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winasityvaoba 
 
 

 `At present every aspects of world processes – even international   
   potential relations –  were influenced by chemistry~ 

                Linus Pauling 

rogorc saskolo ganaTlebis praqtikaSi, ise sauniversiteto 
sabakalavro programebSi, qimiis swavleba zogadi da araorganu-
li qimiis, kerZod misi pirveli nawilis SeswavliT iwyeba. zogadi 
qimia qimiis im fundamentur sakiTxebs moicavs (magaliTad, qimiis 
fundamenturi kanonebi, atomis aRnagoba, qimiuri bma, periodu-
lobis kanoni da perioduli sistema, Termodinamikis da Termoqi-
miis sawyisebi, koordinaciuli qimiis safuZvlebi, Jangva-aRdge-
niTi reaqciebi, warmodgenebi qimiuri reaqciebis mimdinareobis 
kanonzomierebebze da maT raodenobriv daxasiaTebaze da sxv.), 
romelTa Seswavlis gareSe SeuZlebeli iqneboda Semdgom kurseb-
ze analizuri qimiis, organuli qimiis, qimiuri teqnologiis da 
sxva disciplinebis siRrmiseuli Seswavla. amave dros, is codna, 
rasac zogadi qimia qimiis safuZvlebis dauflebisas iZleva, ki-
dev ufro Rrmavdeba da srulyofili xdeba fizikuri qimiis Ses-
wavlisas. zogadi qimiis Seswavla aseve aucilebelia sxva sabune-
bismetyvelo dargebis (fizikis, biologiis, geologiis) da medi-
cinis fakultetis bakalavriatis studentebisaTvis, romlis ga-
reSe am dargebis srulyofili specialistebis momzadeba Zneli 
warmosadgenia. miuxedavad Cveni mcdelobisa Segveqmna kompaqtu-
ri, bakalavriatis studentebisaTvis xelmisawvdomi saxelmZRva-
nelo, gamoricxuli ar aris, rom wignSi ganxiluli zogierTi sa-
kiTxi mkiTxvels rTulad moeCvenos (magaliTad, boris Teoria, 
Sredingeris gantoleba da misi amoxsnis Sedegebi, kvanturi 
ricxvebi, Termodinamikis sawyisebi). avtorTa mizania students 
pirveli kursidanve naTlad daanaxos qimiis, rogorc erT-erTi 
wamyvani sabunebismetyvelo disciplinis realuri done da misi 
Seswavlisadmi seriozuli midgomis aucilebloba. migvaCnia, rom 
aseTi midgomis SemuSavebis gareSe misi srulyofilad daufleba 
SeuZlebelia.  

vimedovnebT, rom winamdebare saxelmZRvanelo karg samsa-
xurs gauwevs universitetebis bakalavriatis studentebs zogadi 
qimiis safuZvlebis SeswavlaSi, miT umetes, rom qarTul enaze am 
tipis saxelmZRvanelo faqtiurad ar gamocemula, romelic srul 
SesabamisobaSi iqneboda im sakredito moculobasa da kvireul 
akademiur datvirTvasTan, rac umaRlesi skolis ganaTlebis re-
formis ganxorcielebis Semdeg realurad iqna SemoTavazebuli. 



wignis Sesavali, I, II, VI, VII, VIII, IX, X, XII, XIII Tavi dawerilia 
profesor nodar lekiSvilis da asistent-profesoris, qristine 
giorgaZis mier; III da V Tavi — profesor nodar lekiSvilis da 
profesor zurab faCulias mier; XIV da XV Tavi profesor nodar 
lekiSvilis mier; gaxsnis procesebis kanonzomierebebi, eleq-
trolituri disociaciis Teoria, atomuri orbitalebis hibri-
dizacia  — profesor nodar lekiSvilis asistent profesoris, 
qristine giorgaZis mier qimiis mecnierebaTa kandidatis, giuli 
andronikaSvilis mier; qveTavi — delokalizebuli kovalenturi 
bma, agreTve koordinaciuli naerTebis daxasiaTeba kristaluri 
velis TeoriiT — asistent profesoris, qristine giorgaZis mier. 

avtorebi did madlierebas gamoxataven qimiis mecnierebaTa 
kandidatebis maia rusias, giorgi lekiSvilis da zoia maCaiZis mi-
marT wignis guldasmiT ganxilvisa da sagulisxmo rCevebisaTvis. 
aseve iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universi-
tetis zogadi, araorganuli da metalorganuli qimiis mimarTu-
lebis doqtorantebs, xaTuna barbaqaZes da oliko lekaSvils, 
wignis eleqtronuli versiis momzadebaSi gaweuli daxmarebisaT-
vis. 

avtorebi siamovnebiT da didi gulisyuriT gaiziareben yvela 
sagulisxmo SeniSvnas da winadadebas, romlebic xels Seuwyobs 
wignis Semdgom srulyofas.  

 
                           profesori nodar lekiSvili 
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Sesavali.                                                       
qimiis Seswavlis sagani, misi roli da adgili 

sabunebismetyvelo mecnierebebs Soris 

qimia erT-erTi mniSvnelovani sabunebismetyvelo mecnierebaa. 
misi Seswavlis sagania nivTierebebi, maTi gardaqmnebi da gardaq-
mnis Tanmxlebi movlenebi. nivTiereba materiis konkretuli ga-
movlena, misi konkretuli saxea. materiis arsebobis forma aris 
moZraoba. materiis moZraobaSi igulisxmeba bunebaSi mimdinare 
yovelgvari cvlileba — dawyebuli sivrceSi ubralo gadaadgi-
lebidan, azrovnebiT damTavrebuli. yoveli mecniereba upirate-
sad materiis moZraobis ama Tu im formas Seiswavlis. qimiis Ses-
wavlis ZiriTadi obieqtia materiis moZraobis qimiuri forma, anu 
erTi saxis molekulebisagan maTi daSlis, SeerTebis an atomTa 
gadajgufebisa da axali bmebis damyarebis gziT axali, sxva saxis 
nivTierebebis warmoqmna. 

samyaro, romelSic Cven vcxovrobT, amouwuravi, usasrulod 
mravalferovani da ganuwyvetliv cvalebadia. am cvlilebebs bu-
nebis movlenebs vuwodebT. adamianebi uxsovari droidan akvir-
debodnen am movlenebs, cdilobdnen maTi saidumloebis Secnobas 
da Tavis samsaxurSi Cayenebas. es codna da gamocdileba aTaswle-
ulebis ganmavlobaSi grovdeboda da Taobidan Taobas gadaece-
moda. ase Camoyalibda sabunebismetyvelo mecnierebebi — qimia, 
fizika, biologia, geografia, astronomia da sxv. yvela maTgans 
Sesabamisi kvlevisa da Seswavlis sagani aqvs.  

samyaroSi yvelaferi – cocxalic da ara cocxalic — nivTie-
rebebisagan Sedgeba. yvela nivTierebas misTvis damaxasiaTebeli 
aRnagoba aqvs, romelic mis Tvisebebs gansazRvravs; es Tvisebebi 
ki ganapirobebs nivTierebis monawileobas sxvadasxva procesSi, 
romelTa mimdinareobisas isini gardaiqmnebian sxva nivTierebe-
bad. am gardaqmnebs Tan axlavs sxvadasxva movlena. swored nivTi-
erebebi, maTi agebuleba, Tvisebebi aris qimiis Seswavlis sagani. 
codnas nivTierebis Tvisebebisa da maTi gamoyenebis Sesaxeb sa-
fuZveli kacobriobis ganviTarebis yvelaze adreul safexurze 
Caeyara. rogorc Cans, saWmlis momzadeba siTbos moqmedebiT ada-
mianis mier Catarebuli pirveli `qimiuri reaqcia~ iyo, xolo ga-
moqvabuli, misi pirveli `qimiuri laboratoria~. albaT, amito-
mac zustad aravin icis, pirvelad sad da rodis warmoiSva termi-
ni qimia~ da ras niSnavs igi. am sakiTxze sxvadasxva mosazreba ar-
sebobs. zogierTi mecnieri qimiis samSoblod Zvel egviptes miiC-
nevs. sityva `qemi~ egviptis Zveli saxelwodebaa da igi `Sav miwas~ 
niSnavs. zogierTi mosazrebiT `qimia~ Cinuri sityvaa da `qim~-idan 
warmodgeba, rac oqros niSnavs, zogierTi ki mas berZnul sity-
vebs `qemos~ – wveni, an `qimia~ – Camosxma, `qimevsis~ – Sereva ukav-



Sirebs. yvela es varaudi qimias, sabolood, madanTan da mis gada-
muSavebis procesebTan akavSirebs da gulisxmobs metalis dnobi-
sa da Camosxmis xelovnebas. praqtikuli qimia maSin Caisaxa, roca, 
adamianma cxovrebisaTvis aucilebeli procesebis aTviseba da-
iwyo. samecniero literaturasa da saxelmZRvaneloebSi termini 
`qimia~ XVII saukunis dasawyisidan damkvidrda. 

nivTierebis Tvisebebis codnas didi mniSvneloba aqvs maTi sa-
Tanadod gardaqmnis mizniT. qimiuri gardaqmnebi yovelTvis fi-
zikuri procesebis TanxlebiT mimdinareobs, amitom qimiis miRwe-
vebi fizikas exmareba da piriqiT, fizikosTa aRmoCenebi qimiis 
ganviTarebas uwyobs xels. magaliTad, wva qimiuri procesia, xo-
lo misi Tanmxlebi movlena — siTbos gamoyofa – fizikuri. wvis 
Sedegad gamoyofil energias adamiani iyenebs gaTbobisTvis, av-
tomobilis Zravis asamuSaveblad, eleqtroenergiis misaRebad da 
a.S. yvela CamoTvlili teqnikuri miRweva qimikosTa da fizikosTa 
erToblivi Sromis Sedegia. igives Tqma SeiZleba biologiazec. 
cocxal organizmebSi urTulesi qimiuri procesebi mimdinare-
obs da maTi Seswavlis gareSe biologia ver ganviTardeboda, Sesa-
bamisad SeuZlebeli iqneboda adamianisa da sxva cocxali orga-
nizmebis agebulebis saTanadod Seswavla, paTologiuri procese-
bis zustad gansazRvra, axali samedicino preparatebis damzade-
ba da sxv. qimiis safuZvlebis codna adamianebs gare samyarosTan 
urTierTobas uadvilebs, exmareba maT warmarTon swori ekolo-
giuri politika, daicvan dabinZurebisgan upirvelesyovlisa, 
adamianisa da saerTod bunebisaTvis umniSvnelovanesi – haeri da 
wyali. gaazrebulad gamoiyenon mineraluri sasuqebi da Sxam-qi-
mikatebi; Seqmnan ekologiuri TvalsazrisiT ufro metad usaf-
rTxo saavtomobilo sawvavi; SeimuSaon energiis alternatiuli 
wyaroebi, rac warmatebiT gadaWris energetikul problemas 
energiis tradiciuli wyaroebis maragis amowurvis Semdeg; aqtu-
aluria agreTve, haeris azotis rac SeiZleba `rbil~ pirobebSi 
`bmul~ mdgomareobaSi gadayvana da a.S. 

eqsperimentuli faqtebis dagrovebasa da maT ganzogadebas-
Tan erTad gaRrmavda diferenciacia calkeul mecnierebebSi. 
dReisaTvis qimia bunebismetyvelebis imdenad farTo dargia, rom 
misi calkeuli nawilebi faqtiurad damoukidebel, Tumca mWid-
rod urTierTdakavSirebul disciplinebad Camoyalibda. qimia 
daiyo araorganul da organul, analizur, makromolekulur, me-
talorganul, koordinaciul, bioorganul naerTTa qimiad da a.S. 

qimiis miRwevebi ganapirobebs biologiuri mecnierebebis (bi-
oqimiis, ujreduli biologiis, genetikis, molekuluri biologi-
is da sxv.), farmaciis da medicinis Semdgom ganviTarebas. aseve 
warmoudgenelia qimiis gareSe geologiuri mecnierebebis da praq-
tikuli geologiis ganviTareba. qimia mniSvnelovan rols asru-
lebs agreTve teqnikis TiTqmis yvela dargis ganviTarebisaTvis. 

iseve rogorc bunebismetyvelebis sxva dargebSi (biologia, 
geologia da sxv.) fizikis, gamoyenebiTi maTematikisa da infor-
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matikis damkvidreba maTi srulyofis da Semdgomi ganviTarebis 
sawindaria. maT gareSe qimiis ganviTareba, kerZod, nivTierebaTa 
struqturis srulyofili aRwera, axali, mniSvnelovani Tvisebe-
bis mqone naerTebis prognozireba da qimiuri procesebis Seswav-
la praqtikulad SeuZlebelia. 

bunebis kanonebi sayovelTao da universaluria da yvela sa-
bunebismetyvelo mecniereba maT erTnairi warmatebiT iyenebs. 
magaliTad, periodulobis kanoni qimikosma d.i. mendeleevma aR-
moaCina, magram dRes mas saxelmZRvanelod iyenebs ara marto qimi-
kosi, aramed fizikosi, biologi, geologi da sxva mravali dargis 
specialisti. igi erT-erTi gzamkvlevi iyo fizikosebisaTvis 
atomis aRnagobis Seswavlis procesSi. amasTan, swored atomis 
aRnagobis Seswavlis Semdeg gaxda SesaZlebeli periodulobis ka-
nonis arsis garkveva da srulyofa. periodulobis kanonis Tana-
medrove formulireba swored Teoriuli fizikis, kerZod kvan-
turi meqanikis fundamenturi aRmoCenebis Semdeg gaxda SesaZle-
beli, ramac mniSvnelovnad Seuwyo xeli qimiis swraf ganviTare-
bas. SeiZleba iTqvas, rom qimiis ganviTarebis done garkveuli 
TvalsazrisiT ama Tu im qveynis ganviTarebis donis maCvenebelia. 

Tanamedrove bunebismetyvelebaSi ama Tu im bunebis movlenis 
Secnoba, magaliTad, nivTierebis Seswavla ori an ramdenime mec-
nierebis miRwevebis kompleqsuri gamoyenebiT xdeba, ris Sedega-
dac sabunebismetyvelo mecnierebebis diferenciaciis gverdiT 
adgili aqvs maT integracias. didi xania fizikisa da qimiis 
zRvarze ganviTarda fizikuri qimia, rac qimiuri obieqtebisa da 
movlenebis fizikuri meTodebiT Seswavlasa da qimiaSi fizikis 
kanonebis gamoyenebasTan aris dakavSirebuli; biologiis, orga-
nuli qimiisa da fizikuri qimiis mijnaze ki Camoyalibda bioqimia. 
Seiqmna da viTardeba qimiis momijnave, axali, perspeqtiuli dar-
gebi — geoqimia, okeanologia, hidroqimia, ekoqimia, radioqimia, 
nanoqimia, kosmoqimia da sxva.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 15 



 16 

 

1. qimiis ZiriTadi cnebebi da ganmartebebi 

qimiis Seswavlis ZiriTadi sagani nivTierebaa. nivTierebebi 
Sedgebian atomebisagan. warmodgenebi atomis Sesaxeb Zveli wel-
TaRricxviT VI saukuneSi Zvel saberZneTSi SemuSavda (demokrite, 
levkiposi), magram zust eqsperimentze damyarebul, mecnieruli 
safuZvlebis mqone atomur-molekulur moZRvrebas gacilebiT 
gvian, kerZod, XVIII-XIX saukuneebSi Caeyara safuZveli. 

atomi aris qimiuri elementis umciresi nawilaki, misi qimiu-
ri dayofis zRvari an sxvagvarad, qimiuri elementi es aris ato-
mebis erToblioba erTnairi atombirTvis muxtiT. atomi eleq-
troneitraluri nawilakia, romelic Sedgeba dadebiTad damux-
tuli birTvisa da uaryofiTi muxtis mqone eleqtronebisagan. 
molekula nivTierebis Semadgeneli umciresi eleqtroneitra-
luri nawilakia, romelic am nivTierebis qimiuri Tvisebebis ma-
tarebelia. molekula warmoiqmneba erTi da igive an sxvadasxva 
elementis atomebis kovalenturi bmebiT dakavSirebisas. amis mi-
xedviT nivTierebebi orgvaria – martivi da rTuli. 

qimiuri elementi erTnairi atombirTvis muxtis, e.i protone-
bis erTnairi ricxvis mqone atomebis erTobliobaa. erTi da igive 
elementis atombirTvebSi neitronebis ricxvi da aqedan gamomdi-
nare masuri ricxvi, SeiZleba gansxvavebuli iyos. aseT atomebs 
izotopebi ewodeba, e.i. izotopebi erTi da igive elementis masiT 
gansxvavebuli atomebia. masebis gansxvaveba birTvebSi neitrone-
bis ricxvis gansxvavebiT aris gamowveuli. yvela qimiuri elemen-
ti (da martivi nivTiereba) dayofilia or qvejgufad: metalebad 
da arametalebad. es dayofa pirobiTia, ramdenadac Zalian cotaa 
im martiv nivTierebaTa ricxvi, romlebic avlenen mxolod meta-
lur an mxolod arametalur Tvisebebs. umravlesobas aqvs orive 
Tviseba, magram romelime maTganisadmi mikuTvneba imis mixedviT 
xdeba, Tu romeli Tvisebebi Warbobs masSi. 

arametalebs miekuTvneba 22 qimiuri elementi: wyalbadi, bo-
ri, naxSirbadi, siliciumi, azoti, fosfori, dariSxani, Jangbadi, 
gogirdi, seleni, teluri, halogenebi da keTilSobili (inertu-
li) airebi. danarCeni elementebi metalebia. 

zogierTi elementis atomebs (ZiriTadad arametalebs) ramde-
nime martivi nivTierebis warmoqmnis unari aqvs. am movlenas 
alotropia ewodeba, xolo martiv nivTierebebs alotropiuli 
saxecvlilebani  (`alotropia~ berZnuli warmoSobis sityvaa da 
saxecvlilebas niSnavs. alotropia gamowveulia am nivTierebaTa 
gansxvavebuli SedgenilobiT da aRnagobiT, magaliTad, Jangbadi 
da ozoni, almasi da grafiti, TeTri da wiTeli fosfori da a.S.)    

erTnairi Tvisobrivi da raodenobrivi Sedgenilobis, magram 
gansxvavebuli aRnagobis da aqedan gamomdinare, gansxvavebuli 



Tvisebebis mqone nivTierebebs izomerebi ewodeba, xolo TviT mov-
lenas – izomeria. magaliTad, erTmaneTis izomerebia cianmJava da 
izocianmJava, ZmarmJava da WianWvelmJavas meTilis eTeri da a.S. 

nivTierebaTa Sedgenilobas nivTierebaTa formulebiT gamo-
saxaven. qimiuri formula aris nivTierebis Sedgeniloba gamosa-
xuli qimiuri simboloebiTa da indeqsebiT. igi am nivTierebis Se-
saxeb bevri informaciis matarebelia: gamosaxavs nivTierebis 
erT molekulas, mis erT mols, misi saSualebiT ganisazRvreba 
nivTierebis Tvisobrivi da raodenobrivi Sedgeniloba, fardobi-
Ti molekuluri da moluri masebi da a.S. 

cnobilia qimiuri formulebis ramdenime tipi: 
1. umartivesi anu empiriuli formula, gamosaxavs nivTierebis 

Tvisobriv Sedgenilobas da im Tanafardobebs, romelic axasiaTebs 
am nivTierebis warmomqmnel nawilakebs (atomebi, ionebi, atomTa 
jgufebi da a.S.). magaliTad, eTenis da propenis umartivesi for-
mulaa (CH2). 

2. molekuluri formulebi gamosaxavs nivTierebis Tvisobriv 
Sedgenilobas da misi Semadgeneli nawilakebis ricxvs. ase, 
magaliTad, eTenis molekuluri formulaa C2H4, wyalbadis pe-
roqsidisa – H2O2 da a.S.  

molekuluri formula ar iZleva informacias imis Sesaxeb, am 
formulis Semadgeneli romeli elementis atomebia erTmaneTTan 
uSualod dakavSirebuli.  

3. grafikuli formula gviCvenebs romeli elementis atome-
bia erTmaneTTan uSualod dakavSirebuli. 
magaliTad, CO2-is  grafikuli formulaa         O=C=O, 

                                

O

HH

                   
 Fe2O3  -is grafikuli formulaa                           

O

O

O
Fe

Fe

 
 

4. struqturuli formula gviCvenebs atomTa SeerTebis 
Tanmimdevrobasa da molekulis geometriul formas. 

Si

OO

magaliTad, SiO2-is  struqturuli formulaa SiO O O

O O

wylis struqturuli formulaa 
 
 
cis-butenis struqturuli formulaa H H

C=C

CH3CH3
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qimiuri formulebis (molekuluri) da saWiroebis SemTxveva-
Si maT win dasmuli steqiometruli koeficientebis saSualebiT 
qimiuri reaqciis pirobiT Caweras qimiuri gantoleba ewodeba. 
Tu qimiur gantolebaSi aris miTiTebuli reagentis an reaqciis 
produqtis erT molze gaangariSebuli reaqciis siTburi efeq-
tis mniSvneloba, maSin is Termoqimiuri gantolebaa (ix. qvemoT, 
mecxre Tavi, Termoqimiis safuZvlebi). 

ionur naerTebs Soris wyalxsnarebSi mimdinare reaqciebi 
ionuri gantolebiT gamoisaxeba.  

qimiuri gantolebebis safuZvelze gaangariSebebis sawarmo-
eblad Zalze mouxerxebelia atomebis da molekulebis absolu-
turi masebiT sargebloba, ramdenadac isini Zalze mcire ricxve-
bia. Tumca am masebis gansazRvra amJamad araviTar siZneles ar 
warmoadgens. magaliTad, 12C izotopis atomis masa 1.993·10-26kg-s 
Seadgens, 16O-is – 2.667•10-26kg-s, xolo yvelaze msubuqi atomis, 1H-
is masa aris 1.67•10-27 kg-is toli. 

qimiaSi tradiciulad iyeneben atomebisa da molekulebis 
masis ara absolutur, aramed fardobiT mniSvnelobebs. 

rogorc cnobilia, atomuri masis cneba qimiaSi atomur-mole-
kuluri moZRvrebis fuZemdebelma jon daltonma Semoitana, er-
Teulad miiRo wyalbadatomis masa da gansazRvra kidev im dros 
cnobili zogierTi elementis atomuri masa. 1961 wlamde fiziko-
sebi m.a.e. iyenebdnen 16-izotopis atomis masis 1/16 nawils, qimikosebi 
ki bunebrivi izotopuri Sedgenilobis (16O, 17O, 18O) Jangbadis ato-
mis saSualo masis 1/16 nawils. qimiuri m.a.e. 0.03 %-iT aRematebo-
da fizikurs, e.i. fizikosebi da qimikosebi sargeblobdnen atomu-
ri da molekuluri masebis sxvadasxva mniSvnelobiT. amitom 1961 
wels fizikosebisa da qimikosebis mier miRebul iqna erTi da igi-
ve erTeuli, kerZod, 12C izotopis atomis masis 1/12 nawili. 1 m.a.e 
(daltoni) = 1/12m (12C) = 1,66037· 10-27kg 

 sxvadasxva elementis bunebrivi izotopuri Sedgenilobis 
atomis saSualo masis 16O atomis masis 1/12 (m.a.e) nawilTan Sefar-
debiT miRebuli ricxvebi am elementis fardobiT atomur masebs 
warmoadgenen. fardobiTi atomuri masa qimiuri elementis erT-
erTi mniSvnelovani maxasiaTebelia. aRiniSneba  simboloTi Ar. 

qimiuri elementis fardobiTi atomuri masa aris ricxvi, ro-
melic gviCvenebs, Tu ramdenjer aRemateba bunebrivi izotopuri 
Sedgenilobis elementis atomis saSualo masa 12C izotopis ato-
mis masis 1/12 nawils. igi uganzomilebo sididea: 

Ar(E) = mA(E)/1m.a.e. = mA(E)/1.66· 10-27 kg 

magaliTad, JangbadisaTvis:  

Ar(O) = mA(O)/1m.a.e. = 2.667· 10-26 kg /1.66·10-27 kg = 16 

fardobiTi molekuluri masa aris ricxvi, romelic gviCve-
nebs, Tu ramdenjer aRemateba mocemuli nivTierebis bunebrivi  
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izotopuri Sedgenilobis  molekulis saSualo masa 12C atomis ma-
sis 1/12 nawils. fardobiTi molekuluri masac (Mr) uganzomilebo 
sididea. 

molekuluri struqturis mqone nivTierebis fardobiTi mo-
lekuluri masa, misi Semadgeneli elementebis fardobiTi atomu-
ri masebis atomTa ricxvze namravlis jamis tolia.  

aramolekuluri aRnagobis naerTebisaTvis empiriuli (umar-
tivesi) formulis safuZvelze gamoiTvleba pirobiTi fardobiTi 
molekuluri masa da mas formuluri molekuluri masa ewodeba. 
magaliTad, Mr(SiO2) = 28 + 2·16 = 60 

nivTierebis raodenoba ganisazRvreba atomebis, molekule-
bis an nivTierebis sxva formuluri erTeulebis raodenobiT. 
ramdenadac nivTierebebi aseTi nawilakebis uamravi ricxvisagan 
Sedgeba, amitom nivTierebis raodenoba mosaxerxebelia gamoisa-
xos erTi erTeuliT, romelic am nawilakebis did ricxvs Seicavs.  

erTeulTa saerTaSoriso (SI) sistemaSi nivTierebis raodeno-
bis erTeulad miRebulia moli. moli aris nivTierebis is raode-
noba, romelic misi formuluri nawilakebis (atomi, molekula, io-
ni) im raodenobas Seicavs, ramdeni atomicaa 0.012 kg 12C- izotopSi.  

    12C- izotopis 0.012 kg-Si naxSirbadis atomTa ricxvi: 

                   NA = 0.012 kg/1.993 · 10-26 kg = 6.023•1023 

  1.993•10-26 kg aris 12C-izotopis erTi atomis absoluturi masa, e.i. 
moli aris nivTierebis is raodenoba, romelic 6.023•1023 forma-
lur nawilaks Seicavs. am ricxvs avogadros pativsacemad avogad-
ros ricxvi uwodes. 

  nivTierebis masa da raodenoba erTmaneTTan dakavSirebulia 
formuliT M=m/ν, sadac M aris nivTierebis moluri masa, m – nivTi-
erebis masaa, ν ki raodenobaa molebSi. am formulidan gamomdinare 
moluri masis ganzomilebaa g/moli an kg/moli. moluri masa erTi 
moli nivTierebis masaa, e.i 6.023·1023 nawilakis masa. moluri masa Se-
iZleba gamoiTvalos Semdegi formuliTac: M=mA·NA , 

sadac m aris calkeuli atomis an molekulis absoluturi ma-
sa, NA   ki avogadros ricxvi. 

  moluri masa (M) ricxobrivad nivTierebaTa fardobiTi mo-
lekuluri an fardobiTi atomuri masis tolia im gansxvavebiT, 
rom mas aqvs ganzomileba g/moli an kg/moli. magaliTebi: Ar(Cl) = 
35.5;  Mr(H2SO4) = 98;  M(Cl) = 35.5 g/moli; M(H2SO4) = 98 g/moli.
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2.  qimiis steqiometruli (klasikuri) kanonebi 

 qimiis nawils, romelic swavlobs moreagire nivTierebebs So-
ris masur da moculobiT Tanafardobebs steqiometria ewodeba, 
rac berZnulad `Semadgeneli nawilis gazomvas~ niSnavs. 

 steqiometria emyareba steqiometriul kanonebs, romlebsac 
agreTve qimiis klasikur kanonebs uwodeben. es kanonebia: nivTie-
rebaTa masis mudmivobis, Sedgenilobis mudmivobis, ekvivalente-
bis, avogadros, jerad SefardebaTa da moculobiT SefardebaTa 
kanonebi.  

2.1.  masis mudmivobis kanoni 

masis mudmivobis kanoni, romelic 1789 wels aRmoaCina fran-
gma mecnierma antuan loran lavuaziem, SemdegSi mdgomareobs: qi-
miur reaqciaSi Sesul nivTierebaTa saerTo masa, reaqciis Se-
degad miRebul nivTierebaTa saerTo masis tolia. es imas adas-
turebs, rom nivTiereba ukvalod ar qreba da arc arasdros araf-
risagan ar warmoiqmneba. es kanoni efuZneba im fundamentur mo-
sazrebas, rom qimiuri reaqciebis dros atomebi ar icvleba, ami-
tom miRebul nivTierebaTa molekulebi, mTlianad, Sedgebian ima-
ve elementis atomebisagan da igive raodenobiT, risganac Sedge-
boda sawyisi nivTierebebis molekulebi. swored es aris masis 
mudmivobis safuZveli. qimiuri reaqciis Sedegad ucvleli rCeba 
nivTierebaTa saerTo masa, radgan ar icvleba TiToeuli elemen-
tis atomis masa.  

rogorc cnobilia, masa da energia erTmaneTTan dakavSirebulia 
gantolebiT E = mc2 (albert ainStaini). am gantolebaSi m aris masa, E 
– energia, c – sinaTlis gavrcelebis siCqare vakuumSi. am gantolebis 
mixedviT energiis cvlileba unda iwvevdes masis Secvlas. 

 radgan qimiuri reaqciebis dros energia (siTbos, sinaTlis 
saxiT) gamoiyofa an STainTqmeba, amitom TiTqos mosalodneli 
iyo masis cvlilebac (ainStainis gantoleba TiTqmis ewinaaRmde-
geba masis mudmivobis kanons). magram qimiuri reaqciebis damaxa-
siaTebel energetikul cvlilebebs c2-is didi mniSvnelobis gamo, 
masis imdenad umniSvnelo cvlileba Seesabameba, romlis dadge-
nac eqsperimentulad, praqtikulad misawvdomi meTodebiT, TiT-
qmis SeuZlebelia. dadgenilia, rom 1 kj siTbos STanTqmas an ga-
moyofas Seesabameba masis cvlileba ∆m ≈ 1.2•10-11; am rigis cvli-
lebebi mxedvelobaSi ar miiReba. amitom masis mudmivobis kanoni 
(klasikuri SinaarsiT) inarCunebs Tavis mniSvnelobas. magaliTad, 



ganvixiloT wyalbadisa da Jangbadisagan wylis warmoqmnis reaq-
ciis dros SesaZlo masis cvlileba. reaqciis siTbo, romelic am 
dros gamoiyofa 288.8 kj/molis tolia. Sesabamisi masis cvlileba 
aris:  

                      ∆m = ∆E/c2  = 8

288.8
(3 10  )

 
g 2

kj

m/wm
= 3.2•10-12 kg,  

rac eqsperimentulad ver isazRvreba. 
igives ver vityviT TermobirTvul reaqciebze, romelTa mim-

dinareobac energiis uzarmazar cvlilebasTan aris dakavSirebu-
li. 1 gram 235U-is daSlisas gamoiyofa 7,5·107 kkal energia, rac 2t. 
qvanaxSiris wvis dros gamoyofil energias aRemateba. aseT uzar-
mazar energetikul cvlilebas masis mniSvnelovani defeqti See-
sabameba. magaliTad, atomur bombSi 235U-is daSlisas sawyisi masis 
0.1% gardaiqmneba gamosxivebis energiad. 

 miuxedavad masis mudmivobis kanonis miaxloebiTi mniSvnelo-
bisa, is qimiis ZiriTad raodenobiT kanons da qimiuri analizis 
safuZvels warmoadgens, romelze dayrdnobiTac xdeba qimiuri 
gantolebebis Sedgena da raodenobiTi (steqiometruli) gaTvle-
bis warmoeba. 

2.2.  Sedgenilobis mudmivobis kanoni 

Sedgenilobis mudmivobis kanoni aRmoaCina frangma mecnierma 
Jozef lui prustma (1799-1808 w.w.) misi klasikuri Sinaarsi Sem-
degSi mdgomareobs: sxvadasxva gziT miRebul nebismier sufTa 
nivTierebas aqvs mudmivi TvisebiTi da raodenobiTi 
Sedgeniloba. magaliTad, qimiurad sufTa wyali, miuxedavad misi 
miRebis meTodebisa, xasiaTdeba mudmivi elementuri Sedgeni-
lobiT: 

H – 11.19 %    da   O – 88.81 %. 

2H2 + O2 → 2H2O 

NaOH + HCl → NaCl + H2O     (neitralizaciis reaqcia) 

                                                                         
konc.H2SO4H

tCH3-CH2OH CH2=CH2+H2O (eTilis spirtis dehidratacia) 

 

CuSO4 · 5H2O → CuSO4 + 5H2O       (Sabiamnis gauwyloeba) 

CH3-C
O

OH
+HO-C2H5

kat

CH3-C
O

                                                                            
(eTerifikaciis reaqcia)                      

O-C2H5

+ H2O
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am xerxebiT miRebul qimiurad sufTa wyals erTi da igive, ze-
moTmotanili elementuri Sedgeniloba aqvs. 

amave dros, mxedvelobaSia misaRebi is garemoeba, rom am dros 
elementebis izotopuri Sedgeniloba ar unda icvlebodes, rad-
gan nivTierebis Sedgeniloba misi Semadgeneli elementebis izo-
topur Semcvelobazea damokidebuli. magaliTad, mZime wyali 
(D2O) Seicavs 20 % wyalbads, maSin roca Cveulebriv wyalSi wyal-
badi 11.1 %-ia. 

aRmoCnda, rom Sedgenilobis mudmivobis kanonis klasikuri 
xasiaTi mxolod molekuluri struqturis naerTebisaTvis aris 
samarTliani, rogoricaa:  H2O, HCl, CH3OH, SO2, H2S da a.S. 

 struqturuli analizis meTodebis gamoyenebiT, nivTiereba-
Ta aRnagobis Seswavlam daadastura, rom myar nivTierebaTa mniS-
vnelovan umravlesobas (magaliTad, oqsidebi, sulfidebi, qlo-
ridebi, silikatebi da a.S.) ara aqvs molekuluri struqtura da 
isini cvladi SedgenilobiT xasiaTdebian. maTi Sedgeniloba swo-
red miRebis meTodebzea damokidebuli. es mosazreba eqsperimen-
tulad daadastura (XX saukunis dasawyisSi) cnobilma rusma mec-
nierma nikoloz sergeis Ze kurnakovma. misi winadadebiT, moleku-
luri struqturebis mqone nivTierebebs ewoda daltonidebi (in-
gliseli fizikosis da qimikosis jon daltonis pativsacemad), 
xolo aramolekuluri struqturisas – berTolidebi (frangi qi-
mikosis klod lui berToles pativsacemad). 

 daltonidebis Sedgeniloba mudmivia da ar aris damokidebu-
li miRebis xerxebze, maTi Sedgeniloba gamoisaxeba mTelricxve-
biani steqiometruli indeqsebiT, magaliTad, H2O, H2SO4 da a.S., 
maSin rodesac berTolidebis formulebSi aris wiladi steqio-
metruli indeqsebi. magaliTad, Ti(II)-is oqsidis formula aris 
TiO. sinamdvileSi misi Sedgeniloba icvleba TiO0,7-dan TiO1,3-mde. 
xolo TiO2-is – TiO1,9-dan TiO2-mde. aseve cvladi SedgenilobiT xa-
siaTdeba rkina(II) oqsidis da sulfidis Sedgenilobac. rkina(II) 
oqsidis Sedgeniloba icvleba Fe0,89O-dan Fe0,9O-mde, xolo rkina(-
II)-is sulfidisa Fe0,9S-dan Fe1,1S-mde da sxv. am naerTis Sedgenilo-
bis cvlilebis mizezi SeiZleba iyos maT kristalur struqtu-
rebSi defeqtebis arseboba. 

 zemoT aRniSnulis gaTvaliswinebiT nivTierebaTa Sedge-
nilobis mudmivobis kanoni SeiZleba Semdegnairad Camova-
yaliboT: `nebismier qimiurad sufTa molekuluri aRnagobis 
nivTierebas aqvs mudmivi TvisebiTi da raodenobiTi Sedge-
niloba, miuxedavad misi miRebis xerxebisa, xolo aramole-
kuluri naerTebis Sedgeniloba damokidebulia misi miRebis 
pirobebze~. 
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2.3.  jerad fardobaTa kanoni 

es kanoni ekuTvnis jon daltons (1808 w.) da mdgomareobs Sem-
degSi: `Tu ori elementi erTmaneTTan ramdenime qimiur naerTs 
warmoqmnis, maSin am naerTebSi erT-erTi elementis erTsa da 
imave masasTan dakavSirebuli meore elementis masebi ise See-
fardeba erTmaneTs, rogorc mcire mTeli ricxvebi~. 
magaliTad, naxSirbadi JangbadTan warmoqmnis or naerTs: CO da 
CO2. gamovTvaloT Jangbadis masa, romelic am or naerTSi naxSir-
badis erTsa da imave masasTan aris dakavSirebuli. CO-Si 12 gram 
naxSirbadTan dakavSirebulia 16 grami Jangbadi, xolo CO2-Si igi-
ve 12 gram naxSirbadTan dakavSirebulia 32 grami Jangbadi, e.i. 
16:32=1:2.  

 2.4.  moculobiTi fardobebis kanoni 

erTnair fizikur pirobebSi reaqciaSi Sesul airTa mocu-
lobebi ise Seefardebian erTmaneTs da reaqciis Sedegad miRe-
bul airTa moculobebs, rogorc mcire mTeli ricxvebi (Jozef 
lui gei-lusaki, 1805 w.). wyalbadsa da Jangbads Soris mimdinare 
reaqciis dros 2 moculoba wyalbadi urTierTqmedebs erT mocu-
loba JangbadTTan 2 moculoba wylis orTqlis warmoqmniT. es 
ricxvebi Seesabameba reaqciis tolobaSi arsebul steqiometrul 
koeficientebs.  

2.5.  avogadros kanoni 

1911 wels amadeo avogadrom gamoTqva hipoTeza, romelmac eq-
sperimentuli mtkicebis Semdeg kanonis saxe miiRo. es kanoni, ro-
melic avogadros kanonis saxelwodebiT aris cnobili, SemdegSi 
mdgomareobs: sxvadasxva airis toli moculobebi erTnair fi-
zikur pirobebSi (wneva da temperatura) molekulaTa tol 
ricxvs Seicavs. es kanoni efuZneba im mosazrebas, rom airad niv-
TierebaTa molekulebi, garda keTilSobili airebisa (He, Ne, Ar, 
Kr, Xe), oratomiania (H2, Cl2, O2, N2  da a.S.).   

avogadros kanoni samarTliania mxolod airadi nivTierebebi-
saTvis, radgan:  

1) airis molekulebs Soris manZilebi (Tavisufali ganarbenis 
sigrZeebi) gacilebiT aRemateba sakuTriv molekulebis zomebs. 
amitom airis mier dakavebuli moculoba ZiriTadad molekulebs 
Soris manZilebiT ganisazRvreba. 
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2) molekulaTSorisi manZilebi damokidebulia im fizikur pi-
robebze (wneva, temperatura), romelSic airi imyofeba da ara ai-
ris bunebaze. 

  amitom erTnair fizikur pirobebSi airebis tol moculo-
bebSi molekulaTa erTnairi ricxvia. magram myar da Txevad mdgo-
mareobaSi myof nivTierebebSi molekulebs Soris manZilebi da 
nivTierebis mier dakavebuli moculoba ZiriTadad molekulis 
zomebzea damokidebuli. es zomebi ki sxvadasxva nivTierebis mo-
lekulebisaTvis sxvadasxvaa. amitom, am SemTxvevaSi, tol mocu-
lobebSi (erTnair pirobebSic ki) molekulebis ricxvi toli ar 
aris. Sesabamisad, avogadros kanoni myar da Txevad (kondensire-
bul) mdgomareobaSi myof nivTierebebze ar vrceldeba. ufro me-
tic, airebisTvisac ki, avogadros kanoni mxolod dabali wnevis 
pirobebSi aris samarTliani, radgan maRali wnevis pirobebSi, mo-
lekulebs Soris manZilis Semcirebis gamo, maTi molekulebis sa-
kuTari zomebis gavlena mniSvnelovani xdeba. 

  aRsaniSnavia, rom avogadros kanoni zustad mxolod idea-
luri airebisaTvis xorcieldeba. idealuria hipoteturi airi, 
Tu is akmayofilebs Semdeg moTxovnebs:  

1. molekulebis sakuTari moculoba ugulvebelyofilia; 
2. molekulaTSorisi urTierTqmedebis Zalebi imdenad mci-

rea, rom ugulvebelyofilia; 
3. Sejaxeba drekadia — molekulebis jamuri kinetikuri ener-

gia (Sejaxebamde da Sejaxebis Semdeg) ucvlelia.   
realuri airebisaTvis, iseve, rogorc boil-mariotisa da gei-

lusakis kanonebis SemTxvevaSi, SeimCneva am kanonidan gadaxra.   
avogadros kanonidan gamomdinareobs ori mniSvnelovani 

Sedegi: 

1) sxvadasxva airis an airTa narevebis molekulebis toli 
ricxvi erTnair fizikur pirobebSi (wneva, temperatura) tol mo-
culobebs ikavebs. radgan nebismieri nivTierebis (airis) erT 
molSi molekulebis ricxvi tolia, amitom airis erTi molis er-
Tnair fizikur pirobebSi dakavebuli moculoba toli iqneba. am 
moculobas moluri moculoba ewodeba, romelic gamoiTvleba 
formuliT:  

                                               Vm = V/ν,                                       (2.1) 

sadac V aris airis moculoba, ν – Sesabamisi nivTierebis 
raodenoba.  

  (2.1) formuliT SesaZlebelia airis moculobis an misi 
raodenobis gansazRvra, roca cnobilia Vm.   

  eqsperimentulad iqna gansazRvruli sxvadasxva airis 
moluri moculoba 0˚C temperaturisa da 1 atmosferuli wnevis 
pirobebSi [normaluri pirobebi (n.p.)]: 

           Vm=m/ρ=M (g/moli anu kg/moli) ρ(kg/l an g/l), 
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sadac m nivTierebis masaa, M moluri masaa, ρ — airis simkvrive 
normalur pirobebSi.  

  sxvadasxva airis moluri moculoba aRmoCnda erTnairi, ker-
Zod, 22.4 litri. 

wyalbadisaTvis:   
           

Vm(H2) = 2.016
0.09

 
 
g/moli

g/l
 ≈  22.43 l/moli. 

JangbadisTvis:   

  Vm(O2) = 32
1.429

 
 

g/moli

g/l
 ≈ 22.34 l/moli, 

e.i ikavebs erTnair, kerZod, 22.4 litr moculobas. pirobebis 
SecvliT Seicvleba airis moluri moculobis mniSvnelobac, 
radgan Seicvleba airis simkvrive. magaliTad, 293K (20˚C) 
temperaturisa da 101.325 kpa wnevis pirobebSi nebismieri airis 
moluri moculoba daaxloebiT 24 l/molis tolia, e.i. 
temperaturis 20˚C-iT gazrdam moluri moculoba 1.6 l/moliT 
gazarda. 

2) avogadros kanonidan meore mniSvnelovani Sedegi 
gamomdinareobs. radgan avogadros kanonis mixedviT erTnair 
fizikur pirobebSi sxvadasxva airis tol moculobebSi 
molekulebis ricxvi tolia, amitom toli moculobiT aRebuli 
sxvadasxva airis masa ise Seefardeba erTmaneTs, rogorc maTi 
moluri masebi: 

1 1

2 2

m M
m M

= , 

sadac m1 da m2  toli moculobis sxvadasxva airis masaa.  
 radgan m1 = ν1M1 da m2 = ν2M2, pirobis Tanaxmad ki: ν1 = ν2 (V1= 

V2), amitom: 

                 m1/m2 = ν1M1/ν2M2 = M1/ M2        (2.2) 

  garda zemoT aRniSnulisa, Tu gaviTvaliswinebT, rom m1 = 
ρ1v1 da m2 = ρ2v2 (ρ1 da ρ2  Sesabamisad pirveli da meore airis sim-
kvriveebia): 

m1/m2 = ρ1v1/ρ2v2, v1= v2, amitom m1/m2 = ρ1/ρ2 = D, 

sadac D aris pirveli airis fardobiTi simkvrive meoris 
mimarT. Tu m1/m2-is nacvlad formulaSi (2.2) SevitanT D-s, 
miviRebT:  

                                         M1=D•M2.                                    (2.3) 
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avogadros kanonis es Sedegi metad mniSvnelovania, radgan mi-
si saSualebiT SesaZlebelia ucnobi airis moluri masis gansazR-
vra, roca cnobilia misi fardobiTi simkvrive romelime airis mi-
marT. magaliTad, Tu cnobilia romelime airis fardobiTi 

simkvrive wyalbadis mimarT ( ), maSin misi moluri masa 

gamoiTvleba formuliT: 
2HD

Mx = 2•  
2HD

haeris mimarT gazomili simkvrivis mixedviT: 

M =29Dh da a.S 

  praqtikuli mosazrebiT mniSvnelovania agreTve avogadros 
kanonidan gamomdinare Semdegi Sedegi: airebs Soris mimdinare 
qimiuri reaqciebis dros nivTierebaTa raodenobis fardoba 
(romelic reaqciis gantolebis steqiometruli koeficientebis 
fardobas Seesabameba) maTi moculobis fardobis tolia): 

ν1/ν2 = V1/V2, 

sadac V1 da V2    airTa Sesabamisi moculobebia. 
 rogorc zemoT aRvniSneT, Tu mocemuli iqneba airis mocu-

loba n.p.-Si, am formuliT SesaZlebelia misi raodenobis 
gansazRvra. magaliTad, Tu airis moculoba n.p.-Si aris 44.8 
litri, misi raodenoba iqneba: 

44.8v(ν 2
22.4 22.4

 
= = =

ln.p.)
moli

 l/moli  l/moli
 

piriqiT, Tu mocemuli airis raodenoba ν = 0.4 mols, mis mier 
n.p-Si dakavebuli moculoba iqneba: 

V = νVm = 0.4 moli·22.4 l/moli = 8.96 l 

Tu airis moculoba ar aris gansazRvruli normalur piro-
bebSi, SesaZlebelia misi gadayvana am pirobebSi Semdegi formu-
lis daxmarebiT: 

PoVo/To = PV/T, 

aqedan:  

Vo = PVTo/PoT, 
 
sadac Po da Vo airis wneva da moculobaa n.p.-Si. P da V ki airis 

wneva da moculoba T temperaturaze (T = 273 + t˚C). PoVo/To = R  (R 
airebis universaluri mudmiva). 

  airis universaluri mudmivas (R) ricxviTi mniSvneloba gani-
sazRvreba wnevisa da moculobis erTeulebis mniSvnelobiT.   

Tu wneva mocemulia paskalebSi, moculoba m3-Si, maSin: 
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(wnevisa da moculobis namravls aqvs energiis ganzomileba 

pa·m3 = j; R aris 1 moli airis gafarToebis muSaoba mudmivi wnevis 
pirobebSi temperaturis 1 gradusiT gazrdisas). 

Tu wneva mocemulia atm.-Si, moculoba litrebSi, maSin: 

 
                                              = 0.08 l•atm/moli•K 

 

praqtikuli gamoTvlebisaTvis gamoiyeneba klapeiron-mende-
leevis gantoleba:           

      mPV RT
M

=                   (2.3), 

 

sadac P airis wnevaa, V — moculoba, m — masa, M — moluri masa, 
R —airebis universaluri mudmiva, T — temperatura (K).  

  (2.3) gantolebiT SesaZlebelia agreTve airadi nivTierebis 
moluri masis gansazRvra: 

           mRTM
PV

=                 (2.4)                            

 
 

2.6.  ekvivalenti. ekvivalentis moluri masa.                    
ekvivalentebis kanoni 

germanelma mecnierma ieremia benjamen rixterma 1793 wels 
daadgina, rom qimiuri elementebi erTmaneTs mkacrad gansaz-
Rvruli masuri TanafardobiT uerTdeba. kvlevis Sedegebis 
safuZvelze man Camoayaliba kanoni, romelic cnobilia ekviva-
lentebis kanonis saxelwodebiT: `moreagire nivTierebaTa mase-
bi ise Seefardeba erTmaneTs, rogorc maTi ekvivalentebis mo-
luri masebi~: 

1

2

Mm
m M

= ek(1)

ek(2)M
              (2.5), 

sadac m1 da m2 moreagire nivTierebaTa masebia, Mek(1) da Mek(2)           
ki maTi Sesabamisi ekvivalentis moluri masebi. 

qimiuri ekvivalenti aRiniSneba Eq-Ti. elementis qimiur 
ekvivalents, fardobiT atomur masasa da mocemul naerTSi am 
elementis valentobas (W) Soris aseTi damokidebuleba arsebobs: 
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rAEq
W

=  

qimiuri ekvivalenti, an ubralod ekvivalenti aris nivTie-
rebis realuri an pirobiTi nawilaki, romelsac SeuZlia (mimoc-
vlis reaqciebSi) SeierTos, Caanacvlos an raime sxva gziT iyos 
ekvivalenturi (tolfasi) wyalbadis atomis (an ionis) erTi mo-
lis, xolo Jangva-aRdgeniT reaqciebSi – eleqtronis erTi molis. 

magaliTad, ganvixiloT gogirdmJavas da natriumis tutes 
Soris mimdinare neitralizaciis reaqcia: 

H2SO4 + NaOH → NaHSO4 + H2O 
mJava marilis warmoqmnisas gogirdmJavas molekula tutes-

Tan erTi protoniT Sedis reaqciaSi. amitom gogirdmJavas ekviva-
lenti am SemTxvevaSi realuri nawilaki, misi molekulaa.  

xolo reaqciaSi: 

H2SO4 + 2 NaOH → Na2SO4 + H2O 
gogirdmJavas molekula monawileobs 2 protoniT, e.i. misi 

molekula 2 protonis ekvivalenturia (tolfasia). erTis tol-
fasi iqneba molekulis naxevari (1/2 molekula), romelic `piro-
biTi~ (warmosaxviTi) nawilakia, e.i. am reaqciaSi H2SO4-s ekviva-
lenti aris pirobiTi nawilaki, molekulis naxevari. ricxvebs, 
romlebic gviCveneben molekulis (an atomis) ra nawilia tolfasi 
H+-is erTi molis an eleqtronis erTi molis, ekvivalentobis 
faqtori ewodeba. 

ekvivalentobis faqtoris namravli nivTierebis molur 
masaze aris am nivTierebis ekvivalentis moluri masa.  

aqedan gamomdinare, H2SO4-is ekvivalentis moluri masa, imaze 
damokidebulebiT, Tu mocemul konkretul reaqciaSi, rogoria 
misi ekvivalentobis faqtori, iqneba: 

1. rodesac fek=1, Mek(H2SO4) = 98 g/moli ekv 

2. rodesac fek=1/2, Mek(H2SO4) = 98 g/moli • 1/2=49 g/moliekv 

3. rodesac fek=1/8, Mek(H2SO4) = 98 g/moli • 1/8=16.2 g/moliekv 

ganvixiloT reaqcia kalciumis tutesa da marilmJavas Soris:  

Ca(OH)2 + HCl → Ca(OH)Cl + H2O 

Ca(OH)2 reaqciaSi Sevida erT protonTan, amitom misi 
molekula erTi protonis tolfasia, aqedan gamomdinare 
ekvivalenti misi molekulaa, ekvivalentobis faqtori 1-is 
tolia da ekvivalentis moluri masa: 

Mek[Ca(OH)2] = 74 g/moliekv. 
Ca(OH)2 + 2 HCl → CaCl2 + 2 H2O 
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Ca(OH)2-is pirobiTi molekula, rogorc vxedavT ori 
wyalbad-ionis tolfasia, erTis tolfasi iqneba pirobiTi nawi-
lakis Ca(OH)2-is molekulis naxevari. amitom ekvivalentobis faq-
tori  Ca(OH)2-is iqneba 1/2, xolo misi ekvivalentis moluri masa: 

Mek[Ca(OH)2] = 74 g/moli.ekv • 1/2 = 37 g/moliekv 

ganvixiloT KMnO4-is ekvivalenti, roca is nivTierebebs 
Jangavs mJava garemoSi: 

2 KMnO4 + 10 KI + 8 H2SO4 → 6 K2SO4 + 2 MnSO4 + 5 I2 + 8 H2O 

am SemTxvevaSi Mn+7 iZens 5 eleqtrons. aqedan gamomdinare 
KMnO4-is pirobiTi molekula (is ionuri naerTia) tolfasia xuTi 
eleqtronis, xolo erTi eleqtronis tolfasi iqneba ararea-
luri nawilaki – molekulis mexuTedi, swored es formaluri 
nawilakia mJava garemoSi daJangvisas KMnO4-is ekvivalenti. ekvi-
valentobis faqtori 1/5-ia da Mek(KMnO4) =157g/moli•1/5. 

Tu KMnO4  nivTierebebs Jangavs neitralur garemoSi: 

3Na2SO3 + 2KMnO4 + H2O → 3Na2SO4 + 2MnO2 + 2KOH 

   Mn+7 iZens 3 eleqtrons, e.i. am SemTxvevaSi misi ekvivalentu-
ria KMnO4-is 1/3 molekula: 

 fek = 1/3, Mek(KMnO4) = 157 g/moli • 1/3.  

tute garemoSi Jangvisas:  

Na2SO3 + 2KMnO4 + 2NaOH → Na2SO4 + K2MnO4 + Na2MnO4 + H2O 

(Mn+7 +e Mn+6) , 

amitom KMnO4-is ekvivalenti am SemTxvevaSi misi pirobiTi 
molekulaa:                                       

fek=1, Mek(KMnO4) = 157 g/moliekv 

 rogorc vxedavT, nivTierebebis ekvivalentebis moluri ma-
sebi, imis mixedviT Tu romel reaqciaSi monawileoben, gansxvave-
bulia. Tumca cnobilia nivTierebebi, romelTa ekvivalentis mo-
luri masebi mudmivia. magaliTad, NaOH da sxva erTmJavuri 
fuZeebis ekvivalentis moluri masebi reaqciaSi misi moluri 
masis tolia. radgan NaOH-is molekula yovelTvis erTi OH-
ioniT Sedis reaqciaSi, romelic erTi H+-is tolfasia: 

Mek(NaOH) = 40 g/moli. 

 aseve SeiZleba iTqvas yvela erTfuZian mJavazec, rodesac 
isini fuZe-mJaur reaqciebSi monawileoben.  

 nivTierebis masis am nivTierebis ekvivalentis molur 
masasTan fardobiT ganisazRvreba ekvivalentebis raodenoba: 
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nek = m/Mek               (2.6) 

sadac m am nivTierebis masaa, xolo Mek – ekvivalentis 
moluri masa.  

aRsaniSnavia, rom molisagan gansxvavebiT, moreagire da miRe-
bul nivTierebaTa ekvivalentebis raodenoba yovelTvis tolia. 
aqedan gamomdinare, sakmarisia erTi romelime moreagire an miRe-
buli nivTierebis ekvivalentis ricxvis gansazRvra, radgan yve-
la danarCenis igive iqneba, es ki raodenobriv gaTvlebs sagrZnob-
lad aadvilebs. 

 magaliTad, davuSvaT, qlorSi davwviT 1.5 g ucnobi 
nivTiereba da miviReT naerTi masiT 3.8 g. 3.8—1.5=2.3 g. iqneba 
qloris masa. qloris ekvivalentis moluri masa aris 35.5 g/moli. 
aqedan gamomdinare, nek(Cl) = 2.3/35.5. ucnobi nivTierebis 
ekvivalentis molur masas ganvsazRvravT formuliT: 

Mek(X) = m(X)/nek(X), radgan nek(X) = nek(Cl) = 2.3/35.5 

amitom Mek(X) = 1.5 · 3.5/2.3 = 23 g/moli, e.i. ucnobi nivTiereba 
aris natriumi, radgan misi ekvivalentis moluri masa 23 g/molis 
tolia. nebismieri binaluri naerTis gamoyenebiT SeiZleba 
elementis ekvivalentis moluri masis gansazRvra, roca igive 
sidide meore elementisaTvis cnobilia. magaliTad, HCl, H2S, NH3, 
CH4. viciT ra wyalbadis ekvivalentis moluri masa (1 g/moli), 
qloris, gogirdis, azotis da naxSirbadis ekvivalentis moluri 
masebi aRniSnul naerTebSi Sesabamisad iqneba: 

 Mek(Cl) = 35 g/moli; Mek(S) = 32 g/moli · 1/2;  

 Mek(N) = 14 g/moli · 1/3; Mek(C) = 12 g/moli · 1/4; 

ekvivalentis moluri masis cnebasTan erTad zogjer airadi 
nivTierebebisaTvis iyeneben ekvivalentis molur moculobasac, 
romelic ganisazRvreba moluri moculobis ekvivalentobis 
faqtorze gayofiT. 

  normalur pirobebSi wyalbadis erTi ekvivalentis mocu-
loba 11.2 litris, xolo Jangbadis 5.6 litris tolia. 
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3. atomis aRnagoba 

rogorc zemoT aRvniSneT, warmodgenebi atomebis SesaZlo 
arsebobis Sesaxeb jer kidev Cvens welTaRricxvamde VI saukuneSi 
gaCnda (demokrite, levkiposi), magram, miuxedavad amisa, XX sau-
kunis dasawyisamde mecnierTa mniSvnelovani nawili atoms nivTi-
erebis dayofis zRvrad miiCnevda  (`atomi~ – ganuyofeli). daax-
loebiT 2500 weli gaxda saWiro atomis rTuli aRnagobis dasad-
genad. mxolod XIX saukunis bolos iqna dagrovebuli eqsperimen-
tuli faqtebi, romlebic atomis rTul aRnagobas amtkicebda, 
maT Soris gansakuTrebiT mniSvnelovani iyo kaToduri sxivebis, 
eleqtrolizisa da radiaqtiurobis aRmoCena. 

pirveli ori movlena daedo safuZvlad eleqtronis aRmoCe-
nas, romelmac arsebiTi roli Seasrula ara marto atomis rTuli 
aRnagobis Sesaxeb warmodgenebis formirebaSi, aramed saerTod, 
xeli Seuwyo teqnikuri progresis naxtomisebur ganviTarebas. 

eleqtronis aRmoCena uSualod ukavSirdeba airebsa da siTxe-
ebSi denis gatarebisas mimdinare procesebis Seswavlas. am Tval-
sazrisiT gansakuTrebiT mniSvnelovani iyo gaiSviaTebul airebSi 
denis gavlis Sedegebi (uiliam kruqsi, 1879 w.). dadgenil iqna, rom 
gaiSviaTebulairian minis milSi (kruqsis mili) moTavsebuli 
eleqtrodebis maRali Zabvis wyarosTan  (~ 1500 v) SeerTebisas, ka-
Todidan anodisaken vrceldeba gamosxiveba, romelsac kaToduri 
sxivebi uwodes. es gamosxiveba ar iyo damokidebuli airisa da im 
metalis bunebaze, romlisganac kaTodi mzaddeboda. am gamosxi-
vebis viwro konis eleqtruli kondensatoris firfitebs Soris 
gatarebisas SeamCnies misi gadaxra dadebiTad damuxtuli firfi-
tisaken, rac kaToduri velis Semadgeneli nawilakebis uaryofiT 
muxtze miuTiTebda. kaToduri sxivebi gadaixreboda agreTve mag-
nituri velis moqmedebiTac. 

ingliselma fizikosma jozef jon tomsonma daamtkica, rom 
kaToduri sxivebi aris umciresi uaryofiTi muxtis mqone TvaliT 
uxilavi nawilakebis nakadi. am nawilakebs eleqtronebi uwodes 
(1891 weli). 

1897 wels j. tomsonis mier dadgenil iqna eleqtronis muxtis 
Tanafardoba mis masasTan (e/m), ramac cota mogvianebiT (robert 
endrus milikeni, 1909 w.) SesaZlebeli gaxada eleqtronis muxtis 
(qe = 1.6·10-19 k) da masis gansazRvra (me = 9.11·10-31 kg). 

am mimarTulebiT mniSvnelovani mecnieruli miRweva iyo, ag-
reTve, dadebiTad da uaryofiTad damuxtuli nawilakebis — kati-
onebisa da anionebis arsebobis dadgenis SesaZlebloba, romle-
bic Sesabamisad dadebiTad da uaryofiTad damuxtuli atomebi 
aRmoCndnen. amasTan, ionis minimaluri muxti eleqtronis muxtis 



toli aRmoCnda. CaTvales, rom es aris eleqtruli muxtis umci-
resi raodenoba da igi muxtis fardobiT erTeulad miiCnies. 

siTxeebSi eleqtruli denis gatarebisas mimdinare procese-
bis Seswavlam kidev ufro ganamtkica azri imis Sesaxeb, rom eleq-
troni atomis Semadgeneli nawilia.  amis dadastureba rTuli ar 
aRmoCnda (Tumca udavod genialuri aRmoCena iyo). magaliTis sa-
xiT SeiZleba movitanoT marilmJavas xsnarSi denis gatarebis 
procesebis Seswavlis Sedegebi. kerZod, aRniSnul xsnarSi 96500k 
eleqtrobis gavlisas kaTodze gamoiyo wyalbad-atomebis 1 moli 
(0.5 moli martivi nivTiereba), xolo anodze qloris atomebis 1 
moli (0.5 moli martivi nivTiereba). aqedan gamomdinare, mecnie-
rebma daadgines, rom wyalbadis TiToeuli ioni (kationi) ikavSi-
rebs 96500k : 6.02·1023 = 1.6·10-19k muxts (ix. zemoT milikenis aRmoCe-
na). es aRmoCenebi umniSvnelovanesi daskvnis winapiroba gaxda — 
atomSi uaryofiTi nawilakebia eleqtronis saxiT, atomi ki eleq-
troneitraluri nawilakia, e.i. is dadebiTad damuxtul nawila-
kebsac unda Seicavdes. yovelive es SemdgomSi eqsperimentula-
dac dadasturda. am eqsperimentebis Catarebis winapirobas radi-
aqtiurobis movlena warmoadgenda, romelic am periodSi ukve aR-
moCenili da Seswavlili iyo. 

