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Sesavali 

 

analizuri qimia aris mecniereba, romelic Sei-

swavlis da SeimuSavebs qimiuri analizis meTodebs. 

misi ZiriTadi amocanaa qimiuri analizis Teoriis 

zogadi problemebis gadaWra da gamosakvlev nivTie-

rebaSi Semavali calkeuli komponentebis dacilebis, 

identifikaciis da raodenobrivi gansazRvris axali 

efeqturi meTodebis SemuSaveba da arsebuli meTo-

debis srulyofa. 

qimiuri analizis klasikuri meTodebi (gravimet-

ruli da titrimetruli) saSualebas gvaZlevs ganv-

sazRvroT nivTierebis qimiuri Semadgenloba. amave 

dros, ukanasknel xanebSi mecnieruli teqnikuri prog-

resis mzardi praqtikuli moTxovnilebis dasakmayo-

fileblad es meTodebi sakmarisi aRar aris. 

fizikur-qimiuri meTodebis mniSvnelovani upirate-

soba aris maTi eqspresuloba da simartive. nedleu-

lis Sedgenilobis Sesaxeb drouli informacia saSua-

lebas aZlevs teqnologs aqtiurad CaerTos teqno-

logiuri procesis mimdinareobaSi da Seitanos saTa-

nado koreqtivebi. 

fizikur-qimiuri meTodebis saerTo ricxvi sakma-

od didia. maT Soris mniSvnelovani praqtikuli mniSv-

neloba aqvs 

1. speqtruli da optikuri meTodebi. 

2. eleqtroqimiuri meTodebi. 

3. qromatrografiuli meTodebi. 

aRniSnuli meTodebs Soris yvelaze mrvalricxo-

vani da praqtikuli TvalsazrisiT mniSvnelovania 

speqtruli da sxva optikuri meTodebi. kerZod emisur 

atomuri speqtroskopia, infrawiTeli speqtroskopia 
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da sxv, romlebic damyarebulia nivTierebis eleqtro-

magnitur gamosxivebasTan urTierTqmedebisas warmo-

qmnili sxvadasxva efeqtebis gansazRvraze. 

analizis eleqtroqimiuri meTodebi emyareba sakv-

levi nivTierebis eleqtrogamtarobis, potencialis da 

sxva Tvisebebis gansazRvraze. 

analizis qromatrografiuli meTodebi damyare-

bulia adsorbentis mier narevSi Semavali calkeuli 

komponentebis SerCeviTi adsorbciis unarze. fizikur-

qimiuri meTodebis nakli aris is, rom praqtikuli 

gamoyenebisas saWiroa etalonebiT standartuli 

xsnarebi da damgradiurebeli grafikebi. 
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Tavi I 

 

analizis fotometruli meTodebi 
vizualuri kolorimetria 

 

analizis fotometriuli meTodebi damyarebulia 

saanalizo nivTierebis mier eleqtromagnituri gamo-

sxivebis STanTqmaze speqtris ultraiisfer, xilul 

da infrawiTel ubnebSi. 

analizis fotometriuli meTodis gamoyenebisas 

saWiroa sakvlevi nivTiereba qimiuri reaqciis gamo-

yenebiT gadayvanil iqnes Seferil kompleqsnaerTSi da 

Semdgom gaizomos miRebuli naerTis Sefervis 

intensivoba. 

Seferili xsnaris 

mniSvnelovani maxasia-

Tebelia Sefervis in-

tensiuroba da xsnaris 

feri. Sefervis inten-

siuroba gamoixateba 

optikuri simkvrivis 

sididiT, romelic Sem-

degnairad miiReba: Seferil xsnars aTavseben 

gamWvirvale kvarcis WurWelSi (kiuvetSi) da masSi 

atareben sinaTlis sxivs I0 intensivobiT (nax. 1). 

gamosuli sxivis intensivobas aRniSnaven It. gamosuli 

sxivis intensivoba naklebia dacemuli sxivis 

intensivobaze. intensivobis Semcireba xdeba STanTqmis 

(Ia), arekvlis da ganbnevis (Ir) xarjze. vinaidan saqme 

gvaqvs idealur xsnarebTan Ir mcire sididea da 

SeiZleba ugulvebelvyoT. dacemuli da xsnaridan 

gamosuli sxivebis intensivobis damokidebuleba 

 
nax. 1. sinaTlis gavla 

Seferil xsnarSi 



 16 

koncentraciasTan gamoixateba buger-lambert-beris 

kanoniT romelsac kolorimetriis ZiriTadi kanoni 

ewodeba, Semdegia: 

hc
to II ε10⋅=  aqedan hc

I

I

t

o ε=  

Tu gavalogariTmebT, miviRebT 

hc
I

I
gD

t

o ε== l  

D-s optikuri simkvrive ewodeba. Io _ aris 

dacemuli sxivis intensivoba, It _ gasuli sxivis 

intensivoba; h _ fenis sisqe, ε _ STanTqmis 

koeficienti, romelic mocemulia Seferili 

xsnarisaTvis, romelSic gadis garkveuli talRis 

sigrZis sxivi, mudmiv sidides warmoadgens. Tu xsnaris 

koncentracia udris 1 mol/l da fenis sisqea 1 sm, 

maSin mas moluri STanTqmis koefcienti ewodeba. igi 

gamosaxavs 1 mol/l xsnaris optikur simkvrives, 

romelic Casxmulia 1 sm sisqis kiuvetaSi. 

moluri STanTqmis koeficienti damokidebulia 

sinaTlis mSTanTqmeli sxeulis bunebaze da dacemuli 

sxivis talRis sigrZeze. sxvadasxva nivTierebisaTvis 

igi meryeobs farTo zRvrebSi, erTidan ramdenime 

aTasamde. rac metia ε-is mniSvneloba, miT metia 

kolorimetriuli reaqciebis mgrZnobiaroba. amitom 

mas kolorimetriuli gansazRvris mgrZnobiarobis 

sazoms uwodeben. 

optikuri simkvrivis Sebrunebul sidides 

Suqgamtaroba ewodeba da aRiniSneba T-Ti. 1 sm sisqis 

fenis SemTxvevaSi T-s Suqgamtarobis koeficienti 

ewodeba: 

T
D

1=  
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hc
T

g
I

I
gD

t

o ε=== 1
ll  

amrigad, buger-lambert-beris kanoni SeiZleba ase 

gamoiTqvas: xsnaris optikuri simkvrive sinaTlis 

STamnTqmeli Seferili nivTierebis koncentraciis da 

xsnaris fenis sisqis namravlis proporciulia. 

 
xsnaris feri 

 

xsnaris Seferva ganpirobebulia speqtris xiluli 

nawilis calkeuli ubnis araTanabari STanTqmiT. 

sxvadasxva SenaerTebis Seferili xsnarebis 

daxasiaTebisaTvis sar-

gebloben sinaTlis 

STanTqmis mrudebiT, 

anu e.w. STanTqmis 

speqtrebiT (nax. 2). 
fotometrul ana-

lizSi speqtris cne-

baSi igulisxmeba gra-

fikuli kavSiri opti-

kur simkvriveebsa da 

talRis sigrZes Soris. 

aseTi mrudebis misaRe-

bad awaramoeben xsnaris optikuri simkvrivis ga-

zomvaTa serias sxvadasxva sigrZis talRis dros, e.i. 

xsnaris gaSuqebisas yovelTvis sargebloben speqtris 

axali ubniT. abscisaze gadazomaven talRis sigrZes, 

ordinatze _ optikur simkvrives. vRebulobT mruds 

garkveuli maqsimumiT. umetesi nivTierebis STanTqmis 

maqsimumi mdebareobs speqtris xilul ubanSi. 

 
 
nax. 2. STanTqmis eleqtronuli 

speqtri 
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sinaTlis STanTqmis maqsimumi speqtris garkveul 

nawilSi warmoadgens nivTierebis mniSvnelovan opti-

kur maxasiaTebels. rodesac laparakoben romelime 

Seferili nivTierebis moluri STanTqmis koefici-

entis Sesaxeb, Cveulebriv, mxedvelobaSi aqvT opti-

kuri simkvrive speqtris im nawilSi, sadac STanTqma 

maqsimaluria. 

fotometriuli TvalsazrisiT, rom Sevadaro 

nivTierebebi, saWiroa SevadaroT maTi speqtrebi. 

1. kriteriumi, riTac xasiaTdeba speqtri, es aris 

misi simaRle, rac ufro metia simaRle, miT ufro 

metia STanTqma. 

II kriteriumia sigane. rac ufro viwroa speqtri, 

miT ufro naklebia imis albaToba, rom sxva 

nivTierebebma SeuSalos xeli, e.i. rom ar moxdes 

gadafarva. rac ufro farToa speqtri, miT ufro metia 

STanTqmis SesaZlebloba. rom davaxasiaToT sigane, 

simaRlis naxevari unda gavyoT Suaze da aviRoT 

naxevari ubani. es aris maCvenebeli ab (nax. 3). 
III maxasiaTebelia reaqciis kontrastuloba, ro-

melic gviCvenebs, Tu ramdenad gansxvavdeba foto-

metriuli reaqciis produqtis Seferva reagentisagan. 

sxvanairad, reaqciis kontrastuloba izomeba reaqciis 

produqtis da reagentis λmax-is sxvaobiT. 

Δλ aris kontrastuloba sazomi. am sididezea 

damokidebuli reaqciis produqtiulobac. rac ufro 

metia Δλ, miT ufro sxvadasxvaa ferebi (nax. 4). 
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nax. 3                       nax. 4 

 

IV maxasiaTebelia reagentisa da reaqciis pro-

duqtis optikuri simkvriveebis Tanafardoba. 

fotometriuli gansazRvris sizustisa da 

mgrZnobiarobis gadidebisaTvis mizanSewonilia ara 

Sereuli (TeTri) sinaTlis, aramed speqtris romelime 

nawilis gamoyeneba, kerZod unda airCion speqtris is 

nawili, romelic ufro Zlierad STainTqmeba moce-

muli Seferili naerTiT, romelTanac mocemuli niv-

Tiereba optikurad reagirebs. am mizniT gamoyenebulia 

Suqfiltrebi. 

 

Seferili naerTebis warmoqmnis pirobebi 

 

fotometriuli gansazRvrisas, romelSic Seferi-

li kompleqsis warmoqmna mimdinareobs Semdegi reaq-

ciiT: 

;)1( −+ →+ n
n

Z MLnLM  
+−+ +→+

−
nRMLnRLM n

n
Z )1(

 

didi yuradReba eqceva warmoqmnili kompleqsis 

mdgradobas, romelic SeiZleba gamoisaxos disocia-

ciis da kompleqsis mdgradobis mudmivebiT. rac ufro 

didia es sidide, miT ufro metad aris dakavSirebuli 
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sakvlevi M ioni L-
 reaqtivTan da miT ufro advilia 

ionis gadayvana Seferil mdgomareobaSi. 

amave dros, rac ufro mdgradia kompleqsi, miT 

ufro naklebia xsnarSi myofi gareSe ionebis gavlena. 

magaliTad, rkinis rodaniduli kompleqsis warmoqmnas 

sagrZnoblad amcirebs qlorionebis arseboba xsnarSi, 

fosfationebis arseboba ki sruliad auferulebs 

xsnars, maSin, rodesac rkinis salicilmJavasTan 

kompleqsis warmoqmnas qlor-ionebi xels ar uSlian, 

e.i. rkinis salicilmJavasTan kompleqsi ufro mdgra-

dia, vidre rodanidTan. 

aranaklebi mniSvneloba aqvs gamxsnelis SerCevas, 

romelsac SeuZlia Secvalos reaqciis mimarTuleba 

da wonasworobis gadaxra. magaliTad, kobaltis roda-

niduli kompleqsi wyalSi Zlier disocirdeba da 

SeuZlebelia raodenobrivad misi gadayvana Seferil 

kompleqsSi. amisaTvis aucilebelia organuli gamxsne-

lis (acetoni, spirti da sxv) gamoyeneba. reaqtivis 

siWarbe iwvevs kompleqsis disociaciis mudmivas 

Semcirebas. mdgradi kompleqsis SemTxvevaSi reaqtivis 

siWarbe ar aris saWiro. amrigad, unda SevqmnaT iseTi 

pirobebi, romlis drosac kompleqsis disociaciis 

mudmiva ar Seicvleba. amisaTvis xsnari unda ganva-

zavoT ara ubralo gamxsneliT, aramed imave koncen-

traciis reaqtivis xsnariT. 

erT-erTi mniSvnelovani faqtori, romelzec damya-

rebulia misaRebi kompleqsis warmoqmnis wonasworoba 

da reaqciis kinetika, aris wyalbadionebis kon-

centracia (pH). Zlieri mJavebis SemTxvevaSi amas mniS-

vneloba ara aqvs, radgan isini xsnarSi mTlianad 

disocirebulia, ar Seicaven molekulebs. amitom 

mJavianobis gazrda xels ar uSlis kompleqsis 
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warmoqmnas. amave dros amcirebs metalis ionebis 

hidrolizs. magram mJavianobis Zlier gazrda ar aris 

sasurveli, radgan igi zrdis eleqtrolitis 

koncentracias, rac iwvevs ionuri Zalis gazrdas, ris 

Sedegadac mcirdeba yvela ionis aqtiuroba. es ki 

iwvevs kompleqsis disociaciis xarisxis gazrdas. 

pH-is gazrda iwvevs naklebad mdgradi kompleq-

sebis daSlas, ris Sedegadac safexurebad 

warmoiqmneba hidroqsomarilebi da hidroqsidebi: 
+−−+ →+ )1()()( ZZ OHMOHM  

pH-is ufro zustad dayenebisaTvis sargebloben 

buferuli xsnarebiT. 

rogorc cnobilia, temperaturis Secvla iwvevs 

optikuri simkvrivis ormxriv Secvlas, agreTve 

wonaworobis mdgomareobis Secvlas, radgan mTeli 

rigi kompleqsebis di-

sociaciis mudmiva di-

dad aris damokide-

buli temperaturaze. 

magaliTad, gacxele-

biT heteropolimJave-

bis komleqsis yviTe-

li Seferilobis in-

tensivoba sagrZnob-

lad izrdeba, xolo 

saxameblis iodTan Se-

feriloba gacxelebiT 

mcirdeba da srulad 

ispoba 400C dros. 
didi mniSvneloba 

aqvs miRebuli naer-

Tis mudmiv Sedgeni-

 
nax. 5. Sefervis intensivobis 

damokidebuleba koncentraciasa 
da fenis sisqesTan 
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lobas. xSir SemTxvevaSi adgili aqvs komleqsis daSlas 

drois ganmavlobaSi, rac iwvevs optikuri simkvrivis 

Secvlas. magaliTad, rkinis rodanidul kompleqsSi 

TviTon samvalentiani rkina warmoadgens mJangavs, 

moqmedebs rodanid-ionebze da Jangavs mas sxvadasxva 

naerTebamde (dirodanidi da sulfatic), ris gamoc 

garkveuli drois Semdeg xdeba Seferilobis Sesusteba. 

aris SemTxveva, rodesac xdeba kompleqsis fotoqimiuri 

daSla haeris Jangbadis moqmedebiT. es movlenebi 

mJRavndeba naklebad mdgradi kompleqsebis SemTxvevaSi, 

rasac mivyevarT Secdomamde analizis dros. 

kolorimetris ZiriTadi kanonidan gamomdinareobs 

mniSvnelovani praqtikuli Sedegi: brtyelZirian viwro 

cilindrSi CavasxaT Seferili  xsnari da davakvirdeT 

Sefervis intensivobas zevidan im pirobiT, rom 

sinaTlis nakadi I0 intensivobiT ecema xsnars 

cilindris Ziridan (nax. 5). xsnaris fenis sisqea h1, 

koncentracia _ C1, gamosuli sxivebis intesivoba It, 

maSin buger-lambert-beris kanonis Tanaxmad 

11
0

1 lg ch
I

I
D

t

ε==  

davamatoT gamxsneli, rom moculoba gaizardos 

orjer h2 fenis sisqemde da davakvirdeT zevidan 

Sefervis intensivobas. am ganzavebuli xsnaris 

optikuri simkvrive 

222 lg ch
I

I
D

t

o ε==  

ganzavebisas koncentracia mcirdeba orjer 

,
2

1
2 ⎟

⎠
⎞

⎜
⎝
⎛ = C
C  magram Seferili nawilakebis ricxvi mTel 

moculobaSi rCeba igive (Tu ganzavebisas adgili ar 

eqneba Seferili naerTis daSlas). amitom orive 



 23 

SemTxvevaSi STanTqmuli sxivebis raodenoba iqneba 

erTi da igive. maSasadame, saTanadod toli iqneba 

maTi optikuri simkvriveebic.   

,21 DD =  2211 ChCh εε =  aqedan 
1

2

2

1

h

h

C

C =  

am gantolebidan gamomdinareobs, rom ori xsnaris 

erTnairi Seferilobisas maTi koncentraciebi STam-

nTqmeli fenis sisqis proporciulia. 

 fotometrul meTodSi gamoyenebuli reaqciebi 

unda akmayofilebdnen garkveul moTxovnebs: 

1. miRebuli naerTis Sefervis intensiuroba unda 

iyos maRali, Sesabamisad maRali iqneba meTodis 

mgrZnobiaroba. 

2. gansasazRvravi komponenti rac SeiZleba sru-

lad (raodenobrivad) iqnes gadayvanili Seferil 

mdgomareobaSi. 

3. Seferil naerTs hqondes gansazRvruli Sedgeni-

loba. 

4. miRebuli naerTi iyos droSi mdgradi. 

5. reaqcia unda iyos specifikuri, e.i. reaqciis 

msvlelobas xels ar uSlides gareSe ionebi. 

Seferili kompleqsnaerTebis warmoqmnis reaqci-

ebis garda zogjer iyeneben Jangvis reaqciebs, maga-

liTad, manganumis gansazRvra, rac emyareba mis per-

manganat-ionad daJangvis reaqcias. analogiurad 

sazRvraven qroms da sxv. 

 
Sefervis intensiurobis gazomvis meTodebi 

 

gamoyenebuli meTodebis mixedviT arCeven: kolo-

rimetrias (vizualuri kolorimetria), fotometrias 

da speqtrofotometrias. 
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kolorimetriuli gansazRvris arsi mdebareobs 

SemdegSi: gansasazRvravi komponenti qimiuri reaqciis 

Sedegad gadahyavT Seferil mdgomareobaSi, zomaven 

miRebuli xsnaris Sefervis intensiurobas, ris Semdeg 

sargebloben buger-lambert-beris kanonis maTemati-

kuri gamosaxulebiT da angariSoben sakvlevi nivTie-

rebis koncentracias. 

vizualuri kolorimetriuli gansazRvris dros 

Sefervis intensiurobis Sedareba xdeba damkvirveblis 

Tvalis saSualebiT. 

arsebobs vizualuri kolorimetriis Semdegi 

meTodebi: 

1. standartuli seriis an feradi skalis meTodi. 

Sefervis intensiurobis SefasebisaTvis amzadeben 

standartul serias. amisaTvis iReben erTnairi for-

misa da zomis cilindrebs, masSi SehyavT standar-

tuli xsnari mzardi kontentraciiT. analogiur ci-

lindrSi aTavseben sakvlev xsnars, umateben reagents 

Seferil mdgomareobaSi gadasayvanad da azaveben 

wyliT Tanabar moculobamde, ris Semdegac sakvlevi 

xsnaris Sefervis intensiurobas adareben standartul 

serias da pouloben gansasazRvravi komponentis 

koncentacias. 

2. kolorimetriuli titvris meTodi. iReben or 

erTnair cilindrs. erTSi aTavseben sakvlev xsnars, 

meoreSi _ yvela reagents, garda standartuli 

xsnarisa, umateben orive cilindrs reagents Seferil 

mdgomareobaSi gadasayvanad, ris Sedegadac sakvlevi 

xsnari gadava Seferil mdgomareobaSi. meore 

cilindris moculobas azaveben wyliT daaxloebiT 

pirveli cilindris moculobamde da mikrobiuretidan 

wveTwveTobiT umateben standartul xsnars, sanam 
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Sefervis intensiuroba ar gauTanabrdeba sakvlevi 

xsnaris intensiurobas. biuretze aiTvlian gatitvraze 

daxarjuli standartuli xsnaris moculobas, 

cnobilia misi titri da angariSoben sakvlev xsnarSi 

nivTierebis raodenobas formuliT: 

Cx=Vst.⋅Tst. 

3. gaTanabrebis 

meTodi. sakvlevi da 

standartuli xsna-

rebis Sefervis in-

tensiurobis gaTana-

breba SeiZleba miR-

weul iqnes xsnaris 

fenis sisqis Secv-

liT, romelSic ga-

dis sxivi, Tu masSi 

Cayursaven optikuri 

minisagan damzade-

bul cilindrebs 

(nax. 6). cilindri 

moZraobs zemoT an qvemoT da fenis sisqe icvleba. 

sinaTlis nakadi gaivlis sakvlevi da standartuli 

xsnarebis Semcvel kiuvetebs 1, 2, Camyursavebs 3, 4, 

prizmas 5, ikribeba okularSi 6 da warmoqmnis Sefe-

rilobis sxvadasxva intensiurobis mqone naxevar-

wreebs, romelTa gaTanabreba xdeba Camyursavebis moZ-

raobis donis SecvliT. 

orive xsnarisaTvis miRebuli simaRle (hst. da 

hsak.) SeiZleba gazomil iqnes skalis 7, 8 saSualebiT, 

romelic gradiurebulia mm-Si. gamoTvla warmoebs 

formuliT 

Csak.= Cst. hst../hsak. 

 
 

nax. 6.  КОЛ-1М kolorimetris  
optikuri sqema 
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gansazRvris dros umjobesia standartuli xsnari 

dayenebul iqnes garkveul simaRleze da amis mixedviT 

moxdes gaTanabreba. am principzea damyarebuli 

sxvadasxva Camyursavi kolorimetrebis muSaoba. 

vizualuri kolorimetriuli meTodi martivia, ar 

moiTxovs rTul aparaturas. mas xSirad subieqturs 

uwodeben, radgan am meTodis sizuste damokidebulia 

damkvirveblis mxedvelobis individualur Tvisebebze. 

xangrZlivi muSaobisas Tvali iRleba da misi sizuste 

klebulobs. aqedan gamomdinareobs kolorimetriuli 

meTodis cdomilebebi. 

amitom ukansaknel xanebSi farTo gamoyenebas 

poulobs fotokolorimetriuli meTodi, romelSic 

sinaTlis intensivobis gasazomad gamoyenebulia 

fotoelementebi. 

 
 

laboratoriuli samuSaoebi 
 

samuSao 1. rkinis gansazRvra vizualuri 
kolorimetriuli meTodiT 

 

meTodi damyarebulia rkinis Fe (III) ionebis roda-
nidTan urTierTqmedebis reaqciaze, ris Sedegadac 

miiReba wiTlad Seferili kompleqsi: 

[ ] −−+ →+ 3
6

3 )(6 CNSFeCNSFe  

 

gamoyenebuli reaqtivebi da aparatura: 
 

1. rkinis standartuli xsnari. 

0,858g rkina-amoniumis Sabs Fe2 (SO4)3 (NH4)2 SO4 · 
24H2O xsnian 25ml koncentrirebuli azotmJavaTi 
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SemJavebul xsnarSi, gadaaqvT litrian sazom kolbaSi 

da mihyavT moculoba Wdemde gamoxdili wyliT. 

miRebuli xsnari Seicavs 0,1mg rkinas 1ml-Si 

(ZiriTadi xsnari). samuSao standartuli xsnaris 

dasamzadeblad rkinis ZiriTad standartul xsnars 

azaveben 10-jer. 

2. NHO3 (kuTri wona 1,4). 

3. kaliumis an amoniumis rodanidis 10%-iani 

xsnari. 

4. КОЛ – 1М kolorimetri. 

 
analizis msvleloba 

 

iReben or 50 ml-ian sazom kolbas. erTSi pipetis 

saSualebiT aTavseben sakvlev xsnars, xolo meoreSi – 

rkinis standartul xsnars. orive kolbas umateben 5-

5ml kaliumis rodanidis xsnars da Seavseben gamox-

dili wyliT 50ml-mde.  

miRebuli xsnarebis Sefervis intensivobis Seda-

rebas awarmoeben КОЛ – 1М kolorimetrze, risTvisac 

marcxena kiuvetSi asxamen standartul xsnars Wdemde, 

romelic aRniSnulia kiuvetze. zustad aseve avseben 

saanalizo xsnariT marjvena kiuvets. marcxena kiuvets 

ayeneben garkveul simaRleze – hst, magaliTad, 2sm. 

okularSi xiluli naxevarwreebis sxvadasxva inten-

siurobis gaTanabreba xdeba marjvena Camyursavis moZ-

raobisas donis SecvliT. gaTanabrebisas aiTvlian 

marjvena skalaze simaRles (hx). gansazRvras imeoreben 

2-3-jer da anagriSoben hx-is saSualo ariTmetikuls - 

hxsaS. 

gansazRvris meore da mesame seriis Casatareblad 

marcxena Camyursavs ayeneben 4-6 sm simaRleze, 
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imeoreben yvela operacias da angariSoben miRebuli 

hx-is saSualo ariTmetikuls. gansazRvris yoveli 

seriisaTvis sakvlevi xsnaris koncentracia gamoiTv-

leba formuliT 

./ )(saSstst xx hhCC =  

sabolood sakvlevi xsnaris koncentracia gamo-

iTvleba formuliT 

.3/)( )3()2()( xxxx CCCC ++=
(1)saS  

miRebuli Sedegebi formdeba cxrilis saxiT 

(cxr.1) 

 
cxrili 1. 

hx1, sm cdis 

# 

hst, 
sm 1 2 3 

hxsaS Cst,  

Mmkg/50ml

Cx CxsaS 

1 

2 

3 

        

 

samuSao 2. vanadiumis gansazRvra standartuli seriis 
an feradi skalis meTodiT 

 

meTodi damyarebulia vanadiumis ionebis gogird-

mJava garemoSi wyalbadis zeJangTan urTierTqmedebis 

reaqciaze, ris Sedegadac miiReba mowiTalo-yavisferi 

kompleqsi. 

 

gamoyenebuli reaqtivebi 
 

1. vanadiumis standartuli xsnari. 

3,9g VOSO4 · 2H2O xsnian gamoxdil wyalSi, gadaaqvT 

litrian sazom kolbaSi da mihyavT moculoba Wdemde 

gamoxdili wyliT.  
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1. ml miRebuli xsnari Seicavs 1mg vanadiums. 

2. H2SO4-is 2N xsnari. 
3. H2O2-is 3%-iani xsnari. 

 
analizis msvleloba 

 

standartuli seriis mosamzadeblad iReben 5 

erTnairi formis da zomis cilindrebs, SehyavT 

standartuli xsnari 0,1-1,0ml raodenobiT. umateben 

2ml H2O2-s da azaveben 50ml-mde 2N  H2SO4-is xsnariT. 

miRebuli xsnaris Sefervis intensiurobas adareben 

standartul serias, romlis mixedviTac sazRvraven 

sakvlev xsnarSi vanadiumis Semcvelobas.  

 

samuSao 3. volframis gansazRvra kolorimetriuli 
titvris meTodiT 

 

meTodi damyarebulia volframis rodanidis 

ionebTan urTierTqmedebis reaqciaze, ris Sedegadac 

miiReba yviTeli feris kompleqsi. aRmdgenelad gamo-

yenebulia samqloriani titani. 

 

gamoyenebuli reaqtivebi: 
 

1. volframis standartuli xsnari. 

0,1793g natriumis volframats xsnian wyalSi, gada-

aqvT litrian sazom kolbaSi da mihyavT moculoba 

Wdemde gamoxdili wyliT. 1ml miRebuli xsnari 

Seicavs 0,1mg volframs. 

2. kaliumis rodanidis 25%-iani xsnari. 

3. samqloriani titanis 1%-iani xsnari. 
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0,5g liTonur titans xsnian gacxelebisas HCl (1:1) 
xsnarSi, azaveben imave mJavas xsnariT 50ml-mde. 

 

analizis msvleloba 
 

iReben or erTnair cilindrs. erTSi aTavseben 

sakvlev xsnars, meoreSi – yvela reaqtivs, garda 

standartuli xsnarisa; umateben orive cilindrs 

2,5ml kaliumis rodanidis xsnars, 25ml marilmJavas, 

0,5 ml samqloriani titanis xsnars. TiToeuli 

raqtivis damatebis Semdeg kargad aureven. sakvlevi 

xsnari gadava Seferil mdgomareobaSi da mas azaveben 

gamoxdili wyliT 50 ml-mde. meore cilindris 

moculobas azaveben daaxloebiT pirveli cilindris 

moculobamde da mikrobiuretidan wveTwveTobiT 

umateben volframis standartul xsnars manam, sanam 

am cilindrSi xsnaris Seferiloba ar gautoldeba 

pirvel cilindrSi xsnaris Seferilobas. orive 

cilindrSi moculobas aTanabreben gamoxdili wyliT 

da kargad SeanjRreven. 

biuretze aiTvlian titvraze daxarjuli standar-

tuli xsnaris moculobas, cnobilia misi titri da 

angariSoben sakvlev xsnarSi volframis Semcvelobas 

formuliT 

,stst VTX ⋅=  

 sadac stT  aris volframis standartuli xsnaris 

titri; 

stV  - titvraze daxarjuli standartuli xsnaris 

moculoba. 
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Tavi II 

 
analizis fotokolorimetriuli meTodi 

 

kolorimetriuli meTodis msgavsad, aRniSnuli 

meTodi damyarebulia buger-lambert-beris kanonis 

gamoyenebaze. am meTodSi acilebelia is nakli, 

romelic axasiaTebs vizualur kolorimetrias, ker-

Zod subieqtivizmi. STanTqmuli sxivebis intensiu-

robis gasazomad gamoyenebulia fotoelementebi. 

fotoelementi aris xelsawyo, romelSic xdeba 

sinaTlis energiis gardaqmna eleqtrul energiad. igi 

saSualebas gvaZlevs gansazRvreba vawarmooT rogorc 

speqtris xilul, ise ultraiisfer da infrawiTel 

ubnebSi. 

fotoelementSi sinaTlis energiis gardaqmna 

eleqtrul energiad dakavSirebulia fotoefeqtis 

movlenasTan. 

fotoefeqti aris eleqtronebis amogleja liTo-

nis zedapiridan sinaTlis energiis gavleniT. 

fotoefeqtis dros gamotyorcnili eleqtronebis 

siCqare damokidebulia dacemuli sxivis talRis 

sigrZeze da ara mis sikaSkaSeze, xolo eleqtronebis 

ricxvi damokidebulia dacemuli sxivis sikaSkaSeze 

da misi proporciuli sididea. amazea damyarebuli 

fotoelementebis gamoyeneba sinaTlis intensiurobis 

gasazomad. 

yoveli liToni xasiaTdeba eleqtronis amosale-

jad saWiro kvantis energiis minimaluri raodenobiT, 

romelsac Seesabameba garkveuli talRis sigrZe. es 

sinaTlis udidesi talRis sigrZea, romlis zeviT mas 

aRar SeuZlia eleqtronis amogleja. am zRvars foto-
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efeqtis wiTeli sazRvari ewodeba. misi mniSvneloba 

sxvadasxva liTonisaTvis sxvadasxvaa. magaliTad, 

ceziumidan eleqtronebis amosaglejad ufro naklebi 

energiaa saWiro, vidre natriumidan da kaliumidan. 

amitom natriumis da kaliumis fotoefeqtis wiTeli 

sazRvari mdebareobs speqtris xilul ubanSi. 

tantali, nikeli, platina, vercxli ar iZlevian 

fotoefeqts speqtris xilul ubanSi, radgan am ubnis 

energia ar aris sakmarisi liTonebidan eleqtronebis 

amosaglejad. elementTa fotoefeqtis wiTeli 

sazRvari speqtris ultraiisfer ubanSi mdebareobs. 

amitom aris rom fotoelementebis dasamzadeblad 

umetes SemTxvevaSi tute liTonebia gamoyenebuli. 

fotokolorimetriuli gansazRvrisaTvis gamoyene-

bulia xelsawyoebi _ ФЭК-М, ФЭК-Н da КФК tipis 

fotokolorimetrebi (nax. 7), romelTa konstruqcia da 

muSaobis meTodika Semdegia: 

 
nax. 7. fotokolorimetri  ФЭК-56М 

 

1. sinaTlis wyaro _ varvaris naTura. nakadi or 

nawilad iyofa. xelsawyos muSaobis sizustis 

asamaRleblad aucilebelia sinaTlis wyaros mudmivi 

varvari, romelic xorcieldeba stabilizatoris 

saSualebiT. imisaTvis, rom ganaTeba iyos Tanabari da 

srulad avsebde sazomi diafragmis an neitraluri 
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solis xvrels, gamnaTebeli naTuris Zafi linzebze 

mkveTrad unda iyos gamosaxuli. Zafis gamosaxulebis 

Sesamowmeblad linzas afareben Txel qaRalds da 

saWiroebis mixedviT gamosaxulebas aregulireben 

maregulirebeli mowyobilobiT. 

2. sarkeebi. 

3. Suqfiltrebi (feradi Suqfiltrebis kvanZi). 

Suqfiltris daniSnulebaa gaataros speqtris garkve-

uli ubnis sxivebi. Tu viciT sakvlevi Seferili 

xsnaris mier sxivis STanTqmis speqtri, SeiZleba 

SevarCioT iseTi Suqfiltri, romelic gaatarebs 

mxolod im sxivebs, romelsac STanTqavs xsnari da 

danarCens daakavebs. Suqfiltris SerCevisas misi STan-

Tqmis minimumi da xsnaris STanTqmis maqsimumi 

erTmaneTs unda emTxveodes. 

fotokolorimetrs zeda nawilSi, sakvlev xsnarsa 

da obieqtivs Soris, aqvs ori disko Suqfiltrebis 

kompleqtiT, romlebsac SeuZliaT erTdroulad moZ-

raoba specialuri saxeluris saSualebiT. saxelurze 

aRniSnuli nomeri Seesabameba Suqfiltris nomers. 

saxeluris mobrunebiT sinaTlis nakads uyeneben or 

wyvil erTnair Suqfiltrs. 

 
nax. 8. Suqfiltrebis speqtruli maxasiaTeblebi 
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Suqfiltris SerCeva xdeba Semdegnairad: yvela 

Suqfiltris gamoyenebiT zomaven optikur simkvrives 

ori xsnarisaTvis, romelTa koncentracia gans-

xvavdeba 10-15%-iT. sakvlev xsnarTan samuSaod irCeven 

im Suqfiltrs, romelic am xsnarisaTvis iZleva 

optikuri simkvrivis maqsimalur mniSv-nelobas. 

me-8 naxazze moyvanilia ФЭК-56 fotokolo-

rimetris Suqfiltrebis speqtruli maxasiaTebeli. 

kompleqti Sedgeba 9 Suqfiltrisagan. 

qvemoT moyvanilia TiToeuli SuqfiltrisaTvis 

efeqturi talRis sigrZis mniSvnelobebi, romlis 

drosac STanTqma maqsimaluria. 

cxrili 2. 

Suqfiltris 

nomeri 
1 2 3 4 5 6 7 8 9 

efeqturi 

talRis sigrZe
315 364 400 440 490 540 582 610 630

 

Suqfiltrebad gamoyenebulia feradi minebi, Jela-

tinis afski, romelic gaJRenTilia organuli saRe-

baviT da sxv. 

4. kiuvetebis kompleqti. xelsawyos Tan axlavs 

ori yuTi kiuvetebis kompleqti. kiuvetebi damza-

debulia gamWirvale kvarcis minisagan, romelTa fenis 

sisqea 0,1-0,5 sm. samuSaod irCeven im kiuvets, romelic 

gansazRvrisas iZleva optikur simkvrives 0,15-0,52 

zRvrebSi. kiuvetebis SerCeva damokidebulia saana-

lizo xsnaris Sefervis intensivobaze, rac ufro 

metia Sefervis intensivoba, miT naklebi zomis kiuveta 

gamoiyeneba. 

5. neitraluri soli. sinaTlis intensiurobis 

gaTanabrebisaTvis gamoyenebulia neitraluri soli 
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da sazomi diafragma. neitraluri soli Sedgeba ori 

Jelatinisagan damzadebuli samkuTredisagan, romel-

Tagan erTi dafarulia muriT, igi gankuTvnilia uxeSi 

regulaciisaTvis, meore Ria feris ki zusti gaTa-

nabrebisaTvis. 

6. sazomi diafragma anaTvliani doliT. xvreliani 

diafragma warmoadgens samkuTxeds, romlis ori gver-

dis waxnagebs SeuZliaT erTmaneTis mimarT gada-

adgileba, riTac mcirdeba xvrelis sigane maqsima-

luri sidididan nulamde.  

daifragmasTan dakavSirebulia ori anaTvliani 

doli, romlebic mdebareoben erT RerZze. dolze 

aris ori skala: Suqgamtarobis koeficientis _ Savi 

da optikuri simkvrivis wiTeli kavSiri or danayofs 

Soris orive skalaze ganisazRvreba formuliT: 

D=lg1/T 
sadac D optikuri simkvrivea; T _ Suqgamtarobis 

koeficienti. dolis mobrunebis xarisxi gviCvenebs 

optikur simkvrives. 

7. fotoelementebi. sinaTlis energiis mimRebad 

xelsawyoSi gamoyenebulia selenis fotoelementi. igi 

warmoadgens liTonis firfitaze dafenil naxevar-

gamtari selenis fenas. sinaTlis nakadi, fotoele-

mentze dacemisas warmoqmnis masSi eleqtrodens, 

romelic galvanometriT izomeba. selenis fotoele-

menti saSualebas gvaZlevs gansazRvra vawarmooT 

speqtris xilul ubanSi (400-650 nm). selenis foto-

elementis speqtruli mgrZobiaroba axlos aris Tva-

lis speqtrul mgrZnobiarobasTan. amasTan dakavSi-

rebiT vizualuri kolorimetriisaTvis damuSavebuli 

meTodebis gamoyeneba SeiZleba yovelgvari siZnelis 
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gareSe fotometriisaTvis selenis fotoelementebis 

gamoyenebisas. 

xangrZlivi Zlieri ganaTebisas fotoelementi 

kargavs mgrZnobiarobas, ris Sedegadac fotodenis 

Zala mcirdeba, magram sakmarisia igi movaTavsoT sib-

neleSi, rom ramdenime xnis Semdeg mgrZnobiaroba 

aRdgeba. 

fotoelementebi galvanometrTan CarTulia dife-

rencialuri sqemiT, e.i. ise, rom sinaTlis nakadis 

fotoelementebze erTnairi intensiurobiT dacemisas 

galvanometris isari nulze dgas. 

8. isriani galvanometri. isriani galvanometri 

gamoiyeneba rogorc nulovani xelsawyo fotoelement-

Ta SeerTebis sqemaSi. muSaobis dawyebamde galvano-

metris isars ayeneben nulze, xolo muSaobis damTav-

rebis Semdeg isari unda iqnes aretirebuli, risTvi-

sac saxelurs ayeneben mdgomareobaSi `daketilia~. 

galvanometris gadarTva met an nakleb mgrZno-

biarobaze xdeba specialuri saxeluriT. did mgrZno-

biarobaze gadasvla daSvebulia mas Semdeg, rac 

sinaTlis nakadi gaTanabrebulia mcire mgrZnobia-

robaze. 

 

fotokolorimetrze muSaobis meTodika 

 

sinaTlis nakadi (nax. 9), romelic miRebulia 

naTuridan 1, airekleba sarkeebze 2, gaivlis Suqfil-

trebs 3, 3, kiuvetebs 4, 4, da ecema Ф1 da Ф2 foto-

elementebs, romelic galvanometrTan 7 SeerTebulia 

diferencialuri sqemiT. 
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nax. 9. ФЭК fotokolorimetris sqema 

 

sinalis marjvena konaSi aTavseben kiuvets sakvle-

vi xsnariT, marcxenaSi ki _ kiuvets sufTa gamxsne-

liT. d diafragma mTlianad Riaa. xsnaris mier sinaT-

lis STanTqmis gamo Ф2 fotoelementze STanTqmis 

gamo Ф2 fotoelementze sinaTlis nakadi ecema 

naklebi intensiurobiT, xolo Ф1 fotoelementze _ 

sruli intensiurobiT, ris gamoc dairRveva wonas-

woroba, galvanometris isari gadaixreba nulidan. 

isris nulze dayeneba xdeba neitraluri K solis 

gadaxurvis saSualebiT. Semdeg marjvena sxivTa 

konaSi sakvlevi xsnaris magivrad aTavseben kiuvets 

sufTa gamxsneliT, wonasworoba isev dairRveva, rad-

gan Ф2 fotoelementze sinaTlis nakadi imatebs. sinaT-

lis nakadis Semcireba xdeba d diafragmis gadaxur-

viT, rasac aRweven masTan dakavSirebuli dolis 

brunviT, romelzec aRebuli anaTvali gviCvenebs 

sinaTlis intensiurobis Semcirebis sidides. gazomvas 

awarmoeben ramdenjerme da gamoTvlian optikuri 

simkvrivis saSualo ariTmetikul sidides. 
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nivTierebis koncentraciis gansazRvra xsnarSi 

 

nivTierebis koncentraciis gansazRvrisaTvis 

aucilebelia am nivTierebisaTvis magraduirebeli gra-

fikis ageba. amisaTvis amzadeben gansasazRvravi, niv-

Tierebis mTel rig standartul xsnarebs mzardi 

koncentraciiT, romelTa farglebSi imyofeba saana-

lizo nivTierebis mosalodneli koncentracia. 

saTanado kiuvetebis SerCevis Semdeg awarmoeben 

standartuli xsnarebis optikuri simkvriveebis gan-

sazRvras da miRebuli Sedegebis mixedviT ageben 

magraduirebel grafiks, risTvisac abscisaTa RerZze 

gadazomaven koncentracias, xolo ordinataze _ 

Sesabamis optikur simkvriveebs. 

kolorimetris Ziri-

Tadi kanonis Tanaxmad 

miiReba swori xazi, ro-

melic aucileblad un-

da gadiodes koordi-

natTa saTaveze. Tu 

xsnari am kanons ar 

emorCileba, sworxazo-

vani damokidebuleba 

irRveva grafikis ro-

melime ubanze an mTel 

mis sigrZeze. aseT dar-

Rvevas beris kanonidan 

gadaxra ewodeba, rome-

lic SeiZleba iyos dadebiTi (zeviT), an uaryofiTi 

(qveviT) (nax. 10). 

nax. 10. optikuri simkvrivis  
damokidebuleba xsnaris 

koncentraciaze 
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beris kanonis gadaxris mizezi SeiZleba iyos 

rogorc Seferili naerTis qimiuri Tvisebebi, aseve 

Sefervis intensiurobis gazomvis pirobebi. 

grafiks aqvs qveda zRvaric, rac dakavSirebulia 

optikuri simkvrivis gazomvis teqnikasTan. sasargeblo 

signali 100-jer meti unda iyos xelsawyos minimalur 

Cvenebaze. da bolos, sasurvelia magraduirebeli 

grafiki gahyves analizis yovel serias. 

arsebobs gansazRvris e.w. danamatebis meTodi. am 

meTodiT saanalizo xsnaris Cx koncentraciis 

gansazRvrisaTvis zomaven mis optikur simkvrives Dx-s. 

Semdeg amave saanalizo xsnars umateben standartuli 

xsnaris gansazRvrul raodenobas Cst. miRebuli 

xsnaris koncentracia iqneba (Cx+Cst.), zomaven mis 

optikur simkvrives Dx+st. buger-lambert-beris kanoniT 

Dx=εhcx 

optikuri simkvrive danamatiT iqneba: 

Dx+st.=εh(cx+cst.) 
am ori gantolebis SedarebiT miviRebT: 

st.st. CC

C

D

D

x

x

x

x

+
=

+

 an Dx(Cx+st.)+Dx+st⋅Cx 

aqedan saanalizo xsnaris koncentracia 

xx

x
x DD

D
CC

−
=

+st
st.  

 
fotometriuli titrva 

 

fotometriuli titvrisas farTod gamoiyeneba 

fotokolorimetri. naerTSi elementis Semcvelobaze 

msjeloben ara STanTqmuli sinaTlis intensiurobiT, 

aramed titvraze daxarjuli reaqtivis raodenobiT. 
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amrigad, fotometriuli titvra warmoadgens mo-

culobiTi analizis erT-erT saxesxvaobas, romlis 

drosac ekvivalenturi wertilis dadgena xdeba foto-

elementis saSualebiT. fotoelementi asrulebs 

indikatoris rols. 

fotometriuli titvra gamoiyeneba Semdeg SemTxve-

vebSi: 

1. titvris dros warmoiqmneba Seferili naerTi. 

2. indikatoris feris cvlileba xdeba Zalian 

nela. 

3. titvrisas nivTierebis mier sinaTlis STanTqma 

xdeba ultraiisfer an uaxloes infrawiTel  ubnebSi. 

4. Zlier ganzavebuli xsnarebis titvrisas foto-

metriuli titvra SeiZleba Catardes rogorc Siga 

indikatoris gamoyenebiT, aseve indikatoris gamoye-

nebis gareSe. 

pirvel SemTxvevaSi yvela kanonzomiereba, rome-

lic gamoyenebulia ekvivalenturi wertilis vizua-

lurad dakvirvebisas, SenarCunebulia fotometriuli 

titvris dros. 

titvris dasawyisSi optikuri simkvrive praqti-

kulad ar icvleba. ekvivalentur wertilSi miaxlo-

ebisas, rodesac indika-

tori icvlis fers, opti-

kuri simkvrive, romelic 

izomeba garkveuli talRis 

sigrZis dros, mkveTrad 

icvleba. 

indikatoris gamoyene-

bis gareSe fotometriuli 

titvrisas aucilebelia, 

rom titrats da reaqciis 

 

nax. 11. fotometruli 
titvris mrudi 
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produqts hqondeT sakuTari STanTqmis zoli. titvris 

Sedegebis mixedviT ageben grafiks koordinatebSi: 

optikuri simkvrive _ daxarjuli xsnaris moculoba. 

ori xazis gadakveTis wrtilidan abscisaze 

daSvebuli perpendikulari gviCvenebs titvraze daxar-

juli xsnaris moculobas (Vst.), romelic Seesabameba 

ekvivalentur wertils (nax. 11). 

aRsaniSnavia, rom fotometriuli titvris meTodi, 

msgavsad titrimetriuli meTodisa, naklebad 

mgrZnobiarea, vidre Cveulebrivi fotometriuli 

meTodi. igi umetesad gamoyenebulia didi raodenobiT 

nivTierebis Semcvelobisas: 

Cx=Vst.⋅ Tst. 

sadac Tst. standartuli xsnaris titria. 

 

analizis speqtrofotometriuli meTodi 

 

speqtrofotometri principulad ar gansxvavdeba 

foto-kolorimetrisagan. es aris molekulur-absorb-

ciuli meTodi, romelSic gamoiyeneba saanalizo 

nivTierebis unari, STanTqos ultraiisferi gamosxi-

veba λ=10–380 nm. speqtrofotometrSi gamoyenebulia 

monoqromatuli sxivi, e.i. SesaZlebelia gamovyoT ara 

zoli, aramed garkveuli talRa 0,01 nm ubanSi. amiT 

izrdeba meTodis mgrZnobiaroba, specifikuroba da 

diapazonic. amave dros ukeT aris daculi beris 

kanoni. 

speqtrofotometris ZiriTadi nawilebia: 

1. monoqromatori, romlis saSualebiT xdeba 

monoqromatuli sxivis miReba. 

2. difraqciuli mesrebi, sinaTlis sxivis speqt-

rebad daSlisaTvis. 
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3. mniSvnelovan nawils warmoadgens speqtrofo-

tometris xvreli, romlis saSualebiTac SesaZle-

belia sinaTlis nakadis regulireba. rac ufro 

viwroa xvreli, miT ufro naklebi sinaTlis nakadi 

gadis masSi da miT ufro viwroa sinaTlis nakadis 

talRis sigrZis intervali. 

4. fotoeleqtruli fotometri, romlis daniSnu-

lebaa sinaTlis intensiurobis gazomva. 

 

 

 
nax. 12. speqtrofotometr СФ-16-is optikuri sqema 
 

fotokolorimetriuli meTodis msgavsad Sedege-

bis gamoangariSeba xdeba magraduirebeli grafikis 

agebis saSualebiT. 

speqtrofotometr СФ-16-is optikuri sqema (nax. 12): 
sinaTlis wyarodan 1 sxivi ecema sarkian kondensorze 

2, brtyel sarkeze, romelic sinaTlis konas gadaxris 

90º-iT da mimarTavs xvrelSi 4. igi daculia fir-

fitiT 5. xvrelSi gamavali sinaTle xvdeba madis-
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pergirebel prizmaSi 7, romelic mas Slis speqtrebad. 

dispergirebuli nakadi miemarTeba obieqtivSi 6 da 

fiqsirdeba xvrelSi 8. prizma specialuri meqanizmiT 

SeerTebulia talRis sigrZis skalasTan. saTanado 

saxeluris brunviT monoqromatuli gamosxivebidan 

Rebuloben garkveuli talRis sigrZis monoqromatuli 

sxivis konas, romelic gaivlis xvrels 8, kvarcis 

linzas 9, filtrs 10, sinaTlis mSTanTqmel etalons 

11, damcvel firfitas 12 da xvdeba fotoelementze 13.  

speqtrofotometr СФ-16-s SeuZlia awarmoos 

gansazRvra gamtarobis 2 diapazonSi (0-dan 100%-mde 

da 0-dan 10%-mde) da optikuri simkvrivis 2 diapazonSi 

(0-dan 2,5-mde da 0-dan 1-mde), rac iZleva mgrZno-

biarobis da sizustis gazrdis SesaZleblobas. 

erTi speqtris Caweras esaWiroeba 2-dan 4,5 

wuTamde.    

 
analizis diferencialur-speqtrofotometriuli 

meTodi 

 

diferencialuri speqtrofotometriuli meTodi 

gamoiyeneba didi raodenobis nivTierebis gansazRvri-

sas, aseve reaqtivis STanTqmis da gare ionebis xel-

SemSleli moqmedebis Tavidan asacileblad. meTodis 

arsi mdgomareobs imaSi, rom sakvlevi da stan-

dartuli xsanrebis optikuri simkvriveebis gazomva 

xdeba ara nulovani xsnaris an sufTa gamxsnelis 

mimarT, aramed gansasazRvravi ionis zustad garkveu-

li koncentraciis xsnaris mimarT (Co), romelic 

axlosaa sakvlevi xsnaris koncentraciasTan (C1). 

Sedegebis gamoangariSeba xdeba magraduirebeli 

grafikis agebis an gadaTvlis faqtoris gamoyenebiT: 
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F=(C1-Co)/ΔD;           Cx=Co+Dx⋅F1 

sadac Co aris koncentracia Sesadarebel xsnarSi; C1 

_ koncentracia standartul xsnarSi; Cx _ koncen-

tracia sakvlev xsnarSi; ΔD _ koncentraciaTa sxva-

obis Sesabamisi optikuri simkvrive ( )
Oi CC DD − ; Dx _ 

sakvlevi xsnaris optikuri simkvrive; F _ gadaTvlis 

faqtori. 

 

eqstraqciul-fotometruli meTodi 

 

eqstraqcia ewodeba nivTierebis ganawilebas or 

fazas Soris im SemTxvevaSi, Tu es fazebi ar ixsne-

bian erTmaneTSi da ar Sedian erTmaneTTan qimiur 

reaqciaSi. magaliTad, wyali da masSi uxsnadi siTxe 

(qloroformi, benzoli, tuluoili da sxv.). nivTie-

rebas, romlis saSualebiT xdeba eqstraqcia, eqstr-

agenti ewodeba, xolo eqstraqciis Sedegad miRebul 

xsnars eqstraqti. 

eqstraqcia wonasworuli procesia da misi 

efeqturoba ganisazRvreba e.w. ganawilebis koefi-

cientiT K 

OHC

C
K

2

org.

gan. =  

sadac Corg. _ organuli nivTierebis koncentraciaa, 

romelic gadavida eqstragentis (org.) fazaSi, xolo 

OHC
2
 _ nivTieebis koncentracia, romelic darCenilia 

saanalizo wyalxsnarSi eqstraqciis Catarebis Semdeg. 

rac ufro metia Kgan., miT ufro efeqturia eqstraqcia. 

didi mniSvneloba aqvs eqstraqtis Semdgom damu-

Savebas (reeqstraqcias), anu organuli fazidan nivTie-

rebis gamoyofas wyalxsnarSi. reeqstraqtis wyal-



 45 

xsnarebs SearCeven ise, rom gamoyofa iyos seleq-

tiuri. 

eqstraqciul-fotometriuli meTodi farTod 

gamoiyeneba rTuli narevevis analizis dros, rodesac 

saWiroa didi raodenobis Semcvel nivTierebaSi mikro 

komponentis gamoyofa, minarevebis gansazRvra zesufTa 

naerTebSi da sxv. xSir SemTxvevaSi Seferili 

eqstragirebuli faza uSualod gamoiyeneba mikro 

komponentis fotometruli meTodiT raodenobrivi 

gansazRvrisaTvis. meTodi martivia, xasiaTdeba maRali 

mgrZnobiarobiT, eqspresulobiT, rac mTavaria ar 

moiTxovs rTul aparaturas.  

 

 
laboratoriuli  samuSaoebi 

 

samuSao 1. kalciumis da magniumis gansazRvra 
fotometruli titvris meTodiT 

 

meTodi damyarebulia kalciumis da magniumis 

kompleqson III-Tan ufero mdgradi kompleqsis war-

moqmnis reaqciaze. sust tute garemoSi warmoiqmneba 

magniumis Zneladxsnadi hidroJangi da ititreba 

mxolod kalciumi. magniums pouloben sxvaobiT.  

 

gamoyenebuli reaqtivebi da aparatura 

 

1. kompleqson 111-is 0,05 M xsnari. 

18,6 g kompleqson III xsnian erT litr wyalSi. Tu 

xsnari SemRvreulia, filtraven.  

2.  liTonuri TuTia.  

3.  marilmJavas 1:4 xsnari.  
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4.  indikatori mJavuri qromlurji, an qromlurji 

K.  

1 g indikators ureven 25 g NaCl da Selesaven 

filTaqvaSi.  

5.  buferuli xsnari 10 ml 20%-ian NH4Cl Seureven 
10 ml amiaks.  

6.  NaOH 2N xsnari.  
7.  MgCl2 · 7H2O da CaCl2 · 6H2O is 0,1N xsnarebi.  

 

analizis   msvleloba 
 

kompleqson III-is titris dadgena.  

0,327 g TuTias xsnian 10-15 ml HCl (1:4), xsnars 

acieben da gadaaqvT 100 ml sazom kolbaSi, anzaveben 

Wdemde gamoxdili wyliT da kargad SeanjRreven, 

miRebuli xsnaridan pipetkiT iReben 1-10 ml, aTavseben 

titratorSi, umateben 50 ml wyals, 10 ml buferul 

xsnars, daaxlovebiT 0,05 g indikators da titraven 

kompleqson 111-is xsnariT galvanometris isris mkveTr 

gadaxramde.  

)/(
/ kompIIIkompIII VVTT ZmZnZn

=  

 

kalciumis da manganumis narevis gatitvra. 
 

iReben 20 ml 0,05 M MgCl da CaCl, gadaaqvT 

titrometris WiqaSi, umateben 50 ml wyals, 10 ml 

amiakur buferul xsnars, 0,05 g indikators da 

titraven kompleqson III-is xsnariT. angariSoben Ca da 
Mg Semcvelobas miligram-eqvivalentSi.  

xelmeored titvris WiqaSi aTavseben Ca da Mg 
narevis 10 ml, umateben 10 ml wyals, 15 ml 2# NH4OH, 
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indikators da titraven kompleqson III-is xsnariT. 

angariSoben Ca Semcvelobas, Mg pouloben sxvaobiT.  

      

samuSao 2. TuTiis gansazRvra fotometruli titvris 
meTodiT 

  

meTodi damyarebulia TuTiis ionebis eTilendia-

mintetraZmarmJaviT, anu kompleqson III indikatoruli 

titvris reaqciaze, romelSic indikatorad gamoye-

nebulia ereoqromSavi Т.  
 

gamoyenebuli  reaqtivebi  da  aparatura 

 

1. TuTiis sulfatis ZnSO4·7H2O   0,05 M samuSao 

xsnari.  

2. kompleqson III 0,05 – xsnari. 

3. amoniumis qloridis NH4Cl  0,1% xsnari.  

4. amiakis 0,1 M xsnari.  

5. ereoqromSavi T 0,1% xsnari.  

6. absorbciometri ЛМФ narinjisferi Suqfil-

triT. 

 

kompleqson III titris dadgena 

 

titratoris WiqaSi aTavseben 1 ml TuTiis 

standartul xsnars, umateben 5 ml NH4Cl, 25 ml 

amiaks, 0,5 ml indikator ereoqromSavs Т da 10 ml 

gamoxdil wyals. Wiqas aTaveben xelsawyoSi da 

titraven ЭDТА-s xsnariT. anaTvals iReben yoveli 0,1 

ml damatebis Semdeg. miRebuli monacemebiT ageben 

magraduirebel grafiks T = f (V). gatitvras awarmoeben 
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samjer, iReben 2 titrantis saSualo monacems da 

angariSoben ЭDТА-s titrs: 
)/(

/ ЭdtaZmZnЭDTA VVNT
Zn

=  

 

analizis  msvleloba 
 

saanalizo xsnars umateben 5 ml NH4Cl, amiaks, 0,5 
ml indikator ereoqronSavs T, 10 ml wyals da 

titraven ЭDТА-s xsnariT (aranakleb 3-jer). miRebuli 

Sedegebis mixedviT ageben titvris mrudes da pou-

loben VЭDТА. saSualo mniSvnelobebis mixedviT 

angariSoben xsnarSi TuTiis Semcvelobas.  

 

samuSao 3. nikelis fotokolorimetriuli gansazRvra 
 

meTodi damyarebulia nikelis ionebis dimeTil-

glioqsimTan mJangavis Tanaobisas mowiTalo-yavisferi 

kompleqsis warmoqmnis reaqciaze. mJangavad gamoyene-

bulia iodi. 

 

gamoyenebuli reaqtivebi da aparatura: 
 

1. nikelis standartuli xsnari. 

0,48g OHNiSO 24 7⋅  xsnian gamoxdil wyalSi, gada-

aqvT litrian sazom kolbaSi, anzaveben gamoxdili 

wyliT Wdemde da kargad SeanjRreven. miRebuli 

xsnaris 1ml Seicavs 0,1mg nikels. 

2. marilmJavis 1 N xsnari. 
3. iodis 0,05 M xsnari. 
4. natriumis tutis 1 N xsnari. 
5. dimeTilglioqsimis 1%-iani spirtiani xsnari. 

6. fotokolorimetri ФЭК – 56. 
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magraduirebeli grafikis ageba 
 

analizis dawyebis win saWiroa magraduirebeli 

grafikis ageba. amisaTvis ramdenime 50ml-ian sazom 

kolbaSi aTavseben nikelis standartul xsnarebs 0,1; 

0,2; 0,3; 0,5; 0,8 da 1,0ml, rac Seesabameba 10; 20; 30; 50; 80 

da 100 mkg/50ml; azaveben moculobas ~25ml-mde, 

umateben 2-3 wveT marilmJavas xsnars, 0,5ml iodis 

xsnars, 0,5ml dimeTilglioqsims, 2,5ml natriumis 

tutes, mihyavT moculoba Wdemde gamoxdili wyliT da 

kargad SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven 

ФЭК–56 fotokolimetrze (ix. fotokolorimetrze 

muSaobis meTodika) mwvane Suqfiltris gamoyenebiT 

(470nm) kiuvetSi, romlis samuSao sigrZea 10mm. 

Sesadarebel xsnarad gamoyenebulia nulovani xsnari, 

romelic Seicavs yvela zemoT CamoTvlil reaqtivs, 

garda nikelisa. 

miRebuli Sedegebis mixedviT ageben magra-

duirebel grafiks koordinatebSi: optikuri simkvrive 

(D) – koncentracia (C). 
     

analizis msvleloba 
 

sakvlevi xsnaris garkveuli moculoba gadaaqvT 

50ml sazom kolbaSi, azaveben gamoxdili wyliT 

~25ml-mde da umateben yvela reaqtivs iseTive 

raodenobiT da mimdevrobiT, rogorc magraduirebeli 

grafikis agebis dros. 

miRebuli xsnaris optikur simkvrives zomaven 

ФЭК–56 fotokolimetrze mwvane Suqfiltris gamo-

yenebiT kiuvetSi, romlis samuSao sigrZea 10mm. zemoT 
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aRniSnuli Sesadarebeli xsnaris gamoyenebiT. miRe-

buli optikuri simkvrivis mniSvnelobiT pouloben 

magraduirebel grafikze sakvlevi xsnaris koncen-

tracias. 

samuSaos Sedegebis gaformeba xdeba magradui-

rebeli grafikis da saTanado cxrilis saxiT (cxr. 3).        

 cxrili 3. 

xsnaris optikuri 

simkvrive D 
cdis 

# 

xsnaris 

koncentracia 

C, mkg/ml 1 2 3 DsaS 

 standartuli xsnari     

1 

2 

3 

4 

5 

     

 sakvlevi xsnari    DxsaS 

1 

2 

3 

     

                    Cx = 
 

samuSao 4. reniumis gansazRvra diferencialur-
speqtrofotometriuli meTodiT 

 

meTodi damyarebulia reniumis ionebis TioSardo-

vanasTan urTierTqmedebis reaqciaze aRmdgenelad 

qloriani kalis gamoyenebiT. 

 

gamoyenebuli reaqtivebi da aparatura: 
 

1. reniumis standartuli xsnari. 
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0,1553g KReO4 xsnian 50ml wyalSi, gadaaqvT 100ml-

ian sazom kolbaSi da mihyavT moculoba Wdemde gamox-

dili wyliT. 

miRebuli xsnaris 1ml Seicavs 1mg reniums. 

2. HCl, (kuTri wona, 1,19). 
3. TioSardovanas 5%-iani xsnari. 

4. SnCl2-is 20%-iani xsnari marilmJavaSi (kuTri 

wona, 1,19). 

5. speqtrofotometri (СФ – 4А, СФ – 16  an  СФ - 26). 
 

magraduirebeli grafikis ageba 
 

50ml-ian sazom kolbebSi aTavseben 2-2,7 ml 

reniumis standartul xsnars intervaliT 0,1ml. TiTo-

eul kolbas umateben 10ml koncentrirebul HCl, 10ml 

TiSardovanas, 2ml SnCl2, mihyavT moculoba Wdemde 

gamoxdili wyliT da kargad SeanjRreven. 

30 wuTis Semdeg zomaven miRebuli xsnarebis 

optikur simkvrives speqtrofotometrze 390nm talRis 

sigrZis dros 1sm. kiuvetSi Sesadarebeli xsnaris 

mimarT, romelic Seicavs 2mg reniums da yvela 

gamoyenebul reaqtivs. miRebuli optikuri simkvrivis 

sidideebis mixedviT ageben magraduirebel grafiks 

koordinatebSi: optikuri simkvriveebis sxvaoba ( DΔ ) – 

koncentraciaTa sxvaoba ( CΔ ), an angariSoben 

TiToeuli wyvilisaTvis gadaTvlis faqtors (F) da 

iReben saSualo ariTmetikuls. gadaTvlis faqtoris 

gamoTvla xdeba formuliT 

DCCF o Δ−= /)( 1  an ,/ DCF ΔΔ=  

sadac Co aris reniumis koncentracia Sesadarebel 

xsnarSi; 

C1 – reniumis koncentracia standartul xsnarSi; 
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)( 1 oCCD −−Δ  koncentraciaTa Sesabamisi optikuri 

simkvriveebis sxvaoba (Dc1 - Dco). 

ANAL 
analizis msvleloba 

 

pipetiT iReben sakvlevi xsnaris garkveul mocu-

lobas (reniumis Semcvelobis mixedviT), gadaaqvT 

50ml-ian sazom kolbaSi, umateben 10ml koncentri-

rebul HCl, 10ml TioSardovanas, 2ml SnCl2, mihyavT 

moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

30 wuTis Semdeg zomaven miRebuli xsnarebis opti-

kur simkvrives speqtrofotometrze 390nm talRis 

sigrZis dros 1sm kiuvetSi Sesadarebeli xsnaris 

mimarT, romelic Seicavs 2mg reniums da yvela 

gamoyenebul reaqtivs. 

reniumis Semcvelobas angariSoben formuliT 

,FDCC xox ⋅+=  

sadac Co aris reniumis koncentracia Sesadarebel 

xsnarSi; 

Cx – reniumis koncentracia sakvlev xsnarSi; Dx – 

sakvlevi xsnaris optikuri simkvrive; F – gadaTvlis 

faqtori. 

samuSaos Sedegebis gaformeba xdeba saTanado 

cxrilis saxiT (cxr. 4). 

cxrili 4. 

D cdis

# 

Cst, 

mg/100ml 

oCCC −=Δ 1

   

DsaS DΔ DCF ΔΔ= / Cx 

1 

2 

3 
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samuSao 5. spilenZis gansazRvra diferencialur-
speqtrofotometriuli meTodiT 

 

meTodi damyarebulia spilenZis ionebis amiakTan 

urTierTqmedebis reaqciaze, ris Sedegad miiReba 

lurji feris kompleqsnaerTi: 

[ ] ++ →+ 2
433

2 )(4 NHCuNHCu  

 

gamoyenebuli reaqtivebi da aparatura: 
 

1. spilenZis standartuli xsnari. 

3,931g CuSO4 · 5H2O xsnian 25ml 2 M gogirdmJavas 
xsnarSi, gadaaqvT litrian sazom kolbaSi da mihyavT 

moculoba Wdemde gamoxdili wyliT. 

miRebuli xsnari Seicavs 1mg spilenZs 1ml-Si. 

2. amiakis 5%-iani xsnari. 

