feris kompleqs-amiakati.  

Ni(OH)2 + 2HCl → NiCl2 + 2H2O 
Ni(OH)2 + 4NH3 → [Ni(NH3)4](OH)2 

tute garemoSi Ni2+ saTanado mJangavebis moqmedebiT iJangeba 
Ni3+-mde. Ni(OH)2 — kobaltisa (II) da rkinis (II) hidroqsidebisagan 
gansxvavebiT, ar iJangeba haeris JangbadiT. 

2. susti tutis moqmedebiT neitralur garemoSi Ni2+ 
ileqeba mwvane feris fuZe marilis saxiT. 

2NiSO4 + 2NH4OH → (NH4)2SO4 + Ni2(OH)2SO4↓ 

am dros xsnari ar unda Seicavdes amoniumis marilebs, 
radgan naleqi ixsneba amoniumis marilebis Warb raodenobaSi, 
agreTve Warb amiakSi lurji feris kompleqs-amiakatis war-
moqmniT. 

 
Ni2(OH)2SO4 + (NH4)2SO4 + 6NH3 → 2[Ni (NH3)4]SO4 + 2H2O 

    lurji xsnari 
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koncentrirebuli NH4OH-is Tanaobisas, kompleqsamiakati ga-
dadis Zalzed mdgrad formaSi. masze H2S-is moqmedebiT NiS naleqi 
ar gamoiyofa (kompleqsis xsnarSi Ni2+-is ionebi imdenad mcirea, 
rom NiS-is xsnadobis namravlis miRweva ar xerxdeba). 

3. kaliumferocianidi Ni2+-is Semcveli xsnarebidan gamo-
yofs nikelis ferocianidis momwvano feris naleqs.  

2NiCl2 + K4[Fe(CN)6] → Ni2[Fe(CN)6]↓+4KCl 

naleqi umniSvnelod ixsneba ganzavebul marilmJavaSi.  
4. Cugaevis reaqcia. dimeTilglioqsimis (C4H8N2O2) spirt-

xsnari Ni2+-is ionebze moqmedebisas, sust amiakur garemoSi, 
warmoqmnis nikelis dimeTilglioqsimatis wiTeli feris 
kristalur naleqs: 

Tu xsnari nikels kvalis saxiT Seicavs, maSin wiTeli feris 
naleqis gamoyofis nacvlad xsnari yviTlad Seifereba. reaq-
cia mgrZnobiare da seleqtiuria. nikelis dimeTilglioqsi-
mati Sigakompleqsuri naerTia. oqsimis jgufis ori wyalbadi 
Canacvlebulia nikelis ioniT (ionogenuri bma) da danarCen 
or oqsimis jgufSi Semavali azotis atomi, Tavisufali eleq-
tronuli wyviliT, Ni2+-Tan dakavSirebulia kovalenturi (ko-
ordinaciuli) kavSiriT. 

naleqis warmoqmnisaTvis saWiroa susti amiakuri garemo. 
Zlier tute garemoSi nikeli daileqeba hidroqsidis saxiT. 
mJava garemoSi nikelis dimeTilglioqsimati ar warmoiqmneba, 
radgan TviT dimeTilglioqsimi warmoadgens sust organul 
mJavas. amiakis Warbi raodenobiT damateba sasurveli araa, 
radgan Ni2+ warmoqmnis kompleqs-amiakats. aRniSnul reaqcias 
xels uSlis Fe2+ da Fe3+; Fe2+ gavlenis asacileblad mas Jangaven 
Fe3+-mde. Fe3+ niRbaven Rvinis mJaviT. reaqciis mgrZnobiarobas 
amcirebs Co2+-is didi raodenoba. mas Jangaven wyalbadis pe-
roqsidiT amiakur garemoSi. am dros xsnarSi warmoiqmneba 

NiCl2+2H3C CH3C
+ 2NH3
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[Co(NH3)6]3+ da [Ni(NH3)6]2+. xsnars aduReben Warbi H2O2-is mo-
sacileblad da Semdeg aRmoaCenen Ni2+ -is Cugaevis reaqtiviT. 

5. Ni2+-is Semcvel xsnarze natriumis hidrofosfatis moq-
medebiT warmoiqmneba nikelis fosfatis mwvane feris naleqi.           

  3NiCl2 + 2Na2HPO4 ⇄ Ni3(PO4)2↓ + 4NaCl + 2HCl 
reaqcia Seqcevadia. gamoyofili naleqi advilad ixsneba 

mineralur mJavebsa da ZmarmJavaSi. es Tviseba gamoyenebulia 
kationTa sistemuri analizis amiakur-fosfatur meTodSi. 

kobalti — Co 
gavrceleba bunebaSi. kobalti iSviaT liTons ar war-

moadgens. gabneul mdgomareobaSi TiTqmis yvelgan moipoveba. 
kobalti napovnia amofrqveul qanebSi, zRvis wylebSi, mine-
ralur wyaroebSi. meteoritebi yovelTvis Seicavs kobalts. 
kobalti gvxvdeba nikelisa da rkinis madnebTan.  

Co2+-is aRmomCeni reaqciebi  

1. mwvave tuteebi — NaOH, KOH — Co2+-Tan jer gamoyofs 
lurji feris fuZe marils, Semdeg hidroqsids.  

CoCl2 + 2NaOH → CoOHCl↓ + NaCl 
CoOHCl + NaOH → Co(OH)2↓+ NaCl 

naleqi ixsneba amiakSi kompleqs-amiakatis warmoqmniT:                 

Co(OH)2 + 6NH3 → [Co(NH3)6](OH)2 
naleqi haerze TandaTan muqdeba samvalentiani kobaltis 

hidroqsidis gamoyofis gamo: 

4Co(OH)2 + O2 + 2H2O → 4Co(OH)3↓ 

2. α-nitrozo-β-naftoli warmoadgens cnobil organul 

reaqtivs kobaltze.  Co2+-is marilmJava xsnarze α-nitrozo-β-

naftolis damatebisas warmoiqmneba muqi wiTeli feris na-

leqi — Co[C10H6ONO]3. naleqi warmoadgens mdgrad Sigakom-

pleqsur naerTs. am dros Co2+ reaqtiviT iJangeba Co3+-mde. 
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naleqi uxsnadia mJavebsa da tuteebSi. mdgradia aRmdgenebis 

mimarT. Zlier ganzavebuli xsnarebidan naleqi ar gamoiyofa, 
Tumca xsnari Seifereba wiTlad. 

3. amoniumis an kaliumis Tiocianidi Co2+-Tan urTierTqme-
debisas warmoqmnis lurji feris kompleqss. saanalizo xsnari 
koncentrirebuli unda iyos. winaaRmdeg SemTxvevaSi efeqti Se-
umCnevelia. mizezi isaa, rom wyalxsnarebSi kobaltis Tiociani-
duli kompleqsi disocirdeba ionebad. xsnars aqvs Co2+-ionebis 
feri (vardisferi). 

CoCl2 + 4NH4SCN → (NH4)2[Co(SCN)4] + 2NH4Cl 
[Co(SCN)4]2-⇄ Co2++ 4SCN- 

disociaciis Sesamcireblad iyeneben amilis spirtisa da 
eTileTeris narevs, romelSic kompleqsis disociacia mniS-
vnelovnad Semcirdeba da organuli fena lurjad Seifereba.  

gansazRvras xels ar uSlis nikeli. Fe(III)-s niRbaven fTo-
ridiT, sodis an natriumis pirofosfatis damatebiT. sende-
lis Tanaxmad, amilis spirtiT amowvlilva zrdis reaqciis 
mgrZnobiarobas. am dros SeiZleba aRmovaCinoT 0,001 mg Co2+ 3 
ml xsnarSi (Ni2+ da Cu2+ rCeba wyalfazaSi). 

4. amoniumis tute da tute liTonTa karbonatebi Co2+-is 
xsnarebidan gamoyofs mowiTalo feris fuZe marils, romelic 
Warb reagentSi ixsneba. 

CoCl2 + NH4OH → Co(OH)Cl↓ + NH4Cl 

wveTuri reaqcia. saanalizo xsnaris wveTs daitanen fil-
tris qaRaldze, umateben Tiocianidis koncentrirebuli 
xsnaris wveTs. miiReba damaxasiaTebeli Seferilobis laqa. Tu 
kobalti mcire raodenobiTaa, Seferva ar miiReba. maSin 
frTxilad aSroben laqas (amcireben kobaltis naerTis di-

N

O

O

Co/3

 

reaqcias atareben Semdegnairad: saana-

lizo xsnars SeamJaveben marilmJaviT da 

acxeleben. Semdeg umateben reaqtivis ax-

lad damzadebul ZmarmJava xsnars (kobal-

tis sruli daJangvisaTvis saWiroa misi 

siWarbe) da kvlav acxeleben aduRebamde. 
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sociacias). warmoiqmneba Seferva, romelsac akvirdebian gama-
val sinaTleze. reaqcias atareben Tixis firfitazec. 

mikrokristaloskopuri reaqcia. kobaltis Semcvel xsnar-
ze amoniumis tetrarodanomerkuratis (NH)2[Hg(SCN)4] moqmede-
bisas miiReba Co[Hg(SCN)4 muqi lurji feris kristaluri naleqi  

sur.14.2.3. Co[Hg (SCN)4] kristalebi 

IV jgufis kationebi 

jgufis daxasiaTeba. IV analizur jgufSi gaerTianebu-
lia: Cu2+, Cd2+, Bi3+, Hg2+, As3+, As5+, Sb3+, Sb5+, Sn2+, Sn4+. aq 
Tavmoyrilia perioduli sistemis sxvadasxva jgufis elemen-
tebi: spilenZi — I jgufidan, kadmiumi da vercxliswayli — II, 
kala — IV, bismuti, dariSxani da stibiumi — V. magram ganzave-
buli mJavebisadmi maTi sulfidebis msgavsi damokidebulebis 
gamo, isini gaerTianebulia kationTa IV analizur jgufSi. 

III jgufis kationebisagan gansxvavebiT, IV jgufis kationTa 
sulfidebi ar ixsneba ganzavebul mJavebSi (cxeli HNO3-is 
garda), radgan IV jgufis kationTa sulfidebis xsnadobis nam-
ravli gacilebiT mcirea, vidre III jgufis kationTa sulfi-
debisa da S2--is is mcire koncentracia, romelsac iZleva H2S 
SemJavebul xsnarSi, sakmarisia mxolod IV jgufis kationTa 
sulfidebis xsnadobis namravlis zRvris gadasalaxavad. 

IV jgufis kationebis saerTo damleqavia H2S (gogird-
wyalbadi 0,3 M marilmJava garemoSi). am dros didi mniSvne-
loba aqvs mJavianobas. Tu xsnaris mJavianoba 0,3 M-ze naklebia, 
maSin IV jgufis sulfidebTan erTad, daileqeba III jgufis ka-
tionTa sulfidebi: ZnS, NiS, CoS; Tu mJavianoba metia 0,3 M-
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ze, maSin nawilobriv daileqeba IV jgufis kationTa sulfi-
debi (CdS, SnS). 

mJavianobis dacva saWiroa sulfidebis — CuS, CdS, Al2S3 da 
sxva koloiduri xsnarebis warmoqmnis Tavidan asacileblad. am 
dros saWiroa agreTve xsnaris 60-700C gacxeleba.  

mJava garemo aucilebelia agreTve stibiumisa da dariS-
xanis kationur formaSi gadasayvanad. winaaRmdeg SemTxvevaSi 
maTi sulfidebi ar daileqeba. aRniSnul liTonTa sulfidebi 
ar ileqeba agreTve neitralur da tute garemoSi. 

IV jgufis kationebi iyofa or qvejgufad. am dayofas sa-
fuZvlad udevs aRniSnul kationTa sulfidebis gansxvave-
buli xsnadoba mravalgogirdian amoniumSi (polisulfidSi). 

I qvejgufis (spilenZis qvejgufs) akuTvneben Cu2+, Hg2+, Cd2+, 
Bi3+, maTi sulfidebi ar ixsneba amoniumis polisulfidSi. 

II qvejgufSi (kalas qvejgufi) Sedis: As3+, As5+, Sb3+, Sb5+, 
Sn2+, Sn4+. maTi sulfidebi xsnadia amoniumis polisulfidSi. 

spilenZi, bismuti, vercxliswyali da kadmiumi naklebad 
aqtiuri liTonebia (maTgan ufro aqtiuria kadmiumi), amitom 
isini naerTebidan advilad aRdgeba, rac erT-erT mniSvne-
lovan Tvisebas warmoadgens. 

kadmiumi iZleva Cd2+ ormuxtian kations. vercxliswyali 
da spilenZi — Cu2+, Cu+, Hg2+, Hg2

2+. Cu+ ioni aramdgradia. bismu-
tisaTvis praqtikulad mniSvnelovania mxolod Bi3+-is ionebi.  

aRniSnul kationTa hidroqsidebi Zalian susti hidroqsi-
debia. maTi marilebi advilad hidrolizdeba da wyalxsnarebs 
mJava garemo aqvs. aRniSnuli kationebi (garda Bi3+) amJRavnebs 
kompleqsnaerTebis warmoqmnis unars. CdS da CuS midrekileba 
aqvT koloiduri xsnarebis warmoqmnisadmi. 

kalas qvejgufis kationTa hidroqsidebi avlenen amfo-
terul bunebas. TviT elementebsac: dariSxans, stibiumsa da 
kalas axasiaTebT orgvari buneba. maTgan kalas ufro metad 
aqvs gamoxatuli liTonuri buneba, dariSxans — araliTonuri, 
stibiums uWiravs Sualeduri adgili.  

aRniSnul kationTa marilebidan xsnadia: qloridebi, ace-
tatebi, nitratebi, nitritebi. wyalSi uxsnadia: sulfidebi, 
qromatebi, iodidebi, fuZe karbonatebi, fosfatebi da sxva. 
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am jgufis kationebi yvela uferoa, garda Cu2+ (igi mo-
cisfroa). 

vercxliswyali — Hg 

vercxliswylis (II) marilebidan wyalSi xsnadia bromidebi, 
nitratebi, acetatebi, qloratebi. danarCeni marilebi wyalSi 
ar ixsneba (mag., vercxliswylis qloridi — HgCl2 1,36g ixsneba 
100 ml wyalSi). HgCl2-is xsnadoba mniSvnelovnad matulobs 
marilmJava an tute liTonTa qloridebis mimatebiT da 
warmoqmnis [HgCl4]X2 tipis kompleqsnaerTebs. vercxliswyali 
kompleqsebs warmoqmnis agreTve cianidebTan, amiakTan da a.S. 

Hg2+-is aRmomCeni reaqciebi  

1. Hg2+-is erT-erT Taviseburebas warmoadgens is, rom mis Sem-
cvel xsnarze tutis moqmedebiT ileqeba ara vercxliswylis hid-
roqsidi, aramed vercxliswylis oqsidi — HgO. radgan keTilSo-
bili liTonebis (analogiurad Ag) hidroqsidebi aramdgradi na-
erTebia da gamoyofisTanave iSleba wylad da oqsidad. 

 
Hg(NO3)2 + 2NaOH →HgO↓ + 2NaNO3 + H2O 

                                                          yviTeli 

HgO — yviTeli ferisaa. gaxurebiT gadadis wiTeli feris 
oqsidSi. HgO — mJavebSi advilad ixsneba. 

HgO + 2HCl →HgCl2 + 2H2O 

Tu HgCl2-s arasakmarisad davumatebT NaOH, maSin gamoiyo-
fa mowiTalo yavisferi fuZe marili — vercxliswylis oq-
siqloridi. 

2HgCl2 + 2NaOH → Hg2OCl2↓ + 2NaCl + H2O 

fuZe marili tutis Warb raodenobaSi gardaiqmneba HgO-is 
warmoqmniT. 
2. amiaki, vercxliswylis (II) qloridebis xsnaridan gamoyofs 
TeTri feris vercxliswylis amidoqlorids: 

Cl
Hg

Cl

+
HNH2
NH3

Hg
Cl

+ NH4Cl
NH2
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es naerTi gaxurebisas, galRobis gareSe, gadadis airad 
mdgomareobaSi, ris gamoc mas `ulRob TeTr precifitats~ 
uwodeben. naerTi ixsneba mJavebsa da cxel amoniumis qlo-

ridSi e.w. `lRobadi TeTri precifitatis~ warmoqmniT. 
3. kaliumis iodidi Hg2+-s leqavs wiTeli feris vercx-

liswylis iodidis saxiT: 

HgCl2 + 2KI → HgI2↓ + 2KCl 

naleqi ixsneba Warb KI-Si, kompleqsnaerTis warmoqmniT: 

HgI2 + 2KI → K2[HgI4] 

4. kaliumis an natriumis qromati Hg2+-Tan urTierTqme-

debisas warmoqmnis wiTeli feris naleqs: 

HgCl2 + K2CrO4 → HgCrO4↓ + 2KCl 

5. vercxliswylis marilTa xsnarze SnCl2-is damatebiT 

gamoiyofa TeTri feris naleqi — Hg2Cl2 (kalomeli). 

2HgCl2 + SnCl2 → Hg2Cl2↓ + SnCl4 

SnCl2-is Warbad damatebisas gamoiyofa Tavisufali Hg Savi 

feris naleqis saxiT. 

Hg2Cl2 + SnCl2 → 2Hg ↓+ SnCl4 

spilenZi — Cu 
gavrceleba bunebaSi. spilenZis madnebi mTis qanebSi mci-

re ubnebad aris CaZarRvuli. yvelaze ufro mdidari madanic 
ki iSviaTad Seicavs 4%-ze met spilenZs. amitom madnebidan 
spilenZis gamoyofis win mas amdidreben (flotacia). 

spilenZi umTavresad sulfidis saxiT moipoveba. spilenZis 
umTavresi madnebia: spilenZis kriala — Cu2S, spilenZis almadani — 
CuFeS2, anu qalkopiriti, wiTeli madani, anu kupriti — Cu2O, spi-

NH2

Hg
Cl

+ NH4Cl [Hg(NH3)2]Cl2
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lenZis fuZe karbonati, anu malaqiti — CuCO3·Cu(OH)2 da a.S. 
SedarebiT ufro naklebi mniSvnelobisaa spilenZis silikatebi; 
magaliTad, xrikozoli — CuSiO3·2H2O. spilenZis sulfids — CuS, 
rogorc spilenZis madans, didi mniSvneloba ara aqvs.  

spilenZi marilebis wyalxsnarebSi Cu+ da Cu2+ ionebis sa-
xiTaa. maTgan ufro mdgradia Cu2+. spilenZis marilebi — qlo-
ridebi, bromidebi, nitratebi, sulfatebi da acetatebi wyal-
Si xsnadia, danarCeni marilebi wyalSi ar ixsneba, magram ixs-
neba mJavebSi. spilenZis (II) marilTa xsnarebi da sakrista-
lizacio wylis Semcveli marilebi lurji an mwvanea. spi-
lenZis hidroqsidi uxsnadia wyalSi, xsnadia mJavaSi, tuteSi 
(KOH, NaOH, NH4OH). Cu2+ midrekileba aqvs kompleqsnaerTebis 
warmoqmnisadmi (mag., amiakTan, qlorTan, cianidebTan, orga-
nul reagentebTan da sxva). 

Cu2+-is aRmomCeni reaqciebi  

1. Zlieri tuteebis moqmedebiT spilenZis (II) marilebis 
xsnarebidan gamoiyofa cisferi fifqisebri naleqi. 

CuSO4 + 2NaOH → Cu(OH)2↓ + Na2SO4 

spilenZis hidroqsidi duRilis dros gamoyofs wyals da 
gadadis Savi feris spilenZis oqsidSi.  

                                     Cu(OH)2 → CuO + H2O 

Cu(OH)2 ixsneba mJavebSi. sustad gamomJRavnebuli amfote-
ruli Tvisebis gamo nawilobriv ixsneba tuteSic mwvane feris 
xsnaris warmoqmniT. 

                             Cu(OH)2 + 2HCl → CuCl2 + 2H2O 
                             Cu(OH)2 + 2NaOH → Na2CuO2 + 2H2O 

kupriti Zalzed aramdgradia da wyliT ganzavebisas iS-
leba hidroqsidis gamoyofiT. spilenZis hidroqsidi ixsneba 
agreTve koncentrirebul amoniumis tuteSi lurji feris 
kompleqsis warmoqmniT. 

Cu(OH)2 + 4NH3 →[Cu(NH3)4](OH)2 
es xsnari xsnis bambas, filtris qaRalds da sxva. cnobilia 

Sveiceris reaqtivis saxelwodebiT. 
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2. amiakis mcire raodenoba Cu2+-is Semcveli xsnaridan 
Tavdapirvelad gamoyofs cvladi Sedgenilobis momwvano-mo-
cisfro fuZe marils. 