3.1.  atomis aRnagobis adreuli modelebi 

atomis agebulebis ramdenime modeli me-20 saukunis dasawyis-
Sive damuSavda (J. pereni, f. lenardi. v. tomsoni, j. tomsoni, h. na-
gaoka). frangi perenisa da iaponeli nagaokas mixedviT, atomebi 
Seicavs dadebiTad damuxtul birTvs, romlis garSemo moZraobs 
eleqtronebi. perenis mixedviT, orbitebze eleqtronebis moZra-
obis siCqare Seesabameba ZiriTadi speqtruli xazebis sixSires. 
nagaokas modelSi eleqtronebi warmoqmnis planeta saturnis ana-
logiur rgolebs. amrigad, varaudi atomis planetaruli agebu-
lebis Sesaxeb gamoiTqva rezerfordamde gacilebiT adre. magram 
mainc, rezerfordis prioriteti am sakiTxSi eWvgareSea, radgan 
misi modeli, gansxvavebiT perenisa da nagaokas modelebisagan, 
emyareboda mtkiced dadgenili eqsperimentuli faqtebis ana-
lizs. am drois modelebidan yvelaze meti popularoba xvda jon 
tomsonis statikur models. jon tomsonis mixedviT atomi dade-
biTad damuxtuli sferoa. am sferos erT sibrtyeSi Tavsdeba 
eleqtronebi, romlebic imyofeba rxeviT moZraobaSi. roca eleq-
tronebi bevria, isini lagdeba calkeuli garsebis (Sreebis) sa-
xiT. j. tomsoni Seecada atomis agebuleba daekavSirebina qimiuri 
Tvisebebis periodulobasTan. atomSi eleqtronuli garsebis 
sxvadasxva konfiguraciis ganxilvis safuZvelze tomsonma ga-
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moTvala, rom am konfiguraciebis mdgradoba icvleba periodu-
lad eleqtronebis ricxvis zrdasTan erTad. 

analogiuri modeli ufro adre wamoayena ingliselma viliam 
tomsonmac. am modelis mixedviT dadebiTad damuxtul sferoSi 
eleqtronebi dajgufebulia garkveuli mdgradi konfiguracie-
bis saxiT. 

3.2.  rezerfordis cda.                                           
atomis aRnagobis planetaruli modeli 

arsebuli mosazrebebis Sesamowmeblad da atomis aRnagobis 
ufro zusti monacemebis misaRebad cdebis seria Caatara ernest 
rezerfordma da misma mowafeebma (h. geigeri da v. marsdeni, 1909 
w.). isini akvirdebodnen α nawilakebis gabnevas metalis Txel fir-
fitaSi gatarebisas (α-nawilakebi gamoityorcneba radiaqtiuri 
nivTierebis daSlisas, misi masa aris 4 m.a.e. da muxti +2, α, siCqare 
20000 km/wm). gamoyenebuli iyo specialuri xelsawyo, e.w. spinta-
riskopi  (`spintaris~ berZnulad naperwkals niSnavs, `skopeo~- 
vxedav). es xelsawyo Seqmna kruqsma 1903 wels. spintariskopi Sed-
geba ekranisagan, romelic dafarulia fluorescenciis anu sinaT-
lis STanTqmiT gamowveuli xanmokle  (~10-10 wm) naTebis unaris mqo-
ne nivTierebiT, kerZod, TuTiis sulfidiT. α-nawilakis ekranTan 
Sexebisas adgili aqvs wertilovan naTebas, romelic kargad Seim-
Cneva mikroskopSi da misi ekranTan Sexebis adgils xiluls xdis.  

α-nawilakebis wyaros aTavsebdnen tyviis WurWelSi, romelic 
am nawilakebis STanTqmis unariT xasiaTdeba. WurWels hqonda 
xvreli, saidanac vrceldeboda nawilakebi, e.i. WurWlidan gamo-
dioda nawilakebis gansazRvruli mimarTulebis nakadi. tyviis 
WurWelsa da ekrans Soris moTavsebuli iyo oqros minimaluri 
sisqis firfita (oqro yvela metalze plastikuria da misgan yve-
laze Txeli firfitis damzadeba SeiZleba). dakvirvebam aCvena, 
rom α nawilakebis udidesi nawili am firfitaSi gadioda mimar-
Tulebis Seucvlelad (Tumca firfitis sisqe aseul aTasobiT 
atomis diametris toli iyo), mcire nawili ganicdida gadaxras 
sxvadasxva kuTxiT, xolo iSviaTad — saSualod yoveli 8000 α na-
wilakidan erTi ukan `airekleboda~.  

eqsperimentis Sedegebze dayrdnobiT rezerfordma Semdegi 
daskvna gaakeTa: dadebiTi muxtis mqone nawilakebis mimarTule-
bis mniSvnelovani cvlileba da miT umetes, ukan dabruneba mxo-
lod dadebiTad damuxtul nawilaks SeuZlia, romelsac atomSi 
unda ekavos mcire moculoba, radgan aseTi gzis gamrudeba α-na-
wilakebis mxolod mcire nawilma ganicada. rac ufro axlos mox-
vdeba α-nawilaki atomis Semadgenel dadebiT nawilakTan da rac 
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ufro maRalia am dadebiTi nawilakis muxti, miT ufro didia ga-
daxris kuTxe, xolo sawinaaRmdego mimarTulebiT gavrceleba α-
nawilakis dadebiT nawilakTan uSualo Sejaxebis Sedegia. aseTi 
SemTxvevebis simcire imaze mianiSnebs, rom atomSi dadebiT nawi-
laks ukavia Zalian mcire moculoba, magram atomis masa TiTqmis 
mTlianad masSia Tavmoyrili, e.i. atomSi aris dadebiTi muxtis ma-
tarebeli, didi masis da mcire moculobis nawilaki, romelsac 
atomguli uwodes. sxvadasxva elementis atombirTvTan moqmede-
bisas α-nawilakebis gavrcelebis gza sxvadasxva kuTxiT icvleba. 
rezerfordma α-nawilakebis gabnevis kuTxeebis gazomviT gaianga-
riSa zogierTi elementis atomgulis muxtis sidide, magaliTad, 
Cu, Ag, Pt. napovni sidideebi Sesabamisad aris 77.4, 46.3 da 29.3, 
romlebic TiTqmis emTxveva am elementebis rigiT nomrebs. 

Catarebuli cdebis safuZvelze rezerfordma Seqmna atomis 
aRnagobis planetaruli modeli. atomi Sedgeba dadebiTad 
damuxtuli birTvisa da mis garSemo moZravi eleqtronebisagan,  
msgavsad mzis garSemo moZravi planetebisa. rezerfordis 
modeli emyareboda eqsperimentul mtkicebas, rasac yvela misi 
winamorbedis modeli moklebuli iyo. amdenad, is warmoadgenda 
mniSvnelovan movlenas atomis aRnagobis Secnobis mimarTu-
lebiT. am modelis ZiriTadma principma, rom atomSi aris dadebi-
Tad damuxtuli birTvi da mis garSemo moZravi eleqtronebi, 
dros gauZlo da damtkicebulia eqsperimentiT. magram, amave 
dros, es modeli mniSvnelovan winaaRmdegobebs Seicavs. kerZod, 
rezerfordis Teorias ar SeuZlia axsnas atomis metad mniS-
vnelovani Tviseba – misi mdgradoba. eleqtroni, romelic 
brunavs birTvis garSemo, eleqtromagnituri Teoriis Tanaxmad, 
energias unda asxivebdes, amis Sedegad, ki dairRveva wonasworoba 
eleqtronis moZraobiT gamowveul centridanul Zalasa da 
birTvsa da eleqtrons Soris arsebul centriskenuli mizidu-
lobis Zalas Soris. wonasworobis aRsadgenad eleqtronma unda 
gadainacvlos birTvisaken. amgvarad, eleqtroni, romelic ga-
nuwyvetliv gamoasxivebs energias, wonasworobis aRdgenis miz-
niT, TandaTanobiT miuaxlovdeba birTvs da amowuravs ra Tavis 
energias, bolos unda daeces mas, ra SemTxvevaSic atomi Sewyvets 
arsebobas. yovelive es ki ewinaaRmdegeba atomis realur Tvise-
bas, rom is warmoadgens mdgrad sistemas da Zalze didi energiis 
moqmedebis gareSe, SeuZlia dauSlelad arseboba Zalian didi 
xnis ganmavlobaSi. 

garda amisa, rezerfordis Teorias ar SeuZlia axsnas atomu-
ri speqtrebis xazovani xasiaTi. am Teoriis mixedviT atomuri 
speqtrebi unda iyos uwyveti, ramdenadac birTvis garSemo moZra-
vi eleqtroni TandaTan uaxlovdeba ra birTvs, ganuwyvetliv un-
da icvlides moZraobis siCqares, ris gamoc, mis mier gamosxivebu-
li talRis sixSire, romelic ganisazRvreba eleqtronis brunvis 
siCqariT, agreTve unda icvlebodes ganuwyvetliv. gamomdinare 
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aqedan, atomebis gamosxivebis speqtri unda yofiliyo uwyveti, 
romelic sinamdviles ar Seesabameba.   

3.3.  atomebis gamosxivebis speqtrebi* 

speqtrebs, romlebic miiReba sxeulebis mier gamosxivebuli 
sxivebis daSliT, ewodeba emisiuri. isini arian uwyveti, xazovani 
da zoliani. uwyveti speqtri aqvs gavarvarebul myar da Txevad 
sxeulebs. airebis gamosxiveba gvaZlevs xazovan speqtrs, rome-
lic Sedgeba calkeuli xazebisagan an zolian speqtrs, romelic 
Sedgeba zolebisagan. xazovani speqtri miiReba atomebis gamosxi-
vebiT, xolo zoliani — molekulebisa ???. bevri xazi atomur 
speqtrebSi Sedgeba ramdenime erTmaneTTan axlos ganlagebuli 
xazebisagan — warmoadgenen multipletebs. Tu movaTavsebT ga-
mosxivebis wyaros magnitur velSi, moxdeba calkeuli xazebis 
gaxleCa — erTi xazis nacvlad speqtrSi aRmoCndeba ramdenime ax-
los ganlagebuli xazi (zeemanis efeqti). eleqtrul velSi analo-
giur movlenas ewodeba Starkis efeqti. 

yvelaze martivia wyalbadis speqtri (nax. 3.1). xilul ubanSi 
masSi aris mxolod oTxi xazi. mimdebare ultraiisfer ubanSi 
aris kidev ramdenime xazi, romlebic aRniSnul oTx xazTan erTad 
qmnian balmeris serias. rom am seriis talRuri ricxvebi ν  
Zalian zustad gamoisaxeba formuliT: 

ν  = R∞( 22
1

– 2n
1

)     (3.1), 

sadac R∞ = 109678 sm-1. mas ridbergis mudmiva ewodeba. n = 3,4,5,… 
 

 
naxazi 3.1. wyalbadis atomuri speqtri xilul da axlo ultraiisfer ubnebSi 

(balmeris seria) 

 35 



Soreul ultraiisfer da infrawiTel ubanSi aRmoCenil iqna 
ramdenime seria. maTi xazebisaTvis talRuri ricxvis zogadi 
formula Semdegia: 

ν  = R∞( 2
1n

1
– 2

2n
1

) ,                  (3.2) 

sadac n1, n2 = 1 – ∞, amasTan n2 > n1. 
serias, romlisTvisac n1=1, ewodeba laimanis seria (Soreuli 

ultraiisferi ubani). serias, romlisTvisac n1=2, ewodeba 
balmeris seria (xiluli da axlo ultraiisferi ubani). serias, 
romlisTvisac n1=3, ewodeba paSenis seria (infrawiTeli ubani). 
serias, romlisTvisac n1=4, ewodeba breketis seria (infrawiTeli 
ubani). serias, romlisTvisac n1=5, ewodeba pfundis seria 
(infrawiTeli ubani). 

talRuri ricxvi ν  aris talRis sigrZis Sebrunebuli si-

dide: ν =
λ
1

, is izomeba sm-1-ebSi. talRuri ricxvi axasiaTebs 

rxevis sixSires ν = c ν , sadac c sinaTlis siCqarea. 
 am droisaTvis ukve cnobili iyo, rom nebismieri speqtruli 

xazis (atomis gamosxivebis speqtrSi) Sesabamisi rxevis sixSire (an 
talRuri ricxvi ν=sm-1) SeiZleba gamoisaxos ori sididis T(n1) da 
T(n2) sxvaobiT (1899 w., ridbergi). T-s uwodes speqtruli Termi, 
romelic Sesabamisi funqciebis ricxobriv mniSvnelobebs warmo-
adgens (sityva `Termi~, zogadad, algebruli gantolebis wevrs 
aRniSnavs; simbolo T(n) aRniSnavs n-is funqcias). n1 da n2 mTeli 
ricxvebia; amasTan, n2 > n1.  

wyalbadis atomisaTvis (H), He-is erTmuxtiani ionisaTvis 
(He+), liTiumis ormuxtiani ionisaTvis Li2+ da sxva am tipis nawi-
lakebisaTvis Termi SeiZleba Semdegi gantolebiT gamovsaxoT: 

2

2

)n(

ZR
T

α+
∞= ,                     (3.3) 

sadac α < 1 da mocemuli seriis xazebisaTvis mudmivia.  
sxvadasxva seriisaTvis Sesworeba α aRiniSneba s, p, d, f 

asoebiT. es aRniSvnebi warmoadgenen seriebis inglisuri 
saxelwodebis pirvel asoebs: `sharp~ — mkveTri, `principal~ — 
mTavari, `diffuse~ — difuzuri, `fundamental~ — fundamenturi (ix. 
zemoT, eleqtronuli garsebi). aqac, neitraluri atomebis 
seriebisaTvis Z=1, erTmuxtiani ionebisaTvis Z=2 da a.S.  

amrigad, aRmoCnda, rom speqtruli xazebis usasrulod didi 
ricxvi aiwereba SedarebiT martivi damokidebulebiT, romelTa 
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damaxasiaTebeli Taviseburebaa mTelricxva parametrebis 
arseboba. 

gaxurebuli sxeulebis speqtrebSi, talRis sigrZisagan sxi-
vuri energiis ganawilebis damokidebulebis asaxsnelad, 1900 
wels germanelma fizikos-Teoretikosma maqs plankma ganaviTara 
Teoria, romlis Tanaxmad myar sxeulebSi rxevadi atomebis mier 
energia gadaicema ara uwyvetad, aramed calkeuli umciresi ganu-
yofeli ulufebiT — kvantebiT. kvantis energia E damokidebulia 
gamosxivebis ν sixSireze Semdegnairad: 

E = hν ,                                              (3.4) 

sadac h = 6.626·10-34 j·wm. mas ewodeba plankis mudmiva, ganto-
lebas ki plankis gantoleba. 

SemdgomSi albert ainStainma plankis Sexedulebebi energiis 
diskretulobaze gaavrcela eleqtromagnitur gamosxivebaze (ix. 
zemoT, eleqtronis orbunebovneba), aRniSna ra, rom is SeiZleba 
ganvixiloT rogorc kvantebis (fotonebis) nakadi. 

ramdenadac yoveli speqtruli xazi xasiaTdeba mkacrad gan-
sazRvruli talRis sigrZiT da aqedan gamomdinare gansazRvru-
li sixSiriT, rogorc zemoT aRvniSneT, es imas niSnavs, rom ato-
mebs SeuZliaT gamoasxivon mxolod mkacrad gansazRvruli ener-
giis sinaTlis kvanti. 

gamoasxivebs ra sinaTlis kvants, atomi gadadis erTi energe-
tikuli mdgomareobidan, energiiT E2, meoreSi, energiiT E1. plan-
kis gantolebis Tanaxmad: 

hν = E2–E1                       (3.5) 
an 

hc
E

hc
E 12 −=ν                       (3.6) 

Tu SevadarebT me-(3) gantolebas, vnaxavT, rom isini 
analogiuria. aqedan gamomdinareobs, rom atomSi eleqtronis 
energia dakavSirebulia TermTan TanafardobiT: 

                          E = – hcT , aqedan:    
hc
ET =−                      (3.7)         

amgvarad, speqtruli Termebi axasiaTebs eleqtronebis ener-
gias atomebSi. yoveli atomis speqtrs aqvs Tavisi Termebis wyeba, 
da aqedan gamomdinare, mocemul atomSi eleqtronebs SeuZliaT 
hqondeT ara nebismieri, aramed mkacrad gansazRvruli energiebi. 
rodesac romelime sidides aqvs mkacrad gansazRvruli, diskre-
tuli mniSvnelobebis rigi, amboben, rom is dakvantulia 
(ikvanteba). atomis aRnagobis Teoriam unda axsnas atomebSi eleq-
tronebis E energiis dakvantva, romelic didi sizustiT ganisaz-
Rvreba speqtruli monacemebidan me-(3.7) TanafardobiT. 
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niSani `minusi~ imitomaa, rom nulovani energiis mdgoma-
reobad miRebulia iseTi mdgomareoba, roca eleqtroni nulova-
ni kinetikuri energiiT daSorebulia atomidan usasrulod did 
manZilze. atomis birTvTan eleqtronis miaxloebisas misi ener-
gia mcirdeba, e.i. xdeba uaryofiTi sidide, romlis absoluturi 
mniSvneloba izrdeba birTvsa da eleqtrons Soris manZilis Sem-
cirebisas. 

wyalbadis atomisaTvis miiReba: 

E = – 2

hcR
n

∞                               (3.8). 

radganac eleqtronebis energia atomebSi ikvanteba, amboben, 
rom atomebSi arseboben eleqtronebis gansazRvruli energiis 
doneebi (an energetikuli doneebi). molekuluri speqtrebis Ses-
wavla miuTiTebs, rom molekulebSic aris eleqtronebis dasaS-
vebi energiis doneebis wyeba. wyalbadis atomSi energiis doneebi 
gamosaxulia nax. 3.2, romelic xsnis agreTve speqtruli xazebis 
warmoSobas eleqtronebis gadasvlisas energiis erTi donidan me-
oreze. 

speqtruli monacemebis garda, aris kidev bevri sxva faqti, 
romelic adasturebs, rom atomSi eleqtronebs aqvT mkacrad gan-
sazRvruli energiebi. 

 

 
 

naxazi 3.2. eleqtronis energetikuli doneebi wyalbadis atomSi 

3.4.  boris Teoria 

rogorc zemoT aRvniSneT, mecnierebis mier atomis aRnagobis 
ramdenime modeli iqna mowodebuli, romelTa Soris yvelaze 
mniSvnelovania rezerfordis planetaruli modeli, ramdenadac 
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is zust eqsperimentul monacemebs efuZneboda. amave dros, es 
modeli mniSvnelovan winaaRmdegobebs moicavda, romelTa axsna 
SeZlo danielma mecnierma nils borma. 1913 wels man SeimuSava Te-
oria, romelSic erTmaneTs daukavSira atomis birTvuli modeli 
da maqs plankis sinaTlis kvanturi Teoria. am ukanasknelis Ta-
naxmad, sxeulis mier sinaTlis energiis STanTqma an gamosxiveba 
xdeba ara uwyvetad, aramed wyvetilad — diskretulad, calkeuli 
ulufebis — kvantebis saxiT. borma, romelic emyareboda gamosxi-
vebis diskretul xasiaTs, CaTvala, rom eleqtronis energia 
atomSi icvleba ara uwyvetad, aramed diskretulad. amdenad, 
atomSi SesaZlebelia eleqtronis mxolod garkveuli mdgomareo-
bebi, an sxva sityvebiT — atomSi eleqtronis energetikuli mdgo-
mareobebi dakvantulia. Tavisi Teoriis ZiriTadi debulebebi 
borma Camoayaliba postulatebis saxiT, romlebic SemdegSi 
mdgomareobs: 

1.  eleqtroni birTvis garSemo brunavs ara nebismier, aramed 
mkacrad gansazRvrul, e.w. stacionarul wriul orbitebze. 

2.  stacionarul orbitaze moZraobisas eleqtroni ar asxi-
vebs da ar STanTqavs energias. 

3.  eleqtronis mier energiis gamosxiveba an STanTqma xdeba 
naxtomiseburad, erTi stacionaruli orbitidan meoreze gadas-
vlisas. birTvTan axlo mdebare orbitidan ufro dacilebul or-
bitaze gadasvla xorcieldeba energiis STanTqmis Sedegad da pi-
riqiT — dacilebuli orbitidan birTvTan ufro axlo mdebare or-
bitaze gadasvla dakavSirebulia energiis gamosxivebasTan. eleq-
tromagnituri gamosxivebis kvantis energia tolia sawyis da sabo-
loo mdgomareobebSi atomis energiebis sxvaobebisa. E = hv-dan: 

E = E2 – E1 = hν2 – hν1
 

(h = 6.626 . 10-34 j.wm plankis mudmiva). 

borma stacionaruli orbitis mdgradobis da eleqtronis 
stacionarul orbitaze sruli energiis gamoTvlis pirobebis 
gaTvaliswinebiT gamoiyvana stacionaruli orbitis radiusis, 
masze eleqtronis moZraobis siCqarisa da energiis gamoTvlis 
formulebi: 

r = 
2 2

2

n
kme

h
; 

v = 
2ke

nh
 ; 

E = –
2 4

2 2

mk e
2n h
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rogorc Semdeg dadasturda, energiis es mniSvneloba karg 
SesabamisobaSi modis wyalbadis atomisaTvis Sredingeris ganto-
lebis amoxsnis gziT miRebul gamosaxulebasTan (ix qvemoT, 3.37).                          

 
b o r i s  p o s t u l a t e b i s   
m a T e m a t i k u r i  a R w e r a  

klasikuri meqanikis mixedviT centris garSemo raime nawi-
lakis brunva ganisazRvreba moZraobis raodenobis momentiT mvr, 
sadac m nawilakis masaa, v – siCqare, r – brunvis radiusi. 
winsvliTi (gadataniTi) moZraobis energia gamoisaxeba impulsiT 
— sxeulis moZraobis siCqaris namravliT mis masaze. brunviTi 
moZraobis dros impulsis rols asrulebs moZraobis raodenobis 
(impulsis) momenti mvr. rogorc aRvniSneT, borma dauSva, rom 
eleqtronis energia atomSi icvleba naxtomiseburad, calkeuli 
ulufebiT — kvantebiT. maSin impulsic (am SemTxvevaSi moZraobis 
raodenobis momenti) unda Seicvalos naxtomiseburad. borma 
ivarauda, rom impulsis Secvla xdeba iseTnairad, rom igi 
SeiZleba udrides mxolod mTel ricxvjer aRebul h/2π-s, sadac h 
plankis mudmivaa. maSin boris pirveli postulatis maTematikuri 
gamosaxuleba iqneba: 

mvr = mevr = n h
2π

           (3.9) 

ћ = h
2π

, e.i.   mevr = nћ 

                                           r = nћ/mev              (3.10) 
 
(3.10) gantolebis Sesabamisad wyalbadis eleqtronis brunvis 

minimaluri radiusi da, maSasadame, minimaluri energiac, Seesaba-
meba n = 1. eleqtronis am mdgomareobas ewodeba normaluri anu 
ZiriTadi. Tu wyalbadis atomSi eleqtroni gadava ufro da-
Sorebul orbitaze, romelsac Seesabameba n = 2,3 da a.S., atomis 
aseT mdgomareobas ewodeba aRgznebuli. 

imisaTvis, raTa orbita, romelzedac eleqtroni moZraobs, 
iyos mdgradi — stacionaruli, saWiroa, rom birTvsa da eleqt-
rons Soris mizidulobis Zala, romelic centriskenuli Zalis 
rolSi gamodis, gautoldes centridanul Zalas. centridanuli 
Zala gamoisaxeba fardobiT:   

Ecent. = 
2

em v
r

, 

sadac, me – eleqtronis masaa, v – misi siCqare, r – brunvis 
radiusi.  
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kulonis kanonis Tanaxmad, atomis birTvsa da eleqtrons 
Soris miziduloba gamoisaxeba  formuliT Emiz. = ke2/r2, sadac e – 
eleqtronis muxtia, romelic wyalbadis atomis birTvis muxtis 
tolia. orbitis mdgradobis piroba maTematikurad ase Caiwereba: 

 2

2

ke
r

em v2

r =
 

mev2 = ke2/r ,    (3.11) 

sadac k aris proporciulobis koeficienti da is tolia: k =  

0

1
4πε

 ( -s ewodeba vakuumis dieleqtruli SeRwevadoba da misi 

mniSvneloba 8.854·10-12 f/m-is tolia). 

0ε

(3.10) da (3.11) gantolebebis SepirispirebiT miviRebT tolo-
bebs, romlebidanac SeiZleba eleqtronis brunvis siCqarisa da 
brunvis radiusis gamoTvla: 

r = n
mv

h                   (3.12), 

xolo (3.11)-dan: 

r = 
2

2

ke
mv

                (3.13) 

(3.12)-s da (3.13)-s SepirispirebiT atomis stacionarul 
orbitaze eleqtronis brunvis siCqare iqneba: 

n
mv

h  = 2ke
m 2v

 

v = 
2ke

nh
            (3.14) 

(3.13)-is CasmiT (3.10)-Si miviRebT r-is gamosaTvlel formulas: 

r = 
2 2

2

n
kme

h            (3.15) 

n sidides mTavari kvanturi ricxvi ewoda. roca n = 1, maSin 
wyalbadis atomSi boris pirveli stacionaruli orbitis 
radiusia 0.529•10-8 sm, xolo eleqtronis moZraobis siCqare am 
orbitaze 2200 km/wm (rI = 0.529.10-8 sm ≈0.529 Å ≈529 pm; 1 pm = 10-12 m). 

radganac viciT orbitis mdgradobis piroba, SegviZlia 
gamovTvaloT am orbitaze moZravi eleqtronis energia. 
eleqtronis sruli energia misi kinetikuri (T) da potenciuri 
energiebis (U) jamis tolia. moZravi eleqtronis kinetikuri 

energia T = 
2mv

2
, xolo potenciuri U = – 

2ke
r

. potenciuri energia 
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uaryofiTia, radgan urTierTmoqmed nawilakebs aqvs 
sawinaaRmdego niSnis muxtebi. maSin: 

E = 
2mv

2
–

2ke
r

         (3.16) 

 

(3.11)-s  CasmiT (3.16)-Si miviRebT: 

E = 1/2
2ke

r
-

2ke
r

= -1/2
2ke

r
       (3.17) 

(3.17)-Si (3.15)-s CasmiT miviRebT: 

E = –
2 4

2 2

mk e
2n h

                   (3.18). 

es Teoriuli formula eTanxmeba wyalbadis atomisaTvis 
eqsperimentiT miRebuls: 

E = –
2

hcR
n

∞                       (3.19) 

maTi erToblivi amoxsna gvaZlevs e.w. ridbergis mudmivas (R∞) 
Teoriul gamosaxulebas: 

R∞ = 
2 2

3

2π mk e
ch

4
 ,          (3.20) 

romelic iZleva cdiT miRebul sididesTan Zalian 
miaxloebuls. sruli Tanxvdena boris TeoriiT gamoTvlilisa 
eqsperimentTan miiReba, Tu mxedvelobaSi miviRebT, rom 
eleqtroni da birTvi brunavs saerTo masebis centris irgvliv. 
maSin R∞-is gamosaxulebaSi m-is nacvlad unda visargebloT 
eleqtronis dayvanili masiT m*, romelic  tolia: 

m* = m
m1
M

+

,            (3.21) 

sadac M aris birTvis masa. 
(3.18) aris boris meore postulatis maTematikuri gamosaxu-

leba. am tolobaSi yvela sidide, garda n-isa, mudmivia. amitom 
cxadi xdeba, rom eleqtronis energia atomSi ganisazRvreba mTa-
vari kvanturi ricxvis mniSvnelobiT. 

boris postulatebi mkveTrad ewinaaRmdegeboda klasikuri 
fizikis warmodgenebs, magram misma Teoriam maSinve hpova didi 
aRiareba. boris gamoTvlebi wyalbadis atomisaTvis brwyinvaled 
daemTxva eqsperimentis Sedegebs. ufro metic, Tavisi Teoriis 
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safuZvelze iwinaswarmetyvela wyalbadis ucnobi speqtruli 
seriebis arseboba, rac momavalSi marTlac dadasturda 
(ridbergis mudmivas gamoTvlis Sedegebi daemTxva eqsperimentis 
Sedegebs). 

magram boris Teoriis triumfi mainc sruli ar iyo. male ga-
moirkva, rom igi zustad xsnis mxolod wyalbadis atomis agebu-
lebas. ufro rTuli atomebisaTvis Teoria iZleoda mxolod Tvi-
sebrivad miaxloebiT suraTs. 

1916 wels germanelma arnold zomerfeldma dauSva, rom 
eleqtronebi moZraobs ara mxolod wriul, aramed elifsur or-
bitebzec. aseTi srulyofis miuxedavad bor-zomerfeldis Te-
oria mainc uZluri aRmoCnda mTeli rigi sakiTxebis garkvevaSi. 

3.5.  bor-zomerfeldis Teoriis ZiriTadi 
naklovanebebi 

bor-zomerfeldis Teorias, misi udidesi mniSvnelobis miuxe-
davad gaaCnia mTeli rigi arsebiTi naklovanebebi, romelTa So-
ris gansakuTrebiT aRsaniSnavia Semdegi: 

1.  am TeoriaSi klasikuri fizikis, kerZod, nawilakebis moZ-
raobis kanonebi, meqanikurad aris Serwymuli dakvantvis weseb-
Tan, e.i. igi aris „hibridi~ SeuTavsebeli debulebebisa. 

2.  wyalbad-atomis umartives SemTxvevaSic ki, am Teoriis 
farglebSi SesaZlebelia mxolod ganisazRvros gamosxivebis six-
Sire an speqtruli xazis Sesabamisi talRis sigrZe; rac Seexeba 
maT intensiurobas, misi gamoTvla, Sesabamisi modelis fargleb-
Si, ver xerxdeba. 

3. bor-zomerfeldis Teorias ar ZaluZs mravaleleqtronia-
ni atomebis struqturis aRwera, kerZod, ukve heliumis SemTxve-
vaSi igi awydeba gadaulaxav winaaRmdegobas. 

4. es Teoria ver xsnis wyalbadis atomis gamosxivebis (emisi-
uri) speqtris zewminda struqturas (zeemanis anomalur efeqts, 
romlis Tanaxmad magnitur velSi adgili aqvs speqtruli xazebis 
„daxleCas~ anu zewminda struqturis gamovlenas); 

5. bor-zomerfeldis Teoriis farglebSi SeuZlebelia qimi-
uri bmis bunebis raodenobrivi axsna. magaliTad, H2

+ (molekulu-
ri ionis) bmis gaxleCis energia am Teoriis mixedviT uaryofiTia 
maSin, rodesac am bmis gaxleCis energia +255 kj/molis tolia. 

miuxedavad am Teoriebis progresuli xasiaTisa, maT ver SeZ-
les srulyofilad daexasiaTebinaT atomis aRnagoba.  

bor-zomerfeldis Teoria aris imis damadasturebeli, rom 
bunebis kanonebis (romlebic samarTliania makrosamyarosaTvis) 
meqanikuri gadatana mikrosamyaroSi marTebuli ar aris. mikrona-
wilakebi: atomebi, eleqtronebi, fotonebi ar eqvemdebarebian 
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makrosxeulebisaTvis arsebul kanonebs; amitom dRis wesrigSi 
dadga axali, ufro srulyofili Teoriis Seqmnis aucilebloba. 
es Teoria aRmoCnda kvanturi anu talRuri meqanika. 
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 3.6.  atomis agebulebis kvanturi Teoriis 
elementebi.  mikronawilakebis korpuskulur-

talRuri dualizmi 

boris Teoriisagan gansxvavebiT kvanturi meqanika uaryofs 
eleqtronebis moZraobas fiqsirebul orbitebze. is eleqtrone-
bis moZraobas aniWebs albaTur (statistikur) xasiaTs. amave 
dros kvanturi meqanika gamodis im mosazrebidan, rom eleqtrons 
axasiaTebs rogorc nawilakis, ise talRuri buneba (talRis Tvise-
bebi aiwereba talRuri funqciiT — sinusoidiT). am movlenas kor-
puskulur-talRuri dualizmi (orbunebovneba) ewodeba. pirvelad 
aseTi orbunebovneba dadginda sinaTlisaTvis. sinaTlis talRur 
bunebaze miuTiTebda difraqciisa da interferenciis movlenebi; 
korpuskulurze ki — fotoefeqtis (magaliTad, metalebis mier 
eleqtronebis gamosxiveba maTi ganaTebisas) movlena (georg herci).  

fotoefeqti ewodeba metalebisa da naxevargamtarebis mier 
eleqtronebis gamosxivebas maTi ganaTebisas, dasxivebisas. sinaT-
lis talRuri Teoriis Tanaxmad, gamotyorcnili eleqtronebis 
energia E proporciuli unda iyos ganaTebulobisa. magram cda aCve-
nebs, rom E ar aris damokidebuli ganaTebulobaze. aRmoCnda, rom 
eleqtronebis maqsimaluri energia Emaqs. Seesabameba ainStainis ka-
nons fotoefeqtisaTvis: 

Emaqs = hν-A ,             (3.22) 
sadac A aris metalidan eleqtronis gamosvlis muSaoba. 

es gantoleba miiReba, Tu dauSvebT, rom fotoni aris nawila-
ki, romelic flobs hν energias da romelsac igi gadascems eleq-
tronebs metalSi. 

amgvarad, fotoefeqti sruliad gansazRvrulad miuTiTebs 
gamosxivebis korpuskulur bunebaze, xolo interferencia da 
difraqcia aseve gansazRvrulad miuTiTebs sinaTlis talRur 
bunebaze. aqedan gamomdinareobs daskvna, rom fotonebis moZrao-
ba xasiaTdeba gansakuTrebuli kanonebiT, romlebSic Serwymulia 
rogorc korpuskuluri, ise talRuri maxasiaTeblebi.       

kvanturma Teoriam gaaerTiana da axsna sinaTlis orbunebovne-
ba. am Teoriis mixedviT sinaTlis gamosxiveba xdeba eleqtromagni-
turi talRebis saxiT, magram ara uwyvetad, aramed wyvetilad, cal-
keuli ulufebis, anu kvantebis saxiT, romlis energia (E) gamosxive-
bis sixSirezea (ν) damokidebuli: E = hν (maqs plankis gantoleba). al-
bert ainStainma daamtkica, rom eleqtromagnitur gamosxivebas aqvs 
rogorc talRis, ise nawilakis (korpuskulis) Tvisebebi. 

eleqtromagnituri gamosxivebis nawilaks ewodeba fotoni, 
romlis talRuri Tvisebebi aiwereba gantolebiT: 

λν = c 



xolo korpuskuluri — maqs plankis gantolebiT:  

E = hν 

albert ainStainis cnobili (E = mc2) gantolebis da maqs plan-
kis zemoT motanili gantolebis SepirispirebiT viRebT: 

hν = mc2 

Tu gaviTvaliswinebT, rom ν = c/λ, maSin: 

hc/λ = mc2, 

saidanac: λ = h/mc                 (3.23) 
toloba (3.23) miRebulia im varaudiT, rom fotons axasiaTebs 

rogorc korpuskuluri, ise talRuri Tvisebebi. am gantolebaSi 
Cadebulia sinaTlis orbunebovneba.  

frangma mecnierma lui de broilma gaakeTa genialuri aRmoCe-
na, rodesac dauSva, rom korpuskulur-talRuri buneba aqvs ne-
bismier mikronawilaks da kerZod, eleqtronsac. Tu mis moZrao-
bas ganvixilavT rogorc talRur process, misTvis gamoiyvaneba 
gantoleba, sadac erTmaneTTan dakavSirebulia eleqtronis, zo-
gadad nawilakis masa (korpuskuluri Tviseba) da talRis sigrZe (λ-
talRuri Tviseba):  

λ = h/meve ,                 (3.24) 
sadac me  eleqtronis masaa, λ – talRis sigrZe, ve – moZraobis 

siCqare.            
talRebs, romelic Seesabameba moZrav mikronawilakebs, de 

broilis talRebi uwodes. 
debroilis varaudi SemdgomSi dadasturda. 1927 wels ameri-

kelma fizikosebma klinton jozefdevisonma da lester halbert 
jermerma aRmoaCines eleqtronebis difraqcia, rac eleqtrone-
bis talRur bunebaze miuTiTebda. SemdegSi dadginda, rom sxva 
nawilakebsac (magaliTad, neitronebi, wyalbadis molekulebi, he-
liumis atomebi da a.S.) axasiaTebs difraqcia, romlebic sxvadas-
xva struqturuli gamokvlevebisaTvis gamoiyeneba. amgvarad, mik-
roobieqtebis ormagi — korpuskulur-talRuri buneba warmoad-
gens saimedod dadgenil faqts. 

Tu gamoviTvliT sxvadasxva obieqtebisaTvis λ-s mniSvnlobas, 
maSin aRmoCndeba, rom makroobieqtebisaTvis es mniSvnelobebi 
usasrulod mcirea. ase, magaliTad, 1 g masis nawilakisaTvis, rome-
lic moZraobs 1 sm/wm siCqariT, λ = 6.6·10-27 sm. makroobieqtebis 
talRuri Tvisebebi araferSi ar mJRavndeba. Tu talRis sigrZe 
mniSvnelovnad mcirea atomis zomaze  (~10-8), maSin SeuZlebelia 
avagoT difraqciuli meseri an sxva romelime xelsawyo, romelic 
aRmoaCens nawilakis talRur bunebas. sxva saqmea mikronawilakebi. 
magaliTad, 1 v potencialiT aCqarebuli eleqtronisaTvis, roca ט 
= 5.92·107 sm/wm, λ = 1,23·10-7 sm. 

eleqtronebis (an sxva mikronawilakebis) nakadis difraqciul me-
serSi gavlis Sedegad am nakadis intensivoba erTi mimarTulebiT iz-
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rdeba, xolo meore mimarTulebiT mcirdeba, rogorc es damaxasiaTe-
belia talRebisaTvis, romelTa talRis sigrZe Seesabameba de broi-
lis gantolebas. eleqtronebis nakadis intensivoba gansazRvravs ek-
ranis sxvadasxva ubanze eleqtronebis moxvedris albaTobas.  

amgvarad, sivrceSi mikronawilakebis moZraobis xasiaTi, yof-
nis albaTobis ganawileba aRiwereba kanonzomierebiT, romlebic 
analogiuria talRuri moZraobis kanonzomierebisa. amaSi vlin-
deba mikronawilakebis ormagi – korpuskulur-talRuri buneba, 
anu maTi korpuskulur-talRuri dualizmi, rac kvanturi meqani-
kis erT-erT ZiriTad debulebas warmoadgens. 

kvanturi meqanikis meore ZiriTadi debulebaa e.w. ganuzR-
vrelobis principi (verner karl haizenbergi, 1927 w). 

es principi SemdegSi mdgomareobs. SeuZlebelia erTdro-
ulad zustad ganisazRvros mikronawilakis moZraobis siCqare 
(impulsi) da adgilmdebareoba (koordinati). rac ufro zustad 
ganisazRvreba mikronawilakis koordinati (x), miT ufro ganuzR-
vreli xdeba misi impulsi da piriqiT, rac ufro zustad aris 
cnobili impulsi, miT ufro ganusazRvrelia koordinati. ga-
nuzRvrelobis Tanafardobas aqvs Semdegi saxe: 

∆x∆РХ > ћ an ∆x∆VХ > ћ/m,          (3.25) 
sadac ∆x aris nawilakis mdebareobis koordinatis ganuzR-

vreloba, ∆Px da ∆VХ – impulsisa da siCqaris mdgenlebis (x koordi-
natis mimarTulebiT) ganuzRvreloba, m – mikronawilakebis masa. 

ramdenadac sidide ћ, romelic Sedis ganuzRvrelobis Tanafar-
dobaSi, Zalian mcirea, m ki didi, makroobieqtebisaTvis koordinate-
bisa da impulsebis mniSvnelobebis ganuzRvreloba srulad umniSvne-
loa, maT mier ganpirobebuli efeqtebi verc erTi xelsawyoTi ver ga-
movlindeba. makroobieqtebis moZraobis aRwerisas saWiroa ganvixi-
loT maTi zusti traeqtoria da visargebloT klasikuri meqanikiT. 

3.7.  Sredingeris gantoleba. talRuri funqcia 

1925-1926 wlebSi haizenbergma da Sredingerma SeimuSaves axa-
li meqanika, romelic aRwerda mikronawilakebis moZraobas. mik-
roobieqtebis meqanikam miiRo saxelwodeba: `kvanturi meqanika~. 
niutonis kanonebze damyarebul meqanikas, romelic aRwers mak-
rosxeulebis moZraobas, uwodeben klasikur meqanikas. 

bor-zomerfeldis Teoriisagan gansxvavebiT kvanturi meqani-
ka ar warmoadgens klasikuri meqanikis kanonebis dakvantvis we-
sebTan xelovnur SeerTebas. es aris mwyobri Teoria, damyarebu-
li cnebebis sistemaze, romelic ar Seicavs winaaRmdegobebs. yve-
la Sedegi, miRebuli kvanturi meqanikis safuZvelze, srul Sesa-
bamisobaSia eqsperimentTan. 
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mikronawilakebis moZraoba kvantur meqanikaSi aiwereba Sredin-
geris gantolebiT, romelic asrulebs igive rols, rasac klasikur 
meqanikaSi niutonis kanonebi. rogorc niutonis kanonebi, ise es gan-
toleba, SeuZlebelia gamoviyvanoT romelime sxva fundamenturi de-
bulebebidan. is miRebul iqna Sredingeris mier klasikuri meqanikisa 
da optikis kanonzomierebebs Soris analogiis analizis safuZvelze. 

Sredingeris gantoleba warmoadgens diferencialur ganto-
lebas kerZo warmoebulebSi. erTi nawilakis stacionaruli mdgo-
mareobisaTvis mas aqvs Semdegi saxe: 

2 2 2 2

2 2 2 2

8 m (E U) 0
x y z h

∂ Ψ ∂ Ψ ∂ Ψ π
+ + + − Ψ =

∂ ∂ ∂
   (3.26), 

sadac Ψ aris cvladi sidide, U — potenciuri energia, E — 
sruli energia, x, y, z — koordinatebi. 

xSirad am gantolebas weren kompaqturi formiT: 

HΨ= EΨ                  (3.27). 
H simboloTi, romelsac ewodeba hamiltonis operatori an 

hamiltoniani, aRniSnaven yvela maTematikur moqmedebas, romel-
sac awarmoeben marcxena nawilSi Ψ sidideze. 

cvlad Ψ sidides ewodeba talRuri funqcia. aqvs gansazR-
vruli fizikuri azri: namravli Ψ2dV tolia moculobis dV ele-
mentSi gansaxilveli nawilakis yofnis albaTobisa. Ψ2 sidides 
ewodeba albaTobis simkvrive, xolo Tu saubaria eleqtronze, 
eleqtronuli simkvrive. 

talRuri funqciis fizikuri arsis Sesabamisad, is unda iyos 
dasrulebuli, uwyveti da calsaxa, aseve unda gadaiqces nulad 
sivrcis im adgilebSi, sadac nawilaks ar SeuZlia yofna. 
magaliTad, atomSi eleqtronis moZraobis ganxilvisas Ψ unda 
gaxdes nulis toli birTvidan usasrulod did manZilze. 

Sredingeris gantolebidan pouloben sistemis srul E energi-
as da Ψ (da Ψ2) funqciis damokidebulebas koordinatebisagan, e.i. 
eleqtronuli simkvrivis ganawilebas atomebisa da molekulebi-
saTvis. Sredingeris gantolebis amoxsnas yovelTvis mivyavarT 
energiis dasaSvebi mniSvnelobebis wyebamde. amgvarad, Teoriulad 
gamoiyvaneba cdidan cnobili energiis dakvantva. aRsaniSnavia, 
rom es Sedegi miiReba gantolebidan, romelic TviTon ar Seicavs 
romelime ricxvebis wyebas. vipoviT ra E-sa da Ψ(x,y,z)-s, SeiZleba 
gamoviTvaloT gansaxilveli sistemis nebismieri eqsperimentu-
lad gansazRvruli maxasiaTebeli. 

Sredingeris gantolebis zusti analizuri amoxsna SesaZle-
belia mxolod erTeleqtroniani sistemebisaTvis. ufro rTul 
amocanebSi iyeneben miaxloebiT meTodebs, romlebiTac sargeb-
lobs kvanturi qimia. 

kvanturi meqanikis cnebebis sistema mkveTrad gansxvavdeba 
klasikuri meqanikis cnebebisagan. kvanturi meqanika ganixilavs 
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nawilakebis yofnis albaTobas da arafers ambobs nawilakebis 
traeqtoriaze, mis koordinatebze da siCqareze drois ama Tu im 
momentSi. am cnebas (traeqtoria) kvantur meqanikaSi ar aqvs azri. 
magram masSi inarCuneben TavianT mniSvnelobebs masis, energiisa da 
nawilakis impulsis momentis cnebebi. Tumca unda gvaxsovdes, rom 
warmodgena moZraobaze kvantur meqanikaSi mkveTrad gansxvavdeba 
klasikurisagan, sadac nawilakebis moZraobis daxasiaTebisas ze-
moaRniSnul kategoriebs gverds ver avuvliT. kvantur meqanikaSi 
xSirad gamoTqmis `eleqtronis moZraoba~ (atomSi, molekulaSi da 
a.S.) nacvlad iyeneben termins `eleqtronis mdgomareoba~. 

3.8.  kvanturi ricxvebi 

wyalbadis atoms aqvs yvelaze martivi aRnagoba. masSi aris 
mxolod erTi eleqtroni, romelic moZraobs birTvis velSi. 
aseTi sistemisaTvis potenciuri energiis funqcias, romelic 
Sedis Sredingeris gantolebaSi, aqvs Semdegi saxe: 

U = –
r

e2

                (3.28), 

sadac r aris manZili birTvsa da eleqtrons Soris.  
mocemul SemTxvevaSi Sredingeris gantolebis amoxsnisas 

sargebloben koordinatebis polaruli sistemiT, romlis cent-
ri emTxveva atomis birTvs (nax. 3.3).  

 

naxazi 3.3 koordinatTa polaruli sistema. Ria feris isari warmoadgens 
radius-veqtoris proeqcias x sibrtyeze. 

Tu koordinatebis marTkuTxa (dekartis*) sistemaSi nawila-
kis mdebareoba aiwereba x, y, z koordinatebiT, polarul sistema-
Si is ganisazRvreba r radius-veqtoriT (manZiliT nawilaksa da 
koordinatTa sistemis centrs Soris) θ (ganediT — radius-veq-
toris proeqciiT  z RerZTan) da φ (grZedis — radius-veqtoris 
proeqciiTa xy sibrtyeze x RerZTan) kuTxeebiT. sworkuTxovani 
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koordinatebi polarulTan dakavSirebulia Semdegi Tanafardo-
bebiT: 

x = rsinθcosφ; 
y = rsinθsinφ; 

z = rcosφ. 
talRuri Ψ funqciis amonaxsns sami funqciis namravlis saxe 

aqvs. yoveli funqcia Seicavs mxolod erT cvlads: 

Ψ(r, θ, φ) = R(r)Θ(θ)Φ(φ)          (3.29). 

gamosaxulebas R(r) ewodeba talRuri funqciis radialuri 
nawili, namravli Θ(θ)Φ(φ) ki Seadgens mis kuTxur nawils.  

Sredingeris gantolebis amoxsnaSi Cndeba sami sidide, ro-
melTac SeuZliaT miiRon mxolod mTelricxva mniSvnelobebi 
— sami kvanturi ricxvi. isini aRiniSneba asoebiT n, ℓ da mℓ. es 
sidideebi Sedian talRuri funqciis rogorc radialuri, ise 
kuTxuri mdgenlebis gamosaxulebaSi.  

ufro zogadi saxiT Sredingeris gantolebis amoxsnis Sedegi 
wyalbadis atomisaTvis SeiZleba gamoisaxos qvemoT motanili 
funqciebis saxiT: 

R(r) = f1(n,ℓ)                      (3.30), 
Θ(θ) = f2(ℓ,mℓ)                    (3.31), 
Φ(φ) = f3(mℓ)                      (3.32). 

kvantur ricxvebs n, ℓ da mℓ SeuZliaT miiRon Semdegi mniSvne-
lobebi: 

n = 1, 2, 3, …                                   (3.33), 
ℓ = 0, 1, 2, …, (n–1)                         (3.34), 
mℓ = 0, ±1, ±2, …, ±ℓ                      (3.35). 

kvanturi ricxvebi n, ℓ da mℓ axasiaTeben eleqtronis mdgoma-
reobas ara marto wyalbadis atomSi, aramed nebismier sxva atomSi.  

bor-zomerfeldis Teoriisagan gansxvavebiT, romlis mixed-
viT eleqtroni moZraobs gansazRvrul orbitebze, kvanturi me-
qanika gviCvenebs, rom eleqtrons SeuZlia imyofebodes atomis 
nebismier wertilSi, magram misi yofnis albaToba moculobis 
sxvadasxva ubanSi ar aris erTnairi. 

atomSi eleqtronis moZraobaze Tanamedrove warmodgenebs 
Seesabameba cneba eleqtronuli Rrublis Sesaxeb (nax. 3.4), rom-
lis simkvrive moculobis sxvadasxva wertilSi ganisazRvreba si-
didiT Ψ2. eleqtronuli Rrubeli aris sivrcis nawili, sadac 
eleqtronis mdebareobis albaToba maRalia. eleqtronul Rru-
bels grafikulad gamosaxavs polaruli diagrama (ix. qvemoT), 
romelic sxvadasxva mdgomareobaTa erTobliobaa. eleqtronuli 
Rrublis Sesabamisi monakveTebis simkvrive proporciulia iq 
eleqtronis mdebareobis albaTobisa.  

amJamad gamoTqmis `orbita~ nacvlad sargebloben terminiT 
`orbitali~, romelic mocemuli kvanturi ricxvebis pirobebSi, 
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iZleva garkveul sivrceSi eleqtronis yofnis (mdebareobis) al-
baTobis ganawilebas. talRur funqcias, romelic axasiaTebs or-
bitals, xSirad simoklisaTvis uwodeben agreTve orbitals. sa-
sazRvro zedapiris forma da zoma miRebulia CaiTvalos Sesaba-
misi orbitalis formad da zomad. orbitali moicavs Sesabamisi 
eleqtronuli Rrublis 90%-s. 

atomSi eleqtronebis mdgomareobis daxasiaTebis Casawerad 
sargebloben Semdegi aRniSvnebiT: kvanturi ricxvi n aRiniSneba 
cifrebiT, xolo ℓ-s aRniSnaven laTinuri anbanis patara asoebiT 
Semdegi cxrilis (cxrili 3.1) Sesabamisad: 

cxrili 3.1 

ℓ-is mniSvneloba 0 1 2 3 4 5 

aRniSvna s p d f g h 

pirveli oTxi aso emTxveva speqtruli seriebis aRniSvnebs. [s 
– sharp (mkveTri), p – principal (mTavari), d – diffuse (difuzuri), f — fun-
damental (fundamenturi)]. am seriebis warmoSoba ganpirobebulia 
eleqtronebis gadasvlebiT, romlebic Seesabamebian kvanturi 
ricxvis ℓ-is gansazRvrul mniSvnelobebs. 

 

 
naxazi 3.4. atomebSi eleqtronebis sxvadasxva mdgomareobebis    
eleqtronuli Rrublebis formebi (polaruli diagramebi Ψ2). 
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arsebobs talRuri funqciebis grafikuli warmosaxvis sxva-
dasxva xerxi. eleqtronuli Rrublis formas mniSvnelovan wi-
lad gansazRvravs talRuri funqciis kuTxuri mdgeneli Θ(θ)Φ(φ). 
misi gamosaxvisaTvis xSirad sargebloben polaruli diagrame-
biT. Tu koordinatTa sistemis centridan (atomis birTvi) yvela 
SesaZlebeli kuTxiT avagebT usasrulod bevr monakveTs, romle-
bic ganisazRvreba Θ(θ)Φ(φ)-is mniSvnelobebiT, maSin am monakveTe-
bis bolo wertilebi warmoqmnian gansazRvrul zedapirs, rome-
lic axasiaTebs orbitalis formas. polaruli diagrama aris am 
zedapiris gamosaxuleba. xSirad iyeneben polarul diagramebs, 
romlebic warmoadgenen ara TviT Θ(θ)Φ(φ) sidides, aramed mis 
kvadrats. nax. 3.4-ze warmodgenilia Ψ2 polaruli diagramebi, 
romlebic gviCveneben eleqtronuli Rrublis formas eleqtro-
nis zogierTi mdgomareobisaTvis.  

kvantur ricxvebs aqvs Zalian didi mniSvneloba qimiuri ele-
mentebis Tvisebebisa da qimiuri bmis bunebis gasagebad. kvanturi 
ricxvebi n, ℓ da mℓ gansazRvraven eleqtronuli Rrublis geomet-
riul Taviseburebebs. isini agreTve dakavSirebulia eleqtronis 
moZraobis fizikur maxasiaTeblebTan. 

Tu viciT atomSi eleqtronuli simkvrivis ganawileba, SeiZleba 
gamoviTvaloT birTvidan eleqtronis saSualo manZili rsaS., rome-
lic axasiaTebs orbitalis zomas. rsaS. sidide ganisazRvreba n-isa da 
ℓ-is mniSvnelobebiT. wyalbadis atomsa da wyalbadis msgavs ionebSi 
(He+, Li2+, …) eleqtronisaTvis rsaS. gamoisaxeba TanafardobiT: 

rsaS. = 
Z
na 2

0 {1+
2
1

[1– 2n
)1+(λλ

]},           (3.36) 

sadac Z aris birTvis muxti, a0 – boris pirveli orbitis 
radiusi (r1), [e.i. rsaS. = f (n

2, Z, ℓ)] (24a). 
atomis kvantur mdgomareobas umciresi energiis mniSvnelo-

biT E1, ewodeba ZiriTadi mdgomareoba, xolo Ei > E1 energetikul 
mdgomareobebs – aRgznebuli mdgomareobebi; atomi ZiriTad 
mdgomareobaSi imyofeba ganusazRvrel dros, xolo aRgznebulSi 
— Zalze mcire xans (10-8-10-10 wm). atomi aRgznebul mdgomareobaSi 
gadadis energiis STanTqmiT. aRgznebuli mdgomareobidan Ziri-
Tad mdgomareobaSi dabrunebisas atomi energias gamoasxivebs.  

3.36 gantolebidan Cans, rom rsaS. sidide daaxloebiT n2-is pro-
porciulia. amdenad, SeiZleba iTqvas, rom kvanturi ricxvi n gan-
sazRvravs eleqtronis orbitalis zomas. 

wyalbadis atomSi eleqtronis energia damokidebulia mxolod n 
ricxvze. Sredingeris gantolebis amoxsna gvaZlevs Tanafardobas: 

E = –
2
1

22

42

n
emk

η
                      (3.37). 
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rogorc Cans, miiReba iseTive gamosaxuleba, rogorc boris 
TeoriaSi, magram ukanasknelisagan gansxvavebiT kvanturi meqani-
ka midis am Sedegamde Sredingeris gantolebis amoxsnis gziT da 
ara TviTneburi daSvebiT, rom eleqtronebi moZraoben gansazR-
vrul wyeba orbitebze, romlebic mTeli ricxvebis rigis meSveo-
biT gamoiangariSeba. 

imis gamo, rom n gansazRvravs wyalbadis atomSi eleqtronis 
ZiriTad maxasiaTebels — mis energias, am sididem miiRo mTavari 
kvanturi ricxvis saxelwodeba. kvantur ricxvs ℓ-s uwodeben or-
bitalurs. is gansazRvravs eleqtronis impulsis orbitalur mo-
ments — M-s: 

M = )1+(λλη                   (3.38) 

impulsis momenti warmoadgens veqtors. misi mimarTuleba ga-
nisazRvreba kvanturi ricxviT mℓ-iT, e.i. mℓ axasiaTebs orbita-
lis ganlagebas (orientacias) sivrceSi. veqtoris mimarTuleba 
SeiZleba gansazRvros proeqciis sididem romelime RerZze, 
magaliTad, z RerZze. SeiZleba moinaxos impulsis orbitaluri 
momentis proeqcia mxolod erT RerZze, sxva proeqciebis monaxva 
dauSvebelia ganuzRvrelobis TanafardobiT. Tu Cven gvecodine-
ba sami proeqcia (x, y, da z RerZebze), maSin cnobili iqneboda 
eleqtronis moZraobis traeqtoria. eleqtronis impulsis orbi-
taluri momentis proeqcia ganisazRvreba TanafardobiT:      

Mz = ηmℓ                               (3.39) 

kvantur ricxvs mℓ ewodeba magnituri, radganac misganaa damo-
kidebuli eleqtronis orbitaluri magnituri momentis proeqcia. 

kvanturi ricxvebi n, ℓ da mℓ, romlebic miiReba wyalbadis 
atomisaTvis Sredingeris gantolebis amoxsniT, srulad ver axa-
siaTeben eleqtronis moZraobas atomebSi. speqtrebis Seswavlam 
aCvena, rom am maxasiaTeblebs unda davumatoT kidev erTi. ro-
gorc cda aCvenebs, eleqtrons aqvs fundamenturi Tviseba (iseTi-
ve rogorc masa, muxti da sxv.), romelsac spini ewodeba. spini 
mJRavndeba eleqtronis impulsis sakuTari momentisa da masTan 
dakavSirebuli magnituri momentis arsebobaSi. gamartivebulad 
spini SeiZleba warmovidginoT rogorc sakuTari RerZis garSemo 
eleqtronis brunva. rogorc eqsperimentulma gamokvlevebma aC-
vena, eleqtronis impulsis sakuTari momentis proeqciam SeiZle-

ba miiRos mxolod ori mniSvneloba + η
2
1

 da – η
2
1

. niSnebi `plusi~ 

da `minusi~ Seesabameba eleqtronis brunvis sxvadasxva mimarTu-
lebas. amitom atomis aRnagobis TeoriaSi Semotanilia kidev spi-
nuri kvanturi ricxvi ms, romelsac SeiZleba hqondes mxolod 
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ori mniSvneloba +
2
1

 da –
2
1

, e.i. rogorc danarCeni kvanturi 

ricxvebi, gansxvavdebian erTiT. 
 oTxi kvanturi ricxvi n, ℓ, mℓ da ms mTlianad axasiaTeben atomSi 

eleqtronis moZraobas. araviTari sxva kvanturi ricxvebisagan da-
moukidebeli maxasiaTeblebi am moZraobas ar SeiZleba hqondes. 

 ramdenadac wyalbadis atomSi eleqtronis energia ganisazR-
vreba sididiT n da ar aris damokidebuli danarCen kvantur ricx-
vebze, cxadia, SeiZleba iyos erTnairi energiis eleqtronis sxva-
dasxva mdgomareoba. es mdgomareobebi warmoadgenen gadagvare-
buls. gadagvareba qreba atomSi eleqtronze gare eleqtruli an 
magnituri velis zemoqmedebiT. eleqtroni n-is erTi da igive, 
magram mℓ-isa da ms-is sxvadasxva mniSvnelobis mdgomareobebSi 
sxvadasxvagvarad moqmedebs gare velTan, ris Sedegad eleqtro-
nis energiebi am mdgomareobebSi xdeba araerTnairi. amiT aixsneba 
speqtruli xazebis gaxleCa gamosxivebis wyaros eleqtrul an 
magnitur velSi moTavsebisas (Starkisa da zeemanis efeqtebi). 

 wyalbadis atomze naTqvami srulad gamoiyeneba sxva analogi-
uri erTeleqtroniani sistemebisaTvis — ionebisaTvis He+, Li2+ da 
a.S. eleqtronis energia am SemTxvevaSi gamoisaxeba TanafardobiT:  

E = –
2
1

22

242

n
Zemk

η
                       (3.40). 

rogorc wyalbadis atomSi, ise mravaleleqtronian atomebSi 
yoveli eleqtronis mdgomareoba ganisazRvreba oTxi kvanturi ri-
cxvis n, ℓ, mℓ da ms mniSvnelobebiT. am ricxvebs SeuZliaT miiRon ise-
Tive mniSvnelobebi, rac damaxasiaTebelia wyalbadis atomisaTvis. 

mravaleleqtronian atomebSi eleqtroni moZraobs ara mxolod 
birTvis velSi, aramed sxva eleqtronebis velSic. am faqtoris gav-
lenas mivyavarT iqamde, rom energia eleqtronebisa, romlebsac 
aqvT erTnairi n, magram sxvadasxva ℓ, xdeba sxvadasxva. amgvarad, mra-
valeleqtronian atomebSi eleqtronebis energia ganisazRvreba 
ori kvanturi ricxvis n-isa da ℓ-is mniSvnelobebiT. amasTan energia 
izrdeba rogorc n-is, aseve ℓ-is gazrdasTan erTad. energiis damoki-
debuleba ℓ-isagan xdeba miT ufro SesamCnevi n-isagan damokidebu-
lebasTan SedarebiT, rac ufro met eleqtrons Seicavs atomi. 

atomSi eleqtronTa erTobliobas, romelTac aqvT n-is er-
Tnairi mniSvneloba da romelic gansazRvravs birTvisagan eleq-
tronis saSualo manZils, ewodeba eleqtronuli Sre (done). eleq-
tronuli Sreebi aRiniSneba laTinuri anbanis didi asoebiT qve-
moT motanili cxrilis (cxrili 3.2) Sesabamisad:   

    cxrili 3.2 

n 1 2 3 4 5 6 7 
Sris aRniSvna K L M N O P Q 
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eleqtronebi n-isa da ℓ-is erTnair mdgomareobebSi Seadgenen 
eleqtronul garss (qvedone). arCeven s-garss, p-garss da a.S. 
eleqtronebze, romelTac aqvT erTnairi n, ℓ da mℓ, amboben, rom 
isini ikaveben gansazRvrul orbitals. erT orbitalze SeiZleba 
imyofebodes ori eleqtroni sawinaaRmdego spinebiT. garsze 
eleqtronebis maqsimaluri ricxvi tolia 2(2ℓ+1), Sreze ki 2n2. 