3. fotokolorimetri ФЭК–56.  
 

magraduirebeli grafikis ageba 
 

6 50 ml-ian sazom kolbaSi aTavseben 2,5; 5,0; 7,5; 10 

ml spilenZis standartul xsnars. TiToeul kolbas 

umateben 10ml 5%-ian amiakis xsnars, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven. 10 

wuTis Semdeg zomaven miRebuli xsnarebis optikur 

simkvrives fotokolorimetrze wiTeli Suqfiltris 

gamoyenebiT 1sm kiuvetSi Sesadarebeli xsnaris mimarT, 

romelic Seicavs 5mg spilenZs da yvela gamoyenebul 

reaqtivs. 

miRebuli optikuri simkvrivis sidideebis mixed-

viT ageben magraduirebel grafiks koordinatebSi: 
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optikuri simkvriveebis sxvaoba ( DΔ ) – koncentra-

ciaTa sxvaoba ( CΔ ), an gamoiTvlian TiToeuli wyvi-

lisaTvis gadaTvlis faqtors (F) da iReben Sedegebis 
saSualo ariTmetikuls. 

gadaTvlis faqtoris gamoTvla xdeba formuliT 

DCCF Δ−= /)( 01  AN ,/ DCF ΔΔ=  

sadac Co aris spilenZis koncentracia Sesadarebel 

xsnarSi;  

C1 – spilenZis koncentracia standartul xsnarSi; 

koncentraciaTa Sesabamisi optikuri simkvriveebis 

sxvaoba (Dc1 - Dco).  
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Tavi III 

 
turbidimetria. nefelometria 

 

turbidimetria da nefelometria analizis opti-

kuri meTodebia, romlebic damyarebulia Sewonil 

mdgomareobaSi myofi suspenziis nawilakebis mier 

STanTqmuli da gafantuli sinaTlis intesivobis ga-

zomvaze, e. i. aq optikuad aqtiur nivTierebas suspen-

zia warmoadgens, romelSic atareben sinaTlis sxivs 

Io intensivobiT. 

sinaTlis sxivis 

suspenziaSi gavlis Sem-

deg gamosuli sxivis 

intensivoba Sesustdeba 

STanTqmis, arekvlis da 

gafantvis xarjze. sina-

Tlis sxivis intensivo-

bis Sesusteba It turbi-

dimetriaa, xolo gafan-

tuli sxivis intensivo-

ba Ip, romlis gazomva 

xdeba mis perpendikularulad _ nefelometria (nax. 

13).                             
suspenziis mier gafantuli sxivebis intensivoba 

raodenobrivad SeiZleba davaxasiaToT releis gafant-

vis kanoniT:  
2

2
2

2
1

2
2

2
1

4

2

01 2 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−
−=

nn

nnc
IKI p δλ

υ
 

sadac K _ koeficientia, υ _ suspenziis nawilakebis 

moculoba, C _ nawilakebis koncentracia, 1n _ nivTie-

rebis gardatexis maCvenebeli, 2n  _ gamxsnelis 

 

nax. 13. sinaTlis STanTqma da 
gabneva SemRvreul xsnarebSi 
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gardatexis maCvenebeli, λ _ dacemuli sxivis talRis 

sigrZe, δ _ nivTierebis nawilakebis simkvrive. 

nefelometruli gansazRvrisas  1n , 2n , λ, δ da υ 
rCeba mudmivi da Tu mas miviRebT K -s tolad, releis 

gantoleba gamartivebulad gamoisaxeba:  

KCI p =  

e. i. gafantuli sxivis intensivoba suspenziis 

nawilakebis koncentraciis pirdapirproporciulia. 

Tu ori suspenziis nawilakebis zoma da forma 

erTnairia, maSin gafantuli sxivis intensivobebis 

fardoba nawilakebis koncentraciis proporciulia: 

2

1
'

C

C

I

I
n
p

p =  aqedan 
n
p

p

I

CI
C 2

1

' ⋅
=  

es formula gamoiyeneba nefelometruli gansazRv-

rebis dros. 

turbidimetriuli analizis dros kavSiri suspen-

ziaSi gasuli sxivis intensivobasa da nawilakebis 

zomas Soris gamoisaxeba formuliT: 

44

3

1
0lg

αλ+
==

r

Cr
K

I

I
A

t

l
 

sadac A _ gafantvis unaria (optikuri simkvrivis 

msgavsi) 

0I  _ suspenziaze dacemuli sxivis intensivoba 

tI  _ suspenziaSi gasuli sxivis intensivoba 

l  _ fenis sisqe 

r _ nawilakebis saSualo zoma 

λ  _ dacemuli sxivis talRis sigrZe 

1K  _ proporciulobis koeficienti, romelic da-

mokidebulia suspenziis bunebaze da gazomvis meTodze 

α _ mudmiva, damokidebuli mxolod gazomvis 

meTodze. 
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miRebuli gantoleba gamoiyeneba mxolod ganzave-

buli xsnarebisaTvis turbidimetruli gansazRvrisas 

K, r, α  da λ  _ mudmivi sidideebia, amitom 
CKA l=  

es gantoleba analogiuria buger-lambert-beris 

gantolebis, sadac K aris suspenziis simRvrivis 

koeficienti.  

 

pirobebi, romelic unda iqnes daculi 
turbidimetriuli da nefelometriuli  

gansazRvrebis dros 

 

1. turbidimetriuli meTodiT gansazRvras safuZv-

lad udevs daleqvis reaqcia. rac ufro Znelad xsna-

dia nivTiereba, miT ufro mgrZnobiarea meTodi. zog-

jer mgrZnobiarobis gazrdis mizniT suspenzias Re-

buloben organuli gamxsnelebis areSi, magaliTad 

acetonis, eTanolis xsnarebis gamoyenebiT. rac ufro 

izrdeba eTanolis koncentracia, miT suspenziis 

optikuri simkvrive izrdeba gansazRvrul zRvaramde, 

Semdeg ki klebulobs. 

2. releis gantolebis mixedviT gafantuli sxivis 

intensivoba imave moculobaSi nawilakebis zomis 

gazrdiT izrdeba. amitom gansazRvris dros suspenzi-

is miReba unda warmoebdes mkacrad stabilur pi-

robebSi, raTa daculi iyos Tanafardoba C da V-s 
Soris. koagulaciis aRmosafxvrelad xSirad umateben 

Jelatins, kraxmals da sxv. 

3. releis gantolebidan sidide 
4

1

λ
 gviCvenebs, rom 

gafantuli sxivis intensivoba talRis sigrZis Semci-

rebiT swrafad izrdeba. amitom turbidimetriul gan-
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sazRvras awarmoeben ultraiisfer ubanSi. naklebi 

talRis sigrZisas ukve moreagire nivTiereba iwyebs 

STanTqmas. 

4. turbidimetriuli gansazRvris dros Secdomis 

wyaroa suspenziis optikurad umdgradoba droSi, ar 

unda xdebodes dayovnebisas naleqis gamoyofa. amitom 

optikuri simkvrive unda gaizomos fiqsirebul droSi, 

magaliTad, 10 wuTis Semdeg. ufro xelsayrelia sare-

aqcio areSi blanti organuli nivTierebebis Seyvana, 

rogoricaa gumiarabiki, glicerini, eTilenglukoli 

da sxv. romlebsac aqvs maRali siblante. 

5. suspenziis formirebas ganapirobebs agreTve 

wyalbad-ionjis koncentracia _ pH. sust mJava gare-

moSi suspenzia stabiluria. yvela reaqcias aqvs Tavi-

si pH, romelic unda iqnes daculi. aseve saWiroa tem-

peratura iyos stabiluri. 

6. mniSvnelovania xsnaris ionuri Zalis gavlena _ 

gareSe eleqtrolitebis Tanaoba. amitom saWiroa ro-

gorc sakvlev, ise standartul xsnarebSi ionuri 

Zala iyos erTnairi. 

7. reagentebis damatebis Tanmimdevroba da siCqare. 

sareaqcio are mzaddeba winaswar da Semdeg emateba 

damleqavi. magaliTad, BaSo4-is daleqvisas erT SemTx-

vevaSi - (
−2

4SO  + eTanoli) + 
+2Ba  da meore SemTxvevaSi 

– 
−2

4SO  + (
+2Ba + eTanoli). 

Tu zemoT CamoTvlili pirobebi ar iqneba 

daculi, Sedegebi iqneba araswori. turbidimetriuli 

da nefelometriuli meTodebis dadebiTi mxarea 

maRali mgrZnobiaroba, gamoiyeneba Zlier ganzavebuli 

suspenziebisas, romelic Seicavs araumetes 100 mg/l 

myar nivTierebas. igi sizustiT CamorCeba fotoko-

lorimetrias, mas mimarTaven maSin, rodesac saWiroa 
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mcire raodenobis e. w. araqromoforuli ionebis 

gansazRvra, romlebic ar iZlevian, an Znelad iZlevian 

Seferil naerTebs. am SemTxvevaSi igi Seucvlelia. 

gansazRvrisaTvis SeiZleba gamoyenebul iqnes 

fotokolorimetri da nefelometri.  

 
gamoyenebuli aparatura 

 

nefelometriul gansazRvras awarmoeben xelsa-

wyoSi _ nefelometr НФМ, romelic konstruqciiT 

fotometris analogiuria. igi Seicavs mowyobilobas, 

romelSic gabneul sxivze dakvirveba xdeba dacemuli 

sxivis mimarT 90°-iT. 

xelsawyos optikuri sqema mocemulia nax. 14. 
sinaTle varvaridan (1) gaivlis gamWvirvale firfitas 

(2), kondensors (3) da xvdeba kiuvetaSi (4) sakvlevi 

xsnariT. kiuvetaSi gamavali sxivis Caqroba xdeba 

sinaTlis damWeriT (5). suspenziis nawilakebis mier 

gafantuli sinaTlis nawili gaivlis linzas (9), 

xvdeba fotometrul TavSi da anaTebs okularis erT 

naxevars. sinaTlis nakadis meore nawili airekleba 

minis firfitidan (2) da xvdeba gabnevze (17).  

am ukanasknelidan gabneuli sxivi linzis (13) 

saSualebiT xvdeba fotometrul TavSi da iwvevs 

okularis meore naxevris mxedvelobis areSi naTebas, 

gaivlis gamzom diafragmebs (7) da (15), romelic dakav-

Sirebulia dolTan. orive sinaTlis nakadi obieq-

tiviT (8) da (14), prizmebiT (10) da (11) miaRwevs 

okulars 12 da xvdeba damkvirveblis TvalSi, romel-

Sic mxedvelobis are gayofilia vertikaluri xaziT. 
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nax. 14. nefelometr НФМ-is optikuri sqema 

1 – naTura; 2 – minis firfita;  3 – kondensori; 4 – kiuveta; 
5 – sinaTlis damWeri; 6, 16 - linzebi; 7, 15 – gamzomi 

diafragmebi; 8, 14 – obieqtivebi; 9, 13 – rombiuli prizmebi; 
10 – biprizma; 11 – Suqfiltri; 12 – okulari; 17 – gambnevi. 

 

gamzom dolze ori skalaa: erTi Suqgamtarobis 

(Savi), meore optikuri simkvrivis (wiTeli), gansaz-

Rvrisas sinaTlis nakads uyeneben eqvsi Suqfiltridan 

erTerTs (11), Suqfiltrebis maxasiaTeblebi mocemulia 

cxrilebSi. 

koncentraciis gansazRvrisaTvis ageben magradui-

rebel grafiks, risTvisac standartuli xsnarebiT am-

zadeben cnobili koncentraciis suspenziebs, gansaz-

Rvras iwyeben maqsimaluri Semcvelobis xsnarebiT, 

Semdeg ki koncetraciis Semcirebis TanmimdevrobiT. 

sakvlevi xsnaris koncentracias pouloben grafikis 

saSualebiT.     
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laboratoriuli  samuSaoebi 

 

samuSao 1.  xsnarSi qloridebis gansazRvra 
turbidimetruli meTodiT 

 

meTodi damyarebulia qlorid-ionis azotmJava 

garemoSi (pΗ<1) AgNO3-Tan urTierTqmedebisas mcired-

dispersuli sistemis warmoqmnaze.: 

↓→+ +− AgClAgCl  

 
gamoyenebuli  reaqtivebi  da  aparatura 

 

1. KCl-is 0,1mg/ml xsnari (ZiriTadi xssnari) 

samuSao xsnari koncentraciiT 0,01 mg/ml mzaddeba 

ZiriTadi xsnaris 10-jer ganzavebiT.  

2. HNO3-is 25% xsnari.  

3. AgNO3 0,1 M xsnari. 

 

magraduirebeli  grafikis  ageba 
 

100 ml-ian sazom kolbebSi SeyavT 2; 5; 10; 15; 20 

ml kaliumis qloridis samuSao xsnari, romelic Se-

esabameba 0,02; 0,05; 0,01; 0,15 da 0,2 mg qlorid-ions. 

TiToeul kolbaSi umateben 2 ml HNO3, 80 ml-mde 

gamoxdil wyals, 1 ml AgNO3, mihyavT moculoba 

Wdemde gamoxdili wyliT, kargad SeanjRreven da 

toveben bnel adgilas 20 wuTis ganmavlobaSi.  

miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze ФЭК-56 kiuvetaSi, romlis samuSao 

sigrZea 50 mm lurji Suqfiltris gamoyenebiT Sesa-

darebeli xsnaris mimarT, romelic Seicavs yvela 

reaqtivs, garda qloridisa.  
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miRebuli Sedegebis mixedviT ageben magradui-

rebel grafiks koordinatebSi: optkuri simkvrive (D) 

– koncentracia (C).  
 

analizis msvleloba 
 

100 ml sazom kolbaSi aTavseben saanalizo xsnars 

da amzadeben suspenzias, rogorc zemoT iyo aRwerili 

magraduirebeli grafikis agebisas,  zomaven optikuri 

simkvrives 3-jer da saSualo mniSvnelobis mixedviT 

magraduirebel grafikze pouloben Cl–
 - ionebis 

koncentracias sakvlev xsnarSi.  

 

samuSao 2. sulfat-ionebis nefelometruli 
gansazRvra 

 

meTodi damyarebulia sulfat-ionebis bariumis 

ionebTan urTierTqmedebisas Zneladxsnadi bariumis 

sulfatis warmoqmnis reaqciaze: 

Ba2+ +  SO4
2- → BaSO4 

ganzavebul xsnarebSi naleqis gamoyofa nela 

mimdinareobs da warmoiqmneba droSi sakmaod mdgradi 

suspenzia. suspenzias stabilizaciisTvis umateben 

Jelatins an saxamebels. 

bariumis sulfatis suspenziis fotometrirebis-

Tvis SeiZleba Seiqmnas iseTi pirobebi, romlis dro-

sac suspenziis optikuri simkvrive koncentraciis 

proporciulia: 

D = KC 
BaSO4-is suspenziis fotometrireba xdeba lurji-

iisferi Suqfiltris gamoyenebiT. 
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gamoyenebuli reaqtivebi da aparatura 

 

1. kalciumis sulfatis standartuli xsnari. 1 g 

uwylo kalciumis sulfats xsnian wyalSi, gadaaqvT 

litrian sazom kolbaSi, mihyavT moculoba Wdemde  

gamoxdili wyliT da kargad SeanjRreven.  

miRebuli xsnaris 1 ml Seicavs 0,001 g CaSO4. 

2. bariumis qloridis 5%-ni xsnari. 

3. Jelatini 2,5% xsnari an 0,05%-ni saxameblis 

xsnari. 

4. marilmJava (1:2) 

5. universaluri indikatori 

6. nefelometri. 

 
analizis msvleloba 

 

100 ml ramodenime WiqaSi aTavseben standartul 

xsnars 1; 2; 3; 4; 5; 6; 7 ml da 25 ml saanalizo xsnars, 

SeamJaveben marilmJaviT (1:2). universaluri indkatoris 

Tanaobisas pH 3-mde, umateben 2 ml damcav koloids 

(saxamebels an Jelatins) da kargad SeanJRreven. Sem-

deg umateben 5 ml 5%-ian BaCl2 xsnars ganuwyveteli 

morevisas. suspenzias aTavseben nefelometris kiuvet-

Si da zomaven gabneuli sxivis intensivobas. miRebuli 

monacemebis mixedviT ageben magraduirebel grafiks 

koordinatebSi D-C, ris mixedviT pouloben CaSO4-is 

Semcvelobas saanalizo xsnarSi. 
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Tavi IV 

 
luminescenturi analizi 

 

cnobilia, rom nivTierebebis atomebi an mole-

kulebi sinaTlis energiiT dasxivebisas gadadian agz-

nebul mdgomareobaSi, ris Semdeg xdeba maTi gan-

muxtva da Warbi energia SeiZleba moxmardes eleqt-

ronis mowyvetas, nivTierebis ionizacias, fotoqimiur 

reaqcias, gacxelebisas Warbi energiis gardaqmna 

siTbur energiad, gamoyofa sinaTlis saxiT da sxv. 

zogierT nivTierebas gacxelebis gareSe oTaxis 

tempraturis dros axasiaTebs naTeba. mas "civi 

naTeba", an luminescencia ewodeba. luminescentur 

naTebas iwvevs maRali energiis eleqtromagnituri 

talRebi, kerZod, kaToduri ultraiisferi sxivebi, 

romlis talRis sigrZea 500 nm-mde. 

agznebis wyarod eleqtromagnituri talRebis 

garda SeiZleba gamoyenebul iqnes qimiuri reaqcia. ma-

Sin mas fotoluminescencia, an fluorescencia 

ewodeba.  

energiis nawilis gamoyofa fotonebis saxiT aris 

qemiluminescencia. yvela luminescentur nivTierebebs 

luminoforebi ewodeba. luminescencia ZiriTadad 

axasiaTebs organul naerTebs. amitom araorganuli 

nivTierebebis analizSi iyeneben luminescentur orga-

nul analizur reagentebs, romlebic liTonis 

ionebTan ganicdian luminescencias. rac metad 

STanTqavs organuli naerTi speqtris ultraiisfer 

ubanSi, miT metia misi luminescencia. am pirobas 

akmayofilebs alifaturi najeri cikluri naerTebi da 

naklebad xasiaTdebian aromatuli naerTebi. 
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mTel rig nivTierebebs gaaCnia sakuTari lumin-

escenciis unari, magaliTad, kodeins yviTeli, niko-

tins lurji-iisferi, rac farTod gamoiyeneba maTi 

identifikaciisaTvis.  

 

luminescenciis energetikuli, qvanturi  
maxasiaTeblebi da kavSiri maT Soris 

 

luminescencur analizSi mniSvnelovan kanonzo-

mierebas warmoadgens aRgznebis energiis damokidebu-

leba luminescenciis intensivobasTan. mas energeti-

kuli gamosavali ewodeba da aRiniSneba ЭB . igi 

warmoadgens nivTierebis luminescenciis dros gamo-

sxivebuli energiis LE  fardobas STanTqmuli 

aRgznebis energiasTan BE : 

B

L
Э E

E
B =  

an qvanturi gamosavali Bk, romelic aris lumines-

cenciis dros gamosxivebuli kvantis N LN  fardoba 

STanTqmuli qvantis BN  raodenobasTan: 

B

L
K N

N
B =  

radgan qvantis energia proporciulia sixSiris ν, 
an ukuproporciulia talRis sigrZis λ, 

λ
ν c

hhE ==  

sadac h _ plankis mudmivaa, c _ sinaTlis siCqare, 

maSin damokidebuleba energetikul gamosavalsa ЭB Bda 

qvantur gamosavals KB  Soris, gamoisaxeba formuliT:  

K
L

B
K

B

L

B

L

B

L
Э BB

Nh

Nh

E

E
B ⋅=⋅===

λ
λ

ν
ν

ν
ν
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am damokidebulebas didi mniSvneloba aqvs lumin-

escentul analizSi. rac metia luminescenciis gamo-

savali, miT metia analizuri reaqciis mgrZnobiaroba. 

grafikuli damokidebuleba luminescenciis energeti-

kul gamosavalsa da talRis sigrZes Soris moce-

mulia nax. 15. 
rogorc naxazi-

dan Cans I monakveTze 

energetikuli gamo-

savlis sidide pro-

porciulad izrdeba 

sinaTlis talRis 

sigrZis gazrdiT. 

talRis sigrZis Sem-

dgomi gazrdisas ra-

Rac kritikul mniSv-

nelobamde igi rCeba 

mudmivi, ris Semdeg 

gamosavali mkveTrad 

mcirdeba _ monakveTi II da TandaTan qreba. am 

movlenas Caqroba ewodeba. 

Caqrobis mizezia gamosxivebuli energiis STanTqma 

sakvlevi nivTierebis mier. arCeven Caqrobis Semdeg 

saxeebs: koncentraciuli Caqroba, temperaturuli 

Caqroba da Caqroba gareSe minarevebiT. 

 

koncentraciuli Caqroba 

 

luminescenciis gamosavali luminescentirebuli 

nivTierebis koncentraciis proporciulia, rac SeiZ-

leba gamoyenebul iqnes raodenobrivi luminescenturi 

analizisaTvis: 

 

nax. 15 luminescenciis 
energetikuli gamosavlis 

damokidebuleba talRis sigrZeze.
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KCIL =  

sadac KK  proporciulobis koeficientia.   

              

magram koncentaciis 

gazrda iwvevs lumines-

cenciis Semcirebas. gar-

kveuli koncentraciis 

miRwevisas iwyeba lu-

minescenciis Caqroba, 

anu dgeba koncentra-

ciuli barieri (nax. 16), 

an koncenraciuli Caqr-

oba. igi TiToeuli niv-

TierebisaTvis 

specifikuria da mis zemoT naTeba aRar swarmoebs. 

xazovani damokidebuleba LI  da C-s Soris irRveva.  

umetesi nivTierebebis koncentraciuli barieri 

mdebareobs 10-4 _10-3 _ sazRvrebSi. 

 

temperaturuli Caqroba 

 

luminescenciis gamosavalze mniSvnelovan gavle-

nas axdens temperatura. temperaturis gazrda iwvevs 

luminescenciis intensivobis Semcirebas, radgan am 

dros gamxsnelis siblante mcirdeba, molekulebis 

rxeviTi energia izrdeba, rac gamoiwvevs Sidamoleku-

luri kavSirebis Sesustebas da molekulebis gada-

svla normalur mdgomareobaSi xorcieldeba energiis 

gamosxivebis gareSe. 

zogierTi organuli nivTierebebi oTaxis tempera-

turaze ar ganicdian luminescencias. amitom mimar-

 

nax. 16. luminescenciis 
intensivobis damokidebuleba 

koncentraciasTan 
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Taven gayinvis meTods da gansazRvras awarmoeben -100°-
is dros. 

 
luminescenciis Caqroba gareSe minarevebiT 

 

luminescentur xsnarebze zogierTi nivTierebebis 

damatebisas adgili aqvs luminescenciis Caqrobas. 

aseT nivTierebebs Camqrobebi ewodeba. luminoforebis 

CamqrobebTan urTierTqmedebisas Caqroba ganpirobebu-

lia axali (araluminescentirebuli) produqtebis war-

moqmniT da agznebuli molekulebi energias gadas-

cemen Camqrobis molekulebs. Caqroba mniSvnelovnad 

aris damokidebuli gamxsnelze. aqtiuri Camqrobebia 

mJangavi ionebi an nivTierebebi, romlebic advilad 

gascemen eleqtronebs. magaliTad, elementaruli iodi, 

Fe3+-is ionebi, Cu2+, Ag+ da sxv. 
luminescenturi gamosxivebis intensivobaze 

gavlenas axdens gaxsnili gazebi. Jangbadis Camqrobi 

moqmedeba Zlier mJRavndeba aromatiuli naerTebis 

mimarT. Camqrobi ZaliT Jangbads utoldeba azotis 

Jangi. azoti, argoni, neoni da sxva gazebi ar axdenen 

gavlenas luminescenciaze, piriqiT, aferxeben energiis 

arasasurvel gadasvlas siTbur energiaSi. 

 

TvisebiTi da raodenobiTi luminescenturi analizi 
 

mTel rig araorganul da organul nivTierebebs 

axasiaTebs sakuTari luminescencia. magaliTad, tali-

ums (I), kalas (II), tyvias (II), bismuts (III) organuli 

nivTierebebidan: vazelinis zeTs (iasamnisferi), fiWvis 

zeTs (mwvane), parafins (cisferi) da sxv. 
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sakuTari luminescencia SeiZleba gamoyenebul 

iqnes TvisebiTi analizisaTvis, aseve araorganuli 

nivTierebebis organul reagentebTan kompleqswarmo-

qmnis reaqciebi, ris Sedegad warmoiqmneba luminescen-

cia. magaliTad, beriliumi morinTan warmoqmnis komp-

leqss, romelic luminescentirebs mwvane frad, 

natrium-TuTia-uranilacetati - momwvano-moyviTalo 

frad. aseTi magaliTebi SeiZleba moviyvanoT mravali. 

zogierT araluminescentur kristalebSi sxva 

elementis minarevebis (aqtivatorebis) SeyvaniT isini 

gamoavlenen damaxasiaTebel luminescencias. aseT 

nivTierebebs kristalofosforebi ewodeba. kristalo-

fosforebis luminescenciis intensivobis mixedviT 

sazRvraven element-minarevs. magaliTad, kalciumis 

Jangze momzadebuli kristalofosforiT SeiZleba 

ganisazRvros selenis da teluris minarevebi wiTeli 

feris luminescenciiT, taliumi (1) - mowiTalo-mom-

wvano, bismuti (III) - molurjo-iisfrad sakmaod daba-

li aRmosaCeni minimumiT. 

mTel rig SemTxvevebSi sakmarisia luminescencia-

ze vizualurad dakvirveba. sakvlevi xsnaris gamo-

sxivebis intensivobas adareben standartuli xsnareb-

is skalas da saanalizo nivTierebis Semcvelobas 

angariSoben formuliT: 

2

1
410

Vq

VC
x

⋅
⋅=

−

 

sadac C aris koncentracia; q _ saanalizo 

nivTierebis wona; 1V  _ xsnaris moculoba, romelSiac 

gaxsnilia saanalizo nivTiereba; 2V  _ analizisaTvis 

aRebuli xsnaris alikvoturi nawili. 

raodenobriv gansazRvras awarmoeben magradui-

rebeli grafikis agebiT an danamatebis meTodiT, 
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risTvisac zomaven mTeli rigi standartuli xsna-

rebis luminescencias da miRebuli Sedegebis mixedviT 

ageben magraduirebel grafiks koordinatebSi: intensi-

voba LI  _ koncentracia C. damokidebuleba sworxazo-

vania. analogiurad awarmoeben sakvlevi xsnaris 

luminescencias da grafikis saSualebiT pouloben 

xC -s. 

magraduirebel grafiks iyeneben maSin, rodesac 

sakvlev xsnarSi maRali koncentraciebis an minare-

vebis Semcvelobisas ara aqvs adgili Caqrobas. im 

SemTxvevaSi, Tu saanalizo xsnari Seicavs lumines-

cenciis Camqrob minarevebs, sargebloben danamatebis 

meTodiT, risTvisac sanalizo xsnars yofen or tol 

nawilad da aTavseben kolbebSi. erT-erT maTgans 

umateben gansasazRvravi minarevis garkveul raode-

nobas. mesame kolbaSi aTavseben nulovan xsnars. samive 

kolbas umateben saTanado raodenobis reagents, 

SeanjRreven, datoveben mcire drois ganmavlobaSi 

luminescenturi kompleqsis warmoqmnisaTvis, ris 

Semdeg zomaven samive xsnaris luminescenturi gamo-

sxivebis intensivobas. minarevis Semcvelobas angari-

Soben formuliT: 

( )
( ) qVII

VIIC
x

xC

x

⋅⋅−
⋅⋅−Δ=

Δ

−

2

4
10 10

 

sadac  xI  aris saanalizo xsnaris luminescenciis 

intensivoba, CIΔ  _ saanalizo xsnaris luminescenciis 

intensivobis danamati, 0I  _  nulovani (Sesadarebeli) 

xsnaris luminescencia, CΔ _ danamatis koncentracia, 

1V  _ saanalizo xsnaris moculoba, 2V  _ saanalizod 

aRebuli xsnaris alikvoturi nawili. 
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gamoyenebuli aparatura 
 

luminescenciis intensivobis gasazomad gamoyene-

bulia fotoeleqtruli fluorometrebi, romlis sqe-

ma mocemulia nax. 17. eleqtromagnituri talRebi 

gamosxivebis wyarodan (1), gaivlis pirvelad Suq-

filtrs (2), romelic atarebs mxolod ultraiisfer 

sxivebs da akavebs speqtris xiluli ubnis sxivebs, 

xvdeba kiuvetaSi saanalizo xsnariT (3), warmoqmnili 

luminescenciis gamosxiveba LI  meoradi SuqfiltriT 

(4), romelic atarebs garkveuli talRis sigrZis 

sxivebs, xvdeba fotoelementze, an fotomamravlze (5), 

sadac igi gardaiqmneba luminescenciis intensivobis 

proporciul eleqrtul signalad, romelic Zlier-

deba gamaZlierebliT da izomeba mikroampermetriT (6).  

fluorometr

is sqemis Tavise-

burebas warmoad-

gens sinaTlis 

wyaros da sinaT-

lis mimRebis ur-

TierTganlageba, 

kerZod, imisaTvis, 

rom gamoiricxos 

im sxivebis gavle-

na, romlebic ar 

STainTqmeba fil-

tris mier, flu-

irescenciis gamo-

sxivebis mimRebs 

aTavseben sinaT-

lis wyarosTan 90°-iT. magraduirebeli grafikis swor-

 
nax. 17. fluorometris sqema 

1 _ gamosxivebis wyaro;  
2, 4 _ Suqfil-trebi; 3. kiuveta 

xsnariT; 5-foto-elementi;  
6 - milimikroampermetri 
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xazovani nawilis gamoyenebisas ganmeoradoba Seadgens 

5%. 

meTodi gamoiyeneba mcire Semcvelobis organuli 

naerTebis gansazRvrisaTvis. luminescenturi meTodi 

principulad ar gansxvavdeba fotometriisagan da 

aris optikuri meTodebis saxesxvaoba, magram aqvs 

Tavisi damaxasiaTebeli Tavisebureba. liminescenturi 

reaqciebis mTavari moTxovnilebaa STanTqmuli ener-

giis sakmaod srulad gardaqmna luminescentur ga-

mosxivebad. meTodis maRali mgrZnobiaroba moiTxovs 

maRali kvalifikaciis reaqtivebis gamoyenebas (oч da 
хч), romlebsac inaxaven polieTilenis an kvarcis 

WurWelSi. wyali gamoiyeneba orjer gamoxdili da 

sasurvelia axlad momzadebuli. gansakuTrebuli 

yuradReba eqceva WurWlis sisufTaves. 

 

qemiluminescenturi analizi 

 

mTel rig egzoTermul reaqciebSi Tavisufali 

energia gamoiyofa siTbos saxiT, magram zogierT 

reaqciebSi energiis nawili gamoiyofa sinaTlis sa-

xiT, rasac qemiluminescencia ewodeba. qemilumin-

escenciis movlena didi xania cnobilia, igi SeimCneva 

cocxal organizmebSi (cicinaTela, futuroebi, zRvis 

mikroorganizmebi). naTeba maTSi gamowveulia orga-

nizmis mier gamomuSavebuli fermentuli nivTierebebis 

JangbadiT daJangvis Sedegad.  

qemiluminescencias adgili aqvs im SemTxvevaSi, 

rodesac xsnarSi mimdinareobs egzoTermuli aqti, 

romlis energia metia 170 kkal/volze. sqematurad qe-

miluminescenciis reaqcia SeiZleba ase warmovidginoT: 

*PBA →+  reaqciis sxva produqtebi, P νhPP +→*  
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qemiluminescenciis intensivoba I qemiluminescen-

turi reaqciis siCqaris proporciulia: 

VI η=  

an 

( )
dt

dC

dt

hd
η

ν 231002,6 ⋅=∑
 

sadac C aris gamomsxiveblis koncentracia, moli; 

 t _ dro, sek. 
proporciulobis koeficienti η aris qemilumines-

centuri reaqciis qvanturi gamosavali:  

saerToN

N l=η  

sadac lN  aris luminescintirebuli molekulebis 

ricxvi; saerToN  _ gamosxivebuli molekulebis ricxvi. 

η-s maqsimaluri mniSvneloba zogierT bioqimiur 

reaqciebSi SeiZleba iyos erTis toli, xolo danarCen 

qemiluminescentur reaqciebSi kvanturi gamosavali 

iSviaTad aRwevs ramdenime procents. 

qemiluminescencia gamoiyeneba Jangva-aRdgenis reaq-

ciebis kinetikuri maxasiaTeblebis misaRebad, kompleqs-

naerTebis Sesaswavlad, gansakuTrebiT gazisebur reaq-

ciebSi aRgznebuli molekulebis Sesaswavlad da sxv. 

analizur qimiaSi qemiluminescenciis reaqciebi 

gamoyenebulia: 

1. eqvivalenturi wertilis dasadgenad Seferili 

da SemRvreuli xsnarebis titvrisas. 

2. qemiluminescenciis reaqciis ZiriTadi komponen-

tebis gansazRvrisas. 

3. organuli nivTierebebis da mikroraodenobis 

ionebis gansazRvra, romlebic warmoadgenen qemilumin-

escenciis reaqciis katalizatorebs, an  inhibitorebs. 
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qemiluminescenciis gamosxivebis intensivobas zo-

maven fotokolorimetriT, fotomamravliT, an foto-

elementis saSualebiT. 

qemiluminescentur analizSi ar aris saWiro 

aRgznebis wyaros gamoyeneba. amitom misi aparatura 

martivia luminescentur analizTan SedarebiT. aseve 

naklebia fonis gavlena. 

sxvadasxva qemiluminescenciis sistemebis eqsperi-

mentulad SeswavliT SesaZlebelia ganisazRvros 

reaqciis optimaluri pirobebi, moinaxos are, sadac 

arsebobs sworxazovani damokidebuleba gansasazRvrav 

nivTierebis koncentraciasa da naTebis maqsimalur 

intensivobas Soris, an gansazRvrul droSi naTebis 

intensivobasTan, an gansazRvrul droSi gamoyofil 

qimiur naTebas Soris. 

kargad Seswavlili da gamoyenebuli qemilumin-

escenturi reagentebia: luminoli, lucigenini, si-

loqseni. 

luminoli tute garemoSi wyalbadis zeJangTan 

(pH>8,5), qloris mJavasTan, qlorian, bromian da 

iodian wyalTan, warmoqmnis cisfer naTebas, romelic 

gamoiyeneba mikroraodenobis kobaltis, spilenZis, 

rkinis, cirkoniumis, titanis da sxv. gansazRvrisaTvis 

aRmosaCeni minimumiT 10-9_10-8 gr/ml. 

lucigenini wyalbadis zeJangTan, aRmdgenelebTan 

(pH>9) Jangbadis Tanaobisas iZleva cisfer naTebas, 

romelic gamoiyeneba tyviis, bismutis, spilenZis, ko-

baltis da sxv. gansazRvrisaTvis, aRmosaCeni minimumiT 

10-9_10-7 gr/ml, aseve sxvadasxva aRmdgenelebis gansaz-

RvrisaTvis, da rogorc indikatori - titrimetrul 

analizSi.  
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siloqseni mJava garemoSi (pH<5) damJangvelebis 

moqmedebiT iZleva vardisfer naTebas. gamoiyeneba 

Jangva-aRdgenis reaqciebSi rogorc indikatori, mikro-

raodenobis ceriumis, vanadiumis, oqros, manganumis da 

sxv. gansazRvrisaTvis. 

qemiluminescenturi meTodis upiratesobaa dabali 

aRmosaCeni minimumi, 10-10_10-4 gr/ml, sakmao gansazRvris 

sizuste, eqspresuloba, aparaturis simartive, naklia 

reaqciis mcire seleqtiuroba. 

 
 

laboratoriuli samuSaoebi 
 

samuSao 1. boris Semcvelobis gansazRvra 
luminescenturi meTodiT  

 

meTodi damyarebulia boris benzoinTan lumin-

escentirebadi kompleqsis warmoqmnis reaqciaze. reaq-

ciis Catarebisas tute-spirtian wyalxsnaris garemoSi 

warmoqmnili kompleqsis naTeba aris Ria-cisferi, 

gamosxivebis maqsimumiT ~ 480nm. 
      

gamoyenebuli reaqtivebi da aparatura 
 

1. boris standartuli xsnari 20mg/ml. 

1000ml sazom kolbaSi xsnian 0,112g H3BO3 da 

mihyavT moculoba Wdemde 2%-ni Na2CO3-is xsnariT. 

2. eTilis spiriti, 95%-ni. 

3. buferuli xsnari pH = 12,8 
450g 0,4%-ian NaOH-Si xsnian 0,375g eTilengli-

kols, 0,3g NaCl, 0,5g NH4F. xsnari gadaaqvT 500ml sazom 
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kolbaSi, mihyavT moculoba Wdemde gamoxdili wyliT 

da kargad SeanjRreven. 

4. benzoini, 0,5%-iani xsnari 95% eTanolis 

xsnarSi. 

5. fotokolorimetri ФЭК–56.  
6. Suqfiltrebi: pirveladi ФК–1, meoradi B2-2. 

 
analizis msvleloba 

 

xelsawyos sam sinjarebSi, romelic Tan axlavs 

xelsawyos, aTavseben 0,2; 0,5; da 1,0ml boris stan-

dartul xsnars, umateben 4ml eTilis spirts, 0,5ml 

benzoinis xsnars da mihyavT moculoba 6ml-mde gamox-

dili wyliT. analogiurad amzadeben sakontrolo 

xsnars. reagentebis Serevis 5 wuTis Semdeg zomaven 

fluorestencias da miRebuli monacemebis mixedviT 

ageben magraduirebel grafiks, ris Semdeg sazRvraven 

boris Semcvelobis sakontrolo amocanaSi. 

 

 
samuSao 2. aluminis gansazRvra 2-oqsi = 3 – naftionis 

mJavasTan kompleqsis naTebis mixedviT 
 

aluminis ionebi 2-oqsi-3-naftionis mJavasTan 

xsnarSi warmoqnian pH=3 dros kompleqss, romelic 

fluorescirebs kaSkaSa-cisfer ferad. 

 
gamoyenebuli reaqtivebi da aparatura 

 

1. aluminis samuSao xsnari, 5mg/ml aluminis 

SemcvelobiT. 

2,3720g KAl (SO4)2 · 12H2O gaxsnili 1 litr xsnarSi. 
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2. 2-oqsi-3-naftionis mJavas natriumis marili, 10-4 M. 
3. acetaturi buferuli xsnari pH=5,8. 
107,5ml 1M ZmarmJavas xsnars umateben 100ml 1M 

natriumis tutis xsnars da anzaveben gamoxdili 

wyliT erT litramde. 

4. fluorometri ЭФ – 3 MA. 
 

magraduirebeli grafikis ageba 
 

6 sazom kolbebSi pipetiT aTavseben 10ml saana-

lizo xsnars, TiToeul maTgans umateben 10ml aceta-

tur buferul xsnars, 10ml 2-oqsi-3-naftionis mJavas 

natriumis marils. biuretidan umateben 0; 2; 5; 10; 15; 

20ml aluminis samuSao xsnars, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SenjRreven. erTi 

saaTis Semdeg zomaven miRebuli xsnarebis fluro-

stencias 3-4-jer. pirvelad Suqfiltrad gamoyeneba B-1 
390320 −=λ nm, meorad Suqfiltrad B-1 520400 −=λ nm. 

saSualo intensivobis mixedviT ageben magraduirebel 

grafiks koordinatebSi: fluorescenciis intensivoba 

– aluminis koncentracia CAl. fluorescenciis saSua-

lo mniSvnelobis da magraduirebeli grafikis saSua-

lebiT pouloben aluminis koncentracias, ris Semdeg 

angariSoben aluminis Semcvelobas saanalizo xsnarSi.  
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Tavi V 

 
analizis speqtruli meTodi 

 

analizis speqtruli meTodi damyarebulia STan-

Tqmis da gamosxivebis speqtrebis Seswavlaze. imisda-

mixedviT, Tu romeli optikuri speqtri gamoiyeneba 

nivTierebis Semadgenlobis Sesaswavlad, igi iyofa: 

1. absorbciuli speqtroskopia, romelic damyare-

bulia nivTierebis STanTqmis speqtrebis Seswavlaze. 

mas miekuTvneba fotometria, speqtrofotometria. 

2. emisiuri speqtruli analizi, romelic damya-

rebulia gamosxivebis speqtrebis Seswavlaze. 

 

 
nax. 18. atomis energetikuli doneebis sqema 

 

atoms stacionalur mdgomareobaSi gaaCniaT mini-

maluri energia, romelsac arc STanTqavs da arc 

gamoasxivebs. atomebi da molekulebi sinaTlis ener-

giis STanTqmisas gadadian agznebul mdgomareobaSi, 

ris Sedegad minimaluri energiis mqone savalento 
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eleqtroni gadadis ufro maRal energetikul doneze, 

e.i. man unda miiRos energia, romelic toli iqneba or 

doneze energiebis sxvaobisa, romelsac agznebis 

energia ewodeba (nax. 18): 

hvEEE =−=Δ 02  

Tu CavsvamT ν-s mniSvnelobas, miviRebT 

λ
c

hEEE =−=Δ 02  aqedan 
12 EE

hc

−
=λ  

es aris gantoleba, romelzec damyarebulia 

atomur-emisiuri meTodi. 

Tu eleqtronis mier SeZenili energia metia 

eleqtronsa da birTvs Soris bmis energiaze, maSin 

eleqtroni mowydeba atoms, anu adgili eqneba atomis 

ionizacias. 

agznebul da ionizirebul mdgomareobaSi atoms 

ar SeuZlia didxans darCena (10-8 wami). atomi, ro-

melsac dakarguli aqvs savalento eleqtroni, 

Sexvdeba ra Tavisufal eleqtrons, SeierTebs mas da 

moxdeba misi e.w. rekombinacia, an SeiZleba savalento 

eleqtroni garkveul pirobebSi TavisTavad, an sxva 

eleqtronebTan Sejaxebisas gadavides ufro dabal 

energetikul doneze, an daubrundes Tavis sawyis 

mdgomareobas da gamoasxivebs energias sinaTlis 

kvantis saxiT. 

speqtrebs, romlebic miiReba sxeulis mier gamo-

sxivebuli sinaTlis daSlis Sedegad, emisiuri 

speqtri ewodeba. igi SeiZleba iyos uwyveti, xazovani 

da zolovani. uwyveti speqtrebi axasiaTebs gavar-

varebuli myari da Txevadi sxeulebis gamosxivebas _ 

gazebis gamosxiveba an xazovan speqtrebs iZleva, an 

zolovans, romelic uamravi axlomdebare xazebisagan 

Sedgeba. 
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dadgenilia, rom xazovani speqtrebi miiReba 

atomTa mier gamosxivebisagan, xolo zolovani 

molekulebisagan. 

energias, romelic saWiroa eleqtronis mowyveti-

saTvis, ionizaciis potenciali ewodeba, izomeba 

eleqtron-voltebSi. igi udris im kinetikur energias, 

romelsac flobs erTi eleqtroni eleqtrul velSi, 

rodesac potencialTa sxvaoba udris erT volts. 

sxvadasxva atomebi gansxvavdebian ionizaciis 

potencialiT. TiToeuli elementis speqtris saxe 

damokidebulia aRgznebis wyaros temperaturaze, 

romlis SerCeva xdeba ionizaciis potencialis da im 

pirobebis mixedviT, romelic saWiroa sinjis orTq-

lad gadaqcevisaTvis. advilad aRgznebadi elemente-

bisaTvis, magaliTad, tute liTonebi, gamoiyeneba 

SedarebiT dabali temperaturis mqone _ ali (20000C). 
Znelad aRgznebadi elementebisaTvis. magaliTad, 

inertuli airebi, metaloidebi, wyalbadi _ maRali 

temperaturis mqone wyaroebi _ rkali, maRalZabviani 

naperwkali (10000-120000C), rac iZleva saSualebas 

miviRoT elementis speqtri maRali ionizaciis 

potencialiT. am pirobebSi SesaZlebelia analizis 

Catareba saanalizo obieqtis daSlis gareSe. 

emisiuri speqtraluri analizis meTodi Sedgeba 

Semdegi operaciebisagan: speqtris miReba, speqtraluri 

xazebis talRis sigrZis gansazRvra. 

TiToeul qimiur elementis atoms xazovan speqtr-

Si an speqtris garkveul ubanSi axasiaTebs garkveuli 

talRis sigrZis mqone xazebi, an xazebis jgufebi. am 

xazebs analizuri xazebi ewodeba, romlis mixedviT 

xdeba myari da Txevadi nimuSebis TvisebiTi, naxevrad 

raodenobrivi da raodenobiTi analizi. 
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speqtris erT-erT ZiriTad maxasiaTebels warmo-

adgens speqtraluri xazis arseboba speqtrSi, rome-

lic ganisazRvreba talRis sigrZiT. am monacemebis 

mixedviT specialuri cxrilebis saSualebiT adgenen, 

Tu romel elements miekuTvneba igi. e.i. saxRvraven mis 

Tvisobriv mxares. 

speqtris meore mniSvnelovan maxasiaTebels warmo-

adgens speqtraluri xazis intensivoba. intensivoba 

izomeba erTeul farTze gaTvlili energiiT. arsebobs 

garkveuli damokidebuleba speqtraluli xazis 

intensivobasa da koncentracias Soris, romelic 

gamoisaxeba formuliT: 

I=aC 
sadac I _ aris intensivoba, C _ konentracia. 

koeficienti a damokidebulia aRgznebis wyaros 

muSaobaze, mis stabilurobaze, temperaturaze da sxv.  

 

    
 

nax. 19. grafikuli damokidebuleba speqtruli xazis 
intensivobasa da koncentracias Soris:  

a) - I da C koordinatebSi, b) da g) – logariTmul 
koordinatebSi lgI da lgC 

 

damokidebulebis grafiki sworxazovania da gadis 

koordinatTa saTaveze (nax 19). magram yvela agzne-

buli atomebis mier gamosxivebuli energia ver aRwevs 

sinaTlis mimRebs, radgan igi SeiZleba STanTqmuli 
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iqnes araagznebuli atomebis mier. es aris 

TviTSTanTqmis movlena. igi mxedvelobaSi iqna 

miRebuli lomakinis gantolebaSi: 

I = a Cb                      (1) 
sadac b _ TviTSTanTqmis koeficientia, romelic 

gulisxmobs araagznebuli atomebis mier STanTqmuli 

sinaTlis raodenobas. mcire koncentraciebis dros 

TviSTanTqma ar xdeba da koeficienti uaxlovdeba 

erTs. koncentraciis gazrdiT igi mcirdeba, 

saTanadod mcirdeba grafikis daxriloba da 

koncentraciis gansazRvra xdeba uxeSad. 

(1)gantolebis galogariTmebiT miviRebT: 

lgI=lga+blgC 
es gantoleba safuZvlad udevs raodenobiT speqt-

ralur analizs, romelic kargad aRwers koncentra-

ciul damokidebulebas speqtraluri xazis intensivo-

basTan. raodenobrivi gansazRvrisaTvis saWiroa gai-

zomos speqtraluri xaziT intensivoba. arsebobs 

raodenobrivi gansazRvris ori varianti: 1. Siga 

standartis meTodi; 2. gare standartis meTodi. 

 

raodenobrivi gansazRvris Siga da  
gare standartis meTodi 

 

Siga standartis meTodiT gansazRvrisas anali-

zuri xazebis intensivobis Sedareba xdeba vizua-

lurad specialuri xelsawyos stiloskopis saSuale-

biT. iReben saanalizo nivTierebis xazovan speqtrs da 

analizuri xazebis intensivobas vizualurad adareben 

am xazebTan yvelaze axlo mdebare e.w. Siga stan-

dartis analizuri xazebis intensivobas. miRebuli 

Sedegebis pasuxs Rebuloben specialuri atlasis 
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saSualebiT, romelSic mocemulia intensivobis Sesa-

bamisi gansasazRvravi elementis procentuli Semcve-

loba. Siga standartad gamoyenebulia rkina, radgan 

misi speqtri kargad aris Seswavlili da speqtris 

yvela ubanSi iZleva analizur xazebs.  

analizis  Catareba  stiloskopis  saSualebiT  

(nax. 20) mdgomareobs SemdegSi: sakvlev nimuSsa da 

eleqtrods Soris inTeba eleqtruli rkali, romlis 

gamosxiveba gaivlis kondensors (1), koncentrirdeba 

stiloskopis xvrelze (2) da Semdeg prizma (3) mimar-

Tavs obieqtivze (4) da gamodian misgan paralelur 

konad, romlebic miemarTebian madispergirebel  priz-
maze (5) da (6), sadac xdeba daSla speqtrebad. prizma 

6-is didi kaTeti movercxlilia. amitom sxivebi, 

romlebic aireklebian misgan, isev brundebian ukan (6) 
da (5) prizmebis gavliT, gadian obieqtSi da xvdebian 

prizmaze (7), romelic mimarTavs maT okularSi (8). 
speqtris sxvadasxva ubnebs okularis mxedvelobis 

areSi ayeneben prizmis (6) mobrunebiT. 

 

  
nax. 20. stiloskop СЛ-10 optikuri sqema da saerTo xedi 

 

gare standartis meTodiT gansazRvrisas speqtris 

analizi tardeba speqtrografis saSualebiT. foto-

firze iReben ramodenime standartuli nimuSebis 



 84 

 
nax. 21. speqtruli xazebis 

gaSavebis xarisxis 
koncenteraciaze 

damokidebulebis grafiki 

speqtrebs. gamSral da gamJRavnebul fotofirfitas 

aTavseben speqtroproeqtorSi, ris saSualebiT adgenen 

TiToeuli elementis Sesabamis xazebs. Semdeg mikro-

fotometris МФ-2 saSualebiT adgenen speqtraluri 

xazebis gaSavebis xarisxs da miRebuli Sedegebis 

mixedviT ageben magraduirebel grafiks kordinatebSi 

S-C (nax. 21), risTvisac abscisaTa RerZze gadazomaven 

koncentracias C, xolo ordinatTa RerZze gaSavebis 

xarisxs S, gaSavebis xarisxi 

I

I
S 0=  

sadac I0 aris intensivoba gamavali gaSavebul 

nawilSi, I _ aragaSavebul nawilSi. sizustis gazrdis 

mizniT gansazRvras awarmoeben 2-3 jer da iReben 

saSualos: 

CaS lglg γγ +=Δ   

sadac γ _ kontrastu-

lobis faqtoria. miRebul 

grafikze interpolaciis 

xerxiT Rebuloben gansa-

sazRvravi nivTierebis 

koncentracias. es aris 

fotografiuli speqtru-

li analizis ZiriTadi 

gantoleba. 

meTodis dadebiTi 

mxarea maRali mgrZnobia-

roba 10-4_10-6%. Sesrulebis siswrafiT eqspres meTods 

warmoadgens. gansazRvras esaWiroeba 2-3 wuTi. nimuSi 

ar ganicdis araviTar cvlilebas (garda gaxsnisa). 

sakvlev obieqtSi elementis maRali Semcvelo-

bisas (%) speqtruli analizis sizuste naklebia 
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qimiur analizTan SedarebiT. mcire Semcvelobisas 

speqtruli analizis sizuste ufro maRalia, vidre 

qimiuri meTodebis.  

 
fotoeleqtruli meTodebi 

 

speqtris fotoeleqtruli registraciisas sinaT-

lis energiis gardaqmna eleqtrul energiad warmoebs 

fotoelementis an fotomamravlis saSualebiT. speq-

traluri xazebis Sefaseba warmoebs eleqtruli sig-

nalis saSualebiT. fotoeleqtruli danadgari Sed-

geba oTxi ZiriTadi kvanZisagan (nax 22); sinaTlis 

wyaro da masTan dakavSirebuli kvebis sqema 1, speqt-

raluri xelsawyo 2, sinaTlis eneqrgiis eleqtrul 

energiad gardaqmnis mimRebi 3 da registraciis 

mowyobiloba, romlis saSualebiT SeiZleba aiTvalos 

gansasazRvravi elementis koncentracia. 

 

 
nax. 22. fotoeleqtruli danadgaris sqema 

 

sinaTlis wyaro unda akmayofilebdes speqtra-

luri xazebis sakmao intensivobas da ganmuxtvis 

stabilurobas. yvelaze xelsayreli wyaroa cvladi 

denis rkali. rkalis wvis stabilizaciisaTvis gamo-

yenebulia specialuri eleqtruli ganmuxtvis sqemebi. 
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sinaTlis sxivis daSlisaTvis gamoiyeneba difraq-

ciuli prizmuli speqtruli xelsawyoebi. sinaTlis 

fotoelementebiT da fotomamravliT registraciisas 

gamoiyeneba minis optika, igi moTavsebulia minis ba-

lonSi, romelic gaumWvirvalea ultraiisferi sxive-

bisaTvis. garda amisa, speqtris xilul ubanSi muSaoba 

xelsayrelia imiT, rom SesaZlebelia gamoyofili 

analizuri xazebis vizualurad dakvirveba. 

spetraluri xelsawyos kameruli obieqtivis foka-

lur sibrtyeSi moTavsebulia gaumWvirvale xvreliani 

ekrani, romelSic gadis analizuri xazebi. xvrelis 

Semdeg moTavsebulia sinaTlis mimRebi – fotoele-

menti an fotomamravli. 

fotografiuli meTodisagan gansxvavebiT foto-

eleqtrul meTodSi ar aris savaldebulo xvrelis 

Tanabari ganaTeba, yvelaze gavrcelebul mimRebs 

warmoadgens fotomamravli, radgan fotoelements 

axasiaTebs naklebi mgrZnobiaroba da amitom iSviaTad 

gamoiyeneba. 

fotoeleqtruli danadgaris maregistrirebeli 

nawili Seicavs indikators, romlis Cveneba mimRebidan 

gamosuli eleqtruli signalis Sesabamisi speqtra-

luri xazebis proporciulia, agreTve gamaZlierebel 

mowyobilobas, radgan sinaTlis mimRebSi warmoqmnili 

eleqtruli signalis induqtoriT registracia ar 

aris sakmarisi. indikatorad gamoyenebulia galvano-

metri an oscilografi. 

amrigad, yvelaze gavrcelebuli fotoeleqtruli 

meTodis maregulirebeli mowyobiloba Sedgeba konde-

satoris, gamaZliereblis da indikatorisagan. kondesa-

torul sqemaSi denis Zalis gazomva xdeba ise, rom 

induqtoris Cveneba, romelic zomavs analizuri xaze-
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bis wyvilis sinaTlis nakads, iyos am xazebis inten-

sivobis, anu minarevebis koncentraciis proporciuli. 

koncentracia SeiZleba gamoisaxos grafikulad, 

romlis erT RerZze gadazomaven indikatoris Cvenebas, 

xolo meoreze sinjSi elementis koncentracias. 

grafikis ageba, msgavsad fotografiuli meTodisa, 

warmoebs etalonebis gamoyenebiT. 

fotoeleqtruli meTodis upiratesoba fotogra-

fiulTan SedarebiT aris Sesrulebis siswrafe, maRa-

li sizuste. cdomilebaa 0,5% saerTo Semcvelobidan, 

rac xorcieldeba stabiluri sinaTlis wyaroebis 

gamoyenebiT. 

amrigad, SemuSavebulia mTeli rigi fotoeleq-

truli danadgarebi, romlebic gansxvavdebian maregis-

trirebeli mowyobilobis sqemebiT. 

 

 

laboratoriuli samuSaoebi 
 

samuSao 1. foladSi qromis raodenobis gansazRvra 
stiloskopis ΛC -10-is saSualebiT 

 

stiloskopis magidaze (6) aTavseben sufTa rkinis 

nimuSs, xolo damWerSi rkinis cilindrul eleqt-

rods. maT Sors anTeben rkals da gansazRvraven suf-

Ta rkinis speqtrs. pouloben am speqtrSi rkinis da-

maxasiaTebel xazebis jgufebs da sazRvraven maT 

talRis sigrZes skalis (4) saSualebiT. milimetrebis 

wils aiTvlian TvaliT. 

stiloskopis magidaze aTavseben qromis Semcvel 

nimuSs. am nimuSsa da rkinis cilindrul eleqtrods 

Soris anTeben rkals, ris Semdeg speqtris mwvane 
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nawilSi pouloben qromis xazebs 1 da 2 da rkinis 

Sesabamis xazebs (nax. 23). 

 

 
 

nax. 23. stiloskopis mxedvelobis are foladSi qromis 

gansazRvris dros 

okulars gadaiyvanen speqtris cisfer nawilze, 

pouloben qromis damaxasiaTebel jgufebs 4 da 5 da 

rkinis xazebs 6,7 da 8. gadaiyvanen okularis speqtrs 

iisfer-mocisfero nawilze. pouloben qromis xazebis 

damaxasiaTebel jgufebs 9 da 10 da rkinis xazebs 11 

da 12. qromis da rkinis  xazebis talRis sigrZeebi 

moyvanilia cxrilSi 5. 

cxrili 5. 

jgufi qromis 

xazebi 

nomeri rkinis 

xazebi 

nomeri 

Cr1 

 

 
Cr2 

 

Cr3 

⎩
⎨
⎧

44,5208

52,5204
 

⎩
⎨
⎧

16,4652

17,4646
 

⎩
⎨
⎧

26,4371

05,4351
 

1 

2 

4 

5 

 

9 

10 

5202,34 

- 

4647,44 

4643,47 

 

4352,74 

4375,93 

3 

- 

6 

8 

 

11 

12 

 

adareben rkinisa da qromis xazebs da cxrilSi 6 

moyvanili monacemebis mixedviT sazRvraven qromis 
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raodenobriv Semcvelobas sakvlev nimuSSi xazebis 

intensivobis tolobiT. 

cxrili 6. 

xazebis 

jgufi 

xazebis intensivobaTa 

Sefardeba 

Qqromis 

Semcveloba 

Cr1 

 

 
 
 

Cr2 

 

 

Cr3 

2=3 

1=3 

 

 

              {4<6     5 8≤  

       4=6      5<7 

       4>6      5 7≤  

 

9<11  10<12 

9=11  10=12 

0,1 

0,2 

0,258 

 

0,3-0,7 

0,7-1,1 

1,5-2,2 

 

2,5-8,0 

8,0-13 

 
samuSao 2. foladSi siliciumis gansazRvra 

stiloskop ,,speqtri”-s saSualebiT 
 

speqtris agzneba warmoebs dabalvoltiani naperw-

kaliT spilenZis diskuri eleqtrodis gamoyenebiT. 

speqtrze dakvirveba xdeba wyaros gamosaxulebis 

xvrelze mkveTri fokusirebiT. analizis dros gamo-

iyeneba siliciumis xazebi speqtris wiTel ubanSi: 

Si11 634, 701 nm. 
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speqtraluri niSnebi foladSi siliciumis 

gansazRvrisaTvis 

siliciumis 

Semcveloba, % 

intensivobis 

Sefaseba 

SeniSvna 

0,1 

0,2 

0,55 

0,5 

0,9 

1=3;   2 kvali 

1>3;   1<4;   2 aris 

1>4;   1≤ 5;  2=4 

1>5;   2>4 

1>5;   2>4 

1>>5;  2=5   2>>4 

intensivobis 

Sefaseba 

tardeba 

generatoris 

CarTvis 20 

wamis Semdeg 

 

samuSao 3. foladSi naxSirbadis gansazRvra 
stiloskop ,,speqtri”-s saSualebiT 

 

speqtris aRgzneba xdeba dabalvoltiani naperw-

kaliT spilenZis diskuri eleqtrodis gamoyenebiT. 

speqtrze dakvirveba warmoebs wyaros gamosaxulebis 

xvrelze mkveTri fokusirebiT. analizis dros gamo-

iyeneba naxSirbadis xazebi speqtris wiTel ubanSi gan-

lagebuli wyalbadis yvelaze ganieri xazebis marjv-

niv (H2 655, 285 nm). 
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speqtraluri niSnebi foladSi naxSirbadis 

gansazRvrisaTvis 

naxSirbadis 

Semcveloba, % 

intensivobis 

Sefaseba 

SeniSvna 

0,04 

0,15 

0,25 

0,30 

0,40 

0,60 

0,70 

0,90-1,0 

1-aris; 2-feTqdeba 

1>3;   2-kval 

1<3;   2 aris 

1<3;   2<3 

1>3;   2<3 

1=4;   2=3 

1=4;   2>3 

1>4;   2=4    

intensivobis 

Sefaseba 

tardeba 

generatoris 

CarTvis 15·20 
wamis Semdeg 

 
samuSao 4. foladSi gogirdis gansazRvra stiloskopi 

,,speqtri”-s saSualebiT 
 

gogirdze eleqtruli muxtis zemoqmedebiT igi 

swrafad gamoiwveba. Sefaseba unda Catardes wyaros 

CarTvisTanave. spilenZis diskuri eleqtrodis gamo-

yenebisas speqtri aRigzneba dabalvoltiani naperwk-

liT. analizis dros gamoiyeneba gogirdis yvelaze 

mgrZnobiare Sabi 11 545,635nm, romelic ganlagebulia 

speqtris mwvane ubanSi.  
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speqtruli niSnebi foladSi gogirdis 
gansazRvrisaTvis 

gogirdis 

Semcveloba, % 

intensivobis 

Sefaseba 

SeniSvna 

0,01-0,02 

0,03-0,04 

0,05-0,06 

   1<3;  1<2 

   1=3   1=3 

   1≥ 3;  1>2 

intensivobis Sefa-

sebas iwyeben wi-

naswari gamowvis 

gareSe 
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Tavi VI 

 
alis fotometria 

 

alis fotometria emisiuri speqtruli analizis 

saxesxvaobaa, romelic damyarebulia maRali tempera-

turis alSi aRgznebuli nivTierebis atomebis gamo-

sxivebis intensivobis gazomvaze. saanalizo nivTiereba 

aerozolis saxiT SeyavT naTuris alSi, sadac xdeba 

aorTqleba da atomebis nawili alis siTburi ener-

giis xarjze aRigzneba. gamosxivebis intensivobas, ro-

melsac Suqfiltri gamoyofs saerTo nakadidan, 

zomaven fotoeleqtruli xelsawyoebiT. ali iZleva 

SedarebiT dabal temperaturas. aseT alSi aRigzneba 

dabali ionizaciis potencialis mqone elementebi, 

magaliTad, tute da tutemiwaTa elementebi. 

gamosxivebis intensivoba damokidebulia nivTie-

rebis koncentraciaze, temperaturaze, alis Sedgeni-

lobaze da formaze, romlebic gazomvis pirobebSi, 

garda koncentraciisa, unda iyos stabiluri. 

sawvavis SerCeva xdeba SesaZleblobis da miznis 

mixedviT. alis Sedgeniloba da temperatura damokide-

bulia, Tu ra sawvavs da romel damJangavs gamo-

viyenebT. meTanis da propanis narevis haerTan dawvis 

Sedegad miiReba 1800_1950°. haeris JangbadiT SevcvliT, 

temperatura aiwevs 2000_2200°-mde, wyalbadis an aceti-

lenis gamoyenebisas 3000°-mde, azotis Jangis, an di-

cianis dawviT JangbadSi, an ozoniT gamdidrebul 

narevSi, temperatura 4000°-s aRwevs. 
temperaturis gazrdiT emisiis intensivoba izrde-

ba, gaizrdeba mgrZnobiarobac. xandaxan mgrZnobiaroba 

imdenad maRalia, rom Cveulebriv temperaturazec mi-
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dis reaqcia. rac ufro Znelad aRgznebadia elementi, 

miT ufro martivia gamosxivebis speqtri da piriqiT. 

 

alis Sedgenilobis sqema 

 

ali rTul Sedgenilobis sistemaa. misi calkeuli 

ubnebi gansxvavdebian SedgenilobiT, Jangva-aRdgeniTi 

unariT da temperaturiT. nax. 24 mocemulia alis Sed-

genilobis sqema, romelic miRebulia manaTobeli 

gazis da haeris narevisagan. moyvanilia misi calke-

uli nawilebis temperatura. igi Sedgeba Siga aRdge-

niTi da gare damJangavi ubnebisagan.  

Siga areSi mimdinareobs 

Termuli disociacia da nare-

vis komponentebis dawva, rome-

lic warmoiqmneba damJangavis 

ukmarisobisas ( 2 , CCO da 2H ). 

gare ubanSi mimdinareobs am 

nivTierebebis sruli daJangva 

2CO  da OH2 . Siga da gare 

ubnebi gamoyofilia Siga ko-

nusiT, romelSic mimdinare-

obs daJangva. igi Seferilia 

momwvano-cisfer frad, rome-

lic gamowveulia radikalebis 

2C  molekuluri gamosxivebiT. 

garda amisa, masSi aris mole-

kulebi COON  , , 22 . maTi gamosxiveba TiTqmis faravs 

mTel speqtrs. amitom Siga sfero ar SeiZleba gamo-

yenebul iqnes analizuri miznebisaTvis. alis gare are 

Seicavs maRali temperaturis Semcvel sruli wvis 

produqtebs CO, H, O, romlebic intensiurad gamoasxi-

 

nax. 24. alis 
Sedgenilobis sqema: 
1- aRdgeniTi zona,  
2 – Sida konusi,  
3 – mJangavi zona,  
4 – gare konusi 
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vebs infrawiTel ubanSi da naklebad xilul da 

ultraiisfer ubnebSi, rac xelsayrelia elementis 

atomuri speqtrebis misaRebad. 

ali sareaqcio aris rols asrulebs. masSi rTul 

procesebs aqvs adgili. alSi Semodis aerozoli. 

gvaqvs airis da siTxis wveTebi, gacxelebiT miiReba 

marilebis orTqli. temperaturis Semdgomi gazrdiT 

xdeba atomizacia. temperaturis gavleniT atomebi 

gadadian agznebul mdgomareobaSi, romelTa ganmuxtva 

iZleva sasargeblo signals. speqtraluri xazebis 

intensivoba mudmiv pirobebSi alSi Seyvanili elemen-

tis atomebis an sakvlev xsnarSi marilis koncen-

traciis proporciulia. 

magram realur pirobebSi es damokidebuleba SeiZ-

leba dairRves, adgili aqvs meorad procesebs, romle-

bic arTuleben gansazRvras, kerZod, SesaZlebelia 

moxdes metalis ionizacia, ionic gadavides agznebul 

mdgomareobaSi, hidroJangebis da oqsidebis warmoqmna, 

MmaTi agzneba da gamosxiveba. maRali koncentraciebis 

dros gavlenas axdens TviTSTanTqma (araagznebuli 

atomebis mier STanTqmuli energiis raodenoba), 

dabali koncentraciebis da maRali temperaturis 

dros TviTSTanTqmas adgili ara aqvs. orive SemTx-

vevaSi grafikis sworxazovani damokidebuleba irRve-

va. am procesebis marTva SeiZleba proteqtorebis 

saSualebiT, magaliTad, kaliumis da natriumis gansa-

zRvrisas xsnarSi SeyavT ceziumi. igi ionizirdeba da 

axSobs kaliumis da natriumis ionizacias. Tu yove-

live es SesaZlebeli ar aris, maSin gansazRvras awar-

moeben Sesadarebel xsnarebis Tanaobisas, romelic 

Seicavs sakvlev xsnarSi Semcvel yvela nivTierebebs. 
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alis fotometris principuli sqema 

 

alis fotometri ramdenime blokisagan Sedgeba: 

mfrqvevana, aerozoli gamdidrebuli JangbadiT Sedis 

sistemaSi da iwvis, Cazneqili sarke gamosxivebis ga-

saZliereblad, linzebi, Suqfiltrebi an monoqroma-

tori, fotoelementebi da gamzomi sistema (nax. 25). 
haeri, romelic Sedis SemrevSi (2), Tan waritacebs 

kolbidan (1) saanalizo xsnaris wveTebs. warmoqmnili 

aerozoli sawvav gazTan erTad xvdeba naTuris alSi 

(4).  

 
nax. 25. alis fotometris sqema: 

1 - kolba saanalizo xsnariT; 2 - Semrevi; 3 - sarke;  
4 - naTuris ali; 5 - linzebi; 6 - Suqfiltrebi;  
7 - fotoelementi; 8 - fotogamaZlierebeli;  

9 - gamzomi sistema 

 

gamosxiveba optikuri sistemis saSualebiT proeq-

tirdeba monoqromatorze, romelic gamoyofs garkve-

uli talRis sigrZis gamosxivebas. alis fotometrSi 

es aris Suqfiltrebis bloki (6). gamosxiveba miemar-

Teba fotometrze (7). warmoqmnili fotodeni Zlier-

deba fotogamaZlierebliT (8) da signali Sedis mare-
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gulirebel mowyobilobaze (9). Tu maregulirebeli 

mowyobiloba aris ampermetri, maSin misi isris gadax-

ra saanalizo xsnarSi gansasazRvravi nivTierebis 

koncentraciis proporciulia. 

vinaidan gansazRvris dros saqme gvaqvs feTqebad 

nivTierebasTan, gansakuTrebiT Jangbadis gamoyenebisas, 

upirveles yovlisa yuradReba unda mieqces usafrTxo-

ebis wesebis dacvas. yvelaze mniSvnelovania mfrqve-

vanas muSaoba, radgan igi praqtikulad gansazRvravs 

meTodis mgrZnobiarobas. misi nakli aris is, rom Tu 

nawilakebis zoma aRemateba 10 mk, igi ver aswrebs ato-

mizacias. amitom gamoiyeneba SedarebiT rTuli mfrqve-

vanebi, romelSic kondensirebuli msxvili wveTebi 

isev ubrundeba sawyis moculobas. 

gansazRvrisaTvis saWiroa xinjis momzadeba, gada-

yvana Txevad mdgomareobaSi, risTvisac SeiZleba gamo-

yenebul iqnes wyali, mJavebi. Tu nivTierebis Semcve-

loba mcirea, sasurvelia gaixsnas romelime organul 

gamxsnelSi, rac zrdis meTodis mgrZnobiarobas. 

