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 Tavi I 
analizuri qimiis ganviTarebis ZiriTadi 
etapebi, sagani, amocanebi, mniSvneloba da 

mimarTulebebi 
 

“qimiis, rogorc eqsperimentuli mecnierebis Seqmna 

analizTanaa dakavSirebuli... analizur qimias 

samarTlianad SeiZleba ewodos  

Tanamedrove qimiis deda”.  

f. sabadvari 

 

sad Caisaxa qimiuri mecniereba? qimia warmo-

iSva Cvens welTaRricxvamde berZnuli filoso-

fiisa da aRmosavluri mecnierebis mistikur sa-

idumloebaTa kavSiris Sedegad. pirveli uneb-

lie qimikosi is pirvelyofili adamiani gax-

ldaT, romelmac cecxli daanTo. alqimikosebis 

SexedulebiT, qimia pirvelad Caisaxa miTiur at-

lantidaSi, romelic odesRac okeanes STaun-

Tqavs. platoni Tvlida, rom jadosnuri konti-

nenti atlantida dasaxlebuli iyo atlantele-

biT – uSiSari da Zlevamosili xalxiT, romel-

Tac miaRwies kacobriobis istoriis ganviTare-

baSi civilizaciis umaRles safexurs. dakargu-

li samefo iyo harmoniuli, ayvavebuli da bed-

nieri. atlantelebs scodniaT liTonebis oq-

rod gadaqcevis saidumloeba. 
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miTiuri atlantida arsebobda atlantidaSi? 

 

termins “qimia” mkvlevarTa erTi nawili eg-

viptesTan akavSirebs. Zvelegviptur enaze egvip-

tes “qemi” – Savmiwa ewodeboda.Mmezobelma mec-

nierebma, romlebic egviptis meSveobiT eziarnen 

am mecnierebas, mas qimia uwodes. arsebobs mo-

sazreba, romlis mixedviT qimiis akvans CineTi 

warmoadgens, radgan ZvelCinurad “qim” oqros 

niSnavs. egviptelebis codna qimiaSi dResac gan-

cvifrebas iwvevs. bolomde amouxsnelia egvip-

turi mumiebis balzamirebis, papirusis webos 

saidumloeba. Sewebebuli papirusebi aTaswleu-

lebis Semdegac ar daiSala calke furclebad. 
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nefretare, papirusi  
 

qalRmerTi isida, papirusi.
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ufliswuli raxotepi, XXVII saukune Cv. welTaRric-

xvamde, qairos muzeumi 

 

gasaocaria Tvalebis damzadebis teqnologia. 

egviptelebi mas aniWebdnen gansakuTrebul mniS-

vnelobas – Rebavdnen daqucmacebuli malaqitis 
CuCO3·Сu(ОН)2 Semcveli pastiT. Tvalebs amza-

debdnen sxvadasxva masalisgan: brinjaos garsi 

Seesabameboda Tvalis orbitis formas da war-

moqmnida quTuToebis bolos, alebastri asru-

lebda cilis imitacias da mTis broli – gugis. 

skulpturis gamosaxuleba  unda yofiliyo 

cocxali, religiuri Sexedulebebidan gamomdi-

nare.      
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malaqiti 

CuCO3·Сu(ОН)2. 

 

 

 

 
 

brinjaosgan damzadebuli Slemi 

brinjaos Senadnobi Sedgeba 90% spilenZisa 

da 10% kalasagan. Aalebastri aris ori sxvadas-

xava mineralis saxelwodeba: TabaSiri – kalci-

umis hidrosulfati da kalciti – kalciumis 

karbonati. 
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Tanamedrove italiuri alebastri (TeTri da yavisferi) 
 

 
 

mTis broli – minerali bunebrivi siliciumis dioqsi-

disagan, ufero, gamWvirvale, trigonaluri singonia, sim-

kvrive 2,6g/sm³. kvarcis nairsaxeoba SiO2 

 

III aTaswleulSi Cvens eramde egvipteSi ico-

dnen mZime liTonebis miRebis xerxi, iseTi sa-

Rebrebis damzadeba, romelTa saSualebiT SeRe-
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bil sagnebs dRemde aqvT SerCenili feri. qalaq 

Tebes Zvel Zeglebze, romelTa asaki 4500 wlam-

de aRwevs, gamosaxuli arian minamberebi, rac 

adasturebs, rom Zveli egviptelebi icnobdnen 

minis warmoebis teqnologiasac. 

qimiuri analizis calkeuli aspeqtebi da me-

Todebi cnobili iyo uZveles warsulSi. 2000 we-

liwadze meti xnis win sirakuzis mefe heronma 

brZana daedginaT, iyo Tu ara damzadebuli misi 

samefo gvirgvini sufTa oqrosagan. brZanebis 

Sesruleba daevala cnobil mecniers arqimedes. 

man gansazRvra vercxlis, oqros da im liTonTa 

simkvrive, romlisganac gvirgvini iyo damzade-

buli. ucnobi liTonis simkvrive meti aRmoCnda 

vercxlis simkvriveze da naklebi oqroze, ris 

Sedegadac arqimedem daaskvna, rom gvirgvini 

damzadebuli iyo vercxlisa da oqros Senadno-

bisagan. dRes es amocana martivad SeiZleba ga-

daiWras raodenobiTi analizis meTodebis dax-

marebiT.  

 
arqimede, domeniko feti, 1620, drezdeni 
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adreul qimiur kvlevebSi SeiniSneba anali-

zuri aspeqtebi: sasargeblo wiaRiseuli simdid-

reebis damuSaveba, wamlebis damzadeba, “sicoc-

xlis eleqsiris” Zieba, alqimiis epoqaSi filo-

sofiuri qviT an universaluri gamxsneliT – 

alkavestis saSualebiT arakeTilSobili meta-

lebis oqrod da vercxlad transmutaciis anu 

gardaqmnis pirobebis Zieba, daavadebebisgan gan-

kurneba, gaaxalgazrdaveba, ukvdaveba. filoso-

fiuri qva Sua saukuneebis alqimikosebis Sexe-

dulebiT aris qimiuri reaqtivi metalebis oq-

rod transmutaciis - gardaqnis procesSi, rac 

aisaxa Hj. roulingis cnobil bestselerSi - 

“hari poteri da filosofiuri qva” 

 

 
 

hari poteri 11 wlis asakSi gaigebs, rom is – 

oboli biWuna aris ori Zlevamosili jadoqris 

Svili da TviTonac dajildoebulia magiis Za-
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liT. hogvartskis  jadoqrebisa da grZneulebis 

skolaSi hari xvdeba warmoudgeneli Tavgadasav-

lebis samyaroSi. is swavlobs kvidiCs _ pilo-

taJis umaRless sports, TamaSobs cocxal Wad-

rakis figurebTan, xvdeba bnel jadoqars, ro-

melsac surs misi ganadgureba da eZebs filo-

sofiur qvas.  

laboratoriuli kvleva-Zieba da eqsperimen-

tuli qimia saTaves aleqsandriidan iRebs. Aal-

qimikosebis damsaxurebaa metalurgiis, farmako-

logiis, samRebro saqmis da piroteqnikis ganvi-

Tareba. renesansis epoqaSi mniSvnelovan adgils 

ikaveben praqtikuli daniSnulebis kvlevebi. axa-

li etapi dakavSirebulia samedicino qimiis anu 

iatroqimiis da teqnikuri qimiis miRwevebTan da 

Sesabamisad qimiur-analizuri eqsperimentis teq-

nikis ganviTarebasTan. qimiuri tradiciebisa da 

korpuskuluri Sexedulebebis gadakveTaze sa-

fuZveli Caeyara im revoluciur gardaqmnebs, 

rac dakavSirebulia ingliseli qimikosis ro-

bert boilis saxelTan, romelic iTvleba Tvi-

sebiTi qimiuri analizis erT-erT fuZemdeblad, 

pirvelma SemoiRo termini qimiuri analizi, aR-

moaCina mravali TvisebiTi reaqcia, indikatore-

bi mJavebisa da tuteebis identifikaciisaTvis. 

haerisa da wylis I analizuri gamokvlevebi Caa-

tares XVIII saukunis meore naxevrisa da XIX sa-

ukunis I naxevris cnobilma qimikos-analitikos-

ma karl Seelem _ SveciaSi, henrix kavendiSma _ 

inglisSi, Jozef gei-lusakma da antuan lavua-

ziem _ safrangeTSi. polonelma leon marxlev-

skim I SeimuSava sulfidur madnebSi gogirdis 

gansazRvris meTodika, Seadgina cxrilebi ara-

organuli mJavebis koncentraciis dasadgenad 
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wyalxsnarebSi maTi simkvrivis mixedviT, daadgi-

na qlorofilisa da hemoglobi-

nis qimiuri Sedgeniloba, msgavse-

ba-gansxvaveba 

robert boili (25.I. 1627 - 30.XII. 
1691) XIX saukuneSi analizuri qi-

mia Camoyalibda, rogorc mecnieru-

li disciplina. i. berceliusi 

(1779-1848) werda: “TvisebiTi anali-

zis msvlelobaSi aucilebelia da-

vadginoT, savaraudod romeli niv-

Tierebebis arsebobaa SesaZlebeli 

nimuSSi da namdvilad Tu arian isini masSi da er-

Tdroulad davamtkicoT, rom sxva nivTierebebi 

masSi ar arian”. 1821 wels k. praftma gamosca “ana-

lizuri qimiis miTiTeba qimikosebisaTvis, saxel-

mwifo eqimebis, meafTiaqeebis, ekonomistebisa da 

madneulis mcodneTaTvis”. 1894 wels v. ostvaldma 

gamosca wigni  “analizuri qimiis Teoriuli  sa-

fuZvlebi”, sadac pirvelad axsna analizuri qimi-

is bevri movlena fizikuri qimiis poziciidan.  

dRes analizuri qimiis erT-erTi ganyofile-

baa fizikur-qimiuri safuZvlebi; elementuri 

analizi dakavSirebulia araorganul qimiasTan, 

qromatografiuli analizi warmoudgenelia or-

ganuli qimiis Teoriuli safuZvlebis gareSe, 

maRalefeqturi speqtroskopiisa da qromatogra-

fiuli meTodebis gamoyeneba - fizikis, gamoT-

vliTi teqnikis, informatikis, biologiisa da 

genuri inJineriis ideebTan.Aanalizuri qimia qi-

miuri mecnierebis yvelaze ufro specifiuri da 

dinamiuri dargia. Mmisi specifikuroba imaSi 

mdgomareobs, rom igi monaTeseve mecnierebaTa 
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mijnaze imyofeba. dinamikurobaze migvaniSnebs 

is faqti, rom analizis biologiuri meTodebi 

warmoadgenen analizis erT-erT ZiriTad mimar-

Tulebas. dRes igi gansazRvravs mecnierebis, 

teqnikis, medicinis zogad progress da aucile-

belia zeZlieri integraluri sqemebis, kvebis 

produqtebis, samkurnalwamlo saSualebebis, 

sxvadasxva produqciis sawarmoeblad.  

analizuri qimiis, rogorc sabunebismetyvelo 

mecnierebis erT-erTi wamyvani diciplinis integ-

rireba kargad aisaxeba axali teqnologiebis - na-

noteqnologiebis ganviTarebiT, sadac calkeuli 

atomebis manipulirebis doneze iqmneba axali 

`struqturuli” mowyobilobebi, `nanoteqnologie-

bi”, `nanonawilakebi”, `nanomasalebi’’, `nanobioteq-

nologia”, `nanomedicina”, e.i. formirdeba axali 

mimarTuleba mecnierebaSi, sadac `samSeneblo 

blokebad” nanostruqturis konstruqciis dros 

iyeneben biologiuri warmoSobis molekulebs. 

XX da XXI saukuneTa mijnaze cxadia, rom 

calkeuli atomebi (an molekulebi) SeiZleba ga-

moyenebul iqnes samSeneblo masalad. sivrculi 

struqturis Seqmnis dros `atomi atomze” meTo-

diT aRmoCnda, rom struqturebSi dominireben 

principulad axali fizikuri movlenebi - kvan-

turi efeqtebi. isini arian `energogajerebule-

bi”, axasiaTebT maRali qimiuri reaqciisunaria-

noba, aqvT unikaluri meqanikuri, eleqtruli, 

magnituri, optikuri, qimiuri da sxva Tvisebebi, 

romlebiTac SesaZlebelia manipulireba. 

nanotetqnologia - disciplinaTSorisi mecnie-

reba aerTianebs qimikosebs, fizikosebs, eqimebs, bi-

ologebs.  Tanamedrove qimia moicavs qimiur Teo-

rias, sinTezs, teqnologias da analizur qimias. 
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1.1 analizuri qimiis sagani 

   

analizuri qimia aris mecnieruli discipli-

na nivTierebis Sedgenilobis gansazRvris meTo-

debze. misi sagania qimiuri analizis Teoriis 

zogadi problemebis gadawyveta, arsebuli meTo-

debis srulyofa, unificireba, analizis ufro 

zusti da swrafi meTodebis dadgena da praqti-

kuli gamoyeneba. 

qimiur analizSi igulisxmeba im procesTa 

erToblioba, romelicOBiZleva amomwurav, Teo-

riulad dasabuTebul informacias nivTierebis 

qimiuri Sedgenilobis Sesaxeb.  

nivTierebis qimiuri Sedgenilobis Seswavla 

niSnavs gairkves, Tu ra elementebisagan (ionebi-

sagan) Sedgeba saanalizo obieqti (TvisebiTi 

analizi) da rogoria maTi raodenoba (raodeno-

biTi analizi). amrigad, kvlevis mizandasaxulo-

bis mixedviT analizuri qimia iyofa TvisebiT 

da raodenobiT analizad.  

kvlevis obieqtis mixedviT analizur qimias 

yofen araorganul da organul analizad. qimiu-

ri analizi safuZvlad udevs Tanamedrove qimi-

ur teqnologiur kontrols. qimiuri da fiziko-

qimiuri meTodebiT adgenen gamosaSveb produq-

ciaze saxelmwifo standartebs. analizur qimi-

as gaaCnia fundamenturi da gamoyenebiTi aspeqti. 

am mxriv unda ganvasxvavoT analizuri qimia da 

analizuri samsaxuri. 

analizur qimias, rogorc codnis sferos, 

Semdegi  ZiriTadi funqcia akisria: 

• qimiuri analizis saerTo (zogadi) sakiTxe-

bis gadawyveta; 
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• analizis meTodebis SemuSaveba; 

• qimiuri analizis konkretuli sakiTxis ga-

dawyveta. 

analizuri qimia am sakiTxebs wyvets misi ar-

sebobis manZilze dagrovili sistemuri codnis 

safuZvelze. igi SeimuSavebs analizuri meTode-

bis Teoriul safuZvlebs, adgens analizuri me-

Todebis gamoyenebis zRvrebs, metrologiur da 

sxva mniSvnelovan maxasiaTeblebs; qmnis anali-

zis saSualebebs da adgens praqtikaSi maTi gan-

xorcielebis SesaZleblobebs.  

analizuri samsaxuri servisuli sistemaa, 

romelic uzrunvelyofs gansazRvruli obieqtis 

konkretuli analizis srulyofilad Sesrule-

bas analizuri qimiis rekomendirebuli (stan-

dartuli, unificirebuli) meTodebis gamoyene-

biT. igi, rogorc analizuri qimiis praqtikuli 

gamoyenebis sfero, SeiZleba uSualod ar iyos 

dakavSirebuli samecniero da meTodologiur 

samuSaoebTan, magram am sferoSi momuSave ana-

litikosi SemoqmedebiTad unda awarmoebdes ana-

lizs da srulyofdes meTods. analizuri samsa-

xuri funqcionirebs saxalxo meurneobis, mrew-

velobis, garemos dacvis, jandacvis, kosmosuri 

sivrcisa da aeronavtikis kvlevis sferoSi sxva.  

      

 
1.2. TvisebiTi analizis sagani da amocanebi 

 

nivTierebis Sedgenilobis gamokvlevisas Tvi-

sebiTi analizi win uswrebs raodenobiT ana-

lizs. TvisebiTi analizis sagania nivTierebis 

elementaruli Sedgenilobis - calkeuli ele-
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mentebis an ionebis aRmoCena unificirebuli me-

TodebiT. TvisebiTi analizis meTodebia:  

• fizikuri; 
• fizikur-qimiuri; 
• qimiuri. 
 

analizis saxeebia: 

• izotopuri; 

• elementuri;  

• struqturul-jgufuri (funqcionaluri); 

• molekuluri; 

• utyuari; 

• fazuri; 

• makro-, mikro-, ultramikroanalizi.  

 

Tanamedrove mdgomareoba da ganviTarebis 

tendencia:  

• instrumentalizacia;  

• avtomatizacia; 

• maTematizacia;  

• miniaturizacia;  

• fizikuri meTodebis wilis gazrda; 

• mravalkomponentiani analizisaken gadas-

vla; 

• sensorebisa da test-meTodebis Sedgena.  

 

TvisebiTi analizis amocanaa: 

• nivTieri analizi - sakvlevi obieqtis 

   identifikacia; 

• elementaruli analizi - Semadgeneli  

   komponentebis (ionebis) “aRmoCena”. 
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• struqturuli analizi – myari nivTiere-

bis an molekulis struqturis dadgena. 

• sawarmoo analizi – warmoebis procesSi 

nivTierebis dinamiuri qceva. 

 

identifikacia gulisxmobs nivTierebis (ionis) 

identurobis (igiveobis) dadgenas. amisaTvis 

swavloben kationebis da anionebis damaxasiaTe-

bel kerZo reaqciebs, organuli nivTierebebi-

saTvis adgenen fizikur konstantebs da sxva. 

cdebs atareben saZiebel obieqtze da miRebul 

Sedegebs adareben erTmaneTs; identurobis Sem-

TxvevaSi arkveven saanalizo obieqtis bunebas. 

identifikaciis meTodi pasuxobs kiTxvaze: ,,ra 

aris es nivTiereba?” ,,aRmoCena” gulisxmobs saa-

nalizo obieqtSi ama Tu im elementis arsebobis 

Semowmebas. igi pasuxobs kiTxvaze: ,,aris Tu ara 

es nivTiereba sakvlev obieqtSi?” TvisebiTi ana-

lizis Sedegia pasuxi – “diax, ara”. Seicavs ni-

muSi nivTierebas (ions) Tu ar Seicavs? nimuSSi 

komponentis Semcvelobis safuZvelia anlizuri 

signali. analizuri signali aris sakvlev sin-

jSi gansasazRvravi komponentis SemcvelobasTan 

dakavSirebuli Tviseba. igi nivTierebis qimiuri 

an fizikuri Tvisebis nebismieri gamovlenaa, ro-

melic SeiZleba gamoyenebul iqnes saanalizo 

obieqtis TvisebiTi Sedgenilobis an masSi Sema-

vali komponentebis raodenobiTi Semcvelobis 

dasadgenad.  

analizis fizikuri da fizikur-qimiuri meTo-

debi dafuZnebulia sistemis romelime paramet-

ris gazomvaze. magaliTad: speqtraluri anali-

zi ikvlevs gamosxivebis speqtrebs, romelic 
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warmoiqmneba nivTierebis Setanisas eleqtrul 

rkalSi. speqtrSi arsebuli xazebis mixedviT, 

romelic damaxasiaTebelia mocemuli elemente-

bisaTvis igeben nivTierebis elementarul Sedge-

nilobas. kvlevis fizikur-qimiuri meTodebis ga-

moyenebisas nivTierebis elementarul Sedgeni-

lobaze msjeloben atomebis an ionebis ama Tu 

im  damaxasiaTebeli Tvisebis mixedviT. mag. qro-

matografiaSi nivTierebis Sedgeniloba ganisa-

zRvreba ionebis Sedgenilobis mixedviT. ionebi 

adsorbirdebian gansazRvruli TanmimdevrobiT 

da qromatogramaze  miRebuli SeferviT gani-

sazRvreba naerTis Sedgeniloba. 

fizikuri da fizikur-qimiuri meTodebi er-

TmaneTisgan mkacrad ar arian gamijnulebi. maT 

xSirad aerTianeben instrumentaluri meTodebis 

saxelwodebiT. qimiuri meTodi dafuZnebulia 

gamosakvlevi nivTierebis axal naerTad gardaq-

mnaze.Mmag., Cu2+
 ioni SeiZleba aRmovaCinoT xsna-

ris cisferi Seferilobis mixedviT, romelic 

warmoiqmneba kompleqsuri ionis gamo [Cu(NH3)4]
2+. 

analizis Ffizikur-qimiur meTodebSi sakvle-

vi obieqtidan saanalizo formis miReba xdeba 

qimiuri gardaqmnebiT, xolo miRebuli produq-

tis maxasiaTebeli parametrebi _ optikuri sim-

kvrive, Jangva-aRdgenis potenciali, eleqtrogam-

taroba da sxva izomeba rTuli aparaturiT _ 

fotokolorimetrebiT, speqtrofotometrebiT, 

pH-metrebiT da sxva.      

refraqtometruli analizi dafuZnebulia 

gardatexis maCvenebelze, gaxsnili nivTierebis 

koncentraciasa da misi molekulis aRnagobis 

urTierTkavSirze.  
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radiometruli analizi dafuZnebulia ele-

mentis radioaqtiur gamosxivebaze.  

rentgenostruqturuli analizi nivTierebis 

aRnagobis Sesaswavlad iyenebs rentgenis sxi-

vebs. 
mas-speqtrometruli analizi saSualebas iZ-

leva ganisazRvros calkeuli ionizirebuli 

atomebis, molekulebis da radikalebis masebi, 

damuSavdes axali samkurnalwamlo saSualebebi 

adamianis gadasarCenad ganukurnebeli daavade-

bebisagan, dawesdes wamlis warmoebis kontroli, 

ganviTardes genuri inJineria da bioqimia, pro-

teomika, narkotikuli da psiqotropuli prepa-

ratebis kontroli, toqsikuri preparatebis kri-

minalistikuri da klinikuri analizi, asafeTqe-

beli nivTierebebis analizi,  

rentgenul-izotopuri fluorescenciuri ana-

lizi. kosmosuri gamokvlevebis dros iyeneben 

analizuri qimiis meTodebs. mTvaris gruntze 

zemoqmedeba xdeba rentgenuli gamosxivebiT, 

rac iwvevs mTeli rigi elementebis atomebis 

ionizacias. atomebis mier gamosxivebuli meora-

di rentgenuli sxivebis meSveobiT adgenen mTva-

ris zedapiris qimiur aRnagobas. 

analizuri qimia gadamwyvet sityvas ambobs 

kriminalistikaSic. neitralur-aqtivaciuri ana-

lizis saSualebiT dadgenil iqna, rom Tma ada-

mianis iseTive kriminalistikuri maxasiaTebelia, 

rogorc TiTebis anabeWdi. 

nanoteqnologia erT-erTi ganviTarebadi  mi-

marTulebaa Tanamedrove medicinasa da farmaci-

aSi. msoflio mecnierTa sazogadoebis mier na-

noteqnologiebi aRiarebulia XXI saukunis per-

speqtiul mimarTulebad, romelTa ganviTareba-
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ze wamyvani ekonomiurad Zlieri saxelmwifoebi 

xarjaven miliardobiT dolars. 1992 wels doq-

torma erik drekslerma aSS kongresis komisiis 

winaSe daxata virtualuri momavlis suraTi, 

rodesac nanoteqnologia gardaqmnis Cvens samya-

ros. moxdeba SimSilis,  avadmyofobis, gabinZu-

rebuli garemos da kacobriobis winaSe arsebu-

li mniSvnelovani globaluri problemebis 

likvidacia. nanoganzomilebis nawilakebis Ses-

wavlis Tanamedrove tendenciiT ikveTeba 3 Ziri-

Tadi mimarTuleba: 

• ramdenime atomisagan Semdgari eleqtronu-

li sqemebis damzadeba; 

• nanomanqanebis - molekulis zomis robote-

bisa da meqanizmebis Seqmna; 

• atomebiTa da molekulebiT manipulacia da 

maTgan farmacevtuli preparatebis, qsovilebisa 

da organoebis  awyoba.  

Tanamedrove medicina iyenebs nanoteqnologi-

ebis realur saSualebebs, rogoricaa eqspress-

analizatorebi – “laboratoriebi Cipze”, 1 Cipis 

zomaa 4x4sm da cvlis laboratoriis mTel kom-

pleqss, SeuZlia dnm/rnm analizi, naTesaobis 

dadgena, onkologiuri daavadebebis adreuli 

diagnostika, cilebisa da sxvaTa raodenobrivi 

gansazRvra, genmodificirebuli organizmebis 

identificireba. es juja-laboratoria asru-

lebs erTdroulad 12 sxvadasxva nimuSis ana-

lizs 15-30 wuTSi, rasac adre ramdenime dRe 

sWirdeboda. kaliforniis universitetis mecnie-

rebma Seqmnes kosmonavtebisaTvis mobiluri te-

lefonis zomis miniaturuli eqspress-labora-

toria, romlis meSveobiT SesaZlebelia 1 wveTi 
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sisxliT sruli analizis miReba 2 wuTSi. sis-

xlis srulfasovani analizi laboratoria Cip-

ze keTdeba naxSirbadovani nanomilebis safuZ-

velze.  

 
eqspres-analizatori (http://www.nanonewsnet.ru) 

 

nanonawilakebis Seswavlis Tanamedrove ten-

denciebi fizikaSi, qimiasa da biologiaSi amtki-

ceben, rom XXI saukunis mecniereba da teqnolo-

giebi iqneba angstremuli, nanoganzomilebiTi 

xasiaTis.   

  
  analizis saxeebi 

• farmacevtuli analizi _ wamlebi, wamle-

bis nedleuli; 

• teqnikuri analizi _ metalebi, madani, teq-

nikuri nedleuli,xelovnebis nimuSebi; 

• sasoflo-sameurneo analizi _ niadagi, sa-

suqi; 

• sakvebis analizi _ kvebis produqtebis 

analizi; 
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• bioqimiuri analizi _ sisxli, Sardi; 

• sanitarul-qimiuri analizi _ haeri, wyali, 

niadagi; 

• toqsikologiuri analizi _ mcenareuli 

da cxoveluri obieqti; 

• sasamarTlo-samedicino analizi _ adamia-

nis organoebi.; 

• arqeologiuri analizi – uZvelesi samar-

xebi. 
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Tavi II.  
analizuri qimiis safuZvlebi 

analitikosi – “mecnier-deteqtivi” 
   

nimuSis analizis dawyebamde aucilebelia 

analizis miznis zusti formulireba da Semdeg 

kiTxvebze pasuxis gacema: 

• ra aris analizis obieqti? Uumartives Sem-

TxvevaSi, es SeiZleba iyos individualuri qimi-

uri nivTiereba, romlis Semadgenlobis dadge-

naa gamiznuli. rTuli nimuSis – niadagi, haeri, 

warmoebis obieqtis kvlevis dros gadasawyvetia 

nimuSis aRebis meTodi  da saanalizod momzade-

bis uzrunvelyofa. 

• rogori informacia unda miiRon analizis 

Sedegad? saWiroebs Tu ara nimuSi sruli Sed-

genilobis an mxolod ramdenime komponentis 

gansazRvras, xsnari -  srul analizs an Semoi-

farglos mxolod pH-is mniSvnelobiT?  

• risTvis tardeba analizi? Sedegebis sa-

fuZvelze savaraudoa Tu ara jarimis daweseba, 

gazrdilia Tu ara dioqsinebis zRvrulad da-

saSvebi koncentracia garemoSi?    

Aamrigad, analitikosi amuSavebs analizis me-

Todikas, adgens konkretul amocanas  sinjis 

aRebis dros da axdens analizis Sedegebis in-

terpretacias. 

 
 

raodenobiTi analizi 

 

raodenobiTi analizis amocanaa elementis an 

naerTis raodenobis gansazRvra. Mmisi safuZve-

lia analizuri signalis zusti gazomva. gravi-
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metriul analizSi analizuri signali aris ma-

sa. zogjer, signalis gazomvas win uswrebs 

rTuli procedura, magaliTad, lazeris meSveo-

biT elementis atomebis agzneba. Gganasxvaveben 

meTodebs, romlebic dafuZnebulia signalis in-

tensivobis gazomvaze:  

• erTi gazomviTi poziciidan (erTi sigrZis 

talRebis SuqSTanTqmis gazomva) – ewodeba er-

Tganzomilebiani, gamosadegia erTkomponentiani 

analizisaTvis, miekuTvneba gravimetriuli, tit-

rimetruli meTodebi; 

• ramdenime gazomviTi poziciidan (STan-

Tqmis sruli speqtris registracia analizis 

optikur meTodebSi) – ewodeba organzomilebia-

ni; gamosadegia mravakomponentiani analizisaT-

vis, miekuTvneba instrumentaluri meTodebi – 

speqtroskopuli, qromatografiuli, eleqtroqi-

miuri. Oorganzomilebiani meTodebis monacemebs 

warmoadgenen mrudis saxiT. sibrtyeze vertika-

lur RerZs Seesabameba analizuri signalis in-

tensivobis sidide, horizontalur RerZs speq-

troskopiaSi Seesabameba talRis sigrZe (an fo-

tonis energia), qromatografiaSi -  dro, eleq-

troqimiur meTodSi – potenciali an denis Zala. 

                    

          

struqturuli analizi 

 

struqturuli analizis amocanaa nivTiereba-

Si Semavali atomuri donis elementaruli 

fragmentebis sivrciTi ganlagebisa da bmis ri-

gis gansazRvra. Aaxali qimiuri naerTis sinTe-
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zis dros sainteresoa misi calkeuli moleku-

lebis struqturis dadgena. 

molekulis kvlevis procesSi pirvel rigSi 

adgenen mis Sedgenilobas, romeli atomebisa da 

struqturuli fragmentebisgan Sedgeba moleku-

la (TvisebiTi informacia), Semdeg swavloben 

molekulis konfiguraciasa da konformacias 

(struqturuli analizis raodenobiTi aspeqti). 

molekulis konfiguracia gviCvenebs struqturu-

li fragmentebis erTmaneTTan SeerTebis mimdev-

robas sivrceSi, ris meSveobiTac SesaZlebelia 

erTi izomeris garCeva meorisagan. izomerebs ga-

nasxvaveben birTvul-magnituri rezonansiT.  

 
orTo-qsiloli  meta-qsiloli   para-qsiloli 

 

benzolis homologi C8H10 SeiZleba arsebob-

des 4 izomeris saxiT: eTilbenzoli C6H5-C2H5       

da sami dimeTilbenzoli an qsiloli C6H4(CH3)2 

orTo-, meta-, para-qsiloli an 1,2-, 1,3-, 1,4-dime-

Tilbenzoli. 

erTi da igive struqturul fragments, rom-

lebic dakavSirebulia erTmaneTTan erTi da 

igive mimdevrobiT, SeuZlia warmoqmnas ramdeni-

me sxvadasxva molekula. maTi urTierTgardaqmna 

SeuZlebelia qimiuri bmis gawyvetis da axlis 

warmoqmnis gareSe. aseT molekulebs konforme-

rebs uwodeben, xolo konkretuli konformeris 

struqturas – konformacias. Mmolekulis cal-
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keuli struqturuli fragmentebis sivrculi 

koordinatebis dasazusteblad iyeneben elemen-

taruli nawilakebis da rentgenis sxivebis dif-

raqciis meTods.  
 

                

sawarmoo analizi 

 

sawarmoo analizis msvlelobis dros auci-

lebelia mudmivad movaxdinoT nivTierebebis 

makroskopuli nakadis an warmoebis mTeli pro-

cesis kontroli. Aamrigad, damoukidebeli cvl-

adis rolSi gamodis dro da aq vlindeba ana-

lizuri qimiis dinamiuri aspeqti. Pprocesis xa-

siaTis mixedviT erTi analizisaTvis saWiroa 

wuTze naklebi an ramdenime saaTi.  specialuri 

gadawyvetilebis miReba aucilebelia, roca or 

mimdevrobiT analizs Soris Sualedi ar unda 

aRematebodes aT wuTs. am dros SesaZlebelia 

pnevmaturi fostis (metalurgiul sawarmoebSi) 

gamoyeneba. procesis msvlelobaSi gazomva SeiZ-

leba ganxorcieldes qimiuri  gadamwodebis sa-

SualebiT.   

A             

 
analizis procesi 

 

analizuri amocanis zusti dagegmva aris au-

cilebeli piroba imisaTvis, rom analitikosma 

analizis Sedegad miiRos swori informacia saa-

nalizo obieqtis Sesaxeb.  

saanalizo obieqti aris sakvlevi individua-

luri naerTi, naerTTa narevi an samrewvelo 

warmoebis produqti, romlis qimiuri Sedgeni-
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lobis dadgenaa gamiznuli. arCeven Semdeg obi-

eqtebs: 

• bunebrivi – haeri, wyali, niadagi, minera-

li ……... 

• teqnikuri  _ metalTa Senadnobebi, teqni-

kuri nakeTobebi ... 

• xelovnuri _ modeluri narevebi ... 

magaliTad, warmoebas surs axali mSeneblo-

bis investireba da iTxovs daskvnas niadagis xa-

risxis Sesaxeb. analitikosis amocanaa gamoik-

vlios niadagi savaraudo mSeneblobis adgilas, 

daadginos ra komponentebi unda ganisazRvros 

da romeli zogadmiRebuli, saimedo analizis 

meTodikebis gamoyenebaa SesaZlebeli an koreq-

tivebi  Sesatani da ra formiT iqneba Sedegebi 

warsadgeni.  

analizis procesis standartuli sqema:  

• sinjis aReba; 

• sinjis momzadeba saanalizod; 

• gazomva; 

• Sedegebis damuSaveba da angariSis Cabare-

ba. 

laboratoriuli sinji aris laboratoriaSi 

saanalizos gadacemuli masalis nimuSi 0,5-1 kg, 

romelic Tavisi SedgenilobiT sakvlevi obieq-

tis mTeli partiis identuria. 

 

 
sinjis aReba 

 

qimiuri analizis warmatebaSi gadamwyvet 

rols TamaSobs sinjis aRebis xarisxi. ganixi-

leba ZiriTadad sinjis aReba nimuSSi saSualo 
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komponentis gansasazRvravad. magaliTad, tyvia 

foTlebSi an glukoza sisxlSi. nimuSi unda ak-

mayofilebdes moTxovnebs: 

• unda iyos warmomadgenlobiTi analizis 

obieqtis mimarT, homogenuri; Tu heterogenulia, 

saWiroa homogenizireba. magaliTad, 1  mm mar-

cvlis zomis madnis analizisaTvis asaRebia 8 

kg sinji saWiro drosa da saWiro adgilas. sin-

jis aRebis dro ganisazRvreba weliwadis dros 

an dRe-Ramis mixedviT, xolo biologiuri nimu-

Sis aRebis dro mniSvnelovnad damokidebulia 

gamosakvlevi pacientis bioriTmebze. geologiu-

ri masalis an mcenaris (romeli nawili analiz-

deba) kvlevis dros  mniSvnelovania sinjis aRe-

bis adgili.  

• sinji ar unda Seicavdes minarevebs haeri-

dan, konteineridan, reaqtividan, mowyobilobi-

dan. 

• sinji  unda iyos mdgradi, amitom zogjer 

mimarTaven konservirebas; daculi qimiuri, bio-

qimiuri zemoqmedebisagan. unda moxdes tran-

sportirebis msvlelobisa da Senaxvis zusti 

dokumentireba.  

• raodenobrivad iyos sakmarisi analizisaT-

vis.  

• yoveli sinjis markirebis Semdeg yvela qme-

deba unda dafiqsirdes Sesabamis oqmSi. 
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airebis, siTxeebis da myari sinjis aReba 

airebis sinjis aReba 

    

haeris an sxva airis sinjis aRebis dros ga-

sarkvevia ra aris gamosakvlevi: airadi faza Tu 

masSi Semavali aerozoluri nawilakebi?  

airis sinjis aRebas awarmoeben specialuri 

mowyobilobiT. Ggarkveuli drois monakveTSi  

airis dguSiT gaatareben WurWelSi da xuraven. 

WurWlidan sinjis aReba SesaZlebelia venti-

liT an SpriciT. 

airebs, romlebsac STanTqaven siTxeebi, ag-

roveben kapilarebiT an minis forovani fil-

trebiT. N  

savele pirobebSi haeris sinjis aRebis dros  

iyeneben sxvadasxva konstruqciis adsorbirebis 

unaris mqone  xelsawyoebs. 

haerSi arsebuli airebi an orTqli adsor-

birdeba adsorbentis aqtiur zedapirze. anali-

zis mizniT, maT recxaven saTanado gamxsneliT. 

kerZod, benzolis orTqli efeqturad adsor-

birdeba aqtivirebul naxSirze. Setivtivebuli 

nawilakebisa da aerozolebis asaRebad iyeneben 

filtrebs. filtris masala mzaddeba tefloni-

sagan an minisagan. Aam dros grovdeba yvelanai-

ri zomis nawilaki. fraqciuli sinjis asaRebad 

iyeneben kaskadur filtrebs (impaktori). haeri 

gadis kaskadur filtrs, romelic Seicavs sxva-

dasxva diametris mqone damWer sistemas da  na-

wilakebi xarisxdebian misi zomis mixedviT. 

filtridan nawilakebis asaRebad iyeneben mJa-

vur daSlas, gamorecxvas an eqstraqcias soq-

sletis aparatiT. 
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siTxeebis sinjis aReba 

 

aRebul sinjs aTavseben minis, kvarcis an po-

lieTilenis WurWelSi. arasasurveli fotoqimi-

uri gardaqmnebis asacileblad xSirad iyeneben 

muqi feris WurWels. Txevad sinjebs akonserve-

ben fizikuri meTodebiT, aciveben 2-50C-mde an 

yinaven -15 - -200C-mde. Qqimiuri stabilizaciis 

mizniT, wylis sinjs SeamJaveben pH=2-mde an uma-
teben specialur makonservirebel reaqtivebs, 

magaliTad vercxliswylis qlorids bioqimiuri 

procesebis dasamuxruWeblad 

             

 
myari sinjis aReba 

 

myari sxeulebi iSviaTad arian (mina) homoge-

nurebi. madani, suspenzia, niadagi, tabletebi an 

sawarmoo masalebi xSir SemTxvevaSi araerTgva-

rovania. rac ufro araerTgvarovania obieqti, 

miT meti unda iyos asaRebi sinji, romlis homo-

genizaciisas asruleben Semdeg operaciebs:  da-

qucmaceba, gaxsna an daSla, SelRoba minismag-

var masad.  

xSirad sinjis aRebis cdomileba Warbobs 

analizis yvela Semdgomi stadiis cdomilebas, 

rac gasaTvaliswinebelia analizis Sedegebis 

gazomvis cdomilebis Sefasebisas. 

       

 
sinjis da gansasazRvravi komponentis  

raodenobebis diapazonebi 

 

dinamiur diapazonSi SeiniSneba funqciona-

luri damokidebuleba koncentraciasa (masa) da 
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analizur signals Soris.  analizuri signali 

aris sakvlev sinjSi gansasazRvravi komponentis 

SemcvelobasTan dakavSirebuli Tviseba. igi niv-

Tierebis qimiuri an fizikuri Tvisebis nebismie-

ri gamovlenaa, romelic SeiZleba gamoyenebul 

iqnas saanalizo obieqtis TvisebiTi Sedgenilo-

bis an masSi Semavali komponentebis raodenobi-

Ti Semcvelobis dasadgenad. 

raodenobiT analizSi sinjis aucilebeli 

raodenoba damokidebulia gansasazRvravi Semad-

geneli komponentebis diapazonze. magaliTad, 

titrimetruli analiziT SesaZlebelia milig-

ramebis gansazRvra. samuSao diapazoni ewodeba 

mocemuli meTodiT gansasazRvravi Semcvelobis 

diapazons umciresidan udidesamde. sinjis rao-

denobis diapazoni P Sedgeba gansasazRvravi kom-
ponentis raodenobis  diapazonisagan, romelsac 

ewodeba  absoluturi mA da  matricis raodeno-

bis diapazonis mM jamisagan: 

P = mA + mM 

sinjis masa icvleba makroskopuli sididi-

dan nanogramamde. 

komponentis Semcvelobis diapazoni warmoad-

gens komponentis raodenobis fardobas sinjis 

raodenobasTan: 

MA

A

mm

m
G

+
=  

 
sinjis raodenobis diapazoni P       
• grami 102  - 101 
• decigrami 10-1

 

• santigrami 10-2
 

• miligrami   10-3
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• mikrogrami  10-3 - 10-6
 

• nanogrami  10-6  - 10-9
 

• pikogrami  10-9  - 10-12
 

• femtogrami  10-12 - 10-15
 

• atogrami    10-15 - 10-18
 

Semcvelobis diapazoni G 

• mTavari  1 - 10-2
 

• Tanmxlebi    10-2
 - 10-4

 

• kvalis komponenti  10-4
 - 10-10

 

• mikrokvali  10-10
 - 10-13

 

• nanokvali   10-13
 - 10-16

 

• pikokvali 10-16
 - 10-18

 

 

 

sinjis masis mniSvnelobis da komponentis 
Semcvelobis diapazoni 

 

myar nimuSSi  makrokomponentebis Semcveloba 

gamoisaxeba TanafardobiT g/g, kg/kg an masuri 

procentiT. maTi Semcvelobis diapazoni Sead-

gens 0,01-dan 1 g/g, 1-100%. Tanmxlebi komponente-

bis Semcveloba Seadgens 0,0001-0,01 g/g (0,01-1%). 

Tu komponentis Semcveloba 0, 01%-ze naklebia, 

mas ewodeba kvali; SeiZleba erTi atomis saxiT 

iyos dafiqsirebuli. kvalis komponentebi gamoi-

saxeba Semdeg erTeulebSi: 

1 ppm (inglisuri, part per million, memilionedi  

nawili) = 1/106 
  e.i. 10

-4 
%;

 
 

1 ppb (inglisuri, part per billion, memiliardedi 

nawili) = 1/109 
  e.i. 10

-7 
%;

 
 

1 ppt (inglisuri, part per trillion, metrilionedi  

nawili) = 1/1012 
 e.i. 10

-10 
%;
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gansasazRvravi komponentis koncentracias 

gamosaxaven nivTierebis masis an raodenobis mi-

xedviT. 

 

 

sinjis momzadeba saanalizod 

    

sinjis momzadeba saanalizod iwyeba gazom-

viT. am mizniT iyeneben fizikur xerxs, sinji ga-

dahyavT xsnarSi Semdegi meTodebiT: gaxsna, daS-

la, SelRoba an eliuireba. xSirad gansasaz-

Rvravi komponenti – analiti unda ganacalkevon 

Tanmxlebi komponentebisagan – matricisagan. 

mikroraodenoba nivTierebis raodenobiTi gan-

sazRvrisaTvis saWiroa koncentrirebis meTodis  

gamoyeneba. 

 
sinjis momzadebis fizikuri meTodi 

 

sinjis momzadebis Semdegi fizikuri meTode-

bia gavrcelebuli: 

• tenis mocileba; 

• daqucmaceba; 

• zedapiris damuSaveba. 

nimuSidan tenis mosacileblad SesaZlebelia 

gamoiyenon martivi meTodi: haerze gaSroba, ma-

galiTad, 1-2 sm sisqis niadagis nimuSis gaSro-

bas SeiZleba dasWirdes ramdenime dRe. 1050C 

gaSrobis Sedegad masa mcirdeba airebis moci-

lebisa da aorTqlebis xarjze, risi acilebac 

SesaZlebelia liofiluri gaSrobis Catarebisas 

gayinul mdgomareobaSi - 850C-mde.Aam dros sin-
ji gaifrqveva, misi zedapiri sagrZnoblad iz-
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rdeba da amis gamo loifiluri gaSrobis Sede-

gad miRebuli sinjebi higroskopulia.  

myari sinjebis dasaqucmaceblad iyeneben wis-

qvilebs, sadac sinji gardaiqmneba mtvrad 0,1 mm-

ze naklebi zomis nawilakis saxiT. dabinZurebis 

asacileblad wisqvilis dolabebs amzadeben 

inertuli masalisagan – aqatis an korundisagan. 

fxvniliseburi masalidan gansazRvruli zomis 

nawilakebis fraqciis gamosarCevad iyeneben sa-

cers. liTonebis analizis dros axdenen maTi 

zedapiris polirebas an  damuSavebas. 

      

gaxsna, daSla, galRoba an eluireba 

A  

am saSualebebs iyeneben myari fazis gadasay-

vanad xsnarSi. M 

1. gaxsna. myari fazis gasaxsnelad iyeneben 

wyals, mJavebs, tuteTa xsnarebs, organul gam-

xsnelebs. 

• naleqis gaxsna wyliT: 
Sb+5 

naerTebi advilad hidrolizdeba TeTri 

feris fuZe marilis warmoqmniT. 

H[SbCl6] + 2H2O = SbO2Cl↓ + 5HCl 
stibiumis oqsiqloridi 

naleqi ixsneba gacxelebiT Warb marilmJava-

Si. 

SbO2Cl wyalTan duRiliT gadadis orTostibi-

ummJavaSi: 

SbO2Cl + 2 H2O = H3SbO4+ HCl 
• naleqis gaxsna mJavaSi: Ogogirdwyalbadi 

Hg2+
 marilTa xsnarebidan gamoyofs TeTri fe-

ris naleqs. gogirdwyalbadis Semdgomi gatare-

bisas jer warmoiqmneba moyviTalo-wiTeli, Sem-
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dgom mura feris, bolo stadiaze ki Savi feris 

vercxliswylis (II) sulfidi: 

 

3HgCl2 + 2H2S = Hg3S2Cl 2↓ + 4HCl 
Hg3S2Cl 2 + H2S =3HgS↓ + 2HCl 

----------------------------------------------- 
HgCl2 + H2S = HgS↓ + 2HCl 

 

naleqi ar ixsneba qlorwyalbadmJavasa da 

azotmJavaSi, magram ixsneba `samefo araySi~. 

3HgS + 2HNO3 + 12HCl = 3H2[HgCl4] + 3S↓ + 2NO↑ + 4H2O 
Bi2S3 + 8HNO3 = 2Bi(NO3)3 + 2NO↑ + 3S ↓ + 4H2O 

2Fe(OH)3+3H2SO4 = Fe2(SO4)3+6H2O 
CaCO3 + H2SO4 = CaSO4 + H2O + CO2↑ 

 
• naleqis gaxsna tuteSi: 

kaliumis heqsacianoferat(II), anu sisxlis yvi-

Teli marili K4[Fe(CN)6]  Fe3+
 kationTan warmoqmnis 

lurji feris naerTs – `berlinis laJvards~: 

4FeCl3
 + 3K4[Fe(CN)6] = Fe4[Fe(CN6]3 ↓ + 12 KCl 

4Fe3+ + 3[Fe(CN)6]
4- = Fe4[Fe(CN6]3 ↓ 

“berlinis laJvardi~ ixsneba tuteSi: 
Fe4[Fe(CN)6]3 + 12OH- = 4Fe(OH)3 + 3[Fe(CN)6]

4-. 
reaqciis mimdinareobis pirobebi: 

1. reaqcias atareben, roca pH<3. 
2. Tavisufali tuteebi Slian `berlinis 

laJvards~.  

• Nnaleqis gaxsna organuli gamxsneliT: 

 

kadion B-p-nitrofenilazoaminobenzol-p-azo-

benzoli adsorbirdeba Cd(OH)2 naleqze da iZ-

leva wiTel Seferilobas. reaqcia tardeba ka-

lium-natrium tartratisa da amiakis Tanaobisas 

filtris qaRaldze: 
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O2N_                     –N=N–N–                    –N=N–                     (Cn) 
                        

                      H 
                                           kadioni           

  

          

O2N–                     –N=N–N–                      – N = N–                       
                            

                                           

HO – Cd 
           

kaliumisa da kadionis kompleqsi 

 

alizarini _ 1,2 dioqsiantraqinoni aluminis 

hidroqsidTan amiakur areSi warmoqmnis Znelad 

xsnad Sidakompleqsur naerTs, mkveTri wiTeli 

Seferilobis aluminis alizarinats (aluminis 

laqs).  

 
alizarinTan naerTebs warmoqmnian sxva kati-

onebic (mag. Fe3+). maTi gavlenis Tavidan asaci-

leblad reaqcias atareben kalium heqsacianofe-

rat(II)-is Tanaobisas wveTuri meTodiT. xelis-

SemSleli kationebi warmoqmnian mcired xsnad 

OHHO

O

C

COO

Al(OH)2

COONH4

aluminonis laqi
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heqsacianoferatebs da wyliT damuSavebisas rCe-

bian wveTis centrSi, xolo Al3+
 ioni gadainac-

vlebs wveTis periferiaze. amiakis orTqliT 

Semdgomi damuSavebisas da alizarinis xsnaris 

moqmedebiT warmoiqmneba vardisferi rgoli iis-

fer fonze. qaRaldis gaSrobisas iisferi Sefe-

riloba gadadis yviTelSi da aluminis aliza-

rinatis vardisferi Seferiloba advilad Sesam-

Cnevi xdeba. 

 

 

aluminoni _ aurintrikarbonmJavas amoniumis 

marili Al(OH)3 iZleva wiTeli Seferilobis mqo-

ne Sidakompleqsur  marils: 
2. daSla. sinjis daSlas atareben normalu-

ri an gazrdili wnevis dros an “mSrali” saxiT. 

Ria sistemebSi daSlis dros iyeneben Txevad 

reagentebs – mJangavebs an aRmdgenebs. magali-

Tad, niadagis sinjSi metalebis gansasazRvra-

vad aduReben mas “samefo araySi” ukumacivris 

daxmarebiT. damSleli reagenti  Warbadaa da 

misi sisufTavis mimarT gazrdili moTxovnebia. 

Al(OH)3 +
OH

+ H2OOH

(my)

O OH

O

O

O O

HO _ Al  _  OH
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daSlisaTvis zogjer iyeneben mikrotalRovan 

Rumels. 

gansakuTrebiT mkacr pirobebSi unda daiSa-

los biologiuri obieqtebi, kvebis produqtebi, 

plasmasebi, naxSiri, zeTebi.Aam process emsaxu-

rebian daSlis meTodebi gazrdili wnevis piro-

bebSi. dasaSlelad Txevadi reagentebis garda 

iyeneben “mSral” meTodsac, magaliTad, nimuSis 

dawva an galRoba. Eelementuri analizis mizniT, 

organuli nivTierebis sinjs wvaven Jangbadis 

nakadSi 9500C-ze. organuli nivTierebebi, rom-

lebic eqstrargirdebian pentaniT an heqsaniT, 

SeiZleba daiferflon srulad Jangbad-wyalba-

dis aliT vikboldis meTodiT. civ plazmaSi da-

nacrebis procesSi sinjs daamuSaveben atomuri 

JangbadiT, romelic warmoiqmneba maRalsixSiri-

an eleqtromagnitur velSi. aseT pirobebSi Jan-

gbadi warmoadgens gansakuTrebiT Zlier mJan-

gavs. biologiur obieqtebSi dariSxanis, kalas, 

teluris da selenis gansasazRvravad SesaZle-

belia maTi aqroladobis unaris gamoyeneba. 

3. galRoba an eluireba. Eeluireba (gamotut-

va) aris meTodi, romelsac iyeneben niadagis 

analizisaTvis.  100 gram myari masis sinjs asxa-

men 1 l wyals, anjRreven 24 saaTis ganmavloba-

Si, filtraven da atareben filtratis analizs.  

 

 

dayofa da koncentrireba 

 

analizuri qimiis mTavari problemaa mcire 

raodenobis nivTierebebis – birTvuli, naxevar-

gamtaruli, luminoforuli masalebis minareve-

bis analizi. 
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matricisagan gansasazRvravi komponentis ga-

mosayofad da koncentrirebisaTvis iyeneben kon-

centrirebis meTods.Kkoncentrireba aris proce-

si, romlis Sedegad izrdeba xsnarSi komponen-

tis koncentracia an misi wili sawyisi sinjis 

matricasTan SedarebiT.  

dayofis da koncentrirebis meTodebia: 

• aqroladi komponentebis gadadena; 

• nacrad gadaqceva; 
• koleqtorze komponentebis daleqva an Tan-

daleqva; 

• eqstraqcia da ionuri cvla; 

• eleqtrolituri gamoyofa; 

• qromatografia da sorbcia; 
• kristalizacia. 

airadi nivTierebebis sinjis dayofa da kon-

centrireba SesaZlebelia ganxorcieldes sin-

jis aRebis msvlelobaSi Txevadi absorbciis an 

myari fazis adsorbciis gamoyenebiT. sorbcia 

aris nivTierebis unari STanTqas meore nivTier-

eba. sorbenti ewodeba Txevad an myar nivTiere-

bas, romelic heterogenur sistemaSi mSTanTqme-

lia, xolo STanTqmuls – sorbtivi. sorbciuli 

procesi iwyeba fazaTa gamyof zedapirze da Se-

iZleba gagrZeldes ori meqanizmiT: 1. sorbtivis 

molekulebiT xdeba sorbentis ganWolva mTel 

moculobaSi – am process ewodeba moculobiTi 

sorbcia an absorbcia; 2. sorbtivi grovdeba 

sorbentis zedapirze – am process ewodeba ze-

dapiruli sorbcia an adsorbcia. magaliTad, 

tenaqsze – aqtivirebuli naxSiris erT-erT saxe-

obaze kargad adsorbirdebian spirtebi, rTuli 
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eTerebi, ketonebi da aromatuli naerTebi airad 

fazaSi.  

SesaZlebelia adviladaqroladi nivTierebe-

bis gansazRvra uSualod orTqlis fazaSi. sak-

vlevi xsnaris Semcvel WurWels mWidrod daxu-

raven. Ggarkveuli drois Semdeg xsnarSi arse-

bul gansasazRvrav komponentsa da mis orTqls 

Soris damyardeba wonasworoba. Sesabamisi gra-

duirebiT adgenen damokidebulebas airad faza-

Si myof orTqlsa da xsnarSi koncentrirebul 

nivTierebas Soris. am meTodiT gansasazRvravi 

komponenti da matrica TavisTavad iyofa. sinjis 

aRebis am xerxs mimarTaven wyalSi aqroladi 

naxSirwyalbadebis, sisxlSi alkoholis gansa-

sazRvravad.  

koncentrirebis raodenobrivi maxasiaTebelia 

koncentrirebis koeficienti (faqtori) F: 

0
12

0
21

0
2

0
1

2

1 :
QQ

QQ

Q

Q

Q

Q
F

⋅
⋅

==  

Q1
0,Q2

0
 – koncentrirebuli nivTierebis da Zi-

riTadi komponentis koncentracia koncentrire-

bamde; Q1,Q2 _ ZiriTadi da koncentrirebuli niv-

Tierebis raodenobaa koncentrirebis Semdeg.
 
ma-

galiTad, Tu 1 t xsnarSi gvaqvs 2 g oqro, aor-

Tqlebisas 10 dm
3
, koncentrirebis faqtori to-

lia:
 

100
210

10002 =
⋅

⋅=F  

rac niSnavs oqros 100-magad koncentrirebas.  

aqroladi komponentebis gadadenis meTodebi-

dan koncentrirebisaTvis iyeneben aorTqlebas, 

sublimacias im SemTxvevaSi, Tu gansasazRvravi 

nivTiereba mdgradia temperaturuli zemoqmede-
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bisadmi, daJangvisadmi, araaqroladia. rodesac 

nivTierebis struqtura irRveva gazrdili tem-

peraturis reJimSi, aorTqlebas awarmoeben vaku-

umSi, rac temperaturis dawevis saSualebas iZ-

leva.  

danacreba, rogorc koncentrirebis meTodi ga-

moiyeneba im SemTxvevaSi, rodesac araorganuli 

nivTierebis didi masa imyofeba organul da wvad 

araorganul ZiriTad masaSi. magaliTad, mcenare-

ul da cxovelur nedleulSi mikroelementebis 

koncentrirebas axdenen gamomSrali nedleulis 

haerze dawviT. warmoqmnili mcire raodenobis na-

cari Seicavs gamosakvlev mikroelementebs. 

koleqtorze komponentebis daleqva an Tanda-

leqva gamoiyeneba lanTanoidebis, aqtinoidebis, 

mikroelementebis koncentrirebisaTvis. ZiriTa-

di damleqavebia hidroqsidebi, sulfatebi, orga-

nuli nivTierebebi. magaliTad, Cu, Pb, Co, Cd kon-
centrireba SeiZleba ganxorcieldes rkina (III) 

hidroqsidTan TandaleqviT. 

eqstraqcia aris or fazas Soris nivTie-

rebis ganawilebis fizikur-qimiuri procesi. am 

dros nivTiereba nawildeba organul da wyal-

fazas Soris da myardeba dinamikuri wonas-

woroba. 

eqstraqcia da ionuri cvla gamoiyeneba xsna-

rebis da myari nivTierebebis koncentrirebis 

dros. xsnarebis eqstraqciis dros specifikuri 

reaqtivebiT nivTiereba gadahyavT iseT formaSi, 

rom gaixsnas wyalSi uxsnad eqstragentSi ise, 

rom ganawilebis koeficienti organul da 

wylis fazebs Soris iyos didi. Txevadi eqs-

traqciis dros metalebis ionebi koncentrirde-

bian kompleqswarmomqmnelebiT: diTizoni, 8-oqsi-
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qinolini da sxva. difenildiTiokarbazonis (di-

Tizoni) qloroformiani xsnari tyviis marileb-

Tan warmoqmnis Sidakompleqsur naerTs, rome-

lic agurisfer-wiTeli Seferilobisaa: 

 
qloroformis fena Seifereba wiTlad, rac gan-

pirobebulia tyviis diTizonatis warmoqmniT da 

misi eqstraqciiT. 

qinolinis warmoebuli – kuproini – spilenZis 

ionebTan marilmJava areSi hidroqsilaminis Tanao-

bisas iZleva wiTeli feris spilenZis kompleqsna-

erTs, romelic eqstragirdeba izoamilis spirtiT:  

                                      2+ 

                    

 

 

                                   N         N  

                                      2 

                   Cu/2 
spilenZis kuproinati 

 

Pb  + 2S = C
2+

NH - NH - C6H5

N = N - C6H5

mwvane

C6H5 -  NH - N

C6H5 -  N= N
C = S S = C

Pb

N - NH - C6H5

N = N - C6H5

kompleqsi (wiTeli)
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difenilTiokarbazonis xsnari qloroformSi 

an oTxqlorian naxSirbadSi Zn2+
 kationTan tu-

te areSi iZleva wiTeli Seferilobis Sigakom-

pleqsur marils: 

 

 
myari nivTierebebis eqstraqcias iyeneben mce-

nareuli nedleulidan  mikrokomponentebis kon-

centrirebis dros. organuli fuZeebi (alkaloi-

debi)  eqstragirdeba SemJavebuli wylidan, mi-

Rebul eqstraqts daamuSaveben tutiT da Semdeg 

axdenen fuZe alkaloidebis eqstragirebas mci-

re raodenobis organuli gamxsneliT. miiReba 

alkaloidebis koncentrirebuli eqstraqti. 

eleqtrolituri gamoyofa dafuZnebulia niv-

Tierebebis eleqtroqimiur Jangva-aRdgenaze. 

sveturi qromatografia da sorbcia koncen-

trirebis saukeTeso saSualebaa, gansakuTrebiT 

ionmimocvliTi fisebis gamoyenebiT. Sesaferisi 

kationitis SerCeviT, ionmimocvliT  svetze 

xsnaris gatarebisas SerCeviT adsorbirdebian 

aucilebeli kationebi an organuli fuZeebi, 

anionitebis gamoyenebiT – anionebi. ionmimoc-

vliTi svetis gajerebisas adsorbirebul nivTi-

C6H5  _ NH _   N _ Zn  _  N_  NH _ C6H5

N = N_C6H5

C6H5  _ N = N N

Zn
2+

+ 2S = C
N_NH_C6H5

C = S S = C

N = N_C6H5
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erebas recxaven Sesaferisi gamxsneliT da Rebu-

loben ufro koncentrirebul xsnars. 

kristalizacia gamoiyeneba minarevebiani masa-

lis koncentrirebisaTvis. zonuri dnoba zrdis 

mikrominarevebis koncentracias. asufTaveben Zi-

riTads da gamoyofen mikrokomponentebs  kon-

centrirebuli saxiT. 