3.9.  Sreebis, garsebisa da orbitalebis                       
Sevsebis wesebi 

orbitali pirobiTad aRiniSneba ujrediT (kvadratiT), ro-
melsac ewodeba kvanturi ujredi:  

 
 
 
eleqtroni aRiniSneba isriT, romelsac SeiZleba hqondes mi-

marTuleba qvemodan zemoT ↑ (pirobiTad ms = +
2
1 ) an zemodan qve-

moT ↓ (pirobiTad ms = –
2
1 ). orbitali SeiZleba iyos Tavisufali, 

dasaxlebuli erTi an ori eleqtroniT. rogorc ukve aRiniSna, 
Sreebi (doneebi) Sedgebian garsebisagan (qvedoneebisgan), xolo es 
ukanasknelni —  orbitalebisagan. pirvel anu K Sres (n = 1) aqvs 
erTi garsi — s-garsi (ℓ = 0), romelsac Tavis mxriv, aqvs mxolod 
erTi orbitali (mℓ = 0). meore anu L Sres (n = 2) aqvs ori garsi — s-
garsi (ℓ = 0) da p-garsi (ℓ = 1), romelsac Tavis mxriv aqvs sami or-
bitali (mℓ = –1,0,+1). mesame anu M Sres (n = 3) aqvs sami garsi — s-
garsi (ℓ = 0), p-garsi (ℓ = 1) da d-garsi (ℓ = 2), romelsac Tavis mxriv 
aqvs xuTi orbitali (mℓ = –2,–1,0,+1,+2). meoTxe (n = 4), mexuTe (n = 5), 
meeqvse (n = 6) da meSvide (n = 7) Sreebs aqvT oTx-oTxi  garsi — s-
garsi (ℓ = 0), p-garsi (ℓ = 1), d-garsi (ℓ = 2) da f-garsi (ℓ = 3), romel-
sac Tavis mxriv aqvs Svidi orbitali (mℓ = –3,–2,–1,0,+1,+2,+3). amJa-
mad cnobili qimiuri elementebisaTvis merve da ufro maRali 
donis Sreebis (n ≥ 8), agreTve g- da sxva garsebis (ℓ ≥ 4) arseboba 
normalur (aRugznebel) mdgomareobaSi saWiroebas ar warmoad-
gens. mocemuli elementis atomSi eleqtronuli Sreebis raode-
noba im periodis nomris tolia, romelSic es elementi aris mo-
Tavsebuli. eleqtronuli garsi aRiniSneba arabuli cifriTa da 
laTinuri anbanis patara asoTi. magaliTad, Canaweri 1s niSnavs 
pirveli Sris s-garss, 2p — meore Sris p-garss da a.S. eleqtronebis 
raodenoba garsze aRiniSneba zeda marjvena kuTxeSi arabuli 
cifriT. magaliTad, 3d7, rac imas niSnavs, rom mesame Sris d-garsze 
imyofeba Svidi eleqtroni.  
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eleqtronebiT Sreebis, garsebis da orbitalebis Sevseba eq-
vemdebareba Semdeg wesebs: 

I. umciresi energiis principi — `eleqtroni Tavisufal or-
bitalebs Soris pirvelyovlisa imas daikavebs, romlis ener-
gia ufro naklebia~. 

 orbitalebis energia ganisazRvreba kleCkovskis 2 wesiT: 
I. orbitalebis energia izrdeba mTavari da Tanauri kvanturi 

ricxvebis jamis (n + ℓ) zrdasTan erTad. 
II. mTavari da Tanauri kvanturi ricxvebis jamis (n + ℓ) erTnai-

ri mniSvnelobis SemTxvevaSi im orbitalebis energia aris nakle-
bi, romlis mTavari kvanturi ricxvic naklebia.  

am wesebis gaTvaliswinebiT miRebulia  orbitalebis energiis 
zrdis Semdegi Tanmimdevroba: 

1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<6s<4f<.... 

(1s, n = 1, ℓ = 0, n + ℓ = 1; 2s, n = 2, ℓ = 0, n + ℓ = 2; 2p, n = 2, ℓ = 1, n + ℓ = 3; 
3s, n = 3, ℓ = 0, n + ℓ = 3; 3p, n = 3, ℓ = 1, n + ℓ = 4; 3d, n = 3, ℓ = 2, n + ℓ = 5; 4s, n 
= 4, ℓ = 0, n + ℓ = 4; 4p, n = 4, ℓ = 1, n + ℓ = 5; 4d, n = 4, ℓ = 2, n + ℓ = 6 da a.S.). 

kleCkovskis pirveli wesis Tanaxmad eleqtronuli garsebis 
Sevseba xdeba mTavari n da orbitaluri ℓ kvanturi ricxvebis n + 
ℓ jamis zrdis Sesabamisad. am wesis sailustraciod ganvixiloT  
me-19 eleqtronis (kaliumis atomSi) mier qvedonis Sevsebis Sem-
Txveva. me-18 eleqtroni amTavrebs mesame Sris p-garsis Sevsebas. 
amasTan vakanturi rCeba amave Sris d-garsis xuTive orbitali da 
mTlianad meoTxe Sre (kaliumi aris meoTxe periodis elementi). Se-
vadaroT n + ℓ jami 3d-, 4s-, 4p-, 4d- da 4f-garsebisaTvis (cxrili 3.3):   

                                  cxrili 3.3 

      
n 
ℓ 

  n + ℓ 

3d  
3 
 2   
 5   

4s  
4 
0 
4 

4p 
4  
1 
5 

4f  
4 
3  
7 

4<5, 6, 7, amitom me-19 eleqtroni iwyebs meoTxe Sris s-garsis 
Sevsebas da kaliumis eleqtronuli formula iqneba ara 
1s22s22p63s23p63d1, aramed 1s22s22p63s23p64s1. 

 kleCkovskis meore wesis Tanaxmad, ori garsisaTvis am jame-
bis tolobisas Tavdapirvelad ivseba garsi n-is naklebi mniS-
vnelobiT.  

 am wesTan pirvelad Sexeba aqvs 21-e eleqtrons (skandiumis 
atomSi). me-20 eleqtroni amTavrebs meoTxe Sris s-garsis Sevsebas. 
amasTan vakanturi rCeba wina Sris d-garsi da amave Sris danarCeni 
p-, d- da f-garsebi. SevadaroT n + ℓ jami 3d-, 4p-, 4d- da 4f-garsebi-
saTvis (cxrili 3.4): 
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  cxrili 3.4 

      
n 
ℓ 

  n + ℓ 

3d  
3 
 2   
 5   

4p 
4 
1  
5 

4d  
4  
2 
6 

4f  
4 
3  
7 

5 < 6, 7, amitom 21-e eleqtroni iwyebs mesame Sris d-garsis 
Sevsebas (3 < 4) da skandiumis eleqtronuli formula iqneba ara 
1s22s22p63s23p64s24p1, aramed 1s22s22p63s23p64s23d1. 

eleqtronuli garsebis Sevsebis dros aucilebelia orbita-
lis tevadobis gansazRvra (radgan zRvruleleqtroniani orbi-
tali Sevsebulad iTvleba), rac emyareba paulis akrZalvis 
princips. paulis principis Tanaxmad atomSi ar SeiZleba arse-
bobdes ori eleqtroni oTxive kvanturi ricxvis erTnairi 
mniSvnelobiT. radgan erT orbitalze myof eleqtronebs sami 
kvanturi ricxvi (n, ℓ, mℓ) ukve erTnairi aqvs, meoTxe kvanturi 
ricxvi ms (an ubralod, s) unda hqondes gansxvavebuli (sapirispi-
ro). gamomdinare aqedan, mesame eleqtronis spini ukve arsebul-
Tagan romelimes daemTxveva. e.i. erT orbitalze maqsimum SeiZle-
ba imyofebodes ori eleqtroni sapirispiro spiniT.  

paulis principi ganvixiloT 2s-garsis magaliTze. am Sem-
TxvevaSi SesaZlebelia eleqtronebis ganlagebis oTxi varianti:  

 
I.     ↑↑
 

pirveli (marcxena) eleqtronisaTvis n = 2, ℓ = 0, mℓ = 0, ms = +
2
1                       

meore (marjvena) eleqtronisaTvis n = 2, ℓ = 0, mℓ = 0, ms = +
2
1   

II. ↓↓
 

pirveli (marcxena) eleqtronisaTvis n = 2, ℓ = 0, mℓ = 0, ms = –
2
1                         

meore (marjvena) eleqtronisaTvis n = 2, ℓ = 0, mℓ = 0, ms = –
2
1   

       
II. ↑↓
 

pirveli (marcxena) eleqtronisaTvis n = 2, ℓ = 0, mℓ = 0, ms = +
2
1                       

meore (marjvena) eleqtronisaTvis n = 2, ℓ = 0, mℓ = 0, ms = –
2
1  

IV. ↓↑
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pirveli (marcxena) eleqtronisaTvis n = 2, ℓ = 0, mℓ = 0, ms = –
2
1                       

meore (marjvena) eleqtronisaTvis n = 2, ℓ = 0, mℓ = 0, ms = +
2
1  

rogorc vxedavT, I da II variantebSi orive eleqtrons oTxive 
kvanturi ricxvi erTnairi aqvs, amitom aseTi ganlageba akrZalu-
lia. rac Seexeba III da IV variantebs, erTi kvanturi ricxvi (ms) 
gansxvavebuli aqvT, amitom orive ganlageba dasaSvebia. 

erTnairi energiis orbitalebze (gadagvarebul orbitaleb-
ze) eleqtronebis ganawileba eqvemdebareba hundis wess.  

hundis wesi: eleqtronuli garsebis Sevseba xdeba imgvarad, 
rom jamuri spinis absoluturi mniSvneloba iyos maqsimaluri. 

es wesi ganvixiloT 2p-garsis magaliTze. ori eleqtronis Sem-
TxvevaSi SesaZlebelia minimum eqvsi varianti: 

I.     |(+
2
1

) + (–
2
1

)| = 0 ↑↓
 

II.    |(–
2
1

) + (+
2
1

)| = 0 ↓↑

  

III.    |(+
2
1

) + (–
2
1

)| = 0 ↑ ↓

. 

 IV.    |(–
2
1

) + (+
2
1

)| = 0 ↓ ↑

 

V.      |(+
2
1

) + (+
2
1

)| = 1 ↑ ↑

 

VI.     |(–
2
1

) + (–
2
1

)| = 1 ↓ ↓

rogorc vxedavT, jamuri spinis maqsimaluri mniSvneloba mii-
Reba mexuTe da meeqvse variantebSi, amitom Sesabamisi garsisaT-
vis, rodesac masze ganixileba ori eleqtroni yofna, SesaZlebe-
lia mxolod mexuTe an meeqvse variantebi. 

gansakuTrebuli mdgradobiT xasiaTdeba garsi, romelic 
Sevsebulia mTlianad an naxevrad. es wesi ZiriTadad vrceldeba 
pirveli jgufis Tanauri qvejgufis elementebisaTvis (Cu, Ag, 
Au), romelTa ukanaskneliswina da ukanaskneli Sreebis eleqtro-
nuli formula aris ara (n-1)d9ns2, aramed (n-1)d10ns1 da meeqvse jgu-
fis B qvejgufis elementebisaTvis Cr da Mo, romelTa ukanaskne-
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liswina da ukanaskneli Sreebis eleqtronuli formula aris ara 
(n-1)d4ns2, aramed (n-1)d5ns1, sadac n aris mTavari kvanturi ricxvi. 
aq adgili aqvs erTi eleqtronis `Cavardnas~ (`gadaxtomas~) maRa-
li donis Sris s-garsidan winamdebare Sris d-garsze, sadac eleq-
tronebis raodenoba erTiT naklebia srul (10) an zustad naxevar 
(5) tevadobaze. zogierT SemTxvevaSi SesaZlebelia agreTve ori 
eleqtronis `Cavardna~ (ix. qvemoT, paladiumi (Pd). eleqtronebis 
`Cavardnas~ sxva elementebis SemTxvevaSi momdevno paragrafSi 
ganvixilavT. 

3.10.  atomebis eleqtronuli konfiguraciebi 

paulis principis, umciresi energiis principisa da hundis we-
sis gacnobis Semdeg ganvixiloT qimiuri elementebis eleqtro-
nuli konfiguraciebi. eleqtronuli konfiguracia SeiZleba ga-
movsaxoT eleqtronuli formuliT, grafikuli xerxiT (e.w. kvan-
turi ujredebis saSualebiT — eleqtronul-grafikuli formu-
la), atomuri orbitalebis CvenebiT. atomis eleqtronuli for-
mula gviCvenebs eleqtronebis ganawilebas qvedoneebze (garseb-
ze), magaliTad, He: 1s22s2; eleqtronul-grafikul formulaSi uj-
redebSi naCvenebia spinebi. 

ufro xSirad gamoiyeneba I da II xerxi. ganvixiloT qimiuri 
elementebis konfiguraciebi, gamosaxuli orive xerxiT. 

n = 1

s

wyalbadis atomi. wyalbadis atomSi erTi eleqtronia. umci-
resi energiis principis Tanaxmad es erTi eleqtroni wyalbadis 
araaRgznebul atomSi moTavsebuli iqneba 1s qvedoneze. amrigad, 
wyalbadis atomis eleqtronuli formulaa 1s1. s-eleqtroni war-
moqmnis sferosebr Rrubels. atomuri orbitali (ao) sqematurad 
SegviZlia gamovsaxoT ujrediT (kvanturi ujredi), romelSic 
movaTavsebT isars, rac pirobiTad eleqtrons gamosaxavs, isris 
mimarTuleba ki — am eleqtronis spinis mimarTulebas. maSin wyal-
badis eleqtronuli konfiguracia, gamosaxuli orive (I da II) xer-
xiT, ase warmodgeba: 

1H               1s1 

paulis principis Tanaxmad erT orbitalze SeiZleba mo-Tav-
sdes antiparaleluri spinis mqone ori eleqtroni. amitom 
wyalbadis Semdgomi elementis — heliumis eleqtronuli 
konfiguracia iqneba: 

n = 1

s
2He               1s2 
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atomis eleqtronuli formula gviCvenebs eleqtronebis 
ganawilebas qvedoneebze (garsebze), magaliTad, He: 1s22s2; eleq-
tronul-grafikul formulaSi ujredebSi naCvenebia spinebi. 

heliumis atomSi mTavrdeba pirveli (K) energetikuli donis 
Sevseba. es aris pirveli `Caketili~ (Sevsebuli) garsi. 

n = 1

s

n = 2

liTiumi meore periodis elementia. misi sami eleqtronidan 
ori (antiparaleluri spinebis mqone) moTavsdeba 1s orbitalze 
(heliumis analogiurad), xolo mesame umciresi energiis princi-
pis Sesabamisad daikavebs 2s orbitals. 

3Li                1s22s1 

               [He] 2s1 

 

momdevno elementis — beriliumis atomSi meoTxe eleqtroni 
(sawinaaRmdego spinis mqone) paulis principis Tanaxmad dai-
kavebs imave 2s-orbitals: 

n = 1

s

n = 2
4Be              1s22s2

 

                                                             [He] 2s2 

 

Semdegi elementidan — boridan umciresi energiis princi-pis 
Tanaxmad iwyeba 2p qvedonis Sevseba:  

5B                 1s22s22p1 

n = 1

s

n = 2 p           [He] 2s22p1 
 
 
 
perioduli sistemis meeqvse elementis — naxSirbadis atomSi 

meeqvse eleqtroni ar gauwyvildeba 2px-eleqtrons da hundis 
wesis Tanaxmad moTavsdeba Tavisufal 2py-orbitalze: 

6C                      s22s22p2 

n = 1

s

n = 2 p                            [He] 2s22p2 
 
 
 

analogiurad, hundis wesis Tanaxmad, azotis atomSi meSvide 
eleqtroni daikavebs Tavisufal 2pz-orbitals:  

7N              1s22s22p3 

                                                           [He] 2s22p3 
n = 1

s

n = 2 p
 
 

Jangbadidan iwyeba 2p orbitalebis gawyvileba: 
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8O             1s22s22p4 

n = 1

s

n = 2 p                                                           [He] 2s22p4 

 

                           

n = 1

s

n = 2 p9F                1s22s22p5
 

                                                           [He] 2s22p5 
                            

                        

n = 1

s

n = 2 p10Ne           1s22s22p6 

                                                            [He] 2s22p6  
 
 

rogorc vxedavT, keTilSobili airis, neonis atomSi mTavrde-
ba meore (L) energetikuli donis Sevseba. 

natriumiT iwyeba axali, mesame periodi da amdenad, mesame (M) 
energetikuli donis Sevseba. mesame (M) energetikuli done, ro-
gorc viciT, Sedgeba sami qvedonisagan, romlebsac Seesabameba 
erTi s, sami p da xuTi d orbitali. am sami qvedonidan mesame peri-
odis elementebSi Seivseba mxolod 3s da 3p qvedone. mesame perio-
dis yvela elementSi pirvel da meore energetikul doneebze 
eleqtronebis ganawileba iseTivea, rogorc neonSi. amis safuZ-
velze qvemoT mocemul gamartivebul (mocemulia mxolod gare 
garsis eleqtronebis ganawileba) grafikul formulebSi naCvene-
bia mxolod M energetikuli donis Sevseba: 

11Na         [Ne] 3s1                          
s

n = 3

      

                           

s
n = 3                           12Mg         [Ne] 3s2  

    
                     
                                         

s
n = 3 p

s
n = 3 p

                           13Al         [Ne] 3s23p1  

 
                               
                             

                           14Si         [Ne] 3s23p2  

  

                     
                    

s
n = 3 p

                  15P          [Ne] 3s23p3  
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s
n = 3 p

s
n = 3 p

s
n = 3 p

d

n = 4

s
n = 3 p

d

n = 4

s
n = 3 p

d

n = 4

s

                          

 pn = 3
                           16S          [Ne] 3s23p4  
  
 
                     
                17Cl         [Ne] 3s23p5  
 
 
 
                           18Ar         [Ne] 3s23p6 
 
rogorc vxedavT, keTilSobili airis argonis atomi Rebu-

lobs rvaeleqtronian Sres. 
meoTxe periodi iwyeba kaliumiT. zemoT Camoyalibebuli war-

modgenebis Tanaxmad, am periodis elementebSi Seivseba 4s-, 3d- da 
4p-qvedoneebi. 

 

                     19K  [Ar] 4s1     

                        20Ca        [Ar] 4s2        

energetikuli qvedoneebis SefardebiTi energiebidan gamom-
dinare (cxrili 3.5) da umciresi energiis principis safuZvelze 
skandiumisa da mis momdevno elementebSi Seivseba 3d qvedone. 
Sevseba ganxorcieldeba hundis wesis mixedviT: 

 

                    21Sc        [Ar] 4s23d1     
 
 
 
 
 
vanadiumis momdevno elementia qromi. qromis SemTxveva ewinaaR-

mdegeba zogad kanonzomierebas — nacvlad [Ar] 4s23d4  gvaqvs [Ar] 4s13d5. 
aq erTi eleqtroni  4s qvedonidan gadadis 3d  qvedoneze (4s → 3d): 
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s
n = 3 p

d

n = 4
                         22Ti      [Ar] 4s23d2     
 
 
    
                                       
 
 

s
n = 3 p

d

n = 4                23V   [Ar] 4s23d3    
      
 
 
 
 
qromis SemTxvevaSi xorcieldeba e.w. s → d gadasvla, romelic 

zogadad SegviZlia ase gamovsaxoT: 
 
                24Cr  [Ar] 4s13d5    

s
n = 3 p

d

n = 4
 
 
 
 
 
am tipis gardaqmnas ganicdis agreTve spilenZi, molibdeni, 

vercxli, oqro da sxva. gansakuTrebiT unda aRiniSnos 46Pd — 
paladiumi, romelSic 5s qvedonidan 4d qvedoneze gadadis 
erTbaSad ori eleqtroni (nacvlad 4d85s2 gvaqvs 4d10). amitom 
paladiumi erTaderTi elementia, romlis gare Sreze rvaze meti 
(kerZod Tvrameti) eleqtronia da romelSic energetikuli 
doneebis raodenoba — 4 — naklebia periodis nomerze — 5-ze. 

garda s → d gadasvlisa, gvxvdeba f → d gadasvlac, romelic 
zogadad ase gamoisaxeba: 

(n – 2)fans2 → (n – 2)fa-1(n – 1)d1ns2, 

sadac n mTavari kvanturi ricxvia, a — eleqtronebis ricxvi.  
aq ganxilul gadasvlebs moeZebneba axsna. kerZod, qromis, 

spilenZisa da oqros SemTxvevaSi irkveva, iseTi eleqtronuli 
konfiguraciebi, roca qvedoneebi Sevsebulia mTlianad an zus-
tad sanaxevrod, xasiaTdeba gazrdili energetikuli mdgrado-
biT. s → d gadasvlis Sedegad qromSi miiReba zustad sanaxevrod 
Sevsebuli d qvedone (xuTive d-orbitalze moTavsebulia TiTo 
eleqtroni), xolo spilenZsa da oqroSi — mTlianad Sevsebuli d 
qvedone (ix. `eleqtronis Cavardna~). qromis momdevno elementSi 
— manganumSi gawyvildeba 4s-orbitali: 
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n=4

n=3
s

p
d

25Mn [Ar]4s23d5

 

rkinis atomSi iwyeba d-orbitalebze eleqtronebis gawyvileba: 

n=4

n=3
s

p
d26Fe [Ar]4s23d6

 
 

n=4

n=3
s

p
d27Co [Ar]4s23d7

 
 

n=4

n=3
s

p
d28Ni [Ar]4s23d8

 
momdevno elementSi — spilenZis atomSi qromis atomis 

analogiurad xdeba eleqtronis gadasvla 4s-dan 3d-ze, ris 
Sedegadac miiReba mTlianad Sevsebuli 3d qvedone: 

n=4

n=3
s

p
d

29Cu [Ar]4s13d10

 
    ...................................... 

TuTiaSi gawyvildeba 4s-orbitali: 
 

 

n=4

n=3
s

p

30Zn [Ar]4s23d10
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galiumidan iwyeba 4p qvedonis Sevseba, romelic ganxorciel-
deba hundis wesis safuZvelze: 

 

31Ga [Ar]4s23d104p1

n=4

n=3
s

p
d

 
 

32Ge [Ar]4s23d104p2
n=4

n=3
s

p
d

 
            ..................................... 

35Br [Ar]4s23d104p5

n=4

n=3
s

p
d

 
 

36Kr [Ar]4s23d104p6

n=4

n=3
s

p
d

 
 
analogiurad Seivseba energetikuli qvedoneebi momdevno 

periodis elementebSi. Sevseba ganxorcieldeba Semdegi 
TanmimdevrobiT  (ix. cxrili 3.5) 

 mexuTe periodi: 5s, 4d, 5p 
 meeqvse periodi: 6s, 4f, 5d, 6p 
 meSvide periodi: 7s, 5f, 6d 
garsebis Sevsebisas xdeba zemoT aRniSnuli s→d da f→d 

gadasvlebi. 
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3.11. atomis birTvis aRnagoba 

mecnierebis Semdgomma ganviTarebam cxadyo, rom aramarto 
atomia rTuli, aramed misi birTvic, romelic Sedgeba uamravi na-
wilakisagan – nuklonebisagan. nuklonebs Soris pirvelad aRmo-
Cenil nawilaks protoni ewodeba  (`protos~ berZnulad pirvels 

niSnavs). is aRiniSneba 1
1p -iT (an ubralod, H+), sadac qveda indeq-

si mis dadebiT muxts aRniSnavs, zeda ki m.a.e.-iT gamosaxul mis ma-
sas. m = 1,00728 m.a.e. (cxrili 3.6). 

atomSi protonebis ricxvi periodul sistemaSi elementis 
rigobrivi nomris tolia. bunebaSi arsebul atomebSiprotonebis 
ricxvi ar aRemateba 92-s. 

3.11.1.  atombirTvis muxti da atomuri nomeri. 
mozlis kanoni 

atomis Siga eleqtronebis aRgznebiT aRiZvreba mokletalRi-
ani gamosxiveba, romelsac rentgenis gamosxiveba Seesabameba (λ 
=10-10 sm) (rentgenma es gamosxiveba aRmoaCina kaToduri sxivebis 
minis milis kedelTan Sejaxebis procesis Seswavlisas). 

rac ufro rTuli aRnagobisaa atomi da metia misi birTvis 
muxtis mniSvneloba, miT meti iqneba Siga eleqtronebis eleqtro-
nul doneebs Soris sxvaoba da ufro mcire iqneba gamosxivebuli 
talRis sigrZe (λ) (gamosxiveba iqneba ufro mokletalRiani). 

1913 wels ingliseli fizikosi henri mozli ikvlevda e.w. `ka-
Todur milSi~ sxvadasxva metalis (elementis) mier gamosxivebu-
li (rentgenuli gamosxivebis, rentgenis sxivebis) talRis sigrZi-
dan kvadratuli fesvis damokidebulebas eleqtrodad gamoyene-
buli elementis (metalis) rigobriv nomerze periodul sistemaSi 
(nax. 3.5). 

 am gamokvlevebis safuZvelze mozlim daadgina, rom erTi 
elementidan rigiT Semdgomze gadasvlisas muxtis mniSvneloba 
kanonzomierad (1 erTeuliT) icvleboda. man elementis rigobriv 
nomers periodul sistemaSi uwoda atomuri nomeri da aRniSna Z-
iT. mozlim SeZlo daedgina, rom atomuri nomeri atombirTvSi 
protonebis ricxvis (e.i. atombirTvis muxtis) tolia. 
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naxazi 3.5. 

Tu gaviTvaliswinebT, rom mravaleleqtronian sistemaSi bir-
Tvsa da raime gansaxilvel eleqtrons Soris moTavsebuli eleq-
tronebi amcirebs maT urTierTqmedebas, e.i. eleqtronis mizid-
vas birTvisaken, Termis gamosaxulebaSi (3.3) Seva b — ekranirebis 
mudmiva: 

T = R∞[(z-b)2/n2]                                    (3.41) 

maSin SeiZleba moinaxos talRuri ricxvi ν , romlisTvisac 
samarTliania gamosaxuleba:  

          ν  = T(n1)- T(n2) = R∞(z-b)2
 ( 2

1n
1

– 2
2n

1
)                  (3.42) 

    
Tu ganvixilavT eleqtronebis gadasvlas erTsa da igive 

Sreebs Soris sxvadasxva atomSi, maSin sidide R∞( 2
1n

1
– 2

2n
1

) iqneba 

mudmivi da aRvniSnoT is A2-iT. maSin miviRebT:    
  

                              ν  = A2(Z–b)2 ,                                       (3.43) 
  saidanac: 
                                        ν = A(Z–b)                                          (3.44) 
 
mozlis kanoni saSualebas iZleva eqsperimentalurad 

ganisazRvros elementebis rigobrivi nomrebi, rac ingliselma 
mecnierma jeimz Cedvikma gazomvebiT ganaxorciela. 
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3.11.2.  atombirTvis aRnagobis                                
protonul-neitronuli Teoria 

neitronis aRmoCenamde birTvis Sedgeniloba aiwereboda 
protonul-eleqtronuli modeliT. misi mixedviT birTvi Seicavs 
imden protons, ramdenic Seesabameba A-s. A aris atomis masuri 
ricxvi. daaxloebiT gamoxatavs atomur masas. radganac birTvis 
dadebiTi muxti tolia rigobrivi nomrisa, Tvlidnen, rom birTvi 
unda Seicavdes (A–Z) raodenobis eleqtronebs, e.i. birTvSi aris 
proton-eleqtronis wyvilebi. 1925 wels rezerfordma gamoTqva 
varaudi, rom es wyvili SeiZleba ise mWidrod iyos SekavSirebu-
li, rom is SeiZleba CaiTvalos erT neitralur nawilakad da uwo-
da mas neitroni  (`neuter~ laTinurad niSnavs: `arc is, arc sxva~). 
daiwyes am nawilakis `Zebna~. 

1932 wels ingliselma mecnierma Cedvikma aRmoaCina neitroni. 

es aris elementaruli nawilaki, romelic aRiniSneba n-iT da 

romlis fardobiTi masa mn = 1.00867 m.a.e.-s da ar aqvs muxti. neit-
ronebis raodenoba birTvSi aRiniSneba N-iT. 

1
0

amJamad birTvis Sedgeniloba aiwereba protonul-neitronu-
li TeoriiT, romlis avtorebi arian ivanenko, gaponi da haizen-
bergi. birTvi ZiriTadad Sedgeba protonebisa da neitronebis-
gan. maTi raodenobebis jams ewodeba masuri ricxvi da is tolia: 

 
                                                  A = Z + N  ,                                   (3.45) 
saidanac 
                                                  N = A – Z                                     (3.46). 
atombirTvSi SeiZleba mimdinareobdes protonebis (1p) da 

neitronebis (0n) urTierTgardaqmnis reaqciebi: 
1p → 0n + e+ + ν (neitrino) da 0n → 1p + e- + ν  (antineitrino). 

(neitrino da antineitrino gansxvavdebian mxolod spinebiT). 

cxrili 3.5. atomis Semadgeneli nawilakebis maxasiaTeblebi 

 
masa muxti 

saxelwodeba simbolo 
m.a.e. kg fardobiT 

erTeulebSi 
k 

protoni p 1.007277 1.673•10-27 +1 -1.6•10-19 

neitroni n 1.008665 1.675•10-27 0 0 

eleqtroni e 0.000548 9.1•10-31 -1 -1.6•10-19 
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3.11.3.  izotopebi, izobarebi da izotonebi 

cnobilia birTvebis sami jgufi, romlebic gansxvavdebian 
birTvis sami maxasiaTeblis (Z, N, A) sxvadasxva kombinaciiT: 

1. Z = const, N ≠ const, A ≠ const. aseT birTvebs izotopebi ewodeba 
(izos — erTi da igive, topos — adgili). izotopebi warmoadgenen 
mocemuli qimiuri elementis atomTa saxesxvaobas, romelTac 
aqvT birTvSi protonebis erTnairi raodenoba da aqedan gamomdi-
nare birTvis dadebiTi muxtis erTi da igive mniSvneloba, magram 
neitronebis sxvadasxva raodenoba, rac iwvevs masuri ricxvebis 
gansxvavebas. elementi wyalbadi bunebaSi arsebobs ori izotopis 

saxiT: proTiumisa (berZ. protos — pirveli) (99,984 %) da deite-

riumis (berZ. deuteros - meore)  (0,016 %). am ukanasknels aqvs spe-
cialuri aRniSvna – D. cnobilia wyalbadis xelovnuri gziT miRe-

buli, radiaqtiuri izotopi tritiumi (berZ. Tritos — mesame) (T). 
bunebaSi is umniSvnelo raodenobiT aris gavrcelebeli, warmoiq-
mneba kosmosuri sxivebis azotTan urTierTqmedebis Sedegad. 

H1
1

H2
1

H3
1

 heliumis izotopebia: 3 4  5 6 8
2 2 2 2 2He,  He,  He, He   He. da

 Jangbadis bunebrivi izotopebia: . O ,O ,O 18
8

17
8

16
8

izotopiis movleniT aris ganpirobebuli is, rom arc erTi 
elementis fardobiTi atomuri masa ar aris mTeli ricxvi. es 
ukanaskneli warmoadgens elementis izotopebis masuri 
ricxvebis saSualos maTi procentuli Semcvelobis 
gaTvaliswinebiT. magaliTad, bunebrivi qlori Sedgeba ori 

izotopisagan: -isa  (`75 %) da -sagan  (`25 %). aqedan 
gamomdinare qloris saSualo fardobiTi atomuri masa aris: 

Cl35
17 Cl37

17

Ar(Cl) = 
100

25•37+75•35
 ≈ 35,45 m.a.e. 

sainteresoa kaliumis SemTxveva, sadac bunebriv izotopur 
narevSi Warbobs msubuqi izotopi. argonis SemTxvevaSi Warbobs 
mZime izotopi. 

izotopebis dayofa pirvelad ganaxorciela ingliselma fi-
zikosma frensis uiliam astonma. 

2. Z ≠ const, N ≠ const, A = const. aseT birTvebs izobarebi ewodeba 
(izos — erTi da igive, baros — wona). izobarebi warmoadgens sxva-
dasxva qimiuri elementis atomTa saxesxvaobas, romelTac aqvT 
birTvSi protonebis sxvadasxvanairi raodenoba da aqedan gamom-
dinare, birTvis dadebiTi muxtis sxvadasxva mniSvneloba da neit-
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ronebis sxvadasxva raodenoba, magram masuri ricxvebis erTnairi 
mniSvneloba, magaliTad: 

.C ,B ,Be 10
6

10
5

10
4  

izobarebi erTmaneTisagan TvisebebiT mkveTrad gansxvavdeba. 

3. Z ≠ const, N = const, A ≠ const. aseT birTvebs izotonebi 
ewodeba. magaliTad: 

.B ,Be ,Li ,He 8
5

7
4

6
3

5
2  

 yvela es birTvi Seicavs sam neitrons. 
 calkeuli nuklonebisagan birTvis warmoqmnisas adgili aqvs 

saerTo masis Semcirebas, romelsac masis defeqti ewodeba. 
zogadi saxiT is SeiZleba Semdegnairad Caiweros: 

         Δm = (Z·mp + N·mn) – Ar       
magaliTad, 4He-is erTi birTvis warmoqmnisas protonebisa da 

neitronebisagan masis Semcireba Seadgens: 
              Δm = (2·1.00728 + 2·1.00867) – 4.0026 = 0.03 m.a.e. 
 erTi moli atomebis SemTxvevaSi masis defeqti Seadgens Δm = 

0,03 g = 3·10-5 kg-s. ainStainis kanonis Tanaxmad, am dros 
gamoyofili energiis mniSvneloba tolia: 

E = 3·10-5 kg · (2.998 · 108 
wm

m
)2 = 2.7 · 1012 j. 

 am sididis energias gamoimuSavebs erTi saaTis ganmavlobaSi 
evropis erT-erTi didi hidroeleqtrosadguri — dneprhesi 
(ukraina).  

 energiis sidides, romelic gamoiyofa protonebisa da neit-
ronebisagan mocemuli birTvis warmoqmnisas, ewodeba birTvis 
bmis energia da axasiaTebs mis mdgradobas: rac ufro metia 
gamoyofili energiis sidide, miT ufro mdgradia birTvi. amasTan 
ufro mdgradia da gavrcelebulia birTvebi protonebisa da 
neitronebis luwi ricxviT. mdgradobis mixedviT birTvebi SeiZ-
leba ganvalagoT Semdeg rigSi: 

              (Np)          (Nn)                (Np)         (Nn)       (Np)              (Nn)    
luwi _ kenti
kenti _ luwi  > kenti _ kentiluwi _ luwi >

 
cnobilia bolo jgufis mxolod oTxi mdgradi birTvi: 

 .N ,B ,Li ,H 14
7

10
5

6
3

2
1

gansakuTrebuli mdgradobiT gamoirCeva birTvebi, romlebic 
Seicaven 2, 8, 20, 50, 82 da 126 protons an neitrons. magaliTad, 

 am ricxvebs ewodebaT magiuri 
(jadosnuri)  ricxvebi, xolo birTvebs — magiuri (jadosnuri) 
birTvebi. pirvel sam birTvs, romlebic Seicaven jadosnuri 

.Pb ,Sn ,Ca ,O ,He 208
82

120
50

40
20

16
8

4
2
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ricxvebis tol rogorc protonebis, aseve neitronebis 
raodenobas, ewodeba orgzis magiuri (jadosnuri) birTvebi. 

birTvis SemadgenlobaSi myof yvela nawilaks Soris moqme-
debs ori saxis Zala: dadebiTad damuxtuli protonebis urTier-
Tganzidvis eleqtrostatikuri Zalebi da mizidvis Zalebi, ro-
melTac birTvuli Zalebi ewodeba (es Zalebi moqmedebs 10-15 m man-
Zilze). urTierTmoqmed nawilakebs Soris manZilis gazrdisas 
birTvuli Zalebi ufro mkveTrad mcirdeba, vidre eleqtrosta-
tikuri urTierTqmedebis Zalebi. amitom maTi moqmedeba SesamCne-
vad vlindeba mxolod Zalian axlos ganlagebul nawilakebs So-
ris. magram atomis birTvis Semadgenel nawilakebs Soris usasru-
lod mcire manZilebze mizidvisas birTvuli Zalebi aRemateba 
ganzidvis Zalebs, romlebic gamowveulia erTniSniani muxtebis 
yofniT, rac ganapirobebs birTvebis mdgradobas. 

3.11.4.  radiaqtiuroba 

qimiuri reaqciebis dros icvleba atomTa eleqtronuli kon-
figuraciebi, birTvi ki ucvleli rCeba, cnobilia procesebi, ro-
desac gardaqmnas ganicdian atombirTvebi. maT birTvuli reaqci-
ebi ewodeba. birTvuli reaqciebis dros erTi elementis aram-
dgradi izotopidan sxva elementis izotopi miiReba. cnobilia 
bunebrivi da xelovnuri birTvuli reaqciebi.  

radiaqtiuroba ewodeba erTi elementis aramdgradi izoto-
pis meore qimiuri elementis izotopad TavisTavad gardaqmnis 
process, romelsac Tan axlavs elementaruli nawilakebis an bir-
Tvebis gamoyofa. radiaqtiurobas, romelsac amJRavnebs elemen-
tis bunebrivi izotopi, ewodeba bunebrivi radiaqtiuroba. 

radiaqtiurobis movlena aRmoCenili iqna frangi mecnieris 
antuan anri bekerelis mier 1896 wels. bekereli swavlobda flu-
orescenciis unaris mqone nivTierebaTa gamosxivebis bunebas. mas 
ainteresebda xom ar iyo es gamosxiveba rentgenis sxivebis msgav-
si. am mizniT man fluorescenciis unaris mqone bevri nivTiereba 
Seiswavla, maT Soris uranis Semcveli preparatic da daamtkica, 
rom am naerTs TvaliT uxilavi gamosxivebis unari hqonda (yovel-
gvari zemoqmedebis gareSe). am movlenas, warmoSobiT poloneli 
mecnieris – maria sklodovska-kiuris da misi meuRlis, frangi pi-
er kiuris winadadebiT, radiaqtiuroba uwodes (laTinurad `ra-
dius~ — sxivi, `aqtivus~ – moqmedi), gamosxivebas ki – radiaqtiuri.  

anri bekerelis aRmoCenam Tavdapirvelad mecnierTa mxolod 
viwro wris yuradReba miiqcia, maT Soris iyvnen maria sklodov-
ska-kiuri da pier kiuri. maT, inglisel rezerfordTan da frede-
rik sodisTan erTad, gansakuTrebuli damsaxureba miuZRviT ra-
diaqtiurobis movlenis SeswavlaSi.  
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1897 wels germanelma mecnierma Smidtma daadgina, rom radi-
aqtiuroba mTeli rigi qimiuri elementebis unaria da uranis na-
erTebis garda, Toriumsac axasiaTebs. amave periodSi maria da pi-
er kiurebis mier aRmoCenil iqna ori axali radiaqtiuri elemen-
ti, romelsac poloniumi  da radiumi uwodes.  

poloniumisa da radiumis aRmoCenam safuZveli Cauyara radi-
aqtiurobis dargSi farTo mecnierul kvleva-Ziebas. mokle dro-
Si gairkva radiaqtiurobis arsi, aRmoaCines axali radiaqtiuri 
elementebi, Camoyalibda radiaqtiuri daSlis Teoria. radiaqti-
urobis movlenis Seswavla mWidrod daukavSirda atomis agebu-
lebis problemas da saerTod ganapiroba mecnieruli da teqniku-
ri donis arsebiTi amaRleba. 

radiaqtiuri gamosxiveba araerTgvarovania. eleqtrul da 
magnitur velSi radiaqtiuri sxivebi iSleba sam Semadgenel nawi-
lad: α, β da γ sxivebad (nax. 3.6). α da β sxivebi aRmoaCina rezer-
fordma, γ gamosxiveba — frangma vilarma. 

 
naxazi 3.6. radiaqtiuri gamosxivebis dayofa eleqtrul velSi 

rogorc atomis aRnagobis SesavalSi aRvniSneT, α-sxivebi da-
debiTad damuxtuli nawilakebis nakadia, romelTa muxtia +2, xo-
lo masa 4 m.a.e. cxadia, rom α-nawilaki Sedgeba ori protonisa da 
ori neitronisagan da amdenad igi aris heliumis atombirTvi (or-
jer ionizebuli heliumi). α-nawilakebi moZraobs daaxloebiT 
20000 km/wm siCqariT, haerSi iZens or eleqtrons da heliumis 
atomebad gardaiqmneba. 

Β-sxivebi kaToduri sxivebis analogiuria, e.i. Β-sxivebi eleq-
tronebis nakadia. β-sxivebis siCqarea 290000 km/wm. 

Γ-sxivebi ar ixreba arc magnitur da arc eleqtrul velSi da 
amrigad, eleqtroneitraluria. γ-sxivebi eleqtromagnituri 
talRebia. γ-sxivebis talRis sigrZe mniSvnelovnad ufro nakle-
bia, vidre rentgenis sxivebisa.  

γ-sxivebi xasiaTdeba Zalian didi SeRwevadobiT (1000-jer me-
ti, vidre α-nawilakebisa da 100-jer meti, vidre β-sxivebisa). isini 
Tavisuflad aRweven ramdenime milimetri sisqis metalis firfi-
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taSi. Β-sxivebis SeRwevadoba naklebia. kidev ufro naklebi SeRwe-
vadoba aqvs Α-sxivebs.  

radiaqtiurobis movlena aixsneba atomuri daSlis TeoriiT, 
romelic rezerfordma da sodim SeimuSaves (1903 weli). am Teoriis 
Tanaxmad radiaqtiuri elementis atomebi TavisTavad iSleba. daS-
lisas warmoqmnili atomebi, Tavis mxriv, aseve radiaqtiuria. ami-
tom isinic iSleba. aseTi daSla grZeldeba manamde, vidre ar miiRe-
ba stabiluri atomebi (amJamad ewodeba stabiluri izotopebi). 

radiaqtiuri gamosxivebis intensivoba droTa ganmavlobaSi 
TandaTan mcirdeba. dros, romlis ganmavlobaSic radiaqtiuri 
elementis gamosxivebis intensivoba Semcirdeba orjer, anu sxva 
sityvebiT — daiSleba atomebis sawyisi raodenobis naxevari, ewo-
deba naxevardaSlis dro (periodi, τ). radiaqtiuri daSlis process 
eqsponenturi xasiaTi aqvs da gamoisaxeba gantolebiT: 

N = N0e-kτ ,  (3.47) 

sadac N0 aris radiaqtiuri elementis (nivTierebis) atomTa 
sawyisi ricxvi;  N — amave atomebis ricxvi τ drois Semdeg; k – radiaq-
tiuri daSlis siCqaris konstanta; formalurad, roca τ = ∞, N = 0. 

 radiaqtiuri izotopis daSlis siCqare damokidebulia mxo-
lod izotopis bunebaze (Tu romelia) da drois mocemul momen-
tSi mis raodenobaze, e.i. is proporciulia jer kidev dauSleli 
atomebis ricxvisa. 

naxevraddaSlis drois (periodis) mniSvneloba sxvadasxva ra-
diaqtiuri izotopisaTvis icvleba Zalian farTo farglebSi, ase 
magaliTad, 232Th-is τ = 1,39 . 1010 w., 226Ra-is 1617 w., 210Po-is τ = 138.401  dRe, 
212p-is τ = 3.04 . 10-7 wm.  

iseve, rogorc naxevardaSlis siCqare, naxevardaSlis dro ga-
nisazRvreba elementis atomis birTvis Sinagani TvisebebiT da ar 
aris damokidebuli araviTar garegan zemoqmedebaze (temperatura, 
wneva, radiaqtiuri elementis qimiuri mdgomareoba). naxevardaSlis 
dro radiaqtiurobis maxasiaTebeli mniSvnelovani parametria. 

3.11.5.  radiaqtiuri daSlis tipebi 

radiaqtiuri daSlis ZiriTadi tipebia: α-daSla, β-daSla, 
eleqtronis `mitaceba~ (`CaWera~) da spontanuri gayofa. pirveli  

sami saxe emorCileba sodisa da faiansis gadanacvlebis wess. 

1. α-daSla. rogorc viciT, α-nawilakebi warmoadgens heli-
umis ionebis (He2+) nakads. am dros adgili aqvs periodul sistema-
Si gadanacvlebas ori ujrediT marcxniv. magaliTad: 

He + Rn = Ra 4
2

222
86

226
88     (3.48) 
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zemoaRniSnuli reaqcia mokle formiT SeiZleba ase Caiweros: 

.Rn) ,(Ra 222_226 α  

2. β-daSla. cnobilia β-daSlis ori saxesxvaoba: β - da - 
daSla.   

+

β

β -daSlis zogadi sqema Semdegia: 

n → p + e . 
am dros xdeba periodul sistemaSi gadanacvleba erTi adgi-

liT marjvniv. magaliTad: 

 .e +Th  = Ac 228
90

228
89  

 Semoklebuli formiT: 

.Th)e,(Ac 228_228  
    
  β+-daSlis zogadi sqemaa: 

p → n +  
+
e

 
α-nawilaks pozitroni ewodeba. misi masa eleqtronis masis 

tolia, muxti ki +1.602•10-19 kulonisa. am dros xdeba periodul 
sistemaSi gadanacvleba erTi adgiliT marcxniv. magaliTad:     

.e + Ti = V
+

48
22

48
23  

Semoklebuli formiT:  .Ti)e,(V 48
+

_48

3. eleqtronis `mitaceba~  (`K-mitaceba~). birTvTan axlos, K 
Sreze myisierad myofma eleqtronma SeiZleba imoqmedos 
protonTan neitronis warmoqmniT: 

p + e  → n. 
am dros xdeba gadanacvleba erTi adgiliT marcxniv. 

magaliTad: 

.Ti = e + V 48
22

48
23  

 Semoklebuli formiT: 

.Ti),e(V 48_48  

4. spontanuri gayofa. gadanacvlebis zogadi wesebi ar arsebobs. 
bunebaSi ganuwyvetliv mimdinareobs radiaqtiuri gardaqmne-

bi, romelic bolos da bolos mTavrdeba romelime stabiluri 
izotopis warmoqmniT. radiaqtiuri gardaqmnebis sqemebSi isris 
zemoT miTiTebulia gardaqmnis saxe, xolo qvemoT naxevraddaS-
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lis periodi. cnobilia mimdevrobiTi gardaqmnebis oTxi rigi. 
erT-erTi maTgania uranis rigi, romelic mTavrdeba tyviis 
mdgradi izotopiT: 

U238
92 → …→  Pb206

82

cnobilia agreTve Ac-s, Th-s da sxva rigebi. 
xelovnurad ganxorcielebuli birTvuli reaqciebis gziT 

SesaZlebelia axali elementebis an izotopebis miReba. ganvi-
xiloT istoriuli TvalsazrisiT saintereso zogierTi maTgani.  

pirveli xelovnuri birTvuli reaqcia ganaxorciela 1919 
wels rezerfordma, romelmac azotis izotopis, 14N-is Α-nawila-
kebiT dabombviT miiRo Jangbadis izotopi 17O: 

He + N 4
2

14
7 → . p + O17

8

Semoklebuli formiT:  

14N (α, p) 17O 

1937 wels  is-Mo
42
98

deiteriumiT dabombviT miiRes pirveli 

xelovnuri elementi, romelsac, rogorc atombirTvuli teqno-
logiis pirmSos, teqneciumi ewoda:  

H + Mo 2
1

98
42 →  n + Tc99

43

Semoklebuli formiT: 98Mo (D, n) 99Tc 
1964 wels ruseTSi, q. dubnaSi miRebul iqna 104-e elementi, 

romelsac kurCatoviumi ewoda (cnobili rusi mecnieris i.v. kur-
Catovis pativsacemad. aRiniSneboda Ku-Ti), magram SemdgomSi mas 
IUPAC-is (International Union Pure and Applied Chemistry) kongresis ga-
dawyvetilebiT ewoda rezerfordiumi: 

Ne + Pu 22
10

242
94 → . 4n + Rf260

104
unda aRiniSnos, rom transuranuli elementebis umravlesoba 

miRebulia amerikeli mecnierebis mier (1912-1999) gamoCenili qi-
mikosis da fizikosis glen Teodor siborgis xelmZRvanelobiT. 

yvela birTvuli reaqcia klasificirdeba rogorc mZime 
birTvebis gayofis (daSlis) da msubuqi birTvebidan Termobir-
Tvuli sinTezis reaqcia. pirveli birTvuli reaqcia, Catarebuli 

energiis misaRebad, iyo -is gayofis (daSlis) reaqcia. erTi 
grami am izotopis gayofis dros gamoyofili energia tolia ori 
tona qvanaxSiris wvis Sedegad gamoyofili energiisa. garda uranis 

am izotopisa, birTvuli daSlis reaqciebSi iyeneben -sa da 

-s. birTvuli daSlis reaqciebi energiis mSvidobiani mizniT 
miRebis garda gamoiyeneba atomur bombebSi (ix. qvemoT).     

U235
92

U233
92

Pu239
94
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 TermobirTvuli sinTezis reaqciis magaliTia mzeze ganuwy-
vetliv mimdinare procesi: 

H + H 3
1

2
1 → . n + He4

2

am reaqciis gansaxorcieleblad saWiroa milion gradusze me-
ti temperatura. gamoyofili energia xuTjer metia, vidre 235U-is 
daSlis dros gamoyofili energia, magram procesi jerjerobiT 
umarTavia. amitom mSvidobiani mizniT misi gamoyeneba ver 
xerxdeba. ZiriTadad gamoyenebulia wyalbadis bombebSi (ix. qve-
moT).     

qimiis im dargs romelic swavlobs radiaqtiur elementebs, 
maT gardaqmnebs da Tvisebebs, radioqimia ewodeba. 

3.11.6.  radiaqtiuri gamosxivebis                             
gazomva-Sefasebis umniSvnelovanesi meTodebi 

1. vilsonis kamera, sadac SesaZlebelia (calkeuli) 
maionizirebeli gamosxivebis kvalis fotografireba. 

2. geiger-miuleris meTodi — misi daxmarebiT SesaZlebelia 
daiTvalos radiaqtiuri daSlis dros gamosxivebul nawilakTa 
ricxvi maT mier gamowveuli eleqtronuli impulsis mixedviT. 

3. fotoqaRaldis (fotografiuli firis) meTodi.     
     fotografiuli firis gaSaveba xdeba radiaqtiuri 

gamosxivebis fotografiul fenaze urTierTqmedebis gamo. 
gamuqebis intensiurobiT isazRvreba dasxivebis doza.       

        3.11.7.  radiaqtiuri izotopebis gamoyeneba 

radiaqtiuri izotopebi gamoyenebis ZiriTadi sferoebia: 

I. simsivnuri daavadebis winaaRmdeg, avadmyofobis gan-
viTarebis garkveul etapze, gamosxivebis axali wyaro, 
magaliTad, 60Co. 

II. qirurgiuli instrumentebis sterilizacia. 
III. miwisqveSa wylis da navTobis gaJonvis kontroli mcire 

sicocxlisunariani radiaqtiuri izotopebiT; gaJonvis 
SemTxvevaSi, radiaciuli foni SeiZleba gamovlindes im 
zedapirze, sadac gaJonva moxda.  

IV. Zravebis cveTis xarisxis da sapoxi zeTebis xarisxis 
kontroli (dguSis rgolebi mzaddeba radiaqtiuri masalisagan 
da cveTis Semdeg zeTTan Sexebisas, zeTis radiaqtiuri foni 
izrdeba, ris identifikacia Zneli ar aris). 

 76 



V. arqeologiuri nimuSebis, mcenareTa da cxovelTa 
naSTebis asakis dadgena.  

14
6

naxSirbadis radioaqtiur izotopebs Soris praqtikulad 
mniSvnelovania         (birTvis tipi, masis mixedviT — 4n+2). misi naxev-
raddaSlis periodi 5720 welia, amis gamo, misi arsebobis xangrZli-
voba didia. is xasiaTdeba advilad gasazomi susti energiis β 
gamosxivebiT (0,16 M ev.) da mudmivad warmoiqmneba bunebaSi haeris 
azotze kosmosuri sxivebis neitronebis moqmedebiT:  

C

14
6 C14

7
N
(n,d) . 

 

atmosferoSi warmoqmnisTanave izotopi  Seereva 14C naxSirba-
dis stabilur izotopebs, romlebic Sedis atmosferos CO2-is Se-
madgenlobaSi. ukanaskneli, rogorc cnobilia gamoiyeneba foto-
sinTezis reaqciis Sedegad organuli nivTierebis misaRebad. 
Tumca mas Semdeg rac organuli nivTiereba warmoiqmneba, masSi 14C 
izotopis wili TandaTan klebulobs misi radioaqtiuri daSlis 
gamo. rTul organul nivTierebaSi (an araorganulSi)  14C -is Sem-
dgomi moxvedra atmosferul CO2-Tan mimocvlis reaqciis saSua-
lebiT aRar xdeba. aseTi mimocvlis siCqare heterogenul siste-
mebSi Zalian mcirea. amitom naxSirbadis stabiluri izotopis da 
ama Tu im organul naerTSi (wiaRiseul naxSirSi, uZvelesi qalaqe-
bis xis nakeTobebSi da a.S.) 14C-is izotopis masuri wilis fardoba 
saSualebas  iZleva SevafasoT ra zomiT (raodenobiT) moxda 14C-is 
radiodaSla da Sesabamisad, ramdeni saukunis win moxda fotosin-
Tezi. organuli nivTierebis asakis gansazRvris es meTodi atarebs 
radionaxSirbaduli meTodis saxels. igi Seucvlelia da farTod 
gamoiyeneba arqeologiaSi, geologiaSi da sxva mecnierebebSi.  

VI. niSandebuli atomebis meTodi – am dros sagangebod 
Seyvanili radiaqtiuri izotopis meSveobiT akontroleben 
reaqciis meqanizms an zogierTi elementis (magaliTad, I2) 
moZraobas organizmSi. radgan 131I-is naxevrad daSlis dro 
mxolod 8 dRea, radiaqtiuroba swrafad mcirdeba Zalian dabal 
donemde.  

VII. analizuri qimia — `izotopuri ganzavebis meTodi~ 

3.11.8.  atombirTvebis dayofa.                                   
birTvuli reaqtorebi.                                           

atomuri bombis moqmedebis principi 

atombirTvuli gaxleCis reaqcia pirvelad Seiswavles 1939 
wels (mani). dadginda, rom, im SemTxvevaSi, rodesac 235U-is masa 
raime mniSvnelobaze (kritikuli masa) naklebia, neitronebi 

 77 



gamoityorcneba nimuSebidan. xolo rodesac 235U-is masa sakmaod 
didia, warmoqmnili neitronebi ejaxeba 235U-is sxva atomebs, ris 
Sedegad xdeba maTi dayofa. neitronebis uranis atomebTan 
Sejaxebis albaToba aRemateba maTi nimuSebidan gamotyorcnis 
albaTobas.radganac TiToeuli birTvis dayofis dros 
neitronis 2 nawilaki warmoiqmneba, maTi koncentracia swrafad 
izrdeba da aRiZvreba jaWvuri reaqcia:  

                                                       n + 234U →  …. 
                                n + 235U → 
                                                        n + 234U →  …. 
urTierTqmedebis yvela aqtis dros warmoqmnili TiToeuli 

atomis masa erTi m.a.e.-iT naklebi iqneba 235U-is masaze. am 
principzea dafuZnebuli atomuri bombis moqmedeba. atomuri 
bombi Seicavs 235U-is gansazRvrul masas, romelic gayofilia or 
nawilad masis kritikul masaze naklebi mniSvnelobiT. 
Cveulebrivi `qimiuri afeTqebiT~ ori naxevari SeerTdeba da 
miRebuli nimuSis masa aRemateba kritikuls. 

3.11.9.  radiaqtiuri izotopebis dacileba 

bunebrivi urani — es ori izotopis 235U da 238U-is narevia: 
meore izotopi, birTvuli dayofisaTvis mamuxruWebelia, amitom 
saWiroa 235U-isagan sxva izotopis mocileba, rac xorcieldeba 
airadi difuziis meTodiT (magaliTad, grafitis fenaSi 
gatarebiT). 

3.11.10. birTvuli da TermobirTvuli sinTezebi. 
wyalbadis bombis moqmedebis principi 

rodesac 2H (2D)-is ori atomi erTmaneTs Zalian didi siCqariT 
ejaxeba, SesaZlebelia warimarTos Semdegi reaqciebi:  

2D → 3He + on                                 (3.49) 
2D → 3H + 1p                                   (3.50) 

(gamoiyofa didi energia, ix. qvemoT). 
meore reaqciisaTvis ∆m=3.01606 + 1.007825 - 2(2.01410) = 0.004325 

m.a.e. gamoyofili energia E = mc2 = 0.004325•1.6661•10-27 kg (2.998•108 

m/wm)2 = 6.46•10-13 ≈ 3.89•101j (3.49) gantolebaSi Semaval nawilakTa 1 
molze gadaangariSebiT. es niSnavs, rom TermobirTvul sinTezSi 
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4kg deiteriumis monawileobiT gamoiyofa389tj= 3.89•108 m/j (1 
m.jouli = 106 joulis).   