 

xsnaris Semadgenlobis gavlena gamosxivebis 
intensivobaze 

 

gamosxivebis intensivobaze gavlenas axdens xsna-

ris Sedgeniloba temperatura, siblante da zedapi-

ruli daWimuloba. temperaturis Secvla 10-15°-iT 
intensivobas 3-5%-iT cvlis. siblante da zedapiruli 

daWimuloba gansazRvraven aerozolSi siTxis disper-

sulobis xarisxs. rac metia dispersulobis xarisxi, 

miT metia gamosxiveba. Tu wveTis zoma metia 10 mk, igi 

mcire droSi ver aswrebs aorTqlebas da signali ar 

miiReba. siblantis Secvla SeiZleba moxdes organuli 
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gamxsnelebis SeyvaniT. organuli gamxsnelebis gav-

lena miT metia, rac metia misi wvis siTbo. 

gamosxivebis intensivobaze mniSvnelovan gavlenas 

axdens ionuri Sedgeniloba e. w. `anionuri efeqti~. 

anionebis Semcveloba xsnarSi cvlis nivTierebis 

aqroladobas, rac gamoiwvevs mgrZnobiarobis Sesus-

tebas. 

Tu sakvlev xsnarSi obieqtis Semcveloba mcirea, 

saWiroa misi koncentrireba. am dros koncentrirdeba 

xelisSemSleli anionebic, saWiroa maTi dacileba 

daleqviT, eqstraqciiT an zogierTi kompleqsonebis 

Seyvana, magaliTad, 
+2Ca da 

+2Mg  gansazRvrisas 

kompleqson III-is Seyvana. Tu es SesaZlebeli ar aris, 

maSin standartebSi SeyavT igive ioni Sesabamisi 

koncentraciiT. 

raodenobriv gansazRvras awarmoeben magradui-

rebeli grafikis agebiT, risTvisac xelsawyoSi SeyavT 

standartuli xsnarebi mzardi koncentraciiT, zomaven 

emisias da miRebuli Sedegebis mixedviT ageben magra-

duirebel grafiks. damokidebuleba sworxazovania, 

romlis mixedviT gamoTvlian nivTierebis Semcvelobas 

saanalizo xsnarSi. 

meTodi martivia, swrafi. gansazRvras esaWiroeba 

ramdenime aTeuli wami, mgrZnobiarea 10-3_10-5%, 1-2% 

cdomilebiT. sinjis winaswari damuSaveba, garda gaxs-

nisa, ar aris saWiro. alis fotometruli meTodiT 

SeiZleba ganisazRvros tute da tutemiwaTa ele-

mentebi.  
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laboratoriuli samuSaoebi 
 

samuSao 1. kaliumis gansazRvra alis  
fotometriuli meTodiT  

 

meTodi damyarebulia alSi agznebuli gansasaz-

Rvravi elementis gamosxivebis xazebis intensivobis 

Sedarebaze standartuli xsnarebis gamosxivebis xaze-

bis intensivobasTan. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. kaliumis standartuli xsnari koncentraciiT 

100mg/ml 

qimiurad sufTa KCl 0,0191 g xsnian mcire rao-

denobis gamoxdil wyalSi, gadaaqvT 100ml sazom kol-

baSi, mihyavT moculoba Wdemde gamoxdili wyliT da 

kargad SeanjRreven. 

2. aRgznebis wyaro, manaTobeli gazi - haeri. 

3. alis fotometri. 

 
analizis msvleloba 

 

100 ml sazom kolbebSi SehyavT 1,0; 2,0; 4,0; 6,0; 8,0; 

da 10ml standartuli xsnarebi, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven, 

CarTaven xelsawyos da amzadeben mas gansazRvrisa-

Tvis, SearCeven saTanado Suqfiltrs da axureben 30 

wuTis ganmavlobaSi. kompresoris saSualebiT ayeneben 

wnevas 60-80 kpa. sawvavi gazis da damJangavis sworad 

SerCevisas alis konuss ayeneben minimalur simaRleze, 

romelic momwvano-cisfrad aris Seferili. Suqfilt-
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rebs ayeneben kaliumze. mikroampermetrs nulovan 

mdgomareobaze ayeneben gamoxdili wyliT. alSi 

afrqveven kaliumis maqsimaluri Semcvelobis xsnars, 

ris Semdeg isev afrqveven gamoxdil wyals isris 

nulovan mdgomareobaSi dasabruneblad. yovelive amis 

Semdeg mimdevrobiT awarmoeben standartuli da 

sakvlevi xsnarebis fotometrirebas. pirvelad alSi 

aTavseben standartul xsnars maqsimaluri koncentra-

ciiT da mgrZnobiarobis saxeluris saSualebiT 

ayeneben gamzomi xelsawyos 100 danayofze. 

amowmeben xelsawyos nulze dayenebis siswores da 

gamzomi xelsawyos maqsimalur anaTvals. Semdeg gan-

sazRvras awarmoeben dabali koncentraciidan maRla-

mde. yoveli gansazRvris Semdeg mfrqvevanas da gazis 

naTuras recxaven gamoxdili wyliT, romelsac Sea-

frqveven alSi, ris Semdeg xelsawyo ubrundeba nulo-

van mdgomareobas. TiToeuli xsnarisaTvis gansazRvras 

awarmoeben 3-jer da iReben saSualo mniSvnelobas. 

muSaobis damTavrebis Semdeg mfrqvevanas guldasmiT 

recxaven gamoxdili wyliT 5-10 wuTis ganmavlobaSi 

da gamorTaven xelsawyos. 

analizis Sedegebs angariSoben formuliT: 

./ stst aaCC xx =  

sadac Cx da Cst aris elementis koncentracia stan-

dartul da sakvlev xsnarebSi. xa  da a st - fotodenis 

mniSvnelobebi (galvanometris isris gadaxra) Cx da Cst 

koncentraciebis Sesabamisad.  
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samuSao 2. natriumis gansazRvra alis fotometruli 
meTodiT 

 

meTodi damyarebulia maRali temperaturis alSi 

agznebuli saanalizo nivTierebis atomebis gamosxi-

vebis intensivobis gazomvaze. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. natriumis standartuli xsnari 100mg/ml. 

qimiurad sufTa 0,0254g NaCl xsnian mcire reode-
nobis wyalSi, gadaaqvT 100ml sazom kolbaSi, mihyavT 

moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

2. aRgznebis wyaro manaTobeli gazi-haeri. 

3. alis fotometri. 

4. kompresori. 
 

gansazRvris msvleloba 
 

100ml sazom kolbaSi SehyavT 1,0; 2,0; 4,0; 6,0; 8,0 da 

10 ml standartuli xsnarebi, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven. 

CarTaven xelsawyos, SearCeven Suqfiltrs natriumze 

da axureben 30 wuTis ganmavlobaSi. kompresoris 

saSualebiT wnevas ayeneben 60-80 kpa. sawvavi gazis da 

mJangavis sworad SerCevis Semdeg alis konuss ayeneben 

minimalur simaRleze, romelic Seferilia momwvano 

cisfrad. yovelive amis Semdeg mimdevrobiT awarmoeben 

standartuli da sakvlevi xsnarebis gamosxivebis 

intensivobis gazomvas. pirvelad alSi Seafrqveven 

standartul xsnarebs maqsimaluri koncentraciiT da 
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mgrZnobiarobis saxelurs ayeneben gamzom xelsawyos 

100 danayofze. 

amowmeben xelsawyos nulze dayenebis siswores 

gamoxdili wylis SefrqveviT da awarmoeben fotomet-

rirebas dabali koncentraciidan maRalze gadasvliT. 

yoveli gansazRvris Semdeg mfrqvevanas da gazis 

naTuras recxaven gamoxdili wyliT, romelsac Seafr-

qveven alSi, ris Semdeg xelsawyo ubrundeba nuls. 

gansazRvras awarmoeben 3-jer da iReben saSualos. 

muSaobis damTavrebis Semdeg mfrqvevanas guldasmiT 

recxaven gamoxdili wyliT 5-10 wuTis ganmavlobaSi 

da gamorTaven xelsawyos. 

miRebuli Sedegebis mixedviT ageben magradui-

rebel grafiks koordinatebSi: mikrofotometris Cve-

neba – kaliumis koncentracia, ris mixedviT xdeba 

saanalizo xsnaris koncentraciis gansazRvra. 
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Tavi VII 

 
atomur-absorbciuli speqtrofotometria 

 
atomur-absorbciuli speqtrofotometria damyare-

bulia Tavisufal mdgomareobaSi myofi araagznebuli 

atomebis rezonansuli STanTqmis gazomvaze. atomis 

aRgznebisas yvelaze SesaZlebeli energetikuli donis 

cvlileba aris misi gadasvla im doneze, romelic 

axloa sawyis energetikul mdgomareobasTan, anu 

rezonansuli gadasvla. 

Tu araagznebul atoms davasxivebT rezonansuli 

gadasvlis sixSiriT, atomi STanTqavs qvants da 

gamosxiveba Semcirdeba. es movlena safuZvlad udevs 

atomur-absorbciul speqtrofotometrias. Tu emisiur 

speqtroskopiaSi nivTierebis koncentracia dakavSi-

rebulia gamosxivebis intensivebasTan, romelic aRgz-

nebuli atomebis ricxvis pirdapirproporciulia, 

atomur-absorbciul speqtrofotometriaSi analizuri 

signali (gamosxivebis intensivobis Semcireba) dakavSi-

rebulia araagznebuli atomebis ricxvTan, romlebic 

alSi gacilebiT metia, vidre agznebuli atomebi. 

vinaidan orTqlis mdgomareobaSi STanTqmis da 

gamosxivebis energiebi tolia, amitom agznebis wyarod 

gamoyenebulia imave elementis mier gamosxivebuli 

energia, anu e. w. rezonansuli talRebi. Teoriulad 

am talRis zolis sifarTe 10-5 nm-is tolia, arc erTi 

monoqromatori aseT viwro zols ar gamoyofs, Tanac 

mas unda hqondes maRali energia, rom aRagznos 

orTqlisebur mdgomareobaSi myofi atomebi. 

am sakiTxis gadaWra moxerxda maSin, rodesac 

SemoRebuli iqna e. w. rezonansuli naTurebi. igi 



 104 

warmoadgens Rru kaTodis mqone naTurebs. kaTodi 

damzadebulia imave elementisagan, romlis gansazRv-

rac swarmoebs. Tu kaTodi mzaddeba sxva elementi-

sagan, maSin igi ifareba imave elementis Txeli feniT. 

anodad gamoyenebulia liTonis Rero, romelic 

moTavsebulia kaTodis gverdiT. naTuraSi moTavsebu-

lia neoni an argoni. kaTodis dayumbarebisas igi ga-

dadis agznebul mdgomareobaSi da iZleva rezonan-

suli gamosxivebis mZlavr nakads. 

atomur-absorbciuli speqtrofotometris blok-

sqema mocemulia nax. 26. 

 

 
 

nax. 26. atomur-absorbciuli speqtrofotometris blok-sqema 

rezonansuli gamosxivebis wyarodan (1) sinaTlis 

sxivs atareben alSi, romelSic Seafrqveven saanali-

zo sinjis wvrildispersul aerozols. speqtrSi 

rezonansuli gamosxivebis xazebs gamoyofen monoqro-

matoriT (2) da mimarTaven fotoeleqtrul deteqtor-

ze (3) (Cveulebrivi fotomamravli). deteqtoridan 
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gamomavali signali gamaZliereblis (4) Semdeg regist-

rirdeba galvanometriT (5), cifruli voltmetriT, an 

Camweri potenciometriT (6), speqtrofotometrebi aR-

Wurvilia cifruli mbeWdaviT (7), sinjis da mJangavis 

avtomaturi mowyobilobiT (8, 9) xvdeba mfrqvevanaSi 

(10) da SemrevSi (11). 

rezonansuli gamosxivebas zomaven orjer, jer 

saanalizo sinjis Sefrqvevamde da Sefrqvevis Semdeg. 

am ori anaTvalis sxvaobiT gansazRvraven analizuri 

signalis sidides. 

alis misaRebad sargebloben sawvavi airis da 

damJangavis sxvadasxva kombinaciiT, rogoricaa, wyal-

badis, propanis, acetilenis narevi haerTan, an azotis 

oqsidTan. narevi SeiZleba iyos steqiometruli, masze 

metic da naklebic. Tu narevi steqiometrulze daba-

lia, mas gaRaribebuli ewodeba, steqiometrulze mets 

ki gamdidrebuli. 

Jangbadi sufTa saxiT, rogorc damJangavi, TiTqmis 

ar gamoiyeneba, radgan sawvavi airis masTan Serevisas 

wva mimdinareobs didi siCqa-

riT da kontrols ar eqvemde-

bareba. 

laminaruli ali Sedgeba 

sami zonisagan nax. 27. pirve-

li sareaqcio zonis sigane 1 

mm-ia, romelSic temperatura 

aris aranaklebi 1000°C-is. am 

zonaSi xdeba airebis hidro-

lizi, atomizacia umniSvne-

loa da analizisaTvis am zo-

nas ar iyeneben. Siga konusis 

zonaSi sawvavi airebis siWar-

 

nax. 27. lamunaruli alis 
zonebi:  

1 – pirveladi sareaqcio; 
2 – Sida konusi;  

3 – meoradi sareaqcio. 
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bea. amitom masSi Warbobs uaryofiTad damuxtuli 

radikalebi da molekulebi, romlebsac axasiaTebs 

aRmdgeneli moqmedeba: NHHCHCOCNC  , , , , , 22 . am zonaSi 

mocemuli airebisaTvis temperatura maqsimaluria. 

Siga zonaSi dakvirveba xdeba im elementebis absorb-

ciaze, romlebic warmoqmnian mdgrad Jangeulebs, an 

hidroJangebs (alumini, molibdeni da sxv.) 

meore sareqcio zonaSi sawvavi airebis daJangva 

midis bolomde naxSirwyalbadebis SemTxvevaSi CO2 da 

H2O-s warmoqmniT. am zonaSi dakvirveba xdeba im 

elementebis absorbciaze, romlebic ar warmoqmnian 

Termulad mdgrad Jangeulebs (spilenZi, vercxli, 

oqro, TuTia, manganumi da sxv.). gansazRvrebi am 

zonaSi xasiaTdebian stabilurobiT. 

atomur-absorbciul speqtrofotometriaSi gamoi-

yeneba ori saxis ali: haeri_acetileni da azotis (1) 

oqsidi_acetilenTan. pirveli gamoiyeneba tute da tu-

temiwaTa elementebis gansazRvrisas. am minarevs axa-

siaTebs maRali gamWvirvaloba 200 nm talRis sigrZis 

ubanSi, susti sakuTari emisia da uzrunvelyofs 30-ze 

meti elementis maRal efeqtur atomizacias.  

acetilenisa da azotis (1) oqsidis narevs aqvs 

TiTqmis 900 K-ze ufro maRali temperatura. ali 

xasiaTdeba maRali gamWvirvalobiT talRis sigrZis 

mTel intervalSi (190_850 nm). es ki iZleva 70-ze meti 

elementis gansazRvris SesaZleblobas mgrZnobiaro-

biT 10-4_10-10 gr. 

meore mniSvnelovani blokia atomizaciis bloki, 

rasac bevri saerTo aqvs alis fotometriasTan: 

mfrqvevana, damJangavi, ali. sxvaoba aris is, rom aq 

ufro daxvewili sistemaa gamoyenebuli. ufro mcire 

raodenobis gansazRvraa saWiro. ali asrulebs kiuve-
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tis rols, radgan atomur-absorbciul speqtrofoto-

metriaSi daculia beris kanoni, meTodis mgrZnobia-

roba damokidebulia alis mSTanTqmeli fenis sigrZe-

ze. am mizniT SemoRebulia xvreliani naTurebi, rome-

lic iZleva wvril brtyel als didi sigrZis 

mSTanTqmeli feniT (nax. 28), romlis zeda nawilSi 12 

sm sigrZis xvrelia, igi uzrunvelyofs airis lamina-

rul nakads. winaswar Sereuli sawvavis da mJangavis 

narevis gamoyofa sareaqcio aredan xdeba am xvrelis 

saSualebiT. didi koncentraciebis gansazRvrisas 

saWiroa xsnaris ganzaveba an naTuris Semobruneba 90°-
iT, ris Sedegad icvleba mSTanTqmeli fenis sigrZe. 

atomizaciis blokSi 

Sedis mfrqvevana. Cveuleb-

rivi mfrqvevanebis gamoye-

nebisas sasargeblo sig-

nalze modis 5%, 95% msxvi-

li wveTebi kondensirdeba 

da Camocviva, ris gamoc 

xsnaris xarji didia, wuT-

Si saWiroa 10 ml. amitom 

saWiroa gamoyenebul iqnes ufro rTuli mfrqvevanebi, 

romlebSic kondensirebuli wveTebi ubrundeba sawyis 

mdgomareobas, ris Sedegad xarji mcirdeba 0,1_0,5 ml-

mde. 

monoqromatori saWiroa imisaTvis, rom moixsnas 

inertuli airebis gamosxiveba, alis sakuTari gamo-

sxiveba da, rac mTavaria, Tanamde elementebis aRgz-

nebis Sedegad warmoqmnili gamosxveba, rac uzrunvel-

yofs magraduirebeli grafikis sworxazovan damoki-

debulebas (beris kanonis Tanaxmad).  

 

nax. 28. xvreliani naTura 
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deteqtori. atomur-absorbciuli speqtrofotomet-

riis mniSvnelovan problemas warmoadgens alSi ara-

aRgznebul mdgomareobaSi myofi atomebis gamosxiveba. 

Tu igi gamoricxuli ar iqneba, maTi emisia koncen-

traciis gazrdisas qmnis fons, rac iwvevs beris kano-

nidan gadaxras. amis Tavidan acileba SeiZleba ori 

tipis modulaciis gamoyenebiT: eleqtronuli da meqa-

nikuri. 

eleqtronuli modulaciisas gamoiyeneba rele, 

romelic garkveuli drois monakveTSi ramdenime wamiT 

TiSavs rezonansul naTebas. 

meqanikuri modulaciisas igive efeqtis misaRwevad 

naTuras da sistemas Soris aTavseben mbrunav Semwyvet 

diskos, romelic gadaxurvis momentSi zomavs alis 

emisias I1, xolo rodesac Semwyveti Riaa, maSin de-

teqtorSi miRebuli gamosxiveba iqneba jamuri efeqti 

21 II + . deteqtori gamoyofs sasargeblo signals, 

romlis gaZliereba swarmoebs specialuri gamaZliere-

beli blokis saSualebiT. registracia xdeba mikro-

ampermetris gamoyenebiT, Sedegebis gadaTvla ki ufro 

rTul blokze, sadac ibeWdeba Sedegebi.  

 

ualo atomizacia 
 

rogorc zemoT iyo aRniSnuli, nivTierebis ato-

mur orTqlSi gadasayvanad gamoyenebuli iyo ali. 

magram mTeli rigi mizezebis gamo ali ar aris srul-

yofili atomizatori. garda amisa, ali muSaobisas 

safrTxes warmoadgens, saWiroa maTi Senaxva da 

mopyroba potenciurad mavne sawvavis da damJangavis 

gamoyenebisas. aseTi meTodebi gansakuTrebiT SezRudu-

lia sinjSi mcire koncentraciebis gansazRvrisas. 
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alis gamoyeneba usafrTxo ar aris, adgili aqvs 

arasrul wvas, wvis produqtebi ki mavnea toqsiurobis 

TvalsazrisiT. garda amisa, als aqvs sakuTari 

gamosxiveba, masSi mimdinareobs fizikuri da qimiuri 

procesebi, rac dakavSirebulia sawvavi airebis da 

mJangavebis did xarjTan, saanalizod saWiroa didi 

raodenobiT sinjis gamoyeneba, rac gansakuTrebiT 

mniSvnelovania dabali koncentraciebis gansazRvris 

dros. amitom ufro efeqturi gamodga eleqtroTer-

muli atomizatorebis gamoyeneba, romelic mowode-

buli iyo sabWoTa mecnieris lvovis mier, e.w. gra-

fitis kiuveta. igi warmoadgens milisebul Rumels, 

romelsac centrSi aqvs grafitis eleqtrodi. gra-

fitis ReroSi Tavsdeba mcire raodenobis sinji ~100 
mg. RumelSi ganuwyvetliv xdeba argonis Seberva. mas 

axureben eleqtrodeniT. eleqtrodis kiuvetasTan 

Sexebisas warmoebs misi damatebiTi gacxeleba da 

gamxsneli kiuvetis SigniT iwyebs aorTqlebas. Semdeg 

temperaturas adideben 2000-3000°-mde, sinjis mSrali 

naSTi aorTqldeba da orTqli Seavsebs mTel mils 

(nax. 29). 

 
nax.  29.  grafitis ualo atomizatori 

1 - grafitis mili, 2 - grafitis eleqtrodebi 
 

atomizaciis process akvirdebian speqtrofoto-

metris saSualebiT. ramdenime wamSi optikuri simkv-
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rive izrdeba maqsimumamde da Semdeg ecema nulamde, 

rac Seesabameba atomizacias da Semdgom sinjis 

aorTqlebas. 

atomur-absorbciul speqtrofotometriaSi rezo-

nansuli gamosxivebis Semcireba eqvemdebareba buger-

lambert-beris kanons. Tu dacemuli monoqromatuli 

sxivebis intensivoba aris 0I , xolo alSi gasuli 

sxivis intensivoba I, maSin 
I

I0lg  sidide aris optikuri 

simkvrive: 

KhC
I

I
A == 0lg  

sadac K aris STanTqmis koeficienti, h _ sinaTlis 

mSTanTqmeli fenis sisqe (alis),  C _ koncentracia. 
optikuri simkvrive pirdapirproporciulia nivTie-

rebis koncentraciis. magram es damokidebuleba xSir 

SemTxvevaSi ar aris sworxazovani, gadaxra umetesad 

gamowveulia speqtrofotometriis sxvadasxva kvanZebis 

muSaobis arastabilurobiT (agznebis wyaro da sxv.), 

gamosxivebis aramonoqromatulobiT, alSi JangbadTan 

gansasazRvravi elementebis sxvadasxva naerTebis 

warmoqmniT da sxv. 

 

raodenobrivi gansazRvra 

 

raodenobrivi gansazRvra warmoebs magraduire-

beli grafikis agebiT an danamatebis meTodiT. 

magraduirebeli grafikis agebisas zomaven ramde-

nime standartuli xsnarebis optikur simkvrives da 

ageben damokidebulebis grafiks koordinatebSi opti-

kuri simkvrive _ koncentracia, ris Semdeg imave piro-

bebSi sazRvraven saanalizo xsnaris optikur simkv-
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rives da grafikis saSualebiT pouloben mis kon-

centracias. 

danamatebis meTodis gamoyenebisas jer zomaven 

saanalizo xsnaris optikur simkvrives xA , Semdeg 

masSi SeyavT standartuli xsnari garkveuli mocu-

lobiT da zomaven optikur simkvrives st+xA . Tu sa-

analizo xsnaris koncentracia xC , xolo stC _ stan-

dartuli xsnaris koncentraciaa, maSin  

( )stCCKhA

KhCA

xx

x

+=
=

+st
 

radgan K da h mudmivia, miviRebT: 

stst ++
=

x

x

x

x

C

C

A

A
 aqedan 

xx

x
x AA

A
CC

−
⋅=

+st
st  

meTodis Secdomis ZiriTad wyaros warmoadgens 

araseleqtiuri STanTqma, romlis maStabebi izrdeba 

saanalizo xsnaris saerTo koncentraciis gazrdiT. aq 

Cndeba turbidimetriis elementebi. mikro- wveTebi Se-

dis alSi. Tu koncentracia didia, alSi gavlili mya-

ri nawilakebi warmoiqmneba, romelic ver aswrebs 

STanTqmas da fantaven rezonansul gamosxivebas. igi 

gadaiTvleba sasargeblo signalSi. es aris araseleq-

tiuri STanTqma. es faqti rom gamoiricxos saWiroa 

xsnari ganzavdes an gaizomos araseleqtiuri STanTqma 

da saTanado Sesworeba Seitanil iqnas SedegSi. 

atomur-absorciuli speqtrofotometria universa-

luri analizis meTodia, romelic SeiZleba gamoyenebul 

iqnes rogorc elementis mcire Semcvelobisas, aseve 

maRali koncentraciebis dros. msgavsad atomur-emisiuri 

analizisa, ar aris aucilebeli narevSi Semavali kom-

ponentebis mociloba. sinjis winaswar momzadeba xorci-

eldeba mxolod misi gaxsniT. igi saSualebas iZleva 



 112 

gaizomos 70-ze meti elementi 10-4_10-6 gr/ml mgrZno-

biarobiT, ganmeorebadoba 3_5%, Tu amgznebi wyaroa ali, 

xolo 1-2% - ualo atomizatorebis gamoyenebisas. 

 
 

laboratoriuli samuSaoebi 
 

samuSao 1. spilenZis gansazRvra  
atomur-absorbciuli meTodiT 

 

meTodi damyarebulia spilenZis ionebis propan-

buTan-haeris alSi speqtraluri xazis 324,76nm rezo-

nansuli gamosxivebis STanTqmaze, romelic miRebulia 

Rru kaTodis naTurisagan. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. spilenZis standartuli xsnari, 1000mg/ml. 

1,96g CuSO4 · 5H2O xsnian 50ml gogirdmJavaSi (1:20), 

gadaaqvT 500ml sazom kolbaSi, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven 

(ZiriTadi xsnari). 

samuSao xsnari koncentraciiT 100mg/ml mzaddeba 

ZiriTadi xsnaris 10-jer ganzavebiT, risTvisac 10ml 

ZiriTadi xsnari gadaaqvT 100ml sazom kolbaSi, 

mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

2. H2SO4-is xsnari, ganzavebuli 1:20. 

3. atomur-absorbciuli speqtrofotometri AAS-1 
xvreliani naTuriT. 

4. atomizatori: propan-buTan-haeri. 

5. Rru kaTodis naTura. 
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magraduirebeli grafikis ageba 
 

100ml sazom kolbebSi aTavseben 1,0; 2,0; 4,0; 8,0ml 

spilenZis samuSao xsnarebs, mihyavT moculoba Wdemde 

gamoxdili wyliT da kargad SeanjRreven. 

rTaven xelsawyos, ayeneben samuSao mdgomareobaSi 

Rru kaTodis naTuras spilenZze da axureben eleq-

trul sistemas 15-20 wuTis ganmavlobaSi. xelsawyos 

galvanometris maqsimaluri gadaxriT monoqromatoris 

xvrelze gamohyavT spilenZis analizuri xazi 324,7nm. 

gamtarobis skalaze T gamzom isars ayeneben ,,100”, an 
,,0”-ze STanTqmis A skalaze xvrelis siganis Secvli-

sas. xvrelis sigane ar unda aRematebodes 0,1mm, wina-

aRmdeg SemTxvevaSi zrdian fotomamravlis denis Za-

las an gaZlierebis xarisxs. cdis dasawyisSi haeris 

xarjs (480l/sT) ayeneben rotmetris mixedviT, Semdeg 

propan-buTanis narevs da anTeben als. wvas iwyeben 

sawvavi gazis miwodebamde. amowmeben mfrqvevanis muSa-

obas da alis stabilurobas. alis Sida konuss unda 

hqondes minimaluri simaRle momwvano-cisferi Seferi-

lobis SenarCunebiT. xelsawyoze nulis koreqtirebas 

awarmoeben alSi gamoxdili wylis Sefrqvevisas. stan-

dartuli xsnarebis fotometrirebas awarmoeben ara-

nakleb 3-jer da miRebuli Sedegebis  mixedviT ageben 

magraduirebel grafiks koordinatebSi: absorbcia – 

spilenZis koncentracia, mg/ml.  

 

analizis msvleloba 
 

sakvlevi xsnari gadaaqvT 100ml sazom kolbaSi, 

mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. gazomvis win unda Semowmdes xelsawyos 
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nulze dayeneba gamoxdili wyliT aranakleb xuTjer, 

ris Semdeg fotometrirebas awarmoeben iseve, rogorc 

standartuli xsnarebis SemTxvevaSi. saSualo monace-

mebis mixedviT magraduirebeli grafikis saSualebiT 

angariSoben spilenZis koncentracias 100ml xsnarSi. 

 

samuSao 2. xsnarSi tyviis koncentraciis gansazRvra 
aomur-absorbciuli meTodiT 

 

meTodi damyarebulia tyviis ionebis propan-buTan-

haeris alSi speqtraluri xazis 283,3nm rezonansuli 

gamosxivebis STanTqmaze, romelic miRebulia Rru 

kaTodis naTurisagan. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. tyviis standartuli xsnari 1000mg/ml. 

1,559g Pb(NO3)2 xsnian gamoxdil wyalSi 1ml kon-

centrirebuli azotmJavis damatebiT, gadaaqvT lit-

rian sazom kolbaSi, mihyavT moculoba Wdemde gamox-

dili wyliT da kargad SeanjRreven. 

samuSao xsnari koncentraciiT 100mg/ml mzaddeba 

Semdegnairad: 10ml ZiriTadi xsnari gadaaqvT 100ml 

sazom kolbaSi, mihyavT moculoba Wdemde gamoxdili 

wyliT da kargad SeanJreven. 

 
magraduirebeli grafikis ageba 

 

5  100ml sazom kolbebSi aTavseben 5; 10; 15; 20 da 

25mg/ml tyviis samuSao xsnarebs, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven. 
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miRebuli xsnarebis fotometrirebas awarmoeben 

iseve, rogorc samuSao 1 da ageben magraduirebel 

grafiks koordinatebSi absorbcia – tyviis koncen-

tracia (mg/ml). 

 
analizis msvleloba 

 

saanalizo xsnari gadaaqvT 100ml sazom kolbaSi, 

mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

miRebuli xsnarebis fotometrirebas awarmoeben 

iseve, rogorc standartuli xsnarebis SemTxvevaSi 

aranakleb 6-jer. winaswar unda Semowmdes gamoxdili 

wyliT xelsawyos nulze dayeneba da magraduirebeli 

grafikis saSualebiT pouloben tyviis koncentracias 

sakvlev xsnarSi. 
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Tavi VIII 

 
radiosixSiris speqtruli meTodebi 

 

atomis birTvebi da eleqtronebi moZraoben ra 

Tavisi RerZis garSemo, qmnian magnitur vels da 

floben magnitur moments. isini Zlier magnitur 

velSi orientirdebian da iakveben ramdenime SesaZle-

bel orientacias. garkveuli energiis mqone eleqtro-

magnituri rxevebiT moqmdebisas xdeba nawilakebis 

orientacia, romelic tolfasia maTi erTi energe-

tikuli mdgomareobidan meoreSi gadasvlis. yovelive 

amas Tan sdevs maRali sixSiris energiis nawilis 

STanTqma, romelic registrirdeba nivTierebis mier 

rezonansuli STanTqmis speqtris saxiT. analizur 

qimiaSi gamoyenebulia birTvuli magnituri rezonansi, 

eleqtronuli paramagnituri rezonansi da birTvuli 

kvadrupoluri rezonansi. 

birTvuli magnituri rezonansi aRmoCenil iqna 

1946w. purcelis mier. igi axasiaTebs atomis birTvebs, 

romelsac aqvs moZraobis sakuTari magnituri momenti 

e.w. spini P. igi xasiaTdeba spinuri qvanturi ricxviT I, 

romelsac SeiZleba hqondes mniSvneloba 0; 1/2; 1; 3/2 

da sxv. birTvi moZraobisas warmoqmnis magnitur vels, 

mimarTuls moZraobis RerZis garSemo da moqmedebs 

rogorc patara magniti. magnitur momentsa μ  da 

birTvis spins P Soris arsebobs damokidebuleba: PPP 

)I
2

(P
π

γγμ h==  

sadac γ - aris proporciulobis koeficienti, rome-

lic axasiaTebs birTvs; 

I – spinuri qvanturi ricxvi; 
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h – plankis mudmiva 

magnituri momentis mqone birTvs SeuZlia miiRos 

ramdenime orientacia, romlis raodenoba ganisazRv-

reba magnituri qvanturi ricxviT, damokidebuli spi-

nur qvantur ricxvze. TiToeul orientacias Seesa-

bameba saTanado energetikuli done, amitom erTi 

orientaciidan (dabali energiiT) meoreze (maRali 

energiiT) gadasvlas Tan sdevs ΔΕ  energiis qvantis 

STanTqma eleqtromagnituri gamosxivebis hv  saxiT, 

romelic damokidebulia magnituri velis daZabulo-

baze Ho da birTvis maxasiaTebelze μ . STanTqmuli 

eleqtromagnituri gamosxivebis sixSiris v  damokide-
buleba birTvis maxasiaTebelsa da velis daZabu-

lobasTan gamoisaxeba formuliT:  

;2 oHhv μ==ΔΕ   oHv
π
γ

2
=                 (1) 

spini da magnituri momenti axasiaTebs birTvs, 

romelsac aqvs kenti masiuri ricxvi, an kenti atomuri 

nomeri ( ;1H ;13C ;51 N ;19Fe P31
). wyvili masiuri ricxvis 

da wyvili atomuri nomris elementebs ( ;12C ;16O S32
) 

spini ar aqvs da ar iZlevian birTvuli magnituri 

rezonansis signals. umetesad birTvuli magnituri 

rezonansis speqtrebi axasiaTebs qimiur naerTSi 

Semaval protonebs. birTvuli magnituri rezonansi, 

romelic damyarebulia protonebze dakvirvebaze, pro-

tonuli magnituri rezonansi ewodeba. am speqtrze 

dakvirvebisaTvis sinjis nimuSs aTavseben Ho daZabu-
lobis mqone Zlier magnitur velSi da masze moqme-

deben mzardi cvladi sixSiris eleqtromagnituri 

gamosxivebiT. 

magnitur velSi xdeba protonebis orientacia ve-

lis mimarTulebiT an mis sawinaaRmdegod. Eeleqtro-
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magnituri sixSirisas v  (romelic upasuxebs (1) for-

mulas), xdeba protonebis gadasvla erTi energeti-

kuli mdgomareobidan meoreze. Nnawili energia STain-

Tqmeba da protonuli magnituri rezonansis speqtrSi 

warmoiqmneba signali STanTqmis pikis saxiT. 

protonis mSTanTqmeli nivTiereba garSemorty-

mulia eleqtronebiT da sxva atomebis birTvebiT, ro-

melic garkveulwilad ekranizacias uwevs STanTqmul 

protons eleqromagnituri velisagan, rac aRiricxeba 

birTvuli magnituri rezonansis speqtrSi da ewodeba 

qimiuri gadaxra. Qqimiuri gadaxris sidide ganisazRv-

reba standartuli nivTierebis rezonansuli sixSiris 

mimarT. standartad gamoyenebulia tetrameTilsilani 

(CH3)4Si, romlis protonebs axasiaTebs maRali energia. 

birTvuli magnituri reaonansis speqtrSi protonebis 

signali gadaxrilia etalonis mimarT sididiT, rome-

lic damokidebulia protonis mdgomareobaze qimiur 

garemocvaSi. igi iZleva SesaZleblobas vimsjeloT 

nivTierebis qimiur agebulebaze. protonebis signalis 

intensiuroba damokidebulia molekulaSi maT raode-

nobaze, rac nivTierebis raodenobrivi Sedarebis 

saSualebas iZleva. magaliTad, nax. 30 moyvanilia 

diacetonuri spirtis birTvuli magnituri rezonasis 

speqtri, saidanac Cans, rom TiToeuli tipis protons 

Seesabameba garkveuli qimiuri gadaxra. 

erTgvarovani protonebi gavlenas axdenen gadax-

ris sidideze. qimiur gadaxras gamosaxaven hercebSi. 

qimiuri gadaxris sidide damokidebulia radiosix-

Sireze, romelzec muSaobs xelsawyo. magaliTad, 

CH3Cl –saTvis qimiuri gadaxra 40 mhc sixSirisas 

tolia 120 hc, 60 mhc – 180 hc, 100 mhc – 300hc.   
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nax. 30. diacetonuri spirtis birTvuli magnituri speqtri.         

A – STanTqmis velis intensiuroba. B – qimiuri gadaxra. 

 

garda qimiuri gadaxrisa birTvul magnitur re-

zonanss axasiaTeben 

spin-spinuri urTi-

erTqmedebiT, rome-

lic warmoiqmneba 

protonebSi maTi 

urTierTqmedebisas 

savalento eleqt-

ronebis saSuale-

biT. Sedegad xdeba 

qimiuri gadaxris 

gaxleCa da erTi 

signalis magier 

warmoiqmneba gaxle-

Cili susti signali 

– dupleti. radgan 

protonebis mdgoma-

reobaze SeiZleba 

moqmedebdes mole-

kulaSi sxva proto-

nebi, birTvuli mag-

nituri rezonansis 

 

nax. 31. birTvuli magnituri 
rezonansis signalis spin-spinuri 

gaxleCa. A – protonebis mdgomareoba 
spinebis orientaciiT. B – protonis 

signalis gaxleCa birTvuli 
magnituri rezonansis speqtrSi.  
a – protonis tripleti – CH-; 
 b- protonebis dupleti > CH2. 
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speqtrebSi warmoiqmneba ramdenime gaxleCili signa-

lebi – tripleqsuri, kvadroupleturi da sxv (nax. 31).  

spin-spinuri gaxleCis sidide da xarisxi iZleva 

warmodgenas nivTierebis struqturis Sesaxeb. 

birTvuli magnituri rezonansis speqtrebis gada-

Reba warmoebs speqtrometrebSi, romelic Sedgeba 

mZlavri mudmivi eleqtromagnitisgan 1, radiosixSiris 

generatori 3, koWa 4, deteqtori (mimRebi) 6 da mare-

gistrirebeli mowyobiloba 5.  koWaSi  moTavsebulia  

nimuSis  ampula 2 (nax. 32). 

 

 
 

nax. 32. birTvuli magnituri rezonansis speqtrometri. 

 

magnituri veli gaxleCs magnituri birTvebis 

energetikul doneebs. radiosixSiris generatori aRa-

gznebs maRali sixSiris eleqtromagnitur vels, rom-

lis sixSire (energia) icvleba garkveul intervalSi. 

gansazRvruli sixSirisas xdeba nivTierebis velis 

energiis rezonansuli STanTqma, romlis registracia 

xdeba mimRebis da TviTCamweris mier. gamoyenebulia 

birTvuli magnituri rezonansis speqtrometrebi, ro-

melic muSaobs 40, 60, 100 mhc  sixSireze. 
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birTvuli magnituri rezonansis speqtris gazom-

visas gamoiyeneba nivTierebis xsnarebi gamxsnelSi, an 

romelic ar Seicavs protons (CCl4, CDCl3, D2O) an 

protonebi, romlebic birTvuli magnituri rezonansis 

speqtrSi Seicaven mxolod erT signals. ampulas 

nivTierebis xsnariT (5-20%) aTavseben speqtrometris 

ujredSi. erTdroulad ampulaSi aTavseben etalons, 

an etalons umateben nivTierebis xsnars. 

eleqtronul paramagnituri rezonansi. igi aRmo-

Cenil iqna 1944 wels zavorskis mier. meTodi princi-

pulad msgavsia birTvuli magnituri  rezonansis. 

eleqtronul paramagnitur rezonansis speqtrSi fiq-

sirdeba eleqtronebis rezonansuli STanTqma, romlis 

energetikuli doneebis gaxleCa magnitur velSi xdeba 

or qvedoned eleqtronebis spinebis orientaciiT vel-

Si, an velis sawinaaRmdegod. eleqtromagnitur velSi 

nivTierebis molekulebis rezonansuli STanTqma 

SeimCneva (birTvuli magnituri rezonansisagan gansxva-

vebiT) ara radiosixSiris, aramed mikrotalRur dia-

pazonSi. Aamitom eleqtronuli paramagnituri rezo-

nansis speqtrometrebi gansxvavdebian birTvuli mag-

nituri rezonansis speqtrometrebisagan generatoriT 

da mikrotalRuri mimRebis mowyobilobiT.  

eleqtronul paramagnituri rezonansis speqtro-

metrebi muSaoben ~9000 mhc sixSireze da farTod gamo-
iyeneba radikalebis, qimiuri naerTebis, gansakuTrebiT 

polimerebis Sesaswavlad.  
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Tavi IX 

 

analizis radiometriuli meTodebi  

 

radiometruli meTodi damyarebulia gansasazRv-

ravi elementis bunebrivi, an izotopebis gamoyenebiT 

miRebuli radioaqtivobis gazomvaze. bunebrivi radio-

aqtiurobis gazomvis magaliTia kaliumis analizi qi-

miur naerTSi. bunebrivi kaliumi Seicavs 93,5% izotop 

K39
, 0,119% izotop K40

da 0,98% K41
. izotopi K40

 

radioaqtiuria da gamoasxivebs β  gamosxivebas. anali-

zis Catarebisas zomaven fonis (sufTa NaCl) radio-

aqtiurobas, aseve standartuli seriebis radioaqti-

urobas (10 da 100% Semcvelobisas), Semdeg saanalizo 

nimuSis radioaqtiurobas. miRebuli monacemebis mixed-

viT ageben magraduirebel grafiks, romlis mixedviT 

gansazRvraven kaliumis Semcvelobis nimuSSi.  

xSir SemTxvevaSi radioaqtiur analizSi iyeneben 

xelovnuri gziT miRebul radioaqtiur izotopebs. 

aseve gamoiyeneba pirdapiri gansazRvra xsnarSi 

moniSnuli radioaqtiuri izotopebis gamoyenebiT. ma-

galiTad, kaTionebi daleqili fosfatiT, SeiZleba ga-

nisazRvros Na2HPO4-is saSualebiT, romelic moniS-

nulia *P-iT, risTvisac jer zomaven cnobili koncen-

traciis Na2HPO4-is xsnaris aqtiurobas. mas aorTq-

leben mSral naSTamde da zomaven radioaqtiur P32
-is 

gamosxivebas. Semdeg awarmoeben saanalizo elementis 

fosfatiT daleqvas, dedaxsnars acileben da aorTq-

leben, sazRvraven araregistrirebuli Na2HPO4-is aq-

tiurobas, aqtiurobis sxvaobiT angariSoben reaqciaze 

daxarjul moniSnuli natriumis hidrofosfatis rao-

denobas. 
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4
*2

4
*2 OMgHPOHPMg →+ −+

 

radiometriul titvraSi iyeneben izotopiT moniS-

nul nivTierebas. an titrants, Tu reaqciis produqts 

gamovyofT naleqis saxiT, an eqstraqciiT da gavzo-

mavT gasatitri nivTierebis aqtiurobas, titvris 

mrudze SeimCneva texili, romelic Seesabameba eqviva-

lentur wertils (nax. 33). 

 

 
nax. 33. radiometruli titvris mrudebi. a - aqtiuri P*  

Semcveli fosfatis aqtiurobis Secvla +2Mg -is xsnariT 

titvris dros. +− 2Mgb -is xsnaris aqtivobis Secvla P* -is 

Semcveli fosfatiT titvrisas. 

 

rogorc zemoT moyvanili magaliTidan Cans 

hidrofosfatis magniumiT titvrisas eqvivalentur 

wertilamde xsnaris aqtiuroba mkveTrad ecema, radgan 

radioaqtiuri 
−2

4
*OHP  xsnaridan gamoiyofa naleqSi. 

eqvivalenturi wertilis Semdeg aqtiuroba rCeba mud-

mivi (a ). 

hidrofosfatis magniumis xsnarze damatebisas 

xsnaris aqtiuroba eqvivalentur wertilamde ar icv-

leba, radgan radioaqtiuri P*
 gadadis naleqSi 

Na2HP*O4-is saxiT. eqvivalenturi wertilis Semdeg 
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xsnaris aqtiuroba izrdeba hidrofosfatis koncen-

traciis proporciulad (b). 
radiometruli titvris reaqciebi unda akmayofi-

lebdes Cveulebriv titrimetrul reaqciaze miyenebul 

moTxovnilebebs, kerZod, reaqciis bolomde raodenob-

rivi mimdinareoba, reaqciis produqtis mudmivoba da 

sxv. 

cnobilia radimetruli meTodebi, sadac reaqciis 

produqtis eqstraqcias awarmoeben organuli gamxsne-

lebiT diTizoniT, qloroformiT, naxSirbadis tetra-

qloridiT da sxv., rac eqvivalenturi wertilis zus-

tad dadgenis SesaZleblobas iZleva, radgan SeiZleba 

gaizomos orive fazis aqtiuroba. 

rTuli narevebis analizis dros iyeneben izoto-

pur ganzavebas. saanalizo nivTierebas umateben 

garkveuli raodenobis moniSnul izotops, ris Sede-

gad mcirdeba radioaqtiuroba, warmoebs izotopuri 

ganzaveba. Semdgom daleqviT an eqstraqciiT gamoyofen 

nivTierebis nawils da zomaven mis aqtiurobas, aqti-

urobis SesustebiT sazRvraven nivTierebis izotopuri 

ganzavebis xarisxs da nivTierebis raodenobas. maga-

liTad, iodid-ionis raodenoba bromid-ionebis Tanao-

bisas SeiZleba ganisazRvros I*
-iT moniSnuli NaCl-is 

damatebiT da amiakur garemoSi AgCl-iT nawilobrivi 

daleqviT. naleqis da aqtiuri NaCl-is aqtiurobis 

SesustebiT SeiZleba gamoiTvalos iodid-ionis Sem-

cveloba. 

aqtivaciuri analizi damyarebulia gansasazRvravi 

nivTierebis neitronebis nakadiT (neitronul aqtiva-

ciuri analizi), maRali energiis fotonebiT, an γ  - 

gamosxivebiT (fotoaqtivaciuri analizi) dasxivebaze. 

dasxivebis Sedegad birTvi waritacebs neitrons, 
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warmoiqmneba axali birTvi, romlis masa pirvandelze 

erTiT metia, xolo muxti ucvlelia, anu warmoiqmneba 

gansasazRvravi elementis izotopi. igi arastabilu-

robis gamo γ  - gamosxivebiT iSleba, miRebuli izo-

topebi gansxvavdebian naxevardaSlis periodiT. izo-

topebis radioaqtiuri gamosxivebis gazomviT awar-

moeben nivTierebis raodenobriv Semcvelobas.  

sinjis Semadgenlobis Sesaswavlad garkveuli 

drois ganmavlobaSi zomaven maT radioaqtiurobas. 

analizis Casatareblad saWiroa izotopebis naxevar-

daSlis periodis zustad codna. 

praqtikaSi awarmoeben erTi da igive pirobebSi 

saanalizo sinjis da cnobili Semcvelobis etalo-

nebis dasxivebas, rac sagrZnoblad amartivebs ana-

lizs. dasxivebis Semdeg sinji gadayavT xsnarSi, 

gamoyofen gansasazRvrav elements eqstraqciis, qroma-

tografiis, daleqvis an sxva meTodiT, awarmoeben 

gamoyofili produqtis aqtiurobis gazomvas, magram 

es meTodi gamoiyeneba im SemTxvevaSi, rodesac izo-

topebis naxevardaSlis periodi ar aris mcire. 

aqtivaciis meore meTodia γ  - speqtroskopia, 

damyarebuli γ  - gamosxivebis speqtris Seswavlaze. γ  

- gamosxivebis energia aris TvisebiTi, xolo aTvlis 

siCqare izotopis raodenobrivi maxasiaTebeli. 

gazomvas awarmoeben mravalarxiani γ  - speqtromet-

rebiT, naxevargamtari mricxvelebiT. meTodi sagrZ-

noblad swrafia da specifikuri, magram naklebad 

mgrZnobiare, vidre radiaqtiuri meTodi. 

aqtivaciuri analizis sxvadasxva variantebi far-

Tod gamoiyeneba maRali sisfTavis nivTierebebis gamo-

kvlevisaTvis, magaliTad, naxevargamtarebis, atomuri, 
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raketuli teqnika, geoqimiuri, Zveli sagnebis da 

mineralebis wlovanebis dadgena da sxv. 

aqtivaciuri analizis mniSvnelovan miRwevas war-

moadgens maRali mgrZnobiaroba 10-13-10-15g. rac damo-

kidebulia neitronebis simZlavreze da warmoqmnili 

izotopebis naxevardaSlis periodze. 

analizis radioaqtiuri meTodebiT gansazRvrisas 

saWiroa mkacrad iqnes daculi specialuri pirobebi. 

yvela gansazRvrebi unda warmoebdes boqsSi adamianis 

radiaqtiuri gamosxivebisagan dasacavad, dasxivebisa-

Tvis gamoiyeneba specialuri β  da γ  - gamosxivebis 

wyaroebi, radioaqtiuri izotopebi, qimiuri nivTiere-

bebi moniSnuli radioaqtiuri izotopebiT, impulsebis 

daTvla xdeba specialur gamomTvlelebSi. 

 

mass-speqtrometria 
 

mass-speqtrometruli analizi damyarebulia gazi-

seburi ionebis dacilebaze, rac damokidebulia Se-

fardebaze m/e, sadac m – masaa, xolo e – ionis muxti. 
gazis moculobis ionizacia midis eleqtronebis 

nakadiT: 

eMeM 2+→+ +
 

m/e sididis mixedviT sazRvraven ionis masiur 

ricxvs da Sesabamisi signalis mixedviT msjeloben 

ionis koncentraciaze. 

mass-speqtrometris principuli sqema mocemulia 

nax. 34. 
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nax. 34.  mass – speqtrometris principuli sqema   
1 – gaziseburi sinji, 2 – kaTodi, 3 – anodi,  

4 – damaCqarebeli firfitebi, 5 – magnituri veli,  
6 – deteqtori 

 

kameraSi saanalizo nivTiereba gadayavT gazise-

bur mdgomareobaSi 10-2...10-3 pa. kameris muSaobis reJimis 

dadgena xdeba imisda mixedviT advilad, Tu Znelad 

aqrolad nivTierebas Seicavs saanalizo nimuSi. gazi-

seburi sinjis analizis dros aorTqlebis stadia 

gamoricxulia, ris Semdeg xdeba molekuluri konis 

ionizacia, rac xorcieldeba fotonebiT, ionebiT, 

eleqtruli veliT da sxv. analizuri qimiis praqti-

kaSi farTod gamoiyeneba xelsawyoebi, romelSic ioni-

zacia xorcieldeba eleqtronuli an ionuri dayumba-

rebiT, an naperwkliani ganmuxtviT. eleqtronuli 

dayumbarebisas gamoiyeneba eleqtronuli stabilizi-

rebuli kona, mimarTuli sinjis nakadis perpendikula-

rulad. eleqtronebis nakadis energia mcirea da Sead-

gens 10-100 ev, ris Sedegad erTdroulad warmoebs 

ramdenime procesi. warmoiqmneba erTmuxtiani ionebi da 

nawilobrivad maRali muxtis ionebi. Tu dayumbarebis 

energia didia, romelsac SeuZlia gaxliCos qimiuri 

kavSirebi, warmoebs molekulebis fragmentacia, ris 

Sedegad warmoiqmneba e.w. ionuri natexebi. 



 128 

warmoqmnili dadebiTad damuxtuli ionebi 

gaivlian gamaZlierebel firfitebs, romelTa Soris 

potenciali sakmaod didia (ramodenime aTasi volti), 

ris Sedegad Rebuloben energias eV  da maTi siCqare 

izrdeba V-mde. energia eV  toli iqneba ionebis 

kinetikuri energiis 
2

v2m
 da ionur wyaros tovebs v  

siCqariT 

2

v2m
eV =                      (1) 

eleqtrul velSi gaZlierebis Semdeg ionebi swo-

ri kuTxiT gadakveTen H daZabulobis magnitur vels 

da xvdeba HeV  Zalis moqmedebis qveS, romelic mimar-

Tulia ionis perpendikularulad. amitom praqtiku-

lad ionebis moZraobis traeqtoria iqneba r radiusis 

Semowerilobis toli.     

Zalebis gatolebiT miviRebT: 

m

He
r=v  

miRebuli sidide CavsvaT (1) gantolebaSi, mivi-

RebT:  

2

222

2m

eHmr
eV =  

saidanac Semowerilobis radiusi tolia 

e

m
V

H
r 2

1=                       (2) 

ionebi, romlebic warmoqmnian r radiusis Semoweri-
lobis rkals, xvdebian deteqtorSi. ionebis deteqti-

reba warmoebs fotografiuli, an eleqtruli meTode-

biT. fotografiuli deteqtirebisas ionTa kona xvdeba 

fotofirze da iwvevs ionebis proporciul gaSvebas. 

eleqtrul deteqtorSi ionuri Zala izomeba eleqtro-
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metriiT, eleqtronuli gamaZlierebliT an sxva ana-

logiuri mowyobilobiT. signalis regulireba xdeba 

swrafad moqmedi potenciometriT. dResdReobiT mona-

cemebis damuSaveba xdeba kompiterulad. 

 (2) gantolebidan m/e = r2H2/2V 
mass-speqtris misaRebad SeiZleba Seicvalos marj-

vena nawilis cvladi sidideebi (r, H da V) da gaizomos 

fotofiris gaSaveba, an ionuri deni. radiusi r ar 
icvleba, romlis mniSvneloba eZleva xelsawyos mow-

yobilobiT da rCeba yvela ionebisaTvis mudmivi.  

amrigad  H-is SecvliT mudmivi V-s, an V-s SecvliT 

mudmivi H-isas, SeiZleba deteqtorze mivmarToT m/e 
toli sididis ionebi. mass-speqtrs warmoadgenen 

speqtrogramis, an cxrilebis saxiT, romelic Seicavs 

m/c sidides da mis Sesabamis intensiurobas. 
 

Tvisobrivi da raodenobrivi analizi 

 

Tvisobrivi mass-speqtrometruli analizi damyare-

bulia ionebis masis gazomvaze. masebis identifikacia 

warmoebs fotofirze xazebis ganlagebiT, romelsac 

afiqsireben, zomaven manZils saanalizo nivTierebisa 

da cnobili masebis xazebs Soris. 

mTeli rigi nivTierebebis masspeqtrebi sakmaod 

zustad aris Seswavlili da mocemulia specialur 

cxrilebSi. am cxrilebis gamoyenebisas mxedvelobaSi 

Rebuloben, rom ormuxtiani ioni 56 masiT iZleva 

speqtrSi iseTive xazebs, rogorc erTmuxtiani ioni 28 

masiT, aseve speqtris miRebis pirobebs – ionuri 

wyaros temperaturas, eleqtronebis energias da sxv. 

raodenobriv gansazRvras awarmoeben deteqtorze 

fiqsirebuli denis, an fotofiris gaSvebis xarisxis 
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mixedviT pirvel SemTxvevaSi gamoTvlebi damyare-

bulia imaze, rom ionuri denis (I) piki proporciulia 

komponentis Semcvelobis an mis parcialur wnevaze. 

PKCI ℵ==  

sadac K, ℵ - proporciulobis koeficientebia. C – 
koncentracia. p – wneva. 

mass-speqtruli meTodi farTod gamoiyeneba sxva-

dasxva nivTierebebis izotopuri Sedgenilobis, myari, 

Txevadi gazuri sinjebis analizisaTvis, organul qi-

miaSi mTeli rigi naerTTa klasebis, mravalkompo-

nentiani naxSirwylebis analizisaTvis, navTobqimiaSi, 

araorgnuli nivTierebis teqnologiaSi da sxv. 

mass-speqtrometriis meTodi xasiaTdeba universa-

lurobiT da maRali mgrZnobiarobiT 10-3...10-4%.  
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α

β 

I

II

 
 
nax. 35. sinaTlis gardatexa

Tavi X 

 
analizis refraqtometruli meTodi 

 

refraqcia anu gardatexa ewodeba sinaTlis sxivis 

sworxazovani gavrcelebis mimarTulebis Secvlas 

erTi garemodan meore garemoSi gadasvlisas. 

gardatxa, iseve rogorc STanTqma, aris misi 

garemosTan urTierTqmedebis Sedegi. 

sinaTle, romelic warmoadgens eleqtromagnitur 

rxevebs, nivTierebis atomebSi gavlisas eleqtromag-

nituri velis zemoqmedebiT iwvevs birTvisa da 

eleqtronebis iZulebiT 

rxevas, rasac Tan sdevs 

atomSi dadebiTi da uaryo-

fiTi eleqtronebis simZimis 

centrebis gadaadgileba da 

atomi iZens dipols. ase 

xdeba atomebis da moleku-

lebis polarizacia eleqt-

romagnitur velSi. es dipo-

lebi warmoqmnian meorad 

talRebs, romlebic sinaT-

lis talRebTan urTierT-

qmedebisas warmoqmnian rezultatur talRebs da 

vrceldebian sxva mimarTulebiT. 

sinaTlis gardatexa xasiaTdeba gardatexis maCve-

nebliT. n _ gardatexis maCvenebeli ewodeba dacemis 

kuTxis sinusis Sefardebas gardatexis kuTxis 

sinusTan (nax. 35)  

β
α

sin

sin

2

1 ==
n

n
n  ...                   (1) 
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nax. 36. sinaTlis gardatexa  
da sruli Sinagani areklva

Tu sinaTlis sxivi ecema ufro mkvrivi garemodan 

naklebad mkvriv garemos, maSin dacemis kuTxe naklebi 

iqneba gardatexis kuTxeze da piriqiT. dacemis kuTxis 

Semdgomi gazrdisas dadgeba momenti, rodesac garda-

texis kuTxe gautoldeba 900-s, da sxivi gasrialdeba 

gayofis zedapirze nax. 36. 

dacemis kuTxis 

Semdgomi gazrdisas 

sinaTlis sxivi ukve 

aRar gamodis garemo-

dan da imave garemoSi 

airekleba. am movlenas 

sruli Sinagani are-

klva ewodeba. 

iseT dacemis kuT-

xes, romlis Sesabamisi 

gardatexis kuTxe 900-

ia zRvruli anu kri-

tikuli kuTxe ewodeba 

da aRiniSneba ψ-Ti. 

Tu β=900, sinβ=1, 

maSin 
tn

n
n

ψsin

2

1 ==  aqedan 

n1=n2⋅sinψ 
e.i. ori nivTierebis Sexebis adgilze zRvruli 

kuTxis sidide damokidebulia mxolod am nivTierebis 

gardatexis maCvenebelze. 

maSasadame, Tu cnobilia erTi nivTierebis gar-

datexis maCvenebeli, SeiZleba moinaxos meore garemos 

gardatexis maCvenebeli zRvruli kuTxis saSualebiT. 
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sinaTlis sxivis gadaxra Tavisi sawyisi mimarTu-

lebidan miT metia, rac metia sinaTlis gavrcelebis 

siCqareTa sxvaoba am or garemos Soris: 

2

1

V

V
n =  

sadac n aris gardatexis fardobiTi maCvenebeli. igi 

gviCvenebs sinaTlis siCqaris cvlilebas erTi gare-

modan meoreSi gadasvlis dros. 

cnobilia, rom sinaTlis sxivi yvelaze meti siC-

qariT vrceldeba sicarieleSi. sicariele warmoad-

gens yvelaze ufro dabali optikuri simkvrivis gare-

mos. sinaTlis siCqare sicarieleSi 1,00027-jer metia 

sinaTlis haerSi gavrcelebis siCqareze. vinaidan si-

naTlis sxivis siCqare sicarieleSi aris minimaluri 

zRvari, amitom gardatexis maCvenebeli nebismier gare-

moSi metia erTze. 

gardatexis maCvenebels sicarielis mimarT 

ewodeba gardatexis absolituri maCvenebeli: 

V

C
N =  

da gviCvenebs, Tu ramdenjer naklebia sinaTlis 

siCqare am nivTierebaSi sicarielesTan SedarebiT. im 

garemos, romlisTvisac n metia, optikurad ufro 

mkvrivi garemo ewodeba. 

 

gardatexis maCveneblis damokidebuleba sxvadasxva 
faqtorebze 

 

gardatexis maCvenebeli damokidebulia mTel rig 

faqtorebze: 

1. simkvriveze. simkvrivis gazrda iwvevs gardate-

xis gazrdas: 
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f(n)=rd 
sadac n gardatexis maCvenebelia, r _ proporciu-

lobis koeficienti da xvedriTi refraqcia ewodeba, d 
_ simkvrivea. 

2. dacemuli sxivebis talRis sigrZeze, romelsac 

dispersia ewodeba Semdegia: rac naklebia dacemuli 

sxivebis talRis sigrZe, miT metia gardatexa. amitom 

aris, rom sxvadasxva talRis sigrZis sxivebi sxvada-

sxvanairad gardatydebian. xiluli sinaTlisaTvis 

udidesi gardatexis maCvenebeli axasiaTebs iisfer 

gamosxivebas talRis sigrZiT 397-424 nm, minimaluri ki 

wiTels talRis sigrZiT 640-732 nm. 

3. temperaturaze, anu gafarToebis koeficientze, 

yoveli airadi an Txevadi nivTierebis moculoba 

temperaturis aweviT izrdeba, maTi simkvrive ki mcir-

deba, rac gamoiwvevs gardatexis maCveneblis Semci-

rebas. magram, aq mxedvelobaSi unda miviRoT is faq-

tic, rom temperaturis aweviT izrdeba polarizaciis 

unaric, rac Tavis mxriv iwvevs gardatexis maCve-

neblis gazrdas. amis magaliTia umetesi minebi. 

4. nivTierebis bunebaze. igi damokidebulia defor-

maciis xarisxze, polarizaciis unarze, rac metia 

polarizaciis unari, miT metia gardatexa. nivTierebis 

bunebisagan damokidebulebis Sesaswavlad SemoRebu-

lia sidide, romelsac molekuluri refraqcia ewo-

deba. igi gamoisaxeba formuliT: 

d

M

n

n
R ⋅

+
−=

2

1
2

2

 

sadac n _ nivTierebis gardatexis maCvenebelia,  

M _ nivTierebis molekuluri wona, d _ simkvrive, R _ 
molekuluri refraqcia. 
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nax. 37. gardatexis maCveneblis 

damokidebuleba koncentraciaze

molekuluri refraqcia ar aris damokidebuli 

temperaturaze, arc wnevaze, arc nivTierebis agrega-

tul mdgomareobaze da rac mTavaria analizuri qimi-

isaTvis, axasiaTebs aditivobis Tviseba e.i. rTuli na-

erTis refraqcia tolia Semadgeneli nawilebis reaq-

ciebis jamisa: 

RAB=RA+RB 

analogiurad, narevis refraqcia tolia Semadge-

neli nawilebis refraqciaTa jamisa: 

Rnar=RACA+RBCB 

sadac C aris calkeuli Semadgeneli nawilis mo-

luri wili. 

 

koncentraciis gamoTvlis xerxebi 

 

1. koncentraciis gansazRvra magraduirebeli gra-
fikis gamoyenebiT 

am xerxiT koncentracias sazRvraven magradui-

rebeli grafikis agebiT koordinatebSi _ gardatexis 

maCvenebeli n, koncentracia C. amzadeben standartul 

xsnarebs mzardi koncentraciiT, zomaven TiToeuli 

maTganis gardatexis 

maCvenebels. am mona-

cemebis mixedviT age-

ben grafiks, ris Sem-

deg zomaven saanali-

zo xsnaris nx da gra-

fikis saSualebiT ga-

moTvlian Cx. damoki-

debuleba aris swor-

xazovani, romelic ar 

gadis koordinatTa 
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saTaveze (nax. 37). 

2. koncentraciis gansazRvra cxrilebis saSua-
lebiT. 

mTeli rigi organuli nivTierebis cnobili 

koncentraciis xsnarebisaTvis gazomilia gardatexis 

maCveneblis mniSvnelobebi da mocemulia saTanado 

cxrilebSi. 

3. refraqtometruli faqtoris saSualebiT. 

refraqtometruli faqtori (F) gviCvenebs garda-

texis maCveneblis zrdas, roca xsnaris koncentracia 

izrdeba 1%-iT da iangariSeba formuliT: 

F

nn
Cx

)( 0−= xsn.  

sadac nxsn aris xsnaris gardatexis maCvenebeli. 

n0 _ gamxsnelis gardatexis maCvenebeli. 

F _ analizuri refraqtometruli faqtori, rom-

lis gamoTvla xdeba eqsperimentulad an cxrilebis 

saSualebiT. 

magaliTad, NaCl-is 4% da 2% xsnarebs Soris gar-

datexis maCveneblis sxvaoba, gayofili koncentraci-

ebis sxvaobaze, romelic udris 2%-s. 

00165,0
)24(

)3364,13397,1( =
−
−=F  

Tu xsnari Seicavs erTze met komponents, maga-

liTad, sams, maSin analizis Sedegebi gamoiTvleba 

formuliT: 

x

x
x F

FCFCnn
C

)]([ 22110 ++−
=  

sadac Cx _ sami komponentis koncentracia, ganisaz-

Rvreba refraqtrometruli gziT. 

nx _ xsnaris gardatexis maCvenebeli 

n0 _ sufTa gamxsnelis gardatexis maCvenebeli. 
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C1 da C2 _ pirveli da meore komponentis 

koncentracia, romelic ganisazRvreba qimiurad. 

F1 da F2 _ komponentebis refraqtometruli faq-

tori, romelic ganisazrvreba qimiurad. 

Fx _ komponentis faqtori, romelic ganisazRvreba 

refraqtometruli gziT. 

 
refraqtometrebi РЛ da РПЛ 

 

refraqtometri aris xelsawyo, romelSiac xdeba 

gardatexis maCveneblis gazomva. gamoyenebulia Абб-s 
da pulfrixis tipis refraqtometrebi, romlis mniS-

vnelovan nawils warmoadgens sazomi prozma. igi dam-

zadebulia optikuri minisagan, romlis gardatexis 

maCvenebeli zustad aris cnobili. sazomi prizmis 

erTi gverdi optikur kontaqtSi mogvyavs gasazom 

sxeulTan da gvemsaxureba rogorc gamyofi zedapiri, 

romelzedac xdeba gardatexa an sruli Sinagani 

areklva. α kuTxes, romelic miiReba sxivebis Sesa-

svlel da gamosasvlel gverdebs Soris, prizmis 

gardatexis kuTxe ewodeba. 

ramdenime wveT saanalizo xsnars aTavseben ori 

prizmis (I da II) waxnagebs Soris. I prizmas aqvs 

kargad gaprialebuli brtyeli waxnagi AB -  gamzomi 
prizma, xolo II prizmas muqi brtyeli waxnagi A1B1 -  
gamSuqebeli prizma (nax. 38).  

sinaTlis wyarodan sxivebi ecema C1B1
 waxnags, 

gardatydeba da xvdeba muq zedapirze A1B1. muqi 

zedapiriT sxivis gafantvisas sakvlev xsnarSi Sedis 

sxvadasxva mimarTulebis sxivebi, romlebic gadian 

sakvlevi xsnaris fenaSi da ecemian I prizmis AB 
zedapirs. xelsawyoSi SeiZleba ganisazRvros 
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xsnarebi, romelTa gardatexis maCvenebeli naklebia I 

prizmis gardatexis maCvenebelze. am dros yvela 

mimarTulebis sxivebi minis da xsnaris sazRvarze 

ganicdian gardatexas da Sedian prizmaSi. 

 

 
nax. 38. refraqtometr РПЛ 2-Si sinaTlis sxivis  

gavlis sqema 

prizmidan gamosul sxivebze dakvirvebisas, rome-

lic axlosaa zRvrulTan, milis mxedvelobis are 

orad armoCndeba gayofili, erTi ganaTebuli, meore 

ki bneli, romelTa Soris sazRvari zRvruli sxivis 

Sesabamisia. 

zRvruli kuTxis sxvadasxva refraqtometrebi gan-

sxvavdebian erTmaneTisagan sazomi prizmis gardatexis 

kuTxis sididiT, kuTxis sazomi mowyobilobis kons-

truqciiT da gamoyenebuli sinaTlis wyaroTi. 

 
refraqtometris РПЛ optikuri sqema 

 

sinaTlis sxivi eleqtronaTuridan (1) orlinziani 

kondesatoris (2) saSualebiT miemarTeba gamaSuqebel 

prizmaSi (3), gaivlis sakvlev xsnars da sazom prizmas 
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(4), airekleba brtyel sarkeSi (5), miemarTeba pirda-

piri xedvis prizmisken (6), romelic gankuTvnilia 

sinaTlis Suqisa da Crdilis sazRvris dispersuli 

Sefervis mosacileblad, rasac aRweven misi brunviT 

xelsawyos optikuri RerZis garSemo (nax.39). 

Semdeg sinaTlis sxivi xvdeba orlinzian obieq-

tivSi (7) da gaivlis daxril brtyel paralelur fir-

fitas (8), romlis brunviT xdeba sinaTlis Suqisa da 

Crdilis sazRvris gadaweva, ris Semdeg xvdeba skalas 

(9) okulars (10), (11), (12) saSualebiT xvdeba damkvir-

veblis TvalSi. okularis fokalur sibrtyeSi mdeba-

reobs pirobiTi skala 0-100, romelic Seesabameba gar-

datexis maCveneblis cvlilebas 1,3330-1,3811-mde. xel-

sawyos Tan erTvis cxrili, romlis saSualebiT xdba 

gadayvana refraqtometris skalaze aTvlili danayo-

febis _ gardatexis maCveneblis sidideze. 

 

 
 

nax. 39. refraqtometr РПЛ-is optikuri sqema  
da saerTo xedi 
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muSaobis dawyebis win mowmdeba xelsawyos nulze 

dayenebis siswore, risTvisac sazom prizmaze aTav-

seben minis wkiriT 1-2 wveT gamoxdil wyals da axu-

raven zeda kameras. akvirdebian SuqCrdilis sazRvars, 

romelic unda emTxveodes skalis nulovan danayofs 

da sam samiznebel xazs. maSin xelsawyo nulzea daye-

nebuli da SeiZleba cdis Catareba. Tu ar emTxveva ma-

Sin damTxvevas axdenen specialuri dasayenebeli mo-

wyobilobiT, romelic moTavsebulia korpusis SigniT. 

 

 
laboratoriuli samuSaoebi 

 
samuSao 1. xsnarSi eTilis spiritis koncentraciis 

gansazRvra refraqtometruli meTodiT 

 

xsnarSi eTilis spiritis koncentraciis refraq-

tometruli gansazRvrisaTvis saWiroa magraduirebeli 

grafikis winaswar ageba, risTvisac zemoT aRwerili 

meTodiT sazRvraven gardatexis maCvenebels eTilis 

spirits mTeli rigi cnobili koncentraciis xsna-

rebSi. 

miRebuli SeaqvT cxrilSi 7.  

cxrili 7. 

  

gardatexis 

maCveneblis 

/n/sidide 

cdis 

# 

spirits 

Semcveloba 

xsnarSi 

(moc. %) 1 2 3 

/n/ 

saSualo 
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miRebuli monacemebis safuZvelze ageben magra-

duirebel grafiks, risTvisac abscisaze gadazomaven 

eTilis spirtis standartuli xsnarebis koncentra-

ciebis sidideebs (moculobiT %-Si), xolo ordina-

taze Sesabamis gardatexis maCveneblis gansazRvrul 

mniSvnelobebs. 

grafikis agebis Semdeg sazRvraven sakvlevi xsna-

ris gardatexis maCvenebels imave pirobebSi. miRebuli 

mniSvnelobis mixedviT grafikze monaxaven Sesabamis 

proeqcias jer grafikze, Semdeg ki abscisaze, rac 

Seesabameba sakvlev xsnarSi spirits koncentracias 

(moculobiT %-Si). 

 

samuSao 2. Saqris koncentraciis gansazRvra 
refraqtometruli meTodi 

 

Saqris koncentraciis gansazRvrisaTvis refraq-

tometruli meTodiT saWiroa magraduirebeli gra-

fikis winaswari ageba, risTvisac zemoT aRwerili me-

TodiT sazRvraven gardatexis maCvenebels Saqris mTe-

li rigi cnobili koncentraciis xsnarebSi. 

miRebuli Sedegebi SeaqvT cxrilSi 8. 

cxrili 8. 

  

gardatexis maCveneblis 

/n/sidide 
cdi

s 

# 

Saqris 

Semcveloba 

%-Si 1 2 3 

/n/ 
saSua

lo 
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miRebuli Sedegebis mixedviT ageben magra-

duirebel grafiks, risTvisac abscisaze gadazomaven 

Saqris standartuli xsnarebis koncentraciebis sidi-

deebs, xolo ordinataze Sesabamis gardatexis maC-

veneblis gansazRvrul mniSvnelobebs. 

grafikis agebis Semdeg sazRvraven sakvlevi xsna-

ris gardatexis maCvenebels imave pirobebSi. miRebuli 

mniSvnelobis mixedviT grafikze monaxaven Sesabamis 

proeqcias jer grafikze, Semdeg ki abscisaze, rac 

Seesabameba Saqris koncentracias sakvlev xsnarSi. 
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Tavi XI 

 
eleqtroqimiuri meTodebi 

 

eleqtroqimiuri meTodebi emyareba eleqtruli 

denis an eleqtrodis potencialis gazomvas, romle-

bic iqmneba an icvleba qimiuri an eleqtroqimiuri 

reaqciis mimdinareobis dros. ZiriTadi eleqtro-

qimiuri meTodebia: 

1. eleqtrogravometria – eleqtrowoniTi analizi; 

2. potenciometria; 
3. konduqtometria; 
4. voltampermetria da polarografia; 

5. kulonometria. 

 

eleqtrogravimetruli analizi 
 

eleqtrogravimetrul analizSi sakvlevi nivTie-

reba xsnaridan eleqtroliziT gamoiyofa winaswar 

awonil eleqtrodze metalis, an misi Jangeulis sa-

xiT. gansasazRvravi nivTierebis Semcvelobaze msje-

loben wonaTa sxvaobiT eleqtrolizis Semdeg da 

eleqtrolizis Catarebamde. 

eleqtrolizs safuZvlad udevs faradeis kanoni: 

eleqtrodze gamoyofili nivTierebis raodenoba 

eleqtrobis im raodenobis proporciulia, romelic 

xsnarTan SexebaSi myofi eleqtrodis zedapirze vadis, 

igi gamoisaxeba gantolebiT: 

F

EIt
m =  

sadac m aris gamoyofili nivTierebis raodenoba, gr. 

E – nivTierebis eqvivalenti, gr. 
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I – denis Zala, amperebSi. 

t – dro wamebSi, an saaTebSi. 

fardobas 
F

E
 nivTierebis eleqtroqimiuri eqviva-

lenti ewodeba, romelic gviCvenebs nivTierebis ra 

raodenoba gamoiyofa saTanado eleqtrodze erTi 

wamis, an erTi saaTis ganmavlobaSi, Tu denis Zala 

udris erT ampers. 

gravimetriul analizSi naleqisadmi mTavari moT-

xovnileba – praqtikuli uxsnadoba – eleqtroana-

lizSi kargad xorcieldeba, radgan metalebis umrav-

lesoba wyalSi ar ixsneba. magram eleqtrolizuri da-

leqva zogjer arasasurvelia arasakmao denis gata-

rebis gamo. eleqtrolizis dros daleqva xdeba mxo-

lod gansasazRvravi ionebis eleqtrodis zedapirTan 

miaxlovebis momentSi. amitom didi mniSvneloba aqvs 

xsnaris morevas. 

naleqisadmi meore mniSvnelovani moTxovnaa misi 

sisufTave, naleqis Sedgenilobis Sesabamisoba garkve-

ul formulasTan. es moTxovna eleqtrolizuri da-

leqvisas sruldeba gacilebiT ukeT, vidre gravimet-

ruli analizis meTodebis gamoyenebisas. ,,damleqavi” 

(eleqtronebi) sxvadasxva metalis ionebisaTvis erT-

nairia. miuxedavad amisa, garkveuli fizikuri da qi-

miuri pirobebis dacvisas, metalebis dacileba raode-

nobrivad xdeba. 

metalebis kristaluri meseris gansakuTrebuli 

xasiaTis gamo, xsnarSi myofi ionebi praqtikulad ar 

waritaceba metalebis eleqtrolizuri daleqvisas. 

maSasadame, aq ar gvxvdeba Tanadaleqvis movlena. 

naleqisadmi mesame moTxovna – sakmaod moxerxebu-

li, garkveuli agregatuli formiT miReba, eleqtro-
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lizis dros kargad sruldeba. garkveul fizikur-

qimiur pirobebSi naleqebi eleqtrodze miiReba 

mkvrivi fenis saxiT. gafiltvris operacia sruliad 

acilebulia, xolo garecxva Zalian mcire dros 

moiTxovs. 

metalebis eleqtrolizuri daleqvis Casatareb-

lad saWiroa reaqciis garkveuli fizikuri da qimiuri 

pirobebi. 

 

meatlebis daleqvis fizikuri pirobebi 
Zabvis gavlena  

 

fizikuri pirobebidan mTavari mniSvneloba aqvs 

Zabvas da denis Zalas. Tu eleqtrodze miyenebuli 

iqneba arasakmarisi Zabva, metali  saerTod ar gamo-

iyofa, an gamoyofa iqneba arasruli. Tu miyenebuli 

Zabva Zalian didia, maSin saWiro metalis garda 

eleqtrodebze SeiZleba gamoiyos xsnarSi myofi sxva 

metalebic. e.i. miiReba gaWuWyianebuli naleqi. Zalian 

didi Zabvisas xSirad warmoiqmneba metals fxvieri 

Rrubliseburi naleqi. 

amitom metalebis eleqtrolizuri daleqva auci-

leblad unda warmoebdes Zabvis garkveul intervalSi. 

 

denis Zalis da simkvrivis gavlena 
 

erTi grameqvivalenti metalis srulad dasale-

qavad saWiroa xsnarSi 96 500 kuloni (faradeis 

ricxvi). sinamdvileSi saWiroa mniSvnelovnad meti 

raodenoba eleqtrobis gatareba, vidre faradeis 

ricxvis mixedviTaa gamoTvlili, radgan kaTodze 

mimdinareobs Tanamde procesebi (wyalbadis gamoyofa, 
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−−
3NO ionebis aRdgena da sxv.). Tanamde reaqciebze 

denis xarji xSirad mcirdeba xsnaris morevisas e.i. 

dasaleqi metalis ionebis kaTodis zedapirTan swrafi 

miyvaniT. yvela SemTxvevaSi aucilebelia eleqtro-

lizis damTavrebis win Semowmdes daleqvis sisrule. 

denis Zala gavlenas axdens warmoqmnili naleqis 

xasiaTze. am SemTxvevaSi mniSvneloba aqvs ara eleqt-

robis raodenobas, aramed denis simkvrives kaTodze 

e.i. amperebis raodenobas kaTodis zedapiris erTeul-

ze. denis Zalis mcire simkvrivis dros zogjer 

metali ileqeba msxvili kristalebis saxiT, romlebic 

aramWidrod ekvris kaTods, garecxvis da gaSrobis 

dros advilad scildeba mas, ris gamoc miiReba ana-

lizis araswori Sedegebi. 

denis Zalis didi simkvrivisas xSirad warmoiqmneba 

metalis fxvieri Rrubliseburi naleqi. Zlieri denis 

gatarebisas xdeba metalis swrafi daleqva da metalis 

ionebis koncentracia eleqtrodebTan axlo frnaSi mkve-

Trad mcirdeba, ris Sedegad iwyeba wyalbadis gamoyofa 

da sxva movlenebi, rac iwvevs naleqis gafxvierebas. 

fxvieri naleqi advilad Camocviva eleqtrodidan, Zli-

er iJangeba gaSrobisas da amitom mouxerxebelia. 

denis Zalis saSualo intervalSi miiReba eleqtro-

dis zedapirze kargad mikruli, mkvrivi wvrilkrista-

luri naleqi, romelic advilad irecxeba, ar iJangeba 

gaSrobisas da muSaobaSic ufro mosaxerxebelia. 

 
metalebis daleqvis qimiuri pirobebi 

koncentraciis gavlena 

 

eleqtrodis potenciali damokidebulia ara mar-

to nivTierebis bunebaze, aramed xsnarSi ionTa konku-
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renciaze. magaliTad, 1 M vercxlis nitratis Semcvel 

xsnarebidan vercxlis gamoyofisaTvis saWiroa 0,9 B 
Zabvis miyeneba. Tu koncentracia naklebia 1 M –ze, 
maSin vercxlis gamoyofa gaZnelebulia da saWiroa 

meti Zabvis miyeneba. vercxlis nitratis ganzavebul 

xsnarSi (0,1 an 0,01 M ) moTavsebul eleqtrods 

wyalbadis eleqtrodis mimarT aqvs 0,9 B –ze naklebi 

potenciali. es ki iwvevs daSlis potencialis gazr-

das, radgan vercxlis gamoyofis potenciali gadaix-

reba marcxniv, anu wyalbadis gamoyofis potencialze 

Soris. liTonis eleqtrodis potencialis damokidebu-

leba xsnarSi ionTa koncentraciasTan gamoisaxeba 

nernstis gantolebiT: 

gC
n

EE o l
058,0+=  

vTqvaT eleqtrodi CaSvebulia xsnarSi, romlis 

koncentracia tolia 10-6 M erT litrSi, maSin 

[ ] BgAggEE o 45,06058,08,010058,08,0
1

058,0 6 =⋅−=+=++= −ll  

miRebuli Sedegebis mixedviT SeiZleba daSlis 

potencialis gamoTvla, romelic saWiroa vercxlis 

praqtikulad sruli gamoyofisaTvis, anu imisaTvis, 

rom xsnarSi darCes 10-6 M vercxlis ionebi. Cveu-

lebriv sargebloben gluvi platinis anodiT, romel-

zedac gamoiyofa Jangbadi, xsnars eleqtrolizis 

bolos aqvs mJava reaqcia. aseT pirobebSi wyalbadis 

eleqtrodis potenciali SeiZleba miviRoT 1,7 B toli. 

aqedan saWiro daSlis potenciali 

Ed = Ea – Ek = 1,7 – 0,45 = 1,25 B. 
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mJavianobis gavlena. daleqva gogirdmJava xsnarebidan 
 

aranaklebi mniSvneloba aqvs xsnaris mJavianobas, 

azotis an gogirdis anionebis Tanaobas, anionebis 

Seyvanas, romlebic metalTan warmoqmnian kompleqsna-

erTebs da sxv. 

gogirdmJava xsnarebis eleqtrolizis dros 

kaTodze umTavresad xdeba gansasazRvravi ionebis 

gantvirTva da metalebis saxiT daleqva: 

MeneMen →++
 

anodze xdeba Jangbadis gamoyofa: 

22 2/122 OHeOH ++→ +
 

mxedvelobaSi misaRebia is, rom xsnaris mJavianoba 

anoduri procesis Sedegad izrdeba, rac aZnelebs 

kaTodze metalis gamoyofas. am SemTxvevaSi aucile-

belia xsnaris nawilobriv ganeitraleba natriumis 

acetatis damatebiT. 

 

daleqva azotmJava xsnarebidan 

 

azotmJava xsnarebis eleqtrolizis dros kaTodu-

ri da anoduri procesebi igivea, rac wina SemTxvevaSi. 

eleqtrolizisaTvis iseTi xsnari unda momzaddes, 

rom uzrunvelyos azotis Jangeulebis da azotovani 

mJavas sruli mocileba. azotmJava xsnarebTan saqme 

gvaqvs metalis an Senadnobis azotmJavaSi gaxsnis Sem-

deg. aseTi xsnari yovelTvis Seicavs azotis Jangeu-

lebs, romlebic duRiliT unda mocildes. 

azotovani mJava ufro Zlieri damJangvelia, vidre 

azotmJava. amitom igi xsnis eleqtrolizis dros 

kaTodze gamoyofil metalebs. azotovani mJavas Tana-

obisas metalebis daleqva Zlier neldeba, an saerTod 
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ar mimdinareobs. azotovani mJavas mocileba SeiZleba 

Sardovanas damatebiT: 

OHNCOCONHNHHNO 222222 322 ++→+  

azotmJava xsnarebidan eleqtrolizis dros mniSv-

nelovan Tanamde kaTodur process warmoadgens azot-

mJavas anionis aRdgena amoniumis ionamde: 

OHNHeHNO 243 3810 +→++ ++−
 

es procesi mraval SemTxvevaSi sasargeblocaa, 

azotmJava ufro adre aRdgeba, vidre wyalbadis ione-

bi. amitom wyalbadi ar gamoiyofa manam, sanam ar 

damTavrdeba azotmJavas aRdgena amoniumis ionamde. 

amiT acilebuli iqneba metalis Rrubliseburi nale-

qis warmoqmnis mTavari mizezi. garda amisa, 
−
3NO  

ionebi ,,buferuli” ionebis rols asrulebs. 

 

daleqva marilmJava xsnarebidan 
 

marilmJavas xsnarebis eleqtrolizs iSviaTad 

iyeneben. marilmJava xsnarebis gamoyenebisas anodze 

miiReba Tavisufali qlori, romelic nawilobriv 

urTierTqmedebs platinis anodTan da anelebs meta-

lis daleqvas kaTodze. marilmJava xsnarebidan meta-

lebis gamoyolas awarmoeben Zlieri aRmdgenelis, 

magaliTad, hidroqsilaminis Tanaobisas, romelic 

aRadgens gamoyofil qlors: 

OHHClNClOHNH 2222 222 ++→+  

 

daleqva kompleqsuri naerTebis xsnarebidan 
 

kompleqsuri naerTebis xsnarebis eleqtrolizis 

mTavari Rirsebaa metalebis mkvrivi naleqebis miReba. 

magaliTad, vercxli gamoiyofa vercxlis nitratis 
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xsnaridan calkeuli grZeli kristalebis saxiT, ro-

melic kaTodidan advilad Camocviva. vercxlis ciani-

duri kompleqsebidan ki miiReba Tanabari mkvrivi na-

leqi. kompleqsuri marilebis eleqtrolizis SemTxve-

vaSi gamoyofis siCqare metad mcirea (vinaidan liToni 

Sedis kompleqsuri anionis uaryofiT nawilSi), ris 

Sedegad miiReba wvrilkristaluri mkvrivi naleqi. 

garda amisa, kompleqswarmomqmnelebis gamoyeneba 

cvlis calkeuli metalis gamoyofis potencialis si-

dides, rac qmnis dacilebisaTvis axal SesaZleb-

lobas. 

eleqtrolizis dros ufro xSirad iyeneben iseT 

kompleqswarmomqmnelebs, rogorica amiaki, kaliumis 

cianidi, natriumis tute, mJaunmJava da sxv. amiakuri 

xsnarebis eleqtrolizs iyeneben im SemTxvevaSi, ro-

desac gansasazRvravi ioni warmoqmnis xsnad amiaka-

tebs, magaliTad, nikelis, kobaltis, spilenZis da sxv. 

gansazRvrisaTvis. kaTodze ileqeba metali, anodze 

gamoiyofa Jangbadi. 

tute xsnarebis eleqtrolizs umTavresad iyeneben 

TuTiis gansazRvrisas. rogorc cnobilia, TuTiis 

ionebi Warb natriumis tutesTan warmoqmnis cinkatebs: 

Zn2+ + 4OH → ZnO2
¯  + 2H2O 

Tu xsnarSi aris 
−
3NO -ionebi, TuTia daileqeba 

mxolod mas Semdeg, roca damTavrdeba 
−
3NO -ionebis 

aRdgena amiakamde. 

cianiduri xsnarebis eleqtrolizs iyeneben vercx-

lis, kaliumis da sxv. elementebis gansazRvrisaTvis. 

anodze, hidroqsil-ionebis garda, ganimuxteba agreTve 

CN- - anionebi Tavisufali cianis (CN) gamoyofiT, ro-

melic momwamlavi gazia. misi gamoyofa rom Tavidan 
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aicilon, aucilebelia xsnars daematos cotaodeni 

Tavisufali tute: 

OHKCNOKCNKOHCN 22)( ++→+−
 

liTonis eleqtrolizuri gamoyofis procesi 

SeiZleba gaiyos or fazad: 1. ionebis difuzia ka-

Todis zedapirisaken, 2. liTonis gamoleqva Txevadi 

fazidan myar fazaSi. 

difuziis siCqare xsnaris saerTo koncentraciis 

proporciulia da temperaturis gadidebiT Zlier 

matulobs. eleqtrolizis process aCqarebs agreTve 

xsnaris moreva, romlis dros kaTodur areSi ionebi 

Sedis ufro meti raodenobiT, vidre normaluri 

difuziis dros. 

zemoT moyvanilidan Cans, rom eleqtrogravimet-

ruli meTodiT liTonebis gansazRvrisaTvis saWiroa 

Semdegi optimaluri pirobebi: 

1. eleqtrolizis Catareba mocemul liTonze 

wyalbadis gamoyofisaTvis saWiro potencialze ufro 

dabla e.i. eleqtrolizis Catareba mudmivi denis 

Zabvis garkveuli sididis dros. 

2. eleqtrolizis Catareba samuSao denis saSualo 

simkvrivis dros (0,001-0,01a /sm2). 

3. eleqtrolizis mimdinareoba liTonis TandaTa-

nobiT gamoyofis procesSi (Cveulebrivad – kompleqs-

naerTebidan). 

4. saanalizo xsnaris gacxeleba garkveul tempe-

raturamde. 

5. saanalizo xsnaris moreva eleqtrolizis pro-

cesis mimdinareobis dros. 
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nax. 40. Sigadenis eleqtrolizis 

danadgari  udiafragmod.  
1 – qimiuri Wiqa (eleqtrolizuri 
abazana);  2 – cinkis (an aluminis) 
eleqtrodi (anodi); 3 – platinis 
badisebri eleqtrodi (kaTodi);  

4 – spilenZis klema. 

Sigadenis eleqtrolizis meTodi 
 

Sigadenis eleqtrolizis meTodi damuSavebuli 

iyo sabWoTa mecnierebis luries, Cernixovis da sxv. 

mier. meTodma saxelwodeba miiRo imitom, rom masSi ar 

iyeneben denis gareSe wyaros, eleqtrolizuri gansa-

zRvrisaTvis gamoiyeneba galvanur elementSi mimdi-

nare procesebi. 

magaliTad, Tu spilenZis sulfatis xsnarSi CauS-

vebT TuTiis da platinis mokled CarTul eleqt-

rodebs, miiReba galvanuri elementi Zn/CuSO4/Pt. ufro 
uaryofiTi potencialis mqone TiTiaze am SemTxvevaSi 

daiwyeba anoduri procesi: 
+→− 22 ZneZn  

ris gamoc TuTia 

kaTionebis saxiT 

gadava xsnarSi da 

ganTavisuflebuli 

eleqtronebi gare 

kontaqtis saSuale-

biT gadavlen plati-

nis eletrodze, sai-

danac gadaecema 

xsnarSi myof spi-

lenZis ionebs e.i. 

platinis eleqtrod-

ze daiwyeba kaTo-

duri procesi: 

CueCu →++ 22
 

Sesabamis piro-

bebSi spilenZi xsna-

ridan platinis ele-
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qtrodze raodenobrivad gamoiyofa mkvrivi naleqis 

saxiT. spilenZis Semcveloba gamoiangariSeba kaTodis 

wonaTa sxvaobiT eleqtrolizis Semdeg da 

eleqtrolizamde. 

cnobilia Sigadenis eleqtrolizis Sesrulebis 

ori meTodi: 1) Sigadenis eleqtrolizi udiafragmod 

(luries meTodi) da 2) Sigadenis eleqtrolizi 

diafragmis gamoyenebiT (Cernixovis meTodi). 

 
Sigadenis eleqtrolizi udiafragmod  

(luries meTodi) 
 

am meTodiT gansazRrisas saTanado eleqtrodebis 

mokled CarTuli wyvili uSualod CaiSveba sakvlev 

xsnarSi (nax. 40). es varianti gamosadegia mxolod 

minarevebis Zalian mcire raodenobis gansazRvrisa-

Tvis. koncentraciis gazrdis dros adgili aqvs 

cementacias. cementacia ewodeba liTonis anodze 

uSualod gamoyofis movlenas. cementaciis mizezia: 

1. anodis gaWuWyianeba gareSe minarevebiT. 

2. anodsa da kaTods Soris cudi kontaqti, rom-

lis dros anodis ganmuxtva swrafad ar xdeba, 

eleqtrodis uaryofiTi potenciali izrdeba da 

liToni gamoiyofa anodze. 

3. gamosayofi liTonis mniSvnelovani kocentra-

cia. yoveli liTonisaTvis arsebobs sakuTari zRvru-

li koncentracia, romlis gadideba iwvevs cemen-

tacias. magaliTad, luries da ginzburgis monacemebiT 

spilenZi damakmayofileblad SeiZleba gamoiyos, Tu 

misi koncentracia sakvlev xsnarSi ar aRemateba 10mg 

100ml-Si. ufro maRali koncentracia iwvevs cemen-
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tacias. nikelisaTvis igive zRvruli koncentracia 

tolia 8mg 100ml-Si. 

 
Sigadenis eleqtrolizi diafragmis gamoyenebiT 

(Cernixovis meTodi) 

 

am meTodiT eleqtrolizis Catarebis dros ano-

duri are gamoyofilia kaToduri aresagan forovani 

diafragmis saSualebiT. diafragmis rols asrulebs 

anodze gadakruli kolodiumis Txeli apki (nax. 41).  

diagramis gamoyenebiT eleqtrolizis dros kon-

centraciebi SeiZleba 

mniSvnelovnad gaizar-

dos.  

eleqtrolizis es 

orive meTodi Tavisi 

msvlelobiT erTnairia, 

magram TiToeul maTgans 

gaaCnia Tavisi upirate-

soba da nakli. 

Sigadenis eleqtro-

lizi udiafragmod moiT-

xovs martiv danadgars 

da SeiZleba Sesruldes 

xsnaris morevis gareSe. 

vinaidan diafragma war-

moadgens mniSvnelovan 

winaRobas, Sigadenis 

eleqtrolizi udiafrag-

mod SeiZleba mimdinareobdes ufro maRali denis 

simkvrivis dros. e.i. ufro swrafad. meTodi moiTxovs 

eleqtrolizis pirobebis dacvas ufro viwro zRvreb-

 

nax. 41. Sigadenis 
eleqtrolizis danadgari 

diafragmiT. 1 – minis 
WurWeli; 2 – platinis 

badisebri kaTodi;  
3 - SemaerTebeli gamtari;  
4 – anodi; 5 – keramikuli 

diafragma. 
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Si, vidre eleqtrolizi difragmiT. udiafragmod Si-

gadenis eleqtrolizis dros aucilebelia cementa-

ciis winaaRmdeg specialuri zomebis miReba: 

1. anodis zedapiris da yvela kontaqtis zed-

miwevniT gasufTaveba. 

2. anodis zedapiris Semcireba. 
3. anodad sufTa liTonis gamoyeneba. 

4. eleqtrolizis abazanaSi anodis damazianebeli 

nivTierebebis gamoricxva, rac mniSvnelovnad amar-

tivebs eleqtrolizis process. 

5. gamosayof liTonisaTvis optimaluri koncen-

traciis dacva. 

Sigadenis eleqtrolizis meTods Cveulebriv 

eleqtrolizis meTodTan SedarebiT mTeli rigi 

upiratesoba aqvs: 

1. danadgaris simartive da mudmivi denis wyaros 
aucileblobis gamoricxva. 

2. Cveulebrivi eleqtroliziT Znelad dasaci-

lebeli procesebis gamoricxva, rac mniSvnelovnad 

amartivebs eleqtrolizis process. 

Sigadenis eleqtrolizis arsebiT nakls warmo-

adgens is, rom am meTodiT SeiZleba ganisazRvros 

mxolod liTonebis metad mcire raodenoba, radganac 

gamosayofi liTonis mniSvnelovani koncentraciis 

dros iwyeba cementacia. 

 

liTonebis eleqtrolizuri dacileba vercxliswylis 
kaTodis gamoyenebiT 

 

vercxliswylis kaTodis gamoyenebas platinis ka-

TodTan SedarebiT Semdegi upiratesoba da Tavise-

bureba axasiaTebs: 
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nax. 42.  
eleqtrolizis 

ujredi  
vercxliwylis 

kaTodiT. 

1. liTonebis umetesoba kargad ixsneba  vercx-

liswyalSi amalgamebis an koloiduri xsnarebis war-

moqmniT. amasTan dakavSirebiT liTonebis eleqtro-

lizuri gamoyofa gacilebiT advilia. mTeli rigi 

liTonebisa (rkina, molibdeni da sxva), romlebic myar 

kaTodze srulebiT ar gamoiyofa, an maTi eleqtro-

lizuri daleqva Zalze gaZnelebulia, vercxliswylis 

kaTodze xsnaridan raodenobrivad advilad gamoiyofa 

(nax. 42). 

2. wyalbadis ganmuxtva vercxliswylis sarkisebur 

zedapirze moiTxovs gacilebiT met Zabvas, vidre 

ganmuxtva platinaze. amasTan dakavSirebiT vercxlis-

wylis kaTodze advilad ileqeba zogierTi eleqtro-

uaryofiTi potencialis mqone liTonebi (TuTia, 

kadiumi, bismuti da sxv.). daleqva mimdinareobs wyal-

badis gamoyofis gareSe, rome-

lic myari eleqtrodebis Sem-

TxvevaSi Rrubliseburi naleqe-

bis warmoqmnas iwvevs da aZne-

lebs liTonis raodenobriv ga-

moyofas. 

vercxliswylis kaTodis 

gamoyenebas praqtikuli mniS-

vneloba aqvs, rodesac saWiroa 

amalgamis warmomqmneli erTi 

elementis didi raodenobis, an 

ramdenime metalis erTdrou-

lad dacileba im liTonis mi-

narevebisagan, romelic rCeba 

xsnarSi. 

iseTi elementebi, rogori-

caa alumini, titani, cirko-
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niumi, fosfori, dariSxani, vanadiumi da sxv. ar war-

moqmnian amalgamebs da vercxlis kaTodiT eleqtro-

lizis dros rCeba xsnarSi. sxva liTonebi, rogoricaa 

qromi, rkina, spilenZi, bismuti, vercxli, kadiumi, 

molibdeni, TuTia, kala, nikeli, kobalti da sxv. advi-

lad da raodenobrivad ileqebian vercxliswylis ka-

Todze. 

moyvanili daxasiaTebidan Cans, rom eleqtrolizi 

zogierT SemTxvevaSi warmoadgens metalebis daci-

lebis da raodenobrivi gansazRvris sakmaod moxerxe-

bul meTods. 

 

 
laboratoriuli samuSaoebi 

 
samuSao 1. nikelis eleqtrogravimetriuli gansazRvra 

 

nikelis eleqtrogravimetriul gansazRvras awar-

moeben sulfat-amiakuri xsnarebidan, romelSic nikeli 

imyofeba kompleqsnaerTis saxiT: 

[ ] ++ →+ 2
433

2 )(4 NHNiNHNi  

[ ] 3
2

43 42)( NHNieNHNi +→++
 

 
gamoyenebuli reaqtivebi da aparatura 

 

1. nikelis marilis Semcveli 0,1 M saanalizo 

xsnari 

2. HNO3, (1:1) da 2 M xsnarebi 
3. NH4OH  0,1 M  da 25%-ni xsnarebi 

4. (NH4)2 SO4, kristaluri 

5. dimeTilglioqsimis spirtiani xsnari 

6. eTilis spirti 
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7. eleqtro qura 

8. magnituri sarevela 

 
analizis msvleloba 

 

samuSaos dawyebis win aucilebelia eleqtrodebis 

guldasmiT gasufTaveba, risTvisac Cayursaven ganza-

vebul marilmJavaSi (1:1), ris Semdeg recxaven jer 

onkanis da Semdeg gamoxdili wyliT. anodis momza-

deba amiT mTavrdeba. 

kaTodi awonis win kargad unda gaSres, risTvisac 

aTavseben eTilis spirtSi, aSroben TermostatSi 105˚-
sas 20 wuTis ganmavlobaSi. acieben eqsikatorSi da 

wonian analizur sasworze. 

eleqtrolizis danadgars awyoben nax. 43 moce-

muli principuli sqemiT: sakvlev xsnars aTavseben 

qimiur WiqaSi (7), umateben 10-15ml koncentrirebul 

NH4OH, 5gr amoniumis sulfats da anzaveben gamox-

dili wyliT 100-200ml-mde. nikelis Semcvelobis SemT-

xvevaSi sakvlevi xsnari Seifereba iisfrad (nikelis 

kompleqs-amiakatis warmoqmnis gamo). 

 
nax. 43. eleqtrolizis danadgaris principuli sqema 
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WiqaSi CauSveben ampulas magnitiT, aTavseben 

eleqtroquraze da CarTaven magnitur sarevelas. xsna-

ris 50-60˚-mde gacxelebis Semdeg WiqaSi CauSveben 

winaswar awonil platinis kaTods (8) da anods (9) da 

CarTaven mudmiv dens. eleqtrolizis sawyis Zabvas 2,5 

V ayeneben (2), (3), (4) reostatis saSualebiT. 10 wuTis 

Semdeg Zabvas zrdian 2,8V-mde, 5 wuTis Semdeg 3V-mde, 

ris Semdeg eleqtrolizi grZeldeba kidev 5-10 wuTi. 

kaTodze nikelis sruli gamoyofis Sesamowmeblad 

saaTis minaze aTavseben sakvlevi xsnaris 1-2 wveTs da 

umateben dimeTilglioqsimis spirtian xsnars (Cugaevis 

reaqtivi) nikelis aRmoCenis SemTxvevaSi eleqtrolizs 

ganagrZoben nikelis srul gamoyofamde (sinji 

Cugaevis reaqtiviT yovel 10 wuTSi). 

eleqtrolizis damTavrebis Semdeg denis gamour-

Tavad eleqtrodebs amoiReben xsnaridan, moaTavseben 

cariel WiqaSi da swrafad recxaven gamoxdili wyliT 

(radgan nikelis naleqi SeiZleba nawilobriv gaixsnas 

amoniakur eleqtrolitis wveTebSi ukudenis moqme-

debis gamo). Semdeg gamorTaven dens, recxaven kaTods 

wyliT, spirtiT, aSroben saSrob karadaSi 105˚-sas, 
aciveben eqsikatorSi da wonian analizur sasworze. 

nikelis raodenobas sakvlev xsnarSi gamoiTvlian 

formuliT: 

m = m2 – m1 

sadac m – nikelis raodenoba, gramebSi; 

m2 – platinis kaTodis wona eleqtrolizis Semdeg, 

gramebSi; 

m1 – platinis kaTodis wona eleqtrolizis win, 

gramebSi. 

samuSaos damTavrebis Semdeg kaTodze daleqil 

nikels xsnian marilmJavaSi (1:1), ris Semdeg kaTods 
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jer recxaven onkanis da Semdeg gamoxdili wyliT. 

samuSaos Sedegebi formdeba cxrilis saxiT. 

 

cxrili 9. 

platinis kaTodis 
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e
l
e
q
t
r
o
b
i
s
 

d
r
o
, 

t (
w
u
T
e
b
S
i
) 

 

d
e
n
i
s
 
Z
a
b
v
a
, 
V
 

(v
o
l
t
e
b
S
i
) 

 

d
e
n
i
s
 
Z
a
l
a
 
I 

(a
m
p
e
r
e
b
S
i
) 

 

eleqtro

lizis win 

m1 

 

eleqtro

lizis 

Semdeg m2

 

s
a
k
v
l
e
v
 
x
s
n
a
r
S
i
 

g
a
n
s
a
z
R
v
r
u
l
i
 
n
i
k
e
l
i
s
 

r
a
o
d
e
n
o
b
a
, 
g
r
 

m
 

 

  

 

 

 

    

 

 
samuSao 2. spilenZis gansazRvra Sigadenis 

eleqtrolizis meTodiT 
 

spilenZis gansazRvra damyarebulia azotmJava 

xsnarebidan kaTodze eleqtrodaleqvis reaqciiT gamo-

yofili naleqis awonaze: 

CueCu →++ 22
 

 
gamoyenebuli reaqtivebi da aparatura 

 

1. spilenZis marilis Semcveli 0,1 M xsnari 
2. NaOH, 25%-ni xsnari 

3. HNO3, (1:1) xsnari 
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4. H2SO4, (1:2) xsnari 
5. platinis badisebri kaTodi 

6. anodi aluminis (an TuTiis) 

7. eTilis spirti 

8. eleqtro qura 

 

analizis msvleloba 
 

samuSaos dawyebis win aucilebelia kaTodis, 

anodis kontaqtebis da maTi zedapiris gawmenda. 

aluminis anodis xmarebis SemTxvevaSi axdenen 

eleqtrodis pasivacias (Jangeulis afskiT dafarva), 

risTvisac Cayursaven mas erTi wuTiT natriumis 

tutiis 25%-an xsnarSi da recxaven jer onkanis da 

Semdeg gamoxdili wyliT. 

platinis kaTodis momzadebisaTvis recxaven 

ganzavebuli azotmJaviT (1:1), onkanis wyliT da 

spirtiT, ris Semdeg aSroben saSrob karadaSi 105˚-is 
dros, aciveben eqsikatorSi da wonian analizur 

sasworze. 

kaTodis da anodis momzadebis Semdeg awyoben 

Sigadenis eleqtrolizis danadgars nax. 43 mocemuli 

sqemis mixedviT. 

spilenZis Semcvel saanalizo xsnars aTavseben 

eleqtrolizis ujredSi, umateben 3ml H2SO4 (1:2) da 

anzaveben gamoxdili wyliT 150ml-mde. miRebul narevs 

acxeleben eleqtro quraze 80-85˚-mde da masSi uSveben 
eleqtrodebis wyvils. eleqtrolizs awarmoeben 40 

wuTis ganmavlobaSi. 

spilenZis sruli gamoyofis Sesamowmeblad 

eleqtrolizis ujredSi umateben gamoxdil wyals im 

raodenobiT, rom siTxis donem aiwios 1-1,5sm-iT da 10-
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15 wuTis Semdeg akvirdebian kaTodis zedapirs. Tu 

kaTodis zeda nawilze spilenZi aRar gamoiyofa, 

eleqtrodebs iReben xsnaridan da recxaven gamoxdili 

wyliT, Semdeg daacileben eleqtrodebs erTmaneTs da 

kaTods garecxaven spirtiT, gaaSroben TermostatSi, 

acieben eqsikatorSi da wonian analizur sasworze. 

spilenZis Semcvelobis sakvlev xsnarSi gamo-

iTvlian formuliT: 

m = m2 – m1 

sadac m aris spilenZis raodenoba, gr. 

m2 – platinis kaTodis wona eleqtrolizis 

Semdeg, gr. 

m1 – platinis kaTodis wona eleqtrolizis win, 

gr. 

samuSaos damTavrebis Semdeg platinis kaTodze 

gamoyofili spilenZis mosacileblad kaTods recxa-

ven jer ganzavebuli azotmJaviT (1:1), Semdeg onkanis 

da gamoxdili wyliT. 
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Tavi XII 

 
analizis potenciometruli meTodi 

 

analizis potenciometrul meTods safuZvlad 

udevs sakvlev xsnarSi CaSvebuli saTanado eleqtro-

dis potencialis cvlilebis gazomva. potencialis 

sidide, romelic sakvlev xsnarSi arsebul ionTa kon-

centraciis logariTmul funqcias warmoadgens, damo-

kidebulia eleqtrodis bunebaze, xsnaris bunebaze da 

koncentraciaze, romelSiac CaSvebulia eleqtrodi, 

qimiuri reaqciis xasiaTze, temperaturaze da sxva. 

eleqtruli wyvilis potencialTa sxvaobis anu e. m. Z-

is gazomva saSualebas gvaZlevs vawarmooT dakvirveba 

qimiuri reaqciis msvlelobaze. 

Tu liTonis eleqtrodi CaSvebulia xsnarSi, ro-

melic Seicavs amave liTonis ionebs, myar da Txevad 

fazas Soris myardeba wonasworoba 

enMeMe n +↔ +0
 

eleqtrodis potencials, romelic warmoiqmneba 

sazRvarze xsnari-liToni ewodeba wonasworuli po-

tenciali, romlis damokidebuleba liTonis ionTa 

koncentraciasTan gamoisaxeba nernstis gantolebiT: 

Mex C
nF

R
EE ln0 ⋅+=  

sadac 

0E  _ aris normaluri potenciali 

F  _ faradeis ricxvi (96500k) 

T _ absolituri temperatura 

R _ airis mudmiva (8,313j) 

MeC  _ liTonis ionebis koncentracia 

n _ liTonis ionebis muxti 
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Tu CavsvamT R, FFda T mniSvnelobas 25°-is dros 
da gadavalT aTobiT logariTmze, miviRebT 

Mex C
n

EE lg
058,0

0 ⋅+=  

Jangva-aRdgenis reaqciebi xasiaTdebian gansazRv-

ruli potencialis mniSvnelobiT, romelic damoki-

debulia sistemis bunebaze, aRdgenili da daJanguli 

formebis koncenraciaze da gamoisaxeba formuliT: 

[aRdg.]

[daJ.]
lg

058,0
0 ⋅+=

n
EEx  

sadac 

0E  _ aris Jangva-aRdgenis normaluri potenciali 

n _ eleqtronebis ricxvi, romelic monawileobs 

reaqciaSi 

[daJ.]  _ daJanguli formis koncentracia 

[aRdg.] _ aRdgenili formis koncentracia. 

Tu sistemaSi iRebs monawileobas wyalbadis 

ionebi, maSin eleqtrodis potenciali iqneba damoki-

debuli xsnarSi wyalbad-ionebis koncentraciaze: 

[ ]
δ

+⋅
⋅+=

.][

][
lg

058,0
0

aRdg

daJ.
m

x

H

n
EE

α

 

sadac α, δ da m _ steqiometruli koeficientebia. 

 

normaluri potenciali 
 

eleqtrodis potencialis pirdapir gazomva ar 

SeiZleba. amitom eleqtrodis potencials adareben 

meore eleqtrodis potencials, romelic pirobiTad 

nulis tolad aris miRebuli. 

aseT Sesadarebel anu etalonur eleqtrodad mi-

Rebulia wyalbadis normaluri eleqtrodi. igi warmo-

adgens platinis firfitas, romelic dafarulia pla-
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tinis SaviT, gajerebulia wyalbadiT normaluri at-

mosferuli wnevis dros. 

firfita CaSvebulia xsnarSi, romlis wyalbadis 

ionebis aqtivoba tolia 1 gr. eqv. wyalbadi, romelic 

adsorbirebulia firfitaze, xsnarSi wyalbad ioneb-

Tan iqceva, rogorc liTonis eleqtrodi Tavisive 

ionebTan. wonasworoba gamoisaxeba formuliT: 

eHH 222 +↔ +
 

eleqtrodis potencials, romelic CaSvebulia sa-

Tanado marilis xsnarSi 1 g/eqv. aqtivobiT da gazo-

milia wyalbadis normalur eleqtrodTan Sedare-

bisas, normaluri potenciali ewodeba da aRiniSneba 

E0-iT. 

rac Seexeba eleqtrodis muxts, Tu igi damza-

debulia liTonisagan, romelic aqtivobis mwkrivSi 

mdebareobs wyalbadis Semdeg, iqneba uaryofiTi, xolo 

wyalbadamde - dadebiTi.  

normaluri potencialebis mniSvneloba 25°-is 
dros mocemulia cxrilSi. 

 

realuri potenciali 

 

Cveulebriv pirobebSi normaluri potencialebiT 

ar SeiZleba sistemebis Sedareba, radgan xsnarSi, 

garda moqmedi ionebisa, gvaqvs gareSe ionebi, rom-

lebic reaqciaSi ar monawileoben, magram gavlenas ax-

denen Jangva-aRdgeniT potencialze. aseTi ionebi xSi-

rad SeiZleba iyos kompleqswarmomqmneli ionebi, rom-

lebic moqmedeben daJangul da aRdgenil formebTan. 

magaliTad, +
+

2

3

Fe
Fe  wyvilis normaluri potenciali 
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tolia +0,77V, cianid-ionebis Tanaobisas xdeba komp-

leqsis warmoqmna da potenciali tolia +0,36V. 

realur potencials didi mniSvneloba aqvs poten-

ciometruli titvris dros. magram igi jer kidev kar-

gad ar aris Seswavlili da amitom sargebloben Teo-

riulad gamoTvlili wonasworuli potencialis 

mniSvnelobiT. 

 

eleqtrodebi 
 

potenciometruli gansazRvrebisas sakvlev xsnar-

Si aTavseben or eleqtrods. erT eleqtrods, romlis 

potencialis sidide damokidebulia sakvlev xsnarSi 

gansasazRvravi ionebis koncentraciaze da gatitvris 

dros cvlis indikators, ewodeba indikatoruli 

eleqtrodi. 

indikatoruli eleqtrodis potenciali SeiZleba 

gaizomos romelime arapolaruli eleqtrodis mimarT, 

romlis potenciali ar icvleba gatitvris dros da 

ixmareba indikatoruli eleqtrodis potencialis ga-

sazomad, Sesadarebeli an standartuli eleqtrodi 

ewodeba. aseT eleqtrodebad gamoyenebulia meore 

rigis eleqtrodebi. 

indikatoruli eleqtrodebi iyofa or saxecvli-

lebad: metaluri da membranuli eleqtrodebi. meta-

luri eleqtrodebi Tavis mxriv iyofa aqtiurad da 

inertulad. 

yvela liToni ar SeiZleba gamoyenebul iqnes 

indikatorul eleqtrodad. magaliTad, Pt, Cu, Hg, Pb, 
radgan haerze ifarebian pasivirebuli Jangis feniT da 

kargaven mgrZnobiarobas wyalbadis-ionebis mimarT, 

eleqtrodis wonasworoba myardeba nela, amitom maT 
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iSviaTad iyeneben. gamoyeneba SesaZlebelia, Tu li-

Tons gaxsnian vercxliswyalSi. aseT eleqtrodebs 

amalgamiani eleqtrodebi ewodeba. amalgamiani eleq-

trodebis upiratesoba metalur eleqtrodebTan Seda-

rebiT aris is, rom isini ar reagireben mJavebTan da 

wonasworobac xsnarsa da eleqtrods Soris myardeba 

swrafad. 

metalur eleqtrodebs uyeneben Semdeg moTxovni-

lebebs: indikatoruli eleqtrodi unda iyos Seqce-

vadi, anu misi potenciali unda icvlebodes xsnarSi 

ionTa koncentraciis SecvliT; iyos qimiurad mdgradi 

im nivTierebebis mimarT, romlebic aris xsnarSi. 

magaliTad, TuTiis eleqtrodi ar gamoiyeneba mJava 

garemoSi, radgan igi ixsneba mJavaSi. aseve, Tu xsnari 

Seicavs ufro eleqtrodadebiT liTonebs, rogoricaa 

spilenZi, spilenZis ionebi gamodevnian xsnaridan 

TuTias: 

++ +→+ 22 ZnCuZnCu  

rac mTavaria, eleqtrodis potenciali unda myar-

debodes swrafad, winaaRmdeg SemTxvevaSi gatitvra 

moiTxovs did dros. 

inertuli eleqtrodebia platina, oqro, paladi-

umi, romlebic uSualod ar monawileoben eleqtro-

qimiur reaqciaSi. potenciali damokidebulia saana-

lizo xsnarSi gansasazRvravi ionebis daJanguli da 

aRdgenili formebis Tanafardobaze. 

indikatoruli eleqtrodebis SerCeva xdeba im 

reaqciis tipis mixedviT, romelic safuZvlad udevs 

potenciometrul titvras. kerZod, neitralizaciis 

meTodSi mJavebis da tuteebis gasatitrad gamoiyeneba 

minis, qinhidronis, liTonJangis da sxv. eleqtrodebi. 

Jangva-aRdgenis reaqciaSi - platinis, oqros da 
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paladiumis eleqtrodebi, daleqvis da kompleqswar-

moqmnis reaqciaSi - vercxlis da vercxliswylis 

eleqtrodebi. Sesadarebel eleqtrodad gamoiyeneba 

meore rigis eleqtrodebi. magaliTad, kalomelis 

eleqtrodi. igi Sedgeba liTonuri vercxliswylsagan 

da KCl-is xsnarisagan, romelic gajerebulia kalo-

meliT 22 lCHg . aseTi eleqtrodis potenciali gani-

sazRvreba sistemiT: 

KClClHgHg // 22  

da qlorvercxlis eleqtrodi, romelic Sedgeba 

vercxlis mavTulisagn, romelic CaSvebulia  KCl-is 
najer xsnarSi da Seicavs mcire raodenobiT vercx-

lis qlorids. umjobesia  AgCl gavalRoT da masSi 

CavdgaT vercxlis mavTuli. gaciebis Semdeg eleqtro-

di ifareba AgCl-is Tanabari feniT, romelsac aTav-

seben KCl-is najer xsnarSi. aseTi eleqtrodis poten-

ciali ganisazRvreba sistemiT: 

KClAgClAg //  

                      
ionoseleqtiuri membranuli eleqtrodebi 

 

ionoseleqtiuri eleqtrodebi eleqtroqimiuri 

naxevarelementebia, romelSic potencialTa sxvaoba 

fazebis gamyof zedapirze damokidebulia xsnarSi 

gansasazRvravi ionebis aqtivobaze. eleqtrodis masa-

la warmoadgens myar an Txevad membranas, romelic 

mgrZnobiarea mxolod erTi romelime ionis mimarT. 

masSi Seyvanilia gansasazRvravi ionebis mowyvetis 

unaris mqone nivTiereba. es ionebi wyalSi an eleq-

trolitis xsnarTan Sexebisas Sesabamisad gadadian 

xsnarSi da, piriqiT, xsnaridan membranaSi, ris Se-

degad membrana iZens xsnarSi gadasuli ionebis sawi-
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naaRmdego niSnis muxts. fazebis gamyof zedapirze 

warmoiqmneba membranuli potenciali Em, romlis 

mniSvneloba nernstis gantolebis mixedviT damokide-

bulia xsnarSi arsebuli ionebis aqtivobaze: 

mEEEE =−=Δ 21  

''

'
'

a

a
n

F

RT
EE l+=m   

Tu consta ='' , maSin 

'lg a
F

RT
KE +=m  

sadac E1
 aris potenciali membranis gare zeda-

pirze. gare zedapiri kontaqtSia saanalizo xsnarTan, 

romlis koncentracia 'a  ucnobia. 2E  _ membranis Siga 

zedapiris potencialia, Siga zedapiri kontaqtSia 

standartul xsnarTan, romlis koncentracia ''a  

mudmivia da cnobilia. membranis Siga da gare 

zedapirebs Soris Cndeba potencialTa sxvaoba EΔ , 

romelic udris membranis potencials mE . am ganto-

lebidan Cans, rom membranis potenciali damokidebu-

lia sanalizo xsnaris koncentraciaze: 

)''(afE =m  

gamoyenebuli masalis mixedviT membranuli 

eleqtrodebi iyofa oTx jgufad: minis eleqtrodebi, 

eleqtrodebi myari membraniT, eleqtrodebi Txevadi 

membraniT da eleqtrodebi airmgrZnobiare membraniT 

(nax. 44, 45). 

pirveli membranuli eleqtrodi iyo minis eleqt-

rodi, romelic iqna gamoyenebuli wyalbad-ionebis 

koncentracias gasazomad pH-is farTo zRvebSi 0_13. 
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nax. 46. minis eleqtrodi: 
1 – korpusi; 2 – burTula; 
3 – xsnari; 4 – kontaqturi 

naxevarelementi; 
5 – eleqtrometruli xidi. 

 
nax. 44. Txevadmembranuli 

eleqtrodi:  
1 – forovani plastikuri 

membrana; 2 – AgCl-iT 
gajerebuli Me Cl2-is 

wyalxsnari; 3 – Txiadi 
organuli ioniti; 4 – gare 

mili; 5 – Sida mili;  
6 – vercxlis eleqtrodi 

 
nax. 45. air-mgrZnobiare 

eleqtrodi:  
1 – airgamavali membrana;  

2 – indikatoruli eleqtro-
di; 3 – Sesadarebeli 

eleqtrodi; 4 – plastikuri 
mili; 5 – Sida xsnari; 

6 – gare xsnari 

 

minis eleqtrodi damzadebulia specialuri mini-

sagan (1), romelic Seicavs umetesad tute liTonebs Li 
da Na  (nax. 46). mils bo-

loSi aqvs 15-20 mm diamet-

ris burTula (2), romelic 

Sevsebulia 0,1 N NaCl Lan 
romelime buferuli xsna-

riT (3). burTulis SigniT 

moTavsebulia qlorvercx-

lis eleqtrodi (4). minis 

eleqtrods aTavseben sakv-

lev xsnarSi da eleqtro-

lituri gamtaris saSuale-

biT uerTeben standartul 

kalomelis eleqtrods da 
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Rebuloben jaWvs: 

Ag/AgCl/0,1 N HCl/mina/H+ /KCl/ 22ClHg /Hg 

Txeli minis zedapirze, romelic yofs ori sxva-

dasxva koncentraciis mqone wyalbad-ionebs, aRiZvreba 

potenciali. mina asrulebs eleqtrodis rols, rome-

lic Seqcevadia wyalbad-ionebis mimarT. xsnarSi 

myardeba rTuli wonasworoba, romelic gamowveulia 

wyalbad-ionebis difuziiT xsnaridan minaSi da liTi-

umis da natriumis ionebis - minidan xsnarSi, rac SeiZ-

leba gamoyenebul iqnes  pH-is gasazomad: 

H+
 (xsnarSi) ⇄H H+

 (minaSi) 

minis eleqtrodis eleqtrogamtaroba Zalian mci-

rea, amitom jaWvSi gamavali deni gansazRvris win 

unda gaZlierdes. amas emsaxureba ionometri. 

tute ionebis Semcvel xsnarSi minis eleqtrodi 

iRebs Na-is funqcias, anu igi reagirebs xsnarSi 

natriumis ionebis koncentraciaze. Tu minis eleqtro-

dis membrana damzadebulia iseTi minisagan, romelic 

Seicavs 32OAl  an 32OB , maSin garkveul pirobebSi, 

kerZod, pH>9-ze, aseTi membrana kargavs funqcias 

wyalbad-ionebis mimarT da iZens axal Tvisebas _ 

xsnarSi tute liTonebis ionebis proporciuli xdeba. 

es efeqti farTod gamoiyeneba natriumis ionebis 

gansazRvrisaTvis. 

minis eleqtrodis dadebiTi mxarea is, rom igi 

SeiZleba gamoyenebuli iqnes Zlieri damJangvelebis 

da aRmdgenelebis xsnarebSi, wonasworoba myardeba 

swrafad. naklia minis burTulis dazianeba, risTvisac 

mas aTavseben minis milSi. 

myari membranuli eleqtrodebi SeiZleba iyos 

homogenuri da heterogenuli. homogenur eleqtro-

debSi ionmgrZnobiare elementi mzaddeba ionuri gam-
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tareblobis mqone kristaluri nivTierebisagan, rome-

lic Seicavs gansasazRvrav ionebs. aseT kristalebSi 

muxtis gadatana warmoebs kristaluri meseris defeq-

tebis xarjze, romelSic Tavisufal (vakantur) adgi-

lebs ikavebs garkveuli zomis da muxtis ionebi. amis 

magaliTia ftorseleqtiuri eleqtrodi, membrana aris 

LaF3-is monokristali EuF2-is danamatiT eleqtrogamta-

robis gasadideblad. igi gamoiyeneba ftorid-ionebis 

gansazRvrisaTvis koncentraciis farTo zRvrebSi 10-6-

dan 1 mol/l. vercxlis da sulfid-ionebis gansazRv-

rsaTvis gamoiyeneba vercxlis sulfidis membrana. 

heterogenuli membranebi Seicavs romelime iner-

tul SemakavSirebel masalas (matricas) eleqtrodis 

meqanikuri simtkicisaTvis, magaliTad, parafini, kau-

Cuki, polieTileni, agar-agari da sxv. 

Txevad membranebs amzadeben mJavuri am fuZe 

funqcionaluri jgufebis Semcveli myari an Txevadi 

ionitebisagan, an maT xsnarebs Sesabamis wyalSi 

uxsnad organul gamxsnelSi. magaliTad, kalciumi 

SeiZleba ganisazRvros fosformJavas eTeris kalci-

umis marilis eleqtrodis saSualebiT. 

ionoseleqtiuri eleqtrodebi gamoirCevian 

maRali mgrZnobiarobiT, aRmosaCeni minimumis zRvrebia 

10-5_10-7. 

membranuli eleqtrodebi farTod gamoiyeneba ro-

gorc pirdapir potenciomtriaSi, aseve potencio-

metruli titvris dros. 

 

potenciometruli titvra 

 

arCeven potenciometruli meTodis gamoyenebis or 

variants: potenciometruli titvra da pirdapiri 
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potenciometria, anu ionometria. pirveli varianti 

SinaarsiT moculobiTi analizis meTodia. poten-

ciometruli titvrisas xsnarSi ionTa koncentraciebi 

icvleba, ris Sedegad icvleba wonasworuli poten-

ciali. eqvivalentur wertilSi ionTa koncentracia 

mkveTrad icvleba, rac mJRavndeba indikatoruli 

eleqtrodis potencialis naxtomiT. 

 

 

nax. 47. potenciometruli titvris integraluri (a) da 

diferencialuri (b) mrudebi 

 

Tu gatitvris calkeuli momentisaTvis nernstis 

gantolebis mixedviT gamoviTvliT wonasworuli po-

tencialis mniSvnelobas da avagebT grafiks koor-

dinatebSi E-V, sadac E _ potencialia da V _ gati-
tivraze daxarjuli samuSao xsnaris moculoba (nax. 

47), miviRebT titvris mruds. miRebuli mrudis ver-

tikaluri monakveTi Seesabameba eqvivalentur wer-

tils. magram mrudis mcire kuTxiT gadaxrisas eqviva-

lenturi wertilis zustad gansazRvra gaZnelebulia, 

amitom am SemTxvevaSi sargebloben diferencialuri 

potenciometruli titvris mrudiT, romelsac ageben 

koordinatebSi V
E

Δ
Δ , sadac EΔ  aris eleqtrodis 

potencialis cvlileba or damatebul xsnaris por-
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ciebs Soris, xolo VΔ _ damatebuli xsnaris mo-

culobaTa sxvaoba. eqvivalenturi wertili ( xV ) gani-

sazRvreba mrudis maqsimumis proeqciiT abscisaTa 

RerZze. daleqvis meTodiT potenciometruli titvris 

danadgaris sqema mocemulia nax. 48-ze.  

 

nax. 48. daleqvis meTodiT potenciometruli titvris 
danadgaris sqema 

I – potenciometri ППТВ-1; 1, 3 – berketuli gadamrTvelebi; 
4 – gadamrTveli «n»; 5 – winaRobis berketuli maRaziis 
sami dekada da reostrati potenciometris muSa denis 
regulirebisTvis; 6 – normaluri elementi; damxmare 

batarea an akumulatori; 8 – galvanometri; 9 – qimiuri Wiqa 
sakvlevi xsnarisTvis; 10 – vercxlis eleqtrodi;  

11 – marilis bogiri; 12 – biureti samuSao xsnariT;  
13 – kalomelis eleqtrodi; 14 – WurWeli KCl-is najeri 

xsnariT (kalomelis eleqtrodis mosaTavseblad). 

 
amrigad, iangariSeba neitralizaciis, Jangva-aRd-

genis, daleqvis da kompleqswarmoqmnis reaqciebis po-

tencialTa sxvaobis mniSvnelobebi da xdeba saTanado 

titvris mrudebis ageba. 

neitralizaciis meTodSi titvris mrudis mimar-

Tuleba damokidebulia gasatitri xsnaris koncentra-

ciaze da mJavas da tutis disociaciis mudmivaze. po-
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tencialis naxtomi eqvivalentur wertilSi miT metia, 

rac metia gasatitri mJavas an tutis koncentracia da 

maTi disociacia. 

Jangva-aRdgenis meTodSi eqvivalenturi wertilis 

zustad dadgena damokidebulia samuSao xsnaris SerCe-

vaze. kerZod, rac metia xsnaris sawyisi koncentracia, 

miT metia potencialis mkveTri cvlileba. garda amisa, 

potencialis naxtomi damokidebulia eleqtroduli 

procesebis bunebaze. rac metia damJangavis da aRmd-

genelis normalur potencialebs Soris sxvaoba, miT 

metia potencialis naxtomi eqvivalentur wertilSi. 

daleqvis da kompleqswarmoqmnis meTodSi eqviva-

lentur wertilSi potencialis naxtomi damokide-

bulia naleqis xsnadobaze. rac naklebia naleqis xsna-

doba da misi xsnadobis namravli, miT metia poten-

cialis naxtomi eqvivalentur wertilSi. 

meore varianti - ionometria gulisxmobs wyalbad-

ionebis koncentraciis da pH-is gansazRvras. bolo 

wlebSi ionometriis gamoyeneba farTod gaizarda. igi 

aris, erTis mxriv, wyalbad-ionebis gansazRvris Seucv-

leli meTodi da, meores mxriv, SesaZleblobas iZleva 

ganisazRvros xsnarSi 50-ze meti ionebis wonasworuli 

koncentraciebi, magaliTad, tute da tutemiwaTa li-

Tonebi, halogenebi, sulfid da cianid-ionebi da sxv. 

 meTodi metad perspeqtiulia, rac ganpirobebu-

lia gazomvis simartiviT, seleqtiurobiT da maRali 

mgrZnobiarobiT. 

 
e.m.Z-is gazomvis meTodebi. kompensaciuri meTodi 

 

imisaTvis, rom ganvsazRvroT sakvlev xsnarSi 

ionTa koncentraciebi potenciometruli meTodiT, 
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saWiroa SevadginoT indikatoruli da Sesadarebeli 

eleqtrodisagan galvanuri elementi da gavzomoT 

misi e.m.Z. 

omis kanonis Tanaxmad, denis Zala damokidebulia 

galvanuri elementis  e.m.Z. da Siga da gare wredis 

winaRobaze. 

21 RR

E
I

+
=  anu ( )21 RRIE +=  

muSaobis dros galvanur elementSi adgili aqvs 

qimiur da koncentraciul cvlilebebs, romlebic 

iwveven eleqtrodebis polarizacias da e.m.Z. ganu-

wyvetliv mcirdeba. amitom e.m.Z. unda gaizomos maSin, 

rodesac wredSi deni ar gadis. amis miRweva SeiZleba 

potendorfis kompensaciuri meTodiT diubua-raimon-

dis sqemiT.  

meTodis principi mdgomareobs imaSi, rom wredSi 

arsebuli denis sapirispiro mimarTulebiT atareben 

dens gareSe wyarodan. 