 M             

 

matricis mocileba 

 

matricis mosacileblad praqtikaSi ufro 

gavrcelebulia sorbciuli meTodi. Txevad fa-

zaSi gadayvanil sinjs gaatareben sorbentis 

Semcvel minis an plastmasis svetSi. am dros 

sinjis komponentebi adsorbirdebian. matricis 

xelisSemSlel komponentebs  acileben eluen-

tis meSveobiT svetis garecxvis procesSi. Sem-

deg sxva eluentiT svetidan gamorecxaven gansa-

sazRvr komponents. 

    

                    gazomva 

 

yvela analizis principi dafuZnebulia qimi-

uri reaqciis mimdinareobaze an fizikur urTi-

erTqmedebaze. TvisebiT analizSi qimiur reaqci-

aze damyarebul meTodebSi qimiuri reaqciebi ga-

moiyeneba TvisebiTi miznebisaTvis. Tu izomeba 

reaqciaSi Sesuli nivTierebis raodenoba (tit-

rimetria, gravimetria), reaqciis siCqare (kineti-

kur meTodebSi), maSin SesaZlebelia raodenobi-

Ti informaciis miReba. nivTierebis qimiuri Sed-

genilobis Seswavla niSnavs gairkves, Tu ra el-

ementebisagan (ionebisagan) Sedgeba saanalizo 
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obieqti (TvisebiTi analizi) da rogoria maTi 

raodenoba (raodenobiTi analizi). 

fizikur urTierTqmedebaze dafuZnebuli ana-

lizis principebi realizdeba speqtroskopul, 

eleqtroqimiur da qromatografiul meTodebSi. 

 

miRebuli monacemebis damuSaveba 

 

analizis Sedegi aris paraleluri gansaz-

Rvrebis Sedegebis saSualo mniSvneloba; xasi-

aTdeba kriteriumebiT: standartuli gadaxra, 

ndobis intervali, ganmeorebadoba, siswore da 

dakavSirebulia statistikuri damuSavebis, san-

doobis Sefasebis da sisworis Semowmebis pro-

cedurebTan. igi fizikuri sididea da fardobiT 

erTeulebSi gamoisaxeba, radgan miiReba gansa-

sazRvravi komponentis raodenobis SefardebiT 

saanalizod aRebuli sinjis masasTan an mocu-

lobasTan. analizis Sedegebis metrologiuri 

Sefaseba iTvaliswinebs gazomvis monacemebisa 

da analizis saboloo Sedegebis Sefasebas Sem-

TxveviTi da sistemuri cdomilebis gaangariSe-

biT. Mmetrologiuri maxasiaTeblebis mixedviT 

Sedegi SeiZleba iyos swori da ganmeorebadi, 

ganmeorebadi, magram araswori, swori da aragan-

meorebadi. 

  Aanalizis Sedegebi da Sefaseba warmosad-

genia angariSis saxiT da unda iyos Sesabamiso-

baSi analitikosis mier dasmul amocanasTan.  
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Tavi III 

analizur qimiaSi gamoyenebuli ZiriTadi qi-

miuri Teoriebi da kanonebi 

 

3.1. i. mendeleevis periodulobis kanoni da 

analizuri qimia 

 

d.i.Mmendeleevma periodulobis kanoni aRmoa-

Cina elementebis fardobiTi atomuri masebis sa-

fuZvelze, xolo elementebisa da maTi naerTe-

bis Tvisebebis prognozireba, aRmoCena, dacile-

ba, gamoyofa, identificireba ZiriTadad dadge-

nil iqna analizuri qimiis meTodebis daxmare-

biT.  

1912 wels holandieli a. van-den-brukis Teo-

riuli aRmoCenis Tanaxmad, periodul sistemaSi 

elementis rigobrivi nomeri atomis birTvis da-

debiTi muxtis tolia, rac eqsperimentiT daam-

tkica ingliselma h. Mmozlim. Ffundamenturi pa-

rametris -  rigobrivi nomrebis gansazRvriT 

mozlim daadgina, rom wyalbadidan uranamde un-

da arsebobdes 92 elementi. Aam movlenam mkvle-

varebi  gaaTavisufla axali elementebis Ziebis 

usargeblo da Sromatevadi samuSaoebisagan. 

Amecnierebma atomis aRnagobis eleqtronuli Te-

oriis gamoyenebiT aCvenes, rom #72 ucnobi ele-

menti unda iyos cirkoniumis analogi da ara 

lanTanoidebis. E1923 wels elementi hafniumi 

aRmoaCines cirkoniumis mineralSi da ara lan-

TanoidebSi, sadac wlebis ganmavlobaSi eZeb-

dnen uSedegod. peridulobis kanonis aRmoCeni-

dan 70 wlis Semdegac uranamde 4 elementis ad-

gili numeraciiT 43, 61, 85, 87 iyo carieli. ra-
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dioqimiuri meTodebis daxvewiT SesaZlebeli 

gaxda maTi povna. 

elementebis qimiur-analizuri Tvisebebi da 

periodul sistemaSi mezobel ujraSi mdebare 

elementebis analogia, saSualebas iZleva damu-

Savdes analizis unificirebuli meTodebi. cno-

bilia, rom Mo(V) iZleva ferad reaqcias Tioci-

anatTan. varaudiT, Nb(V)-Tvis igive TvisebiTi 

reaqcia iyo mosalodneli, rac eqsperimentiT 

dadasturda da niobiumisaTvis damuSavebul iq-

na kvlevis fotometriuli  Tiocianaturi meTo-

di. Pperiodul kanonTan Sesabamisi analogiis 

Tvisebebi vlindeba fuZe-mJavuri urTierTqmede-

bis, kompleqswarmoqmnis, daleqvis, Jangva-aRdge-

niTi qimiuri reaqciebisa da sxvadasxva qimiur-

analizuri procesebisaTvis. analizurma qimiam 

Seitana mniSvnelovani wvlili transuranuli 

elementebis sinTezisa da Tvisebebis Seswavla-

Si da gaafarTova perioduli sistemis CarCo 12 

elementiT. dadgenil iqna, rom transuranuli 

elementebi (Z>92) warmoadgenen iSviaTmiwaTa  me-

talebis – lanTanoidebis analogebs, vinaidan 

maT evsebaT 5f –eleqtronuli Sre  da Sesabami-

sad meeqvse da meSvide periodebi analogiurad. 

aqtinoidebisa da lanTanoidebis TvisebebSi ana-

logia vlindeba eqstraqciis, Tandaleqvis, ion-

mimocvlis procesebSi. 

elementebisa da maTi ionebis qimiur-anali-

zuri Tvisebebi damokidebulia  Semdeg faqto-

rebze: 

• atomebisa da maTi ionebis eleqtronuli 

konfiguracia; 

• ionebis muxti da radiusi; 
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• ionebis polarizebadoba da maTi mapolari-

zebeli unari; 

• ionizaciis  potenciali da ionizaciis 

energia; 

• Jangva-aRdgeniTi potenciali; 

• sakvlevi naerTis mJavuroba da amfoteroba; 

• kompleqswarmoqmnis unari; 

• xsnaris pH. 
elementebi xasiaTdebian oTxi tipis eleq-

tronuli qvedoniT  s-elementebi (s1- s2), p-elemen-

tebi (p1-p6), d-elementebi d1-d10, f-elementebi (f1-f14
). 

sxvadasxva qvedonis eleqtronebis erTnairi 

ricxvis mqone elementebs axasiaTebT msgavsi  

qimiur-analizuri Tvisebebi. MmagaliTad, Ag4d10, 
Au5d10 

ileqebian qlorwyalbadmJavaTi qloride-

bis saxiT da gamoeyofian sxva kationebs. 

ionuri radiusi gavlenas axdens maT fuZe-

mJavur Tvisebebze. Tavisufali atomis radiusad 

miCneulia pirobiTi sidide – manZili atomis 

birTvidan periferiuli eleqtronebis mdebareo-

bis albaTobis mTavar maqsimumamde. Aam sidides 

orbitaluri radiusi ewodeba. Ppraqtikuli ga-

moTvlebisaTvis orbitaluri radiusis nacvlad 

iyeneben efeqtur radiusebs, radiusebs, romle-

bic praqtikulad vlindeba. aris efeqturi radi-

usis ori saxeoba – atomuri da ionuri. Mmarti-

vi nivTierebebisa da organuli naerTebis Sem-

TxvevaSi gamoiyeneba atomuri radiusis cneba, 

xolo araorganuli nivTierebebisaTvis _ ionu-

ri radiusis cneba. 

jgufebSi zemodan qvemoT gadanacvlebisas 

ionuri radiusi matulobs, periodSi ki mar-

cxnidan marjvniv gadanacvlebisas ionis muxtis 
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gadidebisas ionis radiusi mcirdeba. ionuri ra-

diusis gazrdiT liTonTa fuZe Tvisebebi, ara-

liTonebis hidridebis mJavuri Tvisebebi izrde-

ba. dadgenilia, rom didi ionuri radiusis mqo-

ne kationebi aseTive anionebTan warmoqmnian 

mdgrad marilebs. magaliTad,Nnatriumis per-

qlorati da natriumis heqsanitrokobaltat(III) 

wyalSi kargad ixsnebian da kaliumis, rubidiu-

mis da ceziumis marilebTan warmoqmnian uxsnad 

marilebs. Na3[Co(NO2)6] kaliumis ionebis Semcve-

li xsnarebidan gamoyofs yviTeli feris naerTs: 

2KCl + Na3[Co(NO2)6] = K2Na[Co(NO2)6]↓ + 2NaCl 
2K+ + Na+ + [Co(NO2)6]

3- = K2Na[Co(NO2)6]↓ 
saanalizo xsnari ar unda Seicavdes tuteebs 

da Zlier mJavebs, radgan naleqi ixsneba mJaveb-

Si aramdgradi H3[Co(NO2)6]-is warmoqmniT, xolo 

tuteebi gamoyofen mura feris naleqs Co(OH)3. 
ionizaciis potenciali ewodeba ionis muxtis 

Sefardebas ionur radiusTan: 

r

Z
I =  

Z – ionis muxti; 
r – ionuri radiusi.  
ionizaciis potenciali I < 4 hidroqsidi – fu-

Zea; 

I = 4-6         hidroqsidi – amfoterulia; 

I > 6            hidroqsidi – mJavaa. 
ionebis qimiur-analizuri maxasiaTebelia io-

nizaciis potencialis kvadratisa da ionuri ra-

diusis namravlis logariTmi lgI2
· r. energias, ro-

melic saWiroa, araagznebuli atomidan yvelaze 

sustad SekavSirebuli eleqtronis mosawyvetad, 

ionizaciis energia ewodeba. erTeulebia kilo-
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jouli an eleqtronvolti. eleqtronvoltebSi 

gamosaxuli ionizaciis energia ricxobrivad 

tolia voltebSi gamosaxuli ionizaciis poten-

cialisa, anu velis im umciresi daZabulobisa, 

romlis drosac atomi kargavs eleqtrons da 

dadebiT ionad gardaiqmneba. elementTa perio-

dul sistemaSi qvejgufebSi sidide  lgI2
·r mudmi-

via. TiToeuli qvejgufi xasiaTdeba am sididis 

gansazRvruli mniSvnelobiT: 

tute metalebis kationebi       lgI2 · r = 1,35 – 1,40; 
tutemiwa metalebis kationebi      lgI2 

· r =2,18 – 2,20;  
sammuxtiani kationebi            lgI2 

· r =2,65 – 2,84. 
lgI2 

· r gasaTvlelad saWiroa eleqtron-vol-

tebSi gamosaxuli ionizaciis  potencialisa da 

nanometrebSi gamoxatuli ionuri radiusis 

mniSvnelobebis codna.  mTavar qvejgufebSi 

elementis rigobrivi nomris da atomis birTvis 

muxtis zrdasTan erTad ionizaciis  potenci-

ali mcirdeba, rac adasturebs liTonuri Tvise-

bebis gaZlierebas da araliTonuri Tvisebebis 

Sesustebas. es kanonzomiereba dakavSirebulia 

atomis radiusis gazrdasTan da birTvis efeq-

turi muxtis SemcirebasTan, gare savalento 

eleqtronul Sresa da birTvs Soris moTavsebu-

li energetikuli doneebis gazrdis gamo.  

ionuri radiusi gansazRvravs ionebis pola-

rizebadobis unars – birTvidan eleqtronuli 

garsis gadanacvlebas da dipolis warmoqmnas. 

polarizebadobis xarisxi dakavSirebulia ione-

bis muxtTan da ionur radiusTan. polarizeba-

dobis sazomia ionuri potenciali. Mionebis po-

larizebadi  Tvisebebis gazrdiT kationis ani-

onTan bmis simtkice izrdeba, rac amcirebs na-
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leqebis xsnadobas. magaliTad,  rigSi BaF2→ SrF2 

→CaF2  xsnadoba mcirdeba 
r

z
(Ba2+ - 14,0; Sr2+ - 15,7; 

Ca2+ - 18,9) fardobis gazrdis gamo. kationis mux-
tis gazrdiT misi polarizebadoba mcirdeba, vi-

naidan paralelurad mcirdeba misi radiusi 

eleqtronuli garsis birTvTan Zlieri mizidvis 

Sedegad. Eeleqtronuli garsis tipi gavlenas 

axdens ionis polarizebadobaze da Sesabamisad 

orbitalebis daTiSvaze, gamosxivebis kvantis 

STanTqmis unarze, rac nivTierebebis feris 

cvlis mizezia. s-elementebi uferoa, p- da d-ele-

mentebi Seferilia kationebis anionebze Zlieri 

mapolarizebeli zegavlenis Sedegad. 

atomebis da maTi ionebis ZiriTadi qimiur-

analizuri maxasiaTeblebis gacnoba saSualebas 

iZleva daxasiaTdes kationebis analizis fuZe-

mJavuri sistema.  

I analizuri jgufis kationebis K+, Na+, +
4NH  

marilebis umravlesoba wyalSi kargad xsnadia,  

jgufuri reagenti ara aqvT. kaliumi da natriu-

mi perioduli sistemis I jgufis elementebia. 

tute metalTa hidroqsidebi Zlieri fuZeebia. 

wyalxsnarebSi isini mTlianad ionizirebulia. 

amis gamo kaliumisa da natriumis Zlier mJavaTa 

marilebi ar hidrolizdebian da maTi marilTa 

xsnarebi neitraluri reaqciisaa. kaliumisa da 

natriumis sust mJavaTa marilebi met-naklebad 

srulad hidrolizdebian da maT wyalxsnarebs 

gaaCniaT tute reaqcia (pH>7). amoniumis tute 

susti fuZea. amoniumis Zlier mJavaTa marilebis 

xsnarebs Zlieri mJava reaqcia axasiaTebT (pH<7). 
analizuri TvisebebiT K+

 da 
+
4NH  yvelaze ax-
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los arian erTmaneTTan. isini warmoqmnian Zne-

lad xsnad, TeTri feris hidrotartratebs _ 

NH4HC4H4O6, KHC4H4O6, yviTeli feris qlorpla-

tinatebs _ (NH4)2[PtCl6], K2[PtCl4] da heqsanitroko-
baltatebs _ (NH4)3[Co(NO2)6], K3[Co(NO2)6]. wyal-

xsnarSi yvela kationi uferulia. Eam elemen-

tebs aqvT ionizaciis potencialis minimaluri 

mniSvneloba da warmoqmnian sferuli simetriis 

mqone kationebs, rac gansazRvravs maT mdgrado-

bas, sust polarizebadobas da Sefervis ar ar-

sebobas. I analizuri jgufis kationebis qimiuri 

Tvisebebi ZiriTadad ganisazRvreba eleqtrosta-

tikuri urTierTqmedebiT.  

kationebis II analizur jgufs miekuTvnebian 

perioduli sistemis I da II jgufebis B qvejgu-

fis elementebi Ag+, Pb2+ da [Hg2]
2+. miuxedavad imi-

sa, rom vercxls gare savalento Sreze aqvs s1 
eleqtroni, romlis gacemis Semdeg gadadis er-

Tmuxtian kationSi, misi Tvisebebi Zlier gan-

sxvavdeba I analizuri jgufis kationebis Tvise-

bebisgan, rac aixsneba Ag4d10
 eleqtronuli kon-

figuraciis warmoqmniT. Pb2+ kations aqvs jgu-

fis nomerze ori erTeuliT dabali muxti. es 

aixsneba inertuli wyvilis 5s2
 efeqturi gamov-

leniT, rac gamoixateba gare Sreze arsebuli s2 
eleqtronuli wyvilis winaaRmdegobiT miiRos 

monawileoba kovalenturi bmis warmoqmnaSi.  

vercxliswyali Znelad iJangeba [Hg2]
2+ 

ionamde, 

vinaidan Seicavs  6s2 eleqtronul wyvils, rome-

lic sustad ekranirdeba 4f-qvedoniT da amis ga-

mo mtkiced iboWeba birTvis muxtiT. II jgufis 

kationebi Zneladpolarizebad anionebTan (F-, 
CH3COO-, ClO −

4 , −
3NO  da sxva) warmoqmnian wyalSi 
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xsnad marilebs. vercxlis da vercxliswylis 

qloridebi wyalSi praqtikulad uxsnadia, xo-

lo tyviis qloridi civ wyalSi mcired ixsneba, 

cxelSi _ SedarebiT kargad. Ag+, Pb2+ da [Hg2]
2+ 

wyalxsnarebSi uferoa. qloridebis garda maTi 

marilebidan wyalSi uxsnadia iodidebi, bromi-

debi, sulfidebi, karbonatebi, fosfatebi, qro-

matebi da oqsalatebi, mcired xsnadia sulfate-

bi. jgufuri reagentia ganzavebuli marilmJava, 

romlis moqmedebiTac II jgufis kationebTan 

warmoiqmneba Znelad xsnadi qloridebi: 

AgNO3 + HCl = AgCl↓ + HNO3 
Ag+ + Cl- = AgCl↓ 

Pb(NO3)2 + 2HCl = PbCl2↓ + 2HNO3 
Pb2+ + 2Cl- = PbCl2↓ 

Hg2(NO3)2 + 2HCl = Hg2Cl2↓ + 2HNO3 

[Hg2]
2+ + 2Cl- = Hg2Cl2↓ 

koncentrirebuli marilmJavas gamoyenebisas 

warmoiqmneba xsnadi kompleqsuri mJavebi: 

AgCl + 2HCl = H2[AgCl3] 
PbCl2 + HCl = H[PbCl3] 

  mesame analizur jgufs miekuTvnebian bari-

umis, stronciumis, kalciumis kationebi, romle-

bic perioduli sistemis meore jgufis mTavar 

qvejgufSi arian ganlagebuli. maT kationebs 

aqvT dasrulebuli sferuli 8-eleqtroniani ga-

re Sreebi. [Xe]6s2 , [Kr]5s2, [Ar]4s2. kalciumidan ba-

riumisaken maTi qimiuri aqtiuroba izrdeba. am 

elementTa ionebi wyalxsnarebSi uferoa. ganza-

vebuli gogirdmJava da xsnadi sulfatebi Ba2+, 
Ca2+, Sr2+ kationebTan warmoqmnian TeTri feris 

kristalur naleqebs. ganzavebuli gogirdmJava 

jgufuri reagentia. 
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Ba2+  BaSO4 (L = 1,1·10-10);   gamoiyofa myisierad 
Sr2+   SrSO4 (L = 3,2·10-7);  gamoiyofa dayovnebis 

jgufuri reagenti Semdeg 

Ca2+ CaSO4 (L = 9,1·10-6);  gamoiyofa Ca2+ 
-is 

koncentrirebuli xsnarebidan 

am kationebis hidroqsidebis fuZe Tvisebebi 

izrdeba atomuri masis zrdasTan erTad, rac 

SeiZleba aixsnas ionTa radiusebis gazrdiT da 

maTi polarizaciuli unaris SemcirebiT, araor-

ganul naerTebSi ionuri bmis bunebiT. yvelaze 

Zlieri fuZea Ba(OH)2. Mg(OH)2 susti fuZea, wyal-

Si mcired xsnadi. is ileqeba magniumis marile-

bis wyalxsnarebidan tuteebiT da amoniumis hid-

roqsidiT, amitom miekuTvneba V analizur 

hgufs. 

kationTa meoTxe analizur jgufSi gaerTia-

nebulia Zn2+, Al3+, Cr3+, As3+, As+5, Sn2+, Sn+4
. jgufuri 

reagentia koncentrirebuli natriumis an kali-

umis tuteebi. am elementTa hidroqsidebi amfo-

terulia: 

Me3+ + 3OH- � Me(OH)3� H2O + H+
 + −

2MeO  
amfoteroba damaxasiaTebelia elementebisaT-

vis vakanturi p-, d-orbitalebiT, romelTa Sevse-

ba xorcieldeba kovalenturi bmis warmoqmnis 

xarjze donorul-aqceptoruli meqanizmiT, ris 

Sedegad warmoiqmneba mdgradi akva- da hidroq-

sokompleqsebi atomTa maqsimalurad gajerebu-

li bmiT.  vinaidan hidroqsidebi susti fuZeebia, 

am kationebis marilebi wyalxsnarebSi Zlier 

hidrolizebulia. susti mJavas marilebis, maga-

liTad, Al3+
 da Cr3+-is  sulfidebis, karbonate-

bis da cianidebis hidrolizi Seuqcevadi proce-

sia da Sesabamisi marilebi wyalxsnarebSi ar 
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arseboben. hidrolizis aRmofxvris mizniT me-

oTxe jgufis kationebis Semcvel xsnarebs xSi-

rad SeamJaveben. meoTxe jgufis kationTa mier 

warmoqmnili marilebi ganicdian hidrolizs: 

ZnCl2 + 2H2O � Zn(OH)2 + 2HCl 
Al2(CO3)2 + 3H2O = 2Al(OH)3↓ + 3CO2↑ 

ZnCO3 + H2O = Zn(OH)2 + CO2↑ 
tute metalTa hidroqsidebi IV jgufis yvela 

kationTan, dariSxanis garda, warmoqmnian hid-

roqsidebs, romlebic ixsnebian Warb tuteebSi: 

CrCl3 + 3NaOH = Cr(OH)3↓ + 3NaCl 
Cr(OH)3 + NaOH = NaCrO2 + 2H2O 

karbonatebi Na2CO3, K2CO3, (NH4)2CO3  leqaven 

Al3+, Cr3+, Sn2+, Sn+4
 kationebs Sesabamisi hidroqsi-

debis saxiT, Sn2+
 kations _ fuZe marilis saxiT. 

As3+, As+5
 naleqs ar warmoqmnian: 

2AlCl3 + 3Na2CO3 = Al2(CO3)3 + 6NaCl 
Al2(CO3)3 + 3H2O = 2Al(OH)3↓ + 3CO2↑ 

Al3+, Cr3+ da Zn2+ ionebs axasiaTebT kompleq-

swarmoqmnis unari. cvladi Jangvis xarisxis mqo-

ne kationebi (aluminis da TuTiis garda) advi-

lad Sedian Jangva-aRdgeniT reaqciebSi. hidrati-
rebuli qromis hidroqsidi Tavisi TvisebebiT 

Zalian axlosaa hidratirebul aluminis hid-

roqsidTan da masTan erTad gamoeyofa katione-

bis V da VI analizur jgufebs. Aamis gamo 

qroms aTavseben IV analizur jgufSi. IV anali-

zur jgufze Warbi tutis moqmedebiT miiReba 

xsnadi marilebi, romlebic gamocalkevdeba V 

da VI jgufebis kationebisagan centrifugire-

biT an gafiltvriT.  

mexuTe analizur jgufs miekuTvnebian katio-

nebi: Fe2+, Fe3+, Mn2+, Mg2+, Bi3+, Sb+3, Sb+5. am elemen-
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tebs axasiaTebT kompleqswarmoqmna (Fe2+, Fe3+), 
Jangva-aRdgeniTi reaqciebi (Fe2+, Mn2+, Bi3+, Sb+3), 
cvladi Jangvis xarisxi (gamonaklisia Mg2+, Bi3+), 
hidrolizis reaqciebi (Bi3+, Sb+3, Sb+5). am jgufis 

hidroqsidebi, stibium (III)-is garda, ar arian am-

foteruli bunebis da ar warmoqmnian xsnad ami-

nokompleqsebs. tuteebis xsnarebi maTi jgufuri 

reagentebia. kalas da bismutis kationebi amfo-

teruli Tvisebis matarebelia, magram sistemuri 

analizis msvlelobis procesSi isini ileqebian 

V jgufis kationebTan erTad. mwvave tuteebi 

leqaven Bi3+
 kations TeTri feris bismutis hid-

roqsidis saxiT:  

Bi(NO3)3 + 3NaOH = Bi(OH)3↓ + 3NaNO3 

naleqi Bi(OH)3 duRilis an gaxurebis Sedegad 

TeTri feridan yviTel ferSi gadadis: 

Bi(OH)3   
t  BiOOH + H2O 

Bi(OH)3  ixsneba mJavebSi, ar ixsneba tuteebSi. 

mwvave tuteebi da amiaki Sb+5
 iZlevian metas-

tibiummJavas TeTr naleqs:  

[SbCl6]
- + 5OH- = HSbO3↓ + 6Cl- + 2H2O 

meeqvse analizur jgufs miekuTvnebian katio-

nebi Cu2+, Hg2+, Cd2+, Co2+, Ni2+. maTi hidroqsidebi 

Warb amiakSi sxvadasxva Sedgenilobis aminokom-

pleqsebs warmoqmnian. jgufuri reagentia amoni-

umis hidroqsidi – NH4OH. spilenZis, kobaltisa 

da nikelis marilTa xsnarebi Seferilia, kadmi-

umisa da vercxliswylis (II) – ufero. gardamava-

li elementebis urTierTqmedebisas donoruli 

eleqtronuli wyvilis mqone naerTebTan warmo-

iqmnebian kompleqsebi kovalenturi bmis dono-

rul-aqceptoruli meqanizmiT. magaliTad, jgu-

furi reagentis amoniumis tutis moqmedebiT 
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xsnarSi gadadian Semdegi Sedgenilobis amiaka-

tebi: [Cu(NH3)4]
2+ , [Hg(NH3)4]

2+, [Cd(NH3)4]
2+, 

[Co(NH3)4]
2+, [Ni(NH3)4]

2. sxva jgufis kationebidan 

analogiuri Tvisebebi axasiTebT Zn2+, Ag+
, rom-

lebic aseve SeiZleba miakuTvnon VI jgufs, mag-

ram praqtikuli mosazrebidan gamomdinare Ag+  

miakuTvneben II analizur jgufs, xolo Zn2+
  - IV 

analizur jgufs. 

ionebis analizuri klasifikacia gansxvavde-

ba d.i. mendeleevis periodul sistemaSi jgufeb-

Si qimiuri elementebis ganawilebisagan, magram 

mas ar SeiZleba ewodos xelovnuri, vinaidan sa-

fuZvlad udevs garkveuli kanonzomierebebi, da-

kavSirebuli zogierTi naerTis xsnadobasTan da 

elementebis oqsidebisa da hidroqsidebis fuZe-

mJavur TvisebebTan. A 

amrigad, kationebis analizis mJavur-fuZur  

sistemas safuZvlad udevs metalTa kationebis 

damokidebuleba marilmJavas, gogirdmJavas, tu-

teebis mimarT da Sesabamisad warmodgenilia ka-

tionebis 6 da anionebis 3 analizuri jgufiT. 

 

3.2. moqmed masaTa kanoni, rogorc TvisebiTi 

analizis safuZveli 

 

meqanizmis mixedviT, reaqciebi iyofa elemen-

tarul (erTstadiur) da rTul (mravalstadiur) 

reaqciebad. martivi ewodeba reaqcias, Tu pro-

duqti warmoiqmneba reagentTa molekulebis  

uSualo urTierTqmedebiT. erTi elementaruli 

aqtiT mimdinare reaqcias ewodeba erTsafexuri-

ani. rTuli ewodeba reaqcias, Tu saboloo pro-

duqti miiReba ori an meti martivi reaqciis Se-

degad, romlebic mimdinareoben Sualedur na-
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erTTa warmoqmniT. yvela bioqimiuri reaqcia 

rTulia. rTuli reaqciebi SeiZleba iyos para-

leluri, mimdevrobiTi, SeuRlebuli da jaWvu-

ri.  

• paraleluri ewodeba reaqciaTa dakavSire-

bul sistemas, romelSic ramdenime procesi mim-

dinareobs erTi da imave sawyisi reagentebidan 

gansxvavebuli produqtebis warmoqmniT. magali-

Tad: 

 

 

 

 

 

 

• mimdevrobiTi ewodeba reaqciaTa dakavSire-

bul sistemas, romelSic yoveli wina stadiis 

produqtebi ixarjeba Semdgomi stadiis gansa-

xorcieleblad: metaboluri procesebi, polime-

rizaciis reaqciebi da sxva. magaliTad, gluko-

zis daJangva ujreduli sunTqvis procesSi, ro-

desac 22 safexuris Semdeg warmoiqmneba sabo-

loo produqtebi - naxSirbad(IV)-is oqsidi da 

wyali, mimdevrobiTi reaqciaa. Sualedur stadi-

ebze warmoqmnil nivTierebebs intermediatebi 

ewodeba. glukozis daJangvis reaqciaSi interme-

diatebia _ glukoza-6-fosfati, fruqtoza-1,6-di-

fosfati da a.S. 

• SeuRlebuli ewodeba reaqciaTa dakavSire-

bul sistemas, rodesac erTi reaqcia iwvevs meo-

ris warmarTvas (inducirebas). glukozis Jangvis 

procesTan aris SeuRlebuli ATP-is sinTezi 

ADP-isa da fosfatisagan: ADP+P→ATP+H2O, ∆G0 = 

                 4KCl + 6O2 

4KClO3 
                 KCl + 3KClO4 
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+36 kj. ujredSi 1 moli glukozis daJangvisas 

38 moli ATP warmoiqmneba.  
• jaWvuri ewodeba regularulad ganmeorebad 

elementarul aqtebSi radikalebis, ionebis an 

atomebis monawileobiT mimdinare reaqciebs. da-

maxasiaTebelia 3 etapi:  

. jaWvis formireba;  

. jaWvis ganviTareba;  

. jaWvis gawyveta. 

jaWvuri reaqciebi jaWvis ganviTarebis mixed-

viT iyofa araganStoebul, rodesac jaWvis gag-

rZelebis procesSi aqtiuri nawilakebis ricxvi 

mudmivia da ganStoebul (erTi aqtiuri nawila-

kis xarjze aseTi nawilakebis didi ricxvi war-

moiqmneba) reaqciebad. 

fotoqimiuri procesebi rTuli reaqciebis 

gansakuTrebul klass warmoadgenen. reaqciebs, 

romlebic speqtris xiluli da ultraiisferi 

ubnebis eleqtromagnituri rxevebis zemoqmede-

biT warimarTeba, fotoqimiuri reaqciebi ewode-

ba. maTi safuZvelia molekulebis mier sinaT-

lis kvantis (hν) STanTqma aqtiuri nawilakis 

warmoqmniT. 

A + hν→A*, sadac A _ sawyisi molekulaa, xo-

lo A*
_ aRgznebul mdgomareobaSi gadasuli re-

agentia. es ukanaskneli urTierTqmedebs sxva re-

agentebTan da warmoqmnis aqtiur intermediatebs 

_ radikalebs, ionebs _ X1, X2, romlebic swra-

fad Sedian meoreul reaqciebSi saboloo pro-

duqtebis warmoqmniT: 

A* +B→X1 +X2,  X1+ B→C;  X2 +B→D 
sinaTlis energiis STanTqmis Sedegad rTuli 

organuli nivTierebebis sinTezis magaliTia 
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fotosinTezi, romelic qlorofilis meSveobiT 

xorcieldeba. qlorofili STanTqavs sinaTlis 

kvants: 

qlorofili + hν → qlorofili
*
; 

igi STanTqmul energias gadascems reagents: 

qlorofili
*
+A→qlorofili + A*. 

meoreuli reaqciebiT warmoqmnili intermedi-

atebi X1, X2,... urTierTqmedeben CO2-Tan, H2O-Tan 

da warmoqmnian saboloo produqts _ glukozas: 

6CO2 + 6H2O →C6H12O6+6O2; 
 

 

qimiuri reaqciis siCqare 

 

qimiuri kinetika swavlobs qimiuri reaqciis 

siCqares, masze sxvadasxva faqtoris gavlenas 

da reaqciis  mimdinareobis meqanizmebs. 

reaqciis siCqare ganisazRvreba moreagire 

nivTierebebis molur koncentraciaTa cvlile-

biT droisa da moculobis erTeulSi (homogenu-

ri reaqciis SemTxvevaSi), an fazaTa gamyofi ze-

dapiris farTis erTeulze (heterogenuri reaq-

ciis SemTxvevaSi): 

12

12

TT

CC
v

−
−=    

sadac v _ homogenuri reaqciis saSualo siC-

qarea. ganzomilebaa: 

   

    
l.wT

moli
,

l.wm

moli
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gardaqmnis siCqare procesis msvlelobisas 

icvleba, e.i. siCqare drois funqciaa: v=f(t), ami-
tom, saSualo siCqaris nacvlad gamoiyeneba myi-

sieri siCqaris cneba:  

Vmy. = dt

dc± . 

qimiuri reaqciis siCqareze moqmedi ZiriTadi 

faqtorebia: koncentracia, moreagire nivTiere-

baTa buneba, Sexebis zedapiris sidide (hetero-

genuli reaqcia), temperatura, katalizatorebi, 

 

  

dro
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wneva (airadi nivTierebebis urTierTqmedebis 

dros)  da sxva.  

qimiuri reaqciis siCqaris damokidebulebas 

koncentraciaze pirvelad yuradReba miaqcia 

rusma qimikosma n. n. beketovma. Camoyalibebul 

iqna  1867 wels norvegieli mecnierebis _ hul-

dbergisa da vaages mier da ewoda qimiuri kine-

tikis ZiriTadi kanoni -  moqmed masaTa kanoni, 

romlis Tanaxmad: mudmiv temperaturaze homoge-

nur areSi mimdinare qimiuri reaqciis siCqare 

moreagire nivTierebaTa moluri koncentracie-

bis namravlis proporciulia aRebuli steqio-

metruli koeficientebi xarisxis maCveneblad. A 
da  B nivTierebebis urTiereTqmedebis reaqcii-

saTvis gantoleba Rebulobs saxes:  

              aA + bB →cC+ dD 

kinetikuri gantolebas maTematikurad ase 

gamoisaxeba: 

                             v1= k1 ·[A]a 
·[B]b 

k _ reaqciis siCqaris mudmivaa, ar aris damo-
kidebuli moreagire nivTierebaTa koncentracia-

ze, damokidebulia nivTierebaTa bunebaze, tempe-

raturasa da katalizatorze.  k-s fizikuri ar-
si mdgomareobs imaSi, rom is utoldeba reaqci-

is siCqares, roca urTierTmomqmed nivTierebaTa 

koncentraciebi 1 
l

moli
 -is tolia an maTi nam-

ravli steqiometriuli koeficientebis gaTva-

liswinebiT 1-is tolia.  

v2= k2 ·[C]c
·[D]d 

reaqciis siCqaris mudmiva qimikosebs aZlevs 

saSualebas raodenobrivad daaxasiaTon qimiuri 

reaqciis siCqaresTan dakavSirebuli sakiTxebi: 
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reaqcia pirobebi 
kinetikuri 
gantoleba k 

H+ + OH- = 
H2O 

20 oC v =k[H+]·[OH-] 
moli.wami

l111041 ⋅.

 

NH4
+ = NH3 + 

H+ 
20 oC v = k ·[NH4

+] 
moli.wami

l
24

 

 

neitralizaciis reaqcia (H+ + OH-) 20 оС mimdi-
nareobs  6 .109 -jer ufro swrafad, vidre amoniu-
mis ionis daSlis reaqcia.  

moqmed masaTa kanoni samarTliania erT sta-

diad mimdinare reaqciebisaTvis. rTuli qimiuri 

procesebis dros kinetikur gantolebaSi kon-

centraciaTa xarisxis maCveneblebi ar aris ste-

qiometruli koeficientebis toli da maTi dad-

gena eqsperimentis safuZvelze xdeba. 
reaqciaTa gantolebebi:  

2H2 + O2 → 2H2O      H2 + Cl2  → 2HCl 
aRniSnaven mxolod sawyis da saboloo pro-

duqtebs. isini radikaluri meqanizmiT mimdinare 

mravalsafexuriani procesia. moqmed masaTa ka-

noni miesadageba TiToeul stadias da ara jaW-

vur reaqcias. 

 

 

reaqciis molekularoba da rigi 

 

qimiuri urTierTqmedebis elementarul aqtSi 

SeiZleba monawileobdes erTi, ori, sami mole-

kula (nawilaki). molekulaTa meti ricxvis er-

Tdrouli monawileoba qimiur gardaqmnaSi nak-
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lebad saalbaToa (ar aris cnobili). urTier-

Tqmedebis elementarul aqtSi monawile moleku-

lebis ricxvi gansazRvravs reaqciis molekulu-

robas (erTmolekuluri, ormolekuluri da 

sxva). 

molekulurobis gansazRvra SesaZlebelia 

mxolod martivi (erTsafexuriani) reaqciebisaT-

vis. rTul reaqciebSi molekuluroba ganisaz-

Rvreba calkeuli safexurisaTvis. cocxal sis-

temebSi mimdinare rTuli reaqciebis calkeuli 

safexuri mono- da bimolekuluria. 

CH3COCH3 → C2H4 + H2 + CO  

monomolekuluri reaqciaa, 

H2 + Br2 � 2HBr  bimolekuluria, 

2SO2+ O2 → 2SO3  trimolekuluria. 

kinetikur gantolebaSi nivTierebaTa koncen-

traciebis xarisxis maCveneblebis jams ewodeba 

reaqciis rigi. v1=k1·[A]a
·[B]b gantolebidan a+b=v 

jams ewodeba reaqciis saerTo rigi. arCeven nu-
lovani (v=k), pirveli (v=k·C), meore (v=k·C2

), mesa-

me (v=k·C3
) an wiladi rigis reaqciebs. 

N2O5 = 2NO2 + 1/2O2 v = k·[N2O5] 
1 rigis reaqcia 
H2 + I2 = 2HI v = k·[H2]·[I2] 
2 rigis reaqcia 
Н2 + Br2 = 2HBr  v = k·[H2]·[Br2]

1/2 
Cl2 + 2NO = 2NOCl  v= k·[Cl2]·[NO]2 

3 rigis reaqcia 
reaqciis rigi da molekuluroba erTmaneTs 

emTxveva mxolod martivi (erTsafexuriani) reaq-

ciebisaTvis. reaqciis rigisa da molekuluro-

bis gansxvavebis mizezia: 
• procesis etapobrivi meqanizmi;  
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• erT-erTi nivTierebis koncentraciis mud-

mivoba.  

magaliTad, rTuli eTeris hidrolizis reaq-

ciaSi:  
R-COOR�+H2O�RCOOH+R�OH; 

[H2O]=const, v=k·CeTeri=k�·CeTeri. reaqcia bimole-

kuluria, magram pirveli rigisaa. 

Tu mravalsafexurian procesSi calkeuli 

safexurebis siCqareebi mkveTrad gansxvavdeba, 

misi rigi ganisazRvreba yvelaze neli safexu-

ris siCqariTa da rigiT. 

2HI+ H2O2 → I2 + 2H2O _ reaqcia mimdinareobs 
or safexurad; 

HI+H2O2 → HIO + H2O  _ neli stadiaa; 
HI+HIO → I2+H2O _ swrafi stadiaa; 
saerTo siCqare _ v=k·CHI ·

22OHC ;  reaqcia meore 

rigisaa, rac eqsperiments kargad Tanxvdeba. mo-

lekularoba da rigi, erTmaneTs emTxveva mxo-

lod erTsafexuriani homogenuri reaqciebis 

SemTxvevaSi. eqsperimentis meSveobiT reaqciis 

formaluri rigis dadgenas didi mniSvneloba 

eniWeba qimiur kinetikaSi, radgan igi procesis 

mimdinareobis SesaZlebeli meqanizmis varaudis 

saSualebas iZleva. 

reaqciis siCqaris damokidebuleba temperatu-

raze. qimiuri reaqciis siCqareze temperaturis 

gavlena ganisazRvreba vant-hofis empiriuli we-

siT (1884 w.): temperaturis yoveli 100C-iT moma-

tebisas siCqare 2÷4-jer izrdeba: 

v2 = v1· γ 10
12 TT −

; v1 da v2 _ siCqareebia, Sesabamisad 

T1 da T2  temperaturaze;  
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γ _ reaqciis siCqaris temperaturuli koefi-

cientia, romelic gviCvenebs, ramdenjer izrdeba 

siCqare temperaturis yoveli 100C-iT momatebi-

sas. vinaidan reaqciis siCqareze temperaturis 

gavlena dakavSirebulia reaqciis siCqaris mud-

mivas cvlilebasTan, zemoT moyvanili gantole-

ba umjobesia Caiweros Semdegi saxiT: 

k2 = k1· γ 10
12 TT −

 
qimiuri reaqciis siCareze temperaturis Zli-

er gavlenas ganmartavs aqtiur SejaxebaTa Teo-

ria, romlis ZiriTadi debulebebia: 

• yovel Sejaxebas Tan ar axlavs gardaqmna; 

winaaRmdeg SemTxvevaSi yvela reaqcia myisierad 

dasruldeboda, vinaidan 1 wm-Si SejaxebaTa ric-

xvi ~1028-is tolia.  

• qimiuri urTierTqmedebisaTvis molekulebs 

unda hqondeT aqtivaciis energia (Ea); es aris is 

minimaluri energia, romelic aucilebelia qimi-

uri urTierTqmedebis aqtis ganxorcielebisaT-

vis.  

• Sejaxebisas nawilakebi unda iyvnen garkveu-

lad orientirebuli erTmaneTis mimarT. 

qimiuri reaqciis siCqaris mudmivas damokide-

buleba temperaturaze gamoisaxeba areniusis em-

piriuli formuliT: 

K = Ae RT

E
a

 −
. 

aqtiur SejaxebaTa logariTmuli formiT:  

lnK = lnA –
RT

E
a  

 (Zalian maRali temperaturis dros A = K).  
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qimiur reaqciaTa umravlesoba Seqcevadia, e.i. 

isini mimdinareoben erTdroulad urTierTsawi-

naaRmdego mimarTulebiT. ganvixiloT Seqcevadi 

reaqcia: 

2H2(a) + O2(a) � 2H2O(a); 
pirdapiri mimarTulebiT mimdinare reaqcia 

egzoTermulia (∆H<0), xasiaTdeba siTbos gamoyo-

fiT, sistemis entropia mcirdeba (∆S<0), radgan 
sami moli airidan warmoiqmneba ori moli airi. 

procesis mamoZravebels warmoadgens energeti-

kuli, anu enTalpiuri faqtori. sawinaaRmdego 

mimarTulebiT mimdinare reaqcia endoTermulia, 

xasiaTdeba siTbos STanTqmiT (∆H>0), sistemis 

entropia izrdeba (∆S>0). procesis mamoZrave-

bels warmoadgens entropiuri faqtori. 

20000C da 101,3 kpa wnevis pirobebSi daxSul 

WurWelSi  wyalbadisa da Jangbadis narevi war-

moqmnis wylis orTqls. procesis mimdinareobis 

ganmsazRvrelia enTalpiuri faqtori, magram 

wylis orTqlis gamoCenisTanave moqmedebas iw-

yebs entropiuri faqtori _ warmoqmnili wylis 

nawili iSleba wyalbadad da Jangbadad. dasaw-

yisSi enTalpiuri faqtoris moqmedeba aWarbebs 

entropiur faqtors, magram bolos da bolos am 

ori urTierTsawinaaRmdego faqtoris moqmedeba 

Tanabrdeba, ∆H=T∆S, e.i. ∆G=0 da myardeba qimiu-

ri wonasworoba. qimiuri wonasworobisas pirda-

piri reaqciis Sedegad erTeul droSi warmoq-

mnili molekulebis ricxvi tolia Sebrunebuli 

reaqciisas erTeul droSi urTierTqmedebaSi 

Sesuli molekulebis ricxvis. e.i. qimiuri wo-

nasworoba dinamiuria. qimiuri wonasworobis 
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mdgomareobaSi pirdapiri da Sebrunebuli reaq-

ciebis siCqareebi tolia: 

                      V1 = V2 

procesis Seqcevadobis gamo, wyalbadisa da 

Jangbadis srulad gardaqmna wylad ar mimdina-

reobs: urTierTqmedebis Sedegad WurWelSi er-

Tdroulad arsebobs samive airis molekulebi _ 

wyalbadis, Jangbadis da wylis orTqlis. es 

dakvirveba SeiZleba ganvazogadoT: qimiuri re-

aqcia TviTneburad mimdinareobs cnobil 

zRvramde _ sistemaSi qimiuri wonasworobis 

damyarebamde (∆G=0).  
qimiuri wonasworoba xasiaTdeba wonasworo-

bis konstantaTi. wonasworobis miRwevis momen-

tidan nivTierebaTa koncentraciebi (sawyisi niv-

Tierebebis da produqtebis) mocemul pirobebSi 

rCeba ucvleli. am koncentraciebs wonasworu-

li koncentraciebi ewodebaT. qimiuri wonaswo-

robis dros reaqciis produqtebis koncentraci-

ebis namravlis fardoba sawyisi nivTierebebis 

koncentraciebis namravlTan wonasworobis kon-

stantas saxelwodebiT xasiaTdeba da warmoad-

gens mudmiv sidides. reaqciisaTvis: 

aA + bB + ...� dD + cC + ... 
wonasworobis konstantas maTematikuri gamo-

saxulebaa:  

K=
...[B][A]

...[E][D]
ba

ed

, 

sadac [A],[B],[D],[C] _ nivTierebaTa wonasworu-

li koncentraciebia. wonasworobis koncentra-

ciuli konstanta icvleba wnevis da temperatu-

ris cvlilebasTan erTad, magram ar aris damo-

kidebuli moreagire nivTierebebis koncentraci-
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aze. Tu K>1-ze, maSin pirdapiri reaqcia midis 
ufro swrafad, xolo, Tu K<1-ze, maSin _ Sebru-
nebuli. Tu K=103  

es niSnavs, rom pirdapiri re-

aqcia 1000-jer ufro swrafia Sebrunebulze; Tu 

K=10n  , maSin Sebrunebuli reaqcia 1000 000-jer 

ufro swrafia, vidre pirdapiri. yvela analizu-

ri reaqcia Seqcevadia, magram xSir SemTxvevaSi 

is iseTi umniSvneloa, rom SeiZleba misi ugu-

lebelyofa. magaliTad, bariumis ionis aRmosa-

Ceni reaqciisaTvis qimiuri wonasworobis kon-

stantas aqvs Semdegi saxe: 

2BaCl2 + K2Cr2O7 + H2O�2BaCrO4 +2KCl + 2HCl 

[ ] [ ] [ ]
[ ] [ ] [ ]OHOCrKBaCl

HC1KC1BaCrO
K

2722
2

2

222
4

⋅⋅
⋅⋅=  

qimiuri wonasworobis Seswavlas aqvs didi 

Teoriuli da praqtikuli mniSvneloba. sxvadas-

xva temperaturisa da wnevis dros wonasworo-

bis mdgomareobis gansazRvra saSualebas iZleva 

SerCeul iqnas rac SeiZleba ufro xelsayreli 

pirobebi qimiuri reaqciis mimdinareobisaTvis, 

romelic saSualebas mogvcems miviRoT produq-

tis maqsimaluri gamosavali procesis maRali 

siCqaris pirobebSi. 

analizis Catarebisas mniSvnelovania qimiuri 

reaqciis  sruli warmarTva da  raodenobrivi 

gamosavlis miReba. rac miiRweva qimiur sistema-

Si erT-erTi moreagire nivTierebis SeyvaniT. qi-

miur analizSi bevri kationis dasaleqad gamoi-

yeneba amoniumis karbonati, romelic ganicdis  

hidrolizs: 
 

(NH4)2CO3 + HOH � NH4HCO3 + NH4OH 
 



 

 70

315
HOHCONH

OHNHHCONH
K

34

434 ,
][][

][][ =
⋅
⋅=  

 
K-s  didi mniSvneloba amtkicebs, rom amoni-

umis karbonatis mniSvnelovani nawili gardaiq-

mneba hidrolizis produqtad. amiakis koncen-

traciis 10-jer gazrdiT wonasworoba gadaixre-

ba marcxniv, vinaidan ucvleli wonasworobis 

konstantas dros amoniumis karbonatis koncen-

tracia izrdeba 10-jer da hidrolizis xarisxi 

mcirdeba. am dros moqmedebs le-Satelies moZ-

ravi wonasworobis principi: wonasworobis 

mdgomareobaSi myof sistemaze garegani zemoqme-

deba wonasworobas gadaxris am zemoqmedebis Se-

sustebis mimarTulebiT. yvela Zlieri eleqtro-

liti da susti koncentrirebuli wyalxsnari 

ar eqvemdebareba moqmed masaTa kanons, romelic 

Tavisi klasikuri formiT gamoiyeneba mxolod 

araeleqtrolitebis da susti eleqtrolitebis 

mimarT ganzavebuli wyalxsnarebisaTvis. wonas-

worobis konstantas es toloba gamosadegia 

idealuri xsnarebisaTvis.  

airad nivTierebebs Soris wonasworobis 

mdgomareobis gamosaxvisaTvis xSirad koncen-

traciebis nacvlad sargebloben nivTierebaTa 

wonasworuli parcialuri wnevebiT: 

K=
...PP

...PP
b
B

a
A

e
E

d
D

. 

wonasworobis konstanta _ K, gibsis stan-

dartuli energiis cvlilebasTan (∆G0
)  dakavSi-

rebulia gatolebiT:  

∆G = -RTlnK anu ∆G0 
=  -2,3RTlgK 
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298 K(250C)-ze gantoleba miiRebs saxes: 

∆G0 
=  -5,69lgK298 

∆G0 
uaryofiT mniSvnelobas Rebulobs mxo-

lod im SemTxvevaSi, Tu lgK>0, e.i. K>1, xolo 

dadebiT mniSvnelobas _ roca lgK<0, e.i. K<1. es 

imas niSnavs, rom ∆G0
-is

  
uaryofiTi mniSvnelobi-

sas  (K>1) wonasworoba gadaxrilia pirdapiri 

reaqciis mimarTulebiT da reaqciis produqte-

bis gamosavali SedarebiT didia. ∆G0
-is

  
dadebi-

Ti mniSvnelobisas (K<1) wonasworoba gadaxri-

lia Sebrunebuli reaqciis mimarTulebiT da  

pirdapiri reaqciis produqtebis gamosavali Se-

darebiT mcirea. ∆G0
-is niSani miuTiTebs reaqci-

is mimdinareobis SesaZleblobaze an SeuZleb-

lobaze mxolod standartul pirobebSi, rode-

sac yvela urTierTmomqmedi nivTiereba imyofeba 

standartul mdgomareobaSi.  

∆G0 = ∆H0 – T∆S0 
wonasworobis mdgomareobaSi 

∆H0 = T∆S0 (∆G0 =0), 
∆G0 = -2,3RTlgK = 0; lgK = 0; K = 1; 

vinaidan ∆G0  
= ∆H0 – T∆S0 = -RTlnK, 

mcire gardaqmnis Sedegad gantoleba Rebu-

lobs saxes:  

K= R

∆S

RT

∆H 00

ee ⋅ .  

wonasworobis konstantas damokidebuleba en-

Talpiur da entropiul faqtorebze miuTiTebs, 

Tu ra gavlenas axdens masze reagentebis buneba. 

qimiuri wonasworobis gadanacvleba. le-Sate-

lies principi. qimiuri wonasworobis mdgomare-

oba damokidebulia ZiriTad faqtorebze:  

• temperatura; 
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• wneva; 
• koncentracia.  
erT-erTis cvlilebac ki iwvevs wonasworo-

bis gadanacvlebas. 

ganvixiloT temperaturis gavlena qimiur wo-

nasworobaze. 

wonasworobis konstanta tolia pirdapiri da 

Sebrunebuli reaqciebis siCqareTa konstantebis 

fardobisa: 

K = RT

EE

RT

E

2

RT

E

1

2

1

'''

''

'

eA

eA

eA

K

K aa

a

a

−
−

−

−

⋅==s

r

 

pirdapiri da Sebrunebuli reaqciebis aqtiva-

ciis energiaTa sxvaoba tolia enTalpiis cvli-

lebis: 
''' EE
aa

− = ∆H, maSin:  

K = A· RT

∆H

e
−

, an lnK=lnA-
RT

∆H
  gantoleba formis 

mixedviT areniusis gantolebis analogiuria (K 

= A· RT

E

e
−

), magram siCqaris konstantasa da aqtiva-
ciis energiis nacvlad aq Sedian wonasworuli 

sidideebi _ enTalpiis cvlileba da wonaswo-

robis konstanta. aRniSnuli vant-hofis ganto-

leba gamosaxavs wonasworobis konstantas damo-

kidebulebas temperaturaze. am gantolebaSi Se-

dis enTalpia, procesi ganixileba izobarul pi-

robebSi. roca V=const (izoqoruli procesi), ∆H-

is magier vant-hofis gantolebaSi Caismeba Sina-

gani energiis cvlileba _ ∆U. 

temperaturaze damokidebulebiT wonasworo-

bis konstantas cvlilebis xasiaTi ganisazRvre-
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ba enTalpiis cvlilebis (∆H) niSniT. roca ∆H>0 

(endoTermuli procesi), temperaturis gazrdiT 

wonasworobis konstanta izrdeba, e.i. wonaswo-

rul narevSi sWarbobs reaqciis produqtebi. 

roca ∆H<0 (egzoTermuli procesi), temperatu-

ris gazra iwvevs K-s Semcirebas, e.i. wonasworo-

ba gadainacvlebs sawyisi nivTierebis mxares. 

reaqciis mimdinareobis I momentSi sawyisi 

nivTierebebis koncentracias aqvs maqsimaluri 

mniSvneloba da pirdapiri reaqciis siCqare V1  

didia. urTierTqmedebisas maTi koncentracia 

ecema da siCqare mcirdeba (I mrudi). sistemaSi 

reaqciis produqtebis gamoCenisas da maTi kon-

centraciis matebis dros izrdeba Seqcevadi re-

aqciis siCqare (II mrudi). pirdapiri da Seqceva-

di reaqciebis tolobis momentSi (A wertili) 

myardeba qimiuri wonasworoba, romlis drosac 

sistemis Sedgeniloba mudmivia. 