 TermobirTvuli reaqciebis magaliTs warmoadgens mzis 
gulSi (SigniT) mimdinare reaqciebi (T = 107K): 

 deiteriumis (2D) monawileobiT mimdinare reaqciebi safuZ-
vlad daedo wyalbadis bombis Seqmnas. uranis minibombis afeTqe-
biT 2D cxeldeba birTvuli sinTezisaTvis saWiro temperaturam-
de (ix. zemoT). 

 im SemTxvevaSi, rodesac specialur reaqtorebSi (atomur re-
aqtorebSi) birTvul reaqciebs atareben kontrolirebad reJim-
Si, maSin birTvuli energiis, rogorc energiis alternatiuli 
wyaros gamoyeneba mSvidobiani miznebiTac SeiZleba. am tipis re-
aqtorebSi SesaZlebelia bunebrivi uranis izotopebis narevis 
(235U + 238U) gamoyeneba maTi grafitis fenaSi gatarebis Semdeg. re-
aqciis kontrolis mizniT gamoiyeneba boris Rero, romelic ne-
itronebs aqtiurad STanTqavs. reaqtorebis siRrmeSi boris Re-
ros moZraobiT aregulireben procesis siCqares. 
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4. periodulobis kanoni da                                     
perioduli sistema 

dimitri ivanes Ze mendeleevma periodulobis kanoni  1869 
wels aRmoaCina da or welze naklebi drois ganmavlobaSi 
Seqmna periodulobis kanonis grafikuli gamosaxuleba — 
perioduli sistema, Tavisi grZeli da mokle formebis ramde-
nime variantiT, romlebic amJamadac gamoiyeneba. misi aRmoCena, 
bunebrivia, efuZvneboda manamde aRmoCenil saintereso Se-
xedulebebs. maTgan zogierTi, garkveul aspeqtSi, moicavda iseT 
mniSvnelovan debulebebs, rogorebicaa qimiuri Tvisebebis 
msgavsebis mixedviT elementebis dayofa e.w. `triadebad~ (iohan 
volfgang dobereineri), atomuri masis zrdis mixedviT 
elementebis ganlageba (uiliam odlingma, aleqsandr emil begie 
de Sankurtua), ise, rom yoveli merve elementi imeorebda pirve-
lis Tvisebebs (jon niulendsi), atomur masebze dayrdnobiT ise-
Ti cxrilis SemoTavazeba, romelSic elementTa ramdenime dama-
xasiaTebeli jgufisTvis ilustrirebuli iyo atomuri masebis 
Tanafardobebi (loTar iulius maieri). gansxvavebiT mendeleevis 
mier aRmoCenili kanonisgan, zemoaRniSnuli debulebebi ver 
amaRlda srulyofili mecnieruli Teoriis donemde da maT sa-
fuZvelze raime seriozuli Teoriuli ganzogadebi ar gakeTe-
bula.  

d.i. mendeleevis periodulobis kanonis formulireba 
aseTia: martiv nivTierebaTa Tvisebebi, aseve qimiur elementTa 
naerTebis formebi da Tvisebebi periodul damo-
kidebulebaSia atomuri masis sididesTan. winamorbed 
mecnierTagan gansxvavebiT mendeleevma erTmaneTTan daakavSira 
ara marto msgavsi elementebi, aramed iseTebic, romelTac, erTi 
SexedviT, TiTqos araferi akavSirebT erTmaneTTan. man aRmoaCina 
kanoni, romelsac eqvemdebareba yvela qimiuri elementi, rac 
ukve am elementTa dialeqtikur urTierTkavSirs adasturebda.  

atomuri masis zrdis mixedviT dalagebul horizontalur 
rigebs mendeleevma periodi uwoda. Li – tipuri metalia, Be – am-
foteruli (ormagi Tvisebis mqone) elementi, B, C, N, O, F – arame-
talebia. rigSi arametaluri Tvisebebi matulobs da yvelaze 
Zlierad vlindeba fTorSi. Ne — inertuli elementia. rogorc 
vxedavT, atomuri masis zrdasTan erTad metaluri Tvisebebi sus-
tdeba, arametaluri Tvisebebi ki Zlierdeba. Tvisebebis analogi-
uri cvlileba SeimCneva Semdeg rigSic. Na, liTiumis msgavsad, ti-
puri metalia, Mg – aseve metalia, magram ufro susti, Al — amfo-
teruli elementia, Si, P, S, Cl — arametalebia, amasTan yvelaze aq-
tiuria qlori. es rigic Tavdeba keTilSobili airiT — Ar. amgva-
rad, elementTa garkveuli ricxvis Semdeg Tvisebebi  meordeba. 



periodulad meordeba naerTTa formebic. msgavsi elemente-
bi erTnairi formis naerTebs warmoqmnis. magaliTad, erTnairi 
formis oqsidebs warmoqmnis liTiumi da natriumi (Li2O, Na2O), be-
riliumi da magniumi (BeO, MgO) bori da siliciumi (B2O3 da SiO2) 
da a.S. elementebis naerTTa Tvisebebis perioduli damokidebu-
leba atomuri masis sididesTan kargad Cans hidroqsidebis Tvise-
bebis Sedarebisas. LiOH Zlieri tutea, Be(OH)2 — amfoteruli hid-
roqsidi, H3BO3, H2CO3 susti mJavebia, HNO3 Zlieri mJavaa (fTori 
da keTilSobili airebi hidroqsidebs ar warmoqmnis). analogiu-
rad xdeba Tvisebebis cvlileba Semdeg rigSic: NaOH, liTiumis 
hidroqsidis msgavsad, Zlieri tutea, Mg(OH)2 — susti fuZe, 
Al(OH)3 — amfoteruli hidroqsidi, H2SiO3 — susti mJava, H3PO4 – 
saSualo siZlieris mJava, H2SO4 – Zlieri mJava, HClO4 – yvelaze 
Zlieri mJava am rigSi (da saerTod Jangbadian mJavaTa Soris). ro-
gorc vxedavT, hidroqsidebis Tvisebebi rigSi kanonzomierad ic-
vleba — fuZe buneba sustdeba, mJava buneba — Zlierdeba. maSasada-
me, garkveuli intervalis Semdeg naerTTa Tvisebebic meordeba. 

d.i. mendeleevma mis mier Sedgenil periodul sistemaSi vakan-
turi adgilebi gaiTvaliswina ara marto im droisTvis ukve aRmo-
Cenili elementebisaTvis, aramed ucnobi elementebisTvisac, ro-
melTa arsebobasTan erTad maTi Tvisebebic ganWvrita. maTgan 
zogierTi elementi (skandiumi, galiumi da germaniumi) mis si-
cocxleSive iqna aRmoCenili. 

amJamad elementTa perioduli sistema moicavs 115-ze met  qi-
miur elements, romelTagan yvela transuranuli elementi (Z > 
92), agreTve 43-e (Tc), 61-e (Pm), 85-e (At) da 87-e (Fr) miRebulia xe-
lovnurad. 

4.1.  qimiuri elementebis perioduli sistemis 
struqtura 

rogorc cnobilia, funqciuri damokidebuleba SeiZleba ga-
moisaxos sami xerxiT: gantolebiT, grafikulad an cxriliT. am 
sami xerxidan periodulobis kanonisaTvis yvelaze moxerxebuli 
aRmoCnda mesame xerxi. qimiuri elementebis cxrils, romelic pe-
riodulobis kanonis grafikul gamosaxulebas warmoadgens, pe-
rioduli sistema ewodeba. 

periodulobis kanonis aRmoCenidan dRemde mowodebulia pe-
rioduli sistemis oTxasze meti varianti. TiToeul variantSi 
wina planzea wamoweuli TvisebaTa periodulobis garkveuli as-
peqtebi.  

 yvela periodul sistemas safuZvlad udevs elementebis gan-
lageba rigobrivi nomris (atombirTvis muxtis) zrdis mixedviT. 
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cnobilia perioduli sistemis samganzomilebiani modelebi (spi-
raluri an moTavsebuli sxvadasxva geometriuli figuris, maga-
liTad, cilindris, piramidis da sxv. zedapirze). samganzomilebi-
ani modelebi marTlac iZleva SesamCnevad met informacias Tvi-
sebaTa periodulobis Sesaxeb, magram maTi praqtikaSi gamoyeneba 
gaZnelebulia. farTod gamoyenebuli sistemebidan, ZiriTadad, 
arCeven perioduli sistemis or variants — mokle da grZel for-
mas. mendeleevi upiratesobas aniWebda mokle formas da amito-
mac tradiciis zegavleniT, umaRlesi skolis qimiis zogierT da 
saskolo saxelmZRvaneloebSi swored aseTi sistemaa mocemuli. 

elementTa perioduli sistema (mokle forma) Sedgeba Svidi 
periodis, 10-rigisa da rva jgufisagan (cxrili 4.1). 

periodebSi elementebi ganlagebulia horizontalur mwkriv-
Si rigobrivi nomris zrdis mixedviT, romelic iwyeba tute me-
taliT da mTavrdeba keTilSobili airiT. 

aseTi midgoma ar vrceldeba pirvel da meSvide periodebze 
(pirveli periodi iwyeba wyalbadiT, xolo meSvide periodi daum-
Tavrebelia). 

periodebSi elementebis ricxvi gansxvavebulia: 

cxrili 4.1. 

 I   periodSi    moTavsebulia        2               elementi 

II   ` ` 8 ` 

III   ` ` 8 ` 

IV ` ` 18 ` 

V ` ` 18 ` 

VI ` ` 18 ` 

VII  (daumTavrebelia) ` 19 ` 

elementTa ricxvis mixedviT arCeven mcire da did perio-
debs. mcire ewodeba periods, romelic Seicavs araumetes rva 
elementisa. mcire periodebia pirveli, meore da mesame. didi ewo-
deba periods, romelic Seicavs rvaze met elements. didi perio-
debia meoTxe da yvela momdevno periodi. 

perioduli sistemis mokle formaSi aTi rigia. rigi, mzardi 
rigobrivi nomris mixedviT ganlagebul elementTa horizon-
taluri mwkrivia. mcire periodebi Sedgeba erTi rigisagan, didi 
periodebi — ori rigisagan. 

elementebi, romlebic gaerTianebulia perioduli sistemis 
erTsa da imave vertikalur svetSi, Seadgenen jgufs. TiToeuli 
jgufi iyofa or qvejgufad — A da B. qvejgufebSi Semavali 
qimiuri elementebis simboloebi maT mier dakavebul ujraSi 
gadaweulia marcxniv an marjvniv. qvejgufs, romelic aerTianebs 
mcire da didi periodis elementebs, mTavari anu A qvejgufi 
ewodeba. magaliTad, pirvel jgufSi mTavaria is qvejgufi, 
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romelic moicavs wyalbads da tute metalebs (Li, Na, K, Rb, Cs da 
Fr). qvejgufs, romelic aerTianebs mxolod didi periodis 
elementebs, Tanauri anu B qvejgufi ewodeba. magaliTad, pirvel 
jgufSi Tanaur anu B qvejgufs warmoqmnis Cu, Ag da Au. 

perioduli sistemis calkeul ujraSi ZiriTadad moTavsebu-
lia mxolod erTi qimiuri elementi. ujraSi Cawerilia agreTve 
elementis qimiuri simbolo da rigobrivi nomeri, bunebrivi izo-
topuri Sedgenilobis elementis saSualo fardobiTi atomuri 
masa (aRsaniSnavia, rom radiaqtiuri elementebisaTvis mocemulia 
mxolod yvelaze mdgradi izotopis fardobiTi atomuri masa); 
xSirad ujraSi naCvenebia agreTve energetikul doneebze eleq-
tronebis ricxvi an gare energetikuli donis eleqtronuli kon-
figuracia. 

calkeul SemTxvevebSi erTi ujra ekuTvnis ramdenime ele-
ments. magaliTad, VIII jgufis Tanauri qvejgufi warmodgenilia e. 
w. triadebiT — erT ujraSi gaerTianebulia sam-sami elementi. 
aseve, meeqvse periodSi 57-e elementTan — lanTanTan erTad erT 
ujraSi moTavsebulia ToTxmeti elementi, romlebsac 
lanTanoidebs (lanTanis msgavs) an lanTanidebs (lanTanis mom-
devnos) uwodeben. meti TvalsaCinoebisaTvis lanTanidebi moTav-
sebulia calke, perioduli sistemis qvemoT. analogiurad, meSvi-
de periodSi aqtiniumTan (rigobrivi nomeri 90) erTad erT ujra-
Si moTavsebulia ToTxmeti elementi, romlebsac aqtinoidebs 
(aqtiniumis msgavs) an aqtinidebs (aqtiniumis momdevnos) uwo-
deben. es elementebic gamotanilia calke, perioduli sistemis 
qvemoT. 

xSirad perioduli sistemis qvemoT mocemulia elementebis 
umaRlesi JangbadnaerTebis da wyalbadnaerTebis saerTo formu-
lebi. yvela elementi (garda heliumisa, neonisa da argonisa) war-
moqmnis JangbadnaerTs. JangbadnaerTebisaTvis gamoiyeneba rva 
saxis empiruli formula: R2O, RO, R2O3, RO2, R2O5, RO3, R2O7 da RO4, 
sadac R elementis atomia. es formulebi moTavsebulia Sesa-
bamisi jgufis qvemoT da igi samarTliania, rogorc mTavari, ise 
Tanauri qvejgufis elementebisaTvis garda im SemTxvevebisa, ro-
ca elementis umaRlesi JangviTi ricxvi ar Tanxvdeba jgufis 
nomers. 

dawyebuli IV jgufidan, mTavari qvejgufis elementebi war-
moqmnis aqrolad wyalbadnaerTebs, romlebisTvisac aRiniSneba 
oTxi saxis empiruli formula: RH4, RH3, RH2 da RH, sadac R qimiu-
ri elementis atomia. es formulebi aseve moTavsebulia Sesabami-
si jgufis qvemoT da igi samarTliania mxolod mTavari qvejgu-
fis elementebisaTvis.  

garda im msgavsebisa, romelsac jgufebSi ganlagebuli ele-
mentebi iCenen, rasac SeiZleba `vertikaluri msgavseba~ ewodos, 
zogierTi elementisTvis damaxasiaTebelia e.w. diagonaluri 
msgavseba, magaliTad: 
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Li Be  B C

Na       Mg        Al        Si  

tute metalebis karbonatebi da fosfatebi wyalSi kargad 
xsnadia, garda liTiumis karbonatebisa da fosfatebisa. am Tvise-
biT es ukanasknelebi magniumis karbonatebsa da fosfatebs em-
sgavseba. 

meore jgufis mTavari qvejgufis metalebis hidroqsidebi 
Zlieri fuZeebia. gamonaklisia Be(OH)2, romelic Al(OH)3-is msgav-
sad amfoterulia. 

bori TvisebebiT emsgavseba ara III jgufis, aramed IV jgufis 
elementebs, kerZod, siliciums. ase magaliTad, nacvlad amfote-
ruli hidroqsidisa, bori siliciumis msgavsad sust mJavebs war-
moqmnis. amas garda, B2O3 SiO2-is msgavsad, minebs warmoqmnis. aseve 
sayuradReboa, B-isa da Si-is wyalbadnaerTebis msgavsebac. 

farTod gamoyenebis miuxedavad, perioduli sistemis mokle 
formas arsebiTi naklovaneba axasiaTebs, rac gamoixateba erT 
jgufSi mkveTrad gansxvavebuli Tvisebebis mqone elementebis 
arsebobiT (anu mTavari da Tanauri qvejgufis elementebis Tvise-
baTa sxvaobiT), ris gamoc elementebis TvisebaTa perioduloba 
TiTqos irRveva. upiratesoba unda mieniWos perioduli sistemis 
grZel formas, romelic ufro srulad gamoxatavs elementebis 
TvisebaTa periodulobas, amave dros warmodgenas gviqmnis peri-
oduli sistemis fizikur safuZvelze — elementebis atomebis 
eleqtronebiT Sevsebis Tanmimdevrobaze. 

elementebis perioduli sistemis grZeli forma, iseve 
rogorc Cven mier ganxiluli mokle forma, Sedgeba Svidi perio-
disagan. periodul sistemaSi aris vertikaluri svetebi. TiTo-
euli svetis elementebi WeSmariti analogebia. am svetebs jgufe-
bi ewodeba da maTi aRniSvna xdeba romauli cifrebiT da asoebiT 
— A an B. periodul sistemaSi rva A da amdenive B jgufia. lanTa-
nidebsa da aqtinidebs ojaxebi ewodeba da isini arc erT jgufs ar 
miekuTvneba. A jgufebSi gaerTianebulia s- da p-elementebi, B 
jgufebSi — d-elementebi (e.w. gardamavali elementebi), ojaxebSi 
ki f-elementebi (lanTanidebi da aqtinidebi). 

perioduli sistemis meti kompaqturobis mizniT lanTanidebs 
da aqtinidebs calke gamoyofen da aTavseben sistemis qvemoT. pe-
rioduli sistemis am variants naxevrad grZeli ewodeba. 

perioduli sistemis grZeli formis erT-erTi gavrcelebuli 
variantia sistema, romelic daamuSava borma da tomsenma (sqema). 
swored am sistemis safuZvelze gaxda SesaZlebeli iSviaTmiwa me-
talebis — lanTanidebis zusti ricxvis dadgena. 

dasasrul sainteresoa aRvniSnoT perioduli sistemis kidev 
erTi varianti. 1956 wels rusma a. kapustinkim  gamoTqva mosazre-
ba, rom Zalze didi wnevis pirobebSi, kerZod dedamiwis wiaRSi, 
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dasaSvebia eleqtronebis gadasvla periferiuli energetikuli 
doneebidan Siga energetikul doneebze. aseT SemTxvevaSi atomTa 
eleqtronuli konfiguraciis formireba ganxorcieldeba e.w. 
idealuri sqemis mixedviT, roca axali donis eleqtronebiT Sev-
seba daiwyeba wina energetikuli donis mTlianad Sevsebis Semdeg. 
maSin eleqtronebiT Sevsebis Tanmimdevroba aseTi iqneba:  

1s2 –2s2- 2p6 –3s2 -3p6 -3d10-4s2-4p6-4f14-5s2-5p6-5d10-5f14 da a.S. 

aseT pirobebSi moxdeba Cveulebrivi perioduli sistemis ga-
dagvareba da TvisebaTa periodulobac miiRebs gansxvavebul 
formas. 

kapustinskis mixedviT perioduli sistema Sedgeba xuTi peri-
odisagan. gamoTvlilia, rom eleqtronebis gadasvla periferiu-
li energetikuli doneebidan birTvTan ufro axlo mdebare qve-
doneebze mosalodnelia 1-10 mpa wnevis pirobebSi. 

amJamad Seqmnilia perioduli sistemis iseTi eleqtronuli 
versia, romelSic cxrilis bolo mocemuli elementis nebismieri 
ZiriTadi Tvisebis dinamiurad moZebna SeiZleba. 
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4.2.  periodulobis kanonisa da perioduli 
sistemis fizikuri safuZvlebi da mniSvneloba 

periodulobis kanonis aRmoCenam da perioduli sistemis Seq-
mnam safuZveli moamzada atomis aRnagobis dasadgenad. man xeli 
Seuwyo atomis aRnagobis Sesaxeb Tanamedrove moZRvrebis ganvi-
Tarebas. atomis aRnagobis Sesaxeb moRvrebis siswore xSirad mow-
mdeboda periodulobis kanoniT. magaliTad, borma iwinaswar-
metyvela, rom 72 rigiTi nomris elements unda hqonoda cirkoni-
umis atomis analogiuri aRnagoba, amitom igi unda eZebnaT cir-
koniumis mineralebTan, rac SemdgomSi marTlac dadasturda misi 
cirkoniumis madanSi aRmoCeniT. am elements hafniumi (aRmoCenis 
adgilis — kopenhagenis laTinuri saxelwodeba) ewoda. 

atomis aRnagobis Tanamedrove moZRvrebis Seqmnis Semdeg ki-
dev ufro gaizarda periodulobis kanonisa da perioduli siste-
mis mniSvneloba. 

atomis aRnagobis dadgenis Semdeg gairkva, rom elementis ri-
giTi nomeri, romelic manamde misi mxolod mdebareobis maCvene-
beli ricxvi egonaT, Rrma fizikuri arsis matarebeli ricxvia. 
rigiTi nomeri am elementis atombirTvis muxtis tolia. atombir-
Tvis muxti ki elementis raobis, misi individualobis ganmsazR-
vreli sididea. amitom ganimarteba elementi, rogorc erTnairi 
atombirTvis muxtis mqone atomebi. atombirTvis muxtis Secvla 
qimiuri elementis sxva elementad gardaqmnas niSnavs. birTvuli 
reaqciebis dros qimiuri elementis atomebi gardaiqmneba sxva 
elementis atomebad. qimiuri reaqciebis mimdinareoba ki maTi 
eleqtronuli struqturis SecvlasTan aris dakavSirebuli. 

rogorc cnobilia, mendeleevma periodul sistemaSi elemen-
tebi daalaga atomuri masis zrdis mixedviT, magram ramdenime ad-
gilas, naklebi atomuri masis mqone elementebi, maTi Tvisebebis 
gaTvaliswinebiT, ganalaga ufro meti atomuri masis mqone ele-
mentebis Semdeg: Ar-K, Co-Ni, Te-I, Th-Pa. atomis aRnagobis dadgenam 
gaamarTla mendeleevis daSvebis siswore, radgan periodul sis-
temaSi elementebi zustad dalagebuli aRmoCnda atombirTvis 
muxtis zrdis mixedviT. xolo Tu ratom aris magaliTad, 
Ar(K)<Ar(Ar), maSin, roca kaliumis atombirTvis muxti metia, vidre 
argonis, amisi axsna martivia da mdgomareobs imaSi, rom kaliumis 
bunebriv izotopur narevSi procentulad ufro metia msubuqi 
izotopis Semcveloba, xolo argonSi piriqiT — mZime izotopisa, 
ris gamo, argonis fardobiTi atomuri masa aRemateba kaliumisas. 

atomis aRnagobis dadgenis Semdeg periodulobis kanonma ase-
Ti formulireba miiRo: 

martiv nivTierebaTa Tvisebebi, qimiur elementTa naerTe-
bis formebi da Tvisebebi periodul damokidebulebaSia atom-
birTvis muxtis sididesTan. 
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neitralur atomSi rigobrivi nomeri, romelic tolia (araaR-
gznebul mdgomareobaSi) elementis atomSi energetikuli doneebis 
raodenobisa da periodis nomrisa, amave dros tolia eleqtronebis 
ricxvisa da mTavari kvanturi ricxvis, n-is, udidesi mniSvnelobisa. 

dReisaTvis cnobili qimiuri elementis atomebSi (araaRgzne-
bul mdgomareobaSi) SeiZleba arsebobdes maqsimum Svidi energe-
tikuli done. swored amitom periodul sistemaSi gvaqvs Svidi pe-
riodi. aseTia periodis nomris fizikuri arsi. 

periodis tevadoba, anu qimiuri elementebis ricxvi gani-
sazRvreba atomebis eleqtronuli struqturebis formirebis ka-
nonzomierebiT. pirveli energetikuli done Sedgeba erTi orbi-
talisagan, erT orbitalze ki paulis akrZalvis principidan ga-
momdinare, SeiZleba moTavsdes maqsimum ori eleqtroni. amitom 
pirveli energetikuli donis eleqtronuli tevadoba oris tolia 
da aqedan gamomdinare, pirveli periodi or elements moicavs. es 
elementebia wyalbadi da heliumi. meore energetikuli done Sed-
geba oTxi orbitalisagan (2s, 2p), amitom misi tevadoba rvis tolia 
da aqedan gamomdinare, meore periodi rva elements Seicavs. 

mesame energetikuli done moicavs 3s, 3p, 3d–orbitalebs, 
romlebzedac ganlagebulia 2 3s-eleqtroni, 6 3p-eleqtroni. 
energiis minimumis principidan gamomdinare, 3d orbitalebi ivse-
ba 4s orbitalis Semdeg (3d orbitalebisTvis (n + l) udris 3+2=5, 
xolo 4s-Tvis 4+0=4). Tumca, unda SevniSnoT, rom 3d orbitalebi iv-
seba IV periodis elementebSi, e.i. III periodSi ivseba 3s da 3p orbi-
talebi, romelTa tevadobac rvis tolia, amitom am periodSic 
elementebis ricxvi, meore periodis analogiurad, rvis tolia. 

meoTxe energetikuli done Sedgeba Teqvsmeti orbitalisa-
gan — erTi 4s, sami 4p, xuTi 4d da Svidi 4f. magram am orbitalebi-
dan energiis minimumis principidan gamomdinare, ivseba 4s da 4p 
orbitalebi. 4d  orbitali ivseba mexuTe periodSi, xolo 4f – VI 
periodis elementebSi. meoTxe periodis elementebSi, rogorc 
zemoT aRvniSneT, ivseba agreTve 3d orbitalebi, e.i. sul cxra 
orbitali, amitom Tavsdeba 18 elementi. 

analogiuri msjelobiT SeiZleba imis dadgena, rom V period-
Si ivseba  erTi 5s, sami 5p da xuTi  4d orbitali, e.i. sul cxra or-
bitali, amitom V periodSic 18 elementia.  

VI periodSi ivseba erTi 6s, sami 6p, xuTi 5d da Svidi 4f orbita-
li, e.i. 16 orbitali, amitom VI periodSi 32 elementia. 

VII periodi (daumTavrebelia) analogiuri msjelobidan ga-
momdinare, SeiZleba Seicavdes 32 elements. 

amrigad, periodis tevadoba calsaxad ganisazRvreba atome-
bis eleqtronuli konfiguraciis formirebis kanonzomierebiT. 

atomis aRnagobis dadgenis Semdeg gairkva agreTve jgufis 
nomris fizikuri arsic.  
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ganvixiloT madiferencirebeli eleqtronis cneba. madife-
rencirebeli im eleqtrons ewodeba, romelic emateba mocemuli 
elementis atoms da cxadia, ara aqvs win mdgomi elementis atoms. 
magaliTad, Na-is atomSi madiferencirebelia 3s eleqtroni, fos-
forSi — 3p, rkinaSi — 3d, promeTiumSi (Pm) — 4f da a.S. amis Sesabami-
sad, qimiuri elementebi iyofa s, p, d da f elementebad. d da f ele-
mentebs (e.i. elementebs, romlebSic madiferencirebelia d da f 
eleqtronebi) gardamavali elementebi ewodeba. 

periodul sistemaSi mTavari qvejgufebi warmodgenilia s da p 
elementebiT, Tanauri ki d da f elementebiT. jgufis nomeri mTava-
ri qvejgufis elementebisTvis bolo energetikul doneze eleq-
tronebis ricxvis tolia. amave dros mTavari da Tanauri qvejgu-
fis elementebisTvis jgufis nomeri miuTiTebs eleqtronebis im 
maqsimalur ricxvs, romlis gamoyenebac maT qimiuri bmebis war-
moqmnaSi SeuZliaT, e.i. aCvenebs elementis umaRlesi Jangvis 
ricxvs. amaSi gamoixateba jgufis nomris fizikuri arsi. am eleq-
tronebs savalento eleqtronebi ewodeba. amrigad, mTavari qvej-
gufis elementebisTvis savalentoa gare energetikuli donis eleq-
tronebi, xolo Tanauri qvejgufis elementebisTvis – rogorc ga-
re, ise boloswina qvedonis eleqtronebi (s da d); magaliTad, gogir-
disTvis savalentoa gare energetikuli donis eqvsive eleqtroni 
(3s2, 3p4), qromisTvis savalentoa bolo energetikuli donis (4s) erTi 
eleqtroni da boloswina 3d5 orbitali, e.i. sul 6 eleqtroni. 

qimiuri elementebis eleqtronuli konfiguraciebis formi-
rebis kanonzomierebaTa Seswavlis Semdeg, cxadia, rac ufro zus-
tad emorCileba perioduli sistema eleqtronuli struqture-
bis formirebis kanonzomierebebs, miT ufro srulad gamoxatavs 
igi periodulobis kanons. 

rigobrivi nomris, periodisa da jgufis nomrebis fizikuri ar-
sis codna cxadyofs, rom qimiuri elementebis Tvisebebi ZiriTadad 
ganisazRvreba gare eleqtronuli Sris aRnagobiT. aqedan gamomdi-
nare, periodulobis kanonis fizikuri arsi SeiZleba Semdegnairad 
CamovayaliboT: atombirTvis muxtis monotonur zrdasTan erTad 
TvisebaTa perioduli cvlileba gamowveulia gare energetiku-
li donis eleqtronuli struqturis perioduli gameorebiT. 

4.3.  qimiuri elementebis TvisebaTa                   
perioduloba 

qimiuri elementebis yvela is Tviseba, romelic atomis eleq-
tronuli struqturiT ganisazRvreba, kanonzomierad icvleba 
periodebisa da jgufebis mixedviT. amasTan, ramdenadac element-
analogebis eleqtronuli struqturebi erTmaneTis msgavsia da 
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ara erTnairi, jgufsa da qvejgufSi SeimCneva TvisebaTa ara mar-
tivi gameoreba, aramed maTi kanonzomieri cvlileba. 

elementis qimiuri buneba imiT ganisazRvreba, gascems Tu Sei-
Zens igi eleqtrons. es unari ki raodenobrivad fasdeba ioniza-
ciis energiiT da misi eleqtronisadmi swrafviT. 

4.3.1.  ionizaciis energia 

mravaleleqtroniani atombirTvis ionizaciis energiebi I1, I2, 
I3,…, In Seesabameba pirveli, meore da a.S. eleqtronis mosaxleCad 
saWiro energiebs. amasTan, I1 < I2 < I3 …, radgan eleqtronis moxle-
Ca zrdis atombirTvis muxtis mniSvnelobas da, Sesabamisad, eleq-
tronis mosaxleCad saWiro energias. 

ionizaciis pirveli energia (I1) ewodeba im energias, rome-
lic saWiroa birTvTan yvelaze sustad bmuli (e.i. yvelaze daSo-
rebuli) araaRgznebuli erTi eleqtronis mosaxleCad da mis 
usasrulod did manZilze gadasatanad. warmoqmnili erTmuxtiani 
ionisagan Semdgomi eleqtronis mosaxleCad saWiro energias io-
nizaciis meore energia ewodeba da a.S. ionizaciis energia izome-
ba kj-Si an eleqtron-voltebSi (ev).  

atomis ionizaciis energia mis eleqtronul konfiguraciaze 
aris damokidebuli. dasrulebul eleqtronul garsebs maRali 
mdgradoba axasiaTebs da maT ionizaciis didi energiebi aqvT. io-
nizaciis yvelaze mcire energiebi aqvT I jgufis s-elementebs (Li, 
Na, K da a.S.), Tumca maTi ionizaciis meore energia ukve Sedare-
biT maRalia, rac ganpirobebulia savalento eleqtronis dakar-
gvis Semdeg miRebuli (n-1) garsis (s2p6) didi mdgradobiT.  

II jgufis s-elementebSi (Be, Mg, Ca) dasrulebuli Sridan 
ns2np6 (Be-Tvis ki 2s2-dan) eleqtronis dakargva pasuxobs ioniza-
ci-is energiis mkveTr zrdas.  

mruds, romelic gamosaxavs pirveli eleqtronis moxleCvis 
energiis damokidebulebas elementis rigiT nomerTan, aqvs 
mkveTrad gamoxatuli perioduli xasiaTi (nax. 4.1). yvelaze nak-
lebi energia Seesabameba I jgufis s-elementebs, xolo yvelaze ma-
Rali — VIII jgufis s da p-elementebs. 

ganvixiloT energiis cvlilebis xasiaTi perioduli  sistemis 
pirveli jgufis mTavari qvejgufisa da meore periodis elemente-
bis magaliTze. pirveli jgufis mTavari qvejgufis elementebis io-
nizaciis pirveli energiis mniSvnelobebi mocemulia cxrilSi 4.2. 

  cxrili 4.2. 

elementi Li Na K Rb Cs 
I1, ev 5.39 5.14 4.34 4.18 3.89 
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naxazi 4.1. pirveli eleqtronis moxleCvis energiis damokidebuleba 

elementis atombirTvis muxtis sidideze 

rogorc cxrilidan Cans, mTavar qvejgufSi atombirTvis mux-
tis zrdasTan erTad ionizaciis pirveli energiis mniSvnelobebi 
mcirdeba, rac kulonis kanonis Tanaxmad (Fmiz. = kq1q2/r2) aixsneba. 
rigobrivi nomris zrdasTan erTad, zemodan qvemoT, r-is birTvsa 
da mosaxleC eleqtrons Soris manZilis gazrdiT (eleqtronuli 
Sreebis raodenobis gazrdis gamo), q2-is zrdis gamo, zemoTmota-
nil gamosaxulebaSi amave dros izrdeba mricxvelis mniSvneloba. 
magram mniSvnelis zrdiT gamowveuli efeqti sWarbobs birTvis 
muxtis zrdiT gamowveul efeqts da Sedegad adgili aqvs mizid-
vis Zalis Semcirebas. 

meore periodis ionizaciis pirveli energiebi mocemulia 
cxrilSi 4.3. 

cxrili 4.3. 

elementi Li Be B C N O F Ne 
I1, ev 5.39 9.32 8.30 11.26 14.53 13.61 17.43 21.56 

 
cxrilidan Cans, rom periodebSi marcxnidan marjvniv ioniza-

ciis pirveli energia izrdeba, radgan mTavari kvanturi ricxvis 
(n) ucvlelobis pirobebSi r-is cvlileba umniSvneloa, xolo q2-is 
zrdis gamo, mricxvelis zrda iwvevs `kulonis Zalis~ gadidebas 
da, Sesabamisad, ionizaciis energiis zrdas. magram aRsaniSnavia, 
rom birTvis muxtis monotonur zrdas Seesabameba ionizaciis 
energiis aramonotonuri zrda Sinagani periodulobis gamov-
leniT. SedarebiT maRali ionizaciis energiebi aqvT II jgufis s-
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elementebs (Be, Mg, Ca) Sevsebuli ns2 mdgomareobis didi mdgra-
dobis gamo. agreTve, ionizaciis maRali energiiT gamoirCeva V 
jgufis p-elementebi (N, P, As), rac aseve maTi eleqtronuli kon-
figuraciidan gamomdinareobs da erTxel kidev adasturebs na-
xevradSevsebuli savalento orbitalebis mdgradobas, e.i. ioni-
zaciis pirveli energia periodebSi marcxnidan marjvniv izrdeba, 
xolo mTavar qvejgufebSi zemodan qvemoT mcirdeba.  

4.3.2.  swrafva eleqtronisadmi 

energias, romelic gamoiyofa neitraluri atomisa da eleq-
tronisagan erTmuxtiani uaryofiTi ionis warmoqmnisas, eleq-
tronisadmi swrafva ewodeba. es im energiis tolia, romelic sa-
Wiroa erTmuxtiani ionisagan erTi eleqtronis mosawyvetad da 
mis usasrulod did manZilze gadasatanad. eleqtronisadmi 
swrafva aRiniSneba E-Ti da is iseve, rogorc ionizaciis energia, 
izomeba joulebSi an eleqtronvoltebSi. 

eleqtronisadmi yvelaze maRali swrafva aqvT VII jgufis mTa-
vari qvejgufis zeda elementebs (F, Cl, Br), agreTve VI jgufis mTa-
vari qvejgufis zeda elementebs (magaliTad, O, S). 

4.4.3 eleqtrouaryofiToba 

eleqtrouaryofiToba SeiZleba ganimartos, rogorc qimi-
urad bmuli elementis atomis unari Tavisken miizidos mole-
kulaSi sxva atomebTan makavSirebeli eleqtronebi. eleqtro-
uaryofiToba aRiniSneba berZnuli asoTi χ  (`xi~). Tumca eleq-
trouaryofiTobis cneba fardobiTia. atomTa eleqtrouaryofi-
Toba mraval faqtorzea damokidebuli: elementis valentur 
mdgomareobaze, naerTis tipze, am atomTan dakavSirebuli atome-
bis bunebaze da a.S. amitom cnobilia eleqtrouaryofiTobis ram-
denime skala (elementebis Tanmimdevroba am skalebSi erTnairia, 
Tumca maTi eleqtrouaryofiTobis mniSvnelobebi ramdenadme 
gansxvavebulia), romelTa Soris yvelaze gavrcelebulia polin-
gis mier Sedgenili skala. masSi fToris fardobiTi eleqtrouar-
yofiTobis mniSvneloba yvelaze didia. umciresia Cs-is da Fr-is 
eleqtrouaryofiTobis mniSvneloba (ix. elementebis fardobiTi 
eleqtrouaryofiTobis skala, nax. 4.2). 

ganvixiloT A da B elementebis atomebs Soris eleqtronis 
gadasvlis mimarTulebis SesaZlebloba. Tu eleqtroni gadadis 
A elementis atomidan B elementis atomze, maSin unda gamoiyos 
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(EB - IA) energia, sadac IA aris A elementis ionizaciis energia, xo-
lo EB ─ B elementis swrafva eleqtronisadmi. sawinaaRmdego ga-
dasvlis SemTxvevaSi gamoyofili energia iqneba (EA - IB), sadac IB 

aris B elementis ionizaciis energia, xolo EA ─ A elementis 
swrafva eleqtronisadmi. 

davuSvaT, rom sinamdvileSi eleqtroni gadadis A-dan B-ze. 
amisaTvis saWiroa Sesruldes piroba: 

(EA - IB) > (EB - IA) 

Tu movaxdenT utolobis wevrebis dajgufebas elementebis 
mixedviT, miviRebT: 

(IB + EB) > (IA + EA) 

eleqtrouaryofiToba (χ) ricxobrivad ganisazRvreba, ro-
gorc ionizaciis energiisa da eleqtronisadmi swrafvis naxevar-
jami:   

χ = (I + E)/2                    (4.1) 
 eleqtrouaryofiToba, iseve rogorc swrafva eleqtroni-

sadmi gaizomeba joulebiT an eleqtronvoltebiT.  

 

naxazi 4.2 elementebis fardobiTi eleqtrouaryofiTobis 
polingis skala 

4.4.  atomuri radiusebi 

eleqtronis moZraobis talRuri bunebis gamo atoms ara aqvs 
mkacrad gansazRvruli sazRvrebi. atomTa absoluturi zomebis 
gansazRvra SeuZlebelia. atomis zomis gansazRvris pirveli cda 
ekuTvnis loTar maiers, romelmac atomuri moculobebis mrudi 
aago, rogorc atomuri funqcia. am mruds mkveTrad gamoxatuli 
perioduli xasiaTi aqvs. 

rentgenostruqturuli da eleqtronografiuli gazomvebis 
Sedegad dagrovda mdidari eqsperimentuli masala, saidanac ga-
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nisazRvra manZilebi atomebs Soris, aqedan ki ganisazRvra atome-
bisa da ionebis radiusebi.  

cnobilia atomuri radiusebis gansazRvris ramdenime me-
Todi. Tu martivi nivTierebis atomebs warmovidgenT kristalur 
meserSi erTmaneTTan SexebaSi myofi aradrekadi burTulebis sa-
xiT, maSin mezobeli burTulebis centrebs Soris manZili SeiZle-
ba miviCnioT atomebis gaormagebul radiusebad. amitom kovalen-
turi radiusi iqneba ori erTnairi atomis birTvebs Soris manZi-
lis naxevari. am meTodiT gansazRvrul radiusebs bregis ato-
mur radiusebs uwodeben. sxadasxva elementis atomebis SemTxve-
vaSi A–B molekulaSi atomebs Soris manZili A–A da B–B moleku-
lebSi arsebuli manZilebis saSualo ariTmetikuli unda iyos. ase-
Ti kanonzomierebis daSveba bunebrivia, radganac birTvebs Soris 
manZili aditiuri sididea. magaliTad, C–C birTvebs Soris manZili 
martivi bmis SemTxvevaSi aris 154 pm, xolo Si–Si-is birTvebs Soris — 
234 pm. aqedan gamomdinare, C-Si bmis sigrZe karborundSi unda iyos 
194 pm. eqsperimentiT miRebulia 193 pm, romelic kargad emTxveva ga-
moTvlils. Tumca, aseTi kargi damTxveva yovelTvis ar miiReba. mra-
val SemTxvevaSi gvxvdeba gadaxrebi, romelTac, zogjer, bmis jera-
dobas, bmis ionur xasiaTs an orbitalebis hibridizacias miaweren.  

aRsaniSnavia martivi kavSiris arseboba bmis energiasa da sig-
rZes Soris. kovalenturi naerTebis didi ricxvisTvis SeiZleba 
Semotanil iqnas sidide Z*

AB, romelsac kovalentur energeti-
kul manZils uwodeben, WeSmarit ZAB manZilsa da EAB bmis energi-
asTan is Semdeg kavSirSia: 

Z*
AB = ZAB + 1/2 lg EAB                              (3.51) 

es formula gamoyvanili iyo wyalbadisaTvis, magram sxva 
elementebisTvisac karg Sedegebs iZleva. 

atomis radiusad SeiZleba miCneul iqnas manZili birTvsa 
da savalento eleqtronebis simkvrivis maqsimums Soris. ase 
gamoTvlil radiuss sleiteris atomur radiuss uwodeben 
(cxrili 4.4).  

cxrili 4.4. atomuri radiusebi (pm) sleiteris mixedviT 

 

  Li 
  Na 
  K 
  Rb 
  Cs 

145 
180 
220 
235 
260 

Be 
Mg 
Ca 
Sr 
Ba 
Ra 

 105 
 150 
 180 
 200 
 215 
 215 
 

  N 
  P 
  As 
  Sb 
  Bi 
 

    65 
 100 
 115 
 145 
 160 

   O 
   S 
   Se 
   Te 
   Po 

   60 
 100 
 115 
 140 
 120 

  F 
  Cl 
  Br 
  I 

   50 
 100 
 115 
 140 

yvelanairi naerTebisTvis (rogorc metaluri, ise kova-
lenturi bmiT) miRebulia atomebis orbitaluri radiusis ga-
moyeneba — manZili birTvidan bolo orbitalis eleqtronuli 
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simkvrivis maqsimumamde (eleqtronebis yofnis albaTobis radi-
aluri ganawilebis funqciis maqsimumamde, nax. 4.3). magaliTad, 
spilenZis atomisTvis es aris manZili birTvidan 4s orbitalis 
eleqtronuli simkvrivis maqsimumamde. 

          
naxazi 4.3. H-is, Li-is, B-is da Ne-is atomebSi radialuri  eleqtronuli 

simkvrivis ganawileba da orbitaluri radiusebi 

molekulis mniSvnelovani maxasiaTeblebia atomebs Soris 
manZilebi da savalento kuTxeebi, romlebic ganisazRvreba eleq-
tronografiuli, rentgenostruqturuli da speqtroskopuli 
kvlevis meTodebis gamoyenebiT.  

arsebiTi mniSvneloba eniWeba brunviT speqtrebs, gansakuT-
rebiT im SemTxvevaSi, roca molekulebi wyalbadis atomebs Seica-
ven, romlis adgilmdebareobis gansazRvra arc eleqtronogra-
fiuli da arc rentgenostruqturuli analiziT ar xerxdeba. 

atomis orbitaluri radiusebis birTvis muxtze (Z) damokidebu-
leba periodul xasiaTs atarebs (naz. 4.4). erTi periodis farglebSi 
elementis rigobrivi nomris gadidebisas atomuri radiusebi mcir-
deba. es gansakuTrebiT mcire periodebSi SeimCneva (cxrili 4. 4). 
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     cxrili 4.5. atomuri radiusebis (pm) cvlileba mcire periodebSi 

Li       Be   B   C   N   O   F 
145     105   85   77   65   60   50   
Na Mg  Al Si P S   Cl 
180     150   125   110   100   100   100   

 

 
naxazi 4.4 atomis orbitaluri radiusis atombirTvis muxtis sidideze 

damokidebulebis grafiki 

erTsa da imave periodSi ar icvleba mTavari kvanturi ricxvis 
mniSvneloba, magram izrdeba ra atombirTvis muxti, Zlierdeba bir-
Tvis mier eleqtronebis mizidva, rac atomis radiusis Semcirebas 
iwvevs. ufro Zlieri Semcireba SeiniSneba savalento Sreze meore s 
eleqtronis momatebisas, xolo p, d da f eleqtronebis ricxvis gaz-
rdisas, atomuri radiusebi SedarebiT naklebad mcirdeba. 

mcire periodebSi radiusebi gacilebiT swrafad mcirdeba, 
vidre did periodebSi (d da f elementebi). maqsimaluri radiusebi 
unda hqondeT tute metalebs, xolo minimaluri – keTilSobil 
airebs. minimaluri orbitaluri radiusebi marTlac keTilSo-
bil airebs aqvT. xolo efeqturi atomuri radiusebi TiToeul 
periodSi marcxnidan marjvniv jer klebulobs, xolo Semdeg iz-
rdeba. magaliTad, meore periodSi R (atomuri radiusi) minimalu-
ria fTorisTvis, mesameSi – qlorisTvis da a.S. aseTi kanonzomie-
reba gamowveulia qimiuri bmis TaviseburebiT. kerZod, keTilSo-
bil airebSi atomuri radiusebis gadidebuli mniSvnelobebi ga-
mowveulia keTilSobili airebis kristalebSi Zalian dabal tem-
peraturaze atomebs Soris arsebuli susti urTierTqmedebiT, 
ris gamoc atomebs Soris manZilebi didia, maSin, roca imave peri-
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odis arametalis atomebs Soris Zlieri kovalenturi bmebia, rac 
atombirTvebs Soris manZils amcirebs. 

atomuri radiusebis SedarebiT umniSvnelo, magram kanonzo-
mier Semcirebas aqvs adgili lanTanoidebis rigSi, romelsac 
`lanTanoidur kumSvas~ uwodeben. am movlenas didi mniSvneloba 
aqvs lanTanis momdevno elementebisTvis, romelTa radiusebi uf-
ro mcirea, vidre maT eqnebodaT `lanTanoiduri kumSvis~ gareSe. 

mTavar qvejgufebSi birTvis muxtis zrdis mimarTulebiT 
atomis radiusi izrdeba, rac eleqtronuli Sreebis ricxvis 
zrdasTan aris dakavSirebuli. amave dros mTavari qvejgufis 
elementebisaTvis (s da p elementebi) radiusi izrdeba ufro 
swrafad, vidre Tanauri qvejgufis elementebisTvis (d da f  ele-
mentebi). es dakavSirebulia d- da f-eleqtronebis nakleb maekrani-
rebel moqmedebasTan s- da p-elementebTan SedarebiT, ris gamoc 
am ukanasknel SemTxvevaSi birTvsa da eleqtronebs Soris mizid-
vis Zala ufro metia da, Sesabamisad, radiusi  naklebia. 

me-6 periodis lanTanis momdevno elementebSi mTavari kvantu-
ri ricxvis zrdiT gamowveuli radiusis zrda kompensirdeba lanTa-
noiduri kumSviT, amitom am elementebis atomuri radiusebi mexuTe 
periodis Sesabamisi elementebis atomuri radiusebisgan TiTqmis 
ar gansxvavdeba. yovelive aman maT Tvisebebze gavlena moaxdina. 
swored lanTanoiduri kumSvis gamo Zr da Hf elementebis yvelaze 
msgavsi wyvilebia (maTi atomuri radiusebi TiTqmis erTnairia). 

4.5.  ionuri radiusebi 

rogorc cnobilia, gare Sris eleqtronebi birTvTan Sedare-
biT sustad aris dakavSirebuli, amitom SesaZlebelia maTi moxle-
Ca da sxva atomTan SeerTeba. atomi, romelic kargavs eleqtro-
nebs, imuxteba dadebiTad (kationi), xolo romelic ierTebs — uar-
yofiTad (anioni). ionebi igive simboloebiT aRiniSnebian, rogorc 
atomebi, mxolod simbolos marjvniv, zeda kuTxeSi aRiniSneba io-
nis muxtis niSani da sidide. eleqtroneitralur atomTan Sedare-
biT birTvi eleqtronis ufro mcire ricxvze moqmedebs, amitom ka-
tionebis radiusebi yovelTvis ufro mcirea, vidre Sesabamisi ne-
itraluri atomis. amave dros kationis radiusi miT ufro metad 
mcirdeba, rac ufro didia misi muxti. magaliTad, r(Mn) = 130 pm, 
r(Mn2+) = 80 pm, r(Mn4+) = 60 pm. es gasagebicaa, radgan kationis muxtis 
zrda iwvevs birTvis mier darCenili eleqtronebis ufro Zlier 
mizidvas da, amdenad, eleqtronuli garsebis SekumSvas.  

anionebis radiusebi, ki piriqiT, yovelTvis aRemeteba neit-
raluri atomis radiusis mniSvnelobas: 

rkat. < ratom. < ranioni 
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rigobrivi nomris zrdasTan erTad periodebSi da qvejgufeb-
Si adgili aqvs ionuri radiusebis kanonzomier cvlilebas: ionu-
ri radiusebi periodebSi marcxnidan marjvniv mcirdeba, qvejgu-
febSi zemodan qvemoT izrdeba (cxrili 4.5). 

cxrili 4.6. ionuri radiusebi polingis mixedviT (pm-iT) 

Li+ 

Na+ 
K+ 
Rb+ 
Cs+ 

60 
95 
133 
148 
169 

Be2+ 
Mg2+ 
Ca2+ 
Sr2+ 
Ba2+ 

31 
65 
99 
113 
135 

O2- 
S2- 
Se2- 
Te2- 

 

140 
184 
198 
221 

F- 
Cl- 
Br- 
J- 

136 
181 
195 
216 

 

4.6.  meoradi da Sinagani perioduloba 

perioduli sistemis qvejgufebSi atombirTvebis muxtis mo-
notonur cvlilebas Seesabameba ionizaciis energiis, eleqtro-
nisadmi swrafvis, atomuri radiusebis da a.S. aramonotonuri 
cvlileba (nax. A, B, C, D). 

pirveli oTxi ionizaciis energiis jamis da orbitaluri ra-
diusebis, atombirTvis muxtis monotonur zrdasTan dakavSire-
biT, cvlilebebis amsaxvel mrudebze (C, Si,Ge-Sn, Pb) aRiniSneba 
Sinagani maqsimemebi da minimemebi, rac maTi cvlilebis aramono-
tonuri xasiaTis damadasturebelia. aramonotonuri xasiaTi Sei-
niSneba agreTve nivTierebaTa Tvisebebis cvlilebaSic, romelic 
faqtiurad amis Sedegia. magaliTad ganvixiloT halogenebis mo-
lekulebis disociaciis energiebis cvlileba atombirTvis mux-
tis zrdasTan dakavSirebiT. 

 9F 17Cl 35Br 53I 
 F2 Cl2 Br2 I2 

E k.j/moli 159 243 190 149 

qvejgufSi elementebis TvisebaTa cvlilebis aramonotonur 
xasiaTs uwodes meoradi perioduloba. 

rogorc cnobilia aseve aramonotonuroba axasiaTebs igive 
Tvisebebis (ionizaciis energia, eleqtronisadmi swrafva, atomu-
ri radiusebi) cvlilebas periodSi atombirTvis muxtis zrdis 
mimarTulebiT. am sidideebis cvlileba xasiaTdeba Sinagani peri-
odulobiT, amitom periodebSi elementebis TvisebaTa aramono-
tonur cvlilebas Sinagani perioduloba uwodes. 

eleqtronisadmi yvelaze maRali swrafva aqvs VII jgufis p-
elementebs (cxrili 4.6) eleqtronisadmi swrafvas ar iCens S2 da 
s2p6 (S2-Be, Mg, Ca) s2p6-Ne, Ar, Kr) elementebi, agreTve elementebi 
nawilobrivad Sevsebuli p-qvedoniT (N, P, As): 
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 Li Be   B   C N O F   Ne 
 S1 S2     S2p1 S2p2 S2p3   s2p4   s2p5 s2p6 
Eekj/moli -59,8 0 -27 -122,3 7 -141,0 -327,9 0 

cxrili 4.6. erTatomian anionebSi* atomebis eleqtronisadmi swrafva 

Z atomi, 
anioni 

Ee, 
kj,moli 

Z atomi, 
anioni 

Ee, 
kj,moli 

1 H -72,8  16         S -200,4 

2 He 0  S- +590 

3 Li -59,8 17 Cl -348,8 
4 Be 0 18 Ar 0 
5 B -27 19 K -48,4 
6 C -122,3 20 Ca 0 

7 N +7 21 Sc 0 

 N- +800 22 Ti -20 
 N2- +1290 23 V -50 

8 O -141,0 24 Cr -64 
9 O- +780 25 Mn 0 

10 Ne 0 26 Fe -24 

11 Na -52,7 27 Co -70 

12 Mg 0 28 Ni -111 

13 Al -44 29 Cu -118,3 

14 Si -133,6    

15 P -71,7   da a.S 

 
*Ee — uaryofiTi niSani(-) ganpirobebulia imiT (aRniSnavs imas), rom 

procesi egzoTermulia (siTbos gamoiyofa), Ee – dadebiTi niSani(+ ) —
procesi endoTermulia (siTbo STainTqmeba). 

5.  qimiuri bma. qimiuri bmis buneba 

qimiuri bmis cneba qimiis erT-erTi fundamenturi cnebaa, xo-
lo moZRvreba qimiuri bmis Sesaxeb – qimiis centralur problemas 
warmoadgens, vinaidan nivTierebaTa molekulebSi atomebs Soris 
urTierTqmedebis da maT Soris kavSiris bunebis codnis gareSe Se-
uZlebelia qimiur nivTierebaTa, rogorc mravalferovnebis mize-
zebis, ise warmoqmnis da gardaqmnebis meqanizmebis, naerTTa reaq-
ciisunarianobis zusti warmodgena, maTi Tvisebebis prognozire-
ba eqsperimentis Catarebis gareSe.  

 qimiurad SekavSirebuli atomebis erToblioba garkveul mi-
marTebaSi myofi atomebis birTvebis da eleqtronebis rTul sis-
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temas warmoadgens, sadac atomebs Soris qimiuri bma xorcielde-
ba eleqtronebis da atomebis birTvebis eleqtrostatikuri ur-
TierTqmedebiT. imis codna, Tu rogoria SekavSirebul birTvebs 
Soris eleqtronuli simkvrivis ganawilebis xasiaTi, naerTebSi 
qimiuri bmebis maTematikuri aRweris saSualebas iZleva. 

   qimiurad bmul atomebs Soris eleqtronuli simkvrivis 
ganawilebis mixedviT ansxvaveben bmis sam ZiriTad tips: 

1. kovalenturi bma; 
2. ionuri bma; 
3. metaluri bma; 
cnobilia aseve wyalbaduri bma, koordinaciuli bma (koordi-

naciul naerTebSi – ix. qvemoT), van-der-vaalsuri kavSirebi da sxv. 
viciT ra nivTierebis molekulaSi atomebis zusti sivrciTi 

ganlageba (ganawileba) da bmis xasiaTi, SesaZlebelia misi aRnago-
bis srulyofili daxasiaTeba. molekula nivTierebis mikronawi-
lakia, romelic Sedgeba atomebisagan da damoukideblad arsebo-
bis unari gaaCnia. kvlevis Tanamedrove meTodebi saSualebas iZ-
leva ganisazRvros molekulis ZiriTadi parametrebi — birTvebs 
Soris manZili (qimiuri bmis sigrZe), savalento kuTxeebi da mo-
lekulis geometria, atomebze efeqturi muxtebi, qimiuri bmis 
energia da sxv.  

qimiurad SekavSirebuli atomebis birTvebze (birTvebis cen-
trebze) gamaval warmosaxviT wrfeTa Soris kuTxes savalento 
kuTxe ewodeba. 

 qimiuri bmis energia mis mniSvnelovan maxasiaTebels warmo-
adgens, rac bmis simtkices gansazRvravs. qimiuri bmis simtkicis 
zomad miRebulia energiis is mniSvneloba, romelic am bmis da-
sarRvevad aris saWiro. oratomiani molekulebis SemTxvevaSi qi-
miuri bmis energia Sesabamisi molekulebis atomebad disociaci-
is energiis Edis tolia. rac mtkicea atomebs Soris kavSiri, miT ma-
Ralia Edis: magaliTad, EN≡N = 940 kj/moli, EN-N = 543,5 kj/moli. 
mravalatomian molekulebSi (magaliTad: ABn tipis) A-B atomebs 
Soris bmis saSualo energia EAB molekulis atomebad disociaci-
is energiis 1/n nawils Seadgens: 

                      ABn → A + nB,     EAB = Edis/ n.              (5.1) 

magaliTad, energia, romelic ixarjeba wylis molekulis 
atomebad daSlaze: (HOH → 2H + O) tolia 324 kj/moli. wylis 
molekulaSi ki orive H-O bma tolfasia, amitom bmis saSualo 
energia EO-H = Edis/ 2 = 324/2 = 162 kj/moli. 

      qimiuri bma, ZiriTadad, e.w. savalento eleqtronebis 
xarjze xorcieldeba. s- da p-elementebisaTvis savalento 
eleqtronebs warmoadgens gare Sris orbitalebis eleqtronebi, 
xolo d-elementebisaTvis gare Sris s-orbitalebis da boloswina 
Sris d-orbitalebis eleqtronebi. 
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qimiuri bmis warmoqmnis aucilebeli pirobaa atomebis miaxloe-
bis Sedegad sistemis sruli energiis Semcireba. qimiuri bmis yvela 
Teorias safuZvlad udevs postulati rvaeleqtroniani Sris ns2np6 
(oqtetis) gansakuTrebuli mdgradobis Sesaxeb. aseTi struqtura 
aqvs keTilSobil airebs. He-saTvis mdgradia 1s2 struqtura. energi-
is  minimizacia swored mdgradi sistemis warmoqmnis Sedegia da 
umartives SemTxvevaSi, magaliTad, wyalbadis molekuluri ioni, H2

+ 
(aseTi molekuluri ioni warmoiqmneba wyalbadis molekulis eleq-
tronebis nakadiT dasxivebisas), rodesac kavSiri H da H+-s Soris 
erTi eleqtroniT xorcieldeba. energiis birTvebs Soris manZilze 
damokidebulebis grafiks aqvs Semdegi saxe: 

 

 
 

naxazi 5.1. mdgradi H2
+

 molekuluri ionisa (a) da araSekavSirebuli H da 
H+-sgan Semdgari sistemis (b) energiis mrudebi 

a mrudi Seesabameba H2
+-is iseT mdgomareobas, rodesac eleq-

troni e.w. birTvebis SemakavSirebel ubanSia. mrudze gamoixateba 
sami monakveTi: I monakveTi Seesabameba birTvebs Soris im manZi-
lebs, rodesac vlindeba ganzidva (SedarebiT mokle manZilze ad-
gili aqvs pot.-is swraf cvlilebas — gazrdas); III monakveTi Seesa-
bameba birTvebs Soris mizidvas. II monakveTs gaaCnia minimumi. r0 See-
sabameba H2

+-nawilakSi H da H+-s Soris ganzidvis da mizidvis Zale-
bis tolobas, e.i. rodesac maT Soris urTierTganzidva kompensir-
deba eleqtroniT birTvebis mizidviT. am ukanasknelis efeqturo-
ba ganisazRvreba eleqtronebis birTvebis mimarT ganlagebiT. es 
wonasworuli manZili Seesabameba bmis sigrZes, xolo Epot. — D diso-
ciaciis energias. b mrudi Seesabameba eleqtronis  yofnas e.w. `ara-
SemakavSirebel~ ubanSi (ar aurioT `araSemakavSirebel~ eleqtro-
nebSi). am mdgomareobas `gamTiSavi~ ewodeba da birTvebis SekavSi-
rebas xels ar uwyobs. sxva sityvebiT, Tu eleqtroni `moxvdeba~ 
e.w. `SemakavSirebel~ ubanSi, maSin qimiuri bmis warmoqmna SesaZle-
belia, xolo Tu is aRmoCndeba gamTiSav (araSemakavSirebel) uban-
Si, bma ar warmoiqmneba (b mrudze energetikuli minimumi ar gvaqvs). 
SemakavSirebeli ubani Cndeba or birTvs Soris da xasiaTdeba uar-
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yofiTi muxtis maRali simkvriviT, rac dadebiTad damuxtuli bir-
Tvebis mizidvas ganapirobebs. aseTi urTierTqmedeba ki sistemis 
energias amcirebs da qimiuri bmis warmoqmnas ganapirobebs. 

 

HH

e

a b

r
r

a
b

          
H a bH

e
r ra b

   
             araSemakavSirebeli ubani~                             `SemakavSirebeli ubani~                    

         naxazi 5.2 orbirTvian sistemebSi  `araSemakavSirebeli ubani~ da 
`SemakavSirebeli ubani~ 

  5.1.  kovalenturi bma 

klasikuri warmodgenebis Tanaxmad (luisis Teoria), kovalen-
turi bma warmoiqmneba saziaro eleqtronuli wyvilebis saSuale-
biT. daaxloebiT erTi saukunis win miRebuli es koncefcia daedo 
safuZvlad kovalenturi bmis Tanamedrove Teoriis SemuSavebas. 
kovalenturi bmis aRweris amocana daiyvaneba atomebis SekavSi-
rebis Semdeg molekulaSi eleqtronuli simkvrivis axali ganawi-
lebis funqciis povnamde. ra Tqma unda, amocana uSualod ukav-
Sirdeba molekulis SemTxvevaSi Sredingeris gantolebis amox-
snis SesaZleblobas; Tumca yvelaze martiv magaliTzec ki (H2

+), 
SesaZlebelia  mxolod miaxloebiTi amonaxsnis povna. 

cnobilia Sredingeris gantolebis amoxsnis 2 miaxloebiTi 
meTodi: 

1. valenturi bmebis meTodi (haitleri, londoni). 
2. molekuluri orbitalebis meTodi (malikeni, hundi).  

 

5.1.1.  valenturi bmebis meTodi 

valenturi bmebis meTodi SemuSavebul iqna 1927 wels germa-
neli fizikos-Teoretikosebis, valter henrix haitlerisa da 
fric volfgang londonis mier. misi ZiriTadi debulebebi ganvi-
xiloT wyalbadis molekulis magaliTze, romlis sqema mocemulia 
nax. 5.3. 
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naxazi 5.3. nawilakebs Soris manZili wyalbadis molekulaSi 

valenturi bmebis Teoria gamodis im debulebidan, rom ato-
mebis yoveli wyvili molekulaSi `Sekavebulia~ erTi an ramdenime 
saziaro eleqtronuli (antiparaleluri spinebiT) wyviliT. am 
TeoriiT qimiuri bma or centriania da or eleqtroniania. mole-
kulaSi yvela bma SeiZleba warmovadginoT rogorc or eleqtro-
niani bmebis kombinacia. 

mokled warmovadginoT valenturi bmebis Teoriis mixedviT ko-
valenturi bmis maTematikuri aRwera. aRvniSnoT izolirebuli Ha 
atomis eleqtronis sakuTari funqcia Ψa-Ti, xolo aseve izolire-
buli Hb atomis eleqtronis sakuTari funqcia Ψb-Ti, (1) da (2) simbo-
loebiT — pirveli da meore eleqtronis sivrciTi koordinatebi. 
maSin gamosaxuleba Ψa(1) warmoadgens pirveli eleqtronis Ha ato-
mis birTvis velSi yofnis kerZo albaTobas, xolo Ψb(2) — meore 
eleqtronis Hb atomis birTvis velSi yofnis kerZo albaTobas. 
umaRlesi maTematikis kursidan cnobilia, rom ori kerZo albaTo-
bis erTdroulad ganxorcielebis albaToba maTi namravlis tolia. 
Cveni SemTxvevisaTvis is sistemis Ψ talRur funqcias warmoadgens: 

Ψ = Ψa(1)Ψb(2)                                 (5.2) 
eleqtronebis ganurCevlobis gamo maT SeuZliaT gaucvalon 

erTmaneTs adgilebi, ris gamoc sistemis Ψ talRuri funqcia mii-
Rebs saxes 

Ψ = Ψa(2)Ψb(1)               (5.3) 

      (5.2) da (5.3) gamosaxulebebi tolfasia. sruli talRuri 
funqcia miiReba maTi wrfivi kombinaciiT: 

Ψ = c1Ψa(1)Ψb(2) + c2Ψa(2)Ψb(1) ,    (5.4) 

sadac c1 da c2 wrfivobis koeficientebia, romlebic variaciuli 
meTodiT ganisazRvreba. 