2CuSO4 + 2NH4OH → Cu2(OH)2SO4↓ + (NH4)2SO4 

miRebul marilze Warbi NH4OH-is damatebisas naleqi ixs-
neba lurji feris kompleqsnaerTis warmoqmniT: 

Cu2(OH)2SO4 + (NH4)2SO4 + 6NH3 → 2[Cu(NH3)4]SO4 ⋅ H2O 

lurji Seferiloba aqvs kompleqskations [Cu(NH3)4]2+. amo-
niumis tutis an amoniumis marilebis siWarbisas SeiZleba fu-
Ze marili ar warmoiqmnas da xsnari maSinve lurjad Seiferos.  

msgavs kompleqss warmoqmnis agreTve nikelic im gansxva-
vebiT, rom nikelis kompleqsamiakatis xsnari molurjo-mo-
wiTalo ferisaa. 

spilenZis (II) kompleqs-amiakatis lurj xsnarze Zlieri 
tutis moqmedebiTa da dayovnebiT gamoiyofa Cu(OH)2-is na-
leqi. xsnaris duRiliT spilenZis mTeli raodenoba SeiZleba 
gamoiyos CuO-s saxiT. 

3. kaliumis iodidi Cu(II) ionebis Semcveli xsnaridan ga-
moyofs Cu(II)-is iodidis TeTri feris naleqs, romlis Sefer-
vas cvlis reaqciis Sedegad gamoyofili Tavisufali iodi. 
amitom naleqi vardisferi, mwvane an mowiTalo moyviTaloa. 

2CuSO4 + 4KI → Cu2I2↓ + 2K2SO4 + I2 

4. Cu2+-is marilebis xsnarze Tiosulfatis — Na2S2O3-is 
moqmedebiT, ganzavebiTa da xsnaris gacxelebiT warmoiqmneba 
Cu2S Savi feris naleqi: 

2Cu2+ + 3 −2
32OS → Cu2S2O3 + −2

64OS  

Cu2S2O3 + HOH ⎯→⎯t  Cu2S↓ + H2SO4 
es reaqcia gamoyenebulia Cu2+-is dasacileblad Cd2+-gan. 

bismuti — Bi 
gavrceleba bunebaSi. bismuti mciredaa gavrcelebuli. 

dedamiwis qerqSi misi Semcveloba 8,0 10-7% Seadgens. Tavi-
sufal mdgomareobaSi imyofeba dakuTxuli marcvlebisa da 
frTisebri agregatebis saxiT. moipoveba gogirdisa da dariS-
xanis naerTebTan; ufro metad gavrcelebulia gogirdiani mi-
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neralis Bi2S3-is saxiT. aRsaniSnavia bismutis Semdegi naer-
Tebi: bismutis oxra — Bi2O3, bismutis Spati — 3Bi(OH) 
CO3·5Bi(OH)3.  

bismutis marilebis umravlesoba uferoa. misi marilebi-
dan wyalSi xsnadia qloridebi, nitratebi, sulfatebi. uxsna-
dia sulfidebi, karbonatebi, fosfatebi, iodidebi. bismutis 
hidroqsidi Warb mwvave tuteebsa da amiakSi ar ixsneba.  

Bi3+-is aRmomCeni reaqciebi  

1. bismutis marilebisaTvis damaxasiaTebelia hidrolizi. 
misi marilebis wyliT ganzavebisas gamoiyofa TeTri feris 
fuZe marili. 

Bi(NO3)3 + 2H2O ⇄ Bi(OH)2 NO3↓ + 2HNO3 
BiCl3 + H2O → BiOCl↓ + 2HCl 

BiO+ bismutilis jgufia. fuZe marilebi ixsneba ganzave-
bul mineralur mJavebSi. 

2. Zlieri tuteebi bismutis ionTa xsnarebidan gamoyofs 
TeTri feris hidroqsids.  

BiCl3 + 3NaOH → Bi(OH)3↓ +3NaCl 

bismutis hidroqsidi aramdgradia. duRilis dros is wyals 
gamoyofs da yviTeli feris bismutilis hidroqsidSi gadadis:  

Bi(OH)3→ H2O + BiO(OH)↓ 

bismutis hidroqsidi ar ixsneba civ KOH da NaOH-Si (gan-
sxvaveba Sn2+ da Sb3+-gan), magram temperaturis da tutis kon-

centraciis gazrdisas ixsneba −
2BiO  ionebis warmoqmniT. xsna-

ris gacivebiTa da ganzavebiT naleqi kvlav gamoiyofa. 
3. amoniumis tute bismutis marilebis xsnarebidan gamo-

yofs TeTri feris fuZe marils, romlis Sedgeniloba cva-
lebadia. Sedgeniloba damokidebulia aRebuli marilis kon-
centraciasa da xsnaris temperaturaze. 

BiCl3 + 2NH4OH → Bi(OH)2Cl +2NH4Cl 

naleqi Warbad damatebul NH4OH-Si ar ixsneba (gansxvave-
ba Cd2+ da Cu2+-gan), xsnadia mJavebSi.  
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4. kaliumis iodidi Bi3+ Semcvel xsnarze moqmedebisas war-
moqmnis Savi feris naleqs. 

BiCl3 + 3KI → BiI3↓ +3KCl 

naleqi ixsneba Warb KI-Si kompleqsnaerTis warmoqmniT. 

BiI3 + KI → K[BiI4] 

xsnari yviTeli an narinjisferia. wylis damatebiT kvlav ga-
moiyofa Savi feris BiI3.  

5. axlad damzadebuli kaliumis an natriumis staniti Bi3+-is 
marilebTan urTierTqmedebisas gamoyofs liTonur Bi-s, ro-
melic Savi ferisaa. natriumis stanits amzadeben Semdegnai-
rad: SnCI2 wveTobiT umateben natriumis tutes jer Sn(OH)2-is 
warmoqmnamde da Semdeg Warbad. 

Sn(OH)2 + 2NaOH → NaHSnO2 + H2O 
  2BiCl3 + 3NaHSnO2 + 9NaOH → 2Bi↓ + 3Na2SnO3 + 6NaCl + 6H2O 

bismutis mcire raodenobis SemTxvevaSi xsnari gaSavdeba. 
aRniSnuli reaqcia tardeba civad. amasTan, tute koncen-

trirebuli ar unda iyos, winaaRmdeg SemTxvevaSi Bi-is arar-
sebobis drosac ki SesaZlebelia Savi Seferilobis warmoqmna, 
TviT stanitis daSlis gamo. 

2HSn −
2O  → Sn −2

3O  + Sn + H2O 

6. bismutis marilebis xsnarebidan Zn-is moqmedebiT gamo-

iyofa liTonuri bismuti ( 0

Zn
Zn

0
2E + = -0,76 v; 0

Bi
iB

0
3E + =+ 0,20 v). 

2BiCl3 + 3Zn → 3ZnCl2 + 2Bi↓ 
Bi3+ + 3e → Bi0         2 
Zn0 - 2e → Zn2+      3 

maSasadame, Zn bismutis mimarT gamodis aRmdgenis rolSi 
da aRadgens mas liTonur mdgomareobamde. 

kadmiumi — Cd 

kadmiumi miekuTvneba iSviaT elementTa ricxvs. dedamiwis 
qerqSi misi Semcveloba ~5,0·10-6% Seadgens. TviTnabadi kad-
miumi bunebaSi ar gvxvdeba. misi bunebrivi naerTebia: kri-
nokiti — CdS, otaviti — CdCO3, kadmiumis oqsidi — CdO. es 
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tipiuri mineralebi iSviaTad gvxvdeba. metwilad Cd TuTiis 
Tanamgzavria — Sedis TuTiis mraval madanSi. misi saxelwo-
debac aqedan aris warmomdgari — `kadme~ berZnulad TuTias 
madans niSnavs. 

kadmiumis marilebi momwamlavia. Cd2+ kompleqsnaerTebs 
warmoqmnis cianidebTan, halogenebTan, amiakTan da sxva. 

Cd2+-is aRmomCeni reaqciebi  

1. kadmiumis xsnad marilTa xsnarze Zlieri tuteebis moq-
medebiT gamoiyofa TeTri feris amorfuli naleqi. 

CdCl2 + 2NaOH → Cd(OH)2↓ + 2NaCl 

kadmiumis hidroqsidi tuteSi ar ixsneba. ixsneba mJavebSi.  

Cd(OH)2 + 2HCl → CdCl2↓ + 2H2O 

2. Cd2+-is marilebis xsnarze amoniumis tutis moqmedebiT 
gamoiyofa TeTri feris naleqi.  

CdCl2 + 2NH4OH → Cd(OH)2↓ + 2NH4Cl 

naleqi ixsneba Warb amoniumis tuteSi ufero kompleqs-
amiakatis warmoqmniT: 

Cd(OH)2 + 4NH4OH ⇄ [Cd(NH3)4](OH)2 + 4H2O 
3. kaliumis ferocianidi kadmiumis marilebis wyalxsna-

ridan gamoyofs TeTri feris kadmiumis ferocianids. 

2CdCl2 + K4[Fe(CN)6]→Cd2[Fe(CN)6]↓ + 4KCl 

TuTiis ferocianidisgan gansxvavebiT, es naleqi Zlier 
tuteebSi ar ixsneba, ixsneba marilmJavaSi. 

dariSxani — As 
gavrceleba bunebaSi. dariSxani bunebaSi gavrcelebuli 

elementia, magram TviTnabadi saxiT iSviaTad moipoveba. miwis 
qerqSi misi Semcveloba Seadgens 1·10-4 — 1·10-5 %. dariSxani bunebaSi 
moipoveba gogirdTan. misi naerTebidan aRsaniSnavia: realgari — 
As2S3, leningiti, anu dariSxanis kriala — FeAs2, arsenopiriti, anu 
dariSxanis murdasangi — FeAsS, kobaltis kriala — CoAsS. moi-
poveba agreTve misi JangbadnaerTebi — As2O3, romelic bunebaSi 
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dariSxaniani madnebis gamofitvis Sedegad warmoiqmneba. da-
riSxani bunebaSi imdenad gavrcelebulia, rom yvela is liToni 
(Zn, Cu da sxva), romlic gogirdnaerTebis damuSavebiT aris miRe-
buli, minarevis saxiT yovelTvis Seicavs mas.  

dariSxani gardamavali bunebis elementia. naerTebSi sam 
da xuTvalentiania. dariSxanis xuTvalentiani marilebi nak-
lebad mdgradia xsnarSi. wyalxsnarSi As3+ da As5+ kationebis 
SesanarCuneblad saWiroa Zlieri mJava garemo.  

As3+-is aRmomCeni reaqciebi  

1. natriumis Tiosulfati arsenitebis SemJavebuli xsna-
rebidan gamoyofs dariSxanis (III) sulfidis yviTel naleqs. 

2Na3AsO3 + 3Na2S2O3 + 6HCl → As2S3↓ + 6NaCl + 3Na2SO4 + 3H2O 

2. vercxlis nitrati arsenitebis neitraluri xsnaridan ga-
moyofs vercxlis arsenitis yviTeli feris naleqs.  

Na3AsO3 + 3AgNO3 → Ag3AsO3↓+ 3NaNO3 

naleqi ar ixsneba natriumis karbonatis xsnarSi; ixsneba 
azotmJavasa da amiakSi, kompleqs kationis warmoqmniT: 

Ag3AsO3 + 6NH3 → [Ag(NH3)2]3AsO3 

3. kaliumis iodidi arsenitebis koncentrirebuli, cxeli, 

SemJavebuli xsnaridan gamoyofs wiTeli feris dariSxanis (III) 

iodids. 

Na3AsO3 + 6HCl + 3KI → AsI3↓ + 3KCl + 3NaCl + 3H2O 
4. dariSxanis (III) naerTebi aRmdgenlebia. I2-is xsnari da-

riSxanovanmJavasTan an mis marilebTan urTierTqmedebisas 
uferuldeba: 

NaH2AsO3 + I2 + H2O ⇄ NaH2AsO4 + 2HI 
es reaqcia Seqcevadia; raodenobrivad is mxolod tute 

xsnarebSi mimdinareobs. xsnaris gasaneitraleblad iyeneben 
natriumis hidrokarbonats. 

NaAsO2 + 4NaHCO3 + I2 → Na3AsO4 + 2NaI + 4CO2 + 2H2O 



 279 

xsnaris tutiT an sodiT ganeitraleba ar SeiZleba, vina-

idan isini iods TviTonve auferuleben HIO3 da HI–is an maTi 

marilebis warmoqmnis gamo: 

6NaOH + 3I2 → 5NaI + NaIO3 + 3H2O 
3Na2CO3 + 3I2 → NaIO3 +5NaI +3CO2↑ 

As5+-is aRmomCeni reaqciebi  

dariSxani (V) arsebobs Zlier mJava xsnarebSi. misi naer-
Tebi aramdgradia. H3AsO4 ufro Zlieri mJavaa, vidre H3AsO3. 

1. vercxlis nitrati arsenatebis neitraluri xsnarebidan 
gamoyofs vercxlis arsenatis Sokoladisfer naleqs (gans-
xvaveba arsenitebisa da fosfatebisagan). 

Na3AsO4 + 3AgNO3 → Ag3AsO4↓ + 3 NaNO3 

naleqi praqtikulad uxsnadia Na2CO3-is xsnarSi, advilad 
ixsneba amiaksa da mJavebSi. 

2. magnezialuri narevi (MgCl2 + NH4OH + NH4Cl) dariSxanis 
mJavas an misi marilebis neitraluri, an amiakuri garemodan 
gamoyofs magnium-amoniumis arsenatis TeTr kristalur naleqs. 

H3AsO4 + MgCl2 + 3NH4OH → MgNH4AsO4↓+2NH4Cl + 3H2O 

miRebuli naleqi advilad ixsneba mJavebSi, uxsnadia amo-
niumis tuteSi. 

3. kaliumis iodidi koncentrirebuli HCl-iT Zlier Sem-
Javebul dariSxanmJavas xsnaridan gamoyofs Tavisufal iods: 

H3AsO4 + 5H+ + 2I- → As3+ + 4H2O + I2. 

maSasadame, −3
4AsO  naerTebi samvalentovani dariSxanisa-

gan gansxvavebiT mJangavia; am dros xsnari iRebs yviTel fers. 
Tu mas daumateben gogirdnaxSirbads an qloroforms, ro-
melSiac I2 amoiwvlileba, organuli faza Seifereba iisfrad. am 
reaqcias xels uSlis xsnarSi sxva mJangavebis arseboba (mag., qro-
matebi, nitratebi da sxva). 
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stibiumi — Sb 
gavrceleba bunebaSi. stibiumi TviTnabadi saxiT iSviaTad 

gvxvdeba. miwis qerqSi misi Semcveloba daaxloebiT 8·10-6 % 
Seadgens. dariSxanis msgavsad, ufro xSirad gvxvdeba gogir-
dnaerTis Sb2S3 (stibiumis krialas) saxiT, romelic stibiumisa 
da misi naerTebis ZiriTadi nedleulia. stibiumi gvxvdeba 
agreTve spilenZisa da vercxlis madnebSi; magaliTad, piros-
tibniti — Ag3SbS3, diskraziti — Ag3Sb, Savi madani — Cu2S·Sb2S3, 
tyvia — stibium-kriala — PbS·Sb2S3, valentiniti — Sb2O3 da a.S. 

stibiumi sami da xuTvalentiania. Sb3+, Sb5+ uferoa. misi 
marilebisaTvis damaxasiaTebelia hidrolizi. stibiumis hid-
roqsidebi amfoteruli bunebisaa. 

Sb3+-is aRmomCeni reaqciebi  

1. stibiumis (III) marilebi wyalSi hidrolizdeba fuZe mari-
lebis warmoqmniT. es Tviseba gamoyenebulia, rogorc damaxa-
siaTebeli reaqcia. SbCl3-is Zlieri ganzavebiT miiReba:  

SbCl3 + H2O → Sb(OH)2Cl↓+ 2HCl 
                                                                                                         TeTri 

es naleqi aramdgradia. gamoyofs wyals da gadadis oqsi-
qloridSi — qlorian stibilSi. 

rogorc saerTod hidrolizis process, gaTboba xels 
uwyobs naleqis gamoyofas. Zalian didi ganzavebisas hidro-
lizi bolomde midis.  

2SbOCl + H2O → Sb2O3 +2HCl 
bismutis oqsiqloridisagan gansxvavebiT, qloriani stibi 

li — SbOCl ixsneba Rvinis mJavaSi: 

SbOCl +H2C4H4O6 → (SbO)HC4H4O6 + HCl 

SbO-s stibils uwodeben. 
2. mwvave tute da amoniumis hidroqsidi Sb3+-is Semcvel 

xsnaridan gamoyofs TeTri feris amorful naleqs: 

Sb
OH

Cl
OH Sb

O

Cl
+  H2O



 281 

SbCl3 +3NaOH → Sb(OH)3↓+3NaCl 
SbCl3 + 3NH4OH → Sb(OH)3↓+3NH4Cl 

naleqi Sb(OH)3 amfoterulia, ixsneba rogorc koncent-
rirebul HCl-Si, ise Zlier tuteebSi. 

3. stibiumis aRdgena liTonur mdgomareobamde. 
Zn, Fe da sxva liTonebi Tavisufali saxiT gamoyofs stibiums 

misi marilebis xsnarebidan. cdas Semdegnairad atareben: sti-
biumis (III) Semcvel xsnarSi aTavseben TuTiis marcvlebs, ro-
melzedac gamoiyofa liTonuri stibiumi Savi laqis saxiT. 

2SbCl3 + 3Zn → 2Sb↓+3ZnCl2 
Zn0 – 2e → Zn2+         3 

                                           Sb3+ + 3e → Sb0          2 
Tu liTonur TuTias movacilebT stibiumis laqas da da-

vumatebT koncentrirebul marilmJavas, is ar gaixsneba (ka-
lasagan gansxvavebiT, Sb marilmJavaSi uxsnadia). stibiumi 
ixsneba koncentrirebul azotmJavaSi. es reaqcia gamoyenebu-
lia Sn(II) da Sb(III)-is dasacileblad. 

aRmomCeni reaqciebi Sb5+-ze 

1. SbCl5-is xsnaris Zlieri ganzavebisas, hidrolizis gamo, 
gamoiyofa stibiumis oqsiqloridis TeTri feris naleqi:                             

SbCl5 + 2H2O → SbO2Cl↓ + 4HCl 

gacxelebiT procesi ufro Sors midis da warmoiqmneba 
orTostibiummJava:         

SbO2Cl + 2H2O → H3SbO4 + HCl 

2. Fe, Zn, Sn da sxva liTonebi (romlebic ZabvaTa mwkrivSi 
wyalbadis marcxnivaa moTavsebuli) Sb(V)-is Semcveli xsnari-
dan gamoyofs liTonuri Sb-is naleqs. 

5Zn +2Na3SbO4 + 16HCl → 2Sb↓ + 5ZnCl2 + 8H2O + 6NaCl 

Sb5+-is TuTiiT aRdgena gansxvavdeba sxva liTonebis (Pb, Al, 
Sn, Fe) moqmedebisagan imiT, rom am SemTxvevaSi stibiumis na-
wili SbH3-stibinad aRdgeba. 

3. kaliumis iodidi SbCl5-Tan urTierTqmedebis dros Sb5+ 

aRadgens Sb3+-mde, I⎯ iJangeba I2-mde: 
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5Sb5+ + 2I⎯→ Sb3+ + I2 

SbCl5 + 2KI → SbCl3 + 2KCl + I2 

ufro xSirad xsnari mowiTalo yviTel fers iRebs. iodis 
gamoyofa ufro TvalsaCinoa, rodesac xsnars umateben go-
girdnaxSirbads an qloroforms. I2 organul gamxsnelebSi 
ukeTesad ixsneba da organuli faza iisfrad ifereba. 

kala — Sn 

gavrceleba bunebaSi. TviTnabadi saxiT kala Zalian iS-
viaTad gvxvdeba da isic, rogorc oqros da platinis Tana-
mgzavri. miwis qerqSi kalas Semcveloba Seadgens 9·10-5%. is 
umTavresad gavrcelebulia JangbadnaerTis saxiT — SnO2, anu 
kalaqva (kasiteriti). es TiTqmis erTaderTi sawarmoo mniS-
vnelobis mineralia. naklebi mniSvnelobisaa kalas almadani — 
Cu2S·FeS·SnS2. cnobilia agreTve kalas Semcveli mineralebi: 
kalbekini — Sn2S3, stiliti — PbSnS2 da sxva.  

haerze da wylis mimarT mdgradobis gamo kalas iyeneben 
sxva liTonebis (Fe, Cu) dasafaravad, anu rogorc amboben, 
`mosakalavad~. kala avlens 2 da 4 valentobas. Sn2+, Sn4+ ufe-
roa. orvalentovani kalas marilebi Zlieri aRmdgenebia. misi 
marilebidan xsnadia: nitratebi, sulfatebi, qloridebi. uxs-
nadia sulfidebi, karbonatebi da sxva. kalas (II) hidroqsidi 
amfoterulia, ixsneba Warb mwvave tuteebSi stanitebis war-
moqmniT. Sn(IV) hidroqsids masTan SedarebiT ufro mJava bu-
neba axasiaTebs. 