  
E        

 3.3 eleqtrolituri disociaciis Teoriis  

ZiriTadi debulebebi 

 

TvisebiTi analizi ZiriTadad tardeba fuZee-

bis, mJavebis, marilebis eleqtrolitebis wyal-

xsnarebSi, romlebic imave koncentraciis arae-

leqtrolitebis xsnarebisagan gansxvavebiT xasi-

aTdebian xsnars zemoT orTqlis naklebi wneviT, 

duRilis ufro maRali da gayinvis ufro daba-

li temperaturiT, riTac ar eqvemdebarebian f. 

raulis kanonebs (xsnars zemoT mocemuli kom-

ponentis orTqlis wneva misi moluri wilis 

proporciulia P=PoN), xasiaTdebian maRali os-

mosuri wneviT da am TvisebiT ar emorCilebian 



 

 74

vant-hofis kanons (xsnaris osmosuri wneva ud-

ris im wnevas, romelsac moaxdenda gaxsnili 

nivTiereba, Tu igi imave temperaturaze airad 

mdgomareobaSi iqneboda da xsnaris moculobis 

tol moculobas daikavebda P=RTC sadac C - 
xsnaris moluri koncentraciaa; R - ridbergis 

mudmiva _ 0,082 
moli

l.atm

.Κ
 T – absoluturi tempe-

ratura – 273K).  
Eeleqtrolitebis wyalxsnarebis es Tavisebu-

rebani aixsneba eleqtrolituri disociaciis 

TeoriiT, romlis mixedviT marilebis, mJavebis 

da fuZeebis molekulebi wyalSi gaxsnisas di-

socirdebian ionebad  - damoukidebel erTeule-

bad. 

 eleqtrolitis wyalSi gaxsnisas mimdinare-

obs ori procesi; 
• disociacia. ionuri an heteropolaruli 

struqturis mqone eleqtrolitis (NaCl, KCl, 
BaCl2) gaxsna – xsnarSi gadadian eleqtrolitis 

kristalur meserSi ganlagebuli ionebi; 

• ionizacia. homeopolaruli bmis mqone naer-

Tebis (H2S, HCl) gaxsna – ar gaaCniaT Tavisufali 

ionebi. ionebi warmoiqmneba eleqtrolitis gax-

snisas. disociaciis procesi praqtikulad Seuq-

cevadia, xolo ionizaciis procesi _ Seqcevadi.  

Ddisociaciasa da ionizacias Soris didi 

gansxvaveba ar aris, vinaidan arsebobs polaru-

li bmis mqone bevri eleqtroliti, romelTa bma 

ionuridan gadadis kovalenturSi. dadebiTi da 

uaryofiTi ionebis raodenoba tolia, amitom 

xsnari eleqtroneitraluria, rac niSnavs, rom 

ionebTan erTad arian araionizirebuli moleku-
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lebi. ionizaciis procesis Seqcevadobis gamo, 

is xasiaTdeba wonasworobis konstantiT, ro-

melsac ewodeba eleqtrolitis ionizaciis kon-

stanta. MA tipis eleqtrolitisaTvis ionizaci-

is tolobas aqvs saxe:  

MA � M+ + A⎯ ; 

][

][][

MA

AM
K

−+ ⋅=  

sadac [M+]  da [A⎯]  - ionebis koncentraciaa; 

MA - eleqtrolitis araionizirebuli mole-

kulebis koncentracia. 

ionizaciis procesis Seqcevadobis dasamtki-

ceblad  cilindrSi asxamen 200 ml distilire-

bul wyals da xsnian  kobalt (II) qloridis 

mcire raodenobas, miiReba vardisferi Seferi-

lobis xsnari, rac ganpirobebulia masSi hidra-

tirebuli kobaltis ionebis warmoqmniT. Aaraio-

nizirebuli marilis molekulas gaaCnia lurji 

Seferiloba. vardisfer xsnars yofen or tol 

nawilad. erTs umateben koncentrirebuli ma-

rilmJavas xsnars da akvirdebian feris cvli-

lebis process: 

CoCl2      +     nH2O � [Co (OH2)n]
2+ +2Cl-

 

   
 

 

 

eleqtrolitis xsnarebis meore maCvenebelia 

ionizaciis xarisxi, romelic raodenobrivad 

axasiaTebs eleqtrolitis wonasworobis mdgo-

mareobas. ionizaciis xarisxi α aris ionebad 

daSlili molekulebis ricxvis Sefardeba gax-

snili molekulebis saerTo ricxvTan: 

lurji Sefe-
rilobis mo-

lekula 

vardisferi  
ionebi 

qloris ionebi 
uferulia 
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)( ricxvi saerTo smolekulebi gaxsnili

)( ricxvi smolekulebi liionizirebu

N

n
=a  

 

mravalfuZiani mJavebi ionizirdebian safexu-

reobrivad. ionizaciis TiToeuli safexuri xa-

siaTdeba Tavisi ionizaciis xarisxiTa da kon-

stantiT. ionizaciis procesi I safexurze midis 

ramdenime rigiT da 1000-jer intensiurad, vidre 

II da momdevno safexurebze, amitom poliproto-

nuli mJavebis pH-is gaangariSebisas ugulebel-

yofen II da momdevno safexurebze warmoqmnili 

H+
 ionebis  koncentracias. gaangariSebisas 

mxedvelobaSi iReben mJavurobis pirvel kon-

stantas. TvalsaCinoebisaTvis ganvixiloT nax-

SirmJavas magaliTi: 

H2CO3 � H+ + −
3HCO ;  

][

][][
−

−+ ⋅=
3

3
1 HCO

HCOH
K =3·10-7. 

−
3HCO � H+ + −2

3CO ;  
][

][][
−

−+ ⋅=
3

2
3

2 HCO

COH
K =6·10-11. 

naxSirmJavas disociaciis konstantebis Seda-

rebidan Cans, rom pirveli 5000-jer metia meore-

ze. e.i. disociaciis meore konstantas araviTari 

gavlenis moxdena SeuZlia naxSirmJavas wyal-

xsnarSi pH-is sidideze.  

ionizaciis xarisxi SeiZleba ganisazRvros 

ramdenime meTodiT. 

• mocemul xsnarSi gayinvis temperaturis 

daweviT; xsnaris gayinvis temperaturis daweva 

gaxsnili molebis ricxvis proporciulia gam-

xsnelis ucvleli raodenobis pirobebSi: 

tgay. =K·CM 
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K – krioskopuli mudmivaa, romlis sidide ar 

aris damokidebuli mxolod gamxsnelis buneba-

ze. 

• areniusis formulis gamoyenebiT xsnaris 

elgamtarobis gazomviT: 

λ
λα v=  

λv – ekvivalenturi elgamtaroba xsnaris mo-

cemuli ganzavebisas, ganisazRvreba cdiT; 

λ - ekvivalenturi eleqtrogamtaroba xsnaris 

„usasrulo“ ganzavebisas, gamoiTvleba cxriliT.  
ekvivalenturi eleqtrogamtarobis cneba Se-

moRebulia xsnaris eleqtrogamtarobis mixed-

viT eleqtrolitis disociaciis xarisxis gansa-

sazRvravad. ekvivalenturi eleqtrogamtaroba 

aris 1 sm-iT gacilebuli  erTi ekvivalenturi 

masis mqone nivTierebis Semcveli xsnaris eleq-

trogamtaroba 

     

     

  

3.4. xsnaris ionuri Zala.  

ionebis aqtiuroba 

 

xsnarSi arsebuli ionebi mzad ar  arian 

sruli qimiuri reaqciebisaTvis ionuri atmosfe-

rosa da asociatebis xelisSemSleli faqtore-

bis gavlenis gamo. amitom, reaqciaSi Sesuli io-

nebis efeqturi koncentracia xsnarSi arsebuli 

ionebis realur koncentraciaze naklebia. 1901 

wels g. luisma ionuri atmosferos gaTvaliswi-

nebis safuZvelze SemoiRo cneba -  ionebis aq-

tiuroba, romelic asaxavs ionebis efeqtur kon-

centracias xsnarSi. ionebis aqtiuroba α da 
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WeSmariti koncentracia C erTmaneTTan dakavSi-

rebuli arian aqtiurobis koeficientiT f : 
α= f ·C          C→0   lim f =1 

Zlieri eleqtrolitebis specifikuri Tvise-

bebi aixsneba eleqtrolitebis eleqtrostatiku-

ri TeoriiT, romelic 1923 wels Seqmnes holan-

dielma p. debaim da germanelma e. hiukelma. am 

TeoriiT, Zlieri eleqtrolitebi yovelTvis 

mTlianadaa disocirebuli. ionebis didi kon-

centraciis gamo maT Soris manZili, gansxvave-

biT susti eleqtrolitebisagan, SedarebiT mci-

rea. mag., sufris marilis najer xsnarSi ionebs 

Soris manZili mxolod orjer aRemateba kris-

talSi ionebs Soris manZils. aseT pirobebSi 

ionebs Soris Zlieri urTierTqmedeba arsebobs, 

ris Sedegad TiToeuli ionis garSemo ganlag-

deba sawinaaRmdego niSnis ionebi – warmoiqmneba 

“ionuri atmosfero”. rac ufro didia xsnaris 

koncentracia, miT ufro metia ionebs Soris 

eleqtrostatikuri urTierTqmedeba. eleqtro-

litis xsnarSi denis wyarosTan mierTebuli 

eleqtrodebis CaSvebisas ionebi daiwyeben moZ-

raobas Sesabamisi mimarTulebiT – dadebiTi io-

nebi uaryofiTi eleqtrodisaken da uaryofiTi 

ionebi dadebiTi eleqtrodisaken. TiToeuli io-

ni miiswrafvis erTi mimarTulebiT, xolo misi 

ionuri atmosfero – sawinaaRmdego mimarTule-

biT. aseT pirobebSi mcirdeba drois erTeulSi 

gadaadgilebuli ionebis ricxvi, anu denis Zala. 

rac metia xsnaris koncentracia, miT ufro 

mkveTrad vlindeba ionuri atmosferos damamux-

ruWebeli moqmedeba. amis gamo, Zlieri eleqtro-

litebisaTvis gamoTvlil disociaciis xarisxs 

moCvenebiTi disociaciis xarisxi ewodeba. ione-



 

 79

bis aqtiuroba yovelTvis naklebia maT WeSmarit 

koncentraciaze. xsnaris ganzavebisas ionTSori-

si urTierTqmedebis Sesustebis gamo, ionebis aq-

tiuroba uaxlovdeba maT koncentracias, xolo 

aqtiurobis koeficientis mniSvneloba – erTs. 

Gganzavebul xsnarebSi ionebis aqtiurobas uto-

leben maT WeSmarit koncentracias da gaangari-

Sebisas operireben xsnaris koncentraciis mniS-

vnelobebiT. koncentrirebul xsnarebSi gaanga-

riSebisas ionebis koncentraciebiT sargebloba 

ar SeiZleba maTi aqtiurobis koncentraciis 

Semcirebis gamo. aqtiurobis koeficients sxva-

dasxva meTodiT sazRvraven. Zlieri eleqtroli-

tebis xsnarebisaTvis aqtiurobis koeficients 

gamoTvlian xsnaris ionuri Zalis mixedviT. 

   xsnaris ionuri Zala aris xsnarSi ionebis 

mier Seqmnili eleqtruli velis intensivobis 

sazomi. misi meSveobiT sazRvraven Zlieri eleq-

trolitebis ionur atmosferos. xsnaris ionuri 

Zala µ tolia ionTa koncentraciisa da Jangvis 

xarisxis kvadratis namravlis naxevarjamis: 

µ = 
2

1
(C1 ·

2
1z + C2 ·

2
2z ); 

1923 wels p. debaim da e. hiukelma aqtiurobis 

koeficientsa da xsnaris ionur Zalas Soris 

damokidebulebiT miiRes maTematikuri gamosaxu-

leba, romelsac ewoda  debai-hiukelis ganto-

leba: 

-lg f =A·z2 µ       

T

10851
A

6

ε
⋅= .
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A – konstantaa, damokidebuli xsnaris die-

leqtrikul SeRwevadobasa ε da temperaturaze 

T. wylisaTvis 250C  A=0,509, amitom wyalxsnarebi-

saTvis 

-lg f = 0,509 ·z2 µ
    

-lg f = 0,5·z2
µ  

gamxsnelis dieleqtrikuli SeRwevadobis Semci-

rebiT A izrdeba, rac iwvevs aqtiurobis koefi-
cientis Semcirebas. 

ionuri tipis AnBm eleqtrolitisaTvis Se-

moRebulia saSualo aqtiurobis koeficientis 

cneba, romelic tolia: 

f+- 
n+m

 = f n 
A   fm

B (n+m) lg f+-= n·lgfA + m·lgfB 

ff
n

B
nm

m

A
f ⋅± +  

araeleqtrolitTa xsnarebisaTvis miRebulia, 

rom xsnaris ionuri Zala ar axdens gavlenas 

xsnarSi araeleqtrolitebis aqtiurobaze. Tum-

ca eleqtrolitebs SeuZliaT araeleqtrolit-

Ta xsnarebis wonasworuli mdgomareobis Secv-

la, magaliTad marilovani efeqti. aqedan gamom-

dinare, p. debaim da d. mak-aleim 1925 wels aCve-

nes, rom araeleqtrolitebis aqtiuri koncen-

tracia izrdeba xsnaris ionuri Zalis gazrdiT 

da SemoiRes araeleqtrolitebis aqtiurobisa 

da aqtiurobis koeficientis cneba, romelic da-

kavSirebulia xsnaris ionur ZalasTan damokide-

bulebiT: 

lg f = k · µ, 
k – marilovani koeficienti, damokidebuli 

xsnarSi arsebuli araeleqtrolitebisa da io-

nebis bunebaze, misi mniSvneloba meryeobs 0,1-0,01 
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farglebSi, rac adasturebs xsnaris ionuri Za-

lis umniSvnelo gavlenas araeleqtrolitebis 

qcevaze, amitom am gavlenas arc iTvaliswineben. 

Tu xsnarSi arsebobs ori an ramdenime eleq-

troliti, gaiTvleba xsnaris jamuri ionuri Za-

la:   

, 
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Tavi IV 
moqmed masaTa kanoni  

da heterogenuli procesebi 
 

4.1.xsnadobis namravli qimiur analizSi 

 

Znelad xsnad nivTierebaTa najeri xsnari Za-

lian ganzavebulia. rentgenis sxivebiT gamok-

vlevebma daadastura, rom isini kristalur 

mdgomareobaSic Sedgebian ara molekulebisagan, 

aramed calkeuli ionebisagan. MA Mmarilis 

wyalTan Sexebisas iwyeba gaxsnis procesi Sem-

degi meqanizmiT: kristaluri mesris zedapirze 

arsebuli ionebi M+, A⎯ miizidaven wylis dipo-

lis molekulebs da maTTan urTiereTqmedebisas 

myari fazidan pirdapir gadadian xsnarSi hidra-

tirebuli ionebis saxiT, romlebic grovdebian 

naleqis zedapirze, Seejaxebian naleqis zeda-

pirs, miizidebian kristalis sawinaaRmdego niS-

nis ionebis mier da iwyeben dehidrataciasa da 

daleqvas. amrigad, gaxsnis procesi aris Seqce-

vadi da Tan axlavs diametrulad misi sawinaaR-

mdego daleqvis procesi: 

gaxsna 

MA    �     M+
 + A⎯ 

daleqva 

Znelad xsnadi nivTierebis gaxsnili nawili 

unda iyos mxolod ionebis saxiT, romlebic di-

namiur wonasworobaSi arian imave nivTierebis 

myar fazasTan da ionebis daleqvis siCqare gau-

toldeba naleqis gaxsnis siCqares. wonasworo-

bis damyarebisas xsnarSi hidratirebuli ione-

bis koncentraciis zrda wydeba da darCenili 

naleqis myari faza mcirdeba. miiReba gajerebu-
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li xsnari. Aheterogenuli procesebis Tavisebu-

reba mdgomareobs imaSi, rom gaxsnili nivTiere-

bis ionebsa da naleqis kristalebs Soris Seja-

xeba mimdinareobs mxolod gamyof zedapirze da 

ara moreagire nivTierebebis mTel siRrmeSi. 

moqmed masaTa kanonidan gamomdinare, myari niv-

Tierebis gaxsnis siCqare (v1) pirdapirproporci-

ulia myari nivTierebis zedapiris sididis:   

v1 = k1· p 

k1 _ proporciulobis koeficientia; 

p _ myari nivTierebis zedapiris sidide. 

damyarebuli wonasworobis da mudmivi tempe-

raturis dros myari nivTierebis zedapiris si-

dide SeiZleba CaiTvalos mudmiv, 1-is tol si-

dided, maSin gaxsnis siCqare damokidebulia 

mxolod gasaxsneli nivTierebis bunebaze:     

v1 = k1 
Kkristalis zedapirze ionebis daleqvis siC-

qare pirdapirproporciulia myari fazis zeda-

piris, koncentraciisa da xsnarSi ionebis moZ-

raobis siCqaris. vinaidan myari fazis zedapiri 

1-is tolia, daleqvis siCqare v2  ganisazRvreba 
koncentraciiT da ionebis moZraobis siCqariT  

anu aqtiurobiT: 

v2 = k2 · +M
a · −A

a  

wonasworobis damyarebisas v1 = v2 

k2 · +M
a · −A

a =k1       +M
a · −A

a = 

2

1

k

k
 

k1 , k2  - proporciulobis koeficientebi mud-

miv temperaturaze mudmivi sidideebia da Sesaba-

misad maTi fardobac mudmivi sididea: 
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K=
][

][][

MA

AM −+ ⋅
 

    MA myari marilis xsnadoba Zalian mcirea, 

amitom [M+
] da [A⎯] ionebis koncentracia xsnar-

Si iqneba umniSvnelo da maTi urTierTqmedeba 

praqtikulad gamoricxulia. 

xsnadobis namravli – ZiriTadi analizuri 

konstantaa da axasiaTebs sistema _ naleqi-xsna-

ris wonasworuli mdgomareobis ZiriTad kanon-

zomierebas. 

naleqsa da xsnarSi ionTa koncentraciis nam-

ravli, aRebuli steqiometriuli indeqsebi xa-

risxis maCveneblad, warmoadgens mudmiv sidides 

mocemul temperaturaze da xsnadobis namravli 

ewodeba. 

xsnarSi gareSe eleqtrolitebis arsebobisas 

aRiZvreba ionuri Zala, amitom xsnadobis namrav-

lis gamosaxulebaSi Sesatania ionTa aqtiurobe-

bi. am dros miiReba Termodinamikuri xsnadobis 

namravli, romelic ionTa aqtiurobebis namrav-

lis tolia.  

mcired xsnadi eleqtrolitis najer xsnarSi 

mocemul temperaturaze, ionTa aqtiuri koncen-

traciebis namravli mudmivi sididea da mas 

Termodinamikuri xsnarobis namravli ewodeba. 

MA tipis naleqisaTvis: 

MA � M+
 + A⎯; 

LT = +M
a · −A

a ; 

sadac LT _ Termodinamikuri xsnadobis nam-

ravlia; 

+M
a  da −A

a  _ kationisa da anionis aqtiuri 

koncentraciebia. 
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Tavis mxriv:  

+M
a = +M

f [M+] da −A
a = −A

f [A⎯].  

+M
f  da −A

f  _ Sesabamisi aqtiurobis koefici-

entebia. sabolood: 

L = +M
a · −A

a = +M
f · −A

f [M+]·[A⎯] 

xsnadoba (S) aris gramebiT an molebiT gamo-

saxuli ricxvi, romelic gviCvenebs nivTierebis 

ra raodenoba SeiZleba gaixsnas mudmiv tempera-

turaze erT litr gamxsnelSi. misi erTeulebia  

33 dm

moli

l

moli

sm

g
,,  

naleqis xsnadobis mixedviT SesaZlebelia ga-

jerebul xsnarSi naerTis koncentraciis gan-

sazRvra, mocemul koncentraciaze naleqis war-

moqmnis SesaZleblobis gaangariSeba. Tu naleqi 

Sedgeba erTnairi muxtis mqone ionebisagan, ma-

Sin [M]=[A] da erT molekula MA Seesabameba 

erTi kationi da erTi anioni: +M
f = −A

f ; 

L = f · S2. saidanac 2f

L
S = ; 

S - moluri xsnadobaa. radgan am SemTxvevaSi 

mcired xsnadi nivTierebebia, maTi najeri xsna-

ris ionuri Zala mcirea da Sesabamisi aqtiuro-

bis koeficientebis mniSvnelobebi erTs uaxlov-

deba. am pirobebSi ionebis aqtiuri da analizu-

ri koncentraciebi praqtikulad tolia da xsna-

dobis namravli SeiZleba gaiTvalos wonaswo-

ruli analizuri koncentraciebis gamoyenebiT: 

MA tipis naleqisaTvis: 

L = [M] = [A] = S2;            S = L . 
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MmAn Sedgenilobis naleqisaTvis L da S SeiZ-
leba gaiTvalos Semdegi formulebiT:  

MmAn   � m
+nM(xsnari) + n

−mA(xsnari) ; 

 
L = [Mn+]m · [Am-]n = (mS)m(nS)n = mmSnnnSm+n, 

 

saidanac     S= nm
nmnm

L
+ . 

 
Al2S3 � 2Al3++ 3S2-;      

 L=[Al3+]2·[S2-]3 . 
(uxsnadi) 

 

M2A da M3A tipis naleqebisaTvis Sesabamisad 

gveqneba: 

S = 312 2
24

=+
−+ ⋅

AM
ff

L
;  S = 413 3

327
=+

−+ ⋅
AM

ff

L
; 

mag.: Ag2CrO4 � 2Ag+ + Cr −2
4O ;   

 
L=1,44·10-12. m=2; n=1; 

3

4
][

2

][ 2

2

n

n

Akt

nAkt

L
A

kt
S ===  

12
21

12

12

1044,1
+

−

⋅
⋅=S =7,1·10-5 moli/dm3. 

gamoTvlebis gaadvilebis mizniT, mizanSewo-

nilia visargebloT xsnadobis namravlis da mo-

luri xsnadobis maCvenebliT:  
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xsnadobis namravlis zogadi formulis ga-

logariTmebiT miiReba: 

 

lgS = lgn
nm

n
lgm

nm

m
lgL

nm

1

+
−

+
−

+
, saidanac 

 

pS = lgn
nm

n
lgm

nm

m
lgL

nm

1

+
+

+
+

+
− . 

  
naleqis Sedgenilobis mixedviT moluri 

xsnadobis maCvenebeli (pS) SeiZleba gaiTvalos 

martivi formuliT: 

MA             pS= ;pL
2

1
     S=

2f

L
; 

M2A an MA2        pS= 0,2;pL
3

1
lg2

3

1
pL

3

1 +=+  

S= 312 24
=+

⋅
AM

ff

L
; 

 

M3A an MA3        pS= ;,lg 360pL
4

1
3

4

3
pL

4

1 +=+  

S= 4
327 AM ff

L

⋅
; 

    pL  = -lgL; 
 

xsnadobis  

namravlis 

maCvenebeli 

    pS  = -lgS; 
 

moluri xsnadobis   

maCvenebeli 



 

 88

M3A2 an M2A3        pS = ;41,0
5

1
2lg

5

3
2lg

5

2

5

1 +=++ pLpL  

S= 23
2
A

3
M f4f27
L

+
⋅

; 

xsnadobis namravlis da misi maCveneblis 

ricxviTi mniSvnelobebi SeiZleba moiZebnos sac-

nobaro literaturaSi. 

xsnadobis namravlis gamoyenebiT qimiur ana-

lizSi nivTierebis xsnadoba SeiZleba gamovTva-

loT rTul sistemebSic. gaTvlebis safuZvelze 

gaiangariSeba damleqavi reagentis optimaluri 

koncentracia da pH, SeirCeva SemniRbavi kom-

pleqsawrmomqmneli da misi koncentracia ionis 

fraqciuli an specifikuri daleqvisaTvis. 

gamoiangariSeT Ca3(PO4)2 xsnadoba 20-250C  

Ca3(PO4)2 � 3Ca2+ + 2 −3
4PO  

L
243 )(POCa = [Ca2+]3 · [ −3

4PO ]2 ≈ 3,0·10-33; 

S
243 )(POCa = 5

33

23 108
1003

23

L 2POCa 43
−⋅=

⋅
,

)(L

= 1,2·10-7 mo-

li/l. 

 

 

4.2. xsnadobis namravli TvisebiT analizSi 

 

vercxlis nitrati _ AgNO3  qlorid-ionTan iZ-

leva TeTri feris xaWosebr naleqs, romelic 

ar ixsneba mJavebSi, kargad ixsneba amiakSi, ka-

liumis cianidsa da natriumis TiosulfatSi: 

NaCl  + AgNO3  = AgCl↓ + NaNO3 

Cl-  + Ag+  = AgCl↓ 
AgCl  + 2NH4OH = [Ag(NH3)2]Cl + 2H2O 
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[Ag(NH3)2]Cl + 2H+ = AgCl↓ + 2NH4
+ 

AgCl + 2KCN = K[Ag(CN)2] + KCl 
2AgCl  + 3Na2S2O3 = 2NaCl + Na4[Ag2(S2O3)3] 

reaqciis mimdinareobis pirobebi: 

1.  reaqcias atareben azotmJava areSi. 

2. AgCl, AgBr da AgI Semcvel naleqs umateben 

amoniumis karbonats mcire ulufebiT da miRe-

bul xsnarSi aRmoaCenen qlorid-ionebs. 

3. amoniumis karbonatis nacvlad umjobesia 

faurgoltis reaqtiviT sargebloba (am reagen-

tis 1 l Seicavs 0,25 M NH4OH, 0,25 M KNO3 da 0,01 
M AgNO3). 

cda konusur sinjaraSi aTavseben 2-3 wveT 

natriumis qloridis xsnars, umateben 1 wveT 

vercxlis nitratis xsnars. naleqs acentrifugi-

reben, xsnian amoniumis tuteSi. miRebul xsnars 

umateben 3 wveT 2N azotmJavas xsnars. kvlav ga-

moiyofa vercxlis qloridi.  

Cl--ionis aRmoCena Br-
-ionis Tanaobisas am re-

aqciiT ar SeiZleba. AgI-is xsnadobis namravli 

sididiT ufro naklebia (L=1,5·10-16), vidre AgCl-
is (L=1,56·10-10) da uxsnadia amiakSi, xolo ver-

cxlis bromidi _ AgBr (L=7,7·10-13) mciredxsna-
dia amoniumis tuteSi da xels uSlis Cl--ionis 
aRmoCenas. vercxlis bromidis xsnadobis Sesam-

cireblad naleqebs AgCl, AgBr da AgI daamuSave-
ben 12%-iani amoniumis karbonatis (NH4)2CO3-is 
xsnariT. vercxlis qloridi xsnarSi gadadis 

diaminoargento qloridis saxiT _ [Ag(NH3)2]Cl. 
naleqis gamocalkevebis Semdeg centrifugatSi 

ikvleven qlorid-ions kaliumis bromidis KBr 
xsnariT. Ria yviTeli naleqis warmoqmna miuTi-

Tebs sakvlev xsnarSi Cl-
-ionis arsebobaze. 
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cda: centrifugis sinjaraSi aTavseben 2 wveT 

kaliumis qloridis, bromidisa da iodidis 

xsnarebs. narevs SeamJaveben azotmJavaTi da uma-

teben 5 wveT vercxlis nitratis xsnars. cen-

trifugirebis Semdeg naleqs gamoyofen da Ca-

recxaven 2-3-jer cxeli wyliT. umateben 6 wveT 

12%-iani amoniumis karbonatis xsnars, energiu-

lad ureven da acentrifugireben. centrifugats 

yofen 2 nawilad. pirvel nawils umateben 2 

wveT kaliumis bromidis xsnars da akvirdebian 

Ria-yviTeli naleqis warmoqmnas. meore nawils 

umateben 2 wveT 2N HNO3 xsnars mJave reaqciamde. 

akvirdebian TeTri naleqis warmoqmnas. 

 

 

4.3. naleqis gaxsnis Termodinamikuri 

maxasiaTebeli _ izobaruli potenciali 

 

naleqis gaxsnis Termodinamikuri daxasiaTe-

bisaTvis SemoRebulia izobaruli potencialis 

cneba. sistemaSi izobaruli potencialis cvli-

leba tolia qimiuri reaqciis Sedegad Sesrule-

buli muSaobis: 
_ ∆Q = -A;  A = nE0F,   ∆Q0  = -nE0F 

standartuli pirobebisaTvis izobaruli po-

tencialis cvlileba arastandartuli da stan-

dartuli pirobebisaTvis dakavSirebulia Tana-

fardobiT:  

∆Q = ∆Q0 +RTln
produqti

sawyisi

C

C
. 

MmAn � mMn+ + nAm-;  L= [Mn+]m ·[Am-]n; 
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∆Q = -RTlnL + RTln( n

A

m

M mn CC −+ ⋅ ); 
m

M nC + , n

AmC − _ arawonasworuli koncentraciebia; 

∆Q = -RTln
L

CC n

A

m

M mn −+ ⋅
; 

gaxsnis procesi TviTdinebiT warimarTeba, 

Tu ∆Q < 0, ∆Q _ reaqciis izobaruli potencia-

li, reaqcia midis pirdapiri mimarTulebiT. es 

miiRweva maSin, roca 
L

CC n

A

m

M mn −+ ⋅
<1, e.i. 

n

A

m

M mn CC −+ ⋅ < 

L, e.i. Tu ionTa koncentraciis namravli nakle-

bia xsnadobis namravlze, maSin kristalizacia 

mocemuli xsnaridan SeuZlebelia, xsnari uje-

ria da mimdinareobs nivTierebis gaxsnis proce-

si. 

Tu 
L

CC n

A

m

M mn −+ ⋅
=1, L = n

A

m

M mn CC −+ ⋅ = [Mn+]m · [Am-]n da 

∆Q = 0, yvela nivTiereba qimiur wonasworobaSia 

da araviTari cvlileba ar SeimCneva.  

rodesac xsnadobis namravli da ionTa kon-

centraciis namravli tolia, sistema imyofeba 

wonasworul mdgomareobaSi da xsnari gajere-

bulia. 

 Tu 
L

CC n

A

m

M mn −+ ⋅
>1, 

n

A

m

M mn CC −+ ⋅ >L,  ∆Q>0. es imas 

niSnavs, rom Tu ionTa koncentraciis namravli 

metia xsnadobis namravlze, maSin mcired xsnadi 

eleqtrolitis gaxsnis procesi Termodinamiku-

rad SeuZlebelia, xsnari zenajeria da mimdina-

reobs sawinaaRmdego procesi _ kristalizacia.  
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4.4. naleqis xsnadoba. faqtorebi, romlebic 

gansazRvraven naleqis xsnadobas. 

 

xsnadoba nivTierebis erT-erTi ZiriTadi Tvi-

sebaa da gviCvenebs erTi nivTierebis meoreSi ga-

nawilebis unars. igi damokidebulia Semdeg faq-

torebze: fizikuri faqtorebi, gamxsnelis gva-

roba, gamxsnelis Sedgeniloba da gasaxsneli 

nivTierebis buneba, xsnaris mJavianoba, kompleq-

swarmomqnelis gavlena da sxva. 

• fizikuri faqtorebi - temperatura, mar-

cvlis saSualo zoma, morevis intensivoba. tem-

peraturis gazrdiT naleqis xsnadoba da Sesaba-

misad misi xsnadobis namravli izrdeba.  

• gamxsnelis gvaroba. ionuri naerTebi ix-

sneba ionuri bmis mqone gamxsnelebSi, kovalen-

turi – kovalenturSi. rac ufro Zlieri ionu-

ri bmaa gamxsnelis molekulaSi da didia die-

leqtrikuli mudmiva, miT ufro kargad ixsneba 

masSi araorganuli nivTierebebi. kulonis kano-

nis Tanaxmad: 
2

21

r

ee
F

ε
⋅= . damuxtuli nawilakebis 

urTierTqmedebis Zala _ damokidebulia ara 

marto maTi muxtebis sidideze (e1 da e2) da man-

Zilze maT Soris, aramed _ garemos dieleqtri-

kul SeRwevadobazec. am mizezis gamo eleqtro-

litebi advilad iSleba wyalSi da TiTqmis ar 

iSleba benzolSi. wylis kargi gamxsnelobiTi 

unari aixsneba maRali dielqtrikuli mudmiviT, 

gaxsnisas akvakompleqsebis warmoqmniT, wyalba-

duri bmebis warmoqmnis unariT da a.S.  

• nivTierebis buneba: ionebis radiusi. muxti, 

eleqtrouaryofiToba, ionuri potenciali …da 
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sxva. kristaluri mesris energiis gazrdiT niv-

Tierebis xsnadoba mcirdeba. ionuri naerTebis 

kristaluri mesris energia maqsimaluria, Tu 

ionebis muxtebi tolia, xolo radiusebi axlo-

saa erTmaneTTan. kristaluri mesris energia io-

nuri naerTebisaTvis gamoiTvleba kapustinskis 

formuliT:  i
ak

ak

zz

zz
U Σ

+
⋅

= , sadac zk da za _ maTi ra-

diusebi, Σi _ ionebis jami. nivTierebis xsnado-

bas yvelaze ukeT axasiaTebs ionuri potencia-

li _ ionis muxtis fardoba  radiusTan _ 
k

z
 (Ip). 

ionuri potencialis gazrdiT Sesabamisi naer-

Tebis xsnadoba mcirdeba, radgan izrdeba kris-

taluri mesris energia.  

• xsnaris Sedgeniloba. nivTierebebis xsnado-

ba icvleba fizikuri faqtorebis, xsnaris qimiu-

ri Sedgenilobis (damleqavi reagenti, Tanamosa-

xele da gareSe ionebi, wyalbad-ionebi, kompleq-

swarmomqmneli da sxva).  SecvliT. Eeleqtroli-

tebis xsnadoba mcirdeba xsnarSi Zlieri Tana-

mosaxele ionis SeyvaniT. 

• damleqavi reagentis buneba. naleqis Sedge-

niloba da aqedan gamomdinare, misi xsnadoba 

damokidebulia damleqav reagentze. magaliTad: 

PbSO4 davleqoT K2SO4-iT. ileqeba PbSO4. marilo-

vani efeqti niSnavs xsnadobis gazrdas mcired 

xsnadi marilebis sistemaze naleqi-xsnari Zlie-

ri eleqtrolitis damatebisas. marilovani efeq-

tis mizezs warmoadgens ionebs Soris eleq-

trostatikuri urTierTqmedebis gaZliereba, ris 

Sedegadac gasaxsneli nivTierebis ionebis kon-

centracia xsnarSi mcirdeba, rac Tavis mxriv 
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iwvevs wonasworobis gadanacvlebas ionebis war-

moqmnis mxares da naleqi iwyebs gaxsnas. Zlieri 

eleqtrolituri TeoriiT marilovani efeqti gan-

pirobebulia aqtivobis koeficientis SemcirebiT. 

• xsnaris ionuri Zalis, anu gareSe ionebis 

gavlena. gareSe ionebis Tanaobisas naleqis 

xsnadoba ramdenadme izrdeba. 

• Tanamosaxele ionebis gavlena. Tanamosaxele 

ionis koncentraciis gazrdiT, le-Satelies prin-

cipis Tanaxmad, fazuri wonasworoba gadainac-

vlebs marcxniv, e.i. naleqis xsnadoba Semcirdeba.  

• xsnaris mJavianobis gavlena. xsnaris mJavia-

nobis gazrdiT naleqis xsnadoba izrdeba.  
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xsnadobis gamosaTvleli formulebi 

 

eleq-

troli-

ti 

L 
xsnado-

bis nam-

ravli 

S 
xsnadoba 

La 

aqtivo-

bis nam-

ravli 

xsnadoba aqtivo-

bis 

koeficientis 

gaTvaliswinebiT 

MA [M+]·[A⎯] 
MAL  −+ ⋅

A
a

M
a  

MAAL
f

1
 

M2A [M+]·[A2
⎯] 

3
2
2M

2

L A
 

−+ ⋅ 2
2

AM
aa  

3

2
2

1 f4f

L
A2MA

 

M3A [M+]3·[A3
⎯] 

4
3
3M

3

L A
 

−+ ⋅ 3
3

AM
aa  

4

3
3

1 f27f

L
A3MA

⋅
 

MA2 [M2+]·[A⎯]2 

3
2

2M

2

L A
 

2
2 −+ ⋅

AM
aa  

4
2
2

3
1 f4f

L
2MAA

⋅
 

MA3 [M3+]·[A⎯]3 

4
3

3M

3

L A
 

3
3 −+ ⋅

AM
aa  

4
3

13 f27f

L
3MAA

⋅
 

M2A3 [M3+]2·[A2
⎯]3 

5
23

M

23

L
23

⋅
A

 

32
23 −+ ⋅

AM
aa

 
4

3
2

2
3 f108f

L
3A2MA

⋅
 

M3A2 [M2+]3·[A3
⎯]2 

5
23

M

23

L
23

⋅
A

 

23
32 −+ ⋅

AM
aa

 
4

2
3

3
2 f108f

L
2A3MA

⋅
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Tavi V 

mJavebisa da fuZeebis Tanamedrove Teoriebi 

 

5.1. istoriuli mimoxilva. arenius-ostvaldis 

Teoriis kritika 

 

gavecnoT mJavebisa da fuZeebis Sesaxeb war-

modgenebs alqimiuri periodidan.  

1663 wels ingliselma fiziko-qimikosma r. bo-

ilma daadgina,  rom mJava da fuZe erTmaneTs 

aneitralebs. man danerga praqtikaSi indikato-

rebis gamoyeneba, romelTa feris Secvla mJave-

bisa da fuZeebis damaxasiaTebel Tvisebad miiC-

nia. am TvalsazrisiT maT mieniWaT erTmaneTis 

sawinaaRmdego qimiuri Tvisebebi.  

boili, mogvianebiT frangi n. lemeri, mJavebi-

sa da fuZeebis Tvisebebs xsnidnen maTi nawila-

kebis formiT. isini Tvlidnen, rom mJavas nawi-

lakebi nemsis formisaa, fuZis nawilakebs ki 

aqvs forebi _ naxvretebi. neitralizaciis reaq-

cia am mecnierebis mixedviT _ es aris nemsismag-

vari mJavas nawilakebis SeRweva fuZis naxvre-

tebSi, romlis drosac mJavas nawilakebis maxvi-

li boloebi tydeba; mJavebSi metalis gaxsna 

mdgomareobs nemsismagvari mJavas nawilakebis 

mier metalebis daxleCaSi, xolo mJavebis mJave 

gemo enis daCxvletis unariT aixsneboda; mJave-

bis sxvadasxvaobas ukavSirebdnen nemsismagvari 

wveris metnaklebad gansxvavebul formebs. ro-

bert boilis ganmartebiT, mJava aris nivTiereba, 

romelsac aqvs damaxasiaTebeli mJave gemo da 

wiTlad aferadebs lurj lakmuss, xolo fuZe 

aris nivTiereba, romelic  lurjad aferadebs 

wiTel lakmuss da mrecxavi unari gaaCnia 
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amerikeli fiziko-qimikosis u.luisis mixed-

viT, mJava aris nivTiereba,  romelsac aqvs dama-

xasiaTebeli mJave gemo, wiTlad aferadebs 

lurj lakmuss da carcTan urTierTqmedebisas 

gamoyofs buStukebs (1746 weli) 

1778 wels frangma qimikosma lavuaziem wamoa-

yena mJavebis Jangbaduri Teoria, romlis Tanax-

mad, mJavebis specifikuri Tvisebebi dakavSirebu-

li iyo nivTierebaSi Jangbadis SemcvelobasTan.  

Semdgom periodSi ingliselma fiziko-qimi-

kosma h. devim da frangma fiziko-qimikosma p. 

Ddiulingma aCvenes am mosazrebis usafuZvloba. 

1814 wels devim wamoayena mJavaTa wyalbaduri 

Teoria, romlis Tanaxmad, nivTierebebis mJavuri 

Tvisebebi daukavSirda wyalbadis atoms. 1833 

wels germanelma fiziko-qimikosma i. libixma 

daazusta es Teoria da mJavuri Tvisebebi dau-

kavSira nivTierebaSi iseTi wyalbadis atomebis 

arsebobas, romelTa Canacvleba SeiZleba meta-

lis atomebiT. libixma SemoiRo  cneba mJavaTa 

fuZianobis Sesaxeb. 

fuZeebsa da mJavebze klasikuri warmodgena 

dafuZnebulia Svedi qimikosis s. areniusis mier 

mowodebul eleqtrolituri disociaciis Teo-

riaze (1884 w.). mJavebisa da fuZeebis Zala, areni-

usis mixedviT maTi disociaciis unarzea damo-

kidebuli.  

1903 wels svante areniuss “mieniWa nobelis 

premia misi eleqtrolituri disociaciis Teo-

riis aRiarebisa da gansakuTrebuli mniSvnelo-

bisaTvis qimiis ganviTarebaSi.” 1887 wels areni-

usis mier Camoyalibebuli eleqtrolituri di-

sociaciis Teoriis safuZvelze SemuSavda mJave-

bisa da fuZeebis ionuri Teoria, romlis avto-
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rebi arian s. areniusi da germaneli v. ostval-

di. am Teoriis mixedviT, mJava ewodeba nivTiere-

bas, romelic wyalSi disociaciisas iZleva 

wyalbad-ionebs, xolo fuZe _ nivTierebas, rome-

lic wyalSi disocirdeba hidroqsilis ionebis 

warmoqmniT.  

mJava: HCl � H+ + Cl¯ 

fuZe: NaOH � Na+ + OH¯ 
arenius-ostvaldis Teoriis mixedviT, 

fuZemJavuri urTierTqmedeba ionuri reaqciaa. 

ostvaldma aCvena, rom eleqtrolituri disoci-

aciis Teoriis Tanaxmad, yvela fuZemJavuri ur-

TierTqmedeba SeiZleba gamoisaxos erTi saerTo 

reaqciiT: 

                                H+ + OH¯ = H2O 
arenius-ostvaldis TeoriaSi wyali miCneu-

lia absoluturad neitralur nivTierebad. dad-

ginda wylis ionuri namravlis mudmivoba: 

                               [H+]·[OH¯] = const 
aRniSnulis safuZvelze, serensma SemoiRo pH 

_ wyalbadis maCveneblis cneba. pH-is mTeli ska-

la, maSasadame garemo aris mJavianobis Tu fuZi-

anobis gansazRvra emyareba wylis absolutur 

neitralobas.  miuxedavad imisa, rom mJavebisa 

da fuZeebis areniusiseuli ganmartebebi dResac 

safuZvlad udevs naerTTa am klasebis qimiur 

nomenklaturas, xolo wyalxsnarebSi wyalbad-

ionTa koncentraciis gansazRvris miseuli me-

Toduri xerxebiT dRemde sargebloben anali-

zur qimiaSi, am Teorias aqvs naklovani mxareebi: 

1. ar gaamarTla mosazrebam wyalxsnarebSi 

Tavisufali protonis arsebobis Sesaxeb. eqspe-

rimentulad damtkicda, rom wyalbad-ioni 
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xsnarSi mxolod solvatirebuli protonis sa-

xiT SeiZleba arsebobdes: 

wyalSi: _ H3O
+ 

spirtSi: _ C2H5OH+
2 

ZmarmJavaSi: _ CH3COOH +
2  

2. areniusi aseve ver xsnida FeCl3 da sxva niv-

Tierebebis mJavur Tvisebebs, romlebic protons 

ar Seicavda. Teoria fuZis ganmartebas ukavSi-

rebs OH¯-ionebis arsebobas, magram cnobilia, 

rom amiaks organul aminebs fuZis Tviseba axa-

siaTebs, Tumca isini ar Seicavs OH¯-ionebs. 

3. gaugebari rCeboda, ekuTvnoda Tu ara mJave-

bis klass uwylo qlorwyalbadi, romelic dens 

ar atarebda, Tu is mJava bunebas amJRavnebda 

mxolod wyalxsnarSi? Tu disociacia wyal-

xsnarSi aucilebeli pirobaa imisaTvis, rom 

moxdes fuZemJavuri reaqcia, maSin gaugebaria 

ratom moqmedebs airovani qlorwyalbadi amineb-

ze? 

RNH2 + HCl → RNH3Cl 
4. areniusi SeuZleblad miiCnevda arawyal-

xsnarebSi fuZemJavuri urTierTqmedebas, magram 

im droisaTvis cnobili iyo arawyalxsnarebSi 

(benzoli, toluoli, qloroformi da sxva) mJa-

vebis gatitvris meTodi natriumis eTilatiT da 

amilatiT.  

5. areniusis Teoria ver xsnida amfoterobis 

faqts. 

am naklma ganapiroba axali Teoriebis Camoya-

libeba, sadac mJavur-fuZuri urTierTqmedebis 

asaxsnelad sxva fundamenturi kriteriumebi iq-

na mowodebuli. 
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areniusis Teoriis aRiareba da ganviTarebas 

xeli Seuwyo germaneli fizikosisa da qimikosis 

v. ostvaldis (1853-1932) naSromebma, ris gamoc am 

Teorias xSirad arenius-ostvaldis Teoriasac 

uwodeben.  

 

 

5.2. susti eleqtrolitebis ionizaciis 

konstanta da xarisxi v. Oostvaldis ganzavebis 

kanoni 

 

susti eleqtrolitis wyalxsnarSi eleqtro-

lituri disociaciis procesis Seqcevadobis ga-

mo wonasworoba myardeba ionebsa da aradisoci-

rebul molekulebs Soris. 1888 wels ostvaldma 

SemoiRo disociaciis konstantas cneba da aCve-

na, rom garemo ares mJavianoba ganisazRvreba 

wyalbad-ionebis koncentraciiT, xolo mJavaTa 

siZliere _ maTi disociaciis konstantaTi. ana-

logiurad, fuZeTa siZliere raodenobrivad ga-

moisaxeba disociaciis konstantas mniSvnelobiT, 

xolo garemo ares fuZianoba _ hidroqsilis io-

nebis koncentraciiT.  Tu eleqtrolitis molu-

ri koncentracias aRniSnavT C-Ti, xolo ioni-

zaciis xarisxs α-Ti, maSin TiToeuli ionis 

koncentracia iqneba C·α, xolo araionizirebuli 

molekulebis koncentracia iqneba  C-Cα  an  C·(1-
α);   miRebuli mniSvnelobebis CasmiT binaruli 

eleqtrolitis ionizaciis konstantas toloba-

Si, miiReba:      

a

ca

CaC

CaCa

MA

AM
K

−
⋅=

−
⋅=⋅=

1][
][][ 2
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[ ] [ ]
[ ] ;K
MA

AM ⋅=    
α−
⋅α=

α−
α⋅α=

1

C

CC

CC 2
K  

ostvaldis ganzavebis kanonma daakavSira er-

TmaneTTan disociaciis konstanta, disociaciis 

xarisxi da koncentracia: 

α1

Cα
K

2

−
= . 

aman SesaZlebeli gaxada mJavasa da fuZis Za-

lis raodenobrivi Sefaseba. Tu eleqtroliti 

sustia da misi xsnari ar aris Zalian ganzave-

buli, maSin misi ionizaciis xarisxi Zalian mci-

rea α<<1, α→0, (1-α), sidide erTisgan mcired gan-

sxvavebulia da miiReba:  К = α2
·С. susti eleq-

trolitebisaTvis disociaciis xarisxi xsnaris 

ganzavebis kvadratuli fesvis proporciulia. 

C

K=α  

rac ufro didia ionizaciis konstantas ric-

xviTi mniSvneloba, miT ufro advilad iSleba 

eleqtroliti ionebad, rac ufro mcirea ioni-

zaciis konstantas ricxviTi mniSvneloba, miT 

ufro sustia eleqtroliti.  

arenius-ostvaldis Teoria ver xsnida imis 

mizezs, Tu ratom ganicdis eleqtrolitur di-

sociacias mxolod zogierTi wyalbadnaerTi. es 

sakiTxi Seiswavla koselma. man ganixila naer-

Tebis rigi: 

 
NaOH, Mg(OH)2, Al(OH)3, Si(OH)4, OP(OH)3, O2S(OH)2, 

O3ClOH 
kulonis kanonis safuZvelze koselma gamoT-

vala is muSaoba, romelic unda daixarjos Ti-
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Toeuli am nivTierebidan wyalbadis an hidroq-

silis ionebis mosawyvetad. arenius-ostvaldis 

mJavebisa da fuZeebis Teoria samarTliania 

wyalxsnarebisaTvis, rac am Teoriis yvelaze 

principuli naklia. 

xSirad mJavur-fuZuri urTierTqmedeba xor-

cieldeba iseT xsnarebSi, romlebSic ar xdeba 

eleqtrolituri disociacia da arc wyalbadisa 

da hidroqsilis ionebi arseboben. magaliTad, 

organuli mJavas xsnari benzolSi SeiZleba gai-

titros aseve benzolSi gaxsnili organuli fu-

ZiT, Tumca es xsnarebi eleqtrodens ar atare-

ben. 

aRmoCnda, rom eleqtrolituri disociacia 

araa mxolod wyalxsnarebisaTvis damaxasiaTebe-

li specifikuri movlena. piriqiT, xSirad nivTi-

ereba, romelic wyalSi ar disocirdeba, araw-

yalxsnarSi gvevlineba eleqtrolitad. ase maga-

liTad, Txevadi gogirdis dioqsidSi eleqtrul 

dens atarebs antraceni (C14H10), aminebi (R–NH2), 

piridini (C5H5N) da sxva, Txevad bromSi _ die-

Tilis eTeri (C2H5–O–C2H5); Txevad halogenwyal-

badebSi, romlebic dielqtrikebia, kargad ata-

rebens dens spirtebi (R–OH), ketonebi (R–CO–R'), 
rTuli da martivi eTerebi 

           

R C

OR'

O
R C O R' ;

 

NH4Cl, romelic wyalxsnarSi marilia, Txevad 

amiakSi amJRavnebs mJavas Tvisebebs, xsnis meta-

lebs wyalbadis gamoyofiT da a.S. 

aqedan gamomdinare, germanelma a. hanCma daad-

gina, rom wyalxsnarebSi Tavisufali wyalbad-
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ionebi ar arseboben, isini wyalTan urTierTqme-

debiT warmoqmnian hidroqsoniumis ionebs da am-

denad, mJavebis disociacia gamxsnelis moleku-

lebTan urTierTqmedebis Sedegia. magaliTad: 

H2O + HCl � H3O
+ + Cl¯ 

 
amrigad, XX saukunis 20-iani wlebis miwuru-

lisaTvis mJavebisa da fuZeebis kvlevis sfero-

Si mtkiced dadginda: 

1. mJavebi da fuZeebi arseboben ara mxolod 

wyalxsnarebSi;  

2. mJava da fuZe Tvisebebi damaxasiaTebelia 

rogorc ionebisaTvis, ise araionizirebuli mo-

lekulebisaTvis; 

3. mJavebis da fuZeebis ionizacia gamowveulia 

gamxsnelTan maTi urTierTqmedebiT, romelsac 

Sesabamisad fuZe an mJava Tvisebebi aqvs.  

gamxsnelis mJavur-fuZuri Tvisebebis mixed-

viT erTi da igive nivTiereba reagirebs rogorc 

mJava an fuZe. saerTod, amfoteroba axasiaTebs 

mraval nivTierebas.Ggamxsnelis ionizacia misi 

molekulebis amfoterobiTaa gamowveuli; xsnar-

Si wyalbadis Tavisufali ionebi ar arseboben. 

isini solvatirebulia. 

 

 

5.3. fuZeebi da mJavebi qimiur analizSi 

fuZeebisa da mJavebis protolituri Teoria 

 

analizuri reaqciebis mimdinareobs ganmsaz-

Rvrelia nivTierebis fuZe-mJavuri Tvisebebi. niv-

Tierebis ZiriTadi maxasiaTebelia fuZianoba da 

mJavianoba, romelTa gaangariSeba da gamoyeneba 

analizis miznebisaTvis warmoadgens qimikos-ana-
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litikosis moRvaweobis ZiriTad sferos. Camoya-

libebulia Teoriebi, sadac mJavur-fuZuri ur-

TierTqmedebis asaxsnelad sxva fundamenturi 

kriteriumebi iqna mowodebuli. 

danielma fizikos-qimikosma j. brenstedma da 

ingliselma t. lourim 1923 wels erTdroulad 

mogvces fuZeebisa da mJavebis protolituri Te-

oria, romlis Tanaxmad, mJavebi nivTierebebia, 

romlebic aTavisufleben protonebs (protonis 

donorebia), fuZeebi _ nivTierebebia, romelTac 

gaaCniaT unari SeierTon protonebi (protonis 

aqceptorebia). Teoria samarTliania yvela pro-

tonuli gamxsnelisaTvis. wyali reaqciis piro-

bebis mixedviT SeiZleba iyos mJavac da fuZec. 

wylis disociaciac SeiZleba aixsnas misi amfo-

terobiT: 

H2O  +  H2O  �  H3O
+   +  H3O

+
 

mJava-1  + fuZe-1 � mJava-2 + fuZe-2 
amrigad, wyalSi gaxsnil nebismier nivTiere-

bas, romelic adidebs wylis avtoionizaciis Se-

degad warmoqmnili hidroqsoniumis ionebis kon-

centracias, ewodeba mJava, xolo nebismier niv-

Tierebas, romelic amcirebs hidroqsoniumis io-

nebis koncentracias, ewodeba fuZe. e.i. neitra-

lizaciis reaqciis arsia mJavadan fuZisaken 

protonebis anu hidroqsoniumis ionebis gadata-

na. kargavs ra protons, mJava gardaiqmneba mis 

SeuRlebul fuZed, xolo protonis SeerTebisas 

fuZe gaxdeba misi SeuRlebuli mJava. aqedan ga-

momdinare, neitralizaciis reaqciis gantoleba 

Rebulobs Semdeg saxes: 
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A1   �   H+   +    B1 
mJava    protoni  fuZe 

B2   +   H+   �   A2
 

fuZe   protoni   mJava
 

A1   +   B2     �   B1   +   A2 

                mJava
1
   fuZe

2
      fuZe

1
   mJava

2
 

aq xazgasmiT unda aRiniSnos, rom simbolo 

H+ aRniSnavs protons da ara wyalbadis ions, 

Tavisufali protoni ki xsnarSi ar arsebobs, 

amitom es sqema ar asaxavs realur suraTs. re-

aqcias protonis donorebsa da aqceptorebs So-

ris protolituri reaqcia ewodeba.  

mJava + fuZe = SeuRlebuli mJava + SeuRle-

buli fuZe 

 

HCl + NH3 = NH4
+ + Cl- 

H2SO4 + H2O = H3O
+ + HSO4

- 

H3O
+ + OH- = H2O + H2O 

O HC2H5 + H Cl

[H+]

O HC2H5

H
+ Cl-

 
 

protolitur Teoriaze dayrdnobiT bren-

stedma mogvca mJavebis Semdegi klasifikacia: 

• neitraluri mJavebi: HA (HCl, NHO3,  H2SO4, 
R–COOH da sxva). 

• kationuri mJavebi: BH+ (NH +
4 , C5H5NH +

2 , H3O
+  

da sxva). 

• anionuri mJavebi: HA¯ (HSO −
4 , H2PO −

4 , HCO −
3  da 

sxva). 
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yvela am tipis mJavas SeuZlia protonis mi-

cema da am dros xdeba misi ionizacia. protons 

mJavasTan SeuZlia wyalbaduri bmis warmoqmna 

wylis molekulasTan, ris Sedegadac warmoiq-

mneba mJavebis solvatirebuli molekulebi, rom-

lebsac pirobiTad SeiZleba vuwodoT oqsoniu-

mis marili, is ionizirdeba, gamoyofs oqsoniu-

mis ions da SeuRlebul fuZes: 

NH +
4  + H2O �  NH4 ·H2O �  NH3 + H3O

+ 
amitom, ionizacias SeiZleba ewodos nivTie-

rebis reaqcia gamxsnelTan. 

protolituri Teoriis ganviTarebaSi didi 

roli iTamaSa rusma mecnierma n. izmailovma, 

romelic protolituri wonasworobis damfuZne-

belia uwylo gamxsnelebSi. uwylo gamxsnelebi 

protolizdebian solvatirebul protonad da 

anionad: 

2CH3OH → CH3OH +
2  + CH3O¯ 

fuZeebisa da mJavebis gaxsnisas mimdinareobs 

protolituri reaqcia: 

HCl + CH3OH� CH3OH +
2  + Cl¯ 

protolituri Teoria ver xsnis iseTi naer-

Tebis fuZe-mJavur Tvisebebs, romlebic ar ur-

TierTqmedeben protonebTan. magaliTad, Txevadi 

gogirdis (IV) oqsidi ganicdis TviTionizacias, 

Tumca aq protonebi ar monawileoben: 

2SO2 � SO2+ + SO −2
2  

SOCl2 + [(CH3)4N]2SO3 � 2[(CH3)4N]Cl + 2SO2 

 
amis gamo, Seiqmna mJavebisa da fuZeebis zoga-

di Teoriebi (1923, 1938 ww.). luisis eleqtronu-

li (donorul-aqceptoruli) Teoriis Tanaxmad, 
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mJava eleqtronuli wyvilebis aqceptoria, fuZe 

_ donori, iZleva eleqtronul wyvils. am mo-

sazrebiT, mJavasa da fuZes Soris urTierTqme-

deba mdgomareobs kovalenturi bmis warmoqmnaSi 

donorul-aqceptoruli meqanizmiT, rac damaxa-

siaTebelia kompleqswarmoqmnis reaqciebisaTvis: 

 

F B:
..
..: .. :

..
: .. :

..

..
: :

..

F: ..:

F:
..
..:

N

H

H+ F B:
..
..: ..

..

F: ..:

F:
..
..:

:: ..
..
N

H

H

H
B2 Al

:
..

:
..
B2

:
..

:
..
B2

+ N C6H5 :
..

:
..
B2 Al

:
..

:
..
B2

:
..

:
..
B2

:N C6H5

 
 

aseTi meqanizmiT warmoqmnil nivTierebebs 

aduqtebs uwodeben. ganvixiloT ramdenime maga-

liTi. amiaki warmoadgens fuZes, vinaidan aqvs 

gauwyvilebeli eleqtronuli wyvili: 

 

7N - 2He

2s2 2p3

1H+ -
1s1

1H+ -
1s1

1H+ -
1s1

             

N

H

H

H  
amiakis protonTan urTierTqmedebis sqema 

aseTia: 

 

H 
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N

H

H

H

+ H+ NH

H

H

H  
 

: .. :
..

:: ..
..
N
H

H :: ..
..

H
H+

H

+

Cl :: ..
..
N
H

H + H
H

:: ..
..

Cl _
+

fuZe mJava

O

S

H
_

H+

: .. :
..

fuZe

O

: .. :
..
OH H

: .. :
..

+

fuZe

OH: .. :
..
O

: .. :
..
O

H2 S

: .. :
..
O

: .. :
..
O

: .. :
..
O

: .. :
..
O

mJava

mJava
 

 

aqedan Cans, rom eleqtronuli Teoria kom-

pleqswarmoqmnas, neitralizacias, anhidridebis 

urTierTqmedebas wyalTan ganixilavs, rogorc 

msgavs process. 

nivTierebebi, romlebic eleqtronuli wyvi-

lis donoria, luisis fuZis saxelwodebiT aris 

cnobili, xolo eleqtronebis wyvilis aqcepto-

rebi ki _ luisis mJavad. 

luisis fuZeebia: halogenid-ionebi, aminis 

azotis Semcveli naerTebi (amiaki, alifaturi 

da aromatuli aminebi, piridini da a.S.), iseTi 
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JangbadSemcveli naerTebi, rogoricaa R2CO, sa-

dac R aris organuli radikali an halogeni. 

luisis mJavebia: boris, aluminis, siliciumis, 

kalas, fosforis, dariSxanis, anTimonisa da 

sxva elementebis halogenidebi, kompleqsawar-

momqmneli ionebi: Ag+, Cr3+, Co2+, Pt2+
 da sxv. 

mravali aduqti did praqtikul gamoyenebas po-

ulobs. magaliTad, organuli sinTezis dros ga-

moiyeneba boris naerTi (C2H5)2O:BF3. am SemTxvevaSi 
gacilebiT ufro mosaxerxebelia myari marilis 

magvari BF3-is gamoyeneba, vidre airadi  BF3-isa. 
luisis kriteriumebi: 

• neitralizaciis reaqciis arsi mdgomareobs 

koordinaciuli kovalenturi bmis myisier warmoq-

mnaSi. es procesi pirveladia. amis Semdeg SeiZle-

ba moxdes ionizacia da disociacia. neitraliza-

ciis produqtSi eleqtronebis wyvili saziaroa. 

• SedarebiT Zlieri mJavebi (fuZeebi) qimiur 

reaqciebSi naerTebidan aZeveben ufro sust mJa-

vebs (fuZeebs). 

• indikatoris daxmarebiT nebismieri mJava Se-

iZleba gaititros fuZiT. 

• mJavebi da fuZeebi qimiuri reaqciebis kata-
lizatorebs warmoadgenen. 

mJavebs miekuTvneba araorganuli da organu-

li bunebis bevri nivTiereba. wyalSi gaxsnili 

araorganuli naerTebidan mJavuri TvisebebiT 

xasiaTdebian uJangbado mJavebi: H2S, HCl; Jangba-
dmJavebi: HNO3, H2SO4; mJava marilebi:  NaHSO4, 
NaHCO3; susti fuZisa da Zlieri mJavasagan war-

moqmnili marilebi: NH4Cl, (NH4)2SO4. organuli 

naerTebidan mJavebs warmoadgenen nivTierebebi, 

romlebic Seicaven protons. magaliTad, naxSir-



 

 110

wyalbadebi, magram maTSi ionizacia sustadaa 

gamoxatuli, amitom mJavuri TvisebebiT xasiaT-

debian ZiriTadad is naerTebi, sadac protoni 

dakavSirebulia ara naxSirbadatomTan, aramed 

Jangbadis, gogirdis, azotis, fosforis atomeb-

Tan. aqedan gamomdinare, organuli mJavebi iyofa: 

• OH-tipis mJavebad: [C6H5OH]; CH3COOH; 
• SH-tipis mJavebad: (CH3)3SH]; (CH3)2SH2; 
• NH-tipis mJavebad: [C6H5NH +

3 ; C2H5NH +
3 ] 

protolituri TeoriiT fuZeebi iyofa: 

• neitraluri: [NH3, C5H5N2S·H2O, NaOH da a.S. 
• kationuri: [AlOH2+·5H2O, ZnOH+·5H2O], NH2–NH +

3 , 
metalTa kationuri kompleqsebi hidroqsid-, ami-

nur- da amidur- jgufebTan; 

• anionuri: [HSO −
4 , OH¯, Cl¯, CH3COO¯ da a.S]. 

yvela aRniSnuli naerTi ierTebs protons. 

magaliTad: 

NH3 + H+ � NH +
4  

araorganuli naerTebidan fuZeebs miekuTvneba: 

• fuZeebi: [NaOH, KOH]; 
• fuZe marilebi: [Al(OH)(CH3COO)2]; 

• Zlieri fuZisa da susti mJavas marilebi:  

[NaCN, Na2SO3]. 
fuZe Tvisebebi axasiaTebs bevr organul na-

erTs - SeuZlia protonis mierTeba: 

• amoniumis fuZeebi:  [CH3NH2, C5H5N]; 
• oqsoniumis fuZeebi:  [C5H5O, C4H4O]; 
• fosfoniumis fuZeebi:   [(CH3)3P, (C5H5)2P)]. 
protolizur reaqciaSi monawile protonebis 

ricxvis mixedviT ganasxvaveben erT da polip-

rotonul mJavebs da fuZeebs. 
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Tavi VI.  

wyalbadisa da hidroqsilis 

 maCveneblebi 

 
6.1. pH-is gansazRvra xsnarebSi 

 

xsnaris pH ganisazRvreba misi SedgenilobiT 

da Sesabamisi mJavur-fuZuri wonasworobiT. av-

toprotolizi _ mJavur-fuZuri disproporcio-

nirebis procesia, rodesac ionTa warmoqmna da-

kavSirebulia or erTnair molekulas Soris 

protonis gacvlasTan. wyals SeuZlia protonis 

rogorc dakargva, aseve mierTeba, amitom mas 

uwodeben amfiprotul (berZnulidan sityva 

amphi – TiToeuli) molekulas. mxolod amfip-

rotul molekulebs SeuZliaT avtoprotolizi. 

wyali, rogorc susti eleqtroliti, mxolod 

umniSvnelo xarisxiT disocirdeba ionebad: 

H2O � H+ + OH⎯ ;   2H2O � H3O
+ + OH⎯ . 

am process Seesabameba wonasworobis kon-

stanta: 

][

][][

2OH

OHH
K

−+ ⋅= =1,8·10-16 (220 C-ze). 

aqedan gamomdinare, wylis 555 000 000 moleku-

lidan disocirdeba mxolod erTi. wylis aradi-

socirebuli molekulebis ricxvi imdenad didia, 

rom igi praqtikulad SeiZleba CaiTvalos mud-

miv sidided: 

OHK
2
= [H+] · [OH⎯] 

OHK
2

 _ avtoprotolizis konstantaa. moqmed 

masaTa kanonidan gamomdinare, konstantas, rome-

lic H+ da OH⎯ ionebis koncentraciebis namrav-
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lis tolia da mocemul temperaturaze warmo-

adgens mudmiv sidides, wylis ionuri namravli 

ewodeba. 

CM(H2O) = 
015,18

1000  = 55,49 moli/l. 

 

OHK
2
= K· [H2O] = 1,8·10-16

·55,5 = 1·10-14; 

 
wyalbadis ionis koncentracia sufTa wyalSi 

tolia: [H+] = [OH⎯] = 1·10-7
 mol/l. 

1909 wels danielma qimikosma sorensenma 

wyalbadisa da hidroqsilis ionebis koncentra-

ciebi aRniSna wyalbadis _ pH (potentio 
Hydrogenium – wyalbadis Zala) da hidroqsilis 

pOH (potent - ,,p” – daniuri sityvis pirveli asoa, 

rac maTematikurad xarisxs niSnavs) maCveneble-

biT _ wyalbadis da hidroqsilis koncentracie-

bis Sebrunebuli logariTmebiT. H+ da OH⎯ ione-
bis koncentraciis nacvlad iyeneben uaryofiTi 

niSniT aRebul maT aTobiT logariTmebs: wyal-

badis da hidroqsilis maCveneblebs: 

 

pH = -lg[H+];   pOH = -lg[OH⎯]; 
 

Tanafardobis galogariTmebiT da niSnis 

SecvliT vRebulobT: 
pH + pOH = p OHK

2
. 

p OHK
2

 - wylis avtoprotolizis konstantas 

maCvenebelia. igi avtoprotolizis konstantas 

Sebrunebuli logariTmia: 

p OHK
2
= -lg OHK

2
 = -lg1·10-14 = 14 
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wyalSi wyalbadis da hidroqsilis maCveneb-

lebis jami mudmivia da tolia avtoprotoli-

zis konstantas maCveneblis:   
pH + pOH=14. 

 
 
 

 

 

    

 

 

   

 

 

 

Cveulebriv izomeba ara wyal;badis ionTa 

koncentracia, aramed maTi aqtiuroba.  

fuZeebisa da mJavebis wyalxsnarebSi wylis 

ionuri namravli gamoisaxeba formuliT: 

KW = −+ ⋅
OHH

aa . 

KW  _ WeSmariti konstantaa, damokidebuli 

xsnaris ionur Zalaze; 

−+ OHH
aa , _ wyalbadis da hidroqsilis ione-

bis aqtiurobebi. vinaidan  

+H
a = [H+] · +H

f ; −OH
a  = [OH⎯] · −OH

f ,  

SeiZleba daiweros: 

[H+]·[OH⎯]=
2f

K

ff

K W

OHH

W =
⋅ −+

; 

+H
f , −OH

f  _ aqtiurobis koeficientebia; f _ aq-

tiurobis koeficientis saSualo mniSvneloba. 

 mJavianoba izrdeba               fuZianoba izrdeba 
 

 

       

  0   1   2   3   4   5   6  7   8   9   10  11  12  13  14 

 

 

        mJava are    neitraluri     tute are 
                            are 

    pH<7              pH=7                           pH>7 
 [H+] > [OH⎯]      [H+] = [OH⎯]           [H+] < [OH⎯] 
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qimiurad sufTa wyalSi wyalbadis da hid-

roqsilis ionebis Zalian mcire koncentracie-

bia 10-7 moli/l, +H
f = −OH

f =1, amitom  

 

+H
a = [H+] ;  −OH

a = [OH⎯]; 

+H
a · −OH

a = [H+][OH⎯] = KW = 10-14. 

 
Zlieri mJavebisa da fuZeebisaTvis wyalbadis 

ionebis koncentracia praqtikulad am mJavisa 

da fuZis koncentraciis tolia: 

[H+]=CHA; [OH⎯]=CB; 
+

+ =−=
H

H

H
a a

aP
1

lglg .  

H
aP  _ wyalbadis ionis aqtiurobis maCvenebe-

lia, 

amitom 

pH = -lg +H
a ; pH=-lg −OH

a ; 

roca [H+] = 10-1, maSin  pH = -lg10-1 = 1. 
roca [H+] = 10-5, maSin pH = -lg10-5 = 5. 
roca [H+] = 10-9, maSin pH = -lg10-9 = 9. 

aqedan Cans, rom wyalbad-ionTa aqtiurobis, 

e.i. mJavurobis gadidebas Seesabameba pH-is Sem-

cireba. mJavurobis Semcireba ki _ pH-is gadide-

bas. 

kuWis wvenis pH=1,7, e.i. Zlier mJavea, sisxlis 

pH=7,36 _ odnav tute reaqciisaa. wyalbadis maC-

venebeli, farTod gamoiyeneba qimiuri, biologi-

uri, fuZe-mJavuri Tvisebebis dasaxasiaTeblad. 

igi gavlenas axdens cilebis, nukleinmJavebis 

fizikur-qimiur Tvisebebze, biologiur aqtiu-

robaze. 
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xsnarebis pH-is gansazRvrisaTvis iyeneben in-

dikatorul, ionometrul, potenciometrul me-

Todebs. 

 

pH-s xsnarebSi sazRvraven qimiuri da in-

strumentaluri meTodebiT. qimiuri meTodi da-

fuZnebulia zogierTi naerTis feris cvlileba-

ze pH-is sxvadasxva diapazonSi. am naerTebs in-

dikatorebi ewodeba. isini mJavebi an fuZeebia 

da xsnarSi ionizirdeba Semdegi tolobis Sesa-

bamisad: 

H]nd � H+ + ]nd¯ ;             ]nd + H+ � ]ndH+ 
mJavuri indikatorebi        fuZovani indikatorebi 

indikatoris ionizirebul da araionizire-

bul formebs aqvs sxvadasxva feri. xsnarSi 

xsnarSi wyalbad-ionebis koncentraciis cvli-

lebisas mimdinareobs qimiuri wonasworobis ga-

danacvleba. am dros icvleba xsnaris Seferi-

loba, ris mixedviTac sazRvraven pH-s. 
indikatorebs iyeneben xsnarebis saxiT an 

universaluri indikatoruli qaRaldis saxiT, 

romelic warmoadgens indikatoris sxnariT gaJ-

RenTil da gamSral filtris qaRalds. ydaze 

mas Sesadareblad aqvs feradi Skala pH-is mniS-
vnelobebiT. gansazRvrisas indikatoruli qa-

Raldis fers adareben Skalas. pH-is gansaz-

Rvris ufro zusti meTodi aris fizikuri da 

specialur aparatze _ pH-metrze izomeba. 
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pH-is gansazRvris indikatoruli meTodi 

damyarebulia fuZe-mJavuri indikatorebis gamo-

yenebaze _ nivTierebebze, romlebic icvlian Ta-

vianT Seferilobas xsnaris pH-ze damokidebu-

lebiT. indikatorebi warmoadgenen sust orga-

nul mJavebs (an fuZeebs), romelTa neitralur 

(araionizebul) da damuxtul (ionizebul) for-

maTa Seferiloba sxvadasxvaa: 

mJavuri tipis indikatorebi: 

HInd � H+ + Ind⎯ ; 

KA= 
[HInd]

]Ind[]H[ −+ ⋅
; 

pKA=pH + lg
][Ind

[HInd]
− . 

fuZovani tipis indikatorebi: 

Ind + H+
� IndH+ ; 

KB= 
][H[Ind]

][IndH
+

+

⋅
; 
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pKB=
][

][
lg +IndH

Ind
-pH. 

xsnaris SemJavebisas (H+ ionebis koncentraci-
is gadidebisas) wonasworoba gadaixreba HInd-is 
mxares, e.i. xsnari miiRebs neitraluri formi-

saTvis damaxasiaTebel (HInd) Seferilobas; Tu 

xsnars davamatebT tutes, maSin H+ ionebis kon-
centracia Semcirdeba (H+ + OH⎯→ H2O), amitom 

wonasworoba gadaixreba indikatoris ionizire-

buli formis (Ind⎯) mxares da xsnari miiRebs am 
formisaTvis damaxasiaTebel fers. indikatore-

bidan _ lakmusi wiTelia, roca pH=5, lurjia _ 

roca pH=8; fenolftaleini fers icvlis mxo-

lod tute areSi, roca pH≈9. 
Pfenolftaleini 

 
fenolftaleini – 3,3-(4-hodroqsifenil)fta-

lidi, fuZe-mJavuri indikatori (gadasvlis in-

tervali (рН 8,2-9,8) tute areSi iZleva mewamul 

Seferilobas (II) da uferuldeba mJava areSi, 

aseve Zlier ture garemoSi (III).  ”purgeni”-s sa-
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xelwodebiT gamoiyeneba medicinaSi, rogorc 

susti sasaqmebeli saSualeba: 

 

 
 

meTilnarinji (azojgufis indikatori) _ 4-

dimeTilaminoazobenzoli 4′-sulfomJava warmo-

adgens narinjisfer fxvnils, romelic warmoq-

mnis igive Seferilobis xsnars tute garemoSi. 

mJava garemoSi indikatori icvlis fers yviTli-

dan wiTlamde qinondiiminuri naerTis warmoq-

mnis gamo: 

 

ionometruli meTodi saSualebas iZleva gan-

sazRvrul iqnas pH-is maCvenebeli maRali si-

zustiT (0,01 erTeuliT). 
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potenciometruli meTodi warmoadgens pH-is 

gansazRvris yvelaze zust meTods, romelic da-

fuZnebulia eleqtrodis potencialis gazomvaze, 

rac xsnarSi arsebuli wyalbadis ionebis aqti-

urobazea damokidebuli. es meTodi praqtiku-

lad xorcieldeba koncentraciuli galvanuri 

elementebis meSveobiT, romelic Sedgeba stan-

dartuli wyalbaduri eleqtrodisa da ucnobi 

koncentraciis wyalbadis ionebis wyalbaduri 

eleqtrodisagan. vTqvaT, galvanuri elementi  

Sedgeba standartuli wyalbaduri eleqtrodisa 

( +H
C  =1 moli/l, 

2HP = 101325 pa) da wyalbaduri 

eleqtrodisagan (
2HP = 101325 pa) ucnobi pH-is 

Semcveli xsnariT; am sistemis emZ tolia 0,414 v 

(250 C). wyalbadis ionebis koncentraciis gaanga-

riSeba SesaZlebelia formuliT: 

++

==
HH

CnCnT

RT
E

1
lg

059,01
lg =0,414 v. 

aqedan gamomdinare, +H
C =

059,0

414,0− = -6,99 = -7; 

+H
C =1·10-7

 moli/l, pH=7. 

potenciometruli meTodiT gansazRvrisas 

praqtikaSi wyalbadis eleqtrodis nacvlad 

farTod iyeneben minis eleqtrods, romlis moq-

medeba efuZneba minis unars _ wyalxsnarSi mo-

Tavsebisas daimuxtos uaryofiTad. am eleqtro-

dis potenciali damokidebulia wyalbadis ione-

bis koncentraciaze. 
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6.3. protolituri wonasworoba uwylo 

gamxsnelebSi 

 

protonuli uwylo gamxsnelebi, wylis mole-

kulis msgavsad,  wyalbaduri bmis meSveobiT mo-

nawileoben avtoprotolizis reaqciebSi, rom-

lis dros gamxsnelis erTi molekula iqceva 

rogorc mJava, gamoyofs protons, meore _ fuZis 

msgavsad, Rebulobs mas. zogadi saxiT nebismie-

ri gamxsnelis avtoprotolizis reaqcia mimdi-

nareobs sqemiT: 

SH + SH � HS . . . HS � HSH+ + S ¯ 
avtoprotolizis dros solvatirebuli pro-

tonebis ionebs ewodebaT lionis (mJavebi) ione-

bi, warmoqmnil anionebs _ liatis ionebi (fuZee-

bi). magaliTad:  

 

  gamxsneli       lionis ioni    liatis ioni   

 2H2O             �          H3O
+              +       OH ¯ 

oqsoniumis ioni           hidroqsid-ioni 

2H2SO4          �         H3SO +
4            +         HSO −

4  

2C2H5OH      �     C2H5OH +
2       +         C2H5O¯ 

eTiloqsoniumis ioni                 eTilat-ioni 

2CH3COOH       �  CH3COO 
+
2   +      CH3COO¯   

acetatoqsoniumis         ioni           acetat-ioni 

gamxsnelis avtoprotolizis process axasia-

Tebs avtoprotolizis konstanta _ Kc, lionisa 

da liatis ionebis koncentraciebis namravli:  

K = 
2

2

[SH]

][S][SH −+ ⋅
;  Ks = K[SH]2 = [SH +

2 ]·[S¯];   

pKs = pH +
2  + pS¯. 
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CH3COOH + CH3COOH �CH3COO−
(s) + CH3COOH2

+
(s);  

                                       Ks = 2,5 . 10−13 (20 °C) 
 

zogierTi gamxsnelis Ks mniSvneloba 

Aavtoprotolizis tolobebi Ks t, ° C 

2 CH3COOH � CH3COO¯ + CH3COOH
+
2  

2,5 . 10-13 20 

2 C2H5OH �C2H5O
- + C2H5OH2

+ 8,0 . 10-20 25 

2 HCOOH �HCOO- + HCOOH2
+ 5,0 . 10-7 20 

2 HF �F- + H2F
+  2,0 . 10-12 25 

2 HNO3 �NO3
- + H2NO3

+  2,0 . 10-2 25 

2 H2O �OH- + H3O
+ 1,1 . 10-15 

1,008 . 10-14 
5,5 . 10-14 

0  
25 
50 

2 H2SO4 �HSO4
- + H3SO4

+ 2,0 . 10-4 10 

2 NH3 �NH2
- + NH4

+ 3,0 . 10-33 
1,0 . 10-21 

-50  
-33,4 

 
Tu SH +

2 -s aRvniSnavT H+
-iT, maSin pKs = pH + pS. 

avtoprotolizis konstantas sidide meryeobs 

farTo diapazonSi. uwylo gamxsnelebSi pOH si-
dide kargavs Tavis mniSvnelobas, vinaidan OH¯-

ionebi avtoprotolizis dros ar warmoiqmneba. 

yoveli uwylo gamxsneli avtoprotolizis 

dros warmoqmnis lionis ionis solvatirebul 

protons, rac yvela avtomaprotolizirebeli 
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gamxsnelis saerTo Tvisebaa da misTvis damaxa-

siaTebel liatis ions.  
uwylo gamxsnelebSi mJavuri TvisebebiT xasi-

aTdebian naerTebi, romlebic warmoiqmnebian 

solvatirebuli protonis ionizaciis dros. ma-

galiTad, wyalSi HCl warmoqmnis H3O
+ da Cl¯ io-

nebs. analogiurad eTilis spirtSi HCl warmoq-

mnis C2H5OH +
2  da Cl¯, ZmarmJavaSi - CH3COOH +

2  da Cl¯, 

Txevad amiakSi _ NH +
4  da Cl¯. SemdegSi solvati-

rebul protons aRvniSnavT H+
-iT. imis gamo, 

rom uwylo gamxsnelebi gamoyofen sxvadasxva 

liatis ionebs, maTTvis icvleba fuZis cneba. 

Tu wylisaTvis, romelic avtoprotolizis 

dros gamoyofs liatis ions _ OH¯, fuZes war-

moadgenen am ionis Semcveli hodroqsidebi 

NaOH, KOH, eTanolisaTvis (liatis ionia C2H5O¯) 

_ eTilatebi C2H5ONa, C2H5OK; ZmarmJavasaTvis 

(liatis ionia CH3COO¯) _ acetatebi CH3COONa, 
CH3COOK. uwylo gamxsnelebSi icvleba fuZe-mJa-

vuri reaqciebis xasiaTi. wyalSi mJavebisa da 

fuZeebis urTierTqmedebas mivyavarT marilisa 

da mcired disocirebadi gamxsnelis molekulis 

warmoqmnamde:  

HCl + KOH = KCl + H2O 
H+ + OH¯ = H2O 

eTilis spirtSi urTierTqmedeben mJava da 

Sesabamisi fuZe - C2H5ONa: 

HCl + C2H5ONa � C2H5OH + NaCl 

H+ + C2H5O¯� C2H5OH 
ZmarmJavaSi urTierTqmedeben mJava da Sesaba-

misi fuZe - CH3COONa 

HCl + CH3COONa � NaCl + CH3COOH 
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H+ + CH3COO¯� CH3COOH 

fuZe-mJavuri reaqcia nebismier gamxsnelSi 

aris reaqcia lionisa da liatis ionebs Soris:  

 

SH +
2  + S¯ → 2SH  an H+ + S¯ → SH 

 
uwylo gamxsnelebSi aseve icvleba marilis 

cneba. wyalSi natriumis acetati (CH3COONa) an 
amoniumis qloridi (NH4Cl) warmoadgenen mari-

lebs: 

CH3COONa + H2O � CH3COOH + NaOH (wyalSi) 

NH4Cl+ H2O � NH4OH + HCl (wyalSi) 
ZmarmJavaSi, eTilis spirtSi natriumis aceta-

ti fuZea: 

CH3COONa + C2H5OH � CH3COOH + CH3COONa   
(spirtSi) 

Txevad amiakSi amoniumis qloridi aris mJava. 

amrigad, nebismier gamxsnelSi mJavebi naerTebia, 

romlebic ionizaciis dros warmoqmnian lionis 

ions, fuZeebi _ liatis ions, marilebi _ ar 

warmoqmnian lionisa da liatis ionebs. 

 

6.4. mJavebisa da fuZeebis Zala 

mJavuri da fuZuri disociaciis konstantebi 

 

mJavebi da fuZeebi ionizacias ganicdis sxva-

dasxva xarisxiT. ionizaciis procesi xasiaTdeba 

ionizaciis (protolizis) xarisxiT (α), rome-

lic tolia ionizirebuli molekulebis ric-

xvis (Cn) fardobis eleqtrolitis saerTo kon-

centraciasTan (C0) xsnarSi: 
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α = 
0

n

C

C
 

xsnarebSi mJavebis wonasworuli mdgomareo-

bebi xasiaTdeba wonasworobis Termodinamikuri 

mudmivebiT: 

 

HA + H2O � H3O
+ + A¯; 

 

KT = 
OHHA

OHA

2

3

aa

aa

⋅

⋅ +−

 
 

wylis aqtiuroba mudmivi sididea, romlis 

gadataniT gantolebis marcxena nawilSi miiReba:  

KA = KT · OH2
a =

HA

OHA

a

aa
3

+− ⋅
 

mJavebis ionizaciis (protolizis) konstan-

tas _ KA-s ewodeba mJavuri disociaciis kon-

stanta. analogiurad, fuZis protolizis ganto-

lebidan gamomdinareobs fuZuri disociaciis 

konstanta _ KB: 

B + H2O � BH+ + OH¯; 
 

KT = 
OHB

OHBH

2
aa

aa

⋅
⋅ −+

;  KB = KT· OH2
a =

B

OHBH

a

aa −+ ⋅
. 

fuZisaTvis damaxasiaTebelia aseve protoneb-

Tan fuZis urTierTqmedebis reaqciis konstanta 

- protonirebis konstanta _ +H
K , romelic gan-

sxvavdeba fuZuri disociaciis konstantasagan: 

B + H3O
+ � BH+ + H2O; B + H+ � BH+ 
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+H
K  =  

+

+

⋅
OHB

BH

3
aa

a
 + 

+

+

⋅
HB

BH

aa

a
 

protonirebis konstanta gamoiyeneba fuZe-mJa-

vuri reaqciebis wonasworuli mdgomareobis an-

gariSisas. mJavuri da fuZuri disociaciis kons-

tantebis nacvlad xSirad sargebloben maTi 

Sebrunebuli aTobiTi logariTmebiT _ konstan-

tebis maCveneblebiT _ pK; 

 

pKA = -lgKA;  pKB = -lgKB, 
 
sadac pKA _ mJavuri disociaciis konstantas 

maCvenebelia; pKB _ fuZuri disociaciis konstan-
tas maCvenebeli. 

HA mJavas ionizaciis reaqcias Tan axlavs Se-

uRlebuli A¯ fuZis warmoqmna da sistemaSi er-
Tdroulad mimdinareobs misi protolizis Seb-

runebuli reaqcia. pirdapiri da Sebrunebuli 

reaqciebis protolizis konstantebi (mJavuri da 

fuZuri), Sesabamisad tolia: 

HA + H2O � H3O
+ + A¯;     A¯ + H2O �  HA + OH¯. 

KHA = 
HA

OHA

a

aa
3

+− ⋅
;   −A

K = 
−

−⋅

A

OHHA

a

aa
. 

mJavas mJavuri disociaciis konstantas nam-

ravli SeuRlebuli fuZis fuZuri disociaciis 

konstantaze mocemul gamxsnelSi, tolia am 

gamxsnelis avtoprotolizis konstantasi: 

  KHA· −A
K = 

HA

OHA

a

aa
3

+− ⋅
· +OH3
a =  +OH3

a · −OH
a = Kw = 1·10-14 

                                  Kw = KHA· −A
K
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                               pKW = pKHA + p −A
K  = 14 

e.i. namravli ar aris damokidebuli SeuRle-

buli mJavas da fuZis Zalaze da ganisazRvreba 

mxolod gamxsnelis avtoprotolizis konstan-

tas mniSvnelobiT. nivTierebis mJavuri da fuZu-

ri disociaciis konstantas  gantolebis safuZ-

velze, SeiZleba ganisazRvros am nivTierebasTan 

SeuRlebuli mJavas an fuZis protolizis kon-

stantebi. mag.: Tu wyalSi amiakis fuZuri diso-

ciaciis konstanta KB = 1,8·10-5   (pKB = 4,6), maSin 
SeuRlebuli mJavas (NH +

4 ) mJavuri disociaciis 

konstanta toli iqneba: 

  

pKOH = 14 – pKB = 14 – 4,6 = 9,4; 
 
mJavuri da fuZuri disociaciis konstantebis 

saSualebiT SesaZlebelia mJavebisa da fuZeebis 

siZlieris Sefaseba. rac metia mJavuri disocia-

ciis konstanta (rac naklebia pKA), miT ufro 

Zlieria mJava da miT ufro sustia masTan SeuR-

lebuli fuZe. mag: fosformJava (pKA=1,94) ufro 

Zlieria, vidre ZmarmJava (pKA=4,75), xolo fos-

formJavasTan SeuRlebuli fuZe H2PO −
4  (pKA=12,04) 

ufro sustia, vidre acetat-ioni (pKB =9,25).
 

fuZeebi da mJavebi siZlieris mixedviT iyofa 

klasebad: Zalian Zlier, Zlier, saSualo, sust 

da Zalian sustad. 

klasi . . .             pKA mJavasi     pKB    fuZis 

Zalian Zlieri . . .     < -1,74                      < -1,74  
Zlieri. . .             -1,74 ÷ + 4,5             -1,74 ÷ + 4,5 

saSualo siZlieris . . 4,5 ÷ 9,0                 4,5 ÷ 9,0 
susti . . .               9,0 ÷ 15,7              9,0 ÷ 15,74 
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Zalian susti . . .               >15,74                     >15,74 
  

wylis koncentracia tolia 55,55 moli/dm3, 

ionizaciis procesis wonasworobis konstanta 

toli iqneba: 

K = 
55,55

55,5555,55

]O[H

O]][H[H

3

2 ⋅=+

+

=55,55;  p +OH3
K = -1,74, ana-

logiurad, p −OH
K =-1,74. wyali amfoterulia, er-

Tdroulad susti mJavas da susti fuZis Tvise-

bebis matarebelia. wylis ionizaciis dros war-

moiqmneba Zlieri mJava _ solvatirebuli pro-

toni _ H3O
+
 da Zlieri fuZe _ OH¯. gamxsnelma 

SeiZleba Seasustos an gaaZlieros masSi gaxsni-

li nivTierebis mJavuri (fuZuri) Tvisebebi. 

   mJavebi, romlebic protons ufro iolad 

gascemen, vidre H3O
+
, srulad reagireben wylis 

molekulasTan, gardaiqmnebian H3O
+-ionad da 

anionad. magaliTad:  

                                                                      
HClO4 + H2O → H3O

+
 + ClO −

4  
da avlenen wyalSi iseTive mJavur Tvisebebs, 

rogorsac H3O
+-ioni. am efeqts ewodeba gamxsne-

lis manivelirebeli moqmedeba. amitom, srulad 

ionizirebuli Zlieri mJavebis (HCl, H2SO4, HClO4) 

mJavianoba wyalSi praqtikulad erTnairia da 

ganisazRvreba maTgan warmoqmnili H3O
+-ionis 

mJavuri TvisebebiT. e.i. manivelirebelia gamxsne-

lebi, romlebSic mJavebis (an fuZeebis) ZalaTa 

gansxvaveba Tanabari xdeba.  

analogiurad, fuZeebi, romlebic protonebis 

ufro Zlieri aqceptorebi arian, vidre OH¯-ioni, 

nivelirdebian OH¯-Zalis donemde. Tu wyalSi 
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SevitanT ufro Zlier nivTierebas, vidre OH¯-

fuZes, is reagirebs wyalTan hidroqsid-ionebis 

warmoqmniT: 

NH −
2  + H2O → NH3 + OH¯ 

xsnarSi Setanili fuZis nacvlad warmoiqmne-

ba OH¯-ionebis ekvivalenturi raodenoba da fu-

Zis Zala nivelirdeba maT Zalamde. 

Tu mJava an fuZe ufro naklebi xarisxiT 

aris unariani protolizis reaqciisadmi, vidre 

H3O
+ da OH¯, maSin maT mier miRebuli an gamoyo-

fili protonebis raodenoba ganisazRvreba gam-

xsnelTan urTierTqmedebis xarisxiT. am Sem-

TxvevaSi gamxsneli avlens madiferencirebel 

moqmedebas, e.i. madiferencirebelia gamxsnelebi, 

romlebSic mkveTrad aris gamomJRavnebuli mJa-

vebis (fuZeebis) Zalis gansxvaveba. wyalSi er-

Tnairi mJavurobis mqone mJavebisaTvis SeiZleba 

SeirCes gamxsneli, romelic protonebis ufro 

Zlieri donoria, vidre wyali. magaliTad, 

CH3COOH. aseT protolizur gamxsnelSi mJave-

bis ionizacia nawilobriv SezRudulia gamxsne-

lis mier gamoyofili solvatirebuli protone-

bis Warbi konkurentuli zemoqmedebis Sedegad: 

rac ufro mkveTri mJavuri Tvisebebis mqonea 

gamxsneli, miT ufro sustia masSi mJavebi da 

Zlieria maTze gamxsnelis madiferencirebeli 

moqmedeba. 

naerTebis mJavuri Tvisebebi mcirdeba mJavur 

gamxsnelSi. gaZlierebuli mJavuri (protonul-

donoruli) Tvisebebis gamxsnelSi fuZeebi aZli-

ereben TavianT fuZianobas. fuZis molekulebs 

am dros eZlevaT protonis miRebis meti SesaZ-

lebloba. naerTebis fuZe Tvisebebi izrdeba mJa-
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vur gamxsnelebSi. gamxsnelis fuZe Tvisebebis 

(protofilurobis) gazrdis dros naerTebis 

mJavuri Tvisebebi izrdeba. 

Tavisi bunebis mixedviT gamxsnelma SeiZleba 

Seasustos an gaaZlieros masSi gaxsnili nivTi-

erebis mJavuri an fuZuri Tvisebebi. magaliTad, 

Txevad amiakSi ZmarmJava mTlianad aZlevs gam-

xsnels protons da Tavisi ZaliT utoldeba 

Zlier mJavebs. gamxsnelis moqmedebis aseT 

efeqts manivelirebeli ewodeba.   

gamxsnelis protonul-aqceptoruli Tvisebe-

bis gazrda iwvevs mJavebis ionizaciis xarisxis 

gazrdas, fuZeebTan damokidebulebis mixedviT, 

TavianTi konkurentuli Tvisebebis gamo. fuZe 

(protofiluri) gamxsnelebi, piriqiT, avlenen 

madiferencirebel moqmedebas, amcireben maT fu-

Zianobas. 

protonul-donoruli da protonul-aqcepto-

ruli Tvisebebis mixedviT, gamxsnelebi ganlage-

bulia Semdeg rigSi:  

protonul-aqceptoruli Tvisebebi izrdeba 

 
H2SO4, CCl3COOH, CH3COOH, H2O, C2H5OH, NH3, C2H5N 

 
protonul-donoruli Tvisebebi izrdeba 

wylis marcxniv mdgomi gamxsnelebi warmoad-

gens protonebis ufro Zlier donorebs. proto-

nebi amcireben mJavas Zalas da aZliereben fuZis 

Zalas. 

wylis marjvniv mdgomi gamxsnelebi aZliere-

ben mJavas Zalas da amcireben fuZis Zalas. 

rac ufro metia gamxsnelis miswrafeba pro-

tonisadmi, miT ufro Zlieradaa gamoxatuli mi-

si fuZe Tvisebebi: 
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NH3 > N2H4 > H2O > C2H5OH > HCN > H2S > CH3COOH 
> HCOOH > HF > H2SO4 > HNO3 

daskvna:  

1. ra Tvisebebis iqneba gaxsnili nivTiereba – 

ganisazRvreba gamxsneliT. Txevadi amiaki ise 

izidavs protonebs, rom masSi cianwyalbadmJa-

vac Zlieri mJavaa. wyali Txevad amiakSi mJavaa. 

amrigad, Txevad amiakSi mJavebis Zala Tanabrde-

ba. amiaki manivelirebeli gamxsnelia mJavebisaT-

vis. wyali - Zlieri mJavebisaTvis HCl, HBr, HNO3, 
HClO4 . wyalxsnarSi yvela mJavas TiTqmis erTna-

iri Zala aqvs. wyals aqvs sakmaod didi swrafva 

protonisadmi. 

2. uwylo ZmarmJavaSi protonisadmi swrafva 

naklebia da yvela mJavas ar SeuZlia protonis 

micema gamxsnelisaTvis. ZmarmJava – madiferenci-
rebeli gamxsnelia mJavebisaTvis. HClO4  4000-jer 

Zlieria azotmJavaze (wyalxsnarSi isini TiT-

qmis erTnairi ZaliT xasiaTdebian). protonisad-

mi mcire swrafvis mqone fTorwyalbadmJavas 

areSi TiTqmis yvela wyalbadSemcveli nivTiere-

ba iqneba fuZe:  

HF + CH3COOH ↔ CH3COOH2
+ + F- 

 

 

6.5. wonasworoba fuZe-mJavur reaqciebSi 
 

fuZeebsa da mJavebs Soris reaqciebi mimdina-

reobs gamxsnelis molekulebis monawileobiT, 

romelic asrulebs protonebis gadamtanis 

rols mJavadan fuZisaken. nebismieri fuZe-mJavu-

ri reaqcia SeiZleba warmovidginoT ori naxe-

varreaqciis (safexuris) saxiT, solvatirebuli 

protonebis monawileobiT. 
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HA + B � BH+ + A¯; 

HA + H2O �  H3O
+ + A¯;        K1 = KA = 

[HA]

][A]O[H3
−+ ⋅

 

B + H3O
+ �  BH+ + H2O;         K2 = +H

K =
]O[B][H

][BH

3
+

+

 

fuZe-mJavuri reaqciebis wonasworobis kon-

stanta tolia wonasworobis safexurebrivi kon-

stantebis _ mJavuri disociaciis konstantas 

(KA) da mJavuri protonirebis konstantas ( +H
K ) 

namravlis: 

Kp = K1· K2 = KA· +H
K  

mJavuri protonirebis konstanta _ +H
K  dakav-

Sirebulia fuZuri disociaciis konstantasTan 

(KB) Semdegi TanafardobiT: 

KB = 
[B]

]][OH[BH −+

;        
][OH

K

[B]

][BH
B

−

+

= ; 

+H
K =

]O[B][H

][BH

3
+

+

=
w

B

3

B

K

K

]O][H[OH

K
=+−  

KP = KA· +H
K

w

BA

K

KK ⋅
=  

Kw = KA· KB = +BH
K · KB ; e.i. KP 

w

BA

K

KK ⋅
= ; 

Kw = +BH
K · KB;   +BH

K
B

w

K

K
= ;   KP 

+

=
BH

A

K

K
; 

pKp= pKA - p +BH
K  
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fuZe-mJavuri reaqciebis mimdinareoba ganisaz-

Rvreba reaqciaSi monawile mJavebis konkurenci-

iT. Tu mJava HA warmoadgens protonebis ufro 

Zlier donors, vidre fuZe -mJavuri reaqciis Se-

degad miRebuli mJava BH+
, SeuRlebulia B fu-

ZesTan, maSin KA> +BH
K  da wonasworobis zogadi 

konstanta Kp>1; am dros pKp<0,  reaqcia wari-

marTeba reaqciis produqtis warmoqmnis mimar-

TulebiT. Tu fuZisagan warmoqmnili mJava BH+
 

ufro Zlieria, vidre reaqciaSi Sesuli mJavas 

HA, e.i. +BH
K > KA, maSin Kp<1;  pKp>0 da reaqcia mi-

dis sawyisi nivTierebebis mxares. 

ganvixiloT Semdegi reaqciebis mimdinareobis 

SesaZlebloba: 

CH3COOH + C6H5ONa � C6H5OH + CH3COONa  (a) 

CH3COOH + NaSCN � HSCN + CH3COONa  (b) 
reaqciaSi (a) konkurencias uweven erTmaneTs 

mJavebi: CH3COOH (pKA = 4,75) da C6H5OH (p +BH
K = 

9,98). tolobidan: pKp = pKA - p +BH
K = 4,75-9,98 = -5,23 

ganisazRvreba, rom reaqcia warimarTeba ufro 

susti mJavas _ fenolis (C6H5OH) warmoqmnis mi-
marTulebiT, vinaidan pKp-s aqvs uaryofiTi mni-

Svneloba da Kp = 105,23 (b) reaqcia ar warimarTeba, 
vinaidan (pKSCN = 0,85)  

 

pKp = 4,75 – 0,85 = 3,9; Kp = 10
-3,5. 

 
fuZe-mJavuri reaqciis dros urTierTqmedeba 

mimdinareobs ufro susti mJavas warmoqmnis mi-

marTulebiT. 
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fuZe-mJavuri reaqciis daxmarebiT analizur 

qimiaSi xdeba calkeuli kationisa da anionis 

aRmoCena. NH +
4 -ionis aRmoCena xdeba tutis dama-

tebiT. fuZe-mJavur reaqciebzea dafuZnebuli ka-

tionebis fuZe-mJavuri klasifikacia. raodeno-

biT analizSi HCl-is raodenobrivi gansazRvra 

xdeba NaOH-is cnobili koncentraciis mqone 

xsnaris gatitvriT; ekvivalentobis wertils ad-

genen fenolftaleiniT. 

 

 

6.6. fuZe-mJavuri wonasworobis (pH) roli 
organizmis cxovelqmedebaSi 

 

cocxal organimzSi qimiur wonasworobas 

principuli mniSvneloba aqvs fermentebis nor-

maluri funqcionirebisaTvis, osmosuri wnevis 

saWiro mniSvnelobis SenarCunebisaTvis da a.S. 

bioqimiuri procesebis normalizebisaTvis auci-

lebelia fuZe-mJavuri wonasworobis faqizi re-

gulireba. zogjer pH-is gadaxra normidan 0,01 
erTeuliT iwvevs garkveul daavadebebs da or-

ganizmis sikvdilsac ki. cocxal organizmSi ga-

remos reaqciis gadaxras mJava mxares ewodeba 

acidozi, xolo tute mxares _ alkalozi.  

kuWis wvenis pepsini aqtiuria, roca pH=1,5+2,0; 

sisxlis katalaza _ roca pH=7 da a.S. gulis 

kunTSi nivTierebaTa cvla ramdenadme uaresdeba, 

Tu sisxlis pH 7,35-dan 6,6-mde qveiTdeba. gulis 

iSemiuri daavadeba kanonzomierad iwvevs aci-

dozs, miokardis infarqtis (qsovilis kvdomis 

kera) dros vlindeba pH-is gadaxra mJave aris-

ken. erTdroulad mimdinareobs kaliumis ione-
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bis koncentraciis Semcireba sisxlis plazmasa 

da eriTrocitebSi. Saqriani diabetis mZime for-

mebs axasiaTebs sisxlis pH-is Semcireba. qole-

ris vibrionebi miekuTvnebian `tutis moyvarul~ 

mikrobTa jgufs, amitom maTi gamravleba xdeba 

pH=7,6-9,2 areSi. adamianebs, romelTac aqvT ku-

Wis wvenis maRali mJavianoba, qoleriT ar avad-

debian, Tundac infeqciis keraSi imyofebodnen. 
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Tavi VII.  

wyalbadis ionis koncentraciisa da pH-is 
gamoTvlis meTodebi 

 

7.1. susti mJavebis xsnarebis wyalbadis  
ionis koncentraciisa da pH-is gaangariSeba 

 
     wyalxsnarSi susti mJava disocirdeba: 

 
HA � H+ + A⎯. 

 

moqmed masaTa kanonis safuZvelze, mJavas di-

sociaciis konstanta maTematikurad Semdegnai-

rad gamoisaxeba: 

            
][

][][

HA

AH
K A

−+ ⋅
=  

erTprotonuli mJavebisaTvis wyalbadis io-

nis koncentracia tolia anionis koncentraciis: 

 

[H+] = [A⎯]. 
 

araionizirebuli molekulis HA raodenoba 

tolia mJavas sawyisi koncentraciis da wyalba-

dis ionTa koncentraciebis sxvaobis: 

 

[HA]= CHA - [H+] ; 

;
][

][
+

+

−
=

HC

H
K

HA

2

A  

[H+] = )][( +−⋅ HCK HAA ; 

 
[H+]2 + KHA· [H+] - KHA· CHA = 0; 
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[H+] = 
2

CK4KK HAHA
2
HAHA ⋅+±−

, 

 Tu α<0,03 maSin sustad disocirebuli mJava-

saTvis wyalbadis ionis koncentracia CHA-is 
koncentraciasTan SedarebiT imdenad mcirea, 

rom SesaZlebelia misi ugulebelyofa: 

  
[HA]= CHA; 

HA

2

A C

H
K

][ +

=  toloba Rebulobs Semdeg saxes:  

[H+]= HAHA CK ⋅ . 

 
am tolobis galogariTmebiT uaryofiTi niS-

niT, miiReba: 

-lg[H+]= -
2

1
lg KHA – 

2

1
lgCHA;       

 vinaidan  

pH = -
2

1
lp KHA – 

2

1
lgCHA. 

 

pKHA = -lgKHA, 
  

 
7.2. susti fuZeebis xsnarebSi hidroqsilis 

ionis koncentraciisa da  pH-is gaangariSeba 
  

susti fuZis xsnarSi fuZis yvela molekula 

ar iSleba ionebad. erTmJavuri fuZeebisaTvis 

hidroqsidis ionebis koncentracia tolia war-

moqmnili kationis koncentraciis, xolo araio-

nizirebuli molekulis raodenoba tolia fu-
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Zis sawyisi koncentraciisa da hidroqsilis  

ionis koncentraciebis sxvaobis: 
B + H2O = BH+ + OH⎯; 

 

[B]

][OH][BH
KB

−+ ⋅= ; 

 

[BH+] = [OH⎯];  

[B] = CB – [OH⎯]; 

 

;
][OHC

][OH
K

B

2

B −

−

−
=  

 

[OH⎯]2 + KB[OH⎯] – KB · CB = 0; 
 

[OH⎯]  = 
2

C4KKK BB
2
BB ⋅+±−

; 

 
sustad disocirebadi fuZeebisaTvis hidroq-

silis ionis koncentracia CB fuZis koncentra-

ciasTan SedarebiT imdenad mcirea, rom SesaZle-

belia misi ugulebelyofa. aqedan gamomdinare: 

                      ;
][

B

2

B C

OH
K

−

= [OH⎯] = BB CK ⋅ . 

am tolobis galogariTmebiT uaryofiTi niS-

niT, miiReba: 

-lg[OH⎯] = -
2

1
lg KB – 

2

1
lgCB; 

vinaidan pKB = -lgKHA, 
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pOH = -
2

1
lg KB – 

2

1
lgCB; 

                             pH + pOH = 14; 

pH =14 -
2

1
pKB + 

2

1
lgCB. 

susti fuZeebis xsnarebis ganzavebisas 10-5 mo-

li/dm3 da ufro dabla, xdeba maTi sruli ioni-

zacia, amitom am SemTxvevaSi mizanSewonilia pH-

is gamoTvla Zlieri fuZeebisaTvis gamoyenebuli 

formulebiT. 

 
 

7.3. susti poliprotonuli  
mJavebis  pH-is gaangariSeba 

 
      mravalfuZiani mJavebi ionizirdebian 

statiebad. ionizaciis procesi I safexurze mi-

dis ramdenime rigiT ufro intensiurad, vidre 

II da momdevno safexurebze, amitom poliproto-

nuli mJavebis pH-is gaangariSebisas ugulebel-

yofen II da momdevno safexurebze warmoqmnili 

H+
 ionebis  koncentracias. gaangariSebisas 

mxedvelobaSi iReben mJavuri disociaciis pir-

vel konstantas. TvalsaCinoebisaTvis ganixi-

leba naxSirmJavas magaliTi: 

H2CO3 � H+ + −
3HCO ;  

]CO[H
][HCO][H

K
32

3
1

−+ ⋅= =4,3·10-7. 

−
3HCO � H+ + −2

3CO ;  
][HCO

][CO][H
K

3

2
3

2 −

−+ ⋅= =5,69·10-12. 

naxSirmJavas disociaciis konstantebis Seda-

rebidan Cans, rom pirveli 5000-jer metia meore-

ze. e.i. disociaciis meore safexurs araviTari 
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gavlenis moxdena SeuZlia naxSirmJavas wyal-

xsnarSi pH-is sidideze.  

pH = -
2

1
lg KA1 – 

2

1
lgCHA 

pH =
2

1
lg

1AK   – 
2

1
lgCHA. 

 
 

7.4. susti mravalmJavuri fuZeebis  
pH-is gaangariSeba 

 

mravalmJavuri fuZeebi ionizirdebian 

statiebad gaangariSebisaTvis aucilebelia fu-

Zis ramdenime disociaciis konstantadan mxo-

lod erTis amorCeva. 

 

Pb(OH)2          K1 = 9,6·10-6; 
                        
  K2 = 8,0·10-8. 
 

mxedvelobaSi Rebuloben disociaciis pir-

vel konstantas: 

pOH = - 
2

1
lg KB - 

2

1
lgCB; 

pH =14 +
2

1
lg

1BK  + 
2

1
lgCB; 

pH =14 -
2

1
p

1BK  + 
2

1
lgCB; 
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fuZeebisa da mJavebis wyalxsnarebSi [H+] da 
[OH⎯]-is gasaangariSebeli formulebi 

 

eleqtroliti 

 

[H+] [OH⎯] 

wyali 

 

[H+] = WK  [OH⎯] = WK  

Zlieri mJava CHA 

HA

WW

C

K

H

K =+ ][
 

Zlieri fuZe 

B

WW

C
K

OH
K =− ][

 

CB 

susti mJava 
HAHA CK ⋅  

HAHA

WW

CK

K

][H

K

⋅
=+  

susti fuZe 

BB

WW

CK

K

][OH

K

⋅
=−

 

BB CK ⋅  

 

pH-is  da pOH-is gamosaTvleli formulebi 

 

# Eeleqtroliti 

 

formula 

1 Zlieri mJava pH = -lgCHA  
 

2 susti mJava 
pH = 

2

1
p KHA – 

2

1
lgCHA 

3 susti fuZe 
pOH = 

2

1
pKB – 

2

1
lgCB 

pH =14 -
2

1
pKB + 

2

1
lgCB. 
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4 susti poliprotonu-

li mJava 
pH =

2

1
pK1 - 

2

1
lgCHA 

5 susti mravalmJavuri 

fuZe 
pOH =

2

1
pKB - 

2

1
lgCB 

pH =14 +
2

1
lg

1BK  + 
2

1
lgCB. 

6 Zlieri fuZe pOH = -lgCB 

 

pH=14-pOH = 14+lgCB 

7 Zlieri fuZis kationi-

sa da susti mJavas 

anionisagan warmoqmni-

li marili 

pH = 7 + 
2

1
pKHA+ 

2

1
lgCMA 

8 susti fuZis kationisa 

da Zlieri mJavas ani-

onisagan warmoqmnili 

marili 

pH = 7 - 
2

1
pKB - 

2

1
lgMA 

9 susti fuZis kationisa 

da susti mJavas anio-

nisagan warmoqmnili 

marili 

pH = 7 + 
2

1
pKHA + 

2

1
lgKB 

10 Zlieri da susti mJave-

bis narevi 

pH = -lgCHA 

11 mravalfuZiani mJavebis 

saSualo marili 
pH = 7 + 

2

1
pKA + 

2

1
lgCHA 

12 mJava marilebi 
pH = -

2

1
lg

1AK  + 
2

1
lg

2AK  

13 orfuZiani mJavebi 
pH = 

2

1
p

1AK  + 
2

1
p

2AK  

14 samfuZiani mJavebi 
pH = 

2

1
pK2 + 

2

1
pK3 
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7.5. susti mJavebisa da fuZeebis wyalxsnarebSi 

wyalbadis ionebis aqtiurobis gaangariSeba 

 
wonasworuli koncentraciis aqtiurobiT 

Secvlisas aucilebelia koncentraciuli kon-

stantidan Termodinamikur konstantaze gadasv-

la. WeSmariti konstanta ganisazRvreba xsnarSi 

ionTa aqtiurobis safuZvelze. maTi mniSvneloba 

ar icvleba xsnaris ionuri Zalis mixedviT da 

ganisazRvreba xsnaris wonasworuli koncentra-

ciiT. 

mJavebisa da fuZeebis WeSmariti disociaciis 

konstantebi ( '

AK  da '

BK ) disociaciis konstan-
tebTan (KHA da KB)  dakavSirebuli arian Semdeg-

nairad: 

mJavebisaTvis: KHA = 
[HA]

][A][H −+ ⋅
; 

+α H
H

= [H+] · +H
f ;                  −A

a =[A⎯]· −A
f ; 

aHA =  [HA]· fHA. 
vinaidan susti eleqtrolitis aradisocire-

buli molekulis aqtiurobis koeficienti er-

Tis tolia, miiReba: 

HA

AH

α
α⋅α −+

 = KHA = 
HA

AH

f[HA]

f][Af][H

⋅
⋅⋅⋅ −+

−+

. 

 
aqedan gamomdinare: 

 

KHA = 2
1

''

fff
HA

AH

HA KK
=

⋅ −+

; 

CK HA

1

HA
1f

1
[H ⋅=+

]H  
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+α
H

 = [H+]· +H
f = HAHA CK ⋅' . 

 
f1 _ aqtiurobis koeficientis saSualo mniS-

vnelobaa mocemuli eleqtrolitisaTvis (eleq-

trolitis aqtiurobis koeficienti udris misi 

warmomqmneli ionebis aqtiurobis koeficiente-

bis saSualo geometriuls, KnAm  eleqtroliti-

saTvis f± = nm m

A

n

k nm
+

−+ ⋅ ff ). 

analogiurad fuZisaTvis:  KB = 
2

1

'
B

f

K
; 

[OH⎯] = BB
1

CK
f

1 ⋅' ; 

 

−OH
a = [H+]· −OH

f = BB CK ⋅' ; 

 

+H
a =

B
'
B

'
W

OH

'
W

CK

KK

⋅
=

α −

 

qimiurad sufTa mJavebisa da fuZeebisaTvis 

zRvrulad ganzavebuli wyalxsnarebisaTvis 

+H
f = −A

f  da −OH
f = +Kt

f =1, e.i. KHA =K′HA da KB =K′B 

 

 

7.6. Zlieri mJavebis pH-is gaangariSeba 
 

    Zlier mJavebSi mimdinareobs misi sruli 

ionizacia da warmoqmnili H+ ionis koncentra-
cia praqtikulad gaxsnili mJavas molekulis 

koncentraciis tolia. gantoleba samarTliania 
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im mJavaTa xsnarebisaTvis, romelTa koncentra-

cia 10-3 moli/dm3-ze naklebi araa. 

 
[H+] = CA;    pH = -lgCA. 