(variaciuli meTodis arsi mdgomareobs imaSi, rom sruli talRuri funqci-
is sasinji saxe gamoiyeneba molekulis energiisa da c1 da c2 koeficientebis 
gamosaTvlelad. variaciuli meTodis mixedviT nebismieri talRuri fun-
qciis gamoyenebiT gamoTvlili sistemis energia ar SeiZleba iyos zust 
energiaze naklebi: 
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E ≥ Ez, 

sadac E aris sasinji talRuri funqciis saSualebiT gamoTvlili ener-
gia, xolo Ez — energiis zusti mniSvneloba. energia aris c1 da c2 koeficiente-
bis funqcia: 

E = E(c1,c2) 

stabiluri sistemis ZiriTad mdgomareobas Seesabameba energiis minimu-
mi, romlis mniSvneloba unda moiZebnos pirobebidan: 

1
2

E 0  
c c

⎛ ⎞∂
=⎜ ⎟∂⎝ ⎠

da

 
2

1

E 0
c c

⎛ ⎞∂
=⎜ ⎟∂⎝ ⎠

 

 miRebuli gantolebaTa sistemis amoxsna gvaZlevs energiisa da c1 da c2 
koeficientebis mniSvnelobebs). 

variaciuli meTodis gamoyeneba gvaZlevs or amonaxsns: 

c1 = c2 da c2 = — c1 

  Sesabamisad SesaZlebelia sruli anu molekuluri talRuri 
funqciis ori varianti: 

ΨS = cS[Ψa(1)Ψb(2) + Ψa(2)Ψb(1)]   (5.5), 

  ΨA = cA[Ψa(1)Ψb(2) – Ψa(2)Ψb(1)]    (5.6) 

indeqsebi S da A aRniSnaven simetriulsa da antisimetriuls, 
e.i. miiReba ori molekuluri talRuri funqcia — simetriuli da 
antisimetriuli. pirvel SemTxvevaSi (spinebi antiparaleluria) 
eleqtronuli simkvrive wyalbadis atomebs Soris izrdeba, bir-
Tvebis SemaerTebeli warmosaxviTi wrfis centrSi aRwevs maqsi-
mums da warmoiqmneba qimiuri bma (nax. 5.4a). (maqsimaluri gadafar-
vis principi). meore SemTxvevaSi (spinebi paraleluria) ki eleq-
tronuli simkvrive wyalbadis atomebs Soris mcirdeba, birTve-
bis SemaerTebeli wrfis centrSi xdeba nulis toli da qimiuri 
bma ar warmoiqmneba (nax. 5.3b). aqedan gamomdinareobs daskvna, rom 
kovalenturi bmis warmoqmnisaTvis ori atomis eleqtronebs un-
da hqondeT antiparaleluri spinebi. 

 

 
naxazi 5.4. wyalbadis atomebis eleqtronuli Rrublebi eleqtronebis 

spinebis gansxvavebuli urTierTorientaciis dros:  
a — antiparaleluri spinebi — atomebi erTdebian molekulad; 

b — paraleluri spinebi — atomebi ganizidebian. 
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valenturi bmebis Teoriis Tanaxmad kovalenturi bmis war-
moqmna sqematurad SeiZleba sxvadasxvanairad gamoisaxos: 

a) sayovelTaod miRebuli warmodgena — bolo Sris (e.w. sava-
lento) eleqtronebi aRiniSneba wertiliT qimiuri niSnis gver-
diT, xolo saerTo eleqtronebi — eleqtronuli wyvilis saxiT, 
romelic SekavSirebul atomebs Soris aris moTavsebuli. wyalba-
dis molekulis SemTxvevaSi gveqneba: 

H· + ·H → H׃H 

rogorc vxedavT, wyalbadis orive atomis birTvebis velSi im-
yofeba ori eleqtroni, e.i. miRweulia dubleturi struqtura 
(gawyvilebuli eleqtronebi). saziaro eleqtronuli wyvili gra-
fikulad SeiZleba gamovsaxoT patara xaziT Sesabamisi atomebis 
qimiur niSnebs Soris. misi raodenoba gansazRvravs bmis jerado-
bas (erTmagi, ormagi, sammagi). amrigad, wyalbadis molekulaSi 
aris erTmagi bma: H–H. 

     b) orbitalebis meSveobiT: 

 

g) eleqtronuli Rrublebis saSualebiT (nax. 5.5). 
atomebs Soris qimiuri bmis warmoqmnisas maTi savalento 

eleqtronuli Rrublebi erTmaneTs gadafaraven. rac metia maTi 
gadafarvis xarisxi, miT mtkicea kovalenturi bma. 

 
naxazi 5.5. wyalbadis molekulaSi 1s eleqtronis eleqtronuli 

Rrublebis gadafarvis sqema 
sistemis energiis cvlilebas orive SemTxvevaSi aqvs igive 

xasiaTi    (nax. 5.1). 
bmas, romelic warmoiqmneba eleqtronuli Rrublebis gada-

farviT birTvebis centrebis SemaerTebeli warmosaxviTi wrfis 
gaswvriv ewodeba σ-bma. SemaerTebeli wrfe σ-bmis simetriis RerZs 
warmoadgens. erTmagi bma yovelTvis arahibriduli an hibriduli or-
bitalebiT (ix. qvemoT) damyarebuli σ-bmaa.  
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wyalbadis molekulis warmoqmnisas eleqtronuli Rrubelebis 
gadafarvaSi monawileobs ori s-eleqtronuli Rrubeli, amitom 
bmas ewodeba σs-s-bma. saziaro eleqtronuli wyvili imyofeba bir-
Tvebis centrebis SemaerTebeli warmosaxviTi wrfis centrSi (ori-
ve atomis eleqtrouaryofiToba erTnairia), rac ganapirobebs bmis 
arapolarobas (dawvrilebiT ix. kovalenturi bmis Tvisebebi). 

fToris molekulis SemTxvevaSi gveqneba: 

:F:F:....
..

..

.. ..
..
..

:F·+·F:  
rogorc vxedavT, fToris orive atomis birTvebis velSi im-

yofeba rva eleqtroni, e.i. miRweulia oqteturi struqtura. 
fToris molekulaSi bma aris erTmagi: F—F. 

eleqtronuli Rrublebis saSualebiT is ase gamoisaxeba: 

 
naxazi 5.6. fToris atomebis 2p-eleqtronuli Rrublebis gadafarvis 

                sqema σ -kavSiris warmoqmnisas F2-is molekulaSi. 

s-orbitali nebismier orbitalTan (maT Soris hibridulTan) 
mxolod σ-bmas warmoqmnis. p-orbitals nebismier orbitalTan Se-
uZlia σ-bmis warmoqmna bmis warmomqneli birTvebis SemaerTebeli 
warmosaxviTi wrfis gaswvriv gadafarvisas (magaliTad, HI da I2 
molekulebSi. ix. naxazi 5.7).  

 

naxazi 5.7. iodwyalbadisa (a) da iodis (b) molekulebis warmoqmna 

im SemTxvevaSi atomis ori an samive p-orbitali monawileobs 
qimiur bmaSi, maSin atomSi p-orbitalebis erTmaneTis mimarT 90°-
iani kuTxiT ganlagebis gamo, warmoqmnil bmebs Soris kuTxec 90°-
Tan axlos unda iyos.  

rodesac atomebs Soris kavSiri erTze meti eleqtronuli 
wyviliT xorcieldeba, warmoiqmneba ormagi an sammagi bma. igi da-
maxasiaTebelia mravalvalentiani atomisagan warmoqmnili mole-
kulebisaTvis (N2, C ≡ C da sxv.).  

. . . .
I II H

b)a)
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naxazi 5.8. telurwyalbadisa (a) da stibinis (b) molekulebis warmoqmna 

marTlac, H2S da PH3-Si igi 92°-is, xolo H2Te da SbH3-Si 90°-is 
tolia. (nax. 5.7) 

5.1.2.  molekuluri orbitalebis meTodi 

(simartivisaTvis ganixileba mxolod pirveli da meore periodis 
elementebis homo- da heterobirTvuli oratomiani molekulebi) 

molekuluri orbitalebis meTodi SemuSavebul iqna amerikeli 
fizikosis da qimikosis malikenis mier. am meTodis ZiriTadi proble-
maa talRuri funqciis povna, romelic aRwers eleqtronebis mdgoma-
reobas molekulur orbitalze. misi gavrcelebuli variantia ato-
muri orbitalebis wrfivi kombinacia (aowk). miuxedavad imisa, rom va-
lenturi bmebis meTodi kargi miaxloebiT da rac mniSvnelovania, 
TvalsaCinod aRwerda qimiur bmas naerTebis umravlesobaSi, is uZ-
luri aRmoCnda aexsna, magaliTad, erTeleqtroniani bma wyalbadis 

molekulur ionSi . vb meTodis mixedviT es nawilaki ar unda ar-
sebobdes maSin, rodesac birTvebs Soris manZili r = 108 pm-s, xolo 
bmis energia Ebm. Seadgens 2,65 ev-s, e.i. warmoadgens sakmaod mdgrad da 
realur warmonaqmns. ver aixsna agreTve mdgradoba im molekulebisa, 
romlebic Seicaven gauwyvilebel eleqtronebs — O2, NO, NO2, ClO2.  

+
2H

valenturi bmis meTodiT SeuZlebelia aixsnas, Tu ratom aris 
O2

+ molekulur ionSi O2-Tan SedarebiT qimiuri bmis ufro maRa-
li energia, an sxvagvarad: ratom gamoiwvia bmis ganmtkiceba O2-Si 
eleqtronis dakargvam? 

gansakuTrebuli interesi gamoiwvia Txevadi Jangbadis para-
magniturma Tvisebebma (paramagnituria nivTiereba, romelsac 
aqvs gauwyvilebeli eleqtroni, ris gamoc is miizideba magnitis 
mier). yvela aRniSnuli winaaRmdegoba metnaklebi warmatebiT 
daZleul iqna molekuluri orbitalebis meTodis mier. 

mo meTodis mixedviT qimiuri bmis warmoqmnaSi uSualod mona-
wileobs elementis bolo eleqtronuli Sris yvela eleqtroni, 
e.i. molekuluri talRuri funqcia warmoadgens molekulis war-
momqmneli yvela atomis bolo eleqtronuli Sris yvela eleq-
tronis talRuri funqciis wrfiv kombinacias: 
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Ψmo = c1φ1 + c2φ2 + … + cnφn   (5.7), 

sadac φ1, φ2, … , φn aris im atomebis eleqtronebis talRuri 
funqciebi (atomuri orbitalebi), romlebisganac warmoqmnilia 
mocemuli molekula; c1, c2, … , cn — wrfivobis koeficientebi 
(oratomiani molekulis SemTxvevaSi, gviCvenebs molekuluri or-
bitalebis warmoqmnaSi 1 da 2 atomebis ao-is wils).  

yvelaze martivia SemTxveva, rodesac mo warmoadgens erTnai-
ri atomebis ori atomuri orbitalis wrfiv kombinacias. aRvniS-
noT atomebi cifrebiT 1 da 2. maSin: 

Ψ = c1φ1 + c2φ2                            (5.8) 
      variaciuli meTodis gamoyeneba gvaZlevs gantolebas: 

                ≈2
2

2
1 c = c

2
1

                 (5.9), 

romelsac aqvs ori amonaxsni: 

               c1 = c2 ≈ 
2

1
 da c1 = – c2 ≈ 

2
1

      (5.10) 

c koeficientebis am mniSvnelobebs Seesabameba ori moleku-
luri talRuri funqcia: 

Ψ1 = 
2

1
(φ1 + φ2) da Ψ2 = 

2
1

(φ1 — φ2)     (5.11) 

mo-s meTodi gviCvenebs, rom ori atomisagan molekulis 
warmoqmnisas SesaZlebelia eleqtronis ori mdgomareoba — ori 
molekuluri orbitali: erTi ufro dabali E1 energiiT da meore 
ufro maRali E2 energiiT, vidre sawyisi atomuri orbitalebis 
energiaa. sqematurad yvelaferi es gamoisaxeba e.w. korelaciuri 
diagramis saSualebiT: 

 
naxazi 5.9. diagrama, romelic asaxavs energiis molekuluri doneebis 

warmoqmnas atomurebidan. 
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molekuluri orbitalebi aRiniSneba atomuri orbitalebis 
laTinuri simboloebis (s, p, d, f) Sesabamisi berZnuli anbanis asoe-
biT: σ, π, δ, … mo-s, romlis energia naklebia sawyisi atomuri orbi-
talebis energiaze, ewodeba makavSirebeli, xolo mo-s, romlis 
energia metia sawyisi atomuri orbitalebis energiaze, ewodeba 
gamTiSavi. makavSirebeli orbitalisagan gansasxvaveblad gamTiSa-
vi aRiniSneba varskvlaviT (*). mo-s aRniSvnis Semdeg miuTiTeben 
atomur orbitals, romlisganac is aris warmoqmnili. molekulu-
ri orbitalebisaTvis samarTliania yvela is wesi, rac atomuri 
orbitalebisaTvis aris cnobili (ix. atomis eleqtronuli garse-
bis da orbitalebis Sevsebis wesebi). eleqtronebis raodenoba mo-
cemul mo-ze aRiniSneba zeda marjvena indeqsiT (mo-sa da atomuri 
orbitalis aRniSvnas aTavseben frCxilebSi). magaliTad, Canaweri 
(σ1s)2 niSnavs, rom SemakavSirebel mo-ze, romelic warmoqmnilia 1s 
atomuri orbitalebisagan, imyofeba ori eleqtroni, xolo, 
magaliTad, (π*2px)1 — gamTiSav mo-ze, romelic warmoqmnilia 2px ato-
muri orbitalebisagan, imyofeba erTi eleqtroni da a.S. mo-is ener-
gia ganisazRvreba im atomuri orbitalebis tipiT, romlebisganac 
agebulia is da maT Soris gadafarvis xarisxiT. energiis mniSvnelo-
bis zrdis mixedviT mo-ebi ganlagebulni arian Semdeg rigSi: 

σ1s < σ*1s < σ2s < σ*2s < σ2pz < π2px = π2py < π*2px = π*2py < σ*2pz 

eleqtronebis energiebis mniSvnelobebi σ2p da π2p orbita-
lebze erTmaneTTan axlosaa da zogierTi molekulisaTvis (B2, C2, 
N2) Tanmimdevroba maT Soris zemoTmoyvanilis Sebrunebulia (e.i. 
… < π2px = π2py < σ2pz < …). 

Tu eleqtronebis raodenoba makavSirebel mo-ebze metia, 
vidre gamTiSav mo-ebze, e.i. nSem. >�ngam., maSin molekula (nawilaki) 
mdgradia, xolo Tu eleqtronebis raodenoba makavSirebel mo-
eb-ze tolia an naklebia, vidre gamTiSav mo-ebze, e.i. ΣnSem. ≤ Σngam., 
maSin molekula (nawilaki) aramdgradia (ar arsebobs).     

mo-s meTodSi cneba bmis jeradobis Sesaxeb Secvlilia cnebiT 
bmis rigi (b.r.), romelic ganisazRvreba rogorc makavSirebeli da 
gamTiSavi eleqtronebis jamebis naxevarsxvaoba: 

_n  n
2

Σ ΣSem. gam.
=b.r.      (12) 

mdgradi molekulebisaTvis (nawilakebisaTvis) maTi formu-
lebis Semdeg kvadratul frCxilebSi aRiniSneba eleqtronuli 
formula mo-ebisa maTze eleqtronebis raodenobis miTiTebiT. 
Sreebi, romelTa eleqtronebi uSualod ar monawileoben qimiuri 
bmis warmoqmnaSi, Seadgenen e.w. ConCxs. ganvixiloT zogierTi mo-
lekula (nawilaki). 

 . hipoTeturad misi warmoqmna SeiZleba Semdegnairad war-

movidginoT: H + H+ → . 

+
2H

+
2H
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naxazi 5.10. wyalbadis molekuluri ionis H 2

+
-is warmoqmnis  

energetikuli sqema. 

eleqtronuli formula: [(1s)1]. +
2H

b.r. =  
2
01_

= 
2
1

   

H2. hipoTeturad misi warmoqmna SeiZleba Semdegnairad 
warmovidginoT: 2H → H2. 

 
naxazi 5.11. wyalbadis molekulis H2-is warmoqmnis  

energetikuli sqema 
 
eleqtronuli formula: H2[(σ1s)2]. 

b.r. = = 
2
02_

1 

SevadaroT vb-is meTodiT miRebul bmis jeradobas (erTmagi bma).  

2
+He . hipoTeturad misi warmoqmna SeiZleba Semdegnairad 

warmovidginoT: He + He+ → . +
2He
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   naxazi 5.12. heliumis molekuluri ionis He -is warmoqmnis  

+
2

energetikuli sqema 

eleqtronuli formula: [(σ1s)2(σ*1s)1].  +
2He

b.r. = = 
2
12_

2
1

 

He2. hipoTeturad misi warmoqmna SeiZleba Semdegnairad war-
movidginoT: 2He → He2. 

 
naxazi 5.13. heliumis molekulis He2-is warmoqmnis  

energetikuli sqema 

b.r. = = 
2
22_

0 

heliumis, iseve rogorc sxva keTilSobili airebis, oratomi-
ani molekula ar arsebobs. 

 azotis molekulaSi bmebis warmoqmna SeiZleba Semdegi 
sqemiT warmovadginoT:  

N[1s22s22p3] + N[1s22s22p3] → N2[KK(σ2s)2(σ*2s)2(π2px)2(π2py)2(σ2pz) 2], 
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sadac KK gamosaxavs mTlianad Sevsebul (σ1s)2(σ*1s)2 orbitalebs.  
azotis energetikuli sqemidan da eleqtronuli formulidan 

Cans, rom Sesabamis  molekulaSi eqvsi eleqtroni ganlagebulia 
sam makavSirebel orbitalze (σ2s, π2px, π2py) (Seesabameba erTi σ da 
ori π bma, e.i. ganixileba, rogorc sammagi bma). 2 eleqtroni 
moTavsebulia σ2s gamTiSav orbitalze (σ*2s).   

analogiuri msjelobiT gamoisaxeba Jangbadis molekulis 
(O2) warmoqmnis energetikuli sqema.  

O2-is molekulis eleqtronuli formula (konfiguracia) 
atomuridan Semdegnairad miiReba: 

O[1s22s22p4]+O[1s22s22p4]→ O2[KK(σ2s)2(σ*2s)2(σ2pz)2(π2px)2(π2py)2(π*2px)1(π*2py)1] 

N2-is molekulaSi bmis rigi (b.r.) tolia samis:  
b.r. = 8-2/2 = 3 (SeadareT Sesabamisi bmis jeradobas). 

σ∗2pz

2p2p

π∗2px π
∗2py

π2px π2py

σ2pz

σ∗2s

σ2s

2s2s

atomuri 
orbitalebi

N

molekuluri 
orbitalebi

N2

atomuri 
orbitalebi

N

en
er

g
ia

 
naxazi 5.14. azotis molekulis (N2-is) molekuluri orbitalis 

energetikuli sqema 
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rogorc nax. 5.15-dan Cans, Jangbadis molekulaSi sami gawyvi-
lebuli eleqtroni [(σ2pz)2, (π2px)2, (π2py)2] ganlagebulia sam makav-
Sirebel molekulur orbitalze — waagavs N2-is molekulis sammag 
bmas. (π*2px) da (π*2py) gamTiSav orbitalebze moTavsebulia TiTo ga-
uwyvilebeli eleqtroni, rac savsebiT Seesabameba hundis wess mo-

isaTvisac. O2-is molekulis amgvari aRnagoba kargad xsnis Txevad 
(kondensirebul) mdgomareobaSi mis paramagnitur Tvisebas. 

b.r. = (8-4)/2 = 2 

en
er

g
ia

σ∗2pz

2p2p

π∗2px π
∗2py

π2px π2py

σ2pz

σ∗2s

σ2s

2s2s

atomuri 
orbitalebi

O

molekuluri 
orbitalebi

O2

atomuri 
orbitalebi

O

 
naxazi 5.15. Jangbadis molekulis (O2-is) molekuluri orbitalis 

energetikuli sqema 

 analogiurad gamovsaxoT naxSirbadis da Jangbadis ao-ebi-
dan CO-s molekuluri orbitalis eleqtronuli formula da 
energetikuli sqema.  

C[1s22s22p2] + O[1s22s22p4] → CO[KK(σ2s)2(σ*2s)2(π2px)2(π2py)2(σ2pz)2]. 
CO-s molekulaSi bmis rigi udris 3-s: 

b.r. = (8-2)/2 = 3 
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igive Sedegi miiReba valenturi bmebis meTodis gamoyenebisas, 
sadac gaTvaliwisnebulia Jangbadis ganuzogadebeli eleqtro-
nuli wyviliT naxSirbadis vakanturi p-orbitalis xarjze dono-
rul-aqceptoruli bmis warmoqmna.  

en
er

g
ia

σ∗2pz

2p2p

π∗2px π∗2py

π2px π2py

σ2pz

σ∗2s

σ2s

2s2s

atomuri 
orbitalebi

O

molekuluri 
orbitalebi

CO

atomuri 
orbitalebi

C

 
naxazi 5.16. CO-s molekuluri orbitalis  energetikuli sqema 

5.1.3.  atomuri orbitalebis hibridizacia 

kovalenturi bmebis warmoqmnaSi xSirad monawileobs sxvadas-
xva mdgomareobaSi myofi eleqtronebi (magaliTad, s da p), ris ga-
moc, warmoqmnili bmebi aratolfasi unda iyos. isini erTmaneTi-
sagan gadafarvis xarisxiT da, aqedan gamomdinare, bmis Tvisebe-
biT (sigrZe, energia) unda gansxvavdebodes, rac eqsperimentu-
lad ar dasturdeba.  

am movlenis asaxsnelad amerikelma mecnierma lainus polin-
gma SeimuSava warmodgena eleqtronuli orbitalebis hibridiza-
ciis Sesaxeb. polingis mixedviT, bmis warmoqmnaSi monawileobs 
sawyisi orbitalebis `SereviT~  (`kombinaciiT~) miRebuli hibri-
duli orbitalebi. warmoqmnili hibriduli orbitalebis ricxvi 

 114 



hibridizaciaSi monawile sawyisi orbitalebis ricxvis tolia. 
hibridizaciaSi monawileobs energiebiT erTmaneTisagan mcired 
gansxvavebuli orbitalebi da Sedegad maTi energiebis gasaSual-
eba xdeba, rac eleqtronuli orbitalis formis SecvlaSi gamoi-
xateba. hibriduli orbitali asimetriulia; mas aqvs cal mxares 
gawelili `moculobiTi rvianis~ (hantelis) forma da, bunebrivia, 
aseTi orbitalebiT bmis damyarebisas, arahibridul orbitaleb-
Tan SedarebiT, gadafarvis xarisxi metia. Sedegad, hibriduli or-
bitalebiT ufro mtkice bmebi myardeba (unda gvaxsovdes, rom es 
yvelaferi modelebia da ara realuri fizikuri sistemebi). 

   ao hibridizaciis dros gansazRvruli raodenobis gansxva-
vebuli formisa da energiebiT axlos myofi atomuri orbitalebi 
erTmaneTs `Seereva~  (`kombinirdeba~), igive raodenobis erTnai-
ri energiebisa da formis orbitalebis warmoqmniT. 

ganvixiloT beriliumis qloridis molekula (orTqlis mdgo-
mareobaSi). beriliumis aRgznebul atoms (aRiniSneba *-iT, rome-
lic iwereba qimiuri simbolos marjvniv da maRla) erTi gauwyvi-
lebeli eleqtroni aqvs 2s-, meore ki – 2p-orbitalze.  

 
 Be:                                            Be∗: 
                    

          2s   2p                                                   2s    2p           

 vinaidan p-orbitali s-Tan SedarebiT ufro gawelilia, misi 
gadafarva qloris p-orbitaliT meti xarisxiT unda moxdes da am 
SemTxvevaSi ufro mtkice bma unda damyardes. beriliumis qlori-
dis orTqlSi molekulis Tvisebebis Seswavla orive bmis identu-
robas da maTi erTmaneTis mimarT 180°-iT ganlagebas amtkicebs. 
beriliumis qloridis molekulis xazovani aRnagoba aixsneba er-
Ti s- da erTi p-orbitalis hibridizaciiT, ris Sedegad erTmane-
Tis mimarT 180°-iT ganlagebuli (savalento eleqtronuli wyvi-
lebis maqsimaluri ganzidvis Teoriis Sesabamisad), ori identu-
ri hibriduli orbitali miiReba. hibridizaciis am saxes (nax. 5.17) 
sp-hibridizacia (diagonaluri) ewodeba. 

naxazi 5.17. sp-hibridizaciis sqema 

naxazi 5.18. BeCl2-is xazovani molekula (sambirTviani molekula) 
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boris aRgznebul atomSi sami gauwyvilebeli eleqtronia — erTi 
2s- da ori 2p-orbitalze.  

 
  
      
B:  2s       2p                               B*:   2s        2p  
 
am sami orbitalis kombinaciiT miiReba sami hibriduli orbitali, 

romlebic erTmaneTisagan maqsimaluri dacilebiT, 120°-iani kuTxiT 
ganlagdebian erT sibrtyeSi. hibridizaciis am saxes sp2-hibridizacia 
(trigonaluri) ewodeba (nax. 5.19). 

 

naxazi 5.19. sp2-hibridizaciis sqema 

 
naxazi 5..20. BCl3-is molekulis modeli (oTxbirTviani molekula) 

amgvari hibriduli orbitalebiT myardeba kovalenturi bmebi BX3 
tipis naerTebSi. maTSi yvela bma tolfasia da molekulas tolgverda 
samkuTxedis forma aqvs (naxazi 5.19). 

naxSirbadi naerTebSi CH4, CCl4 da sxv. oTx tolfas bmas amyarebs, 
rac aseve hibridizaciiT SeiZleba aixsnas. 

naxSirbadis aRgznebul atomSi oTxi (erTi 2s- da sami 2p- orbi-
talze) gauwyvilebeli eleqtronia:  

 
 C:                                                               C*:    
                            
         2s      2p                                                2s     2p    
erTi s da sami p orbitalis hibridizaciiT miRebuli asimet-

riuli orbitalebi mimarTulia tetraedris wveroebisaken. ku-
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Txe maT Soris 109028'-ia, rac orbitalebis maqsimalur dacilebas 
da sistemis minimalur energias (minimaluri urTierTganzidvis 
gamo) Seesabameba. hibridizaciis am saxes sp3-hibridizacia (tet-
ragonaluri) ewodeba (naxazi 5.20). 

 
                             s + p + p + p                                

naxazi 5..20.  sp3 hibridizaciis sqema 

Tu gaviTvaliswinebT, rom bma ao-ebis maqsimaluri gadafar-
vis mimarTulebiT warmoiqmneba, advili gasagebia meTanis mole-
kulis tetraedruli forma:  

 
 

naxazi. 5.21 meTanis molekulis (5 birTviani molekula) modeli 

hibridizacia valenturi atomuri orbitalebis `Serevaa~  (`kombi-
naciaa~) da igi xorcieldeba imisda miuxedavad, orbitalebze aris 
gauwyvilebeli eleqtroni, eleqtronuli wyvili, Tu igi vakanturia 
(Tavisufalia). amitom warmoqmnili bmebis ricxvi hibriduli 
orbitalebis ricxvze naklebi SeiZleba aRmoCndes. 

azotis atomis gare energetikuli donis eleqtronuli konfigu-
raciaa:  

                                                  N:  2s22p3 
 
                                                  
                                                
                                               2s     2p   
azotis molekulaSi atomebs Soris sammagi bmaa. iTvleba, rom 

molekulis warmoqmnisas TiToeuli atomis erTi s da erTi p 
valenturi orbitali ganicdis sp-hibridizacias da miRebuli ori 
hibriduli orbitalidan erT-erTis (romelzec gauwyvilebeli 
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eleqtronia) gadafarviT atombirTvebis SemaerTebeli wrfis gaswvriv 
atomTa Soris myardeba erTi σ-bma. hibridizaciis arsebobaze 
miuTiTebs eqsperimentulad gansazRvruli σ bmis energiis maRali 
mniSvneloba (543.4 kj/moli) Teoriulad mosalodnelTan SedarebiT. 
azotis TiToeul atoms rCeba erTi hibriduli araekvivalenturi da 
ori arahibriduli py- da pz-orbitali. azotis atomebis py da pz orbi-
talebis gverdiTi gadafarviT urTierTmarTobul sibrtyeSi 
warmoiqmneba ori damatebiTi bma, romelTac π-bmebs uwodeben (naxazi 
5.22).  

                           naxazi 5.22. π-bma 

π-bma yovelTvis arahibriduli eleqtronuli orbitalebis 
gadafarviT miiReba. damakavSirebel eleqtronul Rrubels 
simetriis RerZi ar gaaCnia, aqvs mxolod simetriis sibrtye, 
romelic atomTa birTvebze gadis.  

       naxazi 5.23. azotis molekulis modeli 

maSasadame, azotis molekulaSi atomebs Soris xorcieldeba sami 
bma: erTi σsp-sp da ori πp-p bma. 

   naxazi 5.24. amiakis molekulis modeli 
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amiakis molekulis warmoqmnisas azoti wyalbadis sam atomTan 
bmebs sp3 hibriduli orbitalebiT amyarebs. meoTxe hibriduli or-
bitali (5.24), Tavisufali eleqtronuli wyviliT, bmaSi ar monawi-
leobs. aseT orbitals araekvivalenturi orbitali ewodeba 
(naxazi 5.24). 

amrigad, amiakSi, meTanis msgavsad, valenturi orbitalebis sp3 -
hibridizacia xorcieldeba. magram am ukanasknelisagan gansxvavebiT 
amiakSi bmebs Soris kuTxe tetraedrul kuTxeze naklebia da 107.3°-is 
tolia. maSasadame, amiakSi azotis hibriduli orbitalebi ganlage-
bulia damaxinjebuli tetraedris wveroebis mimarTulebiT. araekvi-
valenturi orbitali gansxvavebuli formisaa da kuTxec, romelsac 
bmis warmomqmnel hibridul orbitalebTan qmnis, metia hibridul 
orbitalebs Soris kuTxesTan SedarebiT. molekula piramidis for-
misaa. es faqti SeiZleba Semdegnairad aixsnas: hibridizaciaSi s orbi-
talis wilis gazrda iwvevs bmebs Soris kuTxis gazrdas. 

hibridizacia 
kuTxe     

sp 
180° 

sp2 

120° 
sp3  
109°28′  

p3 (arahibriduli) 
90° 

sami arahibriduli p-orbitali sivrceSi orientirebulia 
urTierTmarTobulad da maT mier ganxorcielebul bmebs Soris 
kuTxe 90°-is tolia. imis gamo, rom amiakSi kuTxe tetraedrulze 
naklebia, SeiZleba vivaraudoT, rom am SemTxvevaSi ar xorciel-
deba valenturi orbitalebis sruli sp3 hibridizacia (sp3 hibri-
dizaciis xarisxi ar aRwevs 100%-s), s-orbitalebis wili hibridi-
zaciaSi ramdenadme naklebia, rac, savalento tetraedruli 
kuTxis Semcirebas iwvevs. 

aseT struqturas adasturebs amiakis eqsperimentulad napov-
ni dipoluri momentis mniSvneloba, romelic tolia 4.8•10-29 k•m. 

Tu davuSvebdiT, rom amiakis molekula p3 mdgomareobaSi myo-
fi,  e.i. arahibriduli atomuri orbitalebis gadafarviT miiReba, 
maSin misi dipoluri momenti nulis toli unda iyos (tolgverda 
samkuTxedia).  

azotis qvejgufis elementebis wyalbadnaerTebSi (PH3, AsH3, SbH3) 
atomuri nomris zrdasTan erTad kuTxe bmebs Soris TandaTan uaxlov-
deba 90°-s, rac niSnavs, rom am ukanasknel SemTxvevaSi bmebi arahibri-
duli orbitalebiT myardeba. 

Jangbadis atomis gare energetikuli donis eleqtronuli konfi-
guraciaa:  

                                 
                                O:  2s22p4  
                                                                             
                                                                  2 p 
 
                                                    2s      
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              naxazi 5.25. wylis molekulis modeli 

calke ganvixiloT ao hibridizaciis SemTxvevebi, rogorc 
hibridizaciis kidev ufro rTuli, specifikuri tipebi. mesame da 
momdevno periodis elementebSi hibriduli Rrublebis warmoq-
mnaSi monawileobis miReba SeuZlia d orbitalebsac. erTi s, sami p 
da erTi d orbitalebis kombinaciisas adgili aqvs sp3d hibriduli 
orbitalebis orientacias trigonaluri bipiramidis wveroebisa-
ken (nax. 29d). sp3d2 hibridizaciis SemTxvevaSi, eqvsi sp3d2-hibri-
duli orbitalebi orientirdeba oqtaedris wveroebisaken (nax. 
5.26e); Svidi orbitalis orientacia pentagonaluri bipiramidis 
wveroebisaken (nax. 5.26v) Seesabameba, magaliTad, kompleqsnaer-
Tis molekulis centraluri atomis savalento eleqtronebis 
sp3d3 an (sp3d2f) hibridizacias. 

dasasrul, SevniSnoT, rom hibriduli orbitalebis (ho) Sesa-
bamisi talRuri funqcia Sedgeba Sesabamisi (gansaxilveli) eleq-
tronebis (ao) talRuri funqciisagan, romlebic koeficientebis 
garkveuli mniSvnelobiT Sedian ho-is talRuri funqciebis ja-
mur gamosaxulebaSi. magaliTad, naxSirbadis atomis sp3 hibridi-
zacias (4 ho warmoqmnas) Seesabameba talRuri funqcia:  

         φhibr. = aφs + bφPx + cφPy + dφPz                            (5.12) 

gansakuTrebiT mniSvnelovania sp3d2 hibridizacia, romelSic 
monawileobs erTi s, sami p da ori d orbitali. am SemTxvevaSi mii-
Reba oqtaedris wveroebisaken mimarTuli eqvsi hibriduli orbi-
tali. bevri molekulis da ionis (SF6, [SiF6]2-, [Fe(CN)6]3-) oqtaedru-
li struqtura swored maTi centraluri atomebis orbitalebis 
sp3d2-hibridizaciiT aris ganpirobebuli (nax. 5.26). 
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naxazi 5.26.  bmebis sivrciTi ganlageba da molekulaTa konfiguracia. 

a — wrfivi; b — samkuTxa; g — tetraedruli; d — trigonalur-
bipiramiduli; e — oqtaedruli; v — pentagonalur-bipiramiduli 

molekulis geometriaze arsebiT gavlenas axdens centralu-
ri atomis buneba da hibridizaciis tipi. 
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5.1.4.  delokalizebuli kovalenturi bma 

arsebobs naerTebis sakmaod didi ricxvi, romelTa geometri-
uli struqtura da Tvisebebi orcentriani, lokalizebuli kova-
lenturi bmis TeoriiT ver aixsneba. pirvel rigSi aseTia naxSir-
badis naerTebi mravaljer ganmeorebadi ujeri bmebiT. araorga-
nul naerTTa Soris sakmaod xSirad gvxvdeba brtyeli struqtu-
rebi delokalizebuli π bmebiT, rogoricaa BF3, HNO3, nitrat- da 
karbonat-ionebi, SO3 da a.S. isini eleqtronTa dabali delokali-
zaciis xarisxis mqone ubnebTan erTad Seicaven ubnebs eleqtron-
Ta maRali delokalizaciis xarisxiT. 

ganvixiloT HNO3-is molekulis eleqtronuli struqtura. 
azotmJavas azoti sami hibriduli (sp2) orbitaliT erT sibrtyeSi 
(savalento kuTxe 1200) Jangbadis sam atomTan warmoqmnis sam σ 
bmas. samidan Jangbadis erT-erTi atomi meore σ bmiT wyalbadis 
atomTan aris dakavSirebuli. am N-O bmis sigrZe tolia 0.141 nm-is, 
rac Seesabameba erTmag bmas. azotis atomi meoTxe arahibriduli 
p-orbitaliT Jangbadis danarCeni ori atomidan erT-erTs unda 
daukavSirdes π bmiT. aqedan gamomdinare, azotmJavas molekulis 
eleqtronuli aRnagoba SeiZleba Semdegi sqemiT warmovidginoT: 

 
am sqemis nakli π bmis lokalizeba da aqedan gamomdinare, N–O 

bmebis aratolfasovnebaa, rac eqsperiments ewinaaRmdegeba. 
orive bmis sigrZe erTnairia da udris 0.121 nm-s. es adasturebs π 
bmis delokalizacias. π bma Tanabrad unda ekuTvnodes Jangbadis 
orive atoms, is aris samcentriani da delokalizebuli. π bmas, 
romelic aerTianebs orze met atoms, e.i. aris mravalcentriani, 
delokalizebuli ewodeba. 

delokalizebuli π bma aris nitrat-ionSic. π bmis warmomqmneli 
eleqtronuli Rrubeli Tanabrad aris ganawilebuli oTx atoms So-
ris. am SemTxvevaSi π bma oTxcentriani da delokalizebulia. nit-
rat-ionSi π bmis delokalizeba sqematurad SeiZleba ase gamovsaxoT: 

O

N
O

_

 
analogiuri msjelobiT SeiZleba igive daskvnamde mivideT 

karbonat-ionis SemTxvevaSic. naxSirbadis atomi sami sp2 hibridu-
li  orbitaliT erT sibrtyeSi (kuTxe 1200) warmoqmnis sam σ bmas 
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Jangbadis sam atomTan. am Jangbadidan erT-erTis kovalenturad 
gajereba miiRweva a-bmis warmoqmniT. danarCeni oris ki — eleq-
tronis mierTebiT. valenturi bmis TeoriiT aseTi ionis aRnago-
ba gamoisaxeba sqemebiT: 

O

C
2-O--O

C O

2-

-O

-O
C

O-
O-O

2-

 
am sqemebidan gamomdinare C-O bmebi unda iyos aratolfasovani, 

rac eqsperiments ewinaaRmdegeba. am formulis naklic π bmis loka-
lizebaa. karbonat-ionSi π bma delokalizebulia, igi Tanabrad 
ekuTvnis Jangbadis samive atoms, rac sqematurad ase gamoisaxeba: 

O

C
O O 2-

 
delokalizebuli bmebis yvelaze mkveTri damaxasiaTebeli 

Tvisebebi vlindeba eleqtronTa samganzomilebiani delokaliza-
ciis dros, romelsac adgili aqvs metalebSi. 

5.1.5 kovalenturi bmis Tvisebebi 

kovalenturi bma, nebismieri bmis analogiurad, xasiaTdeba 
bmis energiiTa da bmis sigrZiT. garda amisa, rogorc es kovalen-
turi bmis warmoqmnis meqanizmidan da misi zogadi daxasiaTebidan 
gamomdinareobs, mas aqvs gezuroba, axasiaTebs gajerebuloba, po-
laroba da polarizebadoba. yvela es maxasiaTebeli kovalentu-
ri bmis Tvisebas gamoxatavs. 

kovalenturi bmis energia, ionuri bmis energiis analogiurad 
(ix. qvemoT) mcirdeba elementis atomuri nomris zrdisas (periodu-
li sistemis qvejgufebSi es kargad Cans halogenebis magaliTze): 

bma:                                            H–F       H–Cl    H–Br       H–I       
bmis energia, kj/moli:     564.3     430.5    364.0     297.0 

kovalenturi bmis energia damokidebulia bmis jeradobazec. 
amasTan, σ-bmis energia aRemateba π—bmis energias.  

bma:                                            C–C          C=C           C≡C 
bmis energia, kj/moli:     346            602             835 

kovalenturi bmis sigrZe molekulaSi (an kristalSi) atomTa 
birTvebis centrebs Soris manZilis tolia. bmis sigrZe 
(magaliTad, qvej-gufebSi) matulobs atomuri nomris zrdasTan 
erTad da mcirdeba bmis jeradobis gazrdiT: 
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bma:                           H–F   H–Cl    H–Br     H–I    C–C     C=C     C≡ C 
bmis sigrZe, pm:   91,7   127,4   140,8    160,9   154     134        120  

kovalenturi bma yovelTvis myardeba ao-is maqsimaluri 
gadafarvis mimarTulebiT da amitom mas axasiaTebs gezuroba. 
kovalenturi bmis es Tviseba ganapirobebs molekulis sivrciT 
aRnagobas, mis geometriul formas. 

kovalenturi bmis gajerebulobaSi (es Tviseba sxva tipis bmebs 
ar axasiaTebs) igulisxmeba atomis mier `savalento~ orbitalebis 
sruli gamoyeneba, ris gamoc igi damatebiT bmebs veRar amyarebs. 

rogorc ukve aRvniSneT, kovalentur bmas axasiaTebs pola-
roba da polarizebadoba. arapolarulisgan gansxvavebiT, pola-
ruli kovalenturi bmis SemTxvevaSi, saziaro eleqtronuli wyvi-
lebiT warmoqmnili eleqtronuli Rrublis simkvrive ufro 
eleqtrouaryofiTi elementis atomisken aris wanacvlebuli. Se-
degad, dadebiTi da uaryofiTi muxtebis simZimis centrebis siv-
rciTi dacileba xdeba. molekulaSi ganixileba eleqtruli mux-
tis `simZimis~ ori centri: dadebiTi — birTvis saxiT da uaryofi-
Ti – eleqtronebis saxiT. Tu es ori centri erTmaneTs emTxveva, 
molekula arapolarulia, Tu ar emTxveva — polaruli. arapo-
larul molekulas pirobiTad gamosaxaven niSniT ±, xolo pola-
ruls - + –. e.i. polaruli molekula SeiZleba ganxilul iqnas, 
rogorc ori erT-maneTisgan gansazRvruli manZiliT daSorebu-
li, absoluturi mniSvnelobiT toli, magram sapirispiro niSnis 
mqone muxtisgan Semdgari sistema. aseT sistemebs eleqtruli di-
polebi ewodeba. marTalia, dipolis jamuri muxti nulis tolia, 
magram mis garSemo warmoiqmneba eleqtruli veli, romlis daZa-
buloba molekulis dipoluri momentis proporciulia. 

dipoluri momenti (μ) veqtoruli sididea, romelic gamoiTv-
leba formuliT μ = δ • l, sadac δ efeqturi muxtia, l — ki dipolis 
sigrZe. veqtori mimarTulia uaryofiTi muxtis centridan dade-
biTi muxtis centrisken. dipoluri momentis ganzomilebaa kl•m., 
zogjer gamoiyeneba arasistemuri erTeuli debai (D), 1D=3.33⋅10-30 
kl•m. formulidan gamomdinare, molekula miT ufro polarulia, 
rac ufro maRalia atomTa efeqturi muxtebi (δ) da rac ufro me-
tia dipolis sigrZe l. amitom msgavsi agebulebis mqone molekule-
bis dipoluri momentebi Semadgenel atomTa eleqtrouaryofi-
Tobis sxvaobis zrdis mimarTulebiT izrdeba. magaliTad, HCl, 
HBr da HI-is molekulebis dipoluri momentebi Sesabamisad aris 
0,347 k.m, 0,263 k.m da 0,127 k.m, rac dakavSirebulia aRniSnuli mi-
marTulebiT eleqtrouaryofiTobis SemcirebasTan: 

HCl > HBr > HI 
oratomiani molekulebi polaruli bmiT yovelTvis polaru-

lia. mravalatomiani molekulebi polaruli bmiT, SeiZleba iyos 
rogorc polaruli, ise arapolaruli. es damokidebulia maT siv-
rciT aRnagobaze. molekula-dipolis eleqtruli momenti cal-
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keuli bmebis eleqtruli momentebis veqtoruli jamis tolia. Se-
jameba ZalTa paralelogramis wesiT xdeba (nax. 5.29).  

µ
1

µ
2  

naxazi 5.29. ZalTa paralelogramis wesiT eleqtruli momentebis 
veqtoruli jamis gansazRvris sqema 

Sejamebuli dipoluri momenti gamoiTvleba formuliT: 

µf  = µ1
2 + µ2

2 + 2µ1µ2cosθ        (5.13) 
amave mizezis gamo, halogenebis ionTa polarizebadobis 

unari izrdeba Semdegi TanmimdevrobiT: 

F- < Cl- < Br- < I- 

dadebiT ionebad atomebis gardaqmna yovelTvis dakavSirebu-
lia maTi zomebis SemcirebasTan, amasTan kationis dadebiTi mux-
ti aZnelebs gare eleqtronuli Rrublebis deformacias. uaryo-
fiT ionebs yovelTvis meti radiusi aqvT Sesabamis neitralur 
atomebTan SedarebiT. garda amisa, uaryofiTi muxti iwvevs eleq-
tronebis ganzidvas da aqedan gamomdinare, birTvTan maTi kavSi-
ris Sesustebas. am mizezebis gamo, kationebTan SedarebiT anione-
bis polarizebadobis unari mniSvnelovnad maRalia. 

ionTa mapolarizebeli unari, e.i. maTi unari, moaxdinon sxva io-
nebis mimarT madeformirebeli moqmedeba, damokidebulia aseve maT 
muxtze da zomebze. rac ufro didia ionis muxti, miT Zlieria mis 
mier Seqmnili eleqtruli veli. aqedan gamomdinare, ufro Zlieri 
mapolarizebeli moqmedeba axasiaTebs didmuxtian ionebs. erTnairi 
muxtis SemTxvevaSi ki mapolarizebeli moqmedeba Zlierdeba ione-
bis zomis SemcirebasTan erTad. magaliTad, tute metalTa katione-
bis mapolarizebeli moqmedeba mcirdeba Semdegi TanmimdevrobiT: 

Li+ > Na+ > K+ > Rb+ > Cs+ 

zemoT ukve aRvniSneT, rom anionebis radiusi saerTod aRema-
teba kationebis radiuss, ris gamoc anionebi iCenen kationebTan 
SedarebiT nakleb mapolarizebel moqmedebas, e.i. anionebi katio-
nebTan SedarebiT xasiaTdebian Zlieri polarizebadobiT da nak-
lebi mapolarizebeli moqmedebiT. 

ionTa polarizacia did gavlenas axdens maTi Semcveli naer-
Tebis Tvisebebze. gansakuTrebulad maRali mapolarizebeli 
moqmedebiT gamoirCeva wyalbad-ioni (H+), romelsac aqvs Zalian 
mcire zoma, amasTan, saerTod ar gaaCnia eleqtroni, rac mas anio-
nebTan miaxloebis saSualebas aZlevs, ris gamoc SeuZlia gamoiw-
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vios Zlieri deformacia. magaliTad, Cl--ionis radiusi 181 pm-ia, 
xolo qlorisa da wyalbadis birTvebs Soris manZili HCl-is mole-
kulaSi aris 127 pm. mJavebi bevri TvisebiT Zlier gansxvavdeba maT 
mier warmoqmnili marilebis Tvisebebisagan, risi erT-erTi mize-
zic swored wyalbad-ionis Zlieri mapolarizebeli moqmedebaa. 

polarizaciis Sedegad SeiZleba moxdes kovalenturi bmis 
sruli gaxleCa makavSirebeli eleqtronuli wyvilis erT-erT 
atomze gadasvliT, rasac moyveba dadebiTi da uaryofiTi ione-
bis warmoqmna. kovalenturi bmis asimetriuli gaxleCisas  sapi-
rispiro ionebis warmoqmniT xdeba heterolituri gaxleCa: 

H:Cl → H+ :Cl:- → H++ Cl- 
roca kovalenturi bmis gaxleCisas irRveva makavSirebeli sa-

ziaro wyvili, warmoiqmneba aramdgradi nawilakebi – radikalebi, 
am SemTxvevaSi adgili aqvs  

Cl:Cl → Cl· + ·Cl 
CH3-CH3 → CH3· + CH3· da a. S. 

dipolebi SeiZleba iyos myisieri da inducirebuli. myisieria 
magaliTad, dipoli, romelic aRiZvreba qloris molekulaSi 
(Cl:Cl) qloris romelime atomidan meorisken efeqturi eleqtro-
nuli mux-tis cvalebadi myisieri wanacvlebiT: Cl+δ → Cl-δ da piri-
qiT, Cl-δ → Cl+δ. eleqtronebis saSualo ganawileba nulovan dipo-
lur moments Seesabameba. 

polarizebadoba aris kovalenturi bmis unari, gare velis ze-
moqmedebiT ganicados polarizacia. am dros adgili aqvs saziaro 
eleqtronuli Rrublis, an ufro zustad, molekuluri orbita-
lis deformacias. gare velis zemoqmedebiT aRiZvreba dipoli, 
romelsac inducirebuli ewodeba. velis moqmedebis Sewyvetis 
Semdeg, inducirebuli dipoluri momenti nulis toli xdeba. 
magaliTad, eTilenis molekulis polarizacia protonis an Br+-is 
velSi (CH2

+δ=CH2
-δ). aseT SemTxvevaSi vlindeba bmis polarizebado-

bis unari. am dros adgili aqvs dadebiTi da uaryofiT muxtebis 
`simZimis~ centrebis dacilebas da arapolaruli C=C bma polaru-
li xdeba, xolo romelime polaruli bma, magaliTad, C–Hlg kidev 
ufro polaruli xdeba, e.i. izrdeba misi polarizaciis xarisxi. 

polarizebadoba damokidebulia bmis warmomqmneli atomebis 
zomebze. rac ufro didia bmuli atomis radiusi, anu mcirea 
atom-birTvis gare eleqtronuli Sris eleqtronTan urTier-
Tqmedebis energia, miT ufro didia misi polarizaciis unari. 
amiT aixsneba, rom C-I bmis polarizaciis unari sagrZnoblad aRe-
mateba C-Cl bmis polarizaciis unars. 

calke aRniSvnis Rirsia, rom polaroba da polarizebadoba 
arsebiT rols asrulebs qimiur naerTTa reaqciisunarianobis, 
ag-reTve molekulaTSorisi urTierTqmedebis Sefasebisas. 

SevniSnoT, rom ar arsebobs principuli gansxvaveba pola-
rul-kovalentur bmasa da ionur bmas Soris. (ix. qvemoT `ionuri 
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bma~). es ukanaskneli SeiZleba ganvixiloT, rogorc polarul-ko-
valenturi bmis zRvruli polarizaciis Sedegi. ase, magaliTad, 
qloris molekulaSi (Cl:Cl) damyarebuli bma arapolarul-kova-
len-turia, HCl-Si — polarulkovalenturi (bmis ionurobis xa-
risxi 17 %-ia), NaCl-Si ionuri (bmis ionurobis xarisxi 87 %-a). 

xSirad naerTebSi, romlebic sami da meti elementis atome-bi-
sagan Sedgeba, erTdroulad bmis sxvadasxva saxeebia. magaliTad, 
natriumis sulfatSi Na2SO4, Na–O ionuri bmaa, xolo sulfat-i-
onSi — gogirdis da Jangbadis atomebs Soris — kovalenturi, ami-
tom natriumis sulfatis molekula wyalxsnarebSi natriumis ka-
tionad da sulfat-ionad disocirdeba: 

Na2SO4 → 2 Na+ + SO4
2- 

zogierT qimiur naerTSi SesaZlebelia adgili hqondes e.w. 
kontrpolarizaciis gamovlenas (ix. qvemoT), magaliTad, CaCO3, 
ris gamo, kalciumis karbonats unari aqvs gaxurebiT daiSalos 
CaO-d da CO2-ad:  

CaCO3 → CaO + CO2 , 
maSin rodesac natriumis da kaliumis karbonatebi am unars 

moklebulia. 

5.1.6 kontrpolarizaciis efeqti 

atomebis, ionebisa da molekulebis eleqtronuli Rrublebis 
deformaciis erT-erT mniSvnelovan Sedegs, romelsac maTi ur-
TierTqmedebisas aqvs adgili, warmoadgens e.w. kontrpolariza-
ciis efeqti. ganvixiloT aRniSnuli efeqtis arsi da misi gavlena 
nivTierebaTa Termul mdgradobaze metalTa karbonatebis maga-
liTze. karbonat-ioni izolirebul mdgomareobaSi (rodesac ar 
ganicdis raime velis zemoqmedebas) Zalian gamartivebuli saxiT 
SeiZleba Semdegi sqemis saxiT warmovidginoT: 

 
naxazi 5.29 

naxazze Jangbadis atomebi warmodgenilia dipolebis saxiT, 
romelTa uaryofiTi polusebi naxSirbadis atomebisken aris mi-
marTuli. karbonat-ioni kovalenturi ionia da eleqtronuli 
simkvrivis maqsimumi Tavmoyrilia naxSirbadisa da Jangbadis ato-
mebs Soris. warmovidginiT, rom izolirebul karbonat-ions miu-
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axlovda sakmaod maRali muxtis mqone kationi Mn+, maSin Jangba-
dis im atomis polarizacia, romelic aRmoCndeba dadebiTi mux-
tis moqmedebis areSi, Seicvleba – moxdeba eleqtronuli simkvri-
vis gadanacvleba kationisken, ris Sedegadac Jangbadis am atomis 
polarizacia aRmoCndeba gansxvavebuli, vidre karbonationebis 
im Jangbadebisa, romlebic ar ganicdian dadebiTi muxtis gavle-
nas. Jangbad-atomis uaryofiTi polusi ukve mimarTuli aRmoC-
ndeba gare kationis mxares, naxSirbadisken ki dadebiTi polusi 
eleqtronuli minimumiT. e.i. moxda polusebis Secvla, rasac kon-
trpolarizacia ewodeba. amas Sedegad moyveba naxSirbadsa da Jan-
gbads Soris eleqtronuli simkvrivis Semcireba da Sesabamisad, 
bmis Sesusteba, amitom kontrpolarizebuli karbonati Termulad 
naklebad mdgradia. rac ufro metia kationis muxti da naklebia 
radiusi, miT ufro dabal temperaturaze daiSleba karbonati.  

tutemiwaTa metalebis karbonatebi, tute metalTa karbona-
tebTan SedarebiT gacilebiT advilad iSlebian, radgan tute mi-
waTa metalebi warmoqmnian mcire radiusis ormuxtian kationebs. 
es movlena sxva oqsomJavebis marilebisaTvisac aris damaxasiaTe-
beli: nitratebi, sulfatebi, perqloratebi da a.S. Tumca yovel-
Tvis kontrpolarizaciasa da nivTierebis Termul mdgradobas 
Soris ar aris martivi damokidebuleba. amas im SemTxvevaSi aqvs 
adgili, roca nivTierebis daSlis procesebze erTdroulad ram-
denime faqtori moqmedebs. magaliTad, ceziumis karbonati, tute 
metalebis karbonatebs Soris yvelaze mdgradi unda iyos, radgan 
Cs-is erTmuxtiani kationi didi radiusis gamo naklebi mapolari-
zebeli moqmedebiT xasiaTdeba. Tumca, eqsperimentuli monaceme-
bidan gamomdinare, misi daSlis temperatura liTiumis karbona-
tis daSlis temperaturazec ki ufro dabalia.  

cxadia, kontrpolarizaciis efeqti ar aris oqsoanionebis 
daSlis procesebze moqmedi erTaderTi faqtori. Tumca SeiZleba 
vTqvaT, rom igi erT-erTi mniSvnelovani faqtoria da Tu ar iar-
sebebs aseTi Tanamdevi movlenebi, am kanonzomierebaze dayrdno-
biT SeiZleba sworad iqnas Sefasebuli erTi tipis aRnagobis mqo-
ne naerTebis ama Tu im fizikuri da qimiuri Tvisebebis cvlilebis 
kanonzomiereba.  

 

 
naxazi 5.30. kontrpolarizebuli karbonat-ioni 
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5.1.7 kovalenturi bmis                                          
donorul-aqceptoruli meqanizmi 

amoniumis ionis warmoqmna amiakis molekulisa da wyalbadis 
ionisagan: 

NH3 + H+ →  +
4NH

     igive SeiZleba warmovadginoT eleqtronuli wyvilebisa da 
orbitalebis saSualebiT: 

    
H :N: +     (H )..

..

H

H
..
..

H

H
H :N: H

+
+

 
wyalbadis ionis Tavisufali orbitalisa (1s) da azotis Sev-

sebuli orbitalis (2s) gadafarviT warmoiqmneba molekuluri 
orbitali, romelzec, iseve rogorc sam danarCen molekulur 
orbitalze, imyofeba ori eleqtroni. miRebul nawilakSi oTxive 
bma tolfasovania (sigrZisa da energiis mixedviT). wyalbadis io-
nis dadebiTi muxti simetriulad aris gadanawilebuli warmoq-
mnil ionze, nawilakze, romelsac amoniumis kationi ewodeba.  

atoms, molekulas an ions, romelic kovalenturi bmis war-
moqmnisaTvis gaiRebs eleqtronul wyvils, ewodeba donori. 
atoms, molekulas an ions, romelic kovalenturi bmis warmoqmni-
saTvis gaiRebs Tavisufal orbitals (anu SeiZens eleqtronebs), 
ewodeba aqceptori. aseTi meqanizmiT damyarebul bmas ki dono-
rul-aqceptoruli (koordinaciuli) bma. es ukanaskneli aRiniS-
neba isriT, romelic mimarTulia donoridan aqceptorisaken (am 
SemTxvevaSi, azotidan wyalbadisaken). kovalenturi bmis warmoq-
mnis aseT meqanizms ewodeba donorul-aqceptoruli. 

ganxilul magaliTSi donors warmoadgens amiakis molekula 
(konkretulad, azotis atomi), xolo aqceptors wyalbadis ioni. 
saziaro eleqtronuli wyvilebis kovalenturi bmis aRmniSvneli 
xazebiT Secvlisas miviRebT: 

H

H

+

H N H

 
amasTan unda aRiniSnos, rom miRebul ionSi SeuZlebelia do-

norul-aqceptoruli meqanizmiT warmoqmnili bmis garCeva. am 
gziT warmoqmnili bma arafriT ar gansxvavdeba danarCeni kova-
lenturi bmebisagan. gansxvaveba mxolod warmoqmnis meqanizmSia. 
amrigad, amoniumis ionSi oTxive kovalenturi bma tolfasia.  
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qloris molekulaSi bmis realuri energia bevrad aRemateba 
Sesabamisi erTmagi bmis Teoriulad gaTvlil energias, rac mia-
niSnebs damatebiTi bmebis warmoqmnaze. es ki SesaZlebelia qlo-
ris orive atomis gauziarebeli eleqtronuli wyvilebisa da Ta-
visufali orbitalebisagan donorul-aqceptoruli meqanizmiT 
ori kovalenturi bmis aRZvriT.  

 
TiToeuli atomi erTdroulad warmoadgens donorsa da 

aqceptors: 

Cl Cl  
e.i. qloris molekulaSi faqtiurad sammagi bmaa, rac iwvevs 

Sesabamisi bmis stabilizacias.  
rogorc zemoT vnaxeT, naxSirbadis (II) oqsidisaTvis mo meTo-

di iZleva bmis rigis iseT mniSvnelobas (3), romelic ar miiReba 
valenturi bmebis Cveulebrivi meqanizmiT, magram Tu gaviTvalis-
winebT Jangbadis atomSi gauziarebeli eleqtronuli wyvilisa da 
naxSirbadis atomSi Tavisufali orbitalis arsebobas, gasagebi 
gaxdeba donorul-aqceptoruli meqanizmiT mesame bmis aRZvra: 

 
am molekulaSi donors warmoadgens Jangbadis atomi, xolo 

aqceptors — naxSirbadis atomi: 

C O 

5.2 ionuri bma 

5.2.1 ionuri bmis warmoqmnis                                      
meqanizmi da energia 

iseve rogorc kovalenturi bmis SemTxvevaSi, ionuri bmis Teo-
rias safuZvlad udevs postulati rvaeleqtroniani Sris ns2np6 (oq-
tetis) gansakuTrebuli mdgradobis Sesaxeb. aseTi struqtura aqvT 
keTilSobil airebs bolo Sreze. gamonakliss warmoadgens pirveli 
periodis elementi He, romlisTvisac mdgradia 1s2 struqtura. 
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ionuri bma xorcieldeba sapirispirod damuxtuli  ione-
bis eleqtrostatikuri mizidviT. 

ionuri bmis Teoria SemuSavebul iqna maqs bornis mier. ionuri 
bma aRiZvreba im elementebs Soris, romlebic mkveTrad gansxvav-
debian eleqtrouaryofiTobis mniSvnelobebiT. aseTebia tute da 
tutemiwaTa metalebi, erTis mxriv, da halkogenebi da halogenebi, 
meoris mxriv. ganvixiloT airad mdgomareobaSi myofi natriumisa 
(eNa = 0.9; I = -5.14 ev) da fToris (χF = 4.0; EF = 3.45 ev) atomebisagan 
natriumis ftoridis molekulis warmoqmnis procesi: 

Na + F = Na+F- + ƒbm     (5.14) 
ƒbm -s ewodeba bmis energia. es aris energia, romelic gamoiyo-

fa airad mdgomareobaSi myofi atomebisagan erTi moli nivTiere-
bis warmoqmnisas.  

natriumis (Z = 11) eleqtronuli formulaa 1s22s22p63s1, xolo 
fTorisa (Z = 9) 1s22s22p5. natriumma eleqtronuli oqtetis Sesaqmne-
lad an unda SeiZinos Svidi, an kidev gasces erTi eleqtroni. meore 
SemTxvevaSi mas meore Sreze eqneba keTilSobili airis neonis eleq-
tronuli struqtura. fTorma oqtetis Sesaqmnelad an unda SeiZinos 
erTi, an kidev gasces Svidi eleqtroni. am ukanasknel SemTxvevaSi is 
miiRebs heliumis eleqtronul struqturas. energetikulad natri-
umisaTvis xelsayrelia meore varianti, xolo fTorisaTvis pirveli: 

Na0 – e → Na+ [Ne]               (5.15) 
F0 + e → F- [Ne]                    (5.16) 

warmoqmnili dadebiTad da uaryofiTad damuxtuli ionebisa-
gan eleqtrostatikuri mizidulobis ZaliT miiReba natriumis 
fToridis molekula: 

Na+ + F- → Na+F-                  (5.17) 
sapirispirod damuxtul ionebs Soris urTierTmoqmedebis 

sruli energia warmoadgens mizidvisa Umiz. da ganzidvis Ugan. ener-
giebis jams: 

Usr = Umiz. + Ugan.                   (5.18). 
usasrulod didi manZilidan r manZilze ionebis miaxloebisas 

mizidulobis energia udris: 

Umiz. = –
r

ke2
                          (5.19). 

Zalian mcire manZilze eleqtronuli garsebis urTierT-moq-
medebis Sedegad vlindeba ganzidvis energia. 1918 wels bornma da 
alfred landem aCvenes, rom pirveli miaxloebiT ganzidvis ener-
gia tolia: 

Ugan. = 
nr

B   ,                          (5.20) 

sadac B bornis ganzidvis koeficientia, n aris xarisxis 
maCvenebeli, romelic Rebulobs mniSvnelobebs 5, 7, 9, 10 da 12.   
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B sidide gamoiricxeba r0 wonasworul manZilze mizidvisa da 
ganzidvis Zalebis tolobis pirobiT da (5.20) miiRebs Semdeg saxes: 

                  Ugan. = 
nr

e

0

2
                         (5.21). 

energia r0 wonasworul manZilze minimaluria. energiebis cvli-
leba ionebs Soris manZilze damokidebulebiT naCvenebia nax. 5.31. 

 
naxazi 5.31 potencialuri energiis mrudebi ionuri molekulisaTvis 

ionuri bmis warmoqmnis zemoT aRwerili meqanizmis sisworeSi 
dasarwmuneblad gamoviTvaloT bmis energia da SevadaroT is eq-
sperimentiT gansazRvruls. (5.14)-Si gaviTvaliswinoT Sesabamisi 
energiebi. maSin miviRebT: 

Na0 – e → Na+ – INa                              (5.22) 
F0 + e → F- + EF                                    (5.23) 
Na+ + F- → Na+F- + Umes.                     (5.24) 

 (5.22-5.24) gantolebebis SekrebiT miviRebT: 

               Na0 + F0 → Na+F- – INa + EF + Umes.            (5.25). 
Tu SevadarebT erTmaneTs (1) da (12) gantolebebs, davaskvniT, 

rom: 
ƒbm = – INa + EF + Umes. (Umes.- mesris warmoqmnis energia)   (5.26). 

amasTan:  
                       Umes. = – U0  (krasnovi),                                        (5.27) 

sadac U0 aris sapirispirod damuxtul ionebs Soris urTi-
erTqmedebis energia r0 wonasworul manZilze. (5.24) da (5.25) 
tolobebis gaTvaliswinebiT (5.26) miiRebs saxes: 

       ƒbm = – INa + EF – U0 = – INa + EF – Umiz. – Ugan.             (5.28). 
r0 = 1.93·10-10 m manZilisaTvis Umiz. = — 7.5 ev  

bornis mier naCvenebi iyo, rom pirveli miaxloebiT Ugan. = – 0.1 
Umiz., e.i. Ugan. = 0.75 ev. (5.28) tolobaSi Semavali sidideebis mniSvne-
lobebis SetaniT miviRebT: 

ƒbm = – 5.14 ev + 3.45 ev + 7.5 ev – 0.75 ev = + 5.06 ev. 
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eqsperimentiT miRebuli mniSvneloba tolia +4.98 ev-isa. 
rogorc vxedavT, damTxveva maRali rigisaa, rac adasturebs 
ionuri bmis aRZvris bornis Teoriis WeSmaritebas. 

amrigad, ionuri bma ewodeba sapirispirod damuxtul ionebs 
Soris eleqtrostatikuri mizidulobis ZalebiT damyarebul bmas.  

5.2.2 ionuri kristaluri struqturis sruli 
energia 

5.19, 5.20 da 5.21 formulebis SepirispirebiT sistemis sruli 
energiisaTvis vRebulobT: Usr. = Umiz. + Uganz. = Z1Z2e2

 / rij + B/rij
n (5.29). 

erTnairmuxtiani ionebisaTvis Z1 = Z2 = 1. Tu gaviTvaliswinebT, 
rom r0 wonasworul manZilze Usr. minimaluria, SeiZleba daiweros: 

        

0

2

2 n+1
r=r 0 0

U e nB 0
r r r

∂⎛ ⎞ = − =⎜ ⎟∂⎝ ⎠
sr.               (5.28) 

bornis mier dadgenil iqna, rom:  

          
2 n-1

0e rB =
n

             (5.29) 

B-s mniSvnelobis CasmiT (5.29)-Si miiReba: 

2 n-12 2 2 2
0
n

0 0 0 0 0

e re e e eU = - + = - + = - 1-
r nr r nr r n

⎛ ⎞
⎜

1
⎝ ⎠

sr. ⎟    (5.30) 

(5.30) gamosaxulebis gamravlebiT ionebis mTel ricxvze da im 
Sesakrebebis gaTvaliswinebiT, romlebic aRweren ufro maRali 
rigis mizidva-ganzidvas, miiReba mTeli ionuri kristalis 
energia (ix. Teoriuli araorganuli qimiis saxelmZRvaneloebi). 

NaCl-isaTvis: 

U =
NMNaClZ

2e2

4πε0r0
(1 - 1

n )

(ε0 = 8,854 x 10-12 c2 m-1 j-1)     
gamoTvlebisaTvis mosaxerxebelia gantoleba (formula): 

U = -1,389
MNaCl

r0
. (1 - 1

n )
   (5.31) 
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5.2.3 ionuri bmis Tvisebebi 

kovalenturi bmisgan gansxvavebiT ionur bmas ara aqvs gezuro-
ba. es imiT aixsneba, rom ionis eleqtrul vels aqvs sferuli simet-
ria, e.i. misi moqmedeba nebismieri mimarTulebiT erTnairi kanonzo-
mierebiT vlindeba da manZilis gazrdiT mcirdeba. ionebs Soris ur-
TierTqmedeba xorcieldeba mimarTulebisagan damoukideblad.  

rogorc cnobilia, ori absoluturad toli da gansxvavebuli 
muxtis mqone ionisagan Sedgenili sistema garemomcvel sivrceSi 
qmnis  eleqtrul vels. es niSnavs, rom  erTmaneTTan miziduli ori 
sxvadasxva niSniani muxtis ioni, inarCunebs sxva ionebTan eleq-
trostatikuri urTierTqmedebis unars, e.i. ionur bmas ar axasia-
Tebs gajerebuloba, rac kovalenturi bmis Tvisebas warmoadgens. 
amitom mocemul ions SeuZlia SeukavSirdes sapirispirod damuxtu-
li ionebis mxolod gansazRvrul ricxvs (koordinaciuli ricxvi), 
romelic damokidebulia ionebis fardobiT zomebsa da bunebaze.  

ionebis gezurobis da gajerebulobis arqoniT aris ganpi-
robebuli xsnarebSi ionuri bmis Semcveli molekulebis asocia-
ciis unari (maRal temperaturaze airad mdgomareobaSi ionuri 
naerTebi am unars moklebulia).  

      myar mdgomareobaSi yvela ionur naerTs aqvs ara moleku-
luri, aramed ionuri struqtura, romelSic TiToeuli ioni ga-
remoculia sapirispiro ionebis maqsimalurad gansazRvruli 
ricxviT (magaliTad, NaCl-is SemTxvevaSi es ricxvi udris 6), ase 
rom, mTeli ionuri kristali SeiZleba ganvixiloT, rogorc gi-
ganturi molekulis kristaluri struqtura. 

5.3 nivTierebaTa agregatuli da fazuri 
mdgomareoba 

5.3.1 nivTierebaTa agregatuli mdgomareobis 
ZiriTadi tipebi 

 
Cveulebriv pirobebSi nivTierebaTa Semadgeneli atomebi, mo-

lekulebi da ionebi, ra Tqma unda, individualuri saxiT ar arse-
boben. isini nivTierebis ufro maRali organizaciuli formis e.w. 
agregatuli mdgomareobis mxolod nawils warmoadgenen. 

garemo pirobebi gansazRvravs nivTierebaTa Semadgeneli nawila-
kebis potenciur da kinetikur energiebs Soris Tanafardobas, razec 
aris damokidebuli nivTierebaTa Semadgeneli nawilakebis erTmane-
Tis mimarT moZraobis xasiaTi, ris safuZvelze nivTierebebi SeiZle-
ba imyofebodes myar, Txevad, airad an plazmur mdgomareobaSi. 

 134 



nivTierebaTa myari agregatuli mdgomareobisaTvis damaxasi-
aTebelia nawilakebis urTierTmoqmedebis potenciuri energiis 
ufro maRali mniSvneloba am nawilakebis moZraobis kinetikur 
energiasTan SedarebiT: 

Epot. > Ekin. 

gamomdinare aqedan, myar mdgomareobaSi myof nivTierebebSi 
nawilakebi gadataniT moZraobas ver asruleben, maT erTmaneTis 
mimarT ukaviaT gansazRvruli mdebareoba da mxolod irxevian am 
mdebareobaTa mimarT. 

siTxeebSi nawilakebis urTierTqmedebis potenciuri energia 
daaxloebiT maTi moZraobis kinetikuri energiis tolia: 

Ekin. ≈ Epot. 

Txevadi mdgomareoba Sualedurs warmoadgens myar da airad 
mdgomareobebs Soris. rigi TvisebebiT siTxeebi hgavs airebs, rom-
lebic nawilakebis mouwesrigebeli struqturiT xasiaTdebian da 
rigi TvisebebiT ki myar sxeulebs. airebs hgavs formis uqonlobiT 
(siTxe im WurWlis formas iRebs, romelSic asxia), amasTan Sedare-
biT maRali simkvriviT da SekumSvis dabali unariT Txevadi mdgoma-
reoba myars hgavs. is faqti, rom siTxeebi formas advilad icvlian, 
miuTiTebs molekulaTSorisi Zalebis sisusteze. amave dros siTxe-
Ta dabali kumSvadobis da mocemul temperaturaze mudmivi mocu-
lobis SenarCunebis unari siTxeTa Semadgenel nawilakebs Soris 
mniSvnelovani urTierTqmedebis Zalebis arsebobas adasturebs. aqe-
dan gamomdinare, aseTi daskvnis gakeTeba SeiZleba: Txevadi nivTiere-
bis nawilakebs Soris moqmedi Zalebi sakmaod Zlieria imisaTvis, rom 
xeli SeuSalos aseT nivTierebebSi arsebuli nawilakebis mouwesri-
gebel moZraobas, magram sustia imisaTvis, rom saerTod Seakavos ma-
Ti gadaadgileba erTmaneTis mimarT. amitomac siTxeebi denadia. 

Txevadi mdgomareobis gansakuTrebul Tvisebas Semadgeneli 
nawilakebis axlo zonaSi mowesrigebuli da Soreuli mouwesrigeb-
loba warmoadgens. axlo mowesrigebulobaSi igulisxmeba mocemu-
li nawilakis irgvliv pirvelive sferoSi ganlagebuli nawilake-
bis ricxvis da maTi erTmaneTis mimarT ganlagebis SenarCuneba. 

ufro meti mowesrigebuloba miiRweva (Soreulic ki), roca 
molekulaTSoris arsebul universalur mizidvis Zalebs emateba 
damatebiTi specifikuri Zalebi — rogorsac warmoadgens, maga-
liTad, wyalbaduri bmebi. 

saerTod, mowesrigebulobis xarisxi sxvadasxva siTxeSi gansxva-
vebulia. garda amisa, igi damokidebulia agreTve temperaturaze 
(yvelaze maRalia lRobis temperaturis maxloblobaSi), tempera-
turis Semdgomi gazrdiT mcirdeba da TandaTanobiT uaxlovdeba 
airebisas. kritikul temperaturaze maT Soris gansxvaveba qreba. 

siTxeebis mimarT rentgenostruqturuli analizis meTodis 
gamoyenebam cxadyo, rom Txevadi mdgomareoba struqturiT ax-
los dgas amorful sxeulebTan. Sinagani struqturis mixedviT 
Txevadi da amorfuli sxeulebis msgavseba iZleva imis safuZvels, 
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rom amorfuli sxeulebi ganvixiloT, rogorc Zalian maRali sim-
kvrivis mqone siTxeebi, xolo myar sxeulebs mivakuTvnoT mxo-
lod kristalur mdgomareobaSi myofi nivTierebebi. 

rentgenostruqturulma analizma aCvena, rom amorfuli 
mdgomareoba Txevadis msgavsad xasiaTdeba Semadgeneli nawila-
kebis arasrulyofili mowesrigebulobiT. bmebi struqturul 
erTeulebs Soris ar aris tolfasovani. amitom amorful sxeu-
lebs ar axasiaTebT erTi gansazRvruli lRobis temperatura – 
gacxelebisas isini TandaTan rbildebian da lRvebian. 

miRebulia agreTve metalebis miniseburi formebi. am mizniT me-
talebs alRoben da Zalian swrafad aciveben. swrafi gacivebis gamo 
metalebSi ver xerxdeba maTi damaxasiaTebeli kristaluri struq-
turis Camoyalibeba da miiReba miniseburi mdgomareoba. metalomi-
nebi xasiTdebian maRali simagriT da koroziisadmi mdgradobiT. 

airadi mdgomareoba xasiaTdeba Semadgeneli molekulebis 
uf-ro maRali kinetikuri energiiT maTi urTierTqmedebis po-
tenciur energiasTan SedarebiT: 

Ekin. > Epot.  

amitom airis molekulebi (atomebi) Tavisuflad gadaadgilde-
bian mTel mis moculobaSi. molekulaTSorisi urTierTqmedebis Za-
lebis sisuste ganapirobebs airebis dabal simkvrives, maT swrafvas 
gafarToebisadmi, maT unars moaxdinon wneva im WurWlis kedlebze, 
romelSic imyofebian. maTi molekulebi sruliad qaosurad moZra-
oben, ar axasiaTebT arc axlo da arc Soreuli mowesrigebuloba. 

airis mdgomareoba sami parametriT xasiaTdeba: wneva (P), mo-
culoba (V) da temperatura (T). dabali wnevisa da maRali tempe-
raturis pirobebSi yvela airis qceva erTnairia (idealuri airi). 
maTi mdgomareoba gamoisaxeba klapeiron-mendeleevis gantole-
biT, romelic am sam parametrs erTmaneTTan akavSirebs: 

PV = νRT,                  (5.32) 

sadac ν aris airis raodenoba (molebiT), T — temperatura 
kelvinis skaliT, romelic celsiusis skaliT gamosaxul tempe-
raturasTan (t) dakavSirebulia formuliT T = 273 + t. 

garegani wnevis gazrda da temperaturis Semcireba iwvevs ai-
ris molekulebis daaxloebas, am SemTxvevaSi ukve Tavs iCens mo-
lekulaTSorisi urTierTqmedebis Zalebi, romelTa sididesac 
ukve airebis individualuri Tvisebebi gansazRvravs. aseTi aire-
bis parametrebis gamosaTvlelad klapeiron-mendeleevis ganto-
leba ukve gamousadegaria. 

ara marto individualuri airebi, aramed airTa narevebic Se-
madgenel molekulebs Soris susti urTierTqmedebis ZalebiT xa-
siaTdebian. airadi narevis magaliTia haeri, romelic warmoad-
gens moculobiT 78 % azotis, 21.5 % Jangbadis, 1 % keTilSobili 
airebis, naxSirbadis dioqsidis, wylis orTqlis da zogierTi sxva 
nivTierebis narevs. 
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airTa narevis mier warmoebuli saerTo wneva warmoadgens misi 
Semadgeneli airebis parcialuri wnevebis jams. magaliTad, haeris 
saerTo wnevidan, romelic tolia 1.01325.105 pa, azotis wili aris 
101325.0.78 = 0.79034.105 pa, xolo Jangbadis — 101325.0.21 = 0.21278 pa. 

5.3.2 nivTierebis plazmuri mdgomareoba 

nivTierebebis Zlieri gacxelebisas ramdenime aseuli aTasi an 
milionis rigis gradusamde, Zireulad icvleba maTi mdgomareoba. 
aseT pirobebSi nivTiereba gadadis ionizirebul airSi — e.w. plaz-
maSi. plazmas, romlis temperatura 10-100 aTasi gradusis rigisaa, 
`civs~ uwodeben, xolo milioni gradusis rigis plazmas – `cxels~. 
am ukanasknel SemTxvevaSi plazmaSi neitralur atomebs arseboba 
ar SeuZliaT da aseTi plazma warmoadgens eleqtronebis, ionebis 
da atombirTvebis narevs. plazma saerTod eleqtroneitraluria, 
amave dros axasiaTebs eleqtronuli da ionuri gamtaroba. plazma 
spilenZTan SedarebiT 20-jer ufro kargi gamtaria. 

 Cvens planetaze bunebaSi plazmuri mdgomareoba warmoiqmne-
ba Weqa-quxilisas, teqnikaSi – eleqtruli SeduRebisas, neonis da 
argonis naTurebis manaTobel nivTierebebSi da a.S. 

 plazmur mdgomareobaSia samyaros 99 %, dedamiwa am SemTxve-
vaSi iSviaTi gamonaklisia. udidesi masis plazma aris mze. 

 amJamad plazmis fizika da qimia mecnierebis erT-erTi ganvi-
Tarebadi sferoa gamomdinare am sferoSi miRweuli Sedegebis 
praqtikuli mniSvnelobebidan. 

5.4 kristalebi.                                                 
kristaluri struqturis tipebi 

myar nivTierebaTa umravlesobas kristaluri aRnagoba aqvs. 
TiToeuli myari nivTiereba gansazRvruli formis kristalebs 
warmoqmnis. magaliTad, NaCl kuburi formiT (a) kristaldeba, Sa-
bebi – oqtaedruli formiT (b), natriumis nitrati – prizmis for-
miT (g) da a.S. 

 
                                (a)                      (b)                        (g) 

naxazi 5.32  
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kristaluri forma nivTierebis erT-erTi mniSvnelovani da-
maxasiaTebeli Tvisebaa. kristalis Sinagani aRnagoba ganisazR-
vreba misi Semadgeneli nawilakebis: molekulebis, ionebis an ato-
mebis ganlagebiT. es ganlageba SeiZleba warmovadginoT krista-
luri mesriT anu urTierTgadamkveTi swori xazebiT warmoqmnili 
sivrciTi karkasis saxiT. gadakveTis wertilebSi imyofeba Semad-
geneli nawilakebis centrebi. 

amasTan aRsaniSnavia, rom rogorc bunebrivi, ise xelovnurad 
miRebuli kristalebi iSviaTad Seesabameba zustad Teoriul 
formebs. Cveulebriv, gamlRvali nivTierebis gamyarebisas adgi-
li aqvs kristalebis erTmaneTTan Sezrdas, amitom TiToeuli 
maTganis forma aRar aris savsebiT wesieri. xsnaridan nivTiere-
bis swrafi gamoyofisas agreTve metwilad miiReba arawesieri 
kristalebi, romelTa formac damaxinjebulia kristalizaciis 
pirobebSi araTanabari zrdis Sedegad. magram rogor araTanabra-
dac ar unda xdebodes kristalis formireba, rac ar unda damaxin-
jebuli iyos misi forma, kuTxeebi, romlebsac kristalis waxnage-
bi erTmaneTTan warmoqmnian, mocemul nivTierebas mudam erTnairi 
rCeba. es kristalografiis erT-erTi ZiriTadi kanonia — waxnaga 
kuTxeebis mudmivobis kanoni. amitom kristalSi orwaxnaga kuTxee-
bis gazomviT yovelTvis SeiZleba zustad imis dadgena, ra krista-
lur sistemas da romel klass ekuTvnis mocemuli kristali. 

kristaluri sxeulebis Taviseburebani mxolod kristalebis 
formiT ar amoiwureba, Tumca kristalSi nivTiereba savsebiT er-
Tgvarovania, magram mis fizikur TvisebaTagan bevri – simtkice, 
siTbogamtaroba, sinaTlisadmi mimarTeba da sxva, kristalis Sig-
niT sxvadasxva mimarTulebiT erTnairi ar aris. kristaluri niv-
Tierebis am Taviseburebas anizotropias uwodeben. 

kristalebis Sinagani struqturebis gamokvleva moxerxda XX 
saukuneSi, mas Semdeg, rac 1912 wels aRmoCenil iqna rentgenis 
sxivebis difraqciis movlena, razec aris damyarebuli rentge-
nostruqturuli analizi. amJamad am meTodiT Seswavlilia aseul 
aTasobiT nivTierebis aRnagoba. amave meTodiT xorcieldeba 
cocxali organizmebis Semadgeneli memkvidreobis matarebeli 
nivTierebebis molekuluri aRnagobis dadgena. 

imis mixedviT, Tu rogoria kristaluri mesris kvanZebSi myo-
fi nawilakebis buneba da mocemul kristalSi am nawilakebs Soris 
moqmedi Zalebidan romels aqvs upiratesoba, arCeven: moleku-
lur, atomur, ionur da metalur struqturebs. 

molekuluri mesris kvanZebi ukavia molekulebs, isini erTmaneT-
Tan molekulaTSorisi ZalebiT arian dakavSirebuli. atomuri mes-
ris kvanZebSi atomebi imyofebian, romlebic erTmaneTTan kovalen-
turi bmebiT arian dakavSirebuli. ionuri mesris kvanZebSi monacvle-
obiT arian ganlagebuli dadebiTi da uaryofiTi ionebi, romlebsac 
erTmaneTTan eleqtrostatikuri mizidvis Zalebi akavSirebs. meta-
luri mesris kvanZebi ukavia metalis atomebs an ionebs, romelTa So-
ris kavSiri aralokalizebuli eleqtronebiT xorcieldeba. 
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molekuluri da atomuri mesrebi axasiaTebs kovalentur na-
erTebs. ionuri — ionur naerTebs, metaluri — metalebs da maT 
Senadnobebs. atomuri meseri aqvs almass, siliciums, siliciumis 
karbids – karborunds da sxva araorganul naerTebs, es nivTiere-
bebi xasiaTdebian didi simagriT, arian ZnellRobadi da praqti-
kulad uxsnadebi TiTqmis yvela gamxsnelSi. 

molekuluri meseri aqvs araionuri bmis mqone yvela organul 
naerTs, bevr arametals (garda naxSirbadisa da siliciumisa) da 
mraval araorganul nivTierebas. molekulaTSorisi urTierTqme-
debis Zalebi kovalenturi bmis ZalasTan SedarebiT gacilebiT 
sustia, aseTi nivTierebebi advilad lRveba, advilad qroldeba, 
metnaklebad ixsnebian sxvadasxva gamxsnelSi, aqvT naklebi simagre. 

ionuri meseri aqvT marilebis umravlesobas da fuZe oqside-
bis mcire ricxvs. simtkiciT ionuri meseri Camouvardeba ato-
murs, magram aRemateba molekulurs. ionuri naerTebi ZnellRo-
badi da araaqroladia msgavsad atomurisa, magram atomuri naer-
Tebisagan gansxvavebiT isini wyalSi, rogorc polarul gamxsnel-
Si metnaklebad ixsnebian maT Semadgenel ionebsa da wylis dipo-
lebs Soris warmoqmnili ion-dipoluri urTierTqmedebis gamo, 
ris Sedegadac miiReba ionTa hidratebi. 

arsebobs iseTi nivTierebebic, romelTa kristalebSi erTdrou-
lad nawilakebs Soris arsebobs sxvadasxva tipis urTierTqmedebis 
Zalebi, magaliTad, grafitSi, romelsac fenovani struqtura aqvs, 
TiToeuli fenis naxSirbadebs Soris lokalizebuli kovalenturi 
bmebia, magram sxvadasxva fenis naxSirbadebi erTmaneTTan metaluri 
bmiT (aralokalizebuli eleqtronebiT) arian dakavSirebuli. mrava-
li araorganuli naerTis meserSi, magaliTad, ZnS, CuCl da a.S. nawila-
kebs Soris bma nawilobriv ionuri da nawilobriv kovalenturia. 

sxvadasxva nivTierebis kristaluri mesrebi erTmaneTisgan ara 
marto Semadgeneli nawilakebis bunebiT gansxvavdebian, aramed aR-
nagobiTac. yoveli meseri SeiZleba daxasiaTdes Tavisi elementa-
ruli ujrediT – kristalis umciresi nawiliT, romelsac mocemu-
li mesris struqturis yvela Tavisebureba gaaCnia. nax. 69 (a da b). 

NaCl-is kristalur struqturaSi (meserSi) yoveli ioni garSe-
mortymulia sapirispiro niSnis eqvsi uaxloesi ioniT, CsCl-Si ki 
— rva ioniT. mocemul nawilakTan uSualod dakavSirebul nawi-
lakTa ricxvs am nawilakis koordinaciuli ricxvi ewodeba. NaCl-
Si Na+ da Cl- ionebis koordinaciuli ricxvi eqvsis tolia. ionur 
kristalur struqturaSi yvela bma sapirispiro niSnis mqone uax-
loes ionTan tolfasia, amitom ionur naerTebSi molekulis cne-
ba pirobiTia, iseve, rogorc atomuri aRnagobis naerTebSi.  

metaluri struqtura ganxilulia metalur bmasTan (gv. 164). 
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5.4.1 araorganul naerTTa  kristaluri 
struqturis ZiriTadi tipebi* 

kristalebSi atomTSorisi an ionTSorisi manZilebis mixed-
viT ganasxvaveben kunZulovan, jaWvur, fenovan da koordinaci-
ul struqturebs. kunZulovan, jaWvur da fenovan mesrebSi SeiZ-
leba gamoiyos atomTa jgufebi, romlebic warmoqmnian Sesabami-
sad izolirebul kunZulebs, usasrulo jaWvebs an fenebs (es sa-
xelwodebebic aqedan gamomdinareobs). kunZulebis, jaWvebis da 
fenebis rolSi gvevlinebian molekulebi an kompleqsuri ionebi. 

kunZulovani struqtura SeiZleba hqondes molekulur da ag-
reTve rTuli ionebisagan Sedgenil ionur mesrebs  

molekulebi an rTuli ionebi asruleben am SemTxvevaSi damo-
ukidebeli struqturuli erTeulebis rols, romlebic ikaveben 
kristaluri mesris Semadgenel kvanZebs. 

magaliTad, K2[SiF6] da [Ni(NH3)6]Cl2-is kristalebSi kunZule-
bis rols asruleben oqtaedruli kompleqsuri ionebi [SiF6]2- da 
[Ni(NH3)6]2+. 

ganvixiloT jaWvebis da badeebis zogierTi tipi. vTqvaT, A 
atomisaTvis damaxasiaTebelia koordinaciuli ricxvi 6 da B 
atomTan warmoqmnis AB6 oqtaedrul dajgufebas. Tu oqtaedru-
li erTeulebi erTmaneTTan dakavSirebuli ar arian, maSin miiRe-
ba kunZulovani struqtura. magaliTad, V jgufis elementebisaT-
vis damaxasiaTebelia koordinaciuli ricxvi 6, rac Seesabameba 
oqtaedrul struqturul erTeuls. 

6 savalento eleqtronis mqone teluris atomisaTvis koor-
dinaciuli ricxvi 6 realizdeba TeF6-is oqtaedrul molekulaSi. 
amitom oqtaedrebis kombinacia saWiro ar aris da TeF6-s aqedan 
gamomdinare aqvs kunZulovani struqtura. magram 5 savalento 
eleqtronis mqone stibiumisaTvis igive koordinaciuli ricxvis 
realizeba SesaZlebeli xdeba mxolod oqtaedrebis gaerTianebiT 
jaWvur polimerad SedgenilobiT SbF5. kalisTvis, romelsac 4 sa-
valento eleqtroni aqvs, aRniSnuli koordinaciuli ricxvi mi-
iRweva SnF4 Sedgenilobis polimeris warmoqmniT, xolo indiumi-
saTvis (sami savalento eleqtroni) IF3 Sedgenilobis samganzomi-
lebiani polimeris warmoqmniT. struqturebis garTulebas adas-
turebs aRniSnuli naerTebis TvisebaTa mniSvnelovani cvla: TeF6 

Cveulebriv pirobebSi airia, SbF5 blanti siTxea, SnF4 da IF3 kris-
taluri naerTebia. struqturis garTuleba ganapirobebs agreT-
ve wyalSi xsnadobis Semcirebas da qimiuri aqtiurobis daqveiTe-
bas. e.i. mocemuli atomebis damaxasiaTebeli koordinaciuli 
ricxvis miRweva moiTxovs jaWvuri, fenovani da a.S struqture-



bis Camoyalibebas. e.i. oqtaedruli struqturebis erTmaneTTan 
dakavSirebis sxvadasxva tipia SesaZlebeli: 

I. SesaZlebelia oqtaedruli struqturuli erTeulebis er-
TmaneTTan erTi wveroTi gaerTianeba, warmoiqmneba AB5 struq-
turuli Sedgenilobis usasrulo jaWvi: 

A

B

B A

B

BB

B
B

B  

II. mezobeli oqtaedrebi (AB6) SeiZleba ori wveroTi (wiboTi) 
gaerTiandes. maSin miiReba AB4 steqiometruli Sedgenilobis 
usasrulo jaWvi: 

A

B

B

B

B
A

B

B

B

B
A

B

B  
III.  Tu AB6 oqtaedruli struqturuli erTeulebi erTiande-

bian oTx mezobel wverosTan, warmoiqmneba brtyeli organzomi-
lebiani fena (bade) AB4 steqiometruli SedgenilobiT: 

B
B

A

B

B

B

B

A

B

B

B

B

A

B

B

B

B

A
B

B

B

B
 

IV. AB6 oqtaedruli struqturuli erTeulebi sam mezobel 
wibosTan SeerTebiT warmoqmnian AB3 steqiometruli Sedgenilo-
bis fenas:  

A
B

B

B

A
B

A

B

B
B

A

B
B

B
B

B

B
B

A
B

A
B

B
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V. AB6 oqtaedrebi wiboebiT erTiandebian eqvs mezobelTan 
AB2 

 steqiometruli fenis warmoqmniT:  

A

A
B

A
B

B

B

B
B

B

A
B

B

B

A

B

B

B
A

B

B

B

A

B

B

BB
B

B

 

VI. AB6 oqtaedrebi erTiandebian eqvs mezobelTan yvela wve-
roTi (anu sam ganzomilebaSi) gaerTianebisas AB3 Sedgenilobis 
koordinaciuli meseri (naxazi 5.33, B).  

analogiurad SeiZleba aixsnas jaWvebis, fenebis da koordina-
ciuli struqturebis warmoqmna AB4 tetraedruli struqturu-
li erTeulebis erTmaneTTan SeerTebisas.  

magaliTad, AB4 tetraedrebis or mezobelTan wveroTi an wibo-
Ti gaerTianebisas warmoiqmneba AB3 da AB2 Sedgenilobis jaWvebi: 

A

B

B

B

B
A

B

B

A

B

B

A

B

B

B

B
A

B

B

A

B

B
B

B

AB2AB3  
   Tu AB4 struqturuli erTeulebi mezoblebTan dasakavSi-

reblad orive wveros iyeneben. miiReba stereometruli Sedge-
nilobis koordinaciuli meseri. 

tetraedruli aRnagobis oqsikompleqsebi damaxasiaTebelia 
mesame periodis arametalebisaTvis (Jangvis maRal xarisxSi).  

SeiZleba imis varaudi, rom ЭО4 struqturuli erTeulebiT 
aris agebuli maTi umaRlesi oqsidebic da polimeruli oqsokom-
pleqsebic. am varaudis safuZvels iZleva oqsidebis Cl2O7-is, SO3, 
P2O5, SiO2 da aseve Sesabamisi oqsokompleqsebis aRnagobis Sesaxeb 
eqsperimentuli monacemebi. qlor(VII)-is oqsidis molekula Cl2O7 
Sedgenilia ori oqsiqloratuli ClO4 tetraedrisagan, romlebic 
SeerTebulia erTi saerTo wveroTi (Jangbadis atomiT). gogird(VI)-
is oqsidSi SO4-is tetraedrebi bogiruli bmis warmosaqmnelad iye-
neben or-or wveros, rasac jaWvuri struqturis warmoqmnamde (SO3) 
mivyavarT. oqsofosfaturi tetraedrebi bogiruli bmebis warmoq-
mnisas iyeneben sam wveros, ris gamoc miiReba fenovani struqtura 
(P2O5)2. SiO2-is koordinaciuli mesris (SiO2)3 misaRebad bogiruli 
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bmebis warmosaqmnelad siliciumJangbadovani tetraedrebis – SiO4 

dakavSireba Jangbadis oTxive atomiT warmoebs.  
 
 
 
 
 
 
 
 

A 

 
 
 
 
 
 
 
 
 

B 

 
 
 
 
                            
 

                           C                                                                     D 

naxazi 5.33. kristalebis koordinaciuli mesrebis umniSvnelovanesi tipebi 
A - Sedgenloba AB, struqtura: a -NaCl, b – CaCl6, c – ZnS  (fareliti);  

B - Sedgenloba AB2, struqturis tipi: a – CaF2 (fluoriti), 
b – TiO2 (rutili),  

C - Sedgenloba AB3, struqturis tipi: a – ReO2; 
D - Sedgenloba A2B2, struqturis tipi – α-Al2O3  

 143 



rogorc vxedavT, aRniSnuli erTi klasis naerTebSi struq-
tura TandaTan rTuldeba, masTan erTad mkveTrad izrdeba lRo-
bis temperatura da ecema qimiuri aqtiuroba. Cl2O7 uSualod moq-
medebs wyalTan HClO4-is warmoqmniT. wyalTan urTierTqmedebisas 
sakmaod advilad wydeba bogiruli bmebi (SO3)-is jaWvur modifi-
kaciaSi H2SO4-is warmoqmniT, xolo (P2O5)2-is fenovani modifika-
ciis wyalTan urTierTqmedeba sakmaod rTulad mimdinareobs. 
Zlieri mJavebis Tanaobisas, xangrZlivi duRilis pirobebSi xdeba 
fenovan polimerSi bmebis daxleCa da H3PO4-is warmoqmna. xolo 
rac Seexeba samganzomilebian polimers (SiO2)3, oqsosilikatur 
tetraedrebs Soris bmebis gawyveta wyliT praqtikulad ar xdeba, 
ris gamoc siliciumis dioqsidi wyalSi praqtikulad uxsnadia. 

koordinaciuli struqturebi. koordinaciuli iseT mesers 
ewodeba, romelSic yoveli atomi (an ioni) garSemortymulia me-
zobeli atomebis garkveuli ricxviT (erTmaneTisagan Tanabari 
manZiliT da qimiuri bmis erTnairi tipiT: ionuri, kovalenturi 
an metaluri). koordinaciuli struqturiT xasiaTdeba Na-is da 
Cs-is qloridebi (nax. 5.34 da nax. 5.35), almasis (naxazi 5.36), meta--
lebis mesrebi da a.S. 

koordinaciuli kristaluri mesris zogierTi umartivesi da 
farTod gavrcelebuli struqturuli tipebi mocemulia nax. 5.33-ze. 

AB steqiometruli Sedgenilobis nivTierebaTa kristalebSi, 
sadac A da B atomebis (ionuri) koordinaciuli ricxvebi tolia, 
yvelaze metad gavrcelebulia atomebis (ionebis) koordinaciis 
tipebi: oqtaedrul-oqtaedruli koordinacia NaCl-is struqtu-
ruli tipi kubur-kuburi koordinacia CsCl-is struqturuli ti-
pi, tetraedrotetraedruli koordinacia ZnS-is struqturuli 
tipi (naxazi 5.34, A). 

 
 
 
 

naxazi 5.35. spilenZis 
 loridis struqturuli 

tipi 
naxazi 5.34.  
natriumis  qloridis 
struqturuli tipi 
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naxazi 5.36. almasis koordinaciuli tetraedruli struqtura 

AB2 steqiometruli Sedgenilobis naerTebi, romlebSic ato-
mebis (ionebis) koordinaciul ricxvebs Soris Tanafardoba aris 
2:1, maTTvis damaxasiaTebelia kubur-tetraedruli koordinacia 
CaF2-is struqturuli tipi (naxazi 5.33, B), oqtaedrul-samkuTxe-
duri koordinacia TiO2-is struqturuli tipi (naxazi 5.33, B), 
tetraedrul-xazovani (kuTxuri) koordinacia SiO2-is struqtu-
ruli tipi (naxazi 5.33, B). 

  AB3 steqiometruli Sedgenilobis naerTebis koordinaciul 
meserSi A da B-s koordinaciuli ricxvebis Tanafardoba aris 3:1. 
am naerTebis struqtura umetesad ReO3-is struqturuli tipis 
analogiuria (nax. 5.33).  

A da AB Sedgenilobis struqturuli tipi: a – NaCl, δ – CsCl, b – 
ZnS (sfaleriti); Б – AB2 Sedgenilobis: a – CaF2 (fluoriti), δ – 
TiO2 (rutili), b – SiO2 (kristobaliti); B – AB3 Sedgenilobis, ReO-
3-is struqturuli tipi; Г – A2B3 Sedgenilobis (korundi) α – Al2O3 
struqturuli tipi. e.i. A2B3 Sedgenilobis naerTebis koordina-
ciul kristalebSi atomebis (ionebis) koordinaciuli ricxvebis 
Tanafardobaa 6:4, rac pasuxobs oqtaedrultetraedrul koor-
dinacias. es aris α – Al2O3 struqturuli tipi (naxazi 5.34). 

struqturuli erTeulebis dimerebad, jaWvebad, fenebad, sam-
ganzomilebian karkasebad gamaerTianebeli bogirebis rolSi ume-
tesad gamodis halogenebis, Jangbadis, gogirdis, azotis atomebi, 
agreTve O–H, NH2 da sxva dajgufebebi. bogiri SeiZleba iyos er-
Tmagi, ormagi, iSviaTad sammagi. roca B = F, O warmoiqmneba erTmagi 
bogirebi, xolo roca B = Cl, S warmoiqmneba ormagi an sammagi. 
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5.4.2.  samelementiani naerTebis koordinaciuli 
struqturebi 

sami-oTxi elementisagan warmoqmnili koordinaciuli naerTebis 
struqtura SeiZleba warmovidginoT binaruli naerTebis struqtu-
ris analogiurad. magaliTad, korundis struqturis nawarmia mine-
ral ilmenitis FeTiO3-is struqtura, romlis kristalebi SeiZleba 
ganvixiloT, rogorc α-Al2O3-is kristali, romelSic aluminis atome-
bis nacvlad morigeobiT ganlagebulia Fe-isa da Ti-is atomebi. 

 ilmenitSi Fe-is atomebi SeiZleba Canacvlebul iqnas Mg-is, 
Mn-is, Ni-is, Co-is, Cd-is atomebiT, xolo Ti-is: V-is, Nb-is, Rn-is, 
Mn-is da sxva atomebiT. 

ReO3-is struqturuli tipis monaTesave struqtura aqvs mine-
ral perovskits CaTiO3-s (naxazi 5.37). rogorc naxazidan Cans, Ti-is 
atomebi ikaveben Re-is atomebis mdebareobas, xolo Ca-is atomebi 
ganlagdebian elementaruli kuburi ujredebis centrebSi. CaTiO3-
Si Ti-is TiToeuli atomi garSemortymulia oqtaedris wveroebSi 
Jangbadis eqvsi atomiT, xolo Ca-is atomi — TormetiT. 

naxazi 5.37. perovskitis (CaTiO3) struqtura  

perovskitis struqturul tipad kristaldebian ABX3 tipis na-
erTebi. ZnS-is struqturuli tipis nawarmad SeiZleba ganvixiloT 
mineral qalkopiritis (CuFeS2) struqtura, romelSic Zn-is atome-
bis nacvlad morigeobiT aris ganlagebuli Cu-is da Fe-is atomebi. 

5.4.3.  izomorfizmi da polimorfizmi 

zogierTi qimiuri bunebiT msgavsi, magram SedgenilobiT gan-
sxvavebuli naerTi sruliad erTnairi formis kristalebs war-
moqmnis, romlebic maTi sivrciTi mesrebis erTnairi an TiTqmis 

 146 



erTnairi mudmivebiT xasiaTdebian. aseT nivTierebebs izomor-
fuls (rac erTnairi formisas niSnavs), xolo movlenas, romelic 
sxvadasxva Sedgenilobis naerTebis erTnairi kristaluri for-
mis warmoqmnis unarSi gamoixateba, izomorfizms uwodeben. 

izomorfuli nivTierebebisaTvis damaxasiaTebelia xsnarebi-
dan erTad gamoleqva da Sereuli kristalebis warmoqmna, romle-
bic xasiaTdebian maTi Semadgeneli nivTierebebis cvladi Sedge-
nilobiT, rac damokidebulia TiToeuli maTganis Semcvelobaze 
xsnarSi. ra Tqma unda, gamoricxuli ar aris xsnaridan sruliad 
gansxvavebuli nivTierebis erTdrouli gamoleqvac, magram am 
SemTxvevaSi miiReba ara Sereuli kristalebi, aramed xsnarSi ar-
sebuli nivTierebebis kristalebis ubralo meqanikuri narevi. 

izomorfuli nivTierebebis tipiur magaliTs warmoadgens Sa-
bebi — es aris gogirdmJavas ormagi marilebi erTvalentiani da 
samvalentiani metalebiT (erTvalentiani metali SeiZleba Secva-
los amoniumis jgufma). magaliTad, ufero aluminis Sabs da 
mkveTr iisfer qromis Sabs Tu gavxsniT wyalSi da xsnars davayov-
nebT, gamokristaldeba Sereuli kristalebi, romlis feric 
xsnarSi TiToeuli maTganis Semcvelobazea damokidebuli. Sere-
uli kristalebi sruliad erTgvarovania, Tumca aqvs cvladi 
Sedgeniloba, amitom maT myar xsnarebsac eZaxian.   

erTmaneTis izomorfulia agreTve marilebi KMnO4 da KClO4, 
romlebic rombuli formis kristalebs qmnian waxnagebs Soris 
Sesabamisi kuTxeebis TiTqmis erTnairi mniSvnelobiT. 

arc Tu ise iSviaTad, bunebrivi mineralebic izomorfulebia. 
magaliTad, PbS izomorfulia Ag2S-is. PbS-is bunebrivi minerali 
xSirad Seicavs Ag2S-s. aseTi mineralebi faqtiurad Sereul kris-
talebs anu myar xsnarebs warmoadgenen. 

izomorfizmis movlena 1819 wels iqna aRmoCenili germaneli 
qimikosis mitCerlixis mier. izomorfizmis movlena mdgomare-
obs imaSi, rom erTnairi muxtisa da daaxloebiT erTnairi radiu-
sis ionebi erTmaneTs cvlian kristalur meserSi am mesris for-
mis Seucvlelad. Tu ionTa radiusebi mniSvnelovnad gansxvavebu-
lia, maT kristalur meserSi erTmaneTis Secvla ar SeuZliaT. 
magaliTad, NaCl da KCl, romlebic erTi da igive tipis mesrebs 
warmoqmnian da qimiuri TvalsazrisiTac Zalian msgavsebia, Sere-
ul kristalebs ver warmoqmnian, radgan kaliumis ionis radiusi 
mniSvnelovnad aRemateba natriumis ionis radiuss, amitom maTi 
kristaluri struqturis (mesris) mudmivebi sruliad gansxvave-
bulia da isini erTmaneTis izomorfuli naerTebi ar arian. 

  sawinaaRmdego movlenasTan gvaqvs saqme, roca erTi da igive 
Sedgenilobas, gamokristalebis pirobebisagan damokidebule-
biT, Seesabameba sxvadasxva kristaluri forma. am movlenas poli-
morfizmi ewodeba. TviTon nivTierebebs ki polimorfuli. poli-
morfuli nivTierebebis TiToeuli forma mdgradia wnevisa da 
temperaturis gansazRvrul intervalSi. 
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polimorfizmis erT-erTi kargi magaliTia gogirdi. gamlRva-
li gogirdis swrafi gacivebiT miiReba monoklinuri sistemis 
grZeli, nemsisebri kristalebi. am kristalebs didxans arseboba 
mxolod 96˚C-is zemoT SeuZliaT. ufro dabal temperaturaze es 
forma TandaTan gadadis rombuli sistemis formaSi, romlisganac 
Sedgeba bunebrivi gogirdi. rombuli gogirdic Tavis mxriv  96˚C-ze 
maRal temperaturamde neli gacxelebisas gadadis monoklinur 
formaSi. rombuli da monoklinuri gogirdis molekulebi S8 Sedge-
nilobisaa. gansxvaveba maT mier warmoqmnil kristalur formebSia. 

bevr marilsac aqvs sxvadasxva pirobebSi gansxvavebuli kris-
taluri formis warmoqmnis unari. magaliTad, NH4NO2 Cveulebriv 
temperaturaze warmoqmnis rombuli sistemis kristalebs, xolo 
85˚C-is zemoT es forma icvleba (am dros siTboc STainTqmeba) 
heqsagonaluri sistemis erTerTi formiT. 

polimorfizmis movlena farTod aris gavrcelebuli buneba-
Sic,. magaliTad, TiO2 bunebaSi gvxvdeba mineralebis rutilis, 
brukitis da anatazis saxiT, romlebic kristaluri formebiT 
arian gansxvavebuli. 

polimorfizmis sayovelTaod cnobili magaliTia element 
naxSirbadis samnairi forma: almasi, grafiti da karbini. grafits 
aqvs fenovani, karbins jaWvuri da almass – koordinaciuli mese-
ri. zogierT SemTxvevaSi polimorfuli modifikaciebi qimiuri 
bmis tipebiTac gansxvavdebian: almasSi kovalenturi bmebia, gra-
fitSi — kovalentur-metaluri. 

gansxvavebuli kristaluri struqturis gamo polimorfuli mo-
difikaciebi gansxvavdebian (zogjer mkveTrad) fizikuri TvisebebiT 
— simkvriviT, simagriT, plastikurobiT, eleqtrogamtarobiT da a.S. 

zogierT polimorful modifikacias aRniSnaven berZnuli 
asoebiT: α-Ti aRniSnaven SedarebiT dabal temperaturaze 
mdgrad modifikacias, β-Ti — ufro maRal temperaturaze mdgrad 
modifikacias, xolo γ da δ-Ti — kidev ufro maRal temperaturul 
modifikaciebs. magaliTad, α-Sn, romelsac almasis msgavsi 
struqtura aqvs, mdgradia 13.2˚C-ze dabla, tetragonaluri 
struqturis β-Sn mdgradia Cveulebrivi pirobebidan lRobis 
temperaturamde. dabaltemperaturuli formidan maRaltempe-
raturulze gadasvla mimdinareobs siTbos STanTqmiT, xolo Seb-
runebuli procesi siTbos gamoyofiT. am procesebis Tanmxleb 
siTbur efeqtebs polimorfuli gardaqmnis siTbos uwodeben. 

5.5.  wyalbaduri bma 

wyalbaduri bma specifikuri tipis bmaa. is aRiZvreba wyalbadisa 
da Zlier eleqtrouaryofiTi elementebis atomebs (F, O, N, Cl da 
sxv.) Soris. sqematurad wyalbaduri bma aRiniSneba sami wertiliT 
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(...). siZlieriT mas Sualeduri adgili ukavia qimiur Zalebsa da mo-
lekulaTSorisi urTierTqmedebis Zalebs (fizikuri bunebis Za-
lebs) Soris. Tu Cveulebrivi (kovalenturi) qimiuri bmis energia 
Seadgens daaxloebiT 400kj-s, wyalbaduri bmis energia meryeobs 8-
40 kj-is farglebSi, e.i. naklebia erTi rigiT. yvelaze Zlieria  bma  
(~ 40 kj). Semdeg modis  bma  (~ 20 kj) da  bma  (~  8 kj). bmis es tipi dama-
xasiaTebelia ra mxolod `moZravi~ wyalbadis atomis Semcveli na-
erTebisaTvis, ganpirobebulia wyalbadis atomis unikaluri Tvise-
bebiT — misi mcire zomiT da Siga eleqtronuli Sreebis uqonlobiT. 
es saSualebas aZlevs meore molekulis eleqtrouaryofiTi ele-
mentis atoms miuaxlovdes wyalbadis nawilobriv dadebiTi muxtis 
mqone atoms iseT manZilze, romelzec SeuZlebelia miaxloeba sxva 
dadebiTad damuxtul nawilakebTan urTierTqmedebisas.  

wyalbaduri bma SeiZleba iyos molekulaTSorisi da Sigamole-
kuluri. 

molekulaTSorisi wyalbaduri bma warmoiqmneba, roca wyalba-
dis atomi urTierTqmedebs meore molekulis eleqtrouaryofiTi 
elementis atomTan, romelsac gaaCnia Tavisufali eleqtronuli 
wyvili. im SemTxvevaSi, rodesac wyalbadis atomi urTierTqmedebs 
imave molekulis masTan arabmul eleqtrouaryofiTi elementis 
atomTan, warmoiqmneba Sigamolekuluri wyalbaduri bma. 

wyalbaduri bmis warmoqmna aixsneba donorul-aqceptoruli 
da eleqtrostatikuri meqanizmebiT. sqematurad wyalbaduri 
bmis warmoqmnis procesi SeiZleba Semdegnairad gamovsaxoT: 

                                                -δ1  +δ1  -δ2     -δ1  +δ1     -δ2 
X – H + Y → X – H . . . Y 

rac ufro polarulia X-H bma, e.i. rac ufro metia X elemen-
tis eleqtrouaryofiToba, miT ufro mtkice wyalbaduri bma 
myardeba. xSirad X da Y erTi da imave elementis atomebia. Tavda-
pirvelad wyalbaduri bma gainxileboda rogorc polaruli jgu-
febis eleqtrostatikuri miziduloba. magram bmis simtkice, ge-
zuroba mowmobs, rom, Tumca wyalbadur bmaSi eleqtrostatiku-
ri urTierTqmedeba ZiriTadia, mxedvelobaSi misaRebia donor-
aqceptoruli urTierTqmedebac. molekulebis (molekulebis 
fragmentebis) miaxloebisas, maT Soris xdeba urTierTqmedeba — 
urTierTpolarizacia. bmis warmomqmneli eleqtronuli wyvili 
wyalbadidan ufro metad gadainacvlebs X atomisken da wyalba-
dis s-orbitali mniSvnelovnad Tavisufldeba eleqtronuli 
Rrublis simkvrivisagan. wyalbadis birTvis (protonis) dadebiTi 
muxti koncentrirebulia mcire moculobaSi da warmoiqmneba 
eleqtrostatikuri veli, romelic iwvevs Y-dan Tavisufali 
eleqtronuli wyvilis wyalbadis s-orbitalze nawilobriv gadas-
vlas, rac arsebiT rols asrulebs wyalbaduri bmis damyarebaSi. 

maSasadame, wyalbadur bmaSi wyalbadis atomi erTdroulad da-

kavSirebulia or atomTan. amave dros X-H da H...Y bmebi energiiTa da 
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siZlieriT aratolfasi bmebia. wyalbaduri bmis warmoqmnisas X-H 
bmis sigrZe izrdeba wyalbadis atomis ramdenadme Y-isken gadawevis 
gamo. magaliTad, wyalSi X-H bmis sigrZe 96 pm-dan 99 pm-mde izrdeba 
(nax. 5.38). 

 
naxazi. 5.38  wylis molekulebs Soris wyalbaduri bmis warmoqmnis sqema 

    
 (a) 

 
(b) 

naxazi 5.39. wyalbaduri bmebi ftorwyalbadsa (a) da yinulSi (b) 

zog SemTxvevaSi, magaliTad, [HF2]- ionSi (nax. 5.40), zemoaRniSnuli 
orive bma SeiZleba erTi sigrZisac ki aRmoCndes. 

wyalbaduri bmis energia ZiriTadad 40-160 kj/moli-s farglebSia. 
igi erTi rigiT naklebia kovalenturi bmis energiaze da erTi rigiT 
metia molekulaTSorisi urTierTqmedebis energiaze.  

wyalbaduri bmebis xarjze molekulebi erTiandeba dimerebad da 
ufro rTul asociatebad. Tu ftorwyalbadis molekulebi 
wyalbaduri bmebiT zigzagisebur jaWvs an ciklebs qmnis, ZmarmJava 
dimerebs warmoqmnis, xolo wylis molekulebi yinulSi tetraedris 
wveroebis mimarTulebiT ukavSirdebian erTmaneTs. aRsaniSnavia, rom 
am ukanasknelSi Jangbadis TiToeuli atomi wyalbadis oTx atomTanaa 
bmuli, orTan — kovalenturi, orTan wyalbaduri bmiT (nax. 5.40). 

wyalbaduri bma iwvevs asociatebis warmoqmnas. magaliTad, 
(HF)n, (H2O)n, sadac n-s ewodeba asociaciis xarisxi da Rebulobs 

 150 



mniSvnelobebs 2-dan 6-mde. temperaturis gazrdiT wyalbaduri 
bmebi TandaTanobiT wydeba (mcirdeba asociaciis xarisxi n) da es 
procesi mTavrdeba duRilis temperaturaze, roca yvela wyal-
baduri bma gawyvetilia. 

wyalbaduri bma iwvevs nivTierebaTa fizikuri sidideebis 
anomalias. es kargad Cans me-6 da me-7 jgufebis mTavari qvejgu-
febis elementTa wyalbadnaerTebis duRilis temperaturis mo-
lur masaze damokidebulebidan (nax. 5.40). eqstrapolacia (aRniS-
nulia punqtiriT) aCvenebs, rom wyalbaduri bmis ararsebobis 
SemTxvevaSi wylis duRilis temperatura iqneboda ara 100ºC, ara-
med (~ —80ºC. realuri duRilis temperatura miuTiTebs imaze, 
rom saWiroa damatebiTi energiis daxarjva yvela wyalbaduri 
bmis gasawyvetad, ris Semdegac SesaZlebeli xdeba `ganTavisuf-
lebuli~ molekulebis gadasvla airad fazaSi. 

 
 

 
                                       

 
       
 

 
 
 
 
 
 
       
 
 

naxazi 5.40. meeqvse da meSvide jgufebis mTavari qvejgufebis  
elementebis wyalbadnaerTebis duRilis temperaturis damokidebuleba 

molur masaze 

miuxedavad mcire simtkicisa, wyalbaduri bma mniSvnelovan 
gavlenas axdens nivTierebis fizikur da qimiur Tvisebebze, gan-
sazRvravs mis struqturas. magaliTad, wylis molekulebi wyal-
baduri bmebiT rom ar iyos bmuli, wyali airadi nivTiereba iqne-
boda da sicocxle dedamiwaze arsebuli saxiT ver Caisaxeboda. 
wyalbaduri bmebis wyalobiT fTorwyalbadi 19.5ºC-ze dabal tem-
peraturaze Txevadia. wyalbaduri bmebi gavlenas axdens ftor-
wyalbadis qimiur Tvisebebzec. fTorwyalbadmJava saSualo Zalis 
mJavaa (aq gasaTvaliswinebelia sxva faqtorebic — ix. qvemoT, mJa-
vebis siZliere), roca danarCeni halogenwyalbadmJavebi Zlieri 
mJavebia. amiakis, spirtebis, karbonmJavebis da sxva nivTierebebis 
anomaluri Tvisebebic maTi molekulebis asocirebiTaa ganpi-
robebuli. 
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farTodaa gavrcelebuli, gansakuTrebiT cocxal bunebaSi, 
Sigamolekuluri wyalbaduri bmebi. Sigamolekuluri wyalbadu-
ri bmebi xorcieldeba cilebSi. 

wyalbaduri bmebi did rols asrulebs cilebis meoreuli 
struqturisa da dezoqsiribonukleinmJavebis `ormagi spiralis~ 
CamoyalibebaSi.  

Sigamolekuluri wyalbaduri bma damaxasiaTebelia organuli 
naerTebisaTvis. is myardeba 2,6-dihidroqsibenzoismJavis mo-
lekulaSi: 

OO

C
O

H
O

H

H  
2,6-dihidroqsibenzois mJavis disociaciis mudmiva bevrad 

metia, vidre misi izomeruli 3,5-dihidroqsibenzois mJavisa, rac 
gamowveulia pirvelSi wyalbaduri bmis warmoqmniT karboqsilis 
jgufis Jangbadis atomebsa da hidroqsilis jgufis wyalbadis 
atomebs Soris. 

wyalbaduri bmebi, maTi mcire energiis gamo, advilad warmoiqmneba 
da aseve advilad wydeba, rac bioqimiur procesebSi monawile mravali 
biologiurad aqtiuri nivTierebis specifikur moqmedebas 
uzrunvelyofs. 

5.6 metaluri bma 

rogorc cnobilia, metalebi ionuri da kovalenturi naerTe-
bisagan gansxvavebiT xasiaTdebian maRali siTbo- da eleqtrogam-
tarobiT, rac metalis kristalur meserSi Tavisuflad gadaadgi-
lebis unaris mqone eleqtronebis arsebobis damadasturebelia. 

metalis atomebs gare eleqtronul Sreze aqvT eleqtronebis 
mcire ricxvi (1, 2 an 3), amasTan isini xasiaTdebian ionizaciis da-
bali energiiT, ris gamoc savalento eleqtronebi advilad gada-
adgildebian metalis mTel moculobaSi da swored maTi Tavisu-
fali moZraobis Sedegia metalTa eleqtrogamtaroba. metalis 
kristalSi savalento eleqtronebis ricxvi orbitalebis ricx-
vze gacilebiT naklebia. magaliTad, tute metalebis TiToeul 
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atoms bmebis dasamyareblad SeuZlia oTxi orbitalisa da mxo-
lod erTi eleqtronis gamoyeneba. am eleqtronebs SeuZliaT er-
Ti orbitalidan meoreze gadasvla, meoredan mesameze da a.S., rac 
am orbitalebis energetikulli siaxloviT aris ganpirobebuli. 

molekuluri orbitalebis Teoriis warmodgenebiT ori er-
Tnairi atomis urTierTqmedebisas ori tolfasovani atomuri 
orbitalidan warmoiqmneba sxvadasxva energiis mqone ori mole-
kuluri orbitali. Tu sami atomis urTierTqmedebas aqvs adgili 
da maTi savalento orbitalebi erTmaneTs gadafaravs, maSin 
aRiZvreba sami sxvadasxva energiis mqone molekuluri orbitali, 
romelic Tanabrad ekuTvnis samive atoms (delokalizebuli or-
bitali). atomTa ricxvis zrdasTan erTad izrdeba nebadarTuli 
energetikuli mdgomareobebi, xolo mezobel energetikul done-
ebs Soris manZili mcirdeba. urTierTmoqmed atomTa mcire ricx-
vis SemTxvevaSi eleqtronis romelime energetikuli donidan 
uaxloes — SedarebiT maRal energetikul doneze gadasayvanad 
didi energia aris saWiro, magram atomTa didi ricxvis SemTxveva-
Si, rogorc amas adgili aqvs metalebSi, mezobeli doneebi energi-
iT imdenad mcired gansxvavdebian, rom praqtikulad miiReba uwy-
veti energetikuli zona. amdenad, eleqtronis gadasvlas uaxlo-
es maRal energetikul doneze sWirdeba Zalian mcire energia. 
amitom adgili aqvs orbi-talebis delokalizacias da eleqtro-
nebs mTel moculobaSi SeuZliaT moZraoba minimaluri energiis 
xarjviT. 

energetikuli zonis Semadgeneli molekuluri orbitalebis 
Sevseba xdeba energiis zrdis TanmimdevrobiT, e.i. am SemTxveva-
Sic moqmedebs energiis minimumis principi. amasTan, paulis prin-
cipidan gamomdinare, TiToeul molekulur orbitalze SeiZleba 
mxolod ori eleqtronis ganTavseba. 

tute metalebis SemTxvevaSi Sida Sreebis eleqtronebis ato-
muri orbitalebi praqtikulad ar gadaifarebian. uwyveti ener-
getikuli zona am SemTxvevaSi iqmneba mxolod gare Sris eleq-
tronebiT. Tu kristalSi aris N atomi, gamosavali gare Sris s-
atomuri orbitalebidan warmoiqmneba M raodenobis energetiku-
li donis Semcveli zona, romelSic Tavsdeba M raodenobis gare 
Sris s-eleqtroni, romlebic avseben N/2 raodenobis energeti-
kul dones. savalento eleqtronebiT dakavebuli doneebis er-
Tobliobas hqvia savalento zona. tute metalebis SemTxvevaSi sa-
valento zona Seadgens energetikuli doneebis mxolod naxevars, 
meore naxevari rCeba Seuvsebeli da warmoadgens e.w. gamtarobis 
zonas. e.i. eleqtronebiT dakavebuli doneebis uSualo maxlob-
lobaSi imyofeba Tavisufali doneebi, romelzec eleqtruli ve-
lis moqmedebiT eleqtronebs SeuZlia gadasvla. swored es aZ-
levs eleqtronebs denis gadatanis saSualebas da ganapirobebs 
metalTa gamtarobas. 

atomTa struqturisa da kristaluri mesris simetriis xasi-
aTisgan gamomdinare savalento da gamtarobis zonam SeiZleba 
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gadafaros an ar gadafaros erTmaneTi. am ukanasknel SemTxvevaSi 
maT Soris aris e.w. akrZaluli zona. dieleqtrikebSi akrZaluli 
zonis sigane ΔΕ 3 ev-ze metia. naxevargamtarebSi 0.1-dan 3 ev-mde. 
metalebSi ki akrZaluli zona ar aris. amasTan, ra Tqma unda mkveT-
ri sazRvari savalento da gamtarobis zonas Soris ar aris. eleq-
tronebi siTburi moZraobis gamo advilad gadadian savalento zo-
nis maRali doneebidan gamtarobis zonis dabal doneebze. swored 
am eleqtronebis metalis kristalSi Tavisuflad gadaadgilebis 
unari (rasac Tan axlavs energiis gadatana misi ufro cxeli na-
wilidan ufro civ nawilSi) ganapirobebs metalTa Tbogamtaroba-
sac. e.i. metalTa eleqtro da siTbogamtaroba ganpirobebulia 
gamtarobis zonaSi eleqtronebis Tavisuflad gadaadgilebis una-
riT. swored amitom, saukeTeso denis gamtarebi amave dros maRali 
siTbogamtarobiT gamoirCevian. 

aqedan gamomdinare SeiZleba davaskvnaT, rom metalTa 
savalento eleqtronebiT ganpirobebuli bma ekuTvnis 
kristaluri mesris Semadgenel ara or an ramdenime atoms, aramed 
metalis kristaluri mesris Semadgenel yvela atoms. amasTan bma 
aris Zlier delokalizebuli. ionuri da kovalenturi naer-
Tebisgan gansxvavebiT metalebSi eleqtronebis mcire ricxvi 
erTdroulad akavSirebs atombirTvebis Zalian did ricxvs. erT-
erTi Teoriis mixedviT metali SeiZleba ganvixiloT, rogorc 
Tavisufali eleqtronebiT dakavSirebuli dadebiTad damuxtuli 
ionebis mWidro wyoba. am eleqtronTa erTobliobas eleqtronul 
airs uwodeben, xolo bmas, romelic metalis dadebiT ionebs Soris 
am eleqtronebiT xorcieldeba — metaluri bma (nax. 5.41). 

naxazi 5.41  

 metaluri bma axasiaTebs metalebs, metalTa Senadnobebs da 
intermetalur naerTebs. 

unda aRiniSnos, rom tipiuri metaluri bma xorcieldeba tu-
te da tutemiwaTa metalebSi. gardamavali (d) metalebis krista-
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lur struqturebSi savalento eleqtronebis mxolod mcire 
ricxvia ganzogadoebuli. 

 garda zemoTaRniSnulisa (eleqtro- da siTbogamtaroba), me-
talTa damaxasiaTebeli sxva Tvisebebic metaluri bmiT aris gan-
pirobebuli. magaliTad, plastikuroba, gaumWvirvaloba, meta-
luri bzinva.  

 metalze meqanikuri moqmedebisas kristaluri mesris Semad-
geneli calkeuli fenebis erTmaneTis mimarT mxolod gadaadgi-
leba aris SesaZlebeli. eleqtronTa delokalizaciis maRali xa-
risxis gamo erTmaneTTan dakavSirebul atomebs Soris warmoebs 
eleqtronuli simkvrivis ramdenadme gadanawileba qimiuri bmebis 
gaxleCvis gareSe. metali ar imsxvreva, mxolod deformirdeba. 

 gaumWvirvaloba da metaluri bzinvac metalTa energetiku-
li doneebis struqturiT aris gamowveuli. didi raodenobiT da-
kavebuli da Tavisufali orbitalebis energetikuli siaxlove 
aris imis safuZveli, rom xiluli sinaTlis nebismier kvants 
energiiT E = hν, moeZebneba metalis energetikul doneebs Soris 
iseTi wyvili (erTi savalento da meore gamtarobis zonidan), ro-
melTa energiebis sxvaoba aris E. eleqtroni STanTqavs ra sinaT-
lis kvants, savalentodan gadava gamtarobis zonaSi. sinaTlis 
STanTqmis unari metals aragamWvirvales xdis, magram amave dros 
metals bzinva axasiaTebs, romelsac STanTqmuli kvantiT aRgzne-
buli eleqtronis ufro dabal energetikul doneze dabrunebi-
sas warmoqmnili gamosxiveba iwvevs. 

metalur bmas kovalenturisagan gansxvavebiT ar axasiaTebs 
najeroba da mimarTuleba, romelTa mizezic isev da isev metale-
bisaTvis damaxasiaTebeli eleqtronTa maRali delokalizaciis 
xarisxia. 

5.7 molekulaTSorisi urTierTqmedeba. 
molekulaTSorisi urTierTqmedebis Zalebi 

neitralur atomebs an molekulebs Soris airad, Txevad 
mdgomareobaSi, an molekulebs Soris molekulur kristalebSi 
(magaliTad, myari CO2) im manZilebze, romelic aRemateba TviT na-
wilakebis zomebs da romelzec Cveulebrivi qimiuri urTier-
Tqmedeba qreba, moqmedebs Zalian susti mizidvis Zalebi. maT mo-
lekulaTSorisi urTierTqmedebis anu van-der-vaalsuri Zalebi 
ewodeba, vinaidan aseTi Zalebis arsebobaze airebSi pirvelad mi-
uTiTa holandielma fizikosma i. van-der-vaalsma. maTi bunebis 
garkveva SesaZlebeli gaxda nivTierebis aRnagobis Seswavlis Sem-
deg. dadginda, rom iseTi molekulebis urTierTqmedeba, romleb-
Sic savalento orbitalebi mTlianad gamoyenebulia atomebs So-
ris qimiuri bmebis warmoqmnaze, dakavSirebuli ar aris eleqtro-
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nebis gacema-SeZenasTan (ionuri bmis analogiurad), an saziaro 
eleqtro-nuli wyvilis warmoqmnasTan (kovalenturi bmis analo-
giurad). igi moqmedebs manZilebze, romelic gamoricxavs eleq-
tronuli orbitalebis gadafarvas, e.i. qimiuri Zalebis gamovle-
nas. maSasadame, van-der-vaalsuri Zalebi gansxvavdeba qimiuri Za-
lebisagan. gamokvlevebma aCvena, rom van-der-vaalsuri Zalebic 
eleqtronuli bunebisaa, magram ganpirobebulia molekulis po-
larobiT an polarizebadobiT. es Zalebi sami efeqtis — orienta-
ciulis, induqciurisa da dispersiulis moqmedebis Sedegia. Ti-
Toeuli ki sxvadasxva warmoSobis dipolur urTierTqmedebasTan 
aris dakavSirebuli. 

E = Eor. + Eind. + Edisp. 

polarul molekulebSi van-der-vaalsuri Zalebi aRiZvreba 
dipolebis eletrostatikuri mizidvis Sedegad (nax. 5.42). dipo-
lebi orientirdeba erTmaneTis mimarT sawinaaRmdego poluse-
biT, erTi dipolis dadebiTi bolo miizideba meore dipolis uar-
yofiTi boloTi da piriqiT. rac ufro didia molekulis pola-
roba, e.i. rac ufro didia dipolis eleqtruli momenti, da rac 
ufro mcirea manZili dipolebs Soris, miT ufro Zlieria dipol-
dipoluri urTierTqmedeba. polarul molekulebs Soris aR-
Zrul mizidvis Zalebs, romlebic ganpirobebulia mudmivi dipo-
lebis urTierTqmedebiT, orientaciul Zalebs uwodeben. orien-
taciuli Zalebi mniSvnelovan rols asrulebs polaruli mole-
kulebis (H2O, NH3, HCl da sxv.) molekulaTSoris urTierTqmede-
baSi. temperaturis gazrda molekulebis siTburi moZraobis gaZ-
lierebis gamo arRvevs dipolebis urTierTorientacias da asus-
tebs dipol-dipolur urTierTqmedebas. 

polarul molekulebSi van-der-vaalsuri Zalebi aRiZvreba 
dipolebis eletrostatikuri mizidvis Sedegad. dipolebi ori-
entirdeba erTmaneTis mimarT sawinaaRmdego polusebiT, erTi 
dipolis dadebiTi bolo miizideba meore dipolis uaryofiTi 
boloTi da piriqiT. rac ufro didia molekulis polaroba, e.i. 
rac ufro didia dipolis eleqtruli momenti, da rac ufro mci-
rea manZili dipolebs Soris, miT ufro Zlieria dipol-dipolu-
ri urTierTqmedeba. polarul molekulebs Soris aRZrul mizid-
vis Zalebs, romlebic ganpirobebulia mudmivi dipolebis urTi-
erTqmedebiT, orientaciul Zalebs uwodeben. orientaciuli Za-
lebi mniSvnelovan rols asrulebs polaruli molekulebis (H2O, 
NH3, HCl da sxv.) molekulaTSoris urTierTqmedebaSi. temperatu-
ris gazrda molekulebis siTburi moZraobis gaZlierebis gamo 
arRvevs dipolebis urTierTorientacias da asustebs dipol-di-
polur urTierTqmedebas. 

polaruli da arapolaruli molekulebis urTierTqmedeba 
gansxvavebulia. polaruli molekulis gavleniT arapolaruli 
molekula ganicdis polarizacias, masSi dadebiTi da uaryofiTi 
muxtebis simZimis centrebi scildeba erTmaneTs, radgan eleq-
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tronuli Rrubeli da atombirTvi sawinaaRmdego mimarTulebiT 
gadaadgildeba. Sedegad, arapolarul molekulaSi aRiZvreba in-
ducirebuli dipoli, romelic urTierTqmedebs polaruli mo-
lekulis dipolTan (naxazi 5.42). mudmivi da inducirebuli dipo-
lebis urTierTqmedebiT ganpirobebul mizidvis Zalebs induqci-
ur Zalebs uwodeben. maSasadame, induqciuri efeqti da-kavSire-
bulia garemomcveli dipolebiT molekulis polarizaciasTan. 
analogiuri movlena SeimCneva polaruli molekulebisTvisac. am 
SemTxvevaSi induqciuri efeqti emateba dipol-dipolur urTi-
erTqmedebas, ris Sedegadac izrdeba urTierTmizidva. induqciu-
ri urTierTqmedebis energia matulobs dipolis eleqtruli mo-
mentis da polarizebadobis zrdisas da mkveTrad mcirdeba dipo-
lebs Soris manZilis gazrdiT. 

Eorient. = –2/3 (μ1•μ2 /kTr) ,                 (5.33) 

sadac μ1 da μ2 ori molekulis  dipoluri momentebia, k – 
bolcmanis mudmiva, T – absoluturi temperatura, r – 
urTierTqmed molekulebs Soris manZili. 

orientaciuli urTierTqmedebisagan gansxvavebiT, induqciu-
ri urTierTqmedeba damokidebuli ar aris temperaturaze, rad-
gan mas adgili aqvs sivrceSi molekulebis nebismieri ganlagebis 
dros. induqciuri Zalebi 10-20-jer ufro sustia orientaciul 
Zalebze. SedarebiT Zlieri induqciuri urTierTqmedeba SeimCne-
va iseTi molekulebisaTvis, romelTac Zlieri polarizebadoba 
axasiaTebT. wylis dipolis eleqtruli momenti aRemateba amiaki-
sas, magram am ukanasknelis polarizebadoba metia, amitom induq-
ciuri efeqtis fardobiTi wili jamur molekulaTSoris urTi-
erTqmedebaSi amiakisaTvis metia, vidre wylisaTvis.  

induqciuri urTierTqmedebis energia gamoiTvleba formuliT: 

 Eind. = 2/r6 (μ2•α),                                     (5.34) 

sadac α aris polarizaciis sidide, μ – dipoluri momenti, r – 
urTierTqmed molekulebs Soris manZili. 

 arapolarul molekulebs ar gaaCnia mudmivi dipoli da maT 
Soris TiTqos araviTari mizidvis Zalebi ar unda arsebobdes, 
magram maSin wnevis gazrdiT da temperaturis SemcirebiT ver 
mivaRwevdiT maT gaTxevadebas. es imis maCvenebelia, rom aseT 
molekulebs Sorisac moqmedebs mizidvis Zalebi. 

Tu ganvixilavT atoms, rogorc birTvisa da eleqtronisagan 
Semdgar sistemas, maSin yovel momentSi (myisierad) birTvisa da 
eleqtronuli Rrublis muxtebis simZimis centrebis araTanxved-
ris gamo warmoiqmneba myisieri dipoli. yoveli dipoli moaxdens 
gavlenas mezobel atomsa Tu molekulaSi aseTive myisieri dipo-
lebis orientaciaze (naxazi 5.43). myisieri dipolebi arsebobs 
drois metad mcire monakveTis ganmavlobaSi. dipolebis mimarTu-
leba eleqtronebis moZraobis mimarTulebis Sesabamisad ganuwy-
vetliv icvleba, magram yovel mocemul momentSi adgili eqneba 
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kvlav SeTanxmebul orientacias: dipolebi kvlav sawinaaRmdego 
niSnis polusebiT ganlagdeba erTmaneTis irgvliv da erTmaneT-
Tan miizideba (naxazi 5.43). myisieri dipolebis urTierTqmedebiT 
ganpirobebul Zalebs uwodeben dispersiul Zalebs. radgan eleq-
tronebis moZraobaze temperatura ar axdens SesamCnev gavlenas, 
amitom dispersiuli urTierTqmedebac ar aris damokidebuli 
temperaturaze. dispersiuli Zalebi izrdeba atomsa Tu moleku-
laSi eleqtronebis ricxvis gadidebisas. swored am mizezis gamo 
izrdeba molekulaTSorisi urTierTqmedeba atomuri nomris 
zrdasTan erTad halogenebis qvejgufSi F2-dan I2-ken, keTil-So-
bili airebis qvejgufSi — He-dan Xe-ken (iodi kristaluria, Xe 
ufro advilad Txevaddeba, vidre He, Ar da Kr). 

maSasadame, molekulaTSorisi urTierTqmedeba ganpirobebu-
lia orienttaciuli, induqciuri da dispersiuli ZalebiT da Ti-
Toeuli maTganis wili ganisazRvreba urTierTqmedebaSi myofi 
molekulebis TvisebebiT (magaliTad, polarobiT da polarizeba-
dobiT).  

molekulaTSoris urTierTqmedebaSi gansakuTrebiT didi 
mniSvneloba eniWeba dispersiul Zalebs. dispersiuli Zalebis 
urTierTqmedebis energia gamoiTvleba Semdegi formuliT: 

E = – 3/2r6 • (I1• I2/ I1+ I2) •α1α2  ,                        (5.35) 

sadac α1 da α2 aris ori urTierTqmedi molekulis polariza-
ciis sidideebi; I1 da I2 ionizaciis potencialebi; r – urTierTqmed 
molekulebs Soris manZili. 

miuxedavad imisa, rom dispersiuli Zalebi gacilebiT sustia, 
vidre orientaciuli da induqciuri Zalebi, maT universaluri 
xasiaTi aqvT da moqmedeben nebismier atomebsa Tu molekulebs 
Soris, am ukanasknelTa aRnagobis miuxedavad. amasTan, arapola-
ruli molekulebisaTvis (magaliTad, N2-is, keTilSobili aire-
bis, wyalbadis, Jangbadis, halogenebis molekulebi) dispersiuli 
ZalebiT mizidva molekulaTSorisi urTierTqmedebis erTader-
Ti saxea. swored am tipis urTierTqmedebis gamo xdeba SesaZlebe-
li zemoaRniSnuli airebis garkveul pirobebSi gaTxevadeba. 

molekulaTSorisi urTierTqmedebis Zalis fardobiT sidi-
deze SeiZleba vimsjeloT airebis gaTxevadebis temperaturis mi-
xedviT: rac ufro sustia molekulaTSorisi urTierTqmedeba ai-
ris molekulebs Soris, miT ufro Znelad gadadis Txevad mdgoma-
reobaSi. yvelaze Znelad Txevaddeba keTilSobili airebi: heliu-
mi — Zlier dabal temperaturaze, romelic uaxlovdeba absolu-
tur nuls — 4K (-269°C), neoni — 27K (-246°C), argoni — 88 K (-185°C), 
kriptoni — 121K (-152°C), qsenoni — 165K (-108°C). rogorc vxedavT, 
keTilSobil airebSi atomuri nomris zrdasTan erTad izrdeba 
molekulaTSorisi urTierTqmedebis Zala, rac aadvilebs maT 
gaTxevadebas. 
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6. kompleqsuri anu koordinaciuli naerTebi 

67.1.  kompleqsuri naerTebis zogadi daxasiaTeba.  
verneris Teoriis ZiriTadi debulebebi 

cnobilia pirveli rigis naerTebi [oqsidebi, hidroqsidebi (a-
raorganuli fuZeebi), mJavebi da marilebi – SO2, HCl, da sxv.], sa-
dac qimiuri elementebis atomebs Soris kavSiri, Cveulebriv, sa-
valento eleqtronebiT xorcieldeba. 

 kompleqsuri (koordinaciuli) naerTebi umaRlesi rigis na-
erTebs miekuTvneba, romlebic qimiur naerTebs Soris erT-erTi 
yvelaze mniSvnelovani, mravalricxovani, mravalferovani da 
perspeqtiuli naerTebia. pirveli koordinaciuli naerTi aRmo-
Cenil iqna 1798 wels, magram koordinaciuli qimiis ganviTarebas 
dasabami XIX saukunis 90-iani wlebidan mieca (alfred verneri). 
koordinaciuli naerTebis umartivesi, klasikuri warmomadgene-
lia amonium-ioni (NH4

+), romelic umartivesi koordinaciuli na-
erTia. kompleqsnaerTebs miekuTvneba sakmaod didi xnis win cno-
bili naerTebi (metalTa ionebis hidratebi da amiakatebi) da amave 
dros axlaxan miRebuli tute metalebis kompleqsebi makrocik-
lur ligandebTan, e.w. krauneTerebTan da sxv.  

 kompleqsnaerTebi bunebaSi farTod aris gavrcelebuli. isi-
ni did rols TamaSoben biologiur da fiziologiur procesebSi. 
maT Soris umniSvnelovanesia xelaturi kompleqsebi sisxlis he-
moglobini (hemoglobinis monawileobiT xdeba sisxlis mier 
cocxal organizmSi Jangbadis gadatana), mwvane mcenareebis qlo-
rofili (nax. 6.1) (mcenareebSi, mzis sinaTleze, qlorofilis mo-
nawileobiT mimdinareobs iseTi mniSvnelovani procesi, rogoric 
aris fotosinTezi: 6CO2+6H2O → C6H12O6 + 6O2), vitamini B12, mrava-
li fermenti, antidiabeturi preparati insulini da a.S. qimiuri 
elementebis umravlesoba adamianis organizmSi kompleq-suri na-
erTebis saxiT aris. kompleqsebi warmatebiT gamoiyeneba anali-
zur qimiaSi, katalizSi, radioqimiaSi, medicinaSi, teqnikaSi da 
a.S. Zalian saintereso perspeqtivebi isaxeba kompleqsnaerTebis 
gamoyenebis axali sferoebis TvalsazrisiTac [magaliTad, Tana-
medrove saSiSi daavadebebis sawinaaRmdego bioaqtiuri prepara-
tebis, antibiokoroziuli damcavi safrebis, antimikrobuli, baq-
te-riciduli da sxva am tipis saSualebebis dasamzadeblad,  C–H 
da C–C bmebis gasaaqtiureblad (magaliTad, homogenuri kompleq-
suri katalizatorebi da a.S.], rac maTi Seswavlas kidev ufro aq-
tualurs xdis.  

ganmavlobaSi mimdinareobs. mecnierebi didia xania im daskvnam-
de mividnen, rom xSirad kovalenturad gajerebuli, damoukideb-
lad arsebobis unaris mqone naerTebi erTmaneTs uerTdeba ufro 



rTuli naerTebis warmoqmniT. magaliTad, spilenZis sulfatsa da 
amiaks SeuZliaT cal-calke arseboba nebismieri drois ganmavloba-
Si. amave dros maT erTmaneTTanac SeuZliaT urTierTqmedeba [Cu(-
NH3)4]SO4-is warmoqmniT, romlis xsnarSic Cu2+-is ionebis aRmoCena 
ar xerxdeba, rasac amtkicebs Tundac is faqti, rom tutis xsnaris 
damatebisas, garkveul pirobebSi, Cu2+-is hidroqsidi ar ileqeba.  

 
naxazi 6.1. heminis da qlorofilis birTvis  

zogadi struqtura M =Fe (hemini), Mg (qlorofili) 

kompleqsnaerTebis aRnagobis Sesaxeb gamokvlevebi 150 welze 
meti drois kompleqsnaerTebi iseTi molekuluri naerTebia, 
romlis komponentebis SeerTebiT miRebulia ZiriTadad dadebi-
Tad da uaryofiTad damuxtuli rTuli kompleqsuri ionebi, ro-
melTac rogorc kristalSi, ise xsnarSic arsebobis unari aqvT. 
SeiZleba am rTuli kompleqsebis muxti nulis tolic iyos 
(magaliTad, [Pt(NH3)2Cl2]).  

adre kompleqsuri naerTebi mxolod im molekulur naerTebs 
ewodaT, romlebic kompleqsuri ionebis sakmaod maRali mdgrado-
biT xasiaTdeboda. naklebadmdgradi, xsnarSi advilad disocire-
badi nearTebi ki ormag marilebad iwodeboda. SemdgomSi terminma 
kompleqsuri naerTi transformacia ganicada. amJamad ormag mari-
lebs ganixilaven, rogorc naklebadmdgrad kompleqsur naerTebs.  

 pirveli mecnieruli Teoria, romelmac valenturad gajere-
buli martivi molekulebis urTierTqmedebiT kompleqsuri naer-
Tebis warmoqmnis axsna SeZlo, iyo 1893 wels mowodebuli Sveica-
rieli mecnieris alfred verneris koordinaciuli Teoria. ver-
neris Teoriis mixedviT: 

1) atomebs SeuZliaT gamoamJRavnon ara marto Cveulebrivi 
anu mTavari valentoba, aramed damatebiTi anu Tanauri valento-
bac. swored Tanauri valentobis gajereba xdeba kompleqsuri na-
erTis warmoqmnisas, amasTan Tu metalTa kationebis mTavari va-
lentobis gajereba xdeba mxolod uaryofiTad damuxtuli ione-
biT, Tanauri valentobis gajereba SeiZleba moxdes rogorc uar-
yofiTi ionebiT, ise neitraluri molekulebiT. 

 160 



2) centraluri adgili kompleqsur naerTSi ukavia kompleq-
swarmomqmnels — ufro xSirad, dadebiTad damuxtul ions (Cveu-
lebriv, metalis). mis garSemo ganlagebulia masTan koordinire-
buli sapirispiro niSnis ionebi an/da neitraluri molekulebi, 
e.w. ligandebi.  

3) kompleqswarmomqmnels axasiaTebs gansazRvruli koordina-
ciuli ricxvi (k.r.). kompleqswarmomqmnelis koordinaciuli ricxvi 
ganisazRvreba bmebis im saerTo ricxviT, romelic damyarebulia 
kompleqswarmomqmnelsa da ligands Soris. yvelaze xSirad gavrce-
lebuli koordinaciuli ricxvebia 4 da 6. Tumca misi mniSvnelobebi 
sxvac SeiZleba iyos. k.r.-is minimaluri mniSvneloba oris tolia. 
magaliTad, ganvixiloT kompleqsnaerTi [Ag(NH3)2]OH, sadac ver-
cxlis koordinaciuli ricxvi oris tolia, [La(H2O)9](NO3)3-Si  lan-
Tanis koordinaciuli ricxvi cxris tolia da a. S. 

4) kompleqswarmomqmneli masTan koordinirebul sapirispiro 
niSnis ionebTan (magaliTad, Cl—, Br—, OH—, CN—, SCN— an neitralur 
molekulebTan, magaliTad, amiaki – NH3, N2H4 – hidrazini, eTilen-
diamini- H2N–CH2CH2–NH2, CO – naxSirbadis monooqsidi da sxva) — 
ligandebTan erTad qmnis kompleqsuri naerTis rTul, e.w. kom-
pleqsur nawils anu Siga sferos, romelic kompleqsis birTvs 
warmoadgens. Siga sfero kompleqsuri naerTis Cawerisas kvadra-
tuli frCxiliT gamoiyofa. kompleqsis birTvi SeiZleba iyos ne-
itraluri, dadebiTad an uaryofiTad damuxtuli.  

Co
Cl NH3

Cl
Cl

NH3
NH3

0

Pt
Cl

Cl
Cl

magaliTad:   
2--

Cl

Cl
Cl

 
 
 
 
 neitraluri

Cu

2+

NH3

NH3

NH3

NH3

  
 
     
 
 
 
rodesac birTvi muxtis matarebelia, kompleqsnaerTs aqvs ga-

re sferoc: [Co(NH3)6]3+Cl3 (kompleqsnaerTSi koordinaciul bmebs 
zogjer wyvetili xazebiT aRniSnaven). 

[Co(NH3)6]3+ + 3Cl-[Co(NH3)6]Cl3

kompleqsnaerTis birTvsa da gare sferos Soris kavSiri io-
nuria, amitom misi xsnari Seicavs ionebis saxiT birTvsa da gare 
sferos:  

  

e.i. zemoaRniSnuli kompleqsnaerTi xsnarSi oTx ions warmoq-
mnis. aseTi disociacia ar iTvaliswinebs birTvis ionebad daSlas. 
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verneriseuli mTavari da Tanauri valentobiT kompleqswar-
momqmnelsa da ligands Soris damyarebuli kavSirebi erTnairia 
rogorc bunebiT, ise simtkiciT. magaliTad, [PtCl6]2--Si qloris eq-
vsive ioni erTnairad aris dakavSirebuli platinasTan. 

 verneris koordinaciuli Teoria warmoadgenda mniSvnelo-
van da saintereso midgomas kompleqsuri naerTebis kvlevisa da 
sinTezis mimarTulebiT. Tumca is ver xsnida da arc SeeZlo aex-
sna qimiuri bmis buneba (kavSiri kompleqswarmomqmnelsa da li-
gands Soris) aRniSnul naerTebSi, radgan im periodSi amisTvis 
arc eqsperimentuli da arc Teoriuli safuZveli ar arsebobda.  

arsebobs kompleqsuri naerTebis koordinaciuli formu-
lebis dadgenis sxvadasxva xerxebi da meTodebi: 

1. mimocvlis reaqciebi. swored am xerxiT iqna dadgenili 
PtCl4•6NH3-is struqtura. am naerTis xsnarze AgNO3-is damatebisas 
mis SedgenilobaSi Semavali qloris yvela atomi ileqeba AgCl-is 
saxiT, e.i. qloris yvela atomi gare sferoSia da xsnarSi ionur 
mdgomareobaSia. aqedan gamomdinare am naerTis koordinaciuli 
formulaa Pt(NH3)6]Cl4 PtCl4•4NH3-is xsnaridan AgNO3-is xsnari 
qloris atomebis naxevars leqavs, e.i. gare sferoSi mxolod ori 
qlor-ionia [Pt(NH3)2Cl2]Cl2, xolo PtCl2•2NH3 Cl--ze AgNO3-Tan reaq-
cias ar iZleva. aqedan gamomdinare misi koordinaciuli formu-
laa [Pt(NH3)2Cl2].  

2. kompleqsnaerTebis (kompleqsebis) ganzavebuli xsnarebis 
moluri eleqtrogamtarobis Seswavla. kompleqsnaerTTa Zlier 
ganzavebuli xsnarebis moluri eleqtrogamtaroba ganisazRvre-
ba warmoqmnili ionebis ricxviT da muxtiT. 

3. kristalur mdgomareobaSi myofi kompleqsebis aRnagobis 
dadgenis saukeTeso meTods warmoadgens rentgenostruqturu-
li analizi. magram amisTvis saWiroa kompleqsis miReba sakmaod 
mozrdili monokristalis saxiT, romelic yovelTvis ar aris Se-
saZlebeli. 

 garda zemoT ganxiluli klasikuri meTodebisa, arsebobs ki-
dev sxva fizikur-qimiuri meTodebic (ix. kvlevis fizikuri meTo-
debis saxelmZRvaneloebi). 

6.2 kompleqsuri naerTebis klasifikacia 

kompleqsnaerTebis klasifikacias sxvadasxva mkvlevari 
safuZvlad kompleqsTa sxvadasxva niSan-Tvisebas udebs, amitom 
arsebobs kompleqsnaerTTa klasifikaciis ramdenime tipi: 

I.  `verneriseuli~ kompleqsebi; 
II. metalTa karbonilebi da metalorganuli naerTebi.  
 meore jgufs miekuTvneba kompleqsnaerTebi, romlebSic Tun-

dac erTi metal-naxSirbad bma aris, danarCenebi ki pirvel jgufs 
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(maT Soris metalTa cianidebic). magram kompleqsnaerTTa TiToe-
ul aRniSnul jgufs mravalferovani da mravalricxovani naerTi 
miekuTvneba, romlebic kidev damatebiT klasifikacias saWiroebs. 

naerTTa gansazRvruli klasisadmi mikuTvnebis mixedviT 
ganasxvaveben:  

1) kompleqsur mJavebs H[AuCl4], H2[SiF6], H2[PtCl4] da sxv.  
2) kompleqsur fuZeebs, magaliTad, [Ag(NH3)2]OH, 

[Cu(NH3)4](OH)2 da sxv. 
3) kompleqsur marilebs, magaliTad, [Cr(H2O)6]Cl3, 

[La(H2O)9](NO3)3, K4[Fe(CN)6] da sxv. 
ligandebis bunebis mixedviT ganasxvaveben: 
1) akvakompleqsebs, magaliTad, [Co(H2O)6]SO4; [Cr(H2O)6]Cl3 
 2) aminokompleqsebs (amiakatebi) magaliTad, [Ag(NH3)2]Cl 
 3) acidokompleqsebs, sadac ligandis rolSi mJauri naSTis 

anionebia K3[Fe(CN)6], K4[Fe(CN)6] da a.S. 
amasTan, ligands Sida koordinaciul sferoSi SeiZleba eka-

vos erTi an ramdenime adgili, rac imas niSnavs, rom ligandi kom-
pleqswarmomqmnelTan SeiZleba iyos dakavSirebuli erTi an ram-
denime atomiT. ligandis im atoms, romelic axorcielebs kav-
Sirs kompleqswarmomqmnelTan donorul atomebs eZaxian. li-
gandSi arsebuli donoruli atomebis ricxvi (e.i. im atomebis 
ricxvi, romlebiTac ligandi dakavSirebulia kompleqswarmom-
qnelTan) gansazRvravs mis dentantobas (dentaturobas). 

 amis mixedviT ganasxvaveben mono-, bi-, tri- da a.S. 
polidentantur (ambidentur) ligandebs. 

 monodentaturi ligandebia Cl-, F-, H2O, OH-, NH3,  da a. S. 
 bidentaturia (roca ligandi ori atomiT aris dakavSirebu-

li kompleqswarmomqmnelTan) eTilendiamini NH2CH2CH2NH2. misi 
molekula kompleqswarmomqmnels azotis ori atomiT ukavSirde-
ba. ligandebs, romlebic 3 an meti atomiT aris dakavSirebuli 
kompleqswarmomqmnelTan uwodeben polidentaturs (magaliTad, 
eTilendiamintetraZmarmJava). 

kompleqsuri ionis muxti kompleqswarmomqmnelisa da li-
gandebis muxtebis algebruli jamis tolia. magaliTad, [Cu(-
NH3)4][OH]2-Si kompleqsuri ionis muxti udris: (+2)+(4•0)=+2. kom-
pleqsuri ioni SeiZleba iyos rogorc kationi, ise anioni. 

 kompleqsuri ionis muxtis mixedviT kompleqsnaerTebi 
SeiZleba iyos: 

  1. kationuri [Ag(NH3)2]Cl, [Co(NH3)6]Cl3, [Cr(H2O)6]SO4, [Cu((NH3)4] 
SO4, da sxv. 

 2. anionuri K[Ag(CN)2], Li{AlH4], K4[Fe(CN)6]. K2[Zn(OH)4] da sxv. 

arsebobs agreTve neitraluri kompleqsnaerTebi, magaliTad, 
[Pt(NH3)2Cl2], [Co(NH3)3Cl3], [Co(NH3)3(NO2)3] da sxv. rogorc zemoT 
aRvniSneT, neitralur kompleqsnaerTebs gare sfero ara aqvT. 
ionuri tipis kompleqsnaerTebidan erTni disocirdebian, ro-
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gorc mJavebi, magaliTad, H2[SiF6]; meoreni, rogorc fuZeebi 
magaliTad, [Cu(NH3)4](OH)2 da mesameni, rogorc marilebi, 
magaliTad, K[Ag(CN)2]. ionuri struqtura sxva meTodebTan er-
Tad dasturdeba kompleqsnaerTebis xsnarTa eleqtrogamtaro-
bis gazomviT (ix. zemoT, kompleqsnaerTebis formulebis dadge-
nis xerxebi da meTodebi). cnobilia kompleqs-naerTebi — arae-
leqtrolitebi, magaliTad, Fe(CO)5; Ni(CO)4 da sxv. (metalTa kar-
bonilebi sawamlavebia!) 

kompleqsnaerTebs, romlebSic kompleqswarmomqmneli da 
polidentaturi ligandi cikls warmoqmnis, xelaturi kom-
pleqsi ewodeba. amasTan polidentaturi ligandis kavSiri kom-
pleqswarmomqmnelTan ufro mtkicea, vidre imave donoruli ato-
miT damyarebuli kavSiri monodentatur ligandTan. am mizeziT 
gazrdil kompleqsnaerTis mdgradobas — xelatefeqts uwodeben. 

Co
NH3

NH3
NH3

NH3

NH3
NH3

3+

Co
NH2

NH2

CH2 CH2

NH2

NH2

CH2

CH2

NH2

NH2

CH2

CH2

3+

magaliTad, kobaltis kompleqsnaerTi eTilendiaminTan gaci-
lebiT didi mdgradobiT xasiaTdeba, vidre kobaltis kompleqsna-
erTi amiakTan: 

 
 
 
 
 
 
      

xelatebs, romlebSic ligandsa da kompleqswarmomqmnels So-
ris bma damyarebulia erTdroulad, rogorc gauwyvilebeli, ise 
wyvili eleqtronebis xarjze (donorul-aqceptoruli meqaniz-
miT), Sigakompleqsuri (an Sidakompleqsuri) naerTebi ewodeba. 

umartivesi xelaturi naerTia aminoZmarmJavas (glicinis) 
kompleqsi Cu2+-Tan: 

H  C2
H  N2 2 CH 2

O C O O C O
Cu

NH

 
Sigakompleqsur naerTs miekuTvneba agreTve nikelis dime-

Tilglioqsimati (aRmoaCina rusma mecnierma Cugaevma 1905 wels — 
gamoiyeneba Ni2+ da Pd2+ raodenobrivi gansazRvrisTvis — kompleq-
sonometria): 
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Sigakompleqsur naerTebs miekuTvneba Cven mier zemoT ganxi-
luli hemoglobini da qlorofili. isini Seicaven tetradenta-
tur makrocikls — porfirinul dajgufebas. 

kompleqsnaerTTa gansxvavebul tipebs warmoadgens poliha-
logenidebi, polimJavebi da maTi marilebi. polihalogenidebSi 
centralur ions warmoadgens halogenis anioni, romelTanac ko-
ordinirebulia igive an sxva halogenis molekulebi. magaliTad, 
K[J(J2)3]. aRniSnuli kompleqsi miiReba J2-is gaxsniT KJ-is xsnarSi (i-
odi wyalSi cudad ixsneba, magram kargad ixsneba wyalSi, romelSic 
KJ-ia gaxsnili). am SemTxvevaSi J2-is molekulebi rogorc luisis 
mJava (eleqtronuli wyvilis aqceptori) moqmedebs iodid ioneb-
Tan, rogorc luisis fuZesTan (eleqtronuli wyvilis donori). 

polimJavebi warmoadgens anionuri tipis kompleqsebs, rom-
lebic SeiZleba warmovidginoT rogorc Jangbadiani mJavis anion-
Tan, mJavis anhidridis mierTebis produqti. xolo imis mixedviT, 
igive Tu sxva mJavas anhidridis SeerTebis produqtia, ganasxvave-
ben izopolimJavebs da mis marilebs da heteropolimJavebs da mis 
marilebs. magaliTad, natriumis diqromati izopoliqromatia, is 
aris Na2CrO4-Tan CrO3-is mierTebis produqti:    

Na2CrO4• CrO3 = Na2Cr2O7 
Me2Cr3O10 =  Me2CrO4• 2CrO3  da a. S. 
heteropolimJavebi: H4SiO4• 12WO3• 30H2O. 

kompleqsebis gansxvavebul saxeobas warmoadgens mraval-
birTviani kompleqsebi, romlebic Tavis mxriv orgvaria: 

1. rodesac kompleqsSi aris erTze meti kompleqswarmomq-
mneli da isini erTmaneTTan garkveuli atomebiT an atomTa 
jgufebiT (e. w. `xidurebiT~) arian dakavSirebuli:  

 

NH2

(NH3)3Co Co(NH3)3OH
OH

Cl3

 
 
 
 
 
 

2. mravalbirTviani kompleqsebi, sadac metalis atomebi er-
TmaneTTan uSualod arian bmuli, aseT mravalbirTvian kompleq-
sebs klasterebi ewodeba (9.2). isini Cveulebrivi monobirTvuli 
kompleqsebisagan sruliad gansxvavebuli naerTebia.  

kvlevis Tanamedrove meTodebis gamoyenebam cxadyo, rom maT 
mimarT koordinaciuli naerTebis Sesaxeb arsebuli Teoriis ga-
moyeneba SeuZlebelia, amitom klasterebis qimia axal, damouki-
debel dargad Camoyalibda. am naerTebis gamoyenebis perspeqti-
vebi imdenad mravalmxrivia, rom maTi gamoyenebis gzebis ZiebaSi 
bunebismetyvelebis yvela dargis specialistia CarTuli.  

 165 



      
naxazi 9.2. zogierTi araorganuli klasteris struqtura 

6.3.  kompleqsnaerTebis nomenklatura 

kompleqsnaerTis saxelwodebis Sedgenisas jer miuTiTeben 
ligandebs, Semdeg ki kompleqswarmomqmnels, Tu kompleqsi sxva-
dasxva ligands Seicavs. pirvelad anionebi aRiniSneba, Semdeg ki 
neitraluri molekulebi. anionebis CamoTvla xdeba aseTi mimar-
TulebiT: martivi, Semdeg rTuli. K3[Fe(CN)6] kaliumis heqsacia-
noferati — anionuri kompleqsi. 

anionur kompleqsnaerTebSi kompleqswarmomqmnelis saxel-
wodebas emateba daboloeba `ati~.  

[Cr(NH3)6]Cl3 – kationuri kompleqsi heqsaaminoqromis qloridi 
[Pt(NH3)2Cl2]  – neitraluri kompleqsi diqlorodiaminoplatina 

6.4.  kompleqsnaerTebis izomeria 

kompleqsnaerTTa mravalricxovnebis erT-erTi mizezi maTi 
izomeriis tipebis simravlec aris.   

kompleqsebisTvis damaxasiaTebel izomerTa tipebi SeiZleba 
or ZiriTad jgufad davyoT: izomeria, romelic dakavSirebulia 
Siga koordinaciuli sferos Sedgenilobis SecvlasTan (ioniza-
ciuri, koordinaciuli, hidratuli da a.S.) da izomeria, romlis 
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drosac komleqsis Sida sferos Sedgeniloba da koordinirebul 
ligandTa aRnagoba ar icvleba (geometriuli, optikuri da a.S.). 

koordinaciuli izomeria damaxasiaTebelia kationur-anio-
nuri kompleqsebisTvis. isini erTmaneTisagan kompleqsur ioneb-
Si ligandTa ganawilebiT gansxvavdebian: 

magaliTad, [Cr(NH3)6][Co(CN)6]  da [Co(NH3)6][Cr(CN)6] 
SeiZleba orive kompleqsur ionSi erTidaigive elementi iyos 

kompleqswarmomqmneli: 

[Co(NH3)6][Co(NO2)6]  da [Co(NH3)4(NO2)2][Co(NO2)4(NH3)4] 
kompleqsuri ionebis centralur ionebs SeiZleba Jangvis xa-

risxebi hqondeT gansxvavebuli: 

[Pt(NH3)4Cl2][PtCl4]  da [Pt(NH3)4Cl2][PtCl6] 
koordinaciuli polimerebi erTmaneTisagan kompleqsur 

ionebSi ligandTa ganawilebiT gansxvavdebian, rac, rogorc aR-
vniSneT, damaxasiaTebelia agreTve koordinaciuli izomerebis-
Tvis, magram maTgan gansxvavebiT, koordinaciuli polimerebi er-
TmaneTisagan moluri masebiTac gansxvavdebian. magaliTad, 
[Pt(NH3)2Cl2]  monomeri (yviTeli feris): 

[Pt(NH3)4][PtCl4]  dimeri (mwvane feris) 

[Pt (NH3)3Cl]2[PtCl4]  trimeri (vardisferi) 
koordinaciuli polimerebis Sedgeniloba da aRnagoba gain-

sazRvreba maTi qimiuri Tvisebebis, organul gamxsnelebSi molu-
ri masebis, moluri eleqtrogamtarobis SeswavliTa da qroma-
tografiuli meTodis gamoyenebiT. 

hidratuli izomerebi gansxvavdebian naerTis Sedgeniloba-
Si Semavali wylis molekulebis funqciiT, raSic igulisxmeba Si-
da da gare koordinaciul sferoebSi wylis molekulebis gansxva-
vebuli ganawileba. 

hidratuli izomeria — es termini pirvelad verneris mier iq-
na gamoyenebuli akvakompleqsebisTvis. am tipis izomeriis ufro 
zogadi terminia solvaturi izomeria. 

CrCl3·6H2O — am empiriul formulas pasuxobs feriT gansxvave-
buli sami hidratuli izomeri: 

[Cr(H2O)6]Cl3   (iisferi) 
[Cr(H2O)5Cl]Cl2·H2O (mocisfro-mwvane) 

[Cr(H2O)4Cl2]Cl ·2H2O (mwvane) 

hidratuli izomerebia agreTve [Co(NH3)5NO3](NO3)2eH2O da 
[Co(NH3)5H2O](NO3)3. aRniSnuli izomerebis aRnagobis Sesaxeb msje-
loben miRebis meTodebis mixedviT da fizikur-qimiuri Tvisebe-
bis Seswavlis safuZvelze. 

ionizaciuri ozomeria. izomeriis es saxe Zalian axlos dgas 
hidratul izomeriasTan. am ukanasknelisgan gansxvavebiT, ioni-
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zaciuri izomerebi erTmaneTisagan Sida da gare sferoebs Soris 
ionTa ganawilebiT gansxvavdebian: 

[Co(NH3)5Br]SO4  da [Co(NH3)5SO4]Br 

bmis izomeria. am tipis izomerebi erTmaneTisagan gansxvav-
debian kompleqswarmomqmnelTan ligandis, romelic ramdenime 
donorul centrs Seicavs,  dakavSirebis xerxiT. 

magaliTad, NO2
- (nitrit-ioni) kompleqswarmomqmnelTan 

SeiZleba koordinirdes azotis an Jangbadis atomiT. pirvel 
SemTxvevaSi miiReba nitrokompleqsebi, meore SemTxvevaSi ki 
nitritokompleqsebi: 

Co(NH3)5NO2]X         da     [Co(NH3)5 - O - NO]X  
       nitro-kompleqsi         nitrito-kompleqsi 

konformaciuli izomeria ganpirobebulia zogierTi kom-
pleqsis unariT, Seicvalos koordinaciuli poliedris forma, 
magaliTad, tetraedridan gadavides `brtyel~ kvadratSi: 

R

Ni

R2

Ni

R

R

R2

R2
R2

R  
geometriuli izomeria. aseTi izomeriis arsebobisTvis au-

cilebeli pirobaa brtyelkvadratul an oqtaedrul kompleqseb-
Si sxvadasxva tipis Camnacvleblebis arseboba (kompleqsnaerTeb-
Si erTnairi ligandebiT an oTxidan da eqvsidan mxolod erTi gan-
sxvavebuli ligandis SemTxvevaSi, aseTi izomeria ar arsebobs).  

geometriuli izomeria ar axasiaTebs tetraedrul kompleq-
sebs. geometriuli izomeriis erT-erTi saxeoba aris cis-trans 
izomeria. cis-izomerebSi erTnairi ligandebi erT mxares aris 
(mezoblad), trans-izomerebSi ki – mopirdapire mxares. 

kompleqsnaerTebSi SedgenilobiT [MX3Y]n+ da [MX5Y]n+ X-jgufis 
kidev erTi Y-iT Canacvlebas mivyavarT [MX2Y2]n+ da [MX4Y2]n+ Sed-
genilobamde, romlebic arseboben aseTi izomerebis saxiT:  

 

x

y

M

x

y

n+

     da       

xy

M

x y

n+

 
                         cis-izomeri                            trans-izomeri 
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x

y

M

x

y
x

x

         da         

x

y

M

x

y
x

x

 
        cis-forma                                                    trans-forma 

magaliTad, [Pt(NH3)2Cl4] arsebobs ori izomeruli formis 
saxiT, romlebic erTmaneTisagan gansxvavdebian feriTa da sxva 
TvisebebiT. 

 

    
Cl

Cl

Pt

NH3

NH3
Cl

Cl

                        

Pt

NH3NH3

Cl
Cl

Cl

Cl

 
             trans-forma                                                 cis-forma 

aseTi tipis izomeria damaxasiaTebelia ZiriTadad VIII jgufis 
metalebisTvis, agreTve qromis, spilenZis da a.S. zemoaRniSnuli 
kompleqsebi SeiZleba iyos kationuri, anionuri da neitraluric. 
aseT izomerebSi SeiniSneba ligandTa Zlieri urTierTgavlena, 
gansakuTrebiT roca ligandebi erTmaneTis mimarT trans-mdgo-
mareobaSia. es movlena aRmoCenil iqna Cerniaevis mier da cnobi-
lia trans-gavlenis saxelwodebiT. am movlenis arsi mdgomareobs 
ligandsa da kompleqswarmomqmnels Soris bmis gaZlierebaSi an 
SesustebaSi am ligandis mimarT trans-mdgomareobaSi myofi sxva 
myofi sxva ligandis gavleniT. 

magaliTad, ganvixiloT Pt(II)-is izomerebi. tetraaminopla-
tina(II)-is gacxelebiT konc. HCl-Tan miiReba trans-izomeri: 

Pt(NH3)4]Cl2 + 2HCl → [Pt(NH3)2Cl2] + 2NH4Cl 

Pt

Cl

Cl NH3

NH3
 

xolo K2[PtCl4]-ze NH3 -is moqmedebiT — cis-izomeri:  
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K2[PtCl4] + 2NH3 → [Pt(NH3)2Cl2] + 2HCl 

Pt

ClCl

NH3NH3

, 
  cis-izomeri 

 
rac SeiZleba aixsnas Cl--ionis ufro Zlieri trans-gavleniT 

NH3-is molekulasTan SedarebiT. 
 

Cl

Cl

Cl

Pt

NH3NH3

NH3 NH3

2+

+    Cl- Pt

NH3NH3

NH3

+    NH3

Cl

Pt

NH3NH3

NH3

+    Cl-

Cl

Pt

NH3

NH3

+    NH3

Cl Cl

Pt

NH3

+    NH3

Cl

Cl

Pt

NH3

NH3

+    Cl-

+

+

_

 
trans-gavlenis Zalis mixedviT miRebulia ligandTa aseTi 

Tanmimdevroba:  

CN- > CO > NO > NO2 > J- > CNS- > Cl- > NH3 > OH- > H2O 
marcxnidan marjvniv trans-gavlena mcirdeba. yoveli marcxniv 

mdgomi ligandi xels uwyobs mis mimarT trans-mdgomareobaSi myo-
fi, marjvena ligandis gaaqtiurebas (magaliTad, Canacvlebis reaq-
ciebSi Sesvlis unars), marjvniv mdgomi ligandi ki, piriqiT, aZlie-
rebs mis mimarT trans-mdgomareobaSi myofi ligandis kavSirs kom-
pleqswarmomqmnelTan, e.i. asustebs mis reaqciisunarianobas. e.i. 
Cl⎯-ioni mis mimarT transmdgomareobaSi myofi NH3-is molekulas 
aaqtiurebs, NH3 ki piriqiT, mis mimarT trans-mdgomareobaSi myof 
Cl⎯-ionis kavSirs ganamtkicebs kompleqswarmomqmnelTan. 
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trans-gavlena ZiriTadad Pt(II)-is kompleqsebisTvis iqna 
Seswavlili, magram aRmoCnda, rom is damaxasiaTebelia agreTve  
Pt(IV), Cr(III), Fe(III), Co(III), Au)III) da a.S. kompleqsebisTvis. amasTan, 
ToToeuli kompleqswarmomqmnelisTvis (gansazRvruli Jangvis 
xarisxiT) arsebobs trans-gavlenis sakuTari rigi, romelic 
daaxloebiT axlosaa zemoT moyvanil rigTan. 

trans-gavlena aris eleqtruli efeqti da dakavSirebulia 
kompleqsur ionSi eleqtronuli simkvrivis cvlilebasTan. roca 
ligandi Zlierad izidavs centralur atomTan makavSirebeli 
bmis π-eleqtronul simkvrives, maSin trans-mdgomareobaSi myof 
ligandsa da kompleqswarmomqmnels Soris Sesabamisad mcirdeba 
eleqtronuli simkvrive da amis Sedegad, M–L-is π-kavSiri 
sustdeba, rac ligandis reaqciisuanarianobis zrdas iwvevs. 

optikuri izomeria. optikuri izomeriis cnebis qveS gvesmis 
nivTierebis mier polazirebuli sxivis sibrtyis brunvis unari. 
optikur izomerebs yvela sxva Tviseba erTnairi aqvT; maT gansxva-
vebuli aqvT mxolod polarizebuli sxivis sibrtyis brunvis mimar-
Tuleba (saaTis isris an misi sawinaaRmdego). optikuri izomerebi 
`SeuTavsebel~, erTmaneTis sarkul gamosaxulebebs warmoadgenen. 

kompleqsnaerTebSi optikuri izomeria vlindeba maSin, 
rodesac kompleqswarmomqmneli oTx sxvadasxva ligandTan an or 
asimetriul bidentatur ligandTan aris dakavSirebuli (aseT 
struqturas xiraluri ewodeba): 

x

y

M

a
z               da           

x

y

M

a
z  

optikuri aqtiuroba damaxasiaTebelia agreTve asimetriuli li-
gandebis mqone Sidakompleqsuri naerTebisTvis. optikuri izomerebi 
SeuTavsebel, erTmaneTis sarkul gamosaxulebebs warmoadgenen.  

6.5.  kompleqsnaerTebis mdgradoba xsnarSi 

rogorc cnobilia, kompleqsis gare sferos nawilakebi Siga 
sferosTan ionuri bmiT aris dakavSirebuli, amitom maTi disocia-
cia wyalxsnarebSi advilad xdeba, daaxloebiT ise, rogorc Zlier 
eleqtrolitebSi. am disociacias pirvelads uwodeben. es procesi 
Seuqcevadia: 

[Ag(NH3)2]Cl → [Ag(NH3)2]+ + Cl– 
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(pirveladi disociacia) 

magram vinaidan Siga sferos nawilakebis (kompleqswarmom-
qmnelis da ligandebis) kavSiri mniSvnelovnad mtkicea, amitom 
Siga sferos disociacia umniSvnelo xarisxiT xdeba (saubaria 
mdgrad kompleqsebze). es procesi  

 
[Ag(NH3)2]+ Ag+     +  2NH3 

Seqcevadia da xasiaTdeba aradisocirebul kompleqsur io-
nebsa da warmoqmnil ionebs Soris wonasworobiT, am xsnarze ro-
melime qloridis xsnaris damatebisas AgCl-is naleqi ar gamoiyo-
fa (AgCl-is xsnadobis namravlia 1,8•10_10), rac am xsnarSi Ag+-ionebis 
umniSvnelo koncentraciis maniSnebelia. igive xsnarze KJ-is xsna-
ris damatebisas gamoiyofa AgJ-is naleqi (xsnadobis namravli 
1•10_16), xolo H2S-is gatarebisas Ag2S-is naleqi (xsnadobis namrav-
li 1•10_51). mimdinare procesebi Semdegi gantolebiT gamoisaxeba: 

    
  +    J-[Ag(NH3)2]+ AgJ   + 2NH3

  +   H2S2[Ag(NH3)2]+ Ag2S + 2NH3  + 2NH4
+

  
 
 
e.i. Tumca umniSvnelo raodenobiT, magram mainc aris am 

xsnarSi Ag+-ionebi. 
[Ag(NH3)2]+-ionis disociaciis procesi, amave dros SeiZleba 

ganvixiloT, rogorc am kompleqsuri ionis warmoqmnis reaqcia: 

[Ag(NH3)2]+
Ag+     +  2NH3

 
 
moqmed masaTa kanonis safuZvelze am sistemis wonasworobis 

konstanta:  

                                         (6.1) 

K-s mniSvnelobiT SeiZleba msjeloba kompleqsis mdgrado-
baze, amitom aRniSnul mudmivas kompleqsis mdgradobis mudmiva 
uwodes. rac ufro gadaxrilia wonasworoba kompleqsis warmoqm-
nis mxares, miT ufro maRali iqneba Kmdg-is mniSvneloba: 

 
Kumdg = 1

Kmdg
                                                                                              (6.2)   
     

Kmdg-is Sebrunebul sidides umdgradobis mudmivas uwodeben. 
is kompleqsis disociaciis procesis wonasworobis mudmivas 
wamoadgens. 

rac ufro naklebia umdgradobis mudmivas mniSvneloba, miT 
ufro mdgradia kompleqsi. 
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6.6.  qimiuri bmis buneba kompleqsnaerTebSi  

     6.6.1.  kompleqsnaerTebis aRwera                             
valenturi bmebis Teoriis                              

TvalsazrisiT 

kompleqsuri naerTebis Tvisebebisa da warmoqmnis meqanizmis 
asaxsnelad mravali Teoria gamoiyeneba. maT Soris istoriuli 
TvalsazrisiT erT-erTi pirvelia valenturi bmis (vb) meTodi, 
romelic kompleqsebisTvis pirvelad polingma gamoiyena. is war-
moadgens luisi-langmiuri-sijvikis koordinaciuli Teoriis 
pirdapir ganviTarebas. kompleqsnaerTebis aRnagobis Teoria 
warmoiSva mcdelobidan gaecaT pasuxi kiTxvaze, Tu ratom 
SeuZlia bevr mdgrad molekulas kompleqswarmomqmnelTan 
mierTeba. 

es Teoria amJamadac inarCunebs garkveul mniSvnelobas 
kompleqsnaerTebis stereoqimiis, magnituri da zogierTi sxva 
Tvisebis axsnisaTvis. 

am Teoriis mixedviT, kompleqsnaerTebis warmoqmna kom-
pleqswarmomqmnelebsa da ligandebs Soris donorul-aqcep-
toruli [luisis fuZis (ligandis), rogorc eleqtronuli wyvi-
lebis donorisa da luisis mJavas (kompleqswarmomqmeli), ro-
gorc eleqtronuli wyvilebis aqceptoris] urTierTqmedebis 
xarjze, mimdinareobs. damyarebul kovalentur bmebs Soris, mini-
mum, erTi mainc unda iyos warmoqmnili donor-aqceptoruli me-
qanizmiT. bma xorcieldeba aqceptoris Tavisufali orbitalebi-
sa da donoris eleqtronuli wyvilebiT dasaxlebuli orbitale-
bis gadafarviT. amasTan, kompleqwarmomqmnelis Tavisufali orbi-
talebi, romlebic bmebis warmoqmnaSi monawileoben (ZiriTadad 
energetikulad araeqvivalenturi arian), ganicdian hibridi-
zacias. miRebuli hibriduli orbitalebi erTmaneTisagan mxolod 
sivrceSi mimarTulebiT gansxvavdebian. centraluri atomis 
koordinaciuli ricxvi hibriduli orbitalebis ricxvis tolia, 
xolo kompleqsis struqtura hibriduli orbitalebis ricxviT 
ganisazRvreba. 

ganvixiloT vbmeTodiT ramdenime kompleqsis warmoqmna. 

[Ag(NH3)2]+-is warmoqmna: 

Ag+-ionis eleqtronuli konfiguracia Tavisufal mdgomare-
obaSi aseTia:  



 
am SemTxvevaSi adgili aqvs centralur atomis s da p orbita-

lebis hibridizacias (sp-hibridizacia), rasac Seesabameba 
koordinaciuli ricxvi 2 da kompleqsis xazovani aRnagoba.  

oTxis toli koordinaciuli ricxvis SemTxvevaSi kompleqsna-
erTs SeiZleba hqondes tetraedruli an brtyeli kvadratis 
forma. ganvixiloT amoniumis ionis warmoqmna. amiakis azoti im-
yofeba sp3-hibridul mdgomareobaSi, romelsac Seesabameba tet-
raedris wveroebisken mimarTuli oTxi hibriduli orbitali, ro-
melTagan erTerTze arsebuli wyvili eleqtronis xarjze amiakis 
azoti ierTebs H+-ions amoniumis ionis warmoqmniT [NH4]+, romel-
sac tetraedris forma aqvs. aseTive aRnagoba aqvs [BF4]--ionsac, 
romelSic eleqtronuli wyvilebis donori F¯-ionebia, xolo aq-
ceptori – sp3-hibridul mdgomareobaSi myofi boris atomi.  

igive geometriuli konfiguracia aqvs TuTiis qvejgufis 
elementebis zogierT kompleqss. magaliTad, [Zn(NH3)4]2+, 

[Cd(NH3)4]2+, [HgI4]2- da a.S.  
Zn2+-ions Tavisufali aqvs 4s da 4p orbitalebi, romlebic ga-

nicdian hibridizacias, rasac, rogorc zemoT aRvniSneT, Seesaba-
meba tetraedris wveroebisaken mimarTuli energetikulad eqvi-
valenturi oTxi orbitali, romlebzec xdeba ligandis eleq-
tronuli wyvilebis Casaxleba. gamomdinare aqedan, aRniSnul kom-
pleqsur ions tetraedruli aRnagoba aqvs: 

Zn2+

4s 4p

3s 3p 3d

[Zn(NH3)4]2+

4s 4p

3s 3p 3d  
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[BeF4]2- tetraedruli ionis warmoqmna SeiZleba Semdegi sqe-
miT warmovadginoT: 

2s                 2p 

Be2+ 
 —__ —__ —___ —__ 

sp3-hibridizacia 

Be2+ ions aqvs Tavisufali 2s- da 2p-orbitalebi (sqema). isini 
warmoadgenen im oTxi eleqtronuli wyvilis aqceptors, 
romelsac iZleva fTorid-ioni: 

 
[BeF4]2-kompleqsuri ionis tetraedruli agebuleba efuZneba 

beriliumis valenturi orbitalebis sp3-hibridizacias.  

oqtaedruli kompleqsebi warmoiqmneba agreTve Cr3+ ionis 
fTorid-, hidroqsid- da sxva ligandebTan urTierTqmedebiT: 

 
                                                                        
                                                                       heqsafTorqromat(III) ioni 

 
 

 
 
  
 
 
                                                                    heqsahidroqsoqromat(III) ioni                      
 
 
                                                       
                             
                                      
                                                                                     heqsaaminoqromi(III) 
 
 
 
gacilebiT mtkice bmebi warmoiqmneba, roca hibridizaciaSi 

monawileobs d-orbitalebi, amitom d-elementebi tipuri kompleq-
swarmomqmnelebia. d-orbitalebis hibridizaciaSi monawileobi-
saTvis aucilebelia centralur atoms hqondes Tavisufali, na-
wilobriv Tavisufali an aragawyvilebuli eleqtronebiT Sevse-
buli d-orbitalebi. 
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ganvixiloT d elementebis (romelTac orbitalebidan eleqt-
ronebiT Sevsebuli aqvT oTxi) kompleqsebi oTxis toli koor-
dinaciuli ricxviT. isini ligandTa eleqtronebisTvis iyeneben 
(n-1)d, ns; xolo np orbitalebidan ors. e.i. adgili aqvs kompleqs-
warmomqmnelis dsp2 orbitalebis hibridizacias. magaliTad, 
ganvixiloT kompleqsi [Pt(NH3)4]2+.. 

Pt2+ -is eleqtronuli konfiguracia 

 
dsp2 hibridizacia 

aRniSnuli tipis hibridizacias Seesabameba kvadratuli ko-
ordinacia, ligandebi ganlagebulia kvadratis wveroebSi. komp-
leqsi diamagnituria (ar aris gauiwyvilebeli eleqtronebi). 

kompleqsis magnituri Tvisebebi ganisazRvreba orbitalebze 
eleqtronebis Casaxlebis xasiaTiT, gauwyvilebeli eleqtrone-
bis arsebobis SemTxvevaSi kompleqsi paramagnituria, xolo aseTi 
eleqtronebis ararsebobisas — diamagnituri. 

eqvsis tol koordinaciul ricxvs Seesabameba oqtaedruli 
aRnagoba. ganvixiloT kompleqsi, romelic oqtaedrulia da dia-
magnituri. Co3+-s araaRgznebul mdgomareobaSi Seesabameba eleq-
tronuli konfiguracia: 

4s 4p
Co3+

3d  
ligandTa oqtaedruli ganlagebisaTvis saWiroa Co3+-ionis 3d 

qvedonidan ori orbitalis gamoTavisufleba, rac SeiZleba miR-
weul iqnas ori saSualebiT: 1) 3d orbitalidan ori eleqtronis 
energetickulad ufro maRal 4s, 4p an 5s orbitalebze gadayvanis 
`promoutireba~ an 2) 3d orbitalebze eleqtronebis gawyvileba. 
energetikulad ufro xelsayreli aRmoCnda meore SemTxveva. 
marTlac miRebuli kompleqsi aRmoCnda diamagnituri, rac eqspe-
rimentiT dadasturda. 
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d2sp3  hibridizacia 

magram aRmoCnda, rom Co3+-is yvela oqtaedruli kompleqsi 
rodia diamagnituri. magaliTad, oqtaedruli kompleqsi para-
magnituria. masSi SenarCunebulia gauwyvilebeli eleqtronebi. 

 

sp3d2   hibridizacia 

moyvanili magaliTebidan Cans, rom erTidaigive kompleqswar-
momqmnelis SemTxvevaSi, ligandis bunebidan gamomdinare, komp-
leqsi SeiZleba iyos paramagnituri an diamagnituri. 

valenturi bmis meTodi am movlenis asaxsnelad aseT gamosa-
vals poulobs: kompleqsebi daiyo or jgufad, [CoF6]

3+ tipis komp-
leqsebi miekuTvna ionurs, xolo  [Co(NH3)6]3+ - kovalenturs. 

ionur kompleqsebSi ar xdeba ligandisa da metalTa ionebis 
orbitalebis gadafarva, aramed, metalsa da ligands Soris 
adgili aqvs mxolod eleqtrostatikur urTierTqmedebas. ase 
rom, kompleqswarmomqmnelis eleqtronuli konfiguracia am Sem-
TxvevaSi cvlilebas ar ganicdis. aqedan gamomdinare, Tu 
Tavisufal ionSi iyo gauwyvilebeli eleqtronebi, moxdeba misi 
SenarCuneba. 

magram bevri kompleqsis aRnagobis axsna am midgomiTac ar 
xerxdeba. magaliTad, aRmoCnda, rom Ni(II)-is yvela oqtaedruli 
kompleqsi paramagnituria, amave dros yvela maTganis 
`ionurisTvis~ mikuTvneba SeuZlebelia, radgan Ni2+-is 
kompleqsebi bevri kinetikurad `inertulia~ (ligandebis mi-
mocvla Znelad mimdinareobs, gaZnelebuli mimocvla kovalen-
turi Zalebis damaxasiaTebelia, amitom aucilebelia aseTi 
komplesebisTvis donorul-aqceptoruli urTi-erTqmedebis 
gaTvaliswineba). 

valenturi bmebis meTods aseTi SemTxvevebisTvis Semoaqvs 
Siga da gareorbitaluri kompleqsebis cneba. erTic da meorec 
warmoiqmneba donorul-aqceptoru;li urTierTqmedebiT, im gan-
sxvavebiT, rom erT SemTxvevaSi hibridizaciaSi monawileobs (n-
1)d orbitalebi (Sigaorbitaluri), meore SemTxvevaSi ki nd orbi-
talebi (gareorbitaluri), romelTac Siga d orbitalebTan Se-
darebiT maRali energia aqvT. Tumca, yvela winaaRmdegobis axsna 
am midgomiTac SeuZlebeli aRmoCnda.  
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[Cr(NH3)6]3+

 
d2sp3  hibridizacia 

 
 
maT Soris pirveli diamagnituria, meore – paramagnituri.    
rogorc ganxiluli magaliTebidan Cans, valenturi bmis me-

Tods kompleqsuri naerTebis bevri Tvisebis axsna ar SeuZlia. 
magaliTad, is ver xsnis, Tu ratom xdeba zogierT kompleqsSi 
gauwyvilebeli eleqtronebis SenarCuneba da maRalspinuri 
kompleqsebis warmoqmna. es meTodi ver xsnis kompleqsebis 
STanTqmis speqtrebs, ar iTvaliswinebs kompleqswarmomqmnelsa 
da ligands Soris π-datiuri urTierTqmedebis arsebobas, 
romelic mniSvnelovnad zrdis kompleqsebis mdgradobas. es 
meTodi saerTod ver xsnis `sendviCuri~ da zogierTi sxva rTuli 
kompleqsebis aRnagobas. 

6.6.2.  kristaluri velis Teoria 

kristaluri velis Teoria emyareba centarlur ionsa da 
ligandebs Soris urTierTqmedebis eleqtrostatikur xasiaTs. am 
Teoriis mixedviT, kompleqswamomqmnelsa da ligands Soris bma 
ionuri an ion-dipoluria. es Teoria iTvaliswinebs centarluri 
atomis d-orbitalebis gansxvavebul sivrciT ganlagebas da 
aqedan gamomdinare, maTi energiebis gansxvavebulad Secv-las 
ligandis eleqtronul RrublebTan urTierTqmedebis Sedegad. 

kristaluri velis Teoria Tavdapirvelad gamoyenebul iqna 
kristaluri nivTierebebis TvisebaTa asaxsnelad da saxelwode-
bac aqedan miiRo. magram aRmoCnda, rom es Teoria Tanabrad misa-
Rebia geometriulad sworad ganlagebul eleqtrulad moqmed 
nawilakebisgan agebuli nebismieri sistemis mimarT, rogoricaa, 
magaliTad, kompleqsuri ionebi. 

es Teoria ar iTvaliswinebs ligandTa zomebs da eleqtronul 
aRnagobas. ligandebi am SemTxvevaSi ganixilebian, rogorc wer-
tilovani uaryofiT muxtebi an dipolebi, romlebic sivrceSi ise 
orientirdebian, rom maT Soris arsebuli uarTierTganzidvis 
energia iyos minimaluri. eqvsis toli koordinaciuli ricxvis 
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SemTxvevaSi, es piroba ligandTa oqtaedruli ganlagebisas miiR-
weva, xolo 4 k.r. SemTxvevaSi – tetraedruli (zogjer kvadrati) 
ganlagebisas. 

gardamavali metalebis d eleqtronebi ganawilebulia (pau-
lis prin-cipis da hundis wesebis Sesabamisad) eraTidaimave donis 
5d orbitalze (dx2-y2, dz2, dxy, dxz da dyz), romlebic Tavisufal 
atomSi an ionSi energetikuli TvalsazrisiT tolfasia. isini 
erTmaneTisagan mxolod sivrciTi orientaciiT gansxvavdebian. 
aseT orbitalebs gadagvarebuls uwodeben. Tu warmovidgenT, 
rom ligandebi qmnian Tanabari ganawilebis sferul 
eleqtrostatikur vels, romlis centrSic aris centraluri 
ioni, am SemTxvevaSi d-orbitalebis energia ligandebis 
ganmzidavi Zalis moqmedebiT icvleba, magram yvelasi erTnairad, 
ise rom, maTi gadagvarebuloba ar moixsneba. yvela d orbitali 
rCeba energetikulad tolfasi. magram sxva mdgomareobasTan 
gvaqvs saqme, roca ioni ligandTa oqtaedrul, tetraedrul an 
sxva tipis garemocvaSia (nakleb simetriulSi, vidre sferoa). am 
SemTxvevaSi sxvadasxvanairad orienttirebuli d orbitalebis 
mimarT ligandTa velis gavlena erTnairi ver iqneba da, 
Sesabamisad, maTi energiebic gansxvavebulad icvleba. maTi 
energiebi aRar iqneba energetikulad tolfasi. aseT pirobebSi 
gadagvarebuloba ixsneba. ligandTa oqtaedruli garemocvisas d-
metalebis ionTa orbitalebi, romlebic oqtaedris RerZebis 
gaswvriv aris mimarTuli, romlis wveroebSic ligandebia, 
ganicdian met eleqtrostatikur urTierTqmedebas, vidre es d 
orbitalebi (dxy, dxz da dyz), romlebic am RerZebs Soris arsebuli 
kuTxis biseqtrisas gaswvrivaa. amitom dx2-y2 da dz2 orbitalebis 
energia oqtaedrul kompleqsebSi aRmoCndeba ufro maRali, 
xolo dxy, dxz da dyz orbitalebis ki ufro dabali im energiasTan 
SedarebiT, romelic maT aqvT gadagvarebul mdgomareobaSi. e.i. 
Tu Tavisufal an hipoTetur sferuli simetriis velSi 
gardamavali metalis atomis an ionis yvela xuTi orbitali 
energiiT erTnairia, oqtaedrul velSi isini ori gansxvavebuli 
energiis mqone jgufad iyofa: energetikulad xelsayreli dxy, dxz 
da dyz orbitalebi, romlebsac aRniSnaven t2g-Ti da ori ener-
getikulad araxelsayreli orbitali dx2-y2  da dz2 romelsac eg-Ti 
aRniSnaven. 

t2g da eg orbitalebis energiaTa sxvaobas gaxleCis energias 
uwodeben da aRniSnaven Δ-Ti. misi eqsperimentuli gansazRvra 
kompleqsuri naerTis STanTqmis speqtris safuZvelze xdeba. 
oqtaedrul kompleqsebSi gaxleCis energia t2g-orbitalebze 
myofi TiToeuli eleqtronisTvis, gadagvarebuli orbitalebis 
energiasTan SedarebiT 3/5Δoqt-iT maRalia, xolo eg-orbitalebze 
2/5Δoqt-iT dabali. nax. 6.3 mocemulia t2g da eg orbitalebis 
gaxleCis sqema. 
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naxazi 6.3 t2g da eg orbitalebis gaxleCis sqema 

Δ-s mniSvneloba damokidebulia kompleqsis konfiguraciaze, 
ligandisa da kompleqswarmomqmnelis bunebaze. kompleqsis 
sxvadasxva sivrciT konfiguracias Δ-s gansxvavebuli mniSvne-
loba Seesabameba.  

ligandTa tetraedruli garemocvisas dxy, dxz da dyz orbitale-
bi ligandTa velis ufro Zlier gavlenas ganicdian, vidre dx2-y2 
da dz2 orbitalebi. amitom eleqtronebs eg orbitalebze  ufro 
dabali energia aqvT, vidre t2g-orbitalebze. amasTan, tetraedru-
li garemocvisas gaxleCvis energiis mniSv-neloba oqtaedrulTan 
SedarebiT dabalia. Tu ligandebi da maTi daSoreba kompleqswar-
momqmnelisgan erTnairia, tetraedruli garemocvis Δ-s mniSvne-
loba oqtaedrulis 4/9-s Seadgens. (Δtetr.=4/9Δoqt). tetraedrul 
kompleqsnaerTebSi t2g-qvedonis TiToeuli eleqtronis energia 
2/5Δtetr.-iT ufro maRalia, xolo eg-ze 3/5 Δtetr.-iT ufro dabalia 
xuTjer gadagvarebul mdgomareobasTan SedarebiT. 

gaxleCis energia gardamaval metalTa Jangvis xarisxis 
zrdasTan erTad izrdeba, ramdenadac Jangvis xarisxis zrdasTan 
erTad cenralur ionsa da ligands Soris manZili mcirdeba da 
urTierTqmedeba Zlierdeba. 

garda amisa, gaxleCis energia izrdeba 3d, 4d, 5d-mimarTulebiT 
gardamaval metalebSi periodis nomris zrdasTan erTad, Δ 30-
35%-iT izrdeba. es gamowveulia d-orbitalebis sivrciTi gaweli-
lobis zrdiT, rac aZlierebs ligandebTan urTierTqmedebas. 

magaliTad,    [Co(NH3)6]3+          Δoqt.= 3000 sm-1 
                             [Rh(NH3)6]3+         Δoqt.= 34000 sm-1 
                              [Ir(NH3)6]3+          Δoqt.= 41000 sm-1 

erTidaigive centraluri ionisa (erTnairi Jangvis xarisxiT) 
da erTnairi konfiguraciis kompleqsebisTvis Δ-s mniSvneloba 
damokidebulia ligandis mier Seqmnili velis siZliereze. kom-
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pleqsTa STanTqmis speqtrebis eqsperimentuli da kvantur-meqa-
nikuri gaTvlebis safuZvelze miRebulia ligandTa speqtroqimi-
uri rigi. ligandebi, romlebic am mwkrivSi amiakamdea, qmnian Zli-
er vels, xolo marjvniv mdgomi — sust vels: 

CO, CN >NO2 >NH3 >NCS- >H2O >OH- >F- >Cl- >Br- >I- 

kristaluri velis Teoria sakmaod martivad da TvalsaCinod 
xsnis kompleqsTa magnitur Tvisebebs, STanTqmis speqtrebsa da 
rig sxva Tvisebebs. amisaTvis saWiroa ligandebis velSi moqceu-
li centraluri ionis d-orbitalebze eleqtronebis ganawilebis 
codna. es ukanaskneli damokidebulia gaxleCis energiisa (Δ) da im 
energetikul danaxarjs (ρ) Soris Tanafardobaze, rac saWiroa 
eleqtronebis gasawyvileblad.  

roca gaxleCis energiaze maRali aRmoCneba erTidaigive or-
bitalis eleqtronebis ganzidvis energia (susti velis SemTxve-
va), maSin orbitalebi TandaTanobiT Seivseba TiTo eleqtroniT 
da Semdeg daiwyeba gawyvileba. am SemTxvevaSi miiReba maRal-spi-
nuri (spin-Tavisufali), paramagnituri kompleqsebi. Zlieri ve-
lis SemTxvevaSi (Δ>ρ), jer bolomde ivseba dabali energiis orbi-
talebi – oqtaedrul kompleqsebSi da mxolod amis Semdeg daika-
vebs eleqtroni maRali energiis orbitalebs. amitom miiReba dia-
magnituri, dabal-spinuri kompleqsebi. 

centraluri ionis eleqtronuli struqturebisa da speq-
troqimiur rigSi ligandebis mdebareobis mixedviT, kompleq-
swarmoqmna dakavSirebulia sxvadasxva sididis energiis mogebas-
Tan. am energiis kristaluri velis stabilizaciis (k.v.s.e.) ener-
gias uwodeben. stabilizaciis miRweva xdeba ligandTa veliT gax-
leCili mocemuli donis naklebi energiis qvedoneze, centralu-
ri atomis eleqtronebis ganTavsebiT. 

ganvixiloT ligandTa oqtaedrul garemocvaSi myofi cen-
traluri ionis eleqtronebis ganawileba: eleqtronebi ra Tqma 
unda pirvel yovlisa daikavebs naklebi energiis  eg-orbitalebs. 

d1 t2g  

d2 t2g
 

d3 t2g  
eleqtronebi, hundis wesis Sesabamisad, rCeba gauwyvilebeli. 

amasTan, eleqtronebis ricxvis zrdasTan erTad, kristaluri ve-
lis stabilizaciis energia izrdeba (t2g

1,  t2g
2

 , t2g
3). 

d4 konfiguraciis SemTxvevaSi ki meoTxe eleqtrons ori SesaZ-
lebloba aqvs. ligandTa Zlieri velis SemTxvevaSi (Δ>ρ) gagrZel-
deba t2g orbitalebze eleqtronebis Casaxleba, e.i. moxdeba eleq-
tronTa gawyvileba da ar moxdeba eleqtronis gadasvla energe-
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tikulad araxelsayrel eg orbitalebze. k.v.s.e. momdevno eleq-
tronebis ricxvis zrdasTan TandaTan gaizrdeba t2g

6-mde. am dros 
eg vakanturia da k.v.s. energia aris maqsimaluri k.v.s.e. = 2/5 
Δoqt·6.=12/5Δoqt. es aris Zlieri ligandis oqtaedrul velSi ener-
giis yvelaze maRali mogebis SemTxveva.  

Co3+  Tavisufal ionSi d-elqtronebis ganawileba aseTia: 
Co3+  (d6)    

4s 4p

3d  
gaTvlilia, rom Co3+-ionSi erTidaigive orbitalebis eleqt-

ron-eleqtronis ganzidvis energia 252 k.jouli/moli tolia, xo-
lo 3d orbitalebis gaxleCis energia amiakis molekulebis oqta-
edrul velSi –  265 k.jouli/molis (Δ>ρ). 

eg
0

t2g
6

energia

 
ganxiluli kompleqsi dabalspinuri da diamagnituria, magram 

d6-is zemoT d-eleqtronebis ricxvis zrdisas, isini iZulebuli 
arian daikavon energetikulad araxelsayreli eg orbitalebi, 
rac iwvevs kristaluri velis stabilizaciis energiis Semcire-
bas, xolo Tu eg mTlianad Seivseba (eg

4),  es energia gaxdeba nulis 
toli. 

t2g
6          k.v.s.e. =2/3 Δoqt·6.=12/5Δoqt. 

eg
4            k.v.s.e. =3/5 Δoqt·4.=12/5Δoqt. 

e.i. moxdeba energiaTa kompensireba da jami nulis toli gaxdeba. 
susti velis ligandebis oqtaedruli garemocvisas (Δ<ρ), 

meoTxe d eleqtroni, romelsac ara aqvs orbitalze myofi eleqt-
ronis gazidvis dasaZlevad saWiro energia, ikavebs erT-erT eg 
orbitals da amiT amcirebs kristaluri velis stabilizaciis 
energias (t2g

6, d1
g). mexuTe d eleqtronis SemTvevaSi (d2

g) moxdeba d 

orbitalebis sanaxevrod mTliani Sevseba - t2g
3eg

2  da k.v.s.e. gaxdeba 
nulis toli. 

magaliTisTvis ganvixiloT kompleqsi  [CoF6]3-. 
3d orbitalebis gaxleCvis energia F--ionebis oqtaedrul 

velSi 156 k.j./molis tolia (e.i. ρ>Δ).  
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kompleqsSi xorcieldeba t2g
4eg

2 konfiguracia. kompleqsSi Tavi-
sufal ionTan SedarebiT eleqtronebis ricxvi ar Secvlila. aqedan 
gamomdinare, [CoF6]3- kompleqsi maRalspinuri da paramagnituria. 

rogorc zemoT aRvniSneT, Co3+ (d6) ionis (Zlier oqtaedrul 
velSi), k.v.s.e. = 12/5Δoqt.  

Co(II)-is (d7) k.v.s.e.=2/5Δoqt.·6 -3/5Δoqt.=9/5Δoqt.  e.i. ufro naklebia. 
aseTive eleqtronuli konfiguracia aqvs Ni(III) -s (Ə7). 

kristaluri velis stabilizaciis energiis dabal mniSvnelo-
bebs labiluri  kompleqsebi Seesabameba da piriqiT. 

kristaluri velis Teoriis mixedviT oqtaedruli kompleq-
sebi energetikuli TvalsazrisiT ufro xelsayrelia, vidre tet-
raedruli, Tumca aris SemTxvevebi, roca orive konfiguraciis 
warmoqmnas daaxloebiT erTnairi albaToba aqvs. 

magaliTad, ganvixiloT Co(II)-is kompleqsebi. d-eleqtronebis 
ganawileba ligandTa susti oqtaedruli velis SemTxvevaSi 
Semdegnairad xdeba:  t2g

5eg
2.  

eg
2                                  tetraedrSi   eg

4t2g
3                                                t2g

3 
t2g

5                                                                                            eg
4 

k.v.s.e. (oqt.) = 2/5Δoqt.·5 - 3/5Δoqt.·5 = 4/5Δoqt. 
k.v.s.e. (tetr.) = 3/5Δtetr.·4 - 2/5Δtetr.·3 = 6/5Δtetr. 

t2g
5

eg
2

tetraedrSi  eg
4  t2g

3

t2g
3

eg
4

 
ramdenadac Δt = 4/9Δoqt., 6/5Δtetr.=6/5·4/9Δoqt.=3/5Δoqt.  e.i. am energi-

aTa mniSvnelobebi daaxloebiT erTnairia 3/5Δoqt. da 4/5Δoqt. ami-
tom Co(II)-is kompleqsebSi (susti veli) adgili aqvs am ori formis 
wonasworuli narevis warmoqmnas: 

[Co(H2O)4]2+  ↔   [Co(H2O)6]2+ 

aseve amiakur kompleqsebSic: 

[Co(NH3)4]2+ ↔ [Co(NH3)6]2+ 

Ni(II)-is ionSi (d8) Zlieri da susti oqtaedruli velis SemTx-
vevaSi, eleqtronebis erTnair ganawilebas aqvs adgili t2g

6eg
2. 
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Tumca kvadratuli simetriis Zlier velSi sust velTan Sedare-
biT energiis damatebiT mogebas aqvs adgili. imasTan dakav-
SirebiT, rom kvadratuli simetria d-orbitalebis gadagvare-
bulobis damatebiT moxsnas iwvevs. 

aqedan gamomdinare, Tu Ni2+-ioni moxvdeba Zlieri velis li-
gandebis garemocvaSi, romelTa moqmedebisas miRebuli gaxleCis 
energia akompensirebs eg qvedoneze eleqtronebis gawyvilebisaT-
vis saWiro energias, SeiZleba am SemTxvevaSi kvadratuli konfi-
guracia aRmoCndes yvelaze xelsayreli. 

kristaluri velis TeoriiT SesaZlebelia kompleqsTa ara 
marto magnituri Tvisebebis, aramed maTi specifiuri Seferilo-
bebis axsnac. magaliTad, Ti3+-ions aqvs erTi d eleqtroni (d1), 
romelic normaluri, araaRgznebuli mdgomare-obisas imyofeba 
erT-erT d orbitalze. 

kristaluri velis Teoriis Tanaxmad, d1 eleqtroni oqtaed-
rul komp-leqsSi [Ti(H2O)6]3+ daikavebs dabali energiis t2g orbi-
tals (t2g

1eg
o). garkveuli energiis (Δ=238 k.jouli/moli) daxar-

jviT SesaZlebelia misi aRgzneba da gadayvana eg orbitalze. am 
gadasvlis dros STanTqmuli energiis Sesabamisi sinaTlis talRis 
sigrZe aris 500 nm. es ganapirobebs [Ti(H2O)6]3+ kompleqs-ionis iis-
fer Sefervas. aseTi ganxilva gasagebs xdis Cu+, Ag+, Zn2+ da 
Cd2+ionebis mier ufero kompleqsebis warmoqmnas. am ionebs aqvT d10 

konfiguracia — roca yvela orbitali Sevsebulia. ase rom, eleqt-
ronebis gadasvla t2g-dan eg-ze SeuZle-belia, Cu2+ ioni ki Seferil 
kompleqsebs warmoqmnis, ramdenadac mas d9 konfi-guracia aqvs da 
amis gamo t2g-dan eg-ze erTi eleqtronis gadasvlis SesaZlebloba. 

kristaluri velis Teoria, rogorc ganxiluli magaliTebi-
dan Cans, Tvisobrivad kargad xsnis kompleqsebisTvis damaxasia-
Tebel iseT mniSvnelovan Tvisebebs, rogoricaa sivrciTi struq-
tura, magnituri da optikuri Tvisebebi. magram gamomdinare 
iqidan, rom es Teoria kompleqswarmoqmnisas emyareba mxolod 
ionuri bmebis damyarebas, am TeoriiT gaangariSebuli sidideebi 
eqsperimentuls maSin emTxveva kargad, roca namdvilad gvaqvs 
saqme ionur bmebTan, winaaRmdeg SemTxvevaSi ki ara. amave dros es 
Teoriac ar iTvaliswinebs π-datiuri bmebis warmoqmnas komp-
leqswarmomqmnelsa da ligands Soris. 
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7.  qimiuri Temodinamikis sawyisebi  

qimiuri gardaqmnebi mimdinareobs urTierTmoqmedi atomebis, 
molekulebis Tu ionebis eleqtronuli struqturebis cvlile-
biT, rasac mosdevs arsebulii qimiiuri bmebis rRveva da axali 
bmebis warmoqmna. ufro xSirad, am process Tan sdevs energiis ga-
moyofa (roca urTierTqmedebis Sedegad xdeba arsebulTan Seda-
rebiT ufro mtkice qimiuri bmebis damyareba) an STanTqma (roca 
arsebulTan SedarebiT ufro susti qimiuri bmebi warmoiqmneba). 
amitom yvela qimiur procesisaTvis damaxasiaTebelia aramarto 
garkveuli Tvisebrivi cvlilebebi da reagentebis da reaqciis 
produqtebis raodenobebs Soris mkacrad gansazRvruli steqio-
metriuli Tanafardobebi, aramed sruliad gansazRvruli ener-
getikuli efeqtebic. 

materiis erTi formis meoreSi gadasvlasa da mis Tanmxleb 
energetikul efeqtebs Soris arsebuli mWidro urTierTkavSiri 
damaxasiaTebelia bunebaSi mimdinare yvela procesisaTvis. 

Termodinamika aris mecniereba im procesebis mimdinare-
obis pirobebis Sesaxeb, romelTa ganxorcielebac dakavSire-
bulia energiis cvlilebasTan siTbomimocvlis da sxvadasxva 
saxis muSaobis Sesrulebis formiT. 

Termodinamikis erT-erT umniSvnelovanes amocanas warmoad-
gens individualur nivTierebaTa Termodinamikuri maxasiaTeb-
lebis mniSvnelobaTa gansazRvra, romelTa codnac ama Tu im pro-
cesis ganxorcielebis prognozis, misi mimdinareobis pirobebis, 
nivTierebaTa wonasworuli koncentraciebis, e.i. reaqciis pro-
duqtebis gamosavlianobis, gansazRvris saSualebas iZleva. 

7.1 TermodinamikaSi gamoyenebuli ZiriTadi 
cnebebi da gansazRvrebebi 

Termodinamikis ZiriTadi cnebebia:  

— sistema;  
— procesi; 
— wonasworoba; 
— Sinagani energia;  
— siTbo;  
— muSaoba;  
— entropia; 
— enTalpia; 



sistema warmoadgens nivTierebaTa nebismierad SerCeul 
erTobliobas, romelic garemomcveli garemosagan gamyofi 
zedapiriT aris gamoyofili. gare samyarosTan damokidebule-
bis mixedviT sistema aris Ria, Caketili an izolirebuli. Riaa 
sistema, romelic garemosTan awarmoebs nivTier da energetikul 
gacvlas. sistema Caketilia, rodesac garemosTan mxolod energe-
tikuli gacvla mimdinareobs, xolo izolirebuli sistemis Sem-
TxvevaSi garemosTan ar mimdinareobs arc energetikuli da arc 
nivTieri mimocvla. saWiroa aRiniSnos, rom realuri sistemebi 
SeiZleba mxolod miaxloebiT akmayofilebdes am pirobebs. 
magaliTad, ganvixiloT sistema: diuaris WurWelSi moTavsebuli 
wyali da misi orTqli. SeiZleba vTqvaT, rom es sistema ramdenad-
me uaxlovdeba izolirebuls, radgan siTbos gacvla am dros ga-
remosTan ar xdeba da amave dros WurWlis kedlis xsnadobac 
wyalSi umniSvneloa. realuri sistema arasdros ar aris absolu-
turad izolirebuli an absoluturad Caketili. 

sistema SeiZleba iyos homogenuri an heterogenuli. homoge-
nurs uwodeben sistemas, romelic erTgvarovania da fizikur-
qimiuri TvisebebiT gansxvavebul mis Semadgenel nawilebs So-
ris ar arsebobs gamyofi zedapiri (warmodgeba berZnuli sityva 
`homos~, rac erTnairs niSnavs). sistemas, romelic Sedgeba Tvi-
sebebiT gansxvavebul da gamyofi zedapirebis mqone Semadgene-
li nawilebisgan, uwodeben heterogenurs (warmodgeba berZnu-
li sityvisagan `heteros~, rac sxvadasxvas niSnavs). 

faza aris sistemis homogenuri nawili, romelsac aqvs er-
Tnairi Sedgeniloba da gamoyofilia sistemidan raime (gamyo-
fi) zedapiriT da aqvs (moculobis nebismier erTeulSi) erTna-
iri Termodinamikuri da fizikuri Tvisebebi. saWiroebis Sem-
TxvevaSi, SesaZlebelia fazis gamoyofa sistemis danarCeni nawi-
lidan. homogenuri sistema Sedgeba erTi fazisagan, heterogenu-
ri ki ramdenime fazisagan. amis mixedviT ganasxvaveben orfazian, 
samfazian da a.S. sistemebs. 

TermodinamikaSi sistemis mdgomareoba ganisazRvreba ram-
denime eqsperimentuli parametris erTobliobiT: temperetu-
ra, wneva, energia, nivTierebaTa masebi da a.S. aRniSnul para-
metrebs mdgomareobis koordinatebs uwodeben. ganasxvaveben 
ori tipis mdgomareobis parametrs: eqstensiurs da intensiurs. 
eqstensiuri parametrebi proporciulia sistemis Semadgenel 
nivTierebaTa raodenobisa (moculoba, masa, zedapiris farTobi 
da sxv.), intensiuri ki damokidebuli ar aris nivTierebaTa rao-
denobaze (temperetura, wneva, moluri moculoba da sxv.). 

sistema wonasworul mdgomareobaSia, roca parametrebi masSi 
TavisTavad mimdinare procesebis Sedegad droSi ar icvleba, e.i. 
ar icvleba mTlianad sistemis makroskopuli Tvisebebi. sistemis 
mdgomareobis Tundac erTi parametris cvlilebac ki warmoad-
gens process. ganasxvaveben wonasworul, Seqcevad da Seuqcevad 
procesebs. procesi wonasworulia, roca sistemaSi uwyvetad mim-
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dinareobs wonasworuli mdgomareobebis Tanmimdevruli rigi. Seq-
cevadi procesi aris wonasworuli procesi, romelic pirdapiri 
da Sebrunebuli mimarTulebiT SeiZleba ise warimarTos, rom ga-
remomcvel samyaroSi amis Sedegad ar moxdeba araviTari cvlileba 
muSaobis an siTbos formiT. Seuqcevadia procesi, romlis mimdina-
reobac dakavSirebulia garemoze (an piriqiT, garemodan sistema-
ze) energiis gadacemasTan — siTbos, muSaobis da sxva saxiT. siste-
maSi garemos zemoqmedebis gareSe mimdinare procesebi TavisTavad 
mimdinarea. Tavis mxriv, am procesebma SeiZleba garemos gadasces 
siTbo, Seasrulos muSaoba, amitom es Seuqcevadi procesebia. 

wonasworuli sistemis komponentebs uwodeben mis Semad-
genel damoukidebel nawilebs, romelTa minimaluri ricxviT 
SeiZleba gamosaxuli iqnas nebismieri fazis Sedgeniloba. Ti-
Toeuli komponenti warmoadgens qimiurad individualur nivTie-
rebas, romelic SeiZleba gamoyofil iqnas sistemidan da romel-
sac SeuZlia izolirebuli saxiT iarsebos xangrZlivi drois gan-
mavlobaSi. fizikuri sistemebis SemTxvevaSi, roca SeiniSneba rai-
me qimiuri urTierTqmedeba sistemis Semadgenel nawilebs Soris, 
komponentebis ricxvi sistemis Semadgeneli individu-aluri qi-
miuri naerTebis ricxvis tolia. xolo qimiuri sistemebis Sem-
TxvevaSi es ricxvi yovelTvis ar emTxveva erTmaneTs. 

qimiur sistemebSi komponentebis ricxvi tolia am sistema-
Si Semaval individualur naerTTa ricxvs gamoklebuli sis-
temaSi mimdinare erTmaneTisagan damoukidebel reaqciaTa 
ricxvi. magaliTad, wonasworuli sistema, romelic warmoadgens 
KCl, NaNO3, NaCl da KNO3-is wyalxsnars, Sedgeba xuTi individua-
luri nivTierebisa-gan (wylis CaTvliT), romelTagan oTxi erTma-
neTTan Semdegi reaqciiT aris dakavSirebuli: 

KCl + NaNO3 NaCl + KNO3
komponentTa ricxvi am sistemaSi udris 5—1=4-s. qimiuri wo-

nasworoba sistemaSi maSin damyardeba, roca pirdapiri da 
Sebrunebuli reaqciis siCqareebi erTmaneTs gautoldeba.  

Tu wonasworobaSi monawile yvela reagenti erT fazaSia, 
wonasworuli sistema homogenuria, xolo Tu erTi reagentic ki 
sxva fazaSia, maSin wonasworuli sistema heterogenuria.  

H2 + Cl2 2HCl
a. a. a.

 
 
 

Tx.
NH4Cl + H2O NH4OH + HCl

Tx. Tx. Tx.
                                          
 

my. a.
CO3 CaO + CO2

my.

heterogenuri wonasworuli sistema CaCO3-is daSla daxurul 
WurWelSi: 

Ca                                            
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wonasworuli sistemis Tavisuflebis xarisxTa ricxvs 
uwodeben im parametrebis anu damoukidebeli cvladebis (tem-
peratura, wneva, koncentracia) ricxvs, romlis mniSvnelobac 
cnobil sazRvrebSi SeiZleba Seicvalos nebismierad, sistemis 
wonasworobis daurRvevlad. e.i. misi bunebisa da fazaTa ricx-
vis Seucvlelad. sistemas, romelsac ar gaaCnia Tavisuflebis 
arc erTi xarisxi, nonvariantuls (invariantuls) uwodeben. 
Tu sistemas erTi Tavisuflebis xarisxi aqvs, is monovarian-
tulia, Tu ori — bivariantuli da a.S. monovariantuli sistemis 
magaliTia orfaziani wonasworuli sistema wyali da misi or-
Tqli. cnobil sazRvrebSi nebismierad SeiZleba Seicvalos erT-
erTi parametris  mniSvneloba temperaturis an wnevis. erTi para-
metris cvlileba wonasworobis SenarCunebis pirobebSi gamoiw-
vevs meore parametris adeqvatur cvlilebas. 

nonvariantuli sistemis magaliTia samfaziani da erTkompo--
nentiani sistema yinuli-wyali-wylis orTqli. samive fazis Tana-
arseboba temperaturis da wnevis sruliad gansazRvruli mniSvne--
lobebisaTvis aris SesaZlebeli (T=273,16, anu 0,010C, P=6,104•102pa) 
am parametrebis Secvla wonasworobis daurRvevlad da fazaTa 
ricxvis Seucvlelad SeuZlebelia. ufro maRali temperaturis an 
ufro maRali wnevis pirobebSi, vidre 0,010C da 6,104•102 paskalia, 
myari faza qreba da miiReba orfaziani sistema wyali-wylis or-
Tqli. amerikelma fizikosma jibsma Termodinamikurad daasabuTa 
fazaTa wonasworobis kanoni, romelsac jibsis fazaTa wesi ewoda. 

wonasworul Termodinamikur sistemaSi, romelzec moqmedebs 
mxolod temperatura da wneva, Tavisuflebis xarisxTa (C) da fa-
zaTa ricxvis (F) jami oriT metia komponentebis ricxvze (K):  

C + F = K + 2            (7.1) 
am tolobidan gamomdinare  erTkomponentiani da orfaziani 

sistemis wyali-wylis orTqli Tavisuflebis xarisxTa ricxvi er-
Tia tolia, xolo erTkomponentiani da samfaziani sistemis  wya-
li-yinuli-wylis orTqli Tavisuflebis xarisxTa ricxvi 0-is 
tolia. fazaTa wess didi mniSvneloba aqvs sistemaTa fizikur-qi-
miuri gamokvlevebis praqtikaSi. TviTon es wesi sistemis Tviseba-
Tagan romelimes gansazRvris saSualebas ar iZleva, magram is 
aris fizikur-qimiuri kvlevebis sawyisi safexuri, romelic eq-
sperimentis ufro mizandasaxulad dagegmvis saSu-alebas iZleva, 
ramdenadac ukve winaswar iqneba cnobili, ra parametrebi Seic-
vleba, Tu sxvebis mniSvnelobaTa ucvlelad  SenarCuneba (dasta-
bileba) moxdeba. 

   sistemebis Termodinamikuri aRwerisas sargebloben e.w. 
mdgomareobis funqciebiT, romlebic SeiZleba erTmniSvne-
lovnad iqnas gansazRvruli P, V, T parametrebis saSualebiT. 
aRniSnul funqciaTa mniSvnelobebi damokidebulia sistemis 
sawyis da saboloo mdgomareobaze da ar aris damokidebuli im 
gzaze, riTac sistema am mdgomareobamde mivida. sistemis mdgoma-
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reobis erT-erT mniSvnelovan funqcias warmoadgens Sinagani 
energia (U). is warmoadgens sxvadasxva energiis jams, romelSic 
Sedis sistemis Semadgeneli molekulebis, atomebis, ionebis moZ-
raobis da urTierTqmedebis energiebi, birTvTaSorisi da Siga-
birTvuli energiebi da a.S. Sinagani energiis yvela Semadgenlis 
raodenobrivi aRricxva SeuZlebelia da arc aris aucilebeli. 
sakmarisia mxolod misi cvlilebis codna sistemis erTi mdgoma-
reobidan meoreSi gadasvlisas. 

7.2 Termodinamikis kanonebi 

7.21.  Termodinamikis I  kanoni 

Termodinamikis I kanoni SeiZleba ase CamovayaliboT: siste-
mis Sinagani energiis saerTo maragi rCeba mudmivi, rodesac ar 
arsebobs energiis cvla garemomcvel samyarosTan. e.i. energia, 
romelic mieniWeba sistemas, xmardeba misi Sinagani energiis 
zrdas da gareSe Zalebis dasaZlevad Sesrulebul muSaobas. 

Q = ∆U + A                                       (7.2) 
es gantoleba warmoadgens Termodinamikis I kanonis maTemati-

kur gamosaxulebas.  
gare Zalebis dasaZlevad Sesrulebuli muSaobis fizikuri 

arsis gasagebad ganvixiloT sistema — cilindrSi moTavsebuli 
airi, romelic garemosagan gamoyofilia xaxunis gareSe gadaad-
gilebis unaris mqone dguSiT. 

Tu dguSi damagrebulia uZravad, maSin V = const. sistemisaTvis 
gadacemuli mTeli energia xmardeba mxolod Sinagani energiis 
gazrdas. 

Qv = ΔU                     (7.3) 

am dros gafarToebis muSaoba ar sruldeba, radgan (V=const). 
magram, Tu dguSs Tavisuflad gadaadgilebis saSualebas 
mivcemT, airi gafarTovdeba da Sesruldeba muSaoba A = F • h = 
PSh, sadac F – dguSze moqmedi Zalaa, h — dguSis gadaadgilebis 
simaRle, P_ wneva, S — dguSis zedapiris farTobi. 

ΔV= S·h = V2-V1, amitom: A = P∆V = P(V2-V1); ∆U= U2 – U1 

aqedan gamomdinare, QP = U2 – U1 + P(V2-V1) 
QP = (U2 + PV2) – (U1 + PV1)           (7.4) 

                          U + PV = H ,                                     (7.5) 

sadac H aris enTalpia. e.i. QP=H2-H1 =∆H.  
enTalpia, iseve, rogorc Sinagani energia, mdgomareobis 

funqciaa da Sinagan energiaze metia gafarToebis muSaobiT. e.i. 
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izobarul pirobebSi sistemisaTvis gadacemuli energia ixarjeba 
enTalpiis gazrdaze. 

egzoTermuli procesebis dros sistemis Sinagani energia da 
enTalpia mcirdeba. amitom am SemTxvevaSi ∆U-s da ∆H-s aqvs uar-
yofiTi niSani. endoTermuli reaqciebis SemTxvevaSi siTbo STa-
inTqmeba. Sesabamisad, izrdeba sistemis Sinagani energia da en-
Talpia da maT dadebiTi niSnebi aqvT.  

7.2.2 entropia da Termodinamikis II  kanoni 

Termodinamikis I kanoni (romelic igive energiis Senaxvis ka-
nonia), amtkicebs izolirebul sistemaSi yvela saxis energiaTa 
jamis mudmivobas. energia arafrisgan ar warmoiqmneba da ukva-
lod ar qreba. energiis sxvadasxva formebi urTierTgardaiqmneba 
mkacri, ekvivalenturi raodenobiT. magram Termodinamikis I ka-
noni TavisTavad mimdinare procesebis mimarTulebis gansazR-
vris saSualebas ar iZleva. Tumca iyo mcdeloba, rom es kanoni ga-
moeyenebinaT procesis mimarTulebis dasadgenad. magaliTad, 
Termodinamikis I kanonidan gamomdinare berTlos principi, 
romlis Tanaxmad, TavisTavad mimdinare procesebi warimarTeba 
Sinagani energiisa da enTalpiis Semcirebis mimarTulebiT (siT-
bos gamoyofiT), zogierT SemTxvevaSi namdvilad iZleva qimiuri 
procesis mimdinareobis gansazRvris SesaZleblobas. magram es 
empiriuli wesi SezRuduli aRmoCnda, radgan endoTermuli reaq-
ciebis mniSvnelovani nawili mimdinareobs TavisTavad. garda ami-
sa, dadginda, rom zogierTi reaqcia, romelic garkveul pirobeb-
Si siTbos gamoyofiT mimdinareobs, sxva pirobebSi SeiZleba siT-
bos StanTqmiT warimarTos. 

pasuxis gasacemad kiTxvaze — SeiZleba Tu ara procesis Ta-
visTavad mimdinareoba da ra mimarTulebiT — Semotanilia mdgo-
mareobis axali funqcia — entropia (S). entropia mdgomareobis 
funqciaa. misi mniSvneloba ar aris damokidebuli procesis mim-
dinareobis gzaze, aramed damokidebulia sistemis sawyis da sabo-
loo mdgomareobaze. am axali funqciis fizikuri arsis gasagebad 
davakvirdeT individualuri kristaluri nivTierebis lRobis 
process. lRoba mimdinareobs mudmivi temperaturis pirobebSi 
(T = const) da Tan axlavs siTbos STanTqma. STanTqmul siTbos unda 
gaezarda sistemis Sinagani energia, rac aisaxeboda sistemis tem-
peraturis gazrdaSi. magram lRobis procesSi temperatura ar 
icvleba. e.i. ar icvleba sistemis Sinagani energia. sad midis STan-
Tqmuli energia? ras xmardeba is? kristaluri nivTierebis lRo-
bisas mimdinareobs mowesrigebuli kristaluri struqturis 
rRveva da nivTierebis gadasvla Txevad mdgomareobaSi, romelic 
nawilakebis mouwesrigebeli ganlagebiT xasiaTdeba. e.i. sistema-
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Si adgili aqvs mouwesrigeblobis xarisxis gazrdas. swored sis-
temis mouwesrigeblobis xarisxis gazrdaze ixarjeba kristali-
saTvis gadacemuli energia:  

∆HlR = TlR • ∆SlR                  (7.6) 

ΔS-is sidide axasiaTebs sistemaSi mimdinare im process, ro-
melzec STanTqmuli energia ixarjeba. S aris entropia, sistemis 
Tviseba, misi mouwesrigeblobis zoma.  

Seqcevadi procesebis SemTxvevaSi entropiis cvlileba (∆S) pro-
cesis siTbos (Q) procesis temperaturasTan (T) Sefardebis tolia: 

∆S = S2-S1≥ Q/T                   (7.7) 

aqedan gamomdinare, entropiis ganzomilebaa j/moli·K-1. 
es damokidebuleba warmoadgens Termodinamikis II kanonis 

maTematikur gamosaxulebas, romelic SesaZleblobas iZleva Seq-
cevadi procesebisaTvis ganisazRvros entropiis mniSvnelobebi. 

Tu sistema izobaruli da Seqcevadia (Q = ∆H), maSin:  
 H

=S
T

 
 
Seuqcevadi procesebisTvis ki yovelTvis samarTliania piroba: 

∆S > Q/T,                      (7.8) 

rac imas niSnavs, rom Termulad izolirebul sistemaSi Ta-
visTavad mimdinare procesebis entropia izrdeba. e.i. izolire-
bul sistemaSi procesis mimdinareobis SesaZleblobebis prog-
nozirebisaTvis aucilebelia entropiis cvlilebis gansazRvra: 

=S  Ssab - Ssawy

Tu S > 0

                                                                                     (7.9) 
 
                                                            
 

maSin procesi Termodinamikurad SesaZlebelia;  
xolo,  Tu  ∆S < 0, maSin procesi Termodinamikurad SesaZ-

lebeli ar aris.  
wonasworobis dros sistemis entropia maqsimaluria. 

7.2.3 entropia da Termodinamikuri albaToba 

amerikelma fizikosma bolcmanma entropia sistemis mocemu-
li mdgomareobis realizaciis Termodinamikur albaTobasTan (w) 
daakavSira Semdegi formuliT: 

S = klnw,                                      (7.10) 
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sadac, k — bolcmanis mudmivaa (k = R/NA, R – airebis universa-
luri mudmivaa, NA – avogadros ricxvia), w – Termodinamikuri 
albaTobaa; is im saSualebebis (mikromdgomareobebis) ricxvis 
tolia, romliTac sistemis es konkretuli mdgomareoba miiRweva. 

bolcmanis hipoTezis mixedviT, procesi maSin wava Tavis-Ta-
vad da am procesis mimdinareobisas entropia maSin gaizrdeba, 
roca saboloo mdgomareoba Termodinamikurad ufro saalbaToa, 
vidre sawyisi. e.i. roca saboloo mdgomareoba saSualebaTa (mik-
romdgomareobaTa) ufro meti ricxviT miiRweva. 

kristaluri mdgomareoba xasiaTdeba nawilakebis mowesrige-
buli, xolo airi mouwesrigebeli ganawilebiT. aqedan gamomdina-
re, kristaluri mdgomareobidan airadSi gadasvla ufro saalba-
Toa, vidre piriqiT. nivTierebis lRoba, aorTqleba, gaxsna — da-
kavSirebulia entropiis gazrdasTan. entropia izrdeba agreTve 
im qimiuri procesebis mimdinareobisas, romlebic dakavSirebu-
lia airebis molTa ricxvis gazrdasTan. 

7.2.4 Termodinamikis III  kanoni 

absolutur nulze wydeba kristalis warmomqmneli nawila-
kebis rxeviTi moZraoba. isini TiTqos Cerdebian kristaluri mes-
ris kvanZebSi. amitom idealur kristalSi absolutur nulze 
Termodinamikur albaTobas  (w)  mxolod erTi mniSvneloba aqvs:  

w = 1. aseTi kristalis entropia nulis tolia, e.i.: 

S0 = klnw = kln1 = 0 
Termodinamikis III kanonis formulireba SemdegSi mdgomare-

obs: absolutur nulze idealurad srulyofili kristalis 
entropia nulis tolia. magram, Tu kristalis struqtura ar 
aris idealurad sworad agebuli, maSin darRveuli struqtura 
mxolod erTi saSualebiT ar miiRweva. w ukve aRar udris erTs da 
absolutur nulzec ki misi entropiis mniSvneloba nulze meti 
iqneba. 

rogorc cnobilia, sistemis mdgomareoba standartulad iT-
vleba, Tu T = 298K da P = 1 atm (101.303 kpa). maSin entropiis cvli-
leba T = 0-dan T = 298K-ze gadasvlisas ase gamoisaxeba: 

=S0 =S0
298 S0_

0 S0
298

_ 0
                                                    

= S0
298 

 
  standartuli pirobebis Sesabamis entropiis mniSvnelo-

bebs standartul entropiebs uwodeben, romlebic Sesabamis 
cxrilebSia mocemuli. 
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7.2.5 jibsisa da helmholcis energiebi procesis 
TavisTavad mimdinareobis kriteriumebi 

rogorc aRvniSneT, izolirebul sistemaSi procesis Tavis-
Tavad mimdinareobis kriteriums entropiis zrda warmoadgens. 
araizolirebul sistemaSi ki aseT kriteriums warmoadgens ga-
farToebis (PΔV) da qimiuri muSaobis (Aqim.) Sesrulebis SesaZleb-
loba. qimiur muSaobaSi igulisxmeba aRebul nivTierebaTa sabo-
loo produqtebad gardasaqmneli muSaoba. 

araizolirebuli sistemisaTvis TavisTavad mimdinare proce-
si saalbaToa Tu Aqim > 0. Aqim-is sididis Sesafaseblad ganvixiloT 
Termodinamikis I kanoni iseTi Seqcevadi procesisaTvis, rodesac 
SesaZlebelia siTbos mimocvla, qimiuri da gafarToebis muSao-
bis Sesruleba: 

ΔU = Q - Agaf. - Aqim.                                                (7.11) 

Tu (8.11) gantolebaSi SevitanT Agaf da Q-s mniSvnelobebs, 
miviRebT:  

-Aqim. = ΔU - TΔS + PΔV = ΔU + PΔV - TΔS = ΔH - TΔS    (7.12) 

izoTermuli procesebisTvis, romlebic mudmivi moculobis 
pirobebSi (V = const) mimdinareobs, ufro moxerxebulia Aqim. 
gamoisaxos axali funqciis (F) cvlilebiT (ΔF): 

(-Aqim.)V,T =ΔU - TΔS = (U2-U1)-T(S2-S1) = (U2-TS2)- (U1-TS1)=F2-F1 =ΔF           (7.13) 

e.i. ΔF = ΔU - TΔS                                       (7.14) 

mdgomareobis funqcia F aris helmholcis Tavisufali 
energia (F = U – TS); is axasiaTebs Sinagani energiis im nawils, 
romelic SeiZleba gardaiqmnas muSaobad. 

aqedan gamomdinare, Sinagani energia mTlianad ar 
gardaiqmneba muSaobad. misi garkveuli nawili ikargeba siTbos 
saxiT da mas bmul energias uwodeben. 

Tu procesi mudmivi temperaturisa (T = const) da wnevis (P = 
const) pirobebSi mimdinareobs, e.i. izoTermul-izobarulia, maSin:  

(-Aqim.) P,T = ΔH-TΔS = (H2-H1)-T(S2-S1) = (H2-TS2)- (H1-TS1)=ΔG = G2-G1           (7.15)   

e.i.  ΔG = ΔH - TΔS                                    (7.16) 

mdgomareobis funqcia G aris jibsis Tavisufali energia 
(G = H–TS). helmholcisa da jibsis Tavisufali energiis cvlile-
ba ΔG da ΔF ar aris damokidebuli procesis mimdinareobis gzaze, 
aramed damokidebulia sistemis sawyis da saboloo mdgomareoba-
ze. es funqciebi asaxavs reaqciis mimdinareobaze rogorc Sinaga-



ni energiis Semcirebis, ise sistemis ufro saalbaTo mdgomareo-
baSi gadasvlis tendenciebis gavlenas. am funqciebis niSani aris 
ama Tu im reaqciis TavisTavad mimdinareobis SesaZleblobis kri-
teriumi. jibsisa da helmholcis energiebis cvlilebis uaryofi-
Ti mniSvnelobebi aris procesis am mimarTulebiT Tavis-Tavad 
ganxorcielebis piroba. amasTan, rac ufro metia (-isa da ΔG-is 
uaryofiTi mniSvnelobebi, miT ufro metia am procesis Ta-visTa-
vad mimdinareobis albaToba. 

saWiroa imis aRniSvnac, rom ΔG da ΔF-is uaryofiTi mniSvne-
lobebi am procesis mxolod mimdinareobis SesaZleblobas miu-
TiTebs da araviTar SemTxvevaSi ar niSnavs misi praqtikulad gan-
xorcielebis aucileblobas. Tu procesis siCqare Zalian dabali-
a, miuxedavad imisa, rom ΔG < 0 an ΔF < 0, procesi praqtikulad ar 
wava da am SemTxvevaSi reaqciis ganxorcielebisaTvis saWiroa ka-
talizatoris SerCeva. dabal temperaturaze T-sa da Sesabamisad, 
TΔS-is mniSvnelobebi dabalia. am SemTxvevaSi: 

| ΔH | >> | TΔS | 

gantolebaSi ΔG = ΔH – TΔS meore wevri SeiZleba ugulebel-
vyoT, ris Sedegadac miviRebT: 

ΔG ≈ ΔH 
maRal temperaturaze ki sapirispiro Tanafardoba miiReba: 

 | ΔH | << | TΔS |    
amitom:   

ΔG ≈ – TΔS 
gamomdinare aqedan, garkveuli miaxloebiT SeiZleba aseTi 

daskvnis gakeTeba: dabal temperaturaze SeiZleba TavisTavad wa-
rimarTos egzoTermuli reaqciebi, xolo maRal temperaturaze 
reaqciebi, romelTa mimdinareobac entropiis gazrdasTan aris 
dakavSirebuli. ra Tqma unda, iseTi reaqciebis Catarebac SeiZle-
ba, roca ΔG > 0, mxolod aseTi reaqciebi TavisTavad ar mimdina-
reobs. maTi ganxorcielebisaTvis saWiroa energiis daxarjva. 
aseTi reaqciaa magaliTad, wylisgan wyalbadisa da Jangbadis mi-
Reba, rac wylis eleqtroliziT mimdinareobs. am SemTxvevaSi 
energiis wyaros SesaZlebelia warmoadgendes akumulatori.  
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8. Termoqimiis safuZvlebi 

qimiuri gardaqmnebis mimdinareoba dakavSirebulia moreagi-
re nivTierebaTa molekulebis Semadgeneli atomebidan axali mo-
lekulebis warmoqmnasTan. ase vTqvaT, `qreba~ aRebuli da warmo-
iqmneba axali nivTierebebi. mimdinareobs aRebul nivTierebebSi 
arsebuli qimiuri bmebis rRveva da axali bmebis warmoqmna, rasac 
axlavs atomebis, ionebisa da molekulebis eleqtronuli struq-
turebis cvlileba da rac Sesabamisad cvlis maT energiebs. ami-
tom qimiuri procesebi yovelTvis mimdinareobs energiis gamoyo-
fiT an STanTqmiT. 

qimiuri energia yvelaze xSirad siTbur energiad gardaiqmne-
ba, Tumca aris sxva saxis energiebad gardaqmnis SemTxvevebic, ro-
goricaa sxivuri (magaliTad, naxSiris gavarvareba, magniumis wva 
JangbadSi, stibiumis wva qlorSi da a.S.), eleqtruli (galvanuri 
elementi), meqanikuri da sxva saxis energiebi. 

naxSiris wvisas sinaTlis gamoyofa dakavSirebulia gamoyofili 
siTbos xarjze mis gavarvarebasTan. e.i. naTeba am SemTxvevaSi siTbos 
gamoyofam gamoiwvia, magram aris procesebi, roca Sinagani energia 
pirdapir gardaiqmneba sxivur energiad. es aris e.w. civi naTeba anu 
luminescencia. metad mniSvnelovania Sinagani da eleqtruli energi-
ebis urTierTgardaqmnebis procesebi. afeTqebis reaqciebis SemTxve-
vaSi Sinagani energia meqanikur energiad gardaiqmneba. 

SesaZlebelia piriqiT, siTburi energiis qimiur energiad 
gardaqmna. magaliTad, vercxliswylis oqsidis daSla maRal tem-
peraturaze. am SemTxvevaSi sistemisTvis gadacemuli siTbo STa-
inTqmeba ra moreagire molekulebis mier, gardaiqmneba reaqciis 
produqtebis warmoqmnisaTvis saWiro energiad: 

2 HgO → 2 Hg + O2 + ΔH 
eleqtruli energiis qimiur energiad gardaqmna xorcielde-

ba eleqtrolizis dros: 
2 NaCl → 2 Na + Cl2 

xolo sxivuri energiis gamoyeneba xorcieldeba fotoqimiu-
ri reaqciebis dros. erT-erTi yvelaze gavrcelebuli da mniSvne-
lovani fotoqimiuri reaqcia aris fotosinTezi (gamoiyeneba 
mzis sxivuri energia): 

6 CO2 + 6 H2O → C6H12O6 + 6 O2 

aseve fotoqimiuri reaqcia aris vercxlis halogenidebis 
daSla dasxivebisas, rac fotografiuli procesebis safuZvelia: 

2 AgCl → 2 Ag + Cl2 

2 AgBr → 2 Ag + Br2 



qimiuri reaqciebi mimdinareobs mudmivi moculobis (V = 
const), an mudmivi wnevis (P = const) pirobebSi, Sesabamisad procesi 
izoqoruli an izobarulia. 

qimiuri procesis energetikuli efeqts ganapirobebs sistemis 
Sinagani energiis (U) an enTalpiis (H) cvlileba. ΔH enTalpiis cvli-
lebas xSirad siTbur Semcvelobasac uwodeben, radgan izobaruli 
procesebisas ΔH siTburi efeqtis tolia. e.i. izobaruli procese-
bis siTburi efeqti sistemis enTalpiis cvlilebiT ganisazRvreba: 

Qp = ΔH                                  (8.1) 
ramdenadac qimiur reaqciaTa umravlesoba mimdinareobs 

mudmivi wnevis pirobebSi, energetikuli efeqtebis Sefaseba 
xdeba sistemis enTalpiis cvlilebiT. 

qimiuri reaqciis dros gamoyofil an STanTqmul siTbos 
raodenobas, gaangariSebuls miRebuli nivTierebis erTi mo-
lisTvis, reaqciis siTburi efeqti ewodeba. qimiuri Termodi-
namikis im nawils, romelic qimiuri reaqciebis siTbur efeqts 
swavlobs, Termoqimia ewodeba. qimiuri reaqciebis siTburi 
efeqtebis Seswavla aucilebelia sxvadasxva procesis siTburi 
balansis Sesadgenad, qimiuri bmebis simtkicisa da nivTierebaTa 
reaqciisunarianobis Sesafaseblad da a.S. 

siTburi efeqtis mixedviT qimiuri reqciebi dayofilia or 
jgufad: egzoTermuli da endoTermuli. siTbos gamoyofiT 
mimdi-nare reaqciebs ewodeba egzoTermuli, xolo siTbos 
STanTqmiT mimdinares — endoTermuli. siTburi efeqtis gan-
sazRvra SeiZleba eqsperimentulad — kalorimetruli meTodiT 
da Termoqimiuri gaTvlebiTac. marTalia, sistemis Sinagani ener-
giisa da enTalpiis zusti mniSvnelobebis gansazRvra SeuZlebe-
lia, magram Termoqimiuri gamoTvlebisTvis amas arsebiTi mniS-
vneloba ara aqvs, ramdenadac saWiroa maTi ara absoluturi mniS-
vnelobebis, aramed maTi mniSvnelobebis cvlilebis codna. 

radgan egzoTermuli reaqciebis dros siTbo gamoiyofa, sis-
temis Sinagani energia da enTalpia mcirdeba, aqedan gamomdinare, 
aseTi reaqciebisTvis ΔU-sa da ΔH-s aqvT uaryofiTi niSnebi. en-
doTermuli reaqciebis SemTxvevaSi ki, ramdenadac siTbo STain-
Tqmeba, ΔU-sa da ΔH-s dadebiTi niSnebi aqvT. 

imisaTvis, rom SesaZlebeli yofiliyo sxvadasxva procesis 
energetikuli efeqtebis Sedareba, Termoqimiur gamoTvlebs 
awarmoeben miRebuli nivTierebis erTi molisTvis da standar-
tul pirobebSi. standartul pirobebad miCneulia 101.325 kpa wne-
va da 25˚C temperatura anu 298.15K. standartuli siTburi efeqti 
aRiniSneba ΔHo298-iT an ΔUo

298 -iT. 
qimiur gantolebas, romelSic miTiTebulia reaqciis siT-

buri efeqti, Termoqimiuri gantoleba ewodeba. Termoqimiur 
gantolebebSi koeficientebs SeiZleba wiladi mniSvnelobebic 
hqondeT, ramdenadac reaqciis siTburi efeqti ganisazRvreba mi-
Rebuli nivTierebis erTi molisTvis. garda amisa, radgan nivTie-
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rebis erTi fazuri mdgomareobidan meoreSi gadasvla garkveul 
siTbur efeqtTan aris dakavSirebuli, Termoqimiuri gantolebe-
bis Sedgenisas unda aRiniSnos reaqciaSi monawile nivTierebebis 
agregatuli mdgomareobac. 

magaliTi – wylis sinTezis reaqciis Termoqimiuri gantoleba: 

H2(a) + ½ O2(a) → H2O(Tx.); ΔHo
298 = – 285.83 kj/moli 

(egzoTermuli reaqciaa) 

martivi nivTierebebidan HCl-is sinTezis reaqciis Termo-
qimiuri gantolebaa: 

½ H2(a) + ½ Cl2(a) → HCl(a); ΔHo
298 = – 92.3 kj/moli 

(egzoTermuli reaqciaa), 

xolo martivi nivTierebebidan NO-s warmoqmnis reaqcia 
endoTer-mulia: 

½ N2(a) + ½ O2(a) → NO(a); ΔHo
298 = 90.4 kj/moli 

martivi nivTierebebidan siTbos gamoyofiT warmoqmnil 
naerTebs egzoTermuli naerTebi ewodeba. magaliTad, H2O, HCl 
egzoTermuli naerTebia, qimiuri naerTebis umravlesoba egzo-
Termulia. xolo martivi nivTierebebidan siTbos STanTqmiT 
warmoqmnil naerTebs ewodeba endoTermuli. isini naklebi 
mdgradobiT xasiaTdebian. 

8.1 Termoqimiis kanonebi.                                    
Termoqimiis pirveli kanoni 

Termoqimiis kanonebi emyareba energiis mudmivobis kanons. 
Termoqimiis kanonis (lavuazie, laplasi, 1780 w.) Tanaxmad, erTi 
moli nivTierebis martiv nivTierebebad daSlis siTburi efeq-
ti martivi nivTierebebidan imave pirobebSi am nivTierebis 1 
molis warmoqmnis siTbos tolia sapirispiro niSniT.  

marTlac: 
HCl(a) → ½ H2(a) + ½ Cl2(a); ΔH = 92.3 kj/moli 

½ H2(a) + ½ Cl2(a) → HCl(a); ΔH = – 92.3 kj/moli 

lavuazie-laplasis kanoni samarTliania rTuli nivTierebebis 
urTierTqmedebiT miRebuli naerTebisTvisac. amitom ufro zoga-
di saxiT Termoqimiis pirveli kanoni (lavuazie-laplasis kanoni) 
ase gamoiTqmeba: pirdapiri da Sebrunebuli reaqciebis siTburi 
efeqtebi erTmaneTis tolia, magram niSniT sawinaaRmdego. 

rac ufro meti energia gamoiyofa ama Tu im nivTierebis 
warmoqmnisas, miT ufro meti energia daixarjeba misi daSlisas. 
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amitom didi energiis gamoyofiT warmoqmnili naerTebi mtkicea 
da Termulad mdgradi. 

Termoqimiur gamoTvlebSi farTod gamoiyeneba nivTierebis 
warmoqmnis standartuli enTalpia. warmoqmnis standartuli en-
Talpiis qveS igulