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 Aanalizuri qimiis meTodebi farTodaa danergili qimiasa da sxva 
sabunebismetyvelo mecnierebebSi. wignze muSaobisas, avtori miznad isaxavda 
analizuri qimiis Teoriuli safuZvlebis, qimiuri analizis meTodebis Tavmoyras, 
romlebic xels Seuwyobs qimikos-analitikoss profesional specialistad 
CamoyalibebaSi. wigni “analizuri qimia” gankuTvnilia umaRlesi saswavleblebis 
qimiis specialobis, sabunebismetyvelo, samedicino, agraruli, sainJinrio-
teqnologiuri dargis studentebisTvis. is mniSvnelovani SenaZeni iqneba agreTve 
am sferoebSi moRvawe specialistTa farTo wrisaTvis. 
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wwwwinasityvaobainasityvaobainasityvaobainasityvaoba    
    

A analizur qimias  uwodeben mecnierebas nivTierebaTa qimiuri Sedgenilobis, 
maTi struqturis gansazRvrisa da identifikaciis Sesaxeb. nivTierebis 
Sedgenilobas ki sazRvraven TvisebiTi da raodenobiTi analizis meSveobiT, 
romlis amocanebs warmoadgens: sinjis SerCeva da misi saanalizod momzadeba; 
analizis Catareba; analizis Sedegebis gaangariSeba da maTi damuSaveba 
normativebis Sesabamisad. TvisebiTY da raodenobiT analizs farTo gamoyeneba 
aqvs sawarmoo da kvleviT laboratoriebSi, teqnologiuri procesebis 
SemuSavebasa da kontrolSi; mecnierebisa da saxalxo meurneobis TiTqmis yvela 
dargSi, warmoebaSi, soflis meurneobaSi, medicinaSi, metalurgiaSi, ekologiaSi, 
kosmosur kvlevebSi da sxv. amrigad, qimiuri analizi warmoadgens gamoyenebiT 
analizur qimias, romlis mTavari amocanaa qimiuri analizis Teoriis, zogadi 
meTodebis da kerZo meTodikebis SemuSaveba.  
 

Aamrigad, analizuri qimia warmoadgens erT-erT aucilebel disciplinas, 
romlis SeswavliTac iqmnis codnis myar safuZvels momavali qimikosi, biologi, 
ekologi, eqimi, farmacevti, teqnologi, inJineri, eqsperti. Aaqedan gamomdinare, 
winamdebare wigni, pirvel rigSi, gankuTvnilia umaRlesi saswavleblebis qimiis 
specialobis studentebisTvis. igi aseve gamoadgeba sabunebismetyvelo, samedicino, 
sainJinro-teqnologiuri, sasoflo-sameurneo fakultetebis studentebs, 
pedagogebs, analitikosebs, Sesabamis sferoSi dasaqmebul specialistebs da am 
mecnierebiT dainteresebul pirebs.  

 
 wigni Sedgeba 3 nawilisgan. 

I nawilSi gaSuqebulia Semdegi sakiTxebi: eqsperimentis dagegmva da 

Catareba; qimiuri reaqciebis mgrZnobiaroba da xsnarSi ionTa aRmoCenis pirobebi; 
nimuSis daSlisa da nivTierebis aRmoCenis meTodebi;            moqmed masaTa kanoni (mmk), 
rogorc TvisebiTi analizis safuZveli;  
     II nawilSi ganxilulia kaTionTa mJavur-tutovani klasifikacia; wylis 
ionuri namravli; buferuli sistemebi; moqmed masaTa kanoni da heterogenuli 
sistemebi; Tanamedrove warmodgenebi mJavebsa da fuZeebze brensted-louris 
protolituri Teoriis safuZvelze;  
     III nawili Seicavs raodenobiTi analizis Teoriul safuZvlebs, misi     
Catarebis pirobebs        da operaciebs; raodenobiTi analizis ZiriTad qimiur, 
fizikur da fizikur-qimiur meTodebs, romelSic klasikuri qimiuri meTodebis 
paralelurad, aRwerilia Tanamedrove instrumentuli meTodebi: eleqtroqimiuri, 
fotometruli, atomur-absorbciuli, qromatografiuli. 

wignze muSaobisas, mTavar mizans warmoadgenda ara marto analizuri qimiis 
Teoriuli safuZvlebisa da nivTierebaTa qimiuri Sedgenilobis analizis 
meTodebis gacnoba, aramed xelSewyoba qimikos-analitikosisaTvis aucilebeli 
unar-Cvevebis gamomuSavebasa da  profesional specialistebad Camoyalibebis 
sapasuxismgeblo saqmeSi. 
 mimaCnia, rom wignis gamoqveyneba mniSvnelovan rols Seasrulebs rogorc 
qimikos-analitikosebis, aseve sabunebismetyvelo, samedicino, sainJinro-
teqnologiuri, agraruli dargebis studentebis mcodne specialistebad 
Camoyalibebis saqmeSi; igi aseve gamoadgeba qimiis sferoSi dasaqmebul pirebs. 
    

                                        redaqtorisganredaqtorisganredaqtorisganredaqtorisgan    
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Sesavali 
1.1.1.1.    analizuri qimiis sagani, aanalizuri qimiis sagani, aanalizuri qimiis sagani, aanalizuri qimiis sagani, amocanebi, praqtikuli roli mocanebi, praqtikuli roli mocanebi, praqtikuli roli mocanebi, praqtikuli roli     

mecnierebisa da saxamecnierebisa da saxamecnierebisa da saxamecnierebisa da saxalxo meurneobis sxvadasxva darglxo meurneobis sxvadasxva darglxo meurneobis sxvadasxva darglxo meurneobis sxvadasxva dargis ganviTais ganviTais ganviTais ganviTarebaSirebaSirebaSirebaSi    
    

    analizuri qimiaanalizuri qimiaanalizuri qimiaanalizuri qimia aris mecniereba, romelic Seiaris mecniereba, romelic Seiaris mecniereba, romelic Seiaris mecniereba, romelic Seiswavlis nivTierebebis, an maTi swavlis nivTierebebis, an maTi swavlis nivTierebebis, an maTi swavlis nivTierebebis, an maTi 
narenarenarenarevebis qimiuri Sedgenilobisa da struqturis gansazRvris principebs da vebis qimiuri Sedgenilobisa da struqturis gansazRvris principebs da vebis qimiuri Sedgenilobisa da struqturis gansazRvris principebs da vebis qimiuri Sedgenilobisa da struqturis gansazRvris principebs da 
meTodebs. meTodebs. meTodebs. meTodebs.     

analizuri qimiis saganiaanalizuri qimiis saganiaanalizuri qimiis saganiaanalizuri qimiis sagania_qimiuri analizis Teoriis problemebis gadawyveta, 
arsebuli meTodebis daxvewa da axali, eqspresiuli da zusti meTodebis SemuSa-
veba. kerZod, Tanamedrove analizuri qimiis, rogorc mecnierebis, saxes gansazR-
vravs atomur-absorbciuli, rentgenuli, qromatografiuli, birTvul-fizikuri, 
ionometriuli  da sxva meTodebis farTod danergva; liTonebis dayofisa da gan-
sazRvris mizniT, organuli reagentebis gamoyeneba, informaciis kompiuterizacia. 

analizuri qimiis amocanaaanalizuri qimiis amocanaaanalizuri qimiis amocanaaanalizuri qimiis amocanaa_qimiuri da fizikur-qimiuri meTodebis Teoriebis, 
procesebisa da operaciebis ganviTareba da daxvewa.  

nebismier warmoebaSi qimiuri analizi unda unda wyvetdes Semdeg amocanenebismier warmoebaSi qimiuri analizi unda unda wyvetdes Semdeg amocanenebismier warmoebaSi qimiuri analizi unda unda wyvetdes Semdeg amocanenebismier warmoebaSi qimiuri analizi unda unda wyvetdes Semdeg amocanebs:bs:bs:bs:    
 _ nedleulis xarisxis gansazRvra; 
 _ warmoebis procesebis kontroli; 
 _ gamoSvebuli produqciis xarisxis Sefaseba; 
 _ warmoebis narCenebis analizi, maTi utilizaciisa da garemos dacvis mizniT. 
 analizuri qimia iyofa or ZiriTad nawilad:analizuri qimia iyofa or ZiriTad nawilad:analizuri qimia iyofa or ZiriTad nawilad:analizuri qimia iyofa or ZiriTad nawilad: TvisebiTi da raodenobiTi 
analizi. analizuri qimiis meTodologiuri da terminologiuri sakiTxebis mimarT 
Tanamedrove midgomiT, saWiroa davazustoT cnebebi “analizuri qimia” da “qimiuri 
analizi”, romlebsac xSirad aigiveben erTmaneTSi. analizuri qimiaanalizuri qimiaanalizuri qimiaanalizuri qimia_aris mec-
niereba analizis meTodebis Sesaxeb, xolo qimiuri analizisqimiuri analizisqimiuri analizisqimiuri analizis meSveobiT dgindeba 
sakvlevi nivTierebebis qimiuri Sedgeniloba praqtikaSi aprobirebuli meTodebis 
meSveobiT. analizuri qimiis progresi eyrdnoba im Teoriul safuZvlebs, rom-
lebic mWidro kavSirSia sxva qimiur disciplinebTan (zogadi, araorganuli, 
organuli, fizikuri qimiis Sesabamis nawilebTan). 
 analizisadmi wayenebuli ZiriTadi moTxovnebiaanalizisadmi wayenebuli ZiriTadi moTxovnebiaanalizisadmi wayenebuli ZiriTadi moTxovnebiaanalizisadmi wayenebuli ZiriTadi moTxovnebia:::: analizis Sedegebis sizuste; 
maTi siaxlove sakvlevi nivTierebis WeSmarit mniSvnelobasTan; analizis 
ganmeorebadoba (paraleluri cdebi); analizis mgrZnobiaroba (dabali cdomileba); 
analizis eqspresiuloba; ekonomiurad momgebianoba; meTodis SerCeviToba. 
 aqedan gamomdinare, analizuri qimiis winaSe mdgari amocanebia: analizuri qimiis winaSe mdgari amocanebia: analizuri qimiis winaSe mdgari amocanebia: analizuri qimiis winaSe mdgari amocanebia: a) analizis 
sizustis maqsimalurad gazrda; b) nivTierebis aRmoCenis zRvris (minimaluri 
koncentraciebis) Semcireba; g) meTodis eqspresiulobis gazrda; d) distanciuri 
analizis meTodebis SemuSaveba da lokaluri (aradestruqciuli) analizis 
ganviTareba, romelic ar moiTxovs nimuSis daSlas. 
 didia analizuri qimiis praqtikuli gamoyenebaanalizuri qimiis praqtikuli gamoyenebaanalizuri qimiis praqtikuli gamoyenebaanalizuri qimiis praqtikuli gamoyeneba saxalxo meurneobis cal-
keuli dargebis da sxva mecnierebebis ganviTarebaSi. upirveles yovlisa, auci-
lebelia analizuri qimiis rolis aRniSvna zogadi da araorganuli qimiis 
ganviTarebaSi. swored qimiuri analizis meTodebis meSveobiT iqna aRmoCenili niv-
Tierebis Sedgenilobis mudmivobis kanoni, jerad fardobaTa kanoni, ganisazRvra 
elementTa atomuri masebi, qimiuri eqvivalentebi, dadgenil iqna sxvadasxva 
naerTTa qimiuri formulebi. TvisebiT analizs iyenebs geologia mTis qanebis da 
mineralebis qimiuri Sedgenilobis dasadgenad.   medicinaSi, gansakuTrebiT, paTo-
logiaSi xSirad saWiroa calkeuli organoebis an qsovilebis analizi. sasamar-
Tlo medicina  da toqsikologia sargebloben toqsikologiuri qimiis miRwevebiT, 
romelSic analizs gaaCnia gadamwyveti mniSvneloba. analizur qimias iyenebs medi-
cina samkurnalo preparatebis dasamzadeblad da maTi Sedgenilobis dasadgenad. 
yovel sawarmos gaaCnia qimiuri laboratoria, romelSic analizi utardeba 
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rogorc Semosul nedleuls, aseve damzadebul produqcias. qimiur analizs iye-
nebs soflis meurneoba niadagis, mineraluri sasuqebis, Sxamqimikatebis, mcenareTa 
zrdis stimulatorebis qimiuri Sedgenilobis gasarkvevad. farTod iyenebs qimiur 
analizs metalurgia, qimiuri teqnologia, qimiuri mrewveloba da sxva dargebi, 
isini misi saSualebiT amzadeben maRali sisufTavis produqcias, romlebic 
Seesabamebian erovnul da saerTaSoriso standartebs. 
 didia analizuri qimiisa da qimiuri analizis roli rogorc sabunebis-
metyvelo, aseve sxva mecnierebebis ganviTarebaSi: biologiaSi, fizikaSi, maTema-
tikaSi, mineralogiaSi, geologiaSi, geoqimiaSi, agroqimiaSi, geografiaSi, medici-
naSi. swored Tanamedrove analizuri qimiis instrumentaluri da eqspresiuli 
meTodebis gamoyenebiT dgindeba zemoTaRniSnul dargebSi saanalizo masalis 
Sedgeniloba da struqtura. 
 
 
 

2.2.2.2.    analizuri qimiisanalizuri qimiisanalizuri qimiisanalizuri qimiis    ganviTarebis istoriuli etganviTarebis istoriuli etganviTarebis istoriuli etganviTarebis istoriuli etapebiapebiapebiapebi    
    

 TvisebiTi analizis zogierTi reaqcia cnobili iyo jer kidev Soreul war-
sulSi. egviptis piramidebSi napovni papirusebi Seicaven oqros, vercxlis da sxva 
keTilSobili metalis damzadebisa da Semowmebis aRwerilobebs. Tumca, anali-
zuri qimia mecnierebad iqca mxolod me-19 saukunis meore naxevarSi. manamde igi 
ufro emsgavseboda xelovnebas. 1801 wels dawerili severginis1801 wels dawerili severginis1801 wels dawerili severginis1801 wels dawerili severginis saxelmZRvanelo 
analizur qimiaSi ase iwodeboda: “sinjaruli xelovneba, anu metaluri madnebisa 
da sxva sasargeblo wiaRiseulis Semowmebis saxelmZRvanelo”. zogadi qimiis gan-
viTarebam Teoriuli da mecnieruli dasabuTeba misca analizuri qimiis praqti-
kulad gamomuSavebul “receptebsa” da xerxebs, ris Semdegac igi xelovnebidan 
mecnierul disciplinad gadaiqca. es moxda 1860 wels, roca qimikosTa saer1860 wels, roca qimikosTa saer1860 wels, roca qimikosTa saer1860 wels, roca qimikosTa saer----
TaSorisTaSorisTaSorisTaSoriso yrilobaze karlsrueSio yrilobaze karlsrueSio yrilobaze karlsrueSio yrilobaze karlsrueSi SemuSavda atomur-molekuluri moZRvreba da 
1869 wlis 1 marts d.i.mendeleevma aRmoaCina periodulobis kanoni. 
 analizuri qimiis mecnierul disciplinad Camoyalibebas win uZRoda mTeli 
rigi fundamentaluri aRmoCenebi qimiis dargSi:  
 1748 wel1748 wel1748 wel1748 wels m.v.lomonosovma aRmoaCina masis mudmivobis kanoni.s m.v.lomonosovma aRmoaCina masis mudmivobis kanoni.s m.v.lomonosovma aRmoaCina masis mudmivobis kanoni.s m.v.lomonosovma aRmoaCina masis mudmivobis kanoni. man Seqmna ru-
seTSi mecnierebaTa akademiasTan pirveli qimiuri laboratoria, sadac amuSavebda 
keTilSobiluri metalebis gansazRvris meTodebs. manve SeimuSava e.w. sinjiTi 
analizi. arsebobs petre I-is piradi Canawerebi, lomonosovis mier sinjiTi anali-
ziT Sesrulebuli samuSaoebis Sesaxeb. pirveli rusuli wigni, sadac es sakiTxebi 
aris ganxiluli, dawerilia ivane Slateris mier da ase iwodeba: “amocanebi, 
romlebic monetebis xelovnebas exeba”; 
 t.e.lovicma pirvelad (t.e.lovicma pirvelad (t.e.lovicma pirvelad (t.e.lovicma pirvelad (1757175717571757----1804 ww.)1804 ww.)1804 ww.)1804 ww.) Seiswavla kavSiri kristalTa formasa da 
maT qimiur Sedgenilobas Soris, riTac safuZveli Cauyara mikrokristaloskopiur mikrokristaloskopiur mikrokristaloskopiur mikrokristaloskopiur 
analizs. analizs. analizs. analizs. manve aRmoaCina xis naxSiris adsorbciis unari;  
 qimiuri analizis meTodikis dargSi mravali naSromi aqvs dawerili 
m.v.m.v.m.v.m.v.severgins.severgins.severgins.severgins. mis mier aris dawerili saxelmZRvanelo “mineraluri wylebis Semow-
mebis xerxebi”, romelic gamoica 1800 wels; 

memememe----18 saukuneSi bergmanma18 saukuneSi bergmanma18 saukuneSi bergmanma18 saukuneSi bergmanma SeimuSava metalTa kaTionebis dayofis principebi 
analizur jgufebad da amiT safuZveli Cauyara sistematiur TvisebiTsistematiur TvisebiTsistematiur TvisebiTsistematiur TvisebiT    analizs;analizs;analizs;analizs;    

didi roli iTamaSa analizuri qimiis ganviTarebaSi 1865 wels_beketovis, 1865 wels_beketovis, 1865 wels_beketovis, 1865 wels_beketovis, 
xolo 1867 wels_guldbergisa da vaages mier moqmed masaTa kanonis (mmk) aRmoCenamxolo 1867 wels_guldbergisa da vaages mier moqmed masaTa kanonis (mmk) aRmoCenamxolo 1867 wels_guldbergisa da vaages mier moqmed masaTa kanonis (mmk) aRmoCenamxolo 1867 wels_guldbergisa da vaages mier moqmed masaTa kanonis (mmk) aRmoCenam. 

memememe----19 saukunis dasawyisSi berceliusma gansazRvra 50 elementis atomuri masa19 saukunis dasawyisSi berceliusma gansazRvra 50 elementis atomuri masa19 saukunis dasawyisSi berceliusma gansazRvra 50 elementis atomuri masa19 saukunis dasawyisSi berceliusma gansazRvra 50 elementis atomuri masa 
da SeimuSava raodenobiTi gansazRvris mravali meTodi. amave periodSi gei-
lusakma SeimuSava moculobiTi meTodis xerxebi; 
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memememe----19 saukunis 6019 saukunis 6019 saukunis 6019 saukunis 60----ian wlebSi menSutkinma Seqmna gogirdwyalbadiT aRdgenis ian wlebSi menSutkinma Seqmna gogirdwyalbadiT aRdgenis ian wlebSi menSutkinma Seqmna gogirdwyalbadiT aRdgenis ian wlebSi menSutkinma Seqmna gogirdwyalbadiT aRdgenis 
memememeTodiTodiTodiTodi TvisebiT analizSi da dawera saxelmZRvanelo “analizuri qimia” (1871w.), 
romelmac gauZlo 16 gamocemas da mravaljer iTargmna germanul da inglisur 
enebze; 

tananaevma Seqmna wiladuri analizis meTodi,tananaevma Seqmna wiladuri analizis meTodi,tananaevma Seqmna wiladuri analizis meTodi,tananaevma Seqmna wiladuri analizis meTodi, romelic saSualebas iZleva 
ionebis dayofisas ar visargebloT gogirdwyalbadiT. manve SeimuSava analizis 
wveTuri meTodi; 

Cugaevma da ilinskimCugaevma da ilinskimCugaevma da ilinskimCugaevma da ilinskim    pirvelad gamoiyenes organuli reagentebi metalTa pirvelad gamoiyenes organuli reagentebi metalTa pirvelad gamoiyenes organuli reagentebi metalTa pirvelad gamoiyenes organuli reagentebi metalTa 
dasaleqad;dasaleqad;dasaleqad;dasaleqad;    

bunzenma da kirxhofma 1860 wels Seqmnes analizis speqtraluri meTodi;bunzenma da kirxhofma 1860 wels Seqmnes analizis speqtraluri meTodi;bunzenma da kirxhofma 1860 wels Seqmnes analizis speqtraluri meTodi;bunzenma da kirxhofma 1860 wels Seqmnes analizis speqtraluri meTodi;    
kurnakovma safuZveli Cauyara kvlevis fizikurkurnakovma safuZveli Cauyara kvlevis fizikurkurnakovma safuZveli Cauyara kvlevis fizikurkurnakovma safuZveli Cauyara kvlevis fizikur----qimiur meTods;     qimiur meTods;     qimiur meTods;     qimiur meTods;         
cvetma 1903 welscvetma 1903 welscvetma 1903 welscvetma 1903 wels SeimuSava kvlevis originaluri meTodi, romelic dafuZ-

nebuli iyo nivTierebaSi Semavali komponentebis sxvadasxva sorbciis unarze. am 
meTodma miiRo qromatografiuli analizisqromatografiuli analizisqromatografiuli analizisqromatografiuli analizis saxeli da dReisaTvis erT-erT 
yvelaze efeqtur, maRalmgrZnobiare da farTod aprobirebul meTods miekuTvneba. 

 

    
3.3.3.3.    TvisebiTi analiziTvisebiTi analiziTvisebiTi analiziTvisebiTi analizis sags sags sags sagani, amocanebi da meTodebiani, amocanebi da meTodebiani, amocanebi da meTodebiani, amocanebi da meTodebi    

    
 TvisebiTi analizis saganiaTvisebiTi analizis saganiaTvisebiTi analizis saganiaTvisebiTi analizis sagania_nivTierebaTa elementuri Sedgenilobis 
gansazRvris meTodebis Teoriuli safuZvlebis damuSaveba da am meTodebis 
daxvewa. 
 TvisebiTi analizis amocanaaTvisebiTi analizis amocanaaTvisebiTi analizis amocanaaTvisebiTi analizis amocanaa_nivTierebebis, an maTi narevebis “xarisxis” gan-
sazRvra, anu sakvlevi naerTis SedgenilobaSi Semavali calkeuli elementebis an 
ionebis aRmoCena; aseve narevSi Semavali qimiuri nivTierebebis aRmoCena. 
 imisda mixedviT, Tu romeli Tviseba gamoiyeneba elementis, ionis, 
nivTierebis aRmosaCenad, TvisebiTi analizis meTvisebiTi analizis meTvisebiTi analizis meTvisebiTi analizis meTodebi iyofa 3 jgufad:Todebi iyofa 3 jgufad:Todebi iyofa 3 jgufad:Todebi iyofa 3 jgufad:    
1) fizikuri meTodebi;      2) fizikur-qimiuri meTodebi;      3) qimiuri meTodebi. 
 analizis meTodebs, romelTa meSveobiT SeiZleba saanalizo nivTierebis analizis meTodebs, romelTa meSveobiT SeiZleba saanalizo nivTierebis analizis meTodebs, romelTa meSveobiT SeiZleba saanalizo nivTierebis analizis meTodebs, romelTa meSveobiT SeiZleba saanalizo nivTierebis 
SedSedSedSedgenilobis gansazRvra, masze  qimiuri reaqciis Catarebis gareSe, analizisgenilobis gansazRvra, masze  qimiuri reaqciis Catarebis gareSe, analizisgenilobis gansazRvra, masze  qimiuri reaqciis Catarebis gareSe, analizisgenilobis gansazRvra, masze  qimiuri reaqciis Catarebis gareSe, analizis 
fizikfizikfizikfizikuri meTodebiuri meTodebiuri meTodebiuri meTodebi ewodeba. es meTodebi dafuZnebulia saanalizo nivTierebis 
optikuri, eleqtruli, magnituri, Tburi da sxva fizikuri Tvisebebis 
gansazRvraze. 
 analizis fizikuranalizis fizikuranalizis fizikuranalizis fizikuriiii    meTodebis saxeobebia:meTodebis saxeobebia:meTodebis saxeobebia:meTodebis saxeobebia:    
a) speqtraluri TvisebiTi analizia) speqtraluri TvisebiTi analizia) speqtraluri TvisebiTi analizia) speqtraluri TvisebiTi analizi_igi dafuZnebulia sakvlevi nivTierebis mier 
gamosxivebuli, an STanTqmuli speqtrebis Seswavlaze. ama Tu im elementis arsebo-
baze msjeloben speqtrSi im monoqromatuli gamosxivebiT, romelic mocemuli 
elementisTvisaa damaxasiaTebeli. analizi eqspresiulia da misi saSualebiT 
SeiZleba 10-6 _ 10-8 grami nivTierebis aRmoCena. speqtraluri analiziT dadgenili 
iqna mzisa da varskvlavebis qimiuri Sedgeniloba. 
b) luminescenciuli (fluorescenciuli) TvisebiTi analizib) luminescenciuli (fluorescenciuli) TvisebiTi analizib) luminescenciuli (fluorescenciuli) TvisebiTi analizib) luminescenciuli (fluorescenciuli) TvisebiTi analizi_igi dafuZnebulia 
ultraiisferi sxivebiT winaswar dasxivebuli saanalizo nivTierebis lumines-
cenciaze (civ naTebaze). am meTodiT SeiZleba 10-10 _10-13 grami nivTierebis aRmoCena.  
 xSirad ver xerxdeba zusti zRvaris dadgena kvlevis fizikursa da fizikur-
qimiur meTodebs Soris, amitom maT aerTianeben saerTo saxelwodebiT 
_instrumentaluri meTodebi. 
 anaanaanaanalizis meTodebs, romlebic dafuZnebulia qimiuri reaqciebis lizis meTodebs, romlebic dafuZnebulia qimiuri reaqciebis lizis meTodebs, romlebic dafuZnebulia qimiuri reaqciebis lizis meTodebs, romlebic dafuZnebulia qimiuri reaqciebis 
msvlelobisas saanalizo nivTierebis mier gamovlenili fizikuri Tvisebis msvlelobisas saanalizo nivTierebis mier gamovlenili fizikuri Tvisebis msvlelobisas saanalizo nivTierebis mier gamovlenili fizikuri Tvisebis msvlelobisas saanalizo nivTierebis mier gamovlenili fizikuri Tvisebis 
Seswavlaze, fizikurSeswavlaze, fizikurSeswavlaze, fizikurSeswavlaze, fizikur----qimiuri meTodebi ewodeba.qimiuri meTodebi ewodeba.qimiuri meTodebi ewodeba.qimiuri meTodebi ewodeba. am dros atareben nivTierebaze 
qimiur reaqcias da reaqciis Sedegs sazRvraven instrumentalurad. 
 analizis fizikuranalizis fizikuranalizis fizikuranalizis fizikur----qimiuri meTodebis saxeobebia:qimiuri meTodebis saxeobebia:qimiuri meTodebis saxeobebia:qimiuri meTodebis saxeobebia:    
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a)a)a)a)    kolorimetriuli TvisebiTi analizikolorimetriuli TvisebiTi analizikolorimetriuli TvisebiTi analizikolorimetriuli TvisebiTi analizi_igi dafuZnebulia saanalizo da 
standartuli xsnarebis Seferilobis Sedarebaze; 
b) qromatografiuli TvisebiTi analizib) qromatografiuli TvisebiTi analizib) qromatografiuli TvisebiTi analizib) qromatografiuli TvisebiTi analizi_igi dafuZnebulia saanalizo narevis 
calkeuli komponentebis dayofaze, maTi araerTnairi adsorbciis unaris gamo 
Sesabamis adsorbentze. 
 analizis meTodebs, romlebic dafuZnebulia nivTierebaTa monawileobis analizis meTodebs, romlebic dafuZnebulia nivTierebaTa monawileobis analizis meTodebs, romlebic dafuZnebulia nivTierebaTa monawileobis analizis meTodebs, romlebic dafuZnebulia nivTierebaTa monawileobis 
unarunarunarunarze TvisebiT analizur qimiur reaqciebSi, analizis qimiuri meTodebi ewodeba.ze TvisebiT analizur qimiur reaqciebSi, analizis qimiuri meTodebi ewodeba.ze TvisebiT analizur qimiur reaqciebSi, analizis qimiuri meTodebi ewodeba.ze TvisebiT analizur qimiur reaqciebSi, analizis qimiuri meTodebi ewodeba. 
am dros saanalizo nivTierebas umateben e.w. aRmomCen reagentsaRmomCen reagentsaRmomCen reagentsaRmomCen reagents,,,, romelic iwvevs 
axali nivTierebis warmoqmnas da am ukanasknels axasiaTebs gansazRvruli  
specifikuri Tviseba (specefeqti), magaliTad: gansazRvruli fizikuri mdgomareoba 
(naleqi, siTxe, gazi); xsnadoba gamxsnelebSi; damaxasiaTebeli feri; kristaluri 
Tu amorfuli struqtura; suni da a.S. amdenad, aseTi saxis reaqciebs TvisebiT, 
anu aRmoCenis reaqciebsac uwodeben. umetesad SearCeven iseT reaqtivebs, romle-
bic warmoqmnian reaqciis Zneladxsnad produqtebs, anu naleqebs. am xerxs gaaCnia 
upiratesoba analizis sxva meTodebTan SedarebiT, kerZod: naleqis warmoqmniT Se-
iZleba msjeloba xsnarSi gansazRvrul ionTa arsebobaze; naleqis garegnuli sa-

xiT SeiZleba garkveuli daskvnebis gakeTeba ionis arsebobaze ( ↓SAg 2 _ Savi feri-

saa, ↓42CrOAg _ mowiTalo-mura, ↓43 AsOAg _ Sokoladisferi, ↓AgCl  _ TeTri). sxva 

SemTxvevaSi iyeneben iseT reaqtivebs, romlebic iZlevian saanalizo xsnaris 
damaxasiTebel Sefervas, an saanalizo nivTierebebTan reagirebisas gamoyofen 
gazebs.  

ganvixiloT aRmoCenis reaqciisganvixiloT aRmoCenis reaqciisganvixiloT aRmoCenis reaqciisganvixiloT aRmoCenis reaqciis    ramdenime magaliTi:ramdenime magaliTi:ramdenime magaliTi:ramdenime magaliTi:    
 
1)1)1)1) amoniumis ionis aRmoCena mwvaveamoniumis ionis aRmoCena mwvaveamoniumis ionis aRmoCena mwvaveamoniumis ionis aRmoCena mwvave    tuteebiT:tuteebiT:tuteebiT:tuteebiT:    

   ↑++→+ 324 NHOHNaClNaOHClNH  

                                   gazigazigazigazi    
 
2) rkinis (III) ionis aRmoCena rodanid2) rkinis (III) ionis aRmoCena rodanid2) rkinis (III) ionis aRmoCena rodanid2) rkinis (III) ionis aRmoCena rodanid----ioniT:ioniT:ioniT:ioniT:    
   ClNHSCNFeSCNNHFeCl 4343 3)(3 +→+    

                          (wiTeli (wiTeli (wiTeli (wiTeli     
                                                                                                feris)feris)feris)feris)    

   
3) bariumis ionis aRmoCena sulfat3) bariumis ionis aRmoCena sulfat3) bariumis ionis aRmoCena sulfat3) bariumis ionis aRmoCena sulfat----ioniT:ioniT:ioniT:ioniT:    

    NaClBaSOSONaBaCl 24422 +↓→+  
                     naleqinaleqinaleqinaleqi    
 
    4) qlorid4) qlorid4) qlorid4) qlorid    ionis aRmoCena vercxlis ionis aRmoCena vercxlis ionis aRmoCena vercxlis ionis aRmoCena vercxlis ioniT:ioniT:ioniT:ioniT:    

    33 NaNOAgClAgNONaCl +↓→+  

                 NNNN    nnnnaleqialeqialeqialeqi    
    

aRmomCeni reaqtivebis gamoyenebis mTavari pirobaa _ maTi sisufTave, mTavari pirobaa _ maTi sisufTave, mTavari pirobaa _ maTi sisufTave, mTavari pirobaa _ maTi sisufTave, anu 
gareSe minarevebis minimaluri arseboba maTSi. qimiuri sisufTavis mixedviT, 
reaqtivebi iyofa: a) qimiurad sufTa; b)analizisaTvis sufTa; g) sufTa;    
d) teqnikurad sufTa. TvisebiTi analizuri reaqciebis umravlesobisaTvis iyeneben 
analizisaTvis sufTa reaqtivebs. absoluturad sufTa reaqtivi ar arsebobs, 
magram minarevebis Semcveloba imdenad umniSvnelo unda iyos masSi, rom aman ar 
gamoiwvios analizis dasaSvebze meti cdomileba. 
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4.4.4.4.    raodenobiTi analiziraodenobiTi analiziraodenobiTi analiziraodenobiTi analizis sagani, amocanebi da meTodebis sagani, amocanebi da meTodebis sagani, amocanebi da meTodebis sagani, amocanebi da meTodebi    
    

 raodenobiTi analizis saganiaraodenobiTi analizis saganiaraodenobiTi analizis saganiaraodenobiTi analizis sagania_im meTodebis Seswavla, romlebic saSualebas 
iZleva ganisazRvros nivTierebis, an nivTierebaTa narevis qimiuri da raodenobiTi  
Sedgeniloba. 
 raodenobiTi analizis amocaraodenobiTi analizis amocaraodenobiTi analizis amocaraodenobiTi analizis amocanaanaanaanaa_qimiuri elementis, an ionis raodenobiTi 
gansazRvra maTive naerTebSi. 
 raodenobiTi analizis meTodebiraodenobiTi analizis meTodebiraodenobiTi analizis meTodebiraodenobiTi analizis meTodebi mravalricxovania da isini gaerTianebuli 
arian 3 ZiriTad jgufSi:3 ZiriTad jgufSi:3 ZiriTad jgufSi:3 ZiriTad jgufSi:    
1) qimiuri meTodebi;      2) fizikuri meTodebi;     3) fizikur-qimiuri meTodebi. 
 
 qimiuqimiuqimiuqimiuri raodenobiTi meTodi moicavs analizis 3 saxeobas:ri raodenobiTi meTodi moicavs analizis 3 saxeobas:ri raodenobiTi meTodi moicavs analizis 3 saxeobas:ri raodenobiTi meTodi moicavs analizis 3 saxeobas:    
a)a)a)a)    woniTi, anu gravimetriuli analiziwoniTi, anu gravimetriuli analiziwoniTi, anu gravimetriuli analiziwoniTi, anu gravimetriuli analizi    _ _ _ _ mas safuZvlad udevs Sedgenilobis 
mudmivobis kanoni, romlis Tanaxmad, nivTierebis SemadgenlobaSi Semavali 
elementebis woniTi Tanafardobebi yovelTvis erTnairia. woniTi analizis arsi 
mdgomareobs SemdegSi: iReben zustad gansazRvruli raodenobis saanalizo 
nimuSs, gadahyavT xsnarSi da sakvlev elements daleqaven. naleqs gamoaSroben, 
awonian da gaiangariSeben jer_naleqSi, Semdeg ki_saanalizo nivTierebis nimuSSi 
sakvlevi elementis procentul Semcvelobas. gravimetriuli meTodi saTaves iRebs 
jer kidev m.v.lomonosovidan. meTodi klasikuria da dRemde farTod 
aprobirebuli, Tumca SezRudulia imiT, rom praqtikulad uxsnadi araorganuli 
naerTebis ricxvi Zalze mcirea, amitom damleqavebis saxiT organuli naerTebis 
gamoyenebam mniSvnelovnad gaafarTova am meTodis gamoyenebis sferoebi. am dargSi 
udidesi roli iTamaSa Cugaevis Sromebma. 
 
b) moculobiTi, b) moculobiTi, b) moculobiTi, b) moculobiTi, anu titrimetriuli analizi_anu titrimetriuli analizi_anu titrimetriuli analizi_anu titrimetriuli analizi_misi arsi mdgomareobs SemdegSi: 
iReben gansazRvruli moculobis ((((V1) saanalizo xsnars da gazomaven biuretiT 
damatebuli reaqtivis moculobas ((((V2). reaqtivis koncentracia winaswar cnobilia 
((((C2). saanalizo xsnaris koncentraciis ((((C1) gansazRvrisaTvis iyeneben formulas: 

            V1·C2 =        V2·C1 ,,,,   aqedan:          
2

21
1 V

CV
C

⋅
=     

xsnari, romlis koncentracia zustadaa cnobili, iwodeba standartul xsnarad.standartul xsnarad.standartul xsnarad.standartul xsnarad. 
gatitvris dasasruli gamoicnoba indikatorebis meSveobiT. 
g) gazuri analizig) gazuri analizig) gazuri analizig) gazuri analizi    ____igi dafuZnebulia sakvlevi gazisebri nivTierebis moculobis 
gazomvaze. saanalizo nimuSis moculobis gazomvas awarmoeben misi myari an 
Txevadi STanmTqmelebis mier STanTqmis Semdeg, an gazTa narevis dawvis Semdeg. 
imisda mixedviT, Tu ra raodenobiTaa aRebuli gazTa narevi analizis dros, asxva-
veben: makro_ (100 ml gazi); naxevradmikro_ (2-10 ml); mikromeTodebs (<1 ml). 
 fizikuri raodenobiTi meTodifizikuri raodenobiTi meTodifizikuri raodenobiTi meTodifizikuri raodenobiTi meTodi dafuZnebulia saanalizo nivTierebis iseTi 
fizikuri Tvisebis raodenobiT gansazRvraze, rogoricaa: simkvrive; siblante; 
eleqtro-da Tbogamtaroba; sxivis gardatexis koeficienti; lRobisa da duRilis 
temperatura; radioaqtiuroba da a.S. 
    fizikuri meTodis saxeebia:fizikuri meTodis saxeebia:fizikuri meTodis saxeebia:fizikuri meTodis saxeebia:    
a) speqtraluri raodenobiTi analizia) speqtraluri raodenobiTi analizia) speqtraluri raodenobiTi analizia) speqtraluri raodenobiTi analizi    _ _ _ _ igi dafuZnebulia sakvlevi nivTierebis 
mier gamosxivebuli, an STanTqmuli speqtrebis raodenobiT gansazRvraze;;;;    
b) niSandebul atomTa meTodib) niSandebul atomTa meTodib) niSandebul atomTa meTodib) niSandebul atomTa meTodi    ____    igi dafuZnebulia elementis mier radiaqtiuri 
gamosxivebis gazomvaze. nebismieri elementis radiaqtiuri izotopebi amJRavneben 
iseT qimiur Tvisebebs, rogorsac am elementis stabiluri izotopebis narevi. obi-
eqtSi radiaqtiuli izotopebis Semcveloba SeiZleba zustad ganisazRvros gamom-
Tvleli aparatebis mier, romlebic zomaven gamosxivebis ama Tu im saxes. es meTo-



 - 9 -  

di gamoirCeva maRali mgrZnobiarobiT, misi meSveobiT advilad da Cqara  isazR-
vreba radiaqtiuri izotopis Semcveloba saanalizo nimuSSi; 
 
g) luminescenciuli raodenobiTi analizig) luminescenciuli raodenobiTi analizig) luminescenciuli raodenobiTi analizig) luminescenciuli raodenobiTi analizi _ igi dafuZnebulia ultraiisferi 
sxivebiT winaswar dasxivebuli saanalizo nivTierebis luminescenciis 
raodenobiT gansazRvraze; ; ; ;   
d) rentgenospeqtraluri raodenobiTi analizid) rentgenospeqtraluri raodenobiTi analizid) rentgenospeqtraluri raodenobiTi analizid) rentgenospeqtraluri raodenobiTi analizi    ____    igi dafuZnebulia nivTierebis 
agebulebis dadgenaze rentgenis sxivebis gamoyenebiT. maRali energiis matarebeli 
rentgenis sxivebis zemoqmedebiT vakantur orbitalebze gadasuli eleqtronebi 
iZlevian damaxasiaTebel rentgenul gamosxivebas, romelic izomeba. analizis 
mgrZnobiaroba Seadgens 10-6 grams. 
 analizis fizikuranalizis fizikuranalizis fizikuranalizis fizikur----qimiuri meTodiqimiuri meTodiqimiuri meTodiqimiuri meTodi dafuZnebulia qimiuri reaqciebis dros 
saanalizo xsnaris fizikuri cvlilebebis daTvalierebaze  da maT raodenobiT 
gansazRvraze.  
 
 fizikurfizikurfizikurfizikur----qimiuri meTodis saxeobebia:qimiuri meTodis saxeobebia:qimiuri meTodis saxeobebia:qimiuri meTodis saxeobebia:    
a)a)a)a)    eleqtroqimiuri raodenobiTi analizieleqtroqimiuri raodenobiTi analizieleqtroqimiuri raodenobiTi analizieleqtroqimiuri raodenobiTi analizi    ____    igi gamoiyeneba feradi metalebis, maTi 
Senadnobebis raodenobiTi gansazRvrisaTvis. Tavis mxriv, meTodi iyofa Semdeg 
saxeobebad: 
 eleqtrowoniTi (eleqtrogravimetriuli) analizi; 
  eleqtromoculobiTi analizi (potenciometria, konduqtometria, polarog-
rafia, amperometriuli gatitvra, kulonometria). 
b) optikuri meTodib) optikuri meTodib) optikuri meTodib) optikuri meTodi    ____    igi moicavs speqtralur meTodebs, romlebic dafuZnebulia 
nivTierebaTa mier STanTqmadi, gamosxivebadi da gafantvadi speqtrebis gamok-
vlevaze. optikuri meTodis saxeobebia: 
 kolorimetria; fotokolorimetria; nefelometria; turbidimetria; 
speqtrofotometriuli analizi; emisiuri speqtraluri analizi; refraqtometria. 
g) qromatografiuli raodenobiTi meTodig) qromatografiuli raodenobiTi meTodig) qromatografiuli raodenobiTi meTodig) qromatografiuli raodenobiTi meTodi    ____    igi iyofa Semdeg saxeobebad: 
 adsorbciuli, ionmimocvliTi, daleqviTi; gamanawilebeli qromatografia. 
  
 
 
  

5.5.5.5.    TvisebiTi da raodenobiTvisebiTi da raodenobiTvisebiTi da raodenobiTvisebiTi da raodenobiTi analizis ZiriTadi operaciebiTi analizis ZiriTadi operaciebiTi analizis ZiriTadi operaciebiTi analizis ZiriTadi operaciebi    
    

 TvisebiTi analizis ZiriTadi operaciebia:TvisebiTi analizis ZiriTadi operaciebia:TvisebiTi analizis ZiriTadi operaciebia:TvisebiTi analizis ZiriTadi operaciebia:    
a) gaxureba da aorTqlebaa) gaxureba da aorTqlebaa) gaxureba da aorTqlebaa) gaxureba da aorTqleba _ sinjarebs acxeleben wylis abazanaze. xsnars aduRe-
ben qimiur WiqaSi an faifuris tigelSi. xsnaris aorTqleba umjobesia qviSis 
abazanaze. naleqis gamowva xdeba gazquraze an mufelis RumelSi. cxeli faifuris 
tigelis gadmoReba xdeba maSebis meSveobiT; 
b) daleqvab) daleqvab) daleqvab) daleqva _ mas awarmoeben centrifugis (konusur) sinjarebSi. masSi aTavseben 
saanalizo xsnaris 1-2 ml, umateben aRmomCeni reagentis saWiro moculobas da 
Seureven wkiriT. ionebis dasayofad, miRebul naleqs acentrifugireben (SesaZloa 
ramdenimejer); 
g) centrifugirebag) centrifugirebag) centrifugirebag) centrifugireba _ xdeba xelis an eleqtrocentrifugebSi. naleqis Tavze 
momdgar gamWvirvale xsnars ewodeba centrifugati; 
d) gafiltvrad) gafiltvrad) gafiltvrad) gafiltvra _ warmoebs filtris qaRaldze an bambaSi; 
e) naleqis garecxva da gaxsnae) naleqis garecxva da gaxsnae) naleqis garecxva da gaxsnae) naleqis garecxva da gaxsna _ naleqs recxaven distilirebuli wyliT filtris 
qaRaldze. naleqis gaxsna warmoebs sinjaraSi, sadac mas umateben gamxsnels  
(eleqtrolitTa xsnarebi) da ureven minis wkiriT. 
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raodenobiTi analizis ZiriTadi operaciebia:raodenobiTi analizis ZiriTadi operaciebia:raodenobiTi analizis ZiriTadi operaciebia:raodenobiTi analizis ZiriTadi operaciebia:    
    

a) awona) awona) awona) awonvvvvaaaa _ mas awarmoeben analizuri sasworis meSveobiT  0,0001 gramis sizustiT. 
asawon wonaks aTavseben biuqsSi an saaTis minaze. asawon nivTierebas aTavseben 
marcxena TefSze, wonakebs ki_marjvena TefSze. sasworis nulovan wertils 
amowmeben yoveli awonis win da Semdeg. siTxeebis aReba xdeba biuretis, pipetis, 
sazomi kolbebis an sazomi cilindrebis meSveobiT (0,01_0,02 sm3 sizustiT); 
 
b) b) b) b) gatitvragatitvragatitvragatitvra _ mimdinareobs biuretis saSualebiT, romelic Sevsebulia standar-
tuli xsnariT (titranti) nulovan danayofamde. saanalizo xsnars pipetiT gadai-
tanen konusur kolbaSi, umateben indikatoris 3_4 wveTs da titraven, Tan kolbas 
ganuwyvetliv anjRreven. ekvivalentobis wertilTan miRwevisas, titrants amateben 
xsnarze wveTobiT. gatitvras wyveten saanalizo xsnaris feris aSkara Secvlis 
Semdeg. paralelurad ayeneben sakontrolo cdas, romelSic ititreba imave 
moculobis indikator damatebuli distilirebuli wyali; 
 
g) gafiltvrag) gafiltvrag) gafiltvrag) gafiltvra _ mas awarmoeben naleqis gamosayofad deda-xsnarisgan, qaRaldis an 
minis filtrebis meSveobiT, vakuumSi an mis gareSe. qaRaldis filtrebiT 
gamoyofen amorful naleqebs, xolo minis filtrebiT _ kristalurs. rogorc 
naleqi, aseve xsnari gadaaqvT filtris qaRaldze minis wkiriT. narCen naleqs 
umateben gamxsnels an wyals da kvlav gadaaqvT filtrze; 
 
d) naleqis garecxvad) naleqis garecxvad) naleqis garecxvad) naleqis garecxva _ warmoebs eleqtrolitTa xsnarebiT, romlebic gaSrobisas 

mTlianad orTqldebian ( ,, 3HNOHCl amoniumis marilebi, organuli naerTebi). nale-

qis garecxva aucilebelia:  peptizaciis, hidrolizisa da naleqis gaxsnis Tavidan 
asacileblad. naleqis sruli garecxva xerxdeba 6_8 Carecxvis Semdeg. 
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INnawili INnawili INnawili INnawili     
    

Tavi I. Tavi I. Tavi I. Tavi I. eqseqseqseqsperimentis dagegmvaperimentis dagegmvaperimentis dagegmvaperimentis dagegmva    da Catarebada Catarebada Catarebada Catareba    
    

I.I.I.I.1.1.1.1.    analizuri reaqciebianalizuri reaqciebianalizuri reaqciebianalizuri reaqciebi    
    

 nivTierebebis  da maTi Semadgeneli nawilebis Tvisebebs, romelTa meSveobiT 
atareben qimiur analizs, uwodeben analizur Tvisebebsanalizur Tvisebebsanalizur Tvisebebsanalizur Tvisebebs.... analizuri Tvisebebi 
SeiZleba iyos damaxasiaTebeli nivTierebaTa  mxolod erTi an mcire jgufisaTvis 
(magaliTad, spilenZis (II) sulfatis mocisfro-lurji feri). an es Tvisebebi 
SeiZleba iyos aradamaxasiaTebeli, anu damaxasiaTebeli mravali nivTierebisTvis 
(magaliTad, TeTri feri gaaCnia mraval nivTierebas). 
 Tu nivTierebas ar gaaCnia damaxasiaTebeli analizuri Tviseba, masze atare-
ben qimiur reaqcias iseTi produqtis misaRebad, romelsac gaaCnia analizuri 
Tviseba. aseT reaqciebs analizuri reaqciebianalizuri reaqciebianalizuri reaqciebianalizuri reaqciebi ewodeba, xolo reaqciis Sedegs_ 
analizuri (specifiuri) efeqti. reaqciebis analizur efeqtebs miekuTvneba: feradi 
naerTebis miReba; gazebis gamoyofa; naleqebis warmoqmna. magaliTad, spilenZis (II) 
ionebi amiakis damatebisas warmoqmnian spilenZis amiakatis lurj kompleqss; 
metalTa sulfidebis aRmoCena xdeba maT xsnarze mineraluri mJavas damatebiT, 
romlis Sedegadac gamoiyofa specifiuri sunis mqone gazi _ gogirdwyalbadi. 
 analizuri reaqciebi unda mimdinareobdes srulad, unda iyos mgrZnobiare 
da specifiuri _ anu damaxasiaTebeli gansazRvruli nivTierebebisaTvis. 
 
 analizuri reaqciebi klasificirdeba qimizmis mixedviT: analizuri reaqciebi klasificirdeba qimizmis mixedviT: analizuri reaqciebi klasificirdeba qimizmis mixedviT: analizuri reaqciebi klasificirdeba qimizmis mixedviT:     
a) mJava-fuZuri reaqciebi _ mJavebisa da fuZeebis urTierTqmedeba; 
b) kompleqswarmoqmniTi reaqciebi _ kompleqsebis warmoqmna; 
g) mimocvliTi (daleqviTi) reaqciebi _ ufro xSirad naleqebis warmoqmna; 
d) Jangva-aRdgeniTi reaqciebi _ mJangvelebisa da aRmdgenelebis urTierTqmedeba. 
 
 analizuranalizuranalizuranalizuriiii    reaqciebi klasificirdeba analizuri efeqtis mixedviT:reaqciebi klasificirdeba analizuri efeqtis mixedviT:reaqciebi klasificirdeba analizuri efeqtis mixedviT:reaqciebi klasificirdeba analizuri efeqtis mixedviT:    
a) feradi reaqciebi _ Seferili naerTebis warmoqmna; 
b) daleqvis reaqciebi _ naleqebis warmoqmna; 
g) gazwarmoqmnis reaqciebi _ gazebis warmoqmna; 
d) mikrokristaloskopiuri reaqciebi _ gansazRvruli formisa da feris kristal- 
   Ta warmoqmna. 
 
 anaanaanaanalizuri reaqciebi klasificirdeba lizuri reaqciebi klasificirdeba lizuri reaqciebi klasificirdeba lizuri reaqciebi klasificirdeba Sesrulebis teqnikis mixedviT:Sesrulebis teqnikis mixedviT:Sesrulebis teqnikis mixedviT:Sesrulebis teqnikis mixedviT:    
a) sinjaruli reaqciebi; 
b) wveTuri reaqciebi; 
g) aluri (alis Sefervis) reaqciebi; 
d) gasresis reaqciebi. 
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I.I.I.I.2.2.2.2.    qimiurqimiurqimiurqimiuri analizis i analizis i analizis i analizis ZiriTadi etapebiZiriTadi etapebiZiriTadi etapebiZiriTadi etapebi    
    

nebismieri qimiuri analizis msvlelobaSi gamoiyofa Semdegi ZiriTadi etapebi:nebismieri qimiuri analizis msvlelobaSi gamoiyofa Semdegi ZiriTadi etapebi:nebismieri qimiuri analizis msvlelobaSi gamoiyofa Semdegi ZiriTadi etapebi:nebismieri qimiuri analizis msvlelobaSi gamoiyofa Semdegi ZiriTadi etapebi:    
1. warmomadgenlobiTi sinjis SerCeva da misgan saSualo nimuSis aReba; 
2. laboratoriuli (analizuri) wonakis aReba; 
3. nimuSis daSla (gaxsna); 
4. nimuSis dayofa Semadgenel komponentebad; 
5. sakvlevi komponentis raodenobiTi gansazRvra; 
6. analizis Sedegebis gaangariSeba da maTematikuri damuSaveba. 
  analizis Catarebis meTodikebSi ZiriTadad xdeba am etapebis realizeba. 
Tumca, Tanamedrove, zusti da eqspresiuli meTodebis SemuSavebam ganapiroba is, 
rom xSirad ar aris aucilebeli nimuSis winaswari gaxsna, an misi komponentebad 
dayofa. es etapebi gamoiricxeba magaliTad, metalebisa da maTi Senadnobebis 
emisiuri speqtraluri analizis msvlelobisas, aseve radiometriul meTodebSi. 
 qimiuri analizis Catarebisas, mniSvnelovani momentia _qimiuri analizis Catarebisas, mniSvnelovani momentia _qimiuri analizis Catarebisas, mniSvnelovani momentia _qimiuri analizis Catarebisas, mniSvnelovani momentia _ meTodikis SerCeva.meTodikis SerCeva.meTodikis SerCeva.meTodikis SerCeva. 
es damokidebulia sakvlevi komponentis koncentraciaze, xelisSemSlel minare-
vebze, cdomilebis SesaZlo sidideze, analizis Sesrulebis siCqareze, aucile-
beli xelsawyoebis arsebobaze da sxva faqtorebze. yovelTvis cdiloben SearCion 
iseTi meTodi, romelic akmayofilebs sizustis, eqspresiulobis (siCqaris) da 
ekonomiuri momgebianobis moTxovnilebebs. 
 
 
 
 

warmomadgenlobiTi sinjis SwarmomadgenlobiTi sinjis SwarmomadgenlobiTi sinjis SwarmomadgenlobiTi sinjis SerCeva da saSualo nimuSis aRebaerCeva da saSualo nimuSis aRebaerCeva da saSualo nimuSis aRebaerCeva da saSualo nimuSis aReba    
    

 nebismier warmoebaSi qimiuri analizis ZiriTad amocanas warmoadgens Semo-
suli nedleulis saSualedo mdgomareobis dadgena. laboratoriaSi saanalizod 
unda Sevides warmomadgenlobiTi sinji, warmomadgenlobiTi sinji, warmomadgenlobiTi sinji, warmomadgenlobiTi sinji, romelic saSualebas iZleva analizis 
Sedegebi gavrceldes Semosuli nedleulis mTel partiaze (aTasobiT tona, m3, 
litri da a.S.) SedarebiT advilia warmomadgenlobiTi sinjis aReba gazisebri an 
Txevadi nivTierebebis SemTxvevaSi (homogenuri sistemebi). gacilebiT rTulia am 
operaciis Sesruleba myari nivTierebebis SemTxvevaSi (heterogenuli sistemebi). 
Semosuli nedleulis didi partiidan warmomadgenlobiTi sinjis sworad asa-
Rebad SemuSavebulia specialuri meTodikebi. magaliTad, erT-erTi gavrcelebuli 
xerxia _ saanalizo nivTierebis mTeli moculobis sxvadasxva ubnebidan 
sistematuri, Tanazomieri SerCeva. 
 laboratoriaSi Semosuli warmomadgenlobiTi sinji aris SedarebiT didi 
masis. mas aqucmaceben da iReben saSualo nimuSs “kvartirebis” meTodiT. saSualo saSualo saSualo saSualo 
nimuSi _nimuSi _nimuSi _nimuSi _ ewodeba sakvlevi nivTierebis mcire porcias, romelSic yvela kompo-
nentis raodenobiTi Semcveloba Seesabameba maT Semcvelobas mocemuli nivTiere-
bis mTel masaSi. “kvartirebis” meTodi“kvartirebis” meTodi“kvartirebis” meTodi“kvartirebis” meTodi mdgomareobs SemdegSi: nimuSs ganalageben 
kvadratis saxiT da yofen 4 tolgverda samkuTxedad. or sapirispiro samkuTxeds 
moacileben, danarCen ors ki_aerTeben. Semdeg isev imeoreben am operacias da exla 
icileben im or sapirispiro samkuTxeds, romelic wina SemTxvevaSi ar iqna moci-
lebuli. ase xdeba nimuSis Tanazomieri gamoxSirva manam, sanam misi masa ar 
daiyvaneba ramdenime aTeuli gramidan 1 gramamde.  Semdeg nimuSi qucmacdeba, 
icreba Sesabamisi diametris sacerSi da Tavsdeba mixexilsacobian qilaSi. 
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laboratolaboratolaboratolaboratoriuli (analizuri) wonakis aRebariuli (analizuri) wonakis aRebariuli (analizuri) wonakis aRebariuli (analizuri) wonakis aReba    
    

momzadebuli saSualo nimuSidan iReben zust wonaks analizur sasworze, 
romelzec ar SeiZleba aiwonos 200 g-ze meti tvirTi. myari nivTierebis wonaki 
ideba saaTis minaze, Txevadi da aqroladi nivTierebebis wonakebi _ biuqsebSi. 
myari nivTierebis wonaks iReben SpateliT. minis, plastmasis an faifuris 
kovzebiT. Txevadi nivTierebebis wonakebs iReben pipetebiT. wonakis masa yovelTvis 
miTiTebulia meTodikaSi. magaliTad, gravimetriul analizSi wonaks iReben im 
angariSiT, rom gamomwvari naleqis masam Seadginos 0,05_0,3 grami. nivTierebaTa 
tenianobisa da nacrianobis gansazRvrisas, maTi gamowvis Semdeg miRebuli masa 
unda Seadgendes 1_2 grams. winaswar garecxili da mSrali WurWeli aiwoneba 
analizur sasworze. Semdeg iReben miaxloebiT naangariSev nivTierebis wonaks 
teqnikur sasworze, gadaaqvT awonil WurWelSi da ukve zustad wonian analizur 
sasworze. ician ra carieli WurWlisa da nivTierebiani WurWlis masebi, sxvaobiT 
pouloben nivTierebis zust wonaks.  

 
  

nimuSis daSla (gaxsna)nimuSis daSla (gaxsna)nimuSis daSla (gaxsna)nimuSis daSla (gaxsna)    
    

am operaciis Casatareblad, nimuSis yvela Semadgeneli komponenti unda 
gadavides xsnarSi da minimalurad unda iqnes Semcirebuli maTi danakargi 
gaxurebis, gaxsnis da sxva SemTxvevebSi. 
 myari nivTierebis gasaxsnelad xSirad iyeneben mineralur mJavebs an mJavaTa 
narevs da paralelurad nimuSs axureben silis an wylis abazanebze. sulfidur 

madnebs amuSaveben jer HCl -iT (gaxurebis pirobebSi), Semdeg ki_ 3HNO -iT da HCl -

is axali partiiT. daSlas asruleben 42SOH -is meSveobiT (gaxurebiT). aseve 
iqcevian madnebSi tyviis, spilenZis an sxva metalebis gansazRvrisas. kalas, 
dariSxanis da germaniumis gansazRvrisas eridebian nimuSis damuSavebas HCl -iT da 
saerTod eridebian gaxurebas. da Tu gaxureba aucilebelia, mas awarmoeben 
ukumacivris meSveobiT, rom ar moxdes aqroladi naerTebis danakargi. 
 araorganuli analizi xSirad rTuldeba nimuSSi bunebrivi warmoSobis 
organuli naerTebis arsebobisas, radganac maT SeuZliaT warmoqmnan kompleqsebi 
sakvlev komponentTan. am SemTxvevaSi analizi iTxovs organuli nawilis srulad 
daSlas (dawvas) _ “mSrali” (alze, mufelis RumelSi, Jangbadis nakadSi), an 
“sveli” (gamxsnelebiT damuSaveba) meTodebiT. 
 silikatebis daSlisas, nimuSis gasaxsnelad, awarmoeben SelRobas 
sxvadasxva mlRobelebTan (tute metalTa naerTebi: karbonatebi; boratebi; 
peroqsidebi; hidrosulfatebi; pirosulfatebi). SelRobisas saanalizo nivTiereba 
iSleba da misi komponentebi iJangeba haeris JangbadiT. galRobis Semdeg nimuSi 
sabolood iSleba wyalSi an ganzavebul mineralur mJavebSi. 
 

nimuSis nimuSis nimuSis nimuSis dayofa dayofa dayofa dayofa Semadgenel komponentebadSemadgenel komponentebadSemadgenel komponentebadSemadgenel komponentebad    
    

 nimuSis dayofis meTods irCeven sakvlevi naerTis bunebis da 
xelisSemSleli faqtorebis gaTvaliswinebiT. aqedan gamomdinare, imisda mixedviT, 
Tu analizis romeli meTodia warmodgenili (gravimetriuli, titrimetriuli Tu 
sxva), iyeneben nimuSis dayofis fizikur, qimiur da fizikonimuSis dayofis fizikur, qimiur da fizikonimuSis dayofis fizikur, qimiur da fizikonimuSis dayofis fizikur, qimiur da fiziko----qimiur meTodebs.qimiur meTodebs.qimiur meTodebs.qimiur meTodebs.    
 dayofis fizikur meTodebs miekuTvneba: gadadena; galRoba da sxva. 
 dayofis qimiur meTods miekuTvneba: daleqva. 
 dayofis fiziko-qimiur meTodebs miekuTvneba: eqstraqcia; ionmimocvla; 
qromatografia da sxva. 
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sakvlevi komsakvlevi komsakvlevi komsakvlevi komponentis raodenobiTi gansazRvraponentis raodenobiTi gansazRvraponentis raodenobiTi gansazRvraponentis raodenobiTi gansazRvra    
    

 raodenobrivi gansazRvrisas xdeba analizuri “signalis”analizuri “signalis”analizuri “signalis”analizuri “signalis” intensivobis 
gansazRvra, romelic dakavSirebulia sakvlevi komponentis SemcvelobasTan. maga-
liTad, gravimetriul analizSi analizuri “signalis” intensivobaSi igulisxmeba 
gamomwvari naleqis masa, titrimetrul analizSi _ gatitvraze daxarjuli stan-
dartuli xsnaris moculoba, fotometriaSi _ xsnaris Seferilobis intensivoba 
da a.S. damokidebuleba analizuri signalis intensivobasa da saanalizo 
komponentis koncentracias Soris gamoisaxeba zogadi gantolebiT: 
                    P = f (C),    sadac:  
          P ____aris analizuri signalis intensivoba; 
                    C____aris saanalizo komponentis koncentracia; 
                     f ____aris kavSiri (funqcia) maT Soris. 
 
 
 

analizis Sedegebis gaangarianalizis Sedegebis gaangarianalizis Sedegebis gaangarianalizis Sedegebis gaangariSeba da maTematikuri damuSavebaSeba da maTematikuri damuSavebaSeba da maTematikuri damuSavebaSeba da maTematikuri damuSaveba    
    

 es aris analizis Catarebis daskvniTi etapi, romelic dafuZnebulia 
formulebis gamoyenebaze da principuli garTulebebi aq mosalodneli TiTqos ar 
unda iyos. Tumca, analizis es etapi moiTxovs did yuradRebas, radganac 
umniSvnelo cdomilebamac ki SeiZleba migviyvanos araswor Sedegebamde, iseve 
rogorc analizis romelime sxva operaciis arasworma Sesrulebam. 
 

    
    
    

I.I.I.I.3.3.3.3.    analizis mwarmoebluanalizis mwarmoebluanalizis mwarmoebluanalizis mwarmoeblurobarobarobaroba    (SemTxveviTi Secdomebi) da (SemTxveviTi Secdomebi) da (SemTxveviTi Secdomebi) da (SemTxveviTi Secdomebi) da     
analizisanalizisanalizisanalizis    sizustesizustesizustesizuste    (sistemat(sistemat(sistemat(sistematuri Secdomebi)uri Secdomebi)uri Secdomebi)uri Secdomebi)    

    
 rogori gulmodginebiTac ar unda Catardes analizi, mis SedegebSi mainc 
iqneba Secdomebi. am Secdomebis Sesamcireblad, analizur gansazRvrebs imeoreben 
da amas cdis paraleluroba (paralcdis paraleluroba (paralcdis paraleluroba (paralcdis paraleluroba (paraleluri cdebi)eluri cdebi)eluri cdebi)eluri cdebi) ewodeba. paraleluri 
gansazRvrebis Sedegebi erTmaneTs ar emTxveva, magram miaxloebulia erTmaneTTan. 
 
 Aanalizis Aanalizis Aanalizis Aanalizis SedeSedeSedeSedegebi xasiaTdeba ori sididiT: gebi xasiaTdeba ori sididiT: gebi xasiaTdeba ori sididiT: gebi xasiaTdeba ori sididiT:     
                            1.1.1.1.    mwarmoebluroba; mwarmoebluroba; mwarmoebluroba; mwarmoebluroba;                                                             2.2.2.2.    sizuste.sizuste.sizuste.sizuste.    

mmmmwarmoebluroba warmoebluroba warmoebluroba warmoebluroba _ aris calkeuli gansazRvrebis gadaxra mocemul seriaSi 
maTi saSualo ariTmetikuli mniSvnelobisgan. mwarmoeblurobas xSirad SemTxveSemTxveSemTxveSemTxve----
viT SecdomebsacviT SecdomebsacviT SecdomebsacviT Secdomebsac uwodeben, radganac isini SemTxveviTi mizezebiTaa gamowveuli 
(TermostatSi an mufelis RumelSi temperaturis SemTxveviTi cvlileba, xsnarSi 
ucxo sxeulebis moxvedra da sxva). aseTi Secdomebis winaswar gaTvaliswineba da 
Tavidan acileba SeuZlebelia, amitom maT Sesamcireblad zrdian paraleluri 
cdebis ricxvs. 
 sizuste sizuste sizuste sizuste _ ewodeba cdis Sedegis siaxloves nivTierebis namdvil Semcve-
lobasTan nimuSSi, anu es aris saSualo ariTmetikulis gadaxra nivTierebis nam-
dvili Semcvelobisgan. sizustes xSirad sistematiur Secdomebsacsistematiur Secdomebsacsistematiur Secdomebsacsistematiur Secdomebsac uwodeben, 
radganac isini ganpirobebulia mudmivi mizezebiT da SeiZleba ganmeordnen 
paralelur cdebSic. aseTi Secdomebis winaswar gaTvaliswineba xSir SemTxvevaSi 
SesaZlebelia.  
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Tavis mxriv, sistematuri Secdomebi iyofa:sistematuri Secdomebi iyofa:sistematuri Secdomebi iyofa:sistematuri Secdomebi iyofa:    
a) meTodur Secdomebad_a) meTodur Secdomebad_a) meTodur Secdomebad_a) meTodur Secdomebad_isini ganpirobebulia arCeuli meTodikis naklovanebebiT; 
b) operatiul Secdomebadb) operatiul Secdomebadb) operatiul Secdomebadb) operatiul Secdomebad_isini damokidebulia qimikosis kvalifikaciaze da cal-
keuli operaciis Catarebis profesionalizmze; 
g) individualuri (fsiqologiuri) Secdomebi_g) individualuri (fsiqologiuri) Secdomebi_g) individualuri (fsiqologiuri) Secdomebi_g) individualuri (fsiqologiuri) Secdomebi_isini ganpirobebulia qimikosis su-
bieqturi TaviseburebebiT, romelic mdgomareobs sasurveli Sedegis miRebis 
survilSi. magaliTad, Tu analitikosi ganmeorebiTi awonisas an gatitvrisas sas-
woris an biuretis skalaze iRebs ara im danayofs, romelic axlosaa masisa Tu 
moculobis gazomvis sizustesTan, aramed imas, romelic axlosaa wina para-
leluri cdebis SedegebTan, maSin analizis sizuste mcirdeba; 

d) absoluturi Secdomebi d) absoluturi Secdomebi d) absoluturi Secdomebi d) absoluturi Secdomebi Daaaa    ____    es aris sxvaoba analiziT napovn Sedegsa da 
nivTierebis namdvil Semcvelobas Soris nimuSSi; 

e) fardobiTi Secdoma e) fardobiTi Secdoma e) fardobiTi Secdoma e) fardobiTi Secdoma Dffff    ____ es aris absoluturi Secdomis Sefardeba sakvlevi  
komponentis namdvil SemcvelobasTan, gamosaxuli procentebSi. 
 
 
 
 
 

    
I.I.I.I.4.4.4.4.    analizis Sedegebis maTematikuri damuSaanalizis Sedegebis maTematikuri damuSaanalizis Sedegebis maTematikuri damuSaanalizis Sedegebis maTematikuri damuSavebavebavebaveba    

    
 paraleluri cdebis Catarebisas, analitikosi iRebs ramdenime Sedegs, xolo 
sakvlevi nivTierebis namdvili Semcveloba nimuSSi ucnobia. amitom analizis 
Sedegebis sarwmunoobis dasadgenad, maT maTematikurad amuSaveben. es saSualebas 
iZleva, moinaxos is sazRvrebi, romlebSic sarwmuno farglebSi imyofeba sididis 

WeSmariti mniSvneloba. es sazRvrebi iwodeba sarwmunoobis intervalad _ sarwmunoobis intervalad _ sarwmunoobis intervalad _ sarwmunoobis intervalad _ a....    
    
 analizis Sedegebis maTematikuri damuSaveba moicavs Semdeg etapebs:analizis Sedegebis maTematikuri damuSaveba moicavs Semdeg etapebs:analizis Sedegebis maTematikuri damuSaveba moicavs Semdeg etapebs:analizis Sedegebis maTematikuri damuSaveba moicavs Semdeg etapebs:    
1. saSualo ariTmetikulis gamoTvla 1. saSualo ariTmetikulis gamoTvla 1. saSualo ariTmetikulis gamoTvla 1. saSualo ariTmetikulis gamoTvla _ igi warmoebs paraleluri cdebis 
ricxvidan gamomdinare: 

                   X =
n

XXXX n++++ ...321 , sadac: 

         X1, X2, X3 .... Xn  _ aris paraleluri cdebis Sedegebi; 
    n _ aris paraleluri cdebis ricxvi. 
    
2. calkeuli Sedegis gadaxris gamoTvla2. calkeuli Sedegis gadaxris gamoTvla2. calkeuli Sedegis gadaxris gamoTvla2. calkeuli Sedegis gadaxris gamoTvla _ igi miiReba sxvaobiT calkeuli cdis  
  Sedegsa da saSualo ariTmetikuls Soris: 

         d1= X1 _ X ;    d2= X2 _ X ;    d3= X3 _ X ;   . . .  dn = Xn _ X ;     
 
    
3. calkeuli gadaxrebi3. calkeuli gadaxrebi3. calkeuli gadaxrebi3. calkeuli gadaxrebis kvadratebis gamoTvla:s kvadratebis gamoTvla:s kvadratebis gamoTvla:s kvadratebis gamoTvla:         
                      22

3

2

2

2

1 ...;; ndddd  ;  

 
4. standartuli gadaxris, anu saSualo kvadratuli Secdomis gamoTvla:4. standartuli gadaxris, anu saSualo kvadratuli Secdomis gamoTvla:4. standartuli gadaxris, anu saSualo kvadratuli Secdomis gamoTvla:4. standartuli gadaxris, anu saSualo kvadratuli Secdomis gamoTvla:                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

                                                                    
1

... 22

3

2

2

2

1

−
++++

=
n

dddd
S n ;;;;        
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5. saSualo ariTmetikulis standartuli gadaxris gamoTvla:5. saSualo ariTmetikulis standartuli gadaxris gamoTvla:5. saSualo ariTmetikulis standartuli gadaxris gamoTvla:5. saSualo ariTmetikulis standartuli gadaxris gamoTvla:    

                             
n

S
S

x
= ; 

 
6.6.6.6.    saSualo ariTmetikulis standartuli gadaxris Secdomis (saSualo Sedegis saSualo ariTmetikulis standartuli gadaxris Secdomis (saSualo Sedegis saSualo ariTmetikulis standartuli gadaxris Secdomis (saSualo Sedegis saSualo ariTmetikulis standartuli gadaxris Secdomis (saSualo Sedegis     
        Secdomis) gamoTvla:Secdomis) gamoTvla:Secdomis) gamoTvla:Secdomis) gamoTvla:    
    
                                     =αε KtS

x α⋅ , sadac: Ktα  _ aris normirebuli gadaxrebis koeficienti.  

 
igi iZebneba sacnobaro cxrilSi α ----albaTobisa da n _paraleluri cdebis ricxvis 
gadakveTaze (cxrili 1). es koeficienti miuTiTebs miRebuli Sedegebis garkveuli 
albaTobis sarwmuno xarisxze. rogorc wesi, analizuri gansazRvrebis dros, 
albaTobis mniSvnelobas Tvlian mudmivad ( 95,0=α , anu 95%-s). fardobiT Secdomas 

SeiZleba gaaCndes rogorc dadebiTi, aseve uaryofiTi mniSvneloba, amitom 
gadaxrebis sazRvrebis aRniSvnisas, sargebloben ±  niSniT. 
 
 
 
 

cxrili 1cxrili 1cxrili 1cxrili 1    
normirebuli gadaxrebis koeficientebinormirebuli gadaxrebis koeficientebinormirebuli gadaxrebis koeficientebinormirebuli gadaxrebis koeficientebi    

(dakvirvebebis mcire ricxvisaTvis)(dakvirvebebis mcire ricxvisaTvis)(dakvirvebebis mcire ricxvisaTvis)(dakvirvebebis mcire ricxvisaTvis)    
n    sarwmuno albaToba, sarwmuno albaToba, sarwmuno albaToba, sarwmuno albaToba, α     

0,900,900,900,90    0,950,950,950,95    0,990,990,990,99    
3333    2,9 4,30 9,93 
4444    2,4 3,18 5,84 
5555    2,1 2,78 4,60 
6666    2,0 2,57 4,03 
7777    1,9 2,45 3,71 
8888    1,9 2,37 3,50 
9999    1,9 2,31 3,36 
10101010    1,8 2,26 3,25 

    
    
    
7. gansasazRvravi sididis sarwmunoobis intervalis gamoTvla:7. gansasazRvravi sididis sarwmunoobis intervalis gamoTvla:7. gansasazRvravi sididis sarwmunoobis intervalis gamoTvla:7. gansasazRvravi sididis sarwmunoobis intervalis gamoTvla:    

Xa = αε±  

maSasadame, =α 95% albaTobisas, saZiebeli Sedegi imyofeba Semdeg sazRvrebSi: 

X αε− - dan    X + αε - mde. 
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Tavi II. qimiuri reaqciebis mgrZnobiaroba.  
xsnarSi ionTa aRmoCenis pirobebi    

    
II.II.II.II.1.1.1.1.    analizuri reaqciebis mgrZnobiaroba da analizuri reaqciebis mgrZnobiaroba da analizuri reaqciebis mgrZnobiaroba da analizuri reaqciebis mgrZnobiaroba da     

masze moqmedi faqtorebimasze moqmedi faqtorebimasze moqmedi faqtorebimasze moqmedi faqtorebi    
  
  
 reaqciis mgrZnobiaroba _ reaqciis mgrZnobiaroba _ reaqciis mgrZnobiaroba _ reaqciis mgrZnobiaroba _ ewodeba nivTierebis (ionis) im umcires raode-
nobas, romelic SeiZleba aRmoCenili iqnas saanalizo xsnarSi mocemuli 
reagentiT.   
 raodenobrivad reaqciis mgrZnobiaroba xasiaTdeba 3 urTierTdaraodenobrivad reaqciis mgrZnobiaroba xasiaTdeba 3 urTierTdaraodenobrivad reaqciis mgrZnobiaroba xasiaTdeba 3 urTierTdaraodenobrivad reaqciis mgrZnobiaroba xasiaTdeba 3 urTierTdakavkavkavkavSiSiSiSirerererebuli buli buli buli 
sididiT:sididiT:sididiT:sididiT:    
1.1.1.1.    ionis aRmosaCeni minimumi; ionis aRmosaCeni minimumi; ionis aRmosaCeni minimumi; ionis aRmosaCeni minimumi;     2.2.2.2.    zRvruli koncentracia; zRvruli koncentracia; zRvruli koncentracia; zRvruli koncentracia;     3.3.3.3.    zRvruli ganzavebazRvruli ganzavebazRvruli ganzavebazRvruli ganzaveba. 

aRmosaCeni minimumi aRmosaCeni minimumi aRmosaCeni minimumi aRmosaCeni minimumi ((((m)____ewodeba nivTierebis an ionis im umcires raode-
nobas, romelic gansazRvrul pirobebSi SeiZleba aRmovaCinoT mocemuli 
reaqtiviT. aRmosaCeni minimumis sidide gamoisaxeba mikrogramebSi (mkg).  

magaliTad,magaliTad,magaliTad,magaliTad, +2Ca -ionze Caatares mikrokristaloskopiuri reaqcia aRmomCeni 

reaqtivis_ 42SOH -is moqmedebiT. am reaqciis dros +2Ca -is aRmosaCeni minimumi 

Seadgenda 0,04mkg-s. es imas niSnavs, rom 42SOH -is moqmedebiT  saanalizo xsnarSi 

SeiZleba 0,04mkg +2Ca -is aRmoCena. xolo, Tu saanalizo xsnarSi +2Ca -is naklebi 

Semcvelobaa, reaqcia aRar midis, anu aRar warmoiqmneba ↓4CaSO -is TeTri 
kristaluri naleqi. maSasadame, rac ufro naklebia ionis aRmosaCeni minimumi, miT 
ufro mgrZnobiarea analizuri reaqcia da miT ufro swrafad midis igi. 

zRvruli an minimaluri koncentracia zRvruli an minimaluri koncentracia zRvruli an minimaluri koncentracia zRvruli an minimaluri koncentracia ((((CzRv.zRv.zRv.zRv.))))    ____ ewodeba saanalizo ionis 
erTeuli masis Sefardebas gamxsnelis maqsimalur raodenobasTan imave 
erTeulebSi. radganac umetes SemTxvevaSi, Cveulebriv gamxsnels warmoadgens 
distilirebuli wyali, amitom wylis masa, gamosaxuli gramebSi, SeiZleba 

SevcvaloT mililitrebiT. aseT SemTxvevaSi  CzRvzRvzRvzRv.... gviCvenebs, Tu rogori 
zRvruli ganzavebisas gvaZlevs kidev mocemuli reaqtivi dadebiT Sedegs 

saanalizo xsnarSi. maSasadame, CzRvzRvzRvzRv.... gviCvenebs sakvlevi ionis 1 gramis 
Sefardebas gamxsnelis (wylis) maqsimalur moculobasTan mililitrebSi. 

zRvruli koncentracia (CzRv.zRv.zRv.zRv.))))    gamoisaxeba  g/ml.g/ml.g/ml.g/ml.    
zRvruli koncentraciis sapirispiro sidides ewodeba zRvruli ganzaveba. 

zRvruli ganzaveba zRvruli ganzaveba zRvruli ganzaveba zRvruli ganzaveba ((((VzRv.zRv.zRv.zRv.))))        ____ aris sidide, romelic gviCvenebs imas, Tu saanalizo 
xsnaris ra raodenoba (ml) Seicavs sakvlevi ionebis 1 grams. zRvruli ganzaveba 

(VzRvzRvzRvzRv....) ) ) ) gamoisaxeba ml/g.ml/g.ml/g.ml/g.    
magaliTi:magaliTi:magaliTi:magaliTi:    

+K -ionebis zRvruli koncentraciis gansazRvrisaTvis, damzadebuli iqna 

KCl -is xsnari, romlis 1 litri Seicavda 1 gram-ion +K -s, anu 1,9069 gram KCl -s  
1 litrSi. SemdegSi eqsperimentiT napovni iqna, rom KCl -is xsnaris 50-jer 

ganzavebisas, +K -is ionze natriumis heqsanitritokobaltis moqmedebisas, naleqi 
warmoiqmneboda 100 SemTxvevidan 50 SemTxvevaSi, anu 50%-iT, xolo danarCen 
SemTxvevaSi naleqi ar warmoiqmneboda: 

NaClNOCoNaKNOCoNaKCl 2])([])([2 622623 +↓=+  

                                             yviTeliyviTeliyviTeliyviTeli    
                                                                                                                                                                                            kristalurikristalurikristalurikristaluri    
                                                                                                                                                                                                    naleqinaleqinaleqinaleqi     
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gamoiTvaleT KCl -is xsnaris  CzRvzRvzRvzRv....    da VzRv.zRv.zRv.zRv.    

      CzRvzRvzRvzRv....= = = = K
+
  wona(g) : wylis wona(g) = 1 : (1000 × 50) = 1 : 50000 g/ml.wona(g) : wylis wona(g) = 1 : (1000 × 50) = 1 : 50000 g/ml.wona(g) : wylis wona(g) = 1 : (1000 × 50) = 1 : 50000 g/ml.wona(g) : wylis wona(g) = 1 : (1000 × 50) = 1 : 50000 g/ml.    

radganac 1 grami wyali ikavebs 1 ml moculobas, amitom:  

CzRvzRvzRvzRv....= = = = 1 : 50000 g/ml.1 : 50000 g/ml.1 : 50000 g/ml.1 : 50000 g/ml.    
radganac VzRv.zRv.zRv.zRv. aris CzRv.zRv.zRv.zRv.----is sapirispiro sidide, amitom: 
VzRv.zRv.zRv.zRv.==== 1 : : : : CzRvzRvzRvzRv.... = 1 1 1 1 : : : : (1 (1 (1 (1 : : : : 50000) = 50000 ml/g.50000) = 50000 ml/g.50000) = 50000 ml/g.50000) = 50000 ml/g.    

  
sakvlev xsnars, romelSic aRmoCenis reaqcsakvlev xsnars, romelSic aRmoCenis reaqcsakvlev xsnars, romelSic aRmoCenis reaqcsakvlev xsnars, romelSic aRmoCenis reaqcia midis 50%ia midis 50%ia midis 50%ia midis 50%----mde, zRvrumde, zRvrumde, zRvrumde, zRvrulad lad lad lad 

ganzavebganzavebganzavebganzavebuli xsnari ewodeba, xolo mis koncentracias_zRvruli, anu minimaluri uli xsnari ewodeba, xolo mis koncentracias_zRvruli, anu minimaluri uli xsnari ewodeba, xolo mis koncentracias_zRvruli, anu minimaluri uli xsnari ewodeba, xolo mis koncentracias_zRvruli, anu minimaluri 
koncentracia.koncentracia.koncentracia.koncentracia. xsnaris Semdgomi ganzavebiT uaryofiTi Sedegebis ricxvi izrdeba 
da sabolood reaqcia aRar midis.  

analizuri reaqcia miT ufro mgrZnobiarea, rac ufro mcire CzRv.zRv.zRv.zRv. da rac 

ufro metia VzRv.zRv.zRv.zRv.    

zRvrulad ganzavebuli xsnaris minimaluri moculobazRvrulad ganzavebuli xsnaris minimaluri moculobazRvrulad ganzavebuli xsnaris minimaluri moculobazRvrulad ganzavebuli xsnaris minimaluri moculoba ((((Vmin.min.min.min.))))     _ ewodeba 
xsnaris moculobas, romelic Seicavs sakvlevi ionebis aRmosaCen minimums. 

reaqciis mgrZnobiaroba damokidebulia mraval faqtorzemraval faqtorzemraval faqtorzemraval faqtorze    da pirda pirda pirda pirvel rigSi, vel rigSi, vel rigSi, vel rigSi, 
saanalizo nivTierebis koncentraciasaanalizo nivTierebis koncentraciasaanalizo nivTierebis koncentraciasaanalizo nivTierebis koncentraciaze xsnarSi.ze xsnarSi.ze xsnarSi.ze xsnarSi. reaqciis mgrZnobiaroba izrdeba 
aRmosaCeni ionis koncentraciis gazrdiT, amitom mgrZnobiarobis gasazrdelad, 
aucilebelia xsnaris “gamdidreba” aRmoxsnaris “gamdidreba” aRmoxsnaris “gamdidreba” aRmoxsnaris “gamdidreba” aRmosaCeni ioniT, rac miiRwevasaCeni ioniT, rac miiRwevasaCeni ioniT, rac miiRwevasaCeni ioniT, rac miiRweva sxvadsxvadsxvadsxvadaaaasxva sxva sxva sxva 
xerxxerxxerxxerxiT:iT:iT:iT:    
a) qimiurad sufTa reaqtivebis gamoyenebiT; 
b) xelisSemSleli ionebis SeniRbviT;  
g) ionmimocvliTi meTodiT; 
d) nivTierebis eqstragirebiT organuli gamxsnelebis meSveobiT; 
e) Tandaleqvis meTodiT. 

ionmimocvliTi meTodiTionmimocvliTi meTodiTionmimocvliTi meTodiTionmimocvliTi meTodiT sakvlevi komponentis koncentraciis gasazrdelad, 
iyeneben ionmimocvliT fisebs (ionitebs). Tu ioniti adsorbirebs xsnaridan 
mxolod kaTionebs, mas kaTioniti ewodeba, xolo Tu adsorbirebs mxolod 
anionebs _ anioniti.  

faifuris tigelSi aTavseben sakvlevi xsnaris 2_3 ml-s da umateben 
kaTionitis an anionitis 35_40 marcvals. tigelidan xsnars gadaasxamen, xolo 
ionitis marcvals, romelzec adsorbirebulia sakvlevi ioni, aTavseben aRmosaCeni 
reaqtivis wveTze, daakvirdebian warmoqmnili kristalebis formasa da fers. 

eqstragirebis meTodieqstragirebis meTodieqstragirebis meTodieqstragirebis meTodi    _ _ _ _ aris nivTierebis fazuri dayofis erT-erTi saxeoba. 
eqstragentebad iyeneben iseT organul gamxsnelebs, romlebsac gaCniaT unari 
wyalTan Seurevlad gamoaZevon wyalxsnaridan naerTSi Semavali sakvlevi 
komponenti. eqstragirebisaTvis arCeven iseT organul gamxsnelebs, romlebSic 
kargad ixsneba sakvlevi komponenti, xolo danarCeni komponentebi praqtikulad 

uxsnadia. magaliTad, +3Fe -is ionebis eqstraqcias axdenen  dieTilis eTeriT 
(C2H5O-C2H5),  romlis drosac miiReba yviTeli feris rkinaqlorwyalbadmJava _ 

][ 4FeClH . es saSualebas iZleva gamovyoT rkina sxva elementebisgan, romlebic mis 
msgavsad ar warmoqmnian qloridul kompleqsebs. 
 Tandaleqvis meTodiTandaleqvis meTodiTandaleqvis meTodiTandaleqvis meTodi    _ _ _ _ yvelaze martivi da efeqturi saSualebaa ionTa 
dasakoncentrireblad, roca sakvlevi ionis Semcvel xsnarSi SehyavT gareSe 
kaTioni an anioni, romelsac leqaven Sesabamisi reaqtiviT. am dros xdeba 
sakvlevi nivTierebis kvalis Tandaleqvac. amrigad, naleqi TamaSobs koleqtoris 
rols, romelic agrovebs sakvlev ionebs. dadgenilia, rom Tandaleqva efeqturad 
gamoiyeneba im SemTxvevaSi, roca aRmosaCeni ioni imyofeba xsnarSi “kvalis” saxiT. 
analizur qimiaSi iyeneben rogorc araorganul Tandamleqvelebs 
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[ ],,)(,)( 433 FePOOHFeOHAl  aseve organul Tandamleqvelebs (meTilnarinjs 

(CH3)2NC6H4N=NC6H4SO3Na,  dimeTilaminobenzols, anu dimeTilis yviTels 
C6H5N=NC6H4N(CH3)2). upiratesoba eniWeba organul Tandamleqvelebs, radganac isini 
gamoirCevian maRali seleqtiurobiT da mgrZnobiarobiT (10-3grami). 
   

    
    

    
    

II.II.II.II.2. maTematikuri urTierTkavSiri analizuri2. maTematikuri urTierTkavSiri analizuri2. maTematikuri urTierTkavSiri analizuri2. maTematikuri urTierTkavSiri analizuri    
reaqciebis mreaqciebis mreaqciebis mreaqciebis mgrZnobiarobis parametrebs SorisgrZnobiarobis parametrebs SorisgrZnobiarobis parametrebs SorisgrZnobiarobis parametrebs Soris    

    
aRmosaCen minimums, zRvrul koncentracias, zRvrul moculobas da 

zRvrulad ganzavebuli xsnaris minimalur moculobas Soris arsebobs 
gansazRvruli Tanafardobebi da maTematikuri urTierTkavSiri, radganac samive 
parametri gansazRvravs analizuri reaqciis erT Tvisebs _ mgrZnobiarobas.  

es kavSiri gamoisaxeba formulebiT:es kavSiri gamoisaxeba formulebiT:es kavSiri gamoisaxeba formulebiT:es kavSiri gamoisaxeba formulebiT:    

1.1.1.1. m = CzRv.zRv.zRv.zRv.× × × × Vmin. min. min. min. × 1 ×× 1 ×× 1 ×× 1 ×    101010106666,,,,  
sadac: 101010106666 _ aris gramis gadasayvani koeficienti mikrogramebSi. 
 

   Tu CzRv.zRv.zRv.zRv.-is nacvlad, mocemulia VzRv.zRv.zRv.zRv.,,,, maSin: 
 2.  m = (Vminminminmin ....× 1 × 10× 1 × 10× 1 × 10× 1 × 106666) : ) : ) : ) : VzRv.zRv.zRv.zRv. 

1-li formulidan SeiZleba gamovTvaloT CzRv.zRv.zRv.zRv.::::    

3.  CzRv.zRv.zRv.zRv.= = = = m : (: (: (: (Vminminminmin ....× 1 × 10× 1 × 10× 1 × 10× 1 × 106666))))    

  Tu mocemulia VzRvzRvzRvzRv...., , , , maSin:     

 4444.... CzRv.zRv.zRv.zRv.= 1 : = 1 : = 1 : = 1 : VzRv.zRv.zRv.zRv. 

me-2 formulidan SeiZleba gamovTvaloT VzRv.zRv.zRv.zRv.::::    

5555.... VzRv.zRv.zRv.zRv.    = (= (= (= (Vminminminmin ....× 1 × 10× 1 × 10× 1 × 10× 1 × 106666) : ) : ) : ) : m 

Tu mocemulia CzRv.zRv.zRv.zRv.,,,, maSin:      

      6666.... VzRv. zRv. zRv. zRv. = = = =      ....1 : 1 : 1 : 1 : CzRv.zRv.zRv.zRv. 

  me-2 formulidan SeiZleba aseve gamovTvaloT  Vminminminmin ::::    

7777.... Vminminminmin.    = (= (= (= (m × × × × VzRv.zRv.zRv.zRv.) : ) : ) : ) : 101010106666    

        me-3 formulidan SeiZleba gamovTvaloT Vminminminmin :::: 

8. Vminminminmin . .. .. .. .====    m ::::    ((((CzRv.zRv.zRv.zRv.    × 1 × 10× 1 × 10× 1 × 10× 1 × 106666))))    
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II.II.II.II.3.3.3.3.    xsnarSi xsnarSi xsnarSi xsnarSi ionTa aRmoCenis pirobebiionTa aRmoCenis pirobebiionTa aRmoCenis pirobebiionTa aRmoCenis pirobebi    

    saanalizo xsnarSi ionTa aRmoCenisas, saWiroa Semdegi pirobebis dacva: saanalizo xsnarSi ionTa aRmoCenisas, saWiroa Semdegi pirobebis dacva: saanalizo xsnarSi ionTa aRmoCenisas, saWiroa Semdegi pirobebis dacva: saanalizo xsnarSi ionTa aRmoCenisas, saWiroa Semdegi pirobebis dacva:     

1. koncentracia1. koncentracia1. koncentracia1. koncentracia    

    am faqtoris mniSvnelobas Cven ukve gavecaniT analizuri reaqciebis 
mgrZnobiarobis ganxilvisas (kerZod, aRmosaCeni minimumis ganxilvis dros).    

2. 2. 2. 2. pH ____ anu saanalizo xsnaris reaqciis im intervalis dacva, romelic 

miTiTebulia meTodikaSi. magaliTad, KCl -sa da 644 OHNaHC _s Soris reaqcia midis 

neitralur an sust mJava garemoSi, roca pH = 4_7. sxva SemTxvevaSi ar warmoiqmneba 
kaliumis hidrotartratis TeTri kristaluri naleqi: 

NaClOHKHCOHNaHCKCl +↓→+ 644644  

                                                 kaliumiskaliumiskaliumiskaliumis    

                                                                                                                                                                                        hidrotartratihidrotartratihidrotartratihidrotartrati 

3.3.3.3.    temperaturatemperaturatemperaturatemperatura    

zogierTi ioni aRmoiCineba oTaxis temperaturaze, zogierTis aRmosaCenad, saWiroa 
maRali an dabali temperatura. magaliTad : 

+3Fe _ionis aRmoCena kaliumis rodanidiT xdeba oTaxis temperaturaze, 
warmoiqmneba wiTeli feris rkinis rodanidi: 

KClSCNFeKSCNFeCl 3)(3 33 +→+  

                                      rkinisrkinisrkinisrkinis    

                                                                                                                                                                rodanidirodanidirodanidirodanidi    

+Na _ionis aRmoCena kaliumis dihidroanTimonatiT tardeba siciveSi, warmoiqmneba 
TeTri kristaluri naleqi _ natriumis dihidroanTimonati. 

KClSbONaHSbOKHNaCl +↓→+ 4242  

                                         natriumis natriumis natriumis natriumis     

                                                                                                                                                                                    dihidrodihidrodihidrodihidro----    

                                                                                                                                                                                anTimonatianTimonatianTimonatianTimonati    

+
4NH  _ ionis aRmoCena mwvave   tuteebiT xdeba maRal temperaturaze, warmoiqmneba 

specifiuri sunis mqone gazi _ amiaki. 

↑++→+ 324 NHOHNaClNaOHClNH  

                                                                                                                                                           amiakiamiakiamiakiamiaki    
    
4. 4. 4. 4. aaaanalizis Catarebis Tanmimdevrobanalizis Catarebis Tanmimdevrobanalizis Catarebis Tanmimdevrobanalizis Catarebis Tanmimdevroba    

Tu analizis Catarebisas ar iqna daculi meTodikaSi miTiTebuli 
Tanmimdevroba, maSin miiReba sxva efeqti, anu warmoiqmneba sxva naerTi. magaliTad,  

+2Mg -ionis aRmoCena  xdeba natriumis  hidrofosfatiT,  romlis   drosac  

gamoiyofa 44 POMgNH -is TeTri kristaluri naleqi: 
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MgSO4 + Na2HPO4 + NH4OH → MgNH4PO4↓ + Na2SO4 + H2O 
                            TeTri TeTri TeTri TeTri     

KKKK                                                kristalurikristalurikristalurikristaluri    
                                                NNNNnnnnaleqaleqaleqaleqiiii    

    

  Tumca,  es  naleqi  gamoiyofa  im  SemTxvevaSi, Tu magniumis marilis xsnars 

davamatebT ClNH 4 -s imdens, rom SemdgomSi OHNH 4 -is mimatebam ar gamoiwvios 

2)(OHMg -is TeTri amorfuli naleqis warmoqmna. amis Semdeg wveTobiT umateben 

42 PONaH -is ganzavebul xsnars. TeTri kristaluri naleqis warmoqmna miuTiTebs 

imaze, rom miviReT ↓44 POMgNH . sxva SemTxvevaSi warmoiqmneba ↓2)(OHMg  an 

↓243 )(POMg , Tu pH=10. 

 

5. xelisSemSleli ionebis gavlenaxelisSemSleli ionebis gavlenaxelisSemSleli ionebis gavlenaxelisSemSleli ionebis gavlena    
 

  +2Ni -ionebis aRmoCena dimeTilglioqsimiT [CH3C(=NO)C(=NOH)CH3] tardeba amiakis 

garemoSi. reaqciis Catarebas xels uSlis +3Fe -ionebi, romlebic warmoqmnian 

OHNH 4 -Tan muq wiTel naleqs_ ↓3)(OHFe . amitom, +2Ni -is aRmosaCenad, 

Tavdapirvelad, xsnars umateben NaF -s, romelic +3Fe -Tan warmoqmnis uferul 

kompleqss_ ][ 63 FeFNa . aseT kompleqsSi arsebuli rkina xels veRar SeuSlis 

nikelis aRmoCenas. amis Semdeg xsnars umateben dimeTilglioqsims da Rebuloben 
Jolosfer Sigakompleqsur naerTs _ nikelis dimeTilglioqsimats. 
 
 
 
 
 
 
 
 

II.II.II.II.4. jgufobrivi, sel4. jgufobrivi, sel4. jgufobrivi, sel4. jgufobrivi, seleqtiuri, specifikuri reagentebieqtiuri, specifikuri reagentebieqtiuri, specifikuri reagentebieqtiuri, specifikuri reagentebi    
    

 analizis qimiuri meTodebi dafuZnebulia qimiur gardaqmnebze, romlebic 
mimdinareoben xsnarebSi da iwveven naleqebis, Seferili naerTebis an gazebis 
warmoqmnas. analizuri reaqciebi tardeba saanalizo obieqtebze gansazRvruli 
reagentebis (reaqtivebis) moqmedebiT. analizuri reaqciebi yovelTvis 
mimdinareobs garegnuli efeqtebiT. 
 
 zogjer erTi reaqtivi leqavs ramdenime ions _ aseT reaqtivs jgujgujgujgufobfobfobfobrivi rivi rivi rivi 
reaqtivireaqtivireaqtivireaqtivi ewodeba. magaliTad, HCl -iT ileqeba mJava-tutovani klasifikaciis me-2 

jgufSi Semavali kaTionebi: +++ 22

2 ,][, PbHgAg ; 42SOH -iT ileqeba III jgufis 

kaTionebi: +++ 222 ,, SrCaBa  da a.S.  
 

33 HNOAgClHClAgNO +↓→+  

322232 2][2)]([ HNOClHgHClNOHg +↓→+  

3223 22)( HNOPbClHClNOPb +→+  

jgufobrivi reaqtivebis gamoyenebiT, kaTionebisa da anionebis gansazRvris rTuli 
amocana daiyvaneba ramdenime martiv amocanamde, riTac keTdeba ekonomia droze, 
Sromaze, reaqtivze. 
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 reaqtivs, romelic aRmoaCens ionTa SezRudul raodenobas (aranakleb 2-s da 
araumetes 3-s), ewodeba seleqtiseleqtiseleqtiseleqtiuri (damaxasiaTebeli) reaqtiviuri (damaxasiaTebeli) reaqtiviuri (damaxasiaTebeli) reaqtiviuri (damaxasiaTebeli) reaqtivi.... magaliTad, aseTi 
reaqtivia natriumis hidrotartrati (RvinismJava natriumi), romelic aRmoaCens 
erTdroulad kaliumis da amoniumis ionebs, TeTri kristaluri naleqebis 
warmoqmniT: 

NaClOHKHCOHNaHCKCl +↓→+ 644644  

NaClOHHCNHOHNaHCClNH +↓→+ 64446444  

 
 reaqtivs, romelic saSualebas iZleva mocemuli ionis aRmosaCenad maSinac 
ki, roca xsnarSi monawileoben sxva ionebi, specifikuri reaqtivispecifikuri reaqtivispecifikuri reaqtivispecifikuri reaqtivi ewodeba. 
magaliTad, amoniumis ionis aRmomCeni specifikuri reaqtivebia _ mwvave tuteebi: 
 

NaClOHNHNaOHClNH ++↑→+ 234  

KClOHNHKOHClNH ++↑→+ 234  

 
amiaki SeiZleba miRebuli iqnas mxolod amoniumis marilebidan, amitom amoniumis 
aRmoCena tuteebiT specifiuria da igi mimdinareobs xsnarSi sxva ionebis 
monawileobis pirobebSic. 
 unda aRiniSnos, rom mkacrad specifiuri reaqtivebis ricxvi Zlier 
SezRudulia. umravles SemTxvevaSi, narevSi arsebuli sxva ionebi aseve Sedian 
reaqciaSi mocemul reaqtivTan, an boWaven aRmosaCen ions kompleqs-naerTebSi. 
 
 
 
 
 
 
 
 
 
 

II.II.II.II.5.5.5.5.    analizuri SeniRbva.analizuri SeniRbva.analizuri SeniRbva.analizuri SeniRbva.    SemniRbavi reagentebiSemniRbavi reagentebiSemniRbavi reagentebiSemniRbavi reagentebi    
    

 xelisSemSleli ionebis Tavidan mocileba xdeba specifiuri xerxelisSemSleli ionebis Tavidan mocileba xdeba specifiuri xerxelisSemSleli ionebis Tavidan mocileba xdeba specifiuri xerxelisSemSleli ionebis Tavidan mocileba xdeba specifiuri xerxiT, xiT, xiT, xiT, 
romelsac “SeniRbva” ewodeba, rromelsac “SeniRbva” ewodeba, rromelsac “SeniRbva” ewodeba, rromelsac “SeniRbva” ewodeba, romlis drosac mimdinareobs maTi SeboWva omlis drosac mimdinareobs maTi SeboWva omlis drosac mimdinareobs maTi SeboWva omlis drosac mimdinareobs maTi SeboWva 
kompleqswarmomqmnelebis, damJangvelebis an aRmdgenelebis meSkompleqswarmomqmnelebis, damJangvelebis an aRmdgenelebis meSkompleqswarmomqmnelebis, damJangvelebis an aRmdgenelebis meSkompleqswarmomqmnelebis, damJangvelebis an aRmdgenelebis meSveobiT.veobiT.veobiT.veobiT.  

aaaaraorganul SemniRbav reagentebsraorganul SemniRbav reagentebsraorganul SemniRbav reagentebsraorganul SemniRbav reagentebs    miekuTvneba:miekuTvneba:miekuTvneba:miekuTvneba: amoniumisa da tute metalebis 
cianidebi, rodanidebi, ftoridebi, fosfatebi, oqsalatebi.  

organul organul organul organul SemniRSemniRSemniRSemniRbav reagentebs miekuTvneba: bav reagentebs miekuTvneba: bav reagentebs miekuTvneba: bav reagentebs miekuTvneba: TioSardovana _ ;22CSNHNH  

Rvinis mJava _ ;6442 OHCH  limonmJava _ ;))(( 22COOHCHOHHOOCC mJaunmJava_ ;HCOOH  

salicilis mJava _ COOHHHOC 46  da sxvadasxva kompleqsonebi. 

sxva ionebis gavlena aRmosaCeni ionisTvis damaxasiaTebel reaqciaze 
damokidebulia am ionTa koncentraciaze da reaqciis Catarebis pirobebze. sxva 
ionis koncentraciis gavlena mocemul reaqciaze xasiaTdeba zRvruli 
TanafardobiT: 

zRvruli Tanafardoba = zRvruli Tanafardoba = zRvruli Tanafardoba = zRvruli Tanafardoba = CaRmosaCeni ioniaRmosaCeni ioniaRmosaCeni ioniaRmosaCeni ioni    : : : : Csxsxsxsxva ioniva ioniva ioniva ioni    

magaliTad, mikrokristaloskopiuri reaqcia +2Pb -ze KI -is moqmedebiT, +2Cu -

ionebis monawileobisas xsnarSi, mimdinareobs im pirobiT, rom CCu>CPb  25-jer. 
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maSasadame, zRvruli Tanafardoba  CPb  ::::    CCu = 1: 25.: 25.: 25.: 25. xsnarSi +2Cu -is ionebis ufro 

maRali koncentraciisas, reaqcia xdeba arasaimedo, radganac ↓2PbI -Tan erTad, 

gamoileqeba ↓CuI  da gamoiyofa aseve ↑2I . Tu sxva ionebis monawileobisas 
reaqcia ar mimdinareobs imis gamo, rom am ionebis koncentracia zRvrul 
Tanafardobaze metia, maSin es ukanasknelni “iniRbebian” (SeboWvis gziT) mtkice 
kompleqs-naerTebad.  

    
kompleqswarmoqmniT sxva ionebis xelisSemSleli gavlenis Tavidan kompleqswarmoqmniT sxva ionebis xelisSemSleli gavlenis Tavidan kompleqswarmoqmniT sxva ionebis xelisSemSleli gavlenis Tavidan kompleqswarmoqmniT sxva ionebis xelisSemSleli gavlenis Tavidan 

acilebas, iacilebas, iacilebas, iacilebas, ionis analizuri SeniRbva ewodeba.onis analizuri SeniRbva ewodeba.onis analizuri SeniRbva ewodeba.onis analizuri SeniRbva ewodeba.    
 magaliTad, amoniumis rodanidi warmoqmnis kobaltTan muqi lurji feris 
kompleqss _ amoniumis tetrarodanokobaltats: 
 

ClNHSCNCoNHSCNNHCoCl 442442 2])([)[(4 +→+  
                                          amoniumis amoniumis amoniumis amoniumis     
                                                                                                                                                                                    tetrarodanotetrarodanotetrarodanotetrarodano----    
                                                                                                                                                                                    kobaltatikobaltatikobaltatikobaltati    
    

igive reagenti rkinis ionebTan iZleva sisxlisfrad wiTel naerTs _ rkinis 
rodanids. maSasadame, rkina xels uSlis kobaltis aRmoCenas. amitom, saanalizo 
xsnars Tavdapirvelad umateben natriumis ftorids, romelic boWavs rkinas 
mtkice kompleqs-naerTis saxiT: 

 

NaClFeFNaNaFFeCl 3][6 633 +→+  

 
am kompleqsSi SeniRbuli rkina aRar reagirebs amoniumis rodanidTan. 

maSasadame, natriumis ftoridi “niRbavs” rkinis ionebs. SemniRbav ligands arCeven 
kompleqsebis mdgradobis konstantas mixedviT. Tu kompleqsi warmoiqmneba rogorc 
SesaniRb, aseve, sakvlev ionTan, maSin kompleqsis mdgradobis konstanta 
xelisSemSlel ionTan unda iyos ramdenimejer meti, vidre kompleqsis mdgradobis 

konstanta sakvlev ionTan. radganac 3

6 ][ −FeF -is mdgradobis konstanta β =1,1=1,1=1,1=1,1·1010101014141414, 

xolo 3][SCNFe -is mdgradobis konstanta β =4=4=4=4·101010105555    (e.i. gacilebiT naklebia), amitom 

rkinis ionebi iboWeba ftoridul kompleqsSi. analizuri SeniRbva farTod 
gamoiyeneba analizis wiladur meTodSi da wveTuri reaqciebis Catarebisas. es 
xerxi aCqarebs da amartivebs analizis process da saSualebas iZleva ionis 
aRmosaCenad, maSinac ki, roca xsnarSi monawileoben sxva (xelisSemSleli) ionebi. 
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Tavi III. nimuSis daSlisa da nivTierebis  
aRmoCenis meTodebi 

III.III.III.III.1.1.1.1.    makromakromakromakro----, , , , naxevradmikronaxevradmikronaxevradmikronaxevradmikro----    da mikroda mikroda mikroda mikroanalizianalizianalizianalizi    
 
 saanalizo nivTierebis raodenobis, xsnaris moculobisa da calkeuli saanalizo nivTierebis raodenobis, xsnaris moculobisa da calkeuli saanalizo nivTierebis raodenobis, xsnaris moculobisa da calkeuli saanalizo nivTierebis raodenobis, xsnaris moculobisa da calkeuli 
operaciebis Sesrulebis teqnikis mixedviT, TvisebiTi analizis meTodebi iyofa: operaciebis Sesrulebis teqnikis mixedviT, TvisebiTi analizis meTodebi iyofa: operaciebis Sesrulebis teqnikis mixedviT, TvisebiTi analizis meTodebi iyofa: operaciebis Sesrulebis teqnikis mixedviT, TvisebiTi analizis meTodebi iyofa: 
makromakromakromakro----,,,,    naxevradmikronaxevradmikronaxevradmikronaxevradmikro----        da mikroanalizebad.da mikroanalizebad.da mikroanalizebad.da mikroanalizebad. gamoyofen aseve ultramikro- da 
submikroanalizebs. 1955 wels saerTaSoriso gaerTianebis analizuri 1955 wels saerTaSoriso gaerTianebis analizuri 1955 wels saerTaSoriso gaerTianebis analizuri 1955 wels saerTaSoriso gaerTianebis analizuri qimiis qimiis qimiis qimiis 
seqciamseqciamseqciamseqciam    miiRo analizis meTodebis klasifikaciis axali aRniSvnebi (cxrili 2). 

    
cxrili 2cxrili 2cxrili 2cxrili 2    

analizis meTodebis klasifikacianalizis meTodebis klasifikacianalizis meTodebis klasifikacianalizis meTodebis klasifikaciaaaa    
Zveli dasaxelebaZveli dasaxelebaZveli dasaxelebaZveli dasaxeleba    axali dasaxelebaaxali dasaxelebaaxali dasaxelebaaxali dasaxeleba    sakvlevi nivTierebis raodenobasakvlevi nivTierebis raodenobasakvlevi nivTierebis raodenobasakvlevi nivTierebis raodenoba    

gramigramigramigrami    mililitrimililitrimililitrimililitri    
(miligrami)(miligrami)(miligrami)(miligrami)    

makroanalizi gram-meTodi 1 _ 10 10 _ 100 
naxevradmikro- 

analizi 
santigram-meTodi 10-2 _ 10-1 1 _10 

mikroanalizi miligram-meTodi 10-3 _ 10-6 10-1 _ 10-3 

ultramikro- 
analizi 

mikrogram-meTodi 10-6 _ 10-9 10-3 _ 10-6 

submikro- 
analizi 

nanogram-meTodi 10-9 _10-12 10-6 _ 10-12  

 
    makroanalizis dros reaqciebs atareben sinjaraSi da naleqs filtraven 
qaRaldis filtrze. naxevradmikroanalizs gardamavali adgili uWiravs makro- da 
mikroanalizebs Soris. am dros 10_20-jer naklebi raodenobis (moculobis) 
nivTiereba aiReba saanalizod, vidre makroanalizis dros, iyeneben  mikro-
sinjarebs da patara zomis xelsawyoebs. naleqs acileben deda-xsnars centrifu-
girebiT an mikrofiltrebis saSualebiT. xsnaris gasacxeleblad sinjaras 
aTavseben wylis abazanaze, amoSxefebis Tavidan acilebis mizniT. xsnaris aor-
Tqleba xdeba mcire zomis tigelebSi. calkeuli ionebis aRmoCena xdeba 2_5 ml 
moculobis sinjarebSi, saaTis minaze, sasagne minaze an faifuris patara fir-
fitaze. mikromeTodiT Sesrulebuli analizi moiTxovs sakvlevi xsnaris 100-jer 
nakleb moculobas da saanalizo nivTierebis 100-jer nakleb mSral wonaks. 
analizis dros gamoiyeneba specialuri aparatura, analizi mimdinareobs 
ZiriTadad fizikur-qimiuri (instrumentaluri) meTodebiT. kristalTa formas, 
zomebs, aRnagobas, fers akvirdebian mikroskopSi.  

    
    

    
III.III.III.III.2222. n. n. n. nimuSis daSlis “mSraliimuSis daSlis “mSraliimuSis daSlis “mSraliimuSis daSlis “mSrali” meTodebi” meTodebi” meTodebi” meTodebi    

    
 qimiuri meTodebi dafuZnebulia qimiur reaqciebze, romlebic saSualebas 
iZlevian qimiuri elementis  an ionis aRmosaCenad. am dros analizi mimdinareobs 
“mSrali” an “sveli” gziT. 
 “mSrali”“mSrali”“mSrali”“mSrali” ewodeba qimiuri analizis meTods, romelic tardeba saanalizo 
nivTierebis gauxsnelad. analizis “mSrali” meTodi tardeba ori xerxiT:  

1111) gax) gax) gax) gaxurebiT (piroqimiuri analizi);  2urebiT (piroqimiuri analizi);  2urebiT (piroqimiuri analizi);  2urebiT (piroqimiuri analizi);  2) gaxurebis gareS) gaxurebis gareS) gaxurebis gareS) gaxurebis gareSe (gasresis meTodi).e (gasresis meTodi).e (gasresis meTodi).e (gasresis meTodi).   
Tavis mxriv, piroqimiuri analizi iyofa ramdenime saxeobad:Tavis mxriv, piroqimiuri analizi iyofa ramdenime saxeobad:Tavis mxriv, piroqimiuri analizi iyofa ramdenime saxeobad:Tavis mxriv, piroqimiuri analizi iyofa ramdenime saxeobad:    



 - 25 -  

a)a)a)a)    natriumis tetraboratisnatriumis tetraboratisnatriumis tetraboratisnatriumis tetraboratis    Seferva Seferva Seferva Seferva     
analizi dafuZnebulia imaze, rom sakvlevi nivTiereba da natriumis 

tetraboratis hidrati ( OHOBNa 2742 10⋅ ) SeaqvT gazquris alSi  platinis an 

niqromis mavTulis meSveobiT da Seadnoben. amis Sedegad warmoiqmneba Seferili 
alebi, romlebsac gaaCniaT mocemuli ionisaTvis damaxasiaTebeli feri. 

magaliTad, +2Cu -is marilebi alis cxel, damJangvel ubanSi iZlevian lurj fers, 
xolo alis civ, aRmdgenel ubanSi _ wiTel fers (cxrili 3). 

    
cxrili 3cxrili 3cxrili 3cxrili 3    

natriumis tetraboratis natriumis tetraboratis natriumis tetraboratis natriumis tetraboratis Seferva zogierTi elementiTSeferva zogierTi elementiTSeferva zogierTi elementiTSeferva zogierTi elementiT    
sakvlevi elementisakvlevi elementisakvlevi elementisakvlevi elementi    alis Sefervaalis Sefervaalis Sefervaalis Seferva    

damJangvel ubanSidamJangvel ubanSidamJangvel ubanSidamJangvel ubanSi    aRmdgenel ubanSiaRmdgenel ubanSiaRmdgenel ubanSiaRmdgenel ubanSi    

Ni  mowiTalo-mura moiisfro-nacrisferi 
Co  lurji muqi lurji 
Fe  mowiTalo-yviTeli mwvane 
Mn  iisferi ufero 
Cr  zurmuxtisebr mwvane momwvano-yviTeli 
Cu  lurji mura wiTeli 

 
    
b)b)b)b)    alis Sefervis reaqciebialis Sefervis reaqciebialis Sefervis reaqciebialis Sefervis reaqciebi    

zogierTi metalis aqroladi marilebi [ 233222 )(,,,,, NOPbCOLiCuClBaClKClNaCl ]  

cecxlis alSi Setanisas, als aniWeben maTTvis damaxasiaTebel Seferilobas. es 
gamowveulia am metalTa gare orbitalebze myofi eleqtronebis “aRgznebiT” da 
maTi gadasroliT ufro maRal (vakantur) energetikul doneebze, romlis drosac 
isini iZlevian garkveuli feris gamosxivebas (naTebas). alis Sefervis reaqciebi 
tardeba Semdegnairad: platinis an niqromis mavTuls winaswar gamowvaven 
cecxlis alSi, Semdeg asufTaveben koncentrirebul marilmJavaSi da kvlav 
gamowvaven srul gavarvarebamde. gaxurebul mavTuls swrafad Seitanen metalis 
marilis kristalebSi, romlebic miekvrebian mas. kristalebiani mavTuli 
swrafadve SeaqvT cecxlis alSi, romelic Seifereba garkveul ferad. am feris 
mixedviT xdeba metalis identifikacia. Mme-4  cxrilSi warmodgenilia zogierTi 
metalis aqroladi marilebisaTvis damaxasiaTebeli feri. 

    
cxrili 4cxrili 4cxrili 4cxrili 4    

alis Seferva zogierTi elementiTalis Seferva zogierTi elementiTalis Seferva zogierTi elementiTalis Seferva zogierTi elementiT    
metalTa aqroladi marilebimetalTa aqroladi marilebimetalTa aqroladi marilebimetalTa aqroladi marilebi    cecxlis alis fericecxlis alis fericecxlis alis fericecxlis alis feri    

NaCl  intensiurad yviTeli 
KCl  iisferi 

2BaCl  moyviTalo-momwvano 

2CaCl  agurisfer-wiTeli 

2CuCl  mocisfro_momwvano 

L 32COLi  wiTeli 

P 23 )(NOPb  Ria cisferi 

 
piroqimiur analizs yovelTvis ar moaqvs sasurveli Sedegi, radganac xe-

lisSemSlel faqtorad aq gvevlineba gaxurebis xarisxi da sxva nivTierebebis 
minarevebis arseboba. amitom TvisebiTi analizis dasaCqareblad, mimarTaven 
“mSral” meTods gaxurebis gareSe. aseT meTods miekuTvneba gasresis meTodi. 
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g)g)g)g)    aqroladobaze dafuZnebuli “aqroladobaze dafuZnebuli “aqroladobaze dafuZnebuli “aqroladobaze dafuZnebuli “mSrali”mSrali”mSrali”mSrali”    meTomeTomeTomeTodidididi    
zogierTi nivTierebis TvisebiTi Sedgenilobis dasadgenad, gamoiyeneba misi 

aqroladobis unari gaxurebisas. magaliTad, sinjaraSi vercxliswylis marilis 
SelRobisas sodasTan, mimdinareobs marilis daSla, xolo sinjaris civ ked-
lebze warmoiqmneba nacrisferi sarke, romelic Sedgeba metaluri vercxliswylis 
uwvrilesi wveTebisgan: 

↑+↓→

↑+↓→

+↓→+

2

23

333223

22

2)(

OHgHgO

COHgOHgCO

NaNOHgCOCONaNOHg

 

    
d) d) d) d) gasresis meTodigasresis meTodigasresis meTodigasresis meTodi _ igi SemuSavebulia 1898 wels rusi mecnieris flavickis    
mier. misi arsi mdgomareobs SemdegSi: faifuris rodinSi an sasagne minaze 
aTavseben saanalizo nivTierebas da mis aRmomCen reaqtivs da iwyeben maT gasresas 
filTaqviT an minis wkiriT. gasresis Sedegad warmoiqmneba garkveuli feris an  
specifiuri sunis mqone naerTi, romlis meSveobiTac xdeba elementis an ionis 
aRmoCena: 

ClNHSCNFeSCNNHFeCl 4343 3)(3 +→+  

                                                rkinisrkinisrkinisrkinis    
                                                                                                                                                                                                            rodanidirodanidirodanidirodanidi    
                                                                                                                                                                                                            (wiTeli(wiTeli(wiTeli(wiTeli    
                                                                                                                                                                                                                    feri)feri)feri)feri)    

COOHCHSONaNaHSOCOONaCH 34243 +→+  

                                                        ZmarmJavaZmarmJavaZmarmJavaZmarmJava    
                                                                                                                                                                                                                                        (specifikuri(specifikuri(specifikuri(specifikuri    
                                                                                                                                                                                                                                                            suni)suni)suni)suni)    
 

gasresis meTodis mgrZnobiaroba Seadgens 10-6 grams. 

    
    
    
    
    

III.3III.3III.3III.3. nimuSis daSlis “sveli” meTodebi. nimuSis daSlis “sveli” meTodebi. nimuSis daSlis “sveli” meTodebi. nimuSis daSlis “sveli” meTodebi 
    

 TvisebiT analizSi didi mniSvneloba eniWeba “sveli” meTodiT Catarebul 
reaqciebs. am dros sakvlevi nivTiereba winaswar unda gaixsnas, raTa misi Semad-
geneli komponentebi gadayvanili iqnes xsnarSi. wyalxsnarSi eleqtrolitebi 
disocirdebian  ionebad, amitom  analizuri reaqciebi  mimdinareobs  gacilebiT 
swrafad, isini  praqtikulad Seuqcevadia da maT Tan axlavs garegnuli (specifi-
kuri) efeqtebi: naleqis warmoqmna; feris Secvla; gazis gamoyofa da a.S.  

sakvlevi sakvlevi sakvlevi sakvlevi nivTierebis qimiur analizs, romelic mimdimareobs xsnarSi, nivTierebis qimiur analizs, romelic mimdimareobs xsnarSi, nivTierebis qimiur analizs, romelic mimdimareobs xsnarSi, nivTierebis qimiur analizs, romelic mimdimareobs xsnarSi, 
analizisanalizisanalizisanalizis “sveli” meTodi“sveli” meTodi“sveli” meTodi“sveli” meTodi ewodeba.ewodeba.ewodeba.ewodeba. xSirad am reaqciebs “aRmoCenis” reaqciebsac 
uwodeben, radganac maTi meSveobiT aRmoaCenen xsnarSi arsebul ionebs. 

“sveli” meTodis magaliTebia:“sveli” meTodis magaliTebia:“sveli” meTodis magaliTebia:“sveli” meTodis magaliTebia:   
amoniumis ionis aRmoCena mwvave tuteebiT;  

NaClOHNHNaOHClNH ++↑→+ 234  

            specifispecifispecifispecifi----    
            kuri sunikuri sunikuri sunikuri suni    

(gazi)(gazi)(gazi)(gazi)    
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rkinis ionebis aRmoCena rodanid-ionebiT; 

                         KClSCNFeKSCNFeCl 3)(3 33 +→+  

   wiTeliwiTeliwiTeliwiTeli        
feriferiferiferi    

bariumis ionebis aRmoCena sulfat-ionebiT;  

NaClBaSOSONaBaCl 24422 +↓→+  
         naleqinaleqinaleqinaleqi    

 
vercxlis ionebis aRmoCena qloris ionebiT da a.S.  

33 NaNOAgClNaClAgNO +↓→+  

       naleqinaleqinaleqinaleqi    
    

 maSasadame, “sveli” meTodis upiratesobebia:maSasadame, “sveli” meTodis upiratesobebia:maSasadame, “sveli” meTodis upiratesobebia:maSasadame, “sveli” meTodis upiratesobebia:    
a) reaqciebi mimdinareobs swrafad; 
b) reaqciebi praqtikulad Seuqcevadia; 
g) reaqciebi mimdinareobs specefeqtebiT. 

    
    
    
    
    
    

III.III.III.III.4. analizis wveTuri meTodi4. analizis wveTuri meTodi4. analizis wveTuri meTodi4. analizis wveTuri meTodi    
    

mikroanalizis drmikroanalizis drmikroanalizis drmikroanalizis dros reaqciebs atareben ori ZiriTadi wesiTos reaqciebs atareben ori ZiriTadi wesiTos reaqciebs atareben ori ZiriTadi wesiTos reaqciebs atareben ori ZiriTadi wesiT:::: 1) wveTuri 
analizi;  2) mikrokristaloskopiuri analizi. 

 
 wveTuri analiziwveTuri analiziwveTuri analiziwveTuri analizi SemuSavebulia rusi qimikosis _ tananaevis mierSemuSavebulia rusi qimikosis _ tananaevis mierSemuSavebulia rusi qimikosis _ tananaevis mierSemuSavebulia rusi qimikosis _ tananaevis mier da misi da misi da misi da misi 
Catarebis teqnika mdgomareobs SemdCatarebis teqnika mdgomareobs SemdCatarebis teqnika mdgomareobs SemdCatarebis teqnika mdgomareobs SemdegSi:egSi:egSi:egSi: saSualo simkvrivis filtris qaRaldis 
centrSi mikropipetiT aTavseben saanalizo xsnaris 1 wveTs. misi gawovis Semdeg 
isev centrSi awveTeben aRmomCeni reagentis 1 wveTs. warmoiqmneba feradi laqa, 
romlis Seferilobis mixedviT, xdeba elementis an ionis identifikacia. es meTo-
di Zalze mgrZnobiarea da misi meSveobiT SesaZlebelia 2-3 nivTierebis erTdro-
ulad aRmoCena. 
 

magaliTi:magaliTi:magaliTi:magaliTi: Tu filtris qaRaldze davitanT 3AgNO -is da 23 )(NOPb -is xsnarebis na-

revis 1 wveTs da aqve davamatebT 42CrOK -is 1 wveTs, warmoiqmneba moyavisfro-

yviTeli laqa, romelic erTdroulad Seicavs ↓42CrOAg -is da ↓4PbCrO -is 
naleqebs.  

342423 22 KNOCrOAgCrOKAgNO +↓→+  

          yavisferiyavisferiyavisferiyavisferi    

344223 2)( KNOPbCrOCrOKNOPb +↓→+  

                                        yviTeliyviTeliyviTeliyviTeli    
    

magram, vercxlis qromatis muqi feri SeniRbavs tyviis qromatis yviTel 
fers. amitom momdevno etapze xdeba tyviis ionebis gamJRavneba, anu identifikacia, 

risTvisac ferad laqaze awveTeben OHNH 4 -is xsnaris 1 wveTs, romelSic gaixsneba 
vercxlis qromatis yavisferi naleqi da warmoiqmneba uferuli vercxlis 
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amiakatis kompleqsi. amis Sedegad, filtris qaRaldze muqi feri gaqreba da 
naTlad gamJRavndeba tyviis qromatis yviTeli laqa: 

OHCrOHOHNHAgOHNHCrOAg 24223442 2])([24 ++→+↓  

                                           uferuliuferuliuferuliuferuli        
                                                                                                                                                                                            vercxlis vercxlis vercxlis vercxlis     
                                                                                                                                                                                            amiakatiamiakatiamiakatiamiakati    
 

        
    
    
    
    

        III.III.III.III.5. mikrokristaloskop5. mikrokristaloskop5. mikrokristaloskop5. mikrokristaloskopiiiiuri reaqciebiuri reaqciebiuri reaqciebiuri reaqciebi    
    

 mikrmikrmikrmikrokristaloskopiuri meTodis fuZemdebelia rusmi qimikosi _ loviciokristaloskopiuri meTodis fuZemdebelia rusmi qimikosi _ loviciokristaloskopiuri meTodis fuZemdebelia rusmi qimikosi _ loviciokristaloskopiuri meTodis fuZemdebelia rusmi qimikosi _ lovici    
((((1798179817981798w.) w.) w.) w.) meTodi emyareba ionTa aRmoCenas gamoyofili kristalebis formiTa  da 
feriT. yovel kristalur nivTierebas myar mdgomareobaSi gaaCnia kristalTa 
gansazRvruli forma.  

analizi tardeba Semdegnairad: sasagne minaze mikropipetiT aTavseben 
saanalizo xsnaris 1 wveTs, mis gverdiT ki _ aRmomCeni reagentis 1 wveTs. ori 
wveTis Sexebis sazRvarze warmoiqmneba naleqis kristalebi. warmoqmnil krista-
lebs akvirdebian mikroskopSi. swored aqedan miiRo meTodma mikrokrista-
loskopiuris saxelwodeba.  

Kkristalebs SeiZleba gaaCndeT Semdegi forma: kuburi; trigonaluri; 
tetragonaluri; monoklinuri; triklinuri; rombuli; oqtaedruli da a.S. 
mikrokristaloskopiuri analizi specifiuri da mgrZnobiarea, misi saSualebiT 
SesaZlebelia 0,1 mkg nivTierebis aRmoCena.  

mikrokristaloskopiaSi iyeneben rTuli struqturis reaqtivebs, rac zrdis 

kristalTa damaxasiaTeblobas. magaliTad, RvinismJavas ( 6422 OHCH ) marilebs, 

fosformJavas marilebs, kompleqs-naerTebs da sxv.  
 

magaliTi:magaliTi:magaliTi:magaliTi: saanalizo xsnarSi +K -is ionebis aRmosaCenad, sasagne minaze 

awveTeben KCl -is xsnaris  1  wveTs da  mis gverdiT  tetraqlorplatinis _ 4PtCl   
xsnaris 1 wveTs. warmoiqmneba kaliumis heqsaqlorplatinis kristalebi, romlebic 
limonisferia da oqtaedruli forma gaaCniaT. kristalebs akvirdebian 
mikroskopSi: 
 

↓→+ ][2 624 PtClKPtClKCl  

                                                            limonisferilimonisferilimonisferilimonisferi    
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Tavi IV. moqmed masaTa kanoni (mmk) rogorc  
TvisebiTi analizis safuZveli 

 
IV.1. IV.1. IV.1. IV.1. qimiuri wonaswoqimiuri wonaswoqimiuri wonaswoqimiuri wonasworoba. mmkroba. mmkroba. mmkroba. mmk----s misadages misadages misadages misadagebabababa    

Seqcevadi reaqSeqcevadi reaqSeqcevadi reaqSeqcevadi reaqciebisadmi homogciebisadmi homogciebisadmi homogciebisadmi homogenur sistemebSienur sistemebSienur sistemebSienur sistemebSi        
    

    analizuri qimiis mniSvnelovani kanonia moqmed masaTa kanoni (mmk), romelic 
amyarebs kavSirs qimiuri reaqciis siCqaresa da moreagire nivTierebaTa koncen-
traciebs Soris. analizuri reaqciebi mimdinareoben sxvadasxva siCqariT, romelic 
gviCvenebs drois garkveul erTeulSi reaqciaSi Sesuli nivTierebebis raodenobas 
(rac meti raodenobiT Seva reaqciaSi nivTierebebi drois garkveul erTeulSi, miT 
metia reaqciis siCqare). rogorc cnobilia, qimiuri reaqciis siCqare damokidebu-
lia Semdeg faqtorebze: moreagire nivTierebaTa bunebaze; maT koncentraciaze; 
temperaturaze; katalizatorze; wnevaze.  
 pirvelad qimiuri reaqciis siCqareze moreagire nivTierebaTa koncentraci-
ebis gavlena Seiswavla xarkovis universitetis profesorma _ beketovma.beketovma.beketovma.beketovma. 1865 wels1865 wels1865 wels1865 wels 
man daicva disertacia Temaze: “erTi metalis meore metaliT gamoZevebis movle-
naTa gamokvleva”. disertaciis dacvisas, man daamtkica, rom wyalbadi maRali wne-
vis qveS aZevebs vercxliswyalsa da vercxls maTive marilebis wyalxsnarebidan. 
amave dros, rac metia wyalbadis wneva, miT ufro swrafad da srulad warmoebs 
metalTa gamoZeveba: 

HgHNOHNOHg +→+ 3223 2)(  

AgHNOHAgNO 222 323 +→+  

 
 beketovis Sromebis gamoqveynebidan ori wlis Semdeg, 1867 wels orma norve1867 wels orma norve1867 wels orma norve1867 wels orma norve----
gielma qimikosma _ k.gielma qimikosma _ k.gielma qimikosma _ k.gielma qimikosma _ k.    guldbergma da p.guldbergma da p.guldbergma da p.guldbergma da p.    vaagemvaagemvaagemvaagem eqsperimentulad daamtkices, rom eqsperimentulad daamtkices, rom eqsperimentulad daamtkices, rom eqsperimentulad daamtkices, rom 
qimiqimiqimiqimiuri reaqciis siCqare pirdapir proporciulia moreagire nivTierebebis uri reaqciis siCqare pirdapir proporciulia moreagire nivTierebebis uri reaqciis siCqare pirdapir proporciulia moreagire nivTierebebis uri reaqciis siCqare pirdapir proporciulia moreagire nivTierebebis 
moluri koncentraciebis namravlisa. am debulebam miiRo moqmed masaTa (mmk) moluri koncentraciebis namravlisa. am debulebam miiRo moqmed masaTa (mmk) moluri koncentraciebis namravlisa. am debulebam miiRo moqmed masaTa (mmk) moluri koncentraciebis namravlisa. am debulebam miiRo moqmed masaTa (mmk) 
kanonis saxelwodeba. kanonis saxelwodeba. kanonis saxelwodeba. kanonis saxelwodeba.     
    

magaliTad, mocemulia zogadi saxis reaqcia CBA ⇔+ .  
am reaqciis siCqare, moqmed masaTa kanonis safuZvelze, gamoiTvleba formuliT:          

][][ BAKV ××= , sadac: 

V _ aris qimiuri reaqciis siCqare; 
K _ aris reaqciis siCqaris konstanta, anu mudmiva; 
[A]  da [B] ____    aris moreagire nivTierebebis moluri koncentraciebi. 
 TvisebiTi analizis mTeli Teoria aris mmk-s misadageba qimiuri procesebis 
sxvadasxva saxeobebisadmi. TiTqmis yvela analizuri reaqcia warmoadgens Seqce-
vads, e.i. iseTs, romelic mimdinareobs erTdroulad ori urTierTsapirispiro 
mimarTulebiT. Tumca, zogierTi reaqciis Seqcevadoba imdenad umniSvneloa, rom 
praqtikulad is SeiZleba CaiTvalos Seuqcevadad, anu bolomde mimdinare reaq-
ciad.  

Seqcevadi reqciebis tipiuri magaliTebia:Seqcevadi reqciebis tipiuri magaliTebia:Seqcevadi reqciebis tipiuri magaliTebia:Seqcevadi reqciebis tipiuri magaliTebia:    
+K ----is ionis aRmoCena Rvinis mJavaTiis ionis aRmoCena Rvinis mJavaTiis ionis aRmoCena Rvinis mJavaTiis ionis aRmoCena Rvinis mJavaTi    

HClOHKHCOHCHKCl +↓⇔+ 6446442  

                                    TeTeTeTeTriTriTriTri    
                                    kristalurikristalurikristalurikristaluri    

                                naleqinaleqinaleqinaleqi    
    



 - 30 -  

HCl -is Warbad dagrovebis SemTxvevaSi, igi kvlav Sedis reaqciaSi 644 OHKHC -

Tan da warmoiqmneba sawyisi nivTierebebi. 
Seqcevad reaqciebs miekuTvneba:Seqcevad reaqciebs miekuTvneba:Seqcevad reaqciebs miekuTvneba:Seqcevad reaqciebs miekuTvneba:    

HClZnSSHZnCl 222 +↓⇔+  

ClNHSCNFeSCNNHFeCl 4343 3)(3 +⇔+  

Seqcevadi reaqciebi bolomde ar midian, aramed myardeba qimiuri 
wonasworoba, romlis drosac xsnarSi imyofebian rogorc sawyisi, aseve saboloo 
produqtebi. qimiuri wonasworobis damyarebis procesSi, TiTqos reaqcia Cerdeba, 
radgan yvela TvalsaCino cvlileba wydeba. sinamdvileSi, mimdinareobs erTdro-
ulad orive reaqcia, romlebic erTmaneTs abaTileben.  

moreagire nivTierebaTa sistemis iseT mdgomareobas, romlimoreagire nivTierebaTa sistemis iseT mdgomareobas, romlimoreagire nivTierebaTa sistemis iseT mdgomareobas, romlimoreagire nivTierebaTa sistemis iseT mdgomareobas, romlis drosac s drosac s drosac s drosac 
pirdapiri da Seqcevadi reaqciebispirdapiri da Seqcevadi reaqciebispirdapiri da Seqcevadi reaqciebispirdapiri da Seqcevadi reaqciebis    siCqareebi erTmaneTis tolia, qimiuri siCqareebi erTmaneTis tolia, qimiuri siCqareebi erTmaneTis tolia, qimiuri siCqareebi erTmaneTis tolia, qimiuri 
wonasworoba ewowonasworoba ewowonasworoba ewowonasworoba ewodeba.deba.deba.deba. radganac qimiuri wonasworoba ar aris mosvenebiTi, amitom 
mas moZrav, anu dinamikur wonasworobasacdinamikur wonasworobasacdinamikur wonasworobasacdinamikur wonasworobasac uwodeben. 

mivusadagoT mmk Seqcevad reaqciebs homogenur sistemebSi. homogenuri homogenuri homogenuri homogenuri 
ewodeba sistemas, ewodeba sistemas, ewodeba sistemas, ewodeba sistemas, romlis yvela ubanSi nivTierebis qimiuri da fizikuri 
Tvisebebi erTnairia, anu saqme gvaqvs erTfazian sistemasTan. homogenur sistemebSi 
ar aris gamyofi zedapiri da amis magaliTia xsnarebi. mravali kaTionisa da 
anionis aRmoCena xdeba homogenur sistemebSi. homogenur sistemebSi cvlilebebi 
xdeba lelelele----Satelies princiSatelies princiSatelies princiSatelies principispispispis Tanaxmad, romlis mixedviT: Tu sistema ganicdis 
raime garegan qmedebas, masSi midinareobs cvlilebebi, romlebic asusteben am 
qmedebas. magaliTad, Tu sistemaze davamatebT sawyis produqtebs, am dros 
eqvivalenturad izrdeba saboloo produqtebis raodenobac, ris Sedegad 
sistemaSi qimiuri wonasworoba aRdgeba. 

magaliTisaTvis ganvixiloT zogadi saxis Seqcevadi reaqcia:magaliTisaTvis ganvixiloT zogadi saxis Seqcevadi reaqcia:magaliTisaTvis ganvixiloT zogadi saxis Seqcevadi reaqcia:magaliTisaTvis ganvixiloT zogadi saxis Seqcevadi reaqcia:    
 AAAAA + B ↔ C + D   (1) 

radganac saxezea ori reaqcia (pirdapiri da ukureaqcia), amitom unda 
gamovTvaloT orive reaqciis siCqare. 
 

pirdapiri reaqciis siCqare tolia: pirdapiri reaqciis siCqare tolia: pirdapiri reaqciis siCqare tolia: pirdapiri reaqciis siCqare tolia:     
V1 = K1 · [A] · [B]    (2), sadac: 
 V1 _ aris pirdapiri reaqciis siCqare; 
 K1 _ aris pirdapiri reaqciis siCqaris konstanta; 
 [A]    da   [B]  _ aris sawyisi nivTierebebis moluri koncentraciebi.   
 
ukureaqciis siCqare toukureaqciis siCqare toukureaqciis siCqare toukureaqciis siCqare tolia:lia:lia:lia:    
V2 = K2 · [C] · [D]    (3), sadac: 
V2 _ aris ukureaqciis siCqare; 
K2 _ aris ukureaqciis siCqaris konstanta; 
[C]    da   [D]  _ aris saboloo produqtebis moluri koncentraciebi.   
 
reaqciis dawyebisas, A  da    B  nivTierebebis koncentraciebi didia, amitom V1 

iqneba maRali, xolo V2 = 0. reaqciis mimdinareobis procesSi, [A]    da   [B]  TandaTan 
Semcirdeba, xolo [C]  da  [D]  gaizrdeba, amitom gaizrdeba V2. dadgeba momenti, 
roca pirdapiri da ukureaqciebis siCqareebi gautoldeba erTmaneTs da am 
droidan damyardeba qimiuri wonasworoba, roca V1 = V2. 

Tu wonasworul mdgomareobaSi pirdapiri da ukureaqciebis siCqareebi 
erTmaneTis tolia, maSin maTi mniSvnelobebic toli iqneba: 

K1 · [A] · [B] = K2 · [C] · [D]    (4) 
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Tu me-4 tolobis marjvena mxares gavyofT marcxenaze da  mudmivebs 
davajgufebT cal mxares, miviRebT: 

2

1

][][

][][

K

K

BA

DC =
⋅
⋅

  (5) 

 
me-5 tolobis marjvena nawilSi gvaqvs ori mudmivas fardoba, amitom igi 

SeiZleba gamovsaxoT erTi simboloTi_ K,,,, maSin miviRebT: 

K
K

K
=

2

1   (6), maSin:   K
BA

DC =
⋅
⋅

][][

][][
 (7),  sadac K _ aris qimiuri wonasworobis 

mudmiva. 
K_s_s_s_s ricxviTi mniSvneloba icvleba temperaturis cvlilebiT, magram ar 

aris damokidebuli moreagire nivTierebebis koncentraciebze. K_s_s_s_s fizikuri arsis 

gageba ar aris Zneli, Tu gavixsenebT, rom igi  tolia 
2

1

K

K
 da gviCvenebs, Tu 

ramdenjer metia pirdapiri reaqciis siCqare ukureaqciis siCqareze, roca 
moreagire nivTierebaTa koncentraciebi da temperatura erTnairia. Tu K>1, maSin 
ufro swrafad mimdinareobs pirdapiri reaqcia, xolo Tu K<1, maSin ufro 
swrafad mimdinareobs ukureaqcia. Tu K=10

3,,,, es imas niSnavs, rom pirdapiri 
reaqciis siCqare 1000-jer metia ukureaqciis siCqareze. 

Tu reaqciaSi Sedis ori an meti nivTiereba, maSin mmk-s tolobaSi yvela 
nivTierebis moluri koncentraciebi unda iyos gaTvaliswinebuli. magaliTad, Tu 
gvaqvs zogadi saxis reaqcia:   A + B + C  ↔  D + E,,,,   maSin  

][][][

][][

CBA

ED
K

⋅⋅
⋅=   (8) 

 
Tu reaqciaSi monawileobs nivTierebis ori an meti moli, maSin mmk-s 

tolobaSi molebis ricxvi aiyvaneba Sesabamis xarisxSi.  
magaliTad, Tu gvaqvs zogadi saxis toloba:  2A + B  ↔  C + D,,,,   

am  SemTxvevaSi     
][][

][][
2 BA

DC
K

⋅
⋅=   (9) 

 

maSasadame,  zogadad  reaqciisaTvis:   a A + b B  ↔  c C = d D,,,,    
qimiuri wonasworobis toloba gamoisaxeba ase: 

 

ba

dc

BA

DC
K

][][

][][

⋅
⋅=   (10) 

 
me-10 toloba aris mmkmmkmmkmmk----s maTematikuri gamoxatulebas maTematikuri gamoxatulebas maTematikuri gamoxatulebas maTematikuri gamoxatuleba wonasworuli 

mdgomareobisaTvis da igi ase gamoiTqmis: miRebuli produqtebis koncentraciebis miRebuli produqtebis koncentraciebis miRebuli produqtebis koncentraciebis miRebuli produqtebis koncentraciebis 
namravlis Sefardeba sawyisi produqtebis koncentraciebis namravlTan mudmivi namravlis Sefardeba sawyisi produqtebis koncentraciebis namravlTan mudmivi namravlis Sefardeba sawyisi produqtebis koncentraciebis namravlTan mudmivi namravlis Sefardeba sawyisi produqtebis koncentraciebis namravlTan mudmivi 
sididea.sididea.sididea.sididea.    
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IV.2. IV.2. IV.2. IV.2. ionizacia da disociaciaionizacia da disociaciaionizacia da disociaciaionizacia da disociacia    
 
 wylis polaruli molekulebis gavleniT, mravali nivTiereba xsnarebSi 
iSleba ionebad:  AB ↔ A

+
 + B

+
 . am process eleqtrolituri disociacia ewodeba, 

xolo nivTierebebs, romlebic disocirdebian _ eleqtrolitebi. warmodgena 
eleqtrolitisa da araeleqtrolitis Sesaxeb Camoayaliba faradeim faradeim faradeim faradeim XIX saukunissaukunissaukunissaukunis 
30303030----ian wlebSi.ian wlebSi.ian wlebSi.ian wlebSi. eleqtrolitis xsnari an nalRobi atarebs eleqtrodens, radganac 
masSi nivTierebebi daSlilia ionebad. eleqtrolitebs miekuTvneba:eleqtrolitebs miekuTvneba:eleqtrolitebs miekuTvneba:eleqtrolitebs miekuTvneba: mJavebis, 
tuteebis, marilebis wyalxsnarebi an maTi nalRobebi. araeleqtrolitebi eleq-
trodens ar atareben, radganac ar Seicaven ionebs. araeleqtrolitebs miekuTaraeleqtrolitebs miekuTaraeleqtrolitebs miekuTaraeleqtrolitebs miekuT----
vneba: vneba: vneba: vneba: organuli naerTebi (cilebi,  spirtebi, aldehidebi, eTerebi, naxSirwylebi 
da a.S.). 
 
 eleqtrolituri disociaciis Teoreleqtrolituri disociaciis Teoreleqtrolituri disociaciis Teoreleqtrolituri disociaciis Teoriis fuZemdebelia Svedi mecnieri iis fuZemdebelia Svedi mecnieri iis fuZemdebelia Svedi mecnieri iis fuZemdebelia Svedi mecnieri svante svante svante svante 
areniusi, romlis mixedviT:areniusi, romlis mixedviT:areniusi, romlis mixedviT:areniusi, romlis mixedviT: Teorias, romelic gaxsnil an galRobil Teorias, romelic gaxsnil an galRobil Teorias, romelic gaxsnil an galRobil Teorias, romelic gaxsnil an galRobil 
mdgomareobaSi eleqtrolitis gansakuTrebul TvimdgomareobaSi eleqtrolitis gansakuTrebul TvimdgomareobaSi eleqtrolitis gansakuTrebul TvimdgomareobaSi eleqtrolitis gansakuTrebul Tvisebebs maTi ionebad daSliT sebebs maTi ionebad daSliT sebebs maTi ionebad daSliT sebebs maTi ionebad daSliT 
xsnis, xsnis, xsnis, xsnis, eleqtrolituri disociaciis Teoria ewodebaeleqtrolituri disociaciis Teoria ewodebaeleqtrolituri disociaciis Teoria ewodebaeleqtrolituri disociaciis Teoria ewodeba. am Teoriis ZiriTadi 
Sinaarsi SeiZleba 3 debulebis3 debulebis3 debulebis3 debulebis saxiT CamovayaliboT: 
 
1.1.1.1. eleqtrolitebi wyalSi gaxsnisas iSlebian dadebiTad (kaTionebi) da uaryo-
fiTad (anionebi) damuxtul ionebad, romlebic warmoiqmneba eqvivalenturi 
raodenobiT, amis gamo xsnarSi maTi muxtebis jami erTmaneTis tolia  da xsnari 
eleqtroneitraluria. 
 
2.2.2.2. xsnarSi an nalRobSi eleqtrodenis gatarebisas, kaTionebi iwyeben mizan-
mimarTul moZraobas uaryofiTi eleqtrodisaken _ kaTodisaken da ganimuxtebian 
masze.  uaryofiTi ionebi ki warimarTebian dadebiTi eleqtrodisaken _ anodisaken 
da ganimuxtebian masze. kaTionebi iZenen kaTodze eleqtronebs _ es aris 
kaToduri aRdgena, xolo anionebi gadascemen eleqtronebs anods _ es aris 
anoduri daJangva. 
 
3. 3. 3. 3. eleqtrolituri disociacia Seqcevadi procesia, romlis paralelurad 
mimdinareobs sapirispiro procesi _ asociacia (ionTa urTierTmoqmedeba), amitom 
eleqtrolituri disociaciis gantolebaSi tolobis niSnis nacvlad iwereba 

Seqcevadobis niSani ↔. 

 
 eleqtrolitebs, araeleqtrolitebisgan gansxvavebiT, gaaCniaT Semdegi eleqtrolitebs, araeleqtrolitebisgan gansxvavebiT, gaaCniaT Semdegi eleqtrolitebs, araeleqtrolitebisgan gansxvavebiT, gaaCniaT Semdegi eleqtrolitebs, araeleqtrolitebisgan gansxvavebiT, gaaCniaT Semdegi 
Tvisebebi:Tvisebebi:Tvisebebi:Tvisebebi:    

a)a)a)a) eleqtrolitebi atareben eleqtrodens; 
   bbbb)))) eleqtrolitTa wyalxsnarebi duRs ufro maRal temperaturaze, vidre  
      araeleqtrolitebis wyalxsnarebi; 

g)g)g)g) eleqtrolitTa wyalxsnarebi iyinebian ufro dabal temperaturaze, vidre   
   araeleqtrolitebis wyalxsnarebi; 
d)d)d)d) eleqtrolitTa wyalxsnarebs gaaCniaT maRali osmosuri wneva; 

   eeee)))) yvela eleqtrolitis xsnari iqceva ise, TiTqos igi Sedgebodes ori damou-
kidebeli komponentisagan (kaTionebisa da anionebisagan).  
 
 amrigad, yvela am Tvisebis gaTvaliswinebiT, eleqtrolituri disociaciis eleqtrolituri disociaciis eleqtrolituri disociaciis eleqtrolituri disociaciis 
Teoria gamoiTqmeba ase:Teoria gamoiTqmeba ase:Teoria gamoiTqmeba ase:Teoria gamoiTqmeba ase: mJavaTa, tuteTa da marilTa molekulebi, wyalSi gaxsnimJavaTa, tuteTa da marilTa molekulebi, wyalSi gaxsnimJavaTa, tuteTa da marilTa molekulebi, wyalSi gaxsnimJavaTa, tuteTa da marilTa molekulebi, wyalSi gaxsni----
sas, disocirdebian ionebad, romlebic xsnarebSi iqcevian, rogorc damoukidebeli sas, disocirdebian ionebad, romlebic xsnarebSi iqcevian, rogorc damoukidebeli sas, disocirdebian ionebad, romlebic xsnarebSi iqcevian, rogorc damoukidebeli sas, disocirdebian ionebad, romlebic xsnarebSi iqcevian, rogorc damoukidebeli 
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erTeulebi da merTeulebi da merTeulebi da merTeulebi da monawileoben qimiur reaqciebSi imisda miuxedavad, arseboben Tu onawileoben qimiur reaqciebSi imisda miuxedavad, arseboben Tu onawileoben qimiur reaqciebSi imisda miuxedavad, arseboben Tu onawileoben qimiur reaqciebSi imisda miuxedavad, arseboben Tu 
ara xsnarSi sxva ionebi da molekulebi.ara xsnarSi sxva ionebi da molekulebi.ara xsnarSi sxva ionebi da molekulebi.ara xsnarSi sxva ionebi da molekulebi.    
 eleqtrolitTa wyalSi gaxsnisas, mimdinareobs ori procesi:eleqtrolitTa wyalSi gaxsnisas, mimdinareobs ori procesi:eleqtrolitTa wyalSi gaxsnisas, mimdinareobs ori procesi:eleqtrolitTa wyalSi gaxsnisas, mimdinareobs ori procesi:    
 1)1)1)1)    disociaciadisociaciadisociaciadisociacia _ es aris im eleqtrolitTa wyalSi gaxsna, romelTac 
gaaCniaT ionuri an heteropolaruli kristaluri struqtura da am dros xsnarSi 
gadadis eleqtrolitis kristaluri mesris SemadgenlobaSi myofi ionebi 

( ),, 2BaClNaClKCl . 
 2) ionizacia _2) ionizacia _2) ionizacia _2) ionizacia _ es aris im eleqtrolitebis gaxsna, romlebsac ar gaaCniaT 
Tavisufali ionebi, radganac gaxsnis procesSi mTlianad iSlebian ionebad 

),( 2SHHCl . ionizaciis procesi Seqcevadia, Tumca mkacri zRvari disociaciasa da 
ionizacias Soris ar arsebobs. 
 
 

    
    
    
    
    
    
    

IV.IV.IV.IV.3. ionizaciis konstanta da 3. ionizaciis konstanta da 3. ionizaciis konstanta da 3. ionizaciis konstanta da ionizaciis xarisxiionizaciis xarisxiionizaciis xarisxiionizaciis xarisxi    
    

  ionizaciis procesi Seqcevadia, amitom xsnarSi daSlil molekulebTan 
erTad, monawileoben araionizirebuli molekulebic. aqedan gamomdinare, 
ionizaciis process SeiZleba mivuyenoT moqmed masaTa kanoni da gamovTvaloT 
ionizaciis konstanta da xarisxi. Tu eleqtrolitis formulas gamovsaxavT 

KtAn,,,, sadac:  Kt ____kaTionia, xolo An ____anioni, maSin ionizaciis toloba Caiwereba 

ase: KtAn ↔  Kt
+  

+ An
-
. 

mmk_s mixedviT, ionizaciis konstanta gamoiTvleba formuliT: 

                                                 Kionizaciisionizaciisionizaciisionizaciis==== 
][

][][

KtAn

AnKt −+ ×
, sadac:  

[[[[Kt
+
]  da   [An

-
] ____    aris ionebis (kaTionebis da anionebis) moluri koncentraciebi; 

[KtAn]    ____    aris eleqtrolitis araionizirebuli molekulebis koncentracia. 
 
 maSasadame, ionizaciis konstantaionizaciis konstantaionizaciis konstantaionizaciis konstanta _aris eleqtrolitis daSlili ionebis _aris eleqtrolitis daSlili ionebis _aris eleqtrolitis daSlili ionebis _aris eleqtrolitis daSlili ionebis 
koncentraciebis namravlis Sefardeba eleqtrolitis araionizirebkoncentraciebis namravlis Sefardeba eleqtrolitis araionizirebkoncentraciebis namravlis Sefardeba eleqtrolitis araionizirebkoncentraciebis namravlis Sefardeba eleqtrolitis araionizirebuli molekuuli molekuuli molekuuli moleku----
lebis koncentraciasTan.lebis koncentraciasTan.lebis koncentraciasTan.lebis koncentraciasTan.        

    rac metia Kionizaciis,ionizaciis,ionizaciis,ionizaciis, miT metad iSleba eleqtroliti ionebad.   
 ionizaciis konstanta aris eleqtrolitis xsnaris ionizaciis erT-erTi 
ZiriTadi maxasiaTebeli. meore maxasiaTebels warmoadgens ionizaciis xarisxi _α , 
romelic raodenobrivad axasiaTebs eleqtrolitis wonasworul mdgomareobas.  
 

ionizaciis xarisxiionizaciis xarisxiionizaciis xarisxiionizaciis xarisxi    α _aris ricxvi, romelic gviCvenebs, Tu gaxsnili _aris ricxvi, romelic gviCvenebs, Tu gaxsnili _aris ricxvi, romelic gviCvenebs, Tu gaxsnili _aris ricxvi, romelic gviCvenebs, Tu gaxsnili 
eleqtrolitis saerTo eleqtrolitis saerTo eleqtrolitis saerTo eleqtrolitis saerTo raodenobis molekulebidan, ramdeniraodenobis molekulebidan, ramdeniraodenobis molekulebidan, ramdeniraodenobis molekulebidan, ramdeni    nawilia daSlili nawilia daSlili nawilia daSlili nawilia daSlili 
ionebad:ionebad:ionebad:ionebad:    

α  tolia tolia tolia tolia ionizirebuli molekulebis ricxviionizirebuli molekulebis ricxviionizirebuli molekulebis ricxviionizirebuli molekulebis ricxvis Sefardebisas Sefardebisas Sefardebisas Sefardebisa    gaxsnili gaxsnili gaxsnili gaxsnili 
molekulebis saerTo ricxvTan.molekulebis saerTo ricxvTan.molekulebis saerTo ricxvTan.molekulebis saerTo ricxvTan.    
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α _aris usazRvro sidide da igi gamoisaxeba %%%%_Si. magaliTad, roca amboben, 

rom COOHCH 3 -is 0,1 M xsnaris ionizaciis xarisxi =α 0,0135, es imas niSnavs, rom 

ZmarmJavas gaxsnili molekulebis saerTo ricxvidan mxolod 1,35% imyofeba ioni-
zirebul mdgomareobaSi, xolo danarCeni 98,65%    ____ araionizirebuli molekulebia. 
  

α _s mixedviT, y_s mixedviT, y_s mixedviT, y_s mixedviT, yvela eleqtroliti iyofa:vela eleqtroliti iyofa:vela eleqtroliti iyofa:vela eleqtroliti iyofa:    
    

a) a) a) a) Zlier eleqtrolitebad Zlier eleqtrolitebad Zlier eleqtrolitebad Zlier eleqtrolitebad ____    isini xsnarebSi praqtikulad mTlianad ionizir-
debian (Zlieri mJavebi, tuteebi da marilebi, romelTac gaaCniaT ionuri 
kristaluri meseri); 
 
b) susti eleqtrolitebi _b) susti eleqtrolitebi _b) susti eleqtrolitebi _b) susti eleqtrolitebi _ isini wyalxsnarebSi umniSvnelod arian ionizirebuli, 
esenia: susti mJavebi, susti fuZeebi, marilebi, romelTa molekulebSi kovalentur 

polaruli bmaa [ 322 )(,)(, SCNFeCNHgHgCl ].  

 
 ori da mravalfuZiani mJavebis, aseve ori da mravalmJavuri fuZeebis ioniori da mravalfuZiani mJavebis, aseve ori da mravalmJavuri fuZeebis ioniori da mravalfuZiani mJavebis, aseve ori da mravalmJavuri fuZeebis ioniori da mravalfuZiani mJavebis, aseve ori da mravalmJavuri fuZeebis ioni----
zacia mimdinareobs safexureobrivad.zacia mimdinareobs safexureobrivad.zacia mimdinareobs safexureobrivad.zacia mimdinareobs safexureobrivad. yoveli safexurisaTvis damaxasiaTebelia 
Tavisi ionizaciis konstanta da xarisxi. 
 
magaliTad:magaliTad:magaliTad:magaliTad:    

IIII    safexurzesafexurzesafexurzesafexurze     −+ +⇔ HSHSH 2                     
][

][][

2

1 SH

HSH
K

−+ ⋅= = 1 × 10-7 

IIIIIIII    safexurze safexurze safexurze safexurze      −+− +⇔ 2SHHS                      13
2

2 103,1
][

][][ −
−

−+

×=⋅=
HS

SH
K  

 

IIII    safexurzesafexurzesafexurzesafexurze     −+ +⇔ OHPbOHOHPb 2)(              4

2

1 1055,9
])([

][][ −
−+

⋅=⋅=
OHPb

OHPbOH
K  

IIIIIIII    safexurze safexurze safexurze safexurze      −++ +⇔ OHPbPbOH 2                 8
2

2 100,3
][

][][ −
+

−+

⋅=⋅=
PbOH

OHPb
K     

       
 ionizaciis xarisxiionizaciis xarisxiionizaciis xarisxiionizaciis xarisxi SeiZleba gamoisaxos ramdenime xerxiT, ufro xSirad mas 
gamosaxaven arenarenarenareniusis formuliT:iusis formuliT:iusis formuliT:iusis formuliT: 

α = λV V V V : : : : λ∞ ,,,, sadac: 
α  _ aris ionizaciis xarisxi; 

λVVVV    _ aris xsnaris eqvivalenturi eleqtrogamtaroba misi mocemuli 
ganzavebisas; 

λ∞ _aris xsnaris eqvivalenturi eleqtrogamtaroba misi “usasrulo” 
ganzavebisas. 

rogorc formulidan Cans, λVVVV pirdapirproporciulia  α -si. radganac 
“usasrulo” ganzavebisas eleqtroliti xsnarSi mTlianad iSleba ionebad, amitom 

λ=1.=1.=1.=1. Tu amas gaviTvaliswinebT, miviRebT: 

roca   λ∞ → 1,     maSin   λVVVV    → α . 

 areniusis formula gamoiTqareniusis formula gamoiTqareniusis formula gamoiTqareniusis formula gamoiTqmis ase:mis ase:mis ase:mis ase: eleqtrolitis eleqtrolituri diso-
ciaciis xarisxi xsnaris mocemuli ganzavebisas tolia eqvivalenturi eleqtro-
gamtarobis fardobisa eqvivalentur eleqtrogamtarobasTan xsnaris “usasrulo” 
ganzavebisas.  
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IV.IV.IV.IV.4. ostvaldis ganzavebis kanoni, rogorc kavSiri s4. ostvaldis ganzavebis kanoni, rogorc kavSiri s4. ostvaldis ganzavebis kanoni, rogorc kavSiri s4. ostvaldis ganzavebis kanoni, rogorc kavSiri sustiustiustiusti    
    eleqtrolitis ionizaciis xarisxsa da konstantas Sorieleqtrolitis ionizaciis xarisxsa da konstantas Sorieleqtrolitis ionizaciis xarisxsa da konstantas Sorieleqtrolitis ionizaciis xarisxsa da konstantas Sorissss    

    
 ionizaciis xarisxi da mudmiva axasiaTeben erTsa da imave process 
_ionizacias, amitom erTi maTganis sidide SeiZleba gamoisaxos meoriT. Tu 

eleqtrolitis molur koncentracias aRvniSnavT simboloTi ____    C,,,, xolo 

ionizaciis xarisxs ____α  simboloTi, maSin TiToeuli ionis koncentracia toli 

iqneba C × α ,,,, xolo araionizirebuli molekulebis koncentracia toli iqneba   

[[[[KtAn] = C - Cα ....  
rogorc cnobilia, ionizaciis toloba SeiZleba CavweroT Semdegnairad: 

KtAn  ↔  Kt
+   

+  An
-
 , 

       am SemTxvevaSi,    Kionizaciisionizaciisionizaciisionizaciis    ====  
][

][][

KtAn

AnKt −+ ×
 

CavsvaT zemoT mocemuli mniSvnelobebi ionizaciis konstantas tolobaSi, 

miviRebT: 
α
αα

CC

CC
K

−
×=     

radganac   ααα CCCC ×=− ,,,,    amitom     
α

α
α

α
−

=
−

=
1)1(

222 C

C

C
K  

maSasadame, 
α

α
−

=
1

2C
K  

 
es toloba gamoxatavs ganzavebis kanons,ganzavebis kanons,ganzavebis kanons,ganzavebis kanons, romelic gamoiyvana germanelma 

qimikosma vilhelmvilhelmvilhelmvilhelm    ostvaldma. ostvaldma. ostvaldma. ostvaldma. es kanoni amyarebs kavSirs susti eleqtrolitis 

(mag., COOHCH 3 ) ionizaciis xarisxsa da mis koncentracias Soris. 

 Tu eleqtroliti sustia da misi xsnari Zlier araa ganzavebuli, maSin misi 
α    dabalia  da   α−1             miaxloebulia   1111    ____    Tan. 

 maSasadame, Tu    α−1     ====    1 1 1 1 ,   maSin    2
2

1
αα

C
C

K == ,  

aqedan 
C

K=α  

 
es gantoleba warmoadgens ganzavebis kanonis maTematikur gamoxatulebas,ganzavebis kanonis maTematikur gamoxatulebas,ganzavebis kanonis maTematikur gamoxatulebas,ganzavebis kanonis maTematikur gamoxatulebas, 

romelic ase gamoiTqmis: Tu romelime sust eleqtrolits ganvazavebT 4romelic ase gamoiTqmis: Tu romelime sust eleqtrolits ganvazavebT 4romelic ase gamoiTqmis: Tu romelime sust eleqtrolits ganvazavebT 4romelic ase gamoiTqmis: Tu romelime sust eleqtrolits ganvazavebT 4----jer, misi jer, misi jer, misi jer, misi 
ionizaciis xarisxi gaizrdeba 2ionizaciis xarisxi gaizrdeba 2ionizaciis xarisxi gaizrdeba 2ionizaciis xarisxi gaizrdeba 2----jer.jer.jer.jer.    
    
 ganzavebis kanoni saSualebas iZleva gamoviTvaloT susti eleqtrolitis 
ionizaciis xarisxi, Tu cnobilia ionizaciis mudmiva da eleqtrolitis 

koncentracia da, piriqiT, gamoviTvaloT  K , , , ,     Tu cnobilia   α . 
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IV.IV.IV.IV.5. ioni5. ioni5. ioni5. ionis aqtivoba. xsnaris ionuri Zalas aqtivoba. xsnaris ionuri Zalas aqtivoba. xsnaris ionuri Zalas aqtivoba. xsnaris ionuri Zala    
    

 eleqtrolituri disociaciis Teoria samarTliania mxolod susti 
eleqtrolitebis  ganzavebuli xsnarebisadmi (idealuri xsnarebi), radganac am 
dros myardeba qimiuri wonasworoba, romelsac gaaCnia wonasworobis mudmiva _ K.    
Zlieri eleqtrolitebis SemTxvevaSi SeimCneva sul sxva suraTi, radganac maTi 
sxvadasxva koncentraciebis SemTxvevaSi, ionizaciis konstantebis mniSvnelobebic 
gansxvavebulia. Tu Zlieri eleqtrolitis xsnars ganvazavebT, misi ionizaciis 
xarisxi _ α  gaizrdeba, xolo ionizaciis konstanta _ _ _ _ K Semcirdeba, rac ar eTan-
xmeba ostvaldis ganzavebis kanonis formulirebas. Zlieri eleqtrolitebis xsna-
rebisadmi mmk-s miyeneba ar SeiZleba, radganac mmk mieyeneba mxolod idealur 
xsnarebs. 
 1907 wels luisma SemoiRo mecnierebaSi ionis aqtivobis cneba. 1907 wels luisma SemoiRo mecnierebaSi ionis aqtivobis cneba. 1907 wels luisma SemoiRo mecnierebaSi ionis aqtivobis cneba. 1907 wels luisma SemoiRo mecnierebaSi ionis aqtivobis cneba.     

ionis aqtivoba ionis aqtivoba ionis aqtivoba ionis aqtivoba ____a aris ionis efeqturi (moqmedi) koncentracia, romlis 
niadagzec ionebi qimiur procesebSi monawileoben rogorc realurad moqmedi 
masebi. 

 usazRvrod ganzavebuli xsnarebisTvisusazRvrod ganzavebuli xsnarebisTvisusazRvrod ganzavebuli xsnarebisTvisusazRvrod ganzavebuli xsnarebisTvis     a = C.    
ionis aqtivoba gamoisaxeba sididiT gionis aqtivoba gamoisaxeba sididiT gionis aqtivoba gamoisaxeba sididiT gionis aqtivoba gamoisaxeba sididiT g----ioni/l.ioni/l.ioni/l.ioni/l. ionis aqtivoba sxvanairad 

SeiZleba ganvixiloT, rogorc Zlieri eleqtrolitis nawilakebis bmulobis 
xarisxi. 

ionis aqtivoba gamoiTvleba formuliT  a=C · f    ,,,,  sadac: 
a ____aris ionis aqtivoba;  
C ____ aris ionis moluri koncentracia;  

f ____aris aqtivobis koeficienti. 
 rogorc vxedavT, aqtivobasTan mWidro kavSirSia cneba aqtivobis aqtivobis aqtivobis aqtivobis 
koeficientis koeficientis koeficientis koeficientis     Sesaxeb _ es aris maCvenebeli, romelic axasiaTebs realuri xsnare-
bis gadaxris xarisxs idealuri xsnarebis Tvisebebisgan da ricxobrivad tolia 

aqtivobis Sefardebisa ionis saerTo molur koncentraciasTan:   
C

a
f =  . 

aqtivobis koeficienti damokidebulia ara mxolod ionis molur 
koncentraciaze, aramed eleqtrolitis xsnarSi arsebuli  sxva gareSe ionebis 
koncentraciebzec. amisaTvis 1921 wels luisisa da rendelis mier SemoRebuli 1921 wels luisisa da rendelis mier SemoRebuli 1921 wels luisisa da rendelis mier SemoRebuli 1921 wels luisisa da rendelis mier SemoRebuli 
iqna xsnaris ionuriqna xsnaris ionuriqna xsnaris ionuriqna xsnaris ionuri Zalis cneba.i Zalis cneba.i Zalis cneba.i Zalis cneba.    
 xsnaris ionuri Zala _ xsnaris ionuri Zala _ xsnaris ionuri Zala _ xsnaris ionuri Zala _ aris am xsnaris eleqtruli velis sidide, romelic 
warmoadgens xsnarSi monawile yvela ions Soris eleqtrostatikuri urTier-
Tqmedebis sazoms. xsnaris ionuri Zala gamoisaxeba simboloTi _ µ  da gamoiT-

vleba formuliT:     )...(
2

1 22

22

2

11 nnCCC Ζ⋅++Ζ⋅+Ζ⋅=µ , sadac: 

nCCCC ...,, 321   _  aris xsnarSi monawile yvela ionis moluri koncentraciebi; 
22

3

2

2

2

1 ...,, nΖΖΖΖ   _  aris am ionTa muxtebis kvadratebi. 

araionizirebul molekulebs muxti ar gaaCniaT, amitom xsnaris ionuri 
Zalis gaangariSebis formulaSi isini ar Sedian. 

zogadad xsnaris ionuri Zalis formulazogadad xsnaris ionuri Zalis formulazogadad xsnaris ionuri Zalis formulazogadad xsnaris ionuri Zalis formula SeiZleba Semdegnairad gamovsaxoT: 

2

2

1
iiC ΖΣ=µ  

maSasadame, Zlieri eleqtrolitis xsnaris ionuri Zala aris naxevarjami maSasadame, Zlieri eleqtrolitis xsnaris ionuri Zala aris naxevarjami maSasadame, Zlieri eleqtrolitis xsnaris ionuri Zala aris naxevarjami maSasadame, Zlieri eleqtrolitis xsnaris ionuri Zala aris naxevarjami 
xsnarSi arsebuli yvela ionis koncentracxsnarSi arsebuli yvela ionis koncentracxsnarSi arsebuli yvela ionis koncentracxsnarSi arsebuli yvela ionis koncentraciebisa, gamravlebuli maTive muxtebis iebisa, gamravlebuli maTive muxtebis iebisa, gamravlebuli maTive muxtebis iebisa, gamravlebuli maTive muxtebis 
kvadratebze.kvadratebze.kvadratebze.kvadratebze.    
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II nawiliII nawiliII nawiliII nawili    
Tavi Tavi Tavi Tavi V. V. V. V. kaTikaTikaTikaTionTa mJavuronTa mJavuronTa mJavuronTa mJavur----tutovani klasifikaciatutovani klasifikaciatutovani klasifikaciatutovani klasifikacia    
V.V.V.V.1.1.1.1.    analizis sianalizis sianalizis sianalizis sistematuri da wiladuri msvlelobastematuri da wiladuri msvlelobastematuri da wiladuri msvlelobastematuri da wiladuri msvleloba    

    
kaTionTa aRmoCenis TvisebiTi reaqciebis Catarebisas, saanalizo xsnarSi 

SeiZleba imyofebodes ramdenime kaTioni erTad. amas garda, zogierTi kaTioni 
Sedis reaqciaSi sakvlevi kaTionis aRmomCen reaqtivTan, riTac xels uSlis mis 

aRmoCenas. magaliTad, natriumis hidrotartrati (NaHC4H4O6)  urTierTqmedebs ara  

marto K
+-ionTan aramed NH4

+-ionTanac. ase rom, NH4
+
-ionis arseboba xsnarSi   

xels SeuSlis   K
+-ionis aRmoCenas. maSasadame, Tavdapirvelad saWiroa imis gageba, 

aris Tu ara xsnarSi NH4
+-ionebi da Tu aris, saWiroa xsnaridan maTi mocileba. 

aqedan gamomdinare, ar SeiZleba nebismieri TanmimdevrobiT aRmovaCinoT calkeuli 
ionebi.  

im qimiur reaqciaTa Tanmimdevrul erTobliobas, romlebic saSualebas im qimiur reaqciaTa Tanmimdevrul erTobliobas, romlebic saSualebas im qimiur reaqciaTa Tanmimdevrul erTobliobas, romlebic saSualebas im qimiur reaqciaTa Tanmimdevrul erTobliobas, romlebic saSualebas 
iZlevian xsnaridan mocilebuli iqnas xelisSemSleli ionebi, raTa aRmoCenili iZlevian xsnaridan mocilebuli iqnas xelisSemSleli ionebi, raTa aRmoCenili iZlevian xsnaridan mocilebuli iqnas xelisSemSleli ionebi, raTa aRmoCenili iZlevian xsnaridan mocilebuli iqnas xelisSemSleli ionebi, raTa aRmoCenili 
iqnas sakvlevi ionebi, ewodebaiqnas sakvlevi ionebi, ewodebaiqnas sakvlevi ionebi, ewodebaiqnas sakvlevi ionebi, ewodeba analizis sistematuri msvleloba.analizis sistematuri msvleloba.analizis sistematuri msvleloba.analizis sistematuri msvleloba.  

SeiZleba ara marto erTi, aramed xelisSemSleli ionebis mTeli jgufis 
aRmoCena da mocileba, rac xorcieldeba jgufobrivi reaqtiviT. Mmagram, 
jgufobrivi reaqtivebis meSveobiT kaTionTa mocileba dakavSirebulia Sromatevad 
qimiur operaciebTan: daleqvasTan; gafiltvrasTan; CarecxvasTan; ganmeorebiT 
gaxsnasTan da a.S. amitom ufro mosaxerxebelia analizis wiladuri reaqciebis 
Catareba.  

im reaqciebis erTobliobas, romelTa saSualebiT SeiZleba CvenTvis im reaqciebis erTobliobas, romelTa saSualebiT SeiZleba CvenTvis im reaqciebis erTobliobas, romelTa saSualebiT SeiZleba CvenTvis im reaqciebis erTobliobas, romelTa saSualebiT SeiZleba CvenTvis 
sasurveli ionis aRmoCena sxva ionebis monawileobis drosac ki, analizis sasurveli ionis aRmoCena sxva ionebis monawileobis drosac ki, analizis sasurveli ionis aRmoCena sxva ionebis monawileobis drosac ki, analizis sasurveli ionis aRmoCena sxva ionebis monawileobis drosac ki, analizis 
wiladuri msvleloba ewwiladuri msvleloba ewwiladuri msvleloba ewwiladuri msvleloba ewodeba. odeba. odeba. odeba.     

aseTi reaqciebis Casatareblad saWiroa specifiuri an seleqtiuri 
reaqtivebis gamoyeneba, romlebic gacilebiT mcirericxovania. aqedan gamomdinare, 
ionebis aRmoCenas awarmoeben or etapad:or etapad:or etapad:or etapad: 
1)1)1)1) Tavdapirvelad, saTanado reaqciebiT gamoyofen sakvlev ions, an SeniRbaven 
xelisSemSlel ionebs: 
2)2)2)2) Semdeg etapze, damaxasiaTebeli reaqciiT rwmundebian sakvlevi ionis xsnarSi 
arsebobaSi da miaxloebiT sazRvraven mis raodenobas (Zalian bevri, bevri, mcire, 
kvali). 
 wiladuri analizis fuZemdebelia rusi qimikosi tananaevi,wiladuri analizis fuZemdebelia rusi qimikosi tananaevi,wiladuri analizis fuZemdebelia rusi qimikosi tananaevi,wiladuri analizis fuZemdebelia rusi qimikosi tananaevi, romelmac 1950 
wels gamosca saxelmZRvanelo “wiladuri analizi”. wiladuri analizi gacilebiT 
swrafia da SedarebiT araSromatevadi. misi saSualebiT aRmoiCineba narevSi 
arsebuli ionebis SezRuduli (mcire) raodenobac da is SeiZleba gavimeoroT 
ramdenjerme. 
 magaliTi:magaliTi:magaliTi:magaliTi:    
 saanalizo xsnarSi Pb

2+-ionebis K2CrO4–iT aRmoCena wiladuri meTodiT 
xorcieldeba Semdegnairad: 
vTqvaT, xsnarSi aris kidev Semdegi ionebi: Ag

+
;Hg2

2+
;  Hg

2+
;  Ba

2+
;  Ca

2+
;  Sr

2+
,  romlebic 

aseve warmoqmnian naleqebs K2CrO4-Tan (qromatebs). am SemTxvevaSi iqcevian 
Semdegnairad: 
1)1)1)1) saanalizo xsnarze amateben ganzavebul gogirdmJavas, romelic leqavs 
xelisSemSlel ionebs da maT Soris tyviasac. saerTo naleqs gamoyofen 
gafiltvriT,  da Carecxaven. Semdeg naleqs amuSaveben amoniumis acetatiT, 
romelSic gaixsneba  mxolod PbSO4, sxva naleqebi  ki ar gaixsneba: 

PbSO4↓  +  2CH3COONH4   →   (CH3COO)2Pb  +  (NH4)2SO4 
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2)2)2)2) momdevno etapze xsnars gafiltraven da filtratSi K2CrO4–iT aRmoaCenen tyviis 
ionebs: 

 

(CH3COO)2Pb  +     K2CrO4     →    PbCrO4↓    +     2CH3COOK                                                 

                                            yviTeliyviTeliyviTeliyviTeli    
                                                    kristalurikristalurikristalurikristaluri    

 wiladuri analizis upiratesobebia: misi siCqare da maRali mgrZnobiaroba. 

    
    

    
V.V.V.V.2. 2. 2. 2. kaTionTa sulfiduri klasifikaciakaTionTa sulfiduri klasifikaciakaTionTa sulfiduri klasifikaciakaTionTa sulfiduri klasifikacia    

    
 memememe----19 saukunis meore naxevarSi rusma qimikosma n.a.menSutkinma19 saukunis meore naxevarSi rusma qimikosma n.a.menSutkinma19 saukunis meore naxevarSi rusma qimikosma n.a.menSutkinma19 saukunis meore naxevarSi rusma qimikosma n.a.menSutkinma kaTionebi 
dahyo 5 jgufad5 jgufad5 jgufad5 jgufad da am sistemas safuZvlad daudo maTi damokidebuleba 
gogirdwyalbadTan _ H2S,,,, romelTanac isini warmoqmnian sxvadasxva xsnadobis 
naleqebs _ sulfidebs.sulfidebs.sulfidebs.sulfidebs. aqedan gamomdinare, am klasifikacias sulfidusulfidusulfidusulfiduri ri ri ri 
klasifikacia klasifikacia klasifikacia klasifikacia ewoda (cxrili 5). 

    
cxrili cxrili cxrili cxrili  5    

kaTionTkaTionTkaTionTkaTionTa sulfiduri klasifikaciaa sulfiduri klasifikaciaa sulfiduri klasifikaciaa sulfiduri klasifikacia    
    

jgufijgufijgufijgufi    kaTionebikaTionebikaTionebikaTionebi    jgufobrivi jgufobrivi jgufobrivi jgufobrivi 
reaqtivireaqtivireaqtivireaqtivi    

naleqTa xsnadobanaleqTa xsnadobanaleqTa xsnadobanaleqTa xsnadoba    

IIII    K
+
,  Na

+
,  NH4

+
,  Mg

2+
 _ _ 

    
    
IIIIIIII    

 

 

Ba
2+

, Ca
2+

, Sr
2+

 

(NH4)2CO3, 

[NH3 da  NH4Cl-is 
Tanaobisas]]]]     

ar ileqebian ((((NH4)2S-iT. 
naleqebi: karbonatebi, 
romlebic uxsnadia 
wyalSi da xsnadia  

HCl-Si 
    
    
IIIIIIIIIIII    

 

Ni
2+

, Co
2+ 

, Fe
2+,3+

,  Al
3+

, 

Cr
3+

, Mn
2+

,  Zn
2+ 

    
((((NH4)2S, 

[NH3 da  NH4Cl-is 
Tanaobisas]]]]    

sulfidebi xsnadia 
 HCl-Si. 

Nnaleqebi - sulfidebi 
da hidroqsidebi: 

Al(OH)3, Fe2O3, Cr(OH)3, 

MnS, CoS, NiS 

    
IVIVIVIV    

 

Hg
2+

,  Cu
2+

, Cd
2+

, Bi
3+

 , 
As

3+,5+
, Sb

3+,5+
,  Sn

2+,4+ 

H2S, 

[HCl-is Tanaobisasis Tanaobisasis Tanaobisasis Tanaobisas]]]]    
Nnaleqebi – sulfidebi: 

Hg
2+

,  Cu
2+

, Cd
2+

, Bi
3+

-is 
sulfidebi  uxsnadia 

Na2S-Si; 

As
3+,5+

, Sb
3+,5+

, Sn
2+,4+----is 

sulfidebi ixsnebian 
Na2S-Si, Tiomarilebis 

warmoqmniT 
 

    
    
    
VVVV    

 

 

Ag
+
,  [Hg2]

2+
,  Pb

2+ 

 

 

2N  HCl    

Nnaleqebi _ 
qloridebi, romlebic 
uxsnadia wyalSi da 
ganzavebul mJavebSi. 
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sulfidur klasifikacias gaaCnia Tavisi naklovanebebi,sulfidur klasifikacias gaaCnia Tavisi naklovanebebi,sulfidur klasifikacias gaaCnia Tavisi naklovanebebi,sulfidur klasifikacias gaaCnia Tavisi naklovanebebi, kerZod:  
1) mis Catarebas sWirdeba 25-30 saaTi, rac ar pasuxobs Tanamedrove qimiuri  
  warmoebis moTxovnebs; 
2) analizis msvlelobisas gamoiyeneba momwamvleli gazi _ gogirdwyalbadi, 
amitom 23analizis Catareba moiTxovs specialurad mowyobili oTaxis arsebobas. 
 

 
 
 
 

V.V.V.V.3. 3. 3. 3. kaTionTa kaTionTa kaTionTa kaTionTa IIII----IIIIIIII----III analizuri jgufebis daxasiaTebaIII analizuri jgufebis daxasiaTebaIII analizuri jgufebis daxasiaTebaIII analizuri jgufebis daxasiaTeba    
    

 sulfiduri klasifikaciis naklovanebebma dRis wesrigSi daayena iseTi 
klasifikaciis SemuSaveba, sadac gamoyenebuli ar iqneboda gogirdwyalbadi. aseTi 
klasifikacia Seqmna moskovis pedagogiuri institutis profesorma s.d.beskovs.d.beskovs.d.beskovs.d.beskovma da ma da ma da ma da 
kaTionTa am sistemas kaTionTa am sistemas kaTionTa am sistemas kaTionTa am sistemas mJavurmJavurmJavurmJavur----tutovanitutovanitutovanitutovani    klasifikacia ewoda, radganac mas klasifikacia ewoda, radganac mas klasifikacia ewoda, radganac mas klasifikacia ewoda, radganac mas 
safuZvlad udevs kaTionebis damokidebuleba safuZvlad udevs kaTionebis damokidebuleba safuZvlad udevs kaTionebis damokidebuleba safuZvlad udevs kaTionebis damokidebuleba mJavebTan an tuteebTan. mJavebTan an tuteebTan. mJavebTan an tuteebTan. mJavebTan an tuteebTan.     

sistema kaTionTa 6 jgufs6 jgufs6 jgufs6 jgufs moicavs da igi mWidro kavSirSia elementTa 
mdebareobasTan d.i.mendeleevis periodul sistemaSi da elementTa eleqtronuli 
garsebis aRnagobasTan (cxrili 6). 

    
cxrili cxrili cxrili cxrili  6 

kaTionTa jgufebi mJavurkaTionTa jgufebi mJavurkaTionTa jgufebi mJavurkaTionTa jgufebi mJavur----tutovani klasifikatutovani klasifikatutovani klasifikatutovani klasifikaciis mixedviTciis mixedviTciis mixedviTciis mixedviT    
    

jgujgujgujgu----
fifififi    

kaTionebikaTionebikaTionebikaTionebi    jgufis daxasiaTebajgufis daxasiaTebajgufis daxasiaTebajgufis daxasiaTeba    jgufobjgufobjgufobjgufob----
rivi rivi rivi rivi 

reaqtivireaqtivireaqtivireaqtivi    

naleqis naleqis naleqis naleqis 
SemadSemadSemadSemad----

genlobagenlobagenlobagenloba    

naleqis naleqis naleqis naleqis 
xsnadobaxsnadobaxsnadobaxsnadoba    

IIII    Li
+
,  Na

+
, K

+
, NH4

+ qloridebi, 
sulfatebi, 

hidroqsidebi xsnadia 
wyalSi 

 

_ 

    
____    

    
____    
    

IIIIIIII    Ag
+
,[Hg2]

2+
,Pb

2+ qloridebi uxsnadia 
wyalSi da ganzavebul 

mJavebSi 

2N HCl MCln uxsnadiauxsnadiauxsnadiauxsnadia    
NaOH----SiSiSiSi, 

HCl----SiSiSiSi    
IIIIIIIIIIII    Ca

2+
, Ba

2+
,Sr

2+
 sulfatebi ar 

ixsnebian wyalSi da 
mJavebSi 

H2SO4 MSO4 uxsnadiauxsnadiauxsnadiauxsnadia    
HCl----SiSiSiSi,  

NaOH----SiSiSiSi    
IVIVIVIV    Al

3+
, Cr

3+
, Zn

2+
, 

Sn
2+,4+

, As
3+,5+

 

hidroqsidebi 
amfoterulia, 
ixsnebian Warb 

tuteebSi 

KOH 

NaOH 

M(OH)n xsnadixsnadixsnadixsnadia a a a 
Warb Warb Warb Warb     

NaOH----SiSiSiSi    

VVVV    Mg
2+

,Mn
2+

,Fe
2+,3+

, 

Bi
3+

, Sb
3+,5+

 

hidroqsidebi 
aramfoterulia,  
ar ixsnebian Warb 

tuteebSi 

NH4OH 

NaOH 

M(OH)n     uxsnadiauxsnadiauxsnadiauxsnadia    
NaOH----SiSiSiSi    

    

VIVIVIVI    Co
2+

,Ni
2+

,Hg
2+

, 

Cu
2+

, Cd
2+ 

hidroqsidebi 
warmoqmnian xsnad 

amiakatebs 

WarbiWarbiWarbiWarbi    
NH4OH 

 

M(OH)n xsnadia xsnadia xsnadia xsnadia 
WarbWarbWarbWarb    

NH4OH----SiSiSiSi    
        

 

    



 - 40 -  

I analizuri jgufis kaTionebia: I analizuri jgufis kaTionebia: I analizuri jgufis kaTionebia: I analizuri jgufis kaTionebia: Li
+
, Na

+
, K

+
, NH4

+
. maT gaaCniaT Semdegi saerTo 

Tvisebebi: 
1)1)1)1) maTi marilebi ufero, kristaluri naerTebia, wyalSi kargad ixsnebian;  

2)2)2)2)     IIII analizuri jgufis kaTionebs ar gaaCniaT jgufobrivi reaqtivi.  K
+
-ionisa  

da NH4
+-ionebis seleqtiuri reaqtivia NaHC4H4O6, romelic maTTan iZleva TeTri 

feris wvril, kristalur naleqebs: 
KCl  +    NaHC4H4O6    →   K HC4H4O6↓   +  NaCl 

                        kaliumis kaliumis kaliumis kaliumis     
                                                        hidrotartratihidrotartratihidrotartratihidrotartrati    

 NH4Cl  +    NaHC4H4O6   →    NH4 HC4H4O6↓   +   NaCl 
                            amoniumis amoniumis amoniumis amoniumis     

                                                        hidrotartratihidrotartratihidrotartratihidrotartrati    
 

3)3)3)3)        IIII analizuri jgufis kaTionebi tute metalebia; 
4444)))) IIII analizuri jgufis kaTionebi imyofebian mendeleevis perioduli 

sistemis IIIIA    jgufSi; 
5555)))) IIII analizuri jgufis kaTionebi miekuTvnebian S

1-elementebs da es 
erTaderTi S eleqtroni ganlagebulia Sida qveSreze; 

6666) I) I) I) I analizuri jgufis kaTionebi warmoqmnian sferosebri simetriis 
kaTionebs, romlebic ganapirobeben maTi naerTebis simtkices, uferobas da sust 
polarizacias. 
 
 II analizuri jgufis kaTionebia: II analizuri jgufis kaTionebia: II analizuri jgufis kaTionebia: II analizuri jgufis kaTionebia: Ag

+
; [Hg2]

2+
; Pb

2+
. isini mdebareoben 

perioduli sistemis IIIIA,   IIB  da IVA jgufebSi.  magram, mixedavad amisa, isini 
gaerTianebuli arian mJavur-tutovani klasifikaciis erT jgufSi Semdegi saerTo 
Tvisebebis safuZvelze: 

1)1)1)1) yvela kaTioni Zlieri polarizatoria; 
2)2)2)2) maTi marilebis umravlesoba wyalSi uxsnadia; 
3)3)3)3) maT gaaCniaT jgufobrivi reaqtivi _ ganzavebuli HCl , romelTanac isini  

warmoqmnian TeTr kristalur naleqebs qloridebis saxiT: 
 
                                                          AgNO3  +  HCl  →  AgCl↓  +  HNO3          

 

 [Hg2](NO3)2   +  2HCl   →    [Hg2]Cl2↓    +  2HNO3 

 

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

                                                    
    
    

4) II4) II4) II4) II analizuri jgufis kaTionebi warmoqmnian kompleqsur naerTebs. 
 vercxls gaaCnia S

1    eleqtroni Sida Sreze, magram misi Tvisebebi mkveTrad 
gansxvavdeba I analizuri jgufis kaTionebis Tvisebebisgan. es aixsneba imiT, rom 
S-eleqtronis gacemis Semdeg, vercxli iRebs  3d

10  da  
4d

10 konfiguraciebs, rac 
ganapirobebs vercxlis unars, warmoqmnas sxvadasxva daJangulobis xarisxis mqone 
ionebi da gamoavlinos kargi kompleqswarmomqmnelis Tvisebebi. 
 vercxliswyali miekuTvneba  S

2  elements da  6S
2
-eleqtronebi 

 miekuTvne-
bian inertul wyvils, amitom  Hg

+  Znelad iJangeba  [Hg2]
2+-mde. 

 tyvia aseve Seicavs inertul wyvils _ 6S
2, magram ufro advilad warmoqmnis 

ormuxtian ions.  
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 III analizuri jgufis kaTionebia: III analizuri jgufis kaTionebia: III analizuri jgufis kaTionebia: III analizuri jgufis kaTionebia: Ca
2+

, Ba
2+

, Sr
2+.... isini mdebareoben perioduli 

sistemis IIIIIIIIA jgufSi da gaerTianebuli arian mJavur-tutovani klasifikaciis erT 
jgufSi Semdegi saerTo Tvisebebis mixedviT: 

1)1)1)1) me-III analizuri jgufis kaTionebi warmoadgenen tute metalebs; 
2)2)2)2) maT gaaCniaT Semdegi eleqtronuli konfiguraciebi: 4S

2
, 5S

2
, 6S

2
,  amitom  S

2-
eleqtronebis gacemis Semdeg iJangebian ormuxtian ionebamde, romlebsac gaaCniaT 
inertuli gazebis eleqtronuli konfiguracia (8 eleqtroniT Sida Sreze). es 
iwvevs maT mdgradobas, sust polarizacias; 

3)3)3)3) me-III analizuri jgufis kaTionebis jgufobrivi reagentia _ ganzavebuli 
H2SO4,,,,    romelTanac isini warmoqmnian TeTr kristalur naleqebs sulfatebis naleqebs sulfatebis naleqebs sulfatebis naleqebs sulfatebis 
saxiT:saxiT:saxiT:saxiT:    
 

CaCl2  +  H2SO4  →  CaSO4↓  +  2HCl 
                                            kalciumis kalciumis kalciumis kalciumis     
                                            sulfatisulfatisulfatisulfati    

    

BaCl2  +  H2SO4  →  BaSO4↓  +  2HCl 
                                    bariumis bariumis bariumis bariumis     
                                sulfati sulfati sulfati sulfati     

    

SrCl2  +  H2SO4  →  SrSO4↓    +    2HCl 
                                    stronciumis stronciumis stronciumis stronciumis     
         sulfatisulfatisulfatisulfati    

    
4)4)4)4) me-III analizuri jgufis kaTionebis hidroqsidebi Zlieri tuteebia: 

Ca(OH)2;  Ba(OH)2;  Sr(OH)2. 

 

 

 

    
V.V.V.V.4.4.4.4.    kaTionTa IVkaTionTa IVkaTionTa IVkaTionTa IV----VVVV----VVVVI analizuri jgufebis daxasI analizuri jgufebis daxasI analizuri jgufebis daxasI analizuri jgufebis daxasiiiiaTebaaTebaaTebaaTeba    

    
IV analizuri jgufis kaTionebia: IV analizuri jgufis kaTionebia: IV analizuri jgufis kaTionebia: IV analizuri jgufis kaTionebia: Al

3+
, Cr

3+
, Zn

2+
,  Sn

2+,4+
, As

3+,5+
. 

 maTi saerTo niSan-Tvisebebia: 
1)1)1)1) maTi jgufobrivi reagentebia mwvave tuteebi _ NaOH  da   KOH, romelTa 

wveTobiT damatebisas isini warmoqmnian amfoterul hidroqsidebs, romlebic 
kvlav ixsnebian Warb tuteebSi da miiReba xsnadi marilebi: 
 

AlCl3      +     3NaOH     →     Al(OH)3↓     +     3NaCl 
                                                             wveTobiT    wveTobiT    wveTobiT    wveTobiT            aluminisaluminisaluminisaluminis    
                                                                                                                                                                                    hidroqsidihidroqsidihidroqsidihidroqsidi    

 

Al(OH)3↓    +    NaOH    →    Na[AlO2]    +    2H2O 
        WarbadWarbadWarbadWarbad          natriuminatriuminatriuminatriumis s s s     
                                                                aluminatialuminatialuminatialuminati    

 

ZnCl2    +    2NaOH     →   Zn(OH)2↓     +   2NaCl 
                                                                   wveTobiT     TuTiiswveTobiT     TuTiiswveTobiT     TuTiiswveTobiT     TuTiis    
                                                                                                                                                                                                            hidroqsidihidroqsidihidroqsidihidroqsidi    

Zn(OH)2↓    +   NaOH   →   Na2[ZnO2]   +   2H2O 
                                                                       Warbad  Warbad  Warbad  Warbad              natriumisnatriumisnatriumisnatriumis    
                                                                                                                                                                                                                cinkaticinkaticinkaticinkati    
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2)2)2)2) am elementTa amfoteruloba gamowveulia imiT, rom isini miekuTvnebian 
PP- da  d- elementebs da es PPPPP- da d- orbitalebi vakanturia, amitom isini SeiZleba  
Seivson eleqtronebiT; 

3)3)3)3) amfoteruli elementebi periodul sistemaSi ikaveben Sua adgilebs da 
ganlagebuli arian diagonalurad. 
 

V analizuri jgufis kaTionebia: V analizuri jgufis kaTionebia: V analizuri jgufis kaTionebia: V analizuri jgufis kaTionebia: Mg
2+

, Mn
2+

, Fe
2+,3+

,  Bi
3+

, Sb
3+,5+

. 

     maTi saerTo niSan-Tvisebebia: 
 1) maTi umravlesoba avlens cvalebad daJangulobis xarisxs, radganac 
Seuvsebeli aqvT rogorc bolo, agreTve boloswina orbitalebi; 

2) zemoaRniSnulis gamo, es elementebi aqtiurad monawiloben Jangva-
aRdgeniT reaqciebSi; 

3) maTi naerTebis umetesoba Seferilia; 
4) maT gaaCniaT nawilobriv Sevsebuli PP-da  d-orbitalebi; 
5) isini gardamavali elementebia, romlebsac gaaCniaT kargad gamoxatuli  

kompleqswarmoqmnis unari; 
6) maTi jgufobrivi reagentebia NH4OH  da NaOH, romlebTanac isini 

warmoqmnian araamfoterul hidroqsidebs: 
MgCl2    +     2NH4OH   →   Mg(OH)2↓    +   2NH4Cl 

 

  FeCl3   +   3NH4OH    →    Fe(OH)3↓    +    3NH4Cl 

 
 
VI analizuri jgufis kaTionebia: VI analizuri jgufis kaTionebia: VI analizuri jgufis kaTionebia: VI analizuri jgufis kaTionebia: Co

2+
, Ni

2+
, Hg

2+
, Cu

2+
, Cd

2+
.  

     maTi saerTo niSan-Tvisebebia: 
1)1)1)1) isini gardamavali elementebia, romlebSic mimdinareobs    d- qveSris Sevseba; 
2)2)2)2) maTi jgufobrivi reaqtivia Warbi NH4OH, romlis wveTobiT damatebisas, 

isini warmoqmnian hidroqsidebs, xolo mis siWarbeSi isev ixsnebian da miiReba 
xsnadi kompleqsuri marilebi, romlebsac amiakatebi ewodeba: 
 

CuCl2    +    2NH4OH     →    Cu(OH)2↓    +    2NH4Cl 
                                                               wveTobiT     spilenZiswveTobiT     spilenZiswveTobiT     spilenZiswveTobiT     spilenZis    
                                                                                                                                                                                                    hidroqsidihidroqsidihidroqsidihidroqsidi    

 

Cu(OH)2↓   +   4 NH4OH   →   [Cu(NH3)4](OH)2    +   4H2O 
                                                                   Warbad     spilenZis Warbad     spilenZis Warbad     spilenZis Warbad     spilenZis     
                                                                                                                                                                                                        amiakatiamiakatiamiakatiamiakati    
    

CoCl2   +  2NH4OH     →    Co(OH)2↓    +    2NH4Cl 
                                                            wveTobiT    wveTobiT    wveTobiT    wveTobiT                kobaltis kobaltis kobaltis kobaltis     
                                                                                                                                                                                                    hidroqsidihidroqsidihidroqsidihidroqsidi    
    

Co(OH)2↓    +   6NH4OH    →    [Co(NH3)6](OH)2    +   6H2O 
                                                                Warbad         kobaltis Warbad         kobaltis Warbad         kobaltis Warbad         kobaltis     
                                                                                                                                                                                                                amiakatiamiakatiamiakatiamiakati    

 perioduli sistemis I jgufis elementTa marilebis umravlesoba wyalSi 
xsnadia, xolo II, III, V da VI jgufebis elementTa hidroqsidebi, fosfatebi  da 
karbonatebi wyalSi uxsnadia. elementTa Jangva-aRdgeniTi Tvisebebic 
damokidebulia maT ganlagebaze periodul sistemaSi. aRdgeniTi Tvisebebi, anu 
eleqtronTa gacemis unari axasiaTebT metalebs, xolo JangviTi Tvisebebi, anu 
eleqtronTa SeZenis unari axasiaTebT arametalebs. es damokidebulia atomTa gare 
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eleqtronuli garsebis Sevsebaze, atomTa zomebze da maT unarze, miizidon 
eleqtronebi. 

mJavur-tutovani klasifikaciis upiratesobani gamoixateba imaSi, rom mas 
safuZvlad daedo kaTionTa damokidebuleba mJavebTan da tuteebTan, amfoteroba, 
kompleqswarmoqmna da sxva Tvisebebi. amasTan, jgufobriv reaqtivad ar gamoiyeneba 
gogirdwyalbadi da analizic ufro swrafad mTavrdeba.  

ionTa analizuri klasifikacia gansxvavdeba elementTa mdebareobisgan 
periodul sistemaSi, magram ar SeiZleba mas vuwodoT xelovnuri, radganac mis 
safuZvelSi devs garkveuli kanonzomierebani, romlebic kavSirSia naerTTa 
xsnadobasTan, oqsidTa mJavur-fuZur TvisebebTan. radganac ionTa Tvisebebi 
metwilad ganpirobebulia maTi eleqtronuli konfiguraciiT, amitom ionTa 
analizur klasifikaciaSi erTsa da imave jgufSi xSirad gvxvdeba periodebis 
sxvadasxva jgufebSi mdebare elementTa ionebi.  
 
 
 
 
 
 

 
Tavi VI. Tavi VI. Tavi VI. Tavi VI. wylis ionwylis ionwylis ionwylis ionuri namravli. buferuli sistemebiuri namravli. buferuli sistemebiuri namravli. buferuli sistemebiuri namravli. buferuli sistemebi    

    
VI.VI.VI.VI.1. wylis ionizaciis Termodin1. wylis ionizaciis Termodin1. wylis ionizaciis Termodin1. wylis ionizaciis Termodinaaaamikuri konstantamikuri konstantamikuri konstantamikuri konstanta    

    
 sufTa wyali, romelic ar Seicavs minarevebs, xasiaTdeba mcire 
eleqtrogamtarobiT, radganac misi molekulebi umniSvnelod, magram mainc 
iSlebian ionebad. wyali tipiuri amfoteruli eleqtrolitia: 

−+ +⇔+ OHOHOHOH 322  

                               mJava  fuZe   mJava  fuZe 
maSasadame, wyalbadis ioni wyalxsnarSi arsebobs hidroqsoniumis ionis 

saxiT, magram Canaweris gamartivebis mizniT, weren ara +OH 3 -s, aramed +H -s,   e.i. 
−+ +⇔ OHHOH 2  

 wylis ionizacia Seqcevadi procesia, amitom Tu mas mivuyenebT mmk-s, 
SeiZleba wylis ionizaciis konstantas gamoTvla: 

OH

OHH

a

aa

2

−+ ×
= aK ,   sadac:  aK - aris wylis ionizaciis Termodinamikuli konstanta. 

eqsperimentulad napovnia, rom roca t = 25°C,  aK  = 1,8 × 10-16. wylis 1 litri 

Seicavs: 1000 : 18 = 55,5 mols, anu [H2O] = 55,5 moli/l. aqedan ionebad disocirdeba 
wylis molekulebis umniSvnelo raodenoba: yoveli 555 milioni molekulidan _ 
mxolod erTi. e.i. ionizirebuli H

+
 -is    da   OH

- -ionebis koncentracia Zalze 
mcirea, igi Seadgens 1×10-7g-ioni/l. wylis danarCeni raodenoba imyofeba 
araionizirebuli molekulebis saxiT. radganac araionizirebuli molekulebis 
koncentracia 555 milioniT aRemateba ionizirebuli molekulebis ricxvs, amitom 

OHa
2
 iTvleba mudmiv sidided.  

 wylis ionizaciis konstantas toloba SeiZleba Semdegnairad gardaiqmnas: 

 −+ ×
OHH

aa = ×aK OHa
2
 =  1,8 × 10-16 × 55,5  =  1 × 10-14. 
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 wyalbadwyalbadwyalbadwyalbad----    da hidroqsilda hidroqsilda hidroqsilda hidroqsil----ionebis aqtivobebis namravli mudmivi sididea, mas ionebis aqtivobebis namravli mudmivi sididea, mas ionebis aqtivobebis namravli mudmivi sididea, mas ionebis aqtivobebis namravli mudmivi sididea, mas 
ewodeba wylis ionuri namravli, aRiniSneba ewodeba wylis ionuri namravli, aRiniSneba ewodeba wylis ionuri namravli, aRiniSneba ewodeba wylis ionuri namravli, aRiniSneba OHK

2
    da da da da t = 25°C ----ze igi tolia 1 × 10ze igi tolia 1 × 10ze igi tolia 1 × 10ze igi tolia 1 × 10----14141414.... 

radganac [H+
] da [OH

-
] = 1×10-7g-ioni/l, amitom maTi aqtivobebi praqtikulad maTi 

koncentraciebis tolia: −+ ×
OHH

aa = [H+
] × [OH

-
] = 1 × 10-14, roca t = 25°C.  

maSasadame, sufTa wylisTvis  da Zlier ganzavebuli eleqtrolitebisTvis 
[H+

]   da   [OH
-
] –ionebis koncentraciebis namravli praqtikulad tolia wylis 

ionuri namravlisa: 
 

[H+
] × [OH

-
] = OHK

2
 

wylis ionizacia endoTermuli procesia, amitom le-Satelies principis 
Tanaxmad, temperaturis gazrdiT ionizaciis wonasworoba gadainacvlebs wylis 

warmoqmnis mxares da OHK
2
 izrdeba, xolo temperaturis SemcirebiT _ OHK

2
 

mcirdeba. [H+
] da [OH

-
] ukuproporciulad arian dakavSirebuli erTmaneTTan, magram 

arasodes ar arian 0-is toli:   [H+
] =

][

2

−OH

K OH
    da  [OH

-
] = 

][

2

+H

K OH
. 

 neitralur xsnarebSi:  [neitralur xsnarebSi:  [neitralur xsnarebSi:  [neitralur xsnarebSi:  [H+
] = 1×101×101×101×10----7777gggg----ioni/l;ioni/l;ioni/l;ioni/l;    

    mJava xsnarebSi:         [mJava xsnarebSi:         [mJava xsnarebSi:         [mJava xsnarebSi:         [H+
]> 1×101×101×101×10----7777gggg----ioni/l;ioni/l;ioni/l;ioni/l;    

    tute xsnarebSi:         [tute xsnarebSi:         [tute xsnarebSi:         [tute xsnarebSi:         [H+
]< 1×101×101×101×10----7777gggg----ioni/l.ioni/l.ioni/l.ioni/l.    

        
 
 
 
 
 

    
VI.VI.VI.VI.2. wylis ionuri namravli.2. wylis ionuri namravli.2. wylis ionuri namravli.2. wylis ionuri namravli.    wyalbadis maCvenebeli _ wyalbadis maCvenebeli _ wyalbadis maCvenebeli _ wyalbadis maCvenebeli _ pH        

da  hidroqsilda  hidroqsilda  hidroqsilda  hidroqsilis maCvenebeli _ is maCvenebeli _ is maCvenebeli _ is maCvenebeli _ pOH 
 

 xsnarebis mJavianobis gamosaxva [H+
] -iT iwvevs garkveul uxerxulobas, 

radganac misi sidide Zalian mcirea da Seadgens 1×10-7, anu 0,0000001-s, amitom 
wyalbad-ionis koncentraciis gamosaxvisaTvis, sargebloben wyalbadis 
maCvenebliT, anu pH----is sididiT.  

pH----is simbolo warmodgeba ori laTinuri sityvis pirveli asoebisgan: 
Pondus-maCvenebeli; Hydrogenium-wyalbadi.  

pH - aris wyalbadaris wyalbadaris wyalbadaris wyalbad----ionebis koncentraciisionebis koncentraciisionebis koncentraciisionebis koncentraciis    gamomsaxveli ricxvis uaryofiTi gamomsaxveli ricxvis uaryofiTi gamomsaxveli ricxvis uaryofiTi gamomsaxveli ricxvis uaryofiTi 
aTobiTiaTobiTiaTobiTiaTobiTi    logariTmi:logariTmi:logariTmi:logariTmi:    

pH = = = = ]lg[ +− H     = = = = 
][

1
lg +H

        

 

neitraluri xsnarebisTvis: neitraluri xsnarebisTvis: neitraluri xsnarebisTvis: neitraluri xsnarebisTvis: pH = = = = 710lg −−     = 7.= 7.= 7.= 7.    

roca mcirdeba  [H+
], maSin pH izrdeba da piriqiT. rac ufro maRalia pH, miT 

ufro tutea xsnari. 
 
rogorc cnobilia, wylis ionuri namravli tolia:  

[H+
] × [OH

-
] =  10-14 (1) 

(1) gantolebis galogariTmebiT miviRebT: lg[H
+
]+lg[OH

-
]=lg10

-14
 (2) 

lg[H
+
]+lg[OH

-
]= -14 (3) 
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 -14  rom gavxadoT dadebiTi ricxvi, (3) gantolebis yvela wevri gavamravloT 
-1 -ze, miviRebT:                  -lg[H

+
]- lg[OH

-
] = 14 (4)   

   -lg[OH
-
]_aris _aris _aris _aris [OH

-
]----is uaryofiTi aTobiTiis uaryofiTi aTobiTiis uaryofiTi aTobiTiis uaryofiTi aTobiTi    logariTmi, mas ewodeba logariTmi, mas ewodeba logariTmi, mas ewodeba logariTmi, mas ewodeba 

hidroqsilhidroqsilhidroqsilhidroqsilis maCvenebeli da aRiniSneba is maCvenebeli da aRiniSneba is maCvenebeli da aRiniSneba is maCvenebeli da aRiniSneba pOH    simboloTi.simboloTi.simboloTi.simboloTi.  

maSasadame:    pOH = - lg[OH
-
] = 

][

1
lg −OH

  

CavsvaT pH-is da pOH-is simboloebi  (4) tolobaSi: 
pH + pOH = 14 (5) 

 (5) gantolebas gaaCnia didi mniSvneloba xsnarebis reaqciis dasaxasi-
aTeblad, kerZod:  

    Tu Tu Tu Tu pH =7, maSin maSin maSin maSin pOH = 7 da xsnari neitraluria;da xsnari neitraluria;da xsnari neitraluria;da xsnari neitraluria;    
    

Tu Tu Tu Tu pH <7,  maSin maSin maSin maSin pOH > 7 da xsnari mJavaa;da xsnari mJavaa;da xsnari mJavaa;da xsnari mJavaa;    
    

                                                                    Tu Tu Tu Tu pH >7,  maSin maSin maSin maSin pOH<7 dddda xsnari tutea.a xsnari tutea.a xsnari tutea.a xsnari tutea.    
    
    
 
 
 
 
 
 

VI.VI.VI.VI.3. Tanafar3. Tanafar3. Tanafar3. Tanafardoba doba doba doba wyalbadwyalbadwyalbadwyalbad----ionis kionis kionis kionis koooonnnncecececentracias, ntracias, ntracias, ntracias,     
pH-sasasasa, , , , pOH----sa da xsnaris reaqcias sa da xsnaris reaqcias sa da xsnaris reaqcias sa da xsnaris reaqcias SorisSorisSorisSoris    

cxrilicxrilicxrilicxrili  7 

№ Zlieri mJavas Zlieri mJavas Zlieri mJavas Zlieri mJavas 
koncentraciakoncentraciakoncentraciakoncentracia    

(g(g(g(g----eqv/l)eqv/l)eqv/l)eqv/l)    
    

1 101 101 101 10----1111    10101010----2222    10101010----3333    10101010----4444        10101010----5 5 5 5     10101010----6  6  6  6      10101010----7777        _ _ _ _         _ _ _ _         ____        _   _   _  _   _   _  _   _   _  _   _   _      

1111    Zlieri tutis Zlieri tutis Zlieri tutis Zlieri tutis 
koncentracia koncentracia koncentracia koncentracia     

(g(g(g(g----eqv/l)eqv/l)eqv/l)eqv/l)    
    

_  _  _   __  _  _   __  _  _   __  _  _   _    _ _ _ _             _   _   _   _       ____    10101010----7777    10101010----6  6  6  6  10101010----5 5 5 5 10101010----4444    10101010----3  3  3  3  10101010----2  2  2  2  10101010----1   1   1   1       

2222    [H
+
] 

(g(g(g(g----ioni/l)ioni/l)ioni/l)ioni/l)    
    

1 101 101 101 10----1111    10101010----2222    10101010----3333    10101010----4444        10101010----5555        10101010----6  6  6  6  10101010----7777    10101010----8888    10101010----9999    10101010----10101010    10101010----11111111    10101010----12121212    10101010----1313131310101010----14141414    

3333    xsnaris xsnaris xsnaris xsnaris pH 

 

0  1   2   3 0  1   2   3 0  1   2   3 0  1   2   3     4     5    64     5    64     5    64     5    6    7777    8   9   108   9   108   9   108   9   10    11   12   13  1411   12   13  1411   12   13  1411   12   13  14    

4444    xsnaxsnaxsnaxsnaris ris ris ris pOH 

    
14 13  12  1114 13  12  1114 13  12  1114 13  12  11    10    9    8      10    9    8      10    9    8      10    9    8      7777    6   5    46   5    46   5    46   5    4    3    2    1   03    2    1   03    2    1   03    2    1   0    

5555    xsnaris xsnaris xsnaris xsnaris 
reaqciareaqciareaqciareaqcia    

            mJavamJavamJavamJava    susti mJavasusti mJavasusti mJavasusti mJava    nenenene----    
itititit----    
rararara----    
lulululu----    
riririri    

susti susti susti susti 
tutetutetutetute    

                    tutetutetutetute    
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VI.VI.VI.VI.4. xsnarebis 4. xsnarebis 4. xsnarebis 4. xsnarebis pH----is gansazRvris meTodebiis gansazRvris meTodebiis gansazRvris meTodebiis gansazRvris meTodebi    
    

 TvisebiT analizSi xsnarebis pH-s sazRvraven sxvadasxva meTodebiT, 
romelTa Soris umartivesia indikatoruli meTodi.indikatoruli meTodi.indikatoruli meTodi.indikatoruli meTodi. ZiriTadad iyeneben 5 indi-
kators, romlebic icvlian fers pH-is sxvadasxva intervalebSi (cxrili 8): 
 

cxrili cxrili cxrili cxrili  8 

 
indikatoriindikatoriindikatoriindikatori    pH  mJava garemoSi da mJava garemoSi da mJava garemoSi da mJava garemoSi da 

indikatoris feriindikatoris feriindikatoris feriindikatoris feri    
pH  tute garemoSi da tute garemoSi da tute garemoSi da tute garemoSi da 
indikatoris feriindikatoris feriindikatoris feriindikatoris feri    

meTilnarinji 3,1 _ vardisferi 4,4 _ narinjisferi 
meTilis wiTeli 4,4 _ wiTeli 6,2 – yviTeli 

lakmusi 5,0 _ wiTeli 8,0 _ lurji 
fenolis wiTeli 6,8 _ yviTeli 8,0 _ wiTeli 
fenolftaleini 8,0 _ ufero 10,0 _ Jolosferi 

 
 xsnarebis xsnarebis xsnarebis xsnarebis pH----isisisis dasadgenad, xSirad sargebloben universaluri universaluri universaluri universaluri 
indikatoriT, indikatoriT, indikatoriT, indikatoriT, romelic Sedgeba 5 nivTierebis narevisgan: 1) dimeTilaminoazoben-
zoli; 2) bromTimoli; 3) meTilis wiTeli; 4) fenolftaleini; 5) Timolftaleini.  
pH----is mniSvnelobidan gamomdinare, indikatori iRebs sxvadasxva fers  (cxrili 9): 

    
cxrilicxrilicxrilicxrili  9 

 
universaluri indikatoris feris cvlileba universaluri indikatoris feris cvlileba universaluri indikatoris feris cvlileba universaluri indikatoris feris cvlileba     

pH----is sxvadasxva intervalSiis sxvadasxva intervalSiis sxvadasxva intervalSiis sxvadasxva intervalSi    
    

pH    indikatoris feriindikatoris feriindikatoris feriindikatoris feri    
1 Sindisferi 
2 movardisfro-mowiTalo 
3 narinjisfer-mowiTalo 
4 narinjisferi 
5 moyviTalo-narinjisferi 
6 moyviTalo-limonisferi 
7 momwvano-moyviTalo 
8 mwvane 
9 momwvano-molurjo 
10 iisferi 

 
 universaluri indikatori gamoiyeneba xsnaris an indikatoruli qaRaldis 
saxiT. qaRaldis Sekvraze warmodgenilia feradi skala, romelic uCvenebs, Tu 
rogor fers iRebs indikatori sxvadasxva pH----is dros. amisaTvis indikatoruli 
qaRaldis zolze daitanen sakvlevi xsnaris 1 wveTs, romelic SeRebavs mas. miRe-
bul fers Seadareben skalaze arsebul ferebs da vizualurad adgenen xsnaris 
pH-s 1-dan 2-mde sizustiT.  
 pH-is zusti raodenobrivi gansazRvrisaTvis iyeneben potenciometrebs da 
laboratoriul pH-metrebs, romelTac gavecnobiT analizis instrumentaluri 
meTodebis ganxilvisas. 
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VI.VI.VI.VI.5. buferuli sistemebi da maTi  qimiuri Sedgeniloba5. buferuli sistemebi da maTi  qimiuri Sedgeniloba5. buferuli sistemebi da maTi  qimiuri Sedgeniloba5. buferuli sistemebi da maTi  qimiuri Sedgeniloba    
    

 analizuri reaqciebis Catarebisas, xSir SemTxvevaSi (magaliTad, daleqvis 
reaqciebSi), saWiro xdeba saanalizo xsnarSi H

+
-ionebis an OH

-
-ionebis 

koncentraciis garkveuli sididis SenarCuneba. magaliTad, xsnaris ganzavebisas an 
masze mJavas an tutis damatebisas, saWiro xdeba pH-is sididis SenarCuneba. 

buferuli ewodeba xsnarebs, romelTa  buferuli ewodeba xsnarebs, romelTa  buferuli ewodeba xsnarebs, romelTa  buferuli ewodeba xsnarebs, romelTa  pH    ar icvleba maTze Zlieri mJavar icvleba maTze Zlieri mJavar icvleba maTze Zlieri mJavar icvleba maTze Zlieri mJavas as as as 
an Zlieri tutis mcire raodenobis mimatebiT, an mciredi ganzavebiT.an Zlieri tutis mcire raodenobis mimatebiT, an mciredi ganzavebiT.an Zlieri tutis mcire raodenobis mimatebiT, an mciredi ganzavebiT.an Zlieri tutis mcire raodenobis mimatebiT, an mciredi ganzavebiT.  

buferuli xsnarebi warmoadgenen eleqtrolitTa narevebs, romlebic 
Seicaven erTsaxelian ionebs. 

buferuli xsnarebis qimiuri Sedgeniloba Semdegia:buferuli xsnarebis qimiuri Sedgeniloba Semdegia:buferuli xsnarebis qimiuri Sedgeniloba Semdegia:buferuli xsnarebis qimiuri Sedgeniloba Semdegia:    
1)1)1)1) susti mJavebis da maTi marilebis narevi; 
2)2)2)2) susti fuZeebisa da maTi marilebis narevi; 
3)3)3)3) mravalfuZiani mJavebis marilTa narevi  (cxrili 10). 

 
cxrili cxrili cxrili cxrili 10101010    

 
zogierTi buferuli narevis qimiuri SedgenilobazogierTi buferuli narevis qimiuri SedgenilobazogierTi buferuli narevis qimiuri SedgenilobazogierTi buferuli narevis qimiuri Sedgeniloba    

    
saxelwodeba, saxelwodeba, saxelwodeba, saxelwodeba, 
TanafardobaTanafardobaTanafardobaTanafardoba    

1 : 11 : 11 : 11 : 1    

qimiuri qimiuri qimiuri qimiuri 
SedgenilobaSedgenilobaSedgenilobaSedgeniloba    

pH    Ggamoyenebis Ggamoyenebis Ggamoyenebis Ggamoyenebis 
zogierTi zogierTi zogierTi zogierTi 
SemTxvevaSemTxvevaSemTxvevaSemTxveva    

formiatuli HCOOH+HCOONa 3,80 ZnS-is daleqvisas 
acetaturi CH3COOH+CH3COONa 4,70 BBa

2+-is     
Cr2O7

2-
-iT 

daleqvisas 
fosfaturi NaH2PO4+Na2HPO4 6,60 Jangva-aRdgeniT 

reaqciebSi 
amiakuri NH4OH+NH4Cl 9,25 Al(OH)3-is 

daleqvisas 

    
    
    
    
    

VI.VI.VI.VI.6. buferu6. buferu6. buferu6. buferuli moqmedebis qimiuri meqanizmili moqmedebis qimiuri meqanizmili moqmedebis qimiuri meqanizmili moqmedebis qimiuri meqanizmi    
    

rrrraSi mdgomareobs buferuli moqmedebis qimiuri meqanizmi?aSi mdgomareobs buferuli moqmedebis qimiuri meqanizmi?aSi mdgomareobs buferuli moqmedebis qimiuri meqanizmi?aSi mdgomareobs buferuli moqmedebis qimiuri meqanizmi?    
1) avxsnaT es acetaturi buferuli narevis magaliTze:1) avxsnaT es acetaturi buferuli narevis magaliTze:1) avxsnaT es acetaturi buferuli narevis magaliTze:1) avxsnaT es acetaturi buferuli narevis magaliTze:    

 Tu acetatur buferze davamatebT Zlieri mJavas mcire raodenobas (HCl, 

H2SO4, HNO3), sistemis pH ar Seicvleba, radganac xsnarSi momatebuli H
+
-ionebi 

SeiboWeba CH3COONa-iT da miiReba mcired disocirebuli susti mJava_ZmarmJava: 
CH3COONa  +  HCl  →   CH3COOH  +  NaCl 

anu: CH3COO
- 
+ H

+
   →   CH3COOH 

 
 xolo Tu sistemaze davamatebT Zlieri tutis mcire raodenobas, buferuli 
narevis pH mainc ar Seicvleba, radganac xsnarSi momatebuli OH

-
-ionebi SeiboWeba 

ZmarmJaviT da warmoiqmneba wyali (susti eleqtroliti): 
CH3COOH  +  NaOH   →   CH3COONa  +  H2O 

anu: H
+  

+  OH
-   
→   H2O 
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2) Tu saqme gvaqvs amiakur buferTan2) Tu saqme gvaqvs amiakur buferTan2) Tu saqme gvaqvs amiakur buferTan2) Tu saqme gvaqvs amiakur buferTan da am sistemaze davamatebT Zlieri 
mJavas mcire raodenobas, xsnarSi momatebul H

+
-ionebs SeboWavs NH4OH, 

mimdinareobs neitralizaciis reaqcia da xsnaris pH  ar  Seicvleba: 
NH4OH  +  HNO3   →   NH4NO3  +   H2O 

anu: OH
-  

+  H
+  
→   H2O 

 
 xolo Tu sistemaze davamatebT Zlieri tutis mcire raodenobas, xsnarSi 
momatebul OH

-
 -ionebs SeboWavs NH4Cl, midis reaqcia marilsa da Zlier tutes 

Soris, romlis Sedegadac warmoiqmneba susti fuZe da xsnaris  pH  ar  Seicvleba: 
NH4Cl  +  NaOH   →   NH4OH  +   NaCl 

anu: NH4
+ 

+  OH
-
   →   NH4OH 

 
 Tu buferul xsnarebze davamatebT Zlieri mJavas an Zlieri tutis 
mniSvnelovan rodenobas, sistemis pH  ucvleli ar darCeba. 
 gansazRvruli koncentraciis mJavas an tutis im raodenobas, romelic gansazRvruli koncentraciis mJavas an tutis im raodenobas, romelic gansazRvruli koncentraciis mJavas an tutis im raodenobas, romelic gansazRvruli koncentraciis mJavas an tutis im raodenobas, romelic 
buferuli narevis 1 litrze damatebisas, cvlis narevis buferuli narevis 1 litrze damatebisas, cvlis narevis buferuli narevis 1 litrze damatebisas, cvlis narevis buferuli narevis 1 litrze damatebisas, cvlis narevis pH----s erTi erTeuliT,s erTi erTeuliT,s erTi erTeuliT,s erTi erTeuliT, 
buferuli tevadoba ewodeba.buferuli tevadoba ewodeba.buferuli tevadoba ewodeba.buferuli tevadoba ewodeba.    
 buferuli narevebi gamoiyeneba analizur qimiaSi mraval daleqvisa da 
ferad reaqciaSi. garda amisa, isini farTod gvxvdebian mcenareulsa da cxovelur 
organizmebSi (sisxli, limfa), niadagSi (niadagis xsnari), garemoSi (zRvis wyali) 
da a.S. buferuli xsnarebi uzrunvelyofen  pH-is mudmivobis SenarCunebas 
niadagSi, zRvis wyalSi, cocxal organizmebSi, biologiur xsnarebSi. 

    
    

  

 
 

Tavi VII.  moqmed masaTa kanoni da  
heterogenuli procesebi 

 
VII.VII.VII.VII.1.1.1.1.    wonasworoba sistemaSi:  naleqiwonasworoba sistemaSi:  naleqiwonasworoba sistemaSi:  naleqiwonasworoba sistemaSi:  naleqi----najeri xsnari. najeri xsnari. najeri xsnari. najeri xsnari.     

xsnadobis namravlixsnadobis namravlixsnadobis namravlixsnadobis namravli    
    

 TvisebiT analizSi xSirad vsargeblobT daleqvisa da naleqis gaxsnis 
reaqciebiT, amitom saWiroa gaverkveT, ras niSnavs “xsnadobis namravlis” cneba. 
 ganvixiloT magaliTi:ganvixiloT magaliTi:ganvixiloT magaliTi:ganvixiloT magaliTi:    
 BaSO4-is mciredxsnadi marili mavaTavsoT wylian WiqaSi. marilis wyalTan 
Sexebisas, daiwyeba misi gaxsnis procesi, romlis meqanizmi mdgomareobs SemdegSi: 
Ba

2+ da SO4
2- -ionebi, romlebic imyofebian BaSO4-is kristaluri mesris zedapirul 

fenaSi, miizidaven wylis dipolur molekulebs da gadavlen wyalxsnarSi 
hidratirebuli ionebis saxiT. roca hidratirebuli ionebi dagrovdebian xsnarSi, 
isini daejaxebian kristaluri naleqis zedapirs, miizidebian sawinaaRmdegod 
damuxtuli ionebis mier, ganicdian dehidratacias da daileqebian. 
 amrigad, daleqvis procesi Seqcevadia, radganac misi Tanmxlebi procesia _ amrigad, daleqvis procesi Seqcevadia, radganac misi Tanmxlebi procesia _ amrigad, daleqvis procesi Seqcevadia, radganac misi Tanmxlebi procesia _ amrigad, daleqvis procesi Seqcevadia, radganac misi Tanmxlebi procesia _ 
gaxsna:gaxsna:gaxsna:gaxsna:    
    
                                         gaxsnagaxsnagaxsnagaxsna    

          BaSO4↓                ↔               Ba
2+   

+   SO4
2-

 
                                                          myari fazamyari fazamyari fazamyari faza    daleqvadaleqvadaleqvadaleqva   najeri xsnarinajeri xsnarinajeri xsnarinajeri xsnari 
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 am ori procesis mimdinareobisas, myardeba dinamiuri wonasworoba, romlis 
drosac ionTa daleqvis siCqare toli xdeba naleqis gaxsnis siCqarisa. wonaswonaswonaswonaswowowowo----
rorororobis damyarebis momentSi miiReba najeri xsnari.bis damyarebis momentSi miiReba najeri xsnari.bis damyarebis momentSi miiReba najeri xsnari.bis damyarebis momentSi miiReba najeri xsnari. heterogenul sistemebSi mimdi-
nare procesebisaTvis damaxasiaTebelia is, rom gaxsnili nivTierebisa  da naleqis 
kristalebs Soris Sejaxebani mimdinareobs mxilod ori fazis Semxeb zedapirze 
da ara moreagire nivTierebebis mTel masaSi. 
 radganac gaxsnisa da daleqvis procesebi dinamiur wonasworobaSi arian 
erTmaneTTan, maT SeiZleba mivuyenoT moqmed masaTa kanoni, romlis mixedviT: 
 myari nivTierebis gaxsnis siCqare _ V1    pirdapir proporciulia myari 
sxeulis zedapiris sididisa: 

V1 =  k1  ×  P,   sadac: 
k1 _ aris proporciulobis koeficienti, anu gaxsnis siCqaris konstanta; 
P _ aris myari fazis zedapiris sidide. 
wonasworobis damyarebisas da mudmivi temperaturis dros, P SeiZleba 

CavTvaloT mudmiv sidided, romelic  ricxobrivad  1 - is tolia,  maSin: V1 =  k1. 

ese igi gaxsnis siCqare damokidebulia mxolod gasaxsneli eleqtrolitis 
bunebaze. 

ionTa daleqvis siCqare proporciulia  myari fazis zedapirisa, ionTa 
koncentraciisa da xsnarSi ionTa moZraobis siCqarisa. radganac P = 1,,,, amitom 
daleqvis siCqare damokidebulia ionTa koncentraciasa da ionTa moZraobis 
siCqareze (anu ionTa aqtivobebze): 

−+ ××= 2
4

222 SOBa
aakV  

 
wonasworobis damyarebisas,  V2 = V1,,,,     maSasadame, 

12 2
4

2 kaak
SOBa

=×× −+  
 
meorenairad es toloba SeiZl;eba ase CavweroT: 

2

1
2
4

2

k

k
aa

SOBa
=× −+  

mudmivi temperaturis dros, k1   da    k2  mudmivi sidideebia, amitom maTi Sefar-

debac mudmivi sidide iqneba. Tu fardobas 
2

1

k

k
 aRvniSnavT xsnadobis namravliT 

(xn),(xn),(xn),(xn), maSin Caiwereba: −+ × 2
4

2 SOBa
aa  = xnxnxnxn    4BaSO  

xsnadobis namravlixsnadobis namravlixsnadobis namravlixsnadobis namravli _ ewodeba Zneladxsnadi eleqtrolitis ionTa _ ewodeba Zneladxsnadi eleqtrolitis ionTa _ ewodeba Zneladxsnadi eleqtrolitis ionTa _ ewodeba Zneladxsnadi eleqtrolitis ionTa 
aqtivobebis namravls, romelic mudmiv temperaturaze warmoadgens mudmiv sidides, aqtivobebis namravls, romelic mudmiv temperaturaze warmoadgens mudmiv sidides, aqtivobebis namravls, romelic mudmiv temperaturaze warmoadgens mudmiv sidides, aqtivobebis namravls, romelic mudmiv temperaturaze warmoadgens mudmiv sidides, 
aRinaRinaRinaRiniSneba simboloTi xn da indeqsad miewereba im eleqtrolitis formula, iSneba simboloTi xn da indeqsad miewereba im eleqtrolitis formula, iSneba simboloTi xn da indeqsad miewereba im eleqtrolitis formula, iSneba simboloTi xn da indeqsad miewereba im eleqtrolitis formula, 
romelzecaa laparaki. romelzecaa laparaki. romelzecaa laparaki. romelzecaa laparaki. Tu ionTa aqtivobebis mniSvnelobebs SevcvliT maTi 
koncentraciebiT, maSin Zneladxsnadi binaruli eleqtrolitisaTvis xsnadobis 

namravlis zogadi formula Semdegnairad Caiwereba: [A] × [B] = xnxnxnxnAB  =  const.     
Tu eleqtroliti Sedgeba dadebiTad da uaryofiTad damuxtuli ionebis 

TiTo atomisgan, maSin am eleqtrolitis  xnxnxnxn  tolia misi Semadgeneli ionebis 

koncentraciebis namravlisa:  xnxnxnxnAB  =  [A
+
]  × [B

-
]. 

Tu eleqtroliti Sedgeba ionTa ori an meti ricxvisagan, maSin xnxnxnxn tolia 
yvela ionis koncentraciebis namravlisa: 

xnxnxnxn =44 POMgNH     [[[[Mg
2+

]  ×  [NH4
+
]  ×  [PO4

3-
]. 

Tu eleqtroliti Sedgeba erTsaxeliani ionebis ori an meti atomisgan, maSin 
xn xn xn xn _ is formulaSi atomTa  ricxvebi aiyvaneba Sesabamis xarisxSi, mag: 
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                                                                xnxnxnxn 243 )(POPb     = = = = [Pb
2+

]
3
  ×  [PO4

3-
]

2
. 

aranajer xsnarSiaranajer xsnarSiaranajer xsnarSiaranajer xsnarSi eleqtrolitis ionTa ionuri namravli naklebia xsnadobis 
namravlze, amitom aranajer xsnarSi naleqi gadava xsnarSi manamde, vidre ionuri 
namravli gautoldebodes  xnxnxnxn    ----s. 

najer xsnarSinajer xsnarSinajer xsnarSinajer xsnarSi eleqtrolitis ionTa ionuri namravli tolia xnxnxnxn _is. 
zenajer xsnarSizenajer xsnarSizenajer xsnarSizenajer xsnarSi eleqtrolitis ionTa ionuri namravli metia xnxnxnxn _ze, amitom 

zenajer xsnarSi naleqi warmoiqmneba ufro adre, vidre ionuri namravli 
gautoldeba xsnadobis namravls. 

 

    
VII.VII.VII.VII.2. da2. da2. da2. daleqva da gaxsna qimiur analizSileqva da gaxsna qimiur analizSileqva da gaxsna qimiur analizSileqva da gaxsna qimiur analizSi    

    
qimiuri analizis erT-erT ZiriTad operacias warmoadgens xsnaridan 

naleqis gamoyofa. magaliTad, mimocvlis reaqciebSi farTod gamoiyeneba naleqis 
gamoyofa da am reaqciebis saSualebiT SeiZleba naerTebi davyoT kaTionebisa da 
anionebis calkeul jgufebad, an gamovyoT narevidan calkeuli ionebi. 

xsnaridan myari fazis gamoyofis process ewodeba daleqva, xolo myar xsnaridan myari fazis gamoyofis process ewodeba daleqva, xolo myar xsnaridan myari fazis gamoyofis process ewodeba daleqva, xolo myar xsnaridan myari fazis gamoyofis process ewodeba daleqva, xolo myar 
fazasfazasfazasfazas    ____    ewodeba naleqi.ewodeba naleqi.ewodeba naleqi.ewodeba naleqi. naleqs gamoyofen an filtraciiT, an centrifugirebiT. 
gamoyofis Semdeg ki adgenen naleqis Sedgenilobas. 

yvela naleqi iyofa or tipad:yvela naleqi iyofa or tipad:yvela naleqi iyofa or tipad:yvela naleqi iyofa or tipad:    
1.1.1.1. kristaluri naleqi; 
2.2.2.2. amorfuli naleqi. 
riT gansxvavdebian isini erTmaneTisgan?riT gansxvavdebian isini erTmaneTisgan?riT gansxvavdebian isini erTmaneTisgan?riT gansxvavdebian isini erTmaneTisgan?    
_kristaluri naleqis kristalebs gaaCniaT mkacrad individualuri forma, 

romelic kargad Cans mikroskopSi, msxvili kristalebi advilad SesamCnevia 
TvaliTac; 

_kristaluri naleqis daqucmacebis Semdegac, misi namsxvrevebi inarCuneben 
imave Sinagan struqturas da kristalur mesers; 
 _ kristaluri naleqi ufro swrafad ileqeba; 
 _ kristaluri naleqi ufro advilad gamoiyofa gafiltvriT; 
 _ amorfuli naleqis struqtura mikroskopis qveSac ar SeiniSneba, radganac 
misi Semadgeneli nivTierebis molekulebi ganlagebuli arian uwesrigod da ar 
warmoqmnian araviTar kristalur mesers; 
 _amorfuli naleqi aris faSari, igi Znelad dasaleqia da aseve Znelad 
gamoiyofa gafiltvriT; 
 _amorfuli naleqi Znelad irecxeba; 
 naleqi unda akmayofilebdes Semdeg moTxovnebs:naleqi unda akmayofilebdes Semdeg moTxovnebs:naleqi unda akmayofilebdes Semdeg moTxovnebs:naleqi unda akmayofilebdes Semdeg moTxovnebs:   

1)1)1)1) unda iyos mcired xsnadi; 
2)2)2)2) unda iyos kristaluri, msxvilmarcvlovani, advilad unda irecxebodes da 

Cqara unda ifiltrebodes;   
3)3)3)3) ar unda Seicavdes minarevebs damuSavebis dros; 
4)4)4)4)naleqi ar unda gadadiodes koloidur mdgomareobaSi Senaxvis, 

gafiltvris da garecxvis Semdeg;   
5)5)5)5) naleqi ar unda icvlides Sedgenilobas haerTan Sexebisas. 

 naleqis warmoqmnisas mimdinareobs ori procesi:naleqis warmoqmnisas mimdinareobs ori procesi:naleqis warmoqmnisas mimdinareobs ori procesi:naleqis warmoqmnisas mimdinareobs ori procesi:    
a)a)a)a) ionebis gadasvla xsnarSi solvataciis, anu hidrataciis energiis xarjze; 
b)b)b)b) sapirispirod mimdinareobs ionebis molekulebad warmoqmnis procesi, 

romelic xorcieldeba nivTierebis kristaluri mesris energiis xarjze. 
rac ufro didia kristaluri mesris energia, miT ufro advilad da srulad 

xdeba naleqis warmoqmna. magaliTad, KCl-is kristaluri mesris energia Seadgens 
163,2kkal/mols, xolo hidrataciis energia _ 159kkal/mols. radganac sxvaoba maT 
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Soris Seadgens 4,2 kkal/mols, amitom KCl-is gaxsna mimdinareobs garemodan 
siTbos STanTqmiT, ese igi procesi endoTermulia. asevea nitratebisTvisac. sxva 
suraTi SeiniSneba AgCl-is gaxsnis SemTxvevaSi, radganac misi kristaluri mesris 
energia tolia 212 kkal/molis, xolo hidrataciis energia _ 188kkal/molis. amitom 
AgCl----is kristaluri naleqi advilad warmoiqmneba, Tu Ag

+
-is Semcvel romelime 

marilis xsnars SevurevT Cl 
- 
-is Semcvel romelime marilis xsnarTan. 

 daleqva damokidebulia mraval faqtorze:daleqva damokidebulia mraval faqtorze:daleqva damokidebulia mraval faqtorze:daleqva damokidebulia mraval faqtorze:  a)a)a)a) naleqis SemadgenlobaSi Sema-
vali kaTionebisa da anionebis Tvisebebze; b)b)b)b) xsnaris koncentraciaze;  g)g)g)g) tempe-
raturaze;  d)d)d)d) pH-ze;  e)e)e)e) xsnaris ionur Zalaze;  v)v)v)v) Tandaleqvis procesebze. 
 nivTierebis xsnadoba damokidebulia hidrataciis energiasa da kristaluri 
mesris energiebs Soris sxvaobaze: 

 Tu Tu Tu Tu Ehidrat. hidrat. hidrat. hidrat. > > > > Ekrist. krist. krist. krist.         ____        gaxsnis procesi egzoTermulia;gaxsnis procesi egzoTermulia;gaxsnis procesi egzoTermulia;gaxsnis procesi egzoTermulia;    

    Tu Tu Tu Tu Ehidrat. hidrat. hidrat. hidrat. < < < < Ekrist. krist. krist. krist.         _ _ _ _     gaxsnis procesi endoTermgaxsnis procesi endoTermgaxsnis procesi endoTermgaxsnis procesi endoTermulia.ulia.ulia.ulia.    
 Tu siTbos raodenobas, romelic saWiroa 1 moli nivTierebis kristaluri 

mesris dasaSlelad, aRvniSnavT Qp , xolo siTbos raodenobas, romelic 

gamoiyofa 1 moli nawilakis hidrataciisas, aRvniSnavT Qc , maSin 1 moli 

nivTierebis gaxsnis siTbo:   Qxsnadobisxsnadobisxsnadobisxsnadobis        ====        Qc   -  Qp . 
 sxvadasxva nivTierebebis xsnadobis siTbo sxvadasxvaa. magaliTad, NaCl-is 

wyalSi gaxsnisas  Qxsnadobisxsnadobisxsnadobisxsnadobis    TiTqmis ar icvleba, radganac Qxsnadobisxsnadobisxsnadobisxsnadobis    = = = = Qc = Qp. 

 KNO3-is wyalSi gaxsnisas, temperatura mkveTrad ecema, radganac  Qc < < < < Qp. 
 xolo H2SO4-is,   KOH-is wyalSi gaxsnisas temperatura mkveTrad izrdeba, 

radganac  Qc  > > > > Qp. 
 araorganuli da organuli mJavebis umravlesoba kargad xsnadebia, 
gamonaklisia mxolod:  H2SiO3;   H2SnO3;   H2SbO3. 

 yvela fuZe mcired xsnadia, gamonaklisia mxolod tuteebi. 
 xsnadobis mixedviT, marilebi iyofa or jgufad: 

 a)a)a)a) Zlieri mJavas marilebi, rogorc wesi, kargad xsnadebia, gamonaklisia 
mxolod: BaSO4;  PbSO4;  AgCl;  AgBr;  AgI da sxv.; 

b)b)b)b) susti mJavas marilebi, rogorc wesi, mcired xsnadebia, gamonaklisia 
mxolod: Li

+
 ----is,is,is,is,  Na

+
 iiiis,s,s,s,   K

+
 ----is,is,is,is,   Rb

+
 ----is,is,is,is,   Cs

+
 -is marilebi, ageTve nitritebi da 

acetatebi. 
 qimiuri Sedgenilobis garda, xsnadobaze gavlenas axdens: reaqciis 
mimdinareobis pirobebi; moreagire nivTierebaTa koncentracia; temperatura. 
 Tu nivTierebis raodenoba, romelic gadadiTu nivTierebis raodenoba, romelic gadadiTu nivTierebis raodenoba, romelic gadadiTu nivTierebis raodenoba, romelic gadadis xsnarSi drois garkveul s xsnarSi drois garkveul s xsnarSi drois garkveul s xsnarSi drois garkveul 
erTeulSi, tolia nivTierebis raodenobisa, romelic amave drois erTeulSi erTeulSi, tolia nivTierebis raodenobisa, romelic amave drois erTeulSi erTeulSi, tolia nivTierebis raodenobisa, romelic amave drois erTeulSi erTeulSi, tolia nivTierebis raodenobisa, romelic amave drois erTeulSi 
gamoiyofa myar fazaSi, aseT xsnars ewodeba najergamoiyofa myar fazaSi, aseT xsnars ewodeba najergamoiyofa myar fazaSi, aseT xsnars ewodeba najergamoiyofa myar fazaSi, aseT xsnars ewodeba najeri xsnari, xolo process i xsnari, xolo process i xsnari, xolo process i xsnari, xolo process 
ewodeba ewodeba ewodeba ewodeba gajereba.gajereba.gajereba.gajereba. najeri xsnaris koncentracia mocemul temperaturaze aris 
mudmivi sidide. 
 Tu xsnaris koncentracia mocemul temperaturaze ufro maRalia, vidre Tu xsnaris koncentracia mocemul temperaturaze ufro maRalia, vidre Tu xsnaris koncentracia mocemul temperaturaze ufro maRalia, vidre Tu xsnaris koncentracia mocemul temperaturaze ufro maRalia, vidre 
najeri xsnarisa, aseT xsnars ewodeba zenajeri.najeri xsnarisa, aseT xsnars ewodeba zenajeri.najeri xsnarisa, aseT xsnars ewodeba zenajeri.najeri xsnarisa, aseT xsnars ewodeba zenajeri.    
 xsnarebs, romlebic Seicaven nivTierebis ufro nakleb koncentracias, vidre xsnarebs, romlebic Seicaven nivTierebis ufro nakleb koncentracias, vidre xsnarebs, romlebic Seicaven nivTierebis ufro nakleb koncentracias, vidre xsnarebs, romlebic Seicaven nivTierebis ufro nakleb koncentracias, vidre 
aucilebelia gajerebisaTvis, ewodeba unajeri xsnarebi.aucilebelia gajerebisaTvis, ewodeba unajeri xsnarebi.aucilebelia gajerebisaTvis, ewodeba unajeri xsnarebi.aucilebelia gajerebisaTvis, ewodeba unajeri xsnarebi.    
 daleqva mimdinareobs TandaTanobiT. jer warmoiqmneba Zalian wvrili 
kristalebi, anu kristalTa Canasaxebi, romlebic TandaTan msxvildebian da 
warmoqmnian ufro msxvil kristalebs, anu kristalTa jgufebs. 
      dros, romelic saWiroa xsnarebis Serevis momentidan wvrili kristalebdros, romelic saWiroa xsnarebis Serevis momentidan wvrili kristalebdros, romelic saWiroa xsnarebis Serevis momentidan wvrili kristalebdros, romelic saWiroa xsnarebis Serevis momentidan wvrili kristalebis is is is 
warmoqmnamde, ewodeba induqciuri periodi, warmoqmnamde, ewodeba induqciuri periodi, warmoqmnamde, ewodeba induqciuri periodi, warmoqmnamde, ewodeba induqciuri periodi, romelic damokidebulia naleqis 
individualur Tvisebebze. 
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VII.VII.VII.VII.3. m3. m3. m3. marilis efeqti. wiladuri daleqvaarilis efeqti. wiladuri daleqvaarilis efeqti. wiladuri daleqvaarilis efeqti. wiladuri daleqva    
    

marilis efeqtimarilis efeqtimarilis efeqtimarilis efeqti    _ es aris mcire_ es aris mcire_ es aris mcire_ es aris mciredxsnadi marilebis xsnadobis zrda sistedxsnadi marilebis xsnadobis zrda sistedxsnadi marilebis xsnadobis zrda sistedxsnadi marilebis xsnadobis zrda siste----    
maSimaSimaSimaSi    naleqinaleqinaleqinaleqi    ⇔     najeri najeri najeri najeri xxxxsnarisnarisnarisnari    maSin, roca am sistemmaSin, roca am sistemmaSin, roca am sistemmaSin, roca am sistemazeazeazeaze    emateba sxva Zlieri emateba sxva Zlieri emateba sxva Zlieri emateba sxva Zlieri 
eleqtrolitebi.eleqtrolitebi.eleqtrolitebi.eleqtrolitebi.  

magaliTad, dadgenilia, rom PbSO4-is xsnadoba izrdeba maSin, roca masTan 
SexebaSi myof najer xsnars  amateben KNO3-is an NaNO3-is xsnarebs. 

 
 marilis efeqtis meqanizmi mdgomareobs SemdegSimarilis efeqtis meqanizmi mdgomareobs SemdegSimarilis efeqtis meqanizmi mdgomareobs SemdegSimarilis efeqtis meqanizmi mdgomareobs SemdegSi: Zneladxsnadi 
eleqtrolitis najer xsnarze Zlieri eleqtrolitis damatebisas, romelsac ar 
gaaCnia Zneladxsnadi eleqtrolitis msgavsi ionebi, xsnaris ionuri Zala izrdeba. 
amis gamo, ionTa aqtivobebis koeficientebi mcirdeba da xdeba erTze naklebi. amis 
Sedegad, Zneladxsnadi eleqtrolitis xsnadoba xdeba meti amave eleqtrolitis 
xsnadobis namravlis sidideze sufTa wyalSi. amrigad, marilis efeqti 
ganpirobebulia aqtivobis koeficientis SemcirebiT, rac, Tavis mxriv, gamowveulia 
xsnaris ionuri Zalis zrdiT, masze gareSe eleqtrolitebis damatebisas. 
 analizur qimiaSi xSirad gamoiyeneba jgufobrivi reagentebi, romlebic 
leqaven erTdroulad ramdenime ions. rogor mimdinareobs am dros ionTa 
daleqva? 
 
magaliTi:magaliTi:magaliTi:magaliTi:                            mocemulia narevi  K2SO4 + K2CrO4,  sadac: 

[SO4
2-

] = 1 × 10
-1 g-ioni/l   da    [CrO4

2-
] = 1 × 10

-1 gggg-ioni/l. 
 

 Tu am narevs patara ulufobiT davamatebT 0,10,10,10,1N  (CH3COO)2Pb-is xsnars, tyvi-
is ionebi Seejaxebian sulfat- da qromat-ionebs da mimdinareobs Semdegi 
reaqciebi: 

Pb
2+ 

+  SO4
2-  
→   PbSO4↓ 

Pb
2+ 

+  CrO4
2-

   →   PbCrO4↓ 

 
 am ori reaqciidan romeli wava pirvelad? 
 xsnadobis namravlis mixedviT, pirvel rigSi wava reaqcia, romlis drosac 
warmoiqmneba yvelaze naklebad xsnadi nivTiereba: 

 xnxnxnxn 4PbSO     = [[[[Pb
2+

] × [SO4
2-

] = 1,6 ×10
-8

 

 xnxnxnxn 4PbCrO = = = = [[[[Pb
2+

] × [CrO4
2-

] = 1,8 × 10
-14

 

 radganac [SO4
2-

] = [CrO4
2-

] = 1 × 10
-1 g-ioni/l, unda vipovoT Pb

2+-is ionis is 
umciresi koncentracia, romelic aucilebelia naleqis warmosaqmnelad; 

 [Pb
2+

] 4PbSO = = = = xnxnxnxn 4PbSO : : : : [SO4
2-

] = (1,6 ×10
-8

) : : : : ((((1 × 10
-1 

) = 1,6 × 10
-7

 g-ioni/l. 

 [Pb
2+

] 4PbCrO = = = = xnxnxnxn 4PbCrO : : : : [CrO4
2-

] = (1,8 × 10
-14

) : : : : ((((1 × 10
-1 

) = 1,8 × 10
-13

  g-ioni/l. 
 

miviReT, rom  [[[[Pb
2+

],,,,  romelic saWiroa  PbCrO4↓-is warmosaqmnelad, TiTqmis 
106-iT naklebia  [[[[Pb

2+
]----ze,  romelic saWiroa  PbSO4↓----is  warmosaqmnelad. amitom, 

pirvel rigSi, wava  PbCrO4↓ -is  warmoqmnis reaqcia, radganac  xnxnxnxn 4PbCrO         
miiRweva ufro adre, vidre xnxnxnxn 4PbSO .... 
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VII.VII.VII.VII.4. Znela4. Znela4. Znela4. Zneladxsnadi eleqtrolitebis gadayvanadxsnadi eleqtrolitebis gadayvanadxsnadi eleqtrolitebis gadayvanadxsnadi eleqtrolitebis gadayvana        
sxva Zneladxsnad eleqtrolitebSisxva Zneladxsnad eleqtrolitebSisxva Zneladxsnad eleqtrolitebSisxva Zneladxsnad eleqtrolitebSi    

    
Zneladxsnadi eleqtrolitebis gardaqmna sxva Zneladxsnad eleqtrolitebSi  

SeiZleba aixsnas xsnadobis namravlidan gamomdinare. 
 
 magaliTi 1: magaliTi 1: magaliTi 1: magaliTi 1:     
    
 vTqvaT, gvaqvs wonasworuli sistema:  

Ag2CrO4 ↓  ↔   2 Ag
+
 + CrO4

2- 

                                                             naleqi naleqi naleqi naleqi                             najeri xsnarinajeri xsnarinajeri xsnarinajeri xsnari    
    

 Tu am sistemaze davamatebT KCl----is Warb raodenobas da SevanjRrevT, SevniS-
navT, rom Ag2CrO4 ↓-is agurisfer-wiTeli naleqi gardaiqmneba AgCl ↓-is TeTr xaWo-
sebr naleqad. amis mizezi mdgomareobs SemdegSi:  Ag2CrO4----zezezeze         KCl----is damatebisas, 

Ag
+-is  kaTionebi Seejaxebian  Cl

- -is  anionebs, radganac: xnxnxnxn AgCl ====    1,781,781,781,78    × 10× 10× 10× 10----10101010, , , , 

xolo xnxnxnxn 42CrOAg = 1,1 × 10,1 × 10,1 × 10,1 × 10----12121212    ,  maSasadame:            xnxnxnxn AgCl         > > > > xnxnxnxn 42CrOAg     
 
 procesi wava Semdegnairad: 

 Ag2CrO4 ↓ ↔  2 Ag
+
 + CrO4

2- 

                                               +  2 KCl        ↔   2Cl
-    

+   2K
+
 

c    

                                                                                                                                                    2AgCl↓ 

 

 

        

   magaliTi 2:magaliTi 2:magaliTi 2:magaliTi 2:    
    
 CaSO4↓ uxsnadia mJavebsa da tuteebSi, amitom igi jer gadahyavT sxva 
sustadxsnad naerTSi, kerZod, karbonatSi, romelic advilad ixsneba ZmarmJavaSi: 

CaSO4↓ + Na2CO3 ↔ CaCO3 ↓ + Na2SO4 
 es reaqcia midis advilad da bolomde marcxnidan marjvniv, radganac 

xnxnxnxn 3CaCO = = = = 4,84,84,84,8    × 10× 10× 10× 10----9999 da igi 5000500050005000----iT naklebia xnxnxnxn 4CaSO = = = = 9,10 × 109,10 × 109,10 × 109,10 × 10----6666....    
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Tavi VIII. Tavi VIII. Tavi VIII. Tavi VIII. Tanamedrove warmodgenebi mJavebsa da fuZeebze Tanamedrove warmodgenebi mJavebsa da fuZeebze Tanamedrove warmodgenebi mJavebsa da fuZeebze Tanamedrove warmodgenebi mJavebsa da fuZeebze     
brenstedbrenstedbrenstedbrensted----lourislourislourislouris    protolituri Teoriis safuZvelzeprotolituri Teoriis safuZvelzeprotolituri Teoriis safuZvelzeprotolituri Teoriis safuZvelze    

    
VIII.VIII.VIII.VIII.1.1.1.1.    mJavebisamJavebisamJavebisamJavebisa    da fuZeebis protolituri Teoriada fuZeebis protolituri Teoriada fuZeebis protolituri Teoriada fuZeebis protolituri Teoria    

    
    svante areniusi ganixilavda mJavas iseT nivTierebad, romelic disociaciis 
dros warmoqmnida H

+ ----ionebs, xolo fuZes _ iseT nivTierebad, romelic disoci-
aciisas warmoqmnida OH

- ----ionebs. areniusis eleqtrolituri disociaciis Teoria 
safuZvlad daedo neitralizaciis, hidrolizis procesebs, buferuli xsnarebis 
da wylis ionizaciis procesis Seswavlas. 

xsnarebis eleqtroqimiis Semdgomma ganviTarebam daamtkica, rom areniusis 
Teoria arauniversaluri iyo, radganac igi gamodgeboda eleqtrolitTa 
wyalxsnarebisaTvis, xolo arawyalxsnarebSi igi ar gamodgeboda, radganac mJava 
aseT garemoSi ar warmoqmnida  H

+ -ionebs, xolo fuZe _  OH
-
 -ionebs. 

 ganvixiloT magaliTi:ganvixiloT magaliTi:ganvixiloT magaliTi:ganvixiloT magaliTi:  HCl----is gaxsna Txevad amiakSiis gaxsna Txevad amiakSiis gaxsna Txevad amiakSiis gaxsna Txevad amiakSi.... 
          HCl   +  NH3   ↔   NH4

+
 +  Cl

-   anu:anu:anu:anu:    
                                                              HCl   +  NH3   ↔   NH4Cl 
 amrigad, am reaqciis dros wyali ar warmoiqmna, anu mJavas ganeitralebisas 
fuZiT ar xdeba H

+ ----ionebis urTierTqmedeba OH
- ----ionebTan, rac ewinaaRmdegeba 

areniusis eleqtrolituri disociaciis Teorias. 
 es faqtebi, romlebic ver Tavsdebian areniusis eleqtrolituri disoci-
aciis Teoriis  sazRvrebSi, SeiZleba aixsnas mJavebisa da fuZeebis Tanamedrove 
fiziko-qimiuri TeoriiT, romelic erTdroulad SeimuSaves brenstbrenstbrenstbrenstedma daedma daedma daedma da    
lourim 1923 wels da mas ewodeba mJavebisa da fuZeebis protolituri Teoria. lourim 1923 wels da mas ewodeba mJavebisa da fuZeebis protolituri Teoria. lourim 1923 wels da mas ewodeba mJavebisa da fuZeebis protolituri Teoria. lourim 1923 wels da mas ewodeba mJavebisa da fuZeebis protolituri Teoria. es 
Teoria samarTliania nivTierebaTa rogorc wyalxsnarebisTvis, aseve uwylo 
xsnarebisTvis. ”protolituris” saxelwodeba”protolituris” saxelwodeba”protolituris” saxelwodeba”protolituris” saxelwodeba    Teoriam miiRo imitom, rom mJavTeoriam miiRo imitom, rom mJavTeoriam miiRo imitom, rom mJavTeoriam miiRo imitom, rom mJav                                                                                                            
----fuZuri urTierTqmedebis reaqciebSi ZiriTad moreagire ions warmofuZuri urTierTqmedebis reaqciebSi ZiriTad moreagire ions warmofuZuri urTierTqmedebis reaqciebSi ZiriTad moreagire ions warmofuZuri urTierTqmedebis reaqciebSi ZiriTad moreagire ions warmoadgens adgens adgens adgens 
protoni (protoni (protoni (protoni (H+

). 

 protolituri Teoriis Tanaxmad,protolituri Teoriis Tanaxmad,protolituri Teoriis Tanaxmad,protolituri Teoriis Tanaxmad, mJava warmoadgens nivTierebas, romelic mJava warmoadgens nivTierebas, romelic mJava warmoadgens nivTierebas, romelic mJava warmoadgens nivTierebas, romelic 
gascems protons (gascems protons (gascems protons (gascems protons (H+

), xolo fuZe warmoadgens nivTierebas, romelic miierTebs am xolo fuZe warmoadgens nivTierebas, romelic miierTebs am xolo fuZe warmoadgens nivTierebas, romelic miierTebs am xolo fuZe warmoadgens nivTierebas, romelic miierTebs am 
protons.protons.protons.protons. brensted-louris Teoriis Tanaxmad, mJavurmJavurmJavurmJavur----fuZuri procesis arsifuZuri procesis arsifuZuri procesis arsifuZuri procesis arsi 
mdgomareobs mJavadan protonis gadacemaSi fuZeze. radganac Tavisufali proto-
nebi xsnarSi ar arseboben, amitom mJavadan maTi moxleCis procesi izolirebulad 
ki ar mimdinareobs, aramed yovelTvis mTavrdeba misi gadacemiT fuZeze. amrigad, 
xsnarSi erTdroulad mimdinareobs 2 procesi: 

mJava 1    mJava 1    mJava 1    mJava 1    ⇔         H
+  

+  fuZe 1fuZe 1fuZe 1fuZe 1    
                                                                                                                fuZe 2 + fuZe 2 + fuZe 2 + fuZe 2 + H

+
  ⇔   mJava 2mJava 2mJava 2mJava 2    

                                                                        anu:  mJava 1 + fuZe 2 anu:  mJava 1 + fuZe 2 anu:  mJava 1 + fuZe 2 anu:  mJava 1 + fuZe 2 ⇔     fuZe 1 + mJava 2fuZe 1 + mJava 2fuZe 1 + mJava 2fuZe 1 + mJava 2    
                                                    magaliTad,   magaliTad,   magaliTad,   magaliTad,   HCl      +    H2O ⇔    Cl

-
   +   H3O

+ 

                                                          mJava1    fuZe2    fuZe1   mJava2mJava1    fuZe2    fuZe1   mJava2mJava1    fuZe2    fuZe1   mJava2mJava1    fuZe2    fuZe1   mJava2    
 areniusis eleqtrolituri disociaciis Teoriisagan gansxvavebiT, proto-
lituri Teoriis Tanaxmad, mJavasa da fuZis urTierTqmedebisas yovelTvis miiReba 
axali mJava da axali fuZe. am ormagi protolituri wonasworobis dros, reaqci-
aSi monawileobs fuZeebisa da mJavebis ori wyvili. TiToeul wyvils ewodeba 
“SeuRlebuli” mJava da fuZe,“SeuRlebuli” mJava da fuZe,“SeuRlebuli” mJava da fuZe,“SeuRlebuli” mJava da fuZe, rac imas niSnavs, rom sust mJavas Seesabameba Zlieri 
fuZe da piriqiT. magaliTad, sust mJava _ CH3COOH-ssss Seesabameba Zlieri fuZe_ 
CH3COO

-,,,, romelic energiulad miierTebs protons, xolo Zlier fuZes _ NH3-ssss 
Seesabameba susti mJava _ NH4

+,,,, romelic gadascems Tavis protons mxolod Zlier 
fuZes. 
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VIII.VIII.VIII.VIII.2. mJavebisa da fuZeebis2. mJavebisa da fuZeebis2. mJavebisa da fuZeebis2. mJavebisa da fuZeebis    klasifikaciaklasifikaciaklasifikaciaklasifikacia    
        protolituri Teoriis safuZvelzeprotolituri Teoriis safuZvelzeprotolituri Teoriis safuZvelzeprotolituri Teoriis safuZvelze    

    
protolituri Teoriis mixedviT, gamoyofen mJavebis Semdeg tipebs:protolituri Teoriis mixedviT, gamoyofen mJavebis Semdeg tipebs:protolituri Teoriis mixedviT, gamoyofen mJavebis Semdeg tipebs:protolituri Teoriis mixedviT, gamoyofen mJavebis Semdeg tipebs:    

    
1.1.1.1. eleqtroneitraluri mJavebi:eleqtroneitraluri mJavebi:eleqtroneitraluri mJavebi:eleqtroneitraluri mJavebi:  HCl ;    H2SO4 ;    CH3COOH ;    HNO3 . 

    HCl     +       H2O      ⇔        H3O
+        

+      Cl
- 

                                                                             mJava1    fuZe2      mJava1    fuZe2      mJava1    fuZe2      mJava1    fuZe2              mJava2     fuZe1mJava2     fuZe1mJava2     fuZe1mJava2     fuZe1    
 

                                                     H2SO4    +     H2O      ⇔          H3O
+      

+    HSO4
- 

                                                                                                    mJava1    fuZe2        mJava1    fuZe2        mJava1    fuZe2        mJava1    fuZe2            mJava2     fuZe1mJava2     fuZe1mJava2     fuZe1mJava2     fuZe1    
    

      CH3COOH  +   H2O      ⇔          H3O
+      

+
     

CH3COO
- 

                                                                                                mJava1     fuZe2         mJava2    fuZe1mJava1     fuZe2         mJava2    fuZe1mJava1     fuZe2         mJava2    fuZe1mJava1     fuZe2         mJava2    fuZe1    
    

 HNO3     +   H2O        ⇔          H3O
+      

+    NO3
- 

                                                                                                mJava1    fuZe2        mJava1    fuZe2        mJava1    fuZe2        mJava1    fuZe2                mJava2    fuZe1mJava2    fuZe1mJava2    fuZe1mJava2    fuZe1    
2.2.2.2. anionuri mJavebianionuri mJavebianionuri mJavebianionuri mJavebi, romlebic warmoiqmnebian mravalfuZiani mJavebis ionizaciis 

me-2 an Semdeg safexurebze:  HCO3
- 
;    HSO4

- 
;     H2PO4

- 
;    HPO4

2- 
. 

 

        HCO3
-       

+   H2O       ⇔        H3O
+        

+      CO3
2- 

                                                                          mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1    
    

                                                 HSO4
-          

+  H2O        ⇔        H3O
+       

+      SO4
2-

 
                                                                                                mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1    
    

       H2PO4
-      

+   H2O        ⇔        H3O
+      

+    HPO4
2-    

                                                                                                mJamJamJamJava1    fuZe2         mJava2     fuZe1va1    fuZe2         mJava2     fuZe1va1    fuZe2         mJava2     fuZe1va1    fuZe2         mJava2     fuZe1    
    
                                                  HPO4

2- 
   +   H2O         ⇔        H3O

+      
+    PO4

3-    
                                                                                                mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1mJava1    fuZe2         mJava2     fuZe1    
3.3.3.3. kaTionuri mJavebi,kaTionuri mJavebi,kaTionuri mJavebi,kaTionuri mJavebi, romlebic iSviaTad gvxvdebian. maT miekuTvnebian wyalbadis 

hidratirebuli kaTionebi: 
                                                   

                                                    NH4
+          

+   H2O         ⇔        NH3     +     H3O
+
 

      
                                                                       mJava1     fuZe2        fuZe1     mJava2mJava1     fuZe2        fuZe1     mJava2mJava1     fuZe2        fuZe1     mJava2mJava1     fuZe2        fuZe1     mJava2    

    
                                                                                                    HHHHH3O

+         
+    H2O         ⇔        H2O     +     H3O

+      

                                                                                                        mJava1     fuZe2        fuZe1     mJava2mJava1     fuZe2        fuZe1     mJava2mJava1     fuZe2        fuZe1     mJava2mJava1     fuZe2        fuZe1     mJava2    
    
 
 protolituri Teoriis mixedviT, gamoyofen fuZeTa Semdeg tipebs:protolituri Teoriis mixedviT, gamoyofen fuZeTa Semdeg tipebs:protolituri Teoriis mixedviT, gamoyofen fuZeTa Semdeg tipebs:protolituri Teoriis mixedviT, gamoyofen fuZeTa Semdeg tipebs:    
    
 1. eleqtroneitraluri fuZeebi:eleqtroneitraluri fuZeebi:eleqtroneitraluri fuZeebi:eleqtroneitraluri fuZeebi:  NH3 ;     H2O . 

                                                                                                          NH3      +     H2O        ⇔         NH4
+    

+    OH
-       

       
                fuZe1      mJava2        mJava1   fuZe2fuZe1      mJava2        mJava1   fuZe2fuZe1      mJava2        mJava1   fuZe2fuZe1      mJava2        mJava1   fuZe2    

                                                     H2O       +     H2O        ⇔         H3O
+   

 +    OH
-       

       
                fuZe1      mJava2        mJava1   fuZe2fuZe1      mJava2        mJava1   fuZe2fuZe1      mJava2        mJava1   fuZe2fuZe1      mJava2        mJava1   fuZe2    

 2222. anionuri fanionuri fanionuri fanionuri fuZeebiuZeebiuZeebiuZeebi    ::::        Cl
- 
;    Br

- 
;    I

- 
;     NO3

- 
;    OH

- 
;    CH3COO

-
 . 

                                                      Cl
-          

+       H2O       ⇔        HCl      +     OH
-
       

                                                                                                        fuZe1     mJava2       mfuZe1     mJava2       mfuZe1     mJava2       mfuZe1     mJava2       mJava1     fuZe2Java1     fuZe2Java1     fuZe2Java1     fuZe2    
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                                                     NO3
-    

+       H2O       ⇔        HNO 3   +     OH
-    

                            fuZe1     mJava2       mJava1     fuZe2fuZe1     mJava2       mJava1     fuZe2fuZe1     mJava2       mJava1     fuZe2fuZe1     mJava2       mJava1     fuZe2    
                                                     OH

-       
+       H2O       ⇔        H3O

+      
+    OH

-    
                        fuZe1     mJava2       mJava1     fuZe2fuZe1     mJava2       mJava1     fuZe2fuZe1     mJava2       mJava1     fuZe2fuZe1     mJava2       mJava1     fuZe2    

                                                 CH3COO
-
+      H2O       ⇔  CH3COOH  +   OH

-    
                        fuZe1     mJava2       mJafuZe1     mJava2       mJafuZe1     mJava2       mJafuZe1     mJava2       mJava1     fuZe2va1     fuZe2va1     fuZe2va1     fuZe2   

 mravali nivTiereba TamaSobs erTdroulad rogorc mJavas, aseve fuZis 
rols. aseTi ormagi bunebis mqone nivTierebebs uwodeben amfolitebs,amfolitebs,amfolitebs,amfolitebs, anu amfote-
rulebs. maT miekuTvneba iseTi protolituri gamxsnelebi, rogorebicaa: H2O;  NH3,  

mravalfuZiani mJavebis anionebi:  HSO4
- 
;   H2PO4

-
 . 

                                      H2O      ⇔     H
+
   +   OH

-                                       
H2O     +     H

+     ⇔  H3O
+
   

                                                         mJavamJavamJavamJava    
                                                        fuZefuZefuZefuZe 

                                                                            NH3          ⇔     H
+    

+   NH2
-
                         NH3       +     H

+     ⇔  NH4
+
  

                                                         mJavamJavamJavamJava    
                                                        fuZefuZefuZefuZe    

 

                                    HSO4
-       ⇔     H

+   
+   SO4

2-
                      HSO4

-    
+   H

+     ⇔ H2SO4 
     

 
                                       mJavamJavamJavamJava    

                                                        fuZefuZefuZefuZe    
    

                                      H2PO4
-
        ⇔    H

+   
+   HPO4

2-                          
H2PO4

-  
+   H

+     ⇔  H3PO4 
                                                                            mJavamJavamJavamJava    

                                                        fuZefuZefuZefuZe    
 
 amfoterulobis gamo, wyali eqvemdebareba avtoprotolizs,avtoprotolizs,avtoprotolizs,avtoprotolizs, romlis drosac romlis drosac romlis drosac romlis drosac 
erTmaneTTan reagirebs wylis ori molekula: erTi_rogorc merTmaneTTan reagirebs wylis ori molekula: erTi_rogorc merTmaneTTan reagirebs wylis ori molekula: erTi_rogorc merTmaneTTan reagirebs wylis ori molekula: erTi_rogorc mJava, meore_rogorc Java, meore_rogorc Java, meore_rogorc Java, meore_rogorc 
fuZe.fuZe.fuZe.fuZe. TviT gamxsnelis ionizaciis procesi SesaZlebelia mxolod im SemTxvevaSi, 
Tu mas gaaCnia amfoteruli Tvisebebi. magaliTad, wylis ionizaciis dros, misi 
erTi molekula gascems protons da iqceva, rogorc mJava, xolo meore molekula 
mas miierTebs da iqceva rogorc fuZe (asea amiakic) : 
 

H2O     +      H2O      ⇔      H3O
+    

+     OH
-    

                                                                                                mJava1     fuZe2mJava1     fuZe2mJava1     fuZe2mJava1     fuZe2 
           mJava2     fuZe1mJava2     fuZe1mJava2     fuZe1mJava2     fuZe1    

    
                                                     NH3       +      NH3         ⇔      NH4

+    
+     NH2

-    
                                                                                                mJava1     fuZe2mJava1     fuZe2mJava1     fuZe2mJava1     fuZe2 

           mJava2     fuZe1mJava2     fuZe1mJava2     fuZe1mJava2     fuZe1    
    
    
 Zlieri mJavebi sustad imagreben protons da advilad gascemen mas, xolo 
Zlieri FfuZeebi _ advilad miierTeben protons da Znelad gascemen mas. mJavebi 
kargad ionizirdebian im SemTxvevaSi, Tu gamxsneli Znelad gascems protons 
(Zlieri gamxsnelebi), xolo fuZeebi kargad ionizirdebian im SemTxvevaSi, Tu 
gamxsneli advilad gascems protons (susti gamxsnelebi). 
 wyali miekuTvneba Zlier gamxsnels, romelic Znelad gascems protons, 

amitom wyalSi Zlieri mJavebis gaxsnisas, isini mTlianad ionizirdebian: 
 
                                                   HAn     +    H2O       ⇔       H3O

+     
+      An

- 

                                                                            mJava                            fuZemJava                            fuZemJava                            fuZemJava                            fuZe    
    
xolo acetoni _ CH3COCH3   da nitrobenzoli _ C6H5NO2   susti gamxsnelebia, 
amitom maTSi ionizirdebian fuZeebi: 
                                                                                                        B   +   CH3COCH3   ⇔    BH

+
  +   CH3COCH2

-
    

                                                                                    fuZefuZefuZefuZe                                                                    mJavamJavamJavamJava    
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VIII.VIII.VIII.VIII.3. mJavur3. mJavur3. mJavur3. mJavur----fuZuri urTierTqmedebisfuZuri urTierTqmedebisfuZuri urTierTqmedebisfuZuri urTierTqmedebis    meqanizmi.meqanizmi.meqanizmi.meqanizmi.    
lioniumis kaTioni da liatis anionilioniumis kaTioni da liatis anionilioniumis kaTioni da liatis anionilioniumis kaTioni da liatis anioni    

    
imisaTvis, rom ganisazRvros, nivTiereba fuZea Tu mJava, saWiroa 

gaTvaliswineba, Tu rogori saxiT monawileobs igi mJavur-fuZuri 
urTierTqmedebis reaqciaSi. mJavurmJavurmJavurmJavur----fuZuri urTierTqmedeba _ warmoadgens fuZuri urTierTqmedeba _ warmoadgens fuZuri urTierTqmedeba _ warmoadgens fuZuri urTierTqmedeba _ warmoadgens 
eleqtroqimiur process, romlis Sedegadac warmoiqmneba Tavisufali eleqtroqimiur process, romlis Sedegadac warmoiqmneba Tavisufali eleqtroqimiur process, romlis Sedegadac warmoiqmneba Tavisufali eleqtroqimiur process, romlis Sedegadac warmoiqmneba Tavisufali 
solvatirebuli ionebi, an bmuli ionuri wyvilebi.solvatirebuli ionebi, an bmuli ionuri wyvilebi.solvatirebuli ionebi, an bmuli ionuri wyvilebi.solvatirebuli ionebi, an bmuli ionuri wyvilebi. 

mJavur-fuZuri urTierTqmedebisas, fuZis mJavasTan mierTebis, an gamxsnelis 
mJavasTan mierTebis produqti warmoiqmneba mJavas protonis wyalbaduri bmis 
xarjze. 

 protonis solvatacia mimdinareobs or stadiad:protonis solvatacia mimdinareobs or stadiad:protonis solvatacia mimdinareobs or stadiad:protonis solvatacia mimdinareobs or stadiad:    
1)1)1)1) protoni uerTdeba gamxsnelis pirvel molekulas donorul-aqceptoruli 
bmis meSveobiT. am dros mimdinareobs mierTebis reaqcia, romlis drosac 
gamoiyofa siTbo: 

                                                    HOH     +      H
+             ⇔          H3O

+                      
+    Qkjkjkjkj    

                                                                                                        wyaliwyaliwyaliwyali                protoniprotoniprotoniprotoni                    hidroqsoniumishidroqsoniumishidroqsoniumishidroqsoniumis        
                                                                                                                                                                                                        ioniioniioniioni    
 pirvel stadiaze warmoiqmneba hidroqsoniumis ioni. 

2)2)2)2) mimdinareobs  hidroqsoniumis  ionis  Semdgomi  hidratacia: 
 

                                                    H3O
+      

+    X · H2O      ⇔       H3O
+
hidrat.hidrat.hidrat.hidrat.

         
+   Qkjkjkjkj    

 amrigad, mJavaamrigad, mJavaamrigad, mJavaamrigad, mJava    ewodeba nivTierebas, romelic Seicavewodeba nivTierebas, romelic Seicavewodeba nivTierebas, romelic Seicavewodeba nivTierebas, romelic Seicavs wyalbads da monas wyalbads da monas wyalbads da monas wyalbads da mona----
wileobs mJavurwileobs mJavurwileobs mJavurwileobs mJavur----fuZur urTierTqmedebaSi protonis donoris saxiT. xolo fuZur urTierTqmedebaSi protonis donoris saxiT. xolo fuZur urTierTqmedebaSi protonis donoris saxiT. xolo fuZur urTierTqmedebaSi protonis donoris saxiT. xolo fuZefuZefuZefuZe    
ewodeba nivTieewodeba nivTieewodeba nivTieewodeba nivTierebas, romelic monawrebas, romelic monawrebas, romelic monawrebas, romelic monawileobs mJavurileobs mJavurileobs mJavurileobs mJavur----fuZur urTierTqmedebaSi fuZur urTierTqmedebaSi fuZur urTierTqmedebaSi fuZur urTierTqmedebaSi 
protonis aqceptoris saxiT.protonis aqceptoris saxiT.protonis aqceptoris saxiT.protonis aqceptoris saxiT.    
 ese igi, mJavurese igi, mJavurese igi, mJavurese igi, mJavur----fuZuri urTierTqmedebis dros, mimdinareobs protonis gadafuZuri urTierTqmedebis dros, mimdinareobs protonis gadafuZuri urTierTqmedebis dros, mimdinareobs protonis gadafuZuri urTierTqmedebis dros, mimdinareobs protonis gada----
cema mJavadan fuZisken, ris Sedegadac fuZe protonizirdeba da warmoqmnis cema mJavadan fuZisken, ris Sedegadac fuZe protonizirdeba da warmoqmnis cema mJavadan fuZisken, ris Sedegadac fuZe protonizirdeba da warmoqmnis cema mJavadan fuZisken, ris Sedegadac fuZe protonizirdeba da warmoqmnis 
lioniumis kaTions, xolo mJava anionizirdeba da lioniumis kaTions, xolo mJava anionizirdeba da lioniumis kaTions, xolo mJava anionizirdeba da lioniumis kaTions, xolo mJava anionizirdeba da warmoqmnis liatis anions.warmoqmnis liatis anions.warmoqmnis liatis anions.warmoqmnis liatis anions.    
 lioniumis kaTionilioniumis kaTionilioniumis kaTionilioniumis kaTioni    _ ewodeba mJavas an gamxsnelis protonis mierTebis 
produqts fuZesTan: 

M  +  H
+   
→   MH

+ 

                             lioniumislioniumislioniumislioniumis    
                                                        kaTionikaTionikaTionikaTioni    

 liatis anioniliatis anioniliatis anioniliatis anioni    _ ewodeba gamxsnelis mier protonis gacemis Sedegad 
warmoqmnil produqts: 
                                                                         M  -  H

+  
→   (M-H)

- 

                                                            liatis liatis liatis liatis     
                                                                anionianionianionianioni 

 magaliTad:magaliTad:magaliTad:magaliTad:    
H2O      +    H2O      ⇔       H3O

+           
+      OH

- 

                                                 mJava1     fuZe2        mJava2        fuZe1mJava1     fuZe2        mJava2        fuZe1mJava1     fuZe2        mJava2        fuZe1mJava1     fuZe2        mJava2        fuZe1    
                                                                                                                                                                                    lioniumis     liatislioniumis     liatislioniumis     liatislioniumis     liatis    
                                                                                                                                                                                                        kaTioni       anionikaTioni       anionikaTioni       anionikaTioni       anioni    

                                                  NH3         +    NH3         ⇔      NH4
+           

+       NH2
- 

                                                                                                    mJava1     fuZe2      mJava1     fuZe2      mJava1     fuZe2      mJava1     fuZe2          mJava2        fuZe1mJava2        fuZe1mJava2        fuZe1mJava2        fuZe1    
                                                                                                                                                                                    lioniumis     liatislioniumis     liatislioniumis     liatislioniumis     liatis    
                                                                                                                                                                                                        kaTioni       anionikaTioni       anionikaTioni       anionikaTioni       anioni    

3)3)3)3) mJavur-fuZuri urTierTqmedebis bolo stadiaa mJavas wyalbaduri bmis 
xarjze, mJavasa da fuZis urTierTqmedebis produqtebis warmoqmna. es produqtebia 
_ ionuri wyvilebi. 
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VIII.VIII.VIII.VIII.4. 4. 4. 4. mJavmJavmJavmJavururururobisobisobisobis    da fuZurda fuZurda fuZurda fuZurobisobisobisobis    konstantebi.konstantebi.konstantebi.konstantebi.    
mJavebisa da mJavebisa da mJavebisa da mJavebisa da fuZeebis Zalismieri maCvenebelifuZeebis Zalismieri maCvenebelifuZeebis Zalismieri maCvenebelifuZeebis Zalismieri maCvenebeli    

    
    protolituri Teoriis mixedviT, mJavebisa da fuZeebis siZlieres 
gamosaxaven wonasworobis konstantebiT, romelTac ewodeba mJavurobis konstantamJavurobis konstantamJavurobis konstantamJavurobis konstanta----
KA (acid-mJava) da fuZurobis konstanta_fuZurobis konstanta_fuZurobis konstanta_fuZurobis konstanta_KB (base-fuZe). 

zogadad es reaqciebi SeiZleba Semdegnairad gamovsaxoT: 

                                A  + + + + H2O   ⇔  H3O
+
  +    B                                                                                    

][

][][ 3

A

OHB
K A

+×
=     

                        mJava                 mJava                 mJava                 mJava                 fuZefuZefuZefuZe    
 

        B     + + + + H2O ⇔     A     + + + + OH
-                                                          

][

][][

B

OHA
K B

−×=  

                 fuZefuZefuZefuZe                                        mJavamJavamJavamJava    
 
 “SeuRlebuli” mJavebisa da fuZeebisaTvis es tolobebi SeiZleba 
Semdegnairad gamovsaxoT: 

                  HA    +  H2O ⇔  H3O
+    

+   A
-                                                            

][

][][ 3

HA

AOH
K A

−+ ×
=

 

                                mJavamJavamJavamJava                                                                        fuZefuZefuZefuZe    

                  

       A
-         

+  H2O ⇔   HA     +  OH
-                                                  

][

][][
−

−×=
A

OHHA
K B  

                          fuZe            mJavafuZe            mJavafuZe            mJavafuZe            mJava    
                                                                    

                            

                                    ][][
][

][][

][

][][
3

3 −+
−

−−+

×=××
×

=× OHOH
A

OHHA

HA

AOH
KK BA     

                                                                                                                ese igi: ese igi: ese igi: ese igi: OHBA KKK
2

=×     

    
    
 mJavurobis da fuZurobis konstantebis namravli, “SeuRlebuli” mJavebimJavurobis da fuZurobis konstantebis namravli, “SeuRlebuli” mJavebimJavurobis da fuZurobis konstantebis namravli, “SeuRlebuli” mJavebimJavurobis da fuZurobis konstantebis namravli, “SeuRlebuli” mJavebisa da sa da sa da sa da 
fuZeebis SemTxvevaSi, tolia wylis ionuri namravlisa.fuZeebis SemTxvevaSi, tolia wylis ionuri namravlisa.fuZeebis SemTxvevaSi, tolia wylis ionuri namravlisa.fuZeebis SemTxvevaSi, tolia wylis ionuri namravlisa. wonasworobis konstantas 
gamosaxaven Zalismieri maCvenebliT _ pK,,,, romelic wonasworobis konstantas 
uaryofiTi aTobiTi logariTmia:  pK = - lgK.  

 

 magaliTad,   COOHCHpK
3

        = = = = ----    lg (1,74 × 1(1,74 × 1(1,74 × 1(1,74 × 10000----5555)  = )  = )  = )  = - lg1,74   - lg10
-5  

=  4,76. 

 

 pK  gviCvenebs mJavasa da fuZis siZlieres. rac ufro metia pK,  miT ufro 
advilad iSleba mJava H

+ -ionad da anionad. yovelTvis Zlier mJavas Seesabameba 
susti “SeuRlebuli” fuZe da analogiurad, Zlier fuZes Seesabameba susti 
“SeuRlebuli” mJava. 
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III nawiliIII nawiliIII nawiliIII nawili    
Tavi IX. Tavi IX. Tavi IX. Tavi IX. raodenobraodenobraodenobraodenobiTi analizis Teoriuli safuZvlebiiTi analizis Teoriuli safuZvlebiiTi analizis Teoriuli safuZvlebiiTi analizis Teoriuli safuZvlebi    

    
IX.IX.IX.IX.1.1.1.1.    raodenobiTi analizis raodenobiTi analizis raodenobiTi analizis raodenobiTi analizis sagani, sagani, sagani, sagani, amocanebi da meTodebiamocanebi da meTodebiamocanebi da meTodebiamocanebi da meTodebi 

 
 raodenobiTi analizis saganiaraodenobiTi analizis saganiaraodenobiTi analizis saganiaraodenobiTi analizis sagania _ im meTodebis Seswavla da aTviseba, 
romlebic saSualebas iZlevian ganisazRvros nivTierebis raodenobrivi 
Sedgeniloba.  
 raodenobiTi analizis amocanaaraodenobiTi analizis amocanaaraodenobiTi analizis amocanaaraodenobiTi analizis amocanaa    ____ qimiur elementTa (an maTi jgufebis) 
raodenobiTi gansazRvra naerTebSi. raodenobiTi analizis meSveobiT 
SesaZlebelia sxvadasxva gansazRvrebis Catareba, magaliTad: Tanafardobis 
dadgena elementTa masebs Soris, romlebic Sedian rTuli nivTierebebis 
SedgenilobaSi (marilebis mJavebis da sxva.); xsnarSi nivTierebis raodenobis 
gansazRvra; nivTierebaTa narevSi Semavali elementebis koncentraciis dadgena 
(magaliTad, naxSirbadisa da wyalbadis Semcvelobisa navTobSi); ama Tu im 
komponentis raodenobis gansazRvra araerTgvarovan nivTierebaSi (wiaRiseulSi, 
mineralebSi, sasuqebSi).  
 raodenobiTi analizis meTodebi iyofa 3 jgufad: raodenobiTi analizis meTodebi iyofa 3 jgufad: raodenobiTi analizis meTodebi iyofa 3 jgufad: raodenobiTi analizis meTodebi iyofa 3 jgufad:     

1.1.1.1. qimiuri; 
2.2.2.2. fizikuri; 
3.3.3.3. fizikur-qimiuri. 

 
Qqimiur Qqimiur Qqimiur Qqimiur meTodebsmeTodebsmeTodebsmeTodebs – miekuTvneba:  
a)a)a)a) gravimetruli (woniTi) analizi; 
b)b)b)b) titrimetruli (moculobiTi) analizi; 

      g)g)g)g) gazuri analizi.  
gravimetruli analizisgravimetruli analizisgravimetruli analizisgravimetruli analizis safuZvels warmoadgens sakvlevi komponentis 

raodenobis gansazRvra misi gamoyofis gziT Zneladxsnadi naleqis saxiT, Semdgom 
wonian naleqs da misi  masis mixedviT gamoTvlian saZiebeli komponentis 
raodenobas. gravimetruli analizi Tavis sawyiss m.v.lomonosovidan iRebs. es 
zusti meTodia, magram gaaCnia SezRuduli pratikuli gamoyeneba, radganac 
praqtikulad uxsnadi araorganuli naerTebis ricxvi mcirea. am mimarTulebiT 
didi roli iTamaSa organuli naerTebis gamoyenebam damleqavebis saxiT. am 
dargSi udidesi Rvawli miuZRvis l.a.Cugaevs, i.p.alimarins, i.m.koremans, 
v.i.kuznecovs, l.m.kulbergs, romlebmac gamoiyenes organuli reagentebi daleqvis 
reaqciebSi.  

titrimetrtitrimetrtitrimetrtitrimetruli analizisuli analizisuli analizisuli analizis safuZvels warmoadgens ori xsnaris moculobis 
gansazRvris niadagze nivTierebis koncentraciis dadgena. am ori xsnaridan erTis 
koncentracia cnobilia – mas ewodeba titrianititrianititrianititriani    (stan(stan(stan(standartudartudartudartuli) xsnari.li) xsnari.li) xsnari.li) xsnari. xsnars, 
romlis koncentracia ucnobia – ewodeba saanasaanasaanasaanalizo xsnarilizo xsnarilizo xsnarilizo xsnari. saanalizo xsnari 
ititreba standartuliT da reaqciis dasrulebis moments arkveven indikatorebis 
meSveobiT. titrimetruli analizis (neitralizaciis meTodis) ganviTareba 
dakavSirebulia v.m.severginis, n.a. menSutkinis, l.a.Cugaevis, n.a.Silovis, n.a.tanana-
evis naSromebTan.  

 gazuri analizi gazuri analizi gazuri analizi gazuri analizi     dafuZnebulia sakvlevi gazisebri nivTierebebis moculo-
bebis gazomvaze. sakvlevi sinjis moculobis dadgenas axdenen an myari da Txevadi 
STanmTqmelebis mier misi STanTqmis Semdeg, an gazTa narevis dawvis Semdeg. gazTa 
narevis raodenobis mixedviT, romelic aRebulia saanalizod, gazuri analizi 
iyofa:  makro- (100ml gazi),  naxevradmikro- (2-10ml) da  mikromeTodebad (1ml). 



 - 60 -  

fizikuri meTodebifizikuri meTodebifizikuri meTodebifizikuri meTodebi dafuZnebulia nivTierebis romelime fizikuri Tvisebis 
gazomvaze. magaliTad, speqtraluri analizi saSualebas iZleva ganisazRvros 
elementis koncentracia atomTa unaris meSveobiT, gamoasxivon “aRgznebul” mdgo-
mareobaSi (magaliTad gaxurebisas) garkveuli sigrZis talRis (monoqromatuli) 
gamosxiveba, romlis mixedviT msjeloben nivTierebis arsebobisa da misi 
raodenobis Sesaxeb. am meTodis meSveobiT SesaZlebeli gaxda 1868w. mzeze 
heliumis aRmoCena, romelic dedamiwaze aRmoaCines mxolod 1895 wels.  

fizikurfizikurfizikurfizikur----qimiuri meTodebiqimiuri meTodebiqimiuri meTodebiqimiuri meTodebi    dafuZnebulia qimiur reaqciebze, romelTa 
mimdinareobisas xdeba xsnaris fizikuri Tvisebis Secvla (magaliTad, eleqtro-
gamtarobis,  Sefervis intensivobis).  fizikur-qimiuri meTodebi iyofa 3 jgufad: 
a)a)a)a) eleqtroqimiuri;  b)b)b)b) optikuri;  g)g)g)g) qromatografiuli.  

eleqtroqimiuri meTodebi, Tavis mxriv, iyofa Semdeg saxeobebad:eleqtroqimiuri meTodebi, Tavis mxriv, iyofa Semdeg saxeobebad:eleqtroqimiuri meTodebi, Tavis mxriv, iyofa Semdeg saxeobebad:eleqtroqimiuri meTodebi, Tavis mxriv, iyofa Semdeg saxeobebad: 
1.1.1.1. eleqtrowoniTi meTodi,eleqtrowoniTi meTodi,eleqtrowoniTi meTodi,eleqtrowoniTi meTodi, romelsac safuZvelad udevs eleqtrolizi, anu 
eleqtrodeniT eleqtrodze nivTierebis gamoyofa; 
2.2.2.2. eleqtromoculobiTi meTodi,eleqtromoculobiTi meTodi,eleqtromoculobiTi meTodi,eleqtromoculobiTi meTodi,    romlis drosac saanalizo xsnars umateben 
reaqtivis xsnars da eqvivalentobis wertilSi zomaven eleqtrodis 
potencials. 
eleqtromoculobiTi meTodis saxeobebia: potenciometria, konduqtometria, 

kulonometria, amperometria, polarografia. 
 optikuri meTodioptikuri meTodioptikuri meTodioptikuri meTodi – dafuZnebulia STanTqmuli, gamosxivebuli da gafantuli 

speqtrebis gamokvlevaze.  
Tavis mxriv, optikuri meTodis saxeobebia: kolorimetria, fotokolo-

rimetria, nefelometria, turbidimetria, speqtrofotometria, refraqtometria, 
emisiuri speqtruli analizi.  

qromaqromaqromaqromatografiuli meTodi tografiuli meTodi tografiuli meTodi tografiuli meTodi –––– dafuZnebulia  saanalizo narevis gatarebaze 
adsorbentiT Sevsebul qromatografiul svetSi, sadac adsorbenti seleqtiurad 
(SerCeviT) STanTqavs narevis calkeul komponentebs, romlebic daileqebian 
qromatografiuli svetis sxvadasxva simaRleze.  

berZnulad:  Chroma - niSnavs fers, grapho  - vwer. miRebul ferad suraTs 
ewodeba qromatograma.qromatograma.qromatograma.qromatograma. Tu keTdeba uferuli naerTebis qromatografiuli analizi, 
maSin saWiro xdeba saanalizo narevSi Semavali komponentebis Semdgomi 
identifikacia (gamJRavneba). identifikacia (gamJRavneba). identifikacia (gamJRavneba). identifikacia (gamJRavneba).     

Tavis mxriv, qromatografiuli analizi iyofa Semdeg saxeobebad;  
a)a)a)a) adsorbciuli; 
b)b)b)b) ionmimocvliTi; 
g)g)g)g) daleqviTi; 
d)d)d)d) gamanawilebeli. 

 
 

 
 
 
    

IX.IX.IX.IX.2. raodeno2. raodeno2. raodeno2. raodenobiTi analizisbiTi analizisbiTi analizisbiTi analizis    Catarebis Catarebis Catarebis Catarebis     pirobebipirobebipirobebipirobebi    
    
imisaTvis, rom raodenobiTi analizis Sedegebi iyos zusti da swori, saWiroa 

misi Catarebis rigi pirobebis dacva: rigi pirobebis dacva: rigi pirobebis dacva: rigi pirobebis dacva:     
a)a)a)a) upirveles yovlisa, saWiroa analizuri reaqciis sworad SerCeva, romlis  
   meSveobiTac xdeba raodenobiTi analizis Catareba; 
b)b)b)b) saWiroa analizuri operaciebis Catareba meTodikaSi miTiTebuli  
   moTxovnebis da pirobebis sruli dacviT; 



 - 61 -  

g)g)g)g) qimiuri WurWlisadmi wayenebuli moTxovnebis dacva; 
d)d)d)d) reaqciis Sedegebis gansazRvris sando xerxebis gamoyeneba. 
  
 analizuri (qimiuri) reaqcianalizuri (qimiuri) reaqcianalizuri (qimiuri) reaqcianalizuri (qimiuri) reaqciebiebiebiebis mimarT wayenebulia Semdegi s mimarT wayenebulia Semdegi s mimarT wayenebulia Semdegi s mimarT wayenebulia Semdegi moTxovnebi:moTxovnebi:moTxovnebi:moTxovnebi:    
1.1.1.1. reaqcia unda midiodes bolomde, anu iyos steqiometruli; 
2.2.2.2. analizur reaqciebs unda gaaCndeT sakmaod sando da mdgradi analizuri 

efeqti, romelic advilad fiqsirdeba; 
3.3.3.3. raodenobiTi titrimetruli analizis Catarebisas, aucielebelia iseTi 

reagentebis xsnarebis gamoyeneba, romelTac gaaCniaT zusti koncentracia;  
4.4.4.4. raodenobiTi analizis yvela operacia Catardes maqsimaluri 

akuratulobiT, anu danakargebis gareSe; 
5.5.5.5. raodenobiTi gansazRvrebis Sedegebi unda damuSavdes maTematikurad.  
raodenobiTi analizis mgrZnobiarobis, sizustis da seleqtiurobis 

asamaRleblad, arsebobs sxvadasxva meTodebi, kerZod:  
qimiuri meTodebi – romelTac miekuTvneba  eqstracia, daleqva, Tandaleqva; 
fizikur-qimiuri meTodebi – romelsac miekuTvneba qromatografia;  
fizikuri meTodebi – miekuTvneba gadadena, distilacia. 
 
 
 
 
 

 
 

IX.IX.IX.IX.3.3.3.3.    raodenobiTi raodenobiTi raodenobiTi raodenobiTi analizis Secdomebianalizis Secdomebianalizis Secdomebianalizis Secdomebi    
    

raodenobiTi analizis Catarebisas warmoiSoba mTeli rigi Secdomebi, 
romlebic amcireben analizis Sedegebis sizustes. aseT Secdomebs miekuTvneba: 

1.1.1.1. awonvis da azomvis Secdomebawonvis da azomvis Secdomebawonvis da azomvis Secdomebawonvis da azomvis Secdomebiiii    
magaliTad, analizuri sasworis sizuste Seadgens  0,0001-s.  
pipetisa da biuretis sizuste Seadgens 0,02-0,03 sm3-s, amitom maTze 

muSaobisas, asazomi xsnarebis moculoba sasurvelia iyos  20sm3  an meti; 
2.2.2.2. qimiuri Secdomebiqimiuri Secdomebiqimiuri Secdomebiqimiuri Secdomebi – maT miekuTvneba gatitvris Secdomebi, romelTa 

Sesamcireblad gatitvras atareben aranakleb 3-jer da iyeneben 
sakontrolo cdas, romelsac atareben msgavs pirobebSi, magram sakvlevi 
nivTierebis gareSe. titrantis moculobas, romelic daixarja 
sakontrolo cdis gatitvraze, gamoakleben analizis Sedegs. gatitvras 
axdenen wveTobiT, raTa ar moxdes saanalizo xsnaris gadatitvra.  

3.3.3.3. sistematuri da SemTxveviTi Secdomebisistematuri da SemTxveviTi Secdomebisistematuri da SemTxveviTi Secdomebisistematuri da SemTxveviTi Secdomebi 
SemTxveviTi Secdomebis Sesamcireblad, analizis Sedegebs amuSaveben 
maTematikurad.  

4.4.4.4. absoluturi da fardobiTi Secdomebiabsoluturi da fardobiTi Secdomebiabsoluturi da fardobiTi Secdomebiabsoluturi da fardobiTi Secdomebi    (ix. Tavi 1.3) 
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IX.IX.IX.IX.4444. . . . raodenobiTi analizis WurWeli, raodenobiTi analizis WurWeli, raodenobiTi analizis WurWeli, raodenobiTi analizis WurWeli,     
xelsawyoebi da aparaturaxelsawyoebi da aparaturaxelsawyoebi da aparaturaxelsawyoebi da aparatura    

    
raodenobiTi analizis Casatareblad gamoiyeneba: 

1)1)1)1) saerTo;   2)2)2)2) sazomi;   3)3)3)3) specialuri daniSnulebis WurWeli, xelsawyoebi 
da aparatura.  

 
saerTo daniSnulebis WurWels miekuTvneba:saerTo daniSnulebis WurWels miekuTvneba:saerTo daniSnulebis WurWels miekuTvneba:saerTo daniSnulebis WurWels miekuTvneba:    

a)a)a)a)    sinjarebisinjarebisinjarebisinjarebi (cilindruli da konusuri _centrifugis) – gamoiyeneba mcire 
moculobis analizis Casatareblad. maTi moculoba Seadgens  5-20 ml-s; 
b)b)b)b)    qimiuri Zabrebiqimiuri Zabrebiqimiuri Zabrebiqimiuri Zabrebi (minis an plastmasis) – maT iyeneben xsnarebis 
gadasasxmelad an gasafiltravad; 
g) g) g) g) qimiuri Wiqebiqimiuri Wiqebiqimiuri Wiqebiqimiuri Wiqebi – maTi moculobaa 50 ml-dan  2 l-mde; 
d) d) d) d) kolbebikolbebikolbebikolbebi _ mrgvalZira, brtyelZira (maT Soris, erlenmeieris), maTi 

moculoba 50 ml-dan ramdenime litramdea. maT iyeneben gatitvris 
Casatareblad an xsnarebis gasacxeleblad;  

e) e) e) e) sasasasawveTuri wveTuri wveTuri wveTuri – misi moculoba 8-14 ml-ia, mas ZiriTadad iyeneben 
indikatorebis xsnarebis Sesanaxad;  

v)v)v)v)    minis wkirebiminis wkirebiminis wkirebiminis wkirebi – maTi diametri 4-6 mm-ia, wkiriT ureven xsnars, gadaaqvT 
siTxeebi filtrze.  

    
sazom WurWels miekuTvneba:sazom WurWels miekuTvneba:sazom WurWels miekuTvneba:sazom WurWels miekuTvneba:    

a) a) a) a) sazomi cilindrebisazomi cilindrebisazomi cilindrebisazomi cilindrebi – maTi moculoba 10ml-dan  2l-mdea, gamoiyeneba   
   xsnarebis moculobis asazomad; 
b)b)b)b)    sazomi menzurebisazomi menzurebisazomi menzurebisazomi menzurebi – maTi moculoba 50 ml-dan 500ml-mdea, gamoiyeneba 
procentuli xsnarebis mosamzadeblad; 
g)g)g)g) sazomi kolbebisazomi kolbebisazomi kolbebisazomi kolbebi – maTi moculoba 50 ml-dan 2l-mdea. gamoiyeneba zusti 

koncentraciis xsnarebis dasamzadeblad; 
d) d) d) d) qimiuri pipetebiqimiuri pipetebiqimiuri pipetebiqimiuri pipetebi (gradiurebuli, anu danayofebiani da aragraduirebuli, 

anu moris) – maTi moculoba 1-100 ml-mdea; 
e) e) e) e) qimiuri biuretebiqimiuri biuretebiqimiuri biuretebiqimiuri biuretebi – gamoiyeneba gatitvris Casatareblad. maTi moculoba 

25-100 ml-ia. TiToeuli danayofis fasia _ 0,1 ml. biuretebs gaaCniaT moris 
momWeri an minis onkani. biurets amagreben metalur Stativze, xsnars 
asxamen 0-van danayofamde da biuretis cxvirs avseben. mikroanalizis 
Casatareblad iyeneben mikrobiurets, romlis danayofis fasia 0,01 ml.  

specialuri daniSnulebis WurWels specialuri daniSnulebis WurWels specialuri daniSnulebis WurWels specialuri daniSnulebis WurWels da mowyobilobas da mowyobilobas da mowyobilobas da mowyobilobas miekuTvnebamiekuTvnebamiekuTvnebamiekuTvneba: 
a)a)a)a) saSrobi karadasaSrobi karadasaSrobi karadasaSrobi karada – gamoiyeneba WurWlis, sxvadaxva masalis, biuqsebis 

gasaSrobad.  
b)b)b)b) mufelis elqtroRumufelis elqtroRumufelis elqtroRumufelis elqtroRumelimelimelimeli – gamoiyeneba naleqebis gamosawvavad, nivTierebis 

SesalRobad, misi temperatura  8000C - mdea; 
g)g)g)g) wylis abazanawylis abazanawylis abazanawylis abazana – misi temperatura  <1000C-ze, gamoiyeneba adviladaqro-

ladi nivTierebis gasaxureblad; 
d)  qviSis abazanad)  qviSis abazanad)  qviSis abazanad)  qviSis abazana – misi temperatura 200-2500C, masze aorTqleben duRilis 

maRali temperaturis mqone siTxeebs; 
e) minis biuqsebie) minis biuqsebie) minis biuqsebie) minis biuqsebi (patara moculobis Wiqebi milesili TavsaxuriT) – 

gamoiyeneba higroskopuli an aqroladi nivTierebebis Sesanaxad;  
v) Camrecxi kolbav) Camrecxi kolbav) Camrecxi kolbav) Camrecxi kolba – gamoiyeneba naleqiani xsnarebis gadasatanad filtrze, 

maT Casarecxad, moculoba – 250-500 ml-ia. 
z) faifuris jamebiz) faifuris jamebiz) faifuris jamebiz) faifuris jamebi – gamoiyeneba siTxeTa asaorTqleblad mSral naSTamde; 
T) faifuris tigelebiT) faifuris tigelebiT) faifuris tigelebiT) faifuris tigelebi – maTSi xdeba naleqebis gamowva. tigelebs axureben 

mufelis RumelSi, gadaaqvT maSebis saSualebiT; 
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i) kristalizatorii) kristalizatorii) kristalizatorii) kristalizatori – cilindruli formis sqelkedliani minis WurWelia, 
romelic gamoiyeneba xsnarebidan nivTierebaTa gamosakristaleblad da am 
kristalTa gasazrdelad; 

k) eqsikatorik) eqsikatorik) eqsikatorik) eqsikatori – sqelkedliani minis jami milesili TavsaxuriT, romelsac 
vazelins usvamen vakuumis Sesaqmnelad. eqsikatoris Sua nawilSi imyofeba 
naxvretebiani faifuris sadgami, romlis qvemoT moTavsebulia 
wyalwamrTmevi nivTiereba.... eqsikators iyeneben gamomwvari tigelebis, 
gamomSrali biuqsebis gasaciveblad, higroskopiuli nivTivTierebis 
Sesanaxad; 

l) biuxnerl) biuxnerl) biuxnerl) biuxneris Zabri da bunzenis kolbais Zabri da bunzenis kolbais Zabri da bunzenis kolbais Zabri da bunzenis kolba – gamoiyeneba xsnarebis gasafiltrad 
vakuumis pirobebSi. 

 
xelsawyoebi da aparaturaxelsawyoebi da aparaturaxelsawyoebi da aparaturaxelsawyoebi da aparatura    
 
a)a)a)a) sasworebi (beranJes, saafTiaqo, analizuri); 
b)b)b)b) xelis centrifuga da eleqtrocentrifuga; 
g)g)g)g) eleqtrolizis Casatarebeli xelsawyo; 
d)d)d)d) pH– metri (potenciometri); 
e)e)e)e) polarografi; 
v)v)v)v) konduqtometri; 
z)z)z)z) refraqtometri; 
T)T)T)T) kolorimetri; 
i)i)i)i) fotokolorimetri; 
k)k)k)k) aluri fotometri; 
l)l)l)l) qromatografi; 
m)m)m)m) atomuri absorbciometri. 

    
    
    
    

IX.IX.IX.IX.5. raodenobiTi analizis ZiriTadi operacieb5. raodenobiTi analizis ZiriTadi operacieb5. raodenobiTi analizis ZiriTadi operacieb5. raodenobiTi analizis ZiriTadi operaciebiiii 
 
1. awonva1. awonva1. awonva1. awonva – mas awarmoeben analizur sasworze. amisaTvis teqnikur an saafTi-

aqo sasworze wonian nivTierebis saWiro raodenobas 0,01 g sizustiT, aTavseben 
winaswar awonil cariel biuqsSi an saaTis minaze. aqrolad nivTierebebs da 
siTxes wonian saxuravian biuqsSi. biuqss an saaTis minas wonakTan erTad maSebis 
meSveobiT aTavseben sasworis marcxena TefSze, am dros sasworis aretiri 
imyofeba Caketil mdgomareobaSi. sawonebs deben marjvena TefSze pincetis 
meSveobiT, iweren awonvis monacemebs. awonvas axdenen aranakleb 3-jer.  

 
sasworze muSaobis wesebi:sasworze muSaobis wesebi:sasworze muSaobis wesebi:sasworze muSaobis wesebi:    

    
1.1.1.1. sasworze dauSvebelia imaze meti wonakis dadeba, vidre 

miTiTebulia mis uRelze; 
2.2.2.2. asawon sagnebs unda gaaCndeT oTaxis temperatura; 
3.3.3.3. asawon nivTierebebs aTavseben specialur WurWelSi (biuqsSi, saaTis 

minaze, tigelSi); 
4.4.4.4. asawoni sagani Tavsdeba sasworis marcxena TefSze, wonaki – 

marjvenaze; 
5.5.5.5. yoveli awonis win da Semdeg aretiri unda imyofebodes Caketil 

mdgomareobaSi; 
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6.6.6.6. sasworis nulovani wertili mowmdeba yoveli awonis win da Semdeg; 
7.7.7.7. saswori ar unda dabinZurdes, unda iyos daculi dartmebisagan, 

biZgebisagan; 
8.8.8.8. sasurvelia erTi da igive sasworiT da wonakebiT sargebloba.  

2. 2. 2. 2. azomvaazomvaazomvaazomva.  xsnarebis moculobas raodenobiTi analizSi zomaven 
moculobiTi amzomvelebis – biuretebis, pepetebis, kolbebis, sazomi cilindrebis 
meSveobiT. saanalizo xsnarisa da titrantis moculoba saWiroa aizomos 
0,01_0,02sm3 sizustiT. gatitvrisas saWiroa gamoyenebuli iqnas standartuli 
xsnarebi, romelTa koncentracia ar aRemateba 0,1 normalobas. 

3. gatitvra3. gatitvra3. gatitvra3. gatitvra – mas awarmoeben biuretidan, romelic Sevsebulia standartuli 
xsnariT nulovan niSanxazamde. biuretis Sevseba xdeba Zabridan. biurets winaswar 
Carecxaven jer distilirebuli wyliT, Semdeg – titrantiT. saanalizo xsnars 
azomaven pipetiT, aTavseben konusur kolbaSi, umateben 3-4 wveT indikators da 
titraven. Tavdapirvelad titrants umateben biuretidan 1-2 sm3 moculobiT, 
amavdroulad, mudmivad anjRreven kolbas. eqvivalentobis wertilTan miaxlo-
ebisas titrants umateben wveTobiT. gatitvras asruleben xsnaris feris Secvlis 
Semdeg.  gatitvras awarmoeben 3-jer mainc. paralelurad dgamen sakontrolo 
cdas, sadac ititreba indikatordamatebuli imave moculobis distilirebuli 
wyali, rogorc saanalizo xsnari. sakontrolo cdis Sedegebs gamoakleben 
analizis Sedegs. 

 
ganasxvaveben ganasxvaveben ganasxvaveben ganasxvaveben 3 saxis gatitvras3 saxis gatitvras3 saxis gatitvras3 saxis gatitvras::::    

a)a)a)a) pirdapiri gatitvrapirdapiri gatitvrapirdapiri gatitvrapirdapiri gatitvra – am dros saanalizo xsnars umateben titrantis mcire 
porciebs. eqvivalentobis wertils sazRvraven indikatorebiT an fizikur-qimiuri 
meTodebiT; 
b)b)b)b) ukugatitvra ukugatitvra ukugatitvra ukugatitvra – am dros iyeneben or titrants. saanalizo xsnars umateben 
pirvel titrants Warbad. am dros saanalizo  nivTierebasa da titrants Soris 
mimdinareobs reaqcia, romlis dasrulebis Semdeg rCeba pirveli titrantis 
siWarbe da am Warb raodenobas titraven meore titrantiT. pirveli titrantis 
moculobas gamoTvlian sxvaobiT damatebul da gatitrul moculobebs Soris; 
g)g)g)g) Semcvlelis gatitvra Semcvlelis gatitvra Semcvlelis gatitvra Semcvlelis gatitvra – mas iyeneben maSin, roca pirdapiri da ukugatitvra 
SeuZlebelia an gaZnelebuli. nivTierebas umateben romelime reagents, 
mimdinareobs qimiuri reaqcia, romlis drosac raodenobrivad gamoiyofa reaqciis 
produqti, romelsac titraven Sesabamisi standartuli xsnariT. magaliTad, 
K2Cr2O7-s sazRvraven KI-is da H2SO4-is mimatebiT. Jangva-aRdgeniTi reaqciis 

Sedegad gamoiyofa,  IIII2222    , romelsac titraven 322 OSNa –iT. 

4) gafiltvra4) gafiltvra4) gafiltvra4) gafiltvra    – mas iyeneben deda-xsnaridan naleqis gamosayofad. 
gafiltvras awarmoeben qaRaldis an minis filtrebiT, vakuumSi an mis gareSe. 
qaRaldis filtrebiT gamoyofen amorful naleqebs, minis filtrebiT – 
kristalurs. xsnari da naleqi gadaaqvT filtrze minis wkiris meSveobiT 
naleqiani WurWelis gamorecxvas awarmoeben gamoxdil wyliT, naleqis srul 
gadatanamde filtrze (dekantaciis wesiT), Semdeg awarmoeben naleqis Carecxvas 

advilad aqroladi eleqtrolitebis xsnarebiT: 3, HNOHCl , amoniumis marilebi, 

organuli naerTebi. naleqis Carecxva aucilebelia misi peptizaciis, hidrolizis, 
gaxsnis Tavidan asacileblad. saWiroa naleqis 6-8–jer Carecxva.  
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Tavi X. gravimetruli (woniTi) analiziTavi X. gravimetruli (woniTi) analiziTavi X. gravimetruli (woniTi) analiziTavi X. gravimetruli (woniTi) analizi    
    

X.1. gravimetruli analizis arsi da Teoriuli safuZvlebiX.1. gravimetruli analizis arsi da Teoriuli safuZvlebiX.1. gravimetruli analizis arsi da Teoriuli safuZvlebiX.1. gravimetruli analizis arsi da Teoriuli safuZvlebi 
 
gravimetruli analizis safuZvelsgravimetruli analizis safuZvelsgravimetruli analizis safuZvelsgravimetruli analizis safuZvels warmoadgens Sedgenilobis mudmivobis 

kanoni, romlis mixedviTac nivTierebis SedgenilobaSi Semavali elemenetebis 
masaTa Tanafardoba yovelTvis erTnairia. gravimetruli analizis safuZvelsgravimetruli analizis safuZvelsgravimetruli analizis safuZvelsgravimetruli analizis safuZvels 
warmoadgens aseve eqvivalenturobis kanoni, romlis mixedviTac reaqciaSi 
monawile elementTa masebis Tanafardoba erTmaneTis mimarT yovelTvis mudmivi 
da ucvlelia. gravimetruli analizis arsi mdgomareobs gravimetruli analizis arsi mdgomareobs gravimetruli analizis arsi mdgomareobs gravimetruli analizis arsi mdgomareobs SemdegSi:SemdegSi:SemdegSi:SemdegSi: saanalizo 
xsnaridan garkveuli reaqtivis meSveobiT leqaven praqtikulad uxsnad naleqs, 
romelic Seicavs sakvlev ions an elemets. am naleqs ewodeba dasaleqi forma.dasaleqi forma.dasaleqi forma.dasaleqi forma. 
naleqis damuSavebis Semdeg iReben garkveuli Sedgenilobis myar nivTierebas, 
romelsac ewodeba asawoni anu gravimetruli forma.asawoni anu gravimetruli forma.asawoni anu gravimetruli forma.asawoni anu gravimetruli forma. amis Semdeg wonian naleqs da 
gaingariSeben elementTa Semcvelobas saanalizo nivTierebaSi. magaliTad, 

kalciumis gansazRvrisas Tavdapirvelad miiReben dasaleq formas 42OCaC , 

romelic gamowvisas gadadis gravimetrulSi - CaO. 

magaliTi:magaliTi:magaliTi:magaliTi: saWiroa vercxlis Semcvelobis gamoTvla vercxlis nitratSi.  

amisaTvis iReben zust (analizur) wonaks _ 2549,03 −AgNO g. xsnian gamoxdil 

wyalSi da Ag
+
-ions leqaven HCl –iT: 

33 HNOAgClHClAgNO +↓→+    AgCl↓-aris dasaleqi forma. naleqs damuSavebis 

Semdeg wonian analizur sasworze. vTqvaT, AgCl-is woniTi formis masam Seadgina 
0,2148g. pouloben vercxlis masas naleqSi: 

143,35 g     AgCl Seicavs   107,9 g   Ag 

0,2148 g   AgCl Seicavs   X g   Ag 

1617,0
35,143

9,1072148,0 =⋅=x g  Ag 

maSasadame, 0,2549g AgNO3 Seicavs 0,1617g Ag-s. Semdgom pouloben vercxlis 
procentul Semcvelobas  AgNO3----Si: 

0,2549 g  AgNO3 Seicavs   0,1617g  Ag    
100 g    AgNO3 Seicavs    X g  Ag    

44,63
2549,0

1001617,0 =⋅=x g  Ag     anu  63,44%  Ag. 

 

 

 

 

 

 
asawoni fasawoni fasawoni fasawoni formisadmi wayenebuli moTxonebi:ormisadmi wayenebuli moTxonebi:ormisadmi wayenebuli moTxonebi:ormisadmi wayenebuli moTxonebi:    

 
1)1)1)1) Mmisi Sedgeniloba zustad unda Seesabamebodes qimiur formulas; 
2)2)2)2) Uunda iyos qimiuri mdgradi, ar unda STanTqavdes haeris CO2-s, 

wylis orTqls, ar unda iJangebodes haeris JangbadiT, ar unda 
iSlebodes maRal temperaturaze; 

3)3)3)3) sakvlevi elementis Semcveloba woniT formaSi unda iyos rac 
SeiZleba mcire, radganac am SemTxvevaSi awonvis cdomilebani 
naklebad imoqmedeben analizis Sedegebze. 
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damleqavisadmi wayenebuli moTxovnebi:damleqavisadmi wayenebuli moTxovnebi:damleqavisadmi wayenebuli moTxovnebi:damleqavisadmi wayenebuli moTxovnebi:    
1.1.1.1. man unda warmoqmnas sakvlev komponentTan umciresi xsnadobis naleqi; 
2.2.2.2. sasurvelia iyos aqroladi, specifiuri; 
3.3.3.3. damleqavis raodenoba damokidebulia saanalizo nivTierebis sidideze. 

kristaluri naleqis masa ar unda aRematebodes 0,5g-s, amorfulis _  
0,2-0,3g-s.  

 
naleqis formasa da struqturaze moqmedi faqtorebinaleqis formasa da struqturaze moqmedi faqtorebinaleqis formasa da struqturaze moqmedi faqtorebinaleqis formasa da struqturaze moqmedi faqtorebi: 

1.1.1.1. koncentraciis gadideba iwvevs amorfuli naleqis gadasvlas labisebri 
formidan gacilebiT mkvriv naleqSi; 

2.2.2.2. temperaturis zrda aCqarebs kristaluri mesris Camoyalibebas, agreTve 
aferxebs kristalizaciis pirvel stadias.  

3.3.3.3. daleqvis Tanmimdevroba, siCqare, naleqis dayovnebis dro; 
4.4.4.4. xsnarSi sxva eleqtrolitebis arseboba xels uwyobs koloiduri 

xsnarebis gamkvrivebas.  
 

aqedan gamomdinare, naleqis xelsayreli formis misaRebad, aqedan gamomdinare, naleqis xelsayreli formis misaRebad, aqedan gamomdinare, naleqis xelsayreli formis misaRebad, aqedan gamomdinare, naleqis xelsayreli formis misaRebad,     
aucilebelia Semdegi pirobebis dacvaaucilebelia Semdegi pirobebis dacvaaucilebelia Semdegi pirobebis dacvaaucilebelia Semdegi pirobebis dacva; 

1.1.1.1. daleqva vawarmooT SedarebiT ganzavebuli xsnarebidan; 
2.2.2.2. daleqva vawarmooT cxeli xsnarebidan; 
3.3.3.3. damleqavis mimateba vawarmooT TandaTanobiT, mudmivi moreviT, raTa 

erTmaneTTan urTierTmoqmedi ionebis koncentracia ar iyos Zalian 
maRali; 

4.4.4.4. naleqis xsnadobis xelSemwyobi nivTierebebis damateba (magaliTad, HCl-is 
_ BaSO4-Tan). Aam SemTxvevaSi izRudeba kristalizaciis pirveli stadia; 

5.5.5.5. miRebuli naleqebi garkveuli droiT unda dayovdnen (naleqebis 
“momwifeba”), am dros wvrili kristalebi ixsnebian, xolo msxvili 
kristalebi _ izrdebian. 

 
dasaleqi formisadmi wayenebuli moTxovnebi:dasaleqi formisadmi wayenebuli moTxovnebi:dasaleqi formisadmi wayenebuli moTxovnebi:dasaleqi formisadmi wayenebuli moTxovnebi:    

1.1.1.1. mcire xsnadoba – araumetes  1 · 10-7 _ 1····10-8 moli/l; 
2.2.2.2. naleqi unda iyos msxvilkristaluri; 
3.3.3.3. dasaleqi forma SedarebiT iolad da srulad unda gardaiqmnas woniT 

formad. 
 

naleqnaleqnaleqnaleqis dabinZureba da brZola masTanis dabinZureba da brZola masTanis dabinZureba da brZola masTanis dabinZureba da brZola masTan    
naleqis gamoyofas gareSe nivTierebebTan erTad ewodeba naleqis gamoyofas gareSe nivTierebebTan erTad ewodeba naleqis gamoyofas gareSe nivTierebebTan erTad ewodeba naleqis gamoyofas gareSe nivTierebebTan erTad ewodeba Tandaleqva.Tandaleqva.Tandaleqva.Tandaleqva.  

misi ZiriTadi mizezia – adsorbcia, rac iwvevs naleqis zedapiris dabinZurebas. 

adsorbcia SerCeviTi xasiaTisaa. magaliTad, SO4
2-

-is ions vleqavT +2Ba -is ioniT 

( +2Ba -is ionebi Warbadaa): 

HClBaSOBaClSOH 24242 +↓→+  

adsorbirebuli  +2Ba -is ionebi, Tavis mxriv, SeboWaven sawinaaRmdego 

damuxtul  −Cl -is ionebs manam, sanam ar moxdeba Warbi muxtis ganeitraleba. 
 Tandaleqva ori saxisaa:Tandaleqva ori saxisaa:Tandaleqva ori saxisaa:Tandaleqva ori saxisaa:    
a)a)a)a) Tandaleqil minarevebi imyofebian naleqis zedapirze, am dros maTi mocileba 
xdeba CarecxviT; 
b)b)b)b) Tandaleqili minarevebi okludirebulia, anu daWerilia naleqis SigniT _ misi 
nawilakebiT. am dros minarevebis xsnarSi gadayvana SesaZlebelia mTeli naleqis 
gaxsniT (gadakristaleba). 
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X.2X.2X.2X.2.... analizuri saswori, saSualo nimuSis analizuri saswori, saSualo nimuSis analizuri saswori, saSualo nimuSis analizuri saswori, saSualo nimuSis     
da analizuri wonakis ada analizuri wonakis ada analizuri wonakis ada analizuri wonakis aRebaRebaRebaReba    

    
 saSualo nimuSisaSualo nimuSisaSualo nimuSisaSualo nimuSi ––––    aris sakvlevi nivTierebis mcire ulufa, romelSic yvela aris sakvlevi nivTierebis mcire ulufa, romelSic yvela aris sakvlevi nivTierebis mcire ulufa, romelSic yvela aris sakvlevi nivTierebis mcire ulufa, romelSic yvela 
komponentis raodenobrivi Semcveloba Seesabameba maT Semcvelobas sakvlevi komponentis raodenobrivi Semcveloba Seesabameba maT Semcvelobas sakvlevi komponentis raodenobrivi Semcveloba Seesabameba maT Semcvelobas sakvlevi komponentis raodenobrivi Semcveloba Seesabameba maT Semcvelobas sakvlevi 
nivTierebis mTel masaSi.nivTierebis mTel masaSi.nivTierebis mTel masaSi.nivTierebis mTel masaSi. homogenur sistemebSi saSualo nimuSis aReba gacilebiT 
iolia, radganac nivTierebebis Sedgeniloba maT nebismier  moculobasa da ubanSi 
erTnairia. saSualo nimuSi unda inaxebodes hermetulad daxurul WurWelSi. Tu 
nivTiereba myaria, igi winaswar unda daqucmacdes rodinSi. myari nivTierebis 
wonaks iReben saaTis minaze, Txevadi da aqroladi nivTierebebis wonaks – 
biuqsebSi.  
 amJamad laboratoriebSi yvelaze ufro gavrcelebulia dempferuli dempferuli dempferuli dempferuli 
eleqtrosasworebi. eleqtrosasworebi. eleqtrosasworebi. eleqtrosasworebi. sasworis svets, zeda nawilSi Camagrebuli prizmisprizmisprizmisprizmis meSveobiT 
eyrdnoba Tanaswormxriani mxreuli,mxreuli,mxreuli,mxreuli, romlebzec “sayureebis”“sayureebis”“sayureebis”“sayureebis” meSveobiT prizmebze 
dakidulia sasworis ori jami,ori jami,ori jami,ori jami, Rru cilindris saxis mqone sahaero sahaero sahaero sahaero 
maregulireblebiT.maregulireblebiT.maregulireblebiT.maregulireblebiT. es cilindrebi erTmaneTSia Cadgmuli da sasworis rxevas 
aregulirebs. mxreulze mimagrebulia sasworis isari mikroskaliT,isari mikroskaliT,isari mikroskaliT,isari mikroskaliT, romelic 
optikuri sistemisa da eleqtronaTuris meSveobiT airekleba ekranze. sasworis 
marjvena mxares damagrebulia Tamasa,Tamasa,Tamasa,Tamasa, romelzec diskoiani asawyobi 
mowyobilobiT uSveben garkveuli masis mqone rgolebs.rgolebs.rgolebs.rgolebs. sasworze gramebis aTvla 
xdeba sxvadasxva masis analizuri nairsawonebisnairsawonebisnairsawonebisnairsawonebis meSveobiT, xolo gramis meaTedi 
da measedisa – diskoiandiskoiandiskoiandiskoiani asawyobi mowyobilobiT da rgolebiT.i asawyobi mowyobilobiT da rgolebiT.i asawyobi mowyobilobiT da rgolebiT.i asawyobi mowyobilobiT da rgolebiT. gramis meaTasedi 
da meaTiaTasedi wilebi aiTvleba 100 danayofis mqone mikroskaliT.100 danayofis mqone mikroskaliT.100 danayofis mqone mikroskaliT.100 danayofis mqone mikroskaliT.  
 arasamuSao mdgomareobaSi sawonebisa da tvirTis dadeba–aRebis operaciebis 
Casatareblad, sasworis mxreuls afiqreben specialur sayrdnebze aretirisaretirisaretirisaretiris 
saSualebiT. saswors aTavseben kapitalur kedlebSi Camagrebul specialur 
kronSteinebze dadgmul Taroebze.kronSteinebze dadgmul Taroebze.kronSteinebze dadgmul Taroebze.kronSteinebze dadgmul Taroebze. 
 sawonebi da asawoni sagnebi SeaqvT tigelis maSiT an pincetis saSualebiT, 
sasworis gverdiTi kedlebidan, deben jamebze da iReben sasworis sruli 
aretirebis dros. sasworis nulovan wertils amowmeben yoveli awonvis win da 
Semdeg. awonvis dros tvirTs jer sawonebiT awonasworeben, Semdeg – rgolebiT. 
miligramebs da miligramis meaTeds sazRvraven mikroskaliT.  
 awonvis damTavrebisas, sawors aCereben saCerissaCerissaCerissaCeris    meSveobiT, Caiweren Sedegs, 
gadmoiReben sasworis jamebidan sawonebsa da tvirTs, asweven rgolebs, gawmenden 
sasworis jamebs da mixuraven sasworis gverdiTa karebs.  
 analizuri wonakis sidide damokidebulia Casatarebel analizur meTodze: 
Tu tardeba gravimetruli analizi da miiReba amorfuli naleqebi, maSin 
nivTierebis wonaki iReba im angariSiT, rom gamowvis Semdeg woniTma formam 
Seadginos 0,07-0,1 g, kristaluri naleqebisaTvis – 0,1-0,5 g, nivTierebaTa tenianobis 
da nacrianobis gansazRvrisas – 1-2 g.  

saanalizo nivTierebis wonaki iReba Sesabamisi WurWliT, romelic winaswar 
aris awonili da dayvanili mudmiv wonamde. 
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X.3. gravimetruli analizis Catarebis X.3. gravimetruli analizis Catarebis X.3. gravimetruli analizis Catarebis X.3. gravimetruli analizis Catarebis     
saerTo sqema da ZiriTadi operaciebisaerTo sqema da ZiriTadi operaciebisaerTo sqema da ZiriTadi operaciebisaerTo sqema da ZiriTadi operaciebi    

    
 gravimetruli analizis ZiriTadi operaciebia:gravimetruli analizis ZiriTadi operaciebia:gravimetruli analizis ZiriTadi operaciebia:gravimetruli analizis ZiriTadi operaciebia:    

1.1.1.1. saSualo nimuSis aReba (kvartirebis meTodiT); 
2.2.2.2. nimuSis wonakis masis gansazRvra; 
3.3.3.3. gaxsna; 
4.4.4.4. sakvlevi nivTierebis daleqva; 
5.5.5.5. gafiltvra; 
6.6.6.6. naleqis garecxva; 
7.7.7.7. gamoSroba da gamowva; 
8.8.8.8. gravimetruli formis awonva; 
9.9.9.9. Sedegebis gaangariSeba. 

 
wonakis gaxsnawonakis gaxsnawonakis gaxsnawonakis gaxsna – mimdinareobs qimiur WiqaSi distilirebuli wyliT. 

aucileblobis SemTxvevaSi Wiqas axureben azbestis badeze an wylis abazanaze. Tu 
nivTiereba wyalSi uxnadia, gamxsnelad iyeneben mineralur mJavebs, samefo arays 
(1 w.n.w.n.w.n.w.n. konckonckonckonc.... HNO3 + 3 w.nw.nw.nw.n. konc.konc.konc.konc. HCl), tuteebs. miRebul xsnars aneitraleben, acileben 
xelisSemSlel nivTierebebs da filtraven.  

 
DDDDddddaleqvaaleqvaaleqvaaleqva    ---- mas xSirad awarmoeben amiakis xsnariT, amoniumis marilebiT, 

aqroladi eleqtrolitebiT _ .)()(, 424,3243 SONHCONHNH  daleqvis sisrules 

uzrunvelyofen  imiT, rom umateben damleqavis siWarbes.  
 
naleqis damuSaveba naleqis damuSaveba naleqis damuSaveba naleqis damuSaveba ----    warmoebs Semdegnairad: naleqs ayovneben manam, sanam 

xsnari mis zemoT ar gaxdeba gamWvirvale. Semdeg deda xsnars minis wkiris 
meSveobiT gadaitanen filtrze. WiqaSi darCenil naleqs xelmeored asxamen cxel 
wyals da kvlav moacileben naleqs deda sxnars. am process dekantaciadekantaciadekantaciadekantacia ewodeba, 
romelsac imeoreben 3-4 _ jer, romlis Semdeg filtrats amowmeben Casarecxi 
ionis arsebobaze. Tu es ioni filtratSi aRar aRmoCndeba, maSin naleqs umateben 
wylis axal porcias, anjRreven da naleqian xsnars filtraven. Zabrs filtrian 
qaRaldTan da naleqTan erTad aSroben karadaSi 1000

C -ze, odnav tenian filtrs 
da naleqs gamoiReben, aSroben oTaxis temperaturaze. gacivebul naleqian filtrs 
mokecaven gundad da aTavseben gamomwvar da mudmiv wonamde dayvanil faifuris  
tigelSi. tigels aTavseben eleqtroquraze, sadac filtri daiwveba da 
danaxSirdeba. Semdeg naleqian tigels aTavseben mufelis RumelSi, sadac naleqi 
danacriandeba 600-8000

C -ze 30-50wT-is ganmavlobaSi, Semdeg aciveben eqsikatorSi 
da wonian. gamowvas axdenen mudmiv wonamde dayvaniT, sanam sxvaoba or bolo 
awonvas Soris ar iqneba 0,0002 – 0,0003 g.  

naleqis wona = (naleqiani tigelis wona _ carieli tigelis wona). 
 
gafiltvra gafiltvra gafiltvra gafiltvra – mas awarmoeben minis an unacro filtris qaRaldis meSveobiT. 

filtris qaRaldebi gansxvavdebian simkvriviT: mcire simkvrivismcire simkvrivismcire simkvrivismcire simkvrivis – Savi an 
wiTellentiani, saSualo simkvrivis saSualo simkvrivis saSualo simkvrivis saSualo simkvrivis – TeTrlentiani, maRali simkvrivis maRali simkvrivis maRali simkvrivis maRali simkvrivis – 
lurjlentiani. amorful naleqebs filtraven mcire simkvrivis filtrebSi, 
kristalurs – saSualo da maRali simkvrivis filtrebSi.  
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X.4. gaangariSebebi gravimetrul analizSiX.4. gaangariSebebi gravimetrul analizSiX.4. gaangariSebebi gravimetrul analizSiX.4. gaangariSebebi gravimetrul analizSi    
    
saanalizo nivTierebis Semadgeneli nawilis gansasazRvrelad, aucilebelia 

am nivTierebis wonakis codna, miRebuli naleqis masis codna da miRebuli naleqis 
qimiuri formulis codna. gravimetruli analizis Sedegebs gamosaxaven %-biT 
sawyisi nivTierebebidan. 

 
xSirad nivTierebaTa masebis gansasazRvrelad gravimetrul analizSi 

iyeneben analizur mamravlsanalizur mamravlsanalizur mamravlsanalizur mamravls    _ es aris saanalizo nivTierebis (elementis) mole_ es aris saanalizo nivTierebis (elementis) mole_ es aris saanalizo nivTierebis (elementis) mole_ es aris saanalizo nivTierebis (elementis) mole----
kuluri (atomuri) masis Sefardeba naleqis molekulur wonasTankuluri (atomuri) masis Sefardeba naleqis molekulur wonasTankuluri (atomuri) masis Sefardeba naleqis molekulur wonasTankuluri (atomuri) masis Sefardeba naleqis molekulur wonasTan (asawoni forma).(asawoni forma).(asawoni forma).(asawoni forma). 
gaangariSebebSi monawileoben rogorc mudmivi, ise cvalebadi sidideebi. cvalebad 
sidideebs miekuTvneba – wonakis da naleqis masebi, mudmiv sidideebs – atomuri da 
molekuluri masebi. magaliTad bariumis gansazRvris dros gravimetrul 
analizSi BaSO4–is  saxiT,  analizuri mamravli tolia:   

 

5887,0
40,233

40,137

4

===
BaSO

Ba

M

A
F , 

 

sadac: A  - aris bariumis atomuri masa (mudmivi sidide); 
   M  - aris  BaSO4–is molekuluri masa (asawoni forma).  
 

     nivTierebis Semadgeneli nawilis gansasazRvrelad %-biT, iyeneben formulas:  
 

%100⋅⋅
q

FP
,  sadac: 

 

 q  – aris sakvlevi nivTierebis wonaki; 

 P  – aris gamomwvari naleqis masa;  
 F  –––– analizuri mamravli. 

 

 maSasadame, bariumis procentuli Semcveloba naerTSi OHBaCl 22 2⋅  

gamoiTvleba Semdegnairad: 
 

100
5887,0

100% ⋅⋅=⋅⋅=
q

P

q

FP
Ba  

 

Tu P=0,4665  da q=0,4888, maSin 

 

%18,56100
4888,0

5887,04665,0
% =⋅⋅=Ba  
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Tavi XI. titrimetruli (moculobiTi) analiziTavi XI. titrimetruli (moculobiTi) analiziTavi XI. titrimetruli (moculobiTi) analiziTavi XI. titrimetruli (moculobiTi) analizi    
    

XI.1. titrimetruli analizis arsi, Taviseburebebi, XI.1. titrimetruli analizis arsi, Taviseburebebi, XI.1. titrimetruli analizis arsi, Taviseburebebi, XI.1. titrimetruli analizis arsi, Taviseburebebi,     
Teoriuli safuZvlebiTeoriuli safuZvlebiTeoriuli safuZvlebiTeoriuli safuZvlebi    

    
titrimetruli analiztitrimetruli analiztitrimetruli analiztitrimetruli analiziiii dafuZnebulia cnobili koncentraciis xsnaris dafuZnebulia cnobili koncentraciis xsnaris dafuZnebulia cnobili koncentraciis xsnaris dafuZnebulia cnobili koncentraciis xsnaris 

(reagentis) moculobis gazomvaze(reagentis) moculobis gazomvaze(reagentis) moculobis gazomvaze(reagentis) moculobis gazomvaze, romelic ixarjeba qimiur reaqciaze., romelic ixarjeba qimiur reaqciaze., romelic ixarjeba qimiur reaqciaze., romelic ixarjeba qimiur reaqciaze. aqedan 
warmodgeba meTodis saxelwodebac – moculobiTi. analizi srulanalizi srulanalizi srulanalizi sruldeba deba deba deba 
Semdegnairad:Semdegnairad:Semdegnairad:Semdegnairad: saanalizo nivTierebis wonakidan mzaddeba xsnari, romelsac 
wveTobiT umateben cnobili koncentraciis reagentis xsnars manam, sanam 
nivTierebebi mTlianad ar Sevlen erTmaneTTan urTierTqmedebaSi eqvivalenturi 
raodenobebiT. reaqciis dasrulebis moments ewodeba eqvivalentobis wertili.eqvivalentobis wertili.eqvivalentobis wertili.eqvivalentobis wertili. 
cnobili koncentraciis xsnars ewodeba  datitdatitdatitdatitruli (standartuli) xsnari.ruli (standartuli) xsnari.ruli (standartuli) xsnari.ruli (standartuli) xsnari. zusti 
koncentraciis xsnaris TandaTanobiT damatebas, saanalizo xsnarze 
eqvivalentobis wertilis miRwevamde ewodeba gatitvra.gatitvra.gatitvra.gatitvra. gatitvraze daxarjuli 
standartuli xsnaris raodenobiT gamoiTvlian saanalizo nivTierebis 
raodenobas xsnarSi da wonakSi. titrimetrul analizSi koncentracias 
gamosaxaven reagentis g-eqv/l, romelsac ewodeba xsnaris normalobanormalobanormalobanormaloba; an xsnaris 
titriTtitriTtitriTtitriT, anu nivTierebis g/1ml xsnarSi.  

moculobiTi analizis specifikuri Tavisebureba mdgomareobs imaSi, rom 
samuSao xsnarebis mosamzadeblad saWiro reaqtivebi higroskopuli da advilad 
aqroladia, amitom maTgan Znelia zusti koncentraciis xsnarebis damzadeba. 
aqedan gamomdinare, samuSao xsnarebis dasamzadeblad iyeneben mkacrad 
gansazRvruli qimiuri Sedgenilobis nivTierebebs, romelTa zust xsnarebs 
iyeneben samuSao xsnaris gasatitrad da misi zusti koncentraciis dasadgenad. 

 
magaliTi:magaliTi:magaliTi:magaliTi:    mocemulia ori xsnari: 
    pirveli – HCl,  romelic Seicavs  0,03604 g HCl-s 1 ml-Si; 
   meore – ucnobi koncentraciis NaOH–is xsnari. 
 unda ganisazRvros  ramden gram   NaOH-s Seicavs  20 ml xsnari. 
 

amisaTvis konusur kolbaSi aTavseben NaOH-is xsnaris garkveul moculobas 
(20 ml), umateben 2-3 wveT indikator meTilnarinjs da titraven biuretidan HCl----is 
xsnariT manam, sanam xsnari ar miiRebs narinjisfers. vTqvaT, gatitvraze daixarja  
20,70 ml HCl. 

 

 reaqcia mimdinareobs Semdegnairad: OHNaClHClNaOH 2+→+   

Tu 1 ml HCl Seicavs   _   0,03604g HCl-s,  
maSin 20,70 ml Seicavs  _   X g. 

7460,003604,070,20 =⋅=x g Cl....    

reaqciis mixedviT, 1 mol HHHHCl_s (36,46 g) esaWiroeba 1 moli NaOH (40 g). 
vpoulobT NaOH –is raodenobas: 

Tu 36,46 g  HCl  aneitraleben     _  40 g  NaOH-iT 
maSin 0,7460 g  HCl     aneitralebs   _  X g   NaOH 

8184,0
46,36

407460,0 =⋅=x g  NaOH    

maSasadame, 20 ml NaOH-is xsnari Seicavs 0,8184 g  NaOH-s. 
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 titrimetruli gansazRvrebis Sedegebis gaangariSebis safuZvels 
warmoadgens Semdegi formula: 

V · N  =  V1 · N1,   

    sadac:   V     – saanalizo xsnaris moculobaa; 
                           N – saanalizo nivTierebis koncentraciaa,  g-eqv (ucnobia); 

                                       V1  – samuSao xsnaris moculobaa,  ml; 
                           N1  – samuSao xsnaris koncentraciaa,  g-eqv (cnobilia).  
titrimetruli analizis upiratesobania: titrimetruli analizis upiratesobania: titrimetruli analizis upiratesobania: titrimetruli analizis upiratesobania:     

1. siCqare; 
2. operaciebis siadvile; 
3. Sedegebis sakmao sizuste. 
 

 

 

XI.2. titrimetruli aXI.2. titrimetruli aXI.2. titrimetruli aXI.2. titrimetruli analizis meTodebi, nalizis meTodebi, nalizis meTodebi, nalizis meTodebi,     
reaqciebisadmi wayenebuli moTxovnebi titrimetriaSireaqciebisadmi wayenebuli moTxovnebi titrimetriaSireaqciebisadmi wayenebuli moTxovnebi titrimetriaSireaqciebisadmi wayenebuli moTxovnebi titrimetriaSi    

    
titrimetrul analizSi mimdinare reaqciebisadmi wayenebuli mTavari titrimetrul analizSi mimdinare reaqciebisadmi wayenebuli mTavari titrimetrul analizSi mimdinare reaqciebisadmi wayenebuli mTavari titrimetrul analizSi mimdinare reaqciebisadmi wayenebuli mTavari 

moTxovnebi mdgomareobs SemdegSi:moTxovnebi mdgomareobs SemdegSi:moTxovnebi mdgomareobs SemdegSi:moTxovnebi mdgomareobs SemdegSi:    
1)1)1)1) reaqciis damTavrebis momenti (eqvivalentobis wertili) unda isazRvrebodes 

mkafiod – an gasatitri xsnaris feris SecvliT, an misi fiziko-qimiuri 
maCveneblis (eleqtrogamtaroba, Jangva-aRdgeniTi potenciali) SecvliT; 

2)2)2)2) ar unda mimdinareobdes Tanmxlebi reaqciebi da wonasworoba mniSvnelovnad 
gadaxrili unda iyos reaqciis produqtebisaken; 

3)3)3)3) reaqciis siCqare unda iyos maRali; 
4)4)4)4) reaqciaSi Sesasvleli nivTierebis gamoyeneba unda moxdes zustad 

gansazRvruli koncentraciis xsnaris saxiT; 
5)5)5)5) titrimetruli analizis Secdoma ar unda aRematebodes 0,3%-s.  
    am moTxovnebidan gamomdinare, Zalian mosaxerxebelia iseTi reaqciebi, 

romelTa mimdinareobis procesSi eqvivalentobis wertilSi icvleba xsnaris 
Seferiloba. magaliTad, KMnO4-is xsnars gaaCnia iasamnisferi. Tu am xsnars 
TandaTan davamatebT Fe(II)–is marilis SemJavebul xsnars, warimarTeba Semdegi 

reaqcia: OHMnFeHMnOFe 2

23

4

2 4585 ++=++ +++−+ , romlis dasrulebisas permanganatis  

xsnari gauferuldeba. magram, rogorc ki yvela Fe
2+

-is ioni daiJangeba, KMnO4-is 
xsnaris pirvelive wveTi Seferavs xsnars Jolosfrad. titrimetrul analizSi 
xSirad iyeneben nivTierebebs, romelTa mcire raodenobiT mimatebisas, 
eqvivalentobis wertilSi icvleba xsnaris garegnuli saxe: Seferiloba, 
gamWvirvaloba, naleqis warmoqmna. am nivTierebebs indikatorebi indikatorebi indikatorebi indikatorebi ewodeba.  
 

titrimetruli analizis meTodebi SeiZleba daiyos  4 ZiriTad jgufad:titrimetruli analizis meTodebi SeiZleba daiyos  4 ZiriTad jgufad:titrimetruli analizis meTodebi SeiZleba daiyos  4 ZiriTad jgufad:titrimetruli analizis meTodebi SeiZleba daiyos  4 ZiriTad jgufad:    
1. mJavur1. mJavur1. mJavur1. mJavur----fuZuri gatitvrisfuZuri gatitvrisfuZuri gatitvrisfuZuri gatitvris (neitralizaciis meTodebi), romelTa safuZvelSi 

devs Semdegi reaqciebi:     

OHOHH 2→+ −+               OHOHOH 2

3

3 2→+ − . 

am reaqciebSi eqvivalentobis wertili isazRvreba indikatorebis meSveobiT, 
romlebic icvlian fers garemos reaqciis (pH-is sididis) mixedviT. am meTodebiT 
isazRvreba mJavebis, tuteebis, marilebis koncentraciebi; 

2. Jangva2. Jangva2. Jangva2. Jangva----aRdgeniTi meTodebi (redoqsimetria), aRdgeniTi meTodebi (redoqsimetria), aRdgeniTi meTodebi (redoqsimetria), aRdgeniTi meTodebi (redoqsimetria), romelic dafuZnebulia Jangva-
aRdgeniT reaqciebze samuSao xsnarsa da sakvlev nivTierebas Soris. am jgufSi 
Sedis: 
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a) permanganatometriaa) permanganatometriaa) permanganatometriaa) permanganatometria – samuSao xsnaria KMnO4, igi aris mJangavi, romlis 

meSveobiTac isazRvreba Fe
2+

, −
2NO , CNS

-
; 

b) iodometriab) iodometriab) iodometriab) iodometria – mJangavis rolSi gamodis I2, aRmdgenelis rolSi ki I
-
.  

am meTodiT isazRvreba 32224 ,,, SONaClMnOKMnO ;  

g) qromatometriag) qromatometriag) qromatometriag) qromatometria – mJangavad gamoiyeneba kaliumis biqromatis ( 722 OCrK ) 

samuSao xsnari; 

d) bromatometriad) bromatometriad) bromatometriad) bromatometria – mJangavia kaliumis bromati ( 3KBrO ); 

e) vanadatometriae) vanadatometriae) vanadatometriae) vanadatometria – samuSao xsnaria amoniumis vanadati ( 34VONH ); 

v) cerimetriav) cerimetriav) cerimetriav) cerimetria – mJangavs da samuSao xsnars warmoadgens ceriumis Ce(IV) 

sxvadasxva naerTebi. 

3. daleqvis meTodebi3. daleqvis meTodebi3. daleqvis meTodebi3. daleqvis meTodebi –dafuZnebulia gacvlis reaqciebze, romelTa dros 
sakvlevi elementi (ioni) gadadis naleqSi. imisda mixedviT, Tu romeli reagenti 
gamoiyeneba samuSao xsnarad, meTodi iRebs Sesabamis saxelwodebas: Tu samuSao 

xsnari aris AgNO3, meTods ewodeba argentometria; argentometria; argentometria; argentometria; Tu samuSao xsnaria  SCNNH 4 – 

rodanometria;rodanometria;rodanometria;rodanometria; Tu samuSao xsnaria  Hg(I) - is marilebi – merkurometria.merkurometria.merkurometria.merkurometria.  
4. kompleqswarmoqmnis meTodebi. kompleqswarmoqmnis meTodebi. kompleqswarmoqmnis meTodebi. kompleqswarmoqmnis meTodebi – dafuZnebulia im kaTionTa da anionTa 

gansazRvraze, romlebic warmoqmnian sustaddisocirebul kompleqs-ionebs. 
gansakuTrebiT gamoiyeneba kompleqson kompleqson kompleqson kompleqson III (trilon III (trilon III (trilon III (trilon Б), anu eTilendiamintetraZmar-
mJavas ornatriumiani marili:  

 
COOH

COONa

HOOC

NaOOC
NCHCHN −−− 22   

 
gatitvra SeiZleba Catardes sxvadasxva xerxiT:gatitvra SeiZleba Catardes sxvadasxva xerxiT:gatitvra SeiZleba Catardes sxvadasxva xerxiT:gatitvra SeiZleba Catardes sxvadasxva xerxiT:    

a)a)a)a) pirdapiri gatitvriTpirdapiri gatitvriTpirdapiri gatitvriTpirdapiri gatitvriT – roca sakvlev ions uSualod titraven 
reagentis xsnariT; 

b)b)b)b) ukugatitvra ukugatitvra ukugatitvra ukugatitvra – saanalizo xsnars umateben reagentis siWarbes da am 
siWarbes titraven sxva reagentiT. am xerxs iyeneben rodanometriaSi. 

g) Semcvlelis gatitvrag) Semcvlelis gatitvrag) Semcvlelis gatitvrag) Semcvlelis gatitvra – gamoiyeneba maSin, roca sakvlevi ioni ar 
urTierTqmedebs samuSao xsnarTan, an reagirebs masTan arasteqio-
metruli TanafardobiT, an ar iZleva reaqcias indikatorTan. es 
wesi gamoiyeneba iodiometriaSi.  

  
 

 

 

XI.3. gatitvris procesiXI.3. gatitvris procesiXI.3. gatitvris procesiXI.3. gatitvris procesi    
 

 titrimetruli analizis yvela operacia sruldeba sazomi kolbebis, 
pipetebis da biuretebis meSveobiT. sazom kolbaSi ixsneba saanalizo nivTierebis 
wonaki. Semdeg momzadebuli xsnaris zustad aRebul nawils gadaitanen 
gatitvrisaTvis gankuTvnil WurWelSi da am nawils ewodeba aliqvoturi aliqvoturi aliqvoturi aliqvoturi 
moculoba.moculoba.moculoba.moculoba. pipetiT xsnaris gansazRvruli raodenobis gamoyofas ewodeba 
pipetireba.pipetireba.pipetireba.pipetireba. gatitvras axdenen brtyelZira konusur kolbebSi, romelTa moculoba 
100 an 250 ml-ia. kolbaSi aTavseben aliqvots, umateben 2-3 wveT indikators da 
titraven wveTobiT samuSao xsnariT. yoveli ulufis damatebis Semdeg kolbis 
SigTavss anjRreven. eqvivalentobis wertilTan miaxloebisas samuSao xsnaris 
damatebas agrZeleben wveTobiT, raTa ar moxdes xsnaris gadatitvra. Semdgom 
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iReben daxarjuli samuSo xsnaris zust anaTvals biuretze. am dros 
analitikosis Tvali unda imyofebodes biuretSi siTxis meniskis doneze. 
gamWvirvale xsnarebSi anaTvali warmoebs qveda meniskis doneze, Seferil 
xsnarebSi – zeda meniskis doneze. 

 gatitvris dros rekomendirebulia Semdegi wesebis dacva:gatitvris dros rekomendirebulia Semdegi wesebis dacva:gatitvris dros rekomendirebulia Semdegi wesebis dacva:gatitvris dros rekomendirebulia Semdegi wesebis dacva:    
1) xsnaris gadmoRvris siCqare biuretidan ar unda aRematebodes 4-5 wveTs 

wamSi; 
2) yoveli gatitvra unda warmoebdes  0 0 0 0 ----    vani wertilidan; 
3) gatitvraze daxarjuli siTxis moculoba unda Seadgendes biuretis naxevar 
  moculobas mainc, radganac gatitvris procentuli Secdomebi imyofebian    
  ukudamokidebulebaSi gatitvraze daxarjul moculobasTan. 

gatitvris dasrulebis gansazRvris (indikaciis) xerxis mixedviT arCevengatitvris dasrulebis gansazRvris (indikaciis) xerxis mixedviT arCevengatitvris dasrulebis gansazRvris (indikaciis) xerxis mixedviT arCevengatitvris dasrulebis gansazRvris (indikaciis) xerxis mixedviT arCeven:    
1) indikatorul gatitvras,1) indikatorul gatitvras,1) indikatorul gatitvras,1) indikatorul gatitvras, romelic dayarebulia indikatorebis gamoyenebaze, 

e.i. nivTierebebisa, romlebsac gatitvris dros feris Secvlis unari gaaCniaT;  
2) potenciometrul gatitvras,2) potenciometrul gatitvras,2) potenciometrul gatitvras,2) potenciometrul gatitvras, sadac indikatoris rols asrulebs 

eleqtrodi, romlis potenciali damokidebulia reaqciaSi monawile erT-erTi 
nivTierebis koncentraciaze;  

3) amperometrul gatitvras _ 3) amperometrul gatitvras _ 3) amperometrul gatitvras _ 3) amperometrul gatitvras _ xsnars aTavseben eleqtrolizerSi, romelSic 
imyofeba vercxliswylis wveTuri eleqtrodi _ kaTodi da vercxliswylis fena _ 
anodi. gatitvris dros mcirdeba rogorc liTonis Tavisufali ionebis 
koncentracia, aseve denis Zalac. naxtomi yvelaze mkveTrad gatitvris bolos 
aRiniSneba. meTodi gamoiyeneba kaTionebis, anionebis da organuli nivTierebebis 
gansazRvrisaTvis. vercxliswylis wveTuri eleqtrodis garda, gamoiyeneba myari 
mikroelqtrodebic;  

4) konduqtometrul gatitvras4) konduqtometrul gatitvras4) konduqtometrul gatitvras4) konduqtometrul gatitvras, romelic damyarebulia gatitvris procesSi 
xsnarebis eleqtrogamtarobis cvlilebebze;  

5) maRalsixSirul gatitvras5) maRalsixSirul gatitvras5) maRalsixSirul gatitvras5) maRalsixSirul gatitvras, sadac gatitvris saboloo wertilis dasadgenad 
iyeneben maRali sixSiris cvlad denebs. eleqtrodebi xsnars ar exeba, amitom 
meTods araeleqtrodul konduqtometriasac uwodeben; 

    6) optikur meTodebs,6) optikur meTodebs,6) optikur meTodebs,6) optikur meTodebs, romlebic damyarebulia gatitvris procesSi sinaTlis 
STanTqmis gazomvaze. maTi gamoyeneba SesaZlebelia maSin, rodesac sinaTlis 
STanTqmisa da gansasazRvravi nivTierebis koncentracias Soris xazovani 
damokidebuleba arsebobs.  

gatitvrisas iyeneben ara reaqtivis siWarbes, aramed mis im raodenobas, 
romelic gansasazRvravi nivTierebis eqvivalenturia. gansakuTrebuli yuradReba 
eqceva gasatitr nivTierebasa da samuSao xsnars Soris mimdinare reaqciis 
damTavrebis momentis zust dadgenas,  e.i. eqvivalentobis wertilis fiqsirebas.  

rogorc zemoT aRiniSna, reaqciis damTavrebis dasadgenad iyeneben 
gansakuTrebul nivTierebebs, e.w. indikatorebs.indikatorebs.indikatorebs.indikatorebs. indikatorebis moqmedeba, umetes 
SemTxvevaSi, imaSi gamoixateba, rom gasatitr nivTierebasa da samuSao xsnars 
Soris reaqciis damTavrebis Semdeg, ukanasknelis mciredi siWarbisas, indikatori 
icvlis fersa da Sesabamisad, cvlis xsnaris Sefervas. rodesac biuretidan 
damatebuli samuSao xsnaris raodenoba sakmarisia gasatitri xsnaris Sefervis 
SesamCnevi cvlilebisaTvis, maSin Tvlian, rom gatitvris dasrulebis wertili 
miRweulia. igi SeiZleba zustad arc ki emTxveodes eqvivalentobis wertils, 
magram, vinaidan samuSao xsnaris titris dadgenas atareben imave indikatoriT da 
igive pirobebSi, raSic TviT analizs, amitom gatitvris dasrulebis wertilis 
eqvivalentobis wertilTan daumTxvevloba, gansazRvris sizusteze praqtikulad 
ar moqmedebs. 

yovel titrimetrul meTods sakuTari indikatoris gaaCnia. mJavur-fuZuri 
gatitvris dros indikatorebi Tavis Sefervas icvlian xsnaris pH-is SecvliT. 
daleqvis  meTodebSi eqvivalentobis wertils pouloben naleqis warmoqmnis 
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dasrulebis momentis dafiqsirebiT. am meTodebSi gamoyenebuli indikatorebi, 
samuSao xsnarebis siWarbisas, kaSkaSa feris naleqs an xsnars warmoqmnian. Tu 
gatitvra kaSkaSa feris xsnariT xdeba, gatitvris dasruleba zogjer indikatoris 
gareSec SeiZleba SevamCnioT, vinaidan samuSao xsnaris pirvelive wveTi, romelic 
gansasazRvrav nivTierebasTan ar reagirebs, Secvlis gasatitri xsnaris Sefervas.   

 
    

XI.4. ZiriTadi,  samuSao  da  standartuli XI.4. ZiriTadi,  samuSao  da  standartuli XI.4. ZiriTadi,  samuSao  da  standartuli XI.4. ZiriTadi,  samuSao  da  standartuli     
xsnxsnxsnxsnarebis  damzadeba.  fiqsonalebiarebis  damzadeba.  fiqsonalebiarebis  damzadeba.  fiqsonalebiarebis  damzadeba.  fiqsonalebi    

    
samuSao, anu standartuli xsnari (datitruli)samuSao, anu standartuli xsnari (datitruli)samuSao, anu standartuli xsnari (datitruli)samuSao, anu standartuli xsnari (datitruli) ewodeba xsnars, romlis 

koncentracia (normaloba) zustadaa cnobili. magaliTad, tuteebis 
gansasazRvrelad samuSao xsnarad gamoiyeneba mJavebis zusti xsnarebi da piriqiT. 

permanganatometriaSi samuSao xsnarad gamoiyeneba _ 4OKM n , iodometriaSi _ 

322 OSNa . zusti xsnarebis dasamzadeblad iyeneben sufTa reaqtivebs (ч.д.а.) an 

qimiurad sufTa reaqtivebs  ((((x.ч.)..)..)..).  

 Tu aviRebT saWiro nivTierebis zust wonaks, გavxsniT sazom kოlbaSi 
distilirebul wyalSi, miviyvanT wyliT niSanxazamde da SevanjRrevT, miviRebT 

sasurveli koncentraciis xsnars, romlis titri gamoiTvleba formuliT: 
V

m
T = . am 

gziT momzadebuli titriაni xsnarebi iwodebian standartul xsnarebad, anu 
damzadebul titrian xsnarebad.titrian xsnarebad.titrian xsnarebad.titrian xsnarebad. nivTierebebi, romlebic gamoiyenebian titriani 
xsnarebis dasamzadeblad, iwodebian sawyis (standartul) nivTierebebad. sawyis (standartul) nivTierebebad. sawyis (standartul) nivTierebebad. sawyis (standartul) nivTierebebad.     

es nivTierebebi unda akmayofilebdnen Semdeg pirobebs:es nivTierebebi unda akmayofilebdnen Semdeg pirobebs:es nivTierebebi unda akmayofilebdnen Semdeg pirobebs:es nivTierebebi unda akmayofilebdnen Semdeg pirobebs:    
a)a)a)a) unda iyvnen qimiurad sufTa;  
b)b)b)b) maTi Sedgeniloba mkacrad unda Seesabamebodes maT qimiur formulas; 
g)g)g)g) isini mdgradi unda iyvnen xsnarebSi da aseve Senaxvisas myar mdgomareobaSi;  
d) d) d) d) xsnaris koncentraciis sizustis asamaRleblad, maTi gram-eqvivalentis 

sidide unda iyos rac SeiZleba maRali. aseT nivTierebebs miekuTvneba: 

4222422322742 ;2;;10 OCNaOHOCHCONaOHOBNa ⋅⋅ (natriumis oqsalati); 4442 OHCH  

(qarvismJava); 722;; OCrKNaClKCl . sawyisi nivTierebebidan titriani xsnarebis 

mosamzadeblad, nivTierebis wonaks gamoiangariSeben formuliT:  
1000

VÝN
m

⋅⋅=  

xsnarebs, romelTa titrs pouloben ara zusti wonakis mixedviT, aramed maTi 
meSveobiT ama Tu im sawyisi nivTierebis gatitvris gziT, ewodeba dadgenili dadgenili dadgenili dadgenili 
titriani xsnarebi.titriani xsnarebi.titriani xsnarebi.titriani xsnarebi. magaliTad, 42SOH -is xsnaris titrs adgenen natriumis 
tetraboratiT, tutis xsnaris titrs adgenen mJaunmJavas mixedviT. garda amisa, 
laboratoriul praqtikaSi titrian xsnarebs amzadeben “fiqso“fiqso“fiqso“fiqsonanananalebis” anu lebis” anu lebis” anu lebis” anu 
standartstandartstandartstandart----titrebistitrebistitrebistitrebis saSualebiT. “fiqsonali” _ warmo“fiqsonali” _ warmo“fiqsonali” _ warmo“fiqsonali” _ warmoadgens nivTierebis zustad adgens nivTierebis zustad adgens nivTierebis zustad adgens nivTierebis zustad 
gansazRvrul raodenobas, romelic moTavgansazRvrul raodenobas, romelic moTavgansazRvrul raodenobas, romelic moTavgansazRvrul raodenobas, romelic moTavsebulia Sesebulia Sesebulia Sesebulia SeduRduRduRduRabebul ampulaSi da abebul ampulaSi da abebul ampulaSi da abebul ampulaSi da 
romelic gaanromelic gaanromelic gaanromelic gaanggggaaaariSebulia 1lriSebulia 1lriSebulia 1lriSebulia 1l     0,1 N xsnaris mosamzadeblad.xsnaris mosamzadeblad.xsnaris mosamzadeblad.xsnaris mosamzadeblad.  

maTi daniSnulebis mixedviT, titriani xsnarebi iyofa – samuSao da sawyis 
xsnarebad (ZiriTadi xsnari). samuSao xsnarebissamuSao xsnarebissamuSao xsnarebissamuSao xsnarebis saSualebiT awarmoeben 
titrimetrul gansazRvrebebs da arkveven sakvlevi nivTierebebis raodenobas 
xsnarebSi. sawyisi (ZiriTadi) xsnarebissawyisi (ZiriTadi) xsnarebissawyisi (ZiriTadi) xsnarebissawyisi (ZiriTadi) xsnarebis saSualebiT sazRvraven samuSao xsnarebis 
titrs da normalobas.  
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gatitvras axdenen ori xerxiT:gatitvras axdenen ori xerxiT:gatitvras axdenen ori xerxiT:gatitvras axdenen ori xerxiT:    
a)a)a)a) calkeuli wonakebis wesiT, romlis drosac iReben ramdenime erTmaneTis 

msgavs wonaks, xsnian nebismier moculobis distilirebul wyalSi da miRebul 
xsnarebs titraven; 

b)b)b)b) pipetirebis wesiT – am dros saanalizo nivTierebis wonaki gadaaqvT sazom 
kolbaSi, xsnian distilirebul wyalSi, mihyavT wyliT niSanxazamde, SeanjRreven, 
Semdeg pipetiT iReben xsnaris aliqvots da titraven.  

 

magaliTi 1.magaliTi 1.magaliTi 1.magaliTi 1. rogor davamzadoT OHOCH 2422 2⋅ -is 0,1N 250 ml xsnari, romelic 
gamoiyeneba tutis gasatitravad, rogori wonakis aRebaa saWiro? 

 
amoxsna:amoxsna:amoxsna:amoxsna:    

moc:moc:moc:moc: V=250 mlV=250 mlV=250 mlV=250 ml    
NNNN           N= 0,1    

03,63
2

06,126
2422 2 ==⋅ OHOCHÝ g    

u.g.: u.g.: u.g.: u.g.: m  ddddaaaa N    
    

5757,1
1000

03,632501,0

1000
=⋅⋅=⋅⋅= ÝVN

m g    

09999,0
03,63250

10005757,11000 =
⋅

⋅=
⋅

⋅=
ÝV

m
N     

    

pasuxi:   pasuxi:   pasuxi:   pasuxi:   5757,1
2422 2 =⋅ OHOCHm g    g    g    g    09999,0

2422 2 =⋅ OHOCHN     

 

 

 

 
XI.5. analizuri koncentraciebis gansazRvra da XI.5. analizuri koncentraciebis gansazRvra da XI.5. analizuri koncentraciebis gansazRvra da XI.5. analizuri koncentraciebis gansazRvra da     

gaangariSeba titrimetrul analizSigaangariSeba titrimetrul analizSigaangariSeba titrimetrul analizSigaangariSeba titrimetrul analizSi    
 

                analizuri koncentracia.analizuri koncentracia.analizuri koncentracia.analizuri koncentracia. titrimetrul analizSi yvelaze xSirad 
gamoiyeneba standartuli xsnaris koncentracia misi normalobis an titris saxiT. 
gamoiyeneba koncentraciis gamosaxva titris meSveobiT:  
   nivTierebis xsnaris titri nivTierebis xsnaris titri nivTierebis xsnaris titri nivTierebis xsnaris titri  T ____    es aris nivTierebis Semcveloba gramobiT es aris nivTierebis Semcveloba gramobiT es aris nivTierebis Semcveloba gramobiT es aris nivTierebis Semcveloba gramobiT 
xsnaris 1 smxsnaris 1 smxsnaris 1 smxsnaris 1 sm3333    ----    Si (g/ml).Si (g/ml).Si (g/ml).Si (g/ml).    

standartulistandartulistandartulistandartuli    xsnaris standartizacia.xsnaris standartizacia.xsnaris standartizacia.xsnaris standartizacia. standartuli xsnaris  titrs da 
normalobas sazRvraven specialuri nivTierebebis – standartebis gatitvriT. 
standartebs unda gaaCndeT maRali moluri da eqvivalenturi masa, maTi Sedgeni-
loba unda iyos mudmivi, isini advilad unda sufTavdebodnen gamokristalebiT, 
ar unda icvlidnen Sedgenilobas gamoSrobisas, awonvisas, ar unda iJangebodnen, 
ar unda STanTqavdnen wyals da CO2-s haeridan, ar unda kargavdnen tens 
Senaxvisas.  

yvelaze xSirad gamoiyeneba Semdegi standartebi: 
Na2CO3  _ gamomSrali 270-300°C-ze; K 
KCl, NaCl  _ gamomwvari 500-600°C-ze; 
K2Cr2O7  _ gamomSrali 130°C-ze; 
standartuli xsnarebis mosamzadeblad iyeneben aseve standart-titrebsac 

anu fiqsonalebs. fiqsonalifiqsonalifiqsonalifiqsonali warmoadgens SeduRabebul ampulas, romelSic 
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imyofeba kristaluri nivTiereba. imisaTvis, rom fiqsonalidan momzaddes zusti 
titriani xsnari, ZabrSi Catexaven ampulas, Carecxaven ampulis SigTavss 
gamoxdili wyliT 1 litrian sazom kolbaSi da mihyavT xsnaris moculoba wyliT 
niSanxazamde.  

fiqsonalSi imyofeba 0,1 moli anu 0,1 g-eqv. nivTiereba.  
    analizuri koncentraciebis gaangariSeba.analizuri koncentraciebis gaangariSeba.analizuri koncentraciebis gaangariSeba.analizuri koncentraciebis gaangariSeba. titrimetruli analizis 

Catarebisas cnobilia: saanalizo xsnaris moculoba _ VA, nivTierebis moculoba – 

V da titrantis normaloba - N, romelic daixarja gatitvraze. 
gaangariSebas awarmoeben Semdegi TanmimdevrobiT:gaangariSebas awarmoeben Semdegi TanmimdevrobiT:gaangariSebas awarmoeben Semdegi TanmimdevrobiT:gaangariSebas awarmoeben Semdegi TanmimdevrobiT:    

a) adgenen reaqciis tolobas, romelic mimdinareobs analizSi; 
b) gaingariSeben an pouloben cxrilSi nivTierebaTa eqvivalentebs, romlebic 

monawileoben reaqciaSi; 
g)g)g)g) SearCeven Sesaferis gamosaTvlel formulas, awarmoeben gaangariSebas 
mZimis  Semdeg meoTxe cifris sizustiT.  
eqvivalentebis kanonis Tanaxmad, nivTiereba A-s erT eqvivalentTan urTier-

Tqmedebs reagent B-s erTi eqvivalenti, amitom moreagire eqvivalentebis ricxvic – 

nA  da nB erTmaneTis toli iqneba,  e.i.  nA =  nB. 

,
1000

V

N
n

⋅=  sadac:  N _ aris normaloba;  V    – moculoba. 

 normalobis da titris gaangariSebanormalobis da titris gaangariSebanormalobis da titris gaangariSebanormalobis da titris gaangariSeba.  titrantis normalobis da titris 
gaanga-riSeba xdeba misi moculobis mixedviT, romelic daixarja standart-
xsnaris gatitvraze. magaliTad, Tu 20 ml  NaOH-is gatitvraze daixarja 20 ml 

0,1N H2SO4, maSin NaOH-is normaloba da titri toli iqneba:  1,0
20

201,0 =⋅=NaOHN N 

004,0
1000

401,0 =⋅=NaOHT g/ml 

titrimetrul analizSi nivTierebis koncentracias samuSao xsnarSi 
gamosaxaven g-eqv/l-Si an titriT (g/ml). rogorc cnobilia, titrimetrul 
analizSi monawileobs ori nivTiereba. pirveli nivTierebis g-eqv-bis ricxvi 

tolia ,
1000

11 VN ⋅
 xolo meore nivTierebis _ 

1000

22 VN ⋅
, radganac orive nivTiereba 

urTierTqmedebs erTmaneTTan eqvivalenturi raodenobiT, amitom: 
10001000

2221 VNNN ⋅=⋅
 

sakvlevi nivTierebis raodenoba gramebSi gamoiTvleba formuliT:  
1000

∋⋅⋅= VN
m  

sadac: m – sakvlevi nivTierebis raodenoba,  g;  
               N _saanalizo xsnaris normaloba;  
                            V – samuSao xsnaris moculoba, romelic daixarja gatitvraze, ml;  
                            Э – sakvlevi nivTierebis g-eqv;  
                            1000    – litridan mililitrebSi gadasayvani koeficienti. 
maSasadame, SeiZleba xsnaris normalobis gansazRvra, Tu cnobilia misi 

moculoba da aseve samuSao xsnaris moculoba da normaloba:  

2211 VNVN ⋅=⋅ ,   aqedan:  
1

22
1 V

VN
N

⋅=    an  
2

11
2 V

VN
N

⋅=   

                             
1

22
1 N

VN
V

⋅
=     an    

2

11
2 N

VN
V

⋅
=  

 sakvlevi  nivTierebis raodenobis gansazRvris formulidan SeiZleba 

gamoTvalos xsnaris normaloba:   
ÝV

m
N

⋅
⋅= 1000
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 xsnaris titri gamoiTvleba wonakis SefardebiT moculobasTan, romelSic  

gaxsnilia es wonaki:  ,
V

m
T =   aqedan:    VTm ⋅=   

Tu cnobilia xsnaris normaloba, SeiZleba misi titris gamoTvla:   

1000

ÝN
T

⋅=  (g/sm3 an g/ml) 

Sesworebis koeficientis gaangariSebaSesworebis koeficientis gaangariSebaSesworebis koeficientis gaangariSebaSesworebis koeficientis gaangariSeba. xsnarebis momzadebisas SeuZlebelia 
zusti normalobis xsnarebis miReba. Sesworebis koeficientebi saSualebas iZleva 
gamartivdes gaangariSeba. Sesworebis koeficienti gamoisaxeba K– simboloTi da 
mas gamoTvlian xsnarebis Teoriuli da realuri titrebis mixedviT:   

Ρ

Τ=
T

T
K , sadac: 

Tт     ----  aris xsnaris realuri titri; 

Tр    ---- aris xsnaris Teoriuli titri; 
 
 sakvlevi nivTierebis raodenobis gamoTvla.sakvlevi nivTierebis raodenobis gamoTvla.sakvlevi nivTierebis raodenobis gamoTvla.sakvlevi nivTierebis raodenobis gamoTvla.    nivTierebaTa masis da 

procentuli Semcvelobis gamoTvla xsnarSi SesaZlebelia analizis Sedegebis 
mixedviT:  

xsnarSi  _  
A

BB
A V

VN
N

⋅=         
1000

AЭN
T A

A

⋅=          VTm AA ⋅=     

 magaliTi:magaliTi:magaliTi:magaliTi: ganzavebuli HCl----is 20 ml-is gatitvraze daixarja 16 ml 0,9986 N N N N 
NaOH. gansazRvreT  HCl-is  procentuli Semcveloba  100 ml  xsnarSi.  

Tavdapirvelad, vpoulobT HCl-is  saanalizo xsnaris normalobas:  

7984,0
20

16998,0
HCl =⋅=

⋅
=

V

VN
N NaOHNaOH  

 Semdeg vpoulobT  HCl-is  titrs: 

0291,0
1000

5,367984,0

1000

HCl =⋅=
⋅

=
ÝN

T HCl
HCl g/ml  

Semdeg vpoulobT  HCl----is  raodenobas 100 ml xsnarSi. 

 91,21000291,0 =⋅=⋅= VTm HClHCl g. 

 Tu xsnaris simkvrives CaTvliT 1g/ml-is tolad, maSin napovni sidide 
Seadgens HCl-is  sapovn procentul koncentracias preparatSi.  
 

 magaliTebi gatitvris Sedegebis gaangariSebazemagaliTebi gatitvris Sedegebis gaangariSebazemagaliTebi gatitvris Sedegebis gaangariSebazemagaliTebi gatitvris Sedegebis gaangariSebaze    
ramdeni grami  Na2CO3    iyo aRebuli, Tu  misi  gaxsnis Semdeg  250 ml-ian  

sazom kolbaSi, aRebuli iqna pipetiT  25 ml, xolo gatitvraze daixarja  20,20 
ml  0,1010 N  HCl.        

   amoxsna:amoxsna:amoxsna:amoxsna:    

viyenebT tolobas:   2211 VNVN ⋅=⋅    

  HClHClCONaCONa VNVN ⋅=⋅
3232

  

 08160,0
25

1010,020,20

32

32
=⋅=

⋅
=

CONa

HClHCl
CONa V

VN
N  g-eqv/l 

 004325,0
1000

530,08160

100032
=⋅=⋅= ÝN

T CONa g/ml 

081,1250004325,0
32

=⋅=⋅= VTm
CONa

g 
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magaliTebi koncentraciis gamosaxvaze samuSao xsnaris titris mixedviT.magaliTebi koncentraciis gamosaxvaze samuSao xsnaris titris mixedviT.magaliTebi koncentraciis gamosaxvaze samuSao xsnaris titris mixedviT.magaliTebi koncentraciis gamosaxvaze samuSao xsnaris titris mixedviT.    
ramdeni grami  NaOH     Sedis 500 ml xsnarSi, Tu am xsnaris 20 ml-is 

gatitvraze daixarja 20,80 ml HCl,  romlis titri tolia 0,002022g/ml. 
                
              amoxsna:amoxsna:amoxsna:amoxsna:    

OHNaClHClNaOH 2+→+  

 unda gaviangariSoT, ramdeni grami  HCl-ia  20,80 ml xsnarSi: 

04206,0002022,080,20 =⋅=HClm g    

tolobis mixedviT, 1 g-eqv  NaOH-ze midis 1 g-eqv  HCl, maSasadame: 
Tu 39,9 g  NaOH ixarjeba  _   36,46g HCl-ze 
        maSin Xg ixarjeba _  0,04206g HCl 

 

04603,0
46,36

9,3904206,0 =⋅=x g 

 

1508,1
20

50004603,0
1

1 =⋅=⋅=⋅= VT
V

Vx
mNaOH g 

    
magaliTebi koncentraciis gmagaliTebi koncentraciis gmagaliTebi koncentraciis gmagaliTebi koncentraciis gamosaxvaze gansasazRvravi nivTierebis titris amosaxvaze gansasazRvravi nivTierebis titris amosaxvaze gansasazRvravi nivTierebis titris amosaxvaze gansasazRvravi nivTierebis titris 

mixedviTmixedviTmixedviTmixedviT....    
 

      ,
1000

ЭN
T

⋅=   sadac:   T    – samuSao xsnaris titria; 

      N – samuSao xsnaris normalobaa; 
      Э _ sakvlevi nivTierebis eqvivalentia. 
 AgNO3 – is xsnaris titri aris 0,01702g/ml. gansazRvreT misi titri NaCl-is 
mixedviT. vipovoT  AgNO3-is xsnaris normaloba. 

    
amoxsna:amoxsna:amoxsna:amoxsna:    

 

 1002,0
9,169

100001702,01000

3

3

AgNO

=⋅=⋅=
Э

T
N AgNO g-eqv/l 

005858,0
1000

46,581002,0

1000

NaCl

/
3

3
=⋅=

⋅
=

ÝN
T

AgNO

NaClAgNO g/ml 
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Tavi XII. mJavurTavi XII. mJavurTavi XII. mJavurTavi XII. mJavur----fuZuri gatitvra (neitralizacia)fuZuri gatitvra (neitralizacia)fuZuri gatitvra (neitralizacia)fuZuri gatitvra (neitralizacia)    
    

XII.1. neitralizaciis arsi da  Teoriuli safuZvlXII.1. neitralizaciis arsi da  Teoriuli safuZvlXII.1. neitralizaciis arsi da  Teoriuli safuZvlXII.1. neitralizaciis arsi da  Teoriuli safuZvlebiebiebiebi    
 
 mJavurmJavurmJavurmJavur----fuZuri gatitvris safuZvels warmoadgens fuZuri gatitvris safuZvels warmoadgens fuZuri gatitvris safuZvels warmoadgens fuZuri gatitvris safuZvels warmoadgens H

+    ----ionis urTierTqmeionis urTierTqmeionis urTierTqmeionis urTierTqmedeba deba deba deba 
OH

-----ionTan, romlis Sedegad warmoiqmneba sustaddisocirebuli wylis molekula ionTan, romlis Sedegad warmoiqmneba sustaddisocirebuli wylis molekula ionTan, romlis Sedegad warmoiqmneba sustaddisocirebuli wylis molekula ionTan, romlis Sedegad warmoiqmneba sustaddisocirebuli wylis molekula 

(gamxsneli): (gamxsneli): (gamxsneli): (gamxsneli): OHOHH 2=+ −+ . . . . es meTodi gamoiyeneba mJavebis, tuteebis, marilebis 

),( 3232 COKCONa  da maTi narevebis ),( 4 NaOHClNH  raodenobrivi gansazRvisaTvis. 

 mJavurmJavurmJavurmJavur----fuZur gatitvras gaaCnia ori ZiriTadi meTodi:fuZur gatitvras gaaCnia ori ZiriTadi meTodi:fuZur gatitvras gaaCnia ori ZiriTadi meTodi:fuZur gatitvras gaaCnia ori ZiriTadi meTodi:    
1)1)1)1) acidimetruli gatitvraacidimetruli gatitvraacidimetruli gatitvraacidimetruli gatitvra ((((acidium----mJava) _mJava) _mJava) _mJava) _ romelSic titrantis rolSi 

gamodis HCl----is an  H2SO4-is xsnarebi da isazRvreba fuZeebi, fuZe 
marilebi, Zlieri fuZeebis da susti mJavebis marilebi.  

2)2)2)2) alkalimetruli gatitvra  (alkalimetruli gatitvra  (alkalimetruli gatitvra  (alkalimetruli gatitvra  (alcalis----tute)tute)tute)tute) romelSic titrantad gamodis 
NaOH an KOH da isazRvreba mJavebi, mJava marilebi, Zlieri mJavebis da 
susti fuZeebis marilebi, fenolebi. gatitvris procesSi xsnarSi 
icvleba [H

+
] da [OH

-
], magram eqvivalentobis wertilSi [eqvivalentobis wertilSi [eqvivalentobis wertilSi [eqvivalentobis wertilSi [H+

]    = = = = [OH
-
]. 

Tumca, es xdeba mxolod Zlieri mJavas Zlieri fuZiT gatitvrisas da 
piriqiT. Tu reaqciaSi monawileobs susti mJava an fuZe, maSin 
eqvivalentobis wertilSi SeimCneva H

+-ionebis an OH
--ionebis erTgvari 

siWarbe, anu eqvivalentobis wertili aRar emTxveva neitralizaciis 
wertils. 

 

samuSao xsnarebad gamoiyeneba:samuSao xsnarebad gamoiyeneba:samuSao xsnarebad gamoiyeneba:samuSao xsnarebad gamoiyeneba:  )5,01,0(,,, 42 −=NKOHNaOHSOHHCl . 
    
ganasxvaveben gatitvris Semdeg SemTxvevebs:ganasxvaveben gatitvris Semdeg SemTxvevebs:ganasxvaveben gatitvris Semdeg SemTxvevebs:ganasxvaveben gatitvris Semdeg SemTxvevebs:    

a) Zlieri mJavas gatitvra Zlieri tutiTZlieri mJavas gatitvra Zlieri tutiTZlieri mJavas gatitvra Zlieri tutiTZlieri mJavas gatitvra Zlieri tutiT–eqvivalentobis wertilSi pH=7.... 
indikatorebi:  meTilnarinji, meTilis wiTeli, fenolftaleini. 

OHOHHOHNaClNaOHHCl 22 =++→+ −+  

b)b)b)b) susti mJavas gatitvra Zlieri fuZiT:susti mJavas gatitvra Zlieri fuZiT:susti mJavas gatitvra Zlieri fuZiT:susti mJavas gatitvra Zlieri fuZiT:    

OHHCOONaNaOHHCOOH 2+→+  OHHCOOOHHCOOH 2+→+ −−  eqvivalentobis 

wertilSi pH>7 (susti tute reaqcia). indikatori – fenolftaleini. 
natriumis formiati hidrolizdeba: 

 −− +⇔++⇔+ OHHCOOHOHHCOONaOHHCOOHOHHCOONa 22  

xsnarSi warmoiqmneba OH
-
-is siWarbe, amitom eqvivalentonis wertili Zevs 

tute areSi.  
g) susti fuZis gatitvra Zlieri mJaviT:g) susti fuZis gatitvra Zlieri mJaviT:g) susti fuZis gatitvra Zlieri mJaviT:g) susti fuZis gatitvra Zlieri mJaviT:  
eqvivalentobis wertilSi  pH<7 (susti mJava reaqcia).  
indikatorebi:  meTilis wiTeli, meTilnarinji.  

OHClNHHClOHNH 244 +→+  

HClOHNHOHClNH +→+ 424            ++ +→+ HOHNHOHNH 424  

NH4Cl hidrolizdeba, amitom xsnarSi grovdeba H
+
-ionebi, romlebic 

gadaanacvleben eqvivalentobis wertils mJava areSi. . . .     
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XII.2. mJavurXII.2. mJavurXII.2. mJavurXII.2. mJavur----fuZuri gatitvrfuZuri gatitvrfuZuri gatitvrfuZuri gatitvris indikatorebiis indikatorebiis indikatorebiis indikatorebi    
 

 neitralizaciis reaqciebis mimdinareobisas ar aRiniSneba garegnuli 
efeqtebi, amitom eqvivalentobis wertilis dasafiqsireblad iyeneben Sesabamis 
indikatorebs, romlebic cvlian xsnaris Seferilobas pH-is cvlilebisas, da 
Seferilobis Secvla  Seqcevadia. indikatorebis feris Secvla mimdinareobs pH----is 
garkveul intervalSi. pH-is mniSvnelobis intervals, romelSic icvleba is mniSvnelobis intervals, romelSic icvleba is mniSvnelobis intervals, romelSic icvleba is mniSvnelobis intervals, romelSic icvleba 
indikatoris feri, ewodeba gadasvlis intervali.indikatoris feri, ewodeba gadasvlis intervali.indikatoris feri, ewodeba gadasvlis intervali.indikatoris feri, ewodeba gadasvlis intervali. zogierTi indikatoris 
gadasvlis intervali moyvanilia me-10 cxrilSi.  

cxrili 10cxrili 10cxrili 10cxrili 10    
saxelwosaxelwosaxelwosaxelwodebadebadebadeba    gadasvlis intervali, gadasvlis intervali, gadasvlis intervali, gadasvlis intervali, pH    Seferilobis SecvlaSeferilobis SecvlaSeferilobis SecvlaSeferilobis Secvla    

meTilnarinji 3,0-4,4 movardisfro wiTeli –
narinjisferi yviTeli 

kongo wiTeli 3,0-5,2 molurjo iisferi – wiTeli 
meTilis wiTeli 4,4-6,2 wiTeli-yviTeli 
lakmusi 5,0-8,0 wiTeli – lurji 
bromTimoli 6,0-7,6 yviTeli – lurji 
fenolftaleini 8,2-10,0 ufero – Jolosferi 
Timolftaleini 9,4-10,6 ufero - lurji 

 
 indikatorebis feris Secvlisas mimdinare fizikur-qimiuri procesebis 
meqanizmi axsna ostvaldma (1894),ostvaldma (1894),ostvaldma (1894),ostvaldma (1894), romelmac SemogvTavaza indikatorebis ionuri indikatorebis ionuri indikatorebis ionuri indikatorebis ionuri 
Teoria. Teoria. Teoria. Teoria. am Teoriis mixedviT indikatorebi ganixileba rogorc organuli mJavebi 
an fuZeebi, romlebic ganicdian disociacias. magaliTad, lakmusis 
aradisocirebuli molekulebi arian wiTeli, anionebi ki lurji:                       

−+ +⇔ IndHHInd  
wiTeli wiTeli wiTeli wiTeli                 lurjilurjilurjilurji    

 

 lakmusis molekula TamaSobs protonis donoris rols da Tu xsnars 
davamatebT 1-2 wveT NaOH-s, OH

--ionebi SeuerTdebian  H
+
-ionebs da warmoqmnian 

H2O-s, amitom wonasworoba gadainacvlebs marjvniv da feri gaxdeba lurji. Tu 
xsnars davamatebT 1-2 wveT HCl-s, wonasworoba gadainacvlebs marcxniv da xsnari 
gaxdeba wiTeli. neitraluri reaqciis dros OHInd  da  Ind----  iqnebian xsnarSi 
eqvivalenturi raodenobiT da xsnari gaxdeba iisferi. SeiZleba indikatori iyos 

protonis aqceptori: OHIndHIndOH 2+⇔+ ++ .  indikatorebs, romlebsac gaaCniaT 
ori Seferili forma, ewodeba orferiani (lakmuri, meTilnarinji, meTilis 
wiTeli), xolo Tu indikatoris gaaCnia erTi Seferili forma – erTferiani 
(fenolftaleini). organuli naerTebis Seferiloba damokidebulia maTSi 
gansakuTrebuli atomTa jgufis arsebobaze, romelTac ewodeba qromoforebi  
 
(“feris matareblebi”). qromoforebs miekuTvneba: karbonilis jgufi            ,    
 
nitrojgufi →= NO , romelic gadadis  nitrozojgufSi ,=− NHO  azojgufi  
 
– N= ,  romelic gardaiqmneba  hidrazojgufSi   ,−−= NHN      benzois jgufi            
             
                , romelic gadadis   qinoidurSi            
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nivTierebebs, romlebic aZliereben qromoforebis Seferilobas, ewodeba 
auqsoqromebi:auqsoqromebi:auqsoqromebi:auqsoqromebi:  hidroqsilis jgufi  OH

-
,  aminojgufi – NH2,,,,  eTeris jgufi  ----OOOO    

-CH3,,,, eTilis radikali   -C2H5.   
 rogorc Semdgom gamoirkva, indikatoris Seferva damokidebulia ara mxo-
lod disociaciaze, aramed indikatoris struqturaze da masSi qromofuli da 
auqsoqromuli dajgufebebis arsebobaze. amis safuZvelze warmoiqmna 
indikatorebis hanCis qromofomuri Teoria,indikatorebis hanCis qromofomuri Teoria,indikatorebis hanCis qromofomuri Teoria,indikatorebis hanCis qromofomuri Teoria, romlis mixedviT, xsnaris pH-is 
cvlilebisas mimdinareobs atomTa Sigamolekuluri gadajgufeba da am dros 
xdeba feris Secvla. es gadajgufeba Seqcevadi procesia da mas ewodeba 
tautomeruli izomeria.tautomeruli izomeria.tautomeruli izomeria.tautomeruli izomeria. indikatorebi imyofebian or tautomerul formaSi da 
erTi forma SeiZleba gadavides meoreSi, pH-is sididis mixedviT. es procesi 
mimdinareobs manam, sanam ar damyardeba garkveuli wonasworoba am or formas 
Soris. maSasadame, indikatorTa xsnarebSi arsebobs ori tipis wonasworori tipis wonasworori tipis wonasworori tipis wonasworuli uli uli uli 
mdgomareoba: mdgomareoba: mdgomareoba: mdgomareoba: a)a)a)a) molekulebis disociacia; b)b)b)b) tautomeruli formebis wonasworoba. 
amasTan, tautomeruli procesis wonasworoba myardeba ara maSinve, aramed 
TandaTanobiT, maSin roca disociaciis wonasworoba myardeba maSinve. amitom 
gatitvris dros indikatoris feris cvlileba mimdinareobs nela, TandaTanobiT. 
amrigad, Tanamedrove warmodgenebiT yvelaze sarwmunoa indikatorTa iiiionuronuronuronur----
qromofomuri Teoria, qromofomuri Teoria, qromofomuri Teoria, qromofomuri Teoria, romlis mixedviT indikatoris feris Secvla gamowveulia 
maT molekulaze HHHHH++++    -ionebis mierTebiT an moxleCiT, romelic Tavis mxriv iwvevs 
indikatoris molekulis struqturis Secvlas.  
 
 

 

 

 

 

 

 

 

 

 

XII.3. indikatoris gadasvlis intervali. indikatorisXII.3. indikatoris gadasvlis intervali. indikatorisXII.3. indikatoris gadasvlis intervali. indikatorisXII.3. indikatoris gadasvlis intervali. indikatoris    
maCvenebeli maCvenebeli maCvenebeli maCvenebeli - pK    da gatitvris maCvenebeli da gatitvris maCvenebeli da gatitvris maCvenebeli da gatitvris maCvenebeli - pT.    

    
    indikatoris Seferilobis Secvla gatitvris procesSi damokidebulia H

+ da 
OH

-
-ionebis  koncentraciis cvlilebaze. pH ====    ----lg[H

+
],    e.i. Sefervis cvlileba 

mTlianad damokidebulia gasatitri xsnaris pH-is sidideze. intervals intervals intervals intervals pH----is im is im is im is im 
or sidides Soris, romelSic xdeba indikatoris feris TandaTanobiT Secvla, or sidides Soris, romelSic xdeba indikatoris feris TandaTanobiT Secvla, or sidides Soris, romelSic xdeba indikatoris feris TandaTanobiT Secvla, or sidides Soris, romelSic xdeba indikatoris feris TandaTanobiT Secvla, 
ewodeba indikatoris gadasvlis zona an intervewodeba indikatoris gadasvlis zona an intervewodeba indikatoris gadasvlis zona an intervewodeba indikatoris gadasvlis zona an intervali.ali.ali.ali.  
 Tu daveyrdnobiT ionur-qromoforul Teorias, fenolftaleinis magaliTze 
SeiZleba ganvixiloT ori wonasworuli mdgomareoba, anu erTi tautomeruli 
formis (benzoluri) gadasvla meore tautomerul formaSi (qinoidurSi): 

/// HIndHInd ⇔  

(1) Kw= ,
][

][
/

//

HInd

HInd
  sadac:   Kwwww - aris wonasworobis konstanta. 

Tavis mxriv, //HInd  ganicdis disociacias:  −+ +⇔ IndHHInd // ,  maSin:  

     (2) Kdisoc= ,
][

][][
//HInd

IndH −+ ⋅
 sadac:  Kdisocdisocdisocdisoc._ aris disociaciis konstanta. 
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gavamravloT  (1)  toloba   (2) - ze: 

Kw ·Kdisoc=
][

][][

][

][][

][

][
////

//

HInd

IndH

HInd

IndH

HInd

HInd −+−+ ⋅=⋅×  

Kw w w w · Kdisoc disoc disoc disoc = K= K= K= K –es aris indikatoris ionizaciis xarisxi.  e.i. 
][

][][
/HInd

IndH
K

−⋅+=  

][ −Ind _warmoadgens tute formis koncentracias da igi SeiZleba aRvniSnoT 

Ct.ft.ft.ft.f.,.,.,., xolo ][ −HInd –warmoadgens mJavuri formis koncentracias, amitom aRvniSnoT  

Cm.f.m.f.m.f.m.f. maSin: 
..

..][

FM

FT

C

CH
K

⋅=
+

, aqedan: 
..

..][
FT

FM

C

CK
H

⋅=+ . galogariTmebis Sedegad miviRebT: 

..

...lglg]lg[
FT

FM

C

C
KH +=+ ,  an 

..

..lg
FT

FM

C

C
pKpH −= , sadac: KpK lg−=  da mas ewodeba 

indikatoris maCvenebeli.  Tu     Cm.f.m.f.m.f.m.f. = Ct.ft.ft.ft.f.,.,.,., maSin ,1
 C

..

M.F. =
FTC

 

e.i. pKpKpH =−= 1lg  

Tu  Cm.fm.fm.fm.f =91%,   xolo      Ct.ft.ft.ft.f = 9%,    maSin 10
9

91 C

..

M.F. ≈=
FTC

,  

xolo 110lg −=−= pkpKpH  

Tu   Cm.fm.fm.fm.f. = 9%, xolo  Ct.f. =91%, maSin 1)1(
91

9
lg +=−−=−= pKpKpKpH  

 maSasadame, indikatoris gadasvlis intervali meryeobs pK+1    _ _ _ _ dan, pK-1_mde, 
anu pH = pK ± 1.  pH-is mniSvnelobas, romlis drosac amTavreben gatitvras 
mocemuli indikatoriT, aRniSnaven simboloTi pT, romelsac ewodeba gatitvris 
maCvenebeli. pTmeTilis wiTelis meTilis wiTelis meTilis wiTelis meTilis wiTelis =5,5;=5,5;=5,5;=5,5;    pTmeTilnarinjismeTilnarinjismeTilnarinjismeTilnarinjis    =4; =4; =4; =4; pTlakmusislakmusislakmusislakmusis=7;  =7;  =7;  =7;  pTfenolftaleinisfenolftaleinisfenolftaleinisfenolftaleinis    =9=9=9=9 

 

 

 

 

 

 

 

 

 

 

 

 

XII.4. samuSao xsnarebis momzadebaXII.4. samuSao xsnarebis momzadebaXII.4. samuSao xsnarebis momzadebaXII.4. samuSao xsnarebis momzadeba    
    

ZiriTad samuSao xsnarebad neitralizaciis meTodSi gamoiyeneba  0,1 ZiriTad samuSao xsnarebad neitralizaciis meTodSi gamoiyeneba  0,1 ZiriTad samuSao xsnarebad neitralizaciis meTodSi gamoiyeneba  0,1 ZiriTad samuSao xsnarebad neitralizaciis meTodSi gamoiyeneba  0,1 N HCl        
da da da da 0,1 N NaOH. . . . sacnobaro cxrilis mixedviT, koncentrirebuli HCl, romlis 
d=1,19g/sm3, Seicavs 38% HHHHCl-s. imisaTvis, rom momzaddes 1l 0,1N  HCl,,,, saWiroa 3,6g 
HCl.  

100 g teqnikuri marilmJava    Seicavs 38g HCl-s, aqedan mJavas saWiro raodenoba _ x 
Seadgens:  

38g HCl   _  100 g,  

3,6g HCl  _ Xg,           5,9
38

1006,3 =⋅=x g          0,8
19,1

5,9 ===
d

m
V ml 
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8,0 ml koncentrirebul HCl----s azomaven cilindriT, gadaaqvT 1 litrian sazom 
kolbaSi da mihyavT distilirebuli wyliT niSanxazamde. samuSao xsnaris titris 

dadgenas axdenen natriumis tetraboratis mimarT _ OHOBNa 2742 10⋅ , romelic 

urTierTqmedebs HCl-Tan: natriumis tetraboratis gram-eqvivalenti am reaqciaSi 
tolia misi masis naxevrisa: Э = 381,4g : : : : 2 = 190,7g.  eqvivalentobis wertilSi pH=5,1. 
indikatorad gamoiyeneba  meTilnarinji an meTilis wiTeli. amzadeben 250 ml 0,1N 

OHOBNa 2742 10⋅ -is  xsnars. 

0,1N NaOH----is mosamzadeblad mis wonaks xsnian gadaduRebul da gacivebul 
distilirebul wyalSi. radganac NaOH-is xsnari SeiZleba Seicavdes Na2CO3-is 
kvals, mas acileben 10%10%10%10% BaCl2-is mimatebiT. BaCO3-is naleqis daleqvis Semdeg, 
NaOH----is sxnars asxamen WurWelSi. mis titrs adgenen HCl-is zusti xsnaris 
mixedviT. amisaTvis kolbaSi aTavseben NaOH-is zust moculobas, umateben 1-2 wveT 
meTilnarinjs da titraven 0,0,0,0,1N HCl-iT mdgradi vardisferis warmoqmnamde. HCl–is 
normalobis mixedviT gamoiTvlian Ba(OH)2-is  normalobas. 

    
    
    
    
    
    
    
    

XII.5. gatitvris mrudebiXII.5. gatitvris mrudebiXII.5. gatitvris mrudebiXII.5. gatitvris mrudebi    
 

gatitvris CatarebisaTvis saWiroa ganisazRvris mocemuli nivTierebis 
gatitvris SesaZlebloba mocemuli titrantiT da saWiroa SeirCes indikatori. am 
sakiTxebs wyveten gatitvris mrudebis meSveobiT, romlebic asaxaven pH-is 
cvlilebis damokidebulebas damatebuli titrantis moculobaze. gatitvris 
mrudis misaRebad ageben grafiks, romlis abscisTa RerZze daaqvT titrantis 
moculoba  sm3-Si  an  ml-Si, xolo ordinatTa RerZze _ pH-is mniSvneloba.  

 
ganvixiloT mJavurganvixiloT mJavurganvixiloT mJavurganvixiloT mJavur----fuZuri gatitvris 4 SemTxveva:fuZuri gatitvris 4 SemTxveva:fuZuri gatitvris 4 SemTxveva:fuZuri gatitvris 4 SemTxveva:    

 
1. Zlieri tutis gatitvra Zlieri mJaviT Zlieri tutis gatitvra Zlieri mJaviT Zlieri tutis gatitvra Zlieri mJaviT Zlieri tutis gatitvra Zlieri mJaviT ––––    0,1N  NaOH + 0,1N  HCl:  

    
 Tu  100sm3  0,1N NaOH----ze ar aris damatebuli HCl, maSin 13]lg[ =−= NaOHpH , 

xolo  pOH = 1.  Tu davamatebT 90sm3 0,1N HCl-s, maSin pH = 12,  pOH =2....  
Tu davamatebT 99sm3  HCl----s,   maSin  pH=11   da  pOH=3.     

0,1N HCl-is Semdgomi damatebiT vRebulobT cifrebs, romlebic Setanilia  
me-11 cxrilSi.  cxrilis mixedviT igeba gatitvris grafiki. 

 

 
cxrili 11cxrili 11cxrili 11cxrili 11    

 

HCl   titrantis moculoba,  sm3 0 90,0 99,0 100,0 100,1 101,0 110,0 

NaOH   gasatitri xsnaris   pH 13 12 11 7 4 3 2 

NaOH   gasatitri xsnaris      pOH 1 2 3 7 10 11 12 
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    gatitvris mrudebze aRiniSneba pH-is mniSvnelobis mkveTri cvlilebis 
zona, romelsac ewodeba gatitvris naxtomi.gatitvris naxtomi.gatitvris naxtomi.gatitvris naxtomi. es naxtomi warmoiqmneba 99,999,999,999,9----100,1sm100,1sm100,1sm100,1sm3333  
0,1N HCl-is mimatebiT. am diapazonSi garemos pH icvleba 11,011,011,011,0----4,04,04,04,0 (nax.1). 
eqvivalentobis wertilSi pH=7.     

    
 

2. Zlier mJavas (2. Zlier mJavas (2. Zlier mJavas (2. Zlier mJavas (0,1N HCl)    Zlieri tutiT (Zlieri tutiT (Zlieri tutiT (Zlieri tutiT (0,1N NaOH)    gatitvrisasgatitvrisasgatitvrisasgatitvrisas mruds 
gaaCnia piriqiT forma, kerZod – igi iwyeba mJava areSi, gatitvris naxtomi 
imyofeba intervalSi pH = 4-11,,,, eqvivalentobis wertilSi  pH = 7 (nax. 2). 

    
    
…susti mJavebisa da susti tuteeb…susti mJavebisa da susti tuteeb…susti mJavebisa da susti tuteeb…susti mJavebisa da susti tuteebis gatitvris mrudebiis gatitvris mrudebiis gatitvris mrudebiis gatitvris mrudebi: 

 
    
3. susti mJavebis gatitvrisas Zlieri fuZeebiT3. susti mJavebis gatitvrisas Zlieri fuZeebiT3. susti mJavebis gatitvrisas Zlieri fuZeebiT3. susti mJavebis gatitvrisas Zlieri fuZeebiT naxtomi  da eqvivalentobis 

wertili gadanacvlebulia tutis mxares (nax. 3). rac ufro sustia gasatitri 
mJava, miT ufro Zlierad aris gadanacvlebuli gatitvris naxtomi da 
eqvivalentobis wertili.  

    
    
4. susti fuZeebis gatitvrisas Zlieri mJavebiT4. susti fuZeebis gatitvrisas Zlieri mJavebiT4. susti fuZeebis gatitvrisas Zlieri mJavebiT4. susti fuZeebis gatitvrisas Zlieri mJavebiT naxtomi da eqvivalentobis 

wertili inacvlebs MmJavas mxares (nax. 4). 
indikatoris sworad SesarCevad, saWiroa rom misi feris gadasvlis 

intervali da gatitvris maCvenebeli imyofebodnen gatitvris naxtomis farglebSi. 
magaliTad, 0,1N Zlieri mJavebis da tuteebis gatitvrisas SesaZlebelia 
gamoviyenoT meTilnarinji, meTilis wiTeli  da fenolftaleini,  radganac  
pTmeTilnarinji = 4,  pT meTilis wiTeli = 5, … pT fenolftaleini = 9, e.i. samive mniSvneloba 
imyofeba gatitvris naxtomis farglebSi (4_10).  

praqtikulad mosaxerxebelia ufero xsnarebis gatitvra, amitom Zlieri 
mJavebis gatitvrisas Zlieri tuteebiT iyeneben fenolftaleins, am dros 
gatitvris dasrulebisas warmoiqmneba Jolosfer-wiTeli Seferva.  

Zlieri tuteebis gatitvrisas Zlieri mJavebiT iyeneben meTilis wiTels, 
gatitvris dasasruls yviTeli feri gadadis wiTelSi. susti fuZeebis 
gatitvrisas iyeneben meTilnarinjs, susti mJavebis gatitvrisas ki – 
fenolftaleins.  
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XII.6. gatitvra uwylo xsnarebSiXII.6. gatitvra uwylo xsnarebSiXII.6. gatitvra uwylo xsnarebSiXII.6. gatitvra uwylo xsnarebSi    
    

mJavur–fuZuri gatitvra mimdinareobs ara marto wyalxsnarebSi, aramed 
uwylo xsnarebSic: eTanolSi, uwylo ZmarmJavaSi, acetonSi. rogorc cnobilia, 
wylis disociacia mimdinareobs sqemiT: 

−+ +⇔ OHOHOH 322  

wylis msgavsad, uwylo gamxsnelebic eqvemdebarebian TviTionizaciis 
process, anu avtoprotolizs: 

−+ +⇔ OHCOHHCOHHC 52252522  

          eTilis spirti 
                              (eTanoli)  

−+ +⇔ COOCHCOOHCHCOOHCH 32332  

           ZmarmJava 
 

avtoprotolizis Sedegad warmoiqmneba wyalbadis solvatirebuli ionebi 

( ++
23252 , COOHCHOHHC ) da anionebi ( −− COOCHOHC 352 , ). solvatirebul wyalbad-

ionebs ewodeba lioniumis kaTionebi, xolo anionebs – liatis anionebi. 
gamxsnelebis avtoprotolizis Sedegad warmoqmnili ionebis koncentracias 
uwodeben gamxsnelis ionur namravls anu avavavavtoprotolizis konstantastoprotolizis konstantastoprotolizis konstantastoprotolizis konstantas da 

aRniSnaven KS.  
14101

2

−⋅=OHK , 
20108

52

−⋅=OHHCK ,  
13105,2

3

−⋅=COOHCHK .   uwylo xsnarebSi 

mJavebisa da fuZeebis Zala sxvagvaria, rac gamowveulia ionizaciiT, romelic 
damokidebulia gamxsnelis avtoprotolizis konstantaze. gamxsnelebi, romlebic 
aZliereben gansxvavebas gaxsnili mJavebisa da fuZeebis ZalaSi, iwodebian 
madiferencirebel gamxsnelebladmadiferencirebel gamxsnelebladmadiferencirebel gamxsnelebladmadiferencirebel gamxsneleblad. xolo gamxsnelebi, romlebic aTanabreben 
mJavebisa da fuZeebis Zalas, iwodebian manivelirebel gamxsenebladmanivelirebel gamxsenebladmanivelirebel gamxsenebladmanivelirebel gamxseneblad. 

donoruldonoruldonoruldonorul––––aqaqaqaqceptoruli unaris mixedviT, ganasxvaveben Semdeg gamxsnelebs:ceptoruli unaris mixedviT, ganasxvaveben Semdeg gamxsnelebs:ceptoruli unaris mixedviT, ganasxvaveben Semdeg gamxsnelebs:ceptoruli unaris mixedviT, ganasxvaveben Semdeg gamxsnelebs:    
       a)a)a)a) amfoteruli (amfotropuli) _ OHCHOHHCOH 3522 ;; ; 

 b)b)b)b) mJavuri (protogenuli) –advilad gascemen protons COOHCHHCOOH 3; ; 

g)g)g)g) fuZuri (protofiluri) - advilad ierTeben protons: piridini; NH3. 
d)d)d)d) aprotonuli – ar urTierTqmedeben protonebTan: benzoli; cikloheqsani; 
        qloroformi. uwylo gamxsnelebis ZiriTad  upiratesobas warmoadgens is, 
  rom maTSi kargad ixsneba bevri wyalSi uxsnadi organuli nivTiereba.  

 

 

 

 

XII.7. mJavurXII.7. mJavurXII.7. mJavurXII.7. mJavur----fuZuri gatitvrifuZuri gatitvrifuZuri gatitvrifuZuri gatitvris praqtikuli gamoyenebas praqtikuli gamoyenebas praqtikuli gamoyenebas praqtikuli gamoyeneba    
    

mJavur-fuZuri gatitvriT isazRvreba qimiuri nivTierebebi, farmacevtuli 
preparatebi, organuli mJavebi, fuZeebi, maTi warmoebulebi. qimiur analizSi 
gamoiyeneba am meTodis  ramdenime modifikaciaramdenime modifikaciaramdenime modifikaciaramdenime modifikacia (anu wesi): 

1.1.1.1. pirdapiri gatitvrapirdapiri gatitvrapirdapiri gatitvrapirdapiri gatitvra – mas iyeneben marilmJavas, natriumis karbonatis, 
wyalbadis, nikotinis mJavas gansasazRvravad. gatitvra xdeba 0,1N NaOH–iT, 
indikatori _ fenolftaleini; 

2.2.2.2.  ukugatitvraukugatitvraukugatitvraukugatitvra _ iyeneben qloralhidratis, heqsameTilentetraminis gansasa-
zRvravad. gatitvras awarmoeben 0,1N H2SO4–iT, indikatori_fenolftaleini; 
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3.3.3.3. reaqciis produqtebis (Semcvlelis) gatitvra reaqciis produqtebis (Semcvlelis) gatitvra reaqciis produqtebis (Semcvlelis) gatitvra reaqciis produqtebis (Semcvlelis) gatitvra _ gamoiyeneba 
vercxliswylis oqsidis, meTilsalicilatis, fenilsalicilatis, 
santoninis saanalizod; 

4.4.4.4. uwylo gatitvra uwylo gatitvra uwylo gatitvra uwylo gatitvra – gamoiyeneba susti fuZeebis (amidopirini), susti mJavebis 
(fenoli) da maTi marilebis ((((CH3COONa)))) saanalizod.  

uwylo gatitvras iyeneben eqvivalentobis wertilis mkafiod 
gansazRvrisaTvis. amasTan, preparatebis umetesoba uxsnadia wyalSi, magram kargad 
ixsneba organul gamxsnelebSi.   

 
qlorwyalbadmJavas qlorwyalbadmJavas qlorwyalbadmJavas qlorwyalbadmJavas 0,1N    samuSao xsnaris momzasamuSao xsnaris momzasamuSao xsnaris momzasamuSao xsnaris momzadebadebadebadeba. HCl----is datitruli 

xsnaris momzadeba koncentrirebuli marilmJavidan SeuZlebelia, amitom amzadeben 
daaxloebiT 0,1N xsnars da mis titrs adgenen. aseT xsnaris 1 litris 
dasamzadeblad iReben 8 ml koncentrirebul HCl----s ( ρ =1,19g/sm3).  

    
HCl----is titris dadgenais titris dadgenais titris dadgenais titris dadgena. gamosavali nivTierebaa natriumis karbonati Na2CO3 

an natriumis tetraborati OHOBNa 2742 10⋅  (boraqsi). reaqciis dasrulebis 

dasadgenad sargebloben meTilnarinjiT an meTilis wiTeliT; amzadeben boraqsis 
0,1N xsnars. am mizniT analizur sasworze wonian 1,9072g gadakristalebul 
boraqss da aTavseben 100ml tevadobis sazom kolbaSi, romelsac Seavseben Wdemde 
distilirebuli wyliT. 250 ml-ian konusur kolbaSi pipetiT gadmoitanen 10ml 
boraqsis xsnars. ganazaveben distilirebuli wyliT da umateben 3 - 4 wveT 
meTilnarinjs. meore aseTive kolbaSi amzadeben xsnar “mowmes”. amisaTvis kolbaSi 
asxamen distilirebul wyals 50-60ml odenobiT, umateben 3 - 4 wveT meTilnarinjs, 
1 wveT mJavas (biuretidan). xsnari Rebulobs vardisfers. boraqsis xsnars 
titraven 0,1N HCl-iT, vidre gasatitri xsnari vardisfers (“mowmes” fers) ar 
miiRebs, rac imas niSnavs, rom igi gatitrulia. cdas imeoreben ramdenimejer da 
gamoTvlian HCl----is xsnaris zust normalobas da boraqsis mimarT mis titrs.  

 
0,1N NaOH    samuSao xsnaris momzadebasamuSao xsnaris momzadebasamuSao xsnaris momzadebasamuSao xsnaris momzadeba.... NaOH xsnaris momzadeba zustad 

aRebuli wonakiT SeuZlebelia, vinaidan myari tute yovelTvis Seicavs wyalsa da 
karbonatebs. maSasadame, NaOH–is raodenoba aRebul wonaks ar Seesabameba. 45g 
sufTa NaOH-s aTavseben  faifuris jamze da xsnian 60ml distilirebul wyalSi. 
natriumis karbonatis naleqs acdian dawdomas, xolo tutis xsnars frTxilad 
gadmoasxamen sufTa kolbaSi da umateben axladgamoxdil 950 ml distilirebul 
wyals. miiReba daaxloebiT 1N koncentraciis tutis xsnari, romlis  10-jer 
ganzavebiT miiReben 0,1N NaOH xsnars. tutis xsnarma haeridan rom ar STanTqos 
naxSirbadis (IV) oqsidi, xsnarian WurWels ukeTeben sacobs natronis kiriT 
Sevsebuli mSTanmTqavi miliT.  

tutis xsnaris titris dadgena tutis xsnaris titris dadgena tutis xsnaris titris dadgena tutis xsnaris titris dadgena 0,1 N mJaunmJavas xsnaris mixedviT.mJaunmJavas xsnaris mixedviT.mJaunmJavas xsnaris mixedviT.mJaunmJavas xsnaris mixedviT. amzadeben 
0,1N mJaunmJavas xsnars, risTvisac 0,6304 gram mJaunmJavas wonaks wonian analizur 
sasworze da 100 ml tevadobis sazom kolbaSi amzadeben xsnars.  

250ml tevadobis or konusur kolbaSi aTavseben mJaunmJavas xsnaris 10_10  
ml-s, umateben 1_2 wveT fenolftaleins da titraven 0,1 N tutis xsnariT Ria 
vardisferis miRebamde. Seferva ar unda gaqres 30 wm-is ganmavlobaSi. gatitvris 
mixedviT miRebuli SedegebiT gamoiTvlian  tutis xsnaris zust koncentracias.  

 

 

 

 



 - 88 -  

Tavi XIII. redoqsimetriis (JangvaTavi XIII. redoqsimetriis (JangvaTavi XIII. redoqsimetriis (JangvaTavi XIII. redoqsimetriis (Jangva----aRdgenis) meTodebiaRdgenis) meTodebiaRdgenis) meTodebiaRdgenis) meTodebi    
XIII.1. redoqsimetriis arsi, meTodebiXIII.1. redoqsimetriis arsi, meTodebiXIII.1. redoqsimetriis arsi, meTodebiXIII.1. redoqsimetriis arsi, meTodebi    

 
redoqsimetriis meTodebs safuZvlad udevs Jangva-aRdgeniTi reaqciebi. Jangva-

aRdgeniTi gatitvra dafuZnebulia im faqtze, rom saanalizo nivTiereba SeiZleba 
arsebobdes or formaSi – daJangulSi da aRdgenilSi. am ori formis garkveul 
Tanafardobas Seesabameba garkveuli JangvaJangvaJangvaJangva----aRdgeniTi potenaRdgeniTi potenaRdgeniTi potenaRdgeniTi potenciali,ciali,ciali,ciali, romelic 
ganisazRvreba nernstis gantolebiT:nernstis gantolebiT:nernstis gantolebiT:nernstis gantolebiT:  

c

c

Fn

RT
EE o lg⋅

⋅
+=     ,   sadac: 

E - aris sistemis Jangva-aRdgeniTi potenciali; 
Eo – standartuli (normaluri) eleqtroduli potenciali, voltebSi; 
R – universaluri gazuri mudmiva; 

          T - absoluturi temperatura;   
          n – eleqtronebis ricxvi, romlebic monawileoben reaqciaSi;  
          F – faradeis ricxvi, romelic tolia  9,65 · 10

4  kuloni. 
 Tu awarmoeben saanalizo nivTierebis aRdgenili formis gatitvras damJan-
gvelis xsnariT, gatitvris procesSi aRdgenili forma gadadis daJangul formaSi 
da sistemis potenciali icvleba. eqvivalentobis wertilSi saanalizo nivTiereba 
mTlianad gadadis daJangul formaSi da xdeba potencialis mkveTri cvlileba. 
potencialis naxtomi imyofeba eqvivalentobis wertilSi.  
 im meTodebis saxelwodeba, romlebSic gamoyenebulia redoqsimetriis 
principi, warmodgeba titriani samuSao xsnarebis saxelwodebidan.  
 redoqsimetriis meTodebs miekuTvneba:redoqsimetriis meTodebs miekuTvneba:redoqsimetriis meTodebs miekuTvneba:redoqsimetriis meTodebs miekuTvneba: 

a)a)a)a) permanganatmetria permanganatmetria permanganatmetria permanganatmetria – igi dafuZnebulia KMnO4-is samuSao xsnaris 
damJangvel moqmedebaze, gatitvra midis indikatoris gareSe;  

b)b)b)b) iodmetria iodmetria iodmetria iodmetria – samuSao xsnars warmoadgens Tavisufali iodis xsnari  

( −I  -is ioni aRdgenilia), am  meTodiT isazRvreba rogorc damJangvelebi, 
aseve aRmdgenelebi, indikatori _ saxamebelia.  

g)g)g)g) qromatmetria qromatmetria qromatmetria qromatmetria – samuSao xsnaria K2Cr2O7,,,, meTodis meSveobiT SesaZlebelia 
rogorc pirdapiri, aseve ukugatitvra.  

d)d)d)d) bromatmetria bromatmetria bromatmetria bromatmetria – samuSao xsnaria kaliumis bromati – KBrO3, romelsac 
gaaCnia damJangveli Tvisebebi. 

e)e)e)e) iodatmetria iodatmetria iodatmetria iodatmetria – samuSao xsnaria kaliumis iodati – KIO3.    
v) v) v) v) vanadatmetriavanadatmetriavanadatmetriavanadatmetria – samuSao xsnaria damJangveli amoniumis vanadati – NH4VO3....  
    
daJangvadaJangvadaJangvadaJangva----aRdgenis reaqciebis ZiriTadi Taviseburebani Semdegia:aRdgenis reaqciebis ZiriTadi Taviseburebani Semdegia:aRdgenis reaqciebis ZiriTadi Taviseburebani Semdegia:aRdgenis reaqciebis ZiriTadi Taviseburebani Semdegia:    
_ mraval reaqciaSi urTierTqmedebs ara marto mJangavebi an aRmdgenebi, 
aramed  
  sxva nivTierebebic (magaliTad, mJavebi da tuteebi); 
_ reaqciebi xSirad ramdenime stadiad mimdinareobs, amasTan TiToeuli  
  maTgani sxvadasxva siCqariT; 
_ daJangva-aRdgenis  reaqciebis  siCqare  ufro  dabalia,  vidre  iongac 
  vliTi reaqciebisa. maSin, roca ionuri reaqciebi praqtikulad myisierad    
  xorcieldeba, daJangva-aRdgenis reaqciebi moiTxovs met-naklebad  
  xangrZliv drosa da gansazRvrul pirobebs, romlebic uzrunvelyofs  
  procesis warmarTvas bolomde;  
_ erTi da igive gamosavali nivTierebisaTvis SesaZlebelia reaqciis  
  sxvadasxva mimarTulebiT warmarTva. garda amisa, reaqciis procesSi  

daJangulidaJangulidaJangulidaJanguli    

aRdgenilaRdgenilaRdgenilaRdgeniliiii    
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  xSiria iseTi nivTierebebis warmoqmna, romlebic TviT reaqciis  
  msvlelobas cvlis. 
   
oqsidometriis meTodebSi gamoiyeneba sxvadasxva indikatori. xSirad isini 

organuli nivTierebebia, romlebic TviTon arian mJangavebi an aRmdgenebi. amgvar 
indikatorebs redoqsredoqsredoqsredoqs----indikatorebiindikatorebiindikatorebiindikatorebi ewodeba. isini advilad gadadian mJangavi 
formidan aRmdgenSi, da piriqiT. garda amisa, am formebs gansxvavebuli Seferva 
aqvs. magaliTad, difenilaminis mJangavi forma molurjo-iisferia, xolo aRmdgeni 
– ufero.  

zogierTi reaqciisaTvis arsebobs specifikuri indikatorebizogierTi reaqciisaTvis arsebobs specifikuri indikatorebizogierTi reaqciisaTvis arsebobs specifikuri indikatorebizogierTi reaqciisaTvis arsebobs specifikuri indikatorebi _ nivTierebebi, 
romlebic Sefervis SecvliT reagireben gatitvris erT-erT monawilesTan. 
magaliTad, saxamebeli iodTan warmoqmnis lurji feris adsorbciul naerTebs.  

SesaZlebelia gatitvra indikatoris gareSec Catardes, Tu samuSao xsnaris 
Seferva sakmaod kaSkaSaa da reaqciis Sedegad igi mkveTrad icvleba. magaliTad 
SeiZleba moviyvanoT gatitvra kaliumis permanganatiT, romlis xsnari 
Jolosferia.  

 
 

 

XIII.2. redoqsXIII.2. redoqsXIII.2. redoqsXIII.2. redoqs----popopopotencialebi, redoqstencialebi, redoqstencialebi, redoqstencialebi, redoqs----reaqciebis mimarTuleba. reaqciebis mimarTuleba. reaqciebis mimarTuleba. reaqciebis mimarTuleba.     
redoqsredoqsredoqsredoqs----reaqciebis wonasworobis konstantebireaqciebis wonasworobis konstantebireaqciebis wonasworobis konstantebireaqciebis wonasworobis konstantebi    

    
damJangvelebi da aRmdgenelebi gansxvavdebian erTmaneTisagan qimiuri 

aqtiurobiT, isini raodenobrivad xasiaTdebian redoqs-potencialebis sididiT.  
absoluturi potencialebis gazomva rTulia, amitom eleqtrodul potencialebs 
sazRvraven standartul  wyalbadis eleqtrodTan SefardebiT, romelic  
miCneulia 0 voltis tolad. yoveli galvanuri elementi Sedgeba 
naxevarelementebis ori wyvilisagan. davuSvaT, rom erT wyvils warmoadgens 

++ 23 / FeFe , meore wyvils _ 2/2 HH + . SeiZleba galvanuri elementis 
eleqtromamoZravebeli Zalis (e.m.Z.) gansazRvra: 

e.m.Z. = 773,0
2

23 /2/
=− ++ HHoFeoFe

EE v, radganac OE
HH

=+
2/02

v.  

Tu cnobilia standartuli redoqs-potencialebis sidide, SeiZleba Jangva-
aRdgeniTi procesis mimarTulebis gansazRvra. wyvili, romelsac gaaCnia ufro 
meti standartuli redoqs-potenciali, iTamaSebs damJangvelis rols im wyvilis 
mimarT, romelsac gaaCnia naklebi potenciali.  
 rogorc cnobilia, nebismieri wyvilis redoqs-potenciali gamoiTvleba 
formuliT: 

   
][

][
lg⋅+=

nF

RT
EE o  

Tu naturaluri logariTmebidan gadavalT meaTedebze da CavsvamT 

formulaSi konstantebis mniSvnelobas, miviRebT: 
][

][
lg

058,0 ⋅+=
n

EE o     

Tu [Fe
3+

] = 1g-ioni/l, xolo [Fe
2+

] = 1·10-3g-ioni/l, maSin wyvilisTvis  
 Fe

3+
/Fe

2+ nernstis gantolebas eqneba Semdegi saxe:  

             9443,0
101

1
lg558,077,0

3/ 23 =
⋅

⋅+= −++ FeFe
E v. 

damJ.damJ.damJ.damJ.    

aRmdgaRmdgaRmdgaRmdg. 

damJ.damJ.damJ.damJ.    

aRmdgaRmdgaRmdgaRmdg....    
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maSasadame, redoqs-potenciali damokidebulia redoqs-formebis 
koncentraciaze. garda amisa, redoqs-potencialis sidide damokidebulia aseve 

[H+
]-is sidideze xsnarSi. es kargad Cans iseTi reaqciis mimdinareobisas, 

rogoricaa: OHMneHMnO 2

2

4 458 +=++ +
−

+−  

][

][][
lg

5

058,0
2

4

/
2

4
+

+− ⋅+=+−
Mn

HMnO
EE

oMnMnO
 

[damJ] = [aRmdg]  da  [[damJ] = [aRmdg]  da  [[damJ] = [aRmdg]  da  [[damJ] = [aRmdg]  da  [H+] = 1] = 1] = 1] = 1    
 

imisaTvis, rom gairkves Jangva-aRdgeniTi reaqciebis gadanacvlebis xarisxi 
saWiro mimarTulebiT, mxedvelobaSi unda iqnes miRebuli is, rom damJangvelsa da 
aRmdgenels Soris SesaZlebelia damyardes wonasworuli mdgomareoba. maSin 
SesaZlebelia gamovTvaloT wonasworobis konstanta:wonasworobis konstanta:wonasworobis konstanta:wonasworobis konstanta:    

058,0

][
lg 00 nEE

K
III ⋅−= , sadac: KKKK _ aris wonasworobis konstanta.  

                  IE0  da 
IIE0  _ standartuli redoqs-potencialebia;  

                            n _ gadanacvlebuli eleqtronebis ricxvi.  
wonasworobis konstanta  miT metia, rac ufro metia sxvaoba standartul 

redoqs-potencialebs Soris. wonasworuli sistemis mdgomareoba SesaZlebelia 
iqnes gadanacvlebuli ama Tu im mimarTulebiT, aRniSnuli parametrebis momatebiT 
an SemcirebiT. amis miRweva SeiZleba damJangavis koncentraciis amaRlebiT an 
aRmdgenelis koncentraciis SemcirebiT.  

 

 

 

 

 

 

 

XIII.3. redoqsXIII.3. redoqsXIII.3. redoqsXIII.3. redoqs----meTodebis gatitvris mrudebi. redoqsmeTodebis gatitvris mrudebi. redoqsmeTodebis gatitvris mrudebi. redoqsmeTodebis gatitvris mrudebi. redoqs----indikatorebiindikatorebiindikatorebiindikatorebi    
 
redoqs-meTodebiT gatitvris procesSi, sawyisi da saboloo produqtebis 

koncentraciebi ganuwyvetliv icvleba, es iwvevs xsnaris redoqs-potencialis 

Secvlas. magaliTad:  OHFeMnHFeMnO 2

322

4 4585 ++⇔++ ++++−   

xsnarSi arsebobs ori redoqs-wyvili:  +− 2

4 / MnMnO    da   ++ 23 / FeFe .        

     +

−

⋅+=
2

4 ][
lg

1

058,0
51,1

Mn

MnO
E I        +

+

⋅+=
2

3 ][
lg

1

058,0
77,0

Fe

Fe
E II  

gatitvris mrudis asagebad, ordinatTa RerZze daitanen redoqs-potencialis 
sidideebs – E(vvvv), xolo abscisTa RerZze _ 0,0,0,0,1N KMnO4-is xsnaris da  FeSO4-is 
xsnaris raodenobas, (ml). FeSO4-is koncentraciis Secvla KMnO4-iT gatitvrisas 
gamoisaxeba gatitvris mrudiT (nax. 5): 
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Tu xsnarSi didi raodenobiTaa FeSO4, maSin KMnO4-is mimatebiT naklebad 
icvleba xsnaris koncentracia. eqvivalentobis wertilis miRwevisas FeSO4-is 
koncentracia icvleba naxtomiseburad da Sesabamisad icvleba potencialis 
sidide _ E. procesis dasawyisSi potenciali E = 0,77v. KMnO4-is mimatebisas [Fe

2+
] 

mcirdeba, xolo [Fe
3+

] izrdeba, Sesabamisad E gaizrdeba. eqvivalentobis 
wertilamde cvlileba umniSvneloa, xolo gatitvris bolos izrdeba da izrdeba da izrdeba da izrdeba da aRwevs aRwevs aRwevs aRwevs 
1,220 volts 1,220 volts 1,220 volts 1,220 volts ––––    es aris eqvivalentobis wertili. es aris eqvivalentobis wertili. es aris eqvivalentobis wertili. es aris eqvivalentobis wertili.     

eqvivalentobis wertilis dafiqsireba redoqsimetruli gatitvris dros 
SesaZlebelia indikatoris gareSec, roca titrantis feri SesamCnevad icvleba, 
rogorc xdeba permanganatmetriaSi. magram iodometriaSi mizanSewonilia 
saxameblis gamoyeneba, romelic Tavisufali iodis monawileobisas ifereba 
intensiur lurj ferad, radganac  am dros warmoiqmneba lurji feris 
adsorbciuli naerTi. indikatorebs, romelTa feri icvleba redoqs-potencialis 
garkveuli mniSvnelobis miRwevisas, ewodebaT redoqsredoqsredoqsredoqs----indikatorebi.indikatorebi.indikatorebi.indikatorebi. maT 

miekuTvneba difenilamini _ 256 )( HCNH , romlis xsnaric damJangvelebis moqmedebiT 

ifereba molurjo – iisfrad.  
indikatorebs wayenebuli aqvT Semdegi moTxovnebiindikatorebs wayenebuli aqvT Semdegi moTxovnebiindikatorebs wayenebuli aqvT Semdegi moTxovnebiindikatorebs wayenebuli aqvT Semdegi moTxovnebi:  
a)a)a)a) daJanguli da aRdgenili formis Seferiloba unda iyos sxvadasxva; 
b)b)b)b) Sefervis cvlileba unda iyos SesamCnevi indikatoris mcire raodenobis  
   SemTxvevaSic; 
g)g)g)g) indikatori unda reagirebdes eqvivalentobis wertilSi damJangvelis an 

aRmdgenelis mcire siWarbesTan; 
d) indikatoris moqmedebis intervali unda iyos SesaZlod mcire; 
e)e)e)e) indikatori unda iyos mdgradi garemos qmedebaze: haeris Jangbadze, CO2-

ze, sinaTleze. 
redoqsredoqsredoqsredoqs----indikatorebiindikatorebiindikatorebiindikatorebi arseboben ori formiT _ daJanguli da aRdgenili, maT 

miekuTvneba: 

1)1)1)1) difenilaminidifenilaminidifenilaminidifenilamini _ 256 )( HCNH  

igi gamoiyeneba damJangvelebiT gatitvris procesSi. difenilamini iJangeba 
difenilbenzidiniT molurjo-iisframde. Sefervis gadasvlis potenciali 

76,0=oE v. 

nax. 5.  standartuli samuSao xsnarisnax. 5.  standartuli samuSao xsnarisnax. 5.  standartuli samuSao xsnarisnax. 5.  standartuli samuSao xsnaris – KMnO4 moculoba,moculoba,moculoba,moculoba,    mlmlmlml 
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2)2)2)2) fenifenifenifenilanTranilis mJava _ lanTranilis mJava _ lanTranilis mJava _ lanTranilis mJava _ COOHHNHCHC 4656     

aRdgenil formaSi indikatori uferulia, daJangul formaSi mowiTalo-

iisferi. Sefervis gadasvlis potenciali 08,1=oE v. 

3)3)3)3) saxamebelisaxamebelisaxamebelisaxamebeli _ nOHC )( 5106  

Tavisufali iodis monawileobisas saxamebeli lurjdeba, iodis adsorbciis 
Sedegad mis molekulebze.  

4)4)4)4) amoniumis Tiocianatiamoniumis Tiocianatiamoniumis Tiocianatiamoniumis Tiocianati _ SCNNH 4 . gamoiyeneba Fe
3+

-is marilebis gatitvrisas. 
eqvivalentobis wertilSi gasatitri xsnaris wiTeli feri uferuldeba. 

 

 

 

 

 

 
XIII.4XIII.4XIII.4XIII.4. permanganatmetriis safuZvlepermanganatmetriis safuZvlepermanganatmetriis safuZvlepermanganatmetriis safuZvlebi. bi. bi. bi.     

permanganatis samuSao xsnaris damzadebapermanganatis samuSao xsnaris damzadebapermanganatis samuSao xsnaris damzadebapermanganatis samuSao xsnaris damzadeba 
 

permanganatmetrias safuZvlad udevspermanganatmetrias safuZvlad udevspermanganatmetrias safuZvlad udevspermanganatmetrias safuZvlad udevs permanganat-ioniT ( −
4MnO ) daJangva, rome-

lic warmoebs −
4KMnO -is meSveobiT mJava, tute an neitralur garemoSi. mJava areSi 

)(VIIMn  aRdgeba )(IIMn -mde da xsnaris Jolosfer-iisferi Seferva uferuldeba:  

OHSOKMnSOSOFeSOHKMnOFeSO 24243424144 82)(58210 +++→++  

OHMnFeHMnOFe 2

23

4

2 4585 ++→++ +++−+  
−
4MnO  iRebs 5ē  –s, maSasadame −

4KMnO -is g-eqv tolia: 

61,31
5

03,158 =∋= g 

tute an neitralur areSe daJangvisas )(VIIMn  aRdgeba )I( VMn -mde:  

OHSOKMnOCrOKKOHSOCrKMnO 2422423424 43228)(2 ++↓+→++  

OHMnOeHMnO 224 234 +↓→++
−

+−  

−
−

− +→++ OHOHMnOeOHMnO 4)(33 224  

Aam SemTxvevaSi, −
4MnO  iRebs 3ē -s, maSasadame, misi  g-eqv. tolia:  

68,52
3

03,158 =∋= g 

+2Mn -ioni da 2MnO  gadadian erTmaneTSi: 

OHMneHMnO 2

2

2 224 +⇔++ +
−

+  

[H
+
]-is gazrdisas xsnarSi, wonasworoba gadaixreba +2Mn -is mxares, reaqciis 

Sedegad warmoiqmneba uferuli +2Mn ionebi. 

[H
+
]-is Semcirebisas, wonasworoba ixreba 2MnO -is warmoqmnis mxares, rac 

aRiniSneba kidec reaqciis Catarebisas tute an neitralur areSi. 

    4KMnO -is damJangveli unari mJava areSi gacilebiT metia _ 51,1/ 2

4

+=+
− MnE

MnO
v, 

vidre tute areSi _ 59,0
2

4 /
+==

MnOMnO
E v. 

permangatmetriiT isazRvrebapermangatmetriiT isazRvrebapermangatmetriiT isazRvrebapermangatmetriiT isazRvreba raodenobrivad: mJaunmJava, WianWvelmJava, 
gogirdwyalbadmJava, wyalbadis zeJangi, rkina _ rkinis (II) marilebSi, manganumi _ 
manganum (II) - is marilebSi. P 
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permanganatmetriis Casatareblad aucilebelia:permanganatmetriis Casatareblad aucilebelia:permanganatmetriis Casatareblad aucilebelia:permanganatmetriis Casatareblad aucilebelia:    
1.1.1.1. 0,05N    4KMnO ----is samuSao xsnari; 

2.2.2.2. 0,05N mJaunmJavas an natriumis oqsalatis xsnarebi: 4222422 ;2 OCNaOHOCH ⋅  
(permanganatis xsnaris titris dasadgenad); 

3.3.3.3. 2N 42SOH -is xsnari, indikatori ar aris saWiro.  

 permanganatmetriaSi gamoiyeneba permanganatmetriaSi gamoiyeneba permanganatmetriaSi gamoiyeneba permanganatmetriaSi gamoiyeneba 0,05N 4KMnO ----is samuSao xsnariis samuSao xsnariis samuSao xsnariis samuSao xsnari, romlis 

damzadeba zusti wonakis mixedviT gaZnelebulia imis gamo, rom igi Seicavs 2MnO -
is minarevebs. distilirebul wyalSic imyofeba aRmdgeneli minarevebi, romlebic 

aRadgenen 4KMnO -s 2MnO -mde. Aamitom wonakidan momzadebul xsnars ayovneben  
7 dRe-Rame, romlis ganmavlobaSi xsnarSi mimdinareobs yovelgvari Tanmxlebi 

reaqciebi da 4KMnO -is koncentracia xdeba mudmivi. 4KMnO  Jangavs rezinas, 
filtris qaRalds, amitom mas filtraven minis filtrSi, xolo inaxaven muq 

WurWelSi, radganac dRis sinaTleze 4KMnO  iSleba; 

↑++↓→+ 2224 34424 OKOHMnOOHKMnO  

analizur sasworze wonian 1,58 g qimiurad sufTa 4KMnO -s, xsnian 1 l disti-
lirebul wyalSi, mihyavT aduRebamde da agrZeleben gaTbobas 1 sT-is 

ganmavlobaSi. Semdeg filtraven minis filtrSi da miiReba 0,05 N 4KMnO . adgenen 

xsnaris titrs mJaunmJavas mimarT _ OHOCH 2422 ⋅  an natriumis oqsalatis mimarT _ 

422 OCNa . permanganatiT gatitvra mimdinareobs indikatoris gareSe: 

↑+++→++ 22424424422 1082325 COOHSOKMnSOSOHKMnOOCH  

↑++++→++ 2242424424422 10852825 COOHSONaSOKMnSOSOHKMnOOCNa  

orive SemTxvevaSi −2

42OC  iJangeba:   ↑→−
−

−
2

2

42 22 COeOC  

03,63
2

06,126

2
422 2

==
⋅ OHOCHЭ g       67

2

134
422

==OCNaЭ g 

radganac 4KMnO -is xsnari 0,05 normalobisaa, amitom mJaunmJavas an natriumis 
oqsalatis xsnarebic unda iyos 0,05 normalobis. imisaTvis, rom damzaddes 250 ml  

0,05 N  OHOCH 2422 2⋅ -is   an    422 OCNa -is xsnarebi, saWiroa: 

79,025,005,003,63
2422 2 =⋅⋅=⋅ OHOCHm g 

84,025,005,067
422

=⋅⋅=OCNam g 

pipetiT gadaaqvT 25 ml mJaunmJavas an natriumis oqsalatis xsnari kolbaSi, 

umateben 10-15ml 2N 42SOH -s, axureben 70-800
C da titraven 0,05 N 4KMnO -iT manam, 

sanam xsnari ar miiRebs sust Jolosfers. Ggatitvras axdenen 3-jer mainc da 

gamoiTvlian saSualo ariTmetikuliT 4KMnO -is titrs:  

              
10004

∋⋅= N
TKMnO               

4

422422

4

KMnO

OCHOCH
KMnO V

VN
N

⋅
=  
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XIII.5. iodmetria. samuSao xsnarebi iodmetriaSi,XIII.5. iodmetria. samuSao xsnarebi iodmetriaSi,XIII.5. iodmetria. samuSao xsnarebi iodmetriaSi,XIII.5. iodmetria. samuSao xsnarebi iodmetriaSi,    
iodis standartuli xnaris damzadebaiodis standartuli xnaris damzadebaiodis standartuli xnaris damzadebaiodis standartuli xnaris damzadeba        

    
iodmetriaiodmetriaiodmetriaiodmetria ewodeba yvelaze zust Jangvaewodeba yvelaze zust Jangvaewodeba yvelaze zust Jangvaewodeba yvelaze zust Jangva----aRaRaRaRdgeniT meTods, romelic dgeniT meTods, romelic dgeniT meTods, romelic dgeniT meTods, romelic 

gamoyenebulia titrimetrul analizSi da romelsac safuZvlad udevs nivTierebis gamoyenebulia titrimetrul analizSi da romelsac safuZvlad udevs nivTierebis gamoyenebulia titrimetrul analizSi da romelsac safuZvlad udevs nivTierebis gamoyenebulia titrimetrul analizSi da romelsac safuZvlad udevs nivTierebis 
raodenobis gansazRvra gamoyofili an STanTqmuli iodis mixedviT. damJangvels raodenobis gansazRvra gamoyofili an STanTqmuli iodis mixedviT. damJangvels raodenobis gansazRvra gamoyofili an STanTqmuli iodis mixedviT. damJangvels raodenobis gansazRvra gamoyofili an STanTqmuli iodis mixedviT. damJangvels 
rolSi gamodis Tavisufali iodi:rolSi gamodis Tavisufali iodi:rolSi gamodis Tavisufali iodi:rolSi gamodis Tavisufali iodi:    

−
−

⇔+ IeI 222  

54,0
2/2

=−IoI
E v, amitom nivTierebebi, romelTa Eo naklebia am mniSvnelobaze, warmo-

adgenen aRmdgenelebs da warmarTaven reaqcias marjvniv, maT miekuTvneba: 

.;; 232322 SnClOAlOSNa  nivTierebebi, romelTa Eo metia 0,54 voltze, warmoadgenen 

damJangvelebs I- -is ionis mimarT da warmarTaven reaqcias Tavisufali iodis 
gamoyofis mimarTulebiT: 

222 IeI ⇔−
−

−  

aseT nivTierebebs miekuTvneba:   KMnO4 ;    K2Cr2O7;    MnO2;    Cl2;     Br2. 

 roca  pH>8, mimdinareobs reaqcia: ,02 22 OHIIOHI ++⇔+ −−−  am dros warmo-

iqmneba hipoiodidi, romelsac gaaCnia ufro maRali Eo, vidre I2 –s, amitom 
iodmetriis Catareba tute areSi ar SeiZleba. Tavisufali iodis raodenobas 
sazRvraven misi gatitvriT  0,01N  Na2S2O3-is xsnariT:  
 

  

 322 OSNa  STanTqavs Tavisufal iods da gadaxris wonasworobas marjvniv. 

imisaTvis, rom reaqciis wonasworoba gadaixaros marcxniv, saWiroa Tavisufali 
iodis siWarbe. iodmetruli reaqciebis umetesoba mimdinareobs didi siCqariT, 
amitom gansazRvras atareben ukugatitvriT. amisaTvis saanalizo xsnars umateben 
iodis Warb xsnars da titraven iodis siWarbes Na2S2O3-is titriani xsnariT: 

6223222 22 OSNaNaINaIOSNaI ++=+ .  
Na2S2O3-is molekulaSi S

2-
 -ionebis arseboba ganapirobebs am nivTierebis 

Zlier aRmdgenel Tvisebebs. Tavisufali iodi urTierTqmedebs masTan:            

                               6423222 22 OSNaNaIOSNaI +=+  

                            
 

iodis koncentraciis mixedviT xsnarSi, misi feri SeiZleba iyos yviTlidan 
yavisframde.  xsnari  Na2S2O3   -iT gatitvrisas uferuldeba.  

Na2S2O3-is g-eqv-s sazRvraven misi reaqciis safuZvelze iodTan:  

3222 2 OSNaI + = Na2S4O6 +2NaI 

 
I2+2ē =2I 

 

−− =− 2

64

2

32 22 OSeOS  

19,248
2

322 5Na =
⋅ OHOSÝ g. imisaTvis, rom damzaddes 1 l 0,01 N xsnari, saWiroa 2,5 g 

wonakis aReba. magram wonakis gaxsniT natriumis Tiosulfatis xsnaris damzadeba 

−−

−−

−

+→+
→−

→+

2

64322

2

64

2

32

2

22

22

22

OSIOSI

OSeOS

IeI

natriumis natriumis natriumis natriumis 
TiosulfatiTiosulfatiTiosulfatiTiosulfati    

natriumis natriumis natriumis natriumis 
tetraTionatitetraTionatitetraTionatitetraTionati    
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SeuZlebelia, radganac marili haerze advilad ifanteba, xolo wyalxsnarSi igi 
iSleba naxSirmJavaTi da haeris JangbadiT: 

↓+↓+→++ SNaHSONaHCOOHCOOSNa 3322322  

↓+→+ SSONaOOSNa 222 422322  

amitom natriumis Tiosulfatis xsnars amzadeben Semdegnairad: distili-
rebul wyals aduReben CO2----is mosacileblad. teqnikur sasworze wonian 
natriumis Tiosulfatis uxeS wonaks, xsnian wyalSi, umateben 0,2 gram Na2S2O3-s da 
mihyavT 1 l-mde. Na2S2O3----s titrs adgenen K2Cr2O7----is mixedviT, romelic warmoadgens 
Zlier mJangavs, magram misi uSualo gatitvra natriumis TiosulfatiT 
gaZnelebulia, eqvivalentobis wertilis Znelad dadgenis gamo. amitom awarmoeben 
gatitvras Semcvlelis meTodiT, risTvisac iyeneben KKKKiodis damxmare xsnars. 
K2Cr2O7-i, rogorc mJangavi, gamoyofs Kiodidan Tavisufal iods iseTi 
raodenobiT, romelic eqvivalenturia  K2Cr2O7-is wonakisa. gamoyofil iods 
titraven  Na2S2O3-iT: 

OHSOKISOCrSOHKIOCrK 242234242722 743)(76 +++→++  

04,49
6

21,294
722K ==OCrЭ g 

6,0
4

05,004,49
722

=⋅=OCrKm g 

aRniSnuli wonaki gadaaqvT 250 ml moculobis sazom kolbaSi da mihyavT 
wyliT niSanxazamde. pipetiT iReben 20 ml Kiodis xsnars, gadaaqvT konusur 
kolbaSi, umateben 15-20 ml 20% H2SO4-s da 20-25 ml K2Cr2O7-is standartul xsnars, 
ayovneben 5 wT-iT da umateben 100-150ml wyals, Semdeg ki titraven Na2S2O3-is 
xsnariT. Tavdapirvelad gatitvras axdenen indikatoris gareSe da mas Semdeg, 
roca xsnari gaxdeba Ria-yviTeli, umateben 2-3 ml saxamebels, agrZeleben 
gatitvras xsnaris lurji feris gaqrobamde da mwvane feris miRebamde  
(Cr

3+
-ionebis warmoqmnis gamo). 

322

722722

322

OSNa

OCrKOCrK
OSNa V

VN
N

⋅
=  

kaliumis biqromatis garda, natriumis Tiosulfatis titris dadgena 
SeiZleba KMnO4-is xsnariTac. 

 
0,1 N iodis samuSao xsnaris momzadeba xdeba Semdegnairad: 

,92126
2

=IЭ g    12,70,1126,92N
2

=⋅=⋅= ÝmI g 

 
iodis xsnadoba mcirea wyalSi da 200

C-ze Seadgens 0,02 grams, amitom 
xsnadobis gasazrdelad, xsnarze amateben Kiodis 3-jerad raodenobas. am dros 

iodi warmoqmnis xsnad kompleqsur naerTs: ][ 32 IKKII ⇔+ . iodis zusti xsnaris 

momzadebisaTvis SeiZleba fiqsonalis gamoyenebac. 0,1 N iodis samuSao xsnaris 
mosamzadeblad, 1 litrian sazom kolbaSi aTavseben 20-25 gram KKI-s, xsnian 50-60 
ml wyalSi, umateben 12,5 gram iods da avseben wyliT niSanxazamde. miRebul 
xsnars titraven Na2S2O3–iT, roca xsnari miiRebs Ria-yviTels, umateben 2-3 ml 
saxamebels. gatitvras asruleben xsnaris gauferulebis Semdeg.  
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XIII.6. saxamebeli, rogorc indikatori iodmetriaSi.XIII.6. saxamebeli, rogorc indikatori iodmetriaSi.XIII.6. saxamebeli, rogorc indikatori iodmetriaSi.XIII.6. saxamebeli, rogorc indikatori iodmetriaSi.    
iodmetriis  praqtiodmetriis  praqtiodmetriis  praqtiodmetriis  praqtikuli gamoyenebaikuli gamoyenebaikuli gamoyenebaikuli gamoyeneba    

    
iodmetriaSi Zalze mgrZnobiare indikators warmoadgens 1% saxameblis iodmetriaSi Zalze mgrZnobiare indikators warmoadgens 1% saxameblis iodmetriaSi Zalze mgrZnobiare indikators warmoadgens 1% saxameblis iodmetriaSi Zalze mgrZnobiare indikators warmoadgens 1% saxameblis 

xsnari,xsnari,xsnari,xsnari, romelic iZleva iodTan aramdgrad muqi lurji feris naerTs. lurji 
feri gamowveulia saxameblis nawilakebis adsorbciuli naerTis warmoqmniT 
iodTan, romelsac ewodeba iodsiodsiodsiodsaxamebeli.axamebeli.axamebeli.axamebeli.  temperaturis gazrdiT iodsaxamebeli 
iSleba da xsnari kvlav uferuldeba, amitom iodmetrul gatitvras awarmoeben 
siciveSi. saxameblis meSveobiT advilad SeiZleba xsnarSi Tavisufali iodis 
warmoqmna (galurjeba) da misi gaqroba xsnaridan (lurji xsnaris gauferuleba), 
magram  Tavisufali iodis warmoqmnis Sewyvetis momentis dafiqsireba ver 
xerxdeba saxameblis meSveobiT. amitom iodmetriaSi damJangvelebis 
gansazRvrisaTvis iyeneben Semcvlelis meTods, kerZod: Tu damJangvelis xsnars 
davamatebT Kiodis xsnaris siWarbes, damJangveli gamoyofs xsnaridan mkacrad 
eqvivalentur Tavisufali iodis raodenobas. Tu gamoyofil iods gavtitravT 
romelime aRmdgeneliT, advilad ganvsazRvravT damJangvelis raodenobasac 
saanalizo xsnarSi. amrigad, KKKKiodi    gamoiyeneba ara rogorc samuSao xsnari, aramed 
rogorc damxmare xsnari.  

 
damJangvelebis gansazRvrisas samuSao xsnarad gamoiyeneba Na2S2O3-is xsnari. 

1% saxameblis xsnaris dasamzadeblad, wonian 5 g saxamebels, sresen civi wylis 
mcire raodenobis TanxlebiT da miRebul narevs imateben 100 ml cxel wyals. 2-3 
wT-is duRilis Semdeg saxameblis xsnari mzadaa xmarebisTvis. iodis gatitvrisas 
Na2S2O3-is xsnariT, saxameblis mimateba saWiroa gatitvris bolosken, sxvanairad 
gamoyofili iodis didi raodenoba adsorbirdeba saxameblis mier da Seneldeba 
iodis urTierTqmedebis reaqcia natriumis TiosulfatTan. saxameblis xsnaris 

konservaciisaTvis, mas umateben salicilis mJavas an 2nClΖ -s. 
 
araorganuli naerTebidan iodmetrulad isazRvreba iodi, KMnO4, Na2AsO4, 

Hg2Cl2    (kalomeli), CuSO4,  organuli naerTebidan _ formalini, antipirini. 
pirdapiri gatitvriT Na2S2O3-is xsnaris meSveobiT awarmoeben iodis analizs. 
ukugatitvriT awarmoeben kalomelis, formalinis, antipirinis analizs. 
Semcvlelis gatitvriT axdenen KMnO4----is,is,is,is,        Na2AsO4----is, is, is, is,     CuSO4-is analizs.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 - 97 -  

XIII.7. oqsidometriis sxva meTodebiXIII.7. oqsidometriis sxva meTodebiXIII.7. oqsidometriis sxva meTodebiXIII.7. oqsidometriis sxva meTodebi    
    

 
vanadometria vanadometria vanadometria vanadometria – dafuZnebulia saanalizo nivTierebis aRdgenis reaqciaze  

vanadiumis (II) sulfatiT, romelic iJangeba vanadiumis (III) sulfatamde: 
++ =+ 32 VeV  

    
vanadometriaSi iyeneben or samuSao xsnars vanadometriaSi iyeneben or samuSao xsnars vanadometriaSi iyeneben or samuSao xsnars vanadometriaSi iyeneben or samuSao xsnars – VSO4    da rkinada rkinada rkinada rkina----amoniumis Saamoniumis Saamoniumis Saamoniumis Sabis bis bis bis 

xsnars xsnars xsnars xsnars ––––    NH4Fe(SO4)2. gansazRvrebs awarmoeben ukugatitvriT. saanalizo xsnarze 
amateben VSO4-is titriani xsnaris siWarbes da titraven reaqciaSi Seusvlel 
VSO4–is xsnars rkina-amoniumis Sabis titriani xsnariT. am dros mimdinareobs 
reaqcia: 

42443422444 )(2)()(22 SONHFeSOSOVSOFeNHVSO ++=+  

VSO4-is titriani xsnaris raodenobis mixedviT gamoiTvlian saanalizo 
nivTierebis raodenobas. indikatorad gamoiyeneba safranini,indikatorad gamoiyeneba safranini,indikatorad gamoiyeneba safranini,indikatorad gamoiyeneba safranini, romelic uferulia 
V

2+----ionebis monawileobisas da wiTldeba rkina-amoniumis Sabis (damJangvelis) 
siWarbeSi.  

    
    
qromatometriaqromatometriaqromatometriaqromatometria – dafuZnebulia saanalizo nivTierebis daJangvaze K2Cr2O7-is 

xsnariT, romelic aRdgeba Cr
3+----mde: 

OHCrHeOCr 2

32

72 72146 +=++ ++−  

 samuSao xsnars warmoadgens samuSao xsnars warmoadgens samuSao xsnars warmoadgens samuSao xsnars warmoadgens K2Cr2O7. analizs awarmoeben pirdapiri 
gatitvriT, indikatoriaindikatoriaindikatoriaindikatoria    ––––    difenilaminidifenilaminidifenilaminidifenilamini    ((((C6H5)2NH,,,, romelic feravs xsnars 
lurjad  K2Cr2O7-is siWarbeSi.  

    
    
cerimetriacerimetriacerimetriacerimetria – dafuZnebulia saanalizo nivTierebis daJangvaze cerium (IV)-is 

marilebiT, romelic aRdgeba cerium (III)-mde:  
++ =+ 34 CeeCe  

oTxvalentiani ceriumis marilis saxiT gamoiyeneba misi Sereuli  marili _ 

OHSONHSOCe 242424 2)(2)( ⋅⋅ , romelic warmoadgens samuSao xsnarsromelic warmoadgens samuSao xsnarsromelic warmoadgens samuSao xsnarsromelic warmoadgens samuSao xsnars da romlis titrs 
adgenen natriumis oqsalatis mixedviT. analizi warmoebs pirdapiri gatitvriT. 
eqvivalentobis wertils adgenen xsnaris yviTeli feris warmoqmniT, radganac 
Ce

3+-is marilebi uferulia, xolo Ce
4+-is marilebi – yviTeli.  

    
    
titanometriatitanometriatitanometriatitanometria – dafuZnebulia saanalizo nivTierebis aRdgenaze titan (III)-is 

sulfatiT, am dros titan (III) iJangeba titan (IV)-mde; 
++ =− 43 TieTi  

 
 samuSao xsnaria samuSao xsnaria samuSao xsnaria samuSao xsnaria ––––    titan (III)titan (III)titan (III)titan (III)----is sulfati,is sulfati,is sulfati,is sulfati, romlis titrs adgenen KMnO4-is 

xsnaris mixedviT.  
 
 
 

 

 

 



 - 98 -  

Tavi XIV. daleqviTi gatitvraTavi XIV. daleqviTi gatitvraTavi XIV. daleqviTi gatitvraTavi XIV. daleqviTi gatitvra    
    

XIV.1. XIV.1. XIV.1. XIV.1. daleqviTi meTodebis arsi da Teoriuli safuZvlebidaleqviTi meTodebis arsi da Teoriuli safuZvlebidaleqviTi meTodebis arsi da Teoriuli safuZvlebidaleqviTi meTodebis arsi da Teoriuli safuZvlebi    
    

daleqviTi meTodis arsidaleqviTi meTodis arsidaleqviTi meTodis arsidaleqviTi meTodis arsi mdgomareobs imaSi, rom gansasazRvreli nivTimdgomareobs imaSi, rom gansasazRvreli nivTimdgomareobs imaSi, rom gansasazRvreli nivTimdgomareobs imaSi, rom gansasazRvreli nivTiereba ereba ereba ereba 
(ioni) raodenobrivad gadahyavT naleqSi, nivT(ioni) raodenobrivad gadahyavT naleqSi, nivT(ioni) raodenobrivad gadahyavT naleqSi, nivT(ioni) raodenobrivad gadahyavT naleqSi, nivTierebis raodenobaze ki msjeloben ierebis raodenobaze ki msjeloben ierebis raodenobaze ki msjeloben ierebis raodenobaze ki msjeloben 
samuSao xsnaris daxarjuli moculobis mixedviT gatitvris prosamuSao xsnaris daxarjuli moculobis mixedviT gatitvris prosamuSao xsnaris daxarjuli moculobis mixedviT gatitvris prosamuSao xsnaris daxarjuli moculobis mixedviT gatitvris procesze.cesze.cesze.cesze. amitom am 
meTodSi gamoiyeneba iseTi reaqciebi, romlebsac axlavs romelime Zneladxsnadi 
naerTis warmoqmna. 

    
    
    daleqvis  reaqciebi unda akmayodaleqvis  reaqciebi unda akmayodaleqvis  reaqciebi unda akmayodaleqvis  reaqciebi unda akmayofifififileblebleblebdnen Semdednen Semdednen Semdednen Semdegggg pirobebs:pirobebs:pirobebs:pirobebs:  
 
 
a)a)a)a) naleqi unda iyos praqtikulad uxsnadi da swrafad unda gamoileqos; 
b)b)b)b) indikatoris mier advilad unda dafiqsirdes eqvivalentobis wertili;    
g)g)g)g) gatitvras xeli ar unda SeuSalos gareSe nivTierebis adsorbciam. 

daleqviT gatitvraSi damleqavs iReben eqvivalenturi raodenobiT. naleqs 
gaaCnia unari Tavis zedapirze adsorbcia gaukeTos sxvadasxva ionebs, 
romlebisganac Sedgeba Tavad naleqi. gansakuTrebiT maRal adsorbciul unars 
iCenen naleqebi TavianTi warmoqmnis procesSi. dayovnebisas naleqebi “berdebian,” 
anu maTi zedapiri mcirdeba da maSasadame, maTi adsorbciuli unaric. naleqis 
zedapirze adsorbirebuli ionebi reaqciaSi Znelad Sedian da es iwvevs 
Secdomebs. adsorbciis Sesamcireblad saWiroa gatitvris nela Catareba, xolo 
samuSao xsnaris yoveli wveTis mimatebisas – xsnaris SenjRreva. es xels uwyobs 
reaqtivis urTierTqmedebas adsorbirebul ionebTan.  

daleqviTi gatitvris reaqciebSi, eqvivalentobis wertilis dasadgenad, 
gatitvris procesi SeiZleba Catardes indikatoris gareSe da indikatoriT.  

 
    

indikatorebi iyofa or jgufaindikatorebi iyofa or jgufaindikatorebi iyofa or jgufaindikatorebi iyofa or jgufad:d:d:d:    
    
 

1)1)1)1) indikatorindikatorindikatorindikator----reagentebi;              2) adsobciuli reagentebi.reagentebi;              2) adsobciuli reagentebi.reagentebi;              2) adsobciuli reagentebi.reagentebi;              2) adsobciuli reagentebi.    
    

indikator-reagentebis (kaliumis qromati, rkina-amoniumis Sabi) moqmedebis 
arsi mdgomareobs imaSi, rom isini saanalizo nivTierebasTan erTad Sedian 
reaqciaSi samuSao xsnarTan, naleqis warmoqmniT an Seferili xsnaris warmoqmniT. 
am dros miRebul naleqs unda gaaCndes ufro meti xsnadoba, vidre ZiriTad 
naleqs.  

 
 adsorbciuli reagentebis (fluoresceini, eozini) moqmedebis arsi mdgoma-

reobs imaSi, rom eqvivalentobis wertilSi indikatori adsorbirdeba naleqis 
zedapirze da aZlevs mas Sesabamis Seferilobas.  
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TvalsaCinoebisaTvis mogvyavs gatitvris xerxebis sqema TvalsaCinoebisaTvis mogvyavs gatitvris xerxebis sqema TvalsaCinoebisaTvis mogvyavs gatitvris xerxebis sqema TvalsaCinoebisaTvis mogvyavs gatitvris xerxebis sqema     

daleqviTi meTodis mixedviTdaleqviTi meTodis mixedviTdaleqviTi meTodis mixedviTdaleqviTi meTodis mixedviT: 
  

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

XIV.2. daleqviTi meTodebis klasifikaciaXIV.2. daleqviTi meTodebis klasifikaciaXIV.2. daleqviTi meTodebis klasifikaciaXIV.2. daleqviTi meTodebis klasifikacia    
    

daleqviTi gatitvris meTodebs miekuTvdaleqviTi gatitvris meTodebs miekuTvdaleqviTi gatitvris meTodebs miekuTvdaleqviTi gatitvris meTodebs miekuTvneba:neba:neba:neba:    
    
    

1)1)1)1) argentometruli gatitvraargentometruli gatitvraargentometruli gatitvraargentometruli gatitvra – titrants warmoadgens AgNO3, romelic 

warmoqmnis naleqebs halogenidebTan (((( ),,, AgIAgBrAgCl  TiocianatebTan 

),(AgSCN  romelTa gansasazRvrelad is gamoiyeneba;  

2)2)2)2) Tiocianatmetruli gatitvra Tiocianatmetruli gatitvra Tiocianatmetruli gatitvra Tiocianatmetruli gatitvra _    titrantia SCNNH 4 , , , , romelic leqavs 

vercxlis marilebs ),(AgSCN     ukugatitvriT. titranti gamoiyeneba 
halogenidebis, Tiocianatebis gansasazRvrelad.  

3)3)3)3) merkurometruli gatitvramerkurometruli gatitvramerkurometruli gatitvramerkurometruli gatitvra – titrantia 232 )(NOHg , romelic gamoiyeneba 

halogenidebis da Tiocianatebis gansasazRvrelad, warmoiqmneba naleqebi: 

22222222 )(;;; SCNHgBrHgIHgClHg . 

4)4)4)4) sulfatometruli gatitvrasulfatometruli gatitvrasulfatometruli gatitvrasulfatometruli gatitvra – titrantebia H2SO4,  BaCl2, romlebic gamoiyeneba 
sulfatebis gansasazRvrelad (naleqi _ BaSO4). 

 

gatitvris xerxebigatitvris xerxebigatitvris xerxebigatitvris xerxebi    
daleqdaleqdaleqdaleqviTi meTodisviTi meTodisviTi meTodisviTi meTodis    

mixedviTmixedviTmixedviTmixedviT    

gatitvra indikatoris gatitvra indikatoris gatitvra indikatoris gatitvra indikatoris 
gareSe (geigareSe (geigareSe (geigareSe (gei----lusakis xerxi)lusakis xerxi)lusakis xerxi)lusakis xerxi)    

gatitvra indikatoriTgatitvra indikatoriTgatitvra indikatoriTgatitvra indikatoriT    

gatitvra indikatorgatitvra indikatorgatitvra indikatorgatitvra indikator----reagentebiTreagentebiTreagentebiTreagentebiT    gatitvra adsorbciuli reagentebiTgatitvra adsorbciuli reagentebiTgatitvra adsorbciuli reagentebiTgatitvra adsorbciuli reagentebiT    

kaliumis kaliumis kaliumis kaliumis 
qromatiT qromatiT qromatiT qromatiT 

(moris wesi)(moris wesi)(moris wesi)(moris wesi)    

rkinarkinarkinarkina----amoniumis amoniumis amoniumis amoniumis 
SabebiT (folSabebiT (folSabebiT (folSabebiT (fol----
gardis wesigardis wesigardis wesigardis wesi) 

fluoresceiniT  fluoresceiniT  fluoresceiniT  fluoresceiniT  
(faiansis wesi)(faiansis wesi)(faiansis wesi)(faiansis wesi)    

eoziniTeoziniTeoziniTeoziniT    
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XIV.3. argentometria _ moris, faiansis meTodebiXIV.3. argentometria _ moris, faiansis meTodebiXIV.3. argentometria _ moris, faiansis meTodebiXIV.3. argentometria _ moris, faiansis meTodebi    
 
gamoiyeneba argentometruli gatitvris ori wesi,argentometruli gatitvris ori wesi,argentometruli gatitvris ori wesi,argentometruli gatitvris ori wesi, romlebic gansxvavdebian 

erTmaneTisagan indikatorebis tipebiT: 
a)a)a)a) moris wesi moris wesi moris wesi moris wesi ––––    indikatori indikatori indikatori indikatori K2CrO4;    
b)b)b)b) faiansis wesi faiansis wesi faiansis wesi faiansis wesi ––––    indikatorebia fluoresceini da eozini.indikatorebia fluoresceini da eozini.indikatorebia fluoresceini da eozini.indikatorebia fluoresceini da eozini.    

argentometruli gatitvris ZiriTadi reaqciaa:argentometruli gatitvris ZiriTadi reaqciaa:argentometruli gatitvris ZiriTadi reaqciaa:argentometruli gatitvris ZiriTadi reaqciaa:    

,AgHalHalAg ⇔+ −+  

sadac −Hal -aris halogenid-ioni ( −−− IBrCl ,, ). argentometriaSi iyeneben 

titrants – 0,1 N AgNO3, romlisganac amzadeben 0,05 N;  0,02 N;  0,01 N xsnarebs.  
0,1 N AgNO3-is titrs adgenen standartiT _ NaCl----is mixedviT.  
        moris wesiTmoris wesiTmoris wesiTmoris wesiT–isazRvreba Cl

--ioni, romelic ititreba AgNO3-iT indikator– K2CrO4-
is monawileobisas, romelic AgNO3-Tan warmoqmnis agurisfer-wiTel naleqs: 

342342 22 KNOCrOAgAgNOCrOK +↓⇔+  

es naleqi warmoiqmneba mas Semdeg, roca Cl
--ionebi praqtikulad gadasuli 

arian naleqSi: ↓→+ −+ AgClClAg . 

gatitvris procesSi pH=7-10. tute areSi AgNO3 urTierTqmedebs tuteebTan, 

mJavebSi ↓42CrOAg  ixsneba. gatitvras awarmoeben oTaxis temperaturaze, radganac 

temperaturis gazrdisas 42CrOAg -is xsnadobac izrdeba da ecema indikator 

42CrOK -is mgrZnobiaroba. moris wesi gamoiyeneba qloridebis da bromidebis 
gansasazRvrelad, iodidebi da tocianatebi am meTodiT ar ganisazRvreba, 

radganac AgI↓↓↓↓----is da ↓AgSCN -is naleqebi adsorbireben 42CrOK ----s, amitomac isini 
iRebebian eqvivalentobis wertilis miRwevamde. qloridebis da bromidebis 

gansazRvras moris wesiT xels uSlis ++ 32 , BiBa , romlebic warmoqmnian naleqebs 

42CrOK -Tan. moris wesiT isazRvreba:  .;;; NaBrNaClKBrKCl  

faiansis wesifaiansis wesifaiansis wesifaiansis wesi – dafuZnebulia naleqis mier xsnaridan ionebis SerCeviT 
adsorbciaze. am meTodSi iyeneben adsorbciul indikatorebs: 

 a) flua) flua) flua) fluoresoresoresoresceinsceinsceinsceins – igi warmoadgens moyviTalo-wiTel fxvnils, wyalSi 
cudad ixsneba, xsnadia NaOH-Si, organul gamxsnelebSi, gamoiyeneba 0,1-0,2% 
spirtxsnaris saxiT qloridebis gatitvrisas; 

b) eozinsb) eozinsb) eozinsb) eozins – wiTeli kristaluri fxvnilia, gamoiyeneba 0,5% wyalxsnaris 
saxiT, bromidebis da iodidebis gansasazRvrelad.  

fluoresceini da eozini warmoadgenen mJavebs da xsnarebSi ganicdian 

ionizacias:  −+ +⇔ IndHHInd . 
gatitvris dasawyisSi xsnars gaaCnia moyviTalo-mwvane feri, eqvivalentobis 

wertilSi ↓AgCl  iRebs vardisfers. qloridebis gatitvrisas AgNO3-iT warmoiq-

mneba ↓AgCl , romelic jer kidev eqvivalentobis wertilamde adsorbirebs  

Cl
-----ionebs da iZens uaryofiT muxts _ −⋅nClAgCl . indikatoris ionebi naleqebze ar 

adsorbirdebian, radganac erTsaxeliani muxtebi amas xels uSlian. Eeqvivalen-
tobis wertilSi  Cl

- -is ionebi ukavSirdebian AgCl----s da warmoiqmneba Ag
+
-ionebis 

siWarbe, romlebic adsorbirdebian ↓AgCl -ze. naleqi iZens dadebiT muxts, adsor-

birebs Ind
- -is ionebs (AgCl · mAg

+ 
· nInd

-
) da am dros ifereba. faiansis wesiT isazR-

vreba iodidebi, romlebic ver isazRvreba moris wesiT. faiansis wesiT gatitvra 
warmoebs neitralur an sust mJava areSi, tute areSi analizi ver tardeba, 
radganac warmoiqmneba Ag2O. 
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XIV.4. rodanometruli gXIV.4. rodanometruli gXIV.4. rodanometruli gXIV.4. rodanometruli gatitvraatitvraatitvraatitvra 
 

folgardis wesifolgardis wesifolgardis wesifolgardis wesi dafuZnebulia AgNO3----is gatitvraze titrantiT – amoniumis 
tocianatis (rodanidis) xsnariT. saanalizo xsnaris porcias umateben AgNO3-is 
zustad azomil moculobas, amasTan, AgNO3----is raodenoba mniSvnelovnad unda 
aRematebodes im moculobas, romelic aucilebelia Cl

--ionebis srulad 

dasaleqad. amis Semdeg AgNO3-is narCens titraven SCNNH 4 -iT mJava areSi 

indikator _ rkina-amoniumis Sabis )12])([( 2244 OHSOFeNH ⋅  monawileobiT. am dros 
mimdinareobs reaqciebi: 

 

AgSCNSCNAgAgClClAg ⇔+↓→+ −+−+  

folgardis wesiT gatitvra tardeba mJava areSi, igi gamousadegaria im 
kaTionTa monawileobisas, romlebic warmoqmnian Zneladxsnad naerTebs SCN

--

ionebTan (es aris ++ 22 ,CuHg -is kaTionebi). es meTodi gamousadegaria agreTve 

damJangvelebis monawileobisas, romlebic Slian SCN
-
–ionebs  (es aris −

4MnO ). 

folgardis meTodSi titrants warmoadgens 0,1 N    SCNNH 4 ,,,, romlisganac amzadeben 

0,02 N da 0,01 N xsnarebs. 0,1 N    SCNNH 4 ----is titrs adgenen 0,1 N AgNO3-is xsnaris 

mimarT, risTvisac 0,1 N AgNO3-s aTavseben kolbaSi, umateben 50 ml distilirebul 

wyals, 2 ml HNO3-s, 2 ml indikators _ OHSOFeNH 2244 12)( ⋅  da titraven 0,1 N 

SCNNH 4 -iT manam, sanam xsnari ar miiRebs moyviTalo-vardisfer Seferilobas.  
folgardis meTodSi indikators warmoadgens rkinaindikators warmoadgens rkinaindikators warmoadgens rkinaindikators warmoadgens rkina----amoniumis Sabiamoniumis Sabiamoniumis Sabiamoniumis Sabi_ 

OHSOFeNH 2244 12)( ⋅ , romelic warmoqmnis SCN
-    -ionebTan wiTeli feris kompleqsur 

naerTs – rkina (III)-is rodanids: 
 

])([)(23)( 34244244 SCNFeSONHSCNNHSOFeNH +⇔+  

 
iyeneben indikatoris najer wyalxsnars, romelic SemJavebulia HNOHNOHNOHNO3333-iT 

(hidrolizis CasaxSobad). AgNO3-is gatitvrisas SCNNH 4 -iT, indikatoris_ 

244 )(SOFeNH  monawileobisas, Tavdapirvelad warmoiqmneba AgSCN----is TeTri 

naleqi.Mmxolod imis Semdeg, roca srulad SeiboWeba +Ag -ionebi, iwyeba rkinis 
rodanidis wiTeli kompleqsis warmoqmna. 
   Ffolgardis wess iyeneben AgNO3-is,  halogenidebis, Tiocianatebis saanalizod.  

    
geigeigeigei----lusakis wesi.lusakis wesi.lusakis wesi.lusakis wesi.    gei-lusakma pirvelad gamoiyena daleqvis reaqciebi 

moculobiTi analizuri gansazRvrebisaTvis: 33 NaNOAgClNaClAgNO +↓→+ . 

eqvivalentobis wertili dgindeba naleqis warmoqmnis SewyvetiT, reagentis axali 
porciis mimatebisas. es wesi iTxovs did dros da igi gamoiyeneba rogorc Zlier 
mJava, aseve Seferil xsnarebSi.  
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XIV.5.Mmerkurometria da merkurimetriaXIV.5.Mmerkurometria da merkurimetriaXIV.5.Mmerkurometria da merkurimetriaXIV.5.Mmerkurometria da merkurimetria....    
    sulfatometruli gatitvrasulfatometruli gatitvrasulfatometruli gatitvrasulfatometruli gatitvra    

    
samuSao xsnarebad gamoiyeneba:samuSao xsnarebad gamoiyeneba:samuSao xsnarebad gamoiyeneba:samuSao xsnarebad gamoiyeneba: merkurometriaSi – Hg(I)-is nitrati, xolo 

merkurimetriaSi _  Hg(II)-is nitrati.  

merkurimetriaSimerkurimetriaSimerkurimetriaSimerkurimetriaSi HHHH +2Hg -ionebis urTierTqmedebisas halogenidebTan, cianideb-
Tan, rodanidebTan, warmoiqmneba sustad disocirebuli naerTebi, magaliTad: 

2

2 2 HgClClHg →+ −+ . 

Eeqvivalentobis wertilis miRwevisas, roca yvela Cl
- -ionebi SeiboWeba, +2Hg ----

ionebis aRmoCena xdeba indikatorebis – natriumis nitroprusidis an 

difenilkarbazonis meSveobiT, romlebic warmoqmnian +2Hg ----ionebTan lurji feris 
naleqebs.  

MmerkurometruliMmerkurometruliMmerkurometruliMmerkurometruli gatitvra dafuZnebulia Hg(I)-is Zneladxsnadi naleqebis 

warmoqmnaze );;( 222222 IHgBrHgClHg :  

↓⇔+ −+
22

2

2 2 HalHgHalHg ↓ 
es meTodi gacilebiT iafia argentometrul gatitvraze (radganac vecxlis 

Rirebuleba ufro Zviria, vidre vercxliswylis), magram meTods gaCnia nakli, 
romelic mdgomareobs Hg(I)-is marilebis maRaltoqsikurobaSi. merkurometriaSi 

titrants warmoadgens Hg(I)-is nitrati _ 0,1N OHNOHg 2232 2)( ⋅ ,  romlis titrs 

adgenen NaCl-is mixedviT. merkurometriaSi gamoiyeneba ori indikatori _ 3)(SCNFe  

an difenilkarbazoni. 3)(SCNFe -is gamoyenebisas, halogenidis gasatitr xsnars 

umateben 2 ml koncentrirebul 33 )(NOFe -s da  1 ml 0,05 N  SCNNH 4 -s. am dros 

xsnarSi warmoiqmneba wiTeli feris +2)]([ SCNFe . sanam gasatitr xsnarSi imyofeba 
halogenid-ionebi, titranti urTierTqmedebs maTTan. eqvivalentobis wertilSi 

halogenid-ionebi mTlianad iboWebian naleqSi _ 22HalHg  da xsnarSi warmoiqmneba 
+2

2Hg -is siWarbe, romelic urTierTqmedebs +2)]([ SCNFe -Tan da warmoqmnis  

22 )(SCNHg -s. am dros iSleba Fe(III)-is tocianaturi kompleqsi da misi wiTeli 
feri qreba (xsnari uferuldeba): 

+++ +⇔+ 3

22

2

2

2 2)(][2 FeSCNHgHgFeSCN  
difenilkarbazons (1-2%-iani spirtxsnaris saxiT), rogorc indikators, 

amateben gatitvris dasasrulis win ( +2

2Hg -is daJangvis asacileblad). igi 

adsorbirdeba Hg(I)----is halogenidis naleqze, Jangavs +2

2Hg -s +2Hg -mde da warmoqmnis 
+2Hg -Tan lurji feris kompleqss. difenilkarbazonis adsorbcia mimdinareobs 

eqvivalentobis wertilSi 22ClHg -is naleqze adsorbirebuli halogenid-ionebis 
sruli SeboWvis Semdeg: 

+− ⋅→→⋅ 2

2222222 HgClHgClHgmClClHg  

 
sulfatometruli gatitvrasulfatometruli gatitvrasulfatometruli gatitvrasulfatometruli gatitvra    _ _ _ _ es aris daleqviTi gatitvris SedarebiT axali 

wesi, romelic SemuSavebulia +2Ba  da −2

4SO -ionebis rTuli gravimetruli 

analizis Sesacvlelad. meTodi dafuZnebulia gatitvris procesSi 4BaSO -is 
naleqis warmoqmnaze:    

↓→+ −+
4

2

4

2 BaSOSOBa  

meTodSi gamoiyeneba ori titranti – 0,1 N  +2

42 (BaSOH -is gansazRvris dros) da 

0,1 N  BaCl2. gogirdmJavas titrs adgenen natriumis tetraboratis mimarT,  bariumis 
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qloridis titrs ki – 0,1N 42SOH -is mixedviT. meTodis indikatorebia:meTodis indikatorebia:meTodis indikatorebia:meTodis indikatorebia: 
metaloqromuli indikatorebi _ nitqromazo da ortanilis A.... Tavisufali saxiT 

maT gaaCniaT vardisferi, xolo +2Ba -ionebTan warmoqmnian iisfer kompleqss. Tu 

ititreba sulfatebi ( 2BaCl -is xsnariT), maSin saanalizo narevSi indikatorebi 
imyofebian Tavisufali saxiT da xsnari Seferilia vardisfrad. Eeqvivalentobis 

momentSi warmoiqmneba +2Ba -ionebis siWarbe da miiReba iisferi indikatoris  

kompleqsi. bariumis marilebis gatitvrisas ( 42SOH -iT) indikatoris iisferi 

kompleqsi +2Ba -ionebTan iSleba eqvivalentobis wertilSi, +2Ba -ionebis SeboWvis 

gamo 4BaSO -is naleqSi, da am xsnaris iisferi gadadis vardisferSi.  

    
 

 

 
KTavi XV. kompleqsonmetruli gatitvraKTavi XV. kompleqsonmetruli gatitvraKTavi XV. kompleqsonmetruli gatitvraKTavi XV. kompleqsonmetruli gatitvra    

 
XV.1. titrimetriaSi gamoyenebuli kompleqswarmoqmnis reaqciebiXV.1. titrimetriaSi gamoyenebuli kompleqswarmoqmnis reaqciebiXV.1. titrimetriaSi gamoyenebuli kompleqswarmoqmnis reaqciebiXV.1. titrimetriaSi gamoyenebuli kompleqswarmoqmnis reaqciebi    

 
kompleqsonmetria kompleqsonmetria kompleqsonmetria kompleqsonmetria – warmoadgens titrimetruli analizis meTods, romelic 

dafuZnebulia gansazRvruli ionebis urTierTqmedebaze zogierT organul 
reagentTan, romelTac kompleqsonebi ewodeba. metalTa ionebi praqtikulad 
myisierad urTierTqmedeben kompleqsonebTan da warmoqmnian xsnad sustad 
disocirebul SigakompleqsurSigakompleqsurSigakompleqsurSigakompleqsur SenaerTebs, romelTac gaaCniaT mudmivi 
Sedgeniloba. Kkompleqsonebi warmoadgenen samuSao xsnars komKkompleqsonebi warmoadgenen samuSao xsnars komKkompleqsonebi warmoadgenen samuSao xsnars komKkompleqsonebi warmoadgenen samuSao xsnars kompleqpleqpleqpleqsosososonmetrul nmetrul nmetrul nmetrul 
gatitvraSi. gatitvraSi. gatitvraSi. gatitvraSi.     

Kkompleqsonebi Kkompleqsonebi Kkompleqsonebi Kkompleqsonebi – warmoadgenen organul naerTebs, aminopolikarbonmJavebis 
warmoebulebs, romelTagan umartivesia iminodiZmarmJava:iminodiZmarmJava:iminodiZmarmJava:iminodiZmarmJava:     
    

 
 
 
    
    
yvelaze gavrcelebuli kompleqsonebia:yvelaze gavrcelebuli kompleqsonebia:yvelaze gavrcelebuli kompleqsonebia:yvelaze gavrcelebuli kompleqsonebia:    

    
kompleqson I kompleqson I kompleqson I kompleqson I ––––    nitriltriZmarmJava:nitriltriZmarmJava:nitriltriZmarmJava:nitriltriZmarmJava:    

    
 
 
 
 
 

kompleqson II kompleqson II kompleqson II kompleqson II ––––eTilendiamintetraZmarmJava:eTilendiamintetraZmarmJava:eTilendiamintetraZmarmJava:eTilendiamintetraZmarmJava:    
 
 
 
 
 
 
 

CH2COOH 

CH2COOH 

HH-N 

CH2COOH 

CH2COOH 

HOOC-CH2-N 

HOOCH2C 

HOOCH2C 

N - CH2- CH2 - N 

CH2COOH 

CH2COOH 
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Kkompleqson III (trilon  Kkompleqson III (trilon  Kkompleqson III (trilon  Kkompleqson III (trilon  Б) ) ) ) ––––    eTilendiamintetraZmarmJeTilendiamintetraZmarmJeTilendiamintetraZmarmJeTilendiamintetraZmarmJააააvas vas vas vas     
ornatriumiani marili (ornatriumiani marili (ornatriumiani marili (ornatriumiani marili (ЭДТА):):):):    

    
 
 
 
 
 

 simartivisTvis, reaqciis tolobebSi trilon Б----s aRniSnaven YHNa 22 . kom-
pleqsonTa molekulebSi arsebobs ramdenime funqcionaluri jgufi, romelTac 
gaaCniaT unari erTdroulad SeboWon kompleqsis centraluri atomi ramdenime 
koordinaciuli bmiT. trilon Б    mraval kaTionTan warmoqmnis mdgrad da wyalSi 
xsnad Sigakompleqsur marilebs, romlebic warmoiqmnebian metalis mier 
karboqsilis jgufis wyalbadis atomTa CanacvlebiT da kaTionis 
urTierTqmedebiT aminojgufis azotis atomebTan.  trilon trilon trilon trilon Б----s urTierTqmedeba s urTierTqmedeba s urTierTqmedeba s urTierTqmedeba 
ormuxtian kaTionebTan SeiZleba gamoisaxos Semdegi sqemiT:ormuxtian kaTionebTan SeiZleba gamoisaxos Semdegi sqemiT:ormuxtian kaTionebTan SeiZleba gamoisaxos Semdegi sqemiT:ormuxtian kaTionebTan SeiZleba gamoisaxos Semdegi sqemiT:    
 

 
 aseTi kompleqs-naerTebi gamoirCevian maRali simtkiciT. trilon Б  gamoiye-
neba mravali ionis gansasazRvrelad, kerZod: Ca

2+
,  Mg

2+
,  Ba

2+
,  Co

2+
,  Ni

2+
,  Al

3+
,  CN

-
, 

Cu
2+

, −3

4PO . sxvadasxva xarisxis mqone metalTa gatitvrisas trilon Б-s  xsnariT 
mimdinareobs Semdegi reaqciebi: 

 +−−+ +→+ HMeYYHMe 222

2

2  

 +−−+ +→+ HMeYYHMe 22

2

3  

                                 +−+ +→+ HMeYYHMe 22

2

4  

   sadac −2

2YH –aris trilon Б-s anioni. metalis 1 g-eqv. boWavs yovelTvis 1 g-eqv. 
kompleqsons, miuxedavad imisa, Tu rogoria metalis daJangulobis xarisxi, amitom 
kompleqs-naerTebis Sedgeniloba mudmivia  1 : 1. 
 kompleqsonmetruli gatitvra dafuZnebulia imaze, rom gansasazRvravi 
ionebis Semcvel saanalizo xsnarze TandaTanobiT umateben kompleqsonis titrian 
xsnars. gatitvris procesSi sakvlevi ionebi iboWebian kompleqsSi da eqvi-
valentobis wertilSi isini TiTqmis ar arseboben xsnarSi. imisaTvis, rom kom-
pleqswarmoqmnis reaqcia wavides bolomde, saWiroa gamoyofili   H

+-is  ionebis 

SeboWva, amitom gatitvrisas saanalizo xsnars umateben ClNH 4 -isa da OHNH 4 -is 

narevs – amiakur bufers, raTa SenarCunebuli iqnes xsnaris mudmivi  pH.    
 
 
 

HOOCH2C 

HOOCH2C 

N - CH2- CH2 - N 

CH2COONa 

CH2COOH 
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XV.2. eqvivalentobis wertilis da gatitvris saboloo XV.2. eqvivalentobis wertilis da gatitvris saboloo XV.2. eqvivalentobis wertilis da gatitvris saboloo XV.2. eqvivalentobis wertilis da gatitvris saboloo     
wertilis dadgena kompleqsonmetriaSiwertilis dadgena kompleqsonmetriaSiwertilis dadgena kompleqsonmetriaSiwertilis dadgena kompleqsonmetriaSi    

    
eqvivalentobis wertilis dadgena kompleqsonmetriaSi xdeba eqvivalentobis wertilis dadgena kompleqsonmetriaSi xdeba eqvivalentobis wertilis dadgena kompleqsonmetriaSi xdeba eqvivalentobis wertilis dadgena kompleqsonmetriaSi xdeba     

ramdenime xerxiT:ramdenime xerxiT:ramdenime xerxiT:ramdenime xerxiT:    
    

a)a)a)a) radganac sakvlevi kaTionis urTierTqmedebisas kompleqsonTan xdeba 
kaTionTa eqvivalenturi raodenobis  H

+
-ionebis gamoyofa,  SesaZlebelia 

H
+-ionTa gansazRvra alkalimetrulad da amis safuZvelze msjeloba 

xsnarSi sakvlevi kaTionis raodenobaze; 
b)b)b)b) kompleqsonmetrul gatitvraSi eqvivalentobis wertilis gansazRvra 

SeiZleba fizikur-qimiuri meTodebiT (speqtrofotometriiT, amperometriiT, 
potenciometriiT); 

 
g) g) g) g) gatitvris saboloo wertils sazRvraven xsnarSi sakvlevi kaTionis 

gaqrobiT, e.w. metal-indikatorebis meSveobiT. es organuli saRebavebi 
warmoqmnian kaTionebTan Seferil kompleqs-naerTebs, romlebic nakleb 
mdgradebia, vidre imave kaTionTa kompleqsebi trilon Б----sTan. amitom 
xsnaris gatitvrisas trilon Б-s meSveobiT xdeba metalis ionis SeboWva 
kompleqsoniT da gamoiyofa Tavisufali indikatori, romelsac gaaCnia sxva 
Seferiloba (lurji), vidre metalis kompleqss indikatorTan (wiTeli).  

 
 
 
 

 

 

 

 
XV.3. kompleqsonmetruliXV.3. kompleqsonmetruliXV.3. kompleqsonmetruliXV.3. kompleqsonmetruli    gatitvris pirobebigatitvris pirobebigatitvris pirobebigatitvris pirobebi    

 
kompleqsonmetruli gatitvris ZiriTadi pirobebi Semdegiakompleqsonmetruli gatitvris ZiriTadi pirobebi Semdegiakompleqsonmetruli gatitvris ZiriTadi pirobebi Semdegiakompleqsonmetruli gatitvris ZiriTadi pirobebi Semdegia:  
1)1)1)1) reaqcia unda mimdinareobdes iseTnairad, rom eqvivalentobis wertilSi 

gansasazRvravi kaTionebi praqtikulad SeboWili unda iyos kompleqsSi. aseTi 
kompleqsebis aramdgradobis konstanta unda iyos Zalze umniSvnelo. am dros 
gansasazRvravi kaTionebi unda warmoqmnides metal-indikatorTan ufro naklebi 
mdgradobis kompleqss, vidre maTi kompleqsebia kompleqsonTan. 

Zlier mJava xsnarebSi (romelTa pH<3) warmoiqmneba nakleb mdgradi mJava 
kompleqs-naerTebi. mdgradi kompleqs-naerTebis warmoqmnas xels uwyobs  xsnaris 
pH-is amaRleba. Tumca, Zlier tute xsnarebSi (pH>10) aRiniSneba oqsikompleqsuri 
naerTebisa da sakvlevi kaTionebis hidroqsidebis naleqebis warmoqmna;  

2)2)2)2) unda aRiniSnos isic, rom kompleqsis warmoqmnisas, gamoTavisufleba H
+ -

ionebi da xsnaris pH qveiTdeba. amitom gasatitri xsnarebi daculi unda iyos 
buferuli narevis moqmedebiT, radganac pH-is daqveiTeba xels SeuSlis kompleqs-
naerTebis warmoqmnas. amrigad, pH-is mocemul doneze SesanarCuneblad, gatitvra 
unda warmoebdes buferuli xsnarebis garemoSi, romlebic pasuxoben pH-is 
garkveul mniSvnelobas.  

Y
4- -is Tavisufali anionebis koncentracia kompleqson----IIIIIIII _Si umniSvneloa:  
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)26,10(

)16,6(

)67,2(

)0,2(

4

43

3

32

2

2

2

2

3

3

134

=+⇔

=+⇔

=+⇔

=+⇔

−+−

−+−

−−

−+

pKYHHY

pKYHHYH

pKYHHYH

pKYHHYH

 

jamuri disociaciis konstanta KsaerTo = 10-21,09, rac Seesabameba pK = 21,09.  
es monacemebi metyveleben imaze, rom HY

3-  warmoadgens sust mJavas da amitom  
H4Y----is xsnarSi  Y

4- –is koncentracia Zalze mcirea.  
SesaZlebelia  [[[[Y4-

]-is gamoTvla, Tu gamoviyenebT mmk-s:  

          YHK
YH

YH
4][

][][

4

44

=⋅ −+

              ++
− ⋅

=
4

44

][

][
][ 4

H

YHK
Y YH  

es gantoleba uCvenebs, rom [[[[Y4-
] Zlieraa damokidebuli H

+-ionebis 
koncentraciaze:  [[[[H+

]-is zrdiT  mcirdeba  [[[[Y4-].].].].  
mag: Tu gvaqvs kompleqson-IIIIIIII -is  0,1 N  xsnari, maSin misi  Y

4-  Tavisufali 
ionebis koncentracia  0,1 N   HCl-is xsnarSi  (romlis pH =1) iqneba:       

                         09,18

41

109,21
4 10

)10(

1010
][ −

−

−−
− =⋅=Y g-ioni/l 

 Mxolod is kaTionebi _ +++++ 44333 ,,,, ThZzScInFe , romlebic warmoqmnian mdgrad 
kompleqsebs kompleqsonTan, ititrebian mJava areSi, xolo kaTionebi, romlebic 
warmoqmnian ufro sust kompleqsebs kompleqsonTan, ar ititrebian mJava areSi da 
ar uSlian im kaTionTa gatitvras xels, romlebic isazRvrebian mJava xsnarSi.  

amitomac kaTionTa umetesoba ititreba amiakur-buferul garemoSi 

)( 44 ClNHOHNH + , , , , roca pH=8-9. hidroqsidebis naleqebis warmoqmnis Tavidan 
asacileblad da calkeul kaTionTa SeniRbvis mizniT, buferul xsnarebTan 
erTad, umateben damxmare kompleqswarmomqmnel naerTebs, mag: Mn

2+-is da Pb
2+-

isaTvis –tartratebs an citratebs; Be
2+-is, Al

3+
-is, Ti

4+-isaTvis –natriumis 
ftorids;  Zn

2+-is, Cu
2+-is,  Cd

2+-isaTvis – kaliumis cianids.  
 

 
 
 
 
 

 

    
XV.4. kompleqsonmetruli gatitvris indikatorebiXV.4. kompleqsonmetruli gatitvris indikatorebiXV.4. kompleqsonmetruli gatitvris indikatorebiXV.4. kompleqsonmetruli gatitvris indikatorebi    

    
kompleqsonmetrul gatitvrebSi indikatorebad gamoyenebulia metaloqromuli metaloqromuli metaloqromuli metaloqromuli 

indikatorebi,indikatorebi,indikatorebi,indikatorebi, romlebic warmoqmnian metal-ionebTan SeRebil kompleqsur 
naerTebs. amasTan, kompleqsis feri gansxvavdeba indikatoris Tavisufali formis 
ferisagan. yvelaze xSirad gamoiyeneba: mJava qrom-Savi specialuri (erioqrom  
Savi T anu qromogen Savi);  mJava qrom muqi-lurji;  mureqsidi;  piroqateqinuri 
iisferi. 

mJava qromJava qromJava qromJava qromogen Savi, anu erioqrom Savi mogen Savi, anu erioqrom Savi mogen Savi, anu erioqrom Savi mogen Savi, anu erioqrom Savi T – organuli saRebavia, misi empiruli 

formulaa SNOHC 371320  (nax. 6).  am saRebavis anions  HInd
2- tute areSi gaaCnia 

lurji Seferva.  
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nax. 6.  qromogen Savis struqturuli formulanax. 6.  qromogen Savis struqturuli formulanax. 6.  qromogen Savis struqturuli formulanax. 6.  qromogen Savis struqturuli formula    
 
metalTa kaTionebTan igi warmoqmnis Rvinisfrad wiTel kompleqsur naerTebs: 

+−−+ +⇔+ HMeIndHIndMe 22  
                                   lurji lurji lurji lurji    RvinisfradRvinisfradRvinisfradRvinisfrad    
                                                                                                                                                                                                                                                                            wiTeliwiTeliwiTeliwiTeli    

neitralur anu tute areSi (pH 7-11) es indikatori warmoqmnis kompleqs-
naerTebs metalTa ionebTan  (Cu

2+
,  Mg

2+
,  Zn

2+
, Mn

2+
, Al

3+
). trilon Б-s xsnariT 

gatitvrisas MeInd
-    –is kompleqsi iSleba, radganac metalis ionebi ukavSirdeba 

trilon Б-s gacilebiT mtkice kompleqsSi, xolo HInd
2-

 -is anionebi grovdeba 
xsnarSi da aniWebs mas lurj fers: 

+−−−− ++→+ HHIndMeTrTrHMeInd 222

2 ][][  
                    Rvinisfrad   uferuli       uferuli    lurjiRvinisfrad   uferuli       uferuli    lurjiRvinisfrad   uferuli       uferuli    lurjiRvinisfrad   uferuli       uferuli    lurji    
                                                                                                                                wiTeliwiTeliwiTeliwiTeli    

feris cvlileba mkveTrad SesamCnevia maSin, roca pH = 8-10, amitom gatitvras 

axdenen buferuli narevis )( 44 ClNHOHNH +  monawileobiT, romelic aneitralebs 

gamoyofili +H -ionebiT gamowveul mJavianobas.  

mureqsidi  mureqsidi  mureqsidi  mureqsidi  6688 ONHC  _ warmoadgens purpurmJavas amoniumis marils (nax.7). Aam 

indikatoris anioni  Ind
- Sedis reaqciaSi metalTa kaTionebTan  Seferili 

kompleqsebis warmoqmniT: 
+−+ ⇔+ MeIndIndMe2  

                                  molurjomolurjomolurjomolurjo----        wiTeliwiTeliwiTeliwiTeli    
                                                                                                                                                                                            iisferiiisferiiisferiiisferi    

es kompleqsebi naklebad mdgradia, vidre kompleqsebi trilon Б-Tan, amitom 
gatitvrisas Me

2+-is kaTionebi ukavSirdebian trilon Б-s, xolo indikatoris 
anionebi grovdebian xsnarSi da aniWeben mas molurjo-iisfers: 

+−−−+ ++→+ HIndMeTrTrHMeInd 2][][ 22

2  
                     wiTeli     uferuli     uferuli   molurjowiTeli     uferuli     uferuli   molurjowiTeli     uferuli     uferuli   molurjowiTeli     uferuli     uferuli   molurjo----    
                                                                                                                                                                                                                                                                                                    iisferiiisferiiisferiiisferi    

 
 

 
 
 
 
 
 
 
    
    
    

nax.7.  mureqsidis struqturuli formulanax.7.  mureqsidis struqturuli formulanax.7.  mureqsidis struqturuli formulanax.7.  mureqsidis struqturuli formula    
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mureqsidi neitralur areSi Seferilia mowiTalo-iisfrad, xolo sust tute 
areSi _ iisfrad. igi warmoqmnis Ni

2+-Tan – yviTel, Cu
2+-Tan – moyviTalo-

narinjisfers, Ca
2+-Tan – wiTel kompleqsebs. 

 
  Ggamoiyeneba:  0,01 M,        0,05 M,       0,1 M   trilon    Б;;;; 
        0,1 N  da     0,01 N        MgSO4; 

   0,1 N da    0,01 N         ZnSO4 

 

trilon    Б-s titrs adgenen an misi wonakis sididis mixedviT, an standartebis 
mixedviT, romlebsac warmoadgenen metaluri TuTia an CaCO3. maT zust wonakebs 
xsnian ganzavebul H2SO4-Si da mihyavT wyliT 1000 ml-mde. standartuli xsnaris 
garkveul moculobas (20-25 ml) titraven trilon    Б----s xsnariT qromogen Savis 
monawileobiT da gamoiTvlian titrs.  

 
ZnSO4----is xsnars amzadeben metaluri TuTiis zusti wonakidan, an ZnSO4-dan. Tu 

xsnari damzadebulia ZnSO4----dan, maSin xsnaris titrs adgenen trilon    Б-s 
mixedviT.  MgSO4-is xsnars amzadeben fiqsonalidan an kristaluri MgSO4-dan.  Tu 
xsnars amzadeben kristaluri  MgSO4----dan, maSin mis titrs adgenen trilon    Б-s 
xsnaris mixedviT.  

 
 
 
 

    
    

XV.5.XV.5.XV.5.XV.5. kompleqsonmetrukompleqsonmetrukompleqsonmetrukompleqsonmetruli gatitvris meTodebili gatitvris meTodebili gatitvris meTodebili gatitvris meTodebi    
    

kkkkompleqsonmetriaSi  gamoiyeneba  gatitvris  4  meTodi:ompleqsonmetriaSi  gamoiyeneba  gatitvris  4  meTodi:ompleqsonmetriaSi  gamoiyeneba  gatitvris  4  meTodi:ompleqsonmetriaSi  gamoiyeneba  gatitvris  4  meTodi:        
 1)))) pirdapiri gatitvra;                  2)2)2)2) ukugatitvra;    
 3)3)3)3) alkalimetruli gatitvra;           4)4)4)4) Semcvlelis gatitvra.  
 

1. pirdapiri gatitvra1. pirdapiri gatitvra1. pirdapiri gatitvra1. pirdapiri gatitvra – mas iyeneben im SemTxvevaSi, roca cnobilia indikatoris    
   Sefervis mkafio gadasvla (cvlileba) saboloo (eqvivalentobis) wertilSi. 

magaliTad, Mg
2+

-is, Ba
2+----is, Sr

2+-is, Ca
2+-is, Zn

2+-is kaTionebi SeiZleba 
ganisazRvron trilon Б-Ti gatitvriT, indikator mureqsidis monawileobiT. 
amisaTvis saanalizo xsnars ganazaveben niSanxazamde distilirebuli wyliT, 
SeanjRreven da gatitvras axdenen tute areSe (pH = 10), amiakuri buferis 
gamoyenebiT.  
    pirdapiri gatitvris procesSi, gansasazRvravi kaTionis koncentracia 
Tavdapirvelad ecema,  eqvivalentobis wertilTan miaxloebisas ki  mkveTrad 
ecema. es momenti SeiniSneba Seyvanili indikatoris feris SecvliT. 
 

2. ukugatitvra2. ukugatitvra2. ukugatitvra2. ukugatitvra – am meTods iyeneben Semdeg SemTxvevebSi: 
   a)a)a)a) roca gansasazRvravi kaTionisaTvis ucnobia indikatori, romelsac gaaCnia      
      Sefervis mkveTri gadasvla eqvivalentobis wertilSi;  
   b)b)b)b) roca buferul xsnarSi kaTionebi warmoqmnian naleqebs;  
   g)g)g)g) roca kompleqswarmoqmnis reaqcia mimdinareobs nela; 
   d)d)d)d) roca isazRvreba wyalSi uxnad naleqebSi arsebuli kaTionebi 

         (mag: Ca
2+ _ −↓42OCaC Si;  ↓−+

44

2 POMgNHMg -Si;  ↓−+
4

2 PbSOPb -Si da a.S.);   
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  e) e) e) e) roca hidrolizis Sedegad sakvlevi kaTionis gansazRvra ver xerxdeba 
saanalizo xsnarSi, gatitvrisaTvis saWiro pH----is pirobebSi. ukugatitvrisas 
kompleqsonis siWarbe ititreba Mg-is,  Zn-is  an  sxva marilebis xsnarebiT. 
saanalizo xsnars umateben trilon Б-s standartuli xsnaris cnobil 
raodenobas (siWarbes). xsnars acxeleben, kompleqswarmoqmnis reaqciis 
dasasruleblad da gacivebis Semdeg,  trilon Б-s  Warb raodenobas  
titraven magniumis marilis    xsnariT. eqvivalentobis wertilis dadgenas 
axdenen Mg

2+----is  ionebis metal-indikatoriT. 
 

                    3. alkalimetruli gatitvra3. alkalimetruli gatitvra3. alkalimetruli gatitvra3. alkalimetruli gatitvra – gamoiyeneba im SemTxvevaSi, roca trilon Б----s 
urTierTqmedebisas ama Tu im kaTionTan, gamoiyofa H

+-ionebis eqvivalenturi 

raodenoba: +−−+ +→+ HMeTrTrHMe 2][][ 22

2

2      (Tr _ trilon Б)  

am dros warmoqmnili H
+ -ionebis eqvivalentur raodenobas sazRvraven tutiT 

gatitvris Sedegad, fenolftaleinis monawileobiT (anu Cveulebrivi 
alkalimetruli meTodiT, mJavur-fuZuri indikatoris monawileobiT). 
 

    4. Semcvlelis gatitvra4. Semcvlelis gatitvra4. Semcvlelis gatitvra4. Semcvlelis gatitvra – dafuZnebulia imaze, rom Mg
2+ -ionebi iZlevian 

kompleqsonTan naklebad mdgrad kompleqs-naerTs (pK(kompleqsoni+Mg
2+
) = 8,7), 

vidre kaTionTa umravlesoba, amitom Tu sakvlevi metalis kaTions SevurevT 
kompleqson-III III III III -is magniumian kompleqss, am dros mimdinareobs gacvlis reaqcia: 

++ +→+ 2

22

2 ][][ MgMeTrNaMgTrNaMe , sadac:  Me
2+ _metalia,   Tr –trilon  Б....    

 
  imis gamo, rom Me

2+ -ionebi warmoqmnian trilon Б–sTan ufro mdgrad 
kompleq-naerTs (pK > 8,7), vidre Mg

2+-ionebi, amitom mocemuli reaqciis 
wonasworoba gadainacvlebs marjvniv. gamoZevebul Mg

2+-ionebs titraven trilon 
Б-s standartuli xsnariT, qromogen Savis (indikatori) monawileobiT da amrigad 
sazRvraven  Mg

2+----ionebis raodenobas.  
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IV nawiliIV nawiliIV nawiliIV nawili    
Tavi XVI. analizis instrumentuli meTodebi.Tavi XVI. analizis instrumentuli meTodebi.Tavi XVI. analizis instrumentuli meTodebi.Tavi XVI. analizis instrumentuli meTodebi.    

eleqtrogravimetruli da  potenciometruli analizieleqtrogravimetruli da  potenciometruli analizieleqtrogravimetruli da  potenciometruli analizieleqtrogravimetruli da  potenciometruli analizi    
    

XVI.XVI.XVI.XVI.1. analizis instrume1. analizis instrume1. analizis instrume1. analizis instrumentuntuntuntuli meTodebis arsi, klasifikaciali meTodebis arsi, klasifikaciali meTodebis arsi, klasifikaciali meTodebis arsi, klasifikacia    
    
instrumentul analizsinstrumentul analizsinstrumentul analizsinstrumentul analizs miekuTvneba fizikuri da fizikur-qimiuri meTodebi. 

xsnarebis fizikuri Tvisebebis intensivoba _ f  pirdapirproporciulia am 

xsnarebSi arsebuli nivTierebebis koncentraciisa _ C da es damokidebuleba 
gamoisaxeba Semdegi formuliT Ckf ⋅= , sadac f _ aris xsnaris fizikuri 

Tvisebebis intensivoba, k _aris  proporciulobis koeficienti, xolo C _ xsnarSi 

nivTierebis koncentracia. mag: rac ufro metia 4CuSO -is koncentracia xsnarSi, 

miT ufro intensiurad anu muqadaa Seferili 4CuSO -is Semcveli xsnari. 
am kanonzomierebas farTod iyeneben nivTierebaTa koncentraciis gansazR-

vrisaTvis, anu isazRvreba xsnaris fizikuri Tvisebebis intensivoba, romelic pir-
dapirproporciulia nivTierebis koncentraciisa. aseT meTodebs ewodeba swored 
fizikuri meTodebi. fizikur meTods miekuTvneba magaliTad speqtruli analizi, 
romelic dafuZnebulia qimiuri elementis atomTa unarze “aRgznebul” 
mdgomareobaSi (magaliTad, gaxurebisas) gamoasxivon garkveuli sigrZis talRis 
monoqromatuli gamosxiveba, romelic saSualebas iZleva ganvsazRvroT sakvlev 
nivTierebaSi elementis arseboba da misi Semcvelobac. speqtruli meTodiT 
aRmoaCines 1868 wels mzeze elementi heliumi, romelic dedamiwaze ipoves mxolod 
1895 wels. 

fizikur-qimiur meTods  iyeneben maSin, Tu nivTierebas ar gaaCnia intensiuri 
analizuri Tviseba. am dros masze atareben Sesabamis qimiur reaqcias, romlis Se-
degadac Rebuloben produqts da am produqts gaaCnia Semdegi Tvisebebi: feri, na-

leqis warmoqmnis unari, eleqtroqimiuri aqtivoba. magaliTad: +2Cu -ionebis raode-
nobiTi gansazRvrisaTvis masze atareben qimiur reaqcias amiakis xsnarTan, romel-

Tan urTierTqmedebis safuZvelze Rebuloben spilenZis amiakats_ [ ] 23 )()( OHNHCu .  

am xsnars gaaCnia intensiurad lurji feri da am feris intensivobis mixedviT 

sazRvraven xsnarSi +2Cu -ionebis raodenobas (koncentracias). 
fizikur-qimiur meTods miekuTvneba instrumentuli anu fizikur-qimiuri ga-

titvra: am dros sazRvraven gasatitri xsnaris fizikur Tvisebas da amis safuZ-
velze ageben gatitvris mruds, romlis ordinatTa RerZze daaqvT gasatitri xsna-
ris fizikuri Tvisebebis cvlileba, xolo abscisTa RerZze _ titrantis anu gam-
titravi xsnaris moculoba. gatitvris dros icvleba sakvlevi nivTierebis 
koncentracia da amavdroulad icvleba xsnaris iseTi fizikuri Tviseba, rogo-
ricaa: xsnaris eleqtrogamtaroba, xsnaris optikuri STanTqma da a.S. gatitvris 
procesSi warmoiqmneba eqvivalentobis wertili, roca  sakvlevi nivTiereba  
mTlianad ukavSirdeba titrants da am dros gatitvris mrudze warmoiqmneba 
gardatexa. eqvivalentobis wertilis mixedviT advilad SeiZleba gairkves 
gatitvraze daxarjuli titrantis moculoba. praqtikaSi yvelaze xSirad 
gamoiyeneba potenciometruli, konduqtometruli, fotometruli da 
amperometruli gatitvrebi. 

fizikuri da fizikur-qimiuri meTodebi swraficaa da zustad Sedegebsac 
iZlevian, magram iTxoven specialur da ZviradRirebul aparaturas. ama, Tu im me-
Todis SerCeva warmoebs TviTon saanalizo nivTierebis bunebidan gamomdinare da 
im amocanebis gaTvaliswinebiT, romelsac miznad isaxavs qimikos-analitikosi. 
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analizis analizis analizis analizis instrumentaluri meTodebi iyofa sam ZiriTad jgufad:instrumentaluri meTodebi iyofa sam ZiriTad jgufad:instrumentaluri meTodebi iyofa sam ZiriTad jgufad:instrumentaluri meTodebi iyofa sam ZiriTad jgufad:    

1. optikuri meTodi; 
2. eleqtroqimiuri meTodi: 
3. qromatografiuli meTodi. 

Tavis mxriv TiToeuli es meTodi iyofa ramdenime saxeobad, kerZod:  
optikuri meTodis saxeobebia:optikuri meTodis saxeobebia:optikuri meTodis saxeobebia:optikuri meTodis saxeobebia:   a)a)a)a)    kolometria;   b)b)b)b)    fotokolometria;  

g)g)g)g)    nefelometria; d)d)d)d)    turbidimetria; e)e)e)e)    speqtrofotometria; v)v)v)v)    emisiuri 
speqtraluri analizi; z)z)z)z)    refraqtometria. 

kolorimetkolorimetkolorimetkolorimetruli analiziruli analiziruli analiziruli analizi _ dafuZnebulia ori xsnaris feris Sedarebaze, 
romelTagan pirveli xsnari _ aris standartuli xsnari, romelSic winaswar 
cnobilia sakvlevi komponentis koncentracia da romelic gadahyavT  Seferil 
mdgomareobaSi, xolo meore xsnari _ aris saanalizo xsnari, romelSic ucnobia 
sakvlevi komponentis koncentracia da es xsnaric gadayvanilia Seferil 
mdgomareobaSi. saanalizo xsnaris fers adareben standartuli xsnaris fers da 
amis safuZvelze msjeloben saanalizo xsnarSi sakvlevi komponentis Semcveloba-

ze. magaliTad: +3Fe -ionebis  raodenobiTi gansazRvrisaTvis, standartul xsnars 
amzadeben Semdegnairad: iReben gansazRvruli raodenobis sakvlev komponents, 
gadahyavT igi xsnad mdgomareobaSi da umateben rodanid-ionebis Semcvel 
romelime xsnars, amiT standartul xsnars miecema sisxlisfer-wiTeli 

Seferiloba, radganac warmoiqmneba  +3Fe -is rodanidi:                                                

3

3 )(CNSFeCNSFe →+ −+  
                  (wiTeli)(wiTeli)(wiTeli)(wiTeli)    

analogiurad amzadeben saanalizo xsnarsac, romelSic ucnobia +3Fe -is kon-
centracia da am xsnaris fers adareben standartuli xsnaris fers.  

 fotometruli analizi (fotokolorimetria)fotometruli analizi (fotokolorimetria)fotometruli analizi (fotokolorimetria)fotometruli analizi (fotokolorimetria)____ dafuZnebulia saanalizo da 
standartul xsnarebSi sxvadasxvanairi intensivobiT gamavali sinaTlis sxivis 
gavleniT, fotoelementSi warmoqmnili denis Zalis cvlilebis gazomvaze. es 
denis Zala ki pirdapirproporciulia saanalizo xsnarSi sakvlevi komponentis 
koncentraciisa. am analizis Catarebisas gamoiyeneba xelsawyo_fotokolorimetri,   
meTodi gacilebiT zusti da swrafia, vidre kolorimetria. 

 nefelometruli analizisnefelometruli analizisnefelometruli analizisnefelometruli analizis dros zomaven sinaTlis sxivis intensivobas, rome-
lic gaifanteba suspenziur xsnarebSi gavlis Sedegad. gafantuli sxivis inten-
sivoba pidapirproporciulia suspenziis nawilakebSi myofi sakvlevi nivTierebis 
raodenobisa. am meTodiT sazRvraven wyalSi uxsnadi nivTierebebis koncentracias, 
romlebic warmoqmnian mdgrad suspenziebs, magaliTad: AgCl -is suspenziur xsnarSi 

sazRvraven +Ag -ionebis koncentracias, gazomvebs atareben  specialur nefelomet-
rebze, romlebic kolorimetrebis analogiuri mowyobilobisaa. 

 turbidimetruli analiziturbidimetruli analiziturbidimetruli analiziturbidimetruli analizi _ am analizis dros sazRvraven sinaTlis nakadis 
intensivobas, romelic gaivlis kiuvetaSi moTavsebul suspenziur xsnarSi da sus-
tdeba, erTis mxriv suspenziis mier misi gafantvis, meores mxriv ki _  STanTqmis 
gamo. am sinaTlis nakadis intensivoba pirdapirproporciulia suspenziaSi myofi 
sakvlevi komponentis koncentraciisa romelsac sazRvraven danayofiani grafikis 
safuZvelze. grafiks ageben standartuli xsnarebis meSveobiT. 

 speqtrofotometruli analizispeqtrofotometruli analizispeqtrofotometruli analizispeqtrofotometruli analizi    ____  dafuZnebulia saanalizo xsnarSi gamavali 
monoqromatuli (erTi feris) sxivis gatarebasa da am xsnaris mier misi STanTqmis 
unarze. monoqromatuli gamosxiveba SeiZleba moxdes sinaTlis speqtris rogorc 
xilul, aseve TvaliT uxilav _ ultraiisfer da infrawiTel ubnebSi. am dros 
ikvleven saanalizo xsnaris mier sinaTlis sxivis STanTqmis unaris (D ) damo-
kidebulebas am xsnaris mier STanTqmuli sxivis talRis sigrZeze (λ ) da es damo-
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kidebuleba gamoisaxeba grafikiT – STanTqmis speqtriT, romlis abscisTa RerZze 
daaqvT sinaTlis talRis sigrZeebi _ λ , xolo ordinatTa RerZze _ saanalizo 
xsnaris mier sinaTlis sxivis STanTqmis  unari, anu optikuri simkvrive _ D . 

STanTqmis speqtrs gaaCnia zolebi da TiToeuli zolisaTvis 

damaxasiaTebelia sinaTlis talRis maqsimaluri sigrZe _ maxλ , romlis drosac 

maqsimaluria xsnaris optikuri simkvrivec _ D , ese igi am wertilSi saanalizo 
xsnaris mier STanTqmuli sinaTlis sxivis sigrZe maqsimaluria. es meTodi zustia 
da gamoirCeva didi mgrZnobiarobiT, radganac sinaTlis sxivs _ speqtrs gaaCnia 
talRis sigrZis  farTo diapazoni. 

 emisiuri speqtrulemisiuri speqtrulemisiuri speqtrulemisiuri speqtruli analizii analizii analizii analizi    ____ igi dafuZnebulia garkveuli raodenobis 
saanalizo sinjis dawvaze  gazis alSi an eleqtrul rkalSi. sakvlevi nivTiereba 
orTqldeba, misi molekulebi disocirdeba atomebad, romlebic gaxurebisas 
,,aRigznebian”, am dros es atomebi gaaqtiurebulia da iZlevian gamosxivebas. yo-
veli elementis atomisaTvis damaxasiaTebelia misi Sesabamisi feris gamosxiveba. 
sxivuri energiis raodenoba, romelsac gamoasxiveben atomebi 1 wm-Si, tolia am 
atomebis ricxvisa 1 sm3 sakvlev nivTierebaSi. 

emisiuri speqtruli analizis erT-erTi gavrcelebuli saxeobaa _ aluraluraluraluri i i i 
fotfotfotfotoooometriametriametriametria,,,, romlis drosac saanalizo xsnari haeris nakadis an Jangbadis 
saSualebiT gadahyavT aerozolis mdgomareobaSi da aseTi saxiT SehyavT gazis 
alSi. Tu saanalizo xsnarSi imyofeba advilad ,,aRgznebadi” elementis atomebi, 
maSin gazis ali Seifereba da gamosxivebuli energiis intensivoba dafiqsirdeba 
fotoelementze, romlis Sedegadac warmoiqmneba fotodeni, am fotodens ki 
aRricxavs  mgZnobiare galvanometri. 

refraqtometruli analizirefraqtometruli analizirefraqtometruli analizirefraqtometruli analizi    _ _ _ _ am meTodiT isazRvreba nivTierebis raodenoba 
xsnarSi an xsnarebis narevSi. es yvelaze martivi instrumentuli meTodia, romlis 
drosac saWiroa saanalizo nivTierebis  Zalian mcire raodenoba da analizic 
swrafia. refraqtometruli analizi dafuZnebulia saanalizo nivTierebis xsnarSi 
an xsnarebis narevSi gamavali sinaTlis sxivis gardatexis gazomvaze, romlis 
ZiriTadi fizikuri Tvisebaa _ gardatexis maCvenebeli. yoveli indivindualuri 
nivTiereba xasiaTdeba Tavisi gardatexis maCvenebliT. 

 
eleqtroqimiuri meTodebieleqtroqimiuri meTodebieleqtroqimiuri meTodebieleqtroqimiuri meTodebi    gamoiyeneba feradi metalebisa da maTi Senadnobis 

raodenobiTi gansazRvrisaTvis. es meTodi dafuZnebulia im eleqtroqimiuri 
movlenebis gazomvaze, romlebic warmoiSoba saanalizo xsnarSi, an xsnarSi 
CaSvebuli eleqtrodebis zedapirze.  

eleqtroqimiuri meTodis saxeobebia:eleqtroqimiuri meTodis saxeobebia:eleqtroqimiuri meTodis saxeobebia:eleqtroqimiuri meTodis saxeobebia:    
a)a)a)a) eleqtrowoniTi  anu eleqtrogravimetruli analizieleqtrowoniTi  anu eleqtrogravimetruli analizieleqtrowoniTi  anu eleqtrogravimetruli analizieleqtrowoniTi  anu eleqtrogravimetruli analizi    _ _ _ _ am analizs safuZ-

vlad udevs saanalizo xsnaris eleqtrolizis movlena, anu xsnarSi gamavali 
eleqtrodenis Sedegad eleqtrodebze gamoyofili sakvlevi nivTierebis woniTi 
gansazRvra. amisTvis xsnarSi CaSvebul eleqtrods wonian eleqtrolizamde da 
eleqtrolizis Semdeg, wonis sxvaobiT igeben eleqtrodze gamoyofili sakvlevi 
nivTierebis wonas. 

eleqtrowoniT analizSi ,,reaqtivis” rols asrulebs eleqtrodeni. am dros 
eleqtrodze SeiZleba gamoiyos aramarto metalebi, aramed zogierTi oqsidic 

(mag: ↓2PBO ) da uxsnadi nivTierebebic ki (mag ↓AgCl ). 
b) eleqtromob) eleqtromob) eleqtromob) eleqtromoculobiTi analiziculobiTi analiziculobiTi analiziculobiTi analizi    _ _ _ _ igi dafuZnebulia saanalizo xsnarebze 

reaqtivis TandaTanobiT damatebaze, ris Sedegadac icvleba saanalizo xsnaris 
eleqtruli Tvisebebi. amis mixedviT, eleqtromoculobiTi meTodi Tavis mxriv 
iyofa ramdenime saxeobad:  

_Tu eqvivalentobis wertilSi icvleba saanalizo xsnarSi CaSvebuli eleq- 
 trodis potenciali, maSin analizs ewodeba potenciometruli analizi;potenciometruli analizi;potenciometruli analizi;potenciometruli analizi; 
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_Tu eqvivalentobis wertilSi icvleba saanalizo xsnaris eleqtrogamtaroba  
 _ konduqtometruli analizi;konduqtometruli analizi;konduqtometruli analizi;konduqtometruli analizi; 
_Tu saanalizo xsnarSi eleqtrolizis procesSi icvleba denis Zala, Zabvis  
 gadidebiT _ polarografiuli analizipolarografiuli analizipolarografiuli analizipolarografiuli analizi; 
_Tu analizi dafuZnebulia im eleqtrodenis raodenobis gansazRvraze, rome- 
 lic ixarjeba eleqtrolizis procesSi eleqtrodul reaqciaze _  kulokulokulokulonononono----    
    metmetmetmetrurururuli analizi li analizi li analizi li analizi (am dros isazRvreba  ara marto uxsnadi, aramed  xsnadi  
 naerTebis Semcvelobac). 
_Tu gatitvrisas procesSi, mudmivi Zabvis miwodebis Semdeg, eqvivalentobis   
 wertilSi icvleba zRvruli difuziuri deni, maSin analizs ewodeba amperoamperoamperoampero----    
    metruli gatitvrametruli gatitvrametruli gatitvrametruli gatitvra. 
 
 qromatografiuli meTodiqromatografiuli meTodiqromatografiuli meTodiqromatografiuli meTodi _ meTodis damaarsebelia rusi bioqimikosi _ 

cveti.  “Chroma”  _ berZnuli sityvaa da qarTulad “fers” niSnavs, “grapho”_”vwer”, 
e.i ,,ferwera”. analizi mdgomareobs SemdegSi: 

 qromatografiul svets, anu kalonkas winaswar datenian specialuri adsor-
bentiT da svetSi gaatareben saanalizo narevs. narevis Semcveli komponentebi 
SerCeviT, anu seleqtiurad STainTqmebian sorbentis mier da daileqebian 
sxvadasxva simaRleze, ris Sedegadac miiReba sxvadasxva ferad Seferili zonebi; 
TiToeuli fenis ferisa da sididis mixedviT msjeloben sakvlev narevSi ama Tu 
im komponentis Semcvelobaze da raodenobaze. Tu narevi uferulia, maSin mas 
winaswar Seferaven specialuri organuli saRebavebiT. magaliTad, aminomJavebi 
uferuli naerTebia, amitom aminomJavebis narevs winaswar Seferaven ninhidriniT, 
romelic TiToeul aminomJavasTan Tavis Sesabamis fers warmoqmnis. qromatogra-
fiul svetze gatarebisas aminomJavaTa narevi daiyofa calkeul aminomJavebad, 
romelic warmoqmnian Sesabamis ferad zonebs. qromatografiuli meTodis qromatografiuli meTodis qromatografiuli meTodis qromatografiuli meTodis 
saxeobebia:saxeobebia:saxeobebia:saxeobebia: 

a)a)a)a) adsorbciuli qromatografia; 
b)b)b)b) ionmimocvliTi qromatografia; 
g)g)g)g) gamanawilebeli qromatografia; 
d)d)d)d) daleqviTi qromatografia; 
 
 
 
 
 
 
 
 

    
XVI.2. eleqtrogravimetruli analizis Teoriuli safuZvlebiXVI.2. eleqtrogravimetruli analizis Teoriuli safuZvlebiXVI.2. eleqtrogravimetruli analizis Teoriuli safuZvlebiXVI.2. eleqtrogravimetruli analizis Teoriuli safuZvlebi    
rogorc cnobilia, analizis eleqtroqimiuri meTodi dafuZnebulia im eleq-

troqimiuri movlenebis gazomvaze, romlebic warmoiSoba  saanalizo xsnarebSi  
uSualod eleqtrodenis gatarebisas, an kidev, romlebic warmoiSoba saanalizo 
xsnarebSi CaSvebuli ori erTmaneTTan urTierTmoqmedi eleqtrodis zedapirze. 
amisda mixedviT, xsnarebSi warmoSobilixsnarebSi warmoSobilixsnarebSi warmoSobilixsnarebSi warmoSobili eleqtroqimiuri movlenebi iyeleqtroqimiuri movlenebi iyeleqtroqimiuri movlenebi iyeleqtroqimiuri movlenebi iyofa  sam ofa  sam ofa  sam ofa  sam 
tipad: tipad: tipad: tipad: a)a)a)a) uSualod xsnaris winaRoba eleqtrodenis mimarT; b)b)b)b) saanalizo xsnareb-
Si CaSvebul eleqtrodze eleqtrodenis gavlis Semdeg garkveuli potencialis 
warmoqmna; g)g)g)g) saanalizo xsnarebSi CaSvebul eleqtrodebze eleqtroqimiuri reaq-
ciis warmoSoba imis Semdeg, roca am eleqtrodebs garedan miewodeba anu daedeba 
garkveuli potenciali. 
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am sami tipidan gamomdinare analizis eleqtroqimiuriam sami tipidan gamomdinare analizis eleqtroqimiuriam sami tipidan gamomdinare analizis eleqtroqimiuriam sami tipidan gamomdinare analizis eleqtroqimiuri    
    meTodebi iyofa Semdeg saxeobad:meTodebi iyofa Semdeg saxeobad:meTodebi iyofa Semdeg saxeobad:meTodebi iyofa Semdeg saxeobad:    

1. 1. 1. 1. eleqtrogravimetruli analizi,eleqtrogravimetruli analizi,eleqtrogravimetruli analizi,eleqtrogravimetruli analizi, romelic dafuZnebulia xsnarSi CaSvebul     
      eleqtrodebze eleqtrolizis Sedegad warmoqmnili reaqciis produqtebis    
      gravimetrul anu woniT gansazRvraze; 
     2.2.2.2. eleqtromoculobiTi analizi, eleqtromoculobiTi analizi, eleqtromoculobiTi analizi, eleqtromoculobiTi analizi, romelic Tavis mxriv iyofa:  

a)a)a)a) potenciometrul analizad;         b)b)b)b) konduqtometrul analizad; 
        g)g)g)g) kulonometrul analizad;       d)d)d)d) polarografiul analizad;  
                                e)e)e)e) amperometrul gatitvrad;      

Ueleqtrogravimetruli analiziUeleqtrogravimetruli analiziUeleqtrogravimetruli analiziUeleqtrogravimetruli analizi _ gamoiyeneba calkeuli metalebis, metalTa 
oqsidebisa da Zneladxsnadi marilebis raodenobiTi anu woniTi gansazRvrisaTvis. 
es meTodi dafuZnebulia xsnarebis eleqtrolizis movlenaze da am dros saana-
lizo xsnarSi myofi eleqtrodis zedapirze gamoyofili nivTierebis masis, anu 
wonis mixedviT msjeloben am nivTierebis Semcvelobaze  xsnarSi. am meTodSi 
gamoyenebul eleqtrodebs wayenebuli aqvT Semdegi moTxovnebi:eleqtrodebs wayenebuli aqvT Semdegi moTxovnebi:eleqtrodebs wayenebuli aqvT Semdegi moTxovnebi:eleqtrodebs wayenebuli aqvT Semdegi moTxovnebi:    

a)a)a)a) eleqtrolizis dros eleqtrodi ar unda Sevides reaqciaSi saanalizo  
       xsnarSi myof nivTierebebTan; 

b)b)b)b) xsnaris eleqtrolizis dros warmoqmnili naleqi myarad unda miekras  
        eleqtrodis zedapirs. 

Tu nebismieri eleqtrolitis xsnarSi CavuSvebT eleqtrodebs da xsnarSi 
gavatarebT eleqtrul dens, eleqtrodebze daiwyeba Jangvisa da aRdgenis proce-

sebis mimdinareoba. ganvixiloT es movlena 2CuCl -is magaliTze:  

rogorc cnobilia, xsnarSi 2CuCl  disocirebulia ionebad: 
−+ +⇔ ClCuCuCl 22

2  

xsnarSi 2+Cu -ionebi eleqtruli velis moqmedebis Sedegad daiwyeben moZ-
raobas kaTodisaken. aq isini urTierTqmedeben eleqtronebTan, romlebsac kaTodi 

Rebulobs denis wyarodan da am eleqtronebis zegavleniT 2+Cu -ionebi aRdgebian 
kaTodze: 

kaTodze ______ 2+Cu + e2       0Cu ________ aRdgena 

anodze  ______ −Cl2 _ e2        ↑0

2Cl  _____ daJangva 
amrigad, eleqtruli denis gavleniT, kaTodze da anodze warimarTeba Jangva-

aRdgeniTi reaqcia, ris Sedegadac 2+Cu -ionebi aRdgeba kaTodze, −Cl -ionebi ki dai-
Jangeba anodze. JangvaJangvaJangvaJangva----aRdgeniT process, roaRdgeniT process, roaRdgeniT process, roaRdgeniT process, romelic mimdinareobs eleqtrodebze, melic mimdinareobs eleqtrodebze, melic mimdinareobs eleqtrodebze, melic mimdinareobs eleqtrodebze, 
xsnarSixsnarSixsnarSixsnarSi    an nalRoan nalRoan nalRoan nalRobSi eleqtruli denis gatarebis Sedegad, ewodebabSi eleqtruli denis gatarebis Sedegad, ewodebabSi eleqtruli denis gatarebis Sedegad, ewodebabSi eleqtruli denis gatarebis Sedegad, ewodeba 
eleqtrolizis procesieleqtrolizis procesieleqtrolizis procesieleqtrolizis procesi. 

 
eleqtrodenis raodenobasa, romelic gatarebulia saanalizo xsnarSi, da 

Jangva-aRdgenis Sedegad eleqtrodze warmoqmnil nivTierebis raodenobas Soris 
arsebobs mkacri damokidebuleba, romelic ganisazRvreba faradeis kanonebiT: 

faradeis I kanonifaradeis I kanonifaradeis I kanonifaradeis I kanoni _ igi amyarebs damokidebulebas eleqtrolizis Sedegad 
gardaqmnili nivTierebis raodenobasa da saanalizo xsnarSi gavlili eleqtrobis 
raodenobas  Soris da es damokidebuleba mdgomareobs SemdegSi: eleqtrolizis 
Sedegad  eleqtrodebze gamoyofili nivTierebis raodenoba pirdapirproporciu-
lia saanalizo xsnarSi gatarebuli eleqtrobis raodenobisa. es kanoni warmo-
adgens Tavad eleqtrolizis procesis arss anu safuZvels. 

faradeis II kanonifaradeis II kanonifaradeis II kanonifaradeis II kanoni _ igi amyarebs damokidebulebas eleqtrolizis Sedegad 
gardaqmnili nivTierebis raodenobas da am nivTierebis qimiur eqvivalents Soris 
da es damokidebuleba mdgomareobs SemdegSi:  eleqtrobis erTi da igive raodeno-
ba gamoyofs eleqtrodebze sxvadasxva nivTierebaTa im raodenobas, romelic pro-
porciulia am nivTierebaTa qimiuri eqvivalentisa. 
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magaliTad:magaliTad:magaliTad:magaliTad:  imisaTvis, rom saanalizo xsnaridan eleqtrodebze gamoiyos 
1g.eqv. Cu (31,8g), 1g.eqv. Ni (29,35g), 1g.eqv. Ag (107,9g), 1g.eqv. Mg (12,15g), saWiroa 
saanalizo xsnarSi gaiaros erTi da imave raodenobis eleqtrobam. 

eleqtrobis raodenoba, romelieleqtrobis raodenoba, romelieleqtrobis raodenoba, romelieleqtrobis raodenoba, romelic ganapirobebs eleqtrodebze 1 gc ganapirobebs eleqtrodebze 1 gc ganapirobebs eleqtrodebze 1 gc ganapirobebs eleqtrodebze 1 g----eqv. eqv. eqv. eqv. 
nivTierebis gamoyofas, tolia 9,65nivTierebis gamoyofas, tolia 9,65nivTierebis gamoyofas, tolia 9,65nivTierebis gamoyofas, tolia 9,65    × × × × 101010104444    kulonisakulonisakulonisakulonisa    (anu 96500)(anu 96500)(anu 96500)(anu 96500). eleqtrobis es . eleqtrobis es . eleqtrobis es . eleqtrobis es 
raodenoba iwoderaodenoba iwoderaodenoba iwoderaodenoba iwodeba faradeis ba faradeis ba faradeis ba faradeis ricxvadricxvadricxvadricxvad    da aRiniSneba _ da aRiniSneba _ da aRiniSneba _ da aRiniSneba _ F  asoTiasoTiasoTiasoTi....        

 
faradeis orive kanoni SeiZleba gamovsaxoT Semdegi formuliT: 

F

Q
G

⋅∋= ,   sadac:     

     G  _ aris gardaqmnili nivTierebis masa gramebSi; 
 ∋_ aris gardaqmnili nivTierebis gram-eqvivalenti;  
Q_ aris eleqtrobis raodenoba kulonebSi;  

F _ aris faradeis ricxvi.  
    
    
    
    
    
    

XVI.3. eleqtroXVI.3. eleqtroXVI.3. eleqtroXVI.3. eleqtrogravigravigravigravimetruli analizis Catarebis metruli analizis Catarebis metruli analizis Catarebis metruli analizis Catarebis     
principuli sqema da pirobebiprincipuli sqema da pirobebiprincipuli sqema da pirobebiprincipuli sqema da pirobebi    

    
eleqtrowoniTi analizis meTodi farTod gamoiyeneba metalTa 

gansasazRvravad da igi tardeba eleqtrolitebisa da maTi marilebis xsnarebis 
eleqtrolizis safuZvelze. eleqtrowoniTi analizis Casatareblad gamoiyeneba 
Semdegi mowyobiloba, romlis sqemac naCvenebia me-8 naxazze. 

 

 
 
 
 

 
mudmivi denis wyaros rols asrulebs batarea an akumulatori (1), reostatis 

gavliT (4) Zabva miewodeba eleqtrodebs (5),(6). eleqtrodebi damzadebulia 

1. denis wyarodenis wyarodenis wyarodenis wyaro 

2. voltmetrivoltmetrivoltmetrivoltmetri 

3. ampermetriampermetriampermetriampermetri 

4. reostatireostatireostatireostati 

5. anodi (anodi (anodi (anodi (platinis spiraliplatinis spiraliplatinis spiraliplatinis spirali) 

6. kaTodi (platinis bade)kaTodi (platinis bade)kaTodi (platinis bade)kaTodi (platinis bade) 
7. saanalizo xsnariani saanalizo xsnariani saanalizo xsnariani saanalizo xsnariani 

WurWeli (eleqtrobudeWurWeli (eleqtrobudeWurWeli (eleqtrobudeWurWeli (eleqtrobude) 
 
 

nax.  8nax.  8nax.  8nax.  8    
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platinisagan, radganac igi ar Sedis kontaqtSi saanalizo xsnarTan. kaTodad 
gamoiyeneba platinis bade (6), xolo anodad gamoiyeneba msxvili platinis spira-
li (5). sqemaSi agreTve CarTulia ampermetri (3), romelic SesaZleblobas iZleva 
vakontroloT denis Zala. sqemaSi CarTulia  voltmetric (2), romelic akontro-
lebs eleqtrodebze miwodebuli Zabvis mudmivobas. saanalizo xsnars aTavseben 
minis WurWelSi (7), romlebSic CauSveben eleqtrodebs (eleqtrobude). 

xsnarSi CaSvebamde platinis kaTods winaswar recxaven, aSroben da wonian, 
amis Semdeg eleqtrodebs CauSveben xsnarSi da maTze miawodeben meTodikis 
mixedviT miTiTebul Zabvas, romelic gamoiwvevs xsnaris eleqtrolizs. 
eleqtrolizsac atareben meTodikaSi miTiTebuli drois ganmavlobaSi. amis 
Semdeg eleqtrolizs asruleben, eleqtrodebs amoiReben xsnaridan, isev 
Carecxaven kaTods, isev aSroben da kvlav wonian. eleqtrolizis procesSi 

eleqtrodebze gamoileqeba daSlis produqtebi. magaliTad, Tu vatarebT 2CuCl -is 

xsnaris eleqtrolizs, kaTodze aRdgeba metaluri Cu :  
02 2 CueCu ⇔++  

     

xolo anodze gamoileqeba 2Cl  _ gazis saxiT: 
 

↑⇔−−
222 CleCl  

TiTeul wyvils: 0

2

Cu
Cu +

  da  0

2

2
Cl

Cl−
  gaaCnia Tavisi Jangva-aRdgeniTi 

potenciali, amitom wredSi warmoiqmneba potencialTa sxvaoba, romelic iqneba im 
Zabvis sawinaaRmdego, romeli Zabvac miewodeba eleqtrodebs denis wyarodan. am 
movlenas, romelsac iwvevs polarizacia,polarizacia,polarizacia,polarizacia, iyeneben polarografiuli analizis 
dros. polarizacia iwvevs imis aucileblobas, rom eleqtrodebs miewodos 
damatebiTi Zabva, sxvagvarad eleqtrolizis procesi ar gagZeldeba.  

 
eleqtrowoniTi analizis eleqtrowoniTi analizis eleqtrowoniTi analizis eleqtrowoniTi analizis dros aucilebelia daculi iqnas Semdegi dros aucilebelia daculi iqnas Semdegi dros aucilebelia daculi iqnas Semdegi dros aucilebelia daculi iqnas Semdegi 

pirobebi:pirobebi:pirobebi:pirobebi: 
1)1)1)1) kaTodze metali unda daileqos mkvrivi fenis saxiT, romelic ar ganicdis  

      dacvenas an daSlas kaTodis Carecxvis, gaSrobis an awonis SemTxvevaSi; 
2)2)2)2) kaTodze daleqili naleqis forma damokidebulia denis simkvriveze:  denis  

      mcire simkvrivis dros metalis daleqva kaTodze midis Zalian nela da  
      kaTodze miiReba naleqis mkvrivi fena;  denis didi simkvrivis dros ki eleq- 
      trolizis procesi myisierad izrdeba, metali ver aswrebs erTbaSad daleq- 
      vas kaTodze da naleqi ufro fxvieria. amitom eleqtrolizis dasaCqareblad 
      im SemTxvevaSi, roca denis simkvrive mcirea, axdenen saanalizo xsnaris  
      gacxelebas (600 C-mde); 
3)3)3)3) analizis zustad da uSecdomod warmarTvisas saWiroa Tvalyuris devneba,  

      raTa eleqtrodebze miwodebuli Zabva iyos mudmivi; 
  4)4)4)4)  daculi unda iyos  mudmivi temperatura;  
  5)5)5)5)  daculi unda iyos xsnaris mudmivi pH ; 

  6)6)6)6) daculi unda iyos eleqtrolizis procesis xangrZlivoba. 
         

naleqis wona gamoiangariSeba Semdegnairadnaleqis wona gamoiangariSeba Semdegnairadnaleqis wona gamoiangariSeba Semdegnairadnaleqis wona gamoiangariSeba Semdegnairad:::: eleqtrolizis Semdeg miRebul 
kaTodis wonas gamoakleben eleqtrolizamde arsebul kaTodis wonas. miRebuli 
sxvaoba iqneba kaTodze aRdgenili metalis wona (Cvens SemTxvevaSi metaluri 
spilenZis wona, romelic aRdga kaTodze). 
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XVI.4. potenciometriis arsi. XVI.4. potenciometriis arsi. XVI.4. potenciometriis arsi. XVI.4. potenciometriis arsi. potenciopotenciopotenciopotenciometriaSimetriaSimetriaSimetriaSi    
gamoyenebuli eleqtrodebis saxeebigamoyenebuli eleqtrodebis saxeebigamoyenebuli eleqtrodebis saxeebigamoyenebuli eleqtrodebis saxeebi    

    
potenciometruli analizi dafuZnebulia im eleqtroduli potencialis potenciometruli analizi dafuZnebulia im eleqtroduli potencialis potenciometruli analizi dafuZnebulia im eleqtroduli potencialis potenciometruli analizi dafuZnebulia im eleqtroduli potencialis 

gazomvaze, romelic warmoiqmneba saanalizo xsnarSi CaSvebul eleqtrodze da gazomvaze, romelic warmoiqmneba saanalizo xsnarSi CaSvebul eleqtrodze da gazomvaze, romelic warmoiqmneba saanalizo xsnarSi CaSvebul eleqtrodze da gazomvaze, romelic warmoiqmneba saanalizo xsnarSi CaSvebul eleqtrodze da 
romelic icvleba xsnaris koncentraciis SecvliT.romelic icvleba xsnaris koncentraciis SecvliT.romelic icvleba xsnaris koncentraciis SecvliT.romelic icvleba xsnaris koncentraciis SecvliT.  

ganvixiloT Semdegi magaliTiganvixiloT Semdegi magaliTiganvixiloT Semdegi magaliTiganvixiloT Semdegi magaliTi::::    Tu romelime metalis, magaliTad TuTiis 
firfitas CavuSvebT wyalSi, maSin firfitis zedapiridan metalis garkveuli 
raodenoba gadava xsnarSi. es procesi mimdinareobs wylis molekulebis 
zemoqmedebiT, romelic iwvevs metalis ionTa moxleCas firfitis zedapiridan. 
metalis ionTa xsnarSi gadasvlis Sedegad, metaluri firfitis zedapiri 
daimuxteba uaryofiTad im eleqtronebis xarjze, romlebic darCeba firfitis 
zedapirze. ionTa xsnarSi gadasvlis unari damokidebulia metalis bunebaze da 
sxvadasxva metalisaTvis sxvadasxvanairia. Tu metalis firfita CaSvebulia ara 
wyalSi, aramed nebismier sxva xsnarSi, romelic Seicavs am metalis Semcvel 
marils, maSin erTdroulad mimdinareobs ori procesi: 
1)1)1)1) metalis firfitis zedapiridan xsnarSi  ionebis gadasvla; 
2)2)2)2) sawinaaRmdego procesi, anu metalis ionTa gadasvla xsnaridan firfitis zeda-

pirze. magaliTad, TuTiis firfitis SemTxvevaSi ionuri toloba ase Caiwereba: 

eZnZn 220 +⇔ +  
am or process Soris swrafad damyardeba wonasworoba, romelic moZravi 

anu dinamiuria,  e.i. drois erTeulSi ramdeni ionic gadava xsnarSi metalis 
firfitidan, imdenive ioni gadava drois imave erTeulSi xsnaridan metalis 
firfitis zedapirze. metalis firfitidan xsnarSi ionTa gadasvlis gamo, mis 
zedapirze warmoiqmneba eleqtronTa siWarbe da zedapiri daimuxteba uaryofiTad. 
firfitis uaryofiTad damuxtuli zedapiri miizidavs xsnarSi arsebuli 
dadebiTad damuxtuli imave metalis kaTionebs. kaTionebi Tavs moiyrian firfitis 
zedapirTan da warmoiqmnian dadebiT damuxtul fenas. 

amrigad, metalis firfitisa da xsnaris Sexebis sazRvarze wamoiqmneba 
ormormormormagi eleqtruli fena.agi eleqtruli fena.agi eleqtruli fena.agi eleqtruli fena. erTi fena – aris uaryofiTad damuxtuli metalis 
firfitis zedapiri, xolo meore fena ki _ firfitis zedapirTan Tavmoyrili 
kaTionebis fena. swored es ormagi eleqtruli fena ganapirobebs e.w.swored es ormagi eleqtruli fena ganapirobebs e.w.swored es ormagi eleqtruli fena ganapirobebs e.w.swored es ormagi eleqtruli fena ganapirobebs e.w. eleqtrodis eleqtrodis eleqtrodis eleqtrodis 
potencialispotencialispotencialispotencialis warmoqmnas.warmoqmnas.warmoqmnas.warmoqmnas. am potencialis sidide da niSani damokidebulia fir-
fitasa da xsnars Soris ionmimocvlis mimarTulebasa da intensiurobaze. magram, 
radganac metalis firfitis Tvisebebi ZiriTadad mudmivia, amitom potencialis 
sidide damokidebulia xsnaris  Tvisebebze anu im xsnaris koncentraciaze, 
romelSic CaSvebulia eleqtrodebi.  im eleqtrods, romlis potencialis mixedim eleqtrods, romlis potencialis mixedim eleqtrods, romlis potencialis mixedim eleqtrods, romlis potencialis mixed----
viT msjeloben saanalizo xsnaris koncentraciaze, ewodebaviT msjeloben saanalizo xsnaris koncentraciaze, ewodebaviT msjeloben saanalizo xsnaris koncentraciaze, ewodebaviT msjeloben saanalizo xsnaris koncentraciaze, ewodeba indikatoruli indikatoruli indikatoruli indikatoruli 
eleqtrodi.eleqtrodi.eleqtrodi.eleqtrodi.    umravles SemTxvevaSi aseT eleqtrodad gamoiyeneba minis eleqtrodi. 
e.i. indikatoruli eleqtrodis potenciali icvleba xsnaris koncentraciis 
SecvliT. imisaTvis, rom ganvsazRvroT indikatoruli eleqtrodis potenciali, 
mas adareben  meore eleqtrods, romelsac ewodeba Sedarebis anu standartuli Sedarebis anu standartuli Sedarebis anu standartuli Sedarebis anu standartuli 
eleqtrodi.eleqtrodi.eleqtrodi.eleqtrodi. am eleqtrodis potenciali ki xsnaris koncentraciis SecvliT ar 
unda Seicvalos. Sedarebis eleqtrodad xSirad iyeneben wyalbadis an platinis 
eleqtrodebs, romelTa potenciali 0000_is tolia. roca Sedarebis eleqtrodis 
potenciali 0000_is tolia, maSin galvanuri elementis eleqtromamoZravebeli Zala galvanuri elementis eleqtromamoZravebeli Zala galvanuri elementis eleqtromamoZravebeli Zala galvanuri elementis eleqtromamoZravebeli Zala 
(e.m.Z.) tolia: (e.m.Z.) tolia: (e.m.Z.) tolia: (e.m.Z.) tolia: EEEEEx====Eind. ind. ind. ind. _ _ _ _ ESed. Sed. Sed. Sed. ==== Einininind.d.d.d.    _ 0 =_ 0 =_ 0 =_ 0 = Eindindindind.    maSasadame indikatoruli da Seda-
rebis eleqtrodebis potencialTa sxvaoba warmoadgens im galvanuri elementis 
eleqtromamoZravebel Zalas, romelic Sedgeba ori naxevar elementisagan:    

1)1)1)1) metaluri eleqtrodi, romelic CaSvebulia saanalizo xsnarSi (indikatoru-
li eleqtrodi); 
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2)2)2)2) Sedarebis eleqtrodi, romelic CaSvebulia standartul xsnarSi. 
 SemdgomSi, roca saubari gveqneba eleqtrodis potencialze, mxedvelobaSi 
miviRebT sxvaobas indikatoruli da Sedarebis eleqtrodebis potencialebs 
Soris, anu am eleqtroduli wyvilis e. m. Zalas. 
 eleqtrodul potencials, romelic warmoiqmneba metalis CaSvebisas amave eleqtrodul potencials, romelic warmoiqmneba metalis CaSvebisas amave eleqtrodul potencials, romelic warmoiqmneba metalis CaSvebisas amave eleqtrodul potencials, romelic warmoiqmneba metalis CaSvebisas amave 
metalis Semcveli erTi normalobis marilis xsnarSi 25metalis Semcveli erTi normalobis marilis xsnarSi 25metalis Semcveli erTi normalobis marilis xsnarSi 25metalis Semcveli erTi normalobis marilis xsnarSi 250

C––––ze, ze, ze, ze, ewodebaewodebaewodebaewodeba 
standartuli potenciali.standartuli potenciali.standartuli potenciali.standartuli potenciali. TiToeul metals gaaCnia Tavisi standartuli 
potenciali, romelic warmoiqmneba im qimiuri reaqciis Sedegad, romelic  
warmoiSoba metalis CaSvebisas misive marilis xsnarSi (cxrili 12). 

    
cxrili 12cxrili 12cxrili 12cxrili 12    

zogierTi metalis standartuli potencializogierTi metalis standartuli potencializogierTi metalis standartuli potencializogierTi metalis standartuli potenciali    
normalur wyalbadis eleqtrodTan SedarebiTnormalur wyalbadis eleqtrodTan SedarebiTnormalur wyalbadis eleqtrodTan SedarebiTnormalur wyalbadis eleqtrodTan SedarebiT    

0LieLi ⇔++  -3,045 

0KeK ⇔++  -2,924 

02 CaeCa ⇔++  -2,866 

0NaeNa ⇔++  -2,714 

02 2 MgeMg ⇔++  -2,363 

03 3 AleAl ⇔++  -1,663 

02 2 ZneZn ⇔++  -0,763 

02 2 FeeFe ⇔++  -0,440 

0AgeAg ⇔++  0,799 

0

222 HeH ⇔++  0 

02 2 CueCu ⇔++  0,337 

02 2 PtePt ⇔++  1,188 

  
 yvela reaqcia, romelic mimdinareobs eleqtrodebze, warmoadgens AJangva-
aRdgeniT reaqciebs. rac ufro uaryofiTia metalis standartuli potenciali, 
miT ufro advilad gascems igi eleqtronebs da ufro advilad iJangeba. 
wyalbadis standartuli potenciali tolia 0 voltis.wyalbadis standartuli potenciali tolia 0 voltis.wyalbadis standartuli potenciali tolia 0 voltis.wyalbadis standartuli potenciali tolia 0 voltis. amitom yvela is metali, 
romelic ganlagebulia wyalbadamde standartuli potencialis zrdis mixedviT, 
aRadgenen  wyalbads molekulur wyalbadamde, wyalbadis Semdeg moTavsebulebi 
ki _ ver aRadgenen. 
 erTi calke aRebuli eleqtrodis potencialis absoluturi mniSvnelobis 
gazomva SeuZlebelia, amitom potenciometruli analizis Casatareblad, am 
eleqtrods metaluri SemaerTebliT akavSireben  meore Sedarebis eleqtrodTan 
da zomaven potencialTa sxvaobas indikatorul da Sedarebis eleqtrodebs Soris 
(ESed.Sed.Sed.Sed.    ====    0000). indikatoruli eleqtrodi yovelTvis CaSvebulia saanalizo xsnarSi, 
xolo Sedarebis eleqtrodi _ standartul xsnarSi. 

rogorc aRvniSneT, potenciometriaSi iyeneben or saxis eleqtrods:  
1)1)1)1)  Sedarebis, anu standartuli eleqtrodi; 
2)2)2)2) indikatoruli eleqtrodi. 
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standartul anu Sedarebis eleqtrodebs miekuTvneba:standartul anu Sedarebis eleqtrodebs miekuTvneba:standartul anu Sedarebis eleqtrodebs miekuTvneba:standartul anu Sedarebis eleqtrodebs miekuTvneba:    
            a) standartuli wyalbadis  eleqtrodi,a) standartuli wyalbadis  eleqtrodi,a) standartuli wyalbadis  eleqtrodi,a) standartuli wyalbadis  eleqtrodi, romlis potenciali 0000 voltis  
tolia. is Sedgeba platinisagan da Tavi dafaruli aqvs platinis siSaviT. 
eleqtrodi CaSvebulia 1N mJavas xsnarSi, xolo eleqtrodis zeda  nawili 
imyofeba wyalbadis areSi. wyalbadi kargad ixsneba platinis siSaveSi  (nax. 9); 
            b) standartuli qlorvercxlis eleqtrodib) standartuli qlorvercxlis eleqtrodib) standartuli qlorvercxlis eleqtrodib) standartuli qlorvercxlis eleqtrodi _ igi Sedgeba vercxlis 
mavTulisagan, romelic dafarulia AgCl -is feniT da CaSvebulia KCl -is 
koncentrirebul xsnarSi. am eleqtrodis potenciali 200,2≈E  voltis, xolo 

eleqtrodis eleqtroqimiuri sistemaa: KClAgClAg / (nax. 10);  
        g) standartuli kalomg) standartuli kalomg) standartuli kalomg) standartuli kalomelelelelis eleqtrodiis eleqtrodiis eleqtrodiis eleqtrodi _ romelic Sedgeba vercxliswylis 

fenisagan, romelic kontaqtSia kalomelis fenasTan _ 22ClHg  da dafarulia KCl -is 
xsnariT. kalomelis eleqtrodis potenciali 243,0≈E voltis, xolo misi eleq-

troqimiuri sistemaa: KClClHgHg /22  (nax. 11). 

 

 
 
 
 
 
 

    
    

indikatorul eleqtrodebs miekuTvneba:indikatorul eleqtrodebs miekuTvneba:indikatorul eleqtrodebs miekuTvneba:indikatorul eleqtrodebs miekuTvneba:    
        a) platinis eleqtrodebi,a) platinis eleqtrodebi,a) platinis eleqtrodebi,a) platinis eleqtrodebi, romlebic gamoiyeneba potenciometriasa da 
konduqtometriaSi; 

b) indikatoruli vercxliswylis wveTovani eleqtrodib) indikatoruli vercxliswylis wveTovani eleqtrodib) indikatoruli vercxliswylis wveTovani eleqtrodib) indikatoruli vercxliswylis wveTovani eleqtrodi _ igi warmoadgens 
kapilars, romelic SeerTebulia vercxliswylian balonTan. vercxliswyali 
balonidan Caedineba kapilarSi da mowveTavs misgan, igi gamoiyeneba  
voltamperometriaSi (nax. 12); 

g) indikatoruli minis eleqtrodig) indikatoruli minis eleqtrodig) indikatoruli minis eleqtrodig) indikatoruli minis eleqtrodi _ igi warmoadgens minis mils, romelic 
bolovdeba Txelkedliani minis burTuliT. minis mili avsebulia 0,1 N  HCl -iT, 
romelSic moTavsebulia qlorvercxliani eleqtrodi. am eleqtrodis CaSvebisas 
saanalizo xsnarSi warmoiSoba  potencialTa sxvaoba, radganac saanalizo 
xsnarSi myofi wyalbad-ionebis koncentracia gansxvavebulia minis eleqtrodSi 
arsebuli  0,1 N  HCl -is koncentraciisagan. am sxvaobis Sedegad warmoiSoba 
potenciali, romelic proporciulia minis eleqtrodis zedapirze wyalbad-ionTa  
koncentraciisa. minis eleqtrodi gamoiyeneba  potenciometriaSi (nax.13). 

nax. 9nax. 9nax. 9nax. 9....    
standartuli standartuli standartuli standartuli 
wyalbadis wyalbadis wyalbadis wyalbadis 
eleqtrodieleqtrodieleqtrodieleqtrodi    

nax 10.nax 10.nax 10.nax 10.    
standartulistandartulistandartulistandartuli    
qlorvercxlis qlorvercxlis qlorvercxlis qlorvercxlis 

eleqtrodieleqtrodieleqtrodieleqtrodi    

nax. 11nax. 11nax. 11nax. 11....    
standartuli standartuli standartuli standartuli 
kalomelis kalomelis kalomelis kalomelis 
eleqtrodieleqtrodieleqtrodieleqtrodi    
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XVI.5. eleqtroduli potencialis gansazRvra XVI.5. eleqtroduli potencialis gansazRvra XVI.5. eleqtroduli potencialis gansazRvra XVI.5. eleqtroduli potencialis gansazRvra     
nernstis gantolebiT. nernstis gantolebiT. nernstis gantolebiT. nernstis gantolebiT.     

potenciometruli gazomvebis sqemapotenciometruli gazomvebis sqemapotenciometruli gazomvebis sqemapotenciometruli gazomvebis sqema 

 potenciometriaSi  eleqtroduli potencialis damokidebuleba xsnaris kon-
centraciaze gamoisaxeba nernstis gantolebiT:nernstis gantolebiT:nernstis gantolebiT:nernstis gantolebiT:  

C
Fn

TR
EE ox lg

058,0 ⋅
⋅

⋅⋅+= , 

sadac: R _ aris universaluri gazuri konstanta da igi tolia 1,987 kal/grad.; 

       xE _aris eleqtroduli potenciali; 

       oE -aris standartuli potenciali voltebSi;  

       T _absoluturi temperatura kelvinis gradusebSi da igi tolia 2980 K; 
       n _metalis ionis  daJangulobis xarisxi;  
       F _ faradeis ricxvi, romelic tolia 96500 kulonis; 
       C _aris metalis ionTa koncentracia xsnarSi, moli/l.  

Tu mxedvelobaSi miviRebT am formulaSi Semaval mudmiv sidideebs, maSin 

nernstis gantoleba gamartivdeba:  C
n

EE ox lg
058,0 ⋅+=  

magaliTadmagaliTadmagaliTadmagaliTad:::: Tu vercxlis mavTuls CavuSvebT vercxlis Semcvel romelime 
marilis xsnarSi, maSin am SemTxvevaSi  vercxlis mavTuli iqneba eleqtrodi, 
xolo misi potenciali, nernstis gantolebis mixedviT, toli iqneba: 

+⋅+=+ AgEE
Ag

lg
1

058,0
0  

nax. 12nax. 12nax. 12nax. 12....    
indikatoruliindikatoruliindikatoruliindikatoruli    
vercxliswylis vercxliswylis vercxliswylis vercxliswylis 

wveTovani eleqtrodiwveTovani eleqtrodiwveTovani eleqtrodiwveTovani eleqtrodi    

nax. 13nax. 13nax. 13nax. 13....    
indikatoruliindikatoruliindikatoruliindikatoruli    

minis eleqtrodiminis eleqtrodiminis eleqtrodiminis eleqtrodi    
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Semdeg vpoulobT Jangva-aRdgeniTi potencialebis (anu standartuli potenci-

alebis)  cxrilSi Semdegi sistemis 0AgeAg ⇔++  potencials, romelic tolia  

80,0=oE voltis, maSin ++=+ AgE
Ag

lg058,080,0 . 

rogorc aRvniSneT, eleqtroduli potencialis gansazRvrisas, iyeneben ori 
eleqtrodisagan Semdgar sistemas: aqedan erTi eleqtrodi warmoadgens indikato-
ruls, romelic mgrZnobiarea saanalizo xsnarSi ionTa koncentraciis mimarT, xo-
lo meore eleqtrodi _ aris standartuli, anu Sedarebis eleqtrodi, romlis po-
tenciali mudmivia da ar aris damokidebuli saanalizo xsnaris Sedgenilobaze. 
am ori eleqtrodisagan Semdgari sistema, romelic CaSvebulia saanalizo xsnarSi, 
warmoadgens galvanur elements. orive eleqtrodi erTmaneTTan dakavSirebulia 
metaluri xidiT, indikatoruli eleqtrodi imyofeba saanalizo xsnarSi, Sedare-
bis eleqtrodi imyofeba standartul xsnarSi.  

 
galvanuri elementis eleqtromamoZravebeli Zala tolia potencialis, 

romelic warmoadgens saanalizo xsnaris Sedgenilobis maxasiaTebels. e.m. Zalis 
gazomva or eleqtrods Soris potencialTa sxvaobiT Zalze rTuli amocanaa, 
radganac Zabvis Cveulebrivi gamzomi xelsawyo _ voltmetri, am SemTxvevaSi ar 
gamodgeba. voltmetrze aucileblad moxdeba denis Zalis danakargi, rac mogvcems 
gazomvis cdomilebas. amitom e.m. Zalis gazomva warmoebs specialur xelsa-
wyoebze, romelTac potenciometrebipotenciometrebipotenciometrebipotenciometrebi ewodeba da es xdeba makompensirebeli makompensirebeli makompensirebeli makompensirebeli 
mmmmeTodiTeTodiTeTodiTeTodiT (nax. 14), romelic SemdgomSi mdgomareobs:  

 
eleqtrodebs Soris warmoSobili e.m. Zalis Semxvedri mimarTulebiT, reoqor-

dis gavliT, warmarTaven mudmivi denis wyaros e.m. Zalas. mcocavi kontaqtis 
meSveobiT sazRvraven potencialTa sxvaobas eleqtrodebs Soris manam, sanam ar 
miiRweva maTi sruli kompensacia. kompensaciis momentSi, roca eleqtrodebis e.m. 
Zala gautoldeba mudmivi deni wyaros e.m. Zalas, galvanometris isari uCvenebs 
wredSi denis ararsebobas, anu dadgeba nulovan danayofze. am dros reoqordis 
Cvenebac gadaixreba. swored reoqordis gadaxris maCvenebeli toli iqneba 
eleqtroduli Zalisa.  

am sqemaSi galvanometri CarTulia kompensaciis momentis dasadgenad, maSin 
roca wredSi deni ar aris. potenciometrul sqemaSi rTaven agreTve naTuris 
gamaZlierebels, romelic aZlierebs eleqtrul wredSi warmoqmnil dabal dens. 
gamaZliereblis meSveobiT galvanometris isari advilad SeiZleba davabrunoT 
nulovan mdgomareobaSi.  

 
laboratoriaSi potenciometruli gazomvebisaTvis iyeneben laboratoriul 

pH -metrebs, romelTa saSualebiT atareben ori saxis analizs: 
 
1)1)1)1) pirdapiri potenciometria,pirdapiri potenciometria,pirdapiri potenciometria,pirdapiri potenciometria, anu saanalizo xsnarSi wyalbad-ionTa koncen- 

       traciis gansazRvra; 
 

2)2)2)2) iribi potenciometria,iribi potenciometria,iribi potenciometria,iribi potenciometria, anu potenciometruli gatitvra _ es aris sxvadas- 
       xva nivTierebebis koncentraciebis gansazRvra potenciometruli gatit- 
       vris wesiT. 
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XVI.6. pirdapiri potenciometria. laboratoriuli  XVI.6. pirdapiri potenciometria. laboratoriuli  XVI.6. pirdapiri potenciometria. laboratoriuli  XVI.6. pirdapiri potenciometria. laboratoriuli  pH----metrebi.metrebi.metrebi.metrebi.    
xsnarebis  xsnarebis  xsnarebis  xsnarebis  pH-is  gansazRvra  is  gansazRvra  is  gansazRvra  is  gansazRvra  pH-metrzemetrzemetrzemetrze    

    
pirdapiri potenciometriapirdapiri potenciometriapirdapiri potenciometriapirdapiri potenciometria niSnavs saanalizo xsnarSi wyalbadniSnavs saanalizo xsnarSi wyalbadniSnavs saanalizo xsnarSi wyalbadniSnavs saanalizo xsnarSi wyalbad----ionTa koncenionTa koncenionTa koncenionTa koncen----

traciis,  anu xsntraciis,  anu xsntraciis,  anu xsntraciis,  anu xsnaris aris aris aris pH -is gansazRvras.is gansazRvras.is gansazRvras.is gansazRvras. pirdapir potenciometriaSi iyeneben mi-
nis eleqtrodebs, romelTa CaSvebisas saanalizo xsnarSi mimdinareobs ionTa mi-
mocvla xsnarsa da eleqtrodis zedapirs Soris,  kerZod: wyalbad-ionebi xsnari-
dan gadadian minaSi, xolo minidan _ saanalizo xsnarSi. ionTa mimocvla mimdina-
reobs sxvadasxva siswrafiT, ris Sedegadac minis eleqtrodis  zedapirze  warmo-
iqmneba potenciali da es potenciali iqneba saanalizo xsnaris pH -is, anu saana-

lizo xsnarSi wyalbad-ionTa koncentraciis toli. xsnarebis pH -is  gasazomad 

iyeneben laboratoriul laboratoriul laboratoriul laboratoriul     pH ----metrebs,metrebs,metrebs,metrebs, romelic Sedgeba ori nawilisgan:       
1)1)1)1)    galvanuri elementi _ igi Seicavs erTmaneTan dakavSirebul indikatorul 

(minis eleqtrodi) da Sedarebis (qlorvercxliani) eleqtrodebs. aqedan 
indikatoruli eleqtrodi CaSvebulia saanalizo xsnarSi, xolo Sedarebis 
eleqtrodi – standartul xsnarSi; 

nax. 14.nax. 14.nax. 14.nax. 14.    
potenciometruli potenciometruli potenciometruli potenciometruli 

gazomvebis gazomvebis gazomvebis gazomvebis 
makompmakompmakompmakompensirebeli sqemaensirebeli sqemaensirebeli sqemaensirebeli sqema    

    
1.1.1.1. denis wyarodenis wyarodenis wyarodenis wyaro    

2.2.2.2. reoqordireoqordireoqordireoqordi    

3.3.3.3. galvanometrigalvanometrigalvanometrigalvanometri    

4.4.4.4. eleqtrodebieleqtrodebieleqtrodebieleqtrodebi 
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2)2)2)2) gamzomi xelsawyo – masze moTavsebulia: +H -ionebis da −OH -ionebis 
koncentraciis skala; pH -is sxvadasxva intervalebi ----1111 – dan +19+19+19+19-is CaTvliT; 
temperaturis CamrTveli; koreqtirebis CamrTvelebi buferuli xsnarebis mixedviT 
skalis gasawonasworeblad. gamzom xelsawyoze moTavsebulia aseve pH -is skala, 

romlis isari zomavs pH -is sxvadasxva mniSvnelobebs. Tavdapirvelad pH -metrs 
CarTaven eleqtrul qselSi, daayeneben wyalbad-ionebis da hidroqsil-ionebis 
intervalze da  CamrTveliT daayeneben pH -is uxeS intervals ----1111–dan +19+19+19+19-mde. 
winaswar gasufTavebul eleqtrodebs CauSveben Tavdapirvelad im buferul 
xsnarSi, romlis pH axlosaa saanalizo xsnaris pH -Tan da awarmoeben pH -is 

skalis koreqtirebas anu dayenebas buferuli xsnaris pH -is mimarT. imis Semdeg, 

roca pH -metris isari dayenebulia buferul xsnaris Sesabamisi pH -is 

mniSvnelobaze, eleqtrodebs amoiReben buferuli xsnaridan. am dros pH -metris 
CamrTvelebi gamorTulia, Carecxaven eleqtrodebs distilirebuli wyliT, 
gaamSraleben filtris qaRaldiT an ubususo naWriT. Semdeg   eleqtrodebs 
CauSveben saanalizo xsnarSi, isev CarTaven pH -metris CamrTvelebs da am momentSi 

pH -metris isari uCvenebs saanalizo xsnaris pH -is mniSvnelobas. 
indikatoruli minis eleqtrodi Zalze mgrZnobiarea da mas gaaCnia rogorc indikatoruli minis eleqtrodi Zalze mgrZnobiarea da mas gaaCnia rogorc indikatoruli minis eleqtrodi Zalze mgrZnobiarea da mas gaaCnia rogorc indikatoruli minis eleqtrodi Zalze mgrZnobiarea da mas gaaCnia rogorc 

upiratesoba, aseve naklic, sxva eleqtrodebupiratesoba, aseve naklic, sxva eleqtrodebupiratesoba, aseve naklic, sxva eleqtrodebupiratesoba, aseve naklic, sxva eleqtrodebTan SedarebiT.Tan SedarebiT.Tan SedarebiT.Tan SedarebiT.    
upiratesoba mdgomareobs SemdgomSi:upiratesoba mdgomareobs SemdgomSi:upiratesoba mdgomareobs SemdgomSi:upiratesoba mdgomareobs SemdgomSi: 1)1)1)1) minis eleqtrodis meSveobiT swrafad 

myardeba potenciali mis zedapirze; 2) 2) 2) 2) es potenciali ar aris damokidebuli saa-
nalizo xsnarSi sxvadasxva damJangvelis da aRmdgenelis arsebobaze; 3)3)3)3) minis 
eleqtrodebi gacilebiT iaffasiania da ubralod mzaddeba. 

nakli mdgomareobs SemdegSi:nakli mdgomareobs SemdegSi:nakli mdgomareobs SemdegSi:nakli mdgomareobs SemdegSi: 1)1)1)1) minis eleqtrodebi Zalian faqizia; 2)2)2)2) isini 
mgrZnobiare arian tute xsnarisadmi, amitom maTi saSualebiT SeiZleba mxolod 
mJave xsnarebis pH -is gazomva; 3)3)3)3) mesame ZiriTadi nakli mdgomareobs imaSi, rom 
minis eleqtrodebs gaaCniaT asimetriis potencialiasimetriis potencialiasimetriis potencialiasimetriis potenciali – es imas niSnavs, rom minis 
eleqtrodebis SigniTa da gareTa zedapirebis Tvisebebi gansxvavebulia, amitom 
gansxvavebuli iqneba SigniTa da gareTa potencialebic.  

asimetriis potencialis Sesamcireblad, minis eleqtrods erTi-ori dRe-
Ramis ganmavlobaSi ayovneben 0,1 N   HCl -is xsnarSi, ris Sedegac minis burTulis 
zedapiri xdeba ufro mgrZnobiare wyalbad-ionebis mimarT da asimetriis 
potencialic mcirdeba, magram igi sabolood mainc ar qreba. 

imisaTvis, rom gamovricxoT potenciometruli gazomvebis cdomileba 
asimetriis potencialTan dakavSirebiT, eleqtrodebis potencialebs Tavdapirve-
lad amowmeben buferul xsnarebis mimarT da amas ewodeba pH ----is skalis is skalis is skalis is skalis 
koreqtireba buferuli xsnarebis mixedviT.koreqtireba buferuli xsnarebis mixedviT.koreqtireba buferuli xsnarebis mixedviT.koreqtireba buferuli xsnarebis mixedviT.    

buferuli xsnarebis narevis ganmasxvavebeli Tviseba mdgomareobs imaSi, rom 
maTze mcire raodenobiT koncentrirebuli mJavebis an tuteebis damatebisas, maTi 
pH praqtikulad ar icvleba, amitom Tu buferul xsnars davamatebT nebismier 

sxva xsnarze, maSin am sxva xsnaris pH  praqtikulad mudmivi gaxdeba. 
potenciometriaSi yvelaze gavrcelebulipotenciometriaSi yvelaze gavrcelebulipotenciometriaSi yvelaze gavrcelebulipotenciometriaSi yvelaze gavrcelebuli buferuli xsnarebia:buferuli xsnarebia:buferuli xsnarebia:buferuli xsnarebia: 
1)1)1)1) ftaluri ftaluri ftaluri ftaluri buferuli narevbuferuli narevbuferuli narevbuferuli narevi i i i – romelic Sedgeba ftalis mJavasagan -  

         246 )(COOHHC , misi  pH  250C -ze _ 4,01-ia; 

2)2)2)2) acetaturi buferi acetaturi buferi acetaturi buferi acetaturi buferi – romelic Sedgeba 0,1 N  ZmarmJavasa )( 3COOHCH  da  

        0,1 N  natriumis acetatisagan ( COONaCH 3 ). am narevis pH  250C -ze _ 4,64-ia; 

3)3)3)3) fosfaturi buferi fosfaturi buferi fosfaturi buferi fosfaturi buferi –romelic Sedgeba 0,025M  kaliumis dihidrofosfati- 

         sagan ( 42 POKH ) da 0,025 M  Na -is hidrofosfatisagan ( 42HPONa ), am narevis  

         pH  250C -ze  tolia 6,855-is; 
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4)4)4)4) Na ----is tetraboratiis tetraboratiis tetraboratiis tetraborati    – 0,5 M  OHOBNa 2742 10⋅ _ narevis pH  250C _ 9,18-is  

         tolia;  

5)5)5)5) amiakuri buferiamiakuri buferiamiakuri buferiamiakuri buferi _ 0,1 N  NOHNH 1,04 +  ,4ClNH   25,9pH ,  Ct 025= . 

pH -metris skalis koreqtireba buferuli xsnarebis mixedviT tardeba Sem-
degnairad: saanalizo WiqaSi asxamen buferul xsnars da CauSveben masSi indika-
torul da Sedarebis eleqtrodebs. galvanometris isari gadaixreba da igi unda 
davayenoT pH -is im mniSvnelobaze, romelic gaaCnia buferul xsnars. am opera-

cias imeoreben or-samjer da rwmundebian imaSi, rom pH -metris skala gawonas-
worebulia buferuli xsnaris mixedviT. amis Semdeg eleqtrodebs gamorTaven, 
Carecxaven, gaamSraleben da CauSveben saanalizo xsnarSi. Semdeg kvlav CarTaven  
pH -metrs da misi isari uCvenebs saanalizo xsnaris pH -s. 

 
 
 
 
 

XVI.7. potenciometruli gatitvris arsi. XVI.7. potenciometruli gatitvris arsi. XVI.7. potenciometruli gatitvris arsi. XVI.7. potenciometruli gatitvris arsi.     
potenciometruli gatitvris potenciometruli gatitvris potenciometruli gatitvris potenciometruli gatitvris Catareba Catareba Catareba Catareba     

daleqvis, neitralizaciis da Jangvadaleqvis, neitralizaciis da Jangvadaleqvis, neitralizaciis da Jangvadaleqvis, neitralizaciis da Jangva----aRdgeniT reaqciebSiaRdgeniT reaqciebSiaRdgeniT reaqciebSiaRdgeniT reaqciebSi    
 
potenciometruli gatitvris arsipotenciometruli gatitvris arsipotenciometruli gatitvris arsipotenciometruli gatitvris arsi mdgomareobs imaSi, rom pouloben eqvimdgomareobs imaSi, rom pouloben eqvimdgomareobs imaSi, rom pouloben eqvimdgomareobs imaSi, rom pouloben eqvivavavava----

lentobis wlentobis wlentobis wlentobis wertilertilertilertils da es wertili Seesabameba saanalizo xsnarSi CaSvebul s da es wertili Seesabameba saanalizo xsnarSi CaSvebul s da es wertili Seesabameba saanalizo xsnarSi CaSvebul s da es wertili Seesabameba saanalizo xsnarSi CaSvebul 
eleqtrodul wyvilebs Soris warmoqmnili potencialiseleqtrodul wyvilebs Soris warmoqmnili potencialiseleqtrodul wyvilebs Soris warmoqmnili potencialiseleqtrodul wyvilebs Soris warmoqmnili potencialis    mkveTr sxvaobas.mkveTr sxvaobas.mkveTr sxvaobas.mkveTr sxvaobas. rogorc 
aRvniSneT, indikatoruli eleqtrodis potenciali damokidebulia saanalizo 
xsnarSi sakvlevi ionebis koncentraciaze, amitom Tu gatitvra warmoebs daleqvis, 
neitralizaciis an Jangva-aRdgeniTi reaqciebis pirobebSi, maSin gatitvris momen-
tSi sakvlevi ionebis koncentracia TandaTan Seicvleba da es gamoiwvevs indika-
toruli eleqtrodis potencialis Secvlasac. am potencialis maqsimaluri Sec-
vla moxdeba im monetSi, roca mTlianad moxdeba potencialis ganmsazRvreli 
ionebis SeboWva da es wertili eqvivalentobis wertilia. 

yvelaze xSirad potenciometruli gatitvrebi gamoiyeneba moculobiTi 
analizis Semdeg reaqciebSi:  

1)1)1)1) daleqvis reaqciebi;  
2)2)2)2) neitralizaciis reaqciebi; 
3)3)3)3) Jangva-aRdgeniTi reaqciebi. 
    

moTxovnebi potenciometruli gatitvrisadmi:moTxovnebi potenciometruli gatitvrisadmi:moTxovnebi potenciometruli gatitvrisadmi:moTxovnebi potenciometruli gatitvrisadmi:    
    

a)a)a)a) reaqciis yvela es saxe unda mimdinareobdes swrafad da erTi 
mimarTulebiT, e.i. es reaqciebi praqtikulad Seuqcevadi unda iyos;  
 

b)b)b)b) eqvivalentobis wertilSi unda moxdes indikatoruli eleqtrodis 
potencialis SesamCnevi cvlileba, anu naxtomi;  
 

g)g)g)g) saanalizo xsnarze standartuli xsnaris yoveli axali porciis 
damatebis Semdeg saWiroa intensiuri moreva, radganac eleqtrodTan Tavmoyrili 
ionebis koncentracia toli gaxdes mTel xsnarSi arsebul ionebis 
koncentraciisa;  
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d)d)d)d) gatitvris dros, xsnaris Sedgeniloba icvleba da saWiroa garkveuli 
dro, rom am xsnars Camouyalibdes wonasworobis axali eleqtroduli 
potenciali. amitom saanalizo xsnarze standartuli xsnaris  yoveli axali 
porciis damatebisas, morevasTan erTad saWiroa cota xniT dayovneba da mxolod 
amis Semdeg SeiZleba saanalizo xsnaris axali eleqtroduli potencialis 
gazomva.  
 gatitvris monacemebi SeaqvT cxrilSi, romlis safuZvelzec ageben poten-
ciometruli gatitvris mruds.  

gatitvris mrudi igeba Semdegnairad:gatitvris mrudi igeba Semdegnairad:gatitvris mrudi igeba Semdegnairad:gatitvris mrudi igeba Semdegnairad: abscisTa RerZze daitaneba saanalizo 
xsnarze damatebuli standartuli xsnaris moculoba mililitrobiT _ V , xolo 
ordinatTa RerZze – e.m. Zala E  mikrovoltebSi an xsnaris pH  da es grafiki 
uCvenebs saanalizo xsnaris e.m. Zalis damokidebulebas standartuli xsnaris 
moculobaze. grafikze mrudis naxtomi Seesabameba eqvivalentobis wertils,eqvivalentobis wertils,eqvivalentobis wertils,eqvivalentobis wertils, 
romlidanac uSveben perpendikulars abscisTa RerZze da gadakveTis wertili 
Seesabameba gatitvris saboloo wertils,gatitvris saboloo wertils,gatitvris saboloo wertils,gatitvris saboloo wertils, xolo sakvlevi komponentis sakvlevi komponentis sakvlevi komponentis sakvlevi komponentis 
SemcvelobasSemcvelobasSemcvelobasSemcvelobas xsnarSi sazRvraven formuliT: 

 

  

10001

0

⋅
⋅∋⋅⋅

=
V

VNV
P  , sadac: 

 

    P     _    aris sakvlevi komponentis Semcveloba saanalizo xsnarSi; 

 V  _ aris gatitvris saboloo wertili; 
 N  _ aris standartuli xsnaris normaloba; 
 ∋   _  aris sakvlevi komponentis gram-eqvivalenturi masa; 

 0V  _  aris saanalizo xsnariani Wiqis moculoba, ml-Si; 

 1V  _  aris gasatitrad aRebuli saanalizo xsnaris moculoba ml;  
1000 _  litridan mililitrebSi gadasayvani ricxvi. 
 

    
    
    

    
    
    

potenciometruli gatitvris Catareba daleqvis, potenciometruli gatitvris Catareba daleqvis, potenciometruli gatitvris Catareba daleqvis, potenciometruli gatitvris Catareba daleqvis,     
neitralizaciis da Jangvaneitralizaciis da Jangvaneitralizaciis da Jangvaneitralizaciis da Jangva----aRdgeniT reaqciebSiaRdgeniT reaqciebSiaRdgeniT reaqciebSiaRdgeniT reaqciebSi    

    

ganvixiloT ganvixiloT ganvixiloT ganvixiloT +Ag ----ionebis daleqva potenciometruli gatitvris Sedegad ionebis daleqva potenciometruli gatitvris Sedegad ionebis daleqva potenciometruli gatitvris Sedegad ionebis daleqva potenciometruli gatitvris Sedegad −Cl ----

ioneioneioneionebiT. biT. biT. biT. amisaTvis SeiZleba CavataroT NaCl ----is xsnaris gatitvra is xsnaris gatitvra is xsnaris gatitvra is xsnaris gatitvra 3AgNO ----is is is is 

xsnariT:xsnariT:xsnariT:xsnariT:    
 

33 NaNOAgClAgNONaCl +↓=+  

 
am gatitvris Casatareblad, indikatoruli eleqtrodis roli SeuZlia Seas-

rulos vercxlis eleqtrodma, romelic warmoadgens vercxlis firfitas, xolo 
Sedarebis eleqtrodis roli SeiZleba Seasrulos kalomelis eleq-         

trodma. gatitvris dasawyisSi saanalizo xsnarSi Warbad imyofeba −Cl -ionebi da 
sxva ionebic, romlebic ar aRZraven eleqtrodul potencials. gatitvris 
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procesSi xsnarSi TandaTan warmoiqmneba ↓AgCl -is molekulebi, romelTa 
xsnadoba Zalian mcirea da amitom isini gamoileqebian. amis Sedegad, xsnarSi 

darCeba +Ag -is ionebis Zalian mcire raodenoba. gatitvris procesSi −Cl -ionebis 

koncentracia saanalizo xsnarSi TandaTan Semcirdeba, xolo +Ag -ionebis 

koncentracia gaizdeba. roca −Cl -is yvela ioni SeiboWeba 3AgNO -iT, maSin 

saanalizo xsnarSi mkveTrad gaizdeba +Ag -ionebis koncentracia. swored +Ag -

ionebi ganapirobeben eleqtroduli potencialis warmoSobas. amitom +Ag -ionebis 
koncentraciis gazrda xsnarSi gamoiwvevs potencialis mkveTr naxtoms, rac 
miuTiTebs eqvivalentobis wertilze. es wertili moTavsebuli iqneba  
potenciometruli gatitvris mrudis maqsimumSi (nax. 15). 

 

 
 
 
 

 
 
potenciometruli gatitvris Casatareblad neitralizaciis reaqciebSipotenciometruli gatitvris Casatareblad neitralizaciis reaqciebSipotenciometruli gatitvris Casatareblad neitralizaciis reaqciebSipotenciometruli gatitvris Casatareblad neitralizaciis reaqciebSi 

indikatoruli eleqtrodis rols asrulebs _ minis eleqtrodi, xolo Sedarebis, 
anu standartuli eleqtrodis  rols  _ kalomelis eleqtrodi. 

 
ganvixiloT HCl ----is potenciometruli gatitvra is potenciometruli gatitvra is potenciometruli gatitvra is potenciometruli gatitvra NaOH ----iT:iT:iT:iT:    

OHNaOHNaOHHCl 2+→+  
 

 Tavdapirvelad gatitvris dasawyisSi, marilmJavaze NaOH -is damatebisas 
wyalbad-ionebis koncentracia xsnarSi TandaTanobiT Seicvleba – Semcirdeba. 
amis Sesabamisad, Semcirdeba minis eleqtrodis potencialic da eqvivalentobis 
wertilSi warmoiSoba potencialis naxtomi. 

naxtomis sidide damokidebuli iqneba saanalizo xsnaris koncentraciaze, 
kerZod: rac metia saanalizo xsnaris koncentracia, miT mkveTri iqneba  
eqvivalentobis wertilSi potencialis naxtomi. gansakuTrebiT mkveTri naxtomia 

nax. 15nax. 15nax. 15nax. 15....    
NaCl-isisisis   AgNO3 - iT potenciometruli gatitvris mrudiiT potenciometruli gatitvris mrudiiT potenciometruli gatitvris mrudiiT potenciometruli gatitvris mrudi    
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damaxasiaTebeli Zlieri mJavebis da tuteebis gatitvris reaqciebSi (nax. 16). 
potenciometruli  gatitvris mrudis ageba aucilebelia  eqvivalentobis werti-
lis zusti gansazRvrisaTvis da gatitvris saboloo wertilis dasadgenad. 

 

 
 

 
 
 
 
 

platinis eleqtrodis CaSvebisas +2Fe   da  +3Fe -ionebis Semcvel saanalizo 
xsnarSi, romlebic imyofebian Semdeg wonasworul mdgomareobaSi: 

eFeFe +⇔ ++ 32  

platinis eleqtrodebze warmoiqmneba potenciali, romelic toli iqneba +2Fe  da    
+3Fe -ionebis Sefardebisa. es potenciali gamoiTvleba formuliT: 

][

][
lg058,077,0

2

3

+

+

⋅+=
Fe

Fe
Ex , sadac: 

xE _ aris platinis potenciali; 

0,77 _ aris 0E , anu standartuli Jangva-aRdgeniTi potenciali sistemisa:  

eFeFe +⇔ ++ 32 . 
am dros platinis eleqtrodze potencialis warmoqmna xdeba Semdegnairad: 

platinis eleqtrodi iRebs eleqtronebs +2Fe -ionebidan da gascems am 

eleqtronebs +3Fe -ionebs. am movlenazea dafuZnebuli platinis eleqtrodis 
gamoyeneba potenciometruli gatitvrisas iseT Jangva-aRdgeniT reaqciaSi, 

rogorica rkinis rkinis rkinis rkinis kviparosis kviparosis kviparosis kviparosis 4FeSO ----is potenciometruli gatitvra damJangvelis _ is potenciometruli gatitvra damJangvelis _ is potenciometruli gatitvra damJangvelis _ is potenciometruli gatitvra damJangvelis _ 

4KMnO ----is xsnariT, mJava garemoSi  (magaliTad,  is xsnariT, mJava garemoSi  (magaliTad,  is xsnariT, mJava garemoSi  (magaliTad,  is xsnariT, mJava garemoSi  (magaliTad,  42SOH ----is monawileobiT): is monawileobiT): is monawileobiT): is monawileobiT):     

OHSOKMnSOSOFeSOHKMnOFeSO 24243424244 82)(58210 +++=++  

am reaqciis ionuri toloba  ki Semdegnairad Caiwereba: 
+++++− ++=++ HFeMnHFeMnO 8585 322

4  
                    
 
    
 

        1   

5 

       5 
++

++

→−
→+

32

27 5

FeeFe

MneMn

nax. 16nax. 16nax. 16nax. 16....    
    HCl -isisisis  NaOH  –iT iT iT iT potenciometruli gatitvris mrudipotenciometruli gatitvris mrudipotenciometruli gatitvris mrudipotenciometruli gatitvris mrudi 
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4FeSO -is xsnarze 4KMnO -is mimatebiT, 2+Fe -is ionebis koncentracia TandaTa-

nobiT Semcirdeba,  xolo 3+Fe -is ionebis ki _ gaizrdeba. eqvivalentobis wertil-

Si miRwevisas, mTeli rkina daiJangeba da gadava 2+Fe -dan  3+Fe -is  mdgomareobaSi, 

xolo  mTeli manganumi aRdgeba, anu gadava 7+Mn -idan  2+Mn -is mdgomareobaSi. 

amis Semdeg  xsnarze 4KMnO -is Warbi raodenobiT damateba gamoiwvevs sistemis 

2

4

+

−

Mn

MnO
 Jangva-aRdgeniTi potencialis warmoqmnas, es ki Sesabamisad gamoiwvevs 

eleqtrodis  potencialis mkveTr naxtoms. potencialis naxtomi eqvivalentobis 
wertilSi miT ufro mkveTria, rac ufro metia Jangva-aRdgeniTi procesebis 
potencialTa sxvaoba. 

am konkretul SemTxvevaSi, potencialis naxtomi iqneba mkveTri, radganac 

standartuli potenciali sistemisa: 77,0
2

3

=+

+

Fe

Fe
voltis, xolo standartuli poten-

ciali sistemisa: 
2

4

+

−

Mn

MnO
=1,51 voltis. potencialis naxtomi damokidebulia agreTve 

saanalizo xsnaris sawyis koncentraciaze, kerZod: rac ufro metia saanalizo 
xsnaris koncentracia, miT metia potencialis naxtomi eqvivalentobis wertilSi  
(nax. 17). 
 

 
    
    
    
    
    
    
    

 

nax. 17nax. 17nax. 17nax. 17....    

        4FeSO -is is is is 4KMnO -iT potenciometruli gatitvris mrudiiT potenciometruli gatitvris mrudiiT potenciometruli gatitvris mrudiiT potenciometruli gatitvris mrudi    
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Tavi XVII.  konduqtometria, polarografia, amperometriaTavi XVII.  konduqtometria, polarografia, amperometriaTavi XVII.  konduqtometria, polarografia, amperometriaTavi XVII.  konduqtometria, polarografia, amperometria    
    

                                                XVII.1. XVII.1. XVII.1. XVII.1.     konduqtometriis  arsi. konduqtometriis  arsi. konduqtometriis  arsi. konduqtometriis  arsi.     
                                                                            xsnarebis eleqtrogamtarobis gansazRvraxsnarebis eleqtrogamtarobis gansazRvraxsnarebis eleqtrogamtarobis gansazRvraxsnarebis eleqtrogamtarobis gansazRvra    

    
konduqtometruli analizi dafuZnebuliakonduqtometruli analizi dafuZnebuliakonduqtometruli analizi dafuZnebuliakonduqtometruli analizi dafuZnebulia    eleqtrolitebis wyliani xsnarebis eleqtrolitebis wyliani xsnarebis eleqtrolitebis wyliani xsnarebis eleqtrolitebis wyliani xsnarebis 

eleqeleqeleqeleqtrogamtarobis gazomvaze (mJavebis, fuZeebis, marilebis).trogamtarobis gazomvaze (mJavebis, fuZeebis, marilebis).trogamtarobis gazomvaze (mJavebis, fuZeebis, marilebis).trogamtarobis gazomvaze (mJavebis, fuZeebis, marilebis). eleqtrolitTa 
eleqtrogamtaroba gansazRvruli temperaturis dros eleqtrolitis koncentra-
ciis proporciulia. ese igi, rac metia xsnarSi eleqtrolitis ionTa ricxvi, miT 
metia eleqtruli denis Zala, romelic gaivlis am xsnarSi. 

Tu eleqtrolitis xsnarian WurWelSi movaTavsebT or eleqtrods da mivu-
erTebT maT denis wyaros, maSin xsnarSi gaivlis eleqtruli deni, romlis Zala – 

I  gamoiTvleba omis kanoniT 
R

E
I = , , , , sadac: I _ aris denis Zala; E _ aris Zabva 

eleqtrodebze; R _ aris xsnaris winaRoba.  
 
eleqtrogamtaroba eleqtrogamtaroba eleqtrogamtaroba eleqtrogamtaroba _ L  ki aris winaRobis sawinaaRmdego sidide, maSasadame 

R
L

1= , sadac L  _ aris eleqtrogamtaroba. radganac winaRoba izomeba omebSi, 

amitom eleqtrogamtaroba gaizomeba omis sapirispiro erTeulSi, kerZod, omiomiomiomi----1111....  
xsnarisxsnarisxsnarisxsnaris eleqtrogamtaroba damokidebulia:eleqtrogamtaroba damokidebulia:eleqtrogamtaroba damokidebulia:eleqtrogamtaroba damokidebulia: 1111) ) ) ) xsnaris koncentraciaze;  

2) 2) 2) 2) gaxsnili eleqtrolitis Tvisebebze; 3) 3) 3) 3) eleqtrodebis zomebze, zedapirebze da 
eleqtrodebs Soris daSorebaze. magaliTad, rac metia eleqtrodebis zedapiri da 
rac ufro naklebia maT Soris daSoreba, miT metia eleqtrogamtaroba, romelsac 
zomaven am eleqtrodebis meSveobiT. 

 
imisaTvis, rom moaxdinon sxvadasxva eleqtrodebiT Catarebuli gazomvebis 

Sedareba, sargebloben kuTri eleqtrogamtarobis cnebiT. kuTri eleqtrokuTri eleqtrokuTri eleqtrokuTri eleqtrogamtagamtagamtagamta----
robarobarobaroba _ aris xsnaris eleqtrogamtaroba, rome_ aris xsnaris eleqtrogamtaroba, rome_ aris xsnaris eleqtrogamtaroba, rome_ aris xsnaris eleqtrogamtaroba, romellllic imyofeba 1ic imyofeba 1ic imyofeba 1ic imyofeba 1    smsmsmsm2222    farTobisfarTobisfarTobisfarTobis    mqomqomqomqone ne ne ne 
da da da da 1111    ssssm manZiliTm manZiliTm manZiliTm manZiliT    ererererTmaneTisagan dacilebul eleqtrodebs Soris.TmaneTisagan dacilebul eleqtrodebs Soris.TmaneTisagan dacilebul eleqtrodebs Soris.TmaneTisagan dacilebul eleqtrodebs Soris. kuTr eleqtro-
gamtarobas aRniSnaven χ (kapa) simboloTi da igi izomeba omi-1    ·sm-1.  

xsnaris eleqtrogamtaroba, kuTri eleqtrogamtarobis gaTvaliswinebiT, gamo-

iTvleba formuliT: 
d

S
L ⋅= χ , sadac: L  _ aris xsnaris eleqtrogamtaroba, omi-1;  

χ  _ aris xsnaris kuTri eleqtrogamtaroba, omi-1 ·sm-1; S  _ aris eleqtrodebis 

zedapiri (sm2), xolo d  _ aris eleqtrodebs Soris daSoreba (sm). 
eleqtrolitTa xsnarebSi denis gadamtanebad iTvleba ionebi, romlebadac iS-

leba eleqtrolitis molekulebi wyalxsnarebSi disociaciisas. roca eleqtroli-
tis xsnarSi ar gadis eleqtruli deni, maSin am xsnarSi ionebi uwesrigod 
moZraoben. roca eleqtrodebs miewodeba Zabva, maSin xsnarSi gaivlis eleqtruli 
deni da warmoiSoba eleqtruli veli. am velis zemoqmedebiT, ionebi iwyeben moZ-
raobas erTi mimarTulebiT da gadaaqvT eleqtruli muxtebi. rac ufro meti ioni 
monawileobs muxtebis gadacemaSi, miT metia denis Zala da xsnaris 
eleqtrogamtaroba. 

eleqtrul velSi ionebi moZraoben sxvadasxva siCqariT. amitom erTi da igive 
koncentraciis mqone sxvadasxva eleqtrolitebis xsnarebs gaaCnia sxvadasxva 
eleqtrogamtaroba. ionis moZraobis siCqare xasiaTdeba gansakuTrebuli sididiT, 
romelsac ewodeba ionis moZraobis unari.ionis moZraobis unari.ionis moZraobis unari.ionis moZraobis unari.    me-13    cxrilSi moyvanilia sxvadasxva 
ionebis moZraobis unarianoba. 
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cxrili 13cxrili 13cxrili 13cxrili 13    
ionTa moZraobis unarianoba (18ionTa moZraobis unarianoba (18ionTa moZraobis unarianoba (18ionTa moZraobis unarianoba (18° C----ze)ze)ze)ze)    

ioniioniioniioni    ionTa moZraobis unariionTa moZraobis unariionTa moZraobis unariionTa moZraobis unari    

HHHHH
+ 

319,8 

OH
- 

198,3 

1/2 −2

4SO  80,0 

I
- 

78,8 

Br 
- 

78,1 

Cl
- 

76,4 

NH4
+ 

73,6 

K
+ 

73,5 

NO2
- 

71,5 

−2

32
1 CO  69,3 

+2

2
1 Ba  63,6 

Ag
+ 

61,9 

+2

2
1 Ca  59,5 

+2

2
1 Mg  53,1 

Na
+ 

42,8 

CH3COO
- 

40,9 

 
rogorc cxrilidan Cans, yvelaze maRali moZraobis unariT xasiaTdeba 

wyalbadis ioni _ +H , Semdeg −OH  _is, Semdeg ki danarCeni ionebi. amitom, amis 
Sesabamisad, Zlieri mJavebis da Zlieri fuZeebis xsnarebs gaaCniaT maRali kuTri 
eleqtrogamtaroba. 

xsnarebis eleqtrogamtarobis gasazomad gamoiyeneba kolrauSis xidikolrauSis xidikolrauSis xidikolrauSis xidissss    sqemasqemasqemasqema    
(nax. 18)(nax. 18)(nax. 18)(nax. 18), , , , romlis mixedviTac agebulia konduqtometri.konduqtometri.konduqtometri.konduqtometri.    

kolrauSis xidis sqemiT eleqtrogamtaroba izomeba Semdegnairad: A  da  B wer-
tilebSi CarTaven cvalebad eleqtrul dens.  am dros kolrauSis xidis TiToeul 
ganStoebaSi warmoiqmneba eleqtruli deni da am denis Zala damokidebuli iqneba 
kolrauSis TiToeuli gverdis winaRobaze _ AC  da CB . xidis zeda totSi ( AC ) 
imyofeba cnobili, anu mudmivi sididis winaRoba _ R . meore totSi (CB ) imyofeba 

eleqtrobude, anu saanalizo xsnariani WurWeli _ xR . xidis qveda totSi ( AB ) 

imyofeba reoqordi mcocavi kontaqtiT (D ). zeda totis Sua wertilSi _C  mierTe-
bulia xidis diagonali, romlis meore bolo mimagrebulia mcocav kontaqtTan 

reoqordze (D ). saWiroa ganisazRvros winaRoba_ xR . amisaTvis reoqordis mcocavi 

kontaqtis meSveobiT, unda mivaRwioT denis Zalis iseT ganawilebas kolrauSis 
xidis  gverdebSi, rom xidis diagonalSi deni praqtikulad ar unda gadiodes. am 
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momentSi nul-galvanometri _E , romelic CarTulia xidis diagonalSi, aCvenebs 
denis ararsebobas da misi isari dadgeba nulovan maCvenebelze. am meTods ewodeba 
kompensaciis meTodi,kompensaciis meTodi,kompensaciis meTodi,kompensaciis meTodi, romlis drosac Sefardebebi kolrauSis xidis calkeuli 
gverdis winaRobebs Soris iqneba:  

ba

x

R

R

R

R
= ,  aqedan 

b

a
x R

R
RR ⋅=  

 
 
 

 
nax 18: kolrauSis xidi sqemanax 18: kolrauSis xidi sqemanax 18: kolrauSis xidi sqemanax 18: kolrauSis xidi sqema 
 

1.1.1.1. cnobili, anu mudmivi winaRoba ( )R  

2.2.2.2. eleqtrobude sanalizo xsnariT )( xR  

3.3.3.3. reoqordi mcocavi kontaqtiT )(D  

4.4.4.4. kolrauSis xidis diagonali )(C  

5.5.5.5. nul-galvanometri )(E  

6.6.6.6. kolrauSis xidis  gverdebi ( aR  da BR ) 

 

amrigad, saanalizo xsnaris winaRobis _ xR -is gamosaTvlelad, sakmarisia 

vicodeT AD  da DB  ubnebis winaRobaTa Sefardeba, anu 
b

a

R

R
. Tu reoqordi damza-

debulia iseTi mavTulisagan, romlis dayofa erTnairia mTel sigrZeze, maSin 
nebismier ubanSi winaRoba proporciulia am ubnis sigrZisa da imis nacvlad, rom 

vipovoT AD  da DB  ubnebis winaRobaTa Sefardeba, xR -is formulaSi unda CavsvaT 

AD  da DB  ubnebis sigrZeebis Sefardeba sm-iT: 
b

a
x l

l
RR ⋅= . kolrauSis xidi muSaobs 

mxolod cvalebad denze, radganac mudmivi deni gamoiwvevda eleqtrobudeSi 
moTavsebul saanalizo xsnarSi gaxsnili nivTierebis eleqtrolizs.  

eleqtrodis zedapiris Sefardeba eleqtrodebs Soris arsebul daSorebasTan 
aris eleqtruli budis mniSvnelovani maxasiaTebeli, romelsac ewodeba 
eleqtruli budis mudmiva.eleqtruli budis mudmiva.eleqtruli budis mudmiva.eleqtruli budis mudmiva. kolrauSis xidis meSveobiT  sazRvraven ara L -is  
mniSvnelobas, aramed mis sawinaaRmdego sidides,  es aris R -winaRoba. Tu cnobi-
lia xsnaris winaRoba, maSin advilad gamoiTvleba misi eleqtrogamtaroba. mag, Tu 
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125=R omi, maSin am xsnaris eleqtrogamtaroba toli iqneba: 008,0
125

11 ===
R

L omi-1. 

eleqtruli budis mudmiva gamoiTvleba formuliT: 
d

S
K = , maSin: K

d

S
L ⋅=⋅= χχ , 

aqedan: 
K

L=χ .    radgan 
R

L
1= ,   amitom  

RK ⋅
= 1χ . 

 

    
    
    
    
    
    
    
    
    

XVII.XVII.XVII.XVII.2. pirdapiri konduqtometria2. pirdapiri konduqtometria2. pirdapiri konduqtometria2. pirdapiri konduqtometria    
    

pirdapiri konduqtometriapirdapiri konduqtometriapirdapiri konduqtometriapirdapiri konduqtometria anu xsnarebis koncentraciis gansazRvra dafuZanu xsnarebis koncentraciis gansazRvra dafuZanu xsnarebis koncentraciis gansazRvra dafuZanu xsnarebis koncentraciis gansazRvra dafuZnenenene----
bubububulia xsnarebis eleqtrogamtarobis damokidebulebaze mlia xsnarebis eleqtrogamtarobis damokidebulebaze mlia xsnarebis eleqtrogamtarobis damokidebulebaze mlia xsnarebis eleqtrogamtarobis damokidebulebaze maTSi gaxsnili nivTieaTSi gaxsnili nivTieaTSi gaxsnili nivTieaTSi gaxsnili nivTierererere----
bebis SemcvelobasTan.bebis SemcvelobasTan.bebis SemcvelobasTan.bebis SemcvelobasTan. am dros saZiebeli nivTierebis koncentraciis gansazRvra 
xdeba  graduirebuli anu danayofebiani grafikis meSveobiT, romelic gviCvenebs 
saanalizo xsnaris eleqtrogamtarobis damokidebulebas am xsnaris koncentraci-

aze _ C
L .  

xsnarebis eleqtrogamtarobis gasazomad amzadeben standartuli xsnarebis 
serias, romlebSic cnobilia gaxsnili nivTierebis koncentracia da axdenen am 
standartuli xsnarebis  eleqtrogamtarobis gazomvas. Semdeg miRebuli Sedegebis 
safuZvelze ageben grafiks, romlis abscisTa RerZze daaqvT standartuli 
xsnarebis koncentracia _ gr/l, xolo, ordinatTa RerZze _ am xsnarebis 
eleqtrogamtaroba _ (L omi-1), an kuTri eleqtrogamtaroba _ χ (omi-1·sm-1). 

 mamamamagaliTad,galiTad,galiTad,galiTad, NaCl -is xsnaris koncentraciis gansazRvras axdenen 
Semdegnairad: winaswar amzadeben sanimuSo xsnars, romlic Seicavs 200 gr/l  
NaCl -s. am sanimuSo xsnaridan amzadeben standartuli xsnarebis serias, romelic 
Seicavs:  

 
40 g/l;   60 g/l;   80 g/l;   100 g/l  NaCl -s.  
am xsnarebs TanmimdevrobiT aTavseben eleqtrobudeSi da sazRvraven maT kuTr 

eleqtrogamtarobas _ )
1

(
RKK

L

⋅
==χ , 

 
romelic tolia: 1)1)1)1) 0,0510 omi-1 ·sm-1 

                  2)2)2)2) 0,0730 omi-1 ·sm-1 

                                                                        3)3)3)3) 0,0940 omi-1 ·sm-1 

                  4)4)4)4) 0,1140 omi-1 ·sm-1 

 
am monacemebis safuZvelze ageben danayofian grafiks (nax. 19). 
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nax.19.  nax.19.  nax.19.  nax.19.  NaCl ----is koncentraciis ganmsazRvreli danayofiani mrudi is koncentraciis ganmsazRvreli danayofiani mrudi is koncentraciis ganmsazRvreli danayofiani mrudi is koncentraciis ganmsazRvreli danayofiani mrudi     

(misi eleqtro(misi eleqtro(misi eleqtro(misi eleqtrogamtarobis mixedviT)gamtarobis mixedviT)gamtarobis mixedviT)gamtarobis mixedviT)    
    

C - aris NaCl -is xsnaris koncentracia gr/l, χ _aris NaCl -is xsnaris kuTri 

eleqtrogamrtaroba (omi-1 ....    sm-1). amrigad, abscisTa RerZze daaqvT standartuli 
xsnarebis koncentraciebi, xolo ordinatTa RerZze _ kuTri eleqtrogamtarobis 
monacemebi. grafiks gaaCnia sworxazovani mrudis forma, mis safuZvelze SeiZleba 
ganisazRvros NaCl -is Semcveloba xsnarSi 40-dan 100gr-mde/ litrSi. 

analizis Casatareblad eleqtrobudeSi asxamen saanalizo xsnars da sazR-
vraven mis kuTr eleqtrogamtarobas. CavTvaloT, rom Cvens SemTxvevaSi  xsnaris 
eleqtrogamtaroba 1030,0=χ  omi-1 . . . . sm-1.  grafikis ordinatTa RerZze pouloben am 
cifris Sesabamis mniSvnelobas da mocemuli wertilidan gaavleben horizon-
talur xazs mrudis gadakveTamde. gadakveTis wertilidan ki uSveben perpen-
dikulars abscisTa RerZze. miRebuli mniSvneloba Sesabameba NaCl -is raodenobas 
saanalizo xsnarebSi. Cvens SemTxvevaSi es wertili Seesabameba NaCl -is 
Semcvelobas _ 90 gr/l saanalizo xsnarSi. 

 
 
 
 
 
 

XVII.3. konduqtometruli gatitvraXVII.3. konduqtometruli gatitvraXVII.3. konduqtometruli gatitvraXVII.3. konduqtometruli gatitvra    
    

konduqtometruli gatitvrakonduqtometruli gatitvrakonduqtometruli gatitvrakonduqtometruli gatitvra warmoadgens moculobiTi analizis erTwarmoadgens moculobiTi analizis erTwarmoadgens moculobiTi analizis erTwarmoadgens moculobiTi analizis erT----erT meerT meerT meerT me----
Tods, romelic dafuZnebuliaTods, romelic dafuZnebuliaTods, romelic dafuZnebuliaTods, romelic dafuZnebulia    xsnaris eleqtrogamtarobis mkveTr cvlilebazexsnaris eleqtrogamtarobis mkveTr cvlilebazexsnaris eleqtrogamtarobis mkveTr cvlilebazexsnaris eleqtrogamtarobis mkveTr cvlilebaze    
eqvieqvieqvieqvivalentobis wertilSi. valentobis wertilSi. valentobis wertilSi. valentobis wertilSi. saanalizo xsnarSi imyofeba sakvlevi nivTierebis ione-
bi, romelTac titraven standartuli xsnariT. gatitvris procesSi saanalizo 
xsnarSi icvleba sakvlevi komponentis ionTa Semcveloba, radganac gatitvris 
procesSi SeiZleba warmoiqmnas sustad disocirebadi, an Znelad xsnadi naerTi. 
 maSasadame, saanalizo xsnaris gatitvrisas, eleqtrobudeSi  mimdinareobs 
qimiuri reaqcia, romlis Sedegadac warmoiqmneba sxvadasxvanairi moZraobis unaris 
mqone ionebi da maTi moZraobis safuZvelze eqvivalentobis wertilSi xdeba 
eleqtrogamtarobis met-naklebad mkveTri cvlileba. es cvlileba damokidebulia  
imaze, Tu ramdenad gansxvavdeba qimiuri reaqciis Sedegad miRebuli ionebis 
moZraobis unari, gatitvramde xsnarSi arsebuli ionebis moZraobis unarisagan. 
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 konduqtometruli  gatitvra gamoiyeneba: neitralizaciis, daleqvisa da 
kompleqswarmoqmniT reaqciebSi, gansakuTrebiT ki iseT SemTxvevebSi, roca 
saanaalizo xsnari feradia an mRvrie. misi meSveobiT SeiZleba Catardes 
gansazRvrebi, romelTa Catareba SeuZlebelia moculobiTi analizis sxva 
meTodebiT. magaliTad, gogirdmJavasa da marilmJavas narevis analizi, 
qloridebisa da bromidebis analizi. Sesrulebis teqnikiT konduqtometruli 
analizi waagavs Cveulebrivi gatitvris  wess da gansxvavdeba misgan mxolod 
eqvivalentobis wertilis gansazRvris wesiT. 

 
 

    

    
    

    
    
    

    
    

                                            XII.4.  konduqtometruli gatitvris Catareba XII.4.  konduqtometruli gatitvris Catareba XII.4.  konduqtometruli gatitvris Catareba XII.4.  konduqtometruli gatitvris Catareba     
                                                                        neitralizaciisa da daleqvis reaqciebSineitralizaciisa da daleqvis reaqciebSineitralizaciisa da daleqvis reaqciebSineitralizaciisa da daleqvis reaqciebSi    

    
a) a) a) a) NaOH ----is konduqtometruli gatitvra is konduqtometruli gatitvra is konduqtometruli gatitvra is konduqtometruli gatitvra HCl ----iT iT iT iT     

(Zlieri tutis gatitvra  Zlieri mJavi(Zlieri tutis gatitvra  Zlieri mJavi(Zlieri tutis gatitvra  Zlieri mJavi(Zlieri tutis gatitvra  Zlieri mJaviT da piriqiT)T da piriqiT)T da piriqiT)T da piriqiT)    
OHNaClHClNaOH 2+=+     

    
Zlieri tute _ NaOH  xsnarSi mTlianadaa disocirebuli ionebad da amitom 

sanalizo xsnaris eleqtrogamtarobas, upirveles yovlisa, gansazRvravs −OH -
ionebi, romelTa moZraobis unari sakmaod maRalia _ 198,3. gatitvris procesSi, 

−OH -ionebi urTierTqmedeben +H -ionebTan da warmoiqmneba praqtikulad aradiso-

cirebadi naerTi _ OH 2 . saanalizo xsnarSi, −OH -ionebis nacvlad, eqvivalenturi 

raodenobiT warmoiqmneba +Na -ionebi, romelTa moZraobis unari gacilebiT nak-
lebia da Seadgens 42,8-s. amitom gatitvris procesSi, xsnaris eleqtrogamtaroba  
TandaTan Semcirdeba. eqvivalentobis wertilSi mTeli tute ganeitralebulia 

mJavaTi, xolo  −OH -ionebi mTlianad SeboWilia  +H -ionebiT, wylis molekulebis 

saxiT. xsnarSi imyofeba mxolod +Na -is da −Cl -is ionebi, romelTac gaaCniaT 

sakmod dabali moZraobis unari ( −Cl -is moZraobis unari tolia 76,4). amitom 
eqvivalentobis wertilSi, saaneqvivalentobis wertilSi, saaneqvivalentobis wertilSi, saaneqvivalentobis wertilSi, saanalizo xsnaris eleqtrogamtaroba iqneba alizo xsnaris eleqtrogamtaroba iqneba alizo xsnaris eleqtrogamtaroba iqneba alizo xsnaris eleqtrogamtaroba iqneba 
minimaluri.minimaluri.minimaluri.minimaluri. 
 mJavas ((((HCl ) pirvelive porciis mimateba, eqvivalentobis wertilis miRwevis 
Semdeg, gamoiwvevs xsnaris eleqtrogamtarobis mkveTr gazrdas, radganac xsnarSi  

Warbad warmoiqmneba +H -ionebi, romelTa moZraobis unari maqsimaluria da Sead-
gens  319,8-s. miRebuli monacemebis safuZvelze ageben  konduqtometruli gatit-
vris grafiks, romlis abscisTa RerZze daaqvT standartuli xsnaris _ HCl -is mo-
culoba (V) ml-ebSi, xolo ordinatTa RerZze _ saanalizo xsnaris _ NaOH -is 
eleqtrogamtaroba ( L ). gatitvris mrudze ori sworxazovani totis eqstrapoli-
reba mogvcems eqvivalentobis wertils, romlis Sesabamisi mniSvneloba abscisTa 
RerZze iqneba gatitvris saboloo wertiligatitvris saboloo wertiligatitvris saboloo wertiligatitvris saboloo wertili (nax. 20). 
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nax. 20. nax. 20. nax. 20. nax. 20.         NaOH ----is is is is HCl ----iT konduqtometruli gatitvris mrudiiT konduqtometruli gatitvris mrudiiT konduqtometruli gatitvris mrudiiT konduqtometruli gatitvris mrudi    
    

b) susb) susb) susb) sustitititi    mJavebimJavebimJavebimJavebissss    konduqtometruli gatitvra Zlieri tuteebiTkonduqtometruli gatitvra Zlieri tuteebiTkonduqtometruli gatitvra Zlieri tuteebiTkonduqtometruli gatitvra Zlieri tuteebiT    
da piriqiT: da piriqiT: da piriqiT: da piriqiT: COOHCH 3 ----is gatitvra is gatitvra is gatitvra is gatitvra NaOH ----iTiTiTiT    

OHCOONaCHNaOHCOOHCH 233 +=+     
ZmarmJava susti mJavaa, romelsac gaaCnia  dabali disociaciis xarisxi, amitom 

gatitvris dasawyisSi saanalizo xsnaris eleqtrogamtaroba mcirea. gatitvris 

procesSi eqvivalentobis wertilamde, xsnarSi imyofeba +Na -is da −COOCH 3 -is 

ionebi da Tumca maTi moZraobis unari dabalia, vidre +H -is ionebisa, xsnaris 

eleqtrogamtaroba umniSvnelod izrdeba (radganac +H -is ionebi mTlianad 

SeboWilia OH 2 -s molekulebSi). 

mas Semdeg, rac mTeli mJava ( COOHCH 3 ) ganeitralebulia, saanalizo xsnarze 

NaOH -is pirvelive zedmeti porciis mimateba gamoiwvevs xsnaris eleqtrogamtaro-
bis mkveTr gazrdas, anu naxtoms. konduqtometruli gatitvris mrudze ori 
sworxazovani monakveTis gadakveTa mogvcems eqvivalentobis wertils, romlis 
Sesabamisi mniSvneloba abscisTa RerZze iqneba  gatitvris  saboloo wertili 
(nax. 21). 

 
 

nax. 21. nax. 21. nax. 21. nax. 21.     COOHCH 3 ----is is is is NaOH ----iT konduqtometruli gatitvris mrudiiT konduqtometruli gatitvris mrudiiT konduqtometruli gatitvris mrudiiT konduqtometruli gatitvris mrudi 

 



 - 136 -  

g) konduqtometruli gatitvra daleqvis reaqciebSi g) konduqtometruli gatitvra daleqvis reaqciebSi g) konduqtometruli gatitvra daleqvis reaqciebSi g) konduqtometruli gatitvra daleqvis reaqciebSi     

3AgNO ----is gatitvra is gatitvra is gatitvra is gatitvra KCl ----iTiTiTiT    

    

33 KNOAgClKClAgNO +↓=+     

gatitvris procesSi, sanalizo xsnarSi  +Ag -ionebis adgilze Cainacvleba 
+K -ionebi, romelTa moZraobis unari 73,5-ia da 11,6-iT metia +Ag -ionebis moZraobis 

unarze ( +Ag _ 61,9). amitom KCl -is pirvelive porciebis damatebiT sanalizo 

xsnaris eleqtrogamtaroba umniSvnelod izrdeba. eqvivalentobis wertilSi +Ag -

mTeli ionebi gadasuli arian AgCl -is formaSi, amitom KCl -is Semdgomi porciis 
damateba gamoiwvevs sanalizo xsnaris eleqtrogamtarobis mkveTr gazrdas. 
konduqtometruli gatitvris mruds eqneba Semdegi saxe (nax. 22).  

 
 

 

nax. 22nax. 22nax. 22nax. 22....    

3AgNO ----isisisis        KCl ----    iT konduiT konduiT konduiT konduqtometruli qtometruli qtometruli qtometruli 

gatitvris mrudigatitvris mrudigatitvris mrudigatitvris mrudi 
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XVII.XVII.XVII.XVII.5. polarografiis principebi.5. polarografiis principebi.5. polarografiis principebi.5. polarografiis principebi.    
    polarografiuli (voltamperulipolarografiuli (voltamperulipolarografiuli (voltamperulipolarografiuli (voltamperuli) mrudi) mrudi) mrudi) mrudi    

    
polarografiuli analizipolarografiuli analizipolarografiuli analizipolarografiuli analizi dafuZnebulia im movlenaze, rom sxvadasxva dafuZnebulia im movlenaze, rom sxvadasxva dafuZnebulia im movlenaze, rom sxvadasxva dafuZnebulia im movlenaze, rom sxvadasxva 

metali ilemetali ilemetali ilemetali ileqeqeqeqeba saanalizo ba saanalizo ba saanalizo ba saanalizo xsnaridan, am xsnarebSi CaSvebuli kaTodis zedapirze, xsnaridan, am xsnarebSi CaSvebuli kaTodis zedapirze, xsnaridan, am xsnarebSi CaSvebuli kaTodis zedapirze, xsnaridan, am xsnarebSi CaSvebuli kaTodis zedapirze, 
sxvasxvasxvasxvadasdasdasdasxva eleqtruli potencialis SemTxvevaSi.xva eleqtruli potencialis SemTxvevaSi.xva eleqtruli potencialis SemTxvevaSi.xva eleqtruli potencialis SemTxvevaSi. 

yvela metals gaaCnia misTvis damaxasiaTebeli naxevartalRis ponaxevartalRis ponaxevartalRis ponaxevartalRis potenciali,tenciali,tenciali,tenciali, 
romelic gamoiyeneba am metalis identifikaciisaTvis, anu aRmoCenisaTvis 
(gamJRavnebisaTvis). metalis koncentracias saanalizo xsnarSi gamoiTvlian misi 
Sesabamisi talRis sigrZis mixedviT. polagrafiuli meTodi gamoiyeneba 
erTdroulad ramodenime metalis aRmosaCenad da umTavresad ki mZime metalebis 
aRmosaCenad. 

Tu eletrolitis xsnarSi CauSvebT eleqtrodebs (k + ak + ak + ak + a), Semdeg gavatarebT 
mudmiv eleqtrodens da TandaTanobiT gavzrdiT mis Zabvas, maSin eleqtrodebze 
daiwyeba eleqtroqimiuri procesebi, kerZod: kaTodze daiwyeba kaTionebis aRdge-
nis procesi, xolo anodze daiwyeba anionebis Jangvis procesi. rogorc viciT, am 
process ewodeba eleqtrolizi, romelsac mivyavarT eleqtrodebs Soris potenpotenpotenpoten----
cialTa sxvaobiscialTa sxvaobiscialTa sxvaobiscialTa sxvaobis warmoqmnamde:  

Eindindindind    _ _ _ _ ESedSedSedSed= = = = Ex 

Ex  = Eiiiind (k)nd (k)nd (k)nd (k)    _ _ _ _ ESed (a) Sed (a) Sed (a) Sed (a) ====    Eind (k)ind (k)ind (k)ind (k)    

Ex  = Ekkkk    

 

potencialTa sxvaoba mimarTulia am eleqtrodebze dadebuli Zabvis 
sapirispirod da am movlenas ewodeba – polarizacia.polarizacia.polarizacia.polarizacia.    

polarizaciis warmoSobis ZiriTadi mizezia – eleqtrodTan mimdebare 
xsnaris fenaSi ionTa koncentraciis cvlileba. maSasadame, polarografiuli 
meTodis principia – saanalizo xsnaris eleqtrolizi, romlis Sedegadac xsnarSi 
CaSvebul eleqtrodebze warmoiqmneba denis Zala (potencialTa sxvaoba), am eleq-
trodebze nivTierebis  aRdgenis an daJangvis Sedegad, da romelic mimarTulia 
maTze dadebuli Zabvis sapirispirod. swored eleqtrodebze warmoqmnili denis 
Zala isazRvreba xelsawyo polarografze, romlis principuli sqema 
warmodgenilia 23-e naxazze. 

Tu saanalizo xsnarSi CaSvebul eleqtrodebs mivawvdiT Zabvas, dasawyisSi 
deni TiTqmis ar gaivlis xsnars, radganac eleqtrolizis procesi ar iqneba 
dawyebuli da dabali Zabvis dros eleqtrolizi sustad mimdinareobs. amis Semdeg 
zrdian eleqtrodebze miwodebul Zabvas, rac gamoiwvevs xsnarSi gavlili denis 
Zalis zrdasac da sabolood Zabva miaRwevs iseT sidides, romelic sakmarisia 
saanalizo eleqtrolitis xsnaris ionebad dasaSlelad. Zabvis im sidides, Zabvis im sidides, Zabvis im sidides, Zabvis im sidides, 
romelic iwvevs saanalizo xsnaris daSlas, uwodebenromelic iwvevs saanalizo xsnaris daSlas, uwodebenromelic iwvevs saanalizo xsnaris daSlas, uwodebenromelic iwvevs saanalizo xsnaris daSlas, uwodeben daSlis potencials.daSlis potencials.daSlis potencials.daSlis potencials. 
swored am momentSi kaTodze (anu, Cvens SemTxvevaSi, vercxliswylis wveTovan 
eleqtrodze) daiwyeba saanalizo xsnarSi myofi ionebis _ kaTionebis aRdgena. 
rogorc aRvniSneT, yvela metalis ioni aRdgeba kaTodze mxolod misTvis 
damaxasiaTebeli gansazRvruli potencialis dros.  

polarografiuli meTodis ZiriTadi moTxovnilebapolarografiuli meTodis ZiriTadi moTxovnilebapolarografiuli meTodis ZiriTadi moTxovnilebapolarografiuli meTodis ZiriTadi moTxovnileba mdgomareobs imaSi, rom 
kaTodze da anodze eleqtrodenis simkvrive unda iyos gansxvavebuli. es gansxva-
veba miiRweva Semdegnairad: im eleqtrods, romelzedac mimdinareobs eleqtro-
qimiuri aRdgenis procesi (k), unda gaaCndes Zalze mcire zedapiri, swored amitom 
kaTodad xSirad iyeneben vercxliswylis wveTovan eleqtrods an myar mikroeleq-
trodebs – platinasa da grafits. xolo meore eleqtrods (a), anu Sedarebis 
eleqtrods, romelzedac mimdinareobs eleqtroqimiuri Jangvis reaqcia, piriqiT 
unda gaaCndes didi zedapiri, swored amitom anodad iyeneben vercxliswyals, 
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romlis fena imyofeba eleqtrobudis fskerze. anodis roli SeiZleba Seasrulos 
aseve kalomelis eleqtrodma an qlorvercxlis eleqtrodma. 

 
 
 
 
 
 
 
 
 
 
 

 
eleqtrodebze Zabvis miwodebis Semdeg moxdeba kaTodis da anodis 

polarizacia. am dros saanalizo nivTierebis potenciali 
Ex = Eaaaa    _ _ _ _ Ek ,   k ,   k ,   k ,   sadac: 

E aaaa  da  E kkkk  _ aris anodis da kaTodis potencialebi.  
Tu mxedvelobaSi miviRebT, rom anodis Sexebis zedapiri didia, xolo 

kaTodis Sexebis zedapiri _ mcire, maSin SegviZlia formula Semdegnairad 
gavamartivoT:      Ex = Ekkkk    _ 0 = _ 0 = _ 0 = _ 0 = Ekkkk,         ,         ,         ,         Ex = Ekkkk....    

                  
amrigad eleqtrodebze dadebuli Zabva mTlianad ixarjeba kaTodis 

potencialis Secvlaze, anu eleqtroaRdgeniT reaqciaze. Tu piriqiT, anodis zeda-
piria mcire, maSin Ex = Eaaaa da am dros, eleqtrodebze dadebuli Zabva mTlianad 
daixarjeba anodis potencialis Secvlaze, anu eleqtroJangviT reaqciaze.  

vidre daiwyebdnen polarografiuli analizis Catarebas, Tavdapirvelad 
nivTiereba gadahyavT xsnarSi da Tavidan icileben xelisSemSlel minarevebs. amis 
Semdeg xsnars aSoreben masSi gaxsnil Jangbads, romelsac SeuZlia aRdges kaTod-
ze da amiT xeli SeuSalos analizis msvlelobas.  

saanalizo xsnars aTavseben eleqtrobudeSi, romelSic CaSvebulia kaTodis 
saxiT vercxliswylis wveTovani eleqtrodi, xolo eleqtrobudis fskerze anodis 
saxiT imyofeba _ vercxliswylis sqeli fena, an kalomelis eleqtrodi. denis 
gareSe wyaros rols asrulebs 2-4 voltiani akumulatorebis batarea, 
romlidanac wamosuli Zabva gadaecema reoqords da izomeba voltmetris 
saSualebiT. reoqordis skalaze mcocavi kontaqtis gadaadgilebiT TandaTanobiT 
zrdian Zabvas da es Zabva miewodeba eleqtrodebs. Zabvis zrdasTan erTad 
afiqsireben denis Zalis cvlilebas da iweren miRebul mniSvnelobas.  

denis Zala, romelic gaivlis eleqtrobudeSi eleqtrodebze Zabvis miwodebis 
Sedegad, gaizrdeba manam, sanam saanalizo xsnarSi myofi metalis ionebi 

nax. 23nax. 23nax. 23nax. 23.  .  .  .  polarografis principuli sqemapolarografis principuli sqemapolarografis principuli sqemapolarografis principuli sqema    
1.1.1.1. vercxliswyliani balonivercxliswyliani balonivercxliswyliani balonivercxliswyliani baloni    
2.2.2.2. reostati (reoqordi)reostati (reoqordi)reostati (reoqordi)reostati (reoqordi)    
3.3.3.3. akumulatorebis batarea (denis wyaro)akumulatorebis batarea (denis wyaro)akumulatorebis batarea (denis wyaro)akumulatorebis batarea (denis wyaro)    
4.4.4.4. voltmetri (denis registratori)voltmetri (denis registratori)voltmetri (denis registratori)voltmetri (denis registratori)    
5.5.5.5. vercxliswylis wveTovani eleqtrodi (kaTodi)vercxliswylis wveTovani eleqtrodi (kaTodi)vercxliswylis wveTovani eleqtrodi (kaTodi)vercxliswylis wveTovani eleqtrodi (kaTodi)    
6.6.6.6. vercxliswylis fenavercxliswylis fenavercxliswylis fenavercxliswylis fena    (anodi)(anodi)(anodi)(anodi)    
7.7.7.7. eleqtroeleqtroeleqtroeleqtrobudebudebudebude    
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mTlianad ar aRdgeba kaTodze. amis Semdeg denis Zala ukve stabiluri xdeba da 
misi sidide ganisazRvreba mxolod ionebis difuziiT da ionebis kooncentraciiT.  

polarografiuli analizis safuZvelze ageben polarograpolarograpolarograpolarografiul anu fiul anu fiul anu fiul anu 
voltamperul mruds,voltamperul mruds,voltamperul mruds,voltamperul mruds, romelsac ewodeba polarografiuli talRa.polarografiuli talRa.polarografiuli talRa.polarografiuli talRa. am talRis 
asagebad, abscisTa RerZze daaqvT Zabvis sidide voltebSi, xolo ordinatTa 
RerZze daaqvT denis Zala mikroamperebSi (nax. 24). 

 
 
 
 
 
 
 
polarografiuli analizis Catarebis dasawyisSi, roca eleqtrodebs 

miewodeba dabali Zabva, am dros saanalizo xsnarSi gavlili denis Zala mcirea, 
amitom am denis Zalas ewodeba narCeni deninarCeni deninarCeni deninarCeni deni – am dros Zabvis zrda ar iwvevs de-
nis Zalis arsebiT cvlilebas, mrudis am monakveTze eleqtrolizi ar mimdi-
nareobs. maSasadame, saanalizo xsnari ar iSleba da ar miiReba sakvlevi 
nivTierebis daSlis potenciali. magram rogorc ki Zabva gadaametebs iseT 
mniSvnelobas, romelic sakmarisia xsnaris eleqtrolizisaTvis, am dros denis 
Zalac myisierad gaizrdeba da mrudis am monakveTSi moxdeba mkveTri gazrda. 
swored am monakveTs ewodeba polarografiuli talRa,polarografiuli talRa,polarografiuli talRa,polarografiuli talRa, romelic axasiaTebs 
saanalizo xsnaris eleqtrolizis process, ris Sedegadac kaTodze da anodze 
mimdinareobs Jangva-aRdgeniTi procesebi.  

rogorc aRvniSneT, ionebis aRdgena mimdinareobs vercxliswylis wveTovan 
eleqtrodze (k), romlidanac TandaTanobiT mowveTavs Hg -is wveTebi. aRdgena mim-
dinareobs vercxliswylis wveTis zedapirze, amitom roca wveTi daecema 
eleqtrobudis fskerze da SeuerTdeba vercxliswylis fenas, aRdgena gagrZel-
deba vercxliswylis axal wveTze da ase gagrZeldeba manam, sanam xsnarSi myofi 
yvela ioni ar aRdgeba vercxliswylis wveTze. imis Semdeg, roca eleqtrolizi 
mTlianad damTavrebulia da yvela ioni aRdgenilia kaTodze, denis Zalis zrdac 
Sewydeba, igi dastabildeba da mrudi kvlav miiRebs horizontalur saxes, ro-
melic iqneba abscisTa RerZis paraleluri. am dros denis Zalis sidide gani-
sazRvreba mxolod ionTa difuziis siCqariT saanalizo xsnaridan eleqtrodebze 
da aseve ionTa koncentraciiT. mrudis am monakveTs difuziuri dedifuziuri dedifuziuri dedifuziuri denininini ewodeba. 
polarografiuli talRis sigrZe λ _ warmoadgens igive denis Zalas _ I-s, 
romelic proporciulia saanalizo xsnarSi sakvlevi nivTierebis koncentraciisa 
da gamoisaxeba formuliT: 

I difdifdifdif = Ck ⋅  
 

nax. 24nax. 24nax. 24nax. 24....    
polarografpolarografpolarografpolarografiiiiuli talRa uli talRa uli talRa uli talRa     
(voltamperuli mrudi)(voltamperuli mrudi)(voltamperuli mrudi)(voltamperuli mrudi)    
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     e.i rac ufro metia sakvlevi nivTierebis koncentracia, miT ufro metia 
talRis sigrZe, anu difuziuri denis Zala. amitom am gantolebis gamoyeneba 
nivTierebaTa zusti gansazRvrisaTvis warmoadgens erTgvar siZneles, radganac 
saWiroa difuziis koeficientis _K -s codna. aqedan gamomdinare, roca surT Caa-
taron raodenobiTi polarografiuli analizi, iyeneben polarografiis sxva me-
Todebs. gadaRebul polarografiul talRas ewodeba polapolapolapolarorororograma. grama. grama. grama. polarogra-
fiuli talRis mdgomareoba polarogramaze xasiaTdeba ZiriTadi maCvenebliT, 

romelsac ewodeba naxevartalRis potenciali naxevartalRis potenciali naxevartalRis potenciali naxevartalRis potenciali 
2

1E ____ es aris polarografiuli 

talRis Sua wertilis potenciali.  
 

cnobilia, rom yoveli polarografiulad aqtiuri naerTi aRdgeba an iJangeba 
misTvis damaxasiaTebeli naxevartalRis potencialis sididis dros.  

 
naxevartalRis potenciali damokidebulia:naxevartalRis potenciali damokidebulia:naxevartalRis potenciali damokidebulia:naxevartalRis potenciali damokidebulia:    

1.1.1.1. TviT eleqtrolitis bunebaze, romelSic gaxsnilia sakvlevi naerTi; 
2.2.2.2. xsnaris pH-ze; 
3.3.3.3. im masalaze, romlisganac damzadebulia eleqtrodebi. 
 

    naxevartalRis potencials pouloben Semdegnairad: grafikis cicabo 
monakveTis Sua wertilidan uSveben perpendikulars abscisTa RerZze, miRebuli 
sidide gviCvenebs potencialis sidides, romelic aucilebelia zRvruli denis 
naxevris misaRebad. 
     naxevartalRis potenciali damokidebulia mxolod aRdgenili ionebis 
bunebaze da ar aris damokidebuli saanalizo xsnaris koncentraciaze, amitom 
naxevartalRis potencialis sididis mixedviT SeiZleba mxolod sakvlevi nivTi-
erebis TvisebiTi analizis Catareba. roca  surT Caataron raodenobiTi polarog-
rafiuli analizi, maSin saWiroa ganisazRvros polarografiuli talRis sigrZe, 
radganac igi axasiaTebs sruli denis Zalas, amitom pirdapirproporciulia ka-
Todze aRdgenili ionebis koncentraciisa, anu raodenobisa. ese igi polarografi-
uli talRis sigrZe _ h saSualebas iZleva ganisazRvros saanalizo nivTierebis 
ionTa koncentracia, anu raodenoba. 
 
 
 
 
 
 
 
 
 
 

XVII.6. TvisebiTi da raodenobiTi polarografiuli analiziXVII.6. TvisebiTi da raodenobiTi polarografiuli analiziXVII.6. TvisebiTi da raodenobiTi polarografiuli analiziXVII.6. TvisebiTi da raodenobiTi polarografiuli analizi    
    

     polarografiuli analizis TvisebiTi meTodebiTvisebiTi meTodebiTvisebiTi meTodebiTvisebiTi meTodebi dafuZnebulia naxevartalRis 
potencialis  _ E1/2     gansazRvraze. rogorc aRvniSneT, TiToeul ions gaaCnia 
Tavisi naxevartalRis potenciali _ E1/2 , , , , es aris am ionis TvisebiTi 
maxasiaTebeli. zogierTi ionis naxevartalRis potenciali warmodgenilia me-14 
cxrilSi. 
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cxrili 14cxrili 14cxrili 14cxrili 14    
metalTa ionebis naxevartalRis potencialimetalTa ionebis naxevartalRis potencialimetalTa ionebis naxevartalRis potencialimetalTa ionebis naxevartalRis potenciali    

    
metalimetalimetalimetali    ioniioniioniioni    naxevartalRis naxevartalRis naxevartalRis naxevartalRis 

potenciali voltebSipotenciali voltebSipotenciali voltebSipotenciali voltebSi 
bismuti Bi

+3 -0,10 
rkina Fe

+2
 

Fe
+3 

-1,3 
-0,35 

kadmiumi Cd
+2 -0,586 

kaliumi K
+ -2,13 

kobalti Co
+2 -1,20 

liTiumi Li
+ -2,27 

manganumi Mn
+2 -1,45 

spilenZi Cu
+2 -0,02 

natriumi Na
+ -2,11 

nikeli Ni
+2 -1,10 

tyvia Pb
+2 -0,405 

qromi Cr
+3 -0,95 

TuTia Zn
+2 -1,012 

 
 

polarografiuli meTodi saSualebas iZleva vawarmooT analizi im xsna-
rebSic, romlebic erTdroulad Sedgeba ramdenime ionis narevisagan. am dros es 
ionebi erTmaneTs xels ver SeuSlian, radganac TiToeul ions axasiaTebs Tavisi 
naxevartalRis potenciali, amitom TiToeuli ioni aRdgeba mxolod misTvis dama-
xasiaTebeli Zabvis dros. am dros polarografiul mrudze gaCndeba ramdenime 
safexuri, anu erTdroulad miviRebT ramodenime talRas da Tu gavzomavT 
TiToeuli talRis naxevarpotencials, SegviZlia sacnobaro cxrilis mixedviT 
davadginoT, Tu romeli ioni imyofeba saanalizo xsnarSi. 

 
raodenobiTi polarografiuli analizisraodenobiTi polarografiuli analizisraodenobiTi polarografiuli analizisraodenobiTi polarografiuli analizis dros isazRvreba polarografiuli 

talRis sigrZe _ λ  da igi pirdapirproporciulia kaTodebze aRdgenili ionebis 
raodenobisa. e.i. Tu TvisebiTi polarografiuli analizis dros sakmarisia ione-
bis naxevartalRis potencialis codna, raodenobiTi polarografiuli analizis 
dros aucilebelia ganisazRvros polarografiuli talRis sigrZe _ λ .  

    
    
    

    
    

raodenobiTi polarografiuli analizis meTodebi iyofa ramdenimeraodenobiTi polarografiuli analizis meTodebi iyofa ramdenimeraodenobiTi polarografiuli analizis meTodebi iyofa ramdenimeraodenobiTi polarografiuli analizis meTodebi iyofa ramdenime    saxeobad:saxeobad:saxeobad:saxeobad:    
    

1. sakalibro mrudis meTodi1. sakalibro mrudis meTodi1. sakalibro mrudis meTodi1. sakalibro mrudis meTodi    ––––    es meTodi dafuZnebulia sakalibro grafikis 
agebaze da amisaTvis saWiroa standartuli xsnarebis seriis momzadeba.    
     rogorc cnobilia, standartuli xsnari Seicavs sakvlev ions zustad 
cnobili koncentraciiT. analizis Casatareblad iReben samuSao xsnars, misgan 
amzadeben standartul xsnarebs da TiToeuli standartuli xsnarisTvis iReben 
polarogramas. ageben grafiks, romelic uCvenebs talRis sigrZis damokidebulebas 
standartuli xsnaris koncentraciasTan. amis Semdeg iReben ucnobi saanalizo 
xsnaris polarogramas da adgenen mis talRis sigrZes, Semdeg ki grafikis 
meSveobiT pouloben saanalizo xsnaris koncentracias (nax. 25). 
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  hx _ aris sakvlevi ionis polarografiuli talRis sigrZe;  
  Cx – aris am ionis koncentracia saanalizo xsnarSi. 

    
    

    
2.2.2.2.    standartuli xsnaris meTodistandartuli xsnaris meTodistandartuli xsnaris meTodistandartuli xsnaris meTodi    – am dros iReben mxolod erT standartul 

xsnars da gadaiReben am xsnaris polarogramas.  
 
rogorc cnobilia, standartul xsnarSi saanalizo ionis koncentracia 

cnobilia. amis Semdeg iReben aseve erT saanalizo xsnars da gadaiReben mis 
polarogramas. saanalizo da standartuli xsnarebis polarografiuli talRebis 
sigrZeebs aRniSnaven  h st st st st  da  h x (nax. 26). 

 
 

 

 

 

 

CCx stststst= hhx stststst ,  aqedan vpoulobT     Cx: 

xC =C stststst · hhx stststst    ,  sadac: 

 

    
nax. 25nax. 25nax. 25nax. 25....    

    

    
nax. 26nax. 26nax. 26nax. 26....    
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xC _ aris saanalizo xsnarSi sakvlevi ionebis koncentracia;  

C stststst _ standartul xsnarSi sakvlevi ionebis koncentracia;  
h x _ saanalizo xsnarSi sakvlevi ionebis polarografiuli talRis sigrZe;  
                
h st st st st _ standartul xsnarSi sakvlevi ionebis polarografiuli talRis sigrZe. 
  
    
3333. diferencialuri klasikuri polarografiis meTodidiferencialuri klasikuri polarografiis meTodidiferencialuri klasikuri polarografiis meTodidiferencialuri klasikuri polarografiis meTodi    –––– am dros polarografis 
meSveobiT iwereba diferencialuri polarograma, romelic warmoadgens denis 
Zalis cvlilebis damokidebulebas ionis potencialTan. polarogramas gaaCnia 
pikis forma (nax. 27).  

    
    
    
    
    
    
    
    

    
XVII.7. amperometruli gatitvra, gatitvris mrudebi XVII.7. amperometruli gatitvra, gatitvris mrudebi XVII.7. amperometruli gatitvra, gatitvris mrudebi XVII.7. amperometruli gatitvra, gatitvris mrudebi     

    
amperometrulamperometrulamperometrulamperometruli gatitvra dafuZnebulia imaze, rom gatitvris saboloo i gatitvra dafuZnebulia imaze, rom gatitvris saboloo i gatitvra dafuZnebulia imaze, rom gatitvris saboloo i gatitvra dafuZnebulia imaze, rom gatitvris saboloo 

wertils  pouloben zRvruli difuziuri denis cvlilebiT.wertils  pouloben zRvruli difuziuri denis cvlilebiT.wertils  pouloben zRvruli difuziuri denis cvlilebiT.wertils  pouloben zRvruli difuziuri denis cvlilebiT. es deni gaivlis 
xsnarSi, mudmivi Zabvis  miwodebis Semdeg indikatorul  da Sedarebis eleqtro-
debze, maSasadame, amperometruli gatitvra _ warmoadgens difuziuri denis Zalis 
damokidebulebas gamtitravi xsnaris, anu titrantis moculobaze _ I difdifdifdif////VVVV....    

        mocemuli Sedegebis safuZvelze ageben amperometruli gatitvris 
grafiks, romelic gamoxatavs zRvruli denis Zalis damokidebulebas samuSao 
standartuli xsnaris, anu titrantis moculobasTan. grafikis asagebad abscisTa 
RerZze daaqvT titrantis moculoba mililitrobiT, xolo ordinatTa RerZze _  
galvanometris mier zRvruli difuziuri denis Zalis Cveneba.  

 Ggrafiki warmoadgens or sworxazovan mruds anu tots, romelTa 
gadakveTiT anu eqstrapolirebiT miiReba standartuli xsnaris _  titrantis is 
moculoba mililitrebSi, romelic daixarja gatitvris saboloo wertilis 
misaRwevad. eqvivalentobis wertilidan dauSveben perpendikulars abscisTa 
RerZze da pouloben gatitvris saboloo wertils, romlis mixedviT Semdeg 
gaiangariSeben saanalizo xsnarSi sakvlevi nivTierebis koncentracias (nax. 28). 

 

naxnaxnaxnax....    27272727....    
diferencialuri klasikuri diferencialuri klasikuri diferencialuri klasikuri diferencialuri klasikuri 

polarogramapolarogramapolarogramapolarograma    
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amperometruli gatitvris dawyebamde saWiroa gamoicados moreagire nivTi-

erebebis unari eleqtroduli reaqciisadmi (anu eleqtrolizis Sedegad Jangva-
aRdgeniTi reaqciisadmi kaTodze an anodze). am mizniT cal-calke iReben volt-
amperul mruds orive xsnarisaTvis: saanalizo xsnarisaTvis da titrantisaTvis. 
miRebuli mrudebis safuZvelze adgenen im potencials, romlis drosac saana-
lizo xsnarSi myofi sakvlevi naerTebi yvelaze aqtiuria da ganicdian aRdgenas 
kaTodze. amrigad, miRebuli potencialis safuZvelze adgenen, Tu ra pirobebSi 
SeiZleba amperometruli gatitvris Catareba. am potencialis sidide unda iyos 
iseTi, rom miviRoT mkveTri difuziuri deni. garda amisa, anodze daJanguli, an 
kaTodze aRdgenili nivTierebis koncentraciis Secvlam unda gamoiwvios difuzi-
uri denis sididis proporciuli Secvla.  

amperometruli gatitvris Catarebis aucilebeli pirobaaamperometruli gatitvris Catarebis aucilebeli pirobaaamperometruli gatitvris Catarebis aucilebeli pirobaaamperometruli gatitvris Catarebis aucilebeli pirobaa – mudmivi 
eleqtromamoZravebeli Zalis SenarCuneba. 

 
amperometrul gatitvras atareben polarografze. amisaTvis eleqtrobudeSi 

asxamen saanalizo xsnars, uSveben masSi indikatorul eleqtrods anu kaTods 
(vercxliswylis wveTovani eleqtrodi) da aseve uSveben marilis xidis erT 
bolos. marilis xidis meore bolo CaSvebulia marilxsnaris WurWelSi da amave 
WiqaSi imyofeba Sedarebis anu standartuli eleqtrodi – anodi (vercxliswylis 
fena Wiqis fskerze). orive eleqtrods _  standartuls da indikatoruls 
uerTeben polarografs, rTaven magnitur Semrevs, romelzedac imyofeba 
saanalizo xsnariani eleqtrolizeri da sazomi biuretidan umateben 
standartuli xsnaris mcire ulufebs. yoveli ulufis damatebis Semdeg xsnars 
moureven, daayovneben da iReben polarograful mruds, kerZod, sam wertils _  
eqvivalentobis wertilamde da sam wertils _ eqvivalentobis wertilis miRwevis 
Semdeg. amiT gatitvra dasrulebulia da misi monacemebis safuZvelze ageben 
amperometruli gatitvris anu voltamperul mruds. miRebul wertilebze 
gaavleben or pirdapir xazs, romelTa gadakveTa anu eqstrapolireba mogvcems 
titrantis im moculobas, romelic Seesabameba gatitvris saboloo wertils.  

miRebuli Sedegebis safuZvelze gamoiangariSeben saanalizo xsnarSi saanalizo xsnarSi saanalizo xsnarSi saanalizo xsnarSi 
sakvlevi nivTierebis koncentracias sakvlevi nivTierebis koncentracias sakvlevi nivTierebis koncentracias sakvlevi nivTierebis koncentracias Semdegi formulis safuZvelze:  

 

naxnaxnaxnax....    28282828....    
amperometruli gatitvris mrudiamperometruli gatitvris mrudiamperometruli gatitvris mrudiamperometruli gatitvris mrudi    
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sadac:  xC  _ aris saanalizo xsnarSi sakvlevi nivTierebis koncentracia;  

 
    Cstststst _ aris standartuli xsnaris, anu titrantis moluri  
              koncentracia; 
       
    g.s.w    _ _ _ _ standartuli xsnaris is raodenoba mililitrebSi, romelic 

daixarja   eqvivalentobis wertilis miRwevamde, anu gatitvris 
saboloo  wertili; 

 

    xA  _ aris sakvlevi nivTierebis atomuri an molekuluri masa; 

 

    0V  _ aris saanalizo xsnariani Wiqis moculoba, mililitrebSi; 

 

    1V  _ pipetis an biuretis moculoba mililitrebSi, romlis meSveobiTac  
         warmoebda titrantis mimateba saanalizo xsnarze. 

    
    
    

amperometruli gatitvrebis Catarebisas SesaZloa miviRoT sami saxis mrudi:amperometruli gatitvrebis Catarebisas SesaZloa miviRoT sami saxis mrudi:amperometruli gatitvrebis Catarebisas SesaZloa miviRoT sami saxis mrudi:amperometruli gatitvrebis Catarebisas SesaZloa miviRoT sami saxis mrudi:    
 

 1. roca saanalizo nivTiereba polarografiulad  aqtiuria1. roca saanalizo nivTiereba polarografiulad  aqtiuria1. roca saanalizo nivTiereba polarografiulad  aqtiuria1. roca saanalizo nivTiereba polarografiulad  aqtiuria _ am dros 
standartuli xsnaris, anu titrantis mimatebisas, saanalizo xsnarSi difuziuri 
denis Zala, romelic gatitvramde iyo maqsimaluri, TandaTanobiT Semcirdeba da 
miaRwevs minimalur  mniSvnelobas. swored am momentSi imyofeba eqvivalentobis 
wertili, radganac am dros sakvlevi nivTiereba mTlianad aRdgenilia kaTodze, 
xolo titranti ki ar ganicdis aRdgenas (nax. 29). 

 

 
 
 
 
 
 

 

 
         Cst ×st ×st ×st ×    g.s.w. ×g.s.w. ×g.s.w. ×g.s.w. × Ax × V0 

Cx=                    
             V1  · 1000 

nax.nax.nax.nax.    29292929....    amperometruli gatitvris mrudiamperometruli gatitvris mrudiamperometruli gatitvris mrudiamperometruli gatitvris mrudi....    
    

saanalizo  nivTiereba polarografsaanalizo  nivTiereba polarografsaanalizo  nivTiereba polarografsaanalizo  nivTiereba polarografiiiiulad aqtiuriaulad aqtiuriaulad aqtiuriaulad aqtiuria 
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2.2.2.2.     roca standartuli xsnari, anu titranti polarografiulad aqtiuriaroca standartuli xsnari, anu titranti polarografiulad aqtiuriaroca standartuli xsnari, anu titranti polarografiulad aqtiuriaroca standartuli xsnari, anu titranti polarografiulad aqtiuria _ am 
dros, Tavdapirvelad standartuli xsnaris mimatebisas, garkveul momentamde 
difuziuri denis Zala rCeba mudmivi da minimaluri. mxolod imis Semdeg, roca 
saanalizo xsnars Warbad daemateba titranti, daiwyeba difuziuri denis Zalis 
zrda. am dros saanalizo nivTiereba ar ganicdis aRdgenas kaTodze, samagierod, 
anodze ganicdis Jangvas titranti (nax. 30). 
 

 
 
 

 
 
 

3.3.3.3.     rorororoca saanalizo xsnaric da titrantica saanalizo xsnaric da titrantica saanalizo xsnaric da titrantica saanalizo xsnaric da titranticccc    aqtiurebi arianaqtiurebi arianaqtiurebi arianaqtiurebi arian _ am dros Tavda-
pirveli mniSvneloba zRvruli difuziuri denisa iqneba maqsimaluri. Semdeg 
gatitvris procesSi, titrantis mimatebiT, saanalizo nivTiereba daiwyebs Tanda-
TanobiT aRdgenas kaTodze, amitom zRvruli difuziuri denis Zala TandaTanobiT 
Semcirdeba da roca mTeli raodenoba saanalizo nivTierebisa mTlianad aRdgeba 
kaTodze, zRvruli difuziuri denis Zala iqneba minimaluri. swored am  minimumSi 
imyofeba eqvivalentobis wertili. amis Semdeg titrantis Warbi raodenobiT mima-
teba gamoiwvevs TviT titrantis daJangvas anodze, ris gamoc kvlav gaizrdeba 
zRvruli difuziuri denis Zala.  

 
maSasadame, am SemTxvevaSi orive nivTiereba, rogorc saanalizo, aseve 

titrantic monawileoben eleqtrodul (Jangva-aRdgeniT) reaqciaSi, anu saanalizo 
nivTiereba aRdgeba  kaTodze, xolo titranti _ iJangeba anodze. amperometruli 
gatitvris mruds eqneba Semdegi saxe (ix. nax. 28). 
 

amperometruli gatitvra saSualebas iZleva ganisazRvros nivTierebaTa  
Zalze mcire raodenobebic ki, kerZod 10-4 _ 10-5 moli nivTiereba. amperometrul 
gatitvras iyeneben daleqvis, komleqswarmoqmniT da Jangva-aRdgeniT reaqciebSi. 

 
maSasadame, amperometruli gatitvris mrudis formebi damokidebulia 

saanalizo nivTierebisa  da reagentebis (titrantebis) unarze, monawileoba mii-
Ron eleqtrul (Jangva-aRdgeniT) reaqciaSi im dros, roca  eleqtrodebs winaswar 
miewodeba garkveuli Zabva (mudmivi Zabva). 
 
 

    
    
    

nax. 30nax. 30nax. 30nax. 30....    amperometruli gatitvris mrudiamperometruli gatitvris mrudiamperometruli gatitvris mrudiamperometruli gatitvris mrudi....    
    

standartuli xsnari polarografstandartuli xsnari polarografstandartuli xsnari polarografstandartuli xsnari polarografiiiiulad aqtiuriaulad aqtiuriaulad aqtiuriaulad aqtiuria    
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Tavi XVIII. analizis qromatografiuli meTodi Tavi XVIII. analizis qromatografiuli meTodi Tavi XVIII. analizis qromatografiuli meTodi Tavi XVIII. analizis qromatografiuli meTodi     
    

XVIII.1. qromatografiis arsi. sorbciaXVIII.1. qromatografiis arsi. sorbciaXVIII.1. qromatografiis arsi. sorbciaXVIII.1. qromatografiis arsi. sorbcia----desorbciis procesebi.desorbciis procesebi.desorbciis procesebi.desorbciis procesebi.    
qromatograma,  sorbenti,  eluenti,  „gadamtani“qromatograma,  sorbenti,  eluenti,  „gadamtani“qromatograma,  sorbenti,  eluenti,  „gadamtani“qromatograma,  sorbenti,  eluenti,  „gadamtani“    

        
analizis qromatograanalizis qromatograanalizis qromatograanalizis qromatografiuli meTodifiuli meTodifiuli meTodifiuli meTodi dafuZnebulia saanalizo xsnarebis  naredafuZnebulia saanalizo xsnarebis  naredafuZnebulia saanalizo xsnarebis  naredafuZnebulia saanalizo xsnarebis  nare----

vis gatarebaze qromatografiul svetSivis gatarebaze qromatografiul svetSivis gatarebaze qromatografiul svetSivis gatarebaze qromatografiul svetSi        da mis dayofaze calkeul kompoda mis dayofaze calkeul kompoda mis dayofaze calkeul kompoda mis dayofaze calkeul komponennennennen----
tebad, romelTa Semdgomi gamocalkeveba  da raodenobrivi gansazRvra SeiZleba tebad, romelTa Semdgomi gamocalkeveba  da raodenobrivi gansazRvra SeiZleba tebad, romelTa Semdgomi gamocalkeveba  da raodenobrivi gansazRvra SeiZleba tebad, romelTa Semdgomi gamocalkeveba  da raodenobrivi gansazRvra SeiZleba 
qimiuri an instrumentuli meTodebiT.qimiuri an instrumentuli meTodebiT.qimiuri an instrumentuli meTodebiT.qimiuri an instrumentuli meTodebiT.    

qromatografiulma meTodma Tavisi saxelwodeba miiRo berZnuli sityvebidan: 
,,chroma“____feri, feri, feri, feri, ,,grapho“ –vwer,vwer,vwer,vwer, e.i. ferwera. am meTodis damaarsebelia rusi bioqiam meTodis damaarsebelia rusi bioqiam meTodis damaarsebelia rusi bioqiam meTodis damaarsebelia rusi bioqimimimimi----
kosi _ cvetikosi _ cvetikosi _ cvetikosi _ cveti da meTodma farTo gamoyeneba hpova qimiur mrewvelobaSi, medicinaSi, 
geoqimiaSi, biologiaSi, ekologiaSi da kosmosur kvlevebSic. 

qromatografiuli meTodis safuZvels warmoadgensqromatografiuli meTodis safuZvels warmoadgensqromatografiuli meTodis safuZvels warmoadgensqromatografiuli meTodis safuZvels warmoadgens sorbciis da desorbciissorbciis da desorbciissorbciis da desorbciissorbciis da desorbciis 
movlenebi.movlenebi.movlenebi.movlenebi. magaliTad: gazis an xsnaris gatarebisas wvrilad danawevrebuli ux-
snadi masalis (myaris an Txevadis) masaSi, es  uxsnadi masala nawilobriv STan-
Tqavs  gazs an xsnars. 

STanTqmuli nivTierebis raodenoba damokidebuli iqneba:STanTqmuli nivTierebis raodenoba damokidebuli iqneba:STanTqmuli nivTierebis raodenoba damokidebuli iqneba:STanTqmuli nivTierebis raodenoba damokidebuli iqneba:    
1. STanmTqmelis Tvisebebze; 
2. STanTqmuli nivTierebis bunebaze; 
3. garemo pirobebze: temperaturaze; wnevaze; koncentraciaze.     

 gazis an siTxis gatarebisas uxsnad, wvrilad damsxvreul masalaSi, es 
ukanaskneli STanTqavs maT. STanTqmuli nivTierebis raodenoba damokidebuli 
iqneba STanmTqmelis bunebaze da garemo pirobebze (temperatura, wneva, 
koncentracia). am movlenas ewodeba – sorbcia.sorbcia.sorbcia.sorbcia. STanmTqmel masalas ewodeba – 
sorbenti. sorbenti. sorbenti. sorbenti. sorbcias, romelic mimdinareobs sorbentis zedapirze, ewodeba 
adsorbcia.adsorbcia.adsorbcia.adsorbcia. sorbentis zedapirze sxvadasxva naerTebi adsorbirdebian 
molekulebis  an ionebis saxiT da warmoqmnian masTan  sxvadasxva simtkicis  
sorbciul  naerTebs. gareSe pirobebis (temperaturis, wnevis an koncentraciis) 
cvlilebis Sedegad, SeiZleba moxdes adsorbciis Seqcevadi anu ukuprocesi, 
romelsac desorbciadesorbciadesorbciadesorbcia ewodeba. am dros adsorbentze sorbirebuli nivTierebebi 
kvlav gadadian xsarSi an gazisebr fazaSi (adsorbentia _ myari sxeuli an siTxe, 
adsorbirebuli nivTierebebia _ siTxe an gazi).    

amrigad, saanalizo narevis qromatografuli dayofa dafuZnebulia am narevis 
Semadgeneli komponentis Tvisebebze, kerZod ki maT sxvadasxvanair unarze adsor-
birdnen da desorbirdnen sorbentis SreSi gatarebis Sedegad. 

qromatografiuli analizis Casatareblad iyeneben e.w. qromatografiul qromatografiul qromatografiul qromatografiul 
milebis anu svetebs. milebis anu svetebs. milebis anu svetebs. milebis anu svetebs. qromatografiuli sveti Sevsebulia sorbentiT  da svetSi 
atareben saanalizo xsnars an xsnarebis narevs. qromatografiul svetSi gavlisas, 
xsnari ganicdis rogorc sorbcias, aseve desorbcias. is komponentebi, romlebic 
naklebad mtkiced adsorbirdebian adsobentis zedapirze, waritacebian saanalizo 
xsnaris nakadiT svetis qveda nawilisaken, xolo is nivTierebebi, romlebic ufro 
mtkiced adsorbirdebian, darCebian qromatografiuli svetis zeda nawilebze. ase 
meordeba sorbciisa da desorbciis procesebi mravaljer, vidre saanalizo xsnari 
gaivlis qromatografiul svets. amis Sedegad saanalizo xsnaris Semadgeneli 
komponentebi daiyofian da warmoqmnian qromatografiul svetze  calkeul zonebs. 
svetis zeda nawilSi ganlagdeba is komponentebi, romelTa STanTqmis koeficienti 
maRalia da amitom maTi moZraobis siCqare dabalia, xolo svetis qveda nawilSi 
ganlagdeba is komponentebi, romelTa STanTqmis koeficientebi dabalia, amitom 
maTi moZraobis siCqare iqneba maRali. 
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analizis Sedegad miiReba  qromqromqromqromatogramaatogramaatogramaatograma (nax. 31).  

    
                              nax. 31. qromatografiuli sveti da qromatogramanax. 31. qromatografiuli sveti da qromatogramanax. 31. qromatografiuli sveti da qromatogramanax. 31. qromatografiuli sveti da qromatograma    
 
 komponentebad dayofa ufro efeqturad SeiZleba im SemTxvevaSi, Tu saanali-
zo xsnaris gatarebis Semdeg  qromatografiul svetSi gavuSvebT sufTa gamsufTa gamsufTa gamsufTa gam----
xsnels _ xsnels _ xsnels _ xsnels _ eluents.eluents.eluents.eluents. amis Sedegad qromatografiuli svetis mTel sigrZeze ufro 
mkafiod gamoCndeba calkeuli Seferili komponentebis  mier warmoqmnili zonebi. 
 arsebobs qromatografiuli dayofis ramdenime saxeoba  da yvela isini 
dafuZnebulia sakvlevi  komponentebis ganawilebaze or fazas Soris. aqedan 
pirveli faza warmoadgens didi zedapiris mqone uZrav fenas, anu adsorbents, uZrav fenas, anu adsorbents, uZrav fenas, anu adsorbents, uZrav fenas, anu adsorbents, 
xolo meore faza warmoadgens nakads,  romelic moZraobs uZravi fazis gavliT _  
es aris sawyisi saanalizo narevi (xsnarebis an gazebis narevi).  e.i uZrav fe.i uZrav fe.i uZrav fe.i uZrav fazas azas azas azas 
warmowarmowarmowarmoadgens  adsorbenti, xolo moZrav fazas warmoadgens saadgens  adsorbenti, xolo moZrav fazas warmoadgens saadgens  adsorbenti, xolo moZrav fazas warmoadgens saadgens  adsorbenti, xolo moZrav fazas warmoadgens saanalizo xsnari.analizo xsnari.analizo xsnari.analizo xsnari. 
uZrauZrauZrauZravi fazis roli SeiZleba Seasrulosvi fazis roli SeiZleba Seasrulosvi fazis roli SeiZleba Seasrulosvi fazis roli SeiZleba Seasrulos  ,,gadamtanma,,gadamtanma,,gadamtanma,,gadamtanma”,”,”,”, romelzedac datanebulia 
iseTi nivTierebebi, rolebic STanTqaven da yofen saanalizo xsnaris komponen-
tebs, magram adsorbentisagan gansxvavebiT, matarebeli ar unda Sevides urTier-
TqmedebaSi saanalizo narevTan da igi mxolod gamoiyeneba im nivTierebis 
dasatanad masze, romlebic xels uwyoben saanalizo narevis dayofas. 

 
 
 
 
 
 
 
 
 
 
 
 
 

qlorofili (mwvane)qlorofili (mwvane)qlorofili (mwvane)qlorofili (mwvane)    
    
    
    
qsantofili (yviTeli)qsantofili (yviTeli)qsantofili (yviTeli)qsantofili (yviTeli)    
    
    
karotini (stafilos feri)karotini (stafilos feri)karotini (stafilos feri)karotini (stafilos feri)    
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XVIII.2. qromatografiis saxeobebiXVIII.2. qromatografiis saxeobebiXVIII.2. qromatografiis saxeobebiXVIII.2. qromatografiis saxeobebi    
saanalizo nivTierebis dayofis meqnizmis mixedviT, ganasxvaveben  

qromatografiuli analizis Semdeg saxeebs:qromatografiuli analizis Semdeg saxeebs:qromatografiuli analizis Semdeg saxeebs:qromatografiuli analizis Semdeg saxeebs:    
1.1.1.1. adsorbciuli qromatografia, romlis erT-erTi saxeobaa gaz-adsorbciu-

li qromatografia. 
2.2.2.2. gamanawilebeli qromatografia, romlis saxeobebia: gaz-siTxuri qroma-

tografia, siTxuri qromatografia da qaRaldis qromatografia. 
3.3.3.3. ionmimocvliTi qromatografia.  
4.4.4.4. daleqviTi qromatografia, romlis erTerTi saxeobaa qaRaldis 

qromatografia.  

  adsobciuri qromatografiaadsobciuri qromatografiaadsobciuri qromatografiaadsobciuri qromatografia – dafuZnebulia saanalizo narevSi 
Semavali komponentebis sorbciuli Tvisebebis sxvadasxvaobaze, ris gamoc es 
komponentebi SerCeviT, anu `seleqtiurad~ adsorbirdebian myari fxvnilismagvari 
adsorbentis zedapirze.  

    gamanawilebeli qromatografiagamanawilebeli qromatografiagamanawilebeli qromatografiagamanawilebeli qromatografia – dafuZnebulia komponentebis 
sxvadasxva ganawilebis unarze or erTmaneTSi Seurevel gamxsnels Soris. didi 
praqtikuli gamoyeneba aqvs gamanawilebeli qromatografiis iseT saxeobas, rogo-
ricaa  gaz-siTxuri qromatografia, romlis meSveobiT atareben gazebisa da 
aqroladi naerTebis analizs. gamanawilebel qromatografiaSi uZravi fazis 
gadamtanis rols xSirad asrulebs qromatografiuli qaRaldi. 

  ionmimocvliTi qromatografiaionmimocvliTi qromatografiaionmimocvliTi qromatografiaionmimocvliTi qromatografia – dafuZnebulia ionTa mimocvlaze 
saanalizo xsnaris komponentebsa da adsorbentis ionogenur jgufebs Soris. 
ionTa es mimocvla Seqcevadi saxisaa da amitom kvlav SeiZleba adsorbentis mier 
STanTqmuli ionebi gadavides saanalizo xsnarSi. 

    daleqviTi qromatografiadaleqviTi qromatografiadaleqviTi qromatografiadaleqviTi qromatografia    – SeimuSaves gaponebma 1948 wels, igi  
dafuZnebulia sxvadasxva Sedgenilobis naleqebis warmoqmnaze saanalizo xsnaris 
gatarebis Sedegad qromatografiul svetSi. am dros qromatografiul svetSi 
erTdroulad imyofeba damleqavi reagentis da `gadamtanis~ narevi. damleqavi 
reagenti ki warmoadgens iseT ionmimomcvlels, romlis ionebic saanalizo xsna-
ris ionebTan urTierTqmedebisas warmoqmnian naleqebs. es naleqebi xasiaTdeba 
xsnadobis sxvadasxva unariT, rac saSualebas iZleva daiyos saanalizo xsnari 
calkeul komponentebad, maTi xsnadobis unaris zrdis mixedviT. maSasadame 
qromatografiuli svetis zeda nawilSi ganlagdeba dabali xsnadobis mqone 
naleqebi, xolo svetis qveda nawilSi – ufro maRali xsnadobis mqone naerTebi. 
 rogorc vxedavT, qromatografiuli analizis sxvadasxva saxeobis 
safuZvels warmoadgens iseTi procesebi, rogorebicaa: adsobcia-desorbcia, 
ganawileba, ionmimocvla da daleqva. es saSualebas iZleva moiZebnos Sesabamisi 
pirobebi sxvadasxva organuli da araorganuli narevebis dasayofad da 
saanalizod, rac aniWebs qromatografiul meTods farTo gamoyenebis 
SesaZleblobebs qimiur da navTobqimiur mrewvelobaSi, aseve yvela dargis 
samecniero laboratoriebSi da sawarmoo laboratoriebSi gamoyenebis 
TvalsazrisiTac. 
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XVIII.3. XVIII.3. XVIII.3. XVIII.3. adsadsadsadsorbciuli qromatografia orbciuli qromatografia orbciuli qromatografia orbciuli qromatografia     
    

adsorbciuli qromatografiaadsorbciuli qromatografiaadsorbciuli qromatografiaadsorbciuli qromatografia    dafuZnebulia saanalizo narevis Semadgeneli dafuZnebulia saanalizo narevis Semadgeneli dafuZnebulia saanalizo narevis Semadgeneli dafuZnebulia saanalizo narevis Semadgeneli 
komponentebis SerCeviT, anu seleqtiur adsorbciazekomponentebis SerCeviT, anu seleqtiur adsorbciazekomponentebis SerCeviT, anu seleqtiur adsorbciazekomponentebis SerCeviT, anu seleqtiur adsorbciaze    myari fxvnilismyari fxvnilismyari fxvnilismyari fxvnilismagvari magvari magvari magvari 
adsobentis zedapirze.adsobentis zedapirze.adsobentis zedapirze.adsobentis zedapirze. adsorbciuli qromatografia, iseve rogorc ionmimocvli-
Ti qromatografia, xorcieldeba sami wesiT:sami wesiT:sami wesiT:sami wesiT: 

1.1.1.1. frontaluri wesi; 
2.2.2.2. gamoZevebis wesi; 
3.3.3.3. eluenturi wesi. 
frontaluri wesifrontaluri wesifrontaluri wesifrontaluri wesi    _ am dros ori A  da B  komponentebisagan Semdgari 

saanalizo narevi miewodeba qromatografiul svets zeda nawilSi da es narevi 
irecxeba sufTa gamxsneliT, anu eluentiT. amitom qromatografiuli svetidan 
pirvelad gamoedineba sufTa gamxsneli (eluenti). Semdeg ki, roca sorbenti 
mTlianad gaiJRinTeba, svetidan gamoidevneba _ jer naklebad sorbirebadi 
komponenti (mag: B ), bolos ki svetidan gamoedineba orive A  da B  komponentebis 
Semcveli xsnari.  

frontaluri wesiT ver xerxdeba saanalizo narevis sruli dayofa 
Semadgenel komponentebad, radganac qromatografiuli svetidan sufTad 
gamoZevdeba mxolod mcired sorbirebadi nivTiereba.  

gamoZevebis wesigamoZevebis wesigamoZevebis wesigamoZevebis wesi    – am dros qromatografiul svetSi SehyavT mravalkomponen-
tiani saanalizo narevi, romelTagan erT-erTi komponenti yvelaze kargad 
sorbirebadia. amitom es kargad sorbirebadi komponenti TanmimdevrobiT gamoaZe-
vebs qromatografiul svetidan naklebad sorbirebad komponentebs imisda mixed-
viT, Tu rogori SerCeviTi sorbciis unariT xasiaTdeba es komponentebi. amis gamo 
I-l da me-II,   me-II da me-III da a.S. komponentebis Semcvel ferad zonebs Soris 
gaCndeba ori komponentis Semcveli Sualeduri zona.  

eluenturi wesieluenturi wesieluenturi wesieluenturi wesi – am dros qromatografiul svetSi SehyavT mravalkomponen-
tiani narevi, romelsac Carecxaven sufTa gamxsneliT _ E . miiReba feradi qroma-
tograma, romlis drosac komponentebi, maTi sorbciis unaris mixedviT, ganlag-
debian qromatografiuli svetis sxvadasxva simaRleze da warmoqmnian ferad 
zonebs. aqedan yvelaze bolo zona iqneba sufTa gamxsneli _E , anu eluenti.  
qromatografiuli svetidan pirvelad gamoiricxeba, anu eluirdeba yvelaze nakle-
bad sorbirebadi nivTiereba, yvelze bolos ki – yvelaze Zlierad sorbirebadi 
nivTiereba (nax. 32). 

adsorbciuli qromatografiis erT-erTi saxeobaa gazgazgazgaz----adsorbciuli adsorbciuli adsorbciuli adsorbciuli 
qromatografia.qromatografia.qromatografia.qromatografia.  roca atareben gazuri qromatografiis meTods, am dros gazebis 
an aqroladi nivTierebis orTqls gaatareben qromatografiul svetSi, romelic 
Sevsebulia didi zedapiris mqone nivTierebiT. es aris uZravi faza.didi zedapiris mqone nivTierebiT. es aris uZravi faza.didi zedapiris mqone nivTierebiT. es aris uZravi faza.didi zedapiris mqone nivTierebiT. es aris uZravi faza. Tu uZravi fa-
zis rolSi gamodis myari nivTiereba, maSin nivTierebaTa dayofa emyareba am myari 
nivTierebis adsorbciul Tvisebebs. aseTi myari adsorbentebis rolSi gamodis:myari adsorbentebis rolSi gamodis:myari adsorbentebis rolSi gamodis:myari adsorbentebis rolSi gamodis: 
silikageli, aqtivirebuli naxSiri.silikageli, aqtivirebuli naxSiri.silikageli, aqtivirebuli naxSiri.silikageli, aqtivirebuli naxSiri. SeiZleba uZravi fazis rolSi gamodiodes ara 
myari nivTiereba, aramed siTxe. imisaTvis, rom siTxes Seuqmnan kontaqti gazis 
nakadTan, am siTxes daitanen myar nivTierebaze anu `gadamtanze~. am dros Txevadi 
faza ganiTxeva myari gadamtanis zedapirze Txeli apkis saxiT da saanalizo 
xsnaris komponentebi gamocalkevdebian erTmaneTisagan am siTxeSi, anu uZrav 
fazaSi gaxsnis Sedegad. es ukve gamanawilebeli qromatografiis saxeobaa, 
romelsac ewodeba gazgazgazgaz----siTxuri qromatografia.siTxuri qromatografia.siTxuri qromatografia.siTxuri qromatografia.    
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XVIII.4. ionitebi. ionmimocvliTi qromatografiaXVIII.4. ionitebi. ionmimocvliTi qromatografiaXVIII.4. ionitebi. ionmimocvliTi qromatografiaXVIII.4. ionitebi. ionmimocvliTi qromatografia    
    

rogorc aRvniSneT, ionmimocvliTi qromatografiaionmimocvliTi qromatografiaionmimocvliTi qromatografiaionmimocvliTi qromatografia dafuZnebulia qromatodafuZnebulia qromatodafuZnebulia qromatodafuZnebulia qromatogragragragra----
fiul svetSi gamavali saanalizo narevis ionebsa da adsorbentis ionebs Sfiul svetSi gamavali saanalizo narevis ionebsa da adsorbentis ionebs Sfiul svetSi gamavali saanalizo narevis ionebsa da adsorbentis ionebs Sfiul svetSi gamavali saanalizo narevis ionebsa da adsorbentis ionebs Soris oris oris oris 
Seqcevad gacvlaze. adsorbenti, romelic Seicavs ionogenur (ionmimomcvlel) Seqcevad gacvlaze. adsorbenti, romelic Seicavs ionogenur (ionmimomcvlel) Seqcevad gacvlaze. adsorbenti, romelic Seicavs ionogenur (ionmimomcvlel) Seqcevad gacvlaze. adsorbenti, romelic Seicavs ionogenur (ionmimomcvlel) 
jgufebs, Sedis ionmimocvliT reaqciaSi saanalizo xsnaris ionebTan.jgufebs, Sedis ionmimocvliT reaqciaSi saanalizo xsnaris ionebTan.jgufebs, Sedis ionmimocvliT reaqciaSi saanalizo xsnaris ionebTan.jgufebs, Sedis ionmimocvliT reaqciaSi saanalizo xsnaris ionebTan. aseT 
adsorbentebs uwodeben ionmimomcvlelebs, anu ionitebs.ionmimomcvlelebs, anu ionitebs.ionmimomcvlelebs, anu ionitebs.ionmimomcvlelebs, anu ionitebs. ionuri mimocvliTi 
xasiaTis mixedviT, gamoyofen ori tiori tiori tiori tipis ionitebs:pis ionitebs:pis ionitebs:pis ionitebs:    

1.1.1.1. kaTionitebi kaTionitebi kaTionitebi kaTionitebi –––– es aris ionitebi, romlebic Seicaven moZrav kaTionebs da 
mimoicvlian saanalizo xsnaris kaTionebze; 

2.2.2.2. anionitebi anionitebi anionitebi anionitebi –––– es aris ionitebi, romelbsac gaaCniaT moZravi anionebi da es 
anionebi mimoicvlebian saanalizo xsnaris anionebze. 

analizur praqtikaSi farTod gamoiyeneba iseTi polimerebi, romlebic 
Seicaven mJave bunebis ionogenur jgufebs, aseT kaTionitebs warmoadgenen: aseT kaTionitebs warmoadgenen: aseT kaTionitebs warmoadgenen: aseT kaTionitebs warmoadgenen: ;2−KB     

;4−KK     ;1−KI 2−KI .... aseve gamoiyeneba polimerebi, romlebic Seicaven fuZe bunebis 

ionogenur jgufebs, aseTi anionitebia: aseTi anionitebia: aseTi anionitebia: aseTi anionitebia: ;1−AH ;23−AH ;17−AB 18−AB  da sxva. garda 

amisa, gamoiyeneba araorganuli ionitebi, araorganuli ionitebi, araorganuli ionitebi, araorganuli ionitebi, rogorebicaa: aluminis oqsidi    _ _ _ _ 32OAl , , , , 

silikageli da sxva. 
samuSaos dawyebis win ionits asufTaveben dabalmolekuluri minarevebi-

sagan da sxva gareSe ionebisagan. aseTi gziT ioniti gadayvanilia Sesabamis iono-
genur formaSi – mJavis, fuZis an marilis formaSi. imisaTvis, rom kaTionitebi 

gadaiyvanon mJava formaSi, anu +H -formaSi, isini unda daamuSaon marilmJavas 
xsnariT, am dros ionitebis SemadgenlobaSi Semavali yvela kaTioni Cainacvleba 

    
frontalurifrontalurifrontalurifrontaluri    

    
    gamoZevebisgamoZevebisgamoZevebisgamoZevebis    

    
    eluenturieluenturieluenturieluenturi    

    
nax. 32. nax. 32. nax. 32. nax. 32.         adsorbciuli qromatografiis Sesrulebis wesebiadsorbciuli qromatografiis Sesrulebis wesebiadsorbciuli qromatografiis Sesrulebis wesebiadsorbciuli qromatografiis Sesrulebis wesebi    
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wyalbadis ionebiT. anioniti ki gadahyavT fuZis formaSi, anu −OH -formaSi, ris-

Tvisac mas amuSaveben mwvave tuteebis (KOH -is,  NaOH -is) an 32CONa -is xsnariT. 

Tu saanalizo xsnars gavatarebT qromatografiul svetSi, romelic 
Sevsebulia ionmimomcvleli kaTionitiT, romelic Seicavs ramdenime kaTions, am 
dros moxdeba ionmimocvla saanalizo xsnaris ionebsa da kaTionitis ionebs 
Soris, ris Sedegadac saanalizo xsnaris kaTionebs STanTqavs anu adsorbirebs 
kaTioniti, xolo Sesabamisad kaTionitSi Semavali wyalbad-ionebis eqvivalenturi 
raodenoba gadava saanalizo sxnarSi: 

++ +−⇔+− HMeRMeHR  
 
 
 

 
ionur mimocvlas farTod iyeneben saanalizo ionebis gamosayofad da 

xelisSemSleli ionebis Tavidan mosacileblad. magaliTad, foladSi 6+Mo -is 

gansazRvras xels uSlis 2+Fe -is ionebis arseboba. amitom Mo -isa da Fe -is 
ionebis qromatografiuli dayofisaTvis iyeneben Mo -is Tvisebas, adsorbirdes 
kaTonitze Zlier mJava xsnaridan. amisaTvis foladis wonaks xsnian Zlier mJava 

xsnarSi, romelic Sedgeba HCl -isa da 3HNO -is narevisagan. am dros +2Fe gadadis  

xsnarSi da warmoiqmneba daJanguli +3Fe -is ionebi, xolo 6+Mo  iJangeba da warmo-

qmnis 2

2

+MoO -ionebs. +3Fe -is ionebi Zlier mJava xsnaridan praqtikulad ar adsor-

birdebian kaTionitze, xolo 2

2

+MoO -is ionebi _ adsorbirdebian. amrigad +3Fe -is 

ionebi darCeba saanalizo xsnarSi, xolo 2

2

+MoO -is ionebi ki gadava kaTionitis 

SemadgenlobaSi. Tu amis Semdeg surT  Mo -is  Fe -is sruli dayofa, amisaTvis 

qromatografiul svetSi gaatareben 3-5 % tutis xsnars. radganac 2

2

+MoO -is ionebs  

gaaCniaT ufro  mJava buneba, vidre Fe 3+ -is ionebs, amitom tutis zemoqmedebiT 
2

2

+MoO -is ionebi  kaTionitidan gadava saanalizo xsnarSi molibdatis ionis 

formiT _ −2

4MoO . amis Semdeg SesaZlebelia Mo -is raodenobiTi gansazRvrac. ami-

saTvis Mo -is da Fe -is ionebis Semcvel Zlieri mJava xsnars gaatareben qromato-
grafiul svetSi, romelic datenilia kaTionitiT. Semdeg svetSi gaatareben 
distilirebul wyals, Semdeg ki _ tutis xsnars, romelic gamoaZevebs  Mo -s. 
gamoZevebuli Mo -is raodenobiT gansazRvras awarmoeben  permanganatometruli 
gatitvriT. 

ionmimocvliTi qromatografiuli meTodiT advilad ganisazRvreba xsnarSi 
marilebis Semcveloba. am dros marilis SemadgenlobaSi Semavali metalis kaTi-
oni sorbirdeba kaTionitis mier, xolo mis nacvlad kaTionitidan gamoZevebuli 
wyalbad-ionebis eqvivalenturi raodenoba gadava saanalizo xsnarSi.  wyalbad-
ionebis es raodenoba advilad SeiZleba ganisazRvros  mJava-fuZuri gatitvris, 
anu neitralizaciis  Sedegad da gatitruli wyalbadis raodenobiTi Semcveloba 
eqvivalenturi iqneba saanalizo xsnarSi marilis Semcvelobisa. zustad aseve 
analizdeba organuli naerTebis marilebic, romelTa kaTionebi sorbirdeba kaTi-

onitis mier da Caenacvlebian +H -is adgilze, xolo saanalizo xsnarSi gadadis 
mJavas Sesabamisi raodenoba. 

 
ionTa sorbirebis xarisxi sxvadasxva ionitebis (anu sorbentebis) mimarT, 

izrdeba erTmuxtiani ionebidan  2-da 3–muxtiani ionebisaken. rac Seexeba erTna-
irad damuxtul ionebs, isini ionitis mimarT, sorbirebis xarisxis mixedviT, 
ganlagebuli arian Semdeg ,,sorbciul rigebSi“:,,sorbciul rigebSi“:,,sorbciul rigebSi“:,,sorbciul rigebSi“:    

    kaTonitikaTonitikaTonitikaToniti  saanalizo      saanalizo      saanalizo      saanalizo                  saanalizosaanalizosaanalizosaanalizo    
                                                xsnaris           xsnaris           xsnaris           xsnaris               xsnarSixsnarSixsnarSixsnarSi    
                                                kaTionebikaTionebikaTionebikaTionebi    
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Cs
+  

>   Rb
+  

>  K
+  

>  NH4
+ 

 >  Na
+
 

Ba
2+  

>   Sr
2+

  >  Ca
2+

  >  Mg
2+

 

Zn
2+

  >  Cu
2+

  >  Ni
2+ 

 >  Co
2+ 

 

maSasadame,maSasadame,maSasadame,maSasadame,    es `sorbciuli rigebi~ damokidebulia:es `sorbciuli rigebi~ damokidebulia:es `sorbciuli rigebi~ damokidebulia:es `sorbciuli rigebi~ damokidebulia:    
a)a)a)a) sorbentis bunebaze; 
b)b)b)b) qromatografirebadi (saanalizo) nivTierebis bunebaze; 

g)g)g)g) eqsperimentis  pirobebze (temperatura, wneva, koncentracia); 
d)d)d)d) ionis muxtze (misi zrdiT, sorbirebis xarisxic izrdeba); 
e)e)e)e) ionis radiusze (misi zrdiT, sorbirebis xarisxic izrdeba). 

 
qimiuri Sedgenilobis mixedviT, qimiuri Sedgenilobis mixedviT, qimiuri Sedgenilobis mixedviT, qimiuri Sedgenilobis mixedviT, ionitebi iyofa or jgufad:ionitebi iyofa or jgufad:ionitebi iyofa or jgufad:ionitebi iyofa or jgufad:    
1.1.1.1. mineraluri warmoSobis ionitebad, anu ionmimomcvlel sorbentebad; 
2.2.2.2. organuli warmoSobis ionitebad. 

minemineminemineraluri warmoSobis kaTionitia raluri warmoSobis kaTionitia raluri warmoSobis kaTionitia raluri warmoSobis kaTionitia Al -is aluminaturi oqsidiis aluminaturi oqsidiis aluminaturi oqsidiis aluminaturi oqsidi 232 )( NaAlOOAl n ⋅ .     

ganvixiloT Al -is aluminaturi oqsidis Sedgeniloba, buneba da Tvisebebi.  
aluminis aluminatur oqsids Rebuloben Al -is gaxsniT NaOH -Si am dros miiReba  

natriumis aluminati 2NaAlO  _ naleqis saxiT. es naleqi unda gamoiwvas. gamowvis 
procesSi miiReba aluminis oqsidi, romelic moeqceva qvemoT, xolo mis zedapirze 
adsorbirdeba natriumis aluminati da aseTnairad warmoiqmneba aluminis 
aluminaturi oqsidi. es naerTi xsnarSi disocirdeba da misgan gamoiyofa 
natriumis  ionebi: 
 

+− +⋅⇔⋅ NaAlOOAlNaAlOOAl nn ])[()( 232232  _ disociaciadisociaciadisociaciadisociacia    

    
natriumis advilad moZravi ionebi, romlebic imyofebian Znelad xsnadi 

naleqis _ 32OAl -is zedapirze, Sedian gacvliT reaqciebSi gaxsnili eleqtroli-

tis kaTionebTan. am dros  Al -is aluminaturi oqsidi gamodis kaTionitis rolSi, 
romlis natriumis ionebis adgilze mimoicvleba eleqtrolitis kaTionebi. maga-

liTad, aluminis aluminaturi oqsidis urTierTqmedebisas 2CoCl -Tan, +2Co -is 

ionebi mimoicvleba +Na -is ionebTan, ris Sedegadac warmoiqneba Co -is aluminati. 
ris gamoc sorbenti Seifereba vardisfrad. amasTan, kaTionTa mimocvla 
mimdinareobs mkacrad eqvivalenturi TanafardobiT, anu yoveli adsorbirebuli 

kobaltis dadebiT ormuxtiani ionis sanacvlod, xsnarSi gadadis +Na -is ionebis 
imdenive raodenoba: 

NaClCoAlOOAlCoClNaAlOOAl nn 2])[(])[(2 2

22322232 +⋅⇔+⋅ +−+−
 

Al -is aluminaturi oqsidis gamoyeneba SeiZleba anionitis saxiTac. amisaTvis 

mas recxaven azotmJavaTi. am dros +Na -is ionebis nacvlad sorbentSi Caenacvleba 
nitrat-ionebi: 

OHNaNONOAlOOAlHNONaAlOOAl nn 233323232 ])[(2])[( ++⋅⇔+⋅ −+−+−
 

miviReT Al -is aluminaturi oqsidis nitrati, romelsac ukve moZravi ionis 

saxiT gaaCnia −
3NO -is ionebi, amitom am sorbents gaaCnia unari, Sevides gacvliT 

reaqciebSi saanalizo xsnaris anionebTan: 
−+−+−+ ⋅+⇔++⋅ AnAlOOAlKtNOAnKtNOAlOOAl nn ])[(])[( 323332  
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amJamad, ionitebis saxiT xSirad iyeneben sxvadasxva markis sinTetikur fisebs, 
romelTac Rebuloben polimerizaciisa da polikondensaciis reaqciebis Sedegad. 
es aris organuli warmoSobis ionitebiorganuli warmoSobis ionitebiorganuli warmoSobis ionitebiorganuli warmoSobis ionitebi. organuli warmoSobis kaTionitisaTvis 
ionuri gacvlis ZiriTadi reaqcia SeiZleba ase Caiweros: 

HAnKtSORKtAnHSOR +−⇔+− +−+−
][][ 33  

 
 
sadac:  R  _ aris kaTionitis naSTi, anu matrica; 

        HSO3 _ ionogenuri jgufi; 

        +Kt _  kaTioni; 

       −An  _ anioni; 
       KtAn _ eleqtroliti; 

        +H _ wyalbadis moZravi ioni, romelsac gaaCnia gacvlis unari 
eleqtrolitis kaTionze. 

 
organuli warmoSobis anionitebisaTvis ionuri gacvlis reaqcia Caiwereba 

Semdegi ZiriTadi sqemis mixedviT: 
 

KtOHAnNHRKtAnOHNHR +−→+− −+−+
][][ 33  

 
 
  
 

 
am SemTxvevaSi ioniti Seakavebs, anu STanTqavs eleqtrolitis anionebs, xolo 

kaTionebi darCebian xsnarebSi da amgvarad gamoeyofian anionebs. 
    
ionmimocvliTi qromatografia SeiZleba Sesruldes sami wesiT:ionmimocvliTi qromatografia SeiZleba Sesruldes sami wesiT:ionmimocvliTi qromatografia SeiZleba Sesruldes sami wesiT:ionmimocvliTi qromatografia SeiZleba Sesruldes sami wesiT:    

1.1.1.1. frontaluri wesiT; 
2.2.2.2. gamoZevebis wesiT; 
3.3.3.3. eluenturi wesiT. 

 

1. frontaluri wesi1. frontaluri wesi1. frontaluri wesi1. frontaluri wesi    _ _ _ _ am dros nivTierebaTa narevis Semcveli saanalizo 
xsnari miewodeba qromatografiuli svetis zeda nawilSi da Semdeg ikribeba fil-
traciiT calkeuli fraqciebi. magaliTad, Tu saanalizo sistema Sedgeba ori A   

da B komponentisagan, romlebic imyofebian erTad saanalizo narevSi, pirvelad 
qromatografiuli  svetidan gamoZevdeba sufTa gamxsneli _ eluenti. Semdeg, 
roca sorbenti mTlianad gaiJRinTeba eluentiT (gamxsneliT), svetidan pirvelad 
gamoirecxeba naklebad sorbirebadi komponenti (magaliTad, komponenti B). Semdeg 
sorbenti mTlianad gaiJRinTeba komponenti A-Ti da sabolood, svetidan gamoi-
recxeba xsnari, romelic erTdroulad Seicavs A   da B komponentebs. frontaluri frontaluri frontaluri frontaluri 
wesis  nakliwesis  nakliwesis  nakliwesis  nakli mdgomareobs SemdegSi: am dros sufTa  saxiT Rebuloben mxolod 
naklebad sorbirebad nivTierebas, xolo Znelad sorbirebadi _ srulad ver 
gamoZevdeba. amitom am wesiT ver xerxdeba saanalizo narevis sruli dayofa 
Semadgenel komponentebad. 

2. 2. 2. 2. gamoZevebis wesigamoZevebis wesigamoZevebis wesigamoZevebis wesi    _ _ _ _ am dros qromatografiul svetSi SehyavT mravalkom-
ponentiani narevis xsnari da  ufro Zlierad sorbirebadi komponentebis meSveo-
biT gamoaZeveben  ufro naklebad sorbirebad komponentebs. maSasadame, Zlierad 
sorbirebadi naerTi TanmimdevrobiT gamoaZevebs  qromatografiuli svetidan  mra-

    kaTioniti      kaTioniti      kaTioniti      kaTioniti                          eleqtroliti eleqtroliti eleqtroliti eleqtroliti     adsorbirebuli naerTi   mJavaadsorbirebuli naerTi   mJavaadsorbirebuli naerTi   mJavaadsorbirebuli naerTi   mJava    

    
                anionitianionitianionitianioniti    

    
eleqtrolitieleqtrolitieleqtrolitieleqtroliti    

    
adsorbciuli  adsorbciuli  adsorbciuli  adsorbciuli      
            naerTinaerTinaerTinaerTi    

    
fuZefuZefuZefuZe    
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valkomponentiani narevis Semadgenel komponentebs da es moxdeba maTi SerCeviTi 
sorbirebis unaris Sesabamisad. 

gamoZevebis wesis nakligamoZevebis wesis nakligamoZevebis wesis nakligamoZevebis wesis nakli mdgomareobs imaSi, rom pirvel da meore, aseve 
meore da mesame komponentebs Soris warmoiqmneba  Sualeduri zonebi, romlebic  
erTdroulad  Seicaven orive komponentis  narevs, amitom es wesi ver axerxebs 
sruliad gamoyos komponentebi saanalizo xsnaridan da nivTierebis dayofis 
sisrule damokidebulia analizis zustad Catarebasa da  mis pirobebze. 

3. 3. 3. 3. eluenturi wesieluenturi wesieluenturi wesieluenturi wesi    ____ am dros qromatografiul svetSi SehyavT saanalizo 

xsnari, romelic Sedgeba A,    B da E komponentebisgan. miiReba qromatograma, 
romlis qveda zonaSi ganlagdeba sufTa nivTiereba _ E. Semdeg sorbents Carecxa-
ven sufTa gamxsneliT, romelsac eluenti ewodeba. eluentis Carecxvisas xdeba na-
revis  komponentebis gadadgileba  urTierTgamoZevebis Sedegad da maTi sorbire-
bis unaris mixedviT. 

amrigad, eluentis  meSveobiT  saanalizo narevis komponentebi gamoirecxeba, 
anu eluirdeba Semdegi TanmimdevrobiT: Tavdapirvelad gamoirecxeba naklebad 
sorbirebadi komponenti _ E, Semdeg gamoirecxeba saSualod sorbirebadi kompo-
nenti _ B, xolo sabolood _ Znelad sorbirebadi komponenti _A.  

eluenturi wesis naklieluenturi wesis naklieluenturi wesis naklieluenturi wesis nakli SemdegSi mdgomareobs:  komponentebis gaxsnisas 
gamamJRavnebel xsnarSi, anu eluentSi, am komponentebis koncentracia mcirdeba, 
rac iZleva analizis cdomilebas. eluenturi analizis  safuZvelze SeiZleba 
grafikis ageba. amisaTvis abscisTa RerZze unda davitanoT qromatografiul 
svetSi gavlili nakadis raodenoba, xolo ordinatTa RerZze _ saanalizo narevis 
Carecxvis Sedegad gamoyofili komponentebis koncentracia. 

 

    
    
    
    
    
    
    
    

XVIII.XVIII.XVIII.XVIII.5.5.5.5.    daleqviTi qromatografiadaleqviTi qromatografiadaleqviTi qromatografiadaleqviTi qromatografia    
    

daleqviTi qromatografiis meTodi pirvelad SeimuSaves  1948w. rusma mecnie-
rebma _ gaponebma, xolo SemdgomSi ganviTareba  am meTodma hpova olSanovas, 
Semiakinis, raCinskis naSromebSi. daledaledaledaleqviTi qromatografiis  principiqviTi qromatografiis  principiqviTi qromatografiis  principiqviTi qromatografiis  principi mdgomamdgomamdgomamdgomarererere----
obs SemdegSi: is dafuZnebulia saanalizo nivTierebis urTierTqmedebaze ionmiobs SemdegSi: is dafuZnebulia saanalizo nivTierebis urTierTqmedebaze ionmiobs SemdegSi: is dafuZnebulia saanalizo nivTierebis urTierTqmedebaze ionmiobs SemdegSi: is dafuZnebulia saanalizo nivTierebis urTierTqmedebaze ionmi----
mommommommomcvlelis SemadgenlobaSi Semaval damleqavTan an ,,gadamtanTan“ Sereul cvlelis SemadgenlobaSi Semaval damleqavTan an ,,gadamtanTan“ Sereul cvlelis SemadgenlobaSi Semaval damleqavTan an ,,gadamtanTan“ Sereul cvlelis SemadgenlobaSi Semaval damleqavTan an ,,gadamtanTan“ Sereul 
damleqavTan.damleqavTan.damleqavTan.damleqavTan. ionTa dayofa am meTodSi dafuZnebulia Zneladxsnadi naerTebis Tan-
mimdevrobiT (fraqciul daleqvaze). am dros SearCeven iseT damleqavs, romelic 
warmoqmnis saanalizo xsnaris komponentebTan sxvadasxva xsnadobis naleqebs  da 
am naleqebis sxvadasxva xsnadobis xarisxi saSualebas iZleva erTmaneTisagan 
gamoiyos saanalizo xsnaris  komponentebi. 

daleqviT qromatografiaSi saanalizo xsnars atareben qromatografiul 
svetSi, romelic winaswar Sevsebulia ionmimomcvleli sorbentiT. es sorbenti 
Seicavs ionebs, romlebsac SeuZliaT mogvcen  naleqebi saanalizo xsnaris ioneb-
Tan. mocemuli naleqebi ganlagdeba  qromatografiul svetSi maTi xsnadobis 
zrdis mixedviT. analizis Sedegad miiReba feradi qromatograma, romelic Sedgeba 
sxvadasxva ferad SeRebili nivTierebebisgan. magaliTad, Tu qromatografiul 
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svetSi gavatarebT xsnars, romelic Secavs: ,, 2++ PbAg  da 2+Hg -ionebs,  xolo  

TviT qromatografiuli sveti Sevsebulia −I -ionebis Secveli ionmimomcvleli 
sorbentiT, miviRebT sami feradi zonisagan Semdgar qromatogramas: zeda  nawilSi 

ganlagdeba agurisfer-wiTeli 2HgI -is fena; SuaSi moTavsdeba Ria yviTeli feris 

A AgI -is fena, xolo yvelaze bolos ganlagdeba muqi yviTeli feris _ 2PbI -is fena.   
daleqviTi qromatogramebi miiReba agreTve filtris qaRaldzec im SemTxve-

vaSi, Tu gamoiyeneben neitralur „gadamtanebs“. ,,gadamtanis” rolSi SeiZleba gamo-
vides naklebad xsnadi da didi zedapiris mqone nivTiereba, romelic indife-
rentulia saanalizo xsnaris komponentebis mimarT, amiT gansxvavdeba igi 
sorbentisagan. ,,gadamtanis“ roli SeiZleba Seasrulos iseTma neitralurma 

nivTierebebma, rogorebicaa: silikageli, saxamebeli, 32OAl , 4BaSO , kvarci, azbesti, 

minis fxvnili da sxva ionitebi, xolo naleqebis srulad gamoyofa 
erTmaneTisagan SeiZleba im SemTxvevaSi, Tu isini Zlier gansxvavdeba 
erTmaneTisagan xsnadobis mixedviT. 

saanalizo xsnaris ukeT dayofa komponentebad SesaZlebelia  im SemTxvevaSi, 
Tu mas CavrecxavT qromatografiul svetSi eluentiT (sufTa gamxsneliT). am 
dros zonebi gamocalkevdeba da maTi sazRvrebi gaxdeba ufro mkafio.  

  
daleqviTi qromatografiis qaRaldis wesi daleqviTi qromatografiis qaRaldis wesi daleqviTi qromatografiis qaRaldis wesi daleqviTi qromatografiis qaRaldis wesi ---- daleqviTi qromatografiis  erT-

erTi saxeobaa, romlis drosac ,,gadamtanis“ rolSi gamodis saSualo simkvrivis 
filtris qaRaldebis zolebi an rgolebi. qaRalds ramdenime wuTis ganmavlobaSi 
CaZiraven damleqavis Semcvel xsnarSi, romlis koncentracia winaswar gansazR-
vrulia, Semdeg qaRalds aSroben  haerze. gaSrobis Semdeg damleqavi reagentiT 
gaJRenTili qaRaldis centrSi mikropipetiT wveTobiT daaqvT saanalizo xsnari, 
amasTan, yoveli momdevno wveTi daaqvT mxolod wina wveTis gawovis Semdeg. 
warmoiqmneba sxvadasxva  ferad SeRebili Zneladxsnadi naerTebi, romlebic maTi 
xsnadobis mixedviT rgoliseburad ganlagdebian centris garSemo. rogorc 
aRvniSneT, centrs warmoadgens filtris qaRaldze saanalizo xsnaris datanebis 
adgili. feradi qromatogramis gasafarToeblad, mas recxaven gamxsnelis  2-3 wve-
TiT, romelic aseve mikropipetis meSveobiT daaqvT filtris qaRaldis  centrSi. 
gamxsnelis rolSi, umravles SemTxvevaSi, gamodis distilirebuli wyali. am dros 
gamxsneli gadaadgildeba centridan periferiebisaken da axdens  naleqTa  
zolebis gafarToebas da maT damatebiT dayofas. 

SeiZleba am meTodis dros warmoiqmnas ufero naerTebisagan Semdgari naleqe-
bi, amitom saWiro xdeba maTi gamJRavneba anu identifikacia, mSral qromatog-
ramaze Sesabamisi gamamJRavneblebis SesxurebiT. 

daleqviTi qromatografiis qaRaldis wesiT  TvisebiTi analizi tardeba sak-
vlevi ionis Sefervis intensiobis mixedviT da Seferili naerTebis adgil-
mdebareobis mixedviT, xolo raodenobiT analizs awarmoeben Seferili zonebis 
siganis mixedviT, e.i.  zonis sigane pirdapirproporciuladaa damokidebuli  
xsnarSi sakvlevi ionis koncentraciaze. 
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XVIII.6. gamanawilebeli qromatografia. XVIII.6. gamanawilebeli qromatografia. XVIII.6. gamanawilebeli qromatografia. XVIII.6. gamanawilebeli qromatografia.     
gazgazgazgaz----adsorbciuli da gazadsorbciuli da gazadsorbciuli da gazadsorbciuli da gaz----siTxuri qromatografiasiTxuri qromatografiasiTxuri qromatografiasiTxuri qromatografia    

    
gamanawilebeli qromatografiis meTogamanawilebeli qromatografiis meTogamanawilebeli qromatografiis meTogamanawilebeli qromatografiis meTodidididi    dafuZnebulia nivTierebaTa ganadafuZnebulia nivTierebaTa ganadafuZnebulia nivTierebaTa ganadafuZnebulia nivTierebaTa ganawiwiwiwi----

lebis procesze or erTmaneTSi Seurevel gamxsnels Soris. lebis procesze or erTmaneTSi Seurevel gamxsnels Soris. lebis procesze or erTmaneTSi Seurevel gamxsnels Soris. lebis procesze or erTmaneTSi Seurevel gamxsnels Soris.     
ganvixiloT magaliTi:ganvixiloT magaliTi:ganvixiloT magaliTi:ganvixiloT magaliTi: Tu bromian wyalxsnars SevanjRevT benzolTan da 

davayovnebT, davinaxavT, rom bromi ukeTesad ixsneba benzolSi anu organul 
gamxsnelSi, vidre wyalSi. amis Sedegad bromi gadava wyalxsnaridan benzolis 
fenaSi da SeRebavs mas mura-yviTel ferad. e.i. bromi erTdroulad ganawildeba 
or erTmaneTSi Seurevel gamxsnels Soris: erTi aris araorganuli gamxsneli anu 
wyali, meore ki – organuli gamxsneli anu benzoli. am ganawilebis Semdeg dam-
yardeba moZravi wonasworoba, romlis drosac bromis koncentraciis Sefardeba 
organul gamxsnelSi bromis koncentraciasTan wyalSi tolia bromis ganawilebis 
koeficientisa.  ganawilebis koeficienti gamoisaxeba formuliT:ganawilebis koeficienti gamoisaxeba formuliT:ganawilebis koeficienti gamoisaxeba formuliT:ganawilebis koeficienti gamoisaxeba formuliT:    

    
 
 
 
 
 

sadac: Kgggg – aris ganawilebis koeficienti da igi mudmivi sididea; 

   Coooogggg _ sakvlevi komponentis (bromis) koncentraciaa (moli/l) organul 
gamxsnelSi, romelic am SemTxvevaSi, warmoadgens uZrav fazas; 

             CH2O – sakvlevi komponentis (bromis) koncentraciaa (moli/l) wyalSi, 
romelic am SemTxvevaSi warmoadgens  moZrav fazas. 

ganawilebis koeficienti damokidebulia Semdeg maCveneblebze:ganawilebis koeficienti damokidebulia Semdeg maCveneblebze:ganawilebis koeficienti damokidebulia Semdeg maCveneblebze:ganawilebis koeficienti damokidebulia Semdeg maCveneblebze:    
a)a)a)a) sakvlevi naerTebis bunebaze; 
b)b)b)b) gamxsnelis bunebaze; 
g)g)g)g) temperaturaze; 
d)d)d)d) eqsperimentis Catarebis teqnikur mxareze. 

 
gamanawilebeli qrgamanawilebeli qrgamanawilebeli qrgamanawilebeli qromatografia qaRaldzeomatografia qaRaldzeomatografia qaRaldzeomatografia qaRaldze _ es meTodi aris gamanawilebeli 

qromatografiis erT-erTi saxeoba, romlis drosac `gadamtanis~ rolSi gvev-
lineba uZravi faza da am uZrav fazas warmoadgens forebiani qromatografiuli 
qaRaldi. winaT am meTodis Casatareblad iyenebdnen saSualo simkvrivis qaRal-
debs. magram Semdeg, meTodis ganviTarebasTan dakavSirebiT, SemuSavebuli iqna 
qromatografiuli qaRaldis ramdenime tipi,qromatografiuli qaRaldis ramdenime tipi,qromatografiuli qaRaldis ramdenime tipi,qromatografiuli qaRaldis ramdenime tipi, kerZod #1, #2,#1, #2,#1, #2,#1, #2, #3 da #4.#3 da #4.#3 da #4.#3 da #4. qaRaldis 
es tipebi gansxvavdebian erTmaneTisagan mxolod simkvrivis mixedviT. swored 
qromatografiuli qaRaldis simkvrivezea damokidebuli gamxsnelis moZraobis 
siCqare. amitom #1 da #2 qaRaldebs uwodeben `swrafs~#1 da #2 qaRaldebs uwodeben `swrafs~#1 da #2 qaRaldebs uwodeben `swrafs~#1 da #2 qaRaldebs uwodeben `swrafs~ (ufro dabali simkvrivis), 
xolo #3 da #4 qaRaldebs uwodeben `nels~#3 da #4 qaRaldebs uwodeben `nels~#3 da #4 qaRaldebs uwodeben `nels~#3 da #4 qaRaldebs uwodeben `nels~ (maRali simkvrivis).  

    
gamanawilebel qromatografiaSi gamoyenebuli qaRaldi ugamanawilebel qromatografiaSi gamoyenebuli qaRaldi ugamanawilebel qromatografiaSi gamoyenebuli qaRaldi ugamanawilebel qromatografiaSi gamoyenebuli qaRaldi unda akmayofilebdes nda akmayofilebdes nda akmayofilebdes nda akmayofilebdes 

Semdeg moTxovnebs:Semdeg moTxovnebs:Semdeg moTxovnebs:Semdeg moTxovnebs:    
a)a)a)a) unda iyos sufTa; 
b)b)b)b) misi Sedgeniloba unda iyos  erTgvarovani; 
g)g)g)g) ar unda Seicavdes iseT araorganul da organul naerTebs, romlebic  
   ixsnebian gamxsnelSi; 
d)d)d)d) celulozas Semcveloba aseT qaRaldSi unda Seadgendes qaRaldis masis 
   96-99%-s. 

         Coooogggg    

Kgggg=                 

     CH2O 

 



 - 158 -  

qromatografiuli qaRaldi akavebs Tavis forebSi wyalswyalswyalswyals (tenianobis 20%-
mde), romelic am SemTxvevaSi TamaSobs uZravi gamxsnelisuZravi gamxsnelisuZravi gamxsnelisuZravi gamxsnelis rols. aseTi qaRaldis 
damuSavebisas moZravi gamxsneliT, qaRaldze datanebuli sakvlevi naerTebi gada-
dian moZravi fazis SemadgenlobaSi da gadaadgildebian qaRaldis kapilarebSi 
sxvadasxva siCqariT, ris Sedegadac isini gamoiyofian erTmaneTisagan da warmo-
iqmneba feradi qromatograma. 

gamanawilebel qromatografias qaRaldze atareben Semdegnairad:gamanawilebel qromatografias qaRaldze atareben Semdegnairad:gamanawilebel qromatografias qaRaldze atareben Semdegnairad:gamanawilebel qromatografias qaRaldze atareben Semdegnairad: saanalizo 
nivTierebis narevis erT wveTs daitanen qromatografiul qaRaldze, misi bolo-
dan garkveul manZilze da am boloTi qaRalds uSveben WurWelSi, romlis 
fskerze imyofeba gamxsneli (moZravi faza). analizis Casatareblad SeiZleba gamo-
viyenoT brtyelZiriani konusuri kolba, romlis fskerze imyofeba gamxsneli, 
xolo kolbis yelSi aTavseben sacobs, romlis qveda nawilSi Camagrebulia kauWi 
da am kauWze SeiZleba CamovkidoT qromatografiuli qaRaldis zoli. cota xnis 
Semdeg qaRaldis kapilarebi gaiJRinTeba gamxsneliT, ris Sedegadac qaRaldze 
datanebuli saanalizo narevis nivTierebebi gadavlian moZrav fazaSi, anu gam-
xsnelSi da masTan erTad daiwyeben gadaadgildebas qaRaldis kapilarebze qvemo-
dan zemoT. radganac sxvadasxva naerTebi sxvadasxvanairad sorbirdeba qaRaldis 
mier, amitom isini sxvadasxva siswrafiT gadaadgildebian qaRaldze da warmo-
qmnian ferad zolebs. 

Tu saanalizo naerTebis narevi Seferilia, maSin qromatogramaze warmoiqmne-
ba Seferili zonebi, xolo Tu nivTierebebi uferoa, maSin qromatogramas esaWiro-
eba gamJRavneba. qromatogramis gamJRavneba xdeba Semdqromatogramis gamJRavneba xdeba Semdqromatogramis gamJRavneba xdeba Semdqromatogramis gamJRavneba xdeba Semdegnairad:egnairad:egnairad:egnairad: miRebul ufero 
qromatogramas aSroben da asxureben specifikuri indikatoris xsnars, romelic 
iZleva narevis komponentebTan ferad reaqcias. gamxsnelis moZraobis mimarTule-
bis mixedviT ganasxvaveben: aRmaval, daRmaval da wriul qromatogramebs. wriuli 
ewodeba qromatogramas, roca saanalizo narevi datanebulia qaRaldis wris 
centrSi, aqve daaqvT gamxsneli da am SemTxvevaSi gamxsneli moZraobs centridan 
periferiebisaken. 

sxvadasxva nivTierebis qaRaldze dayofis unaris raodenobrivi raodenobrivi raodenobrivi raodenobrivi 
maxasiaTebelia sidide maxasiaTebelia sidide maxasiaTebelia sidide maxasiaTebelia sidide Rf _ es maCvenebeli gamoxatavs saanalizo nivTierebis mier 
gavlili manZilis Sefardebas imave droSi sufTa gamxsnelis mier gavlil manZil-
Tan. Tu am ukanasknels CaTvlian 1-is tolad (rac xdeba umravles SemTxvevaSi), 
maSin sxvadasxva naerTebisaTvis Rf----sidide damokidebsidide damokidebsidide damokidebsidide damokidebulia Semdeg faqtorebze;ulia Semdeg faqtorebze;ulia Semdeg faqtorebze;ulia Semdeg faqtorebze;    

1.1.1.1. saanalizo nivTierebis bunebaze; 
2.2.2.2. qromatografiuli qaRaldis sortze; 
3.3.3.3. qromatografiul qaRaldze boWkoebis mimarTulebaze; 
4.4.4.4. temperaturaze; 
5.5.5.5. eqsperimentis Catarebis pirobebze. 

Tu eqsperimentis Catarebis pirobebi erTnairia, maSin erTi da imave nivTiere-
bisaTvis, an TvisebebiT msgavsi nivTierebaTa jgufisaTvis Rf    sidide iqneba 
SedarebiT mudmivi. rac ufro metia sxvaoba ori nivTierebis Rf    sidides Soris, 
miT ufro advilad SeiZleba maTi gamoyofa qaRaldis qromatografiis wesiT. 

gamanawilebeli qromatografiis qaRaldis wesi gamoiyeneba umTavresad 
narevebis TvisebiTi analizis Casatareblad da misi saSualebiT ar SeiZleba 
ganisazRvros narevis Semadgeneli komponentebis raodenoba (raodenobiTi 
analizi). 

 
gamanawilebeli qromatografiis erT-erT saxeobad iTvleba gazgazgazgaz----sisisisiTxuri Txuri Txuri Txuri 

qromatografiaqromatografiaqromatografiaqromatografia. am meTodSi `gadamtani~ ar monawileobs sorbciul procesSi, 
aramed igi mxolod qmnis gamxsnelisaTvis  did zedapirs. amitom `gadamtans~ unda 
gaaCndes didi zedapiri da amave dros igi unda iyos inertuli saanalizo narevis 
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komponentebis mimarT. “gadamtanis” rolSi xSirad iyeneben ceoliTs. uZravi fazis 
rols asrulebs siTxe, romelmac unda gaxsnas saanalizo narevis yvela 
komponenti, magram unda gaxsnas sxvadasxvanairad. maSasadame, uZrav fazas unda 
gaaCndes SerCeviTi, anu seleqtiuri gaxsnis unari saanalizo xsnaris sxvadasxva 
komponentebis mimarT.  garda amisa, uZravi faza unda iyos qimiurad inertuli da 
araaqroladi. uZravi fazis rolSi iyeneben sxvadasxva xsnarebs, romelTac 
gaaCniaT maRali duRilis temperatura, magaliTad: vazelinis zeTi, 
trieTilenglikoli, dibutilftalati, trikrezilfosfati. 

gazgazgazgaz----siTxuri qromatografiis Catarebis msvleloba Semdegia:siTxuri qromatografiis Catarebis msvleloba Semdegia:siTxuri qromatografiis Catarebis msvleloba Semdegia:siTxuri qromatografiis Catarebis msvleloba Semdegia: saanalizo narevs 
specialuri mowyobilobis – dozatorisdozatorisdozatorisdozatoris meSveobiT Seitanen qromatografiul 
svetSi, sadac saanalizo narevi STainTqmeba uZravi fazis, anu siTxis mier. am mo-
mentSi saanalizo narevis dayofa jer kidev ar mimdinareobs da es narevi STain-
Tqmeba qromatografiuli svetis zeda, SedarebiT mcire monakveTSi. amis Semdeg 
qromatografiul svetSi gaatareben gazis uwyvet nakads. swored gazi warmoadgens gazi warmoadgens gazi warmoadgens gazi warmoadgens 
`gadamtans~, `gadamtans~, `gadamtans~, `gadamtans~, romelic ar urTierTqmedebs arc uZrav gamxsnelTan, anu siTxesTan 

da arc saanalizo narevis komponentebTan. aseT gazebs warmoadgenen:aseT gazebs warmoadgenen:aseT gazebs warmoadgenen:aseT gazebs warmoadgenen: HeH ,2 da zog 
SemTxvevaSi haeris nakadi. 

qromatografiul svetSi gaz-gadamtanis gavlisas, narevis komponentebi gada-
adgildebian zemodan qvemoT da maTi gadaadgilebis siCqare damokidebuli iqneba 
maT bunebaze. is komponentebi, romlebic Znelad ixsnebian gamxsnelSi da amis gamo 
sustad kavdebian uZravi fazis mier, gadaadgildebian gazis nakadiT qromatog-
rafiul svetSi ufro did manZilze. xolo is komponentebi, romlebic kargad ixs-
nebian gamxsnelSi da amis gamo Zlierad kavdebian uZravi fazis mier, gadaadgil-
debian SedarebiT mcire manZilze. am procesis Sedegad moxdeba saanalizo narevis 
dayofa Semadgenel komponentebad da calkeuli feradi zonebis warmoqmna. gaz-
gadamtanis Semdgomi gatarebiT qromatografiul svetSi, saanalizo narevis kompo-
nentebi  erTimeoris miyolebiT gamoZevdebian qromatografiuli svetidan da 
pirvelad gamoZevdeba is komponenti, romelic yvelaze cudad ixsneba gamxsnelSi. 
yoveli komponentis gamosvlis Semdeg, qromatografiuli svetidan gamova sufTa 
gaz-gadamtanis raRac raodenoba, romelic hyofs ferad zonebs. 
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XVIII.7. qromatografis principuli sqema. XVIII.7. qromatografis principuli sqema. XVIII.7. qromatografis principuli sqema. XVIII.7. qromatografis principuli sqema.     
                        qromatogramis agebis principebiqromatogramis agebis principebiqromatogramis agebis principebiqromatogramis agebis principebi    

    
qromatografi Sedgebqromatografi Sedgebqromatografi Sedgebqromatografi Sedgeba:a:a:a: deteqtorisgan, maregistrirebeli xelsawyosgan, Seda-

rebis svetisgan da saanalizo svetisgan, amaorTqleblisgan, wnevis regulato-
risagan da filtrisgan (nax. 33). 

    
qromatografis muSaobis principi mdgomareobs SemdegSi:qromatografis muSaobis principi mdgomareobs SemdegSi:qromatografis muSaobis principi mdgomareobs SemdegSi:qromatografis muSaobis principi mdgomareobs SemdegSi: qromatografiuli 

svetisagan gamosuli gazis nakadi Sedis deteqtorSi (1).deteqtorSi (1).deteqtorSi (1).deteqtorSi (1). deteqtori warmoadgens  
xelsawyos, romlis mgZnobiare elementi iWers gazis nakadis  romelime fizikuri 
maCveneblis mniSvnelobas: Tbogamtarobas, simkvrives, eleqtrogamtarobas. 
deteqtoris mgrZnobiare elementi gazis nakadis am cvlilebas signalis saxiT 
miawodebs Camwer anu maregistrirebel xelsawyos (2). maregistrirebel xelsawyos (2). maregistrirebel xelsawyos (2). maregistrirebel xelsawyos (2).     

 
qromatografiis principuli sqema Semdegnairia:qromatografiis principuli sqema Semdegnairia:qromatografiis principuli sqema Semdegnairia:qromatografiis principuli sqema Semdegnairia: gazis nakadi balonidan 

miewodeba Tavdapirvelad filtrs (9)filtrs (9)filtrs (9)filtrs (9) Semdeg xvdeba wnevis regulatorze (8)wnevis regulatorze (8)wnevis regulatorze (8)wnevis regulatorze (8) da 
fiqsirdeba manometriismanometriismanometriismanometriis meSveobiT (7).(7).(7).(7). wnevis regulators (8), gazis xarjvis gazis xarjvis gazis xarjvis gazis xarjvis 
regulators (6)regulators (6)regulators (6)regulators (6) da manometrs (7) erTad aRebuls uwodeben gazebis momzadebis gazebis momzadebis gazebis momzadebis gazebis momzadebis 
bloks,bloks,bloks,bloks, romelic uzrunvelyofs gaz-matareblis xarjvis regulirebas, 
stabilizacias da wmendas. amis Semdeg gawmendili gazi miewodeba amaorTqlebelamaorTqlebelamaorTqlebelamaorTqlebels s s s 
(4), (4), (4), (4), iqidan ki _ Sedarebis da  saanalizo  svetebs (3,5).Sedarebis da  saanalizo  svetebs (3,5).Sedarebis da  saanalizo  svetebs (3,5).Sedarebis da  saanalizo  svetebs (3,5).  

 
 
 
 
 

unda aRiniSnos, rom amaorTqlebeli orive svetTan erTad, moTavsebulia 
TermostatSi, sadac specialuri maregulirebeli danadgarebi  inarCuneben Tavda-
pirvel temperaturas. amaorTqlebelSi aseve miewodeba saanalizo nivTierebis sin-
ji madozirebeli xelsawyos, anu dozatoris meSveobiT. Tu saanalizo nivTiere-
bebi  gazebia, misawodeblad gamoiyeneba gazis pipetebi, xolo Tu saanalizo niv-
Tierebebi siTxeebia, isini  miewodeba specialuri mikroSpricebiT.  

 rac Seexeba myar nivTierebebs, maT winaswar xsnian Sesabamis gamxsnelSi da 
aseTi saxiT miawodeben amaorTqlebels. temperatura amaorTqlebelSi gacilebiT 
maRalia, vidre temperatura qromatografiul svetSi, amitom saanalizo sinjis 

1.1.1.1. deteqtorideteqtorideteqtorideteqtori    
2.2.2.2. maregistrirebeli maregistrirebeli maregistrirebeli maregistrirebeli 

xelsawyoxelsawyoxelsawyoxelsawyo    
3.3.3.3. Sedarebis svetiSedarebis svetiSedarebis svetiSedarebis sveti    
4.4.4.4. amaorTqlebeliamaorTqlebeliamaorTqlebeliamaorTqlebeli    
5.5.5.5. saanalizo svetisaanalizo svetisaanalizo svetisaanalizo sveti    
6.6.6.6. gazis xarjvis gazis xarjvis gazis xarjvis gazis xarjvis 

regulatoriregulatoriregulatoriregulatori    
7.7.7.7. manometrimanometrimanometrimanometri    
8.8.8.8. wnevis regulatoriwnevis regulatoriwnevis regulatoriwnevis regulatori    
9.9.9.9. filtrifiltrifiltrifiltri    
 

nax. 33nax. 33nax. 33nax. 33. . . .     qroqroqroqromatografis principuli sqemamatografis principuli sqemamatografis principuli sqemamatografis principuli sqema    
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orTqli gaz-gadamtanis nakadiT waritaceba saanalizo svetSi (5).saanalizo svetSi (5).saanalizo svetSi (5).saanalizo svetSi (5). rogorc naxazze 
Cans, saanalizo svetis paralelurad, qromatografs gaaCnia Sedarebis sveti (3).Sedarebis sveti (3).Sedarebis sveti (3).Sedarebis sveti (3). 
es sveti Sevsebulia igive sorbentiT, rogorc saanalizo sveti da masSi gadis 
sufTa gaz-gadamtani imave siCqariT, rogorc saanalizo svetSi. maSasadame 
Sedarebis sveti qromatografiul analizSi TamaSobs igive rols, rogorc 
sakontrolo cda  qimiur analizSi. orive svetidan (3,5) gamomavali gazis nakadi 
Semdeg xvdeba deteqtorSi (1).deteqtorSi (1).deteqtorSi (1).deteqtorSi (1).        

 
 

deteqtors, Tavis mxriv, gaaCnia ori kamera:deteqtors, Tavis mxriv, gaaCnia ori kamera:deteqtors, Tavis mxriv, gaaCnia ori kamera:deteqtors, Tavis mxriv, gaaCnia ori kamera:    
    

a)a)a)a) Sedarebis kameSedarebis kameSedarebis kameSedarebis kamera,ra,ra,ra, sadac xvdeba Sedarebis svetidan (3) gamosuli sufTa  
           gaz-gadamtani;  
 

b)b)b)b) gamzomi kamera,gamzomi kamera,gamzomi kamera,gamzomi kamera, sadac xvdeba saanalizo nivTierebebisa da gaz-
gadamtanis narevi saanalizo svetidan (5).  

 sanam orive kameraSi miewodeba sufTa gaz-gadamtani, manam deteqtoris gam-
zomi sqema imyofeba wonasworobaSi da maregistrirebeli xelsawyo (2) TviTCamwe-
ris  kalmiT qaRaldis lentze wers ,,nulovan xazs”.,,nulovan xazs”.,,nulovan xazs”.,,nulovan xazs”. mxolod imis Semdeg, roca 
saanalizo svetidan deteqtorSi, sufTa gaz-gadamtanTan erTad, gamoZevdeba 
saanalizo narevi, deteqtoris gamzomi sqemis wonasworoba  maSinve dairRveva. am 
dros deteqtorSi warmoiqmneba signali, romelic avtomaturad xvdeba Camwer 
xelsawyoze da fiqsirdeba TviTCamweri kalmis mier, rogorc gadaxra nulovani 
xazidan _ am dros warmoiqneba naxazze piki.piki.piki.piki.  
 
 

deteqtorisdeteqtorisdeteqtorisdeteqtoris    mier miwodebuli signali damokidebulia:mier miwodebuli signali damokidebulia:mier miwodebuli signali damokidebulia:mier miwodebuli signali damokidebulia:    
1.1.1.1. saanalizo  narevis  ama  Tu  im  komponentis  bunebaze; 
2.2.2.2. saanalizo  narevis  ama  Tu  im  komponentis  koncentraciaze; 

 
 
 
 

 
 
 
 
 

    
 

nax. 34. nax. 34. nax. 34. nax. 34.     
    

orkomponentiani narevis orkomponentiani narevis orkomponentiani narevis orkomponentiani narevis 
qromatogramaqromatogramaqromatogramaqromatograma    

n-signali; signali; signali; signali; −τ dro (moculobadro (moculobadro (moculobadro (moculoba) 
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deteqtoris mier gadacemuli signaliT SeiZleba ganisazRvros 
qromatografiuli svetidan saanalizo narevis yoveli momdevno komponentis 
gamosvlis dasawyisi da dasasruli, amitom deteqtoris mier gadacemuli signalis 
safuZvelze, qaRaldis lentze TviTCaweris kalmiT iwereba qromatografiuli 
mrudi, anu qromatograma,qromatograma,qromatograma,qromatograma, romlis abscisTa  RerZze  mocemulia  drodrodrodro    _ _ _ _ τ   an 
moculoba _ ml-Si, xolo ordinatTa RerZze mocemulia deteqtoris mier 
miwodebuli signalis intensivoba signalis intensivoba signalis intensivoba signalis intensivoba n  (nax. 34). 

 
sanam orive qromatografiul svetSi (Sedarebis svetSi da saanalizo svetSi) 

miedineba sufTa gaz-gadamtani, qromatogramaze ixazeba pirdapiri xazi, romelsac 
meorenairad ZiriTadi anu nulovani xazi ewodeba _A.... rodesac saanalizo svetSi 
SehyavT sakvlevi nivTierebis narevi, pirvelad svetidan gamoedineba  yvelaze 
advilad aqroladi komponentebi, anu iseTi komponentebi, romlebic gacilebiT 
sustad Sekavdebian uZravi fazis mier, vidre sxvebi. am dros qromatogramaze 
gamoisaxeba Sesabamisi piki _ D, romlis Sua wertili imyofeba _B wertilSi.  es 
aris  IIII----li  piki.li  piki.li  piki.li  piki.    

 imis Semdeg, roca pirveli komponenti srulad gamoZevdeba 
qromatografiuli svetidan, mas mohyveba isev sufTa gaz-gadamtani, romelic 
acalkevebs pirvel komponents  momdevno komponentisagan, amitom qromatogramaze 
kvlav gamoisaxeba ZiriTadi anu  nulovani xazi. Semdeg saanalizo svetidan 
gamoedineba saanalizo narevis momdevno komponenti, amitom qromatogramaze 
aRiniSneba  memememe----2 piki,2 piki,2 piki,2 piki,  romlis Sua wertili iqneba _ C    wertili. 

amrigad, qromatogramas eqneba pikebis formaqromatogramas eqneba pikebis formaqromatogramas eqneba pikebis formaqromatogramas eqneba pikebis forma,,,, romlebic ganlagebulia 
ZiriTadi anu nulovani xazis mimarT da qromatogramas eqneba imdeni piki, 
ramdenicaa saanalizo narevSi Semavali komponentebis ricxvi. manZili pikidan 
nulovan wertilamde Seesabameba im dros, romlis ganmavlobaSic sakvlevi 
komponenti  gaivlis saanalizo qromatografiul svets. am drois monakveTs 
Seesabameba gaz-gadamtanis  Sesabamisi moculoba.  

drois am monakveTs  uwodeben  Sekavebis dros,Sekavebis dros,Sekavebis dros,Sekavebis dros, xolo drois am monakveTSi  
daxarjuli gaz-gadamtanis Sesabamis moculobas  uwodeben  Sekavebis moculobas.Sekavebis moculobas.Sekavebis moculobas.Sekavebis moculobas.  
Sekavebis moculoba damokidebulia qromatografiul svetSi  sakvlevi 
komponentis  gavlis siCqareze. kerZod, rac ufro  mcirea Sekavebis  moculoba, 
miT ufro Cqara gamodis komponenti. analizis msvlelobisas temperaturis gazrda 
xels uwyobs  qromatografiuli svetidan komponentebis gamosvlis daCqarebas, 
rac SesaZleblobas iZleva SevamciroT analizis Catarebis dro. 
 N narevis komponentebis Semcvelobis gamosaTvlelad iyeneben pikis farTobs _ pikis farTobs _ pikis farTobs _ pikis farTobs _ 
S,,,, romelic gamoiTvleba Semdegnairad:romelic gamoiTvleba Semdegnairad:romelic gamoiTvleba Semdegnairad:romelic gamoiTvleba Semdegnairad: am dros pikis simaRles amravleben pikis 
siganeze, anu im siganeze, romelic gazomilia pikis simaRlis Sua wertilSi. 
naxazze pikis  siganes Seesabameba EF. 

 

S = h ·a,        a = E · F,        h = D    · B,      sadac: 
 

S _ aris pikis farTobi; 
 

h _ aris pikis simaRle; 
 

a _ aris pikis sigane; 
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Tavi XIX. atomurTavi XIX. atomurTavi XIX. atomurTavi XIX. atomur----absorbciuli analiziabsorbciuli analiziabsorbciuli analiziabsorbciuli analizi    
    

XIX.1. atomurXIX.1. atomurXIX.1. atomurXIX.1. atomur----absorbciuli analizis arsi, saxeobebi absorbciuli analizis arsi, saxeobebi absorbciuli analizis arsi, saxeobebi absorbciuli analizis arsi, saxeobebi     
    

analizur qimiaSi xSirad saWiro xdeba ganisazRvros nivTierebis umniSvnelo, 
anu Zalian mcire raodenoba, rasac ewodeba kvali. magaliTad, metalebSi 
sxvadasxva minarevebis Semcveloba aRwevs meaTased procents. aseTi mcire raode-
nobis gansazRvra  SeuZlebelia Cveulebrivi qimiuri meTodebis saSualebiT. ami-
tom xSirad aseT SemTxvevaSi  mimarTaven da iyeneben optikur meTodebs. optikuri optikuri optikuri optikuri 
meTodis meSveobiTmeTodis meSveobiTmeTodis meSveobiTmeTodis meSveobiT dgindeba damokidebuleba saanalizo nivTierebis Semadgenlo-
basa  da mis optikur Tvisebebs Soris. optikur meTods miekuTvneba atomur-absor-
bciuli speqtruli analizi, romlis Catareba SeiZleba  rogorc sinaTlis sxivis  
TvaliT xilul, aseve uxilav _ ultraiisfer (ui) da infrawiTel (iw) ubnebSi. 
atomuratomuratomuratomur----absorbciuli analiziabsorbciuli analiziabsorbciuli analiziabsorbciuli analizi dafuZnebulia atomebisa da molekulebis unarze, dafuZnebulia atomebisa da molekulebis unarze, dafuZnebulia atomebisa da molekulebis unarze, dafuZnebulia atomebisa da molekulebis unarze, 
STanTqon garkveuli talRis sigrZis mqoSTanTqon garkveuli talRis sigrZis mqoSTanTqon garkveuli talRis sigrZis mqoSTanTqon garkveuli talRis sigrZis mqone gamosxiveba. am meTodis saxelwodeba ne gamosxiveba. am meTodis saxelwodeba ne gamosxiveba. am meTodis saxelwodeba ne gamosxiveba. am meTodis saxelwodeba 
warmodgeba laTinuri fuZisgan warmodgeba laTinuri fuZisgan warmodgeba laTinuri fuZisgan warmodgeba laTinuri fuZisgan ,,absorptio”, rac niSnavs ,,STanTqmas”., rac niSnavs ,,STanTqmas”., rac niSnavs ,,STanTqmas”., rac niSnavs ,,STanTqmas”. amrigad, 
optikur meTodebs xSirad atomur-absorbciul meTodebsac uwodeben da SuqSTan-
Tqmis meTodebsac. optikuri meTodebi gansakuTrebiT farTod gamoiyeneba nivTie-
rebaTa xsnarebis saanalizod da dafuZnebuli arian xsnarebis mier SuqSTanTqmis  
damokidebulebaze am saanalizo xsnarSi arsebuli sakvlevi nivTierebis bunebas-
Tan da koncentraciasTan. maSasadame, xsnarSi sakvlevi nivTierebis koncentracia 
proporciulia am xsnarSi gavlili sinaTlis nakadis STanTqmis xarisxisa. 
                xelsawyoTa tipebis mixedviT, optikuri meTodi iyofa  Semdeg saxeobebad:xelsawyoTa tipebis mixedviT, optikuri meTodi iyofa  Semdeg saxeobebad:xelsawyoTa tipebis mixedviT, optikuri meTodi iyofa  Semdeg saxeobebad:xelsawyoTa tipebis mixedviT, optikuri meTodi iyofa  Semdeg saxeobebad:    

1. kolorimetria1. kolorimetria1. kolorimetria1. kolorimetria _ es meTodi dafuZnebulia Seferili xsnarebis mier sinaT-
lis sxivis STanTqmaze da am STanTqmis  intensivoba ganisazRvreba vizualurad, 
anu TvaliT. kerZod, TvaliT adareben sinaTlis nakadis intensiobas, gamavals 
standartul da saanalizo xsnarebSi. 

2. fotokolorimetria2. fotokolorimetria2. fotokolorimetria2. fotokolorimetria    _    igi dafuZnebulia saanalizo xsnaris mier poliq-
romatuli (sxvadasxva talRis sigrZis mqone sxivebi) gamosxivebis STanTqmaze. am 
dros saanalizo da standartul xsnarSi gamavali sinaTlis nakadis intensiobas 
zomaven specialuri xelsawyoebis meSveobiT, romelTac fotokolorimetrebi 
ewodeba. 

3. speqtrofotometri3. speqtrofotometri3. speqtrofotometri3. speqtrofotometria a a a _ igi dafuZnebulia erTgvarovani, anu homogenuri 
sistemis mier STanTqmuli monoqromatuli (erTi talRis sigrZis mqone sxivi) 
sinaTlis nakadis gazomvaze da es gazomvebi warmoebs sinaTlis rogorc xilul, 
aseve TvaliT uxilav ultraiisfer da infrawiTel  ubnebSi. e.i. speqtrofoto-
metriis gamoyeneba SeiZleba sinaTlis speqtris samive ubanSi: xilulSi, ultra-
iisferSi da infrawiTelSi. 

4. nefelometria4. nefelometria4. nefelometria4. nefelometria    _ igi dafuZnebulia sinaTlis nakadis intensiobis gazom-
vaze, romelsac gahfantavs saanalizo nivTierebis  suspenziis nawilakebi. gafan-
tuli sxivis intensioba proporciulia  saanalizo nivTierebis koncentraciisa. am 
meTodiT isazRvreba wyalSi uxsnadi nivTierebebis koncentracia, romlebic 
warmoqmnian mdgrad suspenziebs gaxsnisas. magaliTad, SeiZleba  ganisazRvros 

+Ag -is ionebis koncentracia AgCl -is suspenziaSi; aseve +2Ba -is ionebis 

koncentracia 4BaSO -is suspenziaSi da sxva. 
nefelometrul gansazRvebs atareben specialur xelsawyo  nefelometrze, 

romelic kolorimetris analogiuria, mxolod im gansxvavebiT, rom nefelometrze 
dakvirvebas awarmoeben  ara pirdapir, aramed gverdidan, radganac am dros akvir-
debian gafantul sxivs. nivTierebis koncentracias nefelometriaSi gamoiTvlian 
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danayofiani (graduirebuli) grafikis meSveobiT, romelic winaswar iqneba 
momzadebuli standartuli suspenziebis seriis safuZvelze. 

5. turbidimetria5. turbidimetria5. turbidimetria5. turbidimetria    _ igi dafuZnebulia suspenziaSi gamavali sinaTlis naka-
dis intensiobis gazomvaze, romelic pirdapirproporciulia sakvlevi nivTierebis 
koncentraciisa.  turbidimetriul gamokvlevebs atareben kolorimetrebze da fo-
tokolorimetrebze, xolo sakvlevi nivTierebis koncentraciis gaangariSebas 
awarmoeben danayofebiani grafikis meSveobiT,  romlsac ageben standartuli 
suspenziebis seriis safuZvelze. 

6. refraqtometria6. refraqtometria6. refraqtometria6. refraqtometria    _ igi dafuZvnebulia saanalizo  xsnaris mier masSi gama-
vali sinaTlis sxivis gardatexis maCveneblis gansazRvraze.  refraqtometruli 
analiziT  SeiZleba ganisazRvros  sakvlevi nivTierebis Semcveloba xsnarebSi an 
xsnarebis narevSi. 

 
 
 
 
 
 

XIX.2. SuqSTanTqmis kanonebi. bugerXIX.2. SuqSTanTqmis kanonebi. bugerXIX.2. SuqSTanTqmis kanonebi. bugerXIX.2. SuqSTanTqmis kanonebi. buger----lambertlambertlambertlambert----beris gantoleba.beris gantoleba.beris gantoleba.beris gantoleba.    
 

saanalizo xsnsaanalizo xsnsaanalizo xsnsaanalizo xsnaris mier STanTqmuli sinaTlis raodenobrivi damokidebuleba aris mier STanTqmuli sinaTlis raodenobrivi damokidebuleba aris mier STanTqmuli sinaTlis raodenobrivi damokidebuleba aris mier STanTqmuli sinaTlis raodenobrivi damokidebuleba 
sakvlevi nivTierebis bunebasa da koncentraciaze sakvlevi nivTierebis bunebasa da koncentraciaze sakvlevi nivTierebis bunebasa da koncentraciaze sakvlevi nivTierebis bunebasa da koncentraciaze gamoisaxebagamoisaxebagamoisaxebagamoisaxeba sinaTlis STanTqmis sinaTlis STanTqmis sinaTlis STanTqmis sinaTlis STanTqmis 
kanonebiT,kanonebiT,kanonebiT,kanonebiT, romlebic mdgomareobs SemdegSi:romlebic mdgomareobs SemdegSi:romlebic mdgomareobs SemdegSi:romlebic mdgomareobs SemdegSi: sinaTlis nakadi, romlis intensiobaa    
I0, , , , ecema kiuvetas, romelSic imyofeba Seferili saanalizo xsnari. am sxivis erTi 

nawili airekleba kiuvetis zedapiridan da misi intensiobaa _  Ir....  sinaTlis sxi-

vis meore nawili STainTqmeba saanalizo xsnaris mier da misi intensivobaa _ Ia, 
xolo sinaTlis sxivis mesame nawili  gaivlis saanalizo xsnarSi da misi 

intensiobaa _  It (nax. 35). 
sinaTlis sxivis samive nawils Soris arsebobs Semdegi damokidebuleba: 

 
I0  = I= I= I= Ir +Ia + It   (1)    

roca iyeneben erTsa da imave zomis kiuvetas, maSin areklili sinaTlis 

nakadis intensivoba _ rI  mudmivia  da  constIr = , maSin 
 

         I0 = Ia + It       (2)(2)(2)(2) 
 

Ia _ uSualod aris damokidebuli saanalizo xsnarSi sakvlevi nivTierebis 
molekulebis an ionebis arsebobaze, amitom Ia -s gansazRvra pirdapir SeuZlebe-
lia.  Ia  gamoiTvleba saanalizo xsnarze  dacemuli sinaTlis intensivobasa da  
saanalizo xsnarSi gamavali sinaTlis  intensivobas Soris sxvaobiT: 

Ia    =     I0  - It          (3)(3)(3)(3) 
sadac:  I0 _  aris saanalizo xsnarze dacemuli sinaTlis intensioba; 
        It  _ aris saanalizo xsnarSi gamavali sinaTlis intensioba. 
 

sinaTlis STanTqmis intensivoba damokidebulia:sinaTlis STanTqmis intensivoba damokidebulia:sinaTlis STanTqmis intensivoba damokidebulia:sinaTlis STanTqmis intensivoba damokidebulia:    
1.1.1.1. sakvlevi nivTierebis bunebaze; 
2.2.2.2. sakvlevi nivTierebis koncentraciaze; 
3.3.3.3. saanalizo xsnaris fenis sisqeze. 

 e.i nivTierebis koncentraciis da xsnaris fenis sisqis gazrdiT, gaizrdeba si-
naTlis STanTqmis intensiobac. 
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amrigad, saanalizo xsnarSi gavlisas, sinaTlis nakadi kargavs intensiobas  
da miT meti raodenobiT, rac ufro meti molekulebi an ionebia saanalizo xsnar-
Si.  swored amitom, sinaTlis nakadis intensiobis Sesusteba xsnarSi gavlisas, 
damokidebuli iqneba ara marto sakvlevi nivTierebis bunebaze, aramed mis 
koncentraciisa da saanalizo xsnaris fenis sisqezec. 

bugeris da lambertis mier dadgenili iqna urTierTkavSiri saanalizo 
xsnaris fenis sisqesa da am xsnaris mier sinaTlis nakadis STanTqmis intensiobas 
Soris _ es damokidebuleba Camoyalibda  bugerbugerbugerbuger----lambertis kanonadlambertis kanonadlambertis kanonadlambertis kanonad da gamoiTqmeba da gamoiTqmeba da gamoiTqmeba da gamoiTqmeba 
Semdegnairad:Semdegnairad:Semdegnairad:Semdegnairad: sakvlevi nivTierebis Semcveli saanalizo xsnaris  erTi da igive sakvlevi nivTierebis Semcveli saanalizo xsnaris  erTi da igive sakvlevi nivTierebis Semcveli saanalizo xsnaris  erTi da igive sakvlevi nivTierebis Semcveli saanalizo xsnaris  erTi da igive 
sisqis  fenebi yovelTvis STanTqaven sinaTlis nakadissisqis  fenebi yovelTvis STanTqaven sinaTlis nakadissisqis  fenebi yovelTvis STanTqaven sinaTlis nakadissisqis  fenebi yovelTvis STanTqaven sinaTlis nakadis    erTsa da igive nawils:erTsa da igive nawils:erTsa da igive nawils:erTsa da igive nawils:    

    
It  = I0 · e

-kl       (4)(4)(4)(4)                                    

sadac:  tI  _ aris saanalizo xsnarSi gamavali sinaTlis nakadis intensioba; 

        OI  _ aris saanalizo xsnarze dacemuli sinaTlis  sxivis intensioba; 

   e  _ naturaluri logariTmis fuZe; 
   k  _ sinaTlis STanTqmis koeficienti; 
   l  _ saanalizo xsnaris fenis sisqe. 

 
 
(4) formula SeiZleba Caiweros logariTmebis aTobiTi sistemis gamoyenebiT 
Semdegnairad: 
 

It = I0 · 10
-kl      (5)(5)(5)(5)    

koeficienti k damokidebulia ara mxolod sakvlevi nivTierebis bunebaze, 
aramed  mis mier STanTqmuli sinaTlis talRis sigrZezec. raodenobrivad k to-
lia xsnaris fenis sisqis ukuproporciuli sididisa, romelic asustebs sinaTlis 

nakadis intensiobas 10-jer,  e.i  k
10

1=  

buger-lambertis kanoni samarTliania monoqromatuli sxivisTvis, anu erTi 
garkveuli talRis sigrZis  mqone  sxivisaTvis. amis Semdeg berma  Seiswavla 
sinaTlis nakadis STanTqmis cvlileba  mudmivi sisqis mqone xsnaris fenis mier, 
roca am xsnarSi  sakvlevi nivTierebis koncentracia iyo cvalebadi da daadgina  
Semdegi: sinaTlis STanTqma pirdapirproporciulia  saanalizo xsnarSi myofi sinaTlis STanTqma pirdapirproporciulia  saanalizo xsnarSi myofi sinaTlis STanTqma pirdapirproporciulia  saanalizo xsnarSi myofi sinaTlis STanTqma pirdapirproporciulia  saanalizo xsnarSi myofi 
sakvlevi nivTierebis koncentraciisa. sakvlevi nivTierebis koncentraciisa. sakvlevi nivTierebis koncentraciisa. sakvlevi nivTierebis koncentraciisa. beris kanoni  maTematikurad Semdegnairad beris kanoni  maTematikurad Semdegnairad beris kanoni  maTematikurad Semdegnairad beris kanoni  maTematikurad Semdegnairad 
gamoisaxeba:gamoisaxeba:gamoisaxeba:gamoisaxeba:    

    

k = ε · c         (6) ,(6) ,(6) ,(6) ,    
    

    
nax. 35nax. 35nax. 35nax. 35....    
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sadac:   k _ aris sinaTlis STanTqmis koeficienti;  

    ε _ aris proporciulobis  moluri koeficienti, romelic ar aris  
         damokidebuli saanalizo nivTierebis koncentraciaze, magram damoki- 
         debulia saanalizo nivTierebis bunebaze; 

 c _ aris sakvlevi nivTierebis koncentracia sanalizo xsnarSi. 
Tu gavaerTianebT buger-lambertis  da beris formulebs, miviRebT  
bugerbugerbugerbuger----lambertlambertlambertlambert----beris kanonis maTematikur gamosaxulebas:beris kanonis maTematikur gamosaxulebas:beris kanonis maTematikur gamosaxulebas:beris kanonis maTematikur gamosaxulebas:    
                                                                                                            It = I0 ·10

-εcl   (7)(7)(7)(7)                                    

o

t

I

I
 _ warmoadgens sinaTlis nakadis gatarebis maCvenebels da aRiniSneba T asoTi,                               

                      maSin:       =
⋅

==
⋅⋅−

O

lc

O

t

I

I

I

I
T

ε100 10----    ε c l     (8)(8)(8)(8)                        

                                                                                                                        e.i.      lcT ⋅⋅−= ε10   (9)(9)(9)(9)       
roca roca roca roca 1=l sm, maSin mas ewodeba sinaTlis gatarebis koeficienti.sm, maSin mas ewodeba sinaTlis gatarebis koeficienti.sm, maSin mas ewodeba sinaTlis gatarebis koeficienti.sm, maSin mas ewodeba sinaTlis gatarebis koeficienti.    

T

1
lg     sidides uwodeben optikur simkvrives anu STanTqmas da igi aRiniSneba sidides uwodeben optikur simkvrives anu STanTqmas da igi aRiniSneba sidides uwodeben optikur simkvrives anu STanTqmas da igi aRiniSneba sidides uwodeben optikur simkvrives anu STanTqmas da igi aRiniSneba     

D     asoTi:asoTi:asoTi:asoTi:    

lcT
D ⋅⋅−== ε10

1
lg

1
lg   (10),(10),(10),(10),       lcD ⋅⋅= ε   (11)(11)(11)(11)    

 
(11) gantolebidan gamomdinareobs, rom sinaTlis STanTqma _ D pirdapirpropor-

ciulia saanalizo xsnarSi arsebuli sakvlevi nivTierebebis koncentraciis da 
saanalizo xsnaris fenis sisqisa. 

    
    
    
    

XIX.3. SuqSTanXIX.3. SuqSTanXIX.3. SuqSTanXIX.3. SuqSTanTTTTqmis speqtriqmis speqtriqmis speqtriqmis speqtri    
    

uferuli mzis sxivi, prizmaSi gavlisas, iSleba ramdenime ferad sxivad, rom-
lebic gansxvavdebian talRis sigrZis mixedviT. mzis sxivi warmoadgens poliqro-
matuls, anu mravali talRis sigrZis sxivebisagan Semdgars, xolo daSlis Semdeg 
miiReba erTi garkveuli talRis sigrZis (Seferilobis) monoqromatuli sxivi. 
monoqromatuli sinaTlis sxivis talRis sigrZe izomeba nanometrebSi (nm) an mik-
rometrebSi (mkm). sinaTlis speqtri iyofa TvaliT xilul zonad da TvaliT uxi-
lav zonad.  

TvaliT xTvaliT xTvaliT xTvaliT xilul zonaSi Sedis 400ilul zonaSi Sedis 400ilul zonaSi Sedis 400ilul zonaSi Sedis 400----dan 800 nmdan 800 nmdan 800 nmdan 800 nm----mde talRis sigrZis mqone mde talRis sigrZis mqone mde talRis sigrZis mqone mde talRis sigrZis mqone 
sinaTlis sxivebi. sinaTlis sxivebi. sinaTlis sxivebi. sinaTlis sxivebi.     

TvaliT uxilavi zona ki, Tavis mxriv, iyofa or qvezonad:TvaliT uxilavi zona ki, Tavis mxriv, iyofa or qvezonad:TvaliT uxilavi zona ki, Tavis mxriv, iyofa or qvezonad:TvaliT uxilavi zona ki, Tavis mxriv, iyofa or qvezonad:    
1)1)1)1)  ultraiisferi (ui)ultraiisferi (ui)ultraiisferi (ui)ultraiisferi (ui) – am zonaSi Semavali sxivebis talRis sigrZe  

       100 _ 400 nm100 _ 400 nm100 _ 400 nm100 _ 400 nm----ia.ia.ia.ia.    
2)2)2)2) infrawiTeli zona (iw)infrawiTeli zona (iw)infrawiTeli zona (iw)infrawiTeli zona (iw) – am zonaSi Semavali sxivebis talRis sigrZe  

                                > 800 nm> 800 nm> 800 nm> 800 nm----ze.ze.ze.ze.    
    
talRis sigrZes aRniSnaven  talRis sigrZes aRniSnaven  talRis sigrZes aRniSnaven  talRis sigrZes aRniSnaven  λ_simboloTi._simboloTi._simboloTi._simboloTi. Seferili xsnarebis mier sinaTlis Seferili xsnarebis mier sinaTlis Seferili xsnarebis mier sinaTlis Seferili xsnarebis mier sinaTlis 

sxivis STanTqmis grafikuli damokidebuleba talRis sigrZesTan _sxivis STanTqmis grafikuli damokidebuleba talRis sigrZesTan _sxivis STanTqmis grafikuli damokidebuleba talRis sigrZesTan _sxivis STanTqmis grafikuli damokidebuleba talRis sigrZesTan _     D/λ     iwodeba iwodeba iwodeba iwodeba 
SuqSuqSuqSuqSTanTqmis speqtrad. STanTqmis speqtrad. STanTqmis speqtrad. STanTqmis speqtrad. Seferili xsnarebi, romlebic STanTqaven sinaTlis 
sxivebs TvaliT xiluli speqtris sxvadasxva ubnebSi, gveCveneba sxvadasxvanairad 
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Seferili. magaliTad, kaliumis biqromatis 722 OCrK -is xsnari _  yvelaze 

intensiurad STanTqavs lurj sxivs, romlis talRis sigrZea λ =450-480 nm da am 
dros es xsnari gveCveneba yviTlad Seferili. spilenZis amiakatis xsnari _ 

[ ] 243 )()( OHNHCu  yvelaze  intensiurad  STanTqavs yviTel  sxivs,  romlis talRis  

sigrZe _λ =575-590 nm da es xsnari gveCveneba lurjad Seferili. 
me-15 cxrilSi mocemulia xsnarebis mier yvelaze intensiurad STanTqmuli 

sinaTlis sxivebis ferebis Sesabamisad, am xsnarebis mier miRebuli Seferiloba.  
    
    

cxrili #15cxrili #15cxrili #15cxrili #15    
    

xiluli speqtris ZiriTadi da damatebiTi ferebixiluli speqtris ZiriTadi da damatebiTi ferebixiluli speqtris ZiriTadi da damatebiTi ferebixiluli speqtris ZiriTadi da damatebiTi ferebi    
 

STanTqmuli sxivis STanTqmuli sxivis STanTqmuli sxivis STanTqmuli sxivis 
feriferiferiferi    

talRis sigrZe _talRis sigrZe _talRis sigrZe _talRis sigrZe _λ , nm, nm, nm, nm    xsnaris miRebuli ferixsnaris miRebuli ferixsnaris miRebuli ferixsnaris miRebuli feri    

iisferi 400 – 450 moyviTalo-mwvane 

lurji 450 – 480 yviTeli 

momwvano-lurji 480 – 490 narinjisferi 

molurjo-mwvane 490 – 500 wiTeli 

mwvane 500 – 560 sisxlisferi wiTeli 

moyviTalo-mwvane 560 – 575 iisferi 

yviTeli 575 – 590 lurji 

narinjisferi 590 – 625 momwvano-lurji 

wiTeli 625 – 750 molurjo-momwvano 

 
 
sxvadasxva qimiuri Tvisebebis mqone xsnarebi STanTqaven sxvadasxva sigrZis 

talRebs, amitom am xsnarebis optikuri simkvrive _ D damokidebulia maTze dace-
muli sxivis talRis sigrZeze. xsnaris optikuri simkvrivis damokidebuleba masze 
dacemuli sinaTlis sxivis sigrZeze _ λ aris mniSvnelovani maxasiaTebeli 
xsnarebis optikuri  Tvisebebisa da am maxasiaTeblis gamosaxva SeiZleba grafi-
kulad mrudis saxiT. amisaTvis abscisTa RerZze daaqvT dacemuli sxivis talRis 
sigrZe _ λ, xolo ordinatTa RerZze – am sigrZis Sesabamisi xsnaris optikuri 
simkvrive _ D. 

 
nivTierebis STanTqmis speqtrSi xdeba sinaTlis sxivis maqsimaluri STanTqma, sinaTlis sxivis maqsimaluri STanTqma, sinaTlis sxivis maqsimaluri STanTqma, sinaTlis sxivis maqsimaluri STanTqma, 

romelic xasiaTdeba sami maCvenebliTromelic xasiaTdeba sami maCvenebliTromelic xasiaTdeba sami maCvenebliTromelic xasiaTdeba sami maCvenebliT (nax. 36). 
 
1.1.1.1. sinaTlis talRis sigrZiT _ λ, romelic am SemTxvevaSi maqsimaluria; 
 

2.2.2.2. moluri STanTqmis sididiT _ εmax, romelic aseve maqsimaluria; 
 

 
3.3.3.3. STanTqmis zolis sisqiT  _  2δ . 
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sinaTlis talRis sigrZis maqsimumi damaxasiaTebelia yoveli 

nivTierebisaTvis. rac ufro metia moluri STanTqmis sidide _ε, miT ufro 
intensiuria Seferiloba da miT ufro mgrZnobiare da zustia optikuri meTodi. 
amitom optikuri analizisaTvis arCeven Seferil nivTierebaTa xsnarebs, xolo Tu 
nivTierebebs ar gaaCniaT Seferiloba, maSin maTze winaswar atareben qimiur 
reaqcias, romlis Sedegadac Rebuloben Seferil produqts da Semdeg mas 
sazRvraven optikurad. aseT reaqciebs fotometruli reaqciebifotometruli reaqciebifotometruli reaqciebifotometruli reaqciebi ewodeba. 

 

    

    

    

    
XIX.4. XIX.4. XIX.4. XIX.4.     optikuri simkvrivis da xsnaris optikuri simkvrivis da xsnaris optikuri simkvrivis da xsnaris optikuri simkvrivis da xsnaris     

koncentraciis damokidebulebiskoncentraciis damokidebulebiskoncentraciis damokidebulebiskoncentraciis damokidebulebis    sakalibro sakalibro sakalibro sakalibro     
grafikis agebagrafikis agebagrafikis agebagrafikis ageba    

    
Tu saaanalizo xsnari eqvemdebareba buger-lambert-beris kanons, maSin 

saanalizo xsnarSi sakvlevi nivTierebis koncentracias pouloben sakalibro 
(danayofebiani) grafikis meSveobiT, romelic gamoxatavs xsnaris optikuri 
simkvrivis damokidebulebas sakvlevi nivTierebis koncentraciaze _ D/C.  

 
    es grafiki am SemTxvevaSi warmoadgens pirdapir xazs da igi igeba 
standartuli xsnarebis seriis safuZvelze (nax. 37). buger-lambert-beris kanoni 
irRveva maSin, roca saqme gvaqvs nivTierebis Zalze mcire an Zalze did 
koncentraciasTan, rac iwvevs grafikis gamrudebas (am dros 1,0<D   an )5,1>D . 

roca 2,14,0 −=D  maSin gazomvebs eqneba minimaluri cdomileba da grafikic 
iqneba sworxazovani. 

 
 

nax. 36. nax. 36. nax. 36. nax. 36.     SuqSTanTqmis speqtriSuqSTanTqmis speqtriSuqSTanTqmis speqtriSuqSTanTqmis speqtri    
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Tavi XX. kolorimetruli analiziTavi XX. kolorimetruli analiziTavi XX. kolorimetruli analiziTavi XX. kolorimetruli analizi    

    
XX.XX.XX.XX.1. kolorimetriis Teoriuli safuZvlebi1. kolorimetriis Teoriuli safuZvlebi1. kolorimetriis Teoriuli safuZvlebi1. kolorimetriis Teoriuli safuZvlebi    

 
kolorimetria _ atomurkolorimetria _ atomurkolorimetria _ atomurkolorimetria _ atomur----absorbciuli absorbciuli absorbciuli absorbciuli analizis yvelaze martivanalizis yvelaze martivanalizis yvelaze martivanalizis yvelaze martivi meTodia, roi meTodia, roi meTodia, roi meTodia, ro----

memememelic pirvelad SemogvTavaza severginma 1795w.lic pirvelad SemogvTavaza severginma 1795w.lic pirvelad SemogvTavaza severginma 1795w.lic pirvelad SemogvTavaza severginma 1795w. kolorimetriis meTodikolorimetriis meTodikolorimetriis meTodikolorimetriis meTodi dafuZnebudafuZnebudafuZnebudafuZnebu----
lia saanalizo xsnaris Seferilobis Sedarebaze standartuli xsnaris ferTan.lia saanalizo xsnaris Seferilobis Sedarebaze standartuli xsnaris ferTan.lia saanalizo xsnaris Seferilobis Sedarebaze standartuli xsnaris ferTan.lia saanalizo xsnaris Seferilobis Sedarebaze standartuli xsnaris ferTan. 
TviTon cneba `xsnaris Seferiloba~ aris pirobiTi, radganac es aris sinaTlis 
speqtris xiluli nawilis gamosxivebis STanTqma. yoveli nivTiereba STanTqavs da 
aireklavs eleqtromagnitur gamosxivebas da yvela nivTiereba, romelsac gaaCnia 
unari STanTqos 400–dan  800 nm–mde talRis sigrZis gamosxivebas (e.i. TvaliT 
xiluli sinaTle), warmoadgens Seferils. rac ufro intensiuria xsnaris Seferi-
loba, miT ufro metia nivTierebis an ionis koncentracia mocemul xsnarSi. Tu 
saanalizo da standartuli xsnarebis Seferiloba erTnairia, es imas niSnavs, rom 
maTSi erTnairia sakvlevi nivTierebis raodenoba. Tu saanalizo xsnaris Seferi-
loba ufro intensiuria, vidre standartulisa, maSin saanalizo xsnars anzaveben. 
ician ra ramdenjer gaanzaves igi standartulTan SedarebiT, SeiZleba ganisazR-
vros masSi sakvlevi nivTierebis an ionis koncentracia:  

kolorimetruli meTodi gamoiyeneba nivTierebis umciresi raodenobis 
gansazRvrisaTvis, amasTan, amisaTvis ixarjeba gacilebiT naklebi dro.  

 

nax. 37.   nax. 37.   nax. 37.   nax. 37.   C
D     sakalibro mrudisakalibro mrudisakalibro mrudisakalibro mrudi    
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mravali nivTierebis xsnari ar eqvemdebareba bugermravali nivTierebis xsnari ar eqvemdebareba bugermravali nivTierebis xsnari ar eqvemdebareba bugermravali nivTierebis xsnari ar eqvemdebareba buger----lambertlambertlambertlambert----beris kanons. beris kanons. beris kanons. beris kanons.     
amis mniSvnelovan mizezad iTvleba:amis mniSvnelovan mizezad iTvleba:amis mniSvnelovan mizezad iTvleba:amis mniSvnelovan mizezad iTvleba:    

    
1.1.1.1. xsnarSi gareSe ionebis arseboba; 
2.2.2.2. saanalizo nivTierebis disociaciis xarisxis cvlileba gaxsnis procesSi, 

romelic moqmedebs Seferilobis Secvlaze da iwvevs optikuri simkrivis 
Secvlasac: 

3.3.3.3. analizis procesSi xsnarebis gansazRvrisas nivTierebaTa  hidrolizis  
procesi xels  uSlis analizis Catarebas; 

4.4.4.4. pH -is cvlileba, romelic, romelic iwvevs sinaTlis STanTqmis procesis 
darRvevas; 

5.5.5.5. xsnaris temperaturis cvlileba. 
 
 
 

    
    
    

    
    

    
    
    

XX.2. koloriXX.2. koloriXX.2. koloriXX.2. kolorimetriis vizualuri da metriis vizualuri da metriis vizualuri da metriis vizualuri da instrumentuli meTodebiinstrumentuli meTodebiinstrumentuli meTodebiinstrumentuli meTodebi    
 
kolorimetruli analizis dros saanalizo xsnaris Seferilobis 

intensivobas adareben an standartuli xsnaris Seferilobas, an Sedarebis 
xsnaris Seferilobas, romelic ar Seicavs sakvlev nivTierebas. 

Sedarebas axdenen ori meTodiT:Sedarebas axdenen ori meTodiT:Sedarebas axdenen ori meTodiT:Sedarebas axdenen ori meTodiT:    
1.1.1.1. vizualuri meTodiT; 
2.2.2.2. instrumentuli meTodiT. 

    
vizualuri meTodebis drosvizualuri meTodebis drosvizualuri meTodebis drosvizualuri meTodebis dros xdeba saanalizo da standartuli xsnarxdeba saanalizo da standartuli xsnarxdeba saanalizo da standartuli xsnarxdeba saanalizo da standartuli xsnarebis ebis ebis ebis 

ferebis gaTanabreba sxvadasxva xerxiT:ferebis gaTanabreba sxvadasxva xerxiT:ferebis gaTanabreba sxvadasxva xerxiT:ferebis gaTanabreba sxvadasxva xerxiT:    
a)a)a)a) xsnaris fenis sisqis SecvliT; 
b)b)b)b) xsnaris koncentraciis SecvliT. 
 

        instrumentuli meTodebiT muSaobisas instrumentuli meTodebiT muSaobisas instrumentuli meTodebiT muSaobisas instrumentuli meTodebiT muSaobisas   xdeba saanalizo  da standartuli 
xsnarebis ferebis Sedareba specialuri xelsawyoebis meSveobiT (fotokolo-
rimetrebi, speqtrofotometrebi) da am dros sakvlevi nivTierebis koncentracias 
pouloben danayofebiani grafikis meSveobiT, romelsac ageben standartuli 
xsnarebis seriis safuZvelze. rogorc cnobilia, standartul xsnarebSi zustadaa 
cnobili sakvlevi nivTierebis koncentracia, amitom gazomaven TiTeuli standar-

tuli xsnaris  optikur simkrives _ D -s da ageben 
C

D
 damokidebulebis grafiks. 

TviTon standartuli xsnaris optikur simkvrives ki zomaven Sedarebis xsnaris 
optikur simkrivesTan damokidebulebiT. Sedarebis xsnaris rolSi umravSedarebis xsnaris rolSi umravSedarebis xsnaris rolSi umravSedarebis xsnaris rolSi umravles les les les 
SemTxvevaSi  gamodis sufTa gamxsneli (distilirebuli wyali).SemTxvevaSi  gamodis sufTa gamxsneli (distilirebuli wyali).SemTxvevaSi  gamodis sufTa gamxsneli (distilirebuli wyali).SemTxvevaSi  gamodis sufTa gamxsneli (distilirebuli wyali). Sedarebis xsnari 
unda Seicavdes saanalizo xsnaris yvela komponents, garda sakvlevi nivTierebisa.  
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  sinaTlis sxivebs STanTqavs ara mxolod  sakvlevi nivTiereba, aramed 
gamxsnelic da masze damatebuli reaqtivebic, amitom Sedarebis xsnaris gamoyeneba 
gamoricxavs optikuri analizis uzustobas, romelic gamowveulia  gamxsnelis da 
damatebuli reagentebis mier sinaTlis STanTqmiT. saanalizo xsnaris optikuri 
simkvrivec izomeba iseve, rogorc standartuli xsnarebisa, imave Sedarebis xsnar-
Tan damokidebulebaSi. iseTi araorganuli naerTebi, romelTac gaaCniaT TavianTi 
sakuTari intensiuri Seferiloba, mcire raodenobiTaa, amitom xSirad uferuli 
nivTiereba  an misi ionebi gadahyavT SeferilSi specialuri indikatoris mimate-

biT. magaliTad, +2Cu -is ions wyalxsnarSi gaaCnia susti cisferi, amiakis 
damatebisas ki igi gadadis  intensiur luj-ferad Seferil kompleqsSi _ 

spilenZis  amiakatSi _ [ ] 243 )()( OHNHCu .  +2Ni -is marilebis wyalxsnarebi susti 

vardisferia, xolo dimeTilglioqsimis anu Cugaevis reaqtivis mimatebiT,  
warmoiqmneba nikelis dimeTilglioqsimatis wiTeli feris Sigakompleqsuri 
naerTi. 
 
 
 
 
 
 
 
 

XX.XX.XX.XX.3. 3. 3. 3. standartuli xsnarebis seriebis meTostandartuli xsnarebis seriebis meTostandartuli xsnarebis seriebis meTostandartuli xsnarebis seriebis meTodidididi    
    
        kolorimetriis vizualur meTodebs miekuTvneba standartuli xsnarebis kolorimetriis vizualur meTodebs miekuTvneba standartuli xsnarebis kolorimetriis vizualur meTodebs miekuTvneba standartuli xsnarebis kolorimetriis vizualur meTodebs miekuTvneba standartuli xsnarebis 
seriebis meTodi seriebis meTodi seriebis meTodi seriebis meTodi _ es aris kolorimetriis    yvelaze martivi  meTodi, romelsac ar 
sWirdeba specialuri aparatura  da romlis drosac ar aris saWiro kolorimet-
ris ZiriTadi kanonis _ buger-lambert-beris kanonis dacva. 

    
analizis principi SemdegSi mdgomareobs:analizis principi SemdegSi mdgomareobs:analizis principi SemdegSi mdgomareobs:analizis principi SemdegSi mdgomareobs: winaswar amzadeben standartuli 

xsnarebis serias, romelTa koncentraciac erTmaneTisagan gansxvavdeba 10-15%-iT 
da am serias adareben vizualurad (TvaliT) saanalizo xsnaris Seferilobas. Tu 
saanalizo xsnaris Seferva imyofeba ori erTmaneTTan axlobeli standartuli 
xsnarebis Seferilobas Soris, maSin saanalizo xsnaris koncentracias pouloben, 
rogorc saSualo ariTmetikul sidides am ori standartuli xsnaris koncen-
traciis safuZvelze. am meTodiT muSaobisas aucilebelia visargebloT axlad 
damzadebuli  standartuli xsnarebiT. 

 
analizis msvleloba:analizis msvleloba:analizis msvleloba:analizis msvleloba: winaswar amzadeben standartuli xsnarebis serias, 

romlebic Seicaven sakvlevi nivTierebis  zust raodenobas da danayofebian, 
erTnairi zomis da formis sinjarebSi asxamen standartuli xsnaris  sxvadasxva 
porciebs. erT aseTive sinjaraSi ki asxamen saanalizo xsnars, romelSic ucnobia  
sakvlevi nivTierebis  koncentracia. am sinjaraSi arsebuli xsnaris fers 
vizualurad  adareben standartuli xsnarebis seriebis fers, TeTri qaRaldis 
fonze. 

    
sinjarebi unda akmayofilebdes Semdeg moTxovnebs:sinjarebi unda akmayofilebdes Semdeg moTxovnebs:sinjarebi unda akmayofilebdes Semdeg moTxovnebs:sinjarebi unda akmayofilebdes Semdeg moTxovnebs:  
 

  Aa) Aa) Aa) Aa) isini unda  iyos erTnairi formis; 
            b) b) b) b) erTnairi    zomis;  
         g)g)g)g) erTnairi    moculobis; 
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   d)d)d)d) erTnairi minisagan damzadebuli; 
            e)e)e)e) samuSaod gacilebiT mosaxerxebelia danayofebiani sinjarebis gamoyeneba; 
   v)v)v)v) sinjarebs sasurvelia gaaCndeT mixexili sacobebi.  
  aseT sinjarebSi SeiZleba pirdapir movamzadoT standartuli xsnarebi Sem-
degnairad: CavasxaT isini biuretidan sxvadasxva porciebiT, davamatoT Sesabamisi 
reaqtivebi da SevavsoT niSanxazamde distilirebuli wyliT. sinjarebs aTavseben  
Stativze, maTi koncentraciis  zrdis Sesabamisad, da Rebuloben ferad skalas.    

    
meTodis nakli mdgomareobs SemdegSi:meTodis nakli mdgomareobs SemdegSi:meTodis nakli mdgomareobs SemdegSi:meTodis nakli mdgomareobs SemdegSi:    

 1)1)1)1) meTodis sizuste dabalia;    
  2)2)2)2) aucilebelia standartuli xsnarebis mTeli seriis momzadeba; 
  3) 3) 3) 3) aucilebelia axlad damzadebuli standartuli xsnarebiT sargebloba. 

                magaliTi:magaliTi:magaliTi:magaliTi:                +2Cu ----is ionebis gansazRvra  misi is ionebis gansazRvra  misi is ionebis gansazRvra  misi is ionebis gansazRvra  misi marilis xsnarSi kolorimetmarilis xsnarSi kolorimetmarilis xsnarSi kolorimetmarilis xsnarSi kolorimetriririri----
is  standartuli xsnarebis seriebis  mixedviTis  standartuli xsnarebis seriebis  mixedviTis  standartuli xsnarebis seriebis  mixedviTis  standartuli xsnarebis seriebis  mixedviT    

winaswar amzadeben standartuli xsnarebis serias, risTvisac iReben 

gadakristalebul OHCuSO 24 5⋅  marils da amzadeben  standartuli xsnars, rome-

lic Seicavs  0,5 gram an  1 gram +2Cu -is    ions 1l distilirebul wyalSi. momza-

debul  xsnarze umateben 42SOH -is mcire raodenobas, raTa CaaxSon wyalxsnarSi 

4CuSO -is hidrolizi da danayofebian sinjaraSi  asxamen standartuli xsnaris 
sxvadasxva porcias mzardi koncentraciiT. Semdeg sinjarebSi umateben amiaks  

jer 42SOH -s gasaneitraleblad, Semdeg ki _ spilenZis amiakatis lurji 
kompleqsis warmosaqmnelad: 

[ ] ++ →+
2

433

2 )(4 NHCuNHCu  

  xsnarebis  moculoba sinjarebSi mihyavT niSanxazamde distilirebuli 

wyliT. aseve amzadeben saanalizo xsnarsac, romelSic ucnobia +2Cu -is    ionebis 
koncentracia da adareben saanalizo xsnars Sefervis intensiobas standartuli 
xsnarebis ferad skalas TeTri qaRaldis fonze. 

 
 

    
    

    
    
    

XX.4. kolorimetruli gatitvris meTodiXX.4. kolorimetruli gatitvris meTodiXX.4. kolorimetruli gatitvris meTodiXX.4. kolorimetruli gatitvris meTodi    
    

kolorimetruli gatitvris meTodis principikolorimetruli gatitvris meTodis principikolorimetruli gatitvris meTodis principikolorimetruli gatitvris meTodis principi mdgomareobs SemdegSi: mdgomareobs SemdegSi: mdgomareobs SemdegSi: mdgomareobs SemdegSi:     
    winaswar amzadeben standartul xsnars, romelSic cnobilia sakvlevi 
nivTierebis an ionis zusti koncentracia. Semdeg iReben or erTnairi zomis 
cilindrs: pirvelSi aTavseben garkveuli moculobis saanalizo xsnars, 
romelSic ucnobia sakvlevi nivTierebis an ionebis koncentracia da umateben 
Semferav reagents; meore cilindrSi ki asxamen Semferav reagents da am reagentis 
xsnars wveTobiT umateben winaswar damzadebul standartul xsnars manam, sanam 
orive cilindrSi xsnarebis Seferiloba ar gautoldeba erTmaneTs. gatitvraze 
daxarjuli standartuli xsnaris moculobis mixedviT gaiangariSeben saanalizo 
xsnarSi sakvlevi nivTierebis an ionis koncentracias Semdegi formulis 
safuZvelze: 
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Cx · Vx  =  Cst st st st ·Vstststst 

 

                      aqedan:    Cx = Cstststst·Vst st st st / / / / Vx     
 sadac:   CX  _ aris saanalizo xsnarSi sakvlevi nivTierebis an ionis      
                koncentracia; 

 Cstststst –aris standartuli xsnaris koncentracia; 
 Vstststst _ aris gatitvraze daxarjuli standartuli xsnaris  moculoba,  
       mililitrebSi; 
 VX _ aris saanalizo xsnaris moculoba, mililitrebSi. 

 
magaliTi: magaliTi: magaliTi: magaliTi: Fe

3+
-is is is is ionebis kolorimetruionebis kolorimetruionebis kolorimetruionebis kolorimetrulililili    gatitvra rodaniduli wesiT.gatitvra rodaniduli wesiT.gatitvra rodaniduli wesiT.gatitvra rodaniduli wesiT.    

    rogorc cnobilia,  ±3Fe -is ionebi rodanid-ionebTan  warmoqmnian sxvadasxva 
Sedgenilobis wiTeli feris kompleqsebs. am kompleqsebis Sedgeniloba 
damokidebulia damatebuli reagentis raodenobaze da pH -ze; 

1. ClNHClSCNFeSCNNHFeCl 4243 2])([2 +⇔+  

2. ClNHSCNFeSCNNHFeCl 4343 3)(3 +⇔+  

3. ])([)(3)( 63443 SCNFeNHSCNNHSCNFe ⇔+  

 

  Tavdapirvelad amzadeben +3Fe -is ionebis Semcvel standartul xsnars, ris-

Tvisac wonian 8,64 gram rkina-amoniumis Sabs OHSOFeNH 2244 12)( ⋅  da xsnian 1 litr 
distilirebul wyalSi. aseTnairad damzadebuli standartuli xsnaris  1 ml Sei-

cavs  1mg +3Fe /ml. Semdeg iReben ori erTnairi zomis cilindrs: erTSi asxamen 

sanalizo xsnars, romelSic ucnobia +3Fe -is ionebis koncentracia,  umateben 
mcire raodenobiT romelime mineralur mJavas (gogirdmJavas, azotmJavas an 
marilmJavas), raTa CaaxSon wyalxsnarSi  rkinis marilebis hidrolizi: 

4232342 3)(26)( SOHOHFeOHSOFe +↓⇔+  

 
e.i rkinis marilebis hidrolizis Sedegad, xsnars gaaCnia mJave reaqcia, 

radganac xsnarSi wyalbad-ionebis koncentracia gacilebiT sWarbobs hidroqsil-
ionebis koncentracias. rkinis marilebis hidrolizis CaxSoba SesaZlebelia 
xsnarze romelime mineraluri mJavas damatebiT, raTa xsnarSi Warbad dagrovdes 
wyalbad-ionebi, romlebic Seqmnian Zlier mJava garemos da reaqcia warimarTeba 
marjvnidan marcxniv, riTac rkinis marilebs saSualeba miecema advilad da 
srulad Sevidnen reaqciaSi rodanid-ionebTan.  

amis Semdeg cilindrSi amateben 50ml wyals, 10ml N2  ClNH4 -s  da 10ml N3  

SCNNH 4 -s. cilindri 100ml-mde mihyavT distilirebuli wyliT. meore cilindrSi 

ki asxamen 50 mililitramde distilirebul wyals, 10ml N2  ClNH4 , 10ml N3  

SCNNH 4 -s da wveTobiT umateben winaswar momzadebul standartul xsnars manam, 
sanam cilindrSi Seferiloba ar gauTanabrdeba  saanalizo xsnaris Seferilobas. 
amis Semdeg Caiweren gatitvraze daxarjuli standartuli xsnaris moculobas 

mililitrebSi da gamoTvlian saanalizo xsnarSi saanalizo xsnarSi saanalizo xsnarSi saanalizo xsnarSi +3Fe ----is ionebis koncentracias is ionebis koncentracias is ionebis koncentracias is ionebis koncentracias 
formuliT:formuliT:formuliT:formuliT: 

 
 

                                                    Cx  =  
                                                             VX         

    

Cstststst·VVVVstststst 
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XX.5. ferTa gaTanabrebis XX.5. ferTa gaTanabrebis XX.5. ferTa gaTanabrebis XX.5. ferTa gaTanabrebis meTodimeTodimeTodimeTodi    
    
ferTa gaTanabrebis meTodis principi mdgomareobs SemdegSi:ferTa gaTanabrebis meTodis principi mdgomareobs SemdegSi:ferTa gaTanabrebis meTodis principi mdgomareobs SemdegSi:ferTa gaTanabrebis meTodis principi mdgomareobs SemdegSi: Tu gaqvs ori 

Seferili xsnari, romlebic Seicaven erTsa da imave nivTierebas, magram 
sxvadasxva koncentaciiT, maSin xsnarisaTvis optikuri simkrive anu sinaTlis 
STanTqmis intensioba iqneba Semdegi: 

 

111 lCD ⋅⋅= ε  

222 lCD ⋅⋅= ε  
 

Tu mivaRwevT orive xsnaris optikuri simkvrivis gaTanabrebas, maSin 21 DD =  
da maTi mniSvnelobebic erTmaneTis toli iqneba: 

 

2211 lClC ⋅=⋅  

1

2

2

1

l

l

C

C =  

 
maSasadame, Tu erTnairi bunebis nivTiereba sxvadasxva koncentraciiT imyo-

feba or xsnarSi, maSin xsnarebis optikuri wonasworobis dros, am xsnarebis 
koncentraciaTa namravli xsnarebis fenis sisqeze iqneba erTmaneTis toli. anu 
optikuri simkvriveebis tolobis dros, ori Sesadarebeli xsnaris fenebis sisqis 
Sefardeba ukuproporciulia am xsnarebis koncentraciebis fardobisa. ferTa 
gaTanabrebis meTodi sruldeba specialur xelsawyoebze, kerZod, diuboskis diuboskis diuboskis diuboskis 
kolorimetrze  an  kolorimetrze  an  kolorimetrze  an  kolorimetrze  an  КОЛ-1М----zezezeze.  

 
diuboskis kolorimetrze muSaobis wesebi Semdegia: diuboskis kolorimetrze muSaobis wesebi Semdegia: diuboskis kolorimetrze muSaobis wesebi Semdegia: diuboskis kolorimetrze muSaobis wesebi Semdegia:     sinaTlis sxivi 

Tavdapirvelad ecema sarkeze,sarkeze,sarkeze,sarkeze, airekleba misgan da xvdeba xsnarian kiuvetebSi. ko-
lorimetrSi Tavsdeba ori kiuveta:ori kiuveta:ori kiuveta:ori kiuveta: rogorc wesi, marcxena kiuvetSi isxmeba saamarcxena kiuvetSi isxmeba saamarcxena kiuvetSi isxmeba saamarcxena kiuvetSi isxmeba saanananana----
lizo xsnari, marjvenaSi ki lizo xsnari, marjvenaSi ki lizo xsnari, marjvenaSi ki lizo xsnari, marjvenaSi ki ––––    standartuli xsnari.standartuli xsnari.standartuli xsnari.standartuli xsnari. Semdeg sinaTlis sxivi gaiv-
lis cicicicilindrebs,lindrebs,lindrebs,lindrebs, romlebsac SeuZliaT vertikalurad gadaadgileba    kolori-
metris Stativis mimarT, am Stativze damontaJebuli saxelurebiani kbilanebiani 
borblebis meSveobiT, romelTac kremalierebi kremalierebi kremalierebi kremalierebi ewodebaT. kolorimetrebs gaaCniaT 
ori cilindri:ori cilindri:ori cilindri:ori cilindri: marcxena cilindri, romelic Cadis marcxena kiuvetSi da marjvena 
cilindri, romelic eSveba marjvena kiuvetSi (nax. 38). 

 
amis Semdeg sinaTlis sxivi xvdeba prizmaSiprizmaSiprizmaSiprizmaSi, Semdeg – linzebSi, linzebSi, linzebSi, linzebSi, gardatydeba 

da sabolood xvdeba okuliarSi.okuliarSi.okuliarSi.okuliarSi. damkvirvebeli okuliaris milSi xedavs mrgval 
Seferil wres,wres,wres,wres, romelic gayofilia or naxevrad da es naxevrebi gansxvavdebian 
erTmaneTisagan Seferilobis intensiobis mixedviT. marjvena naxevarwre Seesamarjvena naxevarwre Seesamarjvena naxevarwre Seesamarjvena naxevarwre Seesa----
bameba marcxena sinaTlis nakadis intensiobas, romelic gadis saanalizo xsnarSi, bameba marcxena sinaTlis nakadis intensiobas, romelic gadis saanalizo xsnarSi, bameba marcxena sinaTlis nakadis intensiobas, romelic gadis saanalizo xsnarSi, bameba marcxena sinaTlis nakadis intensiobas, romelic gadis saanalizo xsnarSi, 
xolo marcxena naxevarwre Seesabameba marjvxolo marcxena naxevarwre Seesabameba marjvxolo marcxena naxevarwre Seesabameba marjvxolo marcxena naxevarwre Seesabameba marjvena sinaTlis nakadis intensiobas, ena sinaTlis nakadis intensiobas, ena sinaTlis nakadis intensiobas, ena sinaTlis nakadis intensiobas, 
romelic gaivlis standartul xsnars.romelic gaivlis standartul xsnars.romelic gaivlis standartul xsnars.romelic gaivlis standartul xsnars.    

    
kremalierebis meSveobiT cilindrebs orive kiuvetSi ayeneben im simaRleze, 

romlis drosac orive kiuvetSi moTavsebuli xsnarebis optikuri simkvriveebi 
erTmaneTis toli gaxdeba. am momentSi okuliarSi optikuri mindvris gamyofi 
sazRvari gaqreba. 
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amis Semdeg marjvena da marcxena Stativebze damontaJebul skalebze 

aiTvlian standartuli da saanalizo xsnarebis fenis sisqes (fenis simaRle) da 
gamoTvlian saanalizo xsnaris koncentracias formuliT:saanalizo xsnaris koncentracias formuliT:saanalizo xsnaris koncentracias formuliT:saanalizo xsnaris koncentracias formuliT:    

        
                        Cx · lx = = = = Cstststst    · lstststst      
 
 
 
 
               aqedan:    
 
 
 
 
diuboskis kolorimetrSi ganaTebisaTvis iyeneben dRis gafantul sinaTles an 

mkrTali naTuris sinaTles (sinaTlis wyaro). 
 
 
 
 
 
 
 
 
 

 
    

       Cstststst· l stststst            

xC ====                

                                xl  

naxnaxnaxnax....    38.  diuboskis kolorimetris 38.  diuboskis kolorimetris 38.  diuboskis kolorimetris 38.  diuboskis kolorimetris 
principuli sqemaprincipuli sqemaprincipuli sqemaprincipuli sqema    

    
    

1.1.1.1. okuliariokuliariokuliariokuliari    
2.2.2.2. prizmaprizmaprizmaprizma    
3.3.3.3. moZravi cilindrebimoZravi cilindrebimoZravi cilindrebimoZravi cilindrebi    
4.4.4.4. kiuvetebikiuvetebikiuvetebikiuvetebi    
5.5.5.5. sarkesarkesarkesarke    
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XX.6. XX.6. XX.6. XX.6. kolorimetrikolorimetrikolorimetrikolorimetriiiiis praqtikuli gamoyenebas praqtikuli gamoyenebas praqtikuli gamoyenebas praqtikuli gamoyeneba    
    

kolorimetria farTod gamoiyeneba sxvadasxva SenadnobebSi rkinis da mZime 
metalebis minarevebis gansazRvrisaTvis, aseve samedicino preparatebSi sxvadasxva 
minarevebis gansazRvrisaTvis, garemos pH -is gansazRvrisaTvis da sxva. 

magaliTi 1:magaliTi 1:magaliTi 1:magaliTi 1: sxvadasxvadasxvadasxvadasxvasxvasxvasxva    SenadnobebSi rkinis minarevebis gansazRvraSenadnobebSi rkinis minarevebis gansazRvraSenadnobebSi rkinis minarevebis gansazRvraSenadnobebSi rkinis minarevebis gansazRvra.  
gansazRvras safuZvlad udevs rkinis mier sulfosalicilis mJavasTan yviTeli 
Seferilobis kompleqsuri naerTis warmoqmna, romlis Seferilobis intensioba 
isazRvreba etalonTan anu sakontrolo xsnarTan SedarebiT.  
            analizis msvleloba Semdegia:analizis msvleloba Semdegia:analizis msvleloba Semdegia:analizis msvleloba Semdegia: winaswar amzadeben etalons anu sakontrolo 

xsnars, risTvisac iReben 10 ml xsnars, romelic Seicavs 0,0003% +3Fe -is ionebs, 

umateben  2 ml  sulfosalicilis mJavas _ )(3 OHHSO COOHHC 36 da  aseve umateben  

1 ml OHNH 4 -is xsnars. xsnari miiRebs garkveuli intensiobis yviTel 
Seferilobas. amis Semdeg amzadeben saanalizo xsnars, risTvisac iReben 10 ml 

xsnars, romelSic ucnobia +3Fe -is ionebis koncentracia, umateben 2ml 

sulfosalicilis mJavas, 1 ml  OHNH 4 -s da 5 wuTis Semdeg adareben saanalizo 
xsnaris Seferilobas etalonis Seferilobas. saanalizo xsnaris Sefervis 
intensioba ar unda aRematebodes etalonis Sefervis intensiobas. 

magaliTi 2:magaliTi 2:magaliTi 2:magaliTi 2: mZimemZimemZimemZime    memememetalTa minarevebis gantalTa minarevebis gantalTa minarevebis gantalTa minarevebis gansazRvra kolorimetrsazRvra kolorimetrsazRvra kolorimetrsazRvra kolorimetriiiiuli meTodiT. uli meTodiT. uli meTodiT. uli meTodiT. 
gansazRvras safuZvlad udevs mZime metalTa urTierTqmedeba natriumis 

sulfidTan _ SNa2 , romlis Sedegadac isini ileqebian: 
++ +↓→+ NaPbSSNaPb 22

2
 

analizis msvleloba Semdegia: analizis msvleloba Semdegia: analizis msvleloba Semdegia: analizis msvleloba Semdegia: winaswar amzadeben etalons, risTvisac iReben 

10 ml xsnars, romelic Seicavs 0,00005% +2Pb -is ionebs. umateben 1 ml ganzavebul 

COOHCH 3 -s da 1-2 wveT SNa 2 -s, xsnari Seifereba. Semdeg amzadeben saanalizo 

xsnars, risTvisac iReben 10 ml xsnars, romelSic ucnobia sakvlevi +2Pb -is 

ionebis Semcveloba. umateben 10 ml ganzavebul COOHCH 3 -s da 1-2 wveT SNa 2 -s. 

saanalizo xsnaris Seferilobis intensioba naklebi unda iyos etalonis 
Seferilobaze. 

 
 
 
 
 

Tavi XXI. fotokolorimetruli meTodiTavi XXI. fotokolorimetruli meTodiTavi XXI. fotokolorimetruli meTodiTavi XXI. fotokolorimetruli meTodi    
    

XXI.1. XXI.1. XXI.1. XXI.1. fotokolorimetriis Teoriuli safuZvlebifotokolorimetriis Teoriuli safuZvlebifotokolorimetriis Teoriuli safuZvlebifotokolorimetriis Teoriuli safuZvlebi    
    

xsnaris Seferilobis intensivoba damokidebulia ara marto am xsnaris kon-
centraciaze ((((C)    da misi fenis sisqeze (((( l ),),),), aramed xsnarSi gamavali sinaTlis 
nakadis intensiobazec. amitom sinaTlis nakadis intensiobaze msjeloben foto-
denis Zalis mixedviT _ fotoeleqtrokolorimetrebSi, xolo fotodenis Zalas 
zomaven fotoelementebis meSveobiT. 

 
fotoelementebifotoelementebifotoelementebifotoelementebi warmoadgenen xelsawyoebs, romlebic gardaqmnwarmoadgenen xelsawyoebs, romlebic gardaqmnwarmoadgenen xelsawyoebs, romlebic gardaqmnwarmoadgenen xelsawyoebs, romlebic gardaqmnian maTze ian maTze ian maTze ian maTze 

dacedacedacedacemul sinaTlismul sinaTlismul sinaTlismul sinaTlis    energias eleqtrodenad,energias eleqtrodenad,energias eleqtrodenad,energias eleqtrodenad, radganac sinaTlis nakadis radganac sinaTlis nakadis radganac sinaTlis nakadis radganac sinaTlis nakadis 
intensiobis cvlileba iwvevs fotoelementebis mier gamomuSavebuli intensiobis cvlileba iwvevs fotoelementebis mier gamomuSavebuli intensiobis cvlileba iwvevs fotoelementebis mier gamomuSavebuli intensiobis cvlileba iwvevs fotoelementebis mier gamomuSavebuli 
eleqtrodenis cvlilebas.eleqtrodenis cvlilebas.eleqtrodenis cvlilebas.eleqtrodenis cvlilebas. saanalizo xsnarSi gamavali sinaTlis nakadis 
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intensioba isazRvreba specialur xelsawyoze, romelsac fotofotofotofotoeleqeleqeleqeleqtrotrotrotrokokokokololololo----
metri, anu fekmetri, anu fekmetri, anu fekmetri, anu fek----iiii ewodeba.  

fek-ze izomeba saanalizo xsnaris mier sinaTlis talRis optikuri STanTqma. 
bolo wlebSi analizur praqtikaSi ufro gavrcelebulia ori fotoelementisagan 
Semdgari e.w. `ormxriani~ fek-ebi. TiToeul fotoelements gaaCnia diafragma da 
orive fotoelementi isea CarTuli fek-is sqemaSi, rom maT mier gamomuSavebuli 
fotodenebi urTierTsawinaaRmdego mimarTulebisaa. maSasadame, fotoelementebi 
isea CarTuli galvanometris wredSi, rom maTze warmoqnili fotodenebi 
miemarTeba erTmaneTis Semxvedri mimarTulebiT. amitom Tu orive fotoelementze 
ecema erTnairi intensivobis sinaTlis nakadebi, maSin moxdeba fotoelementebis 
mier erTnairi fotodenebis gamomuSaveba, e.i. moxdeba fotodenebis kompensaciafotodenebis kompensaciafotodenebis kompensaciafotodenebis kompensacia da 
am dros galvanometris isari dadgeba 0_0_0_0_van mdgomareobaze, rac imis maCvenebelia, 
rom wredSi deni ar aris. xolo roca fotoelementebze ecema sxvadasxva 
intensiobis nakadebi, maSin fotodenebis kompensacia ar moxdeba da galvanometris 
isari gadaixreba nulovani mdgomareobidan. 

 
sinaTlis nakadis intensivobis Sesacvlelad, fekSi gamavali sinaTlis gzaze 

dayenebulia ori diafragma: ori diafragma: ori diafragma: ori diafragma: erTs ewodeba gamzomi diagfragma,gamzomi diagfragma,gamzomi diagfragma,gamzomi diagfragma, romelic dakavSi-
rebulia Tavis mxriv dolTan, romelzedac damontaJebulia amTvleli skala; 
meore – makompensirebeli diafragma,makompensirebeli diafragma,makompensirebeli diafragma,makompensirebeli diafragma, romelic axdens fotodenebis gaTanabrebas 
da galvanometris isris dayenebas nulovan mdgomareobaSi. 

 
fotoeleqtrokolorimetrze muSaobisas iyeneben sam kiuvetas,sam kiuvetas,sam kiuvetas,sam kiuvetas, aqedan: 1-2 

kiuvetebSi asxamen Sedarebis xsnars, romelic ar Seicavs sakvlev komponents 
(Sedarebis xsnaris rolSi xSir SemTxvevaSi gamodis sufTa gamxsneli – 
distilirebuli wyali); mesame kiuvetaSi ki isxmeba standartuli xsnari an 
saanalizo xsnari. 

 
laboratoriebSi xSirad iyeneben Semdeg tipis fotokolorimetrebs: fek-56, 

fek-56M, fek-M. maTi principuli sqema TiTqmis erTnairia da isini erTmaneTisagan 
gansxvavdebian fotoelementebis tipebiT, fotoelementebis gaZlierebuli 
sistemiT da Suqfiltrebis raodenobiT. 

    
    
    
    

XXI.2 fotoeleqtrokolorimetris (fek) muSaobis principiXXI.2 fotoeleqtrokolorimetris (fek) muSaobis principiXXI.2 fotoeleqtrokolorimetris (fek) muSaobis principiXXI.2 fotoeleqtrokolorimetris (fek) muSaobis principi    
    

            Ooptikuri simkvrivis    gazomvamde 10-20 wuTiT adre rTaven xelsawyos, raTa 
moxdes misi gaxureba da stabiluri samuSao reJimis  Camoyalibeba. amTvleli 
dolis meSveobiT ayeneben diafragmas minimalurad gaxsnil mgomareobaSi. am 
momentSi Tavdapirvelad orive sinaTlis nakadis gzaze dayenebulia Sedarebis 
xsnarebiani kiuvetebi. am dros sinaTlis STanTqma orive kiuvetSi erTnairia. 
magram radganac marjvena sinaTlis intensioba ufro Sesustebulia diafragmis 
meSveobiT, amitom marjvena fotoelements daecema naklebi intensiobis  Suqi da 
am momentSi 0000_galvanometris isari gadaixreba nulovani mdgomareobidan. am 
SemTxvevaSi axdenen fotodenebis kompensacias, risTvisac amcireben marcxena 
diafragmis farTobs  manam, sanam galvanometris isari ar daubrundeba 0000-s. 
amrigad, fek-i gawonasworebulia nulovan mdgomareobaSi Sedarebis xsnarebis 
mimarT.  
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Semdeg marjvena mesame kiuvetSi asxamen saanalizo xsnars, romelic 
Seferilia. radganac Seferili xsnari sinaTles STanTqavs ufro Zlierad, vidre 
Sedarebis xsnari, amitom marjvena mesame kiuvetSi gamavali sinaTlis nakadis 
intensioba Semcirdeba da marjvena fotoelements daecema naklebi intensivobis 
Suqi. am dros kvlav dairRveva fotodenebis kompensacia da galvanometris isari 
gadaixreba nulidan. mis dasabruneblad nulovan mdgomareobaSi, atrialeben mar-
jvena amTvel dols, riTac TandaTan aReben marjvena gamzom diafragmas. amiT mar-
jvena fotoelementze dacemuli sinaTlis intensivoba kvlav gaZlierdeba da 
roca igi gautoldeba marcxena sinaTlis nakadis intensivobas, kvlav moxdeba 
fotodenebis kompensacia, romlis drosac galvanometris isari kvlav 
daubrundeba 0000-s. am momentSi marjvena  amTvleli dolis skalaze aiTvlian 
saanalizo xsnaris optikur simkvrives _ D -s. 

 
 marjvena dolze damontaJebulia marjvena dolze damontaJebulia marjvena dolze damontaJebulia marjvena dolze damontaJebulia optikuri simkvrivis skala, marcxena optikuri simkvrivis skala, marcxena optikuri simkvrivis skala, marcxena optikuri simkvrivis skala, marcxena 

dolze ki damontaJebulia sinaTlis gamtarianobis skaladolze ki damontaJebulia sinaTlis gamtarianobis skaladolze ki damontaJebulia sinaTlis gamtarianobis skaladolze ki damontaJebulia sinaTlis gamtarianobis skala.... sinaTlis marjvena sinaTlis marjvena sinaTlis marjvena sinaTlis marjvena 
nakads ewodeba ganakads ewodeba ganakads ewodeba ganakads ewodeba gamzomi nakadi, marcxena nakads ki makompensirebeli nakadi.mzomi nakadi, marcxena nakads ki makompensirebeli nakadi.mzomi nakadi, marcxena nakads ki makompensirebeli nakadi.mzomi nakadi, marcxena nakads ki makompensirebeli nakadi. 
sinaTlis sxivs ori nakadad hyofs sinaTlis prizmebi,prizmebi,prizmebi,prizmebi, romlebic moTavsebulia 
fekSi sinaTlis wyaros win. xvrelebiani diafragmebi dakavSirebulia dolebTan. 
kerZod, marjvena amTvleli dolTan dakavSirebulia marjvena gamzomi diafragma,marjvena gamzomi diafragma,marjvena gamzomi diafragma,marjvena gamzomi diafragma, 
xolo marcxena dolTan dakavSirebulia marcxena makonpensirebeli diafragma.marcxena makonpensirebeli diafragma.marcxena makonpensirebeli diafragma.marcxena makonpensirebeli diafragma.    

    
kkkkiuvetebiiuvetebiiuvetebiiuvetebi    warmoadgenen  mcire zomis specialuri minisagan an kvarcisagan 

damzadebul sworkuTxa an cilindrul WurWels, romlebsac gaaCniaT kedlebis 
gansazRvruli sisqe  da kedlebs Soris gansazRvruli daSoreba. kiuvetebSi Tavs-
deba saanalizo da Sedarebis xsnarebi. 

analizuri gansazRvrisaTvis mniSvnelovania ara xsnaris saerTo moculoba, 
romelic Tavsdeba kiuvetSi, aramed am xsnaris fenis sisqe. Tu kiuvetebi 
sworkuTxaa, maSin xsnaris fenis sisqe ganisazRvreba kiuvetebis wina da ukana 
kedlebs Soris daSorebiT, xolo Tu kiuvetebi cilindruli formisaa, maSin 
xsnaris fenis sisqe ganisazRvreba kiuvetis zeda da qveda saxuravebs Soris 
daSorebiT. 

 
kiuvetebi mzaddeba specialuri minisagan, romelic atarebs TvaliT xiluli 

speqtris yvela sxivs, xolo ultraiisfer ubanSi samuSaod iyeneben kvarcis kiu-
vetebs. rac ufro intensiurad aris Seferili saanalizo xsnari, miT ufro nak-
lebi unda iyos misi fenis sisqe da e.i. miT ufro mcire zomis unda iyos kiuveti. 
yovel fek-s axlavs kiuvetebis kompleqti, romlebSic Sedis erTnairi sisqis 
wyvili kiuvetebi:wyvili kiuvetebi:wyvili kiuvetebi:wyvili kiuvetebi: erTi saanalizo xsnarisaTvis, meore erTi saanalizo xsnarisaTvis, meore erTi saanalizo xsnarisaTvis, meore erTi saanalizo xsnarisaTvis, meore ––––Sedarebis xsnarisaTvis.Sedarebis xsnarisaTvis.Sedarebis xsnarisaTvis.Sedarebis xsnarisaTvis. 
kiuvetebs winaswar recxaven distilirebuli wyliT, Semdeg _ saanalizo xsnariT 
da mxolod amis Semdeg Seavseben. ar SeiZleba kiuvetSi didxans imyofebodes 
Seferili xsnarebi, radganac zogi nivTiereba advilad adsorbirdeba xsnaridan 
kiuvetis zedapirze.  samuSaos damTavrebis Semdeg  kiuvetis kedlebs  garedan Se-
amSraleben rbili naWriT da daamxoben, raTa SigniTa zedapiridan Camoirecxos 
wveTebi. dauSvebelia kiuvetis kedlebis gaxexva, radganac umniSvnelo ganakawric 
ki Secvlis maT optikur Tvisebebs. Tu saWiroa kiuvetebis SigniTa zedapiris ga-
sufTaveba, maSin iyeneben organul gamxsnelebs an koncentrirebul azotmJavas. 
kiuvetebi mudmivad unda imyofebodes distilirebul wyalSi an spirtSi. 

 
Tu xsnaris optikuri simkrive D >0,5>0,5>0,5>0,5, maSin iyeneben ufro naklebi simaRlis 

kiuvetebs, xolo Tu xsnaris optikuri simkrive D <0,5,<0,5,<0,5,<0,5, maSin SearCeven ufro maRal 
kiuvetebs. muSaobis dros kiuvetebi unda iyos absoluturad sufTa, radganac 
umciresi dabinZurebac ki amaxinjebs xelsawyos Cvenebas. 
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Suqfiltrebi.Suqfiltrebi.Suqfiltrebi.Suqfiltrebi.    Suqfiltrebis SerCeva mimdinareobs Semdegnairad: winaswar 
SerCeul kiuvetSi aTavseben saanalizo xsnars da sazRvraven  mis optikur 

simkrives yvela feris Suqfiltrebze. Semdeg ageben λ
D  damokidebulebis Suq-

STanTqmis speqtrs da grafikze gamoyofen im ubans, sadac D  maqsimaluria da ama-
ve dros D  umniSvnelodaa damokidebuli λ -ze.  am dros mruds unda hqondes maq-
simaluri da amave dros abscisTa RerZis paraleluri forma.  

 
muSaobisaTvis gamoiyeneben im Suqfiltrebs, romlis drosac xdeba sinaTlis 

maqsimaluri gatareba da romelic Seesabameba am ubnisaTvis damaxasiaTebel 
talRis sigrZes _ λ -s. 

 
Suqfiltrebi fotokolorimetrebSi dayenebulia sinaTlis nakadis gzaze da 

isini atareben speqtris mxolod erT gansazRvrul nawils, romelsac gaaCnia 
Tavisi gansazRvruli talRis sigrZe _ λ  da romelzedac xdeba saanalizo nivTi-
erebis xsnaris mier sinaTlis maqsimaluri STanTqma. e.i. am ubanSi optikuri 
simkvrive maqsimaluria. sxvadasxva fotokolorimetrebs gaaCniaT 5555-dan 11111111 calamde 
Suqfiltri, romelTa mier sinaTlis gamtarianoba Seesabameba da moicavs 
sinaTlis TvaliT xiluli ubnis mTel diapazons: λ =400_800=400_800=400_800=400_800 nm-mde. 

    
    
    
    
    
    
    
    

    
    
    

XXI.3. fekXXI.3. fekXXI.3. fekXXI.3. fek----56565656----is principuli sqema da masze muSaobis wesebiis principuli sqema da masze muSaobis wesebiis principuli sqema da masze muSaobis wesebiis principuli sqema da masze muSaobis wesebi    
    

 fekfekfekfek----56565656----Si sinaTlis energiis mimRebebsSi sinaTlis energiis mimRebebsSi sinaTlis energiis mimRebebsSi sinaTlis energiis mimRebebs warmoadgens ori fotoelementi, xolo 
0000----xelsawyosxelsawyosxelsawyosxelsawyos movaleobas asrulebs indikatoruli naTura an mikroampermetri, 
sinaTlis wyaros sinaTlis wyaros sinaTlis wyaros sinaTlis wyaros movaleobas asrulebs: 

1.1.1.1. gamaxurebeli naTura; 
2.2.2.2. vercxliswyliani kvarcis zemaRali wnevis naTura. am naTuras meSveobiT 

SesaZlebelia muSaoba sinaTlis talRebis Semdegi sigrZis diapazonSi _λ     
= = = = 315315315315----630 630 630 630 milimikroni (mmk).  

ultraiisfer ubanSi samuSaod gamoiyeneba vercxliswyliani kvarcis naTura. 

fekfekfekfek----56565656----is muSaobis principi  mdgomareobs SemdegSi:is muSaobis principi  mdgomareobs SemdegSi:is muSaobis principi  mdgomareobs SemdegSi:is muSaobis principi  mdgomareobs SemdegSi: sisisisinaTlis wyanaTlis wyanaTlis wyanaTlis wyarorororodandandandan  (1)(1)(1)(1)    wa-
mosuli sinaTlis nakadi gaivlis SuqfiltrebsSuqfiltrebsSuqfiltrebsSuqfiltrebs (2)(2)(2)(2) da ecema prizmaze (3).prizmaze (3).prizmaze (3).prizmaze (3). prizma 
hyofs sinaTlis nakads  marjvena da marcxena or nakadad. prizmidan areklili 
sinaTlis konebi  iyofian da gamodian erTmaneTis paralelurad. Semdeg sinaTlis 
marjvena da marcxena nakadebi gaivlian xsnarian kiuvetexsnarian kiuvetexsnarian kiuvetexsnarian kiuvetebSi (4)bSi (4)bSi (4)bSi (4) da xvdebian 
linzebSi.linzebSi.linzebSi.linzebSi. linzebi fek-56-Si warmoadgenen diafragmebs, romelTa fokusebSi 
moTavsebulia mkrTali minebi (nax. 39). 
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marjvena linza warmoadgens gamzom diafragmas (5),gamzom diafragmas (5),gamzom diafragmas (5),gamzom diafragmas (5), marcxena linza ki _  

makompensirebel diafragmas (6).makompensirebel diafragmas (6).makompensirebel diafragmas (6).makompensirebel diafragmas (6). am diafragmebis ukan ki ganlagebulia marcxena (7)(7)(7)(7) 
da marjvena  fotoelementebi (8).fotoelementebi (8).fotoelementebi (8).fotoelementebi (8). marcxena sinaTlis nakadSi Tavsdeba mxolod 
gamxsnelis an Sedarebis xsnariani kiuveta, xolo marjvena sinaTlis nakadSi _   
saanalizo xsnariani kiuveta. diafragmebi maTTan dakavSirebuli dolis brunvis 
meSveobiT icvlian TavianT farTobs, ris Sedegadac icvleba an marjvena sinaT-
lis nakadis intensioba, romelic ecema marjvena fotoelements, an marcxena si-
naTlis nakadis intensioba, romelic ecema marcxena  fotoelements. 

rogorc wesi, sinaTlis marcxena nakadi makompensirebelia, xolo sinaTlis 
marjvena nakadi _ gamzomi. marjvena dolze damontaJebulia optikuri simkrivis marjvena dolze damontaJebulia optikuri simkrivis marjvena dolze damontaJebulia optikuri simkrivis marjvena dolze damontaJebulia optikuri simkrivis 
skala, marcxenaze ki _ sinaTlis gamtarianobis skala.skala, marcxenaze ki _ sinaTlis gamtarianobis skala.skala, marcxenaze ki _ sinaTlis gamtarianobis skala.skala, marcxenaze ki _ sinaTlis gamtarianobis skala.    

Tavdapirvelad marjvena dolis meSveobiT ayeneben marjvena gamzom diafrag-
mas minimalurad gaRebul mdomareobaSi  da am dros orive sinaTlis nakadis 
gzaze daayeneben Sedarebis xsnarian kiuvetebs. am momentSi  marjvena sinaTlis na-
kadis intensiobas xelovnurad asustebs diafragma, amitom marjvena fotoele-
ments daecema naklebi intensiobis sinaTle da 0000-galvanometris isari gadaixreba 
nulovani mdgomareobidan. imisaTvis, rom isari daabrunon  nulze, marcxena do-
lis brunvis meSveobiT axdenen marcxena diafragmis farTobis Semcirebas. Semdeg 

1.1.1.1. sinaTlis wyarosinaTlis wyarosinaTlis wyarosinaTlis wyaro    
2.2.2.2. SuqfiltriSuqfiltriSuqfiltriSuqfiltri    
3.3.3.3. prizmaprizmaprizmaprizma    
4.4.4.4. kiuvetebikiuvetebikiuvetebikiuvetebi    
5.5.5.5. gamzomi diafragmagamzomi diafragmagamzomi diafragmagamzomi diafragma    
6.6.6.6. makompensirebeli diagramamakompensirebeli diagramamakompensirebeli diagramamakompensirebeli diagrama    
7.7.7.7. fotoelementifotoelementifotoelementifotoelementi        
8.8.8.8. fotfotfotfotooooelementielementielementielementi        

 
nax. 39nax. 39nax. 39nax. 39. . . .         fekfekfekfek----56565656----is principuli sqemais principuli sqemais principuli sqemais principuli sqema    
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marjvena kiuvetSi Caasxamen saanalizo Seferil xsnars da daayeneben  marjvena 
sinaTlis nakadis gzaze. radganac Seferili xsnari ufro Zlierad STanTqavs 
sinaTles, vidre Sedarebis xsnari, amitom marjvena fotoelements daecema naklebi 
intensiobis sinaTle, ris Sedegad igi gamoimuSavebs nakleb fotodens da galva-
nometris isari kvlav gadaixreba  nulidan. am SemTxvevaSi isris dasabruneblad 
nulovan mdgomareobaSi, moatrialeben marjvena  dols, riTac TandaTanobiT 
aReben marjvena diafragmas. amiT marjvena fotoelementze dacemuli sinaTlis 
intensioba gaZlierdeba da roca igi  gautoldeba marcxena sinaTlis nakadis in-
tensiobas, moxdeba kompensacia, ris Sedegadac 0000-galvanometris (mikroampermetris) 
isari kvlav daubrundeba nuls. am momentSi marjvena dolis skalaze aiTvlian 
saanalizo xsnaris optikur simkvrives. 
    
    

    
    
    
    
    
    

    
Tavi XXII. speqtrofotomeTavi XXII. speqtrofotomeTavi XXII. speqtrofotomeTavi XXII. speqtrofotometruli analizitruli analizitruli analizitruli analizi    

    
XXII.1. XXII.1. XXII.1. XXII.1. speqtrospeqtrospeqtrospeqtrofotofotofotofotometriis Teoriuli safuZvlebimetriis Teoriuli safuZvlebimetriis Teoriuli safuZvlebimetriis Teoriuli safuZvlebi    

 
fotokolorimetruli gazomvebis cdomileba didia da igi Seadgens 5%-mde, 

radganac fotokolorimetrSi sinaTlis nakadebs gaaCniaT speqtris zoli sisqiT 
400-dan 800nm-mde da ar arian monoqromatuli. amitom zusti analizisaTvis sargeb-
loben speqtrofotometrebiT, romlebSic gamoiyeneba monomoqromatuli gamos-
xiveba, anu erTi sigrZis talRis mqone sinaTlis nakadi. amasTan, speqtrospeqtrospeqtrospeqtro----
fotometruli gazomvebisfotometruli gazomvebisfotometruli gazomvebisfotometruli gazomvebis Catareba SeiZleba speqtris rogorc TvaliT xilul, Catareba SeiZleba speqtris rogorc TvaliT xilul, Catareba SeiZleba speqtris rogorc TvaliT xilul, Catareba SeiZleba speqtris rogorc TvaliT xilul, 
aseve TvaliTaseve TvaliTaseve TvaliTaseve TvaliT    uxilav ultraiisfer (<400 nm) da infrawiTel (>800 nm) ubnebSi.uxilav ultraiisfer (<400 nm) da infrawiTel (>800 nm) ubnebSi.uxilav ultraiisfer (<400 nm) da infrawiTel (>800 nm) ubnebSi.uxilav ultraiisfer (<400 nm) da infrawiTel (>800 nm) ubnebSi. 
monoqromatul sxivs gaaCnia talRis sigrZis farTo diapazoni da amitom speqtro-
fotometrias, sxva meTodebTan SedarebiT, meti SesaZleblobebi gaaCnia da zusti 
meTodia. speqtrofometruli gazomvebi tardeba specialur xelsawyoebze, romel-
Tac speqtrofometrebispeqtrofometrebispeqtrofometrebispeqtrofometrebi ewodeba. am xelsawyoebis meSveobiT izomeba xsnaris mier 
monoqromatuli gamosxivebis STanTqma anu xsnaris optikuri simkvrive, monoqromatuli gamosxivebis STanTqma anu xsnaris optikuri simkvrive, monoqromatuli gamosxivebis STanTqma anu xsnaris optikuri simkvrive, monoqromatuli gamosxivebis STanTqma anu xsnaris optikuri simkvrive, romelic 
pirdapirproporciulad aris damokidebuli dacemuli sxivis talRis sigrZeze. 

xsnaris optikuri simkvrivis anu SuqSTanTqmis damokidebuleba dacemuli 
sxivis sigrZeze gamoixateba grafikulad da mas ewodeba SuqSTanTqmis mrudi, anu SuqSTanTqmis mrudi, anu SuqSTanTqmis mrudi, anu SuqSTanTqmis mrudi, anu 
speqtri,speqtri,speqtri,speqtri, romelic warmoadgens mniSvnelovan maxasiaTebels. grafikulad speqtri 
gamoisaxeba Semdegnairad: abscisTa RerZze daaqvT talRis sigrZis _ λ  mniSvne-
lobebi, xolo ordinatTa RerZze – xsnaris optikuri simkvrivis mniSvneloba _ D , 
an STanTqmis moluri koeficientis mniSvnelobebi _ ε . 

SuqSTanTqmis speqtri xasiaTdeba garkveuli zolebiT, anu ubnebiT da TiTo-
euli am ubnisaTvis damaxasiaTebelia maqsimaluri talRis sigrZe maqsimaluri talRis sigrZe maqsimaluri talRis sigrZe maqsimaluri talRis sigrZe _ λ maqmaqmaqmaqssss...., 
romelsac Seesabameba xsnaris maqsimaluri optikuri simkvrive.xsnaris maqsimaluri optikuri simkvrive.xsnaris maqsimaluri optikuri simkvrive.xsnaris maqsimaluri optikuri simkvrive. speqtro-
fometriuli meTodis es upiratesoba saSualebas iZleva analizi vawarmooT 
nivTierebis umcires raodenobaze. SuqSTanTqmis speqtri TiToeuli 
nivTierebisaTvis warmoadgens individualur maxasiaTebels (nax. 40). 
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yvela SemTxvevaSi xsnaris optikuri simkvrivis gansazRvra saWiroa Catardes 

talRis maqsimaluri sigrZis dros _ λ maqs.maqs.maqs.maqs.,,,, romelic Seesabameba sakvlevi xsnaris 
mier sinaTlis maqsimalur STanTqmas. mxolod am SemTxvevaSi miiRweva xsnaris 
optikuri simkvrivis gansazRvrisas udidesi sizuste. rogorc SuqSTanTqmis speq-
tris grafikidan Cans, rac ufro metia talRis sigrZe _ λ , miT ufro metia xsna-
ris optikuri simkvrive _ D , amitom xsnaris optikuri simkvrivis gansazRvra war-
moebs λ maqs.maqs.maqs.maqs._ze. raodenobiTi speqtrofotometruli analizis CatarebisaTvis saWi-
roa iseTnairad SeirCes saanalizo nivTierebis koncentracia, rom xsnaris 
optikuri simkvrivis sidide imyofebodes 8,02,0 −=D -is farglebSi, radganac roca 

8,0>D  an 2,0<D , maSin mkveTrad izrdeba speqtrofometruli gazomvebis cdomile-

ba. speqtrofotometruli meTodis zRvruli mgrZnobiaroba Seadgens 10speqtrofotometruli meTodis zRvruli mgrZnobiaroba Seadgens 10speqtrofotometruli meTodis zRvruli mgrZnobiaroba Seadgens 10speqtrofotometruli meTodis zRvruli mgrZnobiaroba Seadgens 10----8888    moli/lmoli/lmoli/lmoli/l....    
    
    
    

XXII.2. XXII.2. XXII.2. XXII.2. speqtrofotometrspeqtrofotometrspeqtrofotometrspeqtrofotometr        СФ----4444А-s s s s     principuli sqemaprincipuli sqemaprincipuli sqemaprincipuli sqema    
 

 
 
 
 
 
 
 
 

    
nax. 40. SuqSTanTqmis speqtrinax. 40. SuqSTanTqmis speqtrinax. 40. SuqSTanTqmis speqtrinax. 40. SuqSTanTqmis speqtri    

nax. 41. spenax. 41. spenax. 41. spenax. 41. speqtrofotometr qtrofotometr qtrofotometr qtrofotometr СФ____4444А-s principuli sqemas principuli sqemas principuli sqemas principuli sqema    
    
1.1.1.1.    sinaTlis wyarosinaTlis wyarosinaTlis wyarosinaTlis wyaro    
2.2.2.2. kvarcis prizmakvarcis prizmakvarcis prizmakvarcis prizma    
3.3.3.3. sarkis obieqtivisarkis obieqtivisarkis obieqtivisarkis obieqtivi    
4.4.4.4. gamosasvleli xvreli ( diafragma)gamosasvleli xvreli ( diafragma)gamosasvleli xvreli ( diafragma)gamosasvleli xvreli ( diafragma)    
5.5.5.5. kvarcis linzakvarcis linzakvarcis linzakvarcis linza    
6.6.6.6. xsnariani kiuvetixsnariani kiuvetixsnariani kiuvetixsnariani kiuveti    
7.7.7.7. fotoelementifotoelementifotoelementifotoelementi    
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                speqtrofotometri speqtrofotometri speqtrofotometri speqtrofotometri СФ____4444А    warmoadgens umartives xelsawyos, romlis 
muSaobis principi mdgomareobs SemdegSi: sinaTlis wyarodan (1)sinaTlis wyarodan (1)sinaTlis wyarodan (1)sinaTlis wyarodan (1) momavali 
sinaTlis nakadi Tavdapirvelad gaivlis sarkeebis sistemassarkeebis sistemassarkeebis sistemassarkeebis sistemas da xvdeba kvarcis 
prizmaprizmaprizmaprizmaze (2).ze (2).ze (2).ze (2). es prizma Slis sinaTlis nakads speqtrad da mimarTavs mas sarkis 
obiqtivisaken (3),obiqtivisaken (3),obiqtivisaken (3),obiqtivisaken (3), sarkis obieqtivi afokusirebs sinaTlis sxivs xelsawyos 
gamosasvleli xvrelisaken _ diafragmisken (4).diafragmisken (4).diafragmisken (4).diafragmisken (4). prizmis SemotrialebiT SeiZleba 
mivmarToT xelsawyos gamosasvlel xvrelze speqtris sxvadasxva ubnebi, rac 
saSualebas iZleva gamosasvlelidan miviRoT praqtikulad monoqromatuli 
gamosxiveba. xvrelidan gamosuli monoqromatuli sxivi gaivlis kvarcis linzas linzas linzas linzas 
(5)(5)(5)(5) da xvdeba xsnariani kiuvetis wina kedelze (6).kiuvetis wina kedelze (6).kiuvetis wina kedelze (6).kiuvetis wina kedelze (6). kiuvetSi gavlis Semdeg, xsnaris 
mier STanTqmuli sinaTlis nakadi xvdeba fotoelementze (7).fotoelementze (7).fotoelementze (7).fotoelementze (7). fotoelementis 
wredSi warmoqmnili fotodeni Zlierdeba specialuri makompensirebeli sqemis 
mixedviT (nax. 41). 

gazomvamde 10 wT-iT adre rTaven xelsawyos, raTa moxdes misi gaxureba da 
stabiluri sqemis dayeneba. Semdeg gazomvis dawyebamde, talRis sigrZeebis aRmniS-
vneli dolis meSveobiT prizmas ayeneben iseT mdgomareobaSi, romelic Seesabameba 
garkveuli talRis sigrZes, romelzedac xdeba optikuri simkvrivis gazomva.  
    iReben or kiuvets, romelTagan erTi muSa kiuvetia, meore ki – Sedarebis 
kiuveti. muSa kiuvetSi asxamen saanalizo xsnars, Sedarebis kiuvetSi ki muSa kiuvetSi asxamen saanalizo xsnars, Sedarebis kiuvetSi ki muSa kiuvetSi asxamen saanalizo xsnars, Sedarebis kiuvetSi ki muSa kiuvetSi asxamen saanalizo xsnars, Sedarebis kiuvetSi ki ––––    
Sedarebis xsnars Sedarebis xsnars Sedarebis xsnars Sedarebis xsnars da orive kiuvets aTavseben xelsawyos kiuvetebis kameraSi. 
Tavdapirvelad sinaTlis nakadis gzaze ayeneben Sedarebis xsnarian kiuvets, am 
dros fotoelementebze warmoiqmneba fotodeni, romelsac akompensireben wredSi 
CarTuli specialuri potenciometris saSualebiT manam, sanam gamzom qselSi Car-
Tuli 0000–galvanometris isari ar daikavebs 0000–van mdgomareobas. 

 amis Semdeg Semoatrialeben kiuvetebis kameras da sinaTlis nakadis gzaze 
ukve moaTavseben saanalizo xsnarian kiuvets. radganac saanalizo xsnari STan-
Tqavs gacilebiT met sinaTles, amitom misi optikuri simkvrive ufro maRalia, 
vidre Sedarebis xsnaris optikuri simkvrive. saanalizo xsnaris mier sinaTlis 
STanTqmis Sedegad, masSi gamavali sinaTlis nakadis intensioba Semcirdeba. es 
nakadi daecema fotoelements da 0000–galvanometris isari kvlav gadaixreba 0000–vani 
mdgomareobidan. am SemTxvevaSi isars 0–van mdgomareobaSi abruneben amTvleli 
potenciometris meSveobiT, romlis skalazec aiTvlian saanalizo xsnaris opti-
kur simkvrives.  

amTvleli potenciometris skalaamTvleli potenciometris skalaamTvleli potenciometris skalaamTvleli potenciometris skala    dakalibrebuliadakalibrebuliadakalibrebuliadakalibrebulia optikuri simoptikuri simoptikuri simoptikuri simkvrivis kvrivis kvrivis kvrivis 
erTeulebiserTeulebiserTeulebiserTeulebis    ((((0000––––dan 2dan 2dan 2dan 2––––mdemdemdemde) da Suqgamtarianobis procentulobis () da Suqgamtarianobis procentulobis () da Suqgamtarianobis procentulobis () da Suqgamtarianobis procentulobis (0000––––dan 100 %dan 100 %dan 100 %dan 100 %----mdemdemdemde)))) 
mixedviT.mixedviT.mixedviT.mixedviT.    amis Semdeg prizmis meSveobiT daayeneben axali talRis sigrZes da imave 
wesiT awarmoeben xsnaris optikuri simkvrivis gazomvas axali talRis sigrZeze. 
gazomvebis Sedegebi SeaqvT cxrilSi da mis safuZvelze ageben saanalizo xsnaris 
SuqSTanTqmis speqtrs. 

speqtrofotometrze СФ_4А    SeiZleba ganisazRvros xsnaris optikuri 
simkvrive speqtris ara mxolod xilul ubanSi (400–800 nm), aramed ultraiisfer   
(220–400nm) da infrawiTel ubnebSi (800–1100 nm). amis gamo xelsawyos gaaCnia 
ganaTebis ori wyaro:ganaTebis ori wyaro:ganaTebis ori wyaro:ganaTebis ori wyaro:  

1)1)1)1) wyalbadis naTura 220–350 nm talRis sigrZis ubanSi samuSaod (ultra-
iisferi ubani); 

 2)2)2)2) gamaxurebeli naTura 320–1100 nm ubanSi samuSaod (speqtris xiluli da 
uxilavi infrawiTeli ubnebi). 

ultraiisfer ubanSi muSaobisas iyeneben kvarcis kiuvetebs.  
     СФ_4_4_4_4А----s nakls nakls nakls nakliiii mdgomareobs imaSi, rom am xelsawyoze muSaobisas saWiro 

xdeba optikuri simkvrivis gazomva saTiTaod talRis sxvadasxva sigrZeze da 
miRebuli Sedegebis safuZvelze igeba SuqSTanTqmis speqtri. 
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XXII.3. XXII.3. XXII.3. XXII.3. speqtrofotometruli analizis Catarebaspeqtrofotometruli analizis Catarebaspeqtrofotometruli analizis Catarebaspeqtrofotometruli analizis Catareba    
        speqtris ultraiisfer ubanSispeqtris ultraiisfer ubanSispeqtris ultraiisfer ubanSispeqtris ultraiisfer ubanSi    

    
bevri nivTiereba, romelic ar STanTqavs gamosxivebas speqtris xilul ubanSi 

da amis gamo maTi xsnarebi uferulia, kargad STanTqaven ultraiisfer sxivebs. 

aseT nivTierebebs miekuTvneba: benzoli  66 HC , toluoli  356 CHHC − , acetoni 

33 CHCOCH −− . amitom am nivTierebebisaTvis SuqSTanTqmis speqtris gadaReba 

SeiZleba ultraiisfer ubanSi da maTi STanTqmis maqsimumi ganlagebuli iqneba 
ultraiisfer ubanSi. xsnarebis mier sinaTlis STanTqma ultraiisfer ubanSi xsnarebis mier sinaTlis STanTqma ultraiisfer ubanSi xsnarebis mier sinaTlis STanTqma ultraiisfer ubanSi xsnarebis mier sinaTlis STanTqma ultraiisfer ubanSi 
eqvemdebareba iseTive kanonebs, rogorc speqeqvemdebareba iseTive kanonebs, rogorc speqeqvemdebareba iseTive kanonebs, rogorc speqeqvemdebareba iseTive kanonebs, rogorc speqtris xilul ubanSi (e.i. bugertris xilul ubanSi (e.i. bugertris xilul ubanSi (e.i. bugertris xilul ubanSi (e.i. buger----lamlamlamlam----
bertbertbertbert----beris kanons). beris kanons). beris kanons). beris kanons). ultraiisfer ubanSi speqtrofotometrul analizs atareben 
Semdegi xelsawyoebis meSveobiT: speqtrofotometrebi speqtrofotometrebi speqtrofotometrebi speqtrofotometrebi СФ-8   anananan         СФ-9.  

speqtrofotometruli analizisaTvis minis kiuvetebi gamousadegaria, 
radganac Cveulebrivi mina ar atarebs ultraiisfer sxivebs, amitom am SemTxvevaSi 
muSaoben kvarcis kiuvetebiT.kvarcis kiuvetebiT.kvarcis kiuvetebiT.kvarcis kiuvetebiT. kiuvetebis samuSao zedapiris gulmodgine 
gasufTavebas gaaCnia didi mniSvneloba, radganac maTi umniSvnelo dabinZurebac 
ki, romelic TvalisaTvis SeumCnevelia, iwvevs ultraiisferi sxivebis da 
analizis Sedegebis damaxinjebas. ultraiisfer ubanSi analizisaTvis, gamxsnelis 
rolSi, garda distilirebuli wylisa, SeiZleba gamoyenebuli iqnas organuli 

gamxsnelebi: eTilis spirti OHHC 52 , cikloheqsani 126 HC , qloroformi 3CHCl  da 

sxva. 
 
magaliTi: magaliTi: magaliTi: magaliTi:     benzolis minarevis gansazRvra cikloheqsanSi.benzolis minarevis gansazRvra cikloheqsanSi.benzolis minarevis gansazRvra cikloheqsanSi.benzolis minarevis gansazRvra cikloheqsanSi.    
    

126266 3 HCHHC →+     

am SemTxvevaSi benzoli warmoadgens nivTierebas, romelic STanTqavs ultra-
iisfer gamosxivebas, xolo cikloheqsani ultraiisfer ubanSi ar STanTqavs 
gamosxivebas. benzoli intensiurad STanTqavs λ = 250-260 nm talRis sigrZis mqone 
gamosxivebas. analizis Casatareblad amzadeben etalonur xsnars, romelic 
Seicavs 1litr cikloheqsanze 1gram benzols da zomaven am xsnaris optikur 
simkvrives  λ  = 225 nm talRis sigrZeze. standartuli xsnaris rolSi gamodis 
sufTa cikloheqsani. etalonuri xsnaris optikuri simkvrivis gazomvis Semdeg sa-
zRvraven  saanalizo  benzoliani  cikloheqsanis  optikur  simkvrives λ = 225 nm 
talRis sigrZeze. kiuvetebis fenis sisqe unda Seadgendes 1 sm-s. amis Semdeg 
benzolis narevis Semcvelobas cikloheqsanis saanalizbenzolis narevis Semcvelobas cikloheqsanis saanalizbenzolis narevis Semcvelobas cikloheqsanis saanalizbenzolis narevis Semcvelobas cikloheqsanis saanalizo nimuSSi gamoiTvlian o nimuSSi gamoiTvlian o nimuSSi gamoiTvlian o nimuSSi gamoiTvlian 
formuliT:formuliT:formuliT:formuliT:    

C = 10 · (Dx : Dst)st)st)st) , sadac: 
C _ aris benzolis minarevis koncentracia cikloheqsanSi,  g/l; 
10101010 _ aris benzolis raodenoba (10g) 1litr cikloheqsanSi, anu etalonur  
     xsnarSi; 
Dx _ aris saanalizo cikloheqsanis optikuri simkvrive, romelic Seicavs  
      benzolis minarevs;  
Dstststst _ aris sufTa cikloheqsanis optikuri simkvrive. 
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XXII.4. speqtrofotometruli analizis CatarebaXXII.4. speqtrofotometruli analizis CatarebaXXII.4. speqtrofotometruli analizis CatarebaXXII.4. speqtrofotometruli analizis Catareba    
    speqtris infrawiTel ubanSispeqtris infrawiTel ubanSispeqtris infrawiTel ubanSispeqtris infrawiTel ubanSi    

    
es meTodi dafuZnebuliaes meTodi dafuZnebuliaes meTodi dafuZnebuliaes meTodi dafuZnebulia gamosxivebis STanTqmis gazomvaze speqtris gamosxivebis STanTqmis gazomvaze speqtris gamosxivebis STanTqmis gazomvaze speqtris gamosxivebis STanTqmis gazomvaze speqtris 

infrawiTel uinfrawiTel uinfrawiTel uinfrawiTel ubanSi, romelic iwyeba daaxloebiT 800 nmbanSi, romelic iwyeba daaxloebiT 800 nmbanSi, romelic iwyeba daaxloebiT 800 nmbanSi, romelic iwyeba daaxloebiT 800 nm----dan. infrawiTel ubanSi dan. infrawiTel ubanSi dan. infrawiTel ubanSi dan. infrawiTel ubanSi 
talRis sigrZis sazom talRis sigrZis sazom talRis sigrZis sazom talRis sigrZis sazom erTeulad iTvlebaerTeulad iTvlebaerTeulad iTvlebaerTeulad iTvleba mikrometri _ mkm.mikrometri _ mkm.mikrometri _ mkm.mikrometri _ mkm. xSirad infrawiTel 
gamosxivebas axasiaTeben talRuri ricxviTtalRuri ricxviTtalRuri ricxviTtalRuri ricxviT γ (niu)(niu)(niu)(niu) – es aris talRis sigrZis 
sapirispiro sidide, romelic gamosaxeba sm-Si. amitom talRuri ricxvi 
gamoisaxeba sm sm sm sm ----1 1 1 1     sididiT.sididiT.sididiT.sididiT. 

nivTierebis mier infrawiTeli gamosxivebis STanTqma damokidebulia mole-
kulebis atomTa rxevis energiaze.atomTa rxevis energiaze.atomTa rxevis energiaze.atomTa rxevis energiaze. swored molekulebis Semadgeneli atomTa rxeva 
ganapirobebebs speqtrSi STanTqmis zolebis warmoqmnas, romlebic damaxasiaTe-
belia mocemuli nivTierebis molekulebisaTvis.  speqtrSi SeiZleba gamoiyos zo-
lebi, romlebic damaxasiaTebelia atomTa garkveuli jgufisaTvis, mag: meTilis 

jgufisaTvis - 3CH , hidroqsilis jgufisaTvis -OH , karbonilis jgufisaTvis -CO  

da a.S. am zolebs uwodeben damaxasiaTebel zolebsdamaxasiaTebel zolebsdamaxasiaTebel zolebsdamaxasiaTebel zolebs da isini warmoiqmnebian yvela 
im molekulaTa speqtrSi, romelTa SemadgenlobaSi Sedian atomTa  zemoTCamoT-
vlili jgufebi. 

infrawiTeli speinfrawiTeli speinfrawiTeli speinfrawiTeli speqtriqtriqtriqtri warmoadgens nivTierebis umniSvnelovanes  maxasiaTe-
bels.  ori nivTierebis  infrawiTeli  speqtrebis  identuroba warmoadgens   imis 
damamtkicebels,  rom es ori nivTiereba identuria. 

arsebobs specialuri katalogebi an atlasebi, romlebSic YTavmoyrilia cno-
bili nivTierebebis umravlesobis infrawiTeli STanTqmis speqtrebi. specialur 
cxrilebSi moyvanilia talRis sigrZeebi, romlebic damaxasiaTebelia elementTa, 
atomTa jgufebis  an molekulaSi calkeuli qimiuri bmebisaTvis. am monacemebis 
meSveobiT SeiZleba saanasaanasaanasaanalizo nivTierebis identificireba anu aRmoCenalizo nivTierebis identificireba anu aRmoCenalizo nivTierebis identificireba anu aRmoCenalizo nivTierebis identificireba anu aRmoCena an SeiZ-
leba imis dadgena, Tu romeli struqturuli elementi Sedis mocemul nivTiere-
baSi. nivTierebis mier SuqSTanTqma speqtris infrawiTel ubanSi emorCileba imave nivTierebis mier SuqSTanTqma speqtris infrawiTel ubanSi emorCileba imave nivTierebis mier SuqSTanTqma speqtris infrawiTel ubanSi emorCileba imave nivTierebis mier SuqSTanTqma speqtris infrawiTel ubanSi emorCileba imave 
kanonebs, rogorc speqtris  xilul ubanSi (bugerkanonebs, rogorc speqtris  xilul ubanSi (bugerkanonebs, rogorc speqtris  xilul ubanSi (bugerkanonebs, rogorc speqtris  xilul ubanSi (buger----lamlamlamlambertbertbertbert----beris kanoni).beris kanoni).beris kanoni).beris kanoni).    

infrawiTel ubanSi speqtrofotometrul analizs awarmoeben infrawiTeli infrawiTel ubanSi speqtrofotometrul analizs awarmoeben infrawiTeli infrawiTel ubanSi speqtrofotometrul analizs awarmoeben infrawiTeli infrawiTel ubanSi speqtrofotometrul analizs awarmoeben infrawiTeli 
speqtrofotometrebis meSveobiTspeqtrofotometrebis meSveobiTspeqtrofotometrebis meSveobiTspeqtrofotometrebis meSveobiT    romelTa markebia:  UKromelTa markebia:  UKromelTa markebia:  UKromelTa markebia:  UKИКС----16 16 16 16             an  UKan  UKan  UKan  UKИКС----22222222А....    

UKUKUKUKИКС----16 16 16 16 -is meSveobiT SesaZlebelia SuqSTanTqmis speqtris registracia da 
gansazRvra  talRis sigrZis Semdeg intervalSi:  2575,0 −=λ mkm.  es aris orsxivi-
ani xelsawyo, romelic avtomaturad iwers STanTqmis  speqtrs. am xelsawyoSi in-
frawiTeli gamosxivebis wyaros warmoadgens silitissilitissilitissilitis    (siliciumis Senadnobi (siliciumis Senadnobi (siliciumis Senadnobi (siliciumis Senadnobi 
aluminTan)aluminTan)aluminTan)aluminTan)    Rero,Rero,Rero,Rero, romelic xurdeba eleqtrodeniT. gaxurebisas silitis Rero 
gamoasxivebs da es gamosxiveba sarkeebis sistemis meSveobiT  iyofa or erTnair or erTnair or erTnair or erTnair 
nakadad.nakadad.nakadad.nakadad. erTi nakadi gaivlis saanalizo nivTierebas, meore nakadi ki qmnis 
Sedarebis sxivs.  

Tu saanalizo nivTierebas xsnaris saxiT moaTavseben sinaTlis nakadSi, maSin 
Sedarebis sxivSi aTavseben aseTive kiuvets, romelSic Casxmulia sufTa gamxsneli. 
Semdeg sinaTlis nakadebi gaivlian rTul optikur sistemas, monoqromators, monoqromators, monoqromators, monoqromators, 
romelic ,,amoWris” speqtridan monoqromatul gamosxivebas da sabolood 
sinaTlis nakadebi xvdebian Termoelementze.Termoelementze.Termoelementze.Termoelementze. Tu orive sinaTlis nakadis 
intensioba erTnairia, maSin Termoelementis signali nulis tolia. Tu saanalizo 
nivTiereba STanTqavs sinaTles, maSin sinaTlis nakadebis intensiobis toloba 
irRveva da Termoelementis signali gadaixreba nulisagan. 

 Semdeg es signali specialuri gamaZliereblis gamaZliereblis gamaZliereblis gamaZliereblis  meSveobiT daecema xelsawyos 
kinetikur sqemas da am dros TviTCamweris kalamiTviTCamweris kalamiTviTCamweris kalamiTviTCamweris kalami gadaadgildeba. TviTCamweris 
kalmis gadaxra proporciulia saanalizo nimuSSi gamavali talRis sigrZisa. 
gatarebis speqtri iwereba TviTCamwerze uwyveti mrudis uwyveti mrudis uwyveti mrudis uwyveti mrudis saxiT. 
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infrawiTeli speqtrometrisaTvis prizmebsa da kiuvetebs amzadeben iseTi 
masalisagan, romlic gamWvirvalea infrawiTeli gamosxivebis mimarT. aseTi 

masalaa: qvamarili ( ) KBrNaCl ,  da a.S. 
 
 
 
 

 

 

 

  
Tavi Tavi Tavi Tavi XXIII.  aluri fotometria. XXIII.  aluri fotometria. XXIII.  aluri fotometria. XXIII.  aluri fotometria.     
nefelometria da turbidimetrianefelometria da turbidimetrianefelometria da turbidimetrianefelometria da turbidimetria    

XXIII.1. aluri fotometriis Teoriuli safuZvlebi.XXIII.1. aluri fotometriis Teoriuli safuZvlebi.XXIII.1. aluri fotometriis Teoriuli safuZvlebi.XXIII.1. aluri fotometriis Teoriuli safuZvlebi.    
aluri fotometris principuli sqemaaluri fotometris principuli sqemaaluri fotometris principuli sqemaaluri fotometris principuli sqema    

    
aluri fotometriaaluri fotometriaaluri fotometriaaluri fotometria _ warmoadgens emisiuri speqtruli analizis saxesxva_ warmoadgens emisiuri speqtruli analizis saxesxva_ warmoadgens emisiuri speqtruli analizis saxesxva_ warmoadgens emisiuri speqtruli analizis saxesxvaoooo----

bas, romelic dafuZnebulia alSi elementTa sxivubas, romelic dafuZnebulia alSi elementTa sxivubas, romelic dafuZnebulia alSi elementTa sxivubas, romelic dafuZnebulia alSi elementTa sxivuri energiis gamosxivebaze.ri energiis gamosxivebaze.ri energiis gamosxivebaze.ri energiis gamosxivebaze. 
aluri fotometriis dros, saanalizo xsnari SekumSuli haeris an Jangbadis 
meSveobiT SehyavT gazquris alSi aerozolis saxiT. alSi xdeba saanalizo xsna-
ris aorTqleba da Tu es xsnari Seicavs advilad `aRgznebadi~ elementebis 
atomebs, maSin ali Seifereba am atomebisTvis damaxasiaTebeli gamosxivebis Sede-
gad. am gamosxivebis intensioba, romelsac gamoyofs sinaTlis saerTo nakadidan 
Suqfiltri, daecema fotoelementze, dafiqsirdeba masze da amis Sedegad warmo-
qmnili fotodenis (romelic Seesabameba gamosxivebas) intensioba izomeba mgrZno-
biare galvanometriT. 

umravles SemTxvevaSi fotodenis sididis cvlileba warmoebs sakvlevi ele-
mentis koncentraciis cvlilebis proporciulad, magram gamosxivebis intensiobis 
(((( )I aseTi damokidebuleba elementis koncentraciaze (((( )C     SenarCunebulia koncen-

traciaTa mxolod garkveul intervalSi, romlis sazRvrebs miRma es damokidebu-
leba xSirad irRveva. fotodenis sidide damokidebulia ara mxolod  Tavisufali 
atomebis koncentraciaze alSi, aramed TviT alis Sedgenilobaze, alis tempera-
turaze, nivTierebaTa disociaciis xarisxze atomebad da am atomebis ionizaciis 
xarisxze alSi. 

aRgznebis eleqtruli wyaroebisagan gansxvavebiT, ali iZleva SedarebiT ara-
maRal temperaturas da es damokidebulia mis Sedgenilobaze: 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

sawvavi narevi: sawvavi narevi: sawvavi narevi: sawvavi narevi:     
    

1.1.1.1. butani butani butani butani ––––    haerihaerihaerihaeri    

2.2.2.2. propani propani propani propani ––––    haerihaerihaerihaeri    

3.3.3.3. wyalbadi wyalbadi wyalbadi wyalbadi ––––    haerihaerihaerihaeri    

4.4.4.4. benzini benzini benzini benzini ––––    haerihaerihaerihaeri    

5.5.5.5. acetileni acetileni acetileni acetileni ––––    haerihaerihaerihaeri    

6.6.6.6. wyalbadi wyalbadi wyalbadi wyalbadi ––––    JangbadiJangbadiJangbadiJangbadi    

7.7.7.7. acetilini _ Jangbadiacetilini _ Jangbadiacetilini _ Jangbadiacetilini _ Jangbadi    

alis temperatura, alis temperatura, alis temperatura, alis temperatura, 0000C        
    

1300 1300 1300 1300 ––––    1900190019001900    

1900 1900 1900 1900 ––––    2000200020002000    

                2100210021002100    

                2200220022002200    

2100 2100 2100 2100 ––––    2400240024002400    

2500 2500 2500 2500 ––––    2700270027002700    

3100 3100 3100 3100 ––––    3200320032003200    

 



 - 187 -  

aseT alSi, pirvel rigSi, `aRigznebian~ iseTi elementis atomebi, romlebTac 
gaaCniaT ionizaciis dabali potencialebi. amJamad alovani fotometria farTod 
gamoiyeneba ferad metalurgiaSi sxvadasxva wiaRiseulis saanalizod. am meTodis 
saSualebiT SeiZleba daaxloebiT 50 _ mde qimiuri elementis aRmoCena, maT Soris: 
 Na -is, Ca -is K -is, Ba -is, Mg -is da sxvebis. gansakuTrebuli mniSvneloba eniWeba 
am meTods im narevebis saanalizod, romlebic Seicaven tute- da tutemiwaTa 
metalebis umniSvnelo raodenobas. 

aluri fotometri Sedgeba ZiriTadi kvanZebisaganaluri fotometri Sedgeba ZiriTadi kvanZebisaganaluri fotometri Sedgeba ZiriTadi kvanZebisaganaluri fotometri Sedgeba ZiriTadi kvanZebisagan::::    
1.1.1.1. sinaTlis wyaro – romelsac warmoadgens gazqura kvebis sistemiT da 

saanalizo sinjis miwodebis sistemiT; 
2.2.2.2. optikuri sistema; 
3.3.3.3. fotomimRebi mowyobiloba (nax. 42). 

 

 
  
                
            
    
        
    sawvavi gazi haeri da saanalizo xsnarisawvavi gazi haeri da saanalizo xsnarisawvavi gazi haeri da saanalizo xsnarisawvavi gazi haeri da saanalizo xsnari – erTad es narevi ganifrqveva 
haeris nakadis meSveobiT specialur gamfrqvevSi, romelic muSaobs 
pulverizatoris principiT, romlis Sedegad saanalizo narevi aerozolis saxiT 
miewodeba gazquris alSi. warmoiqmneba gamosxiveba, romelic optikuri sistemis 
meSveobiT proeqtirdeba monoqromatizirebad danadgarze, romelic gamohyofs 
garkveuli sigrZis talRebis mqone gamosxivebas. 

alur emisiur fotometrebSi monalur emisiur fotometrebSi monalur emisiur fotometrebSi monalur emisiur fotometrebSi monoqromatizirebadi danadgaris rols asruoqromatizirebadi danadgaris rols asruoqromatizirebadi danadgaris rols asruoqromatizirebadi danadgaris rols asru----
lebs cvladi Suqfiltrebis bloki.lebs cvladi Suqfiltrebis bloki.lebs cvladi Suqfiltrebis bloki.lebs cvladi Suqfiltrebis bloki. amis Semdeg gamoyofili gamosxiveba miemar-
Teba fotoelementisaken,fotoelementisaken,fotoelementisaken,fotoelementisaken, romelzedac dacemis Semdeg warmoiqmneba fotodeni, es 
fotodeni Zlierdeba da ecema galvanomgalvanomgalvanomgalvanomeeeetrze.trze.trze.trze. atomTa gamosxivebis intensioba da 
Sesabamisad galvanometris isris gadaxra, umravles SemTxvevaSi, proporciulia  
saanalizo xsnarSi nivTierebis koncentraciisa. Sesabamisi Suqfiltrebis 

nax. 42. nax. 42. nax. 42. nax. 42.     

aluri fotoaluri fotoaluri fotoaluri fotometmetmetmetris ris ris ris 

principuli sqemaprincipuli sqemaprincipuli sqemaprincipuli sqema    

1.1.1.1. saanalizo saanalizo saanalizo saanalizo     

            xsnariani xsnariani xsnariani xsnariani  

                kolbakolbakolbakolba 

2. Semrevi Semrevi Semrevi Semrevi 

(gamfrqvevi)(gamfrqvevi)(gamfrqvevi)(gamfrqvevi) 

3.3.3.3. sarkesarkesarkesarke    

4.4.4.4. gazgazgazgazquris aliquris aliquris aliquris ali    

5.5.5.5. linzebilinzebilinzebilinzebi    

6.6.6.6. SuqfiltrebiSuqfiltrebiSuqfiltrebiSuqfiltrebi    

7.7.7.7. fotoelementifotoelementifotoelementifotoelementi    

8.8.8.8. fotogamamravfotogamamravfotogamamravfotogamamrav----

lebelilebelilebelilebeli    

9.9.9.9. maregistrirebemaregistrirebemaregistrirebemaregistrirebe----

li xelsawyoli xelsawyoli xelsawyoli xelsawyo    
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gamoyenebiT, aluri fotometriiT SeiZleba ganisazRvros erTdroulad  Na -sa da 
K -is Semcveloba saanalizo narevSi, radganac am elementebis gamosxivebis zole-
bi  sagrZnoblad gansxvavdebian erTmaneTisagan talRis sigrZis mixedviT ( Na  _ 
589nm,  K - 766nm). 

haeri, romelic xvdeba SeSeSeSemrevSimrevSimrevSimrevSi (2),(2),(2),(2), waritacebs masTan erTad kolbaSi myofi 
sasasasaanalizo xsnaris wveTebs (1),analizo xsnaris wveTebs (1),analizo xsnaris wveTebs (1),analizo xsnaris wveTebs (1), warmoiqmneba aerozoli,aerozoli,aerozoli,aerozoli, romelic sawvav gazTan 
erTad xvdeba gazquris alSigazquris alSigazquris alSigazquris alSi (4).(4).(4).(4). sarkissarkissarkissarkis meSveobiT (3)(3)(3)(3) alis gamosaxuleba gaivlis 
linzebslinzebslinzebslinzebs (5),(5),(5),(5), SuqfiltrebsSuqfiltrebsSuqfiltrebsSuqfiltrebs (6)(6)(6)(6) da proeqtirdeba fotoefotoefotoefotoelementzelementzelementzelementze (7).(7).(7).(7). amis Sedegad, 
fotoelementze warmoiqmneba fotodeni,fotodeni,fotodeni,fotodeni, romelic Zlierdeba fotogamamravleblisfotogamamravleblisfotogamamravleblisfotogamamravleblis    
(8)(8)(8)(8)  meSveobiT da warmoqmnili signaliwarmoqmnili signaliwarmoqmnili signaliwarmoqmnili signali sabolood xvdeba maregistrirebel xelsamaregistrirebel xelsamaregistrirebel xelsamaregistrirebel xelsa----
wyozewyozewyozewyoze (9).(9).(9).(9). Tu maregistrirebeli xelsawyos movaleobas asrulebs miliampermetri, 
maSin misi isris gadaxra proporciuli iqneba xsnarSi saanalizo nivTierebis 
koncentraciisa. xSirad analizis Casatareblad amzadeben etalonuri xsnarebis 
serias, romelTa safuZvelze ageben sakalibro grafiks da am grafikiT 
gamoiTvlian saanalizo nivTierebis koncentracias xsnarSi. 

laboratoriaSi xSirad sargebloben aluri fotometriT, romlis markaa   
ФП-101.101.101.101. am fotometrSi aRgznebadobis wyaros warmoadgens gazqura, romelic 
muSaobs propan–butanis narevze. xelsawyoze isazRvreba Na , K , Li , Ca  da am 
xelsawyos konstruqcia saSualebas iZleva ganisazRvros erTdroulad ori 
elementi, amasTan Zlier ganzavebul xsnarebSic. am meTodis aRmosaCeni zRvari 
Seadgens: Na -is, K -is, Li -is _ 0,01 mg/l;  Ca -is _ 0,1 mg/l. 

xelsawyos rTaven wredSi, Semdeg aReben gazis balonis reduqtors an 
gazsadenis onkans, anTeben gazquras da rTaven kompresors. vintilis saSualebiT 
gazquris als xdian erTgvarovans. manometris meSveobiT aregulireben wnevas, 
romelic ar unda aRematebodes  0,5–0,6 atmosferos. gamosxivebis gzaze daayeneben 
saWiro Suqfiltrs, romelic gaatarebs fotoelementisaken mxolod gansazRvru-
li elementis gamosxivebas, Semdeg ki saanalizo xsnars SekumSuli haeris 
meSveobiT aerozolis saxiT miawvdian gazquris alSi. 

 
 

 
 
 

XXIIXXIIXXIIXXIII.I.I.I.2.2.2.2. natriumis gansazRvra alur fotometrzenatriumis gansazRvra alur fotometrzenatriumis gansazRvra alur fotometrzenatriumis gansazRvra alur fotometrze 
    

Na ----is raodenobis gansasazRvravadis raodenobis gansasazRvravadis raodenobis gansasazRvravadis raodenobis gansasazRvravad gamoiyeneba Sedarebis meTodi. amisaTvis 

amzadeben or standartul xnars, romelTa koncentraciebi _ 21 ,CC  cnobilia da 

erT saanalizo xnars, romlis koncentracia _ xC  ucnobia. sazRvraven samive 

xsnaris gamosxivebis intensivobas, xolo xC pouloben formuliT:pouloben formuliT:pouloben formuliT:pouloben formuliT:    

 

)( 2

21

21
2 aa

aa

CC
CCx −⋅

−
−+= , 

sadac: a _ aris fotodenis sidide, romelic Seesabameba sakvlev xsnarSi  
       Na -is gamosxivebas; 

       1a  da 2a  _ aris im fotodenebis sidideebi, romlebic Seesabameba kon- 

       centraciebs _ 1C -s  da 2C -s. 
alSi aRigznebian da gamoasxiveben tute– da tutemiwaTa metalebis atomebi, 

amitom maTi gansazRvra SeiZleba pirdapir xsnarebidan. 
reagenti: 0,00reagenti: 0,00reagenti: 0,00reagenti: 0,005 5 5 5 N     NaCl ----is xsnari.is xsnari.is xsnari.is xsnari.    
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analizis msvleloba:analizis msvleloba:analizis msvleloba:analizis msvleloba:    
saanalizo xsnars asxamen 100ml sazom kolbaSi, avseben niSanxazebamde dis-

tilirebuli wyliT da SeanjRreven. saanalizo xsnari unda Seicavdes 0,3–0,6mg 
Na -s. Semdeg or 100ml sazom kolbaSi amzadeben standartul xsnarebs, romlebic 
Seicaven: 1) 3–5mkg/ml Na -s; 2) 5–6mkg/ml Na -s. xsnarebis damzadeba rekomendebulia 
orjer gamoxdil wyalze. Semdeg saanalizo da standartul xsnarebs asxamen 
qimiur WiqebSi, saidanac isini haeris saSualebiT miewodeba gazquris alSi. 
analizis win saWiroa `brma~ cdi`brma~ cdi`brma~ cdi`brma~ cdissss Catareba: amisaTvis daayeneben Sesabamis 
Suqfiltrs, romelic gaatarebs Na -is atomebis gamosxivebas, ganafrqveven 
mxolod erT gamxsnels (distilirebul wyals) da miawodeben mas gazquris alSi. 
Tu galvanometris isari gadaixreba imis gamo, rom distlirebuli wyali mainc 
Seicavs Na -is umcires raodenobas, koreqtoris meSveobiT mas daayeneben 
galvanometris nulovan danayofze. amis Semdeg TanmimdevrobiT sazRvraven 
saanalizo da standartuli xsnarebis gamosxivebis intensiobas. yoveli gazomvis 
Semdeg gamfrqvevs da gazquras gulmodgined Carecxaven wyliT. yovel gazomvas 
atareben ara umcires samjer. 

 
 
 
 
 
 
 

 
 
 

XXIII.3. kaliumis, kalciumis da natriumis saerTo gansazRvraXXIII.3. kaliumis, kalciumis da natriumis saerTo gansazRvraXXIII.3. kaliumis, kalciumis da natriumis saerTo gansazRvraXXIII.3. kaliumis, kalciumis da natriumis saerTo gansazRvra    
    erT saanalizo xsnarSi aluri fotometriiTerT saanalizo xsnarSi aluri fotometriiTerT saanalizo xsnarSi aluri fotometriiTerT saanalizo xsnarSi aluri fotometriiT    

    
    

kaliumis, kalciumis da natrkaliumis, kalciumis da natrkaliumis, kalciumis da natrkaliumis, kalciumis da natriumis saerTo gansazRvrisaTvis erTi saanalizo iumis saerTo gansazRvrisaTvis erTi saanalizo iumis saerTo gansazRvrisaTvis erTi saanalizo iumis saerTo gansazRvrisaTvis erTi saanalizo 
xsnaridan aluri fotometriiT xsnaridan aluri fotometriiT xsnaridan aluri fotometriiT xsnaridan aluri fotometriiT  amzadeben standartuli xsnarebis serias da 
ageben sakalibro grafiks calkeulad TiToeuli ionisaTvis. Semdeg zomaven am 
elementTa atomebis gamosxivebis intensiobas saanalizo xsnarebSi da grafikis 
mixedviTApouloben maT koncentracias. sakvlevi xsnari analizdeba imave 
pirobebSi, rogor pirobebSic ageben sakalibro grafikebs. 

 
Na     isazRvreba isazRvreba isazRvreba isazRvreba 6,589589 −=λ mmk mmk mmk mmk  talRis sigrZezetalRis sigrZezetalRis sigrZezetalRis sigrZeze da misi speqtruli xazis 

feri yviTelia; 
K ----isazRvreba isazRvreba isazRvreba isazRvreba 769766 −=λ mmk talRis sigrZezemmk talRis sigrZezemmk talRis sigrZezemmk talRis sigrZeze da misi speqtruli xazis feri 

iisferia; 
Ca ----isazRvreba isazRvreba isazRvreba isazRvreba 6227,422 −=λ mmk talRis sigrZezemmk talRis sigrZezemmk talRis sigrZezemmk talRis sigrZeze da misi speqtris feri 

mwvanea. 
 
 
reagentebi:reagentebi:reagentebi:reagentebi: 1)1)1)1) N005,0  NaCl -is xsnari; 
            2)2)2)2) N005,0  KCl -is  xsnari; 

            3)3)3)3) N005,0  2CaCl -is   xsnari. 
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analizis msvleloba:analizis msvleloba:analizis msvleloba:analizis msvleloba:    
    

sazom kolbebSi amzadeben standartul xsnarebs, romlebic Seicaven:  

2-8 mkg/ml +Na -s,  20-80 mkg/ml +K -s,  0,2-0,8 mkg/ml +2Ca -s sxva kolbaSi amzadeben 

saanalizo xsnars, romelic Seicavs 0,4-0,5 mg +Na -s,  4-5 mg +K -s,  40-50 mg Ca -s. 
xsnarebs amzadeben  distilirebul wyalze. 

amis Semdeg zomaven Na -is standartuli xsnarebis gamosxivebis 
intensiobas. Semdeg axdenen K -isa da Ca -is Semcveli standartuli xsnarebis 
fotometrirebas. analizis bolos sakalibro grafikis  meSveobiT pouloben  

saanalizo xsnarSi  +++ 2,, CaKNa -is ionebis koncentracias. 
 
 
 
 
 
 
 

 
 
 

XXIII.4. nefelometruli da turbidimetruli analiziXXIII.4. nefelometruli da turbidimetruli analiziXXIII.4. nefelometruli da turbidimetruli analiziXXIII.4. nefelometruli da turbidimetruli analizi    
    

sinaTlis sxivi, romelic gaivlis dispersiul sistemas (magaliTad, xsnarSi 
myofi myari nivTierebis umcires Sewonil nawilakebs), TandaTan Sesustdeba, 
radganac sinaTlis nawili gaifanteba myari nawilakebis mier. swored am 
movlenazea dafuZvnebuli analizis nefelometruli da turbidimetruli 
meTodebi. 

nefelometruli analizisnefelometruli analizisnefelometruli analizisnefelometruli analizis dros zomaven gafantuli sinaTlis nakadis 
intensiobas, romelic gaivlis suspenziaSi. am dros gazomvebs atareben 
suspenziaze dacemuli sinaTlis nakadis mimarT 900-iani kuTxiT (nax. 43.) 

 
 

 
 
 
 
 

    
    
sinaTlis nakadis isinaTlis nakadis isinaTlis nakadis isinaTlis nakadis intensioba,ntensioba,ntensioba,ntensioba, romelic gafantulia suspenziaSi  myofi wvriromelic gafantulia suspenziaSi  myofi wvriromelic gafantulia suspenziaSi  myofi wvriromelic gafantulia suspenziaSi  myofi wvri----

li myari nawilakebis mier, gamoiTvleba formuliT:li myari nawilakebis mier, gamoiTvleba formuliT:li myari nawilakebis mier, gamoiTvleba formuliT:li myari nawilakebis mier, gamoiTvleba formuliT:    

nax. 43.nax. 43.nax. 43.nax. 43.    
  I0 - dacemuli sxivis intensivobadacemuli sxivis intensivobadacemuli sxivis intensivobadacemuli sxivis intensivoba    
        I----        suspenziaSi gasuli sxivis intensivobasuspenziaSi gasuli sxivis intensivobasuspenziaSi gasuli sxivis intensivobasuspenziaSi gasuli sxivis intensivoba    
     Ig g g g ----    gafantuli sxivis intensigafantuli sxivis intensigafantuli sxivis intensigafantuli sxivis intensivvvvobaobaobaoba    
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I gggg    ====    I0  · k · C    ,,,,    
sadac: I gggg _ aris gafantuli sinaTlis intensivoba; 

I0
    _  aris suspenziaze  dacemuli sinaTlis intensioba; 

C    _  aris myari nawilakebis koncentracia  suspenziaSi; 
k     _  aris proporciulobis koeficienti. 

am tolobidan gamodinareobs, rom rac ufro metia suspenziaSi Sewonili 
nawilakebis koncentracia, miT ufro meti nawili gaifanteba suspenziaze dace-
muli sinaTlisa. e.i. gafantuli sinaTlis nakadis intensivoba pirdapirpropor-
ciulia suspenziaSi arsebuli nawilakebis koncentraciisa. 

Tu saqme gvaqvs or suspenziasTan,Tu saqme gvaqvs or suspenziasTan,Tu saqme gvaqvs or suspenziasTan,Tu saqme gvaqvs or suspenziasTan, romlebSic imyofeba erTnairi zomisa da 
formis Sewonili nawilakebi, maSin am suspenziebis mier gafantuli sinaTlis 
intensiobis Sefardeba toli iqneba am suspenziaSi nivTierebaTa nawilakebis 
koncentraciis Sefardebisa: 

11 C

C

I

I
=  

Sesabamisad, Tu izomeba saanalizo suspenziis mier gafantuli sinaTlis 

intensioba ( I )))) da Sedarebis suspenziis mier gafantuli sinaTlis intensivoba ( I ′ ), 
romlis koncentracia _ C ′cnobilia, maSin SeiZleba ganisazRvros saanalizo saanalizo saanalizo saanalizo 
suspenziis koncentracia:suspenziis koncentracia:suspenziis koncentracia:suspenziis koncentracia:    

I

I
CC

′
⋅′=  

 
turbidimetruli analizis turbidimetruli analizis turbidimetruli analizis turbidimetruli analizis dros isazRvreba sinaTlis nakadis intensioba _ I , 

romelic gaivlis kiuvets da sustdeba, erTis mxriv, suspenziis mier gafantvis 
xarjze, xolo, meores mxriv, suspenziis mier STanTqmis xarjze. suspenziaSi suspenziaSi suspenziaSi suspenziaSi 
gamavali sinaTlis nakadis intensivobagamavali sinaTlis nakadis intensivobagamavali sinaTlis nakadis intensivobagamavali sinaTlis nakadis intensivoba damodamodamodamokidebuleba suspenziis kidebuleba suspenziis kidebuleba suspenziis kidebuleba suspenziis 
koncentraciaze da gamoisaxeba formuliT:koncentraciaze da gamoisaxeba formuliT:koncentraciaze da gamoisaxeba formuliT:koncentraciaze da gamoisaxeba formuliT:    

    
lCkD ⋅⋅= , 

 
sadac: D _aris suspenziis optikuri simkrive, anu suspenziaSi gamavali   
          sinaTlis nakadis intensivoba; 
       C  _ aris myari nawilakebis koncentracia suspenziaSi; 

               l  _ aris suspenziis STanmTqavi fenis sisqe; 
                                                            k    _ aris    proporciulobis koeficienti (simRvrivis koeficienti). 
 

es gantoleba msgavsia sinaTlis STanTqmis ZiriTadi kanonisa _ buger-
lambert-beris gantolebisa, magram im gansxvavebiT, rom k _ am SemTxvevaSi 
wamoadgens simRvrivis koeficients.simRvrivis koeficients.simRvrivis koeficients.simRvrivis koeficients.    

    
nefelometrul da turbidimetrul analizebs atareben fotoeleqtruli 

kolorimetrebis meSveobiT, romelTac nefelometrebinefelometrebinefelometrebinefelometrebi ewodeba (maT gaaCniaT 
vizualuri dakvirvebis okuliari). raodenobiT analizs ki awarmoeben winaswar 
agebuli sakalibro grafikis meSveobiT. 
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SinaarsiSinaarsiSinaarsiSinaarsi    
            winasityvaoba                      winasityvaoba                      winasityvaoba                      winasityvaoba                                                                                                                                                  3333                                    
                S e s a v a l i S e s a v a l i S e s a v a l i S e s a v a l i                                                      4444 
    

 I nawili.I nawili.I nawili.I nawili.    
                    Tavi I. Tavi I. Tavi I. Tavi I. eqsperimentis dagegeqsperimentis dagegeqsperimentis dagegeqsperimentis dagegmva da Catarebamva da Catarebamva da Catarebamva da Catareba                      11111111    
                                    I.1. I.1. I.1. I.1. analizuri reaqciebi                                     11111111    
                                    I.2. I.2. I.2. I.2. qimiuri analizis ZiriTadi etapebi                      12121212    
                                    I.3. I.3. I.3. I.3. analizis mwarmoebluroba (SemTxveviTi Secdomebi) 
             da analizis sizuste (sistematuri Secdomebi)               12121212    
                                    I.4. I.4. I.4. I.4. analizis Sedegebis maTematikuri damuSaveba            15151515    
            
                    Tavi II. qTavi II. qTavi II. qTavi II. qimiuri reaqciebis mgrZnobiaroba.imiuri reaqciebis mgrZnobiaroba.imiuri reaqciebis mgrZnobiaroba.imiuri reaqciebis mgrZnobiaroba.    
                                                xsnarSi ionTa aRmoCenis pirobebi   xsnarSi ionTa aRmoCenis pirobebi   xsnarSi ionTa aRmoCenis pirobebi   xsnarSi ionTa aRmoCenis pirobebi                                                                                   17171717                                                                                                                                    
                                        II.1. II.1. II.1. II.1. analizuri reaqciebis mgrZnobiaroba da masze     
              moqmedi faqtorebi                                     17171717    
                                        II.2. II.2. II.2. II.2. maTematikuri urTierTkavSiri analizuri  
              reaqciebis mgrZnobiarobis parametrebs Soris        19191919 
                                        II.3. II.3. II.3. II.3. xsnarSi ionTa aRmoCenis pirobebi                     20202020 
          II.4. II.4. II.4. II.4. jgufobrivi, seleqtiuri, specifikuri reagentebi     21212121 
          II.5. II.5. II.5. II.5. analizuri SeniRbva. SemniRbavi reagentebi            22222222  
     
     Tavi III. Tavi III. Tavi III. Tavi III. nimuSis daSlisa da nivTierebis aRmoCenis meTodebi  24nimuSis daSlisa da nivTierebis aRmoCenis meTodebi  24nimuSis daSlisa da nivTierebis aRmoCenis meTodebi  24nimuSis daSlisa da nivTierebis aRmoCenis meTodebi  24    
                                        III.1. III.1. III.1. III.1. makro-, naxevradmikro- da mikroanalizi               24242424                                        
                                        III.2. III.2. III.2. III.2. nimuSis daSlis “mSrali” meTodebi                   24242424 
          III.3. III.3. III.3. III.3. nimuSis daSlis “sveli” meTodebi                     26262626 
          IIIIIIIIIIII.4. .4. .4. .4. analizis wveTuri meTodi                             27272727 
          III.5. III.5. III.5. III.5. mikrokristaloskopiuri reaqciebi                    28282828 
     
     Tavi IV. moqmed masaTa kanoni (mmk) rogorc TvisebiTi Tavi IV. moqmed masaTa kanoni (mmk) rogorc TvisebiTi Tavi IV. moqmed masaTa kanoni (mmk) rogorc TvisebiTi Tavi IV. moqmed masaTa kanoni (mmk) rogorc TvisebiTi     
                                                        analizis safuZveli     analizis safuZveli     analizis safuZveli     analizis safuZveli                                                                                                                             29292929    
                                        IV.1. IV.1. IV.1. IV.1. qimiuri wonsworoba. mmk-s misadageba Seqcevadi 
               reaqciebisadmi homogenur sistemebSi                 29292929 
          IV.2. IV.2. IV.2. IV.2. ionizacia da disociacia                             32323232 
          IV.3. IV.3. IV.3. IV.3. ionizaciis konstanta da ionizaciis xarisxi         33333333 
          IV.4. IV.4. IV.4. IV.4. ostvaldis ganzavebis kanoni, rogorc kavSiri 
               susti eleqtrolitis ionizaciis xarisxsa da  
               konstantas Soris                                     35353535 
          IV.5. IV.5. IV.5. IV.5. ionis aqtivoba. xsnaris ionuri Zala                 36363636 
      

      II nawili.II nawili.II nawili.II nawili. 
      Tavi V. kaTionTa mJavurTavi V. kaTionTa mJavurTavi V. kaTionTa mJavurTavi V. kaTionTa mJavur----tutovani klasifikacia               37tutovani klasifikacia               37tutovani klasifikacia               37tutovani klasifikacia               37    
                                            V.1. V.1. V.1. V.1. analizis sistematuri da wiladuri msvleloba      37373737    
                                            V.2. V.2. V.2. V.2. kaTionTa sulfiduri klasifikacia                   38383838 



 - 194 -  

           V.3. V.3. V.3. V.3. kaTionTa I-II-III analizuri jgufebis daxasiaTeba    39393939 
           V.4. V.4. V.4. V.4. kaTionTa IV-V-VI analizuri jgufebis daxasiaTeba  41414141 
       
                        Tavi VI. wylis ionuri namravli.  buferuli sistemebi       43                                 Tavi VI. wylis ionuri namravli.  buferuli sistemebi       43                                 Tavi VI. wylis ionuri namravli.  buferuli sistemebi       43                                 Tavi VI. wylis ionuri namravli.  buferuli sistemebi       43                                 
                                            VI.1. VI.1. VI.1. VI.1. wylis ionizaciis Termodinamikuri konstanta      43434343    
                                            VI.2. VI.2. VI.2. VI.2. wylis ionuri namravli. wyalbadis maCvenebeli_ 
                pH  da hidroqsilis maCvenebeli_ pOH                44444444    
                                        VI.3. VI.3. VI.3. VI.3. Tanafardoba wyalbad-ionis koncentracias,  
               pH-sa, pOH-sa da xsnaris reaqcias Soris              45454545    
                                        VI.4. VI.4. VI.4. VI.4. xsnarebis pH-is gansazRvris meTodebi                 44446666 
          VI.5. VI.5. VI.5. VI.5. buferuli sistemebi da maTi qimiuri Sedgeniloba   47474747    
                                        VI.6. VI.6. VI.6. VI.6. buferuli moqmedebis qimiuri meqanizmi               44447777                    
                
                        Tavi VIITavi VIITavi VIITavi VII. moqmed masaTa kanoni da heterogenuli procesebi    48. moqmed masaTa kanoni da heterogenuli procesebi    48. moqmed masaTa kanoni da heterogenuli procesebi    48. moqmed masaTa kanoni da heterogenuli procesebi    48    
                                        VII.1. VII.1. VII.1. VII.1. wonasworoba sistemaSi: naleqi-najeri xsnari. 
                xsnadobis namravli                                  48484848 
          VII.2. VII.2. VII.2. VII.2. daleqva da gaxsna qimiur analizSi                  50505050 
          VII.3. VII.3. VII.3. VII.3. marilis efeqti. wiladuri daleqva                  52525252 
          VII.4. VII.4. VII.4. VII.4. Zneladxsnadi eleqtrolitebis gadayvana sxva 
                Zneladxsnad eleqtrolitebSi                       53535353 
      
      Tavi VIII. Tanamedrove warmodgenebi mJavebsTavi VIII. Tanamedrove warmodgenebi mJavebsTavi VIII. Tanamedrove warmodgenebi mJavebsTavi VIII. Tanamedrove warmodgenebi mJavebsa da fuZeebzea da fuZeebzea da fuZeebzea da fuZeebze    
                                                                brenstedbrenstedbrenstedbrensted----louris protolituri Teoriis louris protolituri Teoriis louris protolituri Teoriis louris protolituri Teoriis     
                                                                safuZvelze                                          54   safuZvelze                                          54   safuZvelze                                          54   safuZvelze                                          54       
                                            VIII.1. VIII.1. VIII.1. VIII.1. mJavebisa da fuZeebis protolituri Teoria       54545454 
           VIII.2. VIII.2. VIII.2. VIII.2. mJavebisa da fuZeebis klasifikacia  
                 protolituri Teoriis safuZvelze                55555555 
           VIII.3. VIII.3. VIII.3. VIII.3. mJavur-fuZuri urTierTqmedebis meqanizmi. 
                 lioniumis kaTioni da liatis anioni              57575757 
           VIII.4. VIII.4. VIII.4. VIII.4. mJavurobis da fuZurobis konstantebi. 
                 mJavebisa da fuZeebis Zalismieri maCvenebeli      58585858 
       

       III nawiliIII nawiliIII nawiliIII nawili    
       Tavi IX. raodenobiTi analizis Teoriuli safuZvlebi      59    Tavi IX. raodenobiTi analizis Teoriuli safuZvlebi      59    Tavi IX. raodenobiTi analizis Teoriuli safuZvlebi      59    Tavi IX. raodenobiTi analizis Teoriuli safuZvlebi      59     
                                                IX.1. IX.1. IX.1. IX.1. raodenobiTi analizis sagani, amocanebi da 
                  meTodebi                                           59595959    
                                                IX.2. IX.2. IX.2. IX.2. raodenobiTi analizis Catarebis pirobebi         60606060 
            IX.3. IX.3. IX.3. IX.3. raodenobiTi analizis Secdomebi                  61616161 
            IX.4. IX.4. IX.4. IX.4. raodenobiTi analizis WurWeli, xelsawyoebi 
                  da aparatura                                      62626262 
            IX.5. IX.5. IX.5. IX.5. raodenobiTi analizis ZiriTadi operaciebi       63636363 
         
         Tavi X.  gravimetruli (woniTi) analizi                   65Tavi X.  gravimetruli (woniTi) analizi                   65Tavi X.  gravimetruli (woniTi) analizi                   65Tavi X.  gravimetruli (woniTi) analizi                   65    
                                                        X.1. X.1. X.1. X.1. gravimetruli analizis arsi da Teoriuli 



 - 195 -  

                  safuZvlebi                                         65656565    
                                                        X.2. X.2. X.2. X.2. analizuri saswori, saSualo nimuSis da  
                   analizuri wonakis aReba                          67676767        
                                                        X.3. X.3. X.3. X.3. gravimetruli analizis Catarebis saerTo 
                   sqema da ZiriTadi operaciebi                     68686868 
              X.4X.4X.4X.4.     gaangariSebebi gravimetrul analizSi            69696969     
        
         Tavi XI. titrimetruli (moculobiTi) analizi             70         Tavi XI. titrimetruli (moculobiTi) analizi             70         Tavi XI. titrimetruli (moculobiTi) analizi             70         Tavi XI. titrimetruli (moculobiTi) analizi             70         
                                                            XI.1. XI.1. XI.1. XI.1. titrimetruli analizis arsi, Taviseburebebi, 
                    Teoriuli safuZvlebi                            70707070 
               XI.2. XI.2. XI.2. XI.2. titrimetruli analizis meTodebi,  
                    reaqciebisadmi wayenebuli moTxovnebi 
                    titrimetriaSi                                    71717171 
               XI.3. XI.3. XI.3. XI.3. gatitvris procesi                                   72727272 
               XI.4. XI.4. XI.4. XI.4. ZiriTadi, samuSao da standartuli xsnarebis 
                    damzadeba. fiqsonalebi                              74747474 
               XI.5. XI.5. XI.5. XI.5. analizuri koncentraciebis gansazRvra da  
                    gaangariSeba titrimetrul analizSi                75757575    
                                            
                                    Tavi XII. mJavurTavi XII. mJavurTavi XII. mJavurTavi XII. mJavur----fuZuri gatitvra (neitralizacia)           79fuZuri gatitvra (neitralizacia)           79fuZuri gatitvra (neitralizacia)           79fuZuri gatitvra (neitralizacia)           79    
                                                            XII.1. XII.1. XII.1. XII.1. neitralizaciis arsi da Teoriuli safuZvlebi     79797979    
                                                            XII.2. XII.2. XII.2. XII.2. mJavur-fuZuri gatitvris indikatorebi           80808080 
                                                            XII.3. XII.3. XII.3. XII.3. indikatoris gadasvlis intervali.  
                     indikatoris maCvenebeli _ pK  da gatitvris 
                     maCvenebeli _ pT                                                                    81 

                               XII.4. samuSao xsnarebis momzadeba                     82828282    
                                                                XII.5. XII.5. XII.5. XII.5. gatitvris mrudebi                               83838383 
                XII.6. XII.6. XII.6. XII.6. gatitvra uwylo xsnarebSi                      86868686    
                                                                XII.7. XII.7. XII.7. XII.7. mJavur-fuZuri gatitvris praqtikuli gamoyeneba 86868686 
                                        
                                        Tavi XIII. redoqsimetriis (JangvaTavi XIII. redoqsimetriis (JangvaTavi XIII. redoqsimetriis (JangvaTavi XIII. redoqsimetriis (Jangva----aRdgenis) meTodebi       88aRdgenis) meTodebi       88aRdgenis) meTodebi       88aRdgenis) meTodebi       88    
                                                                XIII.1. XIII.1. XIII.1. XIII.1. redoqsimetriis arsi, meTodebi                 88888888    
                                                                XIII.2. XIII.2. XIII.2. XIII.2. redoqs-potencialebi, redoqs-reaqciebis 
                      mimarTuleba. redoqs-reaqciebis  
                      wonasworobis konstantebi                      89898989    
                                                                XIII.3. XIII.3. XIII.3. XIII.3. redoqs-meTodebis gatitvris mrudebi. 
                      redoqs-indikatorebi                            90909090    
                                                                XIII.4. XIII.4. XIII.4. XIII.4. permanganatmetriis safuZvlebi. permanganatis  
                      samuSao xsnaris damzadeba                      92929292    
                                                                XIII.5. XIII.5. XIII.5. XIII.5. iodmetria. samuSao xsnarebi iodmetriaSi, 
                      iodis standartuli xsnaris damzadeba         94949494    
                                                            
                                                                XIII.6. XIII.6. XIII.6. XIII.6. saxamebeli, rogorc indikatori iodmetriaSi. 
                      iodmetriis praqtikuli gamoyeneba              96969696    



 - 196 -  

                                                                XIII.7. XIII.7. XIII.7. XIII.7. oqsidometriis sxva meTodebi                   97979797    
                                                    
                                                Tavi XIV. daleqviTi gatitvra                            98Tavi XIV. daleqviTi gatitvra                            98Tavi XIV. daleqviTi gatitvra                            98Tavi XIV. daleqviTi gatitvra                            98    
                                                                    XIV.1. XIV.1. XIV.1. XIV.1. daleqviTi meTodebis arsi da Teoriuli  
                       safuZvlebi                                        98989898    
                                                                    XIV.2. XIV.2. XIV.2. XIV.2. daleqviTi meTodebis klasifikacia              99999999    
                                                                    XIV.3. XIV.3. XIV.3. XIV.3. argentometria _ moris, faiansis meTodebi   100100100100    
                                                                    XIV.4. XIV.4. XIV.4. XIV.4. rodanometruli gatitvra                     101101101101    
                                                                    XIV.5. XIV.5. XIV.5. XIV.5. merkurometria da merkurimetria.  
                        sulfatometruli gatitvra                  102102102102    
                                                        
                                                Tavi XV. kompleqsonmetruli gatitvra                  103Tavi XV. kompleqsonmetruli gatitvra                  103Tavi XV. kompleqsonmetruli gatitvra                  103Tavi XV. kompleqsonmetruli gatitvra                  103    
                                                                        XV.1. XV.1. XV.1. XV.1. titrimetriaSi gamoyenebuli  
                        kompleqswarmoqmnis reaqciebi                103103103103 
                                                                        XV.2. XV.2. XV.2. XV.2. eqvivalentobis wertilis da gatitvris  
                        saboloo wertilis dadgena  
                        kompleqsonmetriaSi                          105105105105    
                                                                        XV.3. XV.3. XV.3. XV.3. kompleqsonmetruli gatitvris pirobebi     105105105105    
                                                                        XV.4. XV.4. XV.4. XV.4. kompleqsonmetruli gatitvris   

                                               indikatorebi                                  106106106106    
                                                                        XV.5. XV.5. XV.5. XV.5. kompleqsonmetruli gatitvris meTodebi     108108108108    
                                        

                                                    IV nawiliIV nawiliIV nawiliIV nawili    
                                                    Tavi XVI. analizis instrumentuli meTodebi.                  Tavi XVI. analizis instrumentuli meTodebi.                  Tavi XVI. analizis instrumentuli meTodebi.                  Tavi XVI. analizis instrumentuli meTodebi.                  
                                                                                                eleqtrogravimetruli da potenciometrulieleqtrogravimetruli da potenciometrulieleqtrogravimetruli da potenciometrulieleqtrogravimetruli da potenciometruli    
                                                                                                analizi                               analizi                               analizi                               analizi                                                               110110110110    
                                                                        XVI.1. XVI.1. XVI.1. XVI.1. analizis instrumentuli meTodebis arsi, 
                         klasifikacia                                 110110110110    
                                                                        XVI.2. XVI.2. XVI.2. XVI.2. eleqtrogravimetruli analizis  
                         Teoriuli safuZvlebi                       113 113 113 113     
                                                                        XVI.3. XVI.3. XVI.3. XVI.3. eleqtrogravimetruli analizis Catarebis 
                         principuli sqema da pirobebi               115115115115    
                                                                        XVI.4. XVI.4. XVI.4. XVI.4. potenciometriis arsi. potenciometriaSi 
                         gamoyenebuli eleqtrodebis saxeebi         117117117117    
                                                                        XVI.5. XVI.5. XVI.5. XVI.5. eleqtroduli potencialis gansazRvra 
                         nernstis gantolebiT. potenciometruli 
                         gazomvebis sqema                             120120120120    
                                                                        XVI.6.XVI.6.XVI.6.XVI.6.    pirdapiri potenciometria. laboratoriuli 
                         pH-metrebi. xsnarebis pH-is gansazRvra 
                         pH-metrze                                    122122122122    
                                                                        XVI.7. XVI.7. XVI.7. XVI.7. potenciometruli gatitvris arsi. 
                         potenciometruli gatitvris Catareba 
                         daleqvis, neitralizaciis da Jangva-  
                         aRdgeniT reaqciebSi                         124        124        124        124        



 - 197 -  

                                                Tavi XVII. konduqtometria, polarografia, Tavi XVII. konduqtometria, polarografia, Tavi XVII. konduqtometria, polarografia, Tavi XVII. konduqtometria, polarografia,     
                                                                                            amperometria                                   129amperometria                                   129amperometria                                   129amperometria                                   129    
                                                                            XVII.1. XVII.1. XVII.1. XVII.1. konduqtometriis arsi. xsnarebis 
                          eleqtrogamtarobis gansazRvra            129129129129    
                                                                            XVII.2. XVII.2. XVII.2. XVII.2. pirdapiri konduqtometria                 132132132132    
                                                                            XVII.3. XVII.3. XVII.3. XVII.3. konduqtometruli gatitvra                133133133133    
                                                                            XVII.4. XVII.4. XVII.4. XVII.4. konduqtometruli gatitvris Catareba 
                          neitralizaciisa da daleqvis reaqciebSi  134134134134    
                                                                            XVII.5. XVII.5. XVII.5. XVII.5. polarografiis principebi.  
                          polarografiuli (voltamperuli) mrudi   137137137137    
                                                                            XVII.6. XVII.6. XVII.6. XVII.6. TvisebiTi da raodenobiTi  
                          polarografiuli analizi                  140140140140    
                                                                            XVII.7. XVII.7. XVII.7. XVII.7. amperometruli gatitvra, gatitvris  
                           mrudebi                                    143143143143    
                                                        
                                                Tavi XVIII. analizis qromatografiuli meTodi          147Tavi XVIII. analizis qromatografiuli meTodi          147Tavi XVIII. analizis qromatografiuli meTodi          147Tavi XVIII. analizis qromatografiuli meTodi          147    
                                                                                XVIII.1. XVIII.1. XVIII.1. XVIII.1. qromatografiis arsi, sorbcia- 
                            desorbciis procesebi. qromatograma, 
                            sorbenti, eluenti, “gadamtani”           147147147147 
                                                                                XVIIIXVIIIXVIIIXVIII.2. .2. .2. .2. qromatografiis saxeobebi                149149149149    
                                                                                XVIII.3. XVIII.3. XVIII.3. XVIII.3. adsorbciuli qromatografia             150150150150    
                                                                                XVIII.4. XVIII.4. XVIII.4. XVIII.4. ionitebi. mimocvliTi qromatografia     151151151151    
                                                                                XVIII.5. XVIII.5. XVIII.5. XVIII.5. daleqviTi qromatografia                155155155155    
                                                                                XVIII.6. XVIII.6. XVIII.6. XVIII.6. gamanawilebeli qromatografia. 
                            gaz-adsorbciuli da gaz-siTxuri 
                            qromatografia                            157157157157    
                                                                                XVIII.7. XVIII.7. XVIII.7. XVIII.7. qromatografis principuli sqema. 
                            qromatogramis agebis principebi          160160160160    
                                                                        
                                                Tavi XIX. atomurTavi XIX. atomurTavi XIX. atomurTavi XIX. atomur----absorbciuli aabsorbciuli aabsorbciuli aabsorbciuli analizi                  163nalizi                  163nalizi                  163nalizi                  163    
                                                                                        XIX.1. XIX.1. XIX.1. XIX.1. atomur-absorbciuli analizis arsi, 
                            saxeobebi                                  163163163163    
                                                                                        XIX.2. XIX.2. XIX.2. XIX.2. SuqSTanTqmis kanonebi. 
                             buger-lambert-beris gantoleba         164164164164    
                                                                                        XIX.3. XIX.3. XIX.3. XIX.3. SuqSTanTqmis speqtri                     166166166166    
                                                                                        XIX.4. XIX.4. XIX.4. XIX.4. optikuri simkvrivis da xsnaris  
                            koncentraciis damokidebulebis  
                            sakalibro grafikis ageba                168168168168    
                                                                    
                                                Tavi XX. kolorimetrTavi XX. kolorimetrTavi XX. kolorimetrTavi XX. kolorimetruli analiziuli analiziuli analiziuli analizi                                                                                        169169169169    
                                                                                            XX.1. XX.1. XX.1. XX.1. kolorimetriis Teoriuli safuZvlebi  169169169169    
                                                                                            XX.2. XX.2. XX.2. XX.2. kolorimetriis vizualuri da        
                                                                                                                    instrumentaluri meTodebi              170170170170    
                                                                                            XX.3. XX.3. XX.3. XX.3. standartuli xsnarebis seriebis  



 - 198 -  

                             meTodi                                   171171171171    
                                                                                            XX.4. XX.4. XX.4. XX.4. kolorimetruli gatitvris meTodi     172172172172    
                                                                                            XX.5. XX.5. XX.5. XX.5. ferTa gaTanabrebis meTodi              174174174174    
                                                                                            XX.6. XX.6. XX.6. XX.6. kolorimetriis praqtikuli gamoyeneba  176176176176    
                                                                            
                                                Tavi XXI. fotokolorimetruli meTodi                 176Tavi XXI. fotokolorimetruli meTodi                 176Tavi XXI. fotokolorimetruli meTodi                 176Tavi XXI. fotokolorimetruli meTodi                 176    
                                                                                            XXI.1. XXI.1. XXI.1. XXI.1. fotokolorimetriis Teoriuli 
                              safuZvlebi                              176176176176    
                                                                                            XXI.2. XXI.2. XXI.2. XXI.2. fotoeleqtrokolorimetris (fek) 
                              muSaobis principi                       177177177177    
                                                                                            XXI.3. XXI.3. XXI.3. XXI.3. fek-56-is principuli sqema da masze 
                              muSaobis wesebi                         179179179179    
                                                                
                                                Tavi XXII. speqtrofotometruli analizi               181Tavi XXII. speqtrofotometruli analizi               181Tavi XXII. speqtrofotometruli analizi               181Tavi XXII. speqtrofotometruli analizi               181    
                                                                                            XXII.1. XXII.1. XXII.1. XXII.1. speqtrofotometriis Teoriuli          
                                                                                                                        safuZvlebi                              181181181181    
                                                                                            XXII.2. XXII.2. XXII.2. XXII.2. speqtrofotometr СФ-4А-s  
                              principuli sqema                        182182182182    
                                                                                            XXIXXIXXIXXII.3. I.3. I.3. I.3. speqtrofotometruli analizis 
                              Catareba speqtris ultraiisfer ubanSi 184184184184    
                                                                                            XXII.4. XXII.4. XXII.4. XXII.4. speqtrofotometruli analizis  
                              Catareba speqtris infrawiTel ubanSi  185185185185    

                            
                                                TaTaTaTavi XXIII. aluri fotometria. nefelometria da                vi XXIII. aluri fotometria. nefelometria da                vi XXIII. aluri fotometria. nefelometria da                vi XXIII. aluri fotometria. nefelometria da                
                                                                                                turbidimetria                                186turbidimetria                                186turbidimetria                                186turbidimetria                                186    
                                                                                            XXIII.1. XXIII.1. XXIII.1. XXIII.1. aluri fotometriis Teoriuli 
                            safuZvlebi. aluri fotometris  
                            principuli sqema                          186186186186   
                                                                                            XXIII.2. XXIII.2. XXIII.2. XXIII.2. natriumis gansazRvra alur  
                             fotometrze                                    188                     188                     188                     188                     
                    XXIII.3. XXIII.3. XXIII.3. XXIII.3. kaliumis, kalciumis da natriumis  
                            saerTo gansazRvra erT saanalizo  
                            xsnarSi aluri fotometriiT             189189189189    
                                                                                XXIII.4. XXIII.4. XXIII.4. XXIII.4. nefelometruli da turbidimetruli 
                            analizi                                   190190190190    
 
                                                                savaldebulo literatura                           192savaldebulo literatura                           192savaldebulo literatura                           192savaldebulo literatura                           192    
                                                                damatebiTi literatura                              192damatebiTi literatura                              192damatebiTi literatura                              192damatebiTi literatura                              192    
    
    
    
    
                                                                                                                                             
           