 
Tu mJavas koncentracia metia 10-3-ze, maSin 

mxedvelobaSi unda miviRoT xsnaris ionuri Za-

la, xolo Tu naklebia 10-6-ze, maSin _ wylis io-

nuri namravli. ufro ganzavebuli mJavebis xsna-

rebis pH-is gaangariSebisas mxedvelobaSi Rebu-

loben wylis avtoprotolizis process da [H+] 
ionTa koncentracia unda iqnas gaangariSebuli 

mJavas ionizaciisa da wylis avtoprotolizis 

dros miRebuli ionebis koncentraciebiT. 

mJavas ionizaciis dros miRebuli wyalbadis 

ionis koncentracia [H+] = CA; wylis avtoproto-

lizis dros miRebuli ionis ki _ [OH⎯]; 
 

[H+]saerTo = CA + [OH⎯]; 
KW = [H+] · [OH⎯];  

 [OH⎯] = 
][ +H

KW
; 

[H+] = CA +
][H

KW
+  

am tolobebis gardaqmniT miiReba kvadratu-

li gantoleba da misi amoxsna: 

 

[H+]2 - CA • [H+] – KW = 0; 
 

[H+] = 
2

42
WAA KCC +±

. 
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7.7. Zlieri fuZeebis pH-is gaangariSeba 

 

Zlieri fuZeebis wyal xsnarebSi sruli ioni-

zaciis Sedegad warmoqmili hidroqsilis 

ionebis koncentracia fuZis CB koncentraciis 

tolia da gaangariSdeba tolobiT: 

 

[OH⎯] = CB; 
 

Zlieri fuZeebis ganzavebuli xsnarebisaTvis 

(CB < 10
-3 moli/dm3) Zlieri mJavebis ganzavebuli 

xsnarebis analogiurad, [OH⎯] ionebis koncen-

tracia tolia: 

[OH⎯]saerTo = CB + [H3O
+]; 

                                         [H3O
+] = 

][OH

KW
− ; 

 [OH⎯]  = CB + 
][OH

KW
− ; 

 
[OH⎯] 2 – CB[OH⎯] – KW = 0; 

 

[OH⎯]  = 
2

K4CC W
2
BB +±

. 

pOH = -lgCB.     
 

pH = 14 – pOH ;  
 

pH = 14 + lgCB . 
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7.8. Zlieri da susti mJavebis narevis  
pH-is gaangariSeba 

 
mJavebis narevSi wyalbadionebis koncentra-

cia damokidebulia mJavas tipze. susti mJavas 

ionizacia daTrgunulia Zlieri mJavas sruli 

ionizaciis gamo, amitom, aseT xsnarebSi pH-is 
gaangariSebisas ugulebelyofen susti mJavas 
(pK>4) arsebobas da iyeneben Zlieri mJavebisaT-

vis gamosadeg formulas: 

 
[H+] = CA;   

 
pH = -lgCA. 
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Tavi VIII. 

marilTa hidrolizi 

 

marilTa hidrolizi (,,Hydro” _ wyals niS-

navs, ,,lisis” _ daSlas) ewodeba wyalSi gaxsnili 

marilebis disociaciiT warmoqmnili ionebis 

urTierTqmedebas wyalTan susti mJavebis da fu-

Zeebis warmoqmniT. gamxsnelisa da gaxsnil niv-

Tierebebs Soris qimiuri mimocvlis reaqcias 

zogadad solvolizi ewodeba.  

hidrolizs ganicdian marilebi, hidridebi, 

halogenanhidridebi, Tioanhidridebi, sulfidebi, 

nitridebi, karbidebi, naxSirwylebi, cximebi, or-

ganuli naerTebi. hidrolizi aris moqmed masaTa 

kanonze dafuZnebuli wonasworobis kerZo Sem-

Txveva. 

hidrolizis gansxvavebuli meqanizmi qimiur 

naerTTa sxvadasxva klasebSi, aixsneba marile-

bis ionebis  mapolarizebeli urTierTqmedebiT 

hidratul garsTan. kationebi xsnarSi ukavSir-

debian hidratirebul wylis molekulebs dono-

rul-aqceptoruli bmebiT: donors warmoadgens 

wylis molekulis Jangbadi 2 eleqtronuli 

wyviliT, xolo aqceptors _ Tavisufali orbi-

talebis mqone kationebi. rac metia kationis 

muxti da mcire radiusi, miT maRalia mapolari-

zebeli unari. 

cnobilia, rom gardamavali elementebis io-

nebi xsnarSi imyofebian akvakompleqsebis saxiT, 

sadac bma donorul-aqceptorulia. akvakompleq-

sSi Semavali wylis molekulebi wyalbaduri 

bmiT dakavSirebulia gare SreSi myof wylis 

molekulebTan. magaliTad,  TuTiis ionebis hid-

rataciis dros warmoiqmneba TuTiis akvakom-
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pleqsi. wylis ionebi ganizidebian TuTiis ione-

bis mier da miizidebian wylis dipoluri mole-

kulebis mier. warmoiqmneba TuTiis hidroqsoak-

vakompleqsi da hidroqsoniumis ioni.  

 

 

 

 

aseTi meqanizmiT mimdinareobs sxva katione-

bis hidratacia da hidrolizi.  

anionebi wylis molekulebTan warmoqmnian 

wyalbadur bmebs. anionebTan bmis gaZlierebam 

SeiZleba gamoiwvios protonis mowyveta da 

wyalbaduri bmis gadasvla kovalenturSi. am 

SemTxvevaSi anioni mJavas molekulis Sedgeni-

lobaSi Sedis. anionis urTierTqmedeba proto-

nebTan Zlierdeba muxtis gazrdiT da radiusis 

SemcirebiT. sqematurad es procesi SeiZleba ase 

iqnas warmodgenili:  

 

 

 

 

 

Zn2+ + 4 O:

:.
:

:.
H O :

H

H O : ...H

:.
O

:

H

...Zn

...

:

H

O H

H

H
2+

OH2

:.
H O :

H

H O : ...H

:.
OZn

...

H

O H

H +

+ H3O+

TuTiis 

akvakompleqsi 

meoradi 

hidratuli 

garsi 

TuTiis 

hidroqsoakva 

kompleqsi 
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:

:

:.

:

...S2- + 4H O :
H

O: H

H

... :

:

:O: H

H

H

:.

O

Si

H

O

H

H

H

S + 2OH- + 2H2O

2-

H

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hidratirebuli sulfid-anioni 

 

am procesSi hidratirebuli wylis moleku-

lebi gamodian protonebis donorebis rolSi, 

e.i. wylis molekula iqceva rogorc mJava, xo-

lo sulfidis anioni _ protonis aqceptoris 

rolSi.  

anionebis donoruli aqtiurobis mixedviT Se-

saZlebelia hidrolizis ori SemTxvevis ganxil-

va: 

1. anioni rogorc eleqtronuli wyvilis sus-

ti donori an wylis protonis susti aqceptori. 

am SemTxvevaSi, anionsa da hidratirebuli 

wylis molekulebs Soris arsebuli wyalbadu-

ri bma ar gadadis kovalenturSi da reaqcia 

praqtikulad ar midis. wylis ionizaciis proce-

si ar irRveva da narCundeba wyalbadis maCveneb-
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lis mudmivoba. ase iqcevian susti donorebi _ 

anionebi:  Cl-, Br-, I-, −
3NO , −2

4SO , −
4ClO  da sxva 

2. anionebs aqvT mkveTrad gamoxatuli dono-

ruli Tviseba, rac ganpirobebulia wylis mole-

kulis protonebTan kovalenturi bmis warmoq-

mniT. eleqtronuli wyvilis tipur donorebs 

warmoadgenen susti mineraluri da organuli 

mJavebis anionebi: 

CH3COO-, HCOO-, −− 2
644

2
42 OHC,OC , S2

⎯, −2
3CO , 

−−−−− SCN,CN,PO,SiO,SO 3
4

2
3

2
3 . 

hidrolizis jamuri efeqti ganisazRvreba 

xsnarSi arsebuli kationebisa da anionebis Bbu-

nebiT. kationis da anionis ionebis wylis mole-

kulebze mapolarizebeli Zalis mixedviT gani-

xilaven hidrolizis ramdenime SemTxvevas: 

1. mapolarizebeli da aqceptoruli Tvisebe-

bis ar mqone kationebisa da mkveTrad gamoxatu-

li donoruli unaris mqone anionisagan warmoq-

mnili marilis wyalxsnaris hidrolizi. Zlieri 

fuZisa da susti mJavas anionisagan wamoqmnili 

marilis hidrolizi mimdinareobs anionis mixed-

viT. rac metia anionis mapolarizebel unari, 

anu rac ufro sustia mJava, moqmed masaTa kano-

nidan gamomdinare,  miT ufro intensiurad mim-

dinareobs hidrolizi. 

  ganvixiloT natriumis acetatis magaliTi. 

natriumis kationis gare Sris eleqtronebs aqvT 

sferuli simetria da Sida eleqtronul Sreze 

ar gaaCniaT vakanturi orbitalebi, ar axasia-

TebT mapolarizebeli da aqceptoruli Tvisebe-

bi, amitom ar Sedian mimocvlis reaqciaSi 

wylis molekulebTan, xolo acetat-ionebs aqvT  
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kargad gamoxatuli donoruli Tvisebebi. ani-

onis karboqsilis jgufis Jangbadi hidratacias 

ganicdis da Tavisi eleqtronuli wyviliT war-

moqmnis wylis protonTan kovalentur bmas, ga-

daiqceva sust ZmarmJavad, ris gamoc xsnarSi 

hidroqsilis ionebis Warbi raodenobaa. es pro-

cesi sqematurad ase aisaxeba:  

 

pH>7, tute are 
(KCH3COOH=1,74�10-5, 1N  CH3COONa xsnaris pH=9.4) 
2. kompleqswarmomqneli kationisa da eleq-

troneli wyvilis susti donoris mqone anioni-

sagan warmoqmnili marilis hidrolizi mimdina-

rebs kationis mixedviT. susti fuZisa da Zlie-

ri mJavasagan warmoqmnili marili xsnarSi iZle-

va kationis an misi fuZis hidroqso- da akvakom-

pleqsebs, hidroqsoniumis ions. heqsaakvaalumi-

nis triqloridis kristalqidratis hidrolizi 

mJava areSi midis sam safexurad. wyalSi gaxsni-

sas is ganicdis Semdgom hidratacis da ioniza-

cias:  

 

[Al(OH)6 ] Cl3 ⎯⎯ →⎯ OH2 [Al(OH2)6] +3
(hidr.) +3Cl⎯(hidr.) 

hidratirebuli aluminis ionebi Sedian reaq-

ciaSi wylis molekulebTan, warmoqmnian meorad 

hidratul garss. koordinirebuli wylis mole-

: ...H :C

H

: H

:

C
H

:O

O

:OH

H

:H :C

H

:

:

C

H

:O

O

+ OH-

-

-
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kulebis wyalbadis ionebi ganizidebian imave 

muxtis mqone aluminis ionebisagan da miizidebi-

an meoradi hidratirebuli garsis wylis mole-

kulebis dipolebis mier, rac sqematurad ase 

gamoisaxeba: 

 

 
� [Al(OH)(OH2)5]

2+ + H3O
+ 

aluminis hidroakvakompleqsi 

� [Al(OH)2(OH2)4]
 + + H3O

+ 
aluminis dihidroakvakompleqsi 

� [Al(OH)3(OH2)3]
 + + H3O

+ 
hidratirebuli aluminis hidroqsidi 

 

ganxilul magaliTSi aqtiuri komponentia ma-

rilis kationi eleqtronis aqceptori, romelic 

iwvevs wylis mimocvliT daSlas, xsnarSi hid-

roqsoniumis ionis siWarbes, wyalbadis maCveneb-

lis cvlilebas. marilis anioni eleqtronuli 

wyvilis susti donori da protonis susti aq-

ceptoria, amitom ar reagirebs wyalTan da ver  

cvlis wyalbadis maCvenebels. 

H

H H

HO ..:...Al(OH2)5

3+

O

aluminis hidratirebuli
          ioni

  meoradi 
hidratuli
  garsi

H

H H

HO ..:...Al(OH)(OH2)4

2+

O
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3. Zliermapolarizebeli kation-kompleq-

swarmomqnelisa da eleqtronuli wyvilis dono-

ris mqone anionisagan warmoqmnili marilis  

rogorc kationi, ise anioni monawileobs wylis 

molekulebis palarizaciaSi da erTdroulad 

adgili aqvs rogorc kationur, ise anionur 

hidrolizs da miiReba susti eleqtrolitebi 

garemos eqneba susti mJavas an susti fuZis 

Tviseba. hidrolizi midis kationiT da anioniT. 

rkinis (II) acetatis hidrolizis dros warmoiq-

mnebian fuZe marilebi, rkina (II)-is hidroqsidi 

da susti ZmarmJava:  

Fe(CH3COO)3 + 6H2O + [Fe(OH2)6](CH3COO)3 
rkinis akvakompleqsi 

[Fe(OH2)6](CH3COO)3 ⎯⎯ →⎯ OH2 [Fe(OH2)6] +3
(hidr.) + 

 + 3CH3COO⎯(hidr.) 
rkinis hidratirebuli ionebi iwveven wylis 

mimocvliT daSlas. hidrolizi midis sam 

stadiad. 

heqsaakvarkina (III)-is triacetatis hidroli-

zis II da III safexurebi mimdinareoben wyliT 

ganzavebis da gacxelebis dros. acetat-ionebi 

eleqtronuli wyvilis donorebi arian da am-

JRavneben protonisadmi swrafvas, amitom war-

moqmnian sust ZmarmJavas da hidroqsilis ionebs. 

xsnaris pH damokidebulia miRebuli susti 

eleqtoritebis disociaciis xarisxze. 

amoniumis acetatis hidrolizis dros miiRe-

ba TiTqmis neitraluri xsnari, vinaidan warmoq-

mnili susti eleqtrolitebis ionizaciis mudmi-

vebi TiTqmis tolia, orives erTnairi disocia-

ciis xarisxi aqvs α(CH3COOH)=1.3% da 

α(NH4OH)=1.3% 
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4. aqceptoruli da mapolarizebeli Tvisebe-

bis ar mqone kationebisa da eleqtronuli wyvi-

lis susti donoris mqone anionisagan warmoq-

mnili marilis hidrolizi praqtikulad ar 

xorcieldeba, vinaidan ar mimdinareobs katione-

bis da anionebiT wylis mimocvliTi daSla da 

xsnaris wyalbadis maCvenebeli mudmivia. 

natriumis qloridi wyalTan urTierTqmede-

bis dros warmoqmnis hidratirebul ionebs, mag-

ram es ar aris hidrolizi, vinaidan wyalbadis 

maCvenebeli ar icvleba: 

 
NaCl + xH2O → [Na(OH2)n]

+ + [Cl(HOH)x-n]
- 

 

hidrataciis procesi ar warmoadgens hidro-

lizis magaliTs.  

 

 

8.1. Zlieri fuZis kationisa da susti mJavas ani-
onisagan warmoqmnili marilis hidrolizis kon-

stantas, xarisxisa da pH-is gaangariSeba 
 

aseTi tipis marili wyalxsnarSi mTlianad 

aris disocirebuli: 

MA � M+ + A⎯ ; 
 

susti mJavas anioni ukavSirdeba wylis mole-

kulis wyalbadis ions da aTavisuflebs hid-

roqsilis ions: 
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A⎯ + HOH � HA + OH⎯. 
 

 

 

 

 

    

 

 

 

marili warmoqmilia Zlieri fuZisa MOH da 

susti HA mJavasagan. am tipis marilis hidroli-

zi mimdinareobs anionis mixedviT. ionuri to-

lobidan Cans, rom [HA] = [OH⎯]. namravli    

 

[HA] · [OH⎯] = [OH⎯]2. 
 

mocemul sistemaSi wonasworobis konstantas 

gamosaxulebas eqneba saxe: 

O]H][A

][OH[HA]
K

2
A

[⋅
⋅= −

−

. 

imis gaTvaliswinebiT, rom ganzavebul xsna-

rebSi wylis koncentracia mudmivi sididea, Se-

iZleba daiweros: 

][

][][
−

−⋅
A

OHHA
= K·[H2O] = Kh. 

KW = [H+] · [OH⎯] ;          [OH⎯] = 
][ +H

KW ; 

Kh = 
][][

][
+− ⋅

⋅
HA

KHA OH2 ;     
AK

1

][H][A

[HA] =
⋅ +− . 

KA aris marilis hidrolizis Sedegad miRebu-

li susti mJavas disociaciis konstanta.  

MA 
↙      ↘

 

MOH           HA 
Zlieri        susti  

eleqtroliti   eleqtroliti 
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                                     Kh = 
A

W

K

K
. 

 

amrigad, susti mJavas anionisa da Zlieri fu-

Zis kationisagan warmoqmnili marilis  hidro-

lizis konstanta tolia wylis ionuri namrav-

lis fardobisa susti mJavas ionizaciis kon-

stantasTan (susti mJava warmoiqmna marilis hid-

rolizis Sedegad).  
hidrolizis xarisxi warmoadgens hidrolize-

buli marilis koncentraciis fardobas xsnarSi 

arsebuli marilis saerTo koncentraciasTan an 

hidrolizebuli molekulebis ricxvis fardobas 

gaxsnili molekulebis saerTo ricxvTan:  

ricxvi saerTo smolekulebi marilis

ricxvi smolekulebi ulihidrolizeb
=h  

   hidrolizis xarisxi damokidebulia Sem-

deg faqtorebze: 

• marilis ionis buneba; 

• xsnaris koncentracia. xsnaris ganzavebiT 

izrdeba hidrolizis xarisxi. 

• temperatura. temperaturis gavlena hidro-

lizis xarisxze aixsneba le-Satelies princi-

piT. neitralizaciis reaqcia egzoTermulia. mi-

si Sebrunebuli hidrolizis reaqcia yovelTvis 

endoTermuli iqneba, amitom temperaturis moma-

tebiT hidrolizis xarisxi izrdeba. 

hidrolizis xarisxis gasaangariSeblad mari-

lis sawyisi koncentracia CavTvaloT C-s to-

lad. maSin, hidrolizebuli nawilis koncentra-

cia tolia produqtis hidrolizis koncentra-

ciis _ Ch, xolo marilis arahidrolizebuli 
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nawilis koncentracia iqneba C – Ch. Tu aRniS-

nul gamosaxulebebs CavsvamT wonasworobis 

konstantas gamosaxulebaSi, miviRebT: 

Kh = 
A

W

K

K

ChC

ChCh =
−
⋅

;     
A

W
22

K

K

h1C

hC =
− )(

. 

1 – h ≈1. e.i. Ch2 = 
A

OH

K

K
2 ; 

h2 = 
AMA

W

KC

K

⋅
;         h=

MAA

W

CK

K

⋅
. 

Zlieri fuZis kationisa da susti mJavas anioni-

sagan warmoqmnili marilis hidrolizis xarisxi 

tolia kvadratuli fesvi wylis ionuri namrav-

lis fardobisa susti mJavas ionizaciis konstan-

tasa da marilis koncentraciis namravlTan. 

Zlieri fuZisa da susti mJavas anionisagan warmoq-

mnili marilis pH-is gasaangariSeblad hidrolizis 

konstantas gamosaxulebis gardaqmniT vRebulobT: 

Kh = 
][

][][
−

−⋅
A

OHHA
 = ;

][ 2

MAC

OH −

 

[OH⎯] = MAh CK ⋅ ;    Kh =
A

W

K

K
; 

[OH⎯] =
A

MAW

K

CK ⋅
; 

pOH = 7 + 
2

1
lg KA – 

2

1
lgCMA ; 

pH = 7 - 
2

1
lgKHA +  

2

1
lgCMA 

pH = 7 + 
2

1
pKHA +

2

1
lgCMA. 
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8.2. susti fuZis kationisa da Zlieri mJavas ani-

onisagan warmoqmnili marilis hidrolizis kon-

stantas, xarisxis, pH-is gaangariSeba 

 

      am tipis marilebi hidrolizdebian katio-

nis mixedviT: marilis kationi wylis molekuli-

dan ierTebs hidroqsilis ions da aTavisuf-

lebs wyalbadis kations. 
 
 
 
     
 
 
 
 

M+ + HOH � MOH + H+ 
 

moqmed masaTa kanonidan gamomdinare, wonaswo-

robis konstantas gamosaxuleba tolia:  

][][

][][

OHM

HMOH
K

2⋅
⋅

= +

+

. 

ganzavebul xsnarebSi wylis koncentracia mud-

mivi sididea, amitom:   

Kh = 
][

][][
+

+⋅
M

HMOH ; 

wylis ionuri namravlidan cnobilia, rom  

[H+] = 
][ −OH

KW ; aqedan gamomdinare, 

MA 
↙      ↘

 

MOH           HA 
susti            Zlieri 

eleqtroliti   eleqtroliti 
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Kh = 
][][

][
−+ ⋅

⋅
OHM

KMOH W ; viciT, rom 
MOHK

1

OHM

MOH =
⋅ −+ ][][

][
, 

saidanac    Kh = 
B

W

K

K
. 

amrigad, susti fuZis kationisa da Zlieri 

mJavas anionisagan warmoqmnili marilis hidro-

lizis konstanta tolia wylis ionuri namrav-

lis fardobisa susti fuZis ionizaciis kon-

stantasTan (susti fuZe warmoiqmneba marilis 

hidrolizis Sedegad). 

hidrolizis xarisxis gasaangariSeblad mari-

lis sawyisi koncentracia CavTvaloT C-s to-

lad. maSin, hidrolizebuli nawilis koncentra-

cia tolia produqtis hidrolizis koncentra-

ciis _ Ch, xolo marilis arahidrolizebuli 

nawilis koncentracia iqneba C – Ch.  

Kh = 
B

W

K

K

ChC

ChCh =
−
⋅

;              

 
B

W
22

K

K

h1C

hC =
− )(

. 

1 – h ≈1. e.i. Ch2 =
B

W

K

K
; 

h2 = 
BMA

W

KC

K

⋅
;             

   h=
MAB

W

CK

K

⋅
. 

susti fuZis kationisa da Zlieri mJavas ani-

onisagan warmoqmnili marilis hidrolizis xa-

risxi tolia kvadratuli fesvi wylis ionuri 

namravlis fardobisa susti fuZis ionizaciis 
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konstantasa da marilis koncentraciis namrav-

lTan. 

namravli [MOH]·[H+] = [H+]2. h ≈1, amitom SeiZle-

ba miviRoT, rom arahidrolizebuli kationebis 

koncentracia tolia marilis moluri koncen-

traciis, e.i. [M+] = CMA. 

martivi gardaqmnebiT miiReba gamosaTvleli 

formula: 

Kh = 
][

][][
+

+⋅
M

HMOH
 = ;

][ 2

MAC

H +

 

[H+] = MAh CK ⋅ ; Kh = 
B

W

K

K
; 

maSin [H+] = 
B

MAW

K

CK ⋅
; 

lg[H+] =  -
2

1
(lgKW + lgCMA

 – lgKB); 

pH = 7 + 
2

1
lgKB -  

2

1
lgCMA ; 

pH = 7 - 
2

1
pKB -

2

1
lgCMA. 

 

8.3. susti fuZis kationisa da susti mJavas anio-

nisagan warmoqmnili marilis hidrolizis kon-

stantas, xarisxis, pH-is gaangariSeba 

 

am tipis marilebis hidrolizi mimdinareobs 

kationisa da anionis mixedviT: hidrolizis Se-
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degad  miiReba susti fuZisa da susti mJavas ek-

vivalenturi raodenoba: 

M+ + A⎯ +  HOH � MOH + HA 
qimiuri wonasworobis konstanta gardavqmnaT 

hidrolizis konstantas tolobad:  

 

][][][

][][

HOHAM

HAMOH
K

⋅⋅
⋅

= −+ ;  Kh = 
][][

][][
−+ ⋅

⋅
AM

HAMOH
; 

susti mJavas da susti fuZis ionizaciis kon-

stantas tolobidan vpoulobT hidrolizis 

produqtebis miRebul koncentraciebs: 

KB = 
][

][][

MOH

OHM −+ ⋅
; 

fuZis koncentracia: [MOH] = 
BK

OHM ][][ −+ ⋅
;  

mJavas koncentracia:  [HA] =
AK

AH ][][ −+ ⋅
; 

fuZisa da mJavas miRebuli koncentraciebi Cav-

svaT hidrolizis konstantas tolobaSi, miviRebT: 

                     Kh = 
ABKKAM

AHOHM

][][

][][][][
−+

−+−+

⋅
⋅⋅⋅

; 

susti fuZis kationisa da susti mJavas anio-

nisagan warmoqmnili marilis hidrolizis kon-

stanta tolia wylis ionuri namravlis fardo-

bisa susti fuZisa da susti mJavas ionizaciis 

konstantebis namravlTan: 

Kh = 
BA

OH

BA KK

K

KK

][OH][H
2

⋅
=

⋅
⋅ −+

; 

hidrolizis xarisxis gasaangariSeblad mari-

lis sawyisi koncentracia CavTvaloT C-s to-
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lad. maSin, hidrolizebuli nawilis koncentra-

cia tolia produqtis hidrolizis koncentra-

ciis _ Ch, xolo marilis arahidrolizebuli 

nawilis koncentracia iqneba C – Ch. 

Kh = 
AB

W

KK

K

h1Ch1C

ChCh =
−−

⋅
)()(

;    

AB

W
2

KK

K

h1

h

⋅
=

− )(
; 

  susti fuZis kationisa da susti mJavas ani-

onisagan warmoqmnili marilis hidrolizis xa-

risxi tolia kvadratuli fesvi wylis ionuri 

namravlis fardobisa susti mJavasa da susti 

fuZis ionizaciis konstantebis namravlTan: 

h

h

−1
=

AB

W

KK

K

⋅
. 

susti fuZisa da susti mJavas anionisagan war-

moqmnili marilebis hidrolizi mimdinareobs mniS-

vnelovani xarisxiT, amitom mniSvnelSi h-is mniS-
vnelobis ugulebelyofa ar SeiZleba. am tipis ma-

rilebisaTvis hidrolizis xarisxi ar aris damoki-

debuli koncentraciaze, amitom hidrolizis kon-

stantas tolobaSi marilis koncentracia ar Sedis. 

Kh = 
AB

W

MA KK

K

C

HA

⋅
=

2

2][
; 

AB

W

A
2
MA

MA
2

KK

K

KC

CH

⋅
=

⋅
⋅+ ][

; 

[H+]2 =
B

AW

K

KK ⋅
;   [H+] =

B

AW

K

KK ⋅
; 

pH = 7 - 
2

1
lgKA  +

2

1
lgKB. 
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pH = 7  + 
2

1
pKA+

2

1
lgKB. 

8.4. susti erTmJavuri fuZisa da susti  

mravalfuZiani mJavebisagan warmoqmnili mari-

lis  pH-is gaangariSeba 

 

  am tipis marilebis hidrolizis xarisxis 

gaangariSeba mimdinareobs I safexuris mixedviT.  
 

(NH4)2CO3 + HOH�NH4OH + +− + 43 NHHCO  

↙   ↘ 
NH4OH    H2CO3 

susti eleqtrolitebi 

 
−+ + 2

342 CONH +HOH �NH4OH + +− + 43 NHHCO ; 
−+ + 2

34 CONH +HOH �NH4OH + −
3HCO ; 

 

h

h

−1
=

324

2

COHOHNH

OH

KK

K

⋅
; 

 

pH = 7 - 
2

1
lg

1AK -  
2

1
lgKB; 

 

pH = 7  + 
2

1
 p

1AK +
2

1
lgKB. 
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8.5. mravalfuZiani mJavebis saSualo 
marilebis pH-is gaangariSeba 

     
 am tipis marilebis pH-is gasaangariSeblad 

gamoiyeneba Zlieri fuZisa da susti mJavebisagan 
miRebuli pH-is gamosaTvleli formula. mJavuri  

disociaciis konastantas maCveneblis pKA-s mniS-
vnelobaSi unda Caisvas mJavas disociaciis bo-
lo konstanta: 

pH = 7  + 
2

1
p

1AK +
2

1
lgCMA. 

        
8.6. mJava marilebis pH-is gaangariSeba 

 

     ganvixiloT orfuZiani mJavas marili, rom-

lis anioni wyalxsnarSi iqceva damoukidebel 

mJavad: 

HA⎯ � H+ + A2- 

mJavur naSTs SeuZlia SeierTos wylis mole-

kulidan wyalbadi da gaaTavisuflos hidroqsi-

lis ioni: 

HA⎯ +  HOH � H2A + OH⎯; 

H2A� H+ + HA⎯. 
mJavas disociaciis I da II safexurebis kon-

stantebi tolia: 

][

][][

2
1 AH

HAH
K A

−+ ⋅= ; 

][

][][ 2

2 −

−+ ⋅=
HA

AH
K A . 
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wyalxsnarSi mimdinareobs mJava marilis sru-

li ionizacia, amitom mJavuri naSTis koncentra-

cia SeiZleba gautoldes mJavas koncentracias: 

                 
[HA⎯] = CHA. 

aqedan gamomdinare, 
][

][

2
1 AH

CH
K HA

A

⋅
=

+

;  

                                        
HA

A C

AH
K

][][ 2

2

−+ ⋅=  

[H2A] = 
1

][

A

HA

K

CH ⋅+

;            

 [A2-] = 
][

2

+

⋅
H

CK HAA ; 

Tu [H+] = [A2-] - [H2A], maSin 
 

[H+] = 
][

2

+

⋅
H

CK HAA  _ 
1

][

A

HA

K

CH ⋅+

; 

tolobis orive mxare mravldeba 
1AK -ze da 

gardaqmnebiT miiReba: 

1AK •[H+]2 = 
1AK ·

2AK · CHA - [H+]2 · CHA; 

 

[H+] = 
HAA

HAAA

CK

CKK

+
⋅⋅

1

21 . 

 

mJavuri disociaciis I safexuris konstantas 

(
1AK ) ricxviTi mniSvneloba marilis koncentra-

ciasTan SedarebiT imdenad mcirea, rom SeiZle-

ba misi ugulebelyofa da toloba Rebulobs 

Semdeg saxes: 
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[H+] = 
21

21

AA
HA

HAAA
KK

C

CKK
⋅=

⋅⋅
. 

pH = - 
2

1
lg

1AK -
2

1
lg

2AK ; 

pH = 
2

1
p

1AK +
2

1
p

2AK ; 

aqedan Cans, rom mJava marilebis pH ar aris 
damokidebuli marilis koncentraciaze.  

K1 da K2 _ orfuZiani mJavebis ionizaciis I da 
II safexuris konstantebia, xolo samfuZiani mJa-

vebisagan warmoqmnili mJava marilisaTvis: 
 

pH =  
2

1
pK2 +

2

1
pK3;    

Na2HPO4-Tvis 

 

K2 = 
][

][][

42

2
4

−

−+ ⋅
POH

HPOH
;  K3 = 

][

][][
−

−+ ⋅
2
4

3
4

HPO

POH
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Tavi IX. 

buferuli xsnarebi 

 
9.1. pH-is mniSvneloba buferul xsnarebSi.  

buferuli tevadoba 
  

buferuli xsnari _ fizikur-qimiuri sistemaa, 

Semdgari susti mJavas (an fuZis) da misi Sesaba-

misi marilisagan, romelsac unari aqvs garkve-

ul intervalSi SeinarCunos xsnaris pH-is mniS-

vneloba ganzavebisas an masze mcire raodeno-

bisi mJavas an fuZis damatebisas.  

buferuli sistema unda ganvixiloT rogorc 

xsnari, romelic erTdroulad Seicavs brenste-

dul mJavas (an fuZes) da mis SeuRlebul bren-

stedul fuZes (an mJavas). protonis donoris 

funqcias asrulebs susti mJava an susti fuZis 

SeuRlebuli mJava aqceptoris rols - susti 

mJavas anioni  an susti fuZe. brensted-louris 

protolituri Teoriis Tanaxmad, mJavas warmo-

adgens yoveli nawilaki, (molekula an ioni), 

romelic gascems protons, fuZes _ romelic 

ierTebs protons, magaliTad:  

acetaturi buferi:   
CH3COOH      _  brensteduli mJava 

CH3COO⎯       _ SeuRlebuli brensteduli fuZe 

hidrokarbonatuli buferi:               
−
3HCO             _    SeuRlebuli brensteduli fuZe 

 H2CO3           –     brensteduli mJava  
amiakuri buferi:                                
 NH3               –  brensteduli fuZe 

NH +
4               _  SeuRlebuli brensteduli mJava 

fosfaturi buferi:         
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fuZe ibrenstedul SeuRlebuli 

mJava  
−

−

42

2
4

POH

HPO
  

buferul xsnarebs aqvT unari SeinarCunon 

xsnaris pH-is mudmivoba mcire raodenobiT Zli-

eri fuZis an Zlieri mJavas damatebisas.  

buferuli xsnaris raodenobriv zomad miRe-

bulia buferuli tevadobis cneba. buferuli 

tevadoba (β) ewodeba Zlieri mJavas an Zlieri 

fuZis ekvivalentebis raodenobas (moli), rome-

lic unda daematos 1 l buferul xsnars, raTa 

misi pH erTi erTeuliT Seicvalos.  

ansxvaveben beferul tevadobas mJavas mixed-

viT (βmJ.) da tutis mixedviT (βtut), romelTac 

angariSoben Semdegi gamosaxulebebiT: 

 βmJ. = 
buf.xsn.

mJ.mJ.

V⋅∆pH

)/1( VzC
;     

βtut =
buf.xsn.

tut.tut.

V⋅∆pH

)/1( VzC
, 

sadac C(1/zmJ.) da VmJ. _ damatebuli Zlieri 

mJavas ekvivalentis moluri koncentracia da 

moculobaa. C(1/ztut..) da Vtut. _ damatebuli tu-

tis ekvivalentis moluri koncentracia da mo-

culoba; ∆pH _ Zlieri mJavas (tutis) damatebi-

sas buferuli xsnaris pH-is cvlileba; Vbuf. xsn. 

_ buferuli xsnaris sawyisi moculoba. 
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9.2. buferuli moqmedebis meqanizmi 
 

buferul sistemebSi fuZe-mJavuri ionizaciis 

procesis dros  pH-is mudmivobis SenarCuneba 

ganpirobebulia Zlieri mJavas an Zlieri fuZis 

damatebisas ionizaciuri wonasworobis gadanac-

vlebiT susti eleqtrolitis warmoqmnis mxares, 

romelic miiReba damatebuli Zlieri eleqtro-

litis ekvivalenturi raodenobiT. wonasworul 

procesSi:  

mJava � fuZe + H+ 
mJavasa da fuZes ewodeba SeuRlebuli. bufe-

ruli xsnarebis ganzavebisas Semadgeneli kompo-

nentebis koncentracia mcirdeba, magram Tana-

fardoba rCeba mudmivi. ganzavebisas ucvleli 

rCeba susti eleqtrolitis disociaciis mudmi-

vac.   
wyalSi gaxsnil nebismier nivTierebas, rome-

lic adidebs wylis avtoionizaciis Sedegad 

warmoqmnil hidroqsoniumis ionTa koncentraci-

as ewodeba mJava, xolo nebismier nivTierebas, 

romelic amcirebs am ionTa     koncentracias 

(H3O
+ + OH⎯→2H2O) ewodeba fuZe.  

ganvixiloT acetaturi buferi: 

 

 

 

 

CH3COOH   +  H2O CH3COO    +  OH3

OH

OH3
+

mJ. f. S.f. S.mJ.

hidrolizi

fuZe ionizacia

mJava ionizacia

f. mJ.

+

CH3COO    +  H2O
OH

OH3
+

H+

CH3COOH + OH
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amiakuri buferi: 

gamosaval buferul narevs emateba: 

1) tute 

 

I reaqciis mixedviT, gaizrdeba xsnarSi OH⎯ 
ionebis koncentracia da wonasworoba gadaixre-

ba amiakis warmoqmnis mxares. II reaqciis mixed-

viT, Semcirdeba 
+
3OH  ionebis koncentracia 

( +
3OH + OH⎯ = 2H2O) da wonasworoba isev gadaixre-

ba amiakis warmoqmnis mimarTulebiT. pH icvleba 

mcired, radgan damatebuli Zlieri fuZis ekvi-

valenturi raodenobiT warmoiqmneba susti fuZe 

NH3. 
2) Zlieri mJava 

I reaqciis mixedviT wonasworoba gadaixreba 

susti mJavas warmoqmnis mimarTulebiT marjvena 

mxares OH⎯ ionebis koncentraciis Semcirebis 

gamo. II reaqciis mixedviT, marjvena mxares hid-

roqsoniumis ionebis koncentraciis gazrdis ga-

mo, wonasworoba gadaixreba susti mJavas ( NH +
4 ) 

warmoqmnis mimarTulebiT. xsnaris pH icvleba 

mcired, radgan damatebuli Zlieri mJavas ekvi-

valenturi raodenobiT warmoiqmneba susti mJava. 

analogiuri meqanizmi gaaCnia sxva protolitur 

buferul sistemebs. 

NH3 H2O+
OH

OH3
+

NH4
+ OH+

S.f.S.mJ.mJ.f.

NH4
+ + H2O

OH

OH3
+ NH3

+ + OH3
+

mJ. f. S.f. S.mJ.

mJava ionizacia

fuZe ionizacia
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fosfaturi buferi: 

 

 
 

9.3. mJava buferuli sistema 
 

mJava buferuli xsnari susti mJavasa da misi 

marilis narevia. aseT sistemaSi wyalbadis io-

nebis koncentracia damokidebulia ara marto 

mJavas koncentraciasa da misi eleqtrolituri 

disociaciis mniSvnelobaze, aramed misi mari-

lis koncentraciazec. rac metia marilis kon-

centracia, miT naklebia wyalbadis ionis kon-

centracia aseT xsnarebSi: 

HA � H+ + A⎯. 

[HA]

][A][H
K A

−+ ⋅=  

[H+]=
MA

HA
A C

C
K ; 

[HA]= CHA ;   [A⎯] = CMA ; 
 

 
pH = - lgKHA – lg CHA + lg CMA. 

vinaidan KA mudmivi sidide, mas warmoadgenen 
eleqtrolituri disociaciis konstantas maCve-

neblis  pKA saxiT: 

H2PO4 + H2O
f.mJ.

OH

H3O+
HPO4

2 H3O+
+ mJava ionizacia
S.mJ.S.f.

HPO4
2

+ H2O
f. mJ.

H3O+

OH
H2PO4 OH+

S.f. (hidrolizi)

fuZe ionizacia

S.mJ.

H+
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pH = pKA – lg CHA + lg CMA. 

pH = pKA – lg
MA

HA

C

C
. 

Tu xsnari mJavas da marils ekvivalenturi 

raodenobiT Seicavs, maSin: pH = - pKA.   
es toloba gamoiyeneba mimdinareobs wyal-

xsnarSi mJavaTa disociaciis konstantebis gan-

sazRvrisaTvis potenciometruli meTodi. 
 

 
9.4. fuZe buferuli sistema 

 

analogiurad gamoyavT formulebi buferuli 

xsnarebisaTvis, romlebic damzadebulia susti 

fuZisa da misi Sesabamisi marilisagan. 
fuZovani buferuli sistema: 

B +  H+ � BH+  ; 

]][[

][1
+

+

==
+

+
HB

BH

K
K

BH
H ; 

[B] = CB; 
[BH+] = CMA;     

 
B

W
BH K

K
K =+ ; 

[H+] = 
BB

MAWBH

CK

CK

B

BHK

⋅
⋅=

⋅ +
+

][

][
. 

pH = 14 – pKB – lg  
B

MA

C

C
. 

susti fuZisa da misi marilis narevis xsnar-

Si wyalbadis ionebis koncentracia damokidebu-

li ara mxolod fuZis koncentraciasa da misi 

eleqtrolituri disociaciis konstantas sidi-
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deze, aramed Sesabamisi marilis koncentracia-

zec. rac metia marilis koncentracia, miT metia 

xsnarSi wyalbadis ionebis koncentracia aseT 

narevSi. 

 [OH⎯] = BB CK ⋅ ; 

pOH = -lg[OH⎯] ; 

pOH = -  
2

1
lgKB - 

2

1
lgCB; 

pH =14 - 
2

1
pKB + 

2

1
lgCB. 

aseT sistemebSi wyalbadis ionebis koncen-

tracia da misi maCvenebeli gamoisaxeba formu-

liT: 

[H+] = 
][ −OH

KW , amitom 

pH = pKW – (
2

1
lgKB -

2

1
lgCB) an 

pH = 14 – 
2

1
lgKB + 

2

1
lgCB 

[H+] =
BB

MAW

CK

CK

⋅
⋅

; 

pH = - lgKW – lgCMA+ lgKB + lgCB    an 
 

pH = pKW – pKB - lgCMA+ lgCB. 
 

pH = 14 –pKB - lg
B

MA

C

C
. 
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9.5.  pH-is gavlena fermentTa aqtiurobaze 

 

TiToeuli fermentisaTvis arsebobs pH-is 
gansazRvruli mniSvneloba, romlis drosac sa-

katalizo reaqciis siCqare maqsimaluria. pepsi-

nisaTvis pH =1,5; tute fosfatazasTvis pH = 9,0-
10,0; fermentebis umravlesobas pH-is optimalu-

ri mniSvneloba gaaCnia neitralur areSi (7,0-8,0). 
organizmis ZiriTadi buferuli sistemebia: hid-

rokarbonatuli, plazmis amfoteruli cilebi: 

hemoglobinuri, fosfaturi da cilovani bufe-

rebi, romlebic imyofebian sisxlSi. Bbuferuli 

sistemebis moqmedebis meqanizmiT SenarCunebu-

lia pH-is mudmivoba (pH =40±0,75), miuxedavad 

imisa, rom organizmSi xvdeba sxvadasxva raode-

nobiT mJava da fuZe.  

hidrokarbonatuli buferuli sistema (
−
3HCO , 

H2CO3) miRebulia naxSirbad (IV)-is oqsidiT, 

romlis urTierTqmedebiT wyalTan warmoiqmneba 

wonasworuli mdgomareoba. sisxlis plazmaSi 

naxSirmJavas _ protonis donoris saerTo kon-

centracia henderson-haselbaxis gantolebaSi 

SeiZleba gamoisaxos ori sididis _ eqsperimen-

tulad gansazRvruli CO2-is parcialuri wnevi-

sa [p(CO2)] da organizmis Txevad areebSi CO2-is 
xsnadobis koeficientis (S=0,033) namravlis sa-

xiT: 
 

)2(CO0,033p

]3[HCO
6,1

)2p(COS

]3[HCO
16

lg 2pK pH

⋅

−
+=

⋅

−
+

=+=

,

donori] [protonis

aqceptori] [protonis
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wyalbadis maCveneblis fiziologiuri mniS-

vnelobisas (pH=7,40) naxSirmJava ZiriTadad im-

yofeba hidrokarbonat-ionis saxiT. xolo kompo-

nentTa _ [ −
3HCO ]/[CO2] koncentraciebis Tanafar-

dobaa 20:1.  
hidrokarbonatuli buferuli sistemis mTava-

ri daniSnuleba aris mJavaTa ganeitraleba. mJa-

vebTan misi urTierTqmedebis produqti _ CO2, 

swrafad gamoidevneba organizmidan sunTqvis 

procesSi filtvebiT. hidrokarbonatuli bufe-

ri warmoadgens sisxlis plazmis ZiriTad bufe-

rul sistemas. am bufers Seicaven eriTrocitebi, 

ujredTaSorisi siTxeebi, Tirkmlis qsovili da 

uzrunvelyofen sisxlis saerTo buferuli te-

vadobis 53%-s. 

hidrofosfatur buferul sistemas (
−2

4HPO , 

−
42POH ) Seicaven sisxlis plazma,  qsovilebis 

siTxeebi. wyalbadis maCvenebels angariSoben 

Semdegi gamosaxulebiT: 

pH =6,8 + lg
]PO[H

][HPO

42

2
4

−

−

. 

normis farglebSi Tanafardoba hidrofos-

fat- da fosfat-ionebs Soris Rebulobs Semdeg 

saxes: 

]PO[H

][HPO

42

2
4

−

−

=4:1; 

hemoglobinuri buferuli sistema  warmoad-

gens eriTrocitebis mTavar buferul sistemas, 

romelic protonis donoris saxiT Seicavs or 

sust mJavas _ hemoglobins (HHb) da oqsihemog-
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lobins (HHbO2), xolo protonis aqceptoris 

rols asruleben am mJavaTa SeuRlebuli fuZee-

bi - maTi anionebi _ Hb⎯ da HbO⎯2. oqsihemoglo-

bini ufro Zlieri mJavaa (pK=6,95), vidre hemog-
lobini (pK=8,20); roca pH=7,25 (eriTrocitebSi) 

oqsihemoglobini ionizirebulia 65%-iT, xolo 

hemoglobini _ 10%-iT. hemoglobinTan Jangbadis 

mierTebisas filtvebSi sisxlis pH mcirdeba Se-

darebiT Zlieri mJavas _ oqsihemoglobinis war-

moqmnis gamo; pH isev izrdeba, ufro susti mJa-

vas _ hemoglobinis warmoqmnis gamo; sisxlis he-

moglobinuri buferuli sistema monawileobs 

organizmSi erTdroulad ramdenime fiziologi-

uri funqciis SesrulebaSi; sunTqva, mudmivi pH-

is SenarCuneba eriTrocitebSi, sisxlSi. es sis-

tema efeqturad moqmedebs sisxlis sxva bufe-

rul sistemebTan erTobliobaSi. 

   cilovani (proteinuli) buferuli sisteme-

bi, cilis fuZe-mJavur Tvisebebze damokidebule-

bis mixedviT, arseboben anionuri da kationuri 

tipis. anionuri cilovani buferi moqmedebs, ro-

ca pH>PIcilis da Sedgeba protonis donoris _ 

cilis molekulisagan da protonis aqceptoris 

_ cilis anionisagan (PI _ cilis izoeleqtruli 

wertilia). kationuri cilovani buferi moqme-

debs, roca pH<PIcilis da Sedgeba protonis do-

noris _ cilis kationisagan da protonis aqcep-

toris _ cilis molekulisagan. kationuri ci-

lovani buferuli sistema moqmedebs fiziolo-

giur areebSi pH<6, xolo anionuri _ areebSi 
pH>6. sisxlSi funqcionirebs anionuri cilova-

ni buferi. 
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buferuli sistemebis erToblioba, romelic 

mimdinareobs sisxlis plazmasa da eriTroci-

tebSi, uzrunvelyofs ori umniSvnelovanesi fi-

ziologiuri procesis mimdinareobas _ sisxlis 

pH-is SenarCunebas gansazRvrul doneze 

(pH=7,35÷7,45), miuxedavad qsovilebidan CO2-isa 

da H+-ionebis ganuwyveteli miwodebisaa da sun-

Tqvas _ sisxlis mier Jangbadisa da CO2-is miRe-

bas da transports. sasunTqi organoebis, sis-

xlis mimoqcevis sistemis, RviZlis, kuWis, Tir-

kmelebis daavadebisas, mowamvlis, diabetis, Sim-

Silis, damwvrobis da sxva SemTxvevebSi, SeiZle-

ba adgili hqondes mJavas mixedviT buferuli 

tevadobis gadaxras normidan _ Semcirebas an 

gadidebas, e.i. paTologiur movlenebs: acidozs 

da alkalozs.  

acidozi _ es aris fiziologiuri sistemis 

mJava buferuli tevadobis Semcireba normasTan 

SedarebiT.  

alkalozi _ es aris fiziologiuri sistemis 

mJava buferuli tevadobis gazrda normasTan 

SedarebiT. 

 

               
9.6. protolizuri reaqciebis roli wamlebis  

metabolizmSi, samkurnalo preparatebis  

analizSi da medicinaSi 

 

medicinaSi iyeneben araorganul _ CuSO4, 
ZnSO4, AgNO3, HgCl2, MgSO4, MgO, Pb(CH3COO)2, 
NaHCO3, H3BO3, NaBO3, Na2B4O7·10H2O, organul _ 

natriumsalicilati HOC6H4COONa, aspirini _ 
CH3COOC6H4COOH, salicilamidi _ HOC6H4CONH2 
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samkurnalo preparatebs, romlebic wyalxsna-

rebSi amJRavneben fuZe-mJavur Tvisebebs, monawi-

leoben metabolur procesebTan dakavSirebul 

protolizur, hidrolizisa da neitralizaciis 

reaqciebSi, rac gamoiyeneba  samkurnalo prepa-

ratebis analizsa da kontrolSi. protolizuri 

reaqciebi mimdinareoben buferul sistemebSi da 

mniSvnelovan rols TamaSoben medicinaSi. 

   natriumhidrokarbonati NaHCO3 gamoiyeneba 
rogorc antaciduri saSualeba. buferuli sis-

temis moqmedebis meqanizmia: 
wyalxsnarSi: NaHCO3 → Na+ + −

3HCO  

 

kuWis wvenSi: 

 
 
 
 

 

 

 

natriumsalicilati HOC6H4COONa _ axasia-
Tebs gamayuCebeli, sicxis damwevi da anTebis 

sawinaaRmdego moqmedeba. buferuli sistemis 

moqmedebis meqanizmia: 

wyalxsnarSi: HOC6H4COONa → HOC6H4COO⎯ + Na+ 

HCO3 + H2O H2CO3 OH+

fuZe mJava susti 
mJava

susti 
fuZe

(hidrolizis reaqcia)

metabolitebi

−
3HCO   +   H3O

+   →   H2CO3   +   H2O (neitralizaciis reaqcia) 

fuZe      mJava     susti     susti 
                     mJava      fuZe 
 
                      

metabolitebi 
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salicilamidi _ HOC6H4CONH2 _ gamoiyeneba 

rogorc tkivilgamayuCebeli, sicxis damwevi, an-

Tebis sawinaaRmdego da revmatizmis sawinaaR-

mdego saSualeba. 

HOC6H4COO + H2O OH+
fuZe mJava susti mJava susti 

fuZe

(hidrolizis reaqcia)HOC6H4COOH

kuWis wvenSi:

HOC6H4COO + H3O+
+

fuZe mJava susti mJava susti 
fuZe

(neitralizaciis reaqcia)HOC6H4COOH H2O

HOC6H4OONH2 + H2O OH+
fuZe mJava susti mJava susti 

fuZe

(fuZe ionizacia)HOC6H4CONH3

kuWis wvenSi:

+ H3O+
+

fuZe mJava susti mJava susti 
fuZe

(neitralizaciis reaqcia)H2O

+

HOC6H4OONH2 HOC6H4CONH3
+

wyalxsnarSi:
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Tavi X. 
kompleqswarmoqmnis reaqciebi  

qimiur analizSi  
 

10.1. kompleqsuri nivTierebebi  

 

qimiuri elementebis umravlesoba adamianis 

organoebsa da qsovilebSi kompleqsuri naerTe-

bis saxiTaa, rac am naerTebis Seswavlis aqtua-

lobas ganapirobebs.  

koordinaciuli (kompleqsuri) ewodeba rTul 

qimiur nivTierebas, romelic Seicavs kompleq-

sur ions an molekulas, warmoqmnils gansaz-

Rvruli Jangvis xarisxis mqone centraluri 

atomis (an ionis) da masTan dakavSirebuli mo-

lekulebis an ionebisagan (adendebis, Camnac-

vleblebisagan).  

 grinbergis ganmartebis Tanaxmad, kompleqsu-

ri naerTebi ewodebaT calkeuli komponentebis 

SerwymiT warmoqmnil gansazRvrul rTul mole-

kulur naerTebs, romelTac unari SeswevT iar-

sebon rogorc kristalSi, aseve xsnarSi.  

   1913 wels Sveicariel mecniers alfred 

verners mieniWa nobelis premia kompleqsuri na-

erTebis dargSi Catarebuli samuSaoebisaTvis. 

kompleqsnaerTebis struqturis Tanamedrove 

warmodgenebs safuZvlad udevs verneris Semdegi 

ZiriTadi debulebebi:  

1. elementebis umravlesoba amJRavnebs ori 

tipis valentobas: mTavars da Tanaurs. Tanamed-

rove terminologiiT igi Seesabameba elementis 

Jangvis xarisxs da koordinaciul ricxvs; 

2. TiToeuli elementi iswrafvis gaijeros 

rogorc mTavari, aseve Tanauri valentoba; 
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3. Tanauri valentoba sivrceSi ganlagebulia 

zustad gansazRvruli mimarTulebiT, mis xar-

jze mimdinareobs umaRlesi rigis naerTebis 

warmoqmna, romelTac vernerma kompleqsuri na-

erTebi uwoda.  

kompleqsur naerTSi arCeven Siga da gare ko-

ordinaciul sferoebs. Siga koordinaciul sfe-

roSi moTavsebul centralur atoms an dadebi-

Tad damuxtuli ions kompleqswarmomqmneli 

ewodeba, xolo masTan koordinirebul sawinaaR-

mdego niSnis ionebs an neitralur molekulebs 

_ ligandebi. kompleqswarmomqmneli SeiZleba 

iyos nebismieri liToni an araliToni, ligande-

bi – p-elementebi, maTi ionebi an naerTebi. cen-

traluri ionis garSemo arsebuli ligandebis 

ricxvs koordinaciuli ricxvi ewodeba.  

kompleqswarmomqmneli ionebis koordinaciu-

li ricxvebia: 

Cu+,Ag+,Au+   2 
Cu2+, Hg2+, Au3+,Cd2+, Pb2+,  Pt2+, Pd2+  4 
Fe2+, Fe3+, Cr3+,Co2+, Ni2+, Al3+, Zn2+, Pt4+, Pb4+   6 
Ca2+, Sr2+, Ba2+     8 
Siga sferos kvadratul frCxilebSi aTavse-

ben. ionebi da molekulebi, romlebic ver Tav-

sdebian Siga sferoSi, imyofebian kompleqswar-

momqmnelidan moSorebiT da warmoqmnian gare 

sferos. am sferos ionebi aneitraleben kom-

pleqsuri ionis muxts da mas ionuri bmiT ukav-

Sirdebian. kompleqsuri ionis muxti tolia kom-

pleqswarmomqmnelisa da ligandebis muxtebis 

algebruli jamis; roca ligandebi neitraluri 

molekulebia, maSin kompleqsuri ionis muxti 

kompleqswarmomqmnelis muxtis tolia. 
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K4[Fe(CN)6] � 4K+
 + [Fe(CN)6]

3
⎯ 

1.gare koordinaciuli sfero – K; 
2.Siga koordinaciuli sfero - [Fe(CN)6]

3
⎯ ; 

3.kompleqsi anionuria; 
4.kompleqswarmomqmnelia rkinis atomi – Fe; 
5.kompleqswarmomqmnelis Jangvis xarisxia – +2; 
6. ligandia cianid-ioni - CN⎯; 
7. koordinaciuli ricxvia – 6; 

8. umdgradobis mudmiva. 
qimiuri bmebis ricxvs, romliTac centralu-

ri atomi ukavSirdeba ligandebs - kompleqswar-

momqmnelis koordinaciuli ricxvi anu koordi-

naciuli valentoba ewodeba. koordinaciuli 

adgilebis ricxvs, romelsac TiToeuli ligan-

di ikavebs kompleqsis Siga sferoSi _ ligandis 

koordinaciuli tevadoba anu dentatoba (laTi-

nuri sityvidan dentate – kbilanuri) ewodeba. igi 

kompleqswarmomqmnelTan dakavSirebuli ligan-

dis donorul atomTa ricxvis tolia. 

ligandi masSi donoruli atomebis raodeno-

baze damokidebulebiT SeiZleba iyos monoden-

taturi, bidentaturi da polidentaturi.  

monodentaturia ligandi, romelic dakavSi-

rebulia liTonis ionebTan erTi eleqtrondo-

noruli atomis meSveobiT. bidentaturia ligan-

di, romelic dakavSirebulia centralur atom-

Tan ori eleqtrondonoruli atomis meSveobiT. 
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monodentaturi:  

    ionuri             molekuluri 

OH⎯ _ hidroqso,   
H⎯ - hidrido 

H2O _ akva 

 CN⎯ _ ciano ,  
 NSC⎯ - Tiocianato 

NH3 _ amin 

Cl⎯ _ qloro,    
Br⎯ _ bromo 

CO _ karbonil 

I⎯ _ iodo,  
F⎯ - fToro 

CH3NH2 _ meTilamin 

−
3NO _ nitrato C2H5NH2 _ eTilamin 

−
2NO _ nitrito  

 bidentaturi   

ionuri                 molekuluri 

−2
42OC _ oqsalato NH2–CH2–CH2–NH2 (en) _ 

eTilendiamin 

−2
3CO _ karbonato NH2–CH2–CH2–OH (eta) _ mo-

noeTanolaminaminoeTa-

nol 

    

 

 
eTilendiamini oqsalat-ioni karbonat-ioni 

 

kompleqsur naerTSi [Co(NH3)4CO3]NO3 bidenta-
turi ligandi karbonat-ioni 

−2
3CO  − kompleq-

swarmomqmnelTan Co(III) warmoqmnis or bmas, xo-
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lo ligandis molekula NH3 _ mxolod erT 

bmas: 

 
tridentaturi: 

  

NH2–CH2–CH2–NH–CH2–CH2–NH2 
(dta) _ dieTilentriamini; 

 

NH2–CH2–CH2–NH–CH2–NH2 
(tap) _ triaminopropani. 

 

tetradentaturi _ porfini 

 

NH N

N HN
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В12 vitamins molekuluri struqtura  

 

 
  

 

                            

 

heqsadentaturi _ eTilendiamintetraZmarmJa-

vas anioni 
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10.2. kompleqsuri naerTebis nomenklatura 

 

kompleqsuri naerTebis saxelwodebebis mi-

marT sami ZiriTadi midgomaa: 

1.tradiciuli, specifikuri anu aranomenkla-

turuli saxelwodeba:  
 
K4[Fe(CN)6]  _ sisxlis yviTeli marili,                                         
K3[Fe(CN)6] _ sisxlis wiTeli marili;                      

[Pt(NH3)4](OH)2   _ cis-forma, reizes pirveli fuZe;         

[Pt(OH)2](NH3)2   _ trans-forma, reizes meore fuZe;                  
[PtCl2(NH3)2]  _ perones qloridi; 

K[Co(NO2)4(NH3)2]  _ erdmanis marili. 

 

2. nomenklatura, romelic Camoayaliba al-

fred vernerma. 

3. kompleqsuri naerTebis saxelwodebebi dam-

tkicebuli 1960 wels Teoriuli da gamoyenebiTi 
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qimiis saerTaSoriso kavSiris komisiis mier, 

araorganul naerTTa nomenklaturis mixedviT 

(IUPAC).  
1.ionebis CamoTvlis Tanmimdevroba:  pirve-

lad asaxeleben kations, Semdeg – anions:                   
Na[AlCl4] – natrium tetraqloroaluminati; 

Ba2[XeO6] –barium heqsaoqsoqsenonati (VIII). 
2. bevri kompleqswarmomqmnelisaTvis gamoiye-

neba laTinuri saxelwodebebi: 

Ag − argent- ; Au − aur- ; Cu −kupr- ; Fe − fer- ; Hg − 
merkur- ; Mn − mangan- ; Ni −nikol- ; Pb − plumb- ; Sb − 
stib- ; Sn − stan-.  

3. ligandebis CamoTvlis Tanmimdevroba: anio-

nuri; neitraluri – erTmaneTisagan defisiT ga-

moyofis gareSe. kompleqswarmomqmnelis Jangvis 

xarisxi gamoisaxeba romauli cifriT (frCxi-

lebSi). anionebi CamoiTvlebian rigiT - martivi, 

poliatomuri, organuli anionebi:  

K2[Pt(NO2)Cl2] - kalium diqlorodinitritoplati-

nat (III);  
 [PtClNO2(NH3)2en]SO4 – qloronitritodiamineTi-

lendiaminplatina(IV)-is sulfati;                                        
 [Co(NH3)4 Br(H2O)](NO3)2 – bromoakvatetraaminko-

balt (III)-is nitrati. 

4. koordinaciuli jgufebis daboloeba: ne-

itraluri jgufebis saxelwodeba igivea, rac 

molekulebis, gamonakliss warmoadgens “akva” - 
H2O, NH3 _ “amin”.  uaryofiTad damuxtul ionebs 

emateba daboloeba “o”.  

[Co(NH3)6]Fe(CN)6] - heqsaaminkobalt(III)heqsaciani-

ferat(III); 
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Na2Pb[Cu(NO2)6]   – natrium-tyviis heqsanitrokupra-
ti (II);  

5. ligandebis ricxvis maCvenebeli prefiqsi: 

di-, tri-, tetra-, penta-, heqsa- da a.S. aRiniSne-

bian martivi ligandebis win:  

K2[ReH9] – kalium nonahidrorenat (VII); 

[Mo6Cl4]     _ tetraqloroheqsamolibdeni 

6. kompleqsebis saxelwodebis daboloeba. 

anionuri kompleqsis saxelwodebaSi kompleq-

swarmomqmnelis laTinuri saxelwodebis dabo-

loebaze damatebulia sufiqsi ~at~-i.  
K[BeF4]    - kaliumis tetraftoroberilati (II); 

[Cu(NH3)6]Cl2 _ heqsaaminospilenZ (II)-is qloridi; 

[Zn(H2O)4] SO4 ·H2O _ tetraakvaTuTiis sulfathid-

rati; 

[Pt(NH3)2Cl2] _ diqlorodiaminplatina (II); 

7. xidakuri jgufebis saxelwodeba. Tu li-

gandebs warmoadgenen rTuli mravalatomiani 

molekulebi, maSin ricxviTi mniSvnelobebis 

nacvlad ixmareba „bis-“, „tris-“, „tetrakis-“, 

„pentakis“- da a. S. jgufebs, romlebic 

asruleben xidakebis rols koordinaciis or 

centrs Soris, aRniSnaven, maT win, berZnuli 

aso µ-Ti, romelic meordeba TiToeuli xidaku-

ri jgufis saxelwodebis win:  
  

[(C2O4) 2Cr-(OH)2-Cr(C2O4) 2]
4
⎯  

di-µ- hidroqsotetraoqsalatoqromat (III) 
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�-oqso[N,N'-eTilen –bis (salicilideniminat) 

manganum (III)]  
(NH4)2[Co2(C2O4)2(OH)2]  
xidakis rols asruleben hidroqsilis biden-

taturi ligandebi: 
 

 
 

amoniumis di-R-hidroqsidioqsatokobalt 

(II) 
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di(µ-qloro)-tetraqlorodialumini 
an di(µ-qloro)-bis(diqloroalumini)  

 

8. zogjer centraluri atomis koordinaciu-

li ricxvis an ligandebis dentaturobis cneba 

formalurad ganusazRvreli xdeba, magaliTad: 

Ni(C5H5)2 D_ di π-ciklopentadienilnikel (II), 

Fe(C5H5)2, di π-ciklopentadienilrkina (II), 

Cr(C6H6)2  π-ciklopentadienilqrom (II). liTonis 

atomi dakavSirebulia ligandis mTel ciklTan. 

aseT naerTebs liTonebis aromatuli kompleqse-

bi anu π kompleqsebi ewodebaT: 

 

               [C5H5 –Ni - C5H5]  
π  - ciklopentadienilnikel (II) 

 

 

10.3. kompleqsuri naerTebis klasifikacia 

 

  1. kompleqsuri naerTebi gansazRvruli kla-

sisadmi mikuTvnebis mixedviT klasificirdebian: 

• kompleqsuri mJavebi _ H2[SiF6], H2[SnCl6], 
H2[HgCl4]; 

       H[BF4] + H2O =  [BF4]
− + H3O

+  
• kompleqsuri fuZeebi _ Ag(NH3)2OH, 

[Co(en)3](OH)3; 
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             [Zn(NH3)4](OH)2 = [Zn(NH3)4]
2+ + 2OH− 

• kompleqsuri marilebi _ Na3[Co(NO2)6], 
K2[HgI4]. 

            [Cu(NH3)4]SO4 = [Cu(NH3)4]
2+ + SO4

2−             
 2. kompleqsuri naerTebi kompleqsis muxtis 

mixedviT klasificirdebian: 

• kationuri - [Ni(NH3)6]Cl3, [Cu(NH3)4]SO4. 
[Ag(NH3)2]

+ − diaminvercxlis (I) kationi; 
[Cr2(NH3)9(OH)2]

4+ − dihidroqsononaamindiqrom (III)-
is kationi; 

[Mn(H2O)6]
2+ − heqsaakvamanganum (II)-is kationi; 

[Pt(en)2]
2+ − bis-(eTilendiamin) platina (II)-is kati-

oni kompleqswarmomqmnelis gaurkveveli Jangvis 

xarisxis SemTxvevaSi arabuli cifrebiT frCxi-

lebSi uTiTeben kationis muxts (evens-basetis 

meTodiT):   

[Hg2(H2O)2]
2+ − diakvadimerkurat (2+)-is kationi; 

[Nb6Cl12]
+ − dodekaqloroheqsaniobium (I)-is kationi 

 [Hg2(H2O)2](NO3)2 – diakvadimerkurat (2+)-is nitrati; 
[Mn(H2O)6] SO4 −heqsaakvamanganum (II)-is sulfati   
[Cr2(NH3)9(OH)2]Cl4 − dihidroqsononamindiqrom (III)-is 
qloridi 

 

• anionuri _ Li[AlH4], K2[Be(CO3)2, K3[Fe(CN)6]. 
[BF4]

− − tetrafToroborat (III) ioni; 
[Al(H2O)2(OH)4]

− − tetrahidroqsodiakvaalunimat-

ioni; 
[VS4]

3− − tetraTiovanadat (V) ioni; 

 [Fe(CN)6]
3− − heqsacianoferat (III) ioni; 

[Ag(SO3S)2]
3− − bis (Tiosulfato)argentat (I)-is 

ioni; 
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H[Sb(OH)6] − wyalbadis heqsahidroqsostibat (V) ; 
Na[Ag(CN)2] −  natriumis dicianoargentat(I) ; 
(NH4)2[PtCl6] − amoniumis tetraqloroplati-

nat(IV) ; 
 K2[HgI4] –kaliumis tetrarodanomerkurat(II) . 

• neitraluri _[Ag(NH3)2Cl], [Co(NH3)3Cl3].  
[Pt(NH3)2Cl2] – diqlordiaminplatina (II),  
[Cr(C6H6)2] – dibenzolqromi (+2), π-cikloheqsaadi-

enilqromi (II). 
[Fe(CO)5]  - rkinis pentakarbonili. di π-pentakar-
bonilrkina (II), 

 3. kompleqsuri naerTebi ligandebis bunebis 

mixedviT klasificirdebian: 
• kompleqsebs, romlebic ligandebis saxiT 

Seicaven mJavaTa anionebs acidokompleqsebi ewo-

debaT: 
K4[Fe(CN)6], K2[HgI4], K2[PtCl4]; 

• kompleqsebs, romlebic ligandebis saxiT 

Seicaven wylis molekulebs akvakompleqsebi 

ewodebaT: 
[Co(H2O)6]SO4,   [Al(H2O)6]Cl3,   [Cr(H2O)6]Br3. 

[PtCl4(H2O)2] – diakvatetraqlorplatina (IV) 
• kompleqsebs, romlebic ligandebis saxiT 

Seicaven hidroqsilis anionebs hidroqsokom-

pleqsi ewodebaT: 
K3[Al(OH)6],  K3[Al(OH)6],  Na2[Sn(OH)6]. 

• kompleqsebs, romlebic ligandebis saxiT 

Seicaven amiakis molekulebs amiakatebi ewode-

baT: 
[Ag(NH3)2]Cl,  [Cu(NH3)4]Cl2;   [Pt(NH3)6]Cl4 

• kompleqsebs, romlebic ligandebis saxiT 

Seicaven aminis molekulebs aminatebi ewodebaT: 
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CH3NH2 _ meTilamini,  C2H5NH2 _ eTilamini, 
NH2–CH2–CH2–NH2    (en) _ eTilendiamini. 

4. kompleqsuri naerTebi Sinagani struqtu-

ris mixedviT klasificirdebian: 

• martiv da ciklur kompleqsur naerTe-

bad.Mmartivia monodentaturi ligandebis Semcve-

li kompleqsebi. polidentaturi ligandebi war-

moqmnian ciklur, xelatur kompleqsebs. xela-

tebs miekuTvneba Sigakompleqsuri naerTebi, 

romlebSic centraluri atomi Sedis ciklis 

SedgenilobaSi, warmoqmnis ra kovalentur bmebs 

liTonebTan sxvadasxva gzebiT: donorul-aqcep-

toruli da gauwyvilebeli eleqtronebis xar-

jze  
 
        

Co NH3

NH3

NH3

H3N

H3N

Kumd=7 10
-39

H3N

3+

Co

NH2

3+
CH2_ H2N NH2_ CH2

CH2_ H2N NH2_ CH2

NH2

CH2 CH2

Kumd=2 10
-45. .

 

kobalt (III)-is eTilemdiaminuri kompleqsi, 

bis  (eTilendiamin) kobalt (III) an µ-imido 



 

 194

 
kompleqson (III) orvalentian metalTan 

 

5. kompleqsuri naerTebi kompleqswarmomqmne-

li atomebis ricxvis mixedviT iyofian mono- da 

polibirTvul kompleqsebad: 

• erTbirTvuli – erTi kompleqswarmomqmneli: 

     [Fe(SCN)6]Cl3 heqsarodanorkina (III)-is qlo-

ridi. 

• polibirTvuli – ori da meti kompleqswar-

momqmneli: 

 [(NH3)5Cr-OH-Cr(NH3)5]Cl5 _ orbirTvuli kom-

pleqsia, romelSic birTvebis SemakavSirebel 

jgufs (-OH) _ xidaki ewodeba. xidakuri jgufi 

struqturulad gansxvavdeba erTbirTvul kom-

pleqsebSi Semavali hidroqsilis jgufisagan. 

ori kompleqswarmomqmneli ioni dakavSirebulia 

erTmaneTTan hidroqsilis jgufis meSveobiT, 
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romelSic Jangbadis atomis koordinaciuli 

ricxvi samis tolia, xolo erTbirTvul kom-

pleqsis -OH jgufSi - oris. 

Tu polibirTvuli kompleqsebi Sedgeba er-

Tnairi qimiuri bunebis mqone liTonis atomebi-

sagan, maT ewodeba homoliTonuri, xolo Tu 

kompleqsSi aris sxvadasxva qimiuri bunebis mqo-

ne liTonis atomebi – heteroliTonuri. zogjer 

mravalbirTvul kompleqsebSi ganxorcielebu-

lia liTon-liTonuri bma. Tu aseTi bmebis rao-

denoba samze metia, maSin aseT kompleqsebs 

klasteruli naerTebi ewodebaT. (inglisuridan 
Cluster –niSnavs “grovas”).  

 

 

10.4. kompleqsuri naerTebis izomeria 

 

kompleqsur naerTebSi ganasxvaveben ligan-

dTa aRnagobis an Siga koordinaciuli sferos 

Sedgenilobis SecvliT gamowveul izomerias 

(ionizaciuri, hidratuli, koordinaciuli, li-

ganduri, formaluri) da kompleqsebis WeSmarit 

izomerias, romlis drosac Siga sferos Sedge-

niloba da koordinirebuli ligandebis aRnago-

ba ar icvleba (geometriuli, optikuri, konfor-

maciuli, bmis). 

ionizaciuri izomerebi gansxvavdebian ro-

gorc Siga, ise gare sferos SedgenilobiT; 

wyalSi disociaciisas warmoqmnian sxvadasxva 

ionebs: [Pt(NH3)3Br]NO2 da [Pt(NH3)3(NO2)]Br. 
CoBrSO4·5NH3 warmoqmnis or izomers: 

[CoBr(NH3)5]SO4 – iisfer-wiTeli Seferilobis; 

[CoSO4(NH3)5]Br – wiTeli Seferilobis. 
[Pt(NH3)3Br]NO2 = [Pt(NH3)3Br]+ + NO2

−  
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 [Pt(NH3)3Br(NO2)]Br = [Pt(NH3)3Br(NO2)]
+ + Br− 

koordinaciuli formulebis WeSmariteba 

dasturdeba naerTTa xsnarebis eleqtrogamta-

robis gazomviT da vercxlis ionebis moqmede-

biT. pirveli naerTidan SeuZlebelia bromid-io-

nis gamoleqva. meore naerTidan vercxlis ione-

bis xsnarSi SetaniT gamoileqeba vercxlis bro-

midi, vinaidan bromid-ionebi gareTa sferoSia. 

hidratuli (solvaturi) izomeria ionizaciu-

ri izomeriis kerZo saxea, erTmaneTisagan gan-

sxvavdebian ligandebis anionebisa da wylis mo-

lekulebis ganlagebiT gare da Sida sferoebSi. 

MmagaliTad: CrCl3∙6H2O arsebobs sami izomeruli 

formis saxiT: 

pirveli izomeri _ [Cr(H2O)6]Cl3 _ heqsaakvaq-

rom (III)-is triqloridi, molurjo-iasamnisferi 

Seferilobis, wyalSi gaxsnisas Seifereba iis-

frad kationis [Cr(H2O)6]
3+ gamo. vercxlis ione-

bis zemoqmedebiT ileqeba samive qlorid-ioni: 

[Cr(H2O)6]Cl3 + 3AgNO3 = [Cr(H2O)6](NO3)3 + 3 AgCl↓  
meore izomeri _ [Cr(H2O)5Cl]Cl2·H2O _ qloro-

pentaakvaqrom(III)-is diqlorhidrati, lurj-mwva-

ne Seferilobis,  Ag+ 
ionebi gamoyofen mxolod 

or qlorid-ions: 

[Cr(H2O)5Cl]Cl2 + 2AgNO3 = [Cr(H2O)5Cl](NO3)2 + 2AgCl↓  
mesame izomeri _ [Cr(H2O)4Cl2]Cl·2H2O _ diqlo-

rotetraakvaqrom(III)-is qlordihidrati, mwvane 

Seferilobis,  Ag+ 
ionebis zemoqmedebiT ileqeba 

erTi  qlorid-ioni:. 

[Cr(H2O)4Cl2]Cl + AgNO3 = [Cr(H2O)4Cl2]NO3 + AgCl↓  
 amrigad, yvela izomeri gansxvavebulad rea-

girebs AgNO3  xsnarTan. iisferi naerTi gamo-
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yofs qlors srulad, lurj-mwvane _ 2/3-s, mwva-

ne _ 1/3-s.  

koordinaciuli izomerebi ewodebaT koordi-

naciul naerTebs, romlebic Sedgebian erTnairi 

koordinaciuli ricxvis mqone kompleqsuri ka-

tionisa da anionisagan da erTmaneTisagan gan-

sxvavdebian, rogorc kompleqswarmomqmneliT, 

ise ligandebiT, iZlevian gansxvavebuli Sedge-

nilobis naerTebs AgNO3-Tan: 

[Co(NH3)6][Cr(C2O4)3] da [Cr(NH3)6][Co(C2O4)3]. I na-
erTi vercxlis nitratTan iZleva Ag3[Cr(CN)6] 
Sedgenilobis naleqs, II - Ag3[Co(CN)6]. 

liganduri izomeria ganpirobebulia ligan-

dis izomeruli formebis Semcveli kompleqse-

bis arsebobiT. 

marilovani izomeria ganxorcielebulia 

iseT or erTnairi Sedgenilobis naerTSi, sadac 

ligandebad arian araorganuli izomerebi. maga-

liTad, kobaltis qsantomarili. 

formaluri izomerebi ewodeba erTnairi Sed-

genilobisa da moluri masis mqone koordinaci-

ul naerTebs, romlebic gansxvavdebian ligande-

bis SedgenilobiT: 

[Pt(NH3)(NH2C2H5)Cl2] da [Pt(NH3)(NH2CH3)2Cl2]. 
bmis izomeria  SeiZleba warmoiqmnas im Sem-

TxvevaSi, rodesac monodentatur ligands gaaC-

nia  ori koordinaciis unaris mqone sxvadasxva 

atomi. Bbma liTonsa da ligands Soris  gan-

sxvavebulia dakavSirebis xerxiT. Nnitrit-ions 

ori gansxvavebuli donoruli centri aqvs (azo-

ti da Jangbadi), romlebsac aqvT gauziarebeli 

eleqtronuli wyvili, e.i. koordinirebis unari.:  
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O

O
Co

NH3

NH3

N

NH3

H3N

H3N

X da
OO

Co

NH3

NH3

N

NH3

H3N

H3N

X

 
 

dadgenilia 
−
2NO  jgufis liTonTan koordi-

nirebis 9 sxvadasxva xerxi. azotiT koordinire-

bul nitrit-ions (ligands) `nitro~, xolo Jan-

gbadiT koordinirebuls _ `nitrito~ ewodeba. 

aseve Tiocianat-ions SeuZlia koordinireba N 
da S atomebiT. 

konformaciuli izomeria ganpirobebulia 

kompleqsuri naerTis unariT Seicvalos koor-

dinaciuli poliedris forma. magaliTad: tet-

raedrulidan gadavides brtyel kvadratul 

formaSi: 

Ni

Br

RBr
R

Ni

Br

R Br

R

 
 

stereoizomeriis (stereoqimia berZnulidan 
stereos-sivrciTi) movlena moicavs geometriul 

da optikur izomerias.  

geometriuli (sivrciTi, cis-trans) izomeriis 

dros centraluri atomis irgvliv ligandebi 

ganlagebulia erTmaneTis gverdiT „cis“-forma 

an erTmaneTis pirispir „trans“-forma. platinis 

kompleqsis Pt(NH3)2Cl2 izomerebi miiRes me-19 sa-
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ukunis 40-ian wlebSi italielma mecnierma pei-

ronem „cis“-forma da frangma reizem „trans“-

forma. naerTebi gansxvavdeba miRebis wesiT, Se-

ferilobiT, dipoluri momentis mniSvnelobiT, 

wyalSi xsnadobiT, reaqciis unariT:  
 

 

cis-izomeri trans-izomeri 

 

H3N

H3N Cl

Cl

Pt Pt

H3N

H3NCl

Cl

 
cis-narinjisfer-yviTeli          trans-yviTeli 

cis-diqlorodiaminplatina(II)  trans-diqlorodiamin-
platina(II) 

narinjisfer-yviTeli, wyalSi kargad xsnadi, 

Ria yviTeli, wyalSi naklebad xsnadi cis-for-

mis simsivnis sawinaaRmdego Tvisebebi daadgina 

rozenbergma (1969 w.). samkurnalo efeqti gamow-

veulia am kompleqsis dnm-Tan urTierTqmedebis 

unariT, rac trans-izomeris SemTxvevaSi ar 

xorcieldeba, amitom igi fiziologiurad iner-

tulia. kations [Co(NH3)4(OH)2]
+ dihidroqsotet-

raaminkobalt(III)-s aqvs 2 izomeri: 
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 cis-izomeri trans-izomeri 

  

geometriuli da optikuri izomerebisaTvis 

damaxasiaTebelia izomerizaciis, racemizaciis 

movlena, marjvniv-D da marcxnivmbrunavi-L kom-
pleqsebis ekvimoluri narevis warmoqmna, rome-

lic xorcieldeba Semdegi sqemiT: 

[PtCl2(NH3)2] � [PtCl2(NH3)2] 
cis-izomeri  trans-izomeri 

optikuri izomeria aRmoCenil iqna 1848 wels 

lui pasteris mier. optikuri izomeria an qira-

loba axasiaTebT iseT nivTierebebs, romlebsac 

aqvT polarizebuli sinaTlis sxivis Semobrune-

bis unari (e.w. optikuri aqtivoba). izomers, rom-

lic polarizebuli sinaTlis sibrtyes abru-

nebs marjvniv ewoda marjvnivmbrunavi - D- 
(deqstro), xolo marcxnivmbrunavi Sesabamisad ab-

runebs polarizebul sinaTlis sibrtyes mar-

cxniv - L- (levo) izomeri. nivTiereba stereoaqti-

uria, rodesac mis molekulas ar gaaCnia simet-

riis sibrtye an centri (molekula unda Seicav-

des e.w. asimetriul naxSirbadis atoms).Ooptiku-

ri izomerebi xasiaTdebian erTnairi fizikuri 
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da qimiuri TvisebebiT, magram gansxvavdebian fi-

ziologiuri aqtiurobiT, erTmaneTTan SeuTavse-

bel sarkisebr gamosaxulebebs warmoadgenen.  

optikurad aqtiuri kompleqsis umartivesi ma-

galiTia tetraedruli struqtura, romelSic 

kompleqswarmomqmneli oTxi sxvadasxva ligan-

diT an ori asimetriuli bidentaturi ligandiT 

aris garSemortymuli:  

             
     

M  

 

bromqlorfTormeTanis qiraluri molekulis 

magaliTi 

 

muqi-mwvane Seferilobis amoniumis trioqsa-

latokobaltat (III)-is trihidrati arsebobs 2 

optikuri izomeris saxiT, sadac kompleqsur 

anions aqvs oqtaedruli aRnagoba. vinaidan bi-

dentat-ionis sruli gamosaxva mouxerxebelia, 

mas xSirad gamosaxaven rkaliT, romelic akav-

Sirebs oqtaedris wveroebs erTmaneTTan. sqemi-
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dan Cans, rom kompleqsur anionSi [Co(ox)3]
3-
 an 

[Co(C2O4)3]
3-  

ligandebis ganlageba erTmaneTTan 

SeuTavsebel sarkisebr gamosaxulebebs warmo-

adgenen:  

 

 

 

 
 

 

Tu erT-erTi optikuri izomeri organizmSi 

garkveul fiziologiur efeqts ganapirobebs, 

misi sarkuli antipodi gansxvavebul efeqts iw-

vevs an inertulia. biologiur obieqtebSi aqti-

uria erTi stereoizomeri. magaliTad, aminomJa-

vebi _ marcxnivmbrunavia, Saqrebi da nukleinis 

mJavebi _ marjvnivmbrunavi izomerebia. stereoi-

zomeriis fenomeni damaxasiaTebelia sinTezuri 

molekulebisTvisac. kerZod, samkurnalo prepa-

ratebisaTvis. wamlebis damzadebis tradiciuli 

teqnologia saboloo produqtis miRebas xSir 
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SemTxvevaSi varaudobs  ganuyofeli qiraluri 

molekulidan, marcxniv-  da  marjvnivmbrunavi 

enantiomerebis narevidan TanafardobiT 1:1 (ra-

cemuli narevi an racemati). eqsperimentuli da 

klinikuri farmakologiis  ganviTarebasTan er-

Tad dagrovda monacemebi R- da S-enantiomerebis 
gansxvavebul rolze praqtikaSi gamoyenebuli 

racemati-wamlebis sasargeblo da arasasurveli 

efeqtebis realizaciis dros am dros SesaZle-

belia Semdegi situaciebis ganviTareba: 

• orive izomeri racematSi avlens sasargeb-

lo klinikur Tvisebebs. magaliTad,  

  nebivololi, S-enantiomeri gansazRvravs 

mis β-mablokirebel moqmedebas, xolo R-enantio-
meri astimulirebs azot (II)-is (NO) sinTezs en-

doTelialuri ujredebiT. 

• erTi enantiomeri gansazRvravs sasurvel 

farmakodinamiur efeqts, meore _ mciredaqtiu-

ria (marcxnivmbrunavi stereoizomeri). 

• erTi izomeri Terapiulad aqtiuria, xolo 

meores axasiaTebs  antagonisturi moqmedeba sa-

sargeblo efeqtis mimarT. magaliTad, racematu-

li salbutamolis bronqomadilatirebel efeq-

tze pasuxismgebelia marcxnivmbrunavi enantio-

meri, maSin roca marjvnivmbrunavi _ pacientebis 

nawilSi iwvevs bronqebis hiperaqtiurobas, ri-

Tac amcirebs pirvelis sasargeblo Tvisebebs. 

salbutamolis enantiomeris struqturuli 

formula 
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igive SeiZleba iTqvas morfinzec. mcenareuli 

nedleulidan miRebuli es nivTiereba warmoad-

gens “marcxena” izomers da rogorc cnobilia 

xasiaTdeba Zlieri tkivilgamayuCebeli moqmede-

biT. sinTezuri gziT  miRebul morfinSi ki aR-

moCnda “marjvena” izomeri. mecnierebma gamok-

vlevebiT daadgines, rom mas saerTod ar gaaCnia 

tkivilgamayuCebeli moqmedeba. mravali prepara-

ti Seicavs qimiuri izomeris orive formas, xo-

lo samkurnalo funqcias asrulebs mxolod er-

Ti maTgani. 

eTambutoli: erT-erTi enantiomeri gamoiyene-

ba tuberkulozis samkurnalod, xolo meore iw-

vevs sibrmaves.  
naproqseni: erT-erTi enantiomeri kurnavs ar-

Trits, xolo meore iwvevs RviZlis mowamvlas  

penicilinis aqtiuroba  aseve stereodamoki-

debulia. antibiotiks unda gaaCndes msgavseba D-
alaninur jaWvTan, romelic arsebobs baqterie-

bis ujredebis kedlebSi.  

L-anaprelini warmoadgens Zlier adrenore-

ceptors, xolo D-anaprelini _ ara. amasTanave 

orives aqvs adgilobrivi anesTezialuri efeqti. 
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• erT-erTi izomeri gansxvavebiT meore izo-

merisagan ganapirobebs erT an ramdenime arasa-

survel klinikur efeqts. aq SesaZlebelia ori 

situacia:  izomeridan erTi calsaxad sazianoa. 

qrestomatuli magaliTia 1960 wels evropaSi 

fexmZime qalebisaTvis preparati Talidomidis 

gamoyeneba tradiciuli racemuli narevis saxiT, 

ramac gamoiwvia mZime teratogenuri efeqtebi 

fokomeliis formiT (ganuviTarebeli kidurebi). 

SemdgomSi gamoirkva, rom amaze pasuxismgebelia 

preparatis   S-izomeri. amavdroulad Talidomi-

dis R-izomeri ar xasiaTdeba teratogenuri  

efeqtebiT da potenciurad Terapiulad aqtiu-

ria avTvisebiani simsivneebis, leprozuli kvan-

Zuri eritemis da sxva infeqciebis mimarT. 
• kidev erTi magaliTia mZime granulocitope-

nia, ganpirobebuli dofaminis erT-erTi enantio-

meriT, maSin roca meore xasiaTdeba antiparkin-

sonuli aqtiurobiT. 
geometriuli da optikuri izomerebisaTvis 

damaxasiaTebelia izomerizaciis, racemizaciis 

movlena, marjvniv-D da marcxnivmbrunavi-L kom-
pleqsebis ekvimoluri narevis warmoqmna, rome-

lic xorcieldeba Semdegi sqemiT: 

[PtCl2(NH3)2] � [PtCl2(NH3)2] 
cis-izomeri  trans-izomeri 
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qiraluri molekulebis laboratoriuli sin-

Tezis dros racemuli narevi miiReba. Ddidi 

mniSvneloba eniWeba am narevis dayofis meTo-

debs. 

racematis dayofis bioqimiuri meTodi xorci-

eldeba mikroorganizmebiT, romlebic zrda-gan-

viTarebisaTvis iyeneben mxolod erT enantio-

mers, meore enantiomeri ki Tavisufali saxiT 

rCeba. 

dReisaTvis optikuri izomerebis dayofis Zi-

riTadi qimiuri meTodi mdgomareobs maT dias-

tereomerul nawarmebad gardaqmnaSi, romelTa 

dayofa gacilebiT advilad xorcieldeba  

 

 

10.5. kompleqsebis disociacia 

 

kompleqsur naerTebs, romelTac aqvT gare 

ionuri sfero,  xsnarSi disocirdebian kompleq-

sur ionad da gare sferos ionad. Gganzavebul 

xsnarebSi isini iqcevian rogorc Zlieri eleq-
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trolitebi. disociacia mimdinareobs myisierad 

praqtikulad srulad:  
K3[Fe(CN)6] = 3 K+ + [Fe(CN)6]

3−
 

Ggare sferos ionebis mowyvetiT eleqtroli-

turi disociaciis procesi ar sruldeba. Kkom-

pleqsuri ionebi ganicdian Seqcevad disociaci-

as, rogorc susti eleqtrolitebi: 

[MLn] �M + n L 
aseTi disociacia mimdinareobs safexureob-

rivad: ligandebi Siga sferodan erTimeoris 

mimdevrobiT gamodian da xdeba ligandis mole-

kulis Canacvleba gamxsnelis molekuliT. ana-

logiurad mimdinareobs Seqcevadi procesi – 

kompleqsis warmoqmnis procesi : 
M + L � [ML]  

[ML] + L � [ML2] 

[ML2] + L � [ML3] 

 [ML(n1)] + L � [MLn]  
kompleqswarmoqmna sruldeba, rodesac mier-

Tebuli monodentaturi ligandebis ricxvi gau-

toldeba kompleqswarmomqmnelis koordinaciul 

ricxvs. Aam dros myardeba dinamiuri winasworo-

ba, vinaidan kompleqsis warmoqmnasTan erTad 

mimdinareobs maTi disociacia. 

K 

 

10.6. kompleqswarmoqmnis konstantebi 

 

kompleqswarmoqmnis reaqciebi ligandis kon-

centraciaze damokidebulebis mixedviT, mimdina-

reoben safexureobrivad da sxvadasxva Sedgeni-

lobis kompleqsebis miRebiT. magaliTad, kadmi-

um (II)-is amiakTan urTierTqmedebis dros mimdev-
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robiT warmoiqmneba kadmiumis mono-, di-, tri-, 

tetra-, penta-, heqsa-amiakatebi. TiToeuli safe-

xuri xasiaTdeba warmoqmnis (mdgradobis) indi-

vidiualuri safexureobrivi konstantebiT:K 

Cd2+ + NH3 � [Cd(NH3)]
2+ ; K1(warm.) = 450 

[Cd(NH3)]
2+ + NH3 � [Cd(NH3)2]

2+ ; K2(warm.) = 126 

[Cd(NH3)2]
2+ + NH3 � [Cd(NH3)3]

2+ ; K3(warm.) = 27,5 

[Cd(NH3)3]
2+ + NH3 � [Cd(NH3)4]

2+ ; K4(warm.) = 8,5 

[Cd(NH3)4]
2+ + NH3 � [Cd(NH3)5]

2+ ; K5(warm.) = 0,47 

[Cd(NH3)5]
2+ + NH3 � [Cd(NH3)6]

2+ ; K6(warm.) = 0,02 

zogierTi kompleqswarmoqmnis konstanta (25 °С) 
 

Kkompleqswarmoqmnis reaqciebi βc 

Ag+ + 2CH3COO−
� [Ag(CH3COO)2]

− 4,4 

Co2+ + 6 NH3 � [Co(NH3)6]
2+ 2,5 . 104 

Ag+ + 2 NH3 � [Ag(NH3)2]
+ 1,6 . 107 

Cu2+ + 4 NH3 � [Cu(NH3)4]
2+ 7,9 . 1012 

Ag+ + 2 CN−  � [Ag(CN)2]
− 7,1 . 1019 

Co3+ + 6 NH3 � [Co(NH3)6]
3+ 1,6 . 1035 

Fe2+ +6 CN− � [Fe(CN)6]
4− 7,9 . 1036 

Fe3+ + 6 CN− � [Fe(CN)6]
3− 7,9 . 1043 
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 Ag+ + 2 NH3 � [Ag(NH3)2]

+;  K 2(warm.) = 2,5 . 106 

Ag+ + 2 CN−
� [Ag(CN)2]

−;      K2(warm.) = 1,2 . 1021 
 kompleqsuri naerTebis zogadi formulis 

saxea: [MLn]Xm, sadac M _ kompleqswarmomqmnelia, 

L _ ligandi, X _ gare sferos nawilaki _ mole-

kula an ionia. 
+m

nML kompleqsis mdgradobis gan-

sazRvris mizniT ganixilaven misi warmoqmnis 

Seqcevad reaqcias:  

Mm + nL � +m
nML . 

moqmed masaTa kanonis safuZvelze kompleqsis 

warmoqmnis procesis wonasworobis konstantas - 

kompleqswarmoqmnis anu mdgradobis konstanta 

ewodeba.  

Kmdg. = nm

m
n

][L][M

][ML
+

+

. 

mdgradobis saerTo konstanta tolia safexu-

reobrivi wonasworobis konstantebis namravlis:  

βc = K1
.K2

.Kn 

Mm+ kationebi xsnarSi solvatokompleqsebis 

saxiT imyofeba. xsnarze L ligandis damatebisas, 

romelsac Mm+
-Tan kompleqswarmoqmnis ufro di-

di tendencia gaaCnia, vidre A gamxsnelis mole-

kulebs, adgili eqneba L-iT A ligandis gamoZeve-

bas kompleqsidan srulad, an nawilobriv, Sere-

uli kompleqsebis warmoqmniT. procesi grZel-

deba wonasworobis damyarebamde: 

+m
nML + L � [MAn-1L]m+ + A 

MAn-1L
m+ + L � [MAn-2L2]

m+ + A 
....................................................... 
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MAn-1L
m+ + L � [MAnLn]

m+ + A 
 
Tu gamxsneli wyalia, reaqciis mimdinareobi-

sas wylis koncentracia praqtikulad ar icvle-

ba, amitom  kompleqsis dehidratacia mxedvelo-

baSi ar miiReba: 

Mm+ + L � [ML]m+ 

MLm+ + L � [ML2]
m+  

....................................................... 
+m
1-nML  + L � [MLn]

m+. 
     faiansis wesis Tanaxmad, maRalmuxtiani io-

nuri da polidentaturi ligandebis Semcveli 

kompleqsebis mdgradoba izrdeba centraluri 

atomis ionuri potencialis gazrdis mimarTu-

lebiT, romlis ricxobrivi mniSvnelobis garda 

gasaTvaliswinebelia, rbil Tu xist kations mi-

ekuTvneba mocemuli ioni. Ppirveli gardamavali 

periodis liTonTa ormuxtiani  kationebis kom-

pleqsebis mdgradoba icvleba irving-uiliamsis 

rigis mixedviT: 

Mn2+ < Fe2+ < Co2+ < Ni2+ < Cu2+ > Zn2+ 

kompleqsis mdgradobis gazrda, Mn2+ dan 

Cu2+
is mimarTulebiT, Seesabameba ionuri poten-

cialis gazrdas, amasTanave es kationebi xasiaT-

debian maRali mdgradobiT imis gamo, rom maTi 

3d-qvedoneebi mxolod nawilobriv arian dakave-

buli eleqtronebiT. Zn2+
Kkompleqsebi ar xasiaT-

debian aseTi mdgradobiT, radgan misi 3d-qvedo-
ne mTlianadaa Sevsebuli eleqtronebiT. kom-

pleqswarmoqmnis reaqciebis Termodinamikuri 

wonasworobis konstantebi damokidebulia ione-

bis aqtiurobaze, xsnaris ionur Zalaze. Aanali-
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zur qimiaSi mdgradobis konstantis nacvlad 

sargebloben misi Sebrunebuli sididiT umdgra-

dobis konstantaTi. kompleqsis disociaciis 

procesis wonasworobis konstantas umdgrado-

bis konstanta ewodeba:  

Kumdg.= 

.K

1

mdg

;  Kumdg.= 1/β. 

umdgradobis konstanta aRwers wonasworul 

mdgomareobas xsnarSi kompleqssa da mis Semad-

genel nawilebs (metal-ionebsa da ligandebs) 

Soris. warmoqmnis konstantebiT ganisazRvreba 

kompleqswarmoqmnis reaqciis gamoyeneba da mi-

marTuleba. K 

 

 

10.7. kompleqswarmoqmnis reaqciebi  

 

kompleqswarmoqmnis reaqciebs safuZvlad 

udevs nivTierebebis qimiuri analizis Semdegi 

meTodebi:  

• aRmoCena; 

• gansazRvra; 

• SeniRbva: 

• gaxsna; 

• dayofa; 

• koncentrireba. 

TvisebiTi analizis praqtikaSi kompleqsuri 

naerTebi gamoiyeneba mTeli rigi kationebisa da 

anionebis aRmosaCenad: 

kaliumis heqsacianoferati (III) K3[Fe(CN)6], 
anu sisxlis wiTeli marili Fe2+ 

kationTan war-
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moqmnis muqi lurji feris naleqs turnbulis 

lurjs – rkinis (II) heqsacianoferat (III)-s: 

3FeCl2+2K3 [Fe(CN)6] = Fe3[Fe(CN)6]2↓+6KCl 
3Fe2++2[Fe(CN)6]

3- = Fe3[Fe(CN)6]2↓ 
naleqi ar ixsneba marilmJavaSi, iSleba tu-

teebis moqmedebiT Fe(OH)2-is gamoyofiT. 
kaliumis heqsacianoferati (II), anu sisxlis 

yviTeli marili K4[Fe(CN)6]  Fe3+ kationTan war-

moqmnis lurji feris naerTs – `berlinis laJ-

vards~: 

4FeCl3
 + 3K4[Fe(CN)6] = Fe4[Fe(CN6]3 ↓ + 12 KCl 
4Fe3+ + 3[Fe(CN)6]

4- = Fe4[Fe(CN6]3 ↓ 
`berlinis laJvardi~ ixsneba tuteSi: 

Fe4[Fe(CN)6]3 + 12OH- = 4Fe(OH)3 + 3[Fe(CN)6]
4-. 

amoniumis tetrarodanomerkurat (II) 

_(NH4)2[Hg(SCN)4]  Co2+ kationTan iZleva lurji fe-

ris, wyalSi uxsnad kompleqsur naerTs. naleqis 

gamoyofas aCqareben TuTiis ionebi: 

          2(NH4)2[Hg(SCN)4] + ZnSO4 + CoSO4→ 
          → Zn[Hg(SCN)4]·Co[Hg(SCN)4)]↓ + 2(NH4)2SO4 
reaqciis mimdinareobas xels uSlian Cu2+, Fe3+, 

Ni2+  kationebi.   
cda: sinjaraSi aTavseben 2 wveT amonium tet-

rarodano-merkuratis (II) xsnars, umateben 2 

wveT 2N H2SO4, 2 wveT ZnSO4-is da 2 wveT CoSO4-is 
xsnarebs. gamoiyofa lurji Seferilobis mqone 

naleqi.  

 kaliumis fToridis gaxsnisas yviTeli Sefe-

rilobis rkina (III) qloridSi SeiniSneba xsna-

ris gauferuleba Zalian mdgradi heqsafToro-

feratuli anionis warmoqmnis gamo:  

[Fe(H2O)6]
3+ + 6F− � [FeF6]

3−+ 6H2O 
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kompleqswarmoqmnis am reaqciaSi mimdinare-

obs kompleqswarmomqmnelTan sustad SekavSire-

bul akvakompleqsSi wylis molekulebis Canac-

vleba fTorid-ionebiT. TiTqmis yvela specifi-

kuri da seleqtiuri, wveTovani da mikrokrista-

loskopuri reaqciebi dafuZnebulia Seferili 

an mciredxsnadi kompleqsebis warmoqmnaze. Kkom-

pleqswarmoqmnis reaqciebi gamoiyeneba katione-

bis analizuri jgufebis dasayofad, ionebis da-

sacileblad. Aanalizis fuZe-mJavuri klasifika-

ciis mixedviT, kationebis VI analizuri jgufs 

gamoyofen V analizuri jfufisagan amoniumis 

hidroqsidiT. Aam dros warmoiqmneba xsnadi kom-

pleqsuri amiakatebi: 

[Cu(NH3)4]
2+,  [Ni(NH3)6]

2+,  [Cd(NH3)6]
2+,  [Hg(NH3)4]

2+,  
[Co(NH3)6]

2+,  [Ni(NH3)6]
2+, 

xsnari advilad gamoiyofa V jgufis katione-

bis hidroqsidebis naleqisagan. TvisebiTi anali-

zis praqtikaSi xSirad erTi kationi xels uS-

lis meore kationis aRmoCenas. magaliTad, Cu2+ 
ioni xels uSlis Cd2+ ionis aRmoCenas gogir-

dwyalbadiT moqmedebisas,  Fe3+ - Co2+ aRmoCenas 
amoniumis rodanidiT moqmedebisas.  

kaliumis an amoniumis rodanidi KSCN, 
NH4SCN, Co2+ kationTan iZleva kompleqsur na-

erTs: 

CoCl2 + 4NH4SCN � (NH4)2[Co(SCN)4)] + 2 NH4Cl 

Co2++ 4SCN− � [Co(SCN)4)]
2− 

amoniumis tetrarodanokobaltati lurji Se-

ferilobisaa, aramdgradia da advilad iSleba 

wyalxsnarebSi. Tu xsnars daumateben amilis 

spirts (an mis narevs eTerTan) da SeanjRreven, 

maSin es kompleqsuri ioni disocirdeba: 
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[Co(SCN)4]
2−

� Co2++ 4SCN− 

cda: sinjaraSi aTavseben 2 wveT kobaltis (II) 

qloridis xsnars, umateben 8 wveT amoniumis ro-

danidis xsnars, 5 wveT eTeris narevs amilis 

spirtTan da anjRreven. zeda fena Seifereba 

lurjad. 

Co2+ kationis aRmoCenas xels uSlian Cu2+, Fe2+, 
Bi3+ kationebi, amitom qvemoT aRwerili meTodiT 

Co2+
 kationis aRmoCena SeiZleba yvela kationis 

Tanaobisas. 

cda: filtris qaRaldze awveTeben amoniumis 

rodanidis koncentrirebuli xsnaris wveTs, Sem-

deg imave adgilas – sakvlevi xsnaris wveTs. qa-

Ralds aTavseben amiakis koncentrirebuli xsna-

riani WurWlis Tavze da aSroben. Co2+
 kationis 

arsebobisas warmoiqmneba intensiuri lurji Se-

ferilobis laqa. aseT SemTxvevaSi mimarTaven 

xelisSemSleli ionebis mocilebas an SeniRbvas. 

sakvlevi xsnaridan ionebis mocileba sakmaod 

rTuli da Sromatevadi samuSaoa, vinaidan auci-

lebelia jer daleqva da Semdeg miRebuli na-

leqis gafiltvra. gacilebiT iolia ionebis Se-

niRbva, romlis arsia maTi gadayvana mdgrad 

kompleqsSi, ris Sedegad xelisSemSleli ione-

bis Tvisebebi qreba. magaliTad, Tu Cu2+, Cd2+
 ka-

tionebis narevs daasxamen kaliumis cianidis 

Warb raodenobas, warmoiqmneba ufero xsnadi ci-

aniduri kompleqsebi [Cu(CN)4]
2−
da [Cd(CN)4]

2−
. 

kaliumis cianidi KCN  Ni2+
 kations leqavs 

yviTeli feris nikelis cianidis saxiT: 

NiSO4 + 2KCN = Ni(CN)2↓ + K2SO4 

NiCl2 + 2KCN = Ni(CN)2↓ + 2KCl 
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Warb reagentSi naleqi ixsneba yviTeli feris 

kompleqsuri marilis warmoqmniT: 

Ni(CN)2 + 2KCN = K2[Ni(CN)4] 
kaliumis tetracianonikelat (II) 

es kompleqsuri naerTi Zlier tute garemoSi 

bromiani wylis moqmedebiT iSleba nikel (III) 

hidroqsidis Savi naleqis gamoyofiT: 

 

2K2[Ni(CN)4]+ 9Br2 +6NaOH=2Ni(OH)3↓+ 8CNBr + 
+4KBr+ 6NaBr 

imave pirobebSi kobaltis cianiduri kom-

pleqsi ar iSleba da Co(OH)2 ar gamoiyofa, rad-

gan [Co(CN)6]
3− ioni ufro mdgradia, vidre nike-

lis Sesabamisi naerTi. am reaqciazea damyarebu-

li Ni2+ da Co2+ kationebis dacileba. 
 kompleqsuri nivTierebebi gamoiyeneba zogi-

erTi xelisSemSleli kationis gavlenis Sesa-

niRbad. magaliTad, Fe3+     
ioni xels uSlis mTe-

li rigi kationebis aRmoCenas. Mmis maskirebas 

axdenen kompleqswarmoqmniT fTorid-ionebTan 

[FeF6]
3-
; analogiuri meTodiT SeniRbaven Fe3+

 ka-

tions, romelic xels uSlis Co2+
 da Ni2+

 katio-

nebis aRmoCenas amoniumis hidroqsidis arsebobi-

sas. Fe3+
 kationebis SesaniRbad sakvlev xsnars 

umateben amoniumis ftoridis xsnars, romelic 

warmoqmnis mdgrad kompleqss  [FeF6]
3- Kumdg.=7,94. 

10-17
 an natriumis oqsalatis xsnars Na2C2O4, ro-

melic warmoqmnis Fe3+ ionTan kompleqsnaerTs 

[Fe(C2O4)3]
3- Kumdg.= 6,317.10-22 

   NH4OH  Co2+ kationTan iZleva lurji feris 

fuZe marils, romelic ixsneba Warb amoniumis 

tuteSi an amoniumis marilSi muqi yviTeli fe-

ris kompleqsnaerTis warmoqmniT: 
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CoCl2 + 2NH4OH =Co(OH)2 + 2NH4Cl 

CoOHCl + 7NH4OH =[Co(NH3)6]
 2+ + 

2OH−+NH4
++Cl−+6H2O 

amoniumis tute Ni2+ kationTan warmoqmnis 

mwvane feris fuZe marils, romelic ixsneba 

Warb amoniumis tuteSi lurji feris kompleqsu-

ri marilis warmoqmniT: 

   NiSO4 + 6NH4OH → [Ni(NH3)6] SO4 + 6H2O 

   Ni2+ + 6NH4OH  → [Ni(NH3)6]
2++ 6H2O 

Mkidev ufro mdgradi kompleqsi warmoiqmneba 

Warbi eTilendiamintetraZmarmJavas an kompleq-

son (III)-is damatebisas Kumdg.=7,94. 10-26. Fe3+ ionebi 

EDTA –s Tanaobisas rodanid-ionebTan da kom-

pleqss Fe(SCN)6]
3−
, ar warmoqmnian naleqs tuteeb-

Tan. Aamrigad, Fe3+ 
ioni SeniRbvis Semdeg xels 

ar SeuSlis Co2+, Al3+, Ni2+
ionebis TvisebiTi reaq-

ciebis msvlelobas.  

SeniRbvis reaqciis dros didi mniSvneloba 

aqvs rogorc SemniRbavi, aseve SesaniRbi ionebis 

kompleqswarmoqmnis Tvisebebs, fardobiT kon-

centracias. Aamiaks SeuZlia vercxlis ionebis 

SeniRbva qromatebTan da kaliumis qloridTan 

reaqciebSi. 

•  vercxlis (I) qloridze amiakis wyalxsna-

ris damatebiT warmoiqmneba mdgradi ufero io-

ni diaminvercxlis (I) qloridi, am dros naleqi 

AgCl ixsneba:  
AgCl(my.) + 2NH3 

. H2O � [Ag(NH3)2]
+ + Cl−+ 2H2O  

am SemTxvevaSi AgCl xsnarSi fazuri wonas-

worobis damyarebis Sedegad warmoqmnili ver-

cxlis ionebis koncentracia    AgCl(my.) �Ag+ + Cl−, 
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mcirdeba sakmaod mdgradi diaminvercxlis (I)  

β2(warm.)=1,6.107 kompleqsuri kationis SekavSire-

bis gamo. Aamis Sedegad  Ag+ da Cl− koncentraci-
ebis namravli  gaxdeba naleqis AgCl  xsnadobis 
namravlze ufro naklebi da naleqi gaixsneba. 

• spilenZ (II)-is hidroqsidis cisferi xsnari 

amiakis wyalxsnaris zegavleniT gadadis lurji 

Seferilobis xsnad kompleqsnaerTSi: 

Cu(OH)2 + 4 NH3 
. H2O � [Cu(NH3)4]

2+ + 2OH−+ 4H2O,  
vinaidan spilenZ (II) warmoqmnis Zalian 

mdgrad kompleqsur kations [Cu(NH3)4]
2+, romlis 

wonasworobis konstantas mniSvnelobaa 

β2(warm.)= 7,9 . 1012 . kompleqsis warmoqmnis proce-

si warimarTeba Semdegi sqemiT:   
                     Cu(OH)2(myari) � Cu2+ + 2OH−  

Cu2+ + 4 NH3 
. H2O � [Cu(NH3)4]

2+ + 4H2O,  
[Cu(NH3)4]

2+
 kationis Semcvel xsnarSi, Cu2+ io-

nebis koncentracia Zalian mcirea  da ar aris 

sakmarisi spilenZ (II)-is hidroqsidis (L=1,4.10−36) 
xsnadobis namravlis  am mniSvnelobis misaRwe-

vad, magram [Cu(NH3)4]
2+
 Semcvel xsnarze amoniu-

mis sulfidis damatebiT warmoiqmneba Savi na-

leqi CuS (L=1,4.10−36) da kompleqsuri ioni iSle-

ba:  
[Cu(NH3)4]

2+ �Cu2+ + 4NH3 
. H2O 

Cu2+ + S2− 
�CuS(myari) 

_________________________ 
[Cu(NH3)4](OH)2 + (NH4)2S + 4H2O =CuS(myari) +6NH3 

. H2O 
aqedan gamomdinare, tetraaminspilenZ (II) kom-

pleqsuri ionis disociaciis Sedegad warmoqmni-

li Cu2+
 ionebis koncentracia savsebiT sakmari-
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sia spilenZ(II)-is xsnadobis namravlis misaRwe-

vad. sulfid-ionebi ikavSireben spilenZis io-

nebs wyalSi uxsnad naleqSi, Cu2+
 ionebis kon-

centracia mcirdeba da [Cu(NH3)4]
2+ disociaciis 

wonasworoba gadainacvlebs marjvniv, kompleq-

sis daSlis mimarTulebiT. 

• erTi ufro mdgradi kompleqsis warmoqmnam 

SesaZlebelia Ggamoiwvios ufro naklebad 

mdgradi kompleqsis sruli disociacia da daS-

la: 

[Ag(NH3)2]Cl + 2KCN +2H2O = K[Ag(CN)2] +KCl + 2NH3
.H2O 

K[Ag(CN)2] dicianoargentat (I)-is kationis 

warmoqmnis sruli konstanta tolia: β2(warm.)= 
7,1.1019;  [Ag(NH3)2]Cl  diaminargentat (I)-ionis war-
moqmnis sruli konstanta tolia:  β2(warm.)= -
1,6.107

. vinaidan, dicianoargentat (I)-is kationis 

warmoqmnis sruli konstantas ricxviTi mniSvne-

loba metia, es niSnavs, rom [Ag(CN)2]
+ ioni, uf-

ro mdgradia, vidre [Ag(NH3)2]
+
 ioni da reaqcia 

praqtikulad Seuqcevadia 
 qimiur analizSi kompleqswarmoqmnis reaqci-

ebi gamoiyeneba mcired xsnadi nivTivTierebis 

xsnarSi gadasayvanad da ionebis dasacileblad. 

magaliTad,Kkaliumis iodidi Hg2+
 NkationTan iZ-

leva vercxliswylis (II) iodidis agurisfer-wi-

Teli feris naleqs,  romelic ixsneba QWarb re-

agentSi ufero kompleqsuri marilis warmoq-

mniT:  
Hg(NO3)2  +2KI = HgI2↓ + 2KNO3 

Hg2+ +2I- = HgI2↓ 
HgI2 + 2KI = K2[Hg4] 

kalium tetraiodohidrargirat (II) 
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vercxliswylis (I) qloridi amiakis xsnarTan 

urTierTqmedebisas warmoqmnis dimerkuramoniu-

mis qlorids. igi aramdgradia da iSleba ver-

cxliswylis Savi naleqis warmoqmniT:  

Hg2Cl2+2NH4OH = [Hg2NH2]Cl↓+ NH4Cl +2H2O 
Hg2Cl2+2NH4OH = [Hg2NH2]Cl↓+ NH4

+ + Cl- +2H2O 
[Hg2NH2]Cl =Hg2NH2]Cl↓+ Hg↓ 

am reaqciiT [Hg2]
2+ 

kations acileben Ag+
 kati-

onisagan. Hg2NH2]Cl+ Hg rCebian naleqSi, xolo 

vercxlis qloridi ixsneba amoniumis hidroq-

sidSi da gadadis xsnarSi kompleqsuri marilis 

saxiT: 

AgCl + 2NH4OH = [Ag(NH3)2]Cl+ 2H2O 
AgCl + 2NH4OH = [Ag(NH3)2]

 ++ Cl- + 2H2O 
kompleqswarmoqmna farTod gamoiyeneba qimi-

ur analizSi nivTierebebis eqstraqciuli kon-

centrirebisa da dayofisaTvis. Aam mizniT, mim-

dinareobs neitraluri kompleqsebis gadayvana 

wylidan  wyalSi Seurevad organul gamxsnelSi. 

magaliTad, bevri kationi eqstrargirdeba wyli-

dan qloroformSi kompleqsis saxiT cianid-, 

qlorid-, bromid-ionebTan. xSir SemTxvevaSi eq-

straqciiT acileben ionebs qloriduli  

(Co2+,Sn2+), diTizonaturi 

(Co2+,Ni2+,Cu2+,Zn2+,Cd2+,Hg2+), oqsiqinolaturi 

(Ca2+,Sr2+,Mg2+,Fe2+), dieTildiTiokarbaminaturi 

(Co2+,Ni2+,Cu2+,Fe2+,Mn2+), kupferonatuli 

(Cr2+,Ba2+,Fe2+,Sn2+,Bi3+,Sb3+) da sxva kompleqsebiT.  

 

am dros iyeneben wyalSi Seurevad organul 

gamxsnelebs – benzols, heqsans, qloroforms, 

umaRles spirtebs. Eestraqciul dacilebas ax-

denen pH-is optimaluri mniSvnelobis dros, ro-
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melic xels uwyobs xelisSemSleli ionebis 

srul eqstraqcias. 

 

araorganuli kompleqsebi qimiur analizSi 

 

• amiakatebs warmoqmnian ZiriTadad d-elemen-

tebis ionebi. +1 Jangvis xarisxis mqone ionebi  
koordinaciuli ricxviT 2 (Ag+,Cu+

) warmoqmnian 

diaminur kompleqsebs, +2, +3 (Ni2+,Cu2+,Zn2+,Cd2+)  - 
tetraaminurs da (Co2+,Cr3+,Co3+)  - heqsaaminurs. 

amiakatebSi koordinaciuli bma warmoiqmneba 

azotis atomis gauziarebeli eleqtronuli 

wyvilis xarjze. Aamiakatebis mdgradoba izrde-

ba kompleqswarmomqmnelis muxtis gazrdiT da 

misi radiusis SemcirebiT. dausrulebeli d-or-
bitalebis mqone d-elementebis kationebis amiaka-
tebi SeRebilia kompleqswarmomqmnelis d-orbi-
talebis daTiSvis gamo, romelic gamowveulia 

ligandebis velis – amiakis  molekulebiT.  d-
elementebis  amiakatebis kargma xsnadobam gan-
sazRvra kationebis klasifikaciis fuZe-mJavur 

sistemaSi  gamoeyoT calke kationebis VI anali-

zuri jgufi. Aamiakatebis warmoqmna xSirad ga-

moiyeneba vercxlis, magniumis, TuTiis, spilen-

Zis, kobaltis, vercxliswylis naleqebis gasax-

snelad da dasacileblad sxva kationebisagan. 

• acidokompleqsebi warmoiqmneba halogen-, 

cianid-, Tiocianat-ionebiT d-elementebTan da 

zogierT s-, p-elementTan (Be2+,Al3+,Sb3+). acido-

kopmplesebis umravlesoba aris heqsaaciduri 

(+3,+4 Jangvis xarisxis mqone kationebi) da tet-
raaciduri tipis (+2,3 Jangvis xarisxis mqone ka-
tionebi) +1 Jangvis xarisxis mqone kationebi 
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warmoqmnian diacidur kompleqsebs. TvisebiT 

analizSi gamoiyeneba K4[Fe(CN)6], K3[Fe(CN)6]  
Fe2+,Zn2+,Fe3+,Cu2+ 

kationebis aRmosaCenad, 
 K2[HgI4]  

amoniumis ionis identifikaciisaTvis, 

Na3[Co(NO2)6,  Na2Pd[Cu(NO2)6 kaliumis ionis aRmo-

saCenad da sxva.   
• izo- da heteropolimJavebi warmoiqmnebian 

ZiriTadad qromis, fosforis, dariSxanis, vol-

framis, molibdenis Jangbadiani mJavebiT, rasac 

Tan axlavs damaxasiaTebeli Seferilobis nale-

qebis warmoqmna. mniSvnelovania narinjisfer-yvi-

Teli Seferilobis qromis izopolimJavebis na-

erTebi _ K2Cr2O7, K3Cr3O10 gamoiyenebian rogorc 
mJangavebi qimiur analizSi. Bboris izopolimJa-

vas marili – natriumis tetraborati Na2B4O7 ga-

moiyeneba rogorc reagenti TvisebiT da ro-

gorc standartuli nivTiereba raodenobiT ana-

lizSi. 

• polisulfidebi reagentebis saxiT gamoiye-

nebian elementebis kationebis identifikaciisaT-

vis TvisebiTi reaqciebSi. maT xsnadobazea da-

fuZnebuli analizis sulfiduri sistema.  

 

 

10.8. kompleqswarmoqmnaze moqmedi faqtorebi 

 

 pH-is gavlena pirvel rigSi vlindeba ligan-

debis ionizaciis xarisxze. ligandebi xsnarSi 

arseboben sxvadasxva formiT, kompleqswarmoq-

mna SeuZlia ligandis ionizirebul formas. ma-

galiTad, [AgF]  kompleqswarmoqmnis reaqciaSi 

monawileobas Rebulobs mxolod    F−
, romelic 

xsnarSi wonasworobaSi imyofeba HF-Tan da ar-
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sebobs ori formiT – araionizirebuli HF da 

ionizirebuli F−
, kompleqswarmoqmnis reaqciaSi 

Sesuli fTorid-ionis koncentracia ganisaz-

Rvreba HF ionizaciis procesiT da yvela misi 

formis saerTo koncentraciiT: [F−]=CF-
.
α F- 

koncentraciis gavlenas didi mniSvneloba 

eniWeba naklebad mdgradi kompleqsuri naerTe-

bis miRebis dros. Kkobaltis ionis aRmoCena 

mimdinareobs rodanid-ioniT. 

kaliumis an amoniumis rodanidi KSCN, 
NH4SCN, Co2+ kationTan iZleva kompleqsur na-

erTs: 

CoCl2 + 4NH4SCN � (NH4)2[Co(SCN)4)] + 2NH4Cl 

Co2++ 4SCN- � [Co(SCN)4)]
2- 

amoniumis tetrarodanokobaltati lurji Se-

ferilobisaa, aramdgradia da advilad iSleba 

wyalxsnarebSi. Tu xsnars daumatebT amilis 

spirts (an mis narevs eTerTan) da SeanjRrevT, 

maSin es kompleqsuri ioni discirdeba: 

[Co(SCN)4]
2-
� Co2++ 4SCN- 

miRebuli kompleqsis [Co(SCN)4]
2-
 warmoqmnis 

konstantas mniSvnelobaa (lgβ=2,1). efeqtis saime-
doobisaTvis iyeneben QWarb reagents – kaliumis 

an amoniunis Tiocianats. SeTanxmebuli wonaswo-

robis dros reaqcia gadainacvlebs im naerTis 

warmoqmnis mxares, romelsac mdgradobis (war-

moqmnis) konstantas meti  an umdgradobis kon-

stantas naklebi mniSvneloba aqvs.  

cda: sinjaraSi aTavseben 2 wveT kobaltis (II) 

qloridis xsnars, umateben 8 wveT amoniumis ro-

danidis xsnars, 5 wveT eTeris narevs amilis 
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spirtTan da anjRreven. zeda fena Seifereba 

lurjad. 

Co2+ kationis aRmoCenas xels uSlian Cu2+, Fe2+, 
Bi3+ kationebi, amitom qvemoT aRwerili meTodiT 

Co2+ kationis aRmoCena SeiZleba yvela kationis 

Tanaobisas. 

cda: filtris qaRaldze awveTeben amoniumis 

rodanidis koncentrirebuli xsnaris wveTs, Sem-

deg imave adgilas – sakvlevi xsnaris wveTs. qa-

Ralds aTavseben amiakis koncentrirebuli xsna-

riani WurWlis Tavze da aSroben. Co2+
 kationis 

arsebobisas warmoiqmneba intensiuri lurji Se-

ferilobis laqa. 

kompleqsur naerTebSi aucileblad aris do-

norul-aqceptoruli meqanizmiT warmoqmnili er-

Ti an meti bma. 

eleqtronuli wyvilebis aqceptoris rols 

asrulebs centraluri atomi, xolo donoris - 

ligandi. bma xorcieldeba aqceptoris Tavisu-

fali orbitalisa da donoris eleqtronuli 

wyviliT dasaxlebuli orbitalebis gadafarviT. 

σ-bmebTan erTad SesaZlebelia π-bmis warmoqmnac 
(bmis simtkicis gazrda), Tu kompleqswarmomqmne-

li centraluri atomis eleqtronuli wyviliT 

dasaxlebuli orbitali gadaifareba ligandis 

vakanturi orbitaliT. centraluri atomis or-

bitalebi, romlebic monawiloben bmebis warmoq-

mnaSi, ganicdian hibridizacias, romlis tipi ga-

nisazRvreba ligandebis ricxviT, maTi bunebiT 

da kompleqswarmomqmnelis eleqtronuli struq-

turiT. hibridizaciis tipi gansazRvravs kom-

pleqsis geometrias. kompleqsur naerTebSi qimi-
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uri bnis bunebis asaxsnelad arsebobs ramdenime 

meTodi: 

• valentur bmaTa meTodi. 

•  arsebobs kompleqsuri naerTebis kvantur-

meqanikuri aRweris  

• kristaluri velis Teoria; 

• molekuluri orbitalebis meTodi. romle-

bic ufro srulyofilad xsnian am naerTebis 

rig Tvisebebs. 

kompleqsebs, romlebSic ligandebis sxva li-

gandebiT Canacvleba swrafad mimdinareobs _ 

labiluri ewodeba, xolo kompleqsebs, romel-

Ta ligandebi ar Cainacvleba, an es reaqcia Za-

lian nela mimdinareobs, inertuli kompleqsebi 

ewodeba. kompleqsebs, romlebSic kompleqswar-

momqmneli da polidentaturi ligandi cikls 

warmoqmnis, xelaturi kompleqsi ewodeba, xolo 

aseTi kompleqsebis gazrdil simtkices _ xela-

turi efeqti. 

xelatebs, romlebSic erTi da igive ligandi 

dakavSirebulia kompleqswarmomqmnelTan, er-

Tdroulad, rogorc mimocvliTi kovalenturi 

(eleqtronebis gawyvilebiT), ise koordinaciuli 

(donoruli, aqceptoruli) bmebiT, Sigakompleq-

suri naerTebi ewodeba. 

1905 wels l. Cugaevma aRmoaCina pirveli Si-

gakompleqsuri naerTi - nikelis dimeTilglioq-

simi (Cugaevis reaqtivi), romelmac gamoyeneba 

hpova analizur qimiaSi nikelis TvisebiTi da 

raodenobrivi gansazRvrisaTvis. igi amiakur 

areSi Ni2+
 kationTan iZleva mewamuli wiTeli 

feris Sigakompleqsur marils: 
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Ni2+ + 6NH3  → [Ni(NH3)6]
2+ 

                               H3C – C = N – OH   
  [Ni(NH3)6]

2+   +               |                       → 
     2H3C – C = N – OH 

                             O · · · H – O 
               |        | 

          H3C – C  =  N              N= C – C H3 

                                           + 2NH4
+ + 4NH3 

                                     Ni                              
            H3C–C=N                  N= C – C H3 

                           |                     | 
                           O  –  H · · ·   O 

 

 [Ni(NH3)6]SO4 + 2C4H8N2O2 + 4H2O → Ni(C4H7N2O2)2↓+ 
(NH4)2SO4 + 4NH4OH 

NiSO4 + 2NH4OH + 2 C4H8N2O2  → Ni(C4H7N2O2)2↓+ 
(NH4)2SO4 + 2H2O 

reaqciis mimdinareobis pirobebi: 

1. reaqciis mimdinareobisTvis saWiroa pH  6 - 
9; 

2. Fe2+-s winaswar Jangaven wyalbadis peroqsi-

diT Fe3+-mde. 

3. Cu2+ 
da Co2+ 

ionebi xels uSlian reaqciis mim-

dinareobas da amitom isini winaswar unda moa-

cilon sareaqcio ares.  

cda:sinjaraSi aTavseben Ni2+
 marilis xsnaris 

4 wveTs, umateben 1-2 wveT wyalbadis peroqsids 

(Fe2+-is dasaJangad Fe3+-mde) da 5 wveT amiakis 

xsnars. Tu naleqi warmoiqmna, filtraven. fil-

tratis wveTs aTavseben faifuris jamze da uma-

teben dimeTilglioqsimis wveTs. miiReba inten-

siuri mewamuli wiTeli feris naleqi. 
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10.9. kompleqsuri naerTebis mniSvneloba 

 

kompleqsuri naerTebis Tvisebebi farTod ga-

moiyeneba analizur qimiaSi: 

• kompleqsis SemadgenlobaSi Semavali kom-

pleqswarmomqmneli ioni da ligandi praqtiku-

lad ar arseboben xsnarSi Tavisufali saxiT 

da qimiuri reaqciebiT yovelTvis ar SeiZleba 

maTi aRmoCena. Mmartivi ionebis Tvisebebi ic-

vleba Sida sferoSi maTi Seyvanis dros, rac 

farTod gamoiyeneba qimiur analizSi ionebis 

dasayofad da SesaniRbad. 

• kompleqsur naerTebs xSirad aqvT damaxasi-

aTebeli Seferiloba, razedac dafuZnebulia ma-

Ti aRmoCenis bevri reaqcia da raodenobiT ana-

lizSi nivTierebebis fotokolorimetruli gan-

sazRvra. 

• kompleqswarmoqmnis bevr reaqcias atareben 

raodenobrivad da SeiZleba gamoyenebul iqnas 

naerTebis raodenobrivi gansazRvrisTvis.  

kompleqswarmoqmnis reaqciebi SerCeviTia da 

iZlevian rTuli naerTebis analizis Catarebis 

saSualebas maTi dayofis gareSe. 

cocxali organizmebis Semadgeneli biologi-

urad aqtiuri nivTierebebi: liTonfermentebi, 

vitaminebi, hormonebi, warmoadgenen  koordina-

ciul naerTebs, sadac kompleqswarmomqmnelis 

rols asrulebs bioliTonis ioni, romelic do-

norul atomebTan da zogjer mTel makrocik-

lTan erTad warmoqmnis klasters  _ bioaqtiu-

ri nivTierebis aqtiur centrs. dadgenilia, rom 

rac ufro dabalia aqtiuri centris simetria, 

miT ufro aqtiuria nivTiereba. 
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dReisaTvis cnobilia aTasobiT fermenti, ro-

melic mravali tipis reaqcias akatalizebs. li-

TonfermentebiT warmarTuli reaqciebi iyofa 

or did jgufad: hidrolizur da Jangva-aRdge-

niT reaqciebad. 

hidrolizuri reaqciebis warmmarTveli fer-

mentebis SedgenilobaSi Sedian bioliTonebi: 

TuTia, kalciumi, magniumi, manganum (II), kobalt 

(II). hidrolizuri reaqciebis dros mimdinareobs 

heterolituri meqanizmiT qimiuri bmebis rRveva 

da warmoqmna. 

Jangva-aRdgeniTi reaqciebis warmmarTveli 

liTonfermentebis SedgenilobaSi Sedian: rkina, 

spilenZi, molibdeni, kobalti. zogierTi buneb-

rivi kompleqsuri naerTi xelatwarmomqmneli 

ligandis saxiT porfirinis nawarmebs Seicavs. 

kompleqswarmomqmnelis bunebisagan damokidebu-

lebiT icvleba maTi biologiuri funqcia; rki-

nis kationiT kompleqsebi hemoglobinis, miog-

lobinis, citoqromebis, magniumis kationiT _ 

qlorofilis, rkinisa da spilenZis ionebiT _ 

citoqromoqsidazis safuZvelia. 

 

 

10.10. liTon-ligandis  

wonasworoba organizmSi.  

 

organizmis normaluri cxovelqmedebisaTvis 

aucilebeli biokompleqsebi MBLB Sedgebian bio-

genuri kationebisa MB da bioligandebisagan LB. 

organizmSi SenarCunebulia liTon-ligandis  

wonasworoba: MB + LB � [MBLB]. romlis darRveva 

iwvevs organizmSi nivTierebaTa cvlis procese-

bis darRvevas da paTologiis ganviTarebas, rac 
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gamowveulia organizmSi biogenuri kationebis 

ukmarisobiT an siWarbiT da daubalansebuli 

kvebiT. xelovnur radionuklidebs Soris gamoi-

yofa  gansakuTrebiT gavrcelebuli 21, romel-

Tagan 8 aris mosaxleobis Sinagani dasxivebis 

ZiriTadi wyaro: 
14C,137Cs,90Sr,106Ru,144Ce,131I,95Zr. moma-

tebuli radioaqtiuri fonis mqone teritorie-

bis mosaxleoba sakvebTan erTad Rebulobs ra-

dionuklidebis gansazRvrul raodenobas, rac 

safrTxes uqmnis janmrTelobas, zogjer ki si-

cocxles. gansakuTrebiT saSiSi xelovnuri ra-

dionuklidebia 
99Sr, 137Cs, 131I. radionuklidebiT, 

toqsikur liTonTa kationebiT _ kompleqswar-

momqmnelebiT (Hg2+, As3+, Pb2+, Pb2+, Cd2+, Tl3+) mowam-
lva mravalvariantuli xasiaTisaa da gamowveu-

lia toqsikur liTonebTan mdgradi [MTLB] kom-

pleqsebis warmoqmniT.  

liTonebiT mowamvlis SemTxvevaSi mimarTaven 

xelatoTerapias, anu sawamlavsawinaaRmdego sa-

Sualebis saxiT polidentaturi ligand-prepara-

tebis gamoyenebas, romlebic toqsikur liToneb-

Tan warmoqmnian mdgrad, wyalSi xsnad kompleq-

sebs da am saxiT gamoiyofian organizmidan. xe-

latoTerapiisaTvis aucilebelia: 

• toqsikurma liTonma organizmSi Seyvanil 

preparatTan warmoqmnas [MTLB]-ze ufro mdgradi 

kompleqsi _ [MTP], Kumdg.(MTP)< Kumdg.(MTLB); 

• Seyvanilma ligand-preparatma bioliTonTa 

kationebTan ar unda warmoqmnas mdgradi [MBP] 
kompleqsi, raTa ar daSalos maTi kompleqsebi 

bioligandebTan _ [MBLB]:  
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P      LB 

MTP �MT�[MTLB]; 
piroba: Kumdg.(MTP)< Kumdg.(MTLB) 

P        LB 

MBP � MBP� [MBLB] 
piroba: Kumdg.( MBLB) < Kumdg.(MBP) 

  

xelatoTerapiisas ligand-preparatma efeqtu-

rad unda daikavSiros toqsikuri liToni 

mdgradi [MTP] kompleqsis warmoqmniT da ar un-

da gamoiwvios sasicocxlod aucilebeli [MBLB] 

kompleqsis rRveva. 

liTonebiT mowamvlisas antidotad SeiZleba 

gamoyenebuli iqnas Na2 EDTA _ eTilendiamintet-

raZmarmJavas ornatriumiani marili, magram didi 

doziT miRebisas am preparats SeuZlia kalciu-

mis ionebis mierTeba, rac iwvevs organizmis 

mravali funqciis darRvevas. amitom, tyviis, ver-

cxliswylis, kadmiumis da uranis organizmidan 

gamoyvanis mizniT iyeneben preparats _ tetacins 

(edta-eTilendiamintetraZmarmJavas kalciumor-

natriumiani marili), romelic kalciumis ione-

bisadmi dabali swrafviT xasiaTdeba. tetacinis 

xangrZlivi miRebis SemTxvevaSi rekomendebulia 

rkinis preparatebisa da B12-vitaminis gamoyeneba, 

raTa Semcirebuli iqnas am preparatis Tanamdevi 

moqmedeba, rac dakavSirebulia mis mier kom-

pleqsebis warmoqmnasTan mniSvnelovani biokom-

pleqsebis SedgenilobaSi Semaval rkinasa da 

kobaltTan. 

xelatoTerapiisaTvis efeqtur preparatebs 

warmoadgenen uniTioli (natriumis 2,3-dimerkap-
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topropansulfonati), suqcimeri (2,3-dimerkapto-

qarvis mJava) da penicilamini (2-amino-3-merkapto-

3-meTilerbomJava). aRniSnuli maxelatirebeli 

nivTierebebi (ligandebi) efeqturad ikavSireben 

yvela toqsikur liTons da organizmidan ar ga-

mohyavT bioliTonebi. sxvadasxva naerTebiT mo-

wamvlisas universalur antidots warmoadgens 

natriumis Tiosulfati (Na2S2O3), romelic Sei-

cavs Tiosulfat-ions, toqsikuri liTonis mi-

marT aqtiur ligands. 

sinTezuri biokoordinaciuli naerTebis Sey-

vana organizmSi xSirad paTologiur movlenebs 

iwvevs, rac gaTvaliswinebulia samkurnalo pre-

paratebis gamoyenebisas. 
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NH
NO3

-

HN
NO3

-
NH

I

(a)

II

(b)

N NH

III

2

Tavi XI. 

organuli reagentebi qimiur analizSi 
 

nivTierebebs, romlebic Sedian urTierTqme-

debaSi gansazRvrul organul da araorganul 

nivTierebebTan da warmoqmnian analizuri Tvise-

bebis matarebel produqtebs, organuli reagen-

tebi ewodebaT. TvisebiT da raodenobiT analiz-

Si organuli reagentebis gamoyenebis diapazoni 

Zalian didia. Ees gamowveulia maTi moqmedebis 

seleqtiurobiT, sizustiT da mgrZnobelobiT. 

maT axasiaTebT mTeli rigi upiratesoba araor-

ganul naerTebTan SedarebT. analizur qimiaSi 

kompleqswarmomqmneli organuli reagentebis ga-

moyenebiT mimdinareobs kationebisa da anionebis 

aRmoCena: 

difenilamini _ (C6H5)2NH nitrat-ionTan war-

moqmnis intensiur lurj Seferilobas. difeni-

lamin (I) nitratebs aRadgens, warmoqmnis ra di-

fenilbenzidin (II) da Semdeg qinoidur naerTs 

(III):  
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reaqciis mimdinareobis pirobebi:  

1. mJangavebi xels uSlian NO3
− -ionis aRmoCe-

nas;  

2. NO3
− -is Semcveli xsnari unda iyos ganzave-

buli.  
cda: sufTa da mSral saaTis minaze aTavseben 

5 wveT difenilaminis xsnars koncentrirebul 

gogirdmJavaSi. minis wkiriT SeaqvT sakvlevi 

xsnari. warmoiqmneba intensiuri lurji Seferi-

lobis mqone naerTi. 

sulfanilmJava da 1-amino-2-naftoli (grisis 

reaqtivi) nitrit-ionebTan warmoqmnian Ria-wiTe-

li Seferilobis azonaerTs: 

 

 

 

 reaqciis mimdinareobis pirobebi: 
 

1. mJangavebi xels uSlian reaqciis mimdinare-

obas; 

SO3H

NH2

+HNO2
HCl

SO3H

N

+

NCl

OH

SO3H

N=N

OH

+
NH2

NH2
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HOOC

C

OH

O

O + 4Br2

HOOC

C

OH

O

O + 4HBr

Br
Br

Br

Br

2. sasurvelia sakvlev xsnarSi NO2
−  
mcire kon-

centracia. 

cda:sakvlevi xsnaris wveTs umateben sulfa-

nilmJavas xsnaris wveTs da naftilamins. NO2
−
-

is arsebobisas xsnarSi  warmoiqmneba wiTeli Se-

ferilobis naerTi. 

Tavisufali bromis aRmoCena SesaZlebelia 

fluoresceiniT; warmoiqmneba wiTeli feris 

tetrabromfluoresceini (eozini):   

                                  

 

 

 

 

 

 

 

 

 

 

 

 

 

reaqciis mimdinareobis pirobebi: 

1. reaqcia mimdinareobs pH  5-7 dros; 
2. Warbi qloriani wyali warmoqmnis BrCl. 
3. aRmdgeni ionebi xels uSlian cdis msvle-

lobas, amitom maT acileben an Jangaven; 

cda:mixexilsacobian sinjaraSi aTavseben sak-

vlev xsnars da SeamJaveben gogirdmJavaTi da 

umateben qloroforms, benzins an gogirdnax-

Sirbads, ramdenime wveT axlad damzadebul 

qlorian wyals da anjRreven. sakvlev xsnarSi 
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bromidebis Semcvelobis SemTxvevaSi qloro-

formis, benzinis an gogirdnaxSirbadis fena Se-

ifereba yviTel-Calisfrad maTSi Tavisufali 

bromis gaxsnis gamo. Warbi raodenobis qloria-

ni wyliT moqmedebisas qloroformis an gogir-

dnaxSirbadis fena gauferuldeba bromis qlo-

ridis warmoqmnis gamo. 

magnezon (I) (para-nitrobenzolazorezorcini) 

an magnezon (II) (para-nitrobenzolazo-α-nafto-
li) Mg2+ kationTan tute areSi iZleva wiTel-

iisferi an wiTeli Seferilobis naerTs. es re-

aqcia dafuZnebulia magniumis hidroqsidis Tvi-

sebaze moaxdinos zogierTi saRebavis adsor-

bcia. 

    

O2N                 N = N                      OH 
                      

                    OH   
                 magnezon (I) 

 

O2N                  N = N                      OH 
                       

           

H O – Mg – O 
magniumis magnezonati 

 

  O2N                    N = N                      OH 

             

 
            magnezon (II)      
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reaqciis mimdinareobis pirobebi: 

1. reaqcia mimdinareobs tute areSi, roca 

pH>10; 
2. reaqcias xels uSlis amoniumis marilebi. 

cda:sasagne minaze aTavseben Mg2+ kationis 

xsnars, umateben 1-2 wveT reaqtivis tute xsnars. 

warmoiqmneba lurji Seferilobis xsnari an gamo-

iyofa lurji naleqi. Zlier mJava garemoSi warmo-

iqmneba yviTeli Seferilobis xsnari. am dros 

xsnars unda daematos tutis ramdenime wveTi.  

8-oqsiqinolini Mg2+ 
marilTa amiakuri xsnare-

bidan  (pH = 9,5 – 12,5) gamoyofs magniumis oqsiqi-
nolats, moyviTalo-momwvano Seferilobis kris-

taluri naleqis saxiT: 

 2C9H6NOH + Mg2+ → (C9H6NO)2 Mg↓ + 2H+ 

 

naleqi ixsneba mineralur mJavebsa da Zmar-

mJavaSi (gansxvavebiT  Al3+-gan).            
 qinalizarinatis spirtxsnari tute areSi 

Mg2+
 kationTan warmoqmnis magniumis qinalizari-

natis momwvano-lurji feris naleqs: 

damleqavi organuli reagentebi gamoiyeneba 

calkeuli ionebis SerCeviTi^ daleqvisa da kon-

centrirebisaTvis, aseve gravimetruli gansaz-

N
HO

OH OH OH

OH

OH OH

O

O

O O

O

Mg
2+

KOH

MgOH

OH
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RvrisaTvis. am dros reagent-damleqavi unda pa-

suxobdes mTel rig moTxovnebs – dasaleqi li-

Tonis reagentTan kompleqsis dabali xsnadoba, 

kompleqsis mdgradobis konstantas maRali mniS-

vneloba, organuli reagentis wyalSi kargi 

xsnadoba, kompleqsis maRali mdgradoba gamoS-

robis procesSi (gravimetria). kationebisa da 

anionebis dasaleqad iyeneben 8-oqsiqinolins, 

amoniumis benzoats, antranilis mJavas da sxva.  

difenilkarbazidi Hg2+ kationTan azotmJava 

garemoSi iZleva moiisfer-molurjo Seferilo-

bis kompleqsur naerTs: 

 

  
reaqcia specifikuria Hg2+  kationisaTvis. 
difenilTiokarbazonis xsnari qloroformSi 

an oTxqlorian naxSirbadSi Zn2+
 kationTan tu-

te areSi iZleva wiTeli Seferilobis Sigakom-

pleqsur marils: 

C6H5  _ NH _   N _ Hg  _  N_  NH _ C6H5

NH _NH_C6H5

C6H5 _  NH = NH

Hg
2+

+ 2O = C

C =O O= C

HN = NH_C6H5

NH _NH_C6H5

+2H+

(Dph)
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cda:sinjaraSi aTavseben sakvlevi xsnaris 2-3 

wveTs, umateben 5 wveT 2N NaOH xsnars, acentri-
fugireben: centrifugatis wveTs aTavseben sa-

sagne minaze an patara faifuris jamze da amu-

Saveben 2 wveTi diTizoniT. Zn2+ kationis arsebo-
bisas xsnari Seifereba wiTlad an vardisfrad, 

ararsebobisas ki miRebuli yviTeli Seferva ga-

mowveulia natriumis diTizonatis warmoqmniT. 

kationebisa da anionebis eqstraqcia wyal-

xsnarebidan maTi dayofisa da gansazRvrisaTvis 

xorcieldeba organuli reagentebis meSveobiT. 

eqstraqciis Casatareblad marilis wyalxsnars 

umateben maxelatirebel organul ligands da 

axdenen miRebuli kompleqsis eqstraqcias wyal-

xsnaridan organul fazaSi. ZiriTadi pirobaa 

kompleqsis eleqtroneitraluroba da koordi-

naciuli gajerebuloba. Eeqstragirebuli ionu-

ri asociatebi warmoqmnian fuZeebs da mJavur 

saRebrebs, mJavebs da fuZovan saRebrebs. maga-

liTad: saRebavebis gauferuleba. sulfitebi ne-

itralur garemoSi auferuleben saRebavebs 

(fuqsins, malaqitis mwvane). fuqsini warmoqmnis 

fuqsingogirdovanmJavas, romelic uferoa. 

 

C6H5  _ NH _   N _ Zn  _  N_  NH _ C6H5

N = N_C6H5

C6H5  _ N = N N

Zn
2+

+ 2S = C
N_NH_C6H5

C = S S = C

N = N_C6H5
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H2N

H2N

H2N

H2N

C NH
Na2SO3

C

SO3H

NH SO2H

wiTeli

ufero

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reaqciis mimdinareobis pirobebi: 

1. reaqcia mimdinareobs, roca pH = 7-8; 
2. mJava xsnarebs winaswar aneitraleben natri-

umis hidrokarbonatiT; 

3. S2- 
anioni xels uSlis SO

−2

3
 

 
anionis aRmoCe-

nas. 
organuli reaqtivebis indikatoruli Tvise-

bebi saSualebas iZleva gamoiyenon isini raode-

nobiT analizSi. Qqimiuri garemo pirobebis (pH,  
mJangavebi, aRmdgenebi, metalTa kationebi) gav-

leniT maT umravlesobas ecvleba aRnagoba an 

warmoiqmneba axali naerTebi, rasac Tan axlavs 

reaqtivis feris cvlileba. ganasxvasveben fuZe-

mJavur, Jangva-aRdgeniT da metal-indikatorebs. 

xSir SemTxvevaSi ganixileba cvlilebebi, rom-

lebic dakavSirebulia qinoiduri jgufis war-

moqmnasTan an gaqrobasTan. am principzea dafuZ-
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nebuli meTilnarinjis, meTilwiTelis, fenol-

ftaleinis da sxva indikatorebis feris cvli-

leba, rac gamoiyeneba raodenobiT analizSi ek-

vivalentobis wertilis fiqsaciisaTvis fuZee-

bis da mJavebis gatitvris dros:   
 

 
Pfenolftaleini 

 

fenolftaleini – 3,3-(4-hodroqsifenil)fta-

lidi, fuZe-mJavuri indikatori (gadasvlis in-

tervali (рН 8,2-9,8) tute areSi iZleva mewamul 

Seferilobas (II) da uferuldeba mJava areSi, 

aseve Zlier ture garemoSi (III).  ”purgeni”-s sa-
xelwodebiT gamoiyeneba medicinaSi, rogorc 

susti sasaqmebeli saSualeba: 
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Jangva-aRdgeniTi indikatorebi mJangavebis an 

aRmdgenebis moqmedebiT warmoqmnian qinoiduri 

an sxva jgufebis Semcvel Seferil naerTebs. 

aqedan gamomdinare, maT iyeneben TvisebiT reaq-

ciebSi mJangavebis aRmosaCenad da raodenobiT 

analizSi mJangavebis da aRmdgenebis gansasaz-

Rvravad.  

  metal-indikatorebi, warmoadgenen ra li-

gandebs, metalis ionebTan warmoqmnian kompleq-

sur nivTierebebs, romelTa Seferiloba gansxva-

vebulia indikatoris Seferilobisagan. es Tvi-

seba gamoiyeneba metalTa marilebis titrimet-

rul meTodSi. indikatorebi – eozini, fluores-

ceini adsorbirdebian naleqze feris cvlile-

biT, rac gamoiyeneba daleqviTi gatitvris me-

TodSi.  

bevri fotometruli gansazRvra wyalxsnareb-

Si mimdinareobs kolmpleswarmomqmneli organu-

li reagentebis meSveobiT – diacetildioqsimi, 
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antipirini, diantipirilmeTani da sxva. miTiTe-

buli reagentebis kompleqsebis umravlesoba 

wyalSi xsnadia, kationuri xasiaTisaa da iZleva 

metalebis fotometruli gansazRvris saSuale-

bas. 

erioqrom-Savi EBT 

 

hidroqsinaftalin-2-ilhidra-

zinilideni-7-nitro-3 -oqso- Y-
naftalin-1-natriumis sulfona-

ti  
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Tavi XII. 
Jangva-aRdgeniTi reaqciebi qimiur analizSi 

→ 

12.1. Jangva-aRdgeniTi potencialebi 

 

qimiuri analizis bevri meTodi dafuZnebulia 

Jangva-aRdgeniT reaqciebze. ionebisa da atomebis 

mier eleqtronebis dakargvis da SeZenis intensi-

voba izomeba Jangva-aRdgeniTi anu eleqtroduli 

potencialiT. Jangva-aRdgeniTi reaqciis mimarTu-

leba ganisazRvreba jibsis energiis cvlilebiT. 

wyalxsnarebSi  redoqsprocesis raodenobrivi ma-

xasiaTebeli redoqs-potenciali (E0) standartuli 

izobarul-izoTermuli potenciali ∆G romelic 

dakavSirebulia standartul-eleqtrodul poten-

cialTan  E0  gantolebiT:  

-∆G =nFE0 
redoqsprocesis raodenobriv maxasiaTebels 

warmoadgens redoqs-potenciali, romelic aRiZ-

vreba fazaTa (platinis firfita _ wyalxsnari) 

gamyof sazRvarze, rodesac Txevadi faza Sei-

cavs erTdroulad erTi da igive nivTierebis 

daJangul da aRdgenil formebs. fazaTa saz-

Rvarze potencialis aRZvra dakavSirebulia 

eleqtronis unarTan _ Tavisuflad gadavides 

xsnaridan platinis firfitaze da piriqiT. fa-

zaTa potenciali aRiZvreba fazaTa (platinis 

firfita _ wyalxsnari) gamyof zedapirze, rode-

sac Txevadi faza Seicavs erTdroulad erTi 

da igive nivTierebis daJangul da aRdgenil 

formebs. Tu M liTonis firfitas CauSveben 

xsnarSi, romelic Seicavs liTonis ionebs: 

M(x)
n++ ne�M(x.) 
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maSin liTonisa da xsnaris Sexebis sazRvar-

ze aRiZvreba potencialTa sxvaoba, romelsac 

eleqtroduli potenciali ewodeba. potencial-

Ta sxvaoba damokidebulia: 

• liTonis bunebaze; 

• ionebis koncentraciaze (ufro swored aq-

tiurobaze) xsnarSi; 

• temperaturaze. 
calkeuli eleqtrodebis potencialis sididis 

uSualo gazomva SeuZlebelia. mas zomaven meore 

eleqtrodis potencialis sididesTan SedarebiT _ 

standartuli wyalbadis eleqtrodis mixedviT, 

romlis potencialis sidide miRebulia nulis 

tolad   ( E0 =0). 
wyalbadis eleqtrodi warmoadgens platinis 

firfitas, romelic dafarulia platinis SaviT 

(fxvieri forebiani platiniT. e.i. eleqtrolitu-

rad daleqili platiniT) eleqtrodis zedapiris 

gasadideblad da CaSvebulia gogirdmJavas 1,25 M 

xsnarSi, ionebis aqtiurobiT 1=+Ha . gogirdmJavas 
xsnarSi gaatareben wyalbads atmosferuli wneviT 

(101,325 kpa). platiniT STanTqmuli wyalbadis nawi-

li gadadis atomur mdgomareobaSi, amitom plati-

nis zedapirul fenaSi myardeba wonasworoba 1/2H2(a) 

� H+
(x) + e, xolo platinisa da gogirdmJavas xsna-

ris sazRvarze _ wonasworoba:  

2H+2e-
�H2  

da warmoiqmneba Jangva-aRdgeniTi wyvili 2H+/H2, 

H(a) � H+
(x) + e½ 

1/2H2(a) � H+
(x) + e 

uaryofiTi potencialis sididis Semcireba 

da dadebiTi potencialis sididis gazrda pasu-
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xobs aRdgeniTi aqtivobis Semcirebas da Jangvi-

Ti aqtivobis gadidebas. mag: standartuli po-

tencialebis Semcireba sistemisaTvis: 

          F2(a) + 2e � 2F-
(x) ,                   E

0= +2,87 v 

          H2(a) + 2e � 2H-
(x) ,                  E

0 =0 v 
gviCvenebs, rom F2-is molekulas gaaCnia Zlier 

gamoxatuli JangviTi tendencia, xolo H- _ ions, 
aRmdgeni. E0 –is  mniSvnelobis Sesabamisad, TuTia 
E0 = - 0,763 v, ufro Zlieri aRmdgenia, vidre spilen-

Zi E0 = + 0,34 volti da maSasadame, pirveli gamoaZe-

vebs meores Cu2+
-ionebis Semcveli xsnarebidan:  

Zn(kr.) + Cu2+-
(x)  → Cu(kr.)  + Zn2+ (xs.) 

 kerZo reaqciebis potencialebs aqvT Semdegi 

mniSvneloba: 
MnO −

4  + 5e + 8H+ → Mn2+  + 4H2O     2         E0 =1,51 v 

Fe2+ - 2e - →  Fe3+                                   5          E0 =0,77 v 
---------------------------------------------------------------- 

5Fe2+ + MnO −
4 + 8H+ = 5Fe3+ + Mn2+ + 4H2O 

10FeSO4 + 2KMnO4 + 8H2SO4 = 5Fe2(SO4)3 + 2MnSO4 + 
+K2SO4 + 8H2O 

standartuli eleqtruduli potenciali pirve-

li sistemisaTvis ufro maRalia, vidre meorisaT-

vis; maSasadame, maTi kontaqtis SemTxvevaSi, pirve-

li sistema gamova mJangavis rolSi, xolo meore _ 

aRmdgenis rolSi. pirveli reaqcia mimdinareobs 

marcxnidan marjvniv, meore _ marjvnidan marcxniv. 

e.i.  Fe2+  _ ionebi iJangebian Fe3+  _ ionebamde, xolo
  

MnO −
4   _ ionebi aRdgebian  Mn2+ ionebamde. 

 



 

 245

standartuli Jangva-aRdgeniTi potencialebi 

 

daJanguli 
forma 

+e– 
aRdgenili 

forma 
E°, volti 

Li+ 1e– Li –3,02 
Na+ 1e– Na –2,71 

Mn2+ 2e– Mn –1,05 
Zn2+ 2e– Zn –0,76 
Cr3+ 3e– Cr –0,74 
Fe2+ 2e– Fe –0,44 
Cd2+ 2e– Cd –0,40 
Ti3+ 1e– Ti2+ –0,37 
Co2+ 2e– Co –0,29 
Ni2+ 2e– Ni –0,23 
Sn2+ 2e– Sn –0,14 
Pb2+ 2e– Pb –0,13 
2H+ 2e– H2 0,00 

NO −
3 + H2O 2e– NO −

2 + 2OH– +0,01 
Ti4+ 1e– Ti3+ +0,04 
Sn4+ 2e– Sn2+ +0,15 

SO −2
4 + 2H+ 2e– SO −2

3
-+ 2H2O +0,17 

Cu2+ 2e– Cu +0,34 

MnO −
4  1e– OMn

2

4

−  +0,56 

MnO −
4 + 2H2O 3e– MnO2 + 4OH– +0,60 
Fe3+ 1e– Fe2+ +0,77 
Ag 1e– Ag+ +0,80 
Br2 2e– 2Br– +1,07 

O2 + 4H+ 4e– 2H2O +1,23 
Cl2 2e– 2Cl– +1,36 

Cr2O
−2

7  + 14H+ 6e– 2Cr3+ + 7H2O +1,37 
PbO2 + 4H+ 2e– Pb2+ + 2H2O +1,46 

MnO −
4

 + 8H+ 5e– Mn2+ + 4H2O +1,51 
H2O2 + 2H+ 2e– 2H2O +1,77 

  2F– +2,87 
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eleqtroduli potencialebis mniSvnelobis 

damokidebuleba daJanguli da aRdgenili for-

mebis aqtiurobaze, temperaturaze, gamoisaxeba 

nernstis gantolebiT: amgvarad, redoqs-potenci-

alis sidide damokidebulia rogorc redoq-

sprocesis warmomqmnel nawilakTa bunebaze, ise 

maT koncentraciebze da temperaturaze. igi 

izomeba voltebSi da gamoiTvleba nernstis gan-

tolebiT: 

E = E0 + )(H
(Red)
(Ox)

ln
nF
RT m +α

α
α

 

 

anu 
aRdgenili

daJanguli
y

x

a

a

nF

RT
EE lg

3,2
0 +=  

 

E0   

_ procesis standartuli eleqtroduli 

potencialia; 
R   _ airis universaluri mudmivaa; 
T   _ absoluturi temperaturaa; 
n _elementarul procesSi monawile eleq-

tronebis    ricxvia;  
F _ faradeis ricxvia. 
α

x daJanguli da α aRdgenili _ daJanguli da 

aRdgenili aqtivobebia, x  da y _ reaqciis ganto-
lebaSi Semavali koeficientebia. 298 K-Tvis mud-

mivi sidideebis mniSvnelobebis [R = 8,31 
Kmoli.

jouli
, 

F = 96 500 kuloni]. Casmis Semdeg gantoleba Rebu-

lobs saxes: 

y

x

a

a

n
EE lg

059,0
0 +=       

 

daJanguli    

aRdgenili   
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Tu Jangva-aRdgeniT reaqciaSi wyalbadis io-

nebic monawileoben, maSin redoqs-potencialis 

sidide damokidebuli iqneba agreTve wyalbad-

ionebis aqtiurobaze. kerZo reaqciisaTvis:  
(pH<7) MnO −

4  + 5e + 8H+ → Mn2++ 4H2O        E=+1,5v; 

  
+

+−

α

αα
+=

2

4

mn

8

Hmnolg
5
0590

511E
,

,  

mxedvelobaSia misaRebi is, rom wylis kon-

centracia warmoadgens mudmiv sidides. stan-

dartuli pirobebisaTvis, e.i. rodesac 

12
4

=== ++− Hmno
aaa

mn

;            E = E0 = +1,51v 

kavSiri standartuli izobarul-izoTermuli 

potencial ∆G0-sa da Jangva-aRdgenis wonasworo-
bis konstantas (KT) Soris gamoisaxeba gantole-

biT: ∆G=-2,3RTlgK saidanac vRebulobT wonaswo-

robis konstantas maTematikur gamosaxulebas: -
nFE0 = -2,3RTlgK;  

lgK= 
2,3RT

nFe0

 

0590

nE
Klg

0

,

= ; 

galvanuri elementis standartuli e.m.Z.    
0
1

0
2

0 EEE −= ,   sadac   0
2E    

da 0
1E  

_ urTierTmomqmedi 

eleqtroqimiuri sistemebis (redoqswyvilebis) 

standartuli eleqtroduli potencialebia. wo-

nasworobis konstantas gaangariSeba naCvenebia  
reaqciisaTvis:    

Sn2+  +2Fe3+  = Sn4+  + 2Fe2+
 

Sn2+ -2e = Sn4+                       E0 (Sn4+/Sn2+)=0,15 v 
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Fe3++e = Fe2+
         E0(Fe3+/Fe2+) = 0,771 v  n=2 

am mniSvnelobebis CasmiT  lgK -s gamosaxule-

baSi vRebulobT: 

21
059,0

2)15,0771,0(
lg ≈−=K         aqedan 

21

2

2

10
32

24

≈=
++

++

Fesn

Fesn

aa

aa
K  

e.i. wonasworobis mdgomareobaSi, reaqciis 

produqtebis aqtiurobebis namravli aRemateba 

reaqciaSi Seusvleli sawyisi ionebis  aqti-

vurobebis namravls 1021
-jer. K-s aseTi didi 

mniSvneloba redoqsprocesis mimarTulebis 

prognozirebis saSualebas iZleva da miuTiTebs 

reaqciis srul mimdinareobaze marcxnidan mar-

jvniv. praqtikulad reaqcia Seuqcevadia.  

reaqcia OFe3+
 ionsa da metalur vercxlis-

wyals Soris ar warimarTeba, vinaidan wonaswo-

robis konstantas mniSvneloba naklebia erTze:  
2Fe3+ +Hg  = Hg2+  + 2Fe2+

 

Hg -2e = Hg2+                       E0 (Hg2+/Hg) = +0,79 v 
Fe3++e = Fe2+

         E0(Fe3+/Fe2+) = 0,771 v  n=2 

 

am mniSvnelobebis CasmiT  lgK -s gamosaxulebaSi 

vRebulobTKK=10-0,67
. 

sistemis JangviTi unari izrdeba redoqs-po-

tencialis dadebiTi mniSvnelobis gazrdis mi-

marTulebiT da piriqiT. 

ganvixiloT Semdegi reaqciebi: 

1) 2Fe3+ + 2I– �2Fe2+ + I2; 

2) 2Fe3+ + 2Br– �2Fe2+ + Br2; 
E0(I2/2I⎯)=0,54 v;         E0(Br2/2Br⎯)=1,01 v; 
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E0(Fe3+/Fe2+)=0,77 v; 
pirveli reaqciisaTvis  
E0 =E0 (Fe3+/Fe2+) – E0 (I2/2I⎯)=0,77 –  0,54 = 0,23 v>0, ami-
tom ∆G0<0,   reaqcias SeuZlia TviTneburi mimdi-

nareoba marcxnidan marjvniv. 
meore reaqciisaTvis  
E0 =E0(Fe3+/Fe2+) – E0(Br2/2Br⎯)=0,77 –  1,01 = -0,24 v<0, 

amitom ∆G0>0, e.i. reaqcias SeuZlia TviTneburi 

mimdinareoba marjvnidan marcxniv. 

standartuli pirobebis SecvliT, kerZod, 

koncentraciaTa (aqtiurobaTa) da temperaturis 

cvlilebiT, SesaZlebelia ∆G-s mniSvnelobis 

Secvla procesis mimarTulebis cvlilebamde. 

ori redoqs-wyvilis Jangva-aRdgeniTi urTi-

erTqmedebis mimarTuleba da sisrule  ganisaz-

Rvreba wonasworobis konstantas mniSvnelobiT. 

Ppraqtikulad srulad mimdinare reaqciis kon-

stantas mniSvneloba unda iyos 108
-ze meti (saw-

yisi nivTierebebis 99,99% SeboWvis pirobebSi).  

am dros sxvaoba  n(E2
0 - E1

0)/0,059 >8, rac  xorciel-

deba  0
1

0
2 EE − =0,4 v (n=1), 0

1
0
2 EE − =+0,2 v (n=2)  dros. 

Aamrigad, Tu  E2
0 >E1

0   maSin reaqcia praqtikulad 

srulad mimdinareobs bolomde, Tu E2
0 < E1

0   
0
1

0
2 EE < , maSin reaqcia mimdinareobs sawinaaRmde-

go mimarTulebiT, magram Tu sxvaoba 0
1

0
2 EE −  

Za-

lian mcirea, maSin   K=1 axlosaa erTTan, reaq-

cia ar wava bolomde pirobebis Secvlis gareSe. 

sistemis JangviTi unari izrdeba redoqs-poten-

cialis dadebiTi mniSvnelobis gazrdis mimar-

TulebiT da piriqiT. 
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12.2. nivTierebebis Jangva-aRdgeniTi Tvisebebi 

   

nivTierebebi amJRavneben gansxvavebul damoki-

debulebas Jangvisa da aRdgenisadmi. erTni av-

lenen mxolod mJangav, meoreni _ mxolod aR-

mdgen, xolo mesameni _ redoqs-amfoterul Tvi-

sebebs. aRmdgenebia is atomebi an ionebi, rom-

lebsac savalento Sreze aqvT eleqtronebis 

mcire ricxvi, SeuZliaT eleqtronebis gacema. 

aseTebia metalebis eleqtroneitraluri atome-

bi (Na, K, Ca da sxva) da IVA _ VIIA qvejgufis 

arametalebis atomebi umciresi Jangvis xaris-

xiT (I-, S-2, O-2, N-3, Br-, Cl-).) gascemen eleqtronebs _ 

arian mxolod aRmdgenebi. yvela jgufis elemen-

tebis atomebi maqsimaluri Jangvis xarisxiT  
(Mn+7, Al+3, Cr+6, S+4

), aseve ftorisa da Jangbadis 

atomebi  ierTeben eleqtronebs _ arian mxolod  
mJangavebi. IVA – VIIA qvejgufis arametalebis 

eleqtroneitraluri  atomebi, aseve B,H, Suale-

duri Jangvis xarisxis mqone elementebi  (Mn+4, 
S+4, N+3, C+2), peroqsiduli naerTebi (H2O2) reaqci-
is konkretuli pirobebis mixedviT avlenen ro-

gorc mJangav, aseve aRdgeniT Tvisebebs. 

iodi, rogorc mJangavi. sistemis standartul 

potencials Sualeduri mdgomareoba uWiravs 

Zlier aRmdgeneebs da mJangavebs Soris. tit-

vrisTvis gamoiyeneba iodisa da kaliumis iodi-

dis standartuli xsnarebi. KI aucilebelia io-

dis wyalSi kargi xsnadobis uzrunvelsayofad, 

KI3-is warmoqmnis xarjze. naerTebis iodiT ga-

titvris magaliTebia: 

OAs
3

3

−  + I2 + H2O � OAs
3

4

−
 + 2I– + 2H+

; 

H2S + I2 �S + 2I– + 2H+
 ; 
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Sn2+ + I2 � Sn4+ +2I–. 
iodmetruli meTodiT sulfid-ionebis gan-

sazRvra dafuZnebulia iodis daJangvaze Tavisu-

fal gogirdamde: 

S2– -2e → S0 
I2

0 +2e → 2I– 
-------------------------- 
S2- + I2

0 → S0 + 2I– 
Na2S + I2

0 =2NaI + S 
iodidi, rogorc aRmdgeni. titvrisTvis gamo-

iyeneba kaliumis iodidis wyalxsnarebi. Jangva-

aRdgeniTi potencialebis sidideebis mixedviT, 

SesaZlebelia Semdegi mJangavebis gansazRvra: 

2Fe3+ + 2I– � 2Fe2++ I2 ; 

H2O2 + 2I– + 2H+
 � 2H2O + I2 ; 

A  2CrO −2
4  + 6I− +16H+  �2Cr3+

 + 3I2 + 8H2O 
K2Cr2O7 + 6KI + 7H2SO4 = 2Cr2(SO4)3 + 4K2SO4 + 3I2 +7H2O 

2I– - 2e  →  I2                                           3 
Cr2O −2

7  + 14H+ + 6e → 2Cr3+  + 7H2O      1 

--------------------------------------------------------------------- 
Cr2O −2

7  + 6I– +14H+  → 2Cr3+ + 3I2 +7H2O 
analizur qimiaSi Jangva-aRdgeniTi reaqcie-

bis Catarebisas iyeneben mTel rig mJangavebsa 

da aRmdgenebs. ganvixiloT maTi ZiriTadi Tvise-

bebi. 

mJangavebidan iyeneben kaliumis permanganats, 

kaliumis  qromatsa da biqromats, wyalbadis pe-

roqsids, tyviis (IV) oqsids, iods, kaliumis 

bromats da sxva. 

kaliumis permanganati – KMnO4 Zlier mJava 

areSi (pH<7) aRdgeba Mn2+ – ionamde, neitralur 
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anu sust tute areSi _ MnO2-mde, tute areSi 

warmoiqmneba MnO4
2-,                    

(pH<7)    MnO −
4  + 5e + 8H+ → Mn2+  + 4H2O      E0 = +1,51 v; 

(pH =7)  MnO −
4  + 3e + 2H2O →MnO2 + 4OH¯      E0 =+0,59v;  

(pH≤7)   MnO −
4  + 3e + 4H+ → MnO2  + 2H2O      E0 = +1,69  v; 

(pH>7)    MnO −
4  + e + 4OH¯ → MnO −2

4  + 2H2O + O2    E
0 = +0,58v; 

amrigad, redoqs-potencialis sidideze gav-

lenas axdens xsnaris pH. 
wyalxsnarebSi kaliumis permanganati aram-

dgradia da iSleba, vinaidan misi redoqs-poten-

ciali metia wylis redoqs-potencialis mniSvne-

lobaze. 

Mn2+ kationis daJangva MnO −
4 anionamde tute areSi. 

 bevri mJangavi (H2O2, Cl2 Br2) Jangavs Mn2+
 

kations tute areSi Mn+4
-mde, magram BrO-

 (a) an 

BrO3

−
 (b) tute areSi susti gacxelebisas Cu2+ io-

nebis Tanaobisas Mn2+
 kations Jangavs MnO −

4 ani-

onamde: 

2MnCl2+ 5KBrO + 6KOH = Cu2+ +2KMnO4 + 4KCl + 
5KBr + 3H2O 

2Mn2+ + 5BrO− + 6OH−=   Cu2+ +2MnO −
4  + 5Br− + 3H2O             

(a) 

BrO− + 2e + H2O = Br - + 2OH-                  5 
Mn2+ - 5e- + 8OH− = MnO −

4  + 4H2O         2 

6MnCl2+5KBrO3+18KOH
+2Cu 6KMnO4+ 5KBr +12KCl + 9H2O 

6Mn2+ + 5 BrO3

−

 + 18OH- Cu2+ 6 MnO −
4  + 5Br− + 9H2O             

(b) 
Mn2+ - 5e- + 8OH- = MnO −

4   + 4H2O       6 
BrO3

−

 + 6e- + 3H2O = Br− + 6OH-             5 
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Cu2+ aris katalizatori. 

daJangva amoniumis persulfatiT (NH4)2S2O8  ver-

cxlis nitratis  AgNO3 (katalizatori) Tanaobi-

sas: 

2MnSO4+5(NH4)2S2O8+8H2O=2HMnO4 + 5(NH4)2SO4 + 7H2SO4 

Mn2+ - 5e + 4H2O = MnO −
4  + 8H+     2 

S2O −2
8   + 2e = 2 SO −2

4                        5 

2Mn2++5S2 O −2
8   +8H2O=2 MnO −

4 +10 SO −2
4  +10H+

 

reaqciis mimdinareobis pirobebi: 

1.reaqcia tardeba, roca pH<2. 
2. reaqcia mimdinareobs katalizatoris (Ag+) 

Tanaobisas. 

3. aRmdgenebi Cl-, Br-, I-
 xels uSlian reaqciis 

mimdinareobas.  

4. gacxeleba xels uwyobs reaqciis mimdinare-

obas, magram xangrZlivi gacxelebisas HMnO4
 

manganummJava iSleba manganumis (IV) oqsidis 
MnO2 warmoqmniT. 

amrigad, redoqs-potencialis sidideze gav-

lenas axdens xsnaris pH. kaliumis  permangana-

ti gamoiyeneba SardmJavas, kalciumis, rkina(II)-

is, spilenZ(I)-is marilebis, oqsalatebis, wyal-

badis peroqsidis, sulfitebis, nitritebis, mJa-

unmJavas, qloridebis, iodidebis,  kaliumis da 

mJangavi fermentebis raodenobiTi gansazRvri-

saTvis; sanitarul-higienur gamokvlevebSi – sas-

meli da sxva wylebis analizisaTvis. 

kaliumis qromati da biqromati _ K2CrO4, 
K2Cr2O7 analizSi xSirad gamoiyeneba mJangavebad. 

mJava areSi qromatebi gadadian biqromatebSi, 

tute areSi _ piriqiT. sistemis wonasworobis 

konstanta dakavSirebulia pH -Tan:  
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CrO −2
4  +H+ → HCrO4

−

                 2               K1=0,31.107 

2 HCrO4

−

  � Cr2O −2
7   + 2H2O;      1                K2=0,42.102 

2CrO −2
4  +2H+ � Cr2O −2

7   + H2O 

14
2

2
122

4

2
72 100,4

]][[
][ ⋅=⋅== +−

−

KK
HCrO

OCr
K  

(pH<7)       Cr2O −2
7   +14H++ 6e → 2Cr3+ +7H2O      E0= +1,33v; 

(pH=7)       CrO −2
4   +2H++ 3e → CrO −3

3  - +H2O        E0=+0,36 v; 

(pH>7)    CrO −2
4  + 4H2O +3e → Cr(OH)3 + 5OH-     E0=-0,13v; 

Cr3+
 kationis Jangva 

−2
4CrO -mde SesaZlebelia 

rogorc tute, ise mJava garemoSi. 

a) tute areSi mJangavebad ZiriTadad gamoiye-

neba wyalbadis peroqsidi _ H2O2 an natriumis pe-
roqsidi _ Na2O2: 

CrCl3 + 3NaOH= Cr(OH)3↓  + 3NaCl 

Cr(OH)3 + NaOH= NaCrO2+ 2H2O 
2NaCrO2 + 3H2O2 + 2NaOH = 2Na2CrO4 + 4H2O 

2 −2
2CrO + 3H2O2 + 2OH− = 2 −2

4CrO + 4H2O 
−2

4CrO  gadasvla H2CrO6 
 

xdeba mJava areSi.  

qromis aRmoCena am reaqciiT SesaZlebelia 

yvela analizuri jgufis kationebis Tanaobisas.  

b) mJava garemoSi daJangvas axdenen KMnO4, 
(NH4)2S2O8  da sxva Zlieri mJangavebiT. 

 

5Cr2(SO4)3 + 6KMnO4 + 11H2O = 5H2Cr2O7 + 6MnSO4 
+3K2SO4 + 6H2SO4 

2Cr3+ + 7H2O – 6 e  = −2
72OCr +14H+                             5 

MnO −
4  + 8H++ 5e  = Mn2+  + 4H2O                     6 
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----------------------------------------------------------------------------
10Cr3+ + 6 MnO −

4  +  35H2O + 48H+= 5 −2
72OCr + 6Mn2+ + 

70H++ 24H2O
 

10Cr3+ + 6 MnO −
4  + 11H2O = 5 −2

72OCr + 6Mn2+ + 22H+ 

am reaqciis dros MnO −
4  anionis Seferiloba 

Jolosferidan gadadis muraSi MnO(OH)2-manganu-
mis  hidroqsidis warmoqmnis gamo, SesaZlebelia 

warmoiqmnas manganummJava H2MnO3. naleqis war-

moqmna SeiZleba aixsnas kaliumis permanganatis 

Warbi raodenobis urTierTqmedebiT warmoqmnil 

manganumis sulfatTan. gacxelebisas reaqcia 

ukeT midis: 

2KMnO4 + 3MnSO4 + 7H2O = 5MnO(OH)2 + K2SO4 + 2H2SO4 

2 MnO −
4 + 3Mn2+ + 7H2O = 5MnO(OH)2 + 4H+ 

Cr3+ 
kationis daJangva −2

72OCr  biqromat-ionSi 

amoniumis persulfatiT (NH4)2S2O8  mJava areSi 

mimdinareobs: 

Cr2(SO4)3 + 3(NH4)2S2O8 + 7H2O = (NH4)2Cr2O7 +2(NH4)2SO4 
+7H2SO4 
   2Cr3+ + 7H2O – 6 e  = −2

72OCr +14H+                           1 
  S2

−2
8O +2 e = 2 −2

4SO                        3 
reaqciis mimdinareobis pirobebi: 

1. reaqcias atareben mJava areSi (pH = 1) gac-
xelebiT. 

2. aRmdgeneli ionebi xels uSlian reaqciis 

msvlelobas. 

 

K2Cr2O7 + 6KI + 7H2SO4 = 2Cr2(SO4)3 + 4K2SO4 + 3I2 +7H2O 
2I– -2e  →  I2                                          3 
Cr2O −2

7  +14H++ 6e → 2Cr3+ +7H2O      1 
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azotmJava _ pH, koncentraciis, aRmdgenis ti-
pis mixedviT aRdgeba sxvadasxvanairad:  
(pH<7)     O2HNO3e4HNO 222 +→+++ −−            E0= +0,96 v; 

(pH=7)    OHNO2e2HNO 223 +→++ −+−              E0= +0,83 v; 

(pH>7)     −−− +→++ 2OHNO2eOHNO 223         E0= –0,01 v.      
Zlieri aRmdgenebi, romelTa redoqs-potenci-

alebi nulze dabalia (Ca, Mg), aRadgenen konc. 
HNO3, N2O-mde, ganzavebuli _ amiakamde, saSualo 

siZlieris aRmdgenebi (Fe,Ni )  aRadgenen ganzave-
bul HNO3,  NO-mde.  

azotmJava analizSi gamoiyeneba metalebis, 

nalRobebis, sulfidebis tipis Znelad xsnadi 

marilebis (HgS-garda) gasaxsnelad. keTilSobi-

li liTonebi (oqro, platina) azotmJavaSi ar 

ixsneba. maT gasaxsnelad iyeneben `samefo arays~ 
3VHCl :1V HNO3 

3HCl + HNO3 = 2Cl– + NOCl + 2H2O 
Au + 2Cl– + NOCl = AuCl3 + NO 

wyalbadis peroqsidi  - H2O2 naklebi siZlie-

ris mJangavia da iJangeba ufro maRali redoqs-

potencialebis mqone mJangavebis moqmedebiT. 

H2O2 - redoqs-amfoteruli naerTia, ris gamoc 

mas axasiaTebs disproporcionireba.  
H2O2 +2H+ + 2e → 2H2O,                 E0 = +1,77 v 

H2O2 → O2 + 2H+
 + 2e ,                    E0 = +0,68 v 

2H2O2 → O2 + 2H2O ,                       E0 = +1,51 v 
TvisebiT analizSi wyalbadis peroqsidi ga-

moiyeneba dasaJangad da zogierTi ionis (Cr3+, 
Mn2+) aRmosaCenad. Cr3+

 kationis daJangva −2
4CrO -

mde SesaZlebelia rogorc tute, ise mJava gare-

moSi. 
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tute areSi mJangavebad ZiriTadad gamoiyene-

ba wyalbadis peroqsidi _ H2O2 an natriumis pe-
roqsidi _ Na2O2: 

CrCl3 + 3NaOH= Cr(OH)3↓  + 3NaCl 

Cr(OH)3 + NaOH= NaCrO2+ 2H2O 
2NaCrO2 + 3H2O2 + 2NaOH = 2Na2CrO4 + 4H2O 

2 −2
2CrO + 3H2O2 + 2OH− = 2 −2

4CrO + 4H2O 
reaqciis mimdinareobis pirobebi:  
1. Cr3+ 

kationis daJangva −2
4CrO -mde mimdinare-

obs tute areSi. 

2. −2
4CrO  gadasvla H2CrO6 

 

xdeba mJava areSi.  

qromis aRmoCena am reaqciiT SesaZlebelia 

yvela analizuri jgufis kationebis Tanaobisas.  

halogenebi _ qlori, bromi, iodi, farTod 

gamoiyeneba qloriani, bromiani wylisa da io-

dis xsnaris saxiT bevri naerTis aRmosaCenad da 

gansasazRvravad. aRmdgenebTan maTi molekule-

bis urTierTqmedebisas isini  Rebuloben eleq-

trons da gadadian halogenid-ionebSi. qlori 
E0(Cl2/2Cl⎯) = +1,136v  _ ufro Zlieri  mJangavia, 

vidre bromi E0(Br2/2Br⎯) = - 0,763 v E0
=1.07v re-

doqs-potencialebis didi sxvaobis gamo, qlori-

ani wyali, rogorc ufro Zlieri mJangavi gamoi-

yeneba bromidebisa da iodidebis dasaJangad: 

1/2Cl2(a) + Br– → 1/2Br2(a) + Cl–
(xs.) . 

mJangavebi: qloriani wyali, bromiani wyali, 
kaliumis permanganati mJave da tute areSi Jan-
gaven iodidebs Tavisufal iodamde. 

Cl2 + 2I− = 2Cl− + I2 

Tavisufali iodi saxamebels aZlevs lurj, 

xolo organul gamxsnelebs _ iisfer Seferi-
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lobas. Warbi qloriani wyali iisfer Seferi-

lobas aqrobs HIO3-is
 

warmoqmnis gamo: 

5Cl2 + I2  + 6H2O = 2HIO3  + 10HCl 
   Tavisufali bromis aRmoCena SesaZlebelia 

ramdenime xerxiT: 

1. Br2 xsnars mura Seferilobas aZlevs; 

2. organul gamxsnelebSi (qloroformi, ben-

zoli) Br2
 

narinjisferia. qloriani wylis Warbi 

raodenobis damatebisas organuli gamxsnelis 

fena Seifereba yviTel-Calisfrad bromqlori-

dis _ BBrCl-is warmoqmnis gamo;  
3. Tavisufali bromi moqmedebs fuqsingogir-

dovan mJavaze misi bromwarmoebulis warmoqmniT, 

romelic iZleva wiTel-iisfer Seferilobas. re-

aqcia specifikuria da saSualebas iZleva aRmo-

Cenil iqnes mcire raodenobis bromidebi Cl- da I-
 

ionebis Tanaobisas; 

4. Tavisufali bromis aRmoCena SesaZlebelia 

fluoresceiniT; warmoiqmneba wiTeli Sefe-

rilobis  

tetrabrom-fluoresceini (eozini): 

 

 

HOOC

C

OH

O

O + 4Br2

HOOC

C

OH

O

O + 4HBr

Br
Br

Br

Br
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reaqciis mimdinareobis pirobebi 

1. reaqcia mimdinareobs pH  5-7 dros; 
2. Warbi qloriani wyali warmoqmnis BrCl. 
3. aRmdgeni ionebi xels uSlian cdis msvle-

lobas, amitom maT acileben an Jangaven; 

   arsenitebi iJangebian iodiT arsenatamde 

Na3AsO3 + I2 +  H2O� Na3AsO4 + 2HI 
−3

3AsO  +  I2 +  H2O � 
−3

4AsO + 2H+ + 2I− 
am reaqciaSi I2 aRdgeba iodid-ionamde, xsna-

ris yviTeli Seferiloba qreba. Ees  reaqcia 

Seqcevadia, amitom xsnars umateben NaHCO3-s H+ 

ionebis SesaboWad da sistemis wonasworobis 

marjvniv gadasaxrelad: 

HI + NaHCO3 = NaI + H2O + CO2 
H+ + −

3HCO  = H2O + CO2 
metal-ionebi _ tyvia (IV), rkina (III), ceriumi 

(IV), (maqsimaluri Jangvis xarisxis mqone), natri-

umis nitrati da sxva mJangavebi gamoiyenebian 

SerCeviTi daJangvisaTvis calkeuli aRmdgenebi-

saTvis. magaliTad, nitritebi SerCeviT Jangaven 

iodid-ions Tavisufal iodamde, rac gamoiyeneba 

−
2NO  
aRmosaCenad: 

        2KI + 2KNO2 + 2H2SO4 = I2 + 2K2SO4 + 2NO↑ + 2H2O 
2I- + 2 −

2NO  + 4H+ = I2 + 2H2O + 2NO↑ 
aRmdgenebidan _ analizur qimiaSi didi mniS-

vneloba aqvT wyalbads da metalebs (Zn, Fe, Al) _1 
da _2, daJangvis xarisxis mqone arametalebis 

ionebs (qloridebs, iodidebs, bromidebs, sul-

fidebs), Sualeduri Jangvis xarisxis mqone zo-

gierT ions (sulfit-nitrit-Tiosulfat-ionebs). 

umdablesi Jangvis xarisxis mqone metalebis io-

nebs (Sn2+, Fe2+, Cr3+).  atomur wyalbads SeuZliaT 
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aRadginon didi redoqs-potencialis mqone me-

talTa ionebi. atomur wyalbads iyeneben Tvise-

biT analizSi metalebisa da arametalebis aR-

sadgenad. metaluri alumini an TuTia Zlier 

tute areSi nitratebs aRadgens amiakis warmoq-
mniT:  

3NaNO3 + 8Al + 5NaOH + 2H2O = 8NaAlO2 + 3NH3↑ 
4Zn + NaNO3 + 7NaOH = 4Na2ZnO2 + NH3↑ + 2H2O 

8Al + 3 −
3NO + 5OH-  + 2H2O = −

28AIO  + 3NH3↑ 
4Zn + −

3NO  + 7OH- = −2
24ZnO + NH3↑ + 2H2O 

Sn kationis aRdgena bismutisa da vercxlis-

wylis marilebiT: 
          SnCl2 + 4NaOH = Na2SnO2 + 2NaCl + 2H2O 

Sn2+ + 4OH- = −2
2SnO + 2H2O 

2Bi(NO3)3+3K2SnO2+6KOH=2Bi↓+3H2O+6KNO3+3K2SnO3 
2Bi3+ + 3 −2

2SnO + 6OH- = 2Bi↓ + 3 −2
3SnO + 3H2O 

HgCl2 + K2SnO2 + 2KOH = Hg↓ + K2SnO3+ 2KCl + H2O 
Hg2+ + −2

2SnO + 2OH- = Hg↓ + −2
3SnO + H2O 

Sn2+ – 2e = Sn4+              E0 = +0,15 v  E0(Sn4+/Sn2+)=+0,15v; 
Hg2+ +2e = Hg               E0 = +0,854  v  0(Hg2+/Hg)=+0,854v 

Sn2+ + Hg2+ =Sn4+ + H2 
E0 =+0,854 - (+0,15) = 0,704  v 

cda: sinjaraSi aTavseben Sn2+
 ionis Semcveli 

xsnaris 4 wveTs. umateben koncentrirebuli 

NaOH-is xsnars gamWvirvale xsnaris miRebamde. 

umateben 1-2 wveT Bi(NO3)3-is xsnars. gamoiyofa 

bismutis Savi xaverdovani naleqi, rac Sn2+
-is 

arsebobaze miuTiTebs. 

metaluri magniumi da metaluri rkina aRad-

genen Sn+4
-s Sn2+-mde. 

H2[SnCl6] + Mg = MgCl2 + SnCl2 + 2HCl 
[SnCl6]

2- + Mg = Mg2+ + Sn2+ + 6Cl- 
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12.3. Jangva-aRdgeniTi reaqciis mimdinareobaze  

moqmedi faqtorebi 

 

Jangva-aRdgeniTi reaqciebis meqanizmze gavle-

nas axdens pH, gamxsneli, temperatura, katali-

zatori, Tanauri reaqciebis arseboba. 

elementis Jangvis xarisxis cvlileba erTi 

da igive sididiT potencialebis sxvadasxva 

mniSvnelobis dros damokidebulia garemo ares 

pH-sa da mJangav-aRmdgenis mdgomareobaze. mag: 
Cr3+ 

gadadis Cr6+ mJava areSi  E0 = -0,13 v dros. go-
girdis mier eleqtronebis dakargva 

−2
3SO -dan  

−2
4SO -

mde mJava areSi mimdinareobs E0 = +0,17 v 
dros, tute areSi - E0 = -0,93 v dros. pH-is gaz-

rda amcirebs mJangavis da aRmdgenis potencia-

lis sididis mniSvnelobas (da Sesabamisad Jan-

gviT Tvisebebs), zrdis mis aRdgeniT Tvisebebs.
 

     pH-is cvlilebis Sedegad icvleba poten-

cialis sidide, miiReba sxva produqtebi, regu-

lirdeba reaqciis siCqaris mimarTuleba. Jangva-

aRdgeniT reaqciebze Zlier gavlenas axdens 

temperatura, romlis gazrda aCqarebs Jangva-aR-

dgeniT reaqcias. magaliTad: oqsalat-ioni mJava 

garemoSi auferulebs kaliumis permanganatis 

xsnars, reaqcias aCqarebs gacxeleba  
5(NH4)2C2O4 + 2KMnO4 + 8H2SO4 = 2MnSO4 + K2SO4+ 
+5(NH4)2SO4+ 10CO2↑+ 8H2O 

−2
42OC C2O4

3- - 2е = 2CO2              5 

MnO −
4  + 8H+ + 5е = Mn2++ 4H2O      2 

5 −2
42OC + 2 MnO −

4
  + 16H+=10CO2 ↑ + 2Mn2+ + 8H2O 

maRal temperaturaze Mn2+
 kationi iJangeba 

MnO −
4  anionamde mJava areSi tyviis (IV) oqsidiT. 
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am reaqciaSi mJangavebad SeiZleba gamoiyenon 

tyviis (IV) oqsidi PbO2, amoniumis persulfati 
(NH4)2S2O8 da sxva. am reaqciiT Mn2+ kationis aR-
moCena SesaZlebelia yvela analizuri jgufis 

kationebis Tanaobisas. 

daJangva tyviis (IV) oqsidiT (krumis reaqcia): 

2Mn(NO3) 2 + 5PbO2 + 6HNO3 =  2HMnO4 + 5Pb(NO3)2 + 2H2O              
             Mn2+ - 5e- + 4H2O = MnO −

4  + 8H+       2 
             PbO2 + 2e- + 4H+ = Pb2+ + 2H2O         5 
 

2Mn2+ + 5PbO2 + 4H+ = 2 MnO −
4  + 5Pb2+ + 2H2O 

reaqciis mimdinareobis pirobebi: 

1.reaqcia tardeba, roca pH<2. 

2.Cl-
 

ionebi winaswar unda iqnes mocilebuli 

saanalizo xsnaridan. am mizniT saanalizo xsna-

ri gadaaqvT faifuris jamze an tigelSi, amoaS-

roben da gacivebul naSTs umateben koncentri-

rebuli gogirdmJavas xsnaris ramdenime wveTs. 

minis wkiriT kargad aureven da isev acxeleben 

SO3-is bolis gamoyofamde, gogirdmJaviT damu-

Savebas axdenen ramdenjerme, xolo gacivebis 

Semdeg miRebul mSral naSTs xsnian gamoxdil 

wyalSi. 

3.reaqciis Casatareblad saWiroa xsnaris du-

Rili.  

katalizatorebi  mniSvnelovnad aCqareben re-

aqciebs. magaliTad, Mn2+ kationis daJangva MnO −
4  

ionamde mJava areSi vercxlis nitratiT (kata-

lizatori) Tanaobisas: 
 2MnSO4+5(NH4)2S2O8+8H2O=2HMnO4 + 5(NH4)2SO4 + 7H2SO4 

    Mn2+ - 5e + 4H2O = MnO −
4  + 8H+                  2 

                −2
82OS  + 2e = 2 −2

4SO                         5 
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        2Mn2++ −2
825 OS +8H2O=2Mn O −

4 + −2
410SO  +10H+

 

reaqciis mimdinareobis pirobebi 

1.reaqcia tardeba, roca pH<2. 
2.reaqcia mimdinareobs katalizatoris (Ag+) 

Tanaobisas. 

3.aRmdgenlebi Cl−, Br−, I−
 xels uSlian reaqci-

is mimdinareobas. 
4.gacxeleba xels uwyobs reaqciis msvlelo-

bas, magram xangrZlivi gacxelebisas HMnO4
 

man-

ganummJava iSleba manganumis (IV) oqsidis MnO2 

warmoqmniT. 
Tavdapirvelad  

−2
82OS  Jangavs Ag+ Ag2+

-mde, ro-

melic Jangavs Mn2+
 kations MnO −

4  -mde:  

Mn2+ 
+ 5Ag+ + 4H2O = MnO −

4  + 5Ag+  + 8H+                   
xsnaris ionuri Zala  (sxva eleqtrolitebis 

arseboba) amcirebs mJangavis da aRmdgenis aqti-

urobas, ramac SeiZleba migviyvanos Jangva-aR-

dgeniTi wyvilis potencialis cvlilebamde. zo-

gadad, ionuri Zalis gavlena Zalian mcirea, 

amitom SeiZleba misi ugulebelyofa. 
daleqvis konkurentuli reaqciebi gavlenas 

axdenen potencialis sidideze, vinaidan wyvilis 

erT-erTi komponentis koncentracia mkveTrad 

mcirdeba. amas iTvaliswineben miRebuli naleqis 

xsnadobis namravlis gamoyenebiT. e.i. Jangva-

aRdgeniTi potencialis mniSvneloba damokide-

bulia damleqavi ionis koncentraciaze. 

daJanguli an aRdgenili formebis koncen-

traciebis cvlilebiT mkveTrad icvleba poten-

cialis sidide da Sesabamisad, wyvilis Jangva-

aRdgeniTi  Tvisebebi. 



 

 264

kompleqswarmoqmnis konkretuli reaqcia mni-

Svnelovan gavlenas axdens potencialis sidide-

ze, da Jangva-aRdgeniTi  reaqciis mimdinareoba-

ze. 

gamxsnelis moqmedeba dakavSirebulia reaqci-

aSi monawile mJangavis da aRmdgenis  solvata-

ciaze. gamxsnelisa da naerTis solvatokompleq-

sSi ufro mtkice koordinaciuli bma iwvevs Jan-

gvis da aRdgenis Seferxebas da Sedegad, eleq-

tronuli aqtiurobis Semcirebas. nivTierebebis 

Jangva-aRdgeniTi  Tvisebebis Sedarebas atareben 

nulovani potencialis mqone redoqs-wyvilis 
Rb+/Rb0 

mixedviT, romelic umniSvnelod icvleba 

gamxsnelis SecvliT. H+/H0
 wyvilis potenciali 

sxvadasxva gamxsnelSi Zlier icvleba da amitom 

ar SeiZleba iyos aTvlis wertili redoqs-po-

tencialis skalaSi. gamxsnelis cvlilebiT 

principulad icvleba Jangva-aRdgeniTi reaqcie-

bis xasiaTi. magaliTad, wyalxsnarSi tyvia  

E0(Pb2+/Pb0) = +2,80v gamoaZevebs wyalbads  

E0(H+/H) = +2,43v, WianWvelmJavaSi, wyalbadi 

E0(H+/H) = +3,45v gamoaZevebs tyvias  
E0(Pb2+/Pb0) = +2,730v misi marilis wyalxsnaridan. 

 

Jangva-aRdgeniT procesSi naerTebis koncen-

traciis cvlilebiT pH–is regulirebiT SesaZ-

lebelia ara mxolod reaqciis emZ-is, aramed mi-

si mimarTulebis Secvlac. (Tu ori naxevarreaq-

ciis potencialebi mkveTrad ar gansxvavdebian).  

reaqciis emZ-is gaTvla SesaZlebelia izoba-

ruli potencialis da wonasworobis konstan-

tas cvlilebiT. visargebloT cnobili formu-

lebiT: 
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12.4. Jangva-aRdgeniTi reaqciebis gamoyeneba  

qimiur analizSi 

  

Jangva-aRdgeniT reaqciebs iyeneben nivTiere-

bis gasaxsnelad, xsnarebis stabilizaciisaTvis, 

narevebis dayofisaTvis, naerTebis aRmoCenisa da 

raodenobrivi gansazRvrisaTvis. metalebis, nal-

Robebis, naleqebis gaxsna xSirad dafuZnebulia 

Jangva-aRdgeniT reaqciebze. magaliTad, Senadno-

bis analizs axdenen maTi mJaveebis gaxsnis Sem-

deg (kationamde daJangva):   

2Al + 6HCl = 2AlCl3+ 3H2 
Mn2+

 kationis daJangva H2MnO3-mde mJava areSi. 
am reaqciiT sargebloben manganumis ionebis aR-

mosaCenad SenadnobebSi. manganumis (II) naerTebi 

iJangebian mJava areSi kaliumis qloratiT: 

5MnSO4+2KClO3+9H2O ⎯⎯ →⎯ 42SOH 5H2MnO3+K2SO4+ 
4H2SO4+ Cl2↑ 

Mn2+ + 3H2O - 2e- → H2MnO3 + 4H+            5 

2 −
3ClO  + 12H+  + 10e- → Cl2 + 6H2O          1 

5Mn2++2 −
3ClO +15H2O+12H+

→5H2MnO3+Cl2↑ + 20H+ + 

6H2O 
5Mn2+ + 2 −

3ClO + 9H2O = 5H2MnO3 + Cl2↑ + 8H+ 
reaqciis mimdinareobis pirobebi 

1. reaqcias atareben gogirdmJava an azotmJa-

va areSi, roca pH≤1. 
2. saWiroa KClO3 Warbi raodenoba. 
3. reaqciis Casatareblad aucilebelia du-

Rili. 

4. Zlieri aRmdgenebi (H2S, H2SO3, HI) xels uS-

lian reaqciis msvlelobas. am reaqciiT sargeb-

loben manganumis ionebis  aRmosaCenad Senadno-

bebSi. 
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uxsnadi sulfidebi da metalTa oqsidebi ga-

dahyavT xsnarSi mJangavebis moqmedebiT: 
advilad aRsadgeni da dasaJangi analizuri 

reaqtivebis xsnarebis momzadeba da stabiliza-

cia xorcieldeba aseve mJangavebiTa da aRmdge-

nebiT. magaliTad, Fe2+
 marilis xsnarSi SeyavT 

aRmdgeni - askorbinmJava an metaluri rkina Fe3+-
ionSi gadasvlis asacileblad.  

Zlier mJangavebs (H2O2, KMnO4) inaxaven muq mi-
nis WurWelSi fotoqimiuri reaqciis acilebis 

mizniT. mag: H2O2 _ sinaTlis moqmedebiT ganic-

dis disproporcionirebas.  
                    H2O2 + H2O2 = O2 + 2H2O 
kaliumis permanganati sinaTlis moqmedebiT 

Sedis reaqciaSi wyalTan, romelic  gamodis aR-

mdgenis rolSi: 

wyali redoqs-amfoteruli naerTia, SeuZlia 

gamovides rogorc mJangavis, aseve aRmdgenis 

rolSi:  
2H2O + 2e = H2  +2OH−              E0 = -0,81v 
2H2O = O2 + 4H+ + 4e                 E0 = +1,23v 
xsnarebSi mJangavebisa da aRmdgenebis Tanaar-

seboba ganisazRvreba potencialebis (Sesabamisi 

mJangavebisa da aRmdgenebis wyvilis) mniSvnelo-

biT. potencialuri wyvilis emZ-is tolobis pi-

robebSi 
0
2

0
1 EE ≈  SeuZliaT maT erTdroulad im-

yofebodnen xsnarSi. xsnarSi aRmdgenis yofna 

adasturebs mJangavis ar arsebobas da piriqiT, 

aRmdgen ionebs Fe2+, −2
3SO , I−, S2−

 ar SeuZliaT Ta-

naarseboba mJangav ionebTan MnO −
4 , ,

−
2NO  ,

−
3ClO   

Fe3+, Sn4+, rac gasaTvaliswinebelia analizis Ca-

tarebis dros. 



 

 267

nivTierebis dayofa xSirad xorcieldeba Jan-

gva-aRdgeniTi reaqciebiT. mag: Mn2+
 da Mg2+

  ka-

tionebis dayofa OH−
-ionebis meSveobiT rTul-

deba Mn(OH)2 da Mg(OH)2 erTnairi xsnadobis ga-

mo amoniumis qloridsa da qlorSi, magram Tu 

vimoqmedebT NaOH da H2O2 nareviT,  vRebulobT 

naleqebs -  MnO2   da  Mg(OH)2 : 

Mn2+ + H2O2 + 2OH− = MnO2 + H2O2 
Mg2+ + 2OH− = Mg(OH)2 

magniumis hidroqsidi xsnadia amoniumis qlo-

ridSi, MnO2  _ ara. 
K+

 kationis aRmoCenas xels uSlian amoniu-

mis ionebi, amitom SeiZleba maTi gadayvana amo-

niumis nitratSi da mocileba Sigamolekuluri 

J.a reaqciis meSveobiT: 

NH4NO3 = N2O+ 2H2O 
J.a reaqciebis mniSvnelovani Tvisebaa katio-

nebisa da anionebis aRmoCenis reaqciebi, rasac 

Tan axlavs analizuri efeqti. magaliTad, ko-

baltis nitrati TuTiis marilSi dasvelebuli 

filtris qaRaldis dawvisas iZleva mwvane Sefe-

rilobis kobaltis cinkats (`rinmanis mwvane~). 
            Zn(NO3)2 + Co(NO3)2 = CoZnO2 + 4NO2↑  + O2↑  
amoniumis molibdatis moqmedebiT azotmJavas 

Tanaobisas arsenat-ionTan warmoiqmneba amoniu-

mis arsenomolibdatis yviTeli kristaluri na-

leqi: 

Na3AsO4+12(NH4)2MoO4 + 24HNO3 = 
(NH4)3H4[As(Mo2O7)6]↓ + 21NH4NO3 + 3NaNO3 + 

10H2O −3
4AsO +3 +

4NH +12 −2
4MoO + 24H+ = 

(NH4)3H4[As(Mo2O7)6]↓+10H2O 
warmoqmnili naleqi ixsneba natriumis arse-

natSi kompleqsnaerTis warmoqmniT, amitom amo-
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niumis molibdati unda daematos Warbad. naleqi 

ixsneba tuteebSi, amoniumis hidroqsidSi, ar ix-

sneba azotmJavaSi. 

nivTierebis raodenobrivi gansazRvris mocu-

lobiTi analizis titrimetrul meTods safuZ-

vlad udevs Jangva-aRdgeniTi reaqciebi.  J.a ga-

titvra  xorcieldeba gansasazRvravi naerTis 

urTierTqmedebiT mJangavebTan da aRmdgenebTan. 

kerZod, permanganatmetriis meTodebSi mJangavi 

reagentia kaliumis permanganati, iodmetriaSi 

titrantebia kaliumis iodidis da natriumis 

Tiosulfatis xsnarebi, bromatmetriaSi titran-

tia KBrO3. analizuri qimiis bevri Teoriuli da 

praqtikuli sakiTxi wydeba gaangariSebiTi me-

Todebis meSveobiT, sadac gamoiyeneba standar-

tuli potencialis cneba xsnarebSi arsebuli 

da masTan SexebaSi myofi nivTierebis Jangva-aR-

dgeniTi aqtiurobis raodenobrivi daxasiaTebi-

saTvis. Jangva-aRdgeniTi reaqciis mimarTulebis 

Sesaxeb msjeloba SeiZleba sistemis jibsis 

energiis cvlilebis mixedviT. Aaseve ganisaz-

Rvreba mJangavebisa da aRmdgenebis mdgradoba 

sxva nivTierebebTan Tanaobisas. analizuri reaq-

ciebis sruli mimdinareoba regulirdeba zemoT 

miTiTebuli xerxebiTa da meTodebiT. 

 

 
12.5. redoqs-procesebis gamoyeneba paTologi-

ur mdgomareobaTa koreqciaSi 

 

mravali biologiuri sistemisaTvis damaxasa-

iTebelia redoqs-potencialis dabali mniSvne-

loba. maTi ZiriTadi funqciaa aRmdgeni Tvisebe-

bis gamovlena. mJangavebi, urTierTqmedeben ra 
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redoqs-sistemis aRdgenil formebTan, mniSvne-

lovnad zrdian maT potencialebs. Zlieri mJan-

gavebi xSirad Seuqcevadad urTierTqmedeben 

sxvadasxva substratTan, rac zogjer mZime Se-

degiT mTavrdeba. aseTi mJangavebia umaRlesi 

Jangvis xarisxis mqone qromisa da manganumis na-

erTebi (qromatebi, biqromatebi, permanganatebi), 

romlebic toqsikurad moqmedeben cocxal orga-

nizmebze. 

azotis oqsidebisa da nitrat-ionis toqsiku-

ri moqmedeba maT Zlier mJangav unarTan aris 

dakavSirebuli. nitratebi, romlebic xvdebian 

sakveb produqtebSi azotovani sasuqebis Warbi 

raodenobiT gamoyenebis gamo, organizmSi aRdge-

ba nitritebamde: 

        −−−− +→++ OHNOe22HNO 223 ; E0 = 0,421 v       
paTologiur procesebs miekuTvneba meThemog-

lobinis warmoqmna, romelic mimdinareobs he-

moglobinTan anilinis, nitrobenzolis an nit-

ratebis moqmedebisas. am dros hemoglobini kar-

gavs Jangbadis transportis unars. normalur 

mdgomareobaSi daJangul formaSi imyofeba mTe-

li hemoglobinis daaxloebiT 2%, xolo mZime 

mowamvlebisas es maCvenebeli izrdeba 60-70-%-

mde. satransporto funqciis dakargvasTan erTad, 

mkveTrad izrdeba sistemis _ meThemoglobini/he-

moglobini _ redoqs-potenciali. organizmSi 

warmoqmnili nitratebis hemoglobinze moqmede-

bisas,  mimdinareobs Jangva-aRdgenis da ligan-

dmimocvlis erTdrouli toqsikuri moqmedeba, 

radgan redoqsprocesis Sedegad warmoqmnili 

azot(II)-is oqsidi ukavSirdeba dauJangav hemog-
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lobins stabiluri kompleqsis (nitrozohemog-

lobinis) warmoqmniT: 

HHb + −
2NO + 2H+ � metHHb + NO + H2O 

meThemoglobini 

HHb + NO � HHb-NO 

nitrozohemoglobini 

meThemoglobinis aRdgenas axdenen aRmdgene-

bis saSualebiT _ natriumis TiosulfatiT _ 
Na2S2O3, hiperbariuli oqsigenirebiT. Jangbaduri 

Terapia tardeba maRali wnevis pirobebSi, efeq-

turia qsoviluri hipoqsiis dros. sisxlSi Jan-

gbadis parcialuri wnevis gazrdiT SesaZlebe-

lia masze qsovilebis moTxovnilebis srulad 

dakmayofileba, Tundac Jangbadis transportis 

blokadis SemTxvevaSi. Tumca, rig SemTxvevebSi, 

KJangbaduri Terapia SeiZleba aRmoCndes mavne, 

radgan zogierTi nivTiereba am procesis mimdi-

nareobisas gardaiqmneba masze ufro toqsikur 

warmoebulad. magaliTad, meTanolis daJangvisas 

warmoiqmneba gacilebiT maRaltoqsikuri for-

maldehidi da WianWvelamJava, eTilenglikolis 

daJangvisas _ ufro toqsikuri mJaunmJava da a.S. 
Jangva-aRdgeniTi procesebis koreqciisaTvis 

iyeneben antioqsidantebsac. naxSirwyalbadTa ha-

logenwarmoebulebiT mowamvlisas organizmSi 

izrdeba Tavisufali radikalebis da mcirdeba 

glutaTionis aRdgeneli formis koncentracia. 

radikalebi warmoiqmneba aRniSnuli naerTebis 

JangviTi deqlorirebisas maTze citoqrom P-450-
is Semcveli sistemis moqmedebiT (gansakuTrebiT 

aqtiuria -CCl3). am movlenebis Tavidan asacileb-

lad kunTSi SehyavT antioqsidantebi:  

E _ vitamini, uniToli, N _ acetilcistini 
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mravali nivTierebis (ozoni, qlori, qloria-

ni kiri da sxv.) baqteriociduri moqmedebac Jan-

gva-aRdgeniTi procesebiTaa ganpirobebuli. 

 
 

12.6. normaluri Jangva-aRdgeniTi  

potencialis cxrili 

 

standartuli Jangva-aRdgeniTi potencialis 

mwkrivSi liTonis aqtiurobis sazomad miRebu-

lia is muSaoba, romelic saWiroa kristaluri 

mesridan liTonis hidratirebuli ionebis gada-

sasvlelad xsnarSi. Ees muSaoba sami energiis 

jams warmoadgens: 

1. atomizaciis anu kristaluri mesris energia, 

romelic ixarjeba kristaluri mesris dasaSle-

lad calkeul atomebad; 

2. ionizaciis energia, romelic saWiroa imi-

saTvis, rom liTonis atoms movxliCoT erTi 

eleqtroni savalento Sridan da gadaviyvanoT 

ionur mdgomareobaSi; 

3. hidrataciis energia, romelic gamoiyofa 

xsnarSi gadasuli kationebis mier wylis mole-

kulebis mierTebis Sedegad. 

Jangva-aRdgeniTi potencialis cxrilis mi-

xedviT SeiZleba gakeTdes daskvnebi: 
� liTonebi, romelTa E0 naklebia  wyalbadis 

(E0 = 0,00) potencialze, mJavebTan urTierTqmede-

bisas  gamoyofen misgan wyalbads. 

� liTonebi, romelTa standartuli potencia-

li metia wyalbadis (E0 = 0,00) potencialze, E0 
(2H+/H2)  ver aZeveben wyalbads mJavadan. 



 

 272

� naklebi standartuli eleqtroduli poten-

cialis mqone liToni aZevebs meore liTons mi-

si marilis wyalxsnaridan an aRadgens mis io-

nebs  umcires Jangvis xarisxamde. 

� ufro Zlieri aRmdgenelebia tute  da tu-

temiwa liTonebi, ufro  susti - keTilSobili 

liTonebi da halogenebi. 

� Zlieri mJangavebia Hhalogenebi (yvelaze 

Zlieri _ F2), liTonebis ionebi da  umaRlesi 

Jangvis xarisxis mqone araliTonebi, keTilSobi-

li liTonebis ionebi. 

� eleqtronuli wyvilisagan (mJangavis da aR-

mdgenis) Semdgari sistemis standartuli eleq-

troduli Jangva-aRdgeniTi sididis povna; 

• erTi da igive elementisagan Semdgari sxva-

dasxva sistemis standartuli Jangva-aRdgeniTi 

potencialis  sidideebis Sedareba; 

• ganisazRvros SesaZlebeli urTierTqmede-

bis xasiaTi e.i. dadgindes atomis, molekulis 

an ionis JangviTi an aRdgeniTi unari; 

• dadgindes, mocemuli elementis romeli na-

erTia ufro Zlieri mJangavi an aRmdgeni; 

• warmoidginoT, ra gavlenas moaxdens  kom-

pleqswarmoqmna calkeuli ionis Jangva-aRdgena-

ze; 

• ramden eleqtrons kargavs aRmdgeni an iZens 

mJangavi. 

• iwinaswarmetyveloT, SesaZlebelia Tu ara 

reaqciis warmarTva da ra mimarTulebiT; 

• dasvaT koeficientebi; 

• sworad SeadginoT Jangva-aRdgeniTi reaqcia;  

• gaiangariSoT emZ reaqciisaTvis da a.S.  
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emZ-is sapovnelad mJangavis potencialis si-

dides unda gamoakldes aRmdgenis potencialis 

sidide: 

E=EmJangavi – E aRmdgeni 
  
 ratom aZevebs TuTia spilenZis ions misi ma-

rilis wyalxsnaridan da risi tolia eleqtro-

mamoZravebeli Zalis sidide? 

rac ufro mcirea standartuli eleqtrodu-

li potencialis algebruli sidide, miT ufro 

maRalia am liTonis aRmdgeni unari. TuTiis io-

nisaTvis eleqtroduli potencialis sidide 

naklebia, vidre spilenZis ionisaTvis, amitom 

TuTia aZevebs spilenZis ions misi marilis 

wyalxsnaridan.  

emZ-is sapovnelad mJangavis potencialis si-

dides unda gamoakldes aRmdgenis potencialis 

sidide: 
E0 = EmJangavi – E aRmdgeni 

 
Zn + Cu2+ =Zn2+ +Cu 

Zn – 2e = Zn2+                E0 = - 0,762 v 
Cu2+ + 2e = Cu                 E0 = + 0,3448  v 

 
E0 = + 0,3448  - (-0,762) = 1,1068  v 
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Tavi XIII 

danarTi 

13.1. organuli reagentebi 

akonitanhidridi C6H3O5 
 

 
molekuluri masa 156,09 
gansasazRvravi naerTebi: 

mesameuli aminebi 

1,2-dinitrobenzoli 
C6H4N2O4 

 
molekuluri masa 168,11 
gansasazRvravi naerTebi: 

ciklopentadienebi, fiuore-

ni da misi Camnacvleblebi 

4-aminoantipirini 
C11H13ON3 

 

molekuluri masa 203,24 
gansasazRvravi naerTebi: 

fenolebi, qlorfenolebi 

1,3-dinitrobenzoli 
C6H4N2O4 

 
molekuluri masa 168,11 
gansasazRvravi naerTebi: 

aldehidebi, ketonebi 

4-aminobenzomJava C7H7NO2 

 
molekuluri masa 137,14 
gansasazRvravi naerTebi: 

flavini (kvercetini, ru-

1,4-dinitrobenzoli 
C6H4N2O4 

  
molekuluri masa 168,11 
gansasazRvravi naerTebi: 

fluoreni da misi Camnac-
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Tini) Timoli, meTile-

Tilketoni 
vleblebi 

4-aminosalicilmJava 

C7H7NO3  

 

molekuluri masa 153,14 
gansasazRvravi naerTebi: 

aldozebi 

2,4-dinitrofenilhidrazini 
C6H6N4O4 

 

CAS 

№ 
molekuluri masa 198,1 
gansasazRvravi naerTebi: 

Tiolebi, pirveladi da meo-

reuli aminebi (fotometria, 

gravimetria) 

anTranilmJava (o-amino-

benzo) C7H7O3N 

  

  
molekuluri masa 137,14 
gansasazRvravi naerTebi: 

aldehidebi, ketonebi, 

pirveladi spirtebi 

2,4-dinitrofTorbenzoli 
C6H3N2O4F 

 
molekuluri masa 186,12 
gansasazRvravi naerTebi: 

pirveladi da meoreuli 

aminebi (fotometria, gravi-

metria) 

anTroni C14H10O 

 
molekuluri masa 

194,23 
gansasazRvravi naerTebi: 

2,4-dinitroqlorbenzoli 
C6H3N2O4Cl 
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aldehidebi, naxSirwylebi molekuluri masa 202,55 
gansasazRvravi naerTebi: pi-

veladi alifaturi da aro-

matuli aminebi, piridini da 

misi Camnacvleblebi (foto-

metria, gravimetria) 

barbiturmJava C4H4N2O3 

 

 
molekuluri masa 164,12 
gansasazRvravi naerTebi: 

cianidebi, rodanidebi, ni-

kotinis mJava da misi 

warmoebulebi, furfuro-

li da pentozanebi 

dipikrilamini (heqsanitro-

difenilamini) C12H5N7O12 

 

 molekuluri masa 439,21 
gansasazRvravi naerTebi: 

ciklopentadieni da misi 

Camnacvleblebi, meoTxeuli 

aminebis marilebi 

benzaldehidi C7H6O 

 

 
molekuluri masa 106,12 
gansasazRvravi naerTebi: 

acetoni, umaRlesi spir-

tebi, indeni, aminebi 

N,N'-difenilbenzidini 
C24H20N2 

 

 

molekuluri masa 336,44 
gansasazRvravi naerTebi: qi-

nonebi, nitrozonareTebi, 

organuli peroqsidebi, 

qloraminebi, azotovan da 

azotmJavas eTerebi 

4,4-diaminodifenili 

(benzidini) C12H12N2 

 

1-amino-8-naftol-3,6-di-
sulfonmJava C10H9NO7S2 

 



 

 277

  
 
molekuluri masa 

184,24 
gansasazRvravi naerTebi: 

nikotini, aminomJavebi  

  
molekuluri masa 319,30 
gansasazRvravi naerTebi: 

anilini da misi Camnacvleb-

lebi, toluidinebi, ketone-

bi 

benzolsulfinmJava 
C6H6O2S 

 

 

 
 

molekuluri masa 142,17 
gansasazRvravi naerTebi: 

qinonebi 

6-amino-1-naftol-3-sulfon-

mJava C10H9NO4S 

 

 
molekuluri masa 239,25 
gansasazRvravi naerTebi: 

formaldehidi, glioqsali, 

piperonali, urotropini 

1,2-benzoqinoni C6H4O2 

 

 
  

molekuluri masa 108,10 
gansasazRvravi naerTe-

bi:1,2-diaminebi 

ninhidrini C9H6O4 

 

  
molekuluri masa 178,14 
gansasazRvravi naerTebi: 

aminomoJavebi, aminofenole-

bi, pirveladi aminebi, mJava-

Ta hidrazidebi (gravimet-
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ria, fotometria da titri-

metria)  

1,4-benzoqinoni C6H4O2 

  
molekuluri masa 108,10 
gansasazRvravi naerTebi: 

indoli, piroli da misi 

Camnacvleblebi, aminebi, 

ciklopentadienebi 

4-nitroanilini C6H6O2N2 

  
molekuluri masa 170,55 
gansasazRvravi naerTebi: 

pirveladi alifaturi da 

aromatuli aminebi, piridi-

ni da misi Camnacvleblebi 

(fotometria, gravimetria) 

bindoni D C18H10O2 
 

  

  
molekuluri masa 258,28 
gansasazRvravi naerTebi: 

pirveladi, meoreuli da 

aromatuli aminebi 

(1,2-nafToqinon-4-sulfomJa-

va) erlix-herteris reaqtivi 

C10H6O5S 

  
molekuluri masa 238,21 
gansasazRvravi naerTebi: 

pirveladi da meoreuli 

aminebi, hidrazidebi, sul-

fanilaminebi, aminomJavebi, 

rezorcini 

vanilini C8H8O3 

 
molekuluri masa 152,15 
gansasazRvravi naerTebi: 

morfolini C4H5ON 

 
molekuluri masa 87,12 
gansasazRvravi naerTebi: 

mJavaTa anhidridebi (titri-

metria), qinonebi 
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ketonebi, indoli, piro-

li, skatoli 

 (2,6-diqlorqinonqlori-

mini), gibsis reaqtivi  
C6H2ONCl3 

  
molekuluri masa 210,45 
gansasazRvravi naerTebi: 

fenolebi, kumarini, Tio-

lebi, SardmJava 

1-naftoli, 2-naftoli 

C10H7OH 

  
molekuluri masa 144,17 
gansasazRvravi naerTebi: 

aromatuli aminebi da misi 

Camnacvleblebi, sulfani-

lamidebi, aminobenzomJava, 

aminomJavebi 

4-heqsilrezorcini 
C12H18O2 

  
molekuluri masa 194,27 
gansasazRvravi naerTebi: 

akroleini 

2-nitrobenzaldehidi 
C7H5O3N 

  
molekuluri masa 151,12 
gansasazRvravi naerTebi: ke-

tonebi 

grisis reaqtivi (sulfa-

nilmJavas da mSrali 1-

nafTilamini) 
NH2C6H4SO5H5 
C10H7NH2 

 

molekuluri masa 209,22 
+143,12=352,34 

vanadium (V)-is oqsinoliati 
C18H13N2VO4 
 

  
 

molekuluri masa 372,25 
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gansasazRvravi naerTebi: 

azotovani mJavas eTerebi, 

nitro- da nitrozonaer-

Tebi 

gansasazRvravi naerTebi: 

pirveladi, meoreuli da me-

sameuli spirtebi 

1,2-dianizini (C7H8NO)2 
 

  
 
molekuluri masa 244,29 
gansasazRvravi naerTebi: 

fenolebi, aldehidebi 

orcini C7H8O2 

  
molekuluri masa 124,14 
gansasazRvravi naerTebi: 

pentozebi, pentozanebi, 

furfuroli 

dibegini C30H14NO3Cl 
 
 

 
molekuluri masa 471,90 
gansasazRvravi naerTebi: 

pirveladi alkil- da 

aralkilaminebi   

fuqsingogirdovanimJava (Si-

fis reaqtivi)  
 

 
molekuluri masa 459,53 
gansasazRvravi naerTebi: 

aldehidebi, alanini, albu-

mini, aminoZmarmJava, meTio-

nini 

Ddimedoni C8H12O2 
 

pikrinmJava (2,4,6-trinitro-
fenoli) C6H3N3O7 
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molekuluri masa 240,18 
gansasazRvravi naerTebi: 

aldehidebi (gravimetru-

li meTodi) 

  
molekuluri masa 229,11 
gansasazRvravi naerTebi: 

alifaturi aminebi, alka-

loidebi 

4-dimeTilaminobenzalde-

hidi C9H11ON 

  
molekuluri masa 149,19 
gansasazRvravi naerTebi: 

pirveladi aromatuli 

aminebi, sulfanilamidebi, 

indoli da misi Camnac-

vleblebi, triptofani, 

ujeri naxSirwyalbedebi 

sulfanilmJava NH2C6H4SO5H5

  
molekuluri masa 209,22 
gansasazRvravi naerTebi: 

aromatuli aminebi, fenole-

bi 

N,N-dimeTilanilini 

C8H11N 

  
molekuluri masa 121, 18 
gansasazRvravi naerTebi: 

1,3-dinitronaerTebi, po-

linitronaerTebi, 4-nit-

robenzomJavas eTerebi 

2,4-pentadioni C5H8O2 

  
molekuluri masa 100,12  
gansasazRvravi naerTebi: 

pirveladi aminebi (titri-

metria) 

N,N-dimeTil-para-feni-

lendiaminis hidroqlori-

di (CH3)2NC6H4NH2.2HCl 

rezorcini C6H6O2 . H2SO4 
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 molekuluri masa 209,12 
gansasazRvravi naerTebi: 

merkaptanebi, gogir-

dwyalbadi, disulfidebi 

  
molekuluri masa 110,08 
gansasazRvravi naerTebi: 

benzaldehidi, valerianis, 

salicilia da sxva aldehi-

debi, furfuroli, fruqto-

za 

3,5-dinitrobenzoilqlo-

ridi C7H3N2O5Cl 

  
molekuluri masa 230,56 
gansasazRvravi naerTebi: 

meoreuli aromatuli ami-

nebi, Canacvlebuli hidra-

zinebi  

salicilaldehidi  
HOC6H4CHO 

  
molekuluri masa 122,12 
gansasazRvravi naerTe-

bi:pirveladi alifaturi 

aminebi, ketonebi, sulfani-

lamidebi, umaRlesi spirte-

bi  

fenilhidrazini C6H5NH-
NH2 

 

  
  

molekuluri masa 108,14 
gansasazRvravi naerTebi: 

aldehidebi, monozebi 

(gravimetria, fotomet-

ria) 

1-fenil-3-meTil-5-pirazo-
loni 

 
molekuluri masa 174,20 
gansasazRvravi naerTebi: 

diazonaerTebi (titrimet-

ruli) 
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1,4-fenilendiamini da 

mJangavi 

  
molekuluri masa 108,14 
gansasazRvravi naerTebi: 

fenolebi, pirveladi 

aromatuli aminebi, dio-

lefinebi, izopreni, qlo-

ropreni 

2-furankarbaldehidi(fur-

furoli) 

  
molekuluri masa 96,09 
gansasazRvravi naerTebi: 

acetoni, izopropanoli, 

borneoli, ketonebi, terpe-

nebi  

2-(4-fenilazo) 
fenilhidrazinsulfomJa-

va 

 
molekuluri masa 292,31 
gansasazRvravi naerTebi: 

acetaldehidi  

qlormaleinis anhidridi 

 
molekuluri masa 132,50 
gansasazRvravi naerTebi: Se-

uRlebuli ormagi bmebi 

(titrimetruli) 

qromotropmJava 

molekuluri masa 108,1 
gansasazRvravi naerTebi: 

formaldehidi, naerTebi, 

romlebic warmoqmnian 

formaldehids   

 

FfTalanhidridi 

 
 C9H4O3 
molekuluri masa 148,12 
gansasazRvravi naerTebi: 

alifaturi spirtebi (tit-

rimetruli analizi)  
 



 

 284

13.2. mJavebisa da fuZeebis disociaciis konstan-

tebi wyalxsnarebSi 250C temperaturaze 

 

# saxelwodeba formula K pK 
1 2 3 4  

1 azotovani 

mJava 

HNO2 4·10-4 3,40 

2 azotmJava HNO3 4,36·10-1 -1,64 
3 aluminmJava HalO2 4,1·10-13 12,40 
4 amoniumis 

hidroqsidi 

NH4OH 1,8·10-5 4,75 

5 amoniumis io-

ni 

+
4NH  5,7·10-10 9,24 

6 amiaki NH3 10-12 - 
K1=5,8·10-10 9,240 
K2=1,8·10-13 12,74 

7 boris mJava H3BO3 

K3=1,6·10-14 13,80 
8 bromovani 

mJava 

HBrO3 2·10-1 0,70 

9 bromwyal-

badmJava 

HBr 1·109 -9,00 

K1=1·103 -3,00 10 gogirdmJava H2SO4 

(II) 1,2·10-2 1,90 
(I) 1,58·10-2 1,80 11 gogirdovani 

mJava 

H2SO3 
(II) 6,31·10-8 0,20 
(I) 6·10-8 7,22 12 gogirdwyal-

badmJava 

H2S 
(II) 1·10-14 14,00 

13 erbos mJava  1,52·10-5 4,82 
14 valerianis 

mJava 

CH3(CH2)3C
OOH 

1,4·10-5 4,86 

15 iodovani mJa-

va 

HIO3 1,9·10-1 0,72 

16 iodwyalbad-

mJava 

HI 1·1011 -11,00 

17 ZmarmJava CH3COOH -1,76·10-5 4,75 
18 mJaunmJava COOH 

 
COOH 

(I) 5,4·10-2 

(II) 5,4·10-5 

1,27 
4,27 

19 naxSirmJava H2CO3 K1(I)=4,5·10-7 6,35 
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K2(II) =4,69·10-11 10,33 
K1=5,98·10-3 2,22 
K2=1,05·10-7 6,98 

20 orTosilici-

ummJava 

H3SiO4 

K3 =3,89·10-12 11,41 
K1=7,5·10-3 2,12 
K2=6,31·10-8 7,20 

21 orTofos-

formJava 

H3PO4 

K3 =1,3·10-12 11,90 
K1=1,6·10-2 1,80 22 orTofosfo-

rovani mJava 

H3PO3 
K2=6,3·10-7 6,20 

 

# saxelwodeba formula K pK 
1 2 3 4  

K1=1,44·10-1 0,85 
K2=1,1·10-2 1,95 
K3=2,1·10-7 6,68 

23 pirofosformJa-

va 

H4P2O7 

K4=4,1·10-10 9,39 
24 propionis mJava CH3CH2COOH 1,34·10-5 4,87 
25 rZis mJava CH3CH(OH)COOH 1,37·10-4 3,86 

K1=1,0·10-3 3,00 26 salicilis mJava HOC6H4COOH 
K2=1,5·10-14 13,82 
K1=2,2·10-10 9.66 27 metasiliciumis 

mJava 

H2SiO3 

K2=1,6·10-12 11,80 
28 ftorwyalbad-

mJava 

HF 6,6·10-4 3,1 

29 qloris mJava HClO4 1,7·10-2
 - 

30 qlorwyalbad-

mJava (marilmJa-

va) 

HCl 1·10-7
 -7 

K1=1·101
 -1 31 qromis mJava H2CrO4 

K2=3,16·10-7
 6,50 

32 WianWvelamJava HCOOH 1,77·10-4
 3,75 

33 cianwyalbadmJa-

va 

HCN 6,2·10-10
 9,10 

34 wyalbadis zeJan-

gi 

H2O2 2,4·10-12
 11,62 

35 wyali H2O 1,0·10-14
 14,00 

36 aluminis hid-

roqsidi 

Al(OH)3 K3=1,38·10-9
 8,86 

37 bariumis hidroq-

sidi 

Ba(OH)2 K2=2,3·10-1 0,64 

38 vercxlis hid-

roqsidi 

AgOH 1,1·10-4
 3,96 

39 vercxliswylis- Hg(OH)2 1,5·10-9 4,40 
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hidroqsidi  

K1=1,5·10-9 2,30 40 TuTiis hidroq-

sidi 

Zn(OH)2 

K2 =4·10-5  
41 kadmiumis hid-

roqsidi 

Cd(OH)2 K2=5,0·10-3 1,37 

42 kalciumis hid-

roqsidi 

Ca(OH)2 K2=4,3·10-2 2,60 

43 magniumis hid-

roqsidi 

Mg(OH)2 K2 =2,5·10-3 3,30 

44 manganumis hid-

roqsidi 

Mn(OH)2 K2=5,0·10-4 3,36 

45 natriumis hid-

roqsidi 

NaOH 5,9·101 4,60 

46 nikelis hidroq-

sidi 

Ni(OH)2 K2 =2,510-5 8,85 

47 piridini C6H5N 1,4·10-9 3,89 

48 rkina(II)-is hid-

roqsidi 

Fe(OH)2 K2=1,82·10-11 6,67 

49 spilenZ(II)-is 

hidroqsidi 

Cu(OH)2 3,9·10-7 3,02 

K1=9,6·10-4 7,52 50 tyviis hidroqsi-

di 

Pb(OH)2 
K2 =8,0·10-8  

51 qromis hidroq-

sidi 

Cr(OH)3 K3=1,02·10-10 9,99 

52 hidrazini H2N – NH2 3·10-6 5,52 

53 hidroqsilamini NH2OH 1,0·10-8 8,00 

 

13.3. ZiriTadi simboluri aRniSvnebi,  

maTi mniSvnelobebi 

1. aqtiuroba a 
2. aqtiurobis koeficienti f 
3. buferuli tevadoba                          β 

4. gamxsneli                                    S 

5. disociaciis konstantas maCvenebeli pK; -lgK 
6. disociaciis, ionizaciis xarisxi α 

7. Termodinamikuri konstanta                  KT 
8. kationi                                       Mz+ 
9. moluri koncentracia CM 

10. marili MA 
11. moluri koncentracia M 
12. mJava, mJavas naSTi, anioni HA 
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13. mJava marili MHA 

14. mJavuri naSTi, anioni A- 

15. mJavuri disociaciis konstanta KA; KHA 
16. mJavuri disociaciis konstantas maCvenebe-

li 

pKA 

17. mJavuri protonirebis konstanta 
+H

K  

18. muxti z 
19. nivTierebis wonasworuli koncentracia [ ] 
20. protoni H+ 

21. fuZe B, MOH 
22. xsnaris ionuri Zala µ 
23. fuZuri disociaciis konstanta KB;  
23. fuZuri disociaciis konstantas maCvenebe-

li 

pKB 

24. wonasworobisa da disociaciis konstanta K 
25. wyalbad-ionis (koncentraciis) maCvenebe-

li 

pH; -lg[H+] 

26. wyalbadis ionis aqtiuroba 
+H

a  

27. wyalbadis ionis aqtiurobis maCvenebeli paH 
28. wylis ionuri namravli KW 

29. hidrolizis konstanta Kh 

30. mdgradobis konstanta Kmdg. 
31. mJavuri tipis indikatori HInd 
32. fuZovani tipis indikatori ]nd 
33. umdgradobis konstanta Kumdg 
34. hidrolizis xarisxi h 
35. hidroqsid-ionis (koncentraciis) maCvene-

beli 

pOH; 
 -lg[OH-] 

36. hidroqsoniumis ioni H3O
+ 

37. eTilendiamintetraZmarmJava EDTA 
edta 

38. eTilendiamintetraZmarmJavas ornatriumi-

ani marili 

Na2edta 

39. biogenuri kationi MB 
40. Bbioligandi LB 
41. biokompleqsi MBLB 
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13.4. X—indikatoris xasiaTi,  

A  - mJava,  B - fuZe 
   

indikatori 

da gadas-

vlis inter-

vali 

X 
mJava formis 

Seferiloba 

pH 
intervali 

da nomeri 

tute formis Se-

feriloba 

 meTil-iisfe-

ri 
    yviTeli 0,13–0,5 [I]   mwvane 

krezol-wiTe-

li   
    wiTeli 0,2–1,8 [I]   

yviTeli 
жёлтый 

meTilenis iis-

feri 
    mwvane 1,0–1,5 [II]   lurji 

Timol-lurji A   wiTeli 1,2–2,8 [I]   yviTeli 

tropeolini 00 B   wiTeli 1,3–3,2   yviTeli  

meTilenis iis-

feri 
    lurji 2,0–3,0 [III]   iisferi  

dimeTil-yvi-

Teli 
B   wiTeli 3,0–4,0   yviTeli 

bromfenol-

lurji 
A   yviTeli 3,0–4,6   

 lurj- iis-

feri  

wiTeli kongo     wiTeli 3,0–5,2   lurji 

meTilnarinji B   wiTeli 3,1–(4,0)4,4   
narinjisfer-

yviTeli 

bromkrezol-

mwvane  A   yviTeli  3,8–5,4   lurji  

bromkrezol-

lurji  
    yviTeli 3,8–5,4   lurji 

lakmoidi A   wiTeli 4,0–6,4   lurji 

meTilenis wi-

Teli 
B   wiTeli 

4,2(4,4)–
6,2(6,3) 

  yviTeli 

qlorfenolis 

wiTeli  A    yviTeli 5,0–6,6   wiTeli 

lakmusi azo-

litmini 
    wiTeli 

5,0–8,0 (4,5-
8,3) 

  lurji 

bromkrezolis A   yviTeli 5,2–6,8(6,7)   Ria-wiTeli  



 

 289

mewamuli  

bromTimol-

lurji  
A   yviTeli 6,0–7,6   lurji 

neitraluri 

wiTeli 
B   wiTeli 6,8–8,0   

qarvisfer 

yviTeli 

fenolis wiTe-

li 
B   yviTeli 6,8–(8,0)8,4   

 kaSkaSa wi-

Teli  

krezolis wi-

Teli  A   yviTeli 
7,0(7,2)–8,8 
[II] 

  muqi wiTeli  

α-naftolfta-

leini 
A   

Ria vardis-

feri 
7,3–8,7    lurji 

Timolis 

lurji  A   yviTeli 8,0–9,6 [II]   lurji 

fenolftalei-

ni  A   ufero 8,2–10,0 [I]   
Jolosfer-

wiTeli 

Timolftalei-

ni 
A   ufero 

9,3(9,4)–
10,5(10,6) 

  lurji 

alizarinis 

yviTeli 
A   

Ria limo-

nisfer-yvi-

Teli  
10,1–12,0   

yavisfer-yvi-

Teli 

 nilis cisfe-

ri 
     lurji 10,1–11,1   wiTeli 

diazoiisferi     yviTeli 10,1–12,0   iisferi 

indigokarmini     lurji 11,6–14,0   yviTeli 

Epsilon Blue     
narinjisfe-

ri 
11,6–13,0   muqi-iisferi 
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