Sn2+-is aRmomCeni reaqciebi   

1. Sn2+-is xsnad marilze Zlieri tutis moqmedebiT war-

moiqmneba TeTri feris labisebri naleqi. 

SnCl2 + 2NaOH→ Sn(OH)2↓ +2NaCl 

Sn(OH)2 amfoterulia, ixsneba rogorc mJavaSi, ise Warb 

tuteSi. 

Sn(OH)2 + 2HCl → SnCl2 + 2H2O 
Sn(OH)2 + NaOH → NaHSnO2 + H2O 

                                                                                                           natriumis hidrostaniti 
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stanitis xsnari gamoyenebulia Bi(III)-is aRmosaCenad. zog-
jer, gansakuTrebiT gacxelebiT an Zlier koncentrirebuli 
tutis damatebiT misi xsnari muq yavisfrad, an Savad ifereba, 
liTonuri kalas gamoyofis gamo. 

2. amiaki Sn2+-is Semcvel marilebTan moqmedebisas gamo-
yofs TeTri feris labisebr naleqs: 

SnCl2 + 2NH4OH + → Sn(OH)2↓ +2NH4Cl 
3. kalas marilebi aRmdgenia, vercxliswylis marilebTan 

urTierTqmedebisas gamoiyofa TeTri feris naleqi. 

SnCl2 + 2HgCl2 → Hg2Cl2↓ +SnCl4 

Tu Warbad davumatebT SnCl2, gamoiyofa liTonuri vercx-
liswyali: 

Hg2Cl2↓ + SnCl2→ 2Hg↓+SnCl4 
                 Savi 

4. liTonuri TuTia Sn2+ da Sn4+ ionebis Semcveli xsnaridan 
kalas aRadgens liTonur mdgomareobamde. gamoyofili kala 
ileqeba TuTiaze Rrublisebri naleqis saxiT.  

SnCl2 + Zn → ZnCl2 +Sn↓ 

liTonuri kala marilmJavaSi xsnadia, amitom H+ ionebis 
koncentracia Zalian maRali ar unda iyos. 

Sn4+-is aRmomCeni reaqciebi   

1. Zlieri tute Sn4+-is marilebis xsnarze moqmedebisas ga-
moyofs TeTri feris labisebr naleqs:  

SnCl4 + 4NaOH → Sn(OH)4↓ +4NaCl 

koncentrirebuli H2SO4-is saSualebiT naleqis amoSrobi-
sas, is α-kalas mJavaSi — H2SnO3-Si gadadis, romelic ixsneba 
ganzavebul civ mineralur mJavebSi. Sn(OH)4 amfoterulia, 
ixsneba rogorc Zlier tuteSi, ise mJavaSi. 

Sn(OH)4 + 2KOH → K2[Sn(OH)6] 

K2[Sn(OH)6] warmoadgens H2[Sn(OH)6]-is nawarms. e.i. tuteSi 

gaxsnisas Sn(OH)4 avlens mJavas Tvisebas. heqsakalas mJavas 
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marilebs α-stanats uwodeben, metastanats — β-kalas mJavas 

marils, romelic (H2SnO3)5-is polimeris warmoebulia.  

2. Sn4+ Semcvel xsnarze amoniumis tutis moqmedebiT ga-
moiyofa Sn(OH)4-is TeTri feris naleqi. β-kalas mJavasagan 
gansxvavebiT, daleqvas xels uSlis Rvinis mJavas Tanaoba.  

SnCl4 + 4NH4OH → Sn(OH)4↓ +4NH4Cl 

V jgufis kationebi 

jgufis saerTo daxasiaTeba. kationTa V jgufs miekuT-

vneba Ag+, +2
2Hg , Pb2+. 

aRniSnul kationTa marilebidan wyalSi advilad xsnadia 
nitratebi, nitritebi. uxsnadia: qloridebi, sulfidebi, qro-
matebi, fosfatebi da sxva. V jgufis kationebis saerTo dam-
leqavia ganzavebuli marilmJava an misi marilebi, magram am 
ukanasknels naklebad iyeneben, raTa xsnarSi ar Seitanon is 
kationebi, romlebic SemdgomSi unda iyos aRmoCenili. 

V jgufis kationTa damleqavad HCl-is gamoyenebas is upi-
ratesoba aqvs, rom V jgufis kationebis gamoyofis garda, iqm-
neba saTanado mJava garemo IV jgufis kationebis dasaleqad. 

V jgufis kationebis Sesabamisi elementebi moTavsebulia 
perioduli sistemis sxvadasxva jgufSi: vercxli — I, ver-
cxliswyali — II, tyvia — IV jgufSi. miuxedavad amisa, aRniS-
nuli kationebi erTnair damokidebulebas iCens Cl--is mimarT. 
amis gamo SesaZlebelia V jgufis kationebis qloridebis sa-
xiT daleqva da sxva jgufis kationebisagan dacileba. 

 V jgufis kationebi ugogirdwyalbado mJavur-fuZur me-
TodSi gaerTianebulia I analizur jgufSi, xolo amiakur-
fosfaturSi — V jgufSi. 

 

vercxli — Ag 

gavrceleba bunebaSi. vercxli bunebaSi gvxvdeba rogorc 
TviTnabadi, ise naerTebis saxiT: vercxlis kriala, argentiti 
— Ag2S, dariSxanovani vercxlis mcdara (prustiti) — Ag3AsS3, 
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stibiumvercxlis mcdara (pirargiriti) — Ag3SbS3; iSviaTad 
gvxvdeba rqavercxla — AgCl. 

vercxlis ioni — Ag+ uferoa. misi marilebidan wyalSi ad-
vilad ixsneba: nitrati, qlorati, fToridi. SedarebiT uxs-
nadia nitriti, acetati, sulfidi, qloridi. vercxlis hid-
roqsidi aramdgradia, gamoyofisTanave iSleba oqsidad. ver-
cxlisTvis damaxasiaTebelia kompleqswarmoqmnis reaqciebi. 
wyalxsnarebSi is Ag+-is saxiTaa. 

Ag+-is aRmomCeni reaqciebi  

1. marilmJava da misi xsnadi marilebi vercxlis marilebis 
neitraluri an mJava wyalxsnarebidan gamoyofs vercxlis 
qloridis xaWosebr TeTri feris naleqs. 

AgNO3+ HCl→AgCl↓ + HNO3 

naleqis xsnadoba Seadgens 1,8�10-3 g/l an 1,25�10-5 mol/l. 
AgCl advilad ixsneba:  
a) amiakSi, ufero vercxlis kompleqsamiakatis warmoqmniT: 

AgCl + 2NH3 → [Ag(NH3)2]Cl + 2H2O 

miRebuli kompleqsi azotmJaviT SemJavebisas iSleba da kvlav 
gamoiyofa vercxlis qloridis TeTri feris naleqi. 

[Ag(NH3)2]Cl + 2HNO3 → AgCl↓+2NH4NO3 

aRniSnuli Tvisebebi gamoyenebulia Ag+-is dasacileblad 
+2

2Hg  da Pb2+-gan.  
b) koncentrirebul marilmJavasa da tute liTonTa qlo-

ridebis xsnarSi kompleqsis warmoqmniT. 

AgCl + 2HCl → H2[AgCl3] 
miRebuli kompleqsis wyliT ganzavebisas kvlav gamoiyofa 

AgCl. 
g) natriumis TiosulfatSi: 

2AgCl + 3Na2S2O3 → Na4[Ag2(S2O3)3] + 2NaCl 

2. mwvave tuteebi (NaOH, KOH) vercxlis marilebis wyal-
xsnaridan gamoyofs TeTri feris vercxlis hidroqsids, 
romelic aramdgradia da iSleba. 
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2AgNO3 + 2NaOH → 2AgOH↓+2NaNO3 
2AgOH   →   Ag2O   +   H2O 

                                                          muqi yavisferi 

warmoqmnili Ag2O ar ixsneba natriumis tutis Warb rao-
denobaSi. kargad ixsneba azotmJavaSi: 

Ag2O + 2HNO3 → 2AgNO3 + H2O 
vercxlis (I) oqsidi kargad ixsneba amiakSi da warmoqmnis 

ufero kompleqss. 

Ag2O + 4NH3 + H2O→ 2[Ag(NH3)2](OH) 

warmoqmnili naerTi didi xniT dayovnebisas gamoyofs ver-
cxlis nitrids — Ag3N, Savi feris naleqs, romelic  Zlier 
feTqebadi nivTierebaa (e.w. mgrgvinavi vercxli). amitom Ag2O-s 
amiakSi gaxsna ar SeiZleba amoniumis marilebis gareSe. 

3. amiakis an NH4OH-is moqmedebiT, vercxlis marilis nei-
traluri ganzavebuli xsnarebidan Tavdapirvelad gamoiyofa 
TeTri feris vercxlis hidroqsidi, romelic maSinve iSleba 
muqi yavisferi — Ag2O-is warmoqmniT. 

2AgNO3 + 2NH4OH → 2AgOH↓ + 2NH4NO3 

2AgOH → Ag2O + H2O 

Ag2O ixsneba amoniumis tutis Warb raodenobaSi: 

Ag2O + 4NH4OH → 2[Ag(NH3)2](OH) + 3H2O 
4 kaliumis iodidi vercxlis marilTa wyalxsnarebidan 

gamoyofs vercxlis iodidis yviTeli feris naleqs: 

AgNO3 + KI → AgI↓ + KNO3 

naleqi amiakSi praqtikulad uxsnadia. kargad ixsneba Ti-
osulfatsa da kaliumis cianidSi kompleqsnaerTebis war-
moqmniT. 

5. kaliumis bromidi vercxlis marilebis xsnaridan gamo-
yofs yviTeli feris naleqs: 

AgNO3 + KBr→ AgBr↓ + KNO3 

naleqi mcired ixsneba amiakSi. 

aRniSnuli naleqebis amiakSi xsnadobis aseTi gansxvaveba 
aixsneba am naleqebis xsnadobis namravlis sxvadasxvaobiT. ma-
galiTad: 
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maSasadame, am naleqebidan wyalSi yvelaze ufro xsnadia 
AgCl, naklebad xsnadia AgI. AgBr-s uWiravs Sualeduri mdgo-
mareoba. vercxlis kompleqsTa mdgradobis konstantebis Se-
darebidan: 

[Ag(NH3)2]+       —   K=9·108; 
[Ag2(S2O3)2]2-    —   K=1·1013; 

[Ag(CN)2]-       —  K=1·1021 

Cans, rom aRniSnul kompleqsTa gansxvavebuli mdgoma-
reobis gamo, maT xsnarebSi Ag+-is koncentracia sxvadasxvaa. 
rac ufro didia kompleqsis mdgradobis konstanta, miT ufro 
mcirea mis xsnarSi Ag+-is koncentracia. xolo rac ufro 
xsnadia naleqi, miT ufro metia Ag+-is koncentracia mis najer 
xsnarSi. 

maSasadame, daleqvis reaqciebze kompleqsnaerTis warmoq-
mnis Tanauri reaqciebis gavlena umTavresad ganisazRvreba komp-
leqsis mdgradobis konstantisa da naleqis xsnadobis nam-
ravlis sidideebis TanafardobiT: rac ufro mcirea kompleq-
sis mdgradobis konstanta (anu didia umdgradobis konstan-
ta) da mcirea naleqis xsnadobis namravli, miT ufro metia na-
leqis gamoyofis SesaZlebloba.  

6. kaliumis biqromati vercxlis marilebis wyalxsnare-
bidan gamoyofs vercxlis biqromatis mowiTalo agurisfer 
naleqs:     

2AgNO3 + K2Cr2O7 → Ag2Cr2O7↓ + 2KNO3 

naleqi duRiliT gadadis vercxlis qromatSi. natriumis 
acetatis Tanaobisas, kaliumis biqromatis moqmedebiT, verc-
xlis qromati gacxelebis gareSec miiReba. 

2AgNO3+2CH3COONa+K2Cr2O7+H2O→Ag2CrO4↓+ 
+2KNO3+2NaNO3+2CH3COOH 

tyvia — Pb 
gavrceleba bunebaSi. bunebaSi tyvia TviTnabadi saxiT 

iSviaTad gvxvdeba. is umTavresad gavrcelebulia Semdegi na-
erTebis saxiT: tyviis kriala, anu galeniti — PbS. tyviis TeTri 
madani, anu cerusiti — PbCO3; angleziti — PbSO4; tyviis mwvane 
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madani, anu piromorfiti — Pb5(PO4)3Cl; krokoiti — PbCrO4 da 
sxva. samrewvelo mniSvnelobis madnebidan aRsaniSnavia galeniti 
— PbS, romlis sabadoebi mraval adgilas gvxvdeba. 

tyvia avlens JangviT xarisxs: +2, +3, +4.  
orvalentiani tyviis marilebi ufro mdgradia, vidre 

oTxvalentianis. Pb2+ — uferoa. misi marilebi umetesad TeT-
ri ferisaa. wyalSi advilad xsnadia nitrati, nitriti, aceta-
ti da qlorati. wyalSi uxsnadia qloridi, sulfati, fosfati, 
karbonati, sulfidi, iodidi, bromidi. 

Pb2+-is aRmomCeni reaqciebi  

1. marilmJava da misi xsnadi marilebi tyviis marilebis 
koncentrirebuli xsnarebidan gamoyofs tyviis qloridis 
TeTri feris naleqs: 

Pb(NO3)2 + 2HCl→ PbCl2↓ + 2HNO3 

gamoyofili naleqi Znelad ixsneba civ wyalSi, advilad — 
cxelSi. gacxelebiT gaxsnili naleqi gaciebis Semdeg kvlav 
gamoiyofa mbzinavi nemsisebri kristalebis saxiT. 

tyviis qloridi naklebad xsnadia ganzavebul marilmJa-
vaSi, vidre wyalSi (Tanamosaxele ionis moqmedebis gamo). mag-
ram nawilobriv mainc ixsneba ganzavebul marilmJavaSi. amitom 
xSirad is xvdeba me-4 jgufis kationebTanac (V jgufis kati-
onebTan erTad HCl-iT is mTlianad ar ileqeba). koncentrire-
bul marilmJavasa da tute liTonebis qloridebSi tyviis 
qloridi advilad ixsneba kompleqsnaerTebis warmoqmniT:     

PbCl2 + 2NaCl → Na2[PbCl4] 

miRebuli kompleqsis wyliT ganzavebisas kvlav gamoiyofa 
PbCl2-is TeTri feris naleqi. 

2. mwvave tuteebi tyviis marilebis wyalxsnarebidan ga-
moyofs TeTri feris naleqs — Pb(OH)2: 

Pb(NO3)2 + 2NaOH→ Pb(OH)2↓ + 2NaNO3 

warmoqmnili naleqi ixsneba Warb damleqavSi hidroplumbi-
tis warmoqmniT.  

Pb(OH)2 + NaOH→ NaHPbO2 + H2O 
Pb(OH)2, rogorc amfoteruli hidroqsidi, ixsneba agreT-

ve mJavebSi.  
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Pb(OH2) + 2HNO3→ Pb(NO3)2 + 2H2O 
3. amoniumis tutis moqmedebiT tyviis marilebis xsnarebi-

dan gamoiyofa TeTri feris naleqi: 

Pb(NO3)2 + 2NH4OH → Pb(OH)2↓ + 2NH4NO3 
naleqi ar ixsneba reagentis Warb raodenobaSi (gansxvaveba 

Ag, Cu, Cd-gan). 
4. kaliumis iodidi tyviis marilebis xsnarebidan gamo-

yofs yviTeli feris naleqs: 

Pb(NO3)2  + 2KI → PbI2↓ + 2KNO3 

tyviis iodidi kargad ixsneba cxel wyalSi. gacivebisas 
kvlav gamoiyofa mbzinavi kristalebis saxiT. tyviis iodidi 
kargad ixsneba iodwyalbadmJavasa da mis marilebSi kompleq-
suri naerTis warmoqmniT: 

PbI2 + KI → K[PbI3] 

wyliT ganzavebisas kompleqsi iSleba da kvlav gamoiyofa 
tyviis iodidis naleqi. 

5. ganzavebuli gogirdmJava da xsnadi sulfatebi tyviis 
marilebis xsnarebidan gamoyofs TeTri feris naleqs — tyviis 
sulfats: 

Pb(NO3)2  + H2SO4  → PbSO4↓ + 2HNO3 

warmoqmnili naleqi wyalSi praqtikulad uxsnadia. ar ixs-
neba spirtSi. tyviis sulfati nawilobriv ixsneba azotmJavaSi: 

2PbSO4 + 2HNO3→ Pb(HSO4)2 + Pb(NO3)2 
tyviis sulfati ixsneba cxel koncentrirebul maril-

mJavasa da koncentrirebul gogirdmJavaSi, ufro Znelad — 
civSi. koncentrirebul gogirdmJavaSi gaxsnis dros warmo-
iqmneba tyviis hidrosulfati; wyliT ganzavebis Semdeg kvlav 
gamoiyofa PbSO4. amitom Pb2+-is dasaleqad aucilebelia War-
bad daematos ganzavebuli gogirdmJava.  

+2
2Hg -is aRmomCeni reaqciebi  

1. marilmJava da misi xsnadi qloridebi vercxliswlis (I) 
marilebis  xsnarebidan  gamoyofs  TeTri  feris naleqs — ka-
lomels. 
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Hg2(NO3)2 + 2HCl→ Hg2Cl2↓ + 2HNO3 

kalomeli ar ixsneba wyalSi da ganzavebul gogirdmJavaSi. 
kargad ixsneba TezafSi. 

 

3Hg2Cl2 +6HCl + 2HNO3 → 6HgCl2 + 2NO + 4H2O 
+2

2Hg  – 2e → 2Hg2+      3 
  N5+ + 3e → N2+          2 

Hg2Cl2 kargad ixsneba qlorian wyalSi, tute liTonisa da 
amoniumis qloridis koncentrirebul xsnarSi.  

Hg2Cl2 +2KCl → K2[HgCl4] + Hg↓ 
                                                                                                                 Savi 

ixsneba amiakSi:   Hg2Cl2 + 2NH3 → Hg(NH2)Cl + Hg↓+ NH4Cl 
Hg2Cl2-is naleqi NH3-is moqmedebiT Savdeba liTonuri Hg-

is gamoyofis gamo (es reaqcia gamoyenebulia agreTve +2
2Hg -is 

dasacileblad Ag+ da Pb2+-gan).  
2. mwvave tuteebi vercxliswylis (I) nitratis xsnarebidan 

gamoyofs Savi feris vercxliswylis (I) oqsids. 

Hg2(NO3)2 + 2NaOH→ Hg2O + 2NaNO3 + H2O 
naleqi ar ixsneba reagentis Warb raodenobaSi, Tumca 

swrafad iSleba:       

Hg2O → Hg + HgO 
3. amiakis moqmedebiT vercxliswylis (I) nitratis xsnari-

dan gamoiyofa merkuramoniumis nitrati da liTonuri Hg0, 
ris gamoc naleqi Savdeba. 

2Hg2(NO3)2 +4NH3+H2O→2Hg↓+Hg2O(NH2)NO3+3NH4NO3 

4. kaliumis iodidi Hg(I)-is Semcveli xsnaridan gamoyofs 
mwvane feris naleqs: 

Hg2(NO3)2 +2KJ→Hg2I2↓+2KNO3 

naleqi nawilobriv ixsneba Warb damleqavSi; gamoiyofa Ta-
visufali liTonuri vercxliswyali da kompleqsnaerTi. 

Hg2I2 +2KI→Hg↓+ K2[HgI4] 
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5. aRmdgenlebi — FeSO4, SnCl2, Cu da sxva, vercxliswylis(II) 

marilTa xsnarebidan gamoyofs jer Hg2Cl2-is TeTr naleqs (1), 

xolo SnCl2-is Warbad damatebis Semdeg gamoiyofa Savi feris 

naleqi (2):           

2HgCl2 + SnCl2 → Hg2Cl2↓+SnCl4             (1) 
         sulema        

                   Hg2Cl2 +SnCl2 → 2Hg↓+SnCl4                   (2) 
Tu spilenZis priala firfitaze movaTavsebT Hg2(NO3)2-is 

xsnaris wveTs da davayovnebT, maSin firfitaze warmoiqmneba 

liTonuri vercxliswylis ruxi feris laqa, romelic gasuf-

Tavebis Semdeg mbzinavi xdeba: 

Hg2(NO3)2 +Cu→2Hg↓+Cu(NO3)2 

amrigad, vercxliswylis (I) marilebidan misi aRdgeniT 

SeiZleba mTlianad iqnes gamoyofili liTonuri vercx-

liswyali.  
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Tavi  15 

 kationTa analizis sxva meTodebi 

(wiladuri, eqstraqciuli, qromatografiuli) 

kationTa wiladuri analizi 

wiladur analizSi umTavresad gamoyenebulia e.w. wiladu-
ri reaqciebi.∗ aRmoCenasa da dacilebas awarmoeben xsnaris 
calkeul nawilSi specifiuri reaqciebis gamoyenebiT. 

wiladuri analizis dawyebamde winaswar Seadgenen sakvlevi 
obieqtis analizis sqemas. amisaTvis saWiroa vicodeT saanalizo 
komponentis aRmomCeni da seleqturi reaqciebi, maTi mniSvnelo-
vani maxasiaTeblebi. magaliTad, zogadad M ionis wiladuri ana-
lizis sqema, sxva ionebis: M1, M2, M3,...Mn Tanaobisas, SeiZleba Se-
vadginoT Semdeg mosazrebebze dayrdnobiT: 

1. M-is damaxasiaTebeli reaqciebidan unda SeirCes yvela-
ze seleqturi reagenti da reaqcia. 

2. unda SeirCes iseTi kompleqswarmomqmneli reagenti, 
romelic SeniRbavs mxolod xelSemSlel ionebs — M1, M2, M3, . . 
. Mn da ara saZiebel M-s. 

3. Tu gareSe ionebs aqvs Jangva-aRdgenis unari, ise unda 
SevarCioT mJangavi an aRmdgeni da pirobebi, rom JangviTi xa-
risxis SecvliT Tavidan aviciloT maTi gavlena. 

4. Tu meore da mesame punqtebis Sesruleba ver xerxdeba, 
maSin unda gamoviyenoT fazuri dayofis reaqciebi: xsnari-

⇄naleqi; xsnari⇄airadi nivTiereba (ix. magaliTebi 15.1, sa-
muSaoebi 1-3).  wiladur meTodSi mniSvneloba ara aqvs anali-
zis Tanmimdevrobas. 

                                                 
∗ n.a. tananaevis mixedviT wiladuria reaqcia, romlis saSualebiTac SeiZleba 
gamovyoT an aRmovaCinoT erTi romelime ioni sxva ionebis Tanaobisas. 
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15.1. kationTa wiladuri analizis   
laboratoriuli samuSaoebi 

 
samuSao 1. Co2+, Mn2+, Ni2+, Cr3+-is analizi.  
a) Co2+-is aRmosaCenad saanalizo xsnaris nawils (2-3 wveTs) 

umateben amoniumis acetats (pH=4-5), amoniumis fToridsa da 
amoniumis Tiocianidis fxvnilebs (mcire raodenobiT). war-
moqmnil kobaltis Tiocianidur kompleqss gamowvlilaven 
izoamilis spirtisa da dieTileTeris nareviT. Co2+-is arse-
bobis SemTxvevaSi organuli faza Seifereba lurjad. 

b) Mn2+-is aRmosaCenad iyeneben daJangvis reaqcias. saa-
nalizo xsnaris 1-2 wveTs umateben koncentrirebul azotmJavas, 
anzaveben gamoxdili wyliT (1-2 wveTi) da umateben natriumis 
bismutats — NaBiO3, romelsac winaswar amzadeben Bi(OH)3-is nat-
riumis tuteSi gaxsniT. kargad ureven. xsnar-naleqs filtraven 
(an acentrifugireben). xsnari Seifereba mowiTalo iisfrad 

MnO −
4  ionis warmoqmnis gamo. 

g) Cr3+-is aRmosaCenad saanalizo xsnaris 1-2 wveTs umateben 
3%-ian ZmarmJavas (3-4 wveTs), imave raodenobiT natriumis 
acetatsa da 12 wveT 5% eTilendiamintetraZmarmJavas orCa-
nacvlebul natriumis marils (kompleqson III). acxeleben wylis 
abazanaze. Cr3+-is arsebobis SemTxvevaSi warmoiqmneba qromis (III) 
kompleqsonatis damaxasiaTebeli iisferi Seferiloba.  

samuSao #2. Co2+ da Cd2+ -is aRmoCena.  
a) xsnaris nawils, sust mJava garemos Sesaqmnelad, myari 

saxiT umateben amoniumis acetats, Semdeg amoniumis tutesa da 
0,1% difenilkarbazidis spirtxsnars. warmoiqmneba kadmiumi-
saTvis damaxasiaTebeli moiisfro-lurji naleqi. Cd2+-is mcire 
raodenobis SemTxvevaSi xsnari iisfrad Seifereba (am reaqcias 
xels ar uSlis zomieri raodenobiT Cu2+, Hg2+, Pb2+, Bi3+). 

b) xsnaris nawils, umateben glicerinsa da natriumis tutes 
(tute reaqciamde). warmoiqmneba spilenZis gliceratis mocis-
fro-molurjo feris xsnari. Cd2+-is Tanaobisas daileqeba TeT-
ri feris hidroqsidi — Cd(OH)2. xsnar-naleqs filtraven. 
naleqSi rCeba Cd(OH)2. filtratSi gadis Cu2+-is glicerati. Cu2+-is 
arsebobaSi dasarwmuneblad spilenZis gliceratis xsnars uma-
teben ZmarmJavas. acxeleben. Semdeg Warbad umateben amoniumis 
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tutes. xsnari galurjdeba spilenZis kompleqsamiakatis war-
moqmnis gamo. 

 Cd2+-is aRmosaCenad naleqs xsnian ZmarmJavaSi; umateben 
K4[Fe(CN)6]-s. warmoiqmneba TeTri feris naleqi. 

samuSao #3. Ca2+-is aRmoCena ionTa narevSi. 
1. saanalizo xsnaris 1-2 ml, romelic Seicavs Pb2+, Bi3+, Cr3+, 

Mn2+, Fe3+, Co2+, Ni2+, Cu2+ da sxv. umateben amoniumis tutes pH=8-9. 
Semdeg SeaqvT ~ 0,1g TuTiis fxvnili. acxeleben aduRebamde. 
energiulad anjRreven da filtraven. naleqi-1. filtrati-1. 

2. filtrats-1 umateben  ~ 0,5ml (1:3) ganzavebul gogir-
dmJavas. acxeleben 1 wuTis ganmavlobaSi. cxladve filtra-
ven. naleqi 2. filtrati 2.  

3. filtrats 2 umateben (NH4)2C2O4 da wveTobiT NH4OH-s. 
pH~8,0. acxeleben. warmoiqmneba kalciumis oqsalatis TeTri 
feris naleqi (3) (ix. sqema). 

        

 ionTa narevSi Ca2+-is aRmoCenis sqema  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

saanalizo xsnari nitratebi

+NH4OH, Zn  (fxvnili) 
gafiltvra 

naleqi-1. Mg(OH)2, Al(OH)3, Pb0, Bi0, Cr(OH)3, 
Mn(OH)2, Fe(OH)3, Co0, Ni0, Ag0, Cd0, Hg0. 

filtrati-1. Na+, K+, Mg2+, Ca2+, Ba2+, Mn2+, 
[Co(NH3)4]2+, [Ni(NH3)4]2+, [Zn(NH3)4]2+ 

+H2SO4.  
gafiltvra 

naleqi-2. BaSO4, SrSO4, filtrati-2.  

Na+, K+, NH +
4 , Mg2+, [Ca(SO4)2]2- , Mn2+, Co2+, Ni2+,  Zn2+ 

+(NH4)2C2O4da NH4OH. 
gafiltvra 

naleqi-3 
CaC2O4 

filtrati-3. yvela 
danarCeni kationi 
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15.2. ionTa eqstraqcia. dacileba da aRmoCena 

samuSao 1. Cu2+, Hg2+, Zn2+Cd3+-is analizi. 
winaswari aRmoCena:  saanalizo xsnaris ramdenime wveTs 

umateben 2-3 wveT 2M HCl, 3-4 wveT 1%-ian natriumis dieTil-
diTiokarbamitis xsnars (Na-is ddk) da Semdeg 5 ml qloro-
forms — CHCl3. anjRreven 1 wuTis ganmavlobaSi. Cu2+-is arse-
bobis SemTxvevaSi organuli faza miiRebs moyviTalo yavis-
fer Seferilobas. 

Cu2+-is dacileba da aRmoCena. saanalizo xsnars umateben 
2M HNO3-s, pH=1-2-mde da 1 ml acetilacetons. anjRreven 1 
wuTs. fazaTa gancalkavebis Semdeg, wyalfazas kidev umateben 
0,5 ml acetilacetons da kvlav anjRreven 1 wuTs. fazebs ga-
nacalkaveben. wyalfaza-1 inaxaven. organul fazas umateben 
ramdenime wveT natriumis dieTildiTiokarbamats da 2-3 ml 
qloroforms. Cu2+-is arsebobis SemTxvevaSi organuli faza 
Seifereba moyviTalo yavisfrad. 

Hg2+-is dacileba da aRmoCena. wyalfazas-1 iyeneben Hg2+-is 
aRmosaCenad, (pH=1-2) umateben diTizonis xsnars oTxqlorian 
naxSirbadSi. anjRreven 3 wuTis ganmavlobaSi. fazebs ga-
nacalkaveben. wyalfazas-2 toveben gamyof ZabrSi Zn2+-is aR-
mosaCenad. organuli fazis narinjisfrad Seferva mowmobs 
Hg2+-is arsebobas. Hg2+-is arsebobaSi darwmunebis mizniT, 
organul fazas recxaven gamoxdili wyliT. Hg2+-is reeqstraq-
ciisaTvis umateben 1-1,5 ml 2M KI-is xsnars, romelsac da-
matebuli aqvs 3-4 wveTi 2M H2SO4. energiulad anjRreven. fa-
zebs ganacalkaveben. reeqstraqts umateben 2M amoniumis tu-
tes (pH~8) da aeqstragireben diTizonis xsnariT oTxqlorian 
naxSirbadSi. Hg2+-is arsebobis SemTxvevaSi organuli faza 
Seifereba narinjisfrad. 

Zn2+-is dacileba da aRmoCena. wyalfazas-2 umateben 
CH3COONa-is fxvnils pH=4-5, Semdeg Na2S2O3-is fxvnils da 
aeqstragireben diTizonis xsnariT sami wuTis ganmavlobaSi. 
organul fazaSi gadadis TuTia, xolo wyalfazaSi-3 rCeba 
Cd2+. Zn2+-is arsebobisas organuli faza Seifereba wiTlad. 

Cd2+-is aRmoCena. wyalfazas-3 umateben 2M amoniumis tu-
tes pH=8-mde da aeqstragireben diTizonis xsnariT CCl4-Si. 
kadmiumis arsebobis SemTxvevaSi organuli faza Seifereba 
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wiTlad. eqstraqtze 20-25 wveTi kompleqson III-is damatebis 
Semdeg organuli faza muq mwvane ferSi gadadis. 

samuSao 2. Co2+, Ni2+, Cu2+, Cd3+ analizi. 
Co2+ da Ni2+-is winaswari aRmoCena. a) saanalizo xsnaris 1-2 

wveTs umateben mcire raodenobiT Na2S2O3-s; NH4F da NH4SCN 
fxvnilebs. aeqstragireben izoamilis spirtiT. Co2+-is arse-
bobisas organuli faza Seifereba lurjad. b) 1-2 wveT saana-
lizo xsnars umateben 20%-ian natrium-kaliumis tartratis 
xsnars; 1-2 wveT 10%-ian marilmJavahidroqsilaminsa da amo-
niumis tutes pH=9 da aeqstragireben dimeTilglioqsimis 
qloroformiani xsnariT. Ni2+-is arsebobis SemTxvevaSi orga-
nuli faza Seifereba yviTlad. 

Cu2+-is dacileba da aRmoCena. saanalizo xsnars umateben 
2M HNO3-s, pH=1-2 da aeqstragireben Cu2+-s acetilacetoniT 1 
wuTis ganmavlobaSi. fazaTa gayofis Semdeg, wyalfazas ganme-
orebiT umateben kidev 0,5 ml acetilacetons da anjRreven 1 
wuTs. fazebs ganacalkaveben (wyalfazebsa da organul fa-
zebs cal-calke agroveben). wyalfazaSi-1 gadadis Cd2+,  Co2+ da 
Ni2+. eqstraqts-1, romelic Seicavs spilenZis acetilaceto-
nats umateben ramdenime wveT 1% Na-ddk-sa da qloroforms. 
anjRreven. Cu2+-is arsebobisas organuli faza Seifereba moy-
viTalo yavisfrad.  

Co2+, Ni2+, Cd2+-is eqstraqcia. Co2+, Ni2+, Cd2+ erTad aeqs-
tragireben. amisaTvis wyalfazas-1 pH=2-3, umateben 1%-ian Na-
ddk-s naleqis gamoyofamde da 1-2 ml qloroforms. anjRre-
ven 1 wuTs. fazebs ganacalkaveben. eqstraqtSi-2 gadadis ko-
baltis, nikelisa da kadmiumis karbamatebi. eqstraqti Sefe-
rilia mwvaned an moyviTalo mwvaned (Tu saanalizo xsnarSi 
imyofeba Co2+, Ni2+). 

Cd2+-is dacileba da aRmoCena. Cd2+-is reeqstraqciisTvis 
amzadeben Semdeg xsnars: 1,5 ml 1M NaCl umateben zomieri ra-
odenobiT NaCl fxvnils da 7-8 wveT 2M marilmJavas. am xsnars 
Semdeg umateben organul eqstraqts-2 da anjRreven 1-2 wuTs. 
fazebs ganacalkaveben. reeqstraqts (wyalfazas), romelic 
Seicavs kadmiumis qloridul kompleqss, umateben 2M amoniumis 
tutes (pH~8,0), ramdenime wveT diTizonis xsnars CCl4-Si da 
anjRreven. organuli faza Seifereba wiTlad, rac Cd2+-is 
arsebobis maCvenebelia. 
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samuSao #3. Al3+ da Cu2+-is dacileba. 
saanalizo xsnaris 3-4 wveTs umateben  1-2 wveT 0,1M HCl 

(pH=2,0-2,5 — sinji universaluri indikatoris qaRaldiT). Sem-
deg umateben 0,05-0,1M oqsiqinolinis spirtxsnars (2-3 wveTs) 
da qloroforms. anjRreven 1-2 wuTs. fazebs ganacalkaveben. 
organuli faza Seicavs Cu2+-s (spilenZis oqsiqinolinati mom-
wvano-moyviTaloa). wyalfazaSi gadadis Al3+, romelsac aRmo-
aCenen alizarin S-iT. 

15.3. kationTa dacileba da aRmoCena 
qromatografiuli meTodebiT 

samuSao 1. Cu2+-isa da Co2+-is dacileba da aRmoCena ad-
sorbciuli meTodiT. 

qromatograful svetSi, romelSic moTavsebulia Al2O3, pi-
petiT SeaqvT Cu2+-isa da Co2+-is Semcveli saanalizo xsnari. 
svetSi xsnaris gavlisas zeda fenaSi adsorbirdeba Cu2+-is 
ionebi, qveda fenaSi — Co2+. maTi mkveTri gamoyofisaTvis ad-
sorbents ramdenjerme Carecxaven gamoxdili wyliT. mcire 
drois gavlis Semdeg gamoikveTeba feradi qromatogramebi 
feradi zonebis saxiT: zeda fenaSi cisferi (Cu2+), qvedaSi — 
vardisferi (Co2+). 

samuSao 2. Cu2+, Bi3+, Ni2+, Co2+-is aRmoCena daleqviTi meTo-
diT. 

saanalizo  xsnars, romelic Seicavs aRniSnul kationebs, 
atareben 8-oqsiqinoliniT gaJRenTil mWadaqvis marcvlebian 
svetSi. ramdenjerme Carecxaven wyliT. warmoqmnili liTonTa 
oqsinolinatbi fenebad ganlagdeba Semdegi TanmimdevrobiT: 
Cu2+ — mwvane; Bi3+ — yviTeli; Ni2+ — mwvane; Co2+ — mowiTalo; Fe3+ — 
Savi. 

samuSao 3. Zn2+, Fe3+-is dacileba iongacvliTi meTodiT. 
dacilebisTvis iyeneben TuTias hidroqsidis amfoterul 

bunebas. saanalizo xsnaris ~ 20 ml, romelic Seicavs Zn2+ da 
Fe3+-is ionebs, atareben iongacvliT qromatograful svetSi, 
romelSic moTavsebulia kationiti KY-2 [H+] formaSi. Zn2+-is 
Fe3+-gan dasacileblad svetSi atareben 10%-ian natriumis 
tutis xsnars (mas umateben TandaTanobiT). ionitze mimdinare 
procesi zogadad gamoisaxeba Semdegnairad: 
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2R — H + Zn2+→ (R)2 —Zn + 2H+ 

                                                   kationiti 

3R — H + Fe 3+→ (R)3 —Fe + 3H+ 
                                                    kationiti 
tutis gatarebis Semdeg:  

(R)2 — Zn +4NaOH → 2R—Na + Na2ZnO2 + 2H2O 

(R)3 —Fe +3NaOH → 3R—Na + Fe(OH)3 ↓ 

Zn2+ gadis xsnarSi Zn −2
2O -is saxiT (igi kationitidan Camoi-

recxeba tutiT). am dros Fe3+ rCeba kationitze — Fe(OH)3-is sa-

xiT. Zn −2
2O -is mTlianad Carecxvas amowmeben Semdegnairad: 

svetidan Camosul ukanasknel wveTebs aTavseben saaTis minaze, 
umateben 2 wveT 2N marilmJavas da erT wveT K4[Fe(CN)6]-is xsnars. 

Tu Zn −2
2O  mTlianad Camoirecxa, maSin TeTri feris naleqi aRar 

warmoiqmneba. Zn −2
2O -is mocilebis Semdeg kationits Carecxaven 

~ 20 ml gamoxdili wyliT, gaatareben 2N HCl-is xsnars rkinis 
(III) srul Carecxvamde (Semowmeba amoniumis TiocianidiT). 

Fe(OH)3+3HCl→FeCl3+3H2O 

R —Na + HCl → R —H + NaCl 

aq, R — H aRniSnavs kationits [H+] formaSi. R—Zn, R—Fe, R—
Na — aRniSnavs kationits, romelzedac adsorbirebulia Zn2+, 
Fe3+ da  Na+-is ionebi. 

15.4. kationTa aRmoCena luminescenturi meTodiT 

samuSao 1. Na+-is aRmoCena TuTia-uranilacetatiT.  
natriumis TuTia-uranilacetatis luminescencia gapiro-

bebulia uranilis ionebiT. reaqcia seleqturia: 

NaCl + Zn(CH3COO)2 + 3UO2(CH3COO)2 + CH3COOH → 
→ NaZn(UO2)3(CH3COO)9 ↓ + HCl 

                                                        momwvano-wiTeli 

naleqi warmoiqmneba neitralur, ZmarmJava garemoSi. reaq-
ciis mgrZnobiaroba izrdeba spirtis damatebiT. aRmoCenas 

xels ar uSlis: +
4NH , K+, Mg2+, Ba2+, Sr2+, Mn2+, Ni2+, Co2+. 
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analizis msvleloba:  Na+-is Semcvel saanalizo xsnaris 
erT wveTs daitanen sasagne minaze. frTxilad amoaSroben 
mikrosanTuris alze. mSral naSTs danamaven reagentis xsna-
riT. svel laqas akvirdebian kvarcis naTuris ultraiisferi 
sxivebis danaTebisas. Na+-is ionis arsebobisas SeimCneva moy-
viTalo mwvane naTeba. 

samuSao 2.. Mg2+-is aRmoCena 8-oqsiqinoliniT. 
Mg2+-is aRmosaCenad farTod aris gamoyenebuli magniumis 

oqsiqinolinatis luminescenturi naTeba. reaqciis seleqtu-
roba izrdeba eqstraqciiT.  

2C9H6NOH + MgCl2 → (C9H6NO)2Mg↓ + 2HCl 
                                                                                                     momwvano yviTeli 

samuSaos Sesruleba: a) filtris qaRaldze daitanen 
saanalizo xsnaris wveTs, umateben reagentis spirtxsnaris wveTs. 
warmoqmnil magniumis oqsiqinolinats amuSaveben 10%-iani amo-
niumis tutis xsnariT. sveli laqis ultraiisferi sxivebis ze-
moqmedebisas SeimCneva mwvane naTeba. 

b) 3-4 wveT saanalizo xsnars (sinjaraSi) umateben imave 
raodenobiT reagents da 10%-ian amoniumis tutes. aeqstragi-
reben 5 wveTi qloroformiT. svel laqas akvirdebian kvarcis 
naTuriani xelsawyoTi ultraiisferi sxivebis qveS. Mg2+-is 
arsebobisas SeimCneva mwvane naTeba. 

samuSao #3. Al3+-is aRmoCena 8-oqsiqinoliniT. 
Al3+-is aRmoCenis mravali reagentia cnobili. umTavresad 

gamoiyeneba 8-oqsiqinolini, morini, kvercetini. 
samuSaos Sesruleba: a) filtris qaRaldze daitanen Ti-

To-TiTo wveTs saanalizo xsnars, acetatur bufers (pH~6,5) 
da reagentis eTanolian xsnars.  warmoqmnil svel laqaze  dak-
virvebisTvis iyeneben ultraiisfer sxivebs. Al3+-is arsebobis 
SemTxvevaSi SeimCneva momwvano naTeba. 

b) sinjaraSi 3-4 wveT  saanalizo xsnars umateben imave 
raodenobiT reagentis spirtxsnars da aeqstragireben 5 wve-
Ti qloroformiT. akvirdebian organul fazas (qlorofor-
mian eqstraqts)  ultraiisferi sxivebis qveS. SeimCneva mwvane 
naTeba. 

g) sinjaraSi Al2+-is Semcvel neitralur saanlizo xsnars  
umateben  ramdenime  wveT  5%-ian  CH3COONa-s, (pH~5,0-5,5); Sem-
deg umateben 3-5 wveT 0,1%-iani 8-oqsiqinolinis spirtxsnars 
da SeamJaveben 0,2 M HNO3-iT an HCl-iT. ultraiisferi 
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sxivebis zemoqmedebisas akvirdebian sveli naleqis naTebas. 
Al3+-is arsebobisas SeimCneva yviTeli-mwvane feris lumi-
nescencia. 

samuSao #4. −
2BO -is aRmoCena. 

−
2BO -is luminescentur aRmoCenisTvis iyeneben alizarin-

wiTelis gogirdmJavian xsnars (reaqcias atareben koncentri-
rebul gogirdmJava garemoSi). 

samuSaos Sesruleba. mcire zomis sinjaraSi iReben 1 wveT 
−
2BO -is Semcvel saanalizo xsnars, umateben 1-2 wveT koncen-

trirebul H2SO4—s da erT wveT 0,2%-ian koncentrirebul 
gogirdmJavian reagents da frTxilad acxeleben. amis Semdeg 
zemoT aRwerilis analogiurad, akvirdebian naTebas, rome-

lic −
2BO -is arsebobisas wiTelia. 

reaqciebis Catarebisas yuradReba unda gamaxvildes gamo-
yenebuli reagentebis sisufTaveze. sakontrolod iyeneben 
e.w. `brma~ cdas. qloroformis gamoyenebisas samuSao unda 
Catardes amwov karadaSi. reagentebi da samuSao xsnarebi unda 
inaxebodes muq WurWelSi, bnel adgilas. 

luminescencirebaze dakvirveba SeiZleba rogorc uSua-
lod, ise specialuri xelsawyos (fluorometrebis ФАС-1 an 
ФАС-2-is) gamoyenebiT. 
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Tavi  16  

anionebis analizi 

anionebis jgufebad dayofis sayovelTaod miRebuli wesi 

ar arsebobs. mowodebuli klasifikaciebi sakmaod rTulia, 

ver xerxdeba anionTa jgufebis erTmaneTisgan gamoyofa. rac 

ufro rTulia anionTa narevi, miT ufro vrceli da mou-

xerxebelia maTi analizis sqema. 

naxevrad sistemuri analizis meTodebis Tanaxmad, anion-

ebs yofen sxvadasxva reagentebis mimarT maTi damokidebu-

lebis mixedviT. magaliTad, bariumis, stronciumis, kalcium-

is, magniumis, vercxlis, tyviisa da sxva liTonTa xsnad ma-

rilebTan, anionebi warmoqmnian mcired xsnad naerTebs, airad 

nivTierebebsa da damaxasiaTebeli Seferilobis naerTebs. 

anionTa martivi narevis analizSi iyeneben wiladur me-

Tods, romlis drosac anionTa aRmoCena warmoebs sxva ani-

onebis Tanaobisas. amasTan, analizi SeiZleba Catardes sxva-

dasxva xerxiT da momuSaves konkretuli pirobebisaTvis SeuZ-

lia SearCios ufro moxerxebuli varianti.  

zogierT saxelmZRvaneloSi anionTa klasifikaciis safuZ-

vlad miRebulia saTanado mJavaTa marilebis gansxvavebuli 

xsnadoba. am niSnis mixedviT yvela anioni pirobiTad dayo-

filia sam jgufad (ix. cxrili 16.1). 
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 cxrili 16.1 
anionebis klasifikacia 

 
# 

reagenti da maTi marilTa 
xsnadoba 

 

anionebi 

1 
bariumis marilebi wyalSi uxsna-
dia; vercxlis marilebi mJavebSi 
xsnadia. damleqavia — BaCl2 neit-
ralur an sust tute garemoSi. 

SO4
2-, SO3

2-, S2O3
2-, CO3

2-, BO2
-, 

SiO3
2-, −F , PO4

3-, AsO3
3-, AsO4

3-, 
da sxva. 

2 
vercxlis marilebi uxsnadia ro-
gorc wyalSi, ise 2N HNO3-Si. 
damleqavia AgNO3, azotmJava ga-
remoSi. 

Cl¯, Br¯, I¯, S2-, [Fe(CN)6]3-, 
[Fe(CN)6]4- da sxva. 

3 
bariumisa da vercxlis marilebi 
wyalSi xsnadia. jgufuri reagen-
ti ara aqvT. 

NO3
-, NO2

-, CH3COO- da sxva. 

 

anionebi, kationebisagan gansxvavebiT, xels ar uSlis erT-
maneTis aRmoCenas da, amdenad, maT dasacileblad jgufur 
reagentebs umTavresad iyeneben jgufebis Semcvelobaze sa-
orientacio cdebis Casatareblad. saanalizo xsnarSi rome-
lime jgufis ararseboba sagrZnoblad amartivebs analizs. 

16.1. anionTa pirveli jgufi 

I jgufis anionebis — −2
4SO , −2

3SO , −2
32OS , −2

3CO , BO2
-, −3

4PO , 

F-, −2
3SiO , −3

3AsO , −3
4AsO  — jgufur reagentad iyeneben bari-

umis qlorids (neitraluri garemo).  
aRniSnul anionTa bariumis marilebi wyalSi uxsnadia, 

magram advilad ixsneba mineralur mJavebSi (BaSO4-is garda).  

−2
4SO -is aRmomCeni reaqciebi   

−2
4SO  warmoadgens gogirdmJavas — H2SO4 anions. H2SO4 Zli-

eri mJavaa. warmoqmnis mJave marilebs — hidrosulfatebsa da 
srul marilebs — sulfatebs. gogirdmJavas marilebis um-
ravlesoba wyalSi xsnadia. gamonaklisia bariumis, stronci-
umisa da tyviis sulfatebi. amaTgan kalciumis sulfati Se-
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darebiT xsnadia. wyalSi mciredxsnadia agreTve zogierTi 
mZime liTonis fuZe sulfati; magaliTad, vercxliswylis, 
bismutis, spilenZis. magram isini advilad ixsnebian ganza-
vebul mJavaSi. 

wyalxsnarebSi sulfat-ionis aRmoCena SeiZleba Semdegi 
reaqciebiT: 

1. bariumis qloridi BaCl2 (Ba2+) sulfat-ionis Semcvel 
xsnarebidan gamoyofs wyalsa da mineralur mJavebSi praqti-
kulad uxsnad TeTri feris naleqs. 

BaCl2 + Na2SO4 → BaSO4↓ + 2NaCl 
                               Ba2+ + −2

4SO → BaSO4↓ 
                                            TeTri 

am dros saanalizo xsnars winaswar unda davumatoT ma-
rilmJava, raTa Ba2+-iT ar daileqos gareSe ionebi. 

BaSO4 praqtikulad Znelad xsnadi naleqia. ixsneba Na2CO3-
is najeri xsnaris damatebiT da duRiliT. 

BaSO4 + Na2CO3 → BaCO3 + Na2SO4 

BaSO4-is karbonatSi gadayvanis operacias imeoreben manam, 

sanam xsnaris ukanasknel nawurSi SO −2
4  aRar aRmoCndeba (sinji 

bariumis qloridiT). 

2. vercxlis nitrati — AgNO3, −2
4SO -is Semcveli Zlier 

koncentrirebuli xsnarebidan gamoyofs vercxlis sulfatis 
— Ag2SO4-is TeTri feris kristalur naleqs (vercxlis nit-
ratis ganzavebuli xsnaridan naleqi ar gamoiyofa). 

2AgNO3 + Na2SO4 → Ag2SO4↓ + 2NaNO3 

2 Ag+ + −2
4SO  → Ag2SO4↓ 

3. tyviis acetati — Pb(CH3COO)2 an wyalSi xsnadi tyviis 

sxva marili −2
4SO -is Semcveli xsnarebidan gamoyofs TeTri 

feris kristalur naleqs, romelic wyalsa da mJavebSi TiT-
qmis ar ixsneba. 

Pb(CH3COO)2 +Na2SO4 → PbSO4↓ + 2CH3COONa 
                                                                                                              TeTri 

Pb2+ + −2
4SO → PbSO4↓ 
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tyviis sulfati ixsneba koncentrirebul gogirdmJavaSi 
hidrosulfatis warmoqmniT, agreTve tuteebSic plumbitis 
warmoqmniT: 

PbSO4 + 4NaOH→ Na2SO4 + Na2PbO2 +2H2O 

PbSO4+ 4OH-→ −2
2PbO  + −2

4SO +2H2O 

PbSO4 kargad ixsneba amoniumisa da tute liTonebis ace-
tatebsa da tartratebSi.  

 −2
3CO -is aRmomCeni reaqciebi  

−2
3CO -naxSirmJavas anionia. H2CO3 Zlier susti mJavaa. igi 

warmoqmnis mJava marilebs — hidrokarbonatebs, srul mari-
lebs — karbonatebs. yvela mJava,  romlis disociaciis kon-
stanta K>

32COHK ,  xsnis  mis marilebs CO2-is gamoyofiT. ufro 

naklebad disocirebuli mJavebi — HCN, H2S, H3BO3, karbo-
natebs ver xsnis. H2CO3-is marilebidan wyalSi xsnadia tute 
liTonebis, amoniumis, kaliumis karbonatebi da hidrokar-
bonatebi, agreTve magniumis, kalciumis, rkinis, tyviis, man-
ganumisa da nikelis hidrokarbonatebi.  

−2
3CO - uferoa. misi aRmomCeni reaqciebia: 

1. ganzavebuli mineraluri mJavebi da aseve ZmarmJava kar-

bonatebs xsnis naxSirorJangis gamoyofiT; Ba(OH)2 an Ca(OH)2 

xsnarSi CO2-is gatarebisas xsnari SeimRvreva. 

Na2CO3+2HCl→2NaCl+CO2↑+ H2O 
Ca(OH)2 +CO2→ CaCO3↓+ H2O 
Ba(OH)2 +CO2→ BaCO3↓+ H2O 

2. vercxlis nitrati — AgNO3 
−2

3CO -is Semcveli xsnaridan 

gamoyofs Ag2CO3-is TeTri feris naleqs. naleqi ixsneba mJa-
vebSi (garda HCl). 

Na2CO3+2AgNO3→Ag2CO3↓+2NaNO3 

2Ag++ −2
3CO →Ag2CO3↓ 
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ganzavebiTa da xsnaris duRiliT gamoiyofa Ag2O-s mixa-
kisferi naleqi: 

Ag2CO3+2H2O→2AgOH+ H2O+CO2↑ 
2AgOH→Ag2O+H2O 

−3
3BO  ( −2

74OB )-is aRmomCeni reaqciebi  

cnobilia boris sami mJava: H3BO3-orTo; HBO2 — meta da 
tetra, anu pirobormJavebi. orTobormJava warmoadgens 
TeTr qerclisebr kristalur nivTierebas, romelic Sedare-
biT kargad ixsneba wyalSi, misi marilebi miRebuli araa. ufro 
cnobilia metabormJavas marilebi — metaboratebi da tet-
rabormJavas marilebi — tetraboratebi. TvisebiTi reaq-
ciisTvis iyeneben tetrabormJavas marilebs; magaliTad, 
Na2B4O7·10H2O. 

natriumis marilis — Na2B4O7·10H2O (boraqsi) wyalxsnars, 
rogorc Zlieri tutis Sesabamis marils, tute reaqcia aqvs. 
wyalSi uxsnadi boraqsebi mJavebSi xsnadia. boratebis wyal-
xsnarebi uferoa. 

aRmomCeni reaqciebia: 
1. bariumis qloridi ganzavebuli xsnaridan gamoyofs 

TeTri feris naleqs — bariumis metaborats. 

BaCl2 + Na2B4O7 + 3H2O → Ba(BO2)2↓ + 2H3BO3 + 2NaCl 
                                      

TeTri 

gamoyofili naleqi advilad ixsneba mineralur mJavebsa 
da ZmarmJavaSi. 

2. vercxlis nitrati — AgNO3 gamoyofs TeTri feris na-
leqs — vercxlis metaborats: 

2AgNO3 + Na2B4O7 + 3H2O → 2AgBO2↓ + 2H3BO3 + 2NaNO3 
vercxlis metaborati ixsneba amiakSi, ZmarmJavasa da azo-

tmJavaSi. tuteebSi metaboratis TeTri naleqi wablisferi xde-
ba vercxlis oqsidis — Ag2O-s warmoqmnis gamo.  

2Ag BO2 + 2NaOH→ Ag2O↓+2NaBO2 + H2O 

3. alis Sefervis reaqcia. bormJavasa da boratebze kon-
centrirebuli gogirdmJavas Tanaobisas, meTilis an eTilis 
spirti advilad warmoqmnis boris mJavas aqrolad eTerebs, 
spirtis anTebisas warmoqmnili eTeri als mwvaned feravs.  
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3CH3OH+H3BO3→3H2O+B(OCH3)3 
 reaqcias atareben amwov karadaSi Semdegnairad: sakvlev 

xsnars amoaSroben faifuris jamSi mSral naSTamde. mSral 
naSTs umateben koncentrirebul gogirdmJavas mcire raode-
nobas da Semdeg eTilis spirts. Serevis Semdeg spirts aan-
Teben. boris Semcvelobis SemTxvevaSi ali mwvaned Seifereba. 
es Tviseba gamoyenebulia agreTve luminescentur meTodSi. 

−3
4PO  -is aRmomCeni reaqciebi  

−3
4PO  — orTofosformJavas anionia. cnobilia fosforis 

sami mJava: H3PO4 — orTofosfor, HPO3 — metafosfor da 
H4P2O7 — pirofosformJavebi. amaTgan yvelaze mdgradia or-
TofosformJava. uwylo H3PO4 gamWvirvale kristaluri niv-
Tierebaa, romelic haerze ganiTxeva. gasayidi H3PO4 warmo-
adgens sirofismagvar xsnars, romelic 83-98%-iania. orTo-
fosformJava wyalSi didi raodenobiT ixsneba. is saSualo 
siZlieris samfuZiani mJavaa. warmoqmnis marilebs: dihidro-
fosfatebs, hidrofosfatebsa da fosfatebs. 

tute liTonTa monohidrofosfatebis wyalxsnars aqvs 
susti mJava, dihidrofosfatebs — susti tute, xolo orTo-
fosfatebs — Zlieri tute reaqcia. orvalentian liTonTa 
fosfatebi ixsneba mineralur da sust mJavebSi. samvalentiani 
liTonTa fosfatebi ki — mineralur mJavebSi. orvalentian 
liTonTa fosfatebi yvelaze mdgradi marilebia. wyalxsnarSi 
mono- da dihidrofosfatebis narevs buferuli Tvisebebi aqvs. 

−3
4PO -ioni uferoa. aRmomCeni reaqciebia: 

1. BaCl2 hidrofosfat-ionis Semcveli xsnarebidan tute-
ebisa da amiakis Tanaobisas gamoyofs TeTri feris amorful 
naleqs: 

BaCl2 + Na2HPO4 → BaHPO4↓ + 2NaCl 

3BaCl2+2Na2HPO4+2NH4OH→Ba3(PO4)2↓+4NaCl+2NH4Cl+2H2O 

axlad gamoyofili naleqi kargad ixsneba mineralur mJa-
vebsa (gamonaklisia gogirdmJava) da ZmarmJavaSi. am ukanas-
knelSi gaxsna SeiZleba aixsnas Semdegnairad: gaxsnis Sedegad 
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warmoqmnili H −2
4PO  mcired disocirdeba ( −2

42POHK =6,23·10-8 

naklebia CH3COOH-is disociaciis mudmivaze — COOHCH3
K =1,8·10-5), 

e.i. CH3COOH SedarebiT ufro Zlieria, vidre H2
−
4PO . amitom:  

Ba3(PO4)2 + 4CH3COOH → Ba(H2PO4)2 + 2Ba(CH3COO)2 

2. vercxlis nitrati ganzavebuli xsnarebidan gamoyofs 
TeTri feris kristalur naleqs: 

3AgNO3 + 2Na2HPO4 → Ag3PO4↓ + NaH2PO4 + 3NaNO3 

naleqi ixsneba amiakSi, azotmJavasa da ZmarmJavaSi. 

3. magnezialuri narevi −3
4PO -is Semcveli xsnarebidan gamo-

yofs TeTri feris kristalur naleqs — magniumamoniumis fosfats: 

Mg2+ + NH4
+ +  H −2

4PO  + OH- → Mg NH4PO4↓ + H2O 

naleqi ixsneba rogorc sust, ise Zlier mJavebSi. praq-
tikulad uxsnadia 2,5%-ian amiakSi.  

−3
3AsO -is aRmomCeni reaqciebi  

−3
3AsO  — dariSxanovani mJavas anionia, romelic Tavisufal 

mdgomareobaSi ar arsebobs. rogorc Zalian susti mJava, iS-
leba dariSxanovan anhidridad da wylad: 

2H3AsO3→As2O3+3H2O 
 dariSxanovani mJava amfoterulia. wyalxsnarSi disocir-

deba rogorc mJava da rogorc fuZe. 

3H+ + AsO3
3- ⇄ H3AsO3 ⇄ As3+ + 3OH- 

dariSxanovani mJavas marilebs arsenitebi ewodeba. tute 
liTonebis arsenitebi wyalSi xsnadia. aRmomCeni reaqciebis 
Sesaswavlad sargebloben Na3AsO3 an NaAsO2-is xsnarebiT. 
aRmomCeni reaqciebia: 

1. bariumis qloridi zomierad ganzavebuli xsnarebidan 
gamoyofs TeTri feris naleqs: 

BaCl2 + 2NaAsO2 → Ba(AsO2)2 ↓ + 2NaCl 
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gamoyofili naleqi advilad ixsneba ganzavebul mJavebSi. 
2. magnezialuri narevi (MgCl2+NH4OH+NH4Cl) AsO3

3--Tan 

naleqs ar iZleva (gansxvaveba −3
4AsO -gan). 

3. vercxlis nitrati — AgNO3 arsenitis Semcveli neitra-
luri xsnarebidan gamoyofs yviTeli feris naleqs: 

3AgNO3 + Na3AsO3  → Ag3AsO3↓ + 3NaNO3 

 naleqi ixsneba amiaksa da mineralur mJavebSi. 

-3
4AsO -is aRmomCeni reaqciebi  

-3
4AsO  dariSxanis mJavas anionia, romelic ufero ganT-

xevadi kristaluri nivTierebaa. advilad ixsneba wyalSi. igi 
saSualo siZlieris mJavaa.  

−3
4AsO  anioni uferoa. misi aRmomCeni reaqciebia: 

1. BaCl2 ganzavebuli −3
4AsO -is xsnarebidan gamoyofs TeT-

ri feris amorful naleqs, romelic swrafad gadadis kris-
talur formaSi. 

3BaCl2 + 2Na3AsO4 → Ba3(AsO4)2 ↓ + 6NaCl 
naleqi ganzavebul mJavebSi ixsneba. 
2. vercxlis nitrati dariSxanmJavas marilebis neitra-

luri xsnarebidan gamoyofs Sokoladisfer naleqs: 

3AgNO3 + Na3AsO4  → Ag3AsO4↓ + 3NaNO3 
naleqi advilad ixsneba amiaksa da mineralur mJavebSi. 
3. magnezialuri narevi AsO4

3- -Tan warmoqmnis TeTri feris 
kristalur naleqs:  

Mg2++NH4
++ AsO4

3- → Mg NH4AsO4↓ 

16.2. anionTa meore jgufi 

II jgufSia Semdegi anionebi: Cl-, Br-, I- da sxva, romlebic 

ileqebian azotmJava garemoSi AgNO3-is moqmedebiT. II jgufis 

anionebi uferoa. axasiaTebT Jangva-aRdgenis reaqciebi. 
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Cl¯-is aRmomCeni reaqciebi  

Cl⎯ — qlorwyalbadmJavas HCl-is anionia. gasayidi HCl 35,4-
37,2%-iania. igi erTfuZiani Zlieri mJavaa. misi marilebi — qlo-
ridebi, wyalSi kargad xsnadia. gamonaklisia tyviis, vercxlisa da 
vercxliswylis (I) qloridebi. Cl⎯-is aRmomCeni reaqciebia: 

1. vercxlis nitrati Cl⎯-is Semcveli xsnarebidan gamo-
yofs TeTri feris xaWosebr naleqs:  

AgNO3 + HCl→AgCl↓ + HNO3 

naleqi azotmJavSi ar ixsneba. kargad ixsneba amiakSi, ka-
liumis cianidSi, natriumis TiosulfatSi saTanado kom-
pleqsebis warmoqmniT. 

AgCl + 2NH4OH → [Ag(NH3)2]Cl + 2H2O 

+2KCN →K[Ag(CN)2]+KCl 

[Ag(NH3)2]Cl — azotmJavaTi SemJavebisas kvlav gamoiyofa 

vercxlis qloridis naleqi. [Ag(NH3)2]Cl + 2H+ =AgCl↓+2NH +
4  

2. vercxliswylis (I) nitrati — Hg2(NO3)2 da tyviis acetati — 
Cl⎯-is Semcveli xsnarebidan gamoyofs vercxliswylisa (I) da 
tyviis (II) qloridebis TeTri feris naleqs: 

Hg2(NO3)2 + 2HCl→ Hg2Cl2↓ + 2HNO3 

Pb(NO3)2 + 2HCl → PbCl2↓ + 2HNO3 
miRebuli naleqebi koncentrirebul marilmJavaSi ixsneba. 

PbCl2 kargad ixsneba cxel wyalSi. 
3. kaliumis permanganati KMnO4 Cl--is Semcveli koncen-

trirebuli xsnarebidan ZliermJava garemoSi gamoyofs 
Tavisufal qlors. am dros permanganati gauferuldeba: 

2KMnO4 + 16HCl → 5Cl2+2MnCl2 + 2KCl + 8H2O 

r¯-is aRmomCeni reaqciebi  

Br¯ — bromwyalbadmJavas — HBr-is anionia. igi erTfuZiani 
Zlieri mJavaa. mis marilebs bromidebi ewodeba. bromidebi 
xsnadobis mxriv marilmJavas marilebis msgavsia. Br¯-is aRmom-
Ceni reaqciebia: 
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1. vercxlis nitrati Br¯-is Semcveli xsnarebidan gamoyofs 
yviTeli feris xaWosebr naleqs:  

AgNO3 + KBr →AgBr↓ + KNO3 

naleqi ar ixsneba mineralur mJavebSi. kargad ixsneba ka-
liumis cianidSi, TiosulfatSi, ixsneba amiakis koncentri-
rebul xsnarSi. 

2. qloriani wyali bromid-ions Jangavs Tavisufal bro-
mamde:  

2KBr + 2Cl2→ 2Br2 +2KCl 

reaqcia mimdinareobs neitralur an sust-mJava garemoSi. 
bromi kargad ixsneba benzolSi, qloroformsa da gogir-
dnaxSirbadSi. cdas Semdegnairad atareben: sakvlev xsnars am-
Javeben ganzavebuli H2SO4-iT da umateben qlorian wyals, 
Semdeg qloroforms an benzols. sinjaras kargad SeanjRre-
ven. qloroformi amowvlilavs gamoyofil broms da orga-
nuli fena Seifereba Calisfrad (yviTlad). 

3. kaliumis permanganati Br¯-is ionebis Semcveli xsnarebidan 
sustmJava garemoSi gamoyofs Tavisufal broms: 

2KMnO4 + 16HBr → 5Br2 + 2MnBr2 + 2KBr + 8H2O 
10 Br¯ +2Mn −

4O  +16H+→ 5Br2+2Mn2++8H2O 

I¯ -is aRmomCeni reaqciebi  

−I  — iodwyalbadmJavas anionia. iodwyalbadmJava naklebad 
mdgradia. mis marilebs iodidebi ewodeba. iodidebis xsnadoba 

axlos dgas bromidebis xsnadobasTan. −I -is aRmomCeni reaq-
ciebia: 

1. vercxlis nitrati −I -is Semcveli xsnaridan gamoyofs  
muqi yviTeli feris xaWosebr naleqs:  

AgNO3
 + KI → AgI↓ + KNO3 

   naleqi ar ixsneba azotmJavasa da amiakSi. kargad ixsneba 
kaliumis cianidSi kompleqsnaerTis warmoqmniT.  

AgI +2KCN → K[Ag(CN)2]+KI 
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2. qloriani wyali −I -is Semcveli xsnarebidan gamoyofs 
Tavisufal iods. 

2KI + Cl2→ I2 + 2KCl 
2I- + Cl2 → I2 + 2Cl- 

gamoyofili I2 qloroformis an benzolis fenas wiTlad 
feravs, saxamebels lurjad. Cl2-iani wylis siWarbes unda ve-
ridoT, radgan am dros xdeba Tavisufali iodis daJangva 
iodat ionebamde. 

3. tyviis marilebi I⎯-Tan warmoqmnis yviTeli feris naleqs. 

Pb(CH3COO)2 + 2KI → PbI2↓ + 2CH3COOK 

Pb2++ 2I-→ PbI2 ↓ 

naleqi ixsneba cxel wyalSi. gaciebisas kvlav gamoiyofa 
oqrosferi mbzinavi kristalebis saxiT. 

16.3. anionTa mesame jgufi 

am jgufSi gaerTianebulia nitrit-ioni — −
2NO , nitrat-

ioni — −
3NO , acetat-ioni — CH3COO⎯ da sxva, romlebic bari-

umisa da vercxlis marilebTan warmoqmnian wyalSi xsnad 
marilebs. amitom am jgufis anionebs saerTo damleqavi ar 
aqvs. maT axasiaTebT Jangva-aRdgenis reaqciebi (gamonaklisia 
CH3COO⎯).  

NO −
3 -is aRmomCeni reaqciebi   

−
3NO  — azotmJavas anionia, romelic erT-erTi Zlieri 

mineraluri mJavaTagania. azotmJavas marilebs nitratebi 
ewodeba. misi marilebi wyalSi xsnadia. azotmJava Zlieri mJan-

gavia.  −
3NO  uferoa. misi aRmomCeni reaqciebia: 

1. koncentrirebuli H2SO4 −
3NO -is Semcveli xsnaridan 

gacxelebisas gamoyofs azotmJavas, romelic nawilobriv iS-
leba damaxasiaTebeli mwvave sunis, mura wiTeli feris NO2-is 
orTqlis gamoyofiT. 
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NaNO3 + H2SO4 ⇄ NaHSO4 + HNO3 

4HNO3 ⎯→←t 4NO2↑ + 2H2O + O2 

2. rkinis (II) sulfati — FeSO4, Zlier gogirdmJava garemoSi 

N −
3O -s aRadgens NO-mde. xsnarSi Warbad Setanili rkinis (II) 

sulfati ukavSirdeba gamoyofil NO-s da warmoqmnis moruxo 
feris aramdgrad kompleqss. 

8FeSO4 + 2HNO3 + 3H2SO4 → 2(FeSO4·NO) + 3Fe2(SO4)3 + 4H2O 

cdas atareben Semdegnairad: sinjaraSi aTavseben sakvlevi 
xsnaris nawils, umateben imave moculobis koncentrirebul 
gogirdmJavas (acieben onkanis wylis qveS. cxel mdgomare-
obaSi mura rgoli ar warmoiqmneba, igi gacxelebisas iSleba). 
Semdeg frTxilad (sinjaris kedelze CayolebiT) umateben ax-
laddamzadebul rkinis (II) sulfats, ise rom, siTxeebi erT-
maneTs ar Seerios; nitrationis arsebobis SemTxvevaSi siT-
xeebis Sexebis adgilze warmoiqmneba mura feris rgoli. nit-
rationis mcire raodenobis dros rgoli mowiTaloa. am 

reaqcias xels uSlis [ ] [ ] −− 4
6

3
6 Fe(CN)  ,Fe(CN)  ,-Br .  

−
2NO -is aRmomCeni reaqciebi  

N −
2O  — azotovani mJavis anionia. azotovani mJava erTfu-

Ziani, susti, aramdgradi mJavaa. mis marilebs nitritebi 
ewodeba. azotovani mJava da misi marilebi avlens rogorc 
aRmdgenlis, ise mJangavis Tvisebebs. nitritebis umravlesoba 

wyalSi xsnadia. N −
2O  uferoa. misi aRmoCenisaTvis sargeblo-

ben Jangva-aRdgenis reaqciebiT:  
1. ganzavebuli H2SO4 nitritebs Slis da gamoyofs azotis 

(II) oqsids, romelic haeris JangbadiT iJangeba mura wiTeli 
feris NO2-is warmoqmniT.  

 

2NaNO2(my.)+ H2SO4→ Na2SO4+2HNO2 

3HNO2→HNO3+2NO+ H2O 

2NO + O2 → 2NO2↑ 
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2. vercxlis nitrati nitritis sakmaod koncentrirebuli 
marilTa xsnaridan gamoyofs AgNO2-is TeTri feris naleqs, 
romelic ixsneba cxel wyalsa da mJavebSi. 

Ag++N −
2O → AgNO2↓ 

3. kaliumis iodidisa da nitritis narevs Tu SevamJavebT 
ZmarmJavaTi an ganzavebuli gogirdmJavaTi, nitrit ioni aR-
dgeba azotis (II) oqsidamde, iodid-ioni daiJangeba Tavisufal 
iodamde. 

2N -
2O +2 -I +4H+→I2+2NO+2H2O 

gamoyofili I2-is gamo xsnari yviTlad Seifereba. I2-is 
identificirebisaTvis xsnars umateben ramdenime wveT ben-
zins an qloroforms. SeanjRreven. organuli fena Seifereba 
mowiTalo iisfrad (I2-is gamoyofa SeiZleba Semowmdes saxa-
mebliTac. saxameblis damatebisas xsnaris lurjad Seferva 
iodis arsebobis maCvenebelia). 
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Tavi  17 

 organuli naerTebis TvisebiTi analizi 

(zogadi mimoxilva) 

analizuri qimiis TvalsazrisiT organuli nivTierebebis 
kvlevisas unda gadaiWras Semdegi amocanebi: 

1. bunebrivi da sinTezuri naerTebidan gamoyofili axali 
organuli nivTierebebis Sedgenilobisa da struqturis dadgena. 

2. ucnobi naerTis identificireba. 
3. cnobili Sedgenilobis naerTebSi ZiriTadi komponen-

tebisa da minarevebis garkveva. 
4. organuli nivTierebebisaTvis damaxasiaTebeli fun-

qciuri jgufebis identificireba. 
es amocanebi SeiZleba ganxorcieldes rogorc qimiuri, 

ise fizikuri meTodebiT (qromatografia, infrawiTeli speq-
troskopia, masspeqtroskopia da sxv.). 

5. organuli naerTebis identificireba, fizikuri da qi-
miuri meTodebis gamoyenebiT, SeiZleba warmovadginoT Semdegi 
algoriTmiT: 

1. winaswari gamokvleva: agregatuli mdgomareobis, fe-
ris, sunis dadgena; sinji wvadobaze; fizikuri konstantebis 
gazomva; molekuluri masis gansazRvra. 

2. xsnadobis gansazRvra wyalSi, ganzavebul HCl, NaOH, 
NaHCO3, organul gamxsnelebSi. 

3. sakontrolo-aRmomCeni reaqciebi elementebis (N, S, 
Cl, Br, Si da a.S.) Semcvelobaze. 

4. naerTTa klasis dadgena, aRmomCeni e.w. maklasifici-
rebeli reaqciebis saSualebiT (ix. cx. 17-1). 

5. sakontrolo-aRmomCeni reaqciebi funqciuri jgufis 
Semcvelobaze. 

6. organul nivTierebaTa nawarmebis identificireba. 
myari organuli nivTierebis kvlevisas zomaven lRobis 

temperaturas, TxevadisaTvis — duRilis temperaturas, sim-
kvrivesa da gardatexis maCvenebels. molekuluri masa SeiZ-
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leba ganisazRvros gayinvis temperaturis daweviT an os-
mometriT — orTqlis simkvrivis gazomvis mixedviT. 

 

cxrili 17.1. 
zogierTi organuli nivTierebis aRmomCeni 

(maklasificirebeli) reaqciebi 
 

klasi, anu 
naerTis tipi 

reaqciaSi 
monawile 

funqciona-
luri jgufi 

 
reagenti 

 
 
aldehidi  

 
 
 
 

a) 2,4-dinitrofenilhidrazini 
b) hidroqsilaminis hidroqloridi 
g) natriumis hidrosulfati 

amini  
 

— NH2 

 
a) azotovani mJava 
a) benzosulfoqloridi 

 
ketoni 
 
 

  
ix. aldehidi 

ujeri  
naxSirwyalbadi 

— C = C — 
 

a) KMnO4-is xsnari 
b) bromis xsnari CCl4-Si 

 
nitronaerTi 

 
— NO2 

a) Fe(OH)2 (moris marili +KOH) 
b) cinkis mtveri + NH4Cl 
g) 20% NaOH-is xsnari 

spirti*) 
 

 
(R) — OH 

a) (NH4)2[Ce(NO3)6] 
b) ZnCl2 + HCl-is xsnari 
g) iodis mJava 

fenoli 
 

(Ar) — OH 
 

a) FeCl3 piridinSi 
b) bromiani wyali 

martivi eTeri 
 

(R*) — OR 
 

a) iodwyalbadmJava 
b) bromiani wyali 

rTuli eTeri R′ — COOR1 NaOH an KOH-is xsnari 
hidroqsilaminis hidroqloridi 

 

                                                 
*) pirveladi, meoreuli da mesameuli spirtebis identifikaciisaTvis iyeneben 
KMnO4, nesleris reaqtivs, HgSO4 da I2. KMnO4 pirvelad spirtebs Jangavs 
aldehidebamde; meoreuls — ketonamde, am dros gamoiyofa MnO2; mesameul 
spirtebTan is ar reagirebs. nesleris reaqtivi aRadgens mxolod pirvelad 
da meoreul spirtebs. vercxliswylis (II) sulfati mesameul spirtebTan 
iZleva Seferilobas an naleqs, xolo pirveladi da meoreuli spirtebi masTan 
warmoqmnis simRvrives. I2-efeqturia or da sam atomiani spirtebis dasa-
cileblad. oratomian spirtebSi I2 ixsneba da gvaZlevs yviTlidan — mowi-
Talo-yavisfer xsnars. samatomian spirtebSi I2  ar ixsneba. 

 
C=O 

 
C=O 
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organul naerTTa klasificirebisaTvis mniSvnelovania 
agreTve maTi xsnadobis unari. magaliTad, Tu nivTiereba ar 
ixsneba wyalSi, magram ixsneba 5% NaOH, NaHCO3, maSin is sava-
rudod miekuTvneba im nivTierebaTa jgufs, romelSic Sedis 
Zlieri organuli mJavebi, karbonmJavebi, fenolebi (orTo- da 
para- mdgomareobebSi) da β-diketonebi.  

calkeuli elementis aRmosaCenad organul naerTebs 
Slian liTonur natriumTan an narevTan (Mg+K2CO3; Zn+CaO) 
SelRobiT. ama  Tu im elementis aRmoCenis mixedviT askvnian, 
naerTTa romel klass miekuTvneba nivTiereba. 

Semdegi etapia — organul naerTTa klasis dadgena reaq-
ciebiT (ix. cx. 17.1). 

ucnobi naerTis kvlevisas, mniSvnelovania agreTve gair-
kves, naxSirbadisa da wyalbadis garda, kidev ra elementebs 
Seicavs igi. 

17.1. organuli nivTierebebis elementuri                  
da funqcionaluri analizi 

organuli naerTebis TvisebiT analizSi ZiriTadad ansxva-
veben elementuri da funqcionaluri jgufis analizs. ori-
ve es meTodi avsebs erTmaneTs da fizikur meTodebTan 
kombinirebisas srul informacias gvawvdis organuli nivTi-
erebebis Tvisobrivi Sedgenilobis Sesaxeb. 

elementuri TvisebiTi analizi. elementis  TvisebiTi 
analizi iwyeba nivTierebis winaswari gamokvleviT: amisTvis 
saanalizo nivTierebis 30-50 mg-s gamowvaven platinis an fa-
ifuris tigelSi. Tu gamowvis Semdeg naSTi ar darCa es imaze 
miuTiTebs, rom saanalizo nimuSi ar Seicavs araorganul 
komponentebs. naSTis (nacris) darCena migvaniSnebs maT Sem-
cvelobaze. 

naxSirbadis da wyalbadis aRmoCena. saanalizo nimuSs 
Warbi raodenobiT umateben spilenZis oqsids, romelic as-
rulebs mJangavis rols (cdas atareben sinjaraSi). narevs 
sinjaraSi kvlav umateben mcire raodenobiTCuO-is fxvnils. 
sinjaras axuraven sacobs gazgamtari miliT. mili moTav-
sebulia meore sinjaraSi, romelSic asxia bariumis hidroq-
sidi. pirveli sinjaris SigTavss axureben gazis sanTuris 
alze. sinjaris kedlebze wylis wveTebis gamoCena  miuTiTebs  
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nimuSSi  wyalbadis  arsebobaze,  xolo CO2-is gatarebisas 
simRvrivis warmoqmna — xsnarSi naxSirbadis Semcvelobaze. am 
dros mimdinareobs Semdegi reaqcia: 

CO2 + Ba(OH)2 ⇄ BaCO3↓ + H2O 

wyalbadis aRmosaCenad nimuSs acxeleben natriumis sul-
fitTan an natriumis TiosulfatTan. 

gogirdis, azotis da halogenebis aRmoCena. organul 
nivTierebebSi xSirad iyeneben liTonur natriumTan Sel-
Robas. am SemTxvevaSi nimuSi guldasmiT unda Semowmdes, nat-
riumTan feTqebadi nivTierebebis warmoqmnaze, radgan or-
ganuli nivTierebebi: azidebi, nitroalkanebi, diazoeTerebi 
da sxva, natriumTan warmoqmnian feTqebad naerTebs (am Sem-
TxvevaSi iyeneben sxva meTodebs). cdas atareben usafrTxo-
ebis wesebis dacviT: gamwov karadaSi, muqi saTvaliT. 

organuli nivTierebebis liTonur natriumTan SelRobi-
sas warmoiqmneba sxvadasxva nivTierebebi.  

SelRoba. saanalizo nimuSis 20-50 mg aTavseben Znelad-
lRobad minisgan damzadebul sinjaraSi, umateben kargad ga-
sufTavebul (mbzinav) mcire zomis liTonuri natriumis na-
Wers. sinjaris SigTavss kargad Seureven da acxeleben frTxi-
lad. natriumi TandaTan lRveba da reaqciaSi Sedis nimuSTan. 
amis Semdeg sinjaras acxeleben muq wiTel gavarvarebamde, 
acieben, umateben 15 mg dafxvierebul saqarozas da kvlav ac-
xeleben. am process imeoreben 3-jer. amis Semdeg civi sinja-
ris SigTavss umateben 1 ml eTanols, liTonuri natriumis 
mTlianad gaxsnisaTvis sinjaras kvlav acxeleben (Zalian 
frTxilad!). bolo gaxurebisas eTanoli SeiZleba aaldes (mag-
ram es analizis Sedegze gavlenas ar axdens). aduRebis Semdeg 
xsnars filtraven. filtrati ufero unda iyos. filtratis 
aliqvotur nawilSi axdenen nivTierebis (ionebis) aRmoCenas: 

gogirdis aRmoCena 1. filtratis nawils (1-2 ml) amJaveben 
ZmarmJaviT da umateben ramdenime wveT tyviis acetats. S2--is 
arsebobis SemTxvevaSi warmoiqmneba Savi feris naleqi: 

Na2S + Pb(CH3COO)2 → PbS↓ + 2CH3COONa. 

2. filtratis 1-2 ml umateben or wveT natriumis nitro-
prusidis ganzavebul xsnars. warmoiqmneba Tionitrozokom-
pleqsis iisfer-lurji Seferiloba: 
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                         Na2S + Na2[Fe(CN)5NO] →  Na4[Fe(CN)5NOS]   
                                                 natriumis            iisferi-lurji 

                                                   nitroprusidi 

azotis aRmoCena. 2 ml filtrats aTavseben tigelSi an 
WiqaSi, umateben 2 wveT amoniumis polisulfids da narevs 
amoaSroben mSral naSTamde. naSTs umateben 5 ml ganzavebul 
qlorwyalbadmJavas, acxleben da filtraven. 

NaCN + (NH4)2Sx → NaSCN + (NH4)2Sx-1 

filtrats umateben ramdenime wveT FeCl3-is xsnars. 
warmoiqmneba wiTeli feris kompleqsi. 

3NaSCN + FeCl3 → Fe(SCN)3 + 3NaCl 
                                                                                                    wiTeli 

qloris, bromis da iodis aRmoCena. 10 ml pirvelad fil-
trats SeamJaveben 10%-iani gogirdis mJavaTi da aduReben 
ramdenime wuTs, acieben da amowmeben xsnarSi iodis arsebobas. 
amisaTvis xsnaris 1 ml umateben natriumis nitritis xsnars. 
iodis arsebobis SemTxvevaSi CCl4-is fena miiRebs muqwiTel-
fers. xsnaris darCenil nawilSi aRmoaCenen Br⎯-s da Cl⎯-s. 
amisaTvis 5 ml xsnars amuSaveben natriumis nitritis xsnariT, 
iods aeqstragireben CCl4-iT. wyalfazas aduReben 1 wuTis 
ganmavlobaSi. acieben. aqedan iReben 1 ml saanalizo xsnars, 
umateben 0,5 ml CCl4-s da 2 wveT qlorian wyals. CCl4-is fena 
Rebulobs yavisfer Seferilobas, rac miuTiTebs Br⎯-is Sem-
cvelobaze. iodis da bromis eqstraqciis Semdeg darCenil 
xsnars anzaveben 30 ml-mde. umateben 1 ml koncentrirebuli 
gogirdmJavas da 0,3 g kaliumis persulfats — K2S2O8. narevs 
acxeleben (aduReben 5 wuTis ganmavlobaSi), acieben. civ 
xsnars umateben vercxlis nitrats. TeTri xaWosebri naleqis 
warmoqmna Cl⎯-is arsebobis maCvenebelia.  

jeradi bmebis aRmoCena organul naerTebSi. organul 
naerTebSi ormagi an sammagi bmis aRmoCenisaTvis iyeneben:  

1) SbCl3-s. saanalizo xsnars umateben 30%-ian SbCl3-is qlo-
roformian xsnars, ormagi da sammagi jeradi bmis arsebobis 
SemTxvevaSi warmoiqmneba yviTeli, wiTeli an yavisferi Sefe-
riloba; 2) bromis mierTebis reaqcia. bromis Semcvel 1 g 
xsnars (0,3 ml) oTxqlorian naxSirbadSi wveTobiT umateben 
saanalizo xsnars (50 mg saanalizo nivTiereba gaxsnilia 2 ml 
oTxqlorian naxSirbadSi). bromiani xsnari maSinve gauferul-
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deba, rac miuTiTebs organul nivTierebaSi jeradi bmebis 
arsebobaze. 

organuli naerTebis struqturis dasadgenad iyeneben 
infrawiTeli da birTvul-magnituri rezonansis speqtrebs, 
magram ar unda gamovricxoT qimiuri meTodi. organul naerT-
Si ormagi bmis arseboba speqtroskopuli meTodebiT Zneli 
gasarkvevia maSin, rodesac qimiuri reaqcia bromTan da ka-
liumis permanganatTan (romelic swrafad mimdinareobs) ad-
vili SesamCnevia. maSasadame, organuli nivTierebebis identi-
ficirebisaTvis gamoiyeneba rogorc fizikuri, ise qimiuri 
meTodebi.  

ganvixiloT zogierT organul naerTTa aRmoCenisa da 
identificirebis magaliTebi. 

spirtebis da fenolis aRmoCena. pirveladi, meoreuli da 
mesameuli spirtebis identificireba SesaZlebelia hidro-
qsilis jgufis gansxvavebuli Zvradobis mixedviT. amisaTvis 
iyeneben TuTias qloridsa da koncentrirebul marilmJavas. 

TuTias qloridi da koncentrirebuli marilmJavas narevi 
swrafad reagirebs mesameul spirtebTan, SedarebiT nela — 
meoreul spirtebTan da ufro nela — pirveladTan.  

zogadad, reaqcia mimdinareobs Semdegnairad: 

R – OH + HCl ⎯⎯ →⎯ 2ZnCl R – Cl + H2O 

analizis msvleloba:  1.  amzadeben (ZnCl2 + HCl) xsnars: 1,6 
g ZnCl2 —s umateben 1 ml konc. HCl-s da acieben. 

2. xsnars yofen sam nawilad. TiToeul nawils umateben 4-5 
wveT pirvelad, meoreul da mesameul spirts. sinjarebs ener-
giulad SeanjRreven da aTavseben wylian WiqaSi, wylis tem-
peratura 20-300C. sinjarebSi xsnari iwyebs SemRvrevas ux-
snadi halogenalkilebis warmoqmnis gamo. simRvrive pirve-
lad warmoiqmneba, sadac pirveladi spirtia. meoreul spir-
tebs simRvrivis warmoqmnis mixedviT Sualeduri mdgomareo-
ba ukaviaT. 

meoreuli da mesameuli spirtebi SeiZleba aRmoCenil iq-
nes koncentrirebuli HCl-iT (ZnCl2-is gareSe). HCl-is moqme-
debiT mesameuli spirtebi warmoqmnian simRvrives 3-5 wuTiT 
dayovnebis Semdeg. 

eTilis spirtis aRmoCena. eTilis spirtze erT-erT se-
leqtur reaqciad iTvleba iodoformis warmoqmnis reaqcia. 
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eTilis spirtze iodis moqmedebiT tute garemoSi mimdi-
nareobs Semdegi procesebi: 

I2 + 2NaOH → NaIO + NaI + H2O 
C2H5OH + NaIO → CH3 – CHO + NaI + H2O 
CH3 – CHO + 3NaIO  → I3C – CHO + 3NaOH 

I3C – CHO + NaOH → CHI3 + HCOONa 

reaqcias atareben Semdegnairad: mcire zomis kolbaSi 
SeaqvT  5  ml  gamoxdili  wyali, 2-3 wveTi eTilis spirti, 10 
ml 1M NaOH, 10 ml I2-is xsnari (mas amzadeben 1,27g I2  da 1,65g KI 
gaxsniT 100 ml gamoxdil wyalSi). am narevs acxeleben; gamo-
iyofa iodformis yviTeli feris kristalebi da SeigrZnoba 
damaxasiaTebeli suni. analogiurad SeiZleba aRmoCenil iqnes 
izoamilis spirti. 

glicerinis aRmoCena. glicerini warmoadgens samatomian 
spirts. axlad daleqili spilenZis hidroqsidi masTan war-
moqmnis iisfer an muqi lurji feris xsnars — spilenZis kom-
pleqsnaerTs. 
 

 

cdas atareben Semdegnairad: splenZis sulfatis xsnars 
umateben NaOH-is xsnars, Cu(OH)2-is naleqis warmoqmnamde da 
Semdeg 3-4 wveT glicerins. warmoiqmneba iisferi an muqi 
lurji feris xsnari. 

fenolis aRmoCena. 1. (libermanis reaqcia). amzadeben 
NaNO2-is 1%-ian xsnars koncentrirebul H2SO4-Si. calke jam-
Si amoaSroben gamosakvlevi xsnaris ramdenime wveTs, umateben 
4 wveT reagents, 3-4 wuTis Semdeg 1 wveT gamoxdil wyals da 
4M NaOH-s tute reaqciamde. fenolis arsebobis SemTxvevaSi 
warmoiqmneba jer iisfer-lurji Seferiloba, romelic jer 
gadadis wiTelSi da Semdeg — mwvane ferSi. es procesebi 
mimdinareobs Semdegnairad: 

OH

OH

OH

CH +

HO

HO

Cu

O  CH2

O  CH

HO   CH2

Cu

O   CH2

O CH
+

H
H

CH2

2H2O

CH2

  CH2OH2
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2. fenoli SeiZleba aRmoCenil iqnes agreTve rkinis Fe(III) 

qloridiT: fenols an mis nawarms umateben ramdenime wveT 
3%-ian FeCl3-is xsnars. warmoqmnili naerTis Seferiloba da-
mokidebulia naerTis bunebaze. magaliTad, rkinis(III)  qlo-
ridTan  iisfer  Seferilobas  iZleva: fenoli, α-naftoli, sa-
licilis mJava. lurjs — hidroqinoni da krezoli; mwvanes — β 
naftoli, wiTels—nitrosalicilis mJava. 

nitronaerTebis, aldehidebisa da aminebis aRmoCena. 
nitronaerTis 1-2 wveTs an kristals umateben 0,5 ml HCl 
(d=1,12) da liTonur TuTias. reaqcia mZafrad warimarTeba. 
reaqciis Cawynarebis Semdeg narevs acxeleben nitronaerTis 
sunis SegrZnebis gaqrobamde. gaciebis Semdeg xsnaris 1-2 wveTi 
SeaqvT qloriani kiris — Ca(OCl)2-is tute xsnarSi. am dros 
nitrojgufi aRdgeba aminojgufamde da xsnari miiRebs 
WuWyian iisfer Seferilobas. 

RNO2 + 6H0 → RNH2 + 2H2O 

aldehidebis aRmoCena. aldehidebisTvis erT-erT damaxa-
siaTebel reaqcias warmoadgens Jangva-aRdgenis reaqciebi. 
aldehidebi Zlieri aRmdgenebia, advilad iJangeba iseTi sus-
ti mJangavebiTac ki, rogoricaa mZime liTonTa oqsidebi da 
hidroqsidebi: 

1. vercxlis oaqsidis amiakur xsnarze, 

a) Ag2O+4NH3+ H2O → 2[Ag(NH3)2](OH) 

HO  +  HNO2 HO N O  + H2O

HO N OHN O O

O N OH + OH H2O +

+ O N OH
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aldehidis moqmedebiT da gacxelebiT aldehidi daiJange-
ba, xolo vercxli aRdgeba Tavisufali liTonuri vercxlis 
saxiT: 

b) 2[Ag(NH3)2](OH) + R C
H

O
t

OH
C

O
R + 2Ag + 4NH3 + H2O

 

sinjaris Siga kedlebi daifareba vercxlis bzinavi nafifqis 
saxiT. amitom ar reaqcias `vercxlis sarkis~ reaqcia ewodeba. 

cdas atareben Semdegnairad: sinjaraSi aTavseben axlad-
damzadebul vercxlis oqsidis amiakur xsnars umateben 1-2 
wveT aldehidis xsnars, acxeleben 60-700C-ze. sinjaris ke-
delze daefineba liTonuri vercxli. 

2. axlad daleqil spilenZis hidroqsidze aldehidis da-
matebiTa da gacxelebiT gamoiyofa wyalSi uxsnadi spilenZis 
hidroqsidi — Cu(OH), romelic gacxelebiT iSleba spilenZis 
qveJangis — Cu2O-s agurisferi naleqis warmoqmniT: 

R C
H OH

O

R C

O

+ 2Cu(OH)2 + 2Cu(OH) + H2O
 

 
2Cu(OH) → Cu2O + H2O 
aminebis aRmoCena. 1). pirveladi aromatuli aminebi iJan-

geba gogirdmJava areSi kaliumis diqromatiT da warmoqmnis 
Seferil naerTebs (magaliTad, anilini daJangvisas Sav ani-
lins warmoqmnis). 

2). pirveladi aromatuli aminebi gamoicnoba izonitrilis 
warmoqmniT, romelsac aqvs damaxasiaTebeli arasasiamovno 
suni 

RNH2+CHCl3+3NaOH→RNC+3NaCl +3H2O 

cdas atareben Semdegnairad: 1-2 wveT amins umateben 1 ml 0,5M 
NaOH-is spirtxsnars da 2-3 wveT qloroforms. SeigrZnoba 
damaxasiaTebeli arasasiamovno suni. 

ZmarmJavasa da misi marilebis aRmoCena. ZmarmJava susti 
erTfuZiani organuli mJavaa (K=1,8·10-5). uwylo ZmarmJava (yi-
nulovani) myardeba +16,50 da warmoqmnis ufero, kriala fir-
fitebs. ZmarmJavas marilebis (acetatebis) umravlesoba wyal-
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Si xsnadia. acetationi — CH3COO⎯ — uferoa. ZmarmJavasa da 
misi marilebis aRmoCena SeiZleba: 

1. ganzavebuli gogirdmJava acetatebTan gacxelebiT ga-
moyofs ZmarmJavas, romelic advilad gamoicnoba suniT: 

2CH3COONa + H2SO4 → Na2SO4+2CH3COOH 
ZmarmJavas misi marilebidan gamoaZevebs yvela is mJava, 

romelTa disociaciis mudmiva K>1,8·10-5-ze.  
2. eTilis spirti C2H5OH koncentrirebuli H2SO4-is Ta-

naobisas acetatebTan gacxelebiT warmoqmnis ZmarmJava eTi-
lis eTers, romelic xilis suniT gamoicnoba. 

2CH3COOH+C2H5OH ⇄ H2O+CH3COOC2H5       (a) 
eTilis spirtis nacvlad Tu amilis spirts gamoviyenebT, 

miiReba amilacetati — CH3COOC5H11, romelsac msxlis 
esenciis sasiamovno suni aqvs.  

CH3COOH+ C5H11OH ⇄ H2O+ CH3COOC5H11            (b) 

reaqciis (a)  Casatareblad saWiroa Zlier mJava garemo, 
gacxeleba da katalizatoris (vercxlis nitratis an sul-
fatis) damateba.  

3. rkinis (III) qloridi acetatis neitralur xsnars feravs 
mowiTalo yavisfrad. Seferiloba damokidebulia acetatis 
koncentraciaze.  

FeCl3+3CH3COONa → Fe(CH3COO)3 +3NaCl 

rkinis acetati, rogorc susti mJavasa da susti hidroqsidis 
marili, ganicdis hidrolizs. xsnaris Zlieri ganzavebiTa da 
gacxelebiT hidrolizi praqtikulad bolomde midis. gamoiyofa 
rkinis fuZe acetatis mura-wiTeli feris naleqi. 

Fe(CH3COO)3 + 2HOH  ⇄   Fe(OH)2CH3COO↓ + 2CH3COOH 

gacivebisas reaqcia gadainacvlebs marjvnidan marcxniv 
da naleqi nawilobriv gaixsneba. fuZe acetatis sruli da-
leqvisaTvis saWiroa misi gacxeleba da gafiltvra. naleqi ix-
sneba agreTve ZmarmJavas damatebiT. 

reaqcias Semdegnairad atareben: acetat ionis Semcvel sa-
analizo xsnars umateben FeCl3-is xsnars, anzaveben da acxe-
leben. miiReba mura-wiTeli feris naleqi. 
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Tavi  18  

marilTa fxvnilebis da sxvadasxva 

bunebrivi obieqtis                   

TvisebiTi analizi 

marilebis fxvnilTa narevis analizi. marilebis fxvnil-
Ta narevs an myar saanalizo nivTierebas Tavdapirvelad -
xsnian saTanadod SerCeul gamxsnelSi (sinji xsnadobaze — wya-
li, mJavebi — HNO3, HCl an maTi narevi, an sodis najeri xsnari). 

nimuSis (fxvnilis) nawils inaxaven sakontrolod. nimuSis 
xsnars yofen or nawilad: erTSi aRmoaCenen anionebs, meoreSi 
— kationebs: 

anionebis aRmoCena. ufro mizanSewonilia xsnaris anali-
zi anionebis aRmoCeniT daviwyoT. amas is upiratesoba aqvs, 
rom am dros SeiZleba gamoiricxos sakvlev xsnarSi zogierTi 
kationis arseboba. magaliTad, Tu xsnarSi aRmoCnda Cl⎯, maSin 
sakvlev xsnarSi ar SeiZleba iyos kationebi: Ag+, Pb2+, Hg+; 
xolo −2

4SO -is aRmoCenis SemTxvevaSi xsnarSi ar SeiZleba iyos: 
Ba2+, Ca2+, Sr2+, Pb2+, radgan aRniSnul kationTa qloridebi da 
sulfatebi wyalSi uxsnadia. 

anionebis analizi iwyeba saorientacio cdebiT: 
1. garemos gansazRvra. amowmeben nimuSis wyalxsnaris 

mJavianobas (sinji lakmusiani qaRaldiT — mJava garemoSi igi 
gawiTldeba). mJava garemoSi SesaZlebelia ar iyos anionebi: 

−2
3CO , −2

3SO , −2
32OS . erTdroulad ar SeiZleba iyos Semdeg 

anionTa wyvilebi: I¯— −3
-4AsO ; −− − 32 ClONO ;I¯— −

2NO ; I¯—IO −
3 ; I¯—

ClO −
3 ;

−
2NO —ClO −

3
-; −2

3SO — −3
4AsO ; −2

32OS — −3
4AsO ; −

2NO — −3
3AsO .  

2. tute garemoSi SesaZlebelia arsebobdes yvela anioni. 
3.  sakvlev xsnarze (neitralur an sust mJava garemoSi) I2-

is xsnaris damatebisas Tu is gauferulda, dasaSvebia Semdegi 

ionebis arseboba: −2
3SO , −2

32OS , −3
3AsO . 
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4. sustmJava garemoSi sakvlev xsnarze KI xsnaris dama-
tebisas Tu  gamoiyo I2, maSin dasaSvebia xsnarSi Semdegi ioneb-

is arseboba: −
2NO , IO3

-, −3
4AsO , −2

3CO . 
unda SevniSnoT, rom mJangavebisa da aRmdgenebis erTdro-

ulad arsebobis SemTxvevaSi, SeuZlebelia saboloo daskvna 
gamovitanoT marto winaswari gamokvlevis mixedviT. 

II.  cda jgufobrivi reagentiT (BaCl2, AgNO3). 
a) Tu sakvlevi xsnaris nawilze, neitralur an sust tute 

garemoSi, bariumis qloridis damatebiT TeTri naleqi ar 

gamoiyo, maSin xsnarSi ar aris: −2
4SO , −2

3SO , −2
3CO , −3

3BO  da am 
jgufis danarCeni anionebi. 

b) Tu xsnarze, romelic winaswar aris SemJavebuli 
azotmJaviT, vercxlis nitratis damatebiT naleqi ar war-
moiqmna, maSin saanalizo xsnarSi ar aris: Cl-, Br-, I-, S2- da am 
jgufis sxva anionebi. 

saorientacio cdebis Semdeg anionebis aRmoCenas axdenen 
calkeulad, wiladuri meTodiT. 

−2
4SO -is aRmoCena. sakvlevi xsnaris mcire nawils gada-

itanen sinjaraSi, SeamJaveben 1:1 HCl-iT da umateben BaCl2. 
TeTri feris naleqis warmoqmna BaSO4-is maCvenebelia (sa-
kvlevi xsnaris marilmJaviT SemJaveba aucilebelia, raTa aci-
lebul iqnes im anionebis daleqva, romlebic Ba2+-Tan naleqs 
warmoqmnian). 

Ba2++ −2
4SO → BaSO4↓                      BaSO4 —marilmJavaSi ar ixsneba. 

                                TeTri                                   ar ixsneba sxva mineralur mJavebSic. 
−2

3CO -is aRmoCena. ganzavebuli mineraluri mJavebi da ag-
reTve ZmarmJava, karbonat-ionis Semcveli xsnarebidan gamo-
yofen CO2-s, romlis kirian an baritian wyalSi gatarebisas 
warmoiqmneba simRvrive. 

−2
3CO +2H+ → H2O + CO2↑ 

Ca(OH)2+ CO2→ CaCO3↓ + H2O 
cdas atareben Semdegnairad: sakvlevi xsnaris mcire na-

wils aTavseben sinjaraSi, umateben ganzavebul HCl an H2SO4. 
sinjaras ukeTeben sacobs gazgamyvani miliT; milis bolos 
aTavseben me-2 sinjaraSi, romelSic asxia Ba(OH)2 an Ca(OH)2. 
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CO2-is gatarebis Semdeg xsnaris SemRvreva −2
3CO -is arsebobis 

maCvenebelia. 
−2

3SO -is aRmoCena. sulfitebis Semcvel neitralur xsnar-

ze BaCl2-is moqmedebiT gamoiyofa TeTri feris naleqi, ro-
melic kargad ixsneba mJavebSi SO2-is gamoyofiT. SO2-is ga-
moyofas adgenen Seferili xsnarebis gauferulebiT: 

−2
3SO +Ba2+ → BaSO3↓ 

BaSO3 +2HCl → BaCl2+ H2O +SO2↑ 

cdas atareben Semdegnairad: sulfitis Semcveli sakvlevi 
xsnaris nawili gadaaqvT sinjaraSi, umateben BaCl2-s da Semdeg 
ganzavebul HCl-s. sinjaras axuraven gazgamtar milian sa-
cobs, romlis bolos aTavseben me-2 sinjaraSi, romelSic 
asxia 0,02 M KMnO4-is an saxameblisa da iodis xsnarebis na-
revi. SO2-is moqmedebiT Seferili xsnari gauferuldeba, rac 

−2
3SO -is arsebobis maCvenebelia. 

−3
4PO -is aRmoCena. fosfatebis Semcvel xsnarze: a) BaCl2-is mo-

qmedebiT (neitralur garemoSi) gamoiyofa TeTri amorfuli 
naleqi, romelic advilad ixsneba HCl-Si da CH3COOH-Si (gan-
sxvaveba qromisa da aluminis fosfatebisagan). 

Ba2+ + H −2
4PO → BaHPO4↓ 

b) ganzavebuli xsnarebidan magnezialuri narevis moqme-
debiT gamoiyofa TeTri feris kristaluri naleqi: 

Mg2+ +NH4
++ H −2

4PO → MgNH4PO4↓+ H2O 

naleqi ixsneba mJavebSi. 
cdas atareben Semdegnairad: sakvlevi xsnaris mcire nawils 

aTavseben sinjaraSi da umateben magnezialur narevs. TeTri 

feris naleqis warmoqmna −3
4PO -is arsebobis maCvenebelia. 

Cl⎯-is aRmoCena. Cl⎯-is Semcveli xsnarebidan AgNO3-is moq-
medebiT gamoiyofa vercxlis qloridis xaWosebri TeTri 
naleqi.  

Ag+ + Cl- → AgCl↓ 
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Cl¯-is ionebis aRmoCenas B −r  da −I  Tanaobisas, axdenen wila-
duri reaqciebiT: sinjaraSi aTavseben sakvlev xsnars. SeamJaveben 
1:3 HNO3 da wveTobiT umateben AgNO3-s. miRebul yviTeli feris 
naleqs filtraven. filtrats kvlav wveTobiT umateben AgNO3-s 
da filtraven. amas imeoreben AgCl-is TeTri feris naleqis ga-
moyofis Sewyvetamde. Cl⎯, Br⎯ I⎯, AgNO3-is moqmedebisas gamoiyofa 
Semdegi TanmimdevrobiT: AgI, AgBr da AgCl. 

Br⎯-is aRmoCena. sakvlevi xsnaris nawils umateben 2N 
H2SO4-s da qlorian wyals. Semdeg ki gogirdnaxSirbads. kar-
gad SeanjRreven. gogirdnaxSirbadis fena Br⎯-is arsebobis 
SemTxvevaSi yviTlad Seifereba. 

2 Br- + Cl2→ 2Cl- + Br2 
−
3NO -is aRmoCena. sakvlevi xsnaris nawils umateben kon-

centrirebuli H2SO4-is ramdenime wveTs, aciveben onkanis wylis 
qveS da daxrilad daWeril sinjaris kedels frTxilad, wve-
TobiT Caayoleben  FeSO4-is najer xsnars.  

siTxeebis Sexebis adgilze warmoiqmneba mura rgoli,  ro-

melic −
3NO -is arsebobis maCvenebelia. 

kationTa aRmoCena 

kationTa analizis dros iTvaliswineben anionebis ana-
lizis Sedegebs (mag., romeli kationi gamoiricxa BaCl2 da  
AgNO3-is gamoyenebisas). amis Semdeg SearCeven analizis me-
Todikas, magaliTad, mJavur-fuZurs. 

analizis dawyebamde winaswar aRmoaCenen:  

1. +
4NH -is ions, NaOH-is damatebiT da gacxelebiT (NH3↑ 

gamoicnoben suniT da wiTeli, sveli lakmusiani qaRaldis 
galurjebiT). 

2.  Fe3+-aRmoaCenen K4[Fe(CN)6]. Fe2+-s K3[Fe(CN)6]-iT.  

saanalizo xsnars, romelic SeiZleba Seicavdes +
4NH , Na+, 

K+, Mn2+, Al3+, Fe3+, Cu2+, Ni2+ da sxva kationebs, umateben nat-
riumis tutes tute reaqciamde da Semdeg kidev mcire si-
WarbiT. xsnar-naleqs filtraven. naleqSi-I darCeba: Fe3+, Mn2+, 
Cu2+, Ni2+ hidroqsidebis saxiT; filtratSi-I gadis: Al3+ 

(aluminatis saxiT), +
4NH , K+ da Na+. 
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filtratis-I analizi. filtrats aneitraleben 2M HCl an 
CH3COOH-iT. umateben NH4OH da NH4Cl Warbad. acxeleben. 
xsnar-naleqs filtraven. naleqSi rCeba: Al(OH)3; filtratSi-

2 gadis:  K+,  Na+ da +
4NH . 

Al3+-is aRmosaCenad naleqs xsnian HCl an CH3COOH-Si. uma-
teben 1-2 wveT alizarin wiTels da 2M NH4OH-s. mcire da-
yovnebis Semdeg gamoiyofa wiTeli feris naleqi. 

filtrats, romelic Seicavs K+, Na+, NH4, gadaitanen 
faifuris jamSi. amoaSroben mSral naSTamde. naSTs gaaxu-
reben TeTri bolis mocilebamde. naSTs xsnian gamoxdil 
wyalSi da mis erT nawilSi aRmoaCenen K+ Rvinis mJavasa da 
CH3COONa-is damatebiT (onkanis wylis qveS gaacieben, Caxe-
xaven minis wkiriT. miiReba TeTri feris kristaluri naleqi). 
meore nawilSi Na+-s aRmoaCenen natriumis oqsalatisa da 
spirtis damatebiT. dayovnebis Semdeg warmoiqmneba TeTri 
feris naleqi. 

naleqs-I, romelic Seicavs Fe3+, Mn2+, Cu2+, Ni2+, xsnian 2M 
HNO3-Si gacxelebiT. xsnars umateben 25% NH4OH-s tute re-
aqciamde, NH4Cl-s da 3% H2O2. acxeleben, acieben da fil-
traven. naleqSi rCeba Fe(OH)3, H2MnO3. filtratSi gadis Ni2+, 
Cu2+ (xsnari lurjia). 

Fe(OH)3 da H2MnO3 naleqs gacxelebiT xsnian 2M HNO3-Si. 
umateben NH4OH-s tute reaqciamde da NH4Cl-s Warbad, ac-
xeleben, filtraven. naleqSi rCeba Fe(OH)3, filtratSi gadis  
Mn2+. 

Mn2+-is aRmosaCenad xsnars gadaitanen faifuris jamSi. 
amoaSroben. daumateben HNO3-s da kvlav amoaSroben. naSTs 
xsnian gamoxdil wyalSi da Mn2+-s aRmoaCenen krumis reaq-
ciiT, an umateben NaOH da H2O2. acxeleben. gamoiyofa MnO 
(OH) mura feris naleqi. 

filtrats, romelSic Ni2+ da Cu2+ kompleqsamiakatebia 
(lurji feris xsnari), umateben 2M H2SO4-s sust mJava re-
aqciamde. acxeleben kompleqsebis daSlamde. xsnaris erT na-
wilSi aRmoaCenen Ni2+-s, NH4OH-sa da demeTilglioqsimis 
damatebiT (Ni2+-is arsebobis SemTxvevaSi miiReba wiTeli fe-
ris naleqi). 
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Cu2+-is aRmosaCenad xsnaris me-2 nawils umateben  Na2S2O3-s 
da acxeleben. Cu2+-is arsebobis SemTxvevaSi gamoiyofa Cu2S-is 
Savi feris naleqi. 

sxvadasxva bunebrivi obieqtis analizi. ucnobi obieq-
tis analizi sakmaod rTulia. obieqtTa klasifikacias ax-
denen agregatuli mdgomareobis, Sedgenilobis, qimiuri bu-
nebisa da warmoSobis mixedviT. 

obieqtis TvisebiTi kvlevisTvis iyeneben fizikur, qimiur, 
fizikur-qimiur meTodebs, romelTa winaswari SerCeva xdeba 
saorientacio cdebis safuZvelze. 

ucnobi nivTierebis kvlevisas yuradRebas aqceven agreT-
ve mis garegnul niSan-Tvisebebs: fers, suns, aqroladobas, 
simagres da sxv. 

geologiuri obieqtis analizi. geologiur obieqts 
miekuTvneba: madnebi, karbonatuli da silikaturi qanebi, ara-
madniseuli nivTierebebi (magaliTad, saSeni masala), buneb-
rivi marilebi da sxva. 

karbonatuli qanis nimuSebis TvisebiTi analizi. karbo-
natuli qanebi bunebaSi farTod aris gavrcelebuli; magali-
Tad, kirqva, romlis ZiriTadi Semadgeneli nawilia — CaCO3 
(96%); magneziti — MgCO3 (96%); dolomiti — CaCO3·MgCO3 (CaCO3-s 
da MgCO3-s Seicavs TanafardobiT 5:4); sideriti — FeCO3; 
viteriti — BaCO3; cerusiti — PbCO3  da sxva. aRniSnuli mi-
neralebi minarevis saxiT Seicavs agreTve SiO2, MgO, Fe2O3 da 
a.S. kerZod, kalciti da dolomiti Seicavs Fe, Mn, Zn, Sr-is 
karbonatebs. viteriti BaCO3 — PbSO4; FeCO3 — Pb, Cu, MnS. 

I. Tavdapirvelad amowmeben nimuSis xsnadobas wyalSi, 2M 
da koncentrirebul HCl, koncentrirebul HNO3-Si. saorien-
taciod sargebloben Semdegi monacemebiT: 

a) karbonatuli qanis bunebrivi marilebi ixsneba wyalSi. 
b) kirqva advilad ixsneba 2M HCl da 5% CH3COOH, CO2-is 

Zlieri Wavlis gamoyofiT. magnezitisa da dolomitis Sem-
TxvevaSi reaqcia nela mimdinareobs. 

g) fosfaturi da boratuli mineralebi reagireben 2N HCl-
Tan, magram CO2-s ar gamoyofen. 

d) sulfiduri madnebi ixsneba koncentrirebul mJavebSi 
(HCl, HNO3) H2S-is an S-is gamoyofiT. 

e) zogierTi sulfaturi da sulfiduri madani ar ixsneba 
koncentrirebul azotmJavaSi. 
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II. atareben saorientacio cdebs: a) urTierTqmedeba Fe2 

(SO4)3-Tan. kargad dafxvierebul saanalizo nimuSs danamaven 
10%-iani Fe2(SO4)3-is xsnariT. kirqva, magnezitisa da dolo-
mitisagan gansxvavebiT, myisve daifareba mura wiTeli feris 
feniT. 

b) urTierTqmedeba difenilkarbazidTan — (C6H5NH·NH)2CO. 
faifuris tigelSi acxeleben difenilkarbazidis tute-spir-
txsnars. aTavseben masSi saanalizo nivTierebis ramdenime 
kristals. 5 wuTis Semdeg xsnars moacileben pipetiT da 
darCenil nimuSs Carecxaven cxeli gamoxdili wyliT Sefe-
rilobis mocilebamde. am dros magneziti Seifereba mowi-
Talo-iisfrad, dolomiti da kirqva — ucvleli rCeba. 

III. saanalizo obieqtSi minarevebis identificirebis saWiro-
ebis SemTxvevaSi atareben kationTa sistemur analizs: 

kargad dafxvierebul ~1g saanalizo nimuSs namaven gamo-
xdili wyliT, frTxilad umateben 10-15 ml HCl  (1:1) da ram-
denime wveT HNO3-s, acxeleben CO2-is gamoyofis Sewyvetamde. 
yuradRebas ar aqceven mJavaSi uxsnadi siliciumis mJavas ga-
moyofas, umateben NH4Cl da NH4OH amiakis sunis SegrZnebamde; 
acxeleben. gamoyofil naleqebs (Fe(OH)3, Al(OH)3, H2SiO3-Tan 
erTad) filtraven (filtrati-1) naleqs-1: Fe(OH)3, Al(OH)3, 
H2SiO3 Carecxaven cxeli gamoxdili wyliT, romelsac mima-
tebuli aqvs mcire raodenobiT NH4Cl. gadaitanen qimiur 
WiqaSi da xsnian (1:1) HCl-Si. xsnaris erT nawilSi aRmoaCenen 
Fe3+-s kaliumis TiocianidiT — KSCN da xsnaris meore nawils 
jer moacileben Fe3+-s. amisaTvis xsnars acxeleben, umateben 
NaOH-s tute reaqciamde da Semdeg Warbad. xsnar-naleqs fil-
traven. naleqSi-2 aris Fe(OH)3, romelsac ar ikvleven. fil-
trats-2 aneitraleben da aRmoaCenen Al3+, damaxasiaTebeli 
reaqciiT: magaliTad, alizarin-S-iT. 

filtrats-1 umateben HCl-s Zlier mJava reaqciamde da 
amoniumis oqsalats — (NH4)2C2O4-s. acxeleben 600C, Semdeg 
umateben amoniumis tutes amiakis sunis SegrZnebamde. xsnar-
naleqs filtraven. naleqi Seicavs CaC2O4-s. filtratSi, aR-
moaCenen Mg2+-s. amisaTvis filtrats umateben HCl mJava re-
aqciamde, acxeleben aduRebamde, Semdeg umateben agreTve 
Na2HPO4-is cxel xsnars, amoniumis qloridsa da amoniumis 
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tutes tute reaqciamde. Mg2+-is arsebobis SemTxvevaSi gamo-
iyofa TeTri feris kristaluri naleqi — MgNH4PO4. 

gamoyofili naleqebis — CaC2O4, MgNH4PO4-is raodenobis 
(magaliTad, umniSvnelo, mcire da didi) mixedviT arkveven ni-
muSSi kalciumisa da magniumis karbonatebis miaxloebiT Sem-
cvelobas. magaliTad, CaC2O4  da MgNH4PO4  naleqebis didi 
raodenobiT gamoyofa migvaniSnebs dolomitis arsebobaze. 
saboloo daskvna gamoaqvT maTi raodenobrivi gansazRvris 
Semdeg. 

biologiuri obieqtis analizi. biologiuri obieqti 
Zalzed mravalricxovani da mravalferovania. magaliTad, 
mcenareuli da cxoveluri warmoSobis naerTebi, sakvebi pro-
duqtebi, biologiurad aqtiuri nivTierebebi, farmacevtuli 
preparatebi da mravali sxva. 

biologiuri obieqtis erT-erTi ZiriTadi Semadgeneli na-
wilia mineraluri nivTierebebi. maT mniSvnelovani adgili 
uWiravT sasicocxlo fiziologiur procesebSi. 

biologiuri obieqtis analizi iwyeba misi mineralizaciiT 
(danacrebiT). danacrebisas organuli nivTierebebi iwvis da 
scildeba, araorganuli — rCeba nacris saxiT. 

arCeven mineralizaciis or xerxs: 1. mSralsa da                
2. svels. 

1. mSral danacrebas axdenen maRal temperaturaze — 400—
4500C. procesis dasaCqareblad iyeneben sodas, kalciumis 
oqsidsa da magniumis acetats. 

2. svel danacrebas awarmoeben koncentrirebuli azotisa 
da gogirdis mJavebiT. am dros gamoricxulia elementebis 
danakargi, magram SedarebiT didia gamoyenebuli reaqtivebiT 
dabinZurebis xarisxi. mSrali wesiT mineralizacia ufro 
martivi, swrafi da iafia. saTanado pirobebis dacviT (neli 
danacreba, temperatura da sxva) SeiZleba Tavidan iqnes aci-
lebuli gaxurebiT gamowveuli danakargi. 

mcenareuli masalis analizi. faifuris tigelSi aTav-
seben haerze mSral zomierad daqucmacebul mcenareul ma-
salas da axdenen nel danacrebas  dabal temperaturaze.  Tan-
daTan  zrdian  temperaturas 400-4500C-mde, sanam nacari ar 
gaTeTrdeba, an ar miiRebs nacrisfers. rkinis oqsidebis Sem-
cvelobisas nacari moruxoa, manganumis didi raodenobiT 
Semcvelobisas — momwvanoa (mag., Cais foTlis nacari). da-
nacrebis Semdeg miRebul naSTs gamotutaven cxeli wyliT da 
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filtraven. filtrats iyeneben anionebisa da kationebis aR-
mosaCenad. 

zogierTi samkurnalo nivTierebis da samkurnalo pre-
paratis aRmoCena. samkurnalo nivTierebebis da farmacev-
tuli preparatebis efeqturi zemoqmedeba arsebiTad aris 
damokidebuli maT TvisebiT da raodenobiT Sedgenilobaze. 
samkurnalo preparatTa vargisianobisa da xarisxis dasad-
genad farTod iyeneben qimiur, fizikur, fizikur-qimiur da 
biologiur meTodebs. 

samkurnalo nivTiereba da farmacevtuli preparati Tvi-
sebiTi da raodenobiTi Sedgenilobis mixedviT unda Seesa-
bamebodes da akmayofilebdes maTTvis dadgenil farmakopeis 
standarts*). winaaRmdeg SemTxvevaSi mas ara aqvs samkurnalo 
efeqti da sazianoa janmrTelobisaTvis. 

aq ganvixilavT zogierTi samkurnalo preparatis aRmoCe-
nis meTodikas, romlebsac safuZvlad udevs qimiuri proce-
sebi. ufro farTod ixileT specialur saxelmZRvaneloSi.**) 

 
I. rkinis laqtati***) —  
 
 
 

yviTeli feris, motkbo gemos mqone kristaluri fxvnilia. 
ixsneba civsa da cxel wyalSi TanafardobiT — 50:12. xsnari 
susti mJava reaqciisaa. preparatis xsnari yviTelia; haerTan 
Sexebisas TandaTan muqdeba. ar ixsneba spirtSi. danaxSirebul 
preparats damwvari Saqris suni aqvs. 

preparatis xsnars (1:50) Tu davumatebT sisxlis wiTel 
marils — K3[Fe(CN)6], warmoiqmneba lurji naleqi, e.w. `turbu-
lis lurji~. 

                                                 
*) arsebobs kanonmdeblobiT damtkicebuli samkurnalo nivTierebaTa stan-
dartebis krebuli — saxelmwifo farmakopea, romelSic aRwerilia prepa-
ratebis fizikur-qimiuri Tvisebebi, maTi aRmoCenisa da raodenobiTi gan-
sazRvris meTodebi.  
**) mag.  a. mSvidobaZe, farmacevtuli qimiis kursi, ganaTleba, Tbilisi, 1980 w. 
***) laqtatebs uwodeben rZis mJavas marilebs. 

CH3 CHOH C
O

O
Fe 3H2O.

2  
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3 CH3O CHOH C O

O

Fe + 2K3[Fe(CN)6]
2

6CH3CHOH
OK

C

O

+ Fe3[Fe(CN)6]2

+

preparats xmaroben fxvnilis, tabletis da abis saxiT, ro-
gorc rkinis preparats. 

II. kalciumis glukonati  

[(CH2OH(CHOH)4 C
O

O

2
Ca .H2O

 
 
TeTri, usuno, ugemo marcvlovani fxvnilia. Znelad ixsneba 
civ wyalSi, advilad ixsneba cxel wyalSi. ar ixsneba  spirtsa  
da eTerSi. preparats xsnian gacxalebiT 8-10 ml gamoxdil 
wyalSi an 8-10 wveT ZmarmJavaSi; 5-7 wveTi amoniumis oqsalatis 
damatebiT warmoiqmneba TeTri feris naleqi — CaC2O4, rome-
lic ixsneba marilmJavaSi. 
 

C
O

O

2
CaCH2OH(CHOH)4 + (NH4)2C2O4 CaC2O4 +

+ 2CH2OH C
ONH4

O
(CHOH)4

TeTri

 
 
preparats iyeneben fxvnilis an tabletis saxiT Ca-is 

naklebobis dros (nemsiT SeaqvT venaSi). 

III. paracetamoli, 4-acetil-aminofenoli 

HO NH C CH3 ;
Mr=151.17

O

C8H9O2N
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paracetamoli TeTri, kristaluri fxvnilia. Znelad ixs-
neba wyalSi, advilad — 95%-ian spirtSi, acetonsa da tu-
texsnarebSi. ar ixsneba eTerSi. lRveba 168-1710C-ze. 

aRmoCena: a) preparats SeanjRreven wyalSi da filtraven. 
filtrats umateben FeCl3-is xsnars. warmoiqmneba lurj-iis-
feri Seferiloba. b) 0,05 g. preparats umateben 100 ml. ga-
moxdil wyals da filtraven. filtrats umateben 1 wveT ka-
liumis diqromats — K2Cr2O7. xsnari Seifereba iisfrad, ro-
melic preparat fenacetinisagan gansxvavebiT, ar gadadis wi-
Tel ferSi. 

IV. askorbinis mJava (C-vitamini) 

 
H

CH
CH2OH

HO O

OH
O

 
 
alifaturi rigis vitaminia. TeTri, usuno, momJave gemos 
kristalebia. advilad ixsneba wyalSi, spirtSi. ar ixsneba 
eTerSi, benzolsa da qloroformSi. lRveba 190-1930C-ze. 

aRmoCena: preparatis 0,5 g xsnian 2 ml gamoxdil wyalSi, 
umateben 0,5 ml vercxlis nitratis xsnars, warmoiqmneba muqi 
feris naleqi vercxlis aRdgenis gamo. 

 

O   =  C C   =   C C C CH2OH + 2AgNO3

2Ag + 2HNO3 +

OH OH H H

OH

CH

CH2OH

HO
O

O
O

O

O

H
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