 Tu orive dens erTnairi e.m.Z. aqvT, maSin wredi 

ar muSaobs. e. i. e.m.Z-is gazomva xdeba maSin, rodesac 

igi wredSi mTlianad 

kompensirdeba meore cnobi-

li deniT. deni akumulato-

ridan A miemarTeba AB reo-
qordaze, romelzedac po-

tenciali TandaTanobiT 

izrdeba 0-dan akumulato-

ris e.m.Z-mde (2V). am wreds 

didi wredi ewodeba (nax. 

49). 

sakvlevi x elementi 

CamrTvelisa da galva-

 

nax. 49. emZ gazomvis 
kompensaciuri sqema 
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nometris saSualebiT mcocavi kontaqtiT uerTdeba AB 
reoqordas, xolo meore bolo damagrebulia BB 
wertilSi. am wreds mcire wredi ewodeba. 

mcocavi kontaqtis gadaadgilebiT da CamrTvelis 

periodulad CarTvisas vaRwevT iseT mdgomareobas, 

rodesac galvanometris isari ar gadaixreba e. i. deni 

ar gadis. am SemTxvevaSi sakvlevi elementis e.m.Z. 

mTlianad kompensirdeba reoqordis potencialTa sxva-

obiT. 

cnobilia, rom reoqordze potencialis dacema 

misi sigrZis proporciulia, e. i. 

BA

BC

E

E

A

x = EAaqedan 
BA

BC
EE Ax =  

vinaidan akumulatorebi ar iZlevian zustad 2V-s, 

xE -is gazomvamde saWiroa AE -s WeSmariti mniSvne-

lobis dadgena. am mizniT zemoTaRniSnul kompensa-

ciur danadgarSi xE -s cvlian vestonis normaluri 

elementiT, romlis E=1,0183V 20°C. 
moZrav kontaqts C wertilidan `gamzom xidze~ 

gadaanacvleben sanam mcire wredSi deni ar Sewydeba e. 

i. galvanometris isari nulze ar gaCerdeba. 

dauSvaT, rom kompensacia daemTxva 'C  wertils. am 

SemTxvevaSi  

BA

BC

EA

'0183,1 =  aqedan 
'

0183,1
BC

AB
EA =  

SevitanoT AE -s mniSvneloba xE -is formulaSi, 

miviRebT  

'
0183,1

BC

BC
Ex =  

 amrigad, xE -is gamosaTvlelad sakmarisia 

vipovoT BC  da 'BC  monakveTebis sidide, romelic 
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aiTvleba gamzom xidze gadaWimul milimetrebad 

dayofil saxazavze. 

 

arakompensaciuri meTodi 

 

arakompensaciuri meTodi SedarebiT martivia. 

galvanuri elementis e.m.Z. ganisazRvreba mgrZnibiare 

galvanometris isris gadaxriT, romelTanac mimdev-

robiT CarTulia didi da zustad cnobili winaRoba. 

am meTodiT gansazRvrisas ara aqvs mniSvneloba 

galvanuri elementis e.m.Z-is absolutur sidides. 

eleqtrodebs Soris Zabvaze SeiZleba vimsjeloT 

denis Zalis cvlilebis mixedviT. 

eqvivalentur wertilSi 

indikatoruli da Sesada-

rebeli eleqtrodis poten-

cialis cvlileba ganisaz-

Rvreba titvris procesSi 

xsnaris damatebisas galva-

nimetris isris mkveTri ga-

daxriT. arakompensaciuri 

meTodis sqema (nax. 50) Sem-

degia: 

mgrZnobiare galvano-

metrs (2) winaRobis maRa-

ziis (1) saSualebiT uerTe-

ben indikatorul eleqt-

rods (3) da Sesadarebel 

eleqtrods (4). radgan saWiroa gatitvris dros 

saanalizo xsnaris intensiuri moreva, qimiur Wiqas (5), 

romelSiac moTavsebulia saanalizo xsnari, aTavseben 

magnitur sarevelaze (6) da saanalizo xsnarSi uSve-

nax. 50.  
arakompensaciuri 

meTodiT 
titvris danadgaris 

sqema 
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ben magnits (7). saanalizo xsnars wveTwveTobiT uma-

teben biuretidan (8) samuSao xsnars. am dros galva-

nometris isari nelnela ubrundeba nuls da eqviva-

lentur wertilSi mkveTrad gadaixreba nulis sawi-

naaRmdego mxares, rac iZleva saSualebas zustad 

davadginoT gatitvris dasasruli. 

 
 

laboratoriuli samuSaoebi 
 

samuSao 1. xsnarSi mJavas koncentraciis gansazRvra 
potenciometruli meTodiT 

 

sakvlev xsnarSi mJavas potenciometruli gansaz-

Rvra damyarebulia neitralizaciis reaqciaze: 

OHOHH 2→+ −+
 

mJavas saanalizo xsnaris titvrisas tutis cno-

bili normalebis samuSao xsnariT, pH-is cvlileba 

fiqsirdeba pH – metriT. eqvivalentur wertilSi adgi-

li aqvs pH-is sididis naxtoms gadidebis mimarTu-

lebiT. 

saanalizo xsnars aTavseben magnitur sarevelaze, 

masSi aTavseben eleqtrodebs da titraven 0,1N  NaOH-is 

xsnariT. yoveli ml-is damatebis Semdeg zomaven saana-

lizo xsnaris pH-s. titvras awarmoeben pH-is naxtomis 
gavlamde da sami Tanxvdenili sididis miRebamde. 

miRebuli Sedegebis mixedviT ageben potencio-

metruli titvris mruds koordinatebSi V-pH  da  V-

,/ VpH ΔΔ −   ris Semdeg grafikulad sazRvraven titvris 

eqvivalentur wertils (gatitvraze daxarjuli 0,1 N 
tutis moculoba). 
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saanalizo xsnaris normalobas, titrs da koncen-

tracias angariSoben formulebiT: 

;
mJ.

mJ V

KNV
N NaOHNaOHNaOH ⋅⋅=   ;

1000
mJmJ

mJ

ЭN
T

⋅
=   CmJ=TmJ · 1000m/l. 

sadac VNaOH aris gatvraze daxarjuli 0,1 N  NaOH  
moculoba, ml; 

NNaOH – NaOH –is samuSao xsnaris normaloba; 

KNaOH – NaOH –is samuSao xsnaris Sesworebis 

koeficienti; 

VmJ – saanalizo mJavas moculoba (ml); 

NmJ – saanalizo mJavas normaloba; 

ЭmJ – saanalizo mJavas eqvivalenti; 

TmJ – saanalizo mJavas titri (mg/ml). 

 
samuSao 2. aluminis gansazRvra arakompensaciuri 

potenciometruli titvriT 
 

meTodi damyarebulia ZmarmJava areSi natriumis 

ftoridiT aluminis gatitvraze, romlis Sedegad 

warmoiqmneba mcireddisocirebuli aluminis ftoridi: 

3
3 3 AlFFAl →+ −+

 

gatitvra warmoebs danadgarze, romlis sqema 

mocemulia 50-e naxazze. analizis Catarebamde xdeba 

natriumis ftoridis samuSao xsnaris titris dadgena 

aluminis mixedviT. 

 
gamoyenebuli reaqtivebi da aparatura 

 

1. aluminis standartuli xsnari (titriT 0,2mg/ml) 

2. NaF 0,06 N xsnari 
3. ZmarmJavis 0,6 N xsnari 
4. indikatori meTilnarinji 
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5. indikatoruli da Sesadarebeli eleqrodebi (Al 
da Zn) 

6. winaRobis maRazia KMC -6 
7. magnituri sarevela 

 

0,06 N NaF xsnaris titris dadgena aluminis mixedviT  
 

pipetis saSualebiT 25ml aluminis nitratis xsna-

ri gadaaqvT 250ml qimiur WiqaSi, anzaveben gamoxdili 

wyliT 100ml-mde, umateben 1-2 wveT indikator meTil-

narinjs da amJaveben (wveTwveTobiT) 0,6 N ZmarmJaviT, 
xsnaris Sefervis vardisferSi gadasvlamde. 

Wiqas miRebuli nareviT dgamen magnitur sareve-

laze, CauSveben WiqaSi magnitis ampulas, aTavseben 

masSi indikatorul eleqtrodad aluminis eleqtrods, 

xolo Sesadarebel eleqtrodad TuTiis eleqtrods 

da uerTeben danadgars mocemuli naxazis mixedviT. 

winaRobis maRaziis KMC-5 winaRobas ayeneben 

20 000 omze, am dros galvanometris isari gadaixreba 

nulidan, ris Semdeg CarTaven magnitur sarevelas da 

saanalizo xsnars wveTobiT titraven 0,06 N  NaF-is 
xsnariT. am dros galvanometris isari nel-nela 

ubrundeba nuls da eqvivalentur wertilSi mkveTrad 

gadaexreba nulis sawinaaRmdego mxares. 

NaF-is xsnaris titri aluminis mixedviT gamoian-

gariSeba formuliT: 

NaF

AlAl
AlNaF V

TV
T

⋅=/  

sadac AlNaFT /  natriumis ftoridis titria alumi-

nis mixedviT mgAl/ml NaF. 
VAl – aluminis standartuli xsnaris moculoba, 

ml. 
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TAl – aluminis standartuli xsnaris titri, mg/ml. 

VNaF – gatitvraze daxarjuli NaF xsnaris 

moculoba, ml. 

 

analizis msvleloba 
 

25ml saanalizo xsnari pipetiT gadaaqvT 250ml 

qimiur WiqaSi da Semdeg atareben yvela im operaciebs, 

romelic aRwerilia zemoT NaF –is xsnaris titris 

dadgenis SemTxvevaSi. 

aluminis Semcveloba gamoiangariSeba formuliT: 

1000/ ⋅⋅=
V

VT
C NaFNaFAl

Al  

sadac CAl – sakvlev xsnarSi aluminis Semcveloba, 

mg/l; 

TNaF/Al – natriumis ftoridis titri aluminis 

mixedviT; 

VNaF – gatitvraze daxarjuli natriumis ftoridis 

xsnaris moculoba, ml; 

V – analizisaTvis aRebuli sakvlevi xsnaris 

moculoba, ml. 

 

samuSao #3. xsnarSi qlor-ionis gansazRvra 
kompensaciuri potenciometruli meTodiT 

 

meTodi damyarebulia reaqciaze: 

↓→+ −+ AgClClAg  

indikatorul eleqtrodad gamoyeebulia vercx-

lis eleqtrodi (vercxliswylis mavTuli, an movercx-

lili platina), romlis potenciali ganisazRvreba 

gantolebiT: 

[ ]++= AggEE o l059,0  



 183 

gamoyenebuli reaqtivebi da aparatura 
 

1. kaliumis qloridis 0,1 N xsnari. 
2. vercxlis nitratis 0,1 N xsnari. 
3. potenciometri 1−ΠΠTB . 

 

analizis msvleloba 
 

potenciometruli titvris danadgars awyoben nax. 

48 mocemuli sqemis mixedviT (sqemis awyobas amowmebs 

xelmZRvaneli). 

10ml pipetis saSualebiT sakvlev xsnars (kali-

umis qloridi) aTavseben WiqaSi (9), anzaveben gamox-

dili wyliT 100ml-mde da iwyeben sakvlevi xsnaris 

titvras vercxlis nitratis 0,01 N xsnariT. yoveli 

damatebuli AgNO3-is xsnaris Semdeg wredis e.m.Z. 

voltebSi zomaven potenciometris saSualebiT. 

cxrilSi 10. 

mimatebuli 0,01 N  
AgNO3-is samuSao 

xsnaris moculoba, ml

e.m.Z.-is sidide  

E 
mv - Si 

VΔ
ΔΕ

 

1 

2 

3 

  

 

potencialis mkveTri naxtomis Semdeg sakvlev 

xsnars kidev umateben 4-5ml, ris Semdeg wyvetaven 

titvras. titvris Sedegad miRebuli monacemebi SeaqvT 

cxrilSi 10. 

miRebuli monacemebis mixedviT ageben potencio-

metruli titvris mrudebs koordinatebSi: E – V; 
,/ VV −ΔΔΕ ris Semdeg grafikis saSualebiT sazRv-
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raven titvris eqvivalentur wertils. sakvlev xsnarSi 

kaliumis qloridis normalobas adgenen Semdegi 

formuliT: 

KCl

AgNOAgNO
KCl V

NV
N 33

⋅
=                (1) 

sadac NKCl aris kaliumis qloridis sakvlevi xsna-

ris normaloba; 

VKCl – gasatitrad aRebuli sakvlevi xsnaris 

moculoba, ml; 

V
3AgNO  - sakvlevi xsnaris gatitvraze daxarjuli 

samuSao xsnaris moculoba, ml (mas pouloben poten-

ciometruli titvris mrudis saSualebiT). 

N - vercxlis nitratis xsnaris normaloba. 
qlor-ionis koncentracias angariSoben formu-

liT: 

−− ⋅=
ClKClCl
ЭNC  

sadac −Cl
C  aris qlor-ionis koncentracia sakvlev 

xsnarSi, g/l. 

KClN  - (1) formuliT gamoTvlili kaliumis qlo-

ridis sakvlevi xsnaris normaloba; 

−Cl
Э - qlor-ionis grameqvivalenti. 
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Tavi XIII 

 
voltamperometria 

polarografia. amperometria 
 

voltamperometriuli meTodi damyarebulia ele-

qtrolizis procesSi saanalizo xsnarSi gamavali de-

nis Zalis damokidebulebaze xsnarze modebuli gare 

wredis mzardi potencialis sidideze. sakvlev xsnar-

Si CaSvebulia ori eleqtrodi. erT-erT maTgans, ka-

Tods, mcire zedapiri aqvs. es aris wvrili kapila-

ridan gamomdinare vercxliswylis wveTi. anodad gamo-

yenebulia eleqtrolizis ujredis Zirze moTavsebuli 

didi zedapiris vercxliswyali. didi zedapiri sa-

Wiroa polarizaciis movlenis mosaxsnelad. eleqtro-

debs uerTeben mudmivi denis wyaros. pirvelad eleq-

trodebs mcire Zabvas ayeneben, 

xolo Semdeg TandaTan umate-

ben Zabvas da akvirdebian denis 

Zalis Secvlas miyenebuli Zab-

vis cvlilebisas. eleqtrodeb-

ze mudmivi denis gatarebisas 

mimdinareobs eleqtroqimiuri 

procesebi: kaTodze aRdgena, 

anodze daJangva, ris Sede-

gadac eleqtrodebs Soris aRi-

Zvreba potenciali, romelic 

mimarTulia eleqtrodze miye-

nebuli Zabvis sawinaaRmdegod.  

eleqtrolitis xsnarSi de-

ni manamde ar gaivlis, sanam ar 

miayeneben eleqtrolizis produqtis gamoyofisaTvis 

 

nax. 51. polarografis 

sqema 
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saWiro Zabvas. e.i. iseTs, romelic SeZlebs pola-

rizaciis eleqtromamoZravebeli Zalis gadalaxvas. 

eleqtromamoZravebeli Zalis zrdasTan erTad garkve-

ul momentSi iwyeba eleqtroqimiuri aRdgena da da-

Jangvis reaqcia, ris gamoc ujredSi gavlili denis 

Zala izrdeba. am damokidebulebazea damyarebuli 

meTodi, romelsac polarografia ewodeba.   

klasikur polarografiaSi analizs awarmoeben 

specialur xelsawyoSi – polarografSi (nax. 51). igi 

Sedgeba polarografiuli ujredisagan (1), potencia-

lis mimwodebeli mowyobiloba – batarea (6), reostati 

(5), voltmetri (4) da mikroampermetri (7). 

poligrafiuli ujredi aris minis WurWeli, 

eleqtrolitis xsnariT (fonuri xsnari), romelSic 

moTavsebulia vercxliswylis mwveTavi eleqtrodi (2), 

romelTanac rezinis milis saSualebiT SeerTebulia 

vercxliswyliani WurWeli (3). kapilaridan gamomavali 

vercxliswylis wveTis zomaa 1mm. wveTis siCqare unda 

iyos Tanabari 3-5 w. wveTi kapilars wydeba perio-

dulad da mis nacvlad warmoiqmneba imave zomis 

wveTi. amitom eleqtrodis zedapiri rCeba mudmivi, rac 

garantias iZleva, rom ar moxdeba misi gaWuWyianeba 

aRdgenili da vercxliswyalSi gaxsnili ionebiT. 

vercxliswylis mwveTav eleqtrods aqvs mcire 

zedapiri, romelSiac eleqtroqimiuri aRdgenisas ga-

dis didi deni. amis gamo mwveTavi eleqtrodis po-

tenciali gansxvavdeba wonasworuli potencialisagan. 

am movlenas eleqtrodis polarizacia ewodeba da 

aqedan warmoiqmna meTodis dasaxeleba polarografia. 

Tu vercxliwylis eleqtrodze miewodeba uaryo-

fiTi potenciali, eleqtrodul aresTan arsebuli da-

debiTi ionebi miizidebian eleqtrodze da warmoqmnian 
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ormag eleqtrul Sres, romelSiac eleqtrodis zeda-

piri damuxtulia uaryofiTad, ionebis fena – dade-

biTad. ormag eleqtrul Sres aqvs garkveuli teva-

doba da winaRoba.  

 

polarografiuli talRa 
 

eleqtrodebze potencialis zRvrul donemde 

TandaTan gazrdiT, deni, romelic ujredSi gadis, 

mcirea da ewodeba narCeni deni (nax. 52). igi 

Seesabameba monakveTs AB, romelic gadis eleqtrodze 

masze Jangbadis da fonur eleqtrolitSi minarevebis 

aRsadgenad.  

eleqtrodebze poten-

cialis Semdgomi gazr-

diT, rac xorcieldeba 

moZravi kontaqtis reo-

statze gadaadgilebiT, 

aRdgenas iwyebs nivTiere-

bis ionebi (depolariza-

cia) da denis Zala izr-

deba (monakveTis BC). mas 

faradeis deni ewodeba. 

igi izrdeba manam, sanam 

ar damTavrdeba yvela 

ionebis aRdgena. 

eleqtrolizis Sedegad aRsadgeni ionebis koncen-

tracia mikrokaTodis zedapiris axlos mcirdeba. mci-

re denis Zalis dros ionTa es danaklisi ivseba mik-

rokaTodis zedapiridan ufro daSorebuli nawilebi-

dan ionTa difuziis xarjze. amitom pirvelad Zabvis 

gazrdisas denis Zala agrZelebs zrdas da mrudi isev 

nax. 52. polarograma 
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maRla midis ise swrafad, rom aRsadgeni ionebis sak-

mao raodenoba ukve veRar aswrebs difuziis xarjze 

kaTodis zedapirTan misvlas da maTi koncentracia 

kaTodTan axlo fenaSi uaxlovdeba nuls. amitom, 

miuxedavad Zabvis Semdgomi gazrdisa, denis Zala 

metad aRar imatebs, miyenebul Zabvaze denis Zalis 

damokidebulebis mrudi warmoqmnis damaxasiaTebel 

horizontalur gadaRunvas. talRis simaRlis Sesaba-

mis denis Zalas zRvruli deni ewodeba, ris Semdeg 

deni rCeba stabiluri da ganisazRvreba ionebis difu-

ziiT xsnaridan eleqtrodze. polarogramis BC mona-
kveTs ewodeba polarografiuli talRa da zRvrul 

dens, romelic ganisazRvreba difuziis siCqariT, di-

fuziuri deni. difuziuri deni gansasazRvravi ionebis 

pirdapirproporciulia, amitom igi aris raodenobrivi 

gansazRvris ZiriTadi maxasiaTebeli. 

polarogramze polarografiuli talRis mdebare-

oba xasiaTdeba talRis saSualo wertilis potencia-

liT, romelsac naxevartalRis potenciali ewodeba 

(E1/2). igi aris nivTierebis maxasiaTebeli, radgan Ti-

Toeuli elementi, struqturuli Taviseburebis mixed-

viT, aRdgeba saTanado potencialis dros. 

nivTierebis naxevartalRis potenciali icvleba 

eleqtrolitis fonis da xsnaris pH-is mixedviT. 

praqtikulad naxevartalRis simaRlis gamoTvla xdeba 

Semdegnairad: jer pouloben talRis simaRles. amisa-

Tvis atareben zeda da qveda mrudebis Sexebis xazebs, 

Semdeg daxrilobis xazs. am xazebs Soris manZili 

aris talRis simaRle. mas yofen Suaze, atareben 

abscisaTa RerZis paralelurad swor xazs polaro-

gramis gadakveTamde da gadakveTis wertilidan uSve-

ben perpendikulars potencialis RerZze. 
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ufro zustad polarografiuli talRis maTema-

tikuri aRwera warmoebs e.w. potencialis talRis 

gantolebiT, romelic nernstis gantolebis msgavsia: 

II

I

n
EE

−
−=

d

lg
059,0

2/1  

sadac E1/2 aris naxevartalRis potenciali 

I – e.m.Z-s zrdis procesSi gazomili denis sidide. 

Id – difuziuri deni 

n – eleqtronebis ricxvi. 

polarografiuli talRis simaRle h damokide-

bulia koncentraciaze, gareSe ionebis Tanaobaze, 

agreTve, Tu ra saxiT imyofeba gansasazRvravi ioni - 

qloridebis, nitratebis, amiakuri kompleqsebis da sxv. 

difuziuri denis damokidebuleba koncentracias-

Tan gamoisaxeba ilkoviCis gantolebiT: 

KCI =d   
6/13/22/1607 tmnDK =  

sadac D – difuziis koeficientia 
m – kapilaridan gamomdinare vercxliswyali, mg/w. 

t – erTi wveTis warmoqmnis dro, w. 

n – eleqtronebis ricxvi 

polarografirebis standartul pirobebSi D, m da 
t mudmivi sidideebia. maTi gansazRvra SeiZleba eqspe-

rimentulad da saZiebeli koncentraciis (C) gamoTvla 

warmoebs ilkoviCis gantolebiT.  

 

polarografiuli foni 

 

aRdgenili da daJanguli ionebi aRweven eleqtro-

dis zedapirze ori faqtoris moqmedebiT: difuziiT 

da migraciiT. migracia aris ionebis gadaadgileba 

kaTodis eleqtrostatikuri velis gavleniT. migra-

ciis gamo kaTionebis raodenoba drois erTeulSi 
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izrdeba da zRvruli deni izrdeba migraciis denis 

tolad. amrigad, zRvruli deni SeiZleba ganisazRv-

ros rogorc difuziuri da migraciuli denis 

algebruli jami: 

IzRv. = Idif. + Imigr. 

migraciuli deni sagrZnoblad cvlis polaro-

gramis saxes. am denis CaxSoba SeiZleba saanalizo 

xsnarSi sakmao koncentraciis indifrentuli eleqt-

rolitis (fonis) SeyvaniT. fonuri eleqtrolitis ka-

Tionebi moZraoben kaTodisaken, magram ar xdeba maTi 

ganmuxtva, radgan ganmuxtvis potenciali ufro uaryo-

fiTia, vidre gansasazRvravi kaTionebis. fonis ionebi 

ganlagdebian eleqtrodis zedapirze, ris gamoc 

eleqtruli velis ekranizacia xdeba am ionebiT da 

xsnarSi maTi moqmedeba ar vrceldeba. eleqtruli 

velis zemoqmedebiT aRsadgeni ionebis koncentracia 

mcirea difuziuri ionebis raodenobasTan SedarebiT, 

ris Sedegad migraciuli deni ispoba da zRvruli 

deni gautoldeba difuziur dens: 

IzRv. = Idif  

fonis saxiT SeiZleba gamoyenebuli iqnes tute da 

tutemiwaTa marilebi, amoniumis marilebi, amoniumis 

hidroqsidi, tuteebi, mJavebi, romlis koncentracia 

100-1000-jer aRemateba gansasazRvravi nivTierebis kon-

centracias. foni sagrZnoblad zrdis xsnaris eleqt-

rogamtarobas. analizis Catarebis win unda SeirCes 

saTanado fonuri eleqtroliti (garemo), romelsac 

aTavseben ujredSi, iReben mis polarogramas, ris 

Semdeg umateben sakvlevi xsnaris garkveul raodeno-

bas da awarmoeben polarografirebas. 

polarogramis saxeze gavlenas axdens xsnarSi ga-

xsnili Jangbadi, romlis aRdgena xdeba ori stadiiT: 
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222 22 OHeHO →++ +
 

OHeHOH 222 222 →++ +
 

pirveli procesi midis 0,1-dan – 0,2B potencialis 

dros, meore daaxlovebiT 0,5-dan 1,3B-mde. Jangbadis 

aRdgena xdeba gansasazRvrav kaTionebze adre da xels 

uSlis mcire koncentraciis liTonebis gansazRvras, 

romlis naxevartalRis potenciali axloa nulTan 

(Cu, Sb da sxv.). 
Jangbadis mocilebisaTvis polarografirebis win 

15-20 wuTis ganmavlobaSi xsnarSi atareben wyalbads 

mcire siCqariT, argons da CO2. neitraluri da tute 

xsnarebidan Jangbadis mocileba xdeba mcire raode-

nobis natriumis sulfatis (0,5-1,0 g 20ml xsnarze) 

damatebiT, an ramdenime mililitri axlad damzadebu-

li natriumis sulfatis najeri xsnaris damatebisas. 

Jangbadis aRdgena xsnaris Semadgenlobis mixedviT 

xdeba 2-10 wuTis ganmavlobaSi. 

 
voltamperometriuli meTodebi 
diferencialuri polarografia 

 

diferencialuri polarografia gamoiyeneba uax-

loesi naxevartalRis potencialis mqone nivTierebe-

bis analizisaTvis. diferencialuri polarograma war-

moadgens denis namatis IΔ -is damokidebulebas poten-

cialTan E. gansazRvrisaTvis ageben magraduirebel 

grafiks koordinatebSi EEI −ΔΔ /  (nax. 53).  naxazze 

mocemulia polarografiuli talRa da misi Sesabami-

si diferencialuri mrudi. 
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nax. 53.  klasikuri polarograma – a 

diferencialuri polarograma – b 

    

diferencialuri polarogramis maqsimumi axasia-

Tebs nivTierebas, xolo simaRlde, an farTi, gansa-

sazRvravi ionebis koncentracias. diferencialur po-

larogramas ufro meti gadawyvetis saSualeba aqvs, 

vidre klasikur polarogramas. igi mosaxerxebelia 

narevebis analizis dros, sadac TiToeuli elementis 

identifikacia xdeba miRebuli saTanado pikis mixed-

viT. garda amisa, igi ufro zustia, radgan mqsimumebis 

mdebareoba da gazomva SesaZlebelia ufro meti si-

zustiT. Tu Cveulebriv polarografiaSi nivTierebis 

gansazRvrisaTvis potencialebs Soris gansxvaveba da-

saSvebia 0,1 B, diferencialur polarografiaSi 0,05 B. 
diferencialur polarografiaSi nivTierebis kon-

centraciis gansazRvra warmoebs diferencialuri 

mrudis simaRlis gazomviT. pikis simaRle gansasazRv-

ravi ionebis koncentraciis proporciulia. ramdenime 

standartuli xsnarebis polarografirebiT ageben 

magraduirebel grafiks, romlis saSualebiT poulo-

ben saanalizo xsnarSi nivTierebis koncentracias. 
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oscilografiuli polarografia 
 

maRali mgrZnobiarobiT xasiaTdeba oscilografi-

uli polarografia, romelSic ujredSi miewodeba 

cvladi Zabva didi siCqariT, romelmac SeiZleba miaR-

wios 0,12-16 B, maSin rodesac klasikur polaro-

grafiaSi igi tolia 5-10 mB. polarizebuli Zabvis 

cvlilebis registracia warmoebs oscilografis 

saSualebiT. 

pikis dasawyisSi SeimCneva mcire aRmavloba (nax. 

54), rac gamowveulia tevadobis deniT. ionebis gamo-

yofis potencialis miRwevis Semdeg deni Zala, ionebis 

eleqtrodze aRdgenis gamo, mkveTrad izrdeba. maqsi-

mumis Semdeg denis Zala ecema, radgan ionebis kon-

centracia kaTodur areSi mcirdeba, xolo difuziis 

siCqare ar aris sakmarisi, rom Seavsos ionebis da-

naklisi. am mrudze pikis maqsimumis potenciali damo-

kidebulia ionebis bunebaze.  

maqsimumis potencialis mniSvneloba gansxvavdeba 

klasikuri polarogramis naxevartalRisagan. 

nF

RT
EE 11,12/1=Π  

maqsimumis simaRle aRdge-

nili ionebis koncentraciis 

proporciulia da damokidebu-

lia polarizebuli Zabvis siC-

qareze ½1/2 xarisxSi: 
2/1

3/2 CVKnI =  

sadac K aris koeficienti; 
n – reaqciaSi monawile eleqt-

ronebis ricxvi; C – ionebis 

koncentracia; V – potencialis 

nax. 54. 
oscilografiuli 

polarograma 
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cvlilebis siCqare. polarizebuli Zabvis gazrdiT 

tevadobis deni difuziur denze ufro swrafad 

izrdeba. es gansakuTrebiT arasasurvelia mcire 

koncentraciebis gansazRvris dros. amitom analizuri 

gansazRvrebis dros ar aris saWiro Zabvis didi 

siCqariT gazrda. 

oscilografiuli polarografiis mgrZnobiaroba 

ufro maRalia, vidre klasikuri polarografiis da 

Seadgens 10-6 mol/l. 

 

amalgamuri polarografia dagrovebiT 
 

gansasazRvrav nivTierebas, mudmivi potencialis 

dros, xsnaris didi moculobidan stacionalur 

vercxliswylis wveTze gamoyofen amalgamis saxiT. 

eleqtrolizs awarmoeben xsnaris morevisas mkacrad 

gansazRvrul droSi. eleqtrolizis damTavrebis Sem-

deg (kaToduri procesi) amalgamas xsnian (anoduri 

procesi). 

amalgamis anoduri gaxsnisas denis damokidebu-

lebas ZabvasTan axasiaTebs maqsimumi (piki), romlis 

simaRle gansasazRvravi ionis koncentraciis propor-

ciulia (nax. 55). pikis maqsimumis potenciali damoki-

debulia ionis bunebaze da gansazRvravs mis Tvi-

sobriv mxares. 

amalgamuri polarografia dagrovebiT SesaZleb-

lobas iZleva ganisazRvros erTi da igive xsnarSi 

ramdenime elementi, adgili aqvs ramdenime elementis 

amalgamis narevis saxiT gamoyofas. anoduri gaxsnisas 

Rebuloben ramdenime piks, romlis simaRle, TiToeuli 

elementis koncentraciis proporciulia (nax. 56).  
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nax. 55. anoduri polarograma 
amalgamur polarizaciaSi 

dagrovebiT 

 
nax. 56. anoduri gaxsnis 

mrudi 

 

amalgamuri polarografia dagrovebiT SesaZleb-

lobas iZleva ganisazRvros elementebi koncentra-

ciiT 10-7–10-3mol/l, rac gamoiyeneba zesufTa nivTie-

rebebis analizis dros. igi ar gamoiyeneba elemen-

tebis gansazRvrisaTvis, romlebic ar warmoqmnian 

amalgamebs. 

 
inversiuli polarografia 

 

inversiuli polarografia damyarebulia gansasaz-

Rvravi ionis winaswar eleqtroqimiur koncentri-

rebaze Zlier ganzavebuli xsnarebidan vercxlis-

wylis wveTze, an grafitis eleqtrodze, ris Semdeg 

warmoebs miRebuli amalgamis anoduri gaxsna. anoduri 

gaxsnisas denis Zalis Zabvisagan damokidebulebis 

grafiks aqvs damaxasiaTebeli pikis saxe, romlis si-

maRle h gansasazRvravi ionis koncentraciis propor-
ciulia da damokidebulia koncentraciis droze. rac 

metia eleqtrolizis xangrZlivoba, miT meti liToni 
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gadis xsnaridan vercxliswylis wveTSi da miT metad 

izrdeba mgrZnobiaroba. inversiuli polarografiis 

aRmosaCeni minimumi 2...3 rigiT ufro dabalia, Cveu-

lebriv, polarografiis aRmosaCen minimumTan Seda-

rebiT.  
 

cvladi denis polarografia 
 

cvladi denis polarografiis gansxvaveba klasi-

kuri polarografiisagan aris is, rom ujredSi 

eleqtrodze xazovani da nela cvladi Zabvis magier 

miewodeba mcire sididis cvladi Zabva. 

cvladi deni SeiZleba iyos sinusoidaluri, swor-

kuTxovani da trapeciis formis. miyenebuli Zabvis 

moqmedebiT ujredSi gaivlis deni, romelic SeiZleba 

warmodgenil iqnes rogorc mudmivi Imud., cvalebadi 

Icval. da tevadobis Itev. SemadgenelTa jami: 

Iujr. = Imud. + Icvl. + Itev. 

cvladi denis gamoye-

neba saSualebas iZleva 

aRmoifxvras tevadobis 

(kondesatoruli) denis 

xelisSemSleli moqmedeba, 

rac sagrZnoblad zrdis 

meTodis mgrZnobiarobas. 

cvladi denis polarogra-

fiaSi xdeba gamoyofa da 

gazomva marto cvladi Se-

madgenelis Icvl. cvladi 

denis damokidebuleba xa-

zobrivad cvlad Zabvas-

Tan warmoadgens cvladi 

 

nax. 58. 
mravalkomponentiani 
xsnaris cvladi denis 

polarograma 
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denis polarogramas, romelic mocemulia nax. 57-ze. 

mrudis horizontalu-

ri nawili aris momenti, 

rodesac Zabvis cvlileba 

(kaToduri potenciali) 

ar iwvevs denis cvlile-

bas, anu cvladi deni ar 

arsebobs. 

gansasazRvravi ione-

bis gamoyofis potencia-

lis miRwevis Semdeg (mru-

dis aRmasvlis dasawyisi) 

midis depolarizatoris 

monacvlebiTi Jangva-aRd-

gena miyenebuli cvladi 

Zabvis sixSiriT da ujredSi gaivlis imave sixSiris 

cvladi deni, naxevartalRis potencialis dros miaR-

wevs maqsimums, radgan Zabvis mcire cvlileba iwvevs 

denis Zalis mcire cvlilebas.  nivTierebis zRvruli 

denis potencialis dros cvladi deni mcirdeba nu-

lamde. am monakveTSi gadis mudmivi zRvruli deni (igi 

ar icvleba). polarizebuli Zabvis cvlilebiT deni 

ar icvleba, amitom cvladi deni ar arsebobs. 

mrudze denis maqsimumis sidide gansasazRvravi 

ionebis proporciulia 

Imaqs = Kn2D1/2ESC. 
sadac K – mudmivaa; n – reaqciaSi monawile 

eleqtronebis ricxvi; 

D – difuziis koeficienti; E – cvladi denis 

amplituda; 

S – kaTodis zedapiris farTi; 

C – xsnaris koncentracia. 

nax. 57. cvladi denis 
polarograma (1) da 

klasikuri 
polarografiuli  

talRa (2)
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zomaven pikis mwvervalidan fonur mrudze daSve-

buli perpendikularis simaRles. cvladi denis pola-

rografias aqvs did gadawyvetis unari, rac iZleva Se-

saZleblobas ganisazRvros xsnari, Tu komponentebis 

pikis potencialebis  sxvaoba  aris  0,04 B  (nax. 58).  
meTodis  mgrZnobiarobaa 10-7 – 10-8 mol/l. 

 
raodenobrivi gansazRvra 

 

raodenobrivi gansazRvra warmoebs ramdenime me-

TodiT: magraduirebeli grafikiT, standartebis me-

TodiT da danamatebis meTodiT. 

1. magraduirebeli grafikis meTodi. iReben gansa-

sazRvravi nivTierebis Semcvel ramdenime standartu-

li xsnarebis polarogramas, pouloben talRis simaR-

les da ageben grafiks koordantebSi I-C an h-C (nax. 59). 

 

nax. 59. sxvadasxva koncentraciis standartuli xsnarebis 
polarografiuli talRis simaRle (a, b, g) da 

magraduirebeli grafiki (d). 

 

Semdeg Rebuloben sakvlevi xsnaris polarogra-

mas, zomaven talRis simaRles da grafikis mixedviT 

intrapolaciis meTodiT sazRvraven sakvlevi xsnaris 

koncentracias. zusti Sedegebi miiReba, Tu daculi 

iqneba standartuli da sakvlevi xsnarebis polaro-

grafirebis saTanado pirobebis identuroba. 
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2. standartebis meTodi. am meTodiT muSaobis 

dros Rebuloben ramdenime standartuli xsnaris 

polarogramas. miRebul mrudebs aTavseben erT na-

xazze da am mrudebis simaRles adareben calke miRe-

buli saanalizo xsnaris polarogramas da pro-

porciidan, romelic damyarebulia gantolebaze I=KC, 
angariSoben sakvlevi nivTierebis koncentracias Cx: 

st.

st. h

h
CC x

x =  

sadac Cst – aris standartuli xsnaris koncen-

tracia 

hx da hst – saanalizo da standartuli xsnarebis 

talRebis simaRleebia. 

aseTi gansazRvra SesaZlebelia im SemTxvevaSi, Tu 

koncentraciasa da difuziur dens Soris damo-

kidebuleba aris pirdapirproporciuli. 

3. danamatebis meTodi. danamatebis meTodiT muSa-

obis dros jer Rebuloben saanalizo xsnaris pola-

rogramas. Semdeg amave saanalizo xsnarSi umateben 

saanalizo nivTierebis garkveul cnobil danamats CΔ  

da isev iReben am xsnaris polarogramas. danamatebiani 

xsnaris polarogramaze talRis simaRle gaizrdeba 

CΔ -s Sesabamisi hΔ  sididiT. sakvlevi xsnaris 

koncentracias angariSoben Semdegi TanafardobiT: 

xx C

C

h

h Δ=Δ
 aqedan 

h

Ch
C x

x Δ
Δ⋅=  

miRebuli gantolebis samive sidide cnobilia. CΔ  

- cnobilia (danamati) hx da hΔ  gadazomaven pola-

rogramaze da pouloben Cx. 
polarografiis dadebiTi mxareebia: maRali mgrZo-

biaroba 10-5-10-6mol/l, maRali sizuste 1-2%, narevebis 

analizis SesaZlebloba dacilebis gareSe. uaryofiTi 
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mxarea mavne vercxliwylis gamoyeneba, specialuri 

aparatis – polarografiis aucilebloba, mxolod 

eleqtroaqtiuri nivTierebebis gansazRvris SesaZleb-

loba (nivTierebebis, romelic aRdgebian vercxlis-

wylis kaTodze). 

 

amperometruli titvra 

       

amperometruli titvris dros iyeneben polaro-

grafiul sqemas, xolo polarografiasTan gansxva-

vebiT sakvlev xsnarze moqmedeben ara TandaTanobiT 

mzardi ZabviT, aramed garkveuli Zabvis sididiT, 

romelic gansasazRvravi nivTierebis naxevartalRis 

Zabvaze metia E>E1/2. am pirobebis dacviT saanalizo 

xsnars titraven saTanado reaqtiviT da amper-

galvanometris  saSualebiT zomaven difuziuri denis 

sidides. miRebuli Sedegebis mixedviT ageben ampero-

metruli titvris mruds koordinatebSi I-V, sadac I 

aris denis Zala, xolo V – samuSao xsnaris mocu-

loba. eqvivalentur wertilSi amperometruli titv-

ris mrudi ganicdis gardatexas, romlis proeqti-

rebiT abscisaTa RerZze pouloben gatitvraze daxar-

juli xsnaris moculobas V. 

amrigad amperometruli titvra, potenciometriisa 

da konduqtometriis analogiurad, warmoadgens eqviva-

lenturi wertilis dadgenis fizikur-qimiur meTods. 

amperometruli titvris dros SeiZleba gamoyenebul 

iqnes yvela tipis qimiuri reaqciebi, kerZod neitra-

lizaciis, Jangva-aRdgenis da kompleqswarmoqmnis. 

indikatorul eleqtrodad amperometrul titvraSi ga-

moyenebulia platinis da grafitis eleqtrodebi, 
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Sesadarebel eleqtrodad kalomelis an qlorvercx-

lis eleqtrodebi. 

amperometruli titvris sami ZiriTadi meTodi 

SeiZleba iqnes gamoyenebuli (nax 60). 

 

 

nax. 60. amperometruli titvris mrudi. a) saanalizo 
nivTiereba eleqtroaqtiuria; b) saanalizo nivTiereba 

araeleqtroaqtiuria; g) orive nivTiereba eleqtroaqtiuria. 

 

amperometruli titvra polarografiisagan gansx-

vavebiT ufro universaluri meTodia, vinaidan SesaZ-

lebelia ganisazRvros rogorc eleqtroaqtiuri, ise 

araeleqtroaqtiuri nivTierebebi, gamoiyeneba Zlier 

ganzavebul xsnarebSi 10-210-5mol/l, narevSi ramdenime 

nivTierebis gansazRvra erTdroulad, winaswari daci-

lebis gareSe. eqspres meTodia, xasiaTdeba maRali 

sizustiT da mgrZnobiarobiT, vidre pirdapiri pola-

rografia.  

 

 
laboratoriuli samuSaoebi 

 
samuSao 1. spilenZis gansazRvra klasikuri 

polarografiuli meTodiT 

 

spilenZis gansazRvrisaTvis yvelaze xelsayreli 

fonuri eleqtrolitia narevi, romelic Sedgeba 1 N  
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NH4OH da 1 N  NH4Cl. [Cu(NH3)4]
2+ kompleqsis warmoqmnis 

Sedegad naxevartalRis potenciali gadaiweva 0,24 B-
iT. 

fonur eleqtrolits aqvs tute reaqcia, amitom 

Jangbadis mosacileblad gamoiyeneba natriumis sul-

fati. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. CuSO4-is standartuli xsnari, 1·10-2mol/l. 

2. foni 1 N  NH4OH da 1 N  NH4Cl  SefardebiT 1:1. 
3. natriumis sulfati. 

4. webo. 
5. polarografi. 

 
analizis msvleloba 

 

5 sazom kolbebSi aTavseben 1; 2; 3; 4,5ml spilenZis 

sulfatis xsnarebs da mihyavT moculoba Wdemde fo-

nuri eleqtrolitiT. rTaven polarografs da ayeneben 

vercxliswylis wveTis optimalur periods. TiToeul 

maTgans umateben 0,5g natriumis sulfits da 10 wuTis 

Semdeg gadaaqvs ujredSi, umateben 3-5 wveT webos 

polarogramze maqsimumis CasaxSobad. SearCeven 

mgrZnobiarobas ise, rom 0,7 B potencialis dros 

galvanometris isari gadaixreba 15-20 sm-iT. 

iReben TiToeuli maTganis polarogramas, adide-

ben Zabvas yoveli 0,2 B Semdeg. polarogramas iReben 

milimetrian qaRaldze da zomaven talRis simaRles, 

ris mixedviT ageben magraduirebel grafiks koordi-

natebSi: talRis simaRle – koncentracia. 
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miRebuli grafikis saSualebiT gansazRvraven 

spilenZis koncentracias xsnarSi, risTvisac sakvlevi 

xsnari gadaaqvT sazom kolbaSi, mihyavT moculoba 

Wdemde fonuri xsnariT, Jangbads acileben natriumis 

sulfitiT, umateben webos da awarmoeben polaro-

grafirebas imave mgrZnobiarobis dros. zomaven 

naxevartalRis simaRles da grafikis saSualebiT 

pouloben sakvlev xsnarSi spilenZis koncentracias. 

 

samuSao 2. nikelis gansazRvra kobaltis Tanaobisas 
diferencialuri polarografiuli meTodiT 

 

nikelis naxevartalRis potenciali (E1/2 = -1,1B) 
Zalian axloa kobaltis naxevartalRis potencialTan 

(E1/2=1,2B) da klasikuri polarografiiT maTi gansa-

zRvra gaZnelebulia. magram kaliumis Tiocianatis 

fonis gamoyenebisas nikelis naxevartalRis poten-

ciali tolia – 0,7 B, xolo kobaltis – 1,3 B.  
 

gamoyenebuli reaqtivebi da aparatura 
 

1. NiSO4  0,01 M  xsnari. 
2. CoSO4  0,01 M  xsnari. 
3. Tiocianaturi foni: 1 litr 2 M  KCNS xsnarSi 

xsnian 2g Jelatins. 

4. polarografi. 

 

analizis msvleloba 
 

25ml kolbaSi aTavseben 2-dan 5ml-mde nikelis 

marilis xsnars, 5ml kobaltis marils, 12ml fons, 

mihyavT moculoba Wdemde gamoxdili wyliT da 
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SenjRreven. xsnaris nawili gaaqvT ujredSi da iReben 

polarogramas. zomaven pikis saSualo simaRles. 

25ml kolbaSi aTavseben nikelis saanalizo 

xsnars, 5ml kobaltis marils, 12ml fons, umateben 

1,0ml 0,01 M  nikelis standartul xsnars, mihyavT 

moculoba Wdemde da kargad SeanjRreven. iReben 

polarogramas xsnaris danamatTan erTad da nikelis 

Semcvelobas angariSoben formuliT: 

xx

x
x CC

C
CC

−
=

+st
st  

 
samuSao 3. kadmiumis da TuTiis gansazRvra 
amalgamuri polarografiuli meTodiT 

 

kadmiumis da TuTiis aRdgena vercxliswylis mwve-

Tav eleqtrodze warmoebs amalgamis saxiT. amiakuri 

fonis gamoyenebisas naxevartalRis potencialebi 

gansxvavdebian 0,5 B-iT. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. kadmiumis da TuTiis standartuli xsnarebi, 10-3 

M. 
2. kadmiumis da TuTiis saanalizo xsnarebi. 
3. amiakuri buferuli xsnari. 
4. Na2SO3, kristaluri. 
5. polarografi. 
 

analizis msvleloba 
 

50ml sazom kolbaSi pipetiT aTavseben 2,5ml CdSO4 
da ZnSO4-is standartul xsnarebs, mihyavT moculoba 
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Wdemde amiakuri buferuli xsnariT, SeanjRreven, 

gadaaqvT eleqtrolizis ujredSi, umateben Na2SO3-is 

ramdenime kristals. xsnarSi uSveben eleqtrodebs, 

rTaven ujreds da iReben polarogramas. polaro-

gramis registracia warmoebs – 0,5-1,8 B zRvrebSi. 

gansazRvraven ,CdEst  
ZnEst  da 

CdCst  da 
ZnCst  da Sesabamis 

koncentraciebs 
CdCst  da 

ZnCst .  

meore sazom kolbaSi SeyavT 2,5ml sakvlevi xsna-

ri, mihyavT moculoba Wdemde amiakuri buferuli xsna-

riT, SeanjRreven, gadaaqvT ujredSi, aTavseben 

eleqtrodebs da awarmoeben polarografirebas iseve, 

rogorc standartuli xsnarebisaTvis. polarogramaze 

gansazRvraven 
CdC da 

ZnC  imave E1/2 mniSvnelobisas, 

mxedvelobaSi Rebuloben ganzavebas da angariSoben 

Cd da Zn koncentraciebs formuliT: 

)/)(/( CdCdcdCdCd
x VVCCCC stst=  

)/)(/( ZnZnZnZnZn
x VVCCCC stst=  

sadac V aris saanalizo xsnaris moculoba 

V
Zn da VCd – sawyisi standartuli xsnarebis mocu-

loba. 

 

samuSao 4. vercxlis ionebis gansazRvra inversiuli 
polarografiuli meTodiT 

 

ganzavebuli xsnarebidan (10-5 M) vercxlis ionebis 

gansazRvrisaTvis vercxls liTonis saxiT winaswar 

agroveben grafitis eleqtrodze da Semdeg potencia-

lis cvlilebiT awarmoeben anodur gaxsnas. eleqtro-

gaxsnis maqsimaluri deni aris vercxlis ionebis kon-

centraciis funqcia. polarografirebis dros iyeneben 
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gamotanil kalomelis eleqtrods, raTa ar moxdes Cl- 
ionebis moxvedra saanalizo xsnarSi. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. vercxlis nitratis standartuli xsnari, 10-3 M. 
2. vercxlis nitratis saanalizo xsnari, 10-4 M. 
3. KNO3-is 1 M xsnari. 
4. gasufTavebuli azoti. 

5. Sualeduri Wiqa da eleqtruli gasaRebi, 

Sevsebuli KNO3-is 1 M xsnariT. 

6. magnituri sarevela. 

7. grafitis eleqtrodi. 

8. kalomelis eleqtrodi. 

9. polarografi. 

 

analizis msvleloba 

 

50ml sazom kolbaSi gadaaqvT saanalizo xsnari, 

anzaveben Wdemde vercxlis nitratis xsnariT (fonuri 

eleqtroliti) da kargad SeanjRreven. 

pipetiT iReben 9ml xsnars, gadaaqvT eleqtro-

lizis ujredSi, aTavseben grafitis eleqtrods 

eleqtrodur gasaRebs, romelic Sevsebulia KNO3-is 
xsnariT da anxorcielebs kontaqts Sesadarebel 

eleqtrodTan. xsnaris azotis WavliT deairaciis Sem-

deg ganuwyveteli morevisas awarmoeben eleqtrolizs 

10 wuTis ganmavlobaSi 0,00÷0,05 B potencialis dros. 

morevas wyveten da 20-50wT Semdeg awarmoeben anoduri 

polarogramis registracias dagrovebis potencialis 

mniSvnelobidan +0,4 B-mde cvlilebisas da afiqsireben 

vercxlis gaxsnis denis maqsimums +0,3 B-dros. 
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grafitis eleqtrodis eleqtroqimiur gasufTa-

vebas awarmoeben eleqtrodis saanalizo xsnaridan 

amoRebis gareSe, ayeneben potencials +0,4 B da 2-3w 

ganmavlobaSi awarmoeben vercxlis eleqtro gaxsnas 

eleqtrodis zedapiridan. amowmeben srul gamoyofas 

potencialis amplitudis 0,00÷0,4 B-mde cvlilebisas. 

anoduri pikis ar arseboba mowmobs grafitis eleqt-

rodis gasufTavebas da igi mzad aris Semdgomi gansa-

zRvrisaTvis. 

vercxlis gansazRvras awarmoeben danamatebis 

meTodiT, risTvisac ujredSi sakvlev xsnars umateben 

1ml AgNO3-is standartul xsnars, awarmoeben dag-

rovebas da gaxsnas rogorc zemoT iyo aRwerili. sa-

kvlev xsnarSi vercxlis Semcvelobas, ganzavebis mxed-

velobaSi miRebiT, angariSoben formuliT: 

;
)/V(V-)V)(V( ststst

st

xxx CVC

C
C

+
=  

;/V

V

CC

C
C

x

⋅=
9-)/(10

st
 

gansazRvras imeoreben ramdenjerme standartuli 

xsnaris danamatis moculobis SecvliT. 

 
samuSao 5. tyviis ionebis gansazRvra  

amperometruli meTodiT 
 

tyviis ionebis gansazRvrisas titrantad kaliumis 

biqromatis gamoyenebisas warmoiqmneba mciredxsnadi 

naerTi: 
+−+ +→++ HPbCrOOHOCrPb 222 42

2
72

2  
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saTanadod SerCeuli potencialis mixedviT pla-

tinis mikroeleqtrodze xdeba tyviis daJangvis 

reaqcia: 

eHPbOOHPb 242 22
2 ++→+ ++

 

an titrantis aRdgena: 

.72614 2
32

72 OHCreHOCr +→++ ++−
 

 
gamoyenebuli reaqtivebi da aparatura 

 

1. tyviis nitratis 0,001 M xsnari. 
2. KNO3 –is 0,01 N xsnari. 
3. K2Cr2O7 –is 0,05 N xsnari. 
4. amperimetruli titvris nebismieri aparati. 

 

analizis msvleloba 
 

saanalizo xsnari gadaaqvT 50ml sazom kolbaSi, 

mihyavT moculoba Wdemde KNO3-is xsnariT (rogorc 

foni). pipetiT iReben 10ml xsnars, gadaaqvT eleqt-

rozis ujredSi da ganuwyveteli morevisas titraven 

0,05 N K2Cr2O7-is xsnariT. TiToeuli porciis damatebis 

Semdeg akvirdebian mudmivi denis miRwevas. 

miRebuli monacemebis safuZvelze ageben grafiks 

koordinatebSi denis Zala – biqromatis xsnaris mocu-

loba (V). gatitvras awarmoeben 3-4-jer da tyviis Sem-

cvelobas angariSoben formuliT: 

1000/5 pbpb VNЭC =  

sadac V aris gatitvraze daxarjuli biqromatis 

moculoba, ml; N – xsnaris normaloba; Эpb – tyviis 

moluri masa; 5 – ganzaveba. 
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samuSao 6.  spilenZis ionebis gansazRvra 
amperometruli titvriT 

 

meTodi damyarebulia Cu2+- ionebis kaliumis iodi-

diT aRdgenis reaqciaze: 

2
2 242 ICuIICu +↓→+ −+

 

gamoyofili J2-is aRdgena xdeba platinis eleqt-

rodze (sistemaSi I2/2I-
Seqcevadia) da SeiZleba gaitit-

ros Tiosulfatis xsnariT (sistema −− 2
64

2
32 / OSOS  

Seuqcevadia).  

 

gamoyenebuli reaqtivebi da aparatura 
 

1. kaliumis iodidi KI mSrali. 

2. Tiosulfatis Na2S2O3  0,05 M xsnari. 

3. gogirdmJavis 1 M xsnari.  

4. saanalizo xsnari CuSO4 0,001 M. 

5. platinis eleqtrodebi.  

6. amperometruli titvris danadgari.      

 

analizis msvleloba 
 

saanalizo xsnari gadaaqvT sazom kolbaSi, anzave-

ben Wdemde gogirdmJavis xsnariT da kargad Sean-

jRreven. pipetiT iReben 20ml xsnars, umateben ~ 1g KI, 
xsnars aCereben 3-5 wuTis ganmavlobaSi raTa damTav-

rdes reaqcia. xsnarSi aTavseben platinis eleqtro-

debs da titraven Tiosulfatis xsnariT. TiToeuli 

momatebuli porciis (0,1ml) Semdeg awarmoeben denis 

Zalis Cvenebis aRricxvas, radgan Seqcevadi reaqcia 

ititreba SeuqcevadiT, denis Zala jer izrdeba, miaR-

wevs maqsimums da eqvivalentur wertilSi praqtiku-
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lad xdeba nulis toli. miRebuli monacemebis 

mixedviT ageben grafiks koordinatebSi denis Zala I-

322 OSNaV , sazRvraven titrantis moculobas, romelic 

Seesabameba eqvivalentur wertils da titrometruli 

analizis formuliT sazRvraven spilenZis Semcve-

lobas.  
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Tavi XIV 

 
konduqtometria. konduqtometriuli titvra 

 

analizis konduqtometriuli meTodi damyarebu-

lia eleqtrolitTa wyalxsnarebis _ mJavebis, tute-

ebis, marilebis _ eleqtrogamtarobis gazomvaze. Tu 

eleqtrolitis Semcvel WurWelSi movaTavsebT or 

eleqtrods da SevaerTebT denis wyarosTan, xsnarSi 

gaivlis deni. xsnari xasiaTdeba winaRobiT da misi 

Sebrunebuli sididiT - eleqtrogamtarobiT. xsnaris 

winaRoba proporciulia eleqtrodebs Soris manZilis, 

xsnaris xvedriTi winaRobis da ukuproporciulia 

eleqtrodebis farTis: 

S

l
R ρ=     

R
L

1=  

sadac R aris xsnaris winaRoba (omi), L _ eleqtrogam-

taroba (sm-), ρ _ xsnaris xvedriTi winaRoba, l _ 

manZili eleqtrodebs Soris, S _ eleqtrodebis far-

Ti. 
rodesac l=1, S=1sm2, maSin R=ρ. 

xvedriTi winaRobis Sebrunebul sidides xvedri-

Ti eleqtrogamtaroba ewodeba, aRiniSneba χ (omi-, sm-). 

ρ
χ 1=  

calkeuli individualuri nivTierebebi xasiaTde-

bian eqvivalenturi eleqtrogamtarobiT λ, romelic 

aris 1 moli nivTierebis Semcveli xsnaris eleqtro-

gamtaroba: 

C

1000χλ =  

sadac C aris nivTierebis koncentracia, mol/l. 
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xsnaris eqvivalenturi eleqtrogamtaroba damoki-

debulia xsnaris disociaciis xarisxze da ionTa 

Zvradobaze: 

λ=α⋅F(U++U-) 
sadac α _ disociaciis xarisxia,  
F _ faradeis ricxvi 
U+ _ kaToduri Zvradoba 

U- _ anoduri Zvradoba 

eleqtrolitis xsnarebSi denis gadamtania ionebi, 

romlebic xsnarSi moZraoben qaotiurad. eleqtro-

debze Zabvis modebisas xsnarSi Cndeba eleqtruli 

veli. ionebi iwyeben moZraobas garkveuli mimarTule-

biT da gadaaqvT muxtebi, ris Sedegad xsnarSi 

gaivlis deni. rac meti ionebi monawileoben muxtebis 

gadatanaSi, miT metia deni da, Sesabamisad,  eleqtro-

gamtarobac. sxvadasxva ionebi eleqtrul velSi moZ-

raoben sxvadasxva siCqariT. igi xasiaTdeba sididiT, 

romelsac Zvradoba ewodeba. amitom erTidaigive kon-

centraciis xsnarebis eleqtrogamtaroba sxvadasxvaa. 

yvelze didi Zvradoba axasiaTebs wyalbadis ions, 

Semdeg hidroqsid-ions, danarCeni ionebis Zvradoba 

naklebia. amitom mJavebis da Zlieri fuZeebis xsnarebs 

aqvT maRali eleqtrogamtarobis mniSvnelobebi.  

konduqtometruli gansazRvrisas konkretuli 

wyvilisaTvis L da S mudmivi sidideebia da aRiniSneba 
K-T, maSin 

λ=KCU 

es gantoleba safuZvlad udevs konduqtometrul 

analizs. 
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xsnaris eleqtrogamtarobis gazomva 

 

eleqtrogamtarobis gasazomad gamoyenebulia spe-

cialuri xelsawyo konduqtometri. gazomva xdeba 

kolrauSis xidis sqemiT (nax. 61): eleqtrolizis 

ujredi xsnariT (2), romelSic CaSvebulia platinis 

eleqtrodebi, dafaruli platinis SaviT (1), 

mierTebulia xidis mxarze. A da B wertilebTan 

cvladi denis wyaros mierTebiT xidis TiToeul 

mxarze warmoiqmneba eleqtruli deni, romelic 

damokidebulia TiToeuli mxris winaRobaze. 

xelsawyos zeda mxarze mdebareobs cnobili 

(Sesadarebeli) winaRoba R da WurWeli saanalizo 

xsnariT Rx, qveda ganStoeba _ reoqorda AB mcocavi 
kontaqtiT. zeda mxris Sua wertilidan C CarTulia 

diagonaliT cvladi denis galvanometri 4. 
diagonalis meore bolo mierTebulia reoqordaze 

mcocav kontaqtTan D. 

 

 
nax. 61. konduqtometri kolrauSis 

xidis sqemiT 

 

imisaTvis, rom gavzomoT winaRoba Rx, saWiroa 

reoqordaze mcocavi kontaqtis gadaadgilebiT miR-

weul iqnes zeda da qveda mxrebze denis Zalis iseT 
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ganawileba, rom xidis diagonalSi deni ar gadiodes, 

rasac gviCvenebs diagonalSi CarTuli nulovani gal-

vanometri. am momentSi (mas uwodeben kompensaciis 

moments) xidis calkeuli monakveTebis winaRobaTa 

Tanafardoba iqneba: 

bR

R

R

R

a

x =  aqedan R
R

R
R a

x ⋅=
b

 

Rx-is gamosaTvlelad sakmarisia reoqordaze gada-

Wimul danayofebian (sm) saxazavze gadaizomos mona-

kveTebi AD da DB e.i. Ra da Rb. 

konduqtometruli gansazRvrisas didi mniSvne-

loba aqvs eleqtrolizis ujredis SerCevas. ujredi 

warmoadgens minis WurWels, romelSic moTavsebulia 

platinis eleqtrodebi, dafaruli platinis SaviT. 

eleqtrodebi mWidrod aris Camagrebuli ujredis 

TavSi an kedlebze, raTa ar Seicvalos maT Soris 

manZili. ujredis formis SecvliT icvleba xsnaris 

moculoba da saTanadod eleqtrogamtaroba, radgan 

deni gadis ara mTel moculobaSi, aramed eleqtro-

debs Soris moTavsebul nawilSi. eleqtrodis farTis 

Sefardeba eleqtrodebs Soris manZilze aris ujre-

dis mniSvnelovani maxasiaTebeli K, romelsac ujre-

dis mudmiva ewodeba. ujredis gavlenis gamosaricxad,  

saanagariSo formulaSi SeyavT K-s mniSvneloba. K-s 
gansazRvra xdeba eqsperimentulad mocemul ujredSi 

0,1 da 0,01N KCl-is xsnaris eleqtrogamtarobis 

gazomviT, romlis xvedriTi eleqtrogamtaroba cnobi-

lia (χ0,1N=128 Cu; χ 0,01N=141.27 Cu). standartuli mniSvne-

lobis χst Sefardeba eqsperimentulad miRebul χx 

gvaZlevs K-s mniSvnelobas, amitom xvedriTi eleqtro-

gamtarobis formula Rebulobs Semdeg saxes: 

χ = K/R = KL;   K = χst / χx = χst ּRx 
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sadac Rx aris ujredSi moTavsebuli 0,1 da 0,01N 
KCl-is winaRoba, 

χx – am xsnaris eleqtrogamtaroba, 

χst standartuli mniSvneloba 0,1 da 0,01N KCl 
xvedriTi eleqtrogamtaroba. 

kolrauSis sqemiT izomeba ara uSualod 

eleqtrogamtaroba, aramed misi Sebrunebuli sidide 

winaRoba. eleqtrogamtaroba gamoiTvleba formuliT: 

R
L

1=  

konduqtometriuli meTodiT koncentraciis gan-

sazRvris ori varianti arsebobs: pirdapiri konduq-

tometria da konduqtometriuli titvra. 

pirdapiri konduqtometriis meTodis gamoyenebisas 

winaswar amzadeben standartuli xsnarebis serias, 

zomaven maT eleqtrogamtarobas da miRebuli Sede-

gebis mixedviT ageben magraduirebel grafiks koor-

dinatebSi L-C. analogiurad sazRvraven sakvlevi xsna-

ris eleqtrogamtarobas da grafikis saSualebiT 

pouloben sakvlevi xsnaris koncentracias. 

 

konduqtometriuli titvra 

 

konduqtometriuli titvra warmoadgens moculo-

biTi analizis meTods, romelic damyarebulia eqviva-

lentur wertilSi xsnaris eleqtrogamtarobis Secv-

laze. 

L=f(Vxsn) 

gatitvris procesSi xsnarSi ionTa koncentraci-

ebi icvleba. ionebis erTi nawili warmoqmnis mcired 

disocirebul naerTebs, nawili – Zneladxsnad naer-

Tebs. reaqciis Sedegad warmoiqmneba sxvadasxva Zvra-
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dobis ionebi. ionebis bunebis mixedviT eqvivalentur 

wetilSi eleqtrogamtaroba mkveTrad icvleba. gansa-

zRvrisaTvis iReben saanalizo xsnaris garkveul rao-

denobas, zomaven mis eleqtrogamtarobas. Semdeg biu-

retidan ganuwyveteli morevisas porciebiT umateben 

samuSao xsnars da zomaven mis eleqtrogamtarobas. 

miRebuli Sedegebis mixedviT ageben titvris mrudebs 

koordinatebSi L-V, sadac L aris eleqtrogamtaroba, V 
_ titvraze daxarjuli samuSao xsnaris moculoba. 

saanalizo nivTierebis koncentracias angariSoben 

moculobiT analizSi gamoyenebuli formuliT: 

x
x V

VC
C =  

sadac C aris samuSao xsnaris koncentracia. 
V _ eqvivalentur wertilamde gatitvraze daxar-

juli xsnaris moculoba. 

Cx _ aris saanalizo xsnaris koncentracia. 

Vx _ saanalizod aRebuli xsnaris moculoba. 

titvris mrudebis saxesxvaoba damokidebulia 

gansasazRvravi nivTierebis ionebis Zvradobaze da 

titrantze. ganvixiloT konduqtometriuli titvris 

ZiriTadi tipebi (nax. 62). 

 
nax. 62. konduqtometriuli titvris mrudebi 
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1. gasatitri nivTiereba da titranti Seicavs maRa-

li Zvradobis ionebs. magaliTad, HCl ititreba NaOH-

iT (a). xsnarSi dasawyisSi gvaqvs maRali Zvradobis H+
 

_ ionebi. titvris Semdeg maTi koncentracia mcirdeba 

da eleqtrogamtaroba ecema. eqvivalentur wertilSi 

eleqtrogamtaroba minimaluria. NaOH-is damatebisas 

warmoiqmneba maRali Zvradobis OH-
 _ ionebi da eleq-

trogamtaroba izrdeba. mrudis aRmavali nawilis dax-

ris kuTxe naklebia, radgan OH-
 _ ionebis Zvradoba H+

 

_ ionebTan SedarebiT dabalia. 

2. gasatitri nivTiereba da titranti Seicavs daba-

li Zvradobis ionebs. magaliTad, Na2SO4-is BaCl2-iT 

gatitvrisas eqvivalentur wertilSi eleqtrogamta-

roba praqtikulad ucvlelia (b), radgan dabali Zvra-

dobis 
−2

4SO  _ ionebi warmoqmnian BaSO4-s da icvlebian 

TiTqmis igive Zvradobis Cl-
 _ ionebiT. Na+

 _ ionebi 

rCeba ucvleli. eqvivalenturi wertilis Semdeg Ba2+
 

da Cl-
 ionebis siWarbisas eleqtrogamtaroba izrdeba. 

3. gasatitri nivTierebis ionebs aqvs maRali Zvra-

doba, titranitis Zvradoba ki dabalia (c) am SemTxve-
vaSi eqvivalentur wertilamde eleqtrogamtaroba 

mcirdeba, eqvivalenturi wertilis Semdeg umniSvne-

lod izrdeba. 

4. gasatitri nivTiereba Seicavs dabali Zvradobis 

ionebs, titranti ki maRali Zvradobis ionebs (d). maga-
liTad, CaCl2 ititreba NaOH-iT. dasawyisSi eleqtro-

gamtaroba umniSvnelod mcirdeba. Ca2+
 _ ionebi, 

Ca(OH)-is naleqis warmoqmnis gamo, icvleba Na+
 _ 

ionebiT. Semdeg eleqtrogamtaraoba izrdeba xsnarSi 

OH-
 _ ionebis siWarbis gamo. 

koduqtometriul titvras axasiaTebs mTeli rigi 

upiratesoba. igi SeiZleba gamoyenebul iqnes SemRv-
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reul da Seferil xsnarebSi; maSin, rodesac ar aris 

SerCeuli saTanado indikatori; gamoirCeva maRali 

mgrZnobiarobiT; SesaZlebelia gansazRvra vawarmooT 

Zlier ganzavebul xsnarSi (10-4 mol/l); gansazRvris 

sizuste mdebareobs titrimetruli analizis sizus-

tis farglebSi.  

 

maRali sixSiris konduqtometria 

 

bolo wlebSi farTo gamoyeneba hpova maRali six-

Siris konduqtometriam. am meTodiT gatitvrisas eleq-

trodebi sakvlev xsnarebSi ar aris CaSvebuli, aramed 

saanalizo WurWels garedan mWidrod ekvris rgolis an 

firfitis saxiT. amiT gamoricxulia titvris Sedegad 

warmoqmnili naleqiT eleqtrodebis gaWuWyianeba, aseve 

titvra SeiZleba Catardes agresiul garemoSic. ar aris 

aucilebeli platinis eleqtrodis gamoyeneba, igi 

SeiZleba Seicvalos nebismieri liToniT, radgan igi 

moTavsebulia Wiqis gareT. eleqtrodebze mihyavT 

specialuri generatoridan maRali sixSiris deni. 

gatitvris Sedegad icvleba eleqtrogamtaroba da denis 

Zala. eqvivalenturi wertilis dadgena xdeba 

magraduirebeli grafikis agebiT koordinatebSi I-V, 

abscisaTa RerZze gadazomaven daxarjuli xsnaris 

moculobas, xolo ordinatTa RerZze denis Zalas. 

msgavsad konduqtometriuli titvrisa miRebul mruds 

aqvs rogorc maqsimumi, ise minimumi, romlis mixedviT 

xdeba eqvivalenturi wertilis dadgena. 

maRali sixSiris konduqtometria SeiZleba gamoye-

nebul iqnes neitralizaciis, Jangva-aRdgenis, daleq-

vis da kompleqswarmoqnis reaqciebSi, rodesac ar 

aris SerCeuli saTanado indikatori. miuxedavad meTo-
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dis gamoyenebis farTo SesaZleblobisa, mas, msgavsad 

Cveulebrivi konduqtometriuli titvrisa, axasiaTebs 

nakli _ dabali seleqtiuroba. xsnarSi myofi gareSe 

ionebi xels uSlian analizis Catarebas. es gansakuT-

rebiT iCens Tavs gareSe ionebis maRali koncentra-

ciebis dros. xsnaris saerTo eleqtrogamtaroba imde-

nad didia, rom misi cvlileba titvris dros xdeba 

umniSvnelo, ris gamoc eqvivalenturi wertilis zus-

tad dadena SeuZlebelia.  

 
 

laboratoriuli samuSaoebi 
 

samuSao 1. narevSi qloridebis da iodidebis 
gansazRvra konduqtometruli meTodiT 

 

qloridebis da iodidebis AgNO3-iT gatitvrisas 

neitralur an mJava garemoSi warmoebs mimdevrobiTi 

daleqva AgI, Semdeg AgCl, vinaidan Cl- da I- - ionebis 
Zvradoba axloa erTmaneTTan, konduqtometruli titv-

ris mrudze SeimCneva mxolod erTi texili, romelic 

Seesabameba halogenidebis jams. amiakis Tanaobisas 

titvris procesSi warmoiqmneba naklebad xsnadi AgI 
da titrantis siWarbisas xsnadi kompleqsi [Ag(NH3)2]Cl. 
konduqtometruli titvris mrudze fiqsirdeba erTi 

texili, romelic Seesabameba iodidis titvras.  qlo-

ridebis Semcvelobas narevSi awarmoeben neitralur 

da amiakur garemoSi gatitvris monacemebis sxvaobiT. 

 
gamoyenebuli reaqtivebi da aparatura 

 

1. AgNO3-is 0,01 M  standartuli xsnari. 
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2. saanalizo narevi - 0,01 M  KCl da KI. 
3. amiakis koncentrirebuli xsnari. 

4. universaluri indikatori. 

5. konduqtometri ,,impulsi”, an nebismieri tipis. 

6. magnituri sarevela. 

 

analizis msvleloba 
 

saanalizo narevi gadaaqvT 100ml sazom kolbaSi, 

mihyavT moculoba Wdemde gamoxdili wyliT da Sean-

jRreven. pipetiT iReben 10ml xsnars, gadaaqvT tit-

raciis ujredSi, umateben ~ 40ml gamoxdil wyals ise, 

rom dafaros eleqtrodebi da ganuwyveteli morevisas 

titraven AgNO3-is xsnariT. TiToeuli damatebuli 

titrantis porciis Semdeg aRricxaven xelsawyos 

Cvenebas. 

miRebuli Sedegebis mixedviT ageben titvris 

mruds koordinatebSi xvedriTi eleqtrogamtaroba χ 
(an winaRoba) – V (AgNO3-is moculoba). mrudis texi-

lis wertiliT pouloben AgNO3-is moculobas, ro-

melic Seesabameba narevis (qloridebis da iodidebis) 

gatitvris dasasruls. 

titraciis ujredSi gadaaqvT saanalizo xsnaris 

10ml, umateben 40ml gamoxdil wyals, wveTwveTobiT 

amiakis wyalxsnars pH ≈ 9 (universaluri indikatoris 

gamoyenebiT), ganuwyveteli morevisas titraven AgNO3-
is xsnariT da iReben xelsawyoze Sesabamis anaTvals. 

miRebuli Sedegebis mixedviT ageben  titvris 

mruds da pouloben AgNO3-is moculobas, romelic 

Seesabameba iodidebis gatitvris dasasruls. moculo-

baTa sxvaobiT (V1–V2) angariSoben narevSi qloridebis 

Semcvelobas. 
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titrimetrul analizSi gamoyenebuli formulis 

saSualebiT angariSoben qloridebis da iodidebis 

koncentracias. 

 

samuSao 2. rkinis ionebis gansazRvra maRali sixSiris 
konduqtometruli titvriT 

 

Fe3+ ionebi eTilendiamintetraZmarmJavasTan (komp-

leqson III) pH = 2-3 warmoqmnian mdgrad kompleqs-

naerTebs, rac SeiZleba gansazRvrul iqnes maRali 

sixSiris konduqtometruli titvriT, reaqcia mimdi-

nareobs: 
+−− +→+ HFeTTHFe 32

3
 

THTHH 43 →++
 

titvris mrudze SeimCneva ori texili, pirveli 

Seesabameba Fe3+-ionebis raodenobriv SeboWvas komp-

leqsnaerTSi, meore mJavur-tutian urTierTqmedebas. 

 
gamoyenebuli reaqtivebi da aparatura 

 

1. kompleqson III-s 0,1 M xsnari. 
2. H2SO4-is 1 M xsnari. 
3. maRali sixSiris titratori. 

4. magnituri sarevela. 

 
analizis msvleloba 

 

saanalizo xsnari gadaaqvT 100ml sazom kolbaSi, 

umateben 20ml H2SO4, mihyavT moculoba Wdemde ga-

moxdili wyliT da kargad SeanjRreven. miRebuli 

xsnaris 5ml gadaaqvT titraciis WiqaSi, umateben ~ 40-
50ml gamoxdil wyals, rom dafaros eleqtrodebi da 
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ganuwyveteli morevisas titraven 0,1ml porciebiT 

kompleqson III-s xsnariT. TiToeuli porciis dama-

tebis Semdeg iReben xelsawyoze anaTals da miRebuli 

Sedegebis mixedviT ageben titvris mruds. titvris 

mrudis pirveli texiliT sazRvraven kompleqson III-s 

moculobas, romelic ixarjeba Fe3+-ionebis gatitv-

raze. rkinis Semcvelobas angariSoben formuliT: 

xV

CV
x

⋅=  

sadac V aris gatitvraze daxarjuli xsnaris 

moculoba, ml; 

C – samuSao xsnaris koncentracia 
Vx – saanalizo xsnaris aliqvoturi nawili. 
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Tavi XV 

 
kulonometria. kulinometriuli titvra 

 

kulonometriuli meTodi damyarebulia saanalizo 

nivTvierebis eleqtroqimiur gardaqmnaze daxarjuli 

eleqtrobis gazomvaze. meTodis gamoyenebisas saana-

lizo nivTierebis gansazRvra unda mimdnarebdes 100% 

gamosavliT, rac niSnavs, rom nivTierebis faqtiuri 

raodenoba qf, romelic Sedis eleqtroqimiur reaq-

ciaSi, unda iyos toli misi Teoriuli raodenobis: 

qT : qf = q1 

kulonometriuli meTodiT SeiZleba ganisazRvros 

nivTierebebi, romlebic ar ileqebian eleqtrodze, an 

eleqtroqimiuri reaqciis Sedegad xdeba maTi 

aorTqleba. meTodi xasiaTdeba maRali mgrZnobiarobiT 

10-8_10-10 gr. amitom kolonometriuli gansazRvra gamo-

iyeneba mikrominarevebis, mcire raodenobis mZime li-

Tonebis, kerZod, vercxlis gansazRvrisaTvis. 

arCeven kulonometriuli gansazRvris or vari-

ants: pirdapiri kulonometria da kulonometriuli 

titvra. 

pirdapiri kulonometria damyarebulia sakvlev 

xsnarSi gamavali eleqtrobis gazomvaze, romelic 

saWiroa eleqtroqimiuri reaqciis Casatareblad 

(faradeis kanoni).  

M

nFm
Q x ⋅=  aqedan 

F

ItM

nF

QM
mx ==            (1) 

sadac mx aris nivTierebis raodenoba saanalizo 

xsnarSi, Q _ xsnarSi gavlili eleqtrobis raodenoba, 

M _ gansasazRvravi nivTierebis moluri masa, n _ 
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eleqtroqimiuri gardaqmnisaTvis saWiro eleqtronebis 

ricxvi, F _ faradeis ricxvi. 
pirdapir kulonometriaSi SeiZleba gamoyenebul 

iqnes rogorc kaTodze mimdinare aRdgenis, ise anodze 

mimdinare daJangvis procesebi. metalis ionebis kaTo-

duri aRdgena elementarul mdgomareobamde SesaZle-

belia, Tu mocemul eleqtrodze gamoyofis potenciali 

naklebia wyalbadis gamoyofis potencialze. Tu 

cnobilia eleqtrobis raodenoba, romelic saWiroa 

nivTierebis eleqtroqimiuri daJangvis an aRdgenisaTvis 

da xsnarSi gasuli eleqtrobis raodenoba, advilad 

iangariSeba gansasazRvravi nivTierebis Semcveloba. 

magram pirdapir kulonometriul meTods praqti-

kaSi SedarebiT iSviaTad iyeneben. farTod gamoyene-

bulia e.w. kulometriuli titvris meTodi. am meTodSi 

eleqtrodenis moqmedebis Sedegad mimdinare eleqtro-

qimiuri reaqciis paralelurad sxnarSi xdeba agreTve 

qimiuri reaqcia gansasazRvrav nivTierebasa da 

eleqtroqimiuri reaqciis produqts Soris. am dros 

deni umTavresad im gareSe ionebis eleqroqimiur da-

Jangva-aRdgenaze ixarjeba, romlebic specialurad Se-

yavT sxnarSi didi siWarbiT. daJangva-aRdgenis pro-

duqtebi Semdeg qimiurad urTierTqmedeben gansasazRv-

rav nivTierebasTan. aseTi xerxi saSualebas iZleva 

Tavidan aviciloT Tanauri reaqciebi, romelTagan 

mTavaria wylis daSla. e.i. titranti warmoiqmneba uj-

redSi damatebuli nivTierebis Sedegad. am nivTierebas 

eleqtrogenerirebuli reagenti, xolo TviT process 

titrantis generacia ewodeba.  

analizis Sedegbis gamosaangariSeblad faradeis 

kanonis Tanaxmad aucilebeblia zustad gaizomos 

eleqtrobis is Q raodenoba, romelic ixarjeba moce-
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mul eleqtreoqimiur reaqciaze. Q-s gansazRvra SeiZ-

leba Catardes mudmivi denis (amperostatikuri, galva-

nostatikuri) dros, an eleqrodis mudmivi (potencio-

statikuri) potencialis dros.  

 

kulonometria mudmivi denis dros 

 

amperostatikuri kulonometeria damyarebulia 

imaze, rom eleqtrolizis dros denis Zala rCeba 

ucvleli da zomaven dros, romelic saWiroa 

eleqtrolizis damTavrebisaTvis. eleqtrobis raode-

noba gamoiangariSeba formuliT: 

Q = It 
mudmivi denis SenarCunebisTvis gamoiyeneba ampero-

statebi an galvanostatebi. eleqtrodebze Zabva denis 

wyaros did ZabvasTan SedarebiT umniSvnelod icvleba 

da ar axdens gavlenas denis Zalaze, romelic mTeli 

procesis dros rCeba mudmivi. es meTodi ufro iSvia-

Tad gamoiyeneba, radagan jer kidev eleqtroqimiuri 

reaqciis damTavrebamde mimdinareobs Tanauri reaqci-

ebi da denis Zalis gamosavali 100%-s ar aRwevs. es 

gamowveulia imiT, rom gansasazRvravi nivTierebis 

koncentraciis SemcirebiT samuSao eleqtrodis poten-

ciali izrdeba da SeiZleba moxdes wylis daSla. me-

Todi gamoyenebulia im nivTierebebis gansazRvrisas, 

romlebic eleqtrodze ileqebian karg mdgomareobaSi 

metalis, oqsidebis da sxva saxiT.  

 
kulonometria mudmivi potencialis dros 

 

potenciostatikuri kulonometria damyarebulia 

samuSao eleqtrodis potencialis sididis da mTeli 
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eleqrolizis ganmavlobaSi am potencialis mudmivi 

mniSvnelobis kontrolze. denis Zala TandaTan mcir-

deba, radgan gansasazRvravi nivTierebis koncentracia 

ganuwyvetliv ecema. denis Zalis damokidebuleba 

eleqrolizis droze gamoisaxeba nax. 63-ze moyvanili 

maCvenebliani mrudiT.  

 

 

nax. 63. eleqtrolizis denis Zalis cvlileba droSi (a); 
eleqtrolizis denis Zalis logariTmuli  

damokidebuleba droze (b). 

 

gansasazRvravi ionis srul daJangvaze da aRdge-

naze eleqtrobis saerTo raodenoba gamosaxeba far-

TobiT, romelic Semofaglulia mrudiT denis Zala - 

dro da koordinatebis RerZebiT (a). ufro mosaxer-

xebelia sargebloba logariTmuli damokidebulebiT 

lg I = ƒ (t), romelic gamoisaxeba swori xaziT (b). Q 

sididis gamoangariSeba SeiZleba gantolebiT:   

tga

I
Q o=  

sadac I0 denis sawyisi Zalaa, tg α - sworis I = ƒ (t) 
daxris kuTxis tangensi, romelic uSualod naxazze 

naCvenebi grafikiT izomeba.  

kulonometris proncipuli sqema mocemulia nax. 

64. 
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nax. 64. kulonometruli titvris 

danadgaris blok-sqema 

 

akumulatoris batareidan (1) stabilizirebuli 

deni winaRobis (2) da ampermetris (3) saSualebiT 

miewodeba pultgadamrTvels (4). generatorul jaWvSi 

(7) mudmivi potencialis Semowmeba swarmoebs poten-

ciometriT (6). wamzomis (5) da generaciuli jaWvis 

CarTva xdeba erTdroulad. reaqciis dasasrulis fiq-

sireba xdeba indikatoruli eleqtrodis (9) da gamzo-

mi potenciometris saSualebiT.  

eleqtrolizis Sedegad titrantis generacia xde-

ba samuSao eleqtrodze (8). meore eleqtrodad gamo-

yenebulia damxmare eleqtrodi (8’). misi gamoyofa sa-

analizo sxnaridan swarmoebs milSi moTavsebuli fo-

rovani ZgidiT, radgan damxmare eleqtrodze mimdinare 

reaqcia xSirad xels uSlis kulonomtriul gansazR-

vras. 

Tu indikaciisaTvis gamoyenebulia amperometruli 

meTodi, maSin indikatorul eleqtrodad gamoyenebu-

lia ori platinis eleqtrodi, xolo potenciomet-

ruli indikaciisaTvis – plationis da kalomelis 

eleqtrodebi.  
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kulonometriuli titvris mrudebis ageba xdeba 

koordinatebSi I – t. mudmivi denis Zalis gamoyenebisas 

dro proporciulia daxarjuli reagentis raodenobis 

(nax. 65).  
 

 

nax. 65. kulonometruli titvris mrudebi 

 

gansasazRvravi nivTierebis eleqtroqimiuri aqti-

vobis da generirebuli reagentis mixedviT titvris 

mruds eqneba sxvadasxva saxe. pirvel SemTxvevaSi (a) 
indikacia xdeba gansasazRvravi ionis mixedviT. mrudi 

gviCvenebs denis Semcirebas koncentraciis Semcirebas-

Tan erTad. mrudis gardatexis wertili Seesabameba 

nivTierebis ukanaskneli wilis gaqrobas. Semdeg ki 

mrudi sworxazovania. magaliTad, aqtiuri Fe2+
 ionebis 

daJangva Ce4+
 oinebiT, romelic generirdeba Ce3+

-ad, 

indikatoruli deni mcirdeba, rac gamowveulia Fe2+ 

ionebis koncentraciis SemcirebiT. rodesac mTeli 

Fe2+ ionebi daiJangeba Fe3+
 ionebad, deni xdeba mini-

maluri da stabilizirdeba.  

meore SemTxvevaSi (b) indikacia midis generirebu-
li eleqtroqimiurad aqtiuri titrantis mixedviT, 

sanam igi ixarjeba gansasazRvravi nivTierebis ionebis 

reaqciaze, deni indikatorul jaWvSi rCeba mudmivi. 

gansasazRvravi ionebis srulad Sekvris Semdeg deni 

iwyebs gazrdas drois proporciulad. magaliTad, Zn2+
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ionebis titvrisas mJava garemoSi eleqtroqimiurad 

araaqtiuri K3[Fe(CN)6]  xsnariT. eleqtrodebze xdeba 

[Fe(CN)6]
3-
-is aRdgena [Fe(CN)6]

4--ad da Sedis reaqciaSi 

Zn2+
 ionebTan. deni indikatorul jaWvSi dasawyisSi ar 

icvleba, magram eqvivalentur wertilSi eleqtroqi-

miurad aqtiuri [Fe(CN)6]
4-
-ionebis siWarbisas denis 

Zala izrdeba.  

mesame SemTxvevaSi (c) eleqtroqimiurad aqtiuri 

gansasazRvravi ionis aqtiuri generirebuli titran-

tiT titvrisas jaWvSi deni jer ecema, Semdeg ki izr-

deba. samive SemTxvevaSi mrudis gadaxris wertili Se-

esabameba eqvivalentur wertils, rac misi zustad 

dadgenis saSualebas iZleva. 

reaqciis dasaasruli fiqsirdeba vizualurad an 

fizikur-qimiuri meTodebis gamoyenebiT. am meTods 

arapirdapir meTodsac uwodeben, radgan eleqtroqi-

miur procesSi monawileobs ara TviT gansasazRvravi 

nivTiereba, aramed Sualeduri produqti, romelic 

Semdgom reagirebs gansasazRvrav nivTierebasTan. 

kulonometriul titvras aqvs mTeli rigi upira-

tesoba Cveulebriv titrimetrul meTodTan SedarebiT, 

kerZod,  ar aris saWiro samuSao xsnarebis momzadeba 

da maTi koncentraciis zustad dadgena. samuSao xsna-

rad SesaZlebelia iseTi nivTierebis gamoyeneba, rome-

lic Cveulebriv pirobebSi naklebad mdgradia da ami-

tom uvargisia samuSao xsnaris mosamzadeblad. meTo-

di gamoirCeva maRali mgrZnobiarobiT da sizustiT. 

igi SeiZleba gamoyenebul iqnes ara marto analizur 

qimiaSi, aramed sxvadasxva fizikur-qimiur gamokvle-

vebSi, kerZod, kinetika da reaqciis meqanizmi, katali-

zuri procesebi, kompleqswarmoqmna, qimiuri wonaswo-

roba da sxva.  
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laboratoriuli samuSaoebi 
 

samuSao 1. spilenZis ionebis kulonometriuli 
gansazRvra 

 

meTodi damyarebulia Cu2+
 - ionebis iodis ionebiT 

aRdgenis reaqciaze: 

2
2 242 ICuIICu +↓→+ −+

 

gamoyofil iods titraven Tiosulfatis xsnariT 

da gatitvris dasasruls adgenen vizualurad saxameb-

lis xsnaris feris SecvliT, an instrumentuli meTo-

debis gamoyenebiT.  

 

gamoyenebuli  reaqtivebi  da  aparatura 

 

1. KI-is 0,2 M xsnari (damxmare reagenti).  

2. Na2S2O3-is 0,001  M xsnari.  

3. saanalizo CuSO4-is 0,02 M xsnari.  

4. saxameblis 1% xsnari.  

5. kulonometriuli danadgari.  

6. generirebuli platinis eleqtrodi firfitis 

zomiT 1x1 sm.  
 

analizis  msvleloba 

 

winaswar awarmoeben Tiosulfatis gatitvras, ris-

Tvisac 10 ml gadaaqvT ujredSi, umateben 10 ml dam-

xmare reagents, 7 wveT saxameblis xsnars. xsnarSi 

aTavseben generatorul eleqtrods da titraven 5 mA 

denis Zalis dros saxameblis lurji feris warmo-

qmnamde, rTaven wammzoms da afiqsireben generaciis 

dros t1. spilenZis Semcveli sakvlevi xsnari gadaaqvT 
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sazom kolbaSi da mihyavT moculoba Wdemde gamox-

dili wyliT. pipetiT iReben 5 ml xsnars, gadaaqvT 

ujredSi, umateben 10 ml Tiosulfatis xsnars, 7 wveT 

saxameblis xsnars da titraven iseve rogorc Tiosul-

fatis xsnars. afiqsireben generaciis dros t2.  

spilenZis Semcvelobas angariSoben formuliT: 

x = 0.01036 · I · t · M · f · 
nV

Vk  

sadac I aris denis Zala; t - generaciis dro (t1-t2), 

w: M molekuluri masa spilenZis; f - eqvivalentobis 

faqtori; Vk - sazomi kolbis moculoba; Vn - pipetis 

moculoba.  

 

samuSao 2. aluminis gansazRvra kulonometriuli 
meTodiT 

 

gansazRvra damyarebulia Al3+
-ionebis 8-hidroqsi-

qinolinTan kristaluri naleqis warmoqmnis reaqcia-

ze, romlis mJavaSi gaxsnisas gamoiyofa 8-hidroqsiqo-

nolinis steqiometruli raodenoba, romelic ititre-

ba eleqtrogenerirebuli bromiT.  

 

gamoyenebuli  reaqtivebi  da  aparatura 

 

1. KBr-is 0,4M da 0,1 M xsnarebi gogirdmJavaSi 

(damxmare reagenti) 

2. 8 – hidroqsiqinolinis 1% xsnari ZmarmJavaSi an 

eTanolSi  

3. HCl 2M xsnari  

4. boratuli buferuli xsnari pH=9,5   
5. aluminis saanalizo xsnari.  
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analizis msvleloba 

 

aluminis saanalizo xsnari gadaaqvT sazom kol-

baSi, anzaveben Wdemde gamoxdili wyliT da SeanJR-

reven. pipetiT iReben 10 ml xsnars, gadaaqvT 100 ml 

WiqaSi, umateben 10 ml boratul buferul xsnars da 2 

ml 8 – hidroqsiqinolins. xsnars naleqianad acxele-

ben aduRebamde da aTavseben wylis abazanaze 20 wuTis 

ganmavlobaSi, filtraven, recxaven jer cxeli wyliT, 

Semdeg civi wyliT. naleqs xsnian 30 ml cxel maril-

mJavaSi, recxaven cxeli wyliT. miRebuli xsnari rao-

denobrivad gadaaqvT 100 ml sazom kolbaSi, anzaveben 

gamoxdili wyliT Wdemde da SeanjRreven.   

pipetiT iReben 10 ml xsnars, gadaaqvT kulono-

metris ujredSi, umateben 10 ml KBr xsnarSi aTavseben 

generatorul da indikatorul eleqtrodebs, romel-

sac miewodeba polarizebuli deni ΔΕ=200mV da tit-
raven 5 mA denis Zalis dros samuSao 1 analogiurad.  

miRebuli monacemebis mixedviT ageben damokidebu-

lebis grafiks indikatorili jaWvis denis (mkA) da-

mokidebulebas drosTan (w). mrudze gadaxris wertili 

Seesabameba gatitvris dasasruls. 

aluminis Semcveloba iangariSeba formuliT:  

x = 0,010 
x = 0.01036 · I · t · A · feqvAl ·Vk

2 / Vp
2 

sadac I aris denis Zala; t - generaciis dro, w; A - 
aluminis atomuri masa; Vk - sazomi kolbis moculoba; 

Vp - pipetis moculoba.  
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Tavi XVI 

 
analizis kinetikuri meTodebi 
meTodis Teoriuli safuZvlebi 

   

analizis kinetikur meTodebSi sistemis ganmsazRv-

rel Tvisebas, romlis mixedviT msjeloben nivTie-

rebis koncentraciaze, aris qimiuri reaqciis siCqare, 

magaliTad:  

А+В → Х 
reaqciis siCqare damokidebelia moreagire nivTie-

rebis koncentraciaze 

BA CCK
dt

dC
V ⋅⋅==  

sadac K aris reaqciis siCqaris mudmiva; CA da CB 

moreagire nivTierebebis koncentracia; V  - reaqciis 
siCqare.  

nivTierebis koncentraciis gansazRvris reaqcias, 

romelic damyarebulia reaqciis siCqaris gazomvaze, 

kinetikuri reaqcia ewodeba.  

Tu A da B nivTierebebis koncentraciebi tolia 

1mol/l, maSin,  

K
dt

dC
V ==  

reaqciis siCqare icvleba Zalian farTo zRvrebSi 

erTeuli wamidan ramdenime saaTamde. reaqciis siCqa-

ris regulireba SeiZleba sxvadasxva saSualebebiT. 

swrafad mimdinare reaqciis siCqare damokidebulia 

moreagire nivTierebebis koncentraciaze, romlis Se-

susteba SeiZleba A da B nivTierebebis koncentraciis 

SemcirebiT da piriqiT, koncentraciis gazrdiT izr-

deba.  
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reaqciis siCqare damokidebulia mTel rig faqto-

rebze: kerZod, temperaturaze, gamxsnelis dieleqtri-

kul SeRwevadobaze, xsnaris ionur Zalaze, pH da 

katalizatorze.  

reaqciis siCqaris temperaturaze damokidebuleba 

ganisazRvreba areniusis gantolebiT: 

2BT

E

dT

nKd =l
 

sadac K aris siCqaris mudmiva. E - aqtivaciis 

energia. igi aris minimaluri energia, romelsac unda 

flobdes moreagire nawilaki, raTa Sevides reaqciaSi. 

temperaturis gazrda 10˚-iT iwvevs reaqciis siCqaris 

2-3-jer gazrdas. magaliTad, reaqcia kaliumis permag-

natsa da mJaunmJavas Soris Cveulebriv temperaturaze 

mimdinareobs Zalian nela, xolo  xsnaris 80-90˚-mde 
gacxeleba aCqarebs reaqcias. xSir SemTxvevaSi kineti-

kur reaqciebSi saWiroa garkveul momentSi reaqciis 

Seneleba, an saerTod SeCereba, rac xorcieldeba 

xsnaris gaciebiT.  

reaqciis siCqareze gavlenas axdens gamxsnelis 

dieleqtrikuli SeRwevadoba, romlis gazrdiT reaq-

ciis siCqare mcirdeba. umetesi organuli nivTierebe-

bis dieleqtrikuli SeRwevadoba naklebia, vidre 

wylis, amitom aseT gamxsnelebSi reaqciis siCqare me-

tia, vidre wyalxsnarebSi.  

reaqciis siCqaris damokidebuleba ionur Zalaze 

gamoisaxeba gantolebiT: 

μbao ZaZKK ⋅+= lglg  

sadac Ko aris reaqciis siCqaris mudmiva garemoSi, 

romelSic A da B nivTierebebis koncentraciebi erTis 

tolia.  
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α  - mudmivaa, romelic Seicavs dieleqtrikul 

SeRwevadobas da absolitur temperaturas. μ  - xsna-

ris ionuri Zalaa. 

Za da Zb - nawilakebis muxtia.  

ionuri Zalis gazrdiT, anu sareaqcio garemoSi 

kargad disocirebuli marilebis SeyvaniT reaqciis 

siCqare mcirdeba. es garemoeba aixsneba imiT, rom  

gareSe marilebis ionebi moreagire ionebis garSemo 

qmnian ionur atmosferos sawinaaRmdego muxtis ione-

biT, rac xels uSlis ionTa Soris urTierTqmedebas 

da mis dasarRvevad saWiroa garkveuli drois da-

xarjva – piriqiT, erTidaigive niSnis muxtis ionebis 

SeyvaniT reaqciis siCqare izrdeba. magaliTad, spi-

lenZis iodometruli gansazRvrisas 

222
2 4 IICuICu +→+ −+

 

jamur reaqciaSi wyalbad – ionebi ar monawile-

oben da ar axdenen gavlenas moreagire nivTierebebis 

Jangva-aRdgeniT potencialze. magram xsnaris dabali 

mJavianobis dros reaqcia midis nela da reaqciis 

siCqare izrdeba xsnaris pH-is SemcirebiT.  

mTeli rigi neli mimdinare qimiuri reaqciebis 

siCqare garkveul pirobebSi izrdeba katalizatoris 

SeyvaniT – magaliTad, reaqcia wyalbadis zeJangsa da 

iods Soris midis nela: 

OHIHIOH 2222 222 +→++ +−
 

rkinis ionebis Tanaobisas Sualeduri reaqcia 

midis swrafad, amitom mTeli procesis siCqare izr-

deba. Fe2+
 - ionebi Rebuloben monawileobas reaqciaSi, 

magram reaqciis damTavrebis Semdeg misi koncentracia 

sawyisi koncentraciis tolia. reaqciis Sedegad 

warmoqmnili Fe3+
 - ionebi kvlav Rebuloben monawile-

obas mraval Jangva-aRdgenis procesebis ciklSi.  
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Fe2+
 - ionebi aCqareben iodis ionis wyalbadis 

zeJangiT daJangvis reaqcias, anu igi aris am reaqciis 

katalizatori.  

katalizatoris monawileobis reaqciebs katali-

zuri reaqciebi ewodeba. katalizuri reaqciebis siC-

qare damokidebulia reaqciaSi monawile yvela ionis 

koncentraciaze, maT Soris katalizatorze Ck: 

V = XCA · CB · Ck   
sadac X aris katalizuri reaqciis siCqaris mud-

miva; CA, CB da Ck sawyisi koncentraciebia, maT Soris 

katalizatoris.  

Tu A da B nivTierebebs aviRebT katalizatorTan 

SedarebiT didi siWarbiT, maTi koncentraciebi reaq-

ciis procesSi drois raRac monakveTSi iqneba mudmivi 

sidide. Tu mas avRniSnavT K1
-iT, maSin katalizuri 

reaqciis siCqare katalizatoris koncentraciis pirda-

pirproporciulia: 

V1 = K1Ck 

sadac K1
 aris pirobiTi mudmiva, romelic damo-

kidebulia moreagire nivTierebebis A da B aRebul si-

Warbeze. reaqciis siCqare SeiZleba gaizomos reaqciis 

produqtis x droSi cvlilebiT. reaqciis siCqaris ga-

moTvliT SeiZleba gamovTvaloT katalizatoris kon-

centracia. reaqcias, romlis siCqare ganisazRvreba 

katalizatoris koncentraciiT, indikatoruli reaqcia 

ewodeba. nivTierebebs, romlis koncentraciis Secv-

liT zomaven reaqciis siCqares, indikatoruli nivTie-

rebebi ewodeba.  

amitom iodis wyalbadis zeJangiT daJangvis reaq-

ciis siCqareze SeiZleba vimsjeloT iodis koncentra-

ciis SecvliT drois erTeulSi, maSin  
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1

01

1

K
t

C

tt

CC
V x

o
xx =

Δ
Δ=

−
−= Ck               (1) 

sadac o
xC  aris reaqciis produqtis koncentracia 

reaqciis dasawyisSi. 1
xC  - reaqciis produqtis koncen-

tracia garkveuli t/
, drois gavlis Semdeg. Tu dro 

aRiricxeba yvela reagentebis Serevis momentSi, maSin 

to = 0 da (1) gantolrba miiRebs Semdeg saxes: 

1K
t

C
V x == Ck 

am gantolebis Tanaxmad, reaqciis produqtis kon-

centracia pirdapirproporciulia katalizatoris 

koncentraciis da reaqciis msvlelobis droze: 
1KCx = Ck t                      (2) 

Tu gamoTvliTi indikatoruli nivTierebis kon-

centracias, romelic warmoiqmneba t drois ganmavlo-

baSi, SeiZleba gamovTvaloT katalizatoris koncen-

tracia: 

Ck 
tK

Cx
1=  

radganac katalizatori monawileobas iRebs 

Jangva-aRdgenis mraval ciklSi, katalizuri reaqci-

ebis mgrZnobiaroba didia. igi SezRudulia arakata-

lizuri reaqciebis gavleniT, romlebic mimdinareoben 

katalizur reaqciebTan erTad. iod-ionis Fe2+
 - ione-

bis Tanaobisas wyalbadis zeJangiT daJangvis katali-

zur reaqciebTan erTad mimdinareobs aseve arakata-

lizuri reaqcia. amitom gamoyofili iodi aris kata-

lizuri da arakatalizuri reaqciebiT warmoqmnili 

iodis jami. amitom reaqciis siCqare V aris katali-

zuri Vk da arakatalizuri V0 reaqciebis jami: 

V = Vk + V0 ,  aqedan 

Vk = V - V0  
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arakatalizur reaqciebs fonur reaqciebs uwode-

ben. gansazRvris cdomileba miT naklebi iqneba, rac 

metia sxvaoba katalizur da arakatalizur reaqciebs 

Soris.  

katalizatoris koncentraciis gamosaTvlelad sa-

Wiroa ganisazRvros indikatoruli nivTierebis kon-

centracia, rac SeiZleba ganxorcielebuli iqnes fo-

tometruli meTodis gamoyenebiT. mTeli rigi katali-

zuri reaqciebi mimdinareobs optikuri simkvrivis Se-

cvliT. buger-lambert-beris kanonis Tanaxmad optiku-

ri simkvrive koncentraciis proporciulia (nax. 66, a): 

xhCA ε=   saidanac 
h

A
C x ε

=  

CavsvaT (2) gantolebaSi, miviRebT: 

A=KCk  · t                      (3) 
e.i. optikuri simkvrivis cvlileba droSi gansasa-

zRvravi katalizatoris koncentraciis pirdapirpro-

porciulia.  

 

koncentraciis gansazRvris meTodebi 

 

koncentraciis gansazRvris sami meTodi arsebobs: 

fiqsirebuli drois t fiqsrebuli koncentraciis - x 
da tangensebis meTodi.  

fiqsirebuli drois meTodiT gansazRvrisas saana-

lizo xsnarSi SeyavT katalizatori da reaqcias ata-

reben mkacrad gansazRvruli drois (10, 7, 5) Sualed-

Si. zomaven reaqciis produqtis koncentracias x, an 

mis sidides optikur simkvrives da miRebuli monaceme-

bis mixedviT ageben magraduirebel grafiks (nax. 66, b).  

grafiki sworxazovania, anu fiqsirebuli drois 

mixedviT (t=const) reaqciis produqtis koncentracia x 
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katalizatoris koncentraciis pirdapirproporciu-

lia. 

 

  
nax.  66.  katalizatoris koncentraciis gansazRvra 

fiqsirebuli drois mixedviT (a), fiqsirebuli 
koncentraciiT (b), tangensebis meTodiT (g, d). 

 

fiqsirebuli koncentraciis meTodSi (x=const) re-
aqcias atareben manam, sanam reaqciis produqtis kon-

centracia x TiToeul xsnarSi ar gaxdeba erTnairi. 

amisaTvis saWiroa sxvadasxva dro t da rac metia gan-
msazRvravi katalizatoris koncentracia, miT naklebi 

droa saWiro raTa yvela xsnarSi reaqciis produqtis 

koncentracia iyos erTnairi. miRebuli monacemebis 

mixedviT ageben magraduirebel grafiks, risTvisac 

abscisTa RerZze gadazomaven katalizatoris koncen-

tracias CK, xolo ordinatTa RerZze dros 
t

1
.  
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tangensebis meTodiT indikatoruli nivTierebis 

koncentracias seriis TiToeul xsnarSi garkveuli 

drois monakveTSi zomaven da miRebuli Sedegebis 

mixedviT ageben magraduirebel grafiks (nax. 66, g), 

sadac mrudis daxra miT metia, rac metia katali-

zatoris koncentracia. grafikis mixedviT zomaven 

TiToeuli mrudis daxris kuTxis tangenss da damoki-

debulebas gamosaxaven grafikis saxiT koordinatebSi 

tgα -CK (nax. 66, d).  

sakvlev xsnars amzadeben iseve rogorc standar-

tul xsnarebs, zomaven optikur simkvrves imave droSi, 

gamoiTvlian tgα  da magraduirebeli grafikis mixed-

viT pouloben katalizatoris koncentracias.  

erTdroulad amzadeben Sesadarebel xsnars, rome-

lic Seicavs yvela reaqtivs katalizatoris garda da 

sakvlevi xsnaris optikur simkvrives zomaven Sesada-

rebeli xsnaris mimarT. es gamoricxavs arakatalizuri 

reaqciebis optikur simkvrives.  

 

katalizuri titvris meTodi 

 

am meTodis arsi aixsneba cerium-arsenitis reaq-

ciiT, romelic katalizirdeba iodiT, osmiumiT da 

ruTeniumiT: 
+++ ++→++ HHAsOCeOHHAsOCe 222 3

3
22

4
 

katalizatoris iodidis damatebisas reaqciis siC-

qare izrdeba iodidis koncentraciis gazrdiT. vercx-

lis ionebs axasiaTebs inhibitoruli eleqtro-katali-

zatoris blokireba. xsnarSi vercxlis ionebis Seyva-

nisas warmoiqmneba AgI da iodis ionebis koncentracia 
ecema, rac iwvevs reaqciis siCqaris Semcirebas. kata-

lizuri titvris dros iod ionis Semcvel cerium-ar-
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senitis saanalizo xsnars ramdenime porciebiT uma-

teben AgNO3 da sazRvraven reaqciis siCqares. eqviva-

lentur wertils adgenen grafikis saSualebiT, rom-

lis koordinatebia AgNO3-is moculoba – reaqciis siC-

qare. am meTodiT SeiZleba ganisazRvros iodi Zlier 

ganzavebul xsnarebSi (10-5mol/l da naklebic).  

cerium-arsenitis reaqciis osmiumiT da ruTeni-

umiT katalizirebis efeqti SesaZleblobas iZleva 

ganisazRvros osmiumi da ruTeniumi maTi xsnarSi 

erTad yofnis dros winaswari dacilebis gareSe. ker-

Zod, ceriumis koncentraciis gazrdiT reaqciis siCqa-

riT SeiZleba ganisazRvros ruTeniumi, xolo dariSxa-

novani mJavis koncentraciis gazrdisas reaqciis 

siCqariT ganisazRvros osmiumi.  

 
gamoyenebuli aparatura 

 

optkuri simkvrivis gasazomad gamoyenebulia fo-

tokolorimetri da speqtro-

fotometri. reagentebis mima-

tebis rigis da siCqaris sta-

bilizaciisaTvis gamoyenebu-

lia specialuri Semrevi Wur-

Weli (nax. 67), romelic Sed-

geba sami fexisagan. erTSi 

aTavseben A xsnars, meoreSi 

B xsnars, mesameSi kataliza-

tors K, WurWels aTavseben 

TermostatSi siTburi wonas-

worobis damyarebamde (10-15 

wuTi). Semrev WurWels iReben Termostatidan, gada-

abruneben da Seureven. gadabrunebis momentidan CarTa-

 
nax. 67. Semrevi WurWeli 
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ven wammzoms. WurWlidan xsnari gadaaqvT fotokolo-

rimetris kiuvetaSi da garkveuli drois momentSi saz-

Rvraven optikur simkvrives Sesadarebeli xsnaris mi-

marT, romelic Seicavs yvela reaqtivebs, garda kata-

lizatorisa.   

analizis kinetikuri meTodebi xasiaTdebian maRa-

li mgrZnobiarobiT. mas iyeneben sufTa da zesufTa 

nivTierebebSi mikro minarevebis gansazRvrisaTvis. ki-

netikuri meTodebis saSualebiT umetes SemTxvevaSi 

xdeba ara saerTo, aramed moreagire nivTierebebis wo-

nasworuli koncentraciebis gansazRvra, rac farTod 

gamoiyeneba xsnarebSi wonasworuli procesebis Sesa-

swavlad (kompleqswarmoqmna, mJavur-fuZiani urTierT-

qmedebebi da sxv).  

meTodi martivia da swrafi. ar moiTxovs rTul 

aparaturas, SesaZlebelia 40-ze meti elementis gan-

sazRvra, magram misi naklia dabali specifikuroba.  

 
 

laboratoriuli  samuSaoebi 

 

samuSao 1.  spilenZis gansazRvra kinetikuri meTodiT 
 

spilenZis gansazRvras safuZvlad udevs indikato-

ruli reaqcia rkinis (III) ionebsa da Tiosulkats 

Soris: 
−+−+ +→+ 2

64
22

32
3 222 OSFeOSFe  

Cveulebriv pirobebSi reaqcia nela midis da kata-

lizirdeba spilenZis ionebiT. indikatorul nivTie-

rebas warmoadgens Fe3+
-ionebi, romlis Tanaobas xsnar-

Si akontroleben rodanid-ionis SeyvaniT. reaqciis 

siCqare SeiZleba gaizomos tangensebis, fiqsirebuli 
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drois, an fiqsirebuli koncentraciis meTodebiT. sa-

reaqcio xsnarebis gauferuleba  +3Fe
C = 0 maCvenebelia.  

 
gamoyenebuli reaqtivebi da aparatura 

 

1. spilenZis standartuli xsnari. 

3,9295 g CuSO4·5H2O xsnian gamoxdil wyalSi da 

avseben erT litramde.  

miRebuli xsnari Seicavs 1 mg/ml (ZiriTadi 

xsnari). samuSao xsnars  amzadeben ZiriTadi xsnaris 

10 da 100-jer ganzavebiT (0,1 an 0,01 mg/ml).  

2. rkinis rodanidis xsnari 
4,8 rkina (111) amoniumis Sabs xsnian marilmJaviT 

(25 ml 2NHCl) SemJavebul xsnarSi da avseben erT 

litramde. calke 100 ml gamoxdil wyalSi xsnian 4 g. 

NH4CNS da ureven rkinis amoniumis xsnarSi.  
3.  natriumis Tiosulfatis 0,068 M xsnari.  

17 g marils xsnian gamoxdil wyalSi da avseben 

litramde.  

 

magraduirebeli grafikis ageba 
 

50 ml sazom kolbebSi SeyavT standartuli xsna-

ris 0, 1, 3, 5, 10 ml da gamoxdili wyliT avseben 10 

ml-mde. TiToeul maTgans umateben 25 ml rkinis 

rodanidis xsnars, 10 ml Tiosulfatis xsnars, Tio-

sulfatis xsnaris yvela formaSi erTdroulad Seta-

na ar aris mizanSewonili. umjobesia daematos 2-3 

kolbas erTdroulad. xsnaris damatebisTanave CarTa-

ven wammzoms, kolbebs 30 wamis ganmavlobaSi erTnai-

rad anjRreven da zustad aiTvlian kolbaSi xsnaris 

gauferulebis dros.  



 244 

miRebuli monacemebis mixedviT ageben magradui-

rebel grafiks koordinatebSi koncentracia – dro.  

 

analizis  msvleloba 

 

saanalzo xsnaris 10 ml aTavseben 50 ml-ian sazom 

kolbaSi, umateben 10 ml gamoxdil wyals. analzis 

Semdgomi msvleloba igivea, rac magraduirebeli gra-

fikis agebisas. xsnaris gauferulebisaTvis saWiro 

drois mixedviT magraduirebel grafikze aiTvlian 

saanalizo xsnarSi spilenZis koncentracias.  

 
samuSao 2.  volframis gansazRvra kinetikuri 

meTodiT 
  

volframis koncentraciis gansazRvras safuZvlad 

udevs iodis ionis wyalbadis zeJangiT daJanvis kata-

lizuri reaqcia. mJava garemoSi iodis daJangva Tavis-

ufal iodamde gacxelebis gareSe nela mimdinareobs.  

OHJOH 2222 22 ++  

katalizatorad gamoyenebulia H2WO4 an H2MoO4, 

ris Sedegad reaqciis siCqare mkveTrad icvleba.  

 

gamoyenebuli  reaqtivebi  da aparatura 
 

1. volframis standartuli xsnari.  

0,78 g Na2WO4, xsnian erT litr wyalSi da 

azaveben 2500-jer 

2. kaliumis iodidis 0,005 M xsnari. 

0,8 mg orjer gadakristalebul iods xsnian erT 

litr wyalSi.  

3. marilmJavas 1 M xsnari.  
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4. wyalbadis zeJangis 0,01 M xsnari. amzadeben 3%-

iani samedicino wyalbadis zeJangisagan.  

5. saxameblis 0,2%-iani axladdamzadebuli xsnari.  

6. fotokolorimetri ФЭК-56.  
 

magraduirebeli grafikis ageba 

       

50 ml-an sazom kolbebSi aTavseben volframis 

standartul xsnars 5; 10; 15 ml. umateben 5 ml maril-

mJavas, 5 ml kaliumis iodids, mihyavT moculoba 35-40 

ml-mde, umateben 5 wveT saxameblis xsnars, kargad 

SeanjRreven, umateben 5 ml wyalbadis zeJangs da 

erTdroulad rTaven wammzoms. xsnaris moculobas 

avseben gamoxdili wyliT 50 ml-mde da xsnaris nawili 

gadaaqvT fotokolorimetris kiuvetSi l  = 5 sm.  
10 wuTis ganmavlobaSi yovel wuTSi (garda pir-

veli sami wuTisa) sazRvraven optikur simkvrives Suq-

filtri #5 - is gamoyenebiT.  

miRebuli monacemebis mixedviT ageben magradui-

rebel grafiks koordinatebSi optikuri simkvrive – 

dro (wuTebSi), pouloben Sesabamisi mrudis daxris 

kuTxis tangenss da ageben magraduirebel grafiks 

koordinatebSi .ttg −α  

 
analizis  msvleloba 

 

sakvlevi xsnaris 10-20 ml aTavseben 50 ml-ian sa-

zom kolbaSi, anzaveben mcire raodenobis gamoxdili 

wyliT da umateben yvela reaqtivebs rogorc magra-

duirebeli grafikis agebisas da magraduirebeli gra-

fikis mixedviT pouloben volframis koncentracias.  
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Tavi XVII 

 
nivTierebebis  dacilebis  da koncentrirebis  

meTodebi 

 

analizuri qimiis praqtikaSi specifikuri reagen-

tebi cotaa. amitom nivTierebis TvisebiTi da raode-

nobiTi gansazRvrisas saWiroa randenime elementis 

dacileba gamosakvlev nimuSSi arsebuli xelisSemS-

leli elementebisagan. am mizniT farTod gamoiyeneba 

dacilebis da koncentrirebis meTodebi. koncentrire-

baSi igulisxmeba nivTierebis gadayvana didi moculo-

bidan mcire moculobaSi. koncetrirebas mimarTaven 

maSin, rodesac nivTierebis Semcveloba imdenad mci-

rea, rom arsebuli meTodebiT maTi gansazRvra SeuZ-

lebelia.  

dacilebis da koncentrirebis meTodebi sxvada-

sxvaa, romlebic damyarebulia nivTierebis ganawile-

baze or fazas Soris. gamosakvlevi nivTiereba SeiZ-

leba iyos myari an Txevadi. pirvel SemTxvevaSi kon-

centrirebis xarisxi ganisazRvreba wonaTa Tanafar-

dobiT 
2

1

G

G
, meore SemTxvevaSi moculobaTa Tanafar-

dobiT 
2

1

V

V
. cnobilia meTodebi, romlebic damyarebu-

lia erT fazaSi gayofaze – eleqtrolizi, difuziuri 

meTodebi da sxv. nebismieri dacilebis meTodebis 

gamoyenebisas saWiroa Semdegi procesebis Catareba: 

1)fazebis kontaqti da maT Soris wonasworobis damya-

reba, 2) fazebis gayofa.  

dacileba SeiZleba damyarebuli iyos fazebis fi-

zikur bunebaze, romelTa Soris xdeba sistemis kompo-
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nentebis ganawileba da fazebis erTjeradi an mraval-

jeradi ganawileba, romelic xdeba statikuri, dinami-

kuri da qromotografiuli meTodebis gamoyenebiT.  

farTod gavrcelebulia klasifikacia, damyarebu-

li procesis bunebaze: qimiuri da fizikur-qimiuri 

(eqstraqcia, sorbcia, Tanadaleqva, eleqtroqimiuri me-

Todebi) da fizikuri (aorTqleba, fizikuri gamoxda, 

kristalizacia sinjis Termiuli damuSaveba, organu-

li nivTierebebis dawva), ris Sedegad gansasazRvravi 

nivTiereba rCeba Tavisufal mdgomareobaSi. yvela 

dacilebis es meTodebi SeiZleba ganxorcieldes ro-

gorc pirdapiri, ise qimiuri Carevis Semdeg.  

qimiuri Carevisas gansasazRvravi nivTiereba gada-

yavT aqrolad mdgomareobaSi. magaliTad, boris gansa-

zRvrisas mas umateben eTilis spirts, ris Sedegad 

igi gadaidevneba eTeris saxiT.  

Tu am meTodis gamoyeneba SeuZlebelia, saWiro 

xdeba matareblis gadadevna. es meTodi martivia, 

xelmisawvdomi, saimedo, magram Sromatevadia, radgan 

saWiroa didi moculobis xsnaris aorTqleba.  

farTo gamoyeneba hpova hibridulma da kombinire-

bulma meTodebma, hibridul meTodSi erTidaigive  

xelsawyoSi xdeba koncentrireba, gayofa da gansa-

zRvra.  

kombinirebul meTodebSi koncentrireba da raode-

nobrivi gansazRvra xdeba sxvadasxva xelsawyoSi 

(eqstraqciul – fotometruli, eqstraqciul-speqtru-

li da sxv).  

aseve gamoiyeneba organuli nivTierebebis damu-

Saveba ultraiisferi sxivebiT, romlebic ainduqcire-

ben fotoqimiur JangviT procesebs. igi midis inten-

siurad. haeris da wvis xarjze xdeba atomuri Jangba-
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dis gamoyofa, romelic moqmedebs gansasazRvrav niv-

Tierebaze. meTodi sufTaa da elementi gadadis anali-

zurad aqtiur formaSi.  

       

eqstraqcia 

 

koncentrirebis sakmaod did jgufs miekuTvneba 

meTodebi, romlebic damyarebulia komponentebis fa-

zur ganawilebaze: eqstraqcia, iongacvla, sorbacia, 

SeniRbva, Tanadaleqva, eleqtroqimiuri procesebi da 

sxv, romelSiac xdeba mikro da makro komponentebis 

gadayvana sxvadasxva fazaSi.  

eqstraqcia gamoyenebis TvalsazrisiT wamyvani 

meTodia. eqstraqcia aris dacilebis da koncentri-

rebis meTodi, romelsac safuZvelad udevs nivTie-

rebebis gansxvavebuli xsnadoba an ganawileba or 

urTierTSeurevad siTxeSi, romelTagan erTi aris 

wylis faza, meore organuli faza, rogorc hetero-

genuli procesi eqstracia emorCileba fazebis wess: 

N+F=K+2 
sadac N aris fazebis ricxvi; F - Tavisuflebis 

xarisxis ricxvi; K - komponentebis ricxvi.  

wonasworobis pirobebSi orive fazaSi ganawile-

buli nivTiereba aris mudmivi sidide, romelic ar 

aris damokidebuli nivTierebis saerTo koncentra-

ciaze. am sidides ganawilebis koeficienti Kgan ewo-
deba, romelic gamoisaxeba ganawilebis  kanoniT: 

K
C

C =
2

1
gan 

sadac C1, da C2 orive fazaSi ganawilebuli nivTi-

erebis wonasworuli koncentraciebia erTidaigive 
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formaSi, Tu es forma ar icvleba koncentraciis 

SecvliT.  

A da B nivTierebis dacilebis faqtori gamo-

isaxeba: 

B

A

D

D
S =  

amasTan BA DD >  

amowbobis xarisxi (eqstraqciis procenti R) da-

kavSirebulia ganawilebis koeficientTan formuliT: 

OB VVD

D
R

/

100

+
=  

sadac VB da VO aris wylis da organuli fazis 

wonasworuli moculoba Tu - VB = Va, maSin  

1

100

+
=

D

D
R  

eqstraqciis probebis SerCevisas didi mniSvnelo-

ba aqvs eqstraqciis mudmivas --Keqst, romelic warmo-

adgens heterogenuli qimiuri reaqciis mudmivas. maga-

liTad, xelatebisaTvis, romelic midis Semdegi reaq-

ciiT: 
n

ono
n HMAnHAM +⇔++

)()(  

eqstraqciis mudmiva tolia: 

Keqst
[ ] [ ]
[ ] [ ]n

O
n

n

on

HAM

HMA

⋅
⋅

=
+

+

 

eqstraqciis variantebi mravalferovania. aris 

SemTxvevebi, rodesac xdeba gansasazRvravi komponen-

tis pirdapiri eqstraqcia qimiuri Carevis gareSe. iS-

viaTad aris gamoyenebuli araorganuli saeqstraqcio 

formebi. magaliTad, zogierTi qloridebi, rodanidebi 

eqstragirdebian organuli gamxsnelebiT. ufro metad 

gamoiyeneba organuli forma, rac mdgomareobs Sem-
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degSi: gansasazRvravi komponenti gadayavT organul 

fazaSi (Sidakompleqsuri naerTi, diTizonatebi, xela-

tebi da sxv). saTanado pirobebis Seqmnis Semdeg (pH, 

SemniRbavi komponentis Seyvana xelisSemSleli elemen-

tebis ESeniRbvisaTvis), umateben organul gamxsnels, 

SeanjRreven, ris Sedegad gansasazRvravi komponenti 

gadadis organul fazaSi. raodenobrivi gansazRvrisas 

eqstraqciis xarissxi unda iyos 99-99,5%. nivTierebis 

raRac nawili rCeba wyalxsnarSi, risTvisac iyeneben 

orjerad, an samjerad eqstraqcias organuli gamxsne-

lis axali ulufebis gamoyenebiT. zogjer saWiroa 

reeqstraqcia – eqstraqtidan ukugamoyofa sxva eleq-

trolitebis gamoyenebiT.  

miRebuli eqstraqti SeiZleba SeviyvanoT nebismier 

xelsawyoSi da miviRoT saTanado signali, es iqneba 

eqstraqciul fotometruli meTodi, atomur absorb-

ciuli, alis fotometria da sxv.  

eqstraqciis dadebiTi mxareebia: simartive, univer-

saluroba, didi diapazoni, advili SesaZleblobis 

unari, hibriduli meTodebis warmoqmnis siadvile. 

eqstraqciis meTodiT elementebis koncentrirebis 

Semdeg darCenili xsnari SeiZleba gamoyenebul iqnes 

sxva komponentebis gansazRvrisaTvis. gamoyenebuli 

aparatura martivia – gamyofi Zabri. naklia organuli 

gamxsnelebis gamoyeneba, rogoricaa toluoli, dieTi-

leTeri, qloroformi da sxv., risTvisac saWiroa mu-

Saoba amwov karadaSi yvela wesebis dacviT.  

 

Tanadaleqva 

 

koncentrirebis Tanadaleqvis meTodis gamoyenebi-

sas saWiroa saTanado koleqtoris SerCeva, romelic 
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gansasazRvrav elementTan warmoqmnis Znelad xsnad 

naleqs, romlis ionTa koncentraciebis namravli nak-

lebia xsnadobis namravlis sidideze da naleqis ga-

moyofa ar xdeba. Tanadaleqvisas koleqtorebad SeiZ-

leba gamoyenebul iqnes rogorc araorganuli, ise or-

ganuli nivTierebebi (kaliumis karbonati, mZime liTo-

nebis sulfidebi, aluminis da rkinis hidroqsidebi). 

koleqtorebis SerCevisas upiratesoba eZleva iseT ko-

leqtors, romelsac axasiaTebs garkveuli SerCeviTo-

ba, gamoiyeneba mcire raodenobiT, ar uSlis xels ga-

mosakvlevi elementis gansazRvras, saWiroebis Sem-

TxvevaSi advili iyos misi mocileba. Tanadaleqvis Se-

degad warmoqmnili naleqi advilad gadadiodes 

xsnarSi.  

Tanadaleqvis meqanizmi SeiZleba iyos sxvadasxva: 

naleqis zedapirze ionmimocvla, izomorfuli Tanada-

leqva, fizikuri adsorbcia, Tanadaleqili komponen-

tebis meqanikuri Cataceba da sxv.  

Tanadaleqvisas koleqtori SeiZleba Sevides reaq-

ciaSi gansasazRvrav ionebTan, ris Sedegad SeiZleba 

warmoiqmnas qimiuri naerTi, Sereuli kristalebi da 

sxv. magalTad, tyviis sulfatis stronciumis sulfa-

tiT Tanadaleqvisas warmoiqmneba Sereuli krista-

lebi, radgan am elementebis sulfatebi izomorfulia. 

Tu izomorfuli nivTierebebis Tanadaleqvisas damyar-

deba wonasworoba, maSin SesaZlebelia ganawilebis 

koeficientis gansazRvra, rac mocemul SemTxvevaSi 

gamoisaxeba am ori komponentis xsnadobis namravlis 

SefardebiT: 

20
106,1

1032
8

8

4

4 =
⋅
⋅== −

−

PbSO

SOSrK
xn

xn
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SeniRbva 
 

xelisSemSleli ionebis mocilebisaTvis gamoiye-

neba SeniRbva. SeniRbva aris qimiuri gardaqmnis pro-

cesi, romlis Sedegad xdeba am nivTierebis analizuri 

reaqciis acileba. SemniRbavi reagenti an misi reaqci-

is produqti ar gamoiyofa meore fazaSi. SeniRbva 

aris analizuri reaqciebis efeqturobis gazrdis sa-

Sualeba. SemniRbavi saSualeba aris ligandi, romelic 

warmoqmnis mdgrad kompleqsnaerTs da ar uSlis xels 

elementis gansazRvras.  

arseboben SeniRbvis sxvadasxva saSualebebi, ker-

Zod kompleqswarmoqmnis reaqcia (kompleqsonebi, po-

liaminebi, oqsimJavebi, polifosfatebi da sxv). maga-

liTad nikelis gansazRvras dimeTilglioqsimiT xels 

uSlis rkinis (III) ionebi. reaqcia midis tute garemoSi 

da rkina gamoiyofa hidroJangis Fe(OH)3 saxiT, SemniR-

bav reagentis – Rvinis mJavas damatebisas xdeba rkinis 

ionebis SeboWva mdgrad kompleqsnaerTSi, romelic 

amiakis wyalxsnarTanac ar  reagirebs: 
+++ +→+ HOHFeCOHCHFe 26446442

3  

SesaZlebelia xelisSemSleli komponentebis Jang-

viTi xarisxis Secvla. magaliTad, kobaltis rodani-

duli meTodiT gansazRvrisas lurji feris kompleq-

sis warmoqmnas xels uSlis rkina, romelic rodanid-

Tan warmoqmnis wiTeli feris kompleqss: 
−−+ →+ 2

4
2 )(4 CNSCoCNSCo  

rkina SeiZleba SeiniRbos misi orvalentianamde 

aRdgeniT: 
++++ →+ 4223 22 SnFeSnFe  

orvalentiani rkina rodanidTan ar warmoqmnis 

Seferil kompleqss.  
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eleqtroqimiuri  meTodebi 

 

koncentrirebis eleqtroqimiuri meTodebidan aR-

saniSnavia: eleqtrowoniTi meTodi, eleqtrodializi, 

cementacia da sxv. eleqtrowoniTi meTodi yvalaze 

gavrcelebuli meTodia. igi ar moiTxovs qimiuri re-

agentebis did danaxarjs. ZiriTad reagentad gamoye-

nebulia denis Zala, romelic xelmisawvdomia nebis-

mier laboratoriaSi. eleqtrolizis msvlelobisas 

elementis moqmedeba ganisazRvreba eleqtroqimiuri 

potencialiT, romelic damokidebulia ara marto ele-

mentis bunebaze, mis qimiur formaze, gamoyofili 

elementis koncentraciaze da eleqtrolitis saerTo 

Sedgenilobaze, aramed denis simkvriveze, eleqtrodis 

masalaze da sxv. mravalkomponentiani xsnarebis ele-

qtrolizis dros eleqtrodebze mimdinareobs Jangva-

aRdgeniTi procesebi, romelsac Tan sdevs eleqtro-

dis zedapirze erTi an ramdenime elementis gamoyofa.  

 

cementacia 

 

mTeli rigi liTonebi xsnarebidan Tavisufal mdgo-

mareobaSi SeiZleba gamoyofil iqnes koncentrirebis 

yvelaze martivi da xelmisawvdomi meTodis – cemen-

taciis gamoyenebiT. cementacia aris xsnarSi eleqtro-

dadebiTi liTonis metad eleqtrouaryofiTi liToniT 

gamoZevebis procesi. cementatorebad gamoiyeneba li-

Toni fxvnilis saxiT sakmaod eleqtrouaryofiTi 

Jangva-aRdgeniTi potencialiT (TuTia, manganumi, 

alumini), romelic uzrunvelyofs mravali eleqtro-

dadebiTi elementebis gamoyofas. zogierTi damJangve-

lis Tanaobisas, rogoricaa azotmJava, liTonis 
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zedapiri ifareba liTonis Jangis feniT, rac xels 

uSlis cementaciis normalur msvlelobas. xSir SemT-

xvevaSi gamoyofili mikroelementi Zlieri damJangvelis 

gamoyenebiT SeiZleba gadayvanil iqnes xsnarSi 

cementatoris ZiriTadi masis gadayvanis gareSe. amis 

miRweva SeiZleba, rodesac metalcementatori gadadis 

pasiur mdgomareobaSi da daleqili liToni ar war-

moqmnis damcveli Jangis fenas, magaliTad, rkinis nawi-

lakebze daleqili spilenZi SeZleba gaixsnas 1N NH4OH 

da 3% H2O2 -is narevSi, romelSic rkina ar ixsneba.  

ganzavebuli xsnarebidan mikroelementebis gamo-

yofis sisruleze dadebiT gavlenas axdens intensiuri 

moreva da xsnaris temperaturis gadideba, magaliTad, 

tyviis marilebidan bismutis, spilenZis da anTimonis 

koncentrirebisas. cementatorad gamoyenebulia Rrub-

lovani tyvia Zlier ganviTarebuli zedapiriT, ro-

melic mimdinareobs Semdegi reaqciiT: 
++ +↓→+ 22 ZnPbZnPb  

CamoTvlili elementebis raodenobrivi gamoyofa 

warmoebs 0,2M azotmJavas xsnaridan ganuwyveteli 

morevisas 1000 – temperaturis dros. 

 

sorbcia 

 

farTo gamoyeneba hpova mikroelementebis koncen-

trirebis da dacilebis sorbciulma meTodebma araor-

ganuli da organuli sorbentebis gamoyenebiT. igi 

damyarebulia narevSi Semavali komponentebis gana-

wilebaze or fazas Soris, romelTagan erTi aris sa-

analizo xsnari, meore faza myari. am ori fazebis 

kontaqtisas sorbciis meqanizmi SeiZleba iyos sxvada-

sxva, kerZod, iongacvla, kompleqsnaerTis warmoqmna, 
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naleqis gamoyofa, an STanTqma van-der-valsis Zalebis 

zegavleniT.  

sorbacia warmoebs minis svetSi, romelSic moTav-

sebulia sorbentis garkveuli fena. sorbentis fenaSi 

narevis gatarebisas TiToeuli elementi sorbirdeba 

garkveul nawilSi da warmoqmnis adsorbirebul zo-

nebs. Semdgom masSi Sesabamisi gamxsnelis gatarebisas 

xdeba sorbirebuli elementebis desorbacia, rac 

didad aris damokidebuli sorbirebuli elementebis 

mdgradobis mudmivaze.  

sorbacia-desorbaciis procesis ganxorcielebisas 

nivTierebis didi moculobidan mcire moculobaSi gada-

svlisas xdeba koncentrireba. gansxvavebulia desorba-

ciis teqnikac, kerZod, Tu svetSi moTavsebulia sorben-

tis fena, mas svetovaani qromatografia ewodeba. Tu sve-

tis rols asrulebs qaRaldi – qaRaldis qromoto-

grafia. naleqis warmoqmna gaxsnasTan dakavSirebuli – 

daleqviTi qromotografia. procesi damyarebuli siste-

maSi mimdinare Jangva-aRdgenis reaqciis msvlelobaze – 

redoqs qromatografia. dacileba damyarebuli xsnarSi 

arsebuli ionebis Seqcevad gacvlis unarze – ion-

gacvliTi qromotografia. kompleqsnaerTebis warmoqmnis 

reaqciaze adsorbciul – kompleqswarmomqmneli qromo-

tografia da bolos, airebis dacileba airmatarebelze 

– gazis qromotografia da sxv. TiToeuli meTodi 

kargad aris ganxiluli TavSi – qromotografia.  

koncentrirebis meTodebis obieqturi Sedarebisas 

mxedvelobaSi unda iqnes miRebuli parametrebi, rom-

lebic mieyeneba analizur meTods: gansasazRvravi 

elementi, metrologiuri parametrebi (koncentrirebis 

koeficienti, amowbobis xarisxi, ganawilebis koefi-

cienti, dacilebis faqtori), gansazRvris xangrZli-
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voba, simartive, Semsruleblis profesiuli orienta-

cia da kvalifikacia.  

 
 

laboratoriuli  samuSaoebi 

 

samuSao 1. mikroraodenobis spilenZis koncentrireba 
eqstraqciis meTodiT 

 

tyviis dieTilidiokarbaminati qloroformSi spi-

lenZis ionebTan warmoqmnis yviTeli feris mdgrad 

kompleqsnaerTs: 

( ) ( ) ++ +→+ 2
22

2 PbDDKCuDDKPbCu  

 

gamoyenebuli reaqtivebi  da  aparatura 

 

1. spilenZis standartuli  xsnari.  

0,1 g eleqtrolizur spilenZs xsnian 5 ml gan-

zavebul (1:1) azotmJavaSi, anzaveben gamoxdili wyliT, 

aduReben azotis Jangeulebis srulad mosacileblad, 

gadaaqvT litrian sazom kolbaSi, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven. miRe-

buli xsnari Seicavs 0,1mg spilenZs erT mililitrSi. 

(ZiriTadi xsnari). samuSao xsnars amzadeben ZiriTad 

xsnaris 10-jer ganzavebiT.  

2. tyviis dieTildiTiokarbaminati qloroformSi.  

50 ml wyalSi xsnian 0,1mg tyviis acetats, umateben 

25-50 ml axladdamzadebul 0,1g Semcvel natriumis 

dieTildiTiokarbaminats. gamoyofil TeTr naleqs 

xsnian gamyof ZabrSi 250 ml qloroformSi, 

qloroformis fenas filtraven mSral filtrSi 500 
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ml sazom kolbaSi, mihyavT moculoba Wdemde qloro-

formiT da kargad SeanjRreven.  

3. qloroformi. 

4. amiakis xsnari ganzavebuli 1:1. 

5. azotmJavas xsnari ganzavebuli 1:1. 

6. universaluri indikatori. 

7. gamyofi Zabri 50 ml. 

8. speqtrofotometri.  

 
magraduirebeli grafikis ageba 

 

standartuli xsnarebis serias 2, 10, 20, 30,5 ml 

aTavseben gamyof ZabrSi da Tanmimdevrulad TiToeul 

maTgans umateben 10 ml wyals, qmnian garkveul – pH=3-
5 universaluri indikatoriT (Tu xsnari Zlier mJavea, 

wveTwveTobiT umateben amiaks), umateben 5 ml tyviis 

dieTildiTiokarbaminats da TiToeuli maTganis eqst-

raqcias awarmoeben 1-2 wuTis ganmavlobaSi TiToeuli 

maTganis organuli faza gadaaqvT 50 ml sazom kol-

bebSi da imeoreben eqstraqcias 5 ml reaqtiviT, ro-

melsac aTavseben imave kolbebSi. anzaveben qloro-

formiT Wdemde, Seureven da zomaven optikur simkvri-

veebs fotokolorimetrze λ = 436 nm kiuvetaSi l = 5 
sm. miRebuli monacemebis mixedviT ageben magradui-

rebel grafiks koordinatebSi D-C.  
 

analizis msvleloba 

 

5-10 _ ml sakvlevi xsnarisaTvis analogiur ope-

racias atareben gamyof ZabrSi, umateben yvela reaqti-

vebs iseTive TanmimdevrobiT, rogorc aRwerili iyo 
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magraduirebeli grafikis agebisas da grafikis saSua-

lebiT pouloben sakvlevi xsnaris koncentracias.  

 

samuSao 2.  mikroraodenobis rkinis (III) – ionebis 
Tanadaleqva kadmiumis fosfatiT. 

 

kadmiumis ionebi warmoqmnian mciredxsnad fos-

fatebs, magram igi ufro xsnadia, vidre rkinis (111) 

fosfatebi,. kadmiumis fosfatis daleqvisas naleqze 

xdeba rkinis fosfatis koncentrireba.  

       

gamoyenebuli  reaqtivebi  da  aparatura 

 

1. rkinis standartuli xsnari.  

5,05g Fe2(SO4)3 xsnian wyalSi. umateben 5 ml maril-

mJavas 1N xsnars, gadaaqvT litrian kolbaSi, mihyavT 

moculoba Wdemde gamoxdili wyliT da kargad Sean-

jRreven.  

miRebuli xsnari Seicavs 1 ml-Si 1 mg rkinas.  

2. hidroqsilaminis 20% axladmomzadebuli xsnari.  

3. natriumis acetatis 25% xsnari.  

4. orTofenantrolini 0,2% xsnari.  

5. fotokolorimetri ФЭК - 56. 
 

magraduirebeli grafikis ageba 
 

50 ml kolbebSi SeyavT rkinis standartuli xsna-

ris 0,2; 0,4; 0,6; 0,8; 1,0 ml. umateben 5ml hidroqsi-

lamins da toveben 10 wuTiT, umateben ~4 ml natriumis 

acetats, 10 ml orTofenantrolinis xsnars, mihyavT 

moculoba Wdemde gamoxdili wyliT da kargad Sean-

jRreven. xsnars toveben 30 wuTis ganmavlobaSi.  
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miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze --λ =500 nm. Sesadarebel xsnarad 

gamoyenebulia xsnari, romelic Seicavs yvela reaqti-

vebs, garda rkinisa. miRebuli Sedegebis mixedviT 

ageben magraduirebel grafiks koordinatebSi D-С.  
 

analizis msvleloba 
 

50 ml sazom kolbaSi aTavseben sakvlevi xsnaris 

garkveul raodenobas (rkinis Semcvelobis mixedviT), 

umateben yvela reaqtivebs rogorc magraduirebeli 

grafikis agebis dros da grafikis saSualebiT pou-

loben sakvlevi xsnaris koncentracias.  

 
samuSao 3.  mikroraodenobis nikelis koncentrireba 

cementaciis meTodiT 
 

liTonuri magniumi advilad aRadgens mTel rig 

liTonebs, maT Soris nikels xsnarebidan, romelic 

Seicavs nebismieri raodenobis mineralur marilebs. 

nikelis cementacia kargad midis xsnarebSi pH = 9. 
 

gamoyenebuli  reaqtivebi  da  aparatura 

1. nikelis standartuli xsnari. 

0,46 g OHNiSO 24 7⋅  xsnian wyalSi, gadaaqvT lit-

rian sazom kolbaSi, mihyavT moculoba Wdemde gamox-

dili wyliT da kargad SeanJRreven. miRebuli xsnaris 

1 ml Seicavs 0,1 mg nikels.  

2. liTonuri magniumi, romelic ar Seicavs nikels, 

fxvnilis saxiT, nawilakebis zomiT 0,05 mm.  

3. dimeTilglioqsimis 1% spirtiani xsnari.  

4. marilmJavas 0,2 N da 2 N xsnarebi.  
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5. azotmJavas koncentrirebuli da 15% xsnarebi. 

6. bromiani wyali.  

7. indikatori meTilnarinjis 0,1% xsnari.  

8. amiaki koncentrirebuli. 

9. gamyofi Zabri (100 ml).  

10.15 ml sazomi cilindrebi kolorimetriisaTvis. 

11. koncentratori. 
 

nikelis gamoyofa xsnarebidan 

koncentratorSi, romlis qveda nawilSi mierTe-

bulia minis filtri #3, asxamen 1 litr gamosakvlev 

xsnars, umateben indikator meTilnarinjis 5-6 wveTs 

da 2N marilmJavas xsnars vardisfer Seferilobamde, 

ris Sedegad miiRweva gansazRvrisaTvis saWiro pH. 

Semdeg SeyavT 0,6 g liTonuri magniumi. 5-10 wuTis 

Semdeg koncentrireba damTavrebulia.  

 

nikelis kolorimetruli gansazRvra 

miRebuli nikelis da magniumis koncentrati gada-

aqvT milesilsacobian sinjaraSi, umateben 5 ml 

bromian wyals. 5 wuTis Semdeg xsnars aneitraleben 

amiakiT bromis Sefervis mocilebamde, umateben 0,5 ml 

dimeTilglioqsims, mihyavT moculoba gamoxdili 

wyliT 10-mde da 10 wuTis Semdeg awarmoeben kolo-

rimetrirebas.  

etalonis standartul seriebs amzadeben sinjis 

analogiurad. intervaliT 2 ml, sazom sinjaraSi asxa-

men 5 ml 15% azotmJavas da garkveuli moculobis 

standartul xsnars, bromian wyals, amiaks da 

dimeTilglioqsims, rogorc sinjis SemTxvevaSi.  
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Tavi XVIII 

 

analizis qromatografiuli meTodi 
qromatografiis Teoriuli safuZvlebi 

 

rTuli organuli da araorganuli nivTierebebis 

narevebis SemadgnlobaSi Semavali calkeuli komponen-

tebis, identifikaciis da raodenobrivi gansazRvri-

saTvis farTod gamoiyeneba analizis qromatografi-

uli meTodi. igi damyarebulia nivTierebis or fazas 

Soris ganawilebis procesze, romelSic erTi aris 

uZravi (stacionaruli faza), xolo meore moZravi 

faza. moZrav fazad SeiZleba iyos siTxe (saanalizo 

nivTierebis Semcveli), an gazi (gazis an orTqlis 

narevi). uZrav fazad – myari nivTiereba, an siTxe, 

adsorbirebuli myar nivTierebaze, romelsac sor-

benti ewodeba. 

moZravi fazis gadaadgilebisas uZrav fazaSi 

swarmoebs narevis komponentebis sorbcia. rac ufro 

metia komponentebis msgavseba uZrav fazasTan, miT 

ufro Zlier sorbirdeba, metad Sekavdeba sorbentis 

fazaSi da miT ufro naklebia misi gadaadgileba 

moZrav fazasTan erTad. Sedegad ki xdeba komponen-

tebis dacileba. 

nebismieri sorbciuli procesi xasiaTdeba gana-

wilebis koeficientiT Kgan, romelic aris uZravi 

fazis wonasworuli koncentraciis C1 fardoba moZ-

ravi fazis wonaworul koncentraciasTan C2: 

2

1

C

C
K =gan  

ganawilebis koeficienti damokidebulia nivTiere-

bis bunebaze, uZravi da moZravi fazebis bunebaze, tem-
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peraturze, pH, koncentraciaze da xsnaris ionur 

Zalaze. sorbentis zonaSi nivTierebis gadaadgilebis 

siCqare ganawilebis koeficientis ukuproporciulia. 

nebismieri nivTierebisaTvis, romlis ganawilebis koe-

ficienti sxvadasxvaa, gadaadgildebian sxvadasxva siC-

qariT, rac qromatografiuli dacilebis ganmsazRv-

rel faqtors warmoadgens. 

 

qromatografiuli meTodebis klasifikacia 

 

qromatografiuli meTodebis klasifikaciis dros 

mxedvelobaSi unda iqnes miRebuli moZravi da uZravi 

fazebis buneba, urTierTqmedeba fazas da gasayofi 

nivTierebis bunebas Soris da eqsperimentis teqnika. 

qromatografiuli meTodis klasifikacia xdeba 

Semdegi niSnebis mixedviT: 

1. sistemis agregatuli mdgomareobis mixedviT: 

gazuri da Txevadi. gazuri Tavis mxriv iyofa or 

jgufad gaz-adsorbciuli da gaz-Txevadi. Txevadi 

iyofa Txevad-adsorbciuli da Txevad-Txevadi. 

2. meqanizmis mixedviT: adsorbciuli, ganawile-

biTi, iongacvliTi, naleqovani, Jangva-aRdgeniTi, 

adsorbciul-kompleqswarmomqmneli. 

3. procesis msvlelobis formis mixedviT: sveto-

vani da sibrtyeze. svetovan variantSi qromatografias 

atareben sxvadasxva sigrZis da siganis svetebSi. sibr-

tyeze iyofa or jgufad: qaRaldis da Txelfenovani. 

qaRaldis qromatografiaSi svetis rols asrulebs 

filtris qaRaldi, TxelfenovanSi _ minis an aluminis 

firfitaze dafenili sorbentis Txevadi fena. 

4. procesis daniSnulebis mixedviT: analizuri, 

preparatiuli da samrewvelo. analizuri qromatogra-
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fiis daniSnulebaa moxdes rTuli narevis rogorc 

TvisebiTi, ise raodenobiTi analizi. preparatiuli 

qromatografiis daniSnulebaa gamoyos rTuli nare-

vidan erT-erTi komponenti da moaxdinos misi mogro-

veba. samrewvelo qromatigrafia ZiriTadad gamoiyeneba 

qarxnebSi nivTierebis gasawmendad. 

qromatografiaSi SeiZleba gamoyenebul iqnes ana-

lizis frontaluri, gamoZevebiTi da eluenturi me-

Todebi. 

CamoTvlili meTode-

bidan yvelaze mniSvnelo-

vania eluenturi sveturi 

qromatografia. ganvixi-

loT meTodis ZiriTadi 

maxasiaTeblebi (nax. 68). 

naxazze wertili 
1A  Se-

esabameba saanalizo niv-

Tierebis Seyvanas, A – 

aradisocirebuli nivTi-

erebis gamosvlas. maSin monakveTi ABA1
 da mis gagr-

Zelebas BF uwodeben nulovan xazs. BDF mruds ewo-
deba qromatografiis piki, romelic xasiaTdeba simaR-

liT, siganiT da farTiT. pikis simaRle h aris mrudis 
simaRlis maqsimumidan nulovan xazze daSvebuli per-

pendikulari GD. 
1h  aris manZili nulovani wertili-

dan mrudis gadaxris SemaerTebel wertilamde, sigane 

aris .FB 11=μ  

 
qromatografiis fizikur-qimiuri maxasiaTeblebi 

 

qromatografiis fizikur-qimiuri maxasiaTeblebi-

dan ZiriTadia Sekavebis dro t. qromatogramaze es 

nax. 68. qromatografiuli  
pikis maxasiaTeblebi 
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aris dro nivTierebis adsorbentis fenaSi Seyvanis 

momentidan sorbentis fenidan maqsimaluri koncentra-

ciiT gamosvlisas. moZravi fazis moculobas, ro-

melic gaivlis sorbentis fenaSi, ewodeba Sekavebis 

moculoba VSek. igi tolia 

VSek=t.V 

sadac V aris moZravi fazis moculobiTi siCqare. 

t aris dro, romelic Seesabameba nivTierebis gamo-

svlis pikis maqsimums. SekavebiTi moculobis saSua-

lebiT^SegviZlia davadginoT narevSi Semavali kompo-

nentebis arseboba, an CavataroT TvisebiTi analizi. 

arsebobs agreTve Sesworebuli SekavebiTi mocu-

loba VSek
1 monakveTi AG, romelic tolia 

VSek
1 = VSek

- V0 

sadac V0 aris araadsorbirebuli nivTierebis 

SekavebiTi moculoba da misi Sesabamisi Sesworebuli 

Sekavebuli dro :t1
 

0
1 ttt −=  

sadac t0 aris arasorbirebuli nivTierebis Seka-

vebiTi dro. arsebobs efeqturi SekavebiTi moculoba 

Vef, romelic aris Sesworebuli SekavSirebiTi mocu-

loba VSek
1 gamravlebuli i-ze 

Vef= VSek
1 ּ i 

sadac i aris Sesworeba wnevaze: 

1)/(

1)/(

2

3
3

01

2
01

−
−=

PP

PP
i  

sadac P1 aris wneva qromatografiis svetis da-

sawyisSi, xolo P0 wneva svetis boloSi. 

da bolos absoluturi an xvedriTi SekavebiT mo-

culoba: 

K

ef

T      
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g

V
Vg

⋅=  
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sadac g aris qromatografiul svetSi moTavsebu-

li adsorbentis wona, an 1 gr adsorbentze aRebuli 

moculoba. 

 

gayofis kriteriumi 

 

raodenobrivad binaruli narevis gayofis sisru-

le SeiZleba gamoisaxos kriteriumiT K1, romelic 

tolia: Vef 

BABA WW

V

WW

l
K

5,05,05,05,0
1 +

Δ=
+
Δ=  

sadac Δl aris manZili ori pikis maqsimumebs So-

ris. 5,0W  aris A da B komponentebis pikis sigane si-

maRlis naxevarze (nax. 69). 

 

 
 

nax. 69. gayofis kriteriumis 

gansazRvris sqema 

 

nax. 70. gayofis xarisxis 
gansazRvris sqema 

 

K1 yovelTvis metia erTze. rac ufro didia K1-is 

mniSvneloba, miT ufro srulia gayofa. 

aris SemTxveva, rodesac gayofa ar aris sruli 

(nax. 70). am SemTxvevaSi gansazRvraven gayofis xarisxs: 
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2

2
2 h

hh
K min−=  

sadac h2 aris dabali koncentraciis simaRle, 

xolo hmin mrudis pikebs Soris minimumis simaRle. 

da bolos seleqtiurobis koeficienti, romelic 

gansazRvravs binaruli narevis gayofas. igi damoki-

debulia qromatografiul svetSi moTavsebul adsor-

bentis bunebaze: 

12

12

gg

gg
c VV

VV
K

+
−

=  

sadac 
1
gV  da 

2
gV  aris komponentebis absolituri 

SekavebiTi moculoba. 

 
qromatografiuli procesebis Teoria 

 

arsebobs qromatografiuli procesebis ramdenime 

Teoria, romelTagan mniSvnelovania Teoriuli Tef-

Sebis da kinetikuri Teoria. 

Teoriuli TefSebis Teoria mocemuli iyo mar-

tinis da sinjis mier, romlis mixedviT qromatogra-

fiuli sveti azrobrivad iyofa mTel rig elementa-

rul ubnebad _ `TefSebad~. TiToeul TefSze sorben-

tsa da moZrav fazas Soris swrafad myardeba wonas-

woroba. airmatareblis TiToeuli axali porcia iw-

vevs am wonasworobis gadanacvlebas, ris gamoc nivTi-

erebis nawili gadaadgildeba Semdgom TefSze, romel-

zedac Tavis mxriv myardeba axali wonasworuli gada-

nacvleba da xdeba nivTierebis gadatana Semdgom 

TefSze. am procesis Sedegad qromatografiuli nivTi-

ereba ganawildeba ramdenime TefSze. SuaSi koncen-

tracia maqsimaluria mezobel TefSebTan SedarebiT. 
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eqvivalenturi Teoriuli TefSebis simaRle H 

SeiZleba gamovTvaloT formuliT: 

n

l
H =  

sadac l aris sorbentis fenis sigrZe, n Teoriuli 

TefSebis ricxvi. maSin Teoriuli TefSebis simaRle H 

warmoadgens sorbentis fenis sigrZes, romelic auci-

lebelia gazis fazisa da uZrav myar an Txevad fazebs 

Soris wonasworobis dasamyareblad. Teoriuli Tef-

Sebis rodenoba 
2

5,0

016 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

μ
l

n  

sadac l aris manZili cdis dawyebidan pikis maqsi-

mumamde, 5,0μ -aris pikis sigane simaRlis naxevarze. l 

mudmivia, n-s ganvsazRvravT garkveul siCqareze da 

vpoulobT H-s. 

svetis efeqturoba miT metia, rac metia Teoriuli 

TefSebis ricxvi da naklebia efeqturi TefSebis 

simaRle. amrigad, Teoriuli TefSebis Teoria saSua-

lebas iZleva gamovTvaloT qromatografiuli proce-

sebis raodenobrivi maxasiaTeblebi. 

TefSebis Teoria dafuZnebulia im daSvebaze, rom 

qromatografiuli procesi iTvleba safexurebriv 

wyvetil procesad. faqtiurad procesi mimdinareobs 

uwyvetliv. amitomac TefSebis Teoria iTvleba forma-

lurad, xolo sidideebi n da H zonis Camorecxvis 

maxasiaTeblad da ara mis gasayofad. 

 

kinetikuri Teoria 

 

kinetikur TeoriaSi yuradReba eqceva procesis 

kinetikas, romelic akavSirebs eqvivalnturi Teori-
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uli TefSebis simaRles difuziis procesTan, wona-

sworobis Senelebulad damyarebas da procesis 

araerTgvarovnobas. 

eqvivalenturi Teoriuli TefSebis simaRlis 

damokidebuleba nakadis siCqaresTan gamoisaxeba van-

deemteris gantolebiT: 

CU
u

B
AH ++= −  

sadac A, B da C aris mudmivebi, 
−

U  moZravi fazis 

siCqare. 

sidide A gamoxatavs turbulentur moZraobas 

qromatografiul svetSi. igi damokidebulia svetSi 

CatvirTuli nawilakebis zomaze, erTgvarovnobaze. 

nawilakebis zoma svetSi unda iyos erTgvarovani da 

rac SeiZleba wvrili zomis. gansakuTrebiT unda 

mieqces yuradReba CatvirTvisas ar darCes Ria Rarebi. 

meore wevri aris B (grZivi difuziis gamomxat-

veli) difuziis koeficienti gazur fazaSi e.i. sanam 

moxdebodes adsorbcia. igi damokidebulia  nawilebis 

formaze da xazovani siCqaris 
−
u  ukuproporciulia. 

 

 
nax. 71. Teoriuli TefSebis simaRlis damokidebuleba 

moZravi fazis siCqaresTan 
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mesame wevri C aRwers masis gadacemis kinetikis 
gavlenas H sidideze. igi damokidebulia siTxis uZra-

vi fazis sisqeze. efeqturoba SeimCneva Tu svetSi aris 

Txevadi faza Zalian Txeli feniT. Sesakrebebis sidi-

de (A+B+C gvaZlevs eqvivalenturi Teoriuli TefSe-

bis simaRles), romelic gamoxatavs masis gadcmas, 

nakadis siCqaris ukuproporciulia (nax. 71). naCvenebia 

van-deemteris gantolebis TiToeuli Sesakrebis gav-

lena H-is sidideze, moZravi fazis siCqareze (wyve-

tili xazi), aseve maTi jamuri efeqti (swori xazi). 

rogorc naxazidan Cans, maqsimaluri efeqturoba miiR-

weva jamuri efeqtis minimaluri siCqaris dros. rad-

gan misi mniSvneloba dabalia mrudis minimumSi, ami-

tom unda SevarCioT iseTi siCqare, romlis drosac 

eqvivalenturi Teoriuli TefSis simaRlis mniSvne-

loba minimaluria. 

 

nivTierebis TvisebiTi analizi 

 

qromatografiul svetSi nivTierebis Tvisobrivi 

gansazRvris ori meTodi arsebobs: SekavebiTi xasia-

Tisa da sxva anlizuri Tvisebebis gamoyenebiT. 

qromatografiuli svetidan gamosvlisas gasayofi 

komponentebi gaivlian deteqtors da fiqsirdebian 

qromatogramis saxiT, romelic safuZvlad udevs Tvi-

sobriv da raodenobriv analizs. qromatografiuli 

svetidan gamoyofili komponentebi SeiZleba mimarTu-

li iyos romelime analizatorSi da ganisazRvros 

qimiuri an fizikuri meTodebiT. 
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raodenobrivi qromatografiuli analizi 

 

raodenobrivi qromatografiuli analizi damyare-

bulia pikis sxvadasxva parametrebis gazomvaze. ker-

Zod, simaRle, farTi, SekavebiTi moculoba, an Sekave-

biTi moculobis fardoba pikis simaRleze. raodeno-

brivi analizisaTvis saWiroa svetSi saanalizo nimu-

Sis yvela komponentis mTliani Sesvla, Sesabamisad 

misi aorTqleba da sruli gayofa. 

raodenobrivi analizi damokidebulia deteqtoris 

tipze: diferencialuria Tu integraluri. qromato-

grafiul analizSi ufro metad iyeneben diferencia-

lur deteqtors. radgan Cven saqme gvaqvs diferen-

cialur deteqtorTan saWiroa xelsawyos dakalibreba. 

SemCneulia, rom nivTierebis wona dakavSirebulia 

pikis simaRlesTan h, an pikis farTTan. 

raodenobrivi gansazRvrisaTvis iyeneben rogorc 

pikis simaRles, aseve mis farTs. yvelaze advilia pi-

kis simaRlis gazomva saxazavis saSualebiT. ZiriTa-

dad iyeneben im SemTxvevaSi, rodesac nimuSi aris 100 

mkg-mde. 

farTis gazomvis ramdnime meTodi arebobs: 

1. kremler-miuleris meTodi. am meTodiT farTi 

gamoiTvleba 

hbS
2

1=  

sadac h pikis simaRlea, b fuZis sigrZe, zomavs 

rogorc samkuTxeds. am formulis gamoyeneba SeiZleba 

rodesac qromatograma tolferda samkuTxedis 

formisaa. 

2. woniTi meTodi, qromatogramidan amoWrian piks 

da moaxdenen mis awonvas. winaswar cnobilia, rom 1 
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sm2 ra raodenoba Seesabameba. es meTodi arazustia. 

igi damokidebulia qaRaldis sisqeze da sinotiveze. 

3. planimetruli meTodi. aris xelsawyo plani-

metri, romlis saSualebiT SesaZlebelia pikis far-

Tis gazomva. 

4. yvelaze gavrcelebulia integratori, igi aris 

avtomaturi xelsawyo, romelic pikis Cawerisas zomavs 

farTs da iwereba TviTCamwerze. 

5. absoluturi dakalibrebis meTodi. 

am meTodiT gansazRvrisas saWiroa winaswar dad-

gena gansazRvruli komponentis raodenobasa da misi 

pikis (an Sesabamisi simaRlis) farTobs Soris. 

a) gamoTvla proporciulobis koeficientis mixed-

viT: 

100⋅=
V

SK
C ii

i  an 100⋅=
m

SK
C ii

i  

sadac Ci _ komponentis raodenoba i nimuSSi 
Si _ pikis farTi 

V _ nimuSis moculoba 

m _ nimuSis masa 

Ki _ proporciulobis koeficienti i komponenti-

saTvis. 

gansazRvris msvleloba: amzadeben gansasazRvravi 

komponentis narevs ise, rom narevisa da saanalizo 

nimuSis Semcveloba iyos axlos. narevis gansazRv-

ruli raodenoba SeyavT qromatografiul svetSi. 

miRebul qromatogramaze sazRvraven pikis farTobs da 

angariSoben proporciulobis koeficients Ki: 

Si

Vi
Ki =  

Semdgom igive moculobis (V) sakvlevi narevi, rac 

Ki gansazRvrisas iyo aRebuli, SeyavT qromatografSi 

da miRebul qromatografze sazRvraven pikis farTs. 
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Ki da V cnobilia da formulis mixedviT angariSoben 

komponentis Semcvelobas sakvlev xsnarSi. 

b) gamoTvla sakalibro grafikis gamoyenebiT. 

amzadeben ramdenime narevs, romelSic gansasazRv-

ravi nivTierebis Semcveloba sxvadasxvaa da axdenen 

narevis qromatografirebas. miRebuli qromatogramis 

saSualebiT sazRvraven Sesabamis pikebis farTobs da 

ageben damokidebulebis grafiks koordinatebSi S – %. 

Semdeg svetSi SeyavT igive moculobis sakvlevi nare-

vi. qromatografiebis Semdeg sazRvraven pikis far-

Tobs da grafikis saSualebiT angariSoben sakvlev na-

revSi komponentis Semcvelobas. 
 

iongacvliTi qromatografia 

 

iongacvliTi qromatografia damyarebulia xsnar-

Si myofi ionebis sorbentis SemadgenlobaSi Semaval 

aqtiur ionebTan Seqcevadi gacvlis procesze. 

iongacvliT sorbentebad SeiZleba gamoyenebul 

iqnes rogorc araorganuli bunebrivi warmoSobis, ise 

sinTezuri gziT miRebuli organuli naerTebi, romle-

bic unda akmayofilebdnen Semdeg moTxovnilebebs: 

1. axasiaTebdes maqsimaluri STanTqmis unari. 

2. unda iyos erTgvarovani, garkveuli dispersu-

lobis, romelic uzrunvelyofs sorbciis procesSi 

garkveuli siCqariT xsnaris Tanabari gavlis SesaZ-

leblobas. 

3. axasiaTebdes garkveuli gajirjvebis unari, ar 

ixsnebodes im garemoSi da siTxeebSi, romlebic gamo-

iyeneba procesis dros. 

4. gamoirCeodes didi meqanikuri da Termuli 

mdgradobiT. 
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5. sorbentis warmoeba iyos ekonomiuri da sinTe-

zisaTvis gamoiyenebodes samamulo markis nedleuli. 

bunebrivi mineraluri sorbentebidan yvelaze gav-

rcelebulia aluminis Jangi, permutiti, cirkoniumis 

fosfati, alumosilikatebi, kerZod, ceoliTebi, rom-

lebic xasiaTdebian kaTionebis gacvlis didi unariT. 

sinTezuri gziT miRebuli organuli iongacvliTi 

nivTierebebi, iongacvliTi fisebi, aRmoCenil iqna ing-

liseli mecnieris adamsis da xolmsis mier 1935 wels. 

isini warmoadgenen maRalmolekulur organul naer-

Tebs dadebiTi da uaryofiTi muxtiT, romelic ionuri 

kavSiriT dakavSirebulia sawinaaRmdego muxtis moZrav 

ionTan. maTi miReba xdeba ZiriTadad stirolisa da 

divinilbenzolis polimerizaciiT da  polikondensa-

ciiT. divinilbenzolis raodenobiT ganisazRvreba 

ionitis gajirjvebis unari. 

imis da mixedviT, Tu romel moZrav gamcvlel, an 

e.w. ionogenur jgufebs Seicavs, ionitebi iyofian 

kaTionitebad da anionitebad. 

kaTioniti ewodeba iseT ionits, romlis maRalmo-

lekulur karkasze fiqsirebulia polivalenturi 

anionebi, romelTa muxtebi gawonasworebulia moZravi 

kaTionebiT da aqvT eleqtrolitis xsnarebTan kon-

taqtis dros am kaTionebis gacvlis unari. zogadad 

sqematiurad ase gamoixateba: 
+− H    AnR    an   Kat    −AnR  

+++ +→+ NaRNHR 44 An)NH   (An)Na  (  

anioniti ewodeba iseT ionits, romlis maRalmo-

lekulur karkasze fiqsirebulia polivalenturi kaT-

ionebi, romelTa muxtebi gawonasworebulia moZravi 

anionebiT da aqvT unari eleqtrolitis xsnarebTan 

kontaqtis dros gacvalon es anionebi: 
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-An  +⋅ KatR   an  
-OH  Kat  +R  

−+−−+ +→+ OHRKatSOOHR 2SO )()Kat (2 42
2
4  

wyalSi gajijvebisas wylis molekula SeiZleba 

Sevides marcvlis struqturaSi da gamoiwvios funq-

cionaluri jgufebis disociacia. ionogenuri jgu-

febis disociaciis xarisxi gamoxatavs ionitebis mJa-

vur an fuZe Tvisebebs, ris mixedviTac arCeven: 

1. Zlier mJava kaTionitebi (KУ-1, KУ-2), romlebic 

Seicaven Zlier disocirebul mJavur jgufebs. maga-

liTad, sulfojgufebs SO3H. maT SeuZliaT awarmoon 

gacvla rogorc mJava, ise tute da neitralur 

garemoSi. 

2. susti tute kaTionitebi (КБ-2, КБ-4), romlebic 

Seicaven mcired disocirebul mJavur jgufebs. maga-

liTad, karboqsilis, fenolis jgufebs. gacvla xdeba 

roca pH>7. 
3. Zlier fuZe anionitebi, romlebic Seicaven piri-

dinis an meorad amoniumis fuZis aqtiur jgufebs. maT 

SeuZlia gacvla awarmoon rogorc mJava, ise tute da 

neitralur garemoSi. 

4. susti fuZe anionitebi, romlebic Secaven pir-

velad, meorad da mesameul aminojgufebs (АН-2Ф, АН-
23 da sxv.) maT SeuZlia gacvla awarmoon pH≤7. 

is ionitebi, romlebic Tavis struqturaSi Seica-

ven mxolod erTnair ionogenur jgufs, monofunq-

cionalurs uwodeben. ionineti, romlebic Seicaven 

erTdroulad sxvadasxva ionogenur jgufs, ewodeba 

polifunqcionaluri. 

cnobilia iongacvlis 3 ZiriTadi varianti. 

1. frontaluri meTodi, romlis drosac A da B 
nivTierebebis narevs atareben qromatografiul svet-

Si. miRebul filtrats agroveben garkveuli fraqci-
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ebis saxiT (10ml) da TiToeul maTganSi sazRvraven A 

da B nivTierebis raodenobas. miRebuli monacemebis 

mixedviT ageben e.w. sorbciis gamosaval mrudebs 

koordinatebSi koncentracia C _ fraqciebis ricxvi, 
N an moculoba V (nax. 72). rogorc naxazidan Cans, am 

meTodiT A da B nivTierebebis nawilobrivi dacileba 

xdeba, vinaidan miiReba Sereuli fraqcia A+B. es meTo-
di ZiriTadad preparatuli miznebisaTvis gamoiyeneba. 

 

 
 

nax. 72. frontaluri meTodis gamosavali mrudi 

 

2. gamoZevebiTi meTodi. qromatografiuli svetis 

zeda nawilSi atareben A+B nivTierebebis narevs. 

Rebuloben pirvelad qromatogramas. Semdeg svetSi 

atareben C nivTierebas e.w. gamomZeveblis xsnars, 

romlis Kgan(C)>Kgan(B)>Kgan(A) e.i. C asrulebs dguSis 

rols. 

rogorc nax. 73-ze Cans, arc es meTodi iZleva A 

da B nivTierebebis raodenobriv dacilebis saSua-

lebas. es meTodic gamoiyeneba preparatuli miznebi-

saTvis. 
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nax. 73. gamoZevebiTi meTodis gamosavali mrudi 

 

3. eluenturi qromatografia. am meTodiT muSaobis 

dros qromatografiul svetSi atareben A da B 
dasacilebeli nivTierebebis narevs. Semdeg svetSi 

atareben Camrecxav nivTierebis (eluents) C xsnars im 
pirobiT, rom 

Kgan(B)>Kgan(A)>Kgan(C) 
am process eluireba 

ewodeba. fraqciebs agro-

veben garkveuli raode-

nobiT (10ml) da maTSi 

sazRvraven A da B niv-

Tierebis raodenobas. mi-

Rebuli monacemebis mi-

xedviT ageben A da B 
nivTierebebis eluirebis 

mrudebs (nax. 74). rogorc 

naxazze Cans, am meTodiT 

xdeba A da B niv-

Tierebebis sruli rao-

denobrivi dacileba. amitom es meTodi gamoiyeneba 

analizur qimiaSi. 

 
 
nax. 74. eluenturi meTodis 

gamosavali mrudi 
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rodesac ionitebi mogvyavs SexebaSi eleqtro-

litis xsnarTan xdeba saTanado ionebis gacvla manam, 

sanam ar damyardeba wonasworoba, romelic eqvemde-

bareba moqmed masaTa kanons da SeiZleba davaxasiaToT 

wonasworobis mudmiviT: 
++ +↔+− 1221 MRMMMR  

]][[

]][[

21

12
+

+

=
MeRMe

MRM
Kwon.  kaTionuri mimocvla 

anionuri mimocvla mimdinareobs Semdegi sqemiT: 
−− +−↔+− 1221 AARAAR  

][][

][][

21

12
−

−

⋅−
⋅⋅=

AAR

AAR
Kwon.  

rac metia Kwon., miT ufro intensiurad midis ion-

gacvla e.i. miT maRalia iongacvlis seleqtiuroba. 

iongacvla xdeba eqvivalenturad da warmoadgens 

Seqcevad process, romelic irRveva maSin, rodesac 

iongacvlasTan erTad mimdinareobs sxva qimiuri pro-

cesebic. magaliTad, Jangva-aRdgenis, kompleqswarmoqm-

nis, molekulebis fizikuri sorbciis procesebi da 

sxva. 

sorbciis efeqturoba, garda wonasworuli mudmi-

visa, ganisazRvreba ori ZiriTadi parametriT: 

1. ganawilebis koeficientiT Kgan, romelic tolia: 

faz.moZr. 

faz.uZr. 

gan. C

C
K =  

sadac CuZr.faz. aris sorbatis wonasworuli kon-

centracia uZrav fazaSi (sorbentis fazaSi); CmoZr. faz. 

aris sorbatis wonasworuli koncentracia moZrav fa-

zaSi. 

2. sorbciis selqturobis koeficienti Ksel. 
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gan(2)

gan(1)

sel. K

K
K =      Kgan(1)>Kgan(2) e.i. Ksel≥1. 

e.i. rac ufro metia Ksel.-s sidide, miT ufro 

efeqturia (1) da (2) nivTierebaTa dacileba. 

dinamikur pirobebSi dasacilebeli A da B nivTie-

rebis sorbentis fazaSi gadaadgilebis siCqareebi am 

nivTierebebis ganawilebis koeficientebis ukupropor-

ciulia: 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

gan(2)gan(1) K
f

K
fVA

1
V    

1
B  

rac metia Kgan, miT ufro naklebi siCqariT gada-

adgildebian sorbentis fazaSi, moxdeba nivTierebis 

dacileba. 

garda amisa, ionitis aqtivoba xasiaTdeba iongacv-

liTi tevadobiT, romelic ganisazRvreba fiqsirebuli 

ionuri jgufebis ricxviT, romelsac Seicavs 1 gr an 1 

ml mSrali kaTioniti 
+H _ formaSi da 1 gr an 1 ml 

mSrali anioniti 
−OH  _ formaSi. misi ganzomilebaa 

mg-eqv/gr an mg.eqv./ml. 

tevadobis gamoangariSeba SeiZleba rogorc sta-

tikur, ise dinamikur pirobebSi procesis CatarebiT. 

statikuri gacvliTi tevadoba ganisazRvreba garkveu-

li wonis ionitis garkveuli moculobis da koncen-

traciis xsnaris SenjRreviT. wonasworobis damyare-

bis Semdeg gansazRvraven xsnarSi darCenili ionebis 

raodenobas da sxvaobiT angariSoben sorbirebuli 

ionebis koncentracias: 

Csorb=Co-CdarC da sg.t
EG

C

⋅
= sorb.  mg.eqv/gr. 

sadac Csorb _ sorbirebuli ionebis koncentra-

ciaa, mg. 
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G _ ionitis wona, gr. 

E _ mocemuli ionis qimiuri eqvivalenti. 

Tu mocemulia ori ionis s.g.t-is mniSvnelobebi da 

s.g.t1>s.g.t2, maSin SegviZlia ganvsazRvroT dacilebis 

efeqturoba 

sg.t1-sg.t2=F 
sadac F aris dacilebis faqtori, rac metia F-is 

mniSvneloba, miT metia ionebis dacilebis efeqturoba. 

dinamikuri gacvliTi tevadoba ganisaRvreba sorb-

ciis gamosavali mrudebis saSualebiT, romelic mi-

iReba dinamikur pirobebSi qromatografiul svetSi 

moTavsebul sorbentis garkveul raodenobaSi xsnaris 

gatarebisas, romelic Seicavs sakvlev ions cnobili 

koncentraciiT. 

svetidan gamomaval xsnarebs agroveben fraqci-

ebad 10 ml raodenobiT, romelSic sazRvraven sorbi-

rebuli ionis raodenobas. xsnaris gatareba xdeba 

sorbentis srul gajerebamde sakvlevi ionebiT, anu 

sanam gamomaval xsnarSi ionebis koncentracia ar 

gautoldeba sawyis xsnarSi ionebis koncentracias.   

am monacemebis mixe-

dviT ageben sorbciis 

gamosaval mruds koor-

dinatebSi C _ sorbire-
buli ionebis koncen-

tracia gamomaval fil-

tratis fraqciebSi 

mg/10ml, V _ filtratis 

moculoba, ml an N _ 

filtratis nomeri. ase 

vRebulobT dinamikur 

gacvliT tevadobas sa-

 
 

nax. 75.  sorbciis 
gamosavali mrudi 
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kvlevi ionis xsnarSi gaxtomamde (Vgaxt) da srul 

dinamikur tevadobas sdgt (nax. 75). 

d.g.t. iangariSeba formuliT: 

d.g.t.=
EG

TV

⋅
gaxt.

 mg.eqv/g 

sadac Vgaxt. aris gaxtomamde xsnaris moculoba, 

ml. 

T _ gatarebuli xsnarebis titri, mg/ml 

G _ ionitis wona 

E _ qimiuri eqvivalenti 

 

SeiZleba ionitis wona G-s magivrad aviRoT 

ionitis moculoba ml-Si. 

sorbciis gamosavali 

mrudebis forma damoki-

debulia gacvlis izo-

Termis tipze (nax. 76). 

arsebobs sami saxis izo-

Terma: amozneqili (1), 

sworxazovani (2), Caz-

neqili (3), Tu mSTan-

Tqmel ionebs aqvs didi 

msgavseba ionitTan, vid-

re ionitis  ionebs, war-

moiqmneba amozneqili izoTerma. Tu mSTanTqmeli 

ionebi ukavSirdebian ionits naklebad mtkiced, warmo-

iqmneba Cazneqili izoTerma. Tu orive ionebs aqvs 

erTnairi msgavseba, maSin izoTermas aqvs sworxa-

zovani forma. 

dinamikuri gacvliTi tevadoba ar warmoadgens 

zustad gansazRvrul sidides. igi damokidebulia 

mTel rig faqtorebze: 

 
 

nax. 76. gacvlis izoTerma 
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1) xsnaris gatarebis siCqareze. rac ufro mcirea 

gatarebis siCqare, miT metia dinamikuri gacvliTi 

tevadoba, magram unda gaviTvaliswinoT, rom Zalian 

mcire siCqarisas SeiZleba hqondes adgili marcvlebs 

Soris Tavisufal sivrceSi difuzias, romelic iwvevs 

sorbciis gamosavali mrudebis frontis gadarecxvas. 

2) didi mniSvneloba aqvs difundirebuli ionebis 

muxts, rac ufro metia muxti, miT naklebia difuziis 

koeficienti. 

3) aranaklebi mniSvneloba aqvs xsnaris koncen-

tracias da pH-s, romlis gazrdiT dinamikuri gacv-

liTi tevadoba mcirdeba. 

4. didi mniSvneloba aqvs svetis geometrul 

zomebs. garkveuli fenis sisqisas gacvliTi tevadoba 

izrdeba svetis simaRlis gazrdiT. 

5) ionitis marcvlis zomebs. misi gazrdiT 

ionitis fazaSi difuzia gaZnelebulia. mcire zomisas 

adgili aqvs CaWedvas, xsnaris gatareba gaZnelebulia. 

ionTa qimiuri gacvla mimdinareobs, rogorc wesi, 

swrafad. procesis siCqare limitirebulia marcvlis 

gare an Siga difu-

ziiT, an orive stadi-

iT erTad. 

gayofis efeqtu-

roba iangariSeba 

eluirebis gamosavali 

mrudebis saSualebiT. 

igi miiReba eqsperimen-

talurad eluentis 

xsnaris gatarebisas 

svetSi, romlSic wi-

naswar sorbirebulia 

 
nax. 77. eluirebis gamosavali 

mrudi
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gasayofi ionebi. gamomaval xsnarebs iReben fraqci-

ebad 10 ml raodenobiT da masSi sazRvraven sakvlevi 

ionebis raodenobas. am monacemebis mixedviT ageben 

eluirebis gamosaval mrudebs koordinatebSi, C 
sorbirebuli ionebis raodenoba 10 ml eluentSi. V _ 

eluentis moculoba, ml an N _ fraqciebis nomeri 

(nax. 77). 

A, B da 11 B ,A  monakveTebs ewodeba eluirebis wina 

fronti, xolo B, C da 11 C ,B _ ukana fronti. A, C da 
11 C ,A  wertilebSi koncentracia M1 da M2 ionebisa 

udris O, xolo B da 1B  wertilebSi maqsimaluria, W1 

da W2 aris M1 da M2 ionebis gamosavali mrudebis 

frontis sigane. 
2

1W
 da 

2
2W
 mwvervalis naxevari sigane, 

gamosaval mrudebis pikebs Soris manZilia lΔ . 

miRebuli monacemebis mixedviT angariSoben 

gayofis kriteriums: 

21 WW

V
K

Δ+Δ
Δ=  an 

22
21 WW

l
K Δ+Δ

Δ=  

rac metia K, mit metia gayofis efeqturoba. 

iongacvliT fisebma didi gamoyeneba hpova anali-

zur qimiaSi elementTa dacilebisa da koncentri-

rebisaTvis. ionTa dacilebis xerxebi SeiZleba davyoT: 

1. iongacvliTi meTodi 

2. iongacvliT-qromatografuli meTodi. 

pirvel meTods miekuTvneba sxvadasxva niSnis mux-

tebis an zomis mqone ionebis dacileba. am jgufs 

ekuTvnis e.w. ionuri sacrebis meTodi, rac gamoixateba 

imaSi, rom ionitis Semcvel svetSi xsnaris gata-

rebisas igi STanTqavs mxolod mcire radiusis mqone 
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ionebs, didi radiusis mqone ionebi ki gava filt-

ratSi e.i. ioniti asrulebs sacris rols. 

iongacvliT-qromatografiuli meTodis gamoyenebi-

sas ionitze sorbirebuli ionebis dacileba xdeba 

fraqciuli gamorecxviT sxvadasxva koncentraciis da 

pH-is mqone xsnarebiT (eluentebiT). 

eluentebad SeiZleba gamoyenebul iqnes sxvada-

sxva mdgradobis kompleqsnaerTebi. aq SeiZleba gvqon-

des ori SemTxveva: 

1. rodesac reagenti adsorbirebul ionebTan iZ-

leva sxvadasxva mdgradobis kompleqsnaerTebs. am Sem-

TxvevaSi ionebis gamorecxva ionitidan pirdapirpro-

porciulia warmoqmnili kompleqsis mdgradobis. maga-

liTad, nikelis da kobaltis dacileba. 

2. rodesac kompleqswarmomqmneli reagenti ar 

iZleva yvela adsorbirebul ionebTan kompleqsnaer-

Tebs. am SemTxvevaSi mdgradi kompleqsnaerTis daci-

leba xdeba im ionebisagan, romlebic ar iZlevian 

kompleqsnaerTebs. iongacvliTi fisebi agreTve far-

Tod gamoiyeneba elementTa mikroraodenobis koncent-

rirebisaTvis.  

koncentrirebis meTodebi SeiZleba gavyoT or 

jgufad: pirvel jgufs ekuTvnis meTodi, romlis 

drosac didi moculobis sakvlevi xsnari ifiltreba 

svetSi, romelSic moTavsebulia saTanado ioniti. am 

ionitidan saWiro ionis amowmoba xdeba Sesabamisi 

xsnaris minimaluri moculobiT. es meTodi SesaZleb-

lobas iZleva ganvsazRvroT nivTierebis is raodeno-

ba, rac koncentrirebis gareSe am elementis aRmo-

saCeni reaqtiviT SeuZlebelia. 

koncentrirebis meore jgufs ekuTvnis e.w. moZravi 

nawilakTa meTodi. es meTodic dinamikuria da pirveli 
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meTodisagan gansxvavdeba imiT, rom am SemTxvevaSi 

uZrav sakvlev xsnarSi xdeba saTanado ionitis 0,25-0,2 

mm zomis mqone nawilakebis CaZirva, romlis drosac 

xdeba sakvlev xsnarSi myofi ionebis adsorbcia, ris 

Semdeg sorbirebuli ionebis amowmoba Sesabamisi xsna-

ris minimaluri raodenobiT da miRebul koncentratSi 

sakvlevi ionebis gansazRvra. am meTodiT koncentri-

reba xdeba specialuri xelsawyos koncentratoris 

saSualebiT. 

yvela zemoT CamoTvlili meTodebis gamoyenebis 

win saWiroa ionitebis damuSaveba. 

 

kaTionitis damuSaveba 

 

kaTionits 24 saaTis ganmavlobaSi aTavseben ga-

moxdil wyalSi, sadac xdeba misi gajirjveba, ris 

Semdeg gadaaqvT svetSi da amuSaveben 5%-ni NaOH-is 

xsnariT Seferili xsnadi organuli nivTierebebis da 

rkinis mosacileblad. Semdeg Carecxaven ramdenjerme 

gamoxdili wyliT da amuSaveben 5% HCl-is xsnariT, 

romelsac igi gadayavs 
+H -formaSi. recxaven gamox-

dili wyliT neitralur reaqciamde.  

 

anionitis damuSaveba 

 

gajirjvebis Semdeg anionits aTavseben svetSi da 

amuSaveben 5%-ni HCl-is xsnariT rkinis da organuli 

nivTierebis mosacileblad. Semde recxaven gamoxdili 

wyliT da amuSaveben 5%-ni NaOH-is xsnariT, romelsac 

igi gadayavs 
−OH _formaSi. recxaven gamoxdili 

wyliT neitralur reaqciamde, ris Semdeg igi ukve 

mzad aris samuSaos Casatareblad. 
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Txevadi qromatografia 

 

Txevadi qromatografia iyofa or jgufad: Txevad-

adsorbciuli da Txevad-Txevadi. Txevad-adsorbciu-

lia, roca narevi da nivTiereba, romlis saSualebiT 

xdeba gadaadgileba, aris Txevad mdgomareobaSi, svet-

Si ki myari adsorbenti, romelzedac xdeba gayofa. 

Txevad-Txevadia rodesac orive aris Txevad mdgo-

mareobaSi, xolo svetSi aris siTxe variantSi _ myari 

dafenili siTxiT, romelic duRs maRal tempera-

turaze. xsnarsa da adsorbents Soris wonasworoba 

eqvemdebareba lengmiuris adsorbciis izoTermis gan-

tolebas. ganzavebuli xsnarebisaTvis izoTerma swor-

xazovania. 

adsorbentis seleqtiuroba damokidebulia adsor-

bentsa da adsorbirebul nivTierebas Soris urTierT-

qmedebis Zalebis bunebaze. qromatografiuli svetis 

efeqturoba damokidebulia difuziaze, masis gadace-

maze orive fazebSi da ganisazRvreba eqvivalenturi 

Teoriuli TefSebis sididiT H. eqvivalenturi Teo-

riuli TefSebis sididis damokidebuleba moZravi fa-

zis xazovan siCqaresTan (u) gamoisaxeba formuliT: 

H = 2Rr (1-Rr) Uts,  amasTan              (1) 

Rr 
sm

m

tt

t

+
=  

sadac tm aris nivTierebis molekulebis saSualo 

dro desorbciasa da xelmeored sorbcias Soris, 

rodesac igi moZraobs U siCqariT. 

ts aris saSualo dro molekulebis uZrav fazaSi 

yofnisas. 
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(1) gantoleba gviCvenebs, rom moZravi fazis xazo-

vani siCqaris gazrdiT H izrdeba, saTanadod svetis 

efeqturoba mcirdeba. 

uZrav fazaSi molekulebis arsebobis dro ts damo-

kidebulia forebis diametrze d da difuziis koefi-
cientze D, romelic gamoisaxeba vainSteinis gantole-

biT: 

s
2 Dt2d =  

Tu CavsvamT (1) gantolebaSi, miviRebT 

D

udRrRr
H

2)1( −=  

rac metia d, miT metia H da naklebia svetis efeq-

turoba. 

Tanamedrove qromatografiaSi farTod gamoiyeneba 

zedapirulad-forovani adsorbentebi, es aris sferiu-

li forovani masalebi, romlis zedapirze dafenilia 

maRal forovani (-1mm) adsorbentis Txeli fena. mas 

ara aqvs Rrma forebi, rac iwvevs H-is Semcirebas da 

saTanadod svetis efeqturobis gazrdas. 

zedapirulad forovani adsorbentebis minis bur-

Tulebi ifareba silikageliT, aluminis JangiT, an ro-

melime polimeriT. didi yuradReba eqceva moZrav 

fazas-gamxsnels, romelSic kargad unda ixsnebodes 

saanalizo nivTierebis yvela komponenti, axasiaTebdes 

qimiuri inertiuloba gaxsnili nivTierebis, adsorben-

tis da haeris Jangbadis mimarT, ar Seicavdes mina-

revebs da iyos xelmisawvdomi. 

 

TvisebiTi da raodenobiTi analizi 

 

Txevad-adsorbciul qromatografiaSi msgavsad 

gaz-adsorbciuli qromatografiisa nivTierebis iden-



 287 

tifikacia xdeba Sekavebis maxasiaTeblebis mixedviT, 

xolo raodenobrivi analizi damokidebulia qromato-

grafiis pikis simaRlis, an farTis gazomvaze. garda 

amisa, gamoiyeneben qromatografiuli svetidan gamoma-

vali fraqciebis analizs sxvadasxva qimiuri an fizi-

kur-qimiuri  meTodebis gamoyenebiT. 

 
Txelfenovani qromatografia 

 

Txelfenovan qromatografiaSi uZravi faza Txeli 

fenis saxiT dafenilia minis, liTonis an plastmasis 

firfitaze. firfitis napiridan 2-3 sm daSorebiT 

sastarto xazze aTavseben saanalizo xsnars da fir-

fitas CaZiraven gamxsnelSi, romelic moqmedebs ro-

gorc Txevadi adsorbciuli qromatografiis moZravi 

faza. 

Txelfenovan qromatografiaSi sorbciuli proce-

sis maxasiaTeblad SemoRebulia sidide moZraobis 

unari (Zvradoba) Rf, romelic ganisazRvreba eqsperi-

mentalurad gantolebiT: 

2

1

x

x
Rf =  

sadac x1 aris manZili sastarto xazidan zonis 

centramde (nax. 78) x2 – imave drois ganmavlobaSi 

gamxsnelis mier gavlili manZili cdis bolomde. x1 

ar SeiZleba iyos meti x2-ze, amitom Rf mdebareobs 0-

dan 1-mde sazrvrebSi. sxvadasxva nivTierebisaTvis x-is 
mniSvneloba sxvadasxvaa da Rf-ic iqneba sxvadasxva. 

amitom Rf SeiZleba CaiTvalos sistemis sorbciul 

maxasiaTeblad, romelic mocemuli cdis pirobebSi 

mudmivi sididea. 
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Rf-is sidideze gavle-

nas axdens sorbentis xa-

risxi da aqtivoba, misi 

sinotive, fenis sisqe, gam-

xsnelis xarisxi da sxv. 

mocemuli nivTierebis 

Zvradoba SeiZleba Sevada-

roT cnobili nivTierebis 

(standartis) Zvradobas, 

maSin 

cmf

xf
omHf R

R
R

,

,
, =  

Txelfenovan qroma-

tografiaSi Teoriuli TefSebis ricxvi n gamo-

iTvleba fardobiT: 
2

16 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

ΠL

L
n H  

sadac LH aris manZili mocemuli nivTierebis 

sastarto xazidan am naerTebis warmoqmnili laqis 

qveda zRvramde. 

LΠ _ manZili laqis qveda da zeda sazRvramde. 

(nax. 78). 

maSin eqvivalenturi Teoriuli TefSebis simaRle 

H iqneba toli; 

H

H

L

Ln

n

L
H

16

2

==  

Txel fenaSi gayofis koeficientis Kf kavSiri 

Teoriuli TefSebis ricxvTan da ZvradobebTan Rf, 

gamoisaxeba formuliT: 

n
RR

RR
K

xfxf

xfxf
f

21

21

,,

,,

−

−
=  

nax. 78. Txelfenovani  
qromatografiis sqema 
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sadac 
1x,fR  da 

2x,fR  aris gasayofi narevis ori 

mezobeli komponentis Zvradobebi. 

Kf _ gayofis koeficienti Txel fenaSi, romelic 

axasiaTebs narevis ori mezobeli komponentis gayofis 

xarisxs. 

Tu ,RR
21 x,fx,f =  maSin Kf=0 

Txelfenovan qromatografiaSi sorbentad gamoye-

nebulia silikageli, aluminis Jangi, kraxmali, celu-

loza da sxva maRali adsorbciuli Tvisebebis mqone 

nivTierebebi. gamxsnelis SerCeva damokidebulia sor-

bentis bunebaze da saanalizo nivTierebis Tvisebebze. 

xSir SemTxvevaSi gamoiyeneben ori an sam gamxsnelis 

narevs. 

 

Tvisebebi da raodenobiTi analizi 

 

yvelaze advilia identifikacia, Tu qromatogra-

maze gansasazRvravi nivTierebis laqas aqvs damaxa-

siaTebeli Seferiloba, an igi iZleva Sefervas spe-

cifikuri reagentebis gamoyenebisas. umetes SemTxve-

vaSi TvisebiTi analizis Casatareblad awarmoeben 

firfitidan sinjis gamorecxvas da identifikacias sa-

Tanado fizikur-qimiuri meTodis gamoyenebiT. saimedo 

Sedegs iZleva e.w. mowmis meTodi. Txelfenovan 

qromtografiaSi mniSvnelovan mgrZnobiare maxasiaTe-

bels warmoadgens Rf. sastarto xazze saanalizo ni-

muSTan erTad aTavseben individualur nivTierebas, 

romelic Seesabameba saTanado narevis komponentebs. 

sxvadasxva faqtorebis gavlena yvela nivTierebebze 

iqneba erTnairi. amitom Rf-is damTxveva mowmesTan SeiZ-

leba gamoyenebuli iqnes identifikaciisaTvis. Tu Rf 
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ar daemTxveva, es niSnavs, rom sinjSi nivTiereba ar 

arsebobs. 

raodenobriv gansazRvras awarmoeben uSualod 

firfitaze, an misi firfitidan mocilebis Semdeg. 

uSualod firfitaze gansazRvrisas zomaven laqis 

farTs planimetriT an milimetriani kalkis saSua-

lebiT da winaswar agebuli magraduirebeli grafikis 

saSualebiT pouloben nivTierebis Semcvelobas. 

karg Sedegs iZleva firfitis speqtrofotomet-

rireba specialuri xelsawyoebis densitometris an 

fluorometris gamoyenebiT. Sedegze did gavlenas 

axdens laqis xasiaTi da intensivoba, laqis fenis 

sisqe. amitom yvela gansazRvrebi unda Catardes erT-

nair pirobebSi. 

nivTierebis firfitidan mocilebis ori meTodi 

arsebobs:  

1) nivTierebis gamorecxva gamxsnelis saSualebiT, 

siTxis Segroveba fraqciebad da masSi nivTierebis 

Semcvelobis gansazRvra ama Tu im analizuri me-

TodiT.  

2) umetes SemTxvevaSi nivTierebis sorbentidan ga-

moyofas awarmoeben mas Semdeg, rac laqis SeRebvis an 

warmoqmnili fluorescenciiT gansazRvraven mis 

farTs. sorbentidan nivTierebis eqstraqcias awarmo-

eben specialuri gamxsneliT, an centrifugirebiT, ris 

Semdeg awarmoeben mis analizs. 

amrigad, Txelfenovan qromatografiaSi raodenob-

rivi gansazrvra SesaZlebelia sxvadasxva saSualebiT, 

rac damokidebulia eqsperimentis konkretul pirobeb-

ze, mizanze da laboratoriis teqnikur SesaZleblo-

baze. 
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qaRaldis qromatografia 

 

qaRaldis qromatografiaSi svetis rols asru-

lebs filtris qaRaldi, amitom miiRo meTodma da-

saxeleba qaRaldis qromatografia. igi bevr rameSi 

gavs Txelfenovan qromatografias. qaRaldis qroma-

tografiaSi, msgavsad Txelfenovani qromatografiisa, 

mniSvnelovan maxasiaTebels warmoadgens Rf (Zvradoba) 

romelic tolia: 

1x

x
Rf =  

sadac x aris komponentis zonis gadanacvleba, x1 

gamxsnelis frontis gadanacvleba. 

cdis dasawyisSi sastarto xazze aTavseben nimuSs, 

ris Semdeg masze moqmedeben gamxsnelis moZravi 

faziT. Tu komponentebi Seferilia qromatogramaze 

warmoiqmena Seferili laqebi. pirveli komponentis 

,1
1,

f
f x

x
R =  meore komponentisaTvis 

f
f x

x
R 2

2, =  

idealur SemTxvevaSi koeficienti Rf ganisazRv-

reba marto nivTierebis bunebiT, qaRaldis paramet-

rebiT da gamxsnelis bunebiT, magram ar aris damo-

kidebuli nivTierebis koncentraciaze. praqtikulad ki 

aRmoCnda, rom Rf damokdiebuli armoCnda am faqto-

rebze da eqsperimentis teqnikaze. Tu cdas CavatarebT 

mkacrad fiqsirebul standartul pirobebSi, koefi-

cienti rCeba mudmivi da SesaZlebelia gamoyenebuli 

iqnes nivTierebis identifikaciisaTvis. 

qromatografiuli qaRaldi unda iyos sufTa, 

neitraluri da indifertuli xsnaris komponentebis 

da moZravi gamxsnelis mimarT, erTgvarovani, garkve-

uli simkvrivis. mniSvnelovania agreTve qaRaldSi ce-
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lulozis molekulebis struqtura, gajirjveba da 

sxv., romlebic moqmedeben gamxsnelis moZraobis siCqa-

reze da procesis maxasiaTeblebze. 

wylis orTqlis atmosferoSi qaRaldi STanTqavs 

garkveuli raodenobis sinestes (mTeli masis 20-25%). 

amitom, rodesac uZrav Txevad fazad aris wyali, 

qaRaldis damatebiTi dasveleba ar aris saWiro. 

SerCeul gamxsnelebSi sinjis komponentebs unda 

hqondes sxvadasxva xsnadoba, winaaRmdeg SemTxvevaSi 

gayofa ar moxdeba. gamxsnelSi, romelic warmoadgens 

moZrav fazas, TiToeuli komponentis xsnadoba unda 

iyos naklebi, vidre uZravi fazis gamxsnelSi, amave 

dros ar unda iyos mniSvnelovani sidide. es aixsneba 

imiT, rom, Tu nivTierebis xsnadoba iqneba didi, igi 

gadaadgildeba gamxsnelis frontTan erTad. Tu xsna-

doba iqneba Zalian mcire, nivTiereba darCeba sawyis 

xazze. 

wyalSi xsnadi nivTierebebisaTvis moZrav fazad 

iyeneben organul gamxsnelebs, uZrav fazad wyals. Tu 

nivTiereba ixsneba organul gamxsnelSi, wyali gamo-

iyeneba moZrav fazad da organuli gamxsneli uZrav 

fazad. am meTods ewodeba Semobrunebuli fazebi. 

gamxsnelebi unda akmayofilebdes Semdeg moTxov-

nebs: moZravi da uZravi fazebis gamxsneli unda iyos 

urTierTSeurevadi, qromatografiis procesSi gamxsne-

li ar unda icvlebodes, qaRaldidan gamxsnelis mo-

cileba unda iyos advili, indiferentuli da adamia-

nisTvis uvnebeli. 

individualuri gamxsnelebi qromatografiaSi ga-

moiyeneba iSviaTad. umTavresad iyeneben nivTierebebis 

narevs. magaliTad, buTilis da amilis spirti bu-

Tilis an eTilis spirtTan, fenolis najeri wyal-
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xsnari da sxv., rac saSualebas iZleva Tanabrad 

SevcvaloT Rf, rac qmnis gayofisaTvis xelsayrel 

pirobebs. 

teqnikaSi gamoyenebulia qaRaldis qromatogra-

fiis saxeebi: erTjeradi, orjeradi, wriuli da 

eleqtroforezuli. orjeradi qromatogramis misa-

Rebad qromatografirebas awarmoeben orjer ori 

urTierTsawinaaRmdego mimarTulebiT. sinjis erTi 

gamxsneliT damuSavebis Semdeg qromatogramas Semo-

abruneben 900-iT da awarmoeben xelmeored qromato-

grafirebas sxva gamxsnelis gamoyenebiT. es iZleva 

komponentebis ufro mkafiod dacilebis SesaZleb-

lobas. 

karg Sedegs iZleva qromatografiis Serwyma ele-

qtroforezTan, anu eleqtroforezuli qromatografia 

qaRaldze. eleqtroforezuli veli SeiZleba gamoyene-

buli iqnas qromatografiasTan erTad, an Catardes 

mimdevrobiT, jer Catardes elqtroforzi da Semdeg 

qromatografia. 

 

TvisebiTi da raodenobiTi analizi 

 

sinjis Tvisobrivi Sedgeniloba, msgavsad Txel-

fenovani qromatografiisa, SeiZleba dadgindes calke-

uli laqebis Seferilobis, an TiToeuli komponentis 

Rf-is ricxviTi mniSvnelobiT. 

raodenobrivi gansazrvra sruldeba an qromato-

grafiuli maxasiaTeblebis (qromatogramaze laqis 

farTi da misi intensiuroba), an gamorecxvis saSua-

lebiT. xSir SemTxvevaSi qromatogramas Wrian calke-

ul nawilebad laqebis ricxvis mixedviT. TiToeul 

laqas amuSaveben saTanado eqstragentiT da raode-
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nobas sazrvraven Sesaferisi meTodiT: fotometruli, 

polarografiuli da sxv. 

nivTierebis Semcveloba SeiZleba ganisazrvros 

skalis meTodiT. qromatogramaze Rebuloben ucnobi 

koncentraciis xsnaris da ramodenime standartuli 

xsnaris laqebs. ucnobi xsnaris koncentracias pou-

loben maTi laqis farTobis da intensivobis Seda-

rebiT. 

ufro zustia magraduirebeli grafikis ageba ko-

ordinatebSi S-lgC, sadac S aris laqis farTi, C-
koncentracia. aRniSnul koordinatebSi grafiki swor-

xazovania, romlis saSualebiT pouloben koncentra-

cias. 

 

airqromatografia 

 

airqromatografia iTvleba erT-erT yvelaze gavr-

celebul meTodad, romelSic saanalizo narevis kom-

ponentebis ganawileba xdeba gazisebur da myar an 

Txevad fazebs Soris. uZravi fazis mixedviT air-

qromatografia iyofa air-adsorbciul da air-Txevad 

qromatografiad. air-adsorbciuli, roca saanalizo 

narevi da is nivTiereba, romlis mixedviTac xdeba ga-

daadgileba aris orTqlisebur mdgomareobaSi. svetSi 

CatvirTulia adsorbenti myar mdgomareobaSi.  

analizis Catarebisas garkveul temperaturaze 

gamTbari airmatarebeli SeyavT saanalizo nimuSSi. 

nimuSSi Semavali komponentebi orTqldebian da airis 

nakadTan erTad Sedian Termostatirebul svetSi, 

romelic Seicavs uZrav fazas (adsorbents). gasayofi 

narevis TiToeuli komponentis ganawileba xdeba uZrav 

da moZrav fazebs Soris maTi Tvisebebis Sesabamisad, 
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kerZod adsorbciis unaris an xsnadobis mixedviT. 

rTuli narevis gayofa ganisazRvreba adsorbciis 

koeficientiT, an saanalizo nivTierebis ganawilebiT 

fazebs Soris.  

airqromatografiaSi airmatareblis SerCeva ganpi-

robebulia ori faqtoriT: svetis efeqturobiT da 

mgrZnobiarobiT, aseve deteqtoris moqmedebis princi-

piT. ama Tu im airis gamoyeneba airmatarebelad gani-

sazRvreba misi fizikuri da qimiuri TvisebebiT, ro-

goricaa difuziis koeficienti, siblante, qimiuri 

inertuloba, sorbciuli xasiaTi. airmatareblad iye-

neben heliums, azots, wyalbads, argons, iSviaTad 

haers, kriptons, meTans da sxv. bolo xanebSi air-

matareblad iyeneben wylis orTqls. airmatareblis 

moqmedeba svetis efeqturobaze sxvadasxaa, saidanac 

gamomdinareobs, rom eqvivalenturi Teoriuli TefSe-

bis simaRle H damokidebulia airis molekuluri di-

fuziis koeficientze D da airis nakadis siCqareze.   

air-adsofciul qromatografiaSi ZiriTadad iyene-

ben polarul adsorbentebs, rogoricaa silikageli 

da gaaqtivirebuli aluminis Jangi. arapolaruli 

adsorbentebidan aqtivirebul naxSirs da grafitis 

murs. gazebis narevebis gasayofad iyeneben ceoliTebs.  

air-Txevadi aris saxe, roca saanalizo narevi da 

nivTiereba, romlis saSualebiT xdeba gadaadgileba, 

aris orTqlisebur mdgomareobaSi. amisaTvis myar niv-

Tierebebs gaJRenTaven siTxiT da aTavseben svetSi. am 

SemTxvevaSi komponentebTan reagirebs siTxis Txeli 

apki. gayofis efeqturoba ganisazRvreba ara airis 

adsofbcia-desorbciis procesiT, aramed airis gaxsnis 

procesiT Txevad apkze. airebis gansxvavebuli xsna-

doba aRmoCnda ufro mniSvnelovani, vidre maTi ad-
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sorbciis Tvisebebi. amitom air-Txevad qromato-

grafiam farTo gamoyeneba hpova mravalkomponentiani 

narevebis gasayofad, SesaZlebelia muSaoba koncentra-

ciis farTo zRvrebSi.  

air-Txevadi qromatografiis gayofis efeqturoba 

damokidebulia ramdenad sworad aris SerCeuli Txe-

vadi faza. Txevad fazas mieyeneba Semdegi moTxovni-

lebebi: maRali seleqturoba, qimiuri inertuloba 

myari matareblis da narevis komponentebis mimarT, 

iyos Termiulad mdgradi, mcire siblantis da ara-

aqroladi.  

farToO gamoyeneba hpova Sereuli fazebis sveteb-

ma. efeqturi gamodga Sereuli svetebi an e.w. rTuli 

sorbentebi. saanalizo narevs mimdevrobiT atareben 

ramdenime svetSi, romelic Seicavs sxvadasxva moZrav 

fazas, Txevadi fazis raodenoba damokidebulia 

sistemis Tvisebebze.  

myar matareblad gamoyenebulia inertuli nivTie-

rebebi ganviTarebuli zedapiriT, mcire forianobiT, 

raTa Tavidan iqnes acilebuli adsorbcia zedapirze, 

rogoricaa diatomiti. rTuli naerTebis dasacileb-

lad gamoiyeneba tefloni.  

airis qromatografiis miRwevebi damokidebulia 

ara marto sorbentis sworad SerCevaze da mis muSa-

obaze, aramed gamoyenebuli aparaturis konstruq-

ciaze. airis qromotografi warmoadgens rTul avto-

matizirebul danadgars. gamoyenebulia sxvadasxva 

markis airis da air-Txevadi qromatografebSi (хл-4; хл-
6; хл-60; ,,Цвет”, ,,Луч” da sxv).  

airqromatografis principuli sqema mocemulia 

nax. 79-ze. 
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nax. 79. airqromatografis sqema 

 

airmatareblis mudmivi wyaro (1). airmatarebeli 

miewodeba airis balonidan reduqtoris (2) saSuale-

biT. reduqtoridan gamosul airs aqvs mudmivi wneva 

da siCqare. airis gawmendis da gaSrobisaTvis doza-

toris win aTavseben u-s magvar mils, romelic Sev-

sebulia uwylo magniumis qloridiT, fosforis (v) 
anhidridiT, kalciumis qloridiT, an silikageliT.  

svetSi saanalizo airis Sesayvanad gamoyenebulia 

sxvadasxva moculobis, konstruqciis da moqmedebis 

principiT dozatorebi (3). airis moculoba aris 1-dan 

100 ml-mde, Txevadi narevebis moculoba 1-dan 5 ml-

mde. Txevadi sinjis asaRebad gamoyenebulia specia-

luri mikroSprici, romliTac iReben sinjs da SeyavT 

amaorTqlebelSi. Txevad sinjs swrafad aorTqleben 

da airebi SeyavT svetSi. myari nivTierebis sinji Se-

yavT galRobil, an gamxsnelSi gaxsnil mdgomareoba-

Si, dozireba da sinjis Seyvana aris mniSvnelovani 

operacia.  

qromotografiul svets (4) amzadeben spilenZisa-

gan, agreTve iyeneben uJangav folads, alumins, minas, 

kvarcs. yvelaze xelsayrelia spiraluri formis sve-
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ti, raTa TermostatSi moTavsdes kompaqturad. mniSvne-

lovania svetis Sevsebis sakiTxi, ris Semdeg xdeba 

misi ganberva airmatarebliT. praqtikaSi iyeneben 1-3 m 

sigrZis svets, diametriT 3-6 mm-mde. svetis sigrZis 

gazrdiT izrdeba SekavebiTi moculobis sidide da 

gayofis kriteriumi. magram svetis sigrZis gazrda 

iwvevs wnevis dacemis zrdas. didi mniSvneloba aqvs 

mudmiv temperaturas, risTvisac svets aTavseben Ter-

mostatSi.  

airqromatografis mniSvnelovan nawils warmo-

adgens deteqtori (5). igi reagirebs airis gamosvlisas 

fazis Semadgenlobis cvlilebaze da am monacemebs 

gadascems avtomatur TviTCamwers milivoltamper-

metrs (6). deteqtorebi SeiZleba iyos integraluri da 

diferencialuri (nax. 80).  

 

 

nax. 80. diferencialuri (a) da 
integraluri (b) qromatograma 

 

 

nax. 81. naxSirwyalbadebis 

qromatograma. 1-meTani; 2-

eTani; 3-eTileni; 4-

propani; 5-propileni + 

mZime naxSirwyalbadebi. 



 299 

airqromatografiaSi umetesad iyeneben diferen-

cialur deteqtorebs, romlis muSaoba damyarebulia: 

a) gansasazRvravi komponentebis da moZravi fazis 

siTbogamtarobis gazomvaze – Termokonduqtormet-

ruli deteqtori – katarometri; b). saanalizo nivTi-

erebis komponentebis ionizaciisas eleqtrogamtarobis 

cvlilebaze – ionizirebuli deteqtori; g). airis da 

sinjis simkvrivis sxvaobaze – densitometruli 

deteqtori; monoqromatuli sxivis STanTqmis gazom-

vaze – speqtrofotometruli deteqtori da sxv. 

mgrZnobiare deteqtoris registraciisas miiReba de-

teqtoris signalis airmatarelis moculobasTan V, an 

mis xangrZlivobasTan t damokidebulebis mrudi, ro-

melsac qromotograma ewodeba, narevis qromotogramas 

aqvs safexuriseburi saxe (nax. 81). ramdenime piki, 

romelic miekuTvneba TiToeuli komponentis raode-

nobriv eluirebas.   
 

adsorbciul-kompleqswarmomqmneli qromatografia 
 

adsorfciul-kompleqswarmomqmneli qromatogra-

fia aris erT-erTi axali perspeqtiuli mimarTuleba 

iSviaTi da gardamavali elementebis rTuli narevebis 

dayofisaTvis. igi damyarebulia heterogenul siste-

maSi sorbciis procesSi fazaTa Soris nivTierebis 

ganawilebaze, romelic ar Seicavs kompleqswarmom-

qmnel reagentebs. elementebis sorbcia ZiriTadad 

xorcieldeba qromotografiul xsnarSi arsebuli li-

Tonebis ligandebiT modificirebul anionitebze sxva-

dasxva mdgradobis kompleqsnaerTebis warmoqmniT. 

sorbaciis meqanizmi svetovan Txevad qromato-

grafiaSi wlebis ganmavlobaSi SemuSavebul iqna spi–s 
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analizuri qimiis kaTedraze da miiRo kompleqswar-

momqmneli – adsorbciuli qromotografiis saxelwo-

deba ligandebiT modificirebul anionitebze. Seswav-

lili iqna sorbciis da eluirebis meqanizmi ganxi-

lul qromatogtafiul sistemebSi Mz-RL da ZiriTadi 
faqtorebi, romlebic moqmedeben pirveladi fronta-

luri qromatogramis dinamikaze, qromatografiuli 

zonebis ganlagebaze da gadaadgilebaze maTi sorbci-

uli Tvisebebis mixedviT.  

metalTa kaTionebis sorbciis meqanizmi sistemaSi 

RLM Z − anionitebze, modificirebuli araorganuli, an 

organuli ligandebiT −nL , romelic ar warmoqmnis 

xelaturi tipis kompleqsnaerTebs, SeiZleba warmodge-

nil iqnes Semdegi sqemiT: 
−+ +⇔ mzAmMmMA z

z  

−− +⇔+ MLmRAmAmRL  
−−−+ ⇔+ )(2 zm

mMLmLM  

−
−

− −+⇔+− LzmMLRMLRLzm mzm
zm

m )()( )(
 

sadac Mz+
 aris sorbirebuli liTonis kaTioni 

(muxtiT Z+
); 

A-
 - anioni, romelic axlavs Mz+

 kaTions sawyis 

qromatografiul xsnarSi da ar warmoqmnis am ka-

TionTan anionur kompleqss; 

m-L-
 ligandebis ricxvi anionur kompleqsSi 

−− )( zm
mML , romelic warmoiqmneba im pirobiT, Tu m>z; 

RL - anioniti, modificirebuli L-
 ligandiT; 

R+
 - anionitis makrokaTioni, romelic Sedis mis 

polimeruli matricis SemadgenlobaSi.  

ZiriTadi faqtorebi, romlebic axdenen gavlenas 

pirveladi qromatogramis formirebis dinamikaze, aris 
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mocemul sistemaSi warmoqmili kompleqsis efeqturi 

umdgradobis mudmiva da gadaadgilebis siCqare.  

dacileba xorci-

eldeba dasacilebeli 

elementebis narevis 

winaswari sorbciiT 

qromatografiul svet-

Si moTavsebul ligan-

debiT modificirebul 

samamulo markis anio-

nitebze AB-16 da  

AB-17 (qromatografiu-

li xsnaris siCqare 0,5-

2,5,5 ml/w, sorbentis 

simaRle 9-15 sm, dia-

metri 1,6sm). Semdgomi 

eluireba warmoebs 

sxvadasxva koncentra-

ciis da pH-is mqone 

Sesabamisi eluentebiT. 

dacilebis Sedegad ga-

moyofili elementebis 

gansazRvra warmoebs 

Tanamedrove fizikuri da fizikur-qimiuri meTodebis 

gamoyenebiT (nax. 82).  

eqsperimenturad miRebuli farTo efeqturi masa-

lis interpretaciis saSualebiT SemuSavebuli iqna 

iSviaTi da gardamavali liTonebis dacilebis axali 

qromatografiuli meTodebi, romlebic farTod gamo-

iyeneba rTuli narevebis analizis dros.   

 

 

nax. 82. qromatografiis 
danadgari 

1 – gamyofi Zabri 
qromatografiuli xsnariT;  
2 - qromatografiuli sveti;  

3 – filtratis Semgrovebeli 

WurWeli.
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daleqviTi qromatografia 

 

daleqviT qromatografiaSi ZiriTad faqtors, ro-

melic gansazRvravs elementTa dacilebas, warmo-

adgens sxvadasxva xsnadobis Zneladxsnadi naleqebis 

TanmimdevrobiTi warmoqmna. Zneladxsnadi naleqebis 

gamoyofa xdeba im mimentSi, rodesac ionTa koncentra-

ciebis namravli aRemateba xsnadobis namravlis sidi-

des. qromatogramis formireba xdeba warmoqmnili 

naleqebis mravalgzis daleqvis da gaxsnis procesSi.  

daleqviTi qromatografiis ZiriTadi maxasiaTebe-

lia xsnadoba da xsnadobis namravli. warmoqmnili na-

leqis zonebis ganlageba damokidebulia qromatogra-

mis miRebaze. magaliTad, saanalizo narevSi Semavali 

Ax da Bx komponentebis MZ damleqavis Semcveli 

sorbentis fenasTan Sexebisas warmoiqmneba AZ da BZ 
naleqebi: 

MxAZAxMZ +↓→+  

MxBZBxMZ +↓→+  

najer xsnarSi A da B nivTierebebis koncentra-

ciis fardoba tolia warmoqmnili naleqebis xsnado-

bis namravlis fardobis: 

[ ]
[ ] BZ

AZ

B

A

xn

xn=+

+

 

rogorc gantolebidan Cans, sorbentis fenaSi 

naleqebis ganlageba SeiZleba gamoiTvalos, TuU cno-

bilia warmoqmnili naleqebis xsnadobis namravli da 

naleqis warmoqmnaSi monawile ionebis muxti. zeda fe-

nebSi ganlagdeba Zneladxsnadi naleqi, qveda zonaSi 

adviladxsnadi naleqi.  

qromatografiul svetSi xsnaris axali ulufebis 

gatarebisas, romelic warmoqmnis gansasazRvrav kompo-
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nentebTan Zneladxsnad naleqs, gamoaZevebs advilad-

xsnad komponents, romelic gamxsnelis nakadiT gada-

adgildeba da kvlav gamoiyofa naleqSi svetis im na-

wilSi, sadac aris Tavisufali gamxsneli, an sxva 

komponentebis ufro adviladxsnadi naleqebi.  

amave dros, zogierT modificirebul sorbitebze 

(OH2-CO3-formebze) advilad hidrolizirebuli elemen-

tebi Fe, Al, Ti, Zr sorbirdebian ara liTonis kaTionis 

damleqav ionTan urTierTqmedebiT, aramed maTi mari-

lebis hidrolizis Sedegad, anu hidrolizuri meqa-

nizmiT. es gamowveulia saanalizo xsnaris sorbentTan 

Sexebisas pH-is SecvliT, romelic midis Semdegi 

reaqciiT: 

OHRAnOHRHAn 2+→−+  

nHAnAnOHMOnHMAn n +→+ )(2  

daleqviTi qromatogramis miRebisas mniSvnelovan 

pirobas warmoadgens naleqebis damagreba warmoqnis 

adgilze, radgan xsnaris gatarebisas naleqi SeiZleba 

Cacurdes svetSi matareblis fenis sigrZeze da gayo-

fa ar moxdeba. naleqis damagrebaze gavlenas axdens 

rogorc matareblis buneba, aseve misi dispersuloba, 

daleqviTi qromatogramis tipi, gamoyenebuli matareb-

lis sorbciuli tevadoba. did tevadobas SeuZlia 

gamoiwvios gayofis gauareseba. 

garkveul gavlenas axdens damleqavis buneba da 

koncentracia. damleqavi unda akmayofilebdes or 

ZiriTad moTxovnilebas: sorbirdebodes matarebelze 

da gansasazRvrav saanalizo nivTierebasTan warmo-

qmnas Zneladxsnadi naleqi, maTi xsnadobis namravli 

unda gansxvavdebodes sami rigiT. damleqavis koncen-

tracia ar axdens gavlenas naleqebis zonebis Tan-
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mimdevrobaze, magram gavlenas axdens naleqebis 

formirebaze, mis simkvriveze da damagrebaze.  

damleqavad SeiZleba gamoyenebul iqnes rogorc 

araorganuli, ise organuli nivTierebebi. damleqavebi 

warmoqmnian Zneladxsnad marilebs, kompleqsur naer-

Tebs, aseve nivTierebebs, romlebic  monawileoben 

Jangva-aRdgenis reaqciebSi. naleqebis xsnadoba gamo-

yenebul gamxsnelSi unda iyos minimaluri, mniSvne-

lovan gavlenas axdens xsnaris pH.  

daleqviT qromatografiaSi eqsperimentis Catareba 

SesaZlebelia sam variantSi: svetovani, Txel fenaSi 

da qaRaldze.  

qromatografias awarmoeben mcire zomis minis 

svetSi (diametri 3-5 mm, sigrZe 100-150 mm). eqsperimentis 

momzadebis yvelaze sapasuxismgeblo nawils warmo-

adgens myari fazis-matareblis momzadeba, risTvisac 

mas winaswar amuSaveben 5%-iani NaOH da HCl-iT 

organuli nivTierebebis da rkinis mosacileblad. 

gamoxdili wyliT Carecxvis Semdeg svetSi atareben 

3N natriumis karbonatis xsnars sorbentis karbo-

natul formaSi gadasayvanad, ris Semdeg masSi ata-

reben garkveuli raodenobiT dasacilebeli elemen-

tebis narevs. qromatografiul svetSi warmoiqmneba 

Zneladxsnadi naleqebis zonebi. filtraciis damTav-

rebis Semdeg svets recxaven sufTa gamxsneliT, rome-

lic seleqtiurad recxavs erT nivTierebas da meores 

ara, filtratSi sazRvraven elementis Semcvelobas.  

unda aRiniSnos, rom adsorbciuli da ionogacv-

liTi qromatografiisagan, gansxvavebiT damleqavis 

Seuqcevadi xarjis gamo svetis ganmeorebiTi gamo-

yeneba ar SeiZleba.  
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TvisebiT analizs svetovan qromatografiaSi ata-

reben sami gziT: 

1. miRebuli naleqis SeferviT da zonebis ganawi-

lebis mixedviT. am SemTxvevaSi matarebeli unda iyos 

ufero.  

2. Tu naleqi uferoa, maSin naleqis warmoqmnis 

Semdeg SeyavT xsnari, romelic daleqil ionebTan 

iZleva subieqturad Seferil naerTebs. am SemTxvevaSi 

matarebeli unda iyos ufero.  

3. Tu miRebul naleqebs aqvs erTnairi Seferi-

loba, an ar aris Seferili da matarebeli Seferilia, 

analizs awarmoeben naleqis qromatografiul filt-

ratSi gamoyofis Semdeg. raodenobrivi gansazRvra 

warmoebs magraduirebeli grafikis agebiT, koordina-

tebSi D-C.   
 
 

laboratoriuli samuSaoebi 
 

samuSao 1. niobiumis qromatografiuli dacileba 
rkinisagan iongacvliT-qromatografiuli meTodiT 

anionit AB-16-is gamoyenebiT 
 

niobiumis dacileba rkinisagan warmoebs Rvinis-

mJava xsnarebidan dinamikur pirobebSi anionit AB-16-
is ftor-formaze. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. niobiumis standartuli xsnari. 

0,143g sufTa Nb2O5-s SealRoben 2-3g kaliumis pi-

rosulfatTan. nalRobs xsnian gacxelebiT 200ml 15%-
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ian Rvinis mJavaSi. gadaaqvT litrian sazom kolbaSi, 

mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

miRebuli xsnaris 1ml Seicavs 0,1mg Nb. 
2. rkinis standartuli xsnari. 

0,1g sufTa rkinis mavTuls xsnian 20ml maril-

mJavaSi (xv.w. 1,19), gadaaqvT litrian sazom kolbaSi, 

mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

miRebuli xsnaris 1ml Seicavs 0,01mg rkinas. 

3. Rvinis mJava 15% da 3%-ni xsnarebi. 

4. kaliumis pirosulfati 

5. natriumis ftoridis 3%-ni xsnari 

6. marilmJavas koncentrirebuli da 1:1 ganzave-

buli xsnarebi 

7. aluminis qloridis AlCl3 · 6H2O – 20%-ni xsnari 

8. fotokolorimetri ФЭК – 56 
 

analizis msvleloba 
 

niobiumis rkinisagan dacilebis mizniT qromato-

grafiul svetSi diametriT 1,6sm, romelSic moTavse-

bulia 6,5sm simaRliT anioniti AB-16 ftor-formaSi, 

atareben narevs, romelic Seicavs TiTo miligram 

niobiums da rkinas, filtraciis siCqariT 5ml/wT. 

svets recxaven 15-20ml gamoxdili wyliT da masSi 

atareben 5ml/wT siCqariT 100ml 0,5 N  HCl (rkinis 
desorbcia), miRebul eluats agroveben 100ml sazom 

kolbaSi, ris Semdeg imave filtraciis siCqariT 150ml 

xsnars, romelic Seicavs 5g/l natriumis ftorids da 

2,5 N marilmJavas xsnars (niobiumis desorbcia). 
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miRebul eluats agroveben 200ml sazom kolbaSi, 

romelSic sazRvraven niobiumis Semcvelobas. 

 

niobiumis fotometruli gansazRvra mJavuri 
qromiisferi K gamoyenebiT 

 

niobiumi marilmJava garemoSi Rvinis mJavas Tana-

obisas (niobiumis hidrolebis aRmosafxvrelad) mJa-

vur qromiisfer K–Tan warmoqmnis mowiTalo-iisfer 

mdgrad kompleqss. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. niobiumis standartuli xsnari 0,1mg/ml 

0,0715g Nb2O5-s SealRoben 2-3g kaliumis persul-

fatTan. miRebul SenalRobs xsnian 100ml 15%-an 

Rvinis mJavaSi, gadaaqvT 500ml sazom kolbaSi, mihyavT 

Wdemde moculoba gamoxdili wyliT da kargad 

SeanjRreven. 

2. kaliumis persulfati 

3. Rvinis mJava 15% da 3%-ni xsnarebi 

4. acetoni 

5. marilmJava (1:1) 

6. mJavuri qrom iisferi K 0,02%-ni xsnari 

acetonSi 

7. fotokolorimetri ФЭК – 56, an speqtrofoto-

metri СФ – 16 
 

magraduirebeli grafikis ageba 
 

ramdenime 100ml sazom kolbebSi aTavseben 0-3,5 ml 

niobiumis standartul xsnars, aTanabreben moculobas 
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5ml-mde 3%-ni Rvinis mJaviT. umateben 15ml maril-

mJavas, 15ml mJavur qromiisfer K-s, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven. 

40 wuTis Semdeg zomaven miRebuli xsnarebis 

optikur simkvrives fotokolorimetrze N6 Suq-

filtris gamoyenebiT 5sm kiuvetSi. 

miRebuli Sedegebis mixedviT ageben magradui-

rebel grafiks koordinatebSi D-C. 
 

analizis msvleloba 
 

150 ml eluati (niobiumis eluirebis Semdeg) 

gadaaqvT 250 ml sazom kolbaSi, anzaveben moculobas 

Wdemde 3%-ni Rvinis mJaviT da kargad SeanjRreven. 

miRebuli xsnaris 5-10ml gadaaqvT 100ml sazom 

kolbaSi, umateben yvela reaqtivebs imave Tanmimdev-

robiT, rogorc magraduirebeli grafikis agebisas. 

40 wuTis Semdeg zomaven xsnaris optikur simkv-

rives fotokolorimetrze da magraduirebeli gra-

fikis saSualebiT pouloben niobiumis koncentracias 

sakvlev xsnarSi. 

 

rkinis fotometruli gansazRvra  
orTofenantrolinis gamoyenebiT 

rkinis fotometruli gansazRvra damyarebulia 

orvalentiani rkinis ionebis sust mJava garemoSi 

orTofenantrolinTan narinjisferi-mowiTalo komp-

leqsis warmoqmnaze. 

 

gamoyenebuli reaqtivebi da aparatura 

1. rkinis standartuli xsnari 0,01mg/gl 
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0,1g sufTa rkinis mavTuls xsnian 20ml maril-

mJavaSi (sv.w 1,19), gadaaqvT litrian sazom kolbaSi, 

mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

2. natriumis ftoridi, 3%-ni xsnari 

3. Rvinis mJava 15% da 3%-ni xsnarebi 

4. aluminis qloridi 25%-ni xsnari 

5. natriumis acetati 25%-ni xsnari 

6. orTofenantrolini 0,2%-ni xsnari 

7. marilmJava hidroqsilamini 20%-ni xsnari 

8. fotokolorimetri ФЭК – 56.  
 

magraduirebeli grafikis ageba 
 

ramdenime 50ml sazom kolbaSi aTavseben rkinis 

standartul xsnars (0,1mg/ml) 10-dan 100mg, umateben 

5ml 3%-an natriumis ftorids, 5ml 3% Rvinis mJavas, 

10ml 20% aluminis qlorids, 5ml 20% hidroqsilamins 

da toveben 10 wuTiT. umateben wveTwveTobiT 25% 

natriumis acetates kongos qaRaldis feris Secvla-

mde da kidev 2-3ml. (~4ml), ris Semdeg umateben 10ml 

0,2% orTofenantrolins, mihyavT moculoba Wdemde 

gamoxdili wyliT da kargad SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze λ=500nm, kiuvetSi 10mm, Sesadare-

beli xsnaris mimarT, romelic Seicavs yvela reaq-

tivebs  rkinis  garda  da ageben  magraduirebel  

grafiks koordinatebSi D-C.  

analizis msvleloba 

100ml rkinis eluatidan iReben aliqvotur nawils 

rkinis Semcvelobis mixedviT, gadaaqvT 50ml sazom 
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kolbaSi, umateben yvela reaqtivebs rogorc magra-

duirebeli grafikis agebisas. mihyavT moculoba Wde-

mde gamoxdili wyliT da kargad SeanjRreven. 

miRebuli xsnaris optikur simkvrives zomaven fo-

tokolimetrze da magraduirebeli grafikis saSuale-

biT pouloben rkinis koncentracias sakvlev obieqtSi. 

 

samuSao 2. spilenZis da nikelis qromatografiuli 
dacileba ceoliTebis gamoyenebiT 

 

spilenZis da nikelis ionTa narevis winaswari 

sorbcia xdeba natriumis ionebiT modificirebul saqar-

Tvelos sabados bunebriv ceoliTze – klinoptilo-

litze, romelic mimdinareobs iongacvliTi meqanizmiT: 
++ +→+ NaCuRCuRNa 22 2

2
 

++ +→+ NaNiRNiRNa 22 2
2

 

 
gamoyenebuli reaqtivebi da aparatura 

 

1. spilenZis standartuli xsnari, 0,1mg/ml 

0,393gr CuSO4 · 5H2O xsnian gamoxdil wyalSi, gada-

aqvT litrian sazom kolbaSi, mihyavT moculoba Wde-

mde gamoxdili wyliT da kargad SeanjRreven. 

2. nikelis standartuli xsnari, 0,1mg/ml 

0,48gr NiSO4 · 7H2O xsnian gamoxdil wyalSi, gada-

aqvT litrian sazom kolbaSi, mihyavT moculoba Wde-

mde gamoxdili wyliT da kargad SeanjRreven. 

3. natriumis qloridis 1 N xsnari 
4. natriumis Tiosulfatis 0,5 N xsnari 
5. amoniumis da natriumis oqsalatis 1%-ni xsna-

rebi 

6. marilmJavas 1 N xsnari 
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7. natriumis tutis 1 N xsnari 
8. iodis 0,05 N xsnari 
9. dimeTilglioqsimis 1%-ni spirtiani xsnari 

10. minis qromatografiuli sveti ( 6,1=α sm, h=25sm) 

11. ceoliTi-klinopTiloliti (fenis simaRle 

6,5sm, marcvlis zoma 0,25-1,0mm) 

12. fotokolorimetri ФЭК – 56. 

 
sorbentis momzadeba 

 

ceoliTebTan muSaobis mniSvnelovan etaps warmo-

adgens maTi momzadeba eqsperimentisaTvis, risTvisac 

ceoliTs aqucmaceben, crian specialur sacerSi, iRe-

ben marcvlebs zomiT 0,25-1mm da amuSaveben natriumis 

qloridis xsnariT ceoliTis natriumis formaSi 

gadasayvanad filtraciis siCqariT 1ml/wT. 

spilenZis nikelisagan dacilebis mizniT filtra-

ciis siCqariT 1ml/wT mins qromatografiul svetSi 

atareben xsnars, romelic Seicavs TiTo miligram 

spilenZs da nikels. Semdgom filtraciis siCqariT 

5ml/wT atareben 150ml 0,5% natriumis Tiosulfatis 

xsnars (spilenZis desorbcia), xolo Semdgom imave 

filtraciis siCqariT 200ml 1% amoniumis an natri-

umis oqsaltis xsnars (nikelis desorbcia). 

Sesabamisi filtratebis Segroveba xdeba cal-

calke sazom kolbebSi, romelSic spilenZis da ni-

kelis gansazRvra xdeba fotometruli meTodebiT. 

     

spilenZis fotokolorimetruli gansazRvra 

dieTildiTiokarbaminati warmoqmnis spilenZis 

ionebTan yviTeli feris  kompleqss  0,5 N  mJava  gare-
moSi,  aseve  tute  garemoSi,  rodesac pH=10-12. 
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gamoyenebuli reaqtivebi da aparatura 
 

1. spilenZis standartuli xsnari 0,1mg/ml 

2. natriumis dieTildiTiokarbaminati 0,1% xsnari 

3. Jelatinis 1% xsnari 

 

magraduirebeli grafikis ageba 
 

150 ml spilenZis eluati gadaaqvT 200ml sazom 

kolbaSi, anzaveben gamoxdili wyliT Wdemde da 

kargad SeanjRreven. 

ramdenime 50ml sazom kolbebSi aTavseben spi-

lenZis standartul xsnarebs 0,1-dan 1ml-mde umateben 

1ml Jelatins, 5ml natriumis dieTildiTiokarba-

minats, mihyavT moculoba Wdemde gamoxdili wyliT da 

kargad SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze Suqfiltri N 5 gamoyenebiT, kiu-

vetSi l -30mm da ageben magraduirebel grafiks koor-

dinatebSi D-C Sesadarebeli xsnaris mimarT, romelic 

Seicavs yvela reaqtivs, garda spilenZisa. 

 
analizis msvleloba 

 

spilenZis eluatidan iReben aliqvotur nawils 

spilenZis Semcvelobis mixedviT, gadaaqvT 50ml sazom 

kolbaSi, umateben yvela reaqtivebs rogorc magra-

duirebeli grafikis agebisas, mihyavT moculoba Wde-

mde gamoxdili wyliT da kargad SeanjRreven. 

miRebuli xsnaris optikur simkvives zomaven fo-

tokolorimetrze da magraduirebeli grafikis saSua-
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lebiT pouloben spilenZis koncentracias sakvlev 

obieqtSi. 

 
nikelis fotokolorimetruli gansazRvra 

 

nikelis fotokolorimetruli gansazRvra damya-

rebulia dimeTilglioqsimTan wiTeli feris kompleq-

sis warmoqmnaze, damJangvelad gamoyenebulia iodi. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. nikelis standartuli xsnari, 0,1mg/ml 

2. marilmJavis 1 N xsnari 
3. natriumis tutis 1 N xsnari 
4. natriumis dieTildiTiokarbaminati, 1% xsnari 

5. iodis 0,05 M xsnari  
 

magraduirebeli grafikis ageba 
 

ramdenime 50ml sazom kolbaSi aTavseben 0,1-1,0ml 

nikelis standartul xsnarebs, anzaveben gamoxdili 

wyliT ~25ml-mde, umateben 2-3 wveT marilmJavas, 0,5ml 

iodis xsnars, 0,5ml natriumis dieTildiTiokar-

baminats, 2,5ml natriumis tutes, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze Suqfiltri # 5 (470nm) gamoye-

nebiT, kiuvetSi l =10mm da ageben magraduirebel 

grafiks koordinatebSi D-C. 
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analizis msvleloba 
 

nikelis eluatidan iReben aliqvoTur nawils 

nikelis Semcvelobis mixedviT, gadaaqvT 50ml sazom 

kolbaSi, umateben yvela reaqtivs, rogorc magradui-

rebeli grafikis agebisas. mihyavT moculoba gamox-

dili wyliT Wdemde da kargad SeanjRreven. 

miRebuli xsnaris optikur simkvrives zomaven 

fotokolorimetrze da magraduirebeli grafikis 

saSualebiT pouloben nikelis koncentraciis sakvlev 

obieqtSi. 

 
samuSao 3. Camdinare wylebSi dimeTilformamidis da 
eTilacetatis gansazRvra gazis qromatografiuli 

meTodiT 
 

gazis qromatografiuli meTodi saSualebas iZle-

va ganisazRvros  wylis, dimeTilkarbamidis da eTil-

acetatis narevSi Semcveli komponentebi koncentra-

ciis farTo intervalSi. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. saanalizo xsnari: wylis sinji, romelic Sei-

cavs dimeTilkarbamidis da eTilacetats 

2. wylis nimuSi, eTilacetatis da dimeTilkar-

bamidis Semcveli 

3. myari matarebeli – celiti 545 marcvlis zomiT 

0,25-0,315mm uZravi faza polieTilenglikoli 2000 

(myari matareblis 15%) 

4. baloni SekumSuli gaziT 

5. airmatareblis xarjTaRmricxavi 
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6. wammzomi 
7. qromatografi nebismieri markis, siTbotevado-

bis deteqtoriT 

8. qromatografiuli sveti 1m sigrZis, diametriT 

4mm 

9. mikroSprici 
 

analizis msvleloba 
 

xelsawyos rTaven instruqciis mixedviT. svetis 

Termostats ayeneben 80ºС, deteqtoris temperaturas 

160ºС, amaorTqlebels 170ºС. svetSi airmatarebels 

atareben 85ml/wT siCqariT, romlis xarjs akontro-

leben xarjTaRmricxaviT.  denis miwodeba xdeba 130 

mA. mgrZnobiarobis skalas ayeneben 1 : 4 mdgoma-

reobaSi. qromatografze stabiluri nulovani xazis 

dayenebis Semdeg amaorTqlebelSi mikroSpriciT Se-

yavT 0,5-1,0ml saanalizo sinji (Vnar.). qromatografze 

Rebuloben 3 piks. analizs imeoreben 3-jer. 

qromatogramaze zomaven samive komponentis 
1Rt  da 

Vm  - angariSoben formuliT: 

VtV RR ⋅=                      (1) 

sadac V aris moZravi fazes moculobiTi siCqare. 

Semdeg mimdevrobiT awarmoeben wylis, dimeTil-

formamidis da eTilacetatis qromatografirebas. zo-

maven TiToeuli komponentis tR (1) formuliT, adareben 

narevis tR-s individualuri nimuSis Vm, axdenen pikebis 
identifikacias narevis qromatogramaze. angariSoben 

narevis komponentebis raodenobas Xi pikis farTobebi 

mixedviT Si (S=1/2 Cai; S= 5,0μh ), risTvisac qromatogra-

fis amaorTqlebelSi SeyavT mimdevrobiT 0,2; 0,4; 0,6; 

0,8ml wyali, dimeTilkarbamidi da eTilacetati. gan-



 316 

sazRvras awarmoeben 3-jer. saSualo mniSvnelobis mi-

xedviT ageben samive komponentis magraduirebel gra-

fiks koordinatebSi pikis farTobi – qromatografi-

rebul raodenobasTan S=f(q) da pouloben TiToeuli 

komponentis masas narevSi. Xi komponentis Semcvelobas 

angariSoben formuliT: 

Xi = 1000gi/vi 
sadac gi aris nivTierebis raodenoba sinjSi, g; vi  

qromatografirebuli sinjis moculoba. 

 
samuSao 4. rkinis, kobaltis da nikelis dacileba 
qaRaldis qromatografiuli meTodiT da rkinis 

raodenobrivi gansazRvra 
 

rkinis, kobaltis da nikelis dacileba damyare-

bulia qlorid-ionebTan sxvadasxva mdgradobis komp-

leqs ionebis warmoqmnaze da anionebis sxvadasxva 

Zvradobaze sistemaSi moZrav-uZravi gamxsneli. 

rkinis qloriduli kompleqsi [FeCl4] gadaadgil-

deba praqtikulad gamxsnelis frontTan erTad, mas 

misdevs kobaltis da Semdeg nikelis ionebi. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. rkinis standartuli xsnari 

0,858g rkina amoniumis Sabs xsnian koncentrire-

bul azotmJavaSi, gadaaqvT litrian sazom kolbaSi, 

mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

miRebuli xsnaris 1ml Seicavs 0,1mg rkinas. 

2. saanalizo xsnari Fe3+, Ni2+ da Co2+ narevi, rome-
lic Seicavs 9,5mg/ml TiToeul ions.  
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3. moZravi gamxsneli: N–buTanoli, acetoni, kon-

centrirebuli azotmJava da wyali (4:3:2:1) 

4. gamomJavnebeli: 1) amoniumis rodanidis najeri 

xsnari acetonSi; 2) dimeTilglioqsimis 1%-ni xsnari 

10%-an amoniumis hidroqsidSi. 

5. amoniumis rodanidis 4 M xsnari 
6. qromatografiuli qaRaldi (11x11) marka ,,C” 
7. pulverizatori 

8. fotokolorimetri 

9. petris jami 

 
analizis msvleloba 

 

standartuli qromatografiuli qaRaldisagan 

gamoWrian 1sm siganis zols (,,kudi”) da amokleben 1,5 

sm-iT (nax 83). saanalizo xsnaris 8-10ml 2-3 ulufad 

mikroSpricis saSualebiT aTavseben qaRaldis centr-

Si. TiToeuli ulufis damatebis Semdeg laqas aS-

roben. laqis diamteri qaRaldze ar unda aRemate-

bodes 3sm. petris jamis Zirze asxamen 10-15ml moZrav 

gamxsnels. qromatografirebul qaRaldis ,,kuds” 

sinjianad aTavseben petris jamSi da axuraven iseTive 

petris jams. 

 

nax. 83. samuSaosTvis momzadebuli qromatografiuli 
qaRaldi 
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 gamxsneli ,,kudiT” adis furcelze da radialu-

rad gadaadgildeba. aseve radialurad gadaadgildeba 

dasacilebeli elementebis zonebi. rodesac gamxsneli 

qaRaldze gaivlis petris jamis kedlebamde 2/3 gzas, 

qromatogramis ganviTarebas aCereben. qromatogramas 

iReben jamidan da aSroben boqsSi amwov karadaSi. 

qromatogramis gamosamJRavneblad pulverizatoriT 

asxureben amoniumis rodanidis acetonian najer 

xsnars. rkinis zona SeiRebeba mowiTalo-rux ferad, 

xolo kobaltis zona cisfrad. qromatogramis gaS-

robis Semdeg zomaven rkinis da kobaltis Rf, ris 
Semdeg funjis saSualebiT qaRaldis monakveTs ko-

baltis zonasa da sastarto xazs Soris (cdiloben 

ar Seexon lurj zonas) asveleben dimeTilglioqsimis 

amiakuri xsnariT. warmoiqmneba nikelis zona, Seferi-

li Jolosfrad. qromatogramis gaSrobis Semdeg 

sazRvraven nikelis Rf-s formuliT: 

Rf = L/l  
sadac l  aris manZili startis xazidan zonis 

Suamde, sm; 

L – gamxsnelis mier ganvlili manZili startis 

xazidan frontis xazamde, sm.  

rkinis ionebis raodenobrivi gansazRvrisaTvis 

rkinis Seferil zonas amoWrian makratliT laqis 

sazRvridan 3sm daSorebiT da aTavseben 50ml-an WiqaSi. 

umateben 10ml acetonis, 3 wveT 2M HCl da toveben 5-10 
wuTiT gauferulebamde. qaRalds pincetiT iReben 

Wiqidan da xsnari Zabris saSualebiT gadaaqvT 50ml 

sazom kolbaSi. qaRalds WiqaSi kidev orjer recxaven 

gamoxdili wyliT 10-10ml raodenobiT da Camrecx 

wylebs uerTeben ZiriTad xsnars umateben 5ml 4 M 
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rodanidis xsnars, mihyavT moculoba Wdemde gamoxdi-

li wyliT da kargad SeanjRreven. 

fotometrirebisaTvis amzadeben Sesadarebel 

xsnars, risTvisac 50ml-an sazom kolbaSi SeyavT 10ml 

acetoni, 2 wveTi 2M HCl, 5ml 4 M rodanidis xsnari, 
mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

50ml sazom kolbebSi aTavseben 2-dan 5ml-mde 

rkinis standartul xsnarebs, umateben yvela reaqti-

vebs rogorc Sesadarebeli xsnaris momzadebisas, 

mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze Sesadarebeli xsnaris mimarT 

kiuvetaSi l =50mm, lurji Suqfiltris gamoyenebiT da 

ageben magraduirebel grafiks koordinatebSi D-C. 
grafikis saSualebiT pouloben zonaSi rkinis (III) 

Semcvelobas. 

 

samuSao 5. skandiumis da itriumis kaTionebis 
dacileba daleqviTi qromatografiuli meTodiT 

meTodi damyarebulia skandiumis da itriumis 

kaTionebis sorbciaze anionit AB-17  CO5-formaze. 
++ +↓→+− RCOScScCOR 6)(23 332

3
32  

++ +↓→+− RCOYYCOR 6)(23 332
3

32  

ris Semdeg skandiumis desorbcia xdeba natriumis 

hidroqsidiT, xolo itriumis desorbcia warmoebs 

Warbi karbonatiT karbonatuli kompleqsis warmo-

qmniT: 

OHCONaNaScONaOHCOSc 2322332 4328)( ++→+  

[ ]−− →+ 23
2

3332 )(2)( COYCOCOY  
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[ ] [ ] 32233223 )(2)(2 CORCOYNaCONaCOYR −+→+−  

 
gamoyenebuli reaqtivebi da aparatura 

 

1. skandiumis qloridis standartuli snari 

0,5mg/ml 

2. itriumis qloridis standartuli xsnari 

0,2mg/ml 

3. HCl 1 N xsnari 
4. NaOH  10 N xsnari 
5. Na2CO5  3N xsnari 
6. qromotografiuli minis sveti anionit AB-17  

CO3-formiT 

10ml skandiumis standartuli xsnaris narevi 5ml 

itriumis standartul xsnarTan gadaaqvT 25ml sazom 

kolbaSi, SeamJaveben 0,5ml 0,5 N  HCl-iT, anzaveben 

Wdemde gamoxdili wyliT da kargad SeanjRreven. miRe-

bul narevs 1ml/wT filtraciis siCqariT atareben 

qromotografiul svetSi, svets recxaven 10ml gamox-

dili wyliT, ris Semdeg masSi atareben 5ml/wT filt-

raciis siCqariT 220ml 10 N  NaOH (skandiumis desorb-

cia) da 200ml 3 N  Na2CO3  –s (itriumis desorbcia). 
skandiumis da itriumis eluatebs agroveben 250ml 

sazom kolbebSi. 

 

skandiumis gansazRvra fotometruli meTodiT 
qsilenis narinjis gamoyenebiT 

 

skandiumi sust mJava garemoSi qsilenis narinjTan 

warmoqmnis mowiTalo-iisfer kompleqss. 
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gamoyenebuli reaqtivebi da aparatura 
 

1. skandiumis qloridis standartuli xsnari 

1mg/ml da 0,1mg/ml 

2. qsilenis narinji 0,05%-ni wyalxsnari 

3. buferuli xsnari pH=1,5 
(263 ml 0,2 N marilmJavas Seureven 500ml 0,2 N 

kaliumis qlorids). 

4. fotokolorimetri ФЭК – 56. 
 

magraduirebeli grafikis ageba 
 

eqvs 50ml sazom kolbebSi aTavseben 1,2,3,4,5ml 

skandiumis standartul xsnarebs (koncentraciiT 

0,1mg/ml), umateben 5ml buferul xsnars, 5ml qsilens 

narinjis xsnars, anzaveben Wdemde gamoxdili wyliT 

da kargad SeanjRreven. 

20 wuTis Semdeg zomaven miRebuli xsnarebis 

optikur simkvrives fotokolorimetrze mwvane Suq-

filtris gamoyenebiT Sesadarebeli xsnaris mimarT, 

romelic Seicavs yvela reaqtivebs skandiumis garda 

(meeqvse kolba) da ageben magraduirebel grafiks 

koordinatebSi D-C. 

analizis msvleloba 
 

220ml eluati, miRebuli skandiumis desorbciis 

Semdeg, gadaaqvT 250ml sazom kolbaSi, anzaveben Wde-

mde gamoxdili wyliT da kargad SeanjRreven. 

miRebuli xsnaris 2ml gadaaqvT 50ml sazom kol-

baSi, umateben yvela reaqtivebs rogorc magradui-

rebeli grafikis agebisas da zomaven miRebul xsnaris 

optikur simkvrives. magraduirebeli grafikis saSua-
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lebiT pouloben sakvlev xsnarSi skandiumis kon-

centracias. 

 

itriumis fotometruli gansazRvra arsenazo III-is 
gamoyenebiT 

 

itriumi sust mJava garemoSi arsenazo III-Tan 

warmoqmnis mwvane feris wyalSi xsnad kompleqss. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. itriumis standartuli xsnari koncentraciiT 

0,2mg/ml 

2. arsenazo III, 0,05%-ni wyalxsnari 

3. buferuli xsnari pH=3,0 
(0,2 M CH3COOH-s aneitraleben pH=3 amiakiT) 
4. speqtrofotometri СФ-16. 

 
magraduirebeli grafikis ageba 

 

xuT 50ml sazom kolbebSi aTavseben 2,4,6 da 8ml 

itriumis standartul xsnarebs, umateben 2ml arse-

nazo III da anzaveben Wdemde buferuli xsnariT. 20-30 

wuTis Semdeg miRebuli xsnarebis optikur simkvrives 

zomaven speqtrofotometrze ( 656=λ wm) Sesadarebel 

xsnaris mimarT, romelic Seicavs yvela reaqtivebs. 

garda itriumisa (mexuTe kolba) da ageben magra-

duirebel grafiks koordinatebSi D-C. 
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analizis msvleloba 
 

200ml eluati itriumis desorbciis Semdeg gada-

aqvT 250ml sazom kolbaSi, mihyavT moculoba Wdemde 

gamoxdili wyliT da kargad SeanjRreven. 

miRebuli xsnaris 5ml gadaaqvT 50ml sazom 

kolbaSi da atareben yvela operacias rogorc magra-

duirebeli grafikis agebis dros. 

optikuri simkvrivis gazomvis Semdeg magradui-

rebeli grafikis saSualebiT pouloben itriumis 

koncentracias sakvlev xsnarSi.  

 
samuSao 6. beriliumis da qromis (III) dacileba 

anionit AB-16-ze absorbciul-kompleqswarmomqmneli 
qromotografiuli meTodiT 

 

meTodi damyarebulia beriliumis da qromis (III) 

kaTionebis sorbciaze ftor-ionebiT modificirebul 

anionit AB-16-ze, romelic midis Semdegi reaqciiT: 
++ +⇔+ RBeFRRFBe 24 42

2
 

+++ +↓⇔+ ROHCrROHCr 23 )(   

ris Semdeg beriliumis eluireba xdeba 1%-iani 

NaF, xolo qromis 1N azotmJavas xsnariT: 
−+ ++⇔+ 2

442 222 BeFNaRFNaFBeFR  

−++ ++⇔+↓ 32
3

3
2)( NOOHCrHNOOHCr  

 

gamoyenebuli reaqtivebi da aparatura 

1. beriliumis sulfatis standartuli xsnari 

0,1mg/ml 

2. qromis nitratis standartuli xsnari 0,5mg/ml 

3. azotmJava, 1 N xsnari 
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4. natriumis ftoridi, 1%-ni xsnari 

5. qromatografiuli sveti anionit AB-16 ftor-

formaSi 

10ml beriliumis standartul xsnars da 2 ml 

qromis standartul xsnars aTavseben 50ml sazom 

kolbaSi, SeamJaveben 0,5ml 1 N azotmJaviT, anzaveben 

Wdemde gamoxdili wyliT da kargad SeanjRreven. 

miRebul xsnars 5ml/wT filtraciis siCqariT 

atareben qromatografiul svetSi moTavsebul (9sm) 

anionit AB-16 ftor-formaSi. svets recxaven 20ml 

wyliT da masSi atareben 5ml/wT siCqariT 120ml 1%-an 

natriumis ftoridis xsnars (beriliumis desorbcia). 

miRebul eluats aTavseben 250ml sazom kolbaSi, ris 

Semdeg imave filtraciis siCqariT atareben 40ml 

azotmJavas (qromis desorbcia), miRebul eluats 

agroveben 100ml kolbaSi, romelSic sazRvraven 

qromis Semcvelobas.  

 

beriliumis fotometriuli gansazRvra berilon II-iT 

meTodi damyarebulia beriliumis berilon II-Tan 

iisferi an lurji feris kompleqsis warmoqmnis reaq-

ciaze. 

 

gamoyenebuli reaqtivebi da aparatura 

1. beriliumis sulfatis standartuli xsnari 

1mg/ml 

2. NaOH 10%-ni xsnari 
3. berilon II 0,01%-ni xsnari 

4. H2SO4 (1:1) 
5. fotokolorimetri ФЭК-56H 
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magraduirebeli grafikis ageba 
 

aT 50ml sazom kolbebSi aTavseben 2,5-25ml (inter-

valiT 2,5ml) beriliumis standartul xsnars, uma-

teben TiToeul kolbas 1ml 10%-an NaOH da 2ml be-

rilon II, anzaveben Wdemde gamoxdili wyliT da kar-

gad SeanjRreven. 10-15 wuTis Semdeg zomaven miRebuli 

xsnarebis optikur simkvrives fotokolorimetrze 

wiTeli Suqfiltris gamoyenebiT 50ml kiuvetSi 

Sesadarebeli xsnaris mimarT, romelic Seicavs yvela 

reaqtivebs garda beriliumisa. 

miRebuli Sedegebis mixedviT ageben magradui-

rebel grafiks koordinatebSi beriliumis koncentra-

cia C – optikuri simkvrive D. 

 
analizis msvleloba 

 

120ml eluati (beriliumis dacilebis Semdeg) 

gadaaqvT 250ml sazom kolbaSi, anzaveben Wdemde 

gamoxdili wyliT da kargad SeanjRreven. miRebuli 

xsnaris 5ml gadaaqvT 50ml qimiur WiqaSi, umateben 

5ml H2SO4(1:1) da aorTqleben orjer mSral naSTamde, 

xsnian 20-30ml gamoxdil wyalSi, gadaaqvT 50ml sazom 

kolbaSi, SeyavT yvela reaqtivebi rogorc magradui-

rebeli grafikis agebisas. saanalizo zsnaris optiku-

ri simkvrivis gazomvis Sedeg masSi beriliumis (Cx) 

Semcvelobas pouloben magraduirebeli grafikis 

mixedviT. 
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qromis (III) fotometruli gansazRvra  
kompleqson III-iT 

 

meTodi damyarebulia qromis (III) kompleqson III-

Tan sust mJava garemoSi iisferi kompleqsis warmo-

qmnis reaqciaze. 

 

gamoyenebuli reaqtivebi da aparatura 
 

1. qromis nitratis standartuli xsnari 0,5mg/ml 

2. NaOH 10%-ni xsnari 
3. kompleqson III 2,5% xsnari 

4. HNO3 0,1 N  xsnari 
5. fotokolorimetri ФЭК-56H 

 
magraduirebeli grafikis ageba 

 

eqvs 150ml WiqaSi aTavseben 0,5; 1,0; 2; 3; 4 da 5ml 

qromis standartul xsnarebs, umateben 0,5ml azot-

mJavas, 35ml gamoxdil wyals da 5ml kompleqson III-s. 

miRebul xsnars acxeleben aduRebamde, aCereben 2 wu-

Tis ganmavlobaSi, aciveben, gadaaqvT 50ml sazom kol-

bebSi, anzaveben Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze yviTeli Suqfiltris gamoyenebiT, 

50ml kiuvetSi. Sesadarebel xsnarad gamoyenebulia 

wyali. 

miRebuli Sedegebis mixedviT ageben magradui-

rebel grafiks koordinatebSi qromis koncentracia C 
– optikuri simkvrive D. 
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analizis msvleloba 
 

40ml eluats, romelic miRebulia 1N azotmJaviT 

desorbciis Semdeg aneitraleben ~16ml 10%-iani 

natriumis tutiT (indikatoruli qaRaldis saSuale-

biT) da aorTqleben 30-40 ml-mde. miRebul narevs 

SeamJaveben 0,1N azotmJaviT (daaxloebiT 0,5ml) sust 

mJava reqciamde (pH=4-5), umateben 5ml kompleqson III-is 

xsnars. kolbas xsnariT aduReben nel cecxlze 3 wT-

is ganmavlobaSi, aciveben, gadaaqvT 50ml sazom kol-

baSi, azaveben Wdemde gamoxdili wyliT da miRebuli 

xsnaris optikur simkvrives zomaven imave pirobebSi, 

rogorc magraduirebeli grafikis agebis dros. gra-

fikis mixedviT pouloben qromis Semcvelobas 

eluatSi.  

 

samuSao #7.  nikelis da kobaltis qromatografiuli 
dacileba 

 

nikelis da kobaltis ionTa dacilebis qroma-

tografiuli meTodi damyarebulia maT mier limon-

mJavasTan sxvadasxva mdgradobis kompleqsur anionebis 

warmoqmnaze. 

nikelis limonmJava kompleqsi ufro mdgradia, 

vidre kobaltis. amitom, Tu saTanado kaTionitis 

mqone svetSi movaxdenT nikelis da kobaltis ionTa 

narevis sorbcias, Semdeg am svets CavrecxavT 

saTanado pH-is mqone limonmJavaTi, filtratSi 

pirvel rigSi gamoirecxeba nikelis, xolo Semdeg ki 

kobaltis limonmJava komleqsebi. 

am samuSaos Sesrulebis dros ionitad gamoiyeneba 
−
4NH  _ formaSi myofi monofunqcionaluri sulfoka-
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Tioniti КУ-2 da eluentad ki limonmavas 5%-ni 

xsnari, romlis pH winaswar dayvanilia 4-mde amo-

niumis tutis saSualebiT. 

 

samuSaos Sesruleba 

 

minis iongacvliT svetSi, romelic Seicavs 
−
4NH  

_ formaSi myof kaTionit КУ-2-s, atareben gamoxdil 

wyals da momWeris saSualebi ayeneben filtraciis 

siCqares 10ml/w., ris Semdeg svetSi atareben kobaltis 

da nikelis ionTa narevis Semcvel sakvlev xsnars. am 

dros nikelis da kobaltis ionebi sorbirdebian 

kaTionitis zeda nawilSi ruxi feris Sris saxiT. 

filtraciis Seuwyvetlad svetSi imave siCqariT 

atareben gamoxdil wyals 50 mls. svets uerTeben 

mariotis WurWels, romelSiac Casxmulia gamomrecxi 

siTxe da iwyeben nikelis da kobaltis Tanmimdev-

robiT gamorecxvas (eluirebas). am dros miRebuli 

filtratis fraqciebs agroveben 10-10 ml raodenobiT 

sinjarebSi. 40 fraqciis aRebis Semdeg Sewyveten 

gamorecxvas da miRebul fraqciebSi TanmimdevrobiT 

awarmoeben nikelis aRmoCenas, risTvisac umateben Cu-

gaevis reaqtivs (dimeTilglioqsimis spirtxsnars) 

fraqciebis mwkrivis im sinjaraSi, sadac nikeli ar 

aRmoCndeba. igi mTlianad gamorecxilia svetidan. 

amis Semdeg awarmoeben kobaltis aRmoCenas, ris-

Tvisac erT-erT sinjaraSi da Semdgom yvela sinja-

raSi umateben fogelis reaqtivs (amoniumis rodanidis 

najeri xsnari acetonSi). adgenen cxrils. 

im fraqciebSi, sadac aRmoCndeba saTanado ioni, 

cxrilSi weren pluss, winaaRmdeg SemTxvevaSi ki 

minuss. 
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samuSao #8. xsnarSi marilis raodenobis  
gansazRvra iongacvliTi meTodiT 

 

kaTionitSi sakvlevi xsnaris (marilis) gatare-

bisas marilis kaTioni gaicvleba kaTionitis wyalbad 

ionze da gamoyofili wyalbadionebis raodenoba eqvi-

valenturi iqneba marilis kaTionTa im raodenobis, 

romelic gadasulia xsnaridan kationitSi: 
++−++− +→+ HKatRAnKatHRAn  

gamoyofili mJavas tutiT gatitvriT ganisazRvre-

ba xsnarSi mJavas eqvivalenturi marilis raodenoba. 

 

samuSaos Sesruleba 

 

saanalizo xsnaris 10 ml, siCqariT 2ml/w atareben 
+H _ formaSi myof КУ-2 kaTionitis Semcvel svetSi. 

svetidan gamosul xsnars agroveben konusur kolbaSi 

da filtraciis Seuwyvetlad svets recxaven 100 ml 

wyliT da Camrecx wyals agroveben imave kolbaSi. 

svetidan gamosul Camrecxi siTxis bolo wveTebs 

amowmeben mJavas Carecxvis sisruleze meTilnarinjiT 

(saaTis minaze). xsnars, romelic miRebulia 

kaTionitSi saanalizo xsnaris gatarebis da Carecxvis 

Semdeg, umateben indikator meTilnarinjs da titraven 

0,1N NaOH-is xsnariT. 

sakvlevi marilis Semcveloba saanalizo xsnarSi 

gamoiangariSeba formuliT: 

q=VN Eq ⋅100 
sadac q aris sakvlevi marilis raodenoba mg/l 

V _ 0,1N NaOH-is xsnaris moculoba, romelic 

daxarjulia saanalizo xsnaris gatitvraze. 

N _ NaOH-is normaloba 
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Eq _ sakvlevi marilis eqvivalenturi wona. 

 
samuSao 9. spilenZis da zogierTi gardamavali 
liTonebis Semcveli narevis qromatografiuli  

gayofa klinoptilolitze 
 

spilenZis, qromi (III), qromi (VI) da rkinis (III) 

dacileba damyuarebulia imaze, rom qromi (VI), 

romelic xsnarSi imyofeba oqsoniumis ionis saxiT, ar 

sorbirdeba klinoptilolitze, maSin rodesac qromi 

(III), spilenZi da rkina sorbirdeba da maTi dacileba 

xdeba saTanado eluentebis gamoyenebiT.  

 

gamoyenebuli reagentebi da aparatura 
 

1. spilenZis standartuli xsnari, 1mg/ml; 

2. qromi (III) standartuli xsnari, 1mg/ml; 

3. rkinis (III) standartuli xsnari, 1mg/ml; 

4. qromi (VI) standartuli xsnari, 1mg/ml; 

5. qromatografiuli sveti. 

 

analizis msvleloba 

 

40 ml narevs, romelic Seicavs TiTo mg spilenZs, 

qroms (III), qroms (VI) da rkinas (III), 5ml/wT filtra-

ciis siCqariT atareben qromatografiul svetSi, 

romelSiac moTavsebulia klinoptiloliti modifici-

rebuli natriumis ionebiT 6,5 sm fenis sisqiT. spilen-

Zi, qromi (III) da rkina (III) sorbirdeba klinoptilo-

litze, xolo qromi (VI) oqsoniumis ionis saxiT gadis 

filtratSi. sorbirebuli spilenZis, qromi (III) da 
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rkinis (III) daxileba warmoebs saTanado eluentebis 

gamoyenebiT Semdegi sqemis mixedviT: 

qromi (VI)-is desorbcia – 50 ml H2O; 
spilenZis desorbcia – 200 ml 0,5% natriumis 

Tiosulfati; 

rkina (III) desorbcia – 0,1N kompleqson (III)-is 

xsnari; 

qromi (III) desorbcia – wyalbadis zeJangis 

Semcveli natriumis tute. 

dacilebis sqema mocemulia nax. 84-ze.  

 
nax. 84. qromis (VI), qromis (III), spilenZis da rkinis (III) 

dacileba kliniptilolitze. 

 

miRebuli eluatebi gadaaqvT 250 ml sazom kol-

bebSi, miyavT moculoba Wdemde gamoxdili wyliT da 

kargad SeanJRreven. spilenZis, qromi (III), qromi (VI) da 

rkinis (III) gansazRvra warmoebs fotometruli meTo-

debiT. 

qromis (VI) ionebis gansazRvra difenilkarbazidis 
gamoyenebiT 

 

difenilkarbazidi qromis (VI) ionebTan mJava 

garemoSi warmoqmnis iisferi Seferilobis naerTs.  
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gamoyenebuli reagentebi da aparatura 
 

1. qromis (VI) standartuli xsnari 0,1mg/ml. 0,283 g 

gadakristalebul K2Cr2O7 xsnian gamoxdil wyaSi, 

gadaaqvT litrian sazom kolbaSi, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven; 

2. gogirdmJava, ganzavebuli 1:10; 

3. difenilkarbazidis axlad momzadebuli 0,25% 

sxnari; 

4. fotokolorimetri ФЭК-56. 
 

magraduirebeli grafikis ageba 

 
50 ml sazom kolbebSi SehyavT 1-dan 10 ml-mde 

qromis (VI) standartuli xsnari, umateben 2,5 ml 

gogirdmJavas (1:10), kolbis kedlebs Carecxaven gamox-

dili wyliT, umateben 1 ml 0,25% difenilkarbazidis 

xsnars, mihyavT moculoba Wdemde gamoxdili wyliT 

da kargad SeanjRreven. 

10 wT Semdeg zomaven miRebuli xsnarebis optikur 

simkvrives fotokolorimetrze mwvane Suqfiltris 

gamoyenebiT kiuvetaSi 10 mm. Sesadarebel xsnarad 

gamoyenebulia gamoxdili wyali da ageben magra-

duirebel grafiks koordinatebSi D-C. 
 

analizis msvleloba 

 

250 ml sazom kolbidan (qromis desorbciis Sem-

deg) hierven 5-10 ml xsnars, gadaaqvT 50 ml sazom 

kolbaSi, umateben yvela reaqtivebs, rogorc magra-

duirebeli grafikis agebis dros, zomaven xsnaris 
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optikur simkvrives da grafikis saSualebiT pouloben 

qromi (VI) Semcvelobas narevSi. 

 

rkinis (III) ionebis gansazRvra rodaniduli meTodiT 

 

meTodi damyarebulia rkinis (III) ionebis mJava 

garemoSi rodanidTan wiTeli feris kompleqsis 

warmoqmnis reaqciaze. 

 
gamoyenebuli reagentebi da aparatura 

 

1. rkinis (III) standartuli xsnari 0,1mg/ml. 0,503 g 

Fe2(SO4)3 xsnian gamoxdil wyaSi, umateben 5 ml 1N HCl, 
mihyavT moculoba Wdemde gamoxdili wyliT da kargad 

SeanjRreven; 

2. azotmJava, koncentrirebuli; 

3. kaliumis rodanidi, 30% xsnari; 

4. amoniumis pirosulfati, 20% xsnari; 

5. fotokolorimetri ФЭК-56. 
 

magraduirebeli grafikis ageba 

 

50 ml sazom kolbebSi SehyavT 1-dan 10 ml-mde 

rkinis (III) standartuli xsnari, umateben 1 ml azot-

mJavas, 5 ml kaliumis rodanidis xsnars, anzaveben 

Wdemde gamoxdili wyliT da kargad SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze mwvane Suqfiltris gamoyenebiT 

kiuvetaSi 50 mm. Sesadarebel xsnarad gamoyenebulia 

gamoxdili wyali da ageben magraduirebel grafiks 

koordinatebSi D-C. 
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analizis msvleloba 

 

250 ml sazom kolbidan (rkinis (III) ionebis daci-

lebis Semdeg) iReben 10 ml xsnars, aTavseben qimiur 

WiqaSi, umateben 50 ml amoniumis pirosulfats, 3-5 

wveT azotmJavas da aorTqleben mSral naSTamde, aci-

veben, xsnian 1 ml azotmJavaSi 5 ml wyalTan. miRe-

buli xsnari gadaaqvT 50 ml sazom kolbaSi, umateben 

5 ml kaliumis rodanidis xsnars, mihyavT moculoba 

Wdemde gamoxdili wyliT da kargad SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven foto-

kolorimetrze mwvane Suqfiltris gamoyenebiT kiuve-

taSi 50mm. Sesadarebel xsnarad gamoyenebulia nulo-

vani xsnari, romelic Seicavs ybela reaqtivs, garda 

rkinisa. 

 

spilenZis ionebis fotokolorimetruli gansazRvra 
dieTildiTiokarbaminatis gamoyenebiT 

 

dieTildiTiokarbaminati 0,5 N mJava garemoSi spi-

lenZis ionebTan warmoqmnis yviTeli feris kompleqss. 

 
gamoyenebuli reagentebi da aparatura 

 

1. spilenZis standartuli xsnari 0,1mg/ml. 0,993 g 

CuSO4 · 5H2O, xsnian gamoxdil wyaSi, gadaaqvT litrian 

sazom kolbaSi, mihyavT moculoba Wdemde gamoxdili 

wyliT da kargad SeanjRreven; 

2. natriumis dieTildiTiokarbaminati, 0,1% xsnari; 

3. Jelatinis 1% xsnari; 

4. fotokolorimetri ФЭК-56. 
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magraduirebeli grafikis ageba 

 

ramdenime 50 ml sazom kolbebSi aTavseben 1-dan 10 

ml-mde spilenZis standartul xsnars, umateben 1 ml 

Jelatins, 5 ml natriumis dieTildiTiokarbaminatis 

xsnars, anzaveben Wdemde gamoxdili wyliT da kargad 

SeanjRreven. 

miRebuli xsnarebis optikur simkvrives zomaven 

fotokolorimetrze Suqfiltr #5-is gamoyenebiT 

kiuvetaSi 30 mm, Sesadarebel xsnarad gamoyenebulia 

nulovani xsnari, romelic Seicavs yvela reaqtivebs, 

garda spilenZisa da ageben magraduirebel grafiks 

koordinatebSi D-C. 
 

analizis msvleloba 

 

250 ml eluatidan (spilenZis desorbciis Semdeg) 

iReben 5-10 ml xsnars, gadaaqvT 50 ml sazom kolbaSi, 

umateben yvela reaqtivebs, rogorc magraduirebeli 

grafikis agebisas, mihyavT moculoba Wdemde gamoxdi-

li wyliT da kargad SeanjRreven. miRebuli xsnaris 

optikur simkvrives zomaven fotokolorimetrze Suq-

filtr #5-is gamoyenebiT kiuvetaSi 30mm. magradui-

rebeli grafikis saSualebiT pouloben spilenZis 

Semcvelobas narevSi. 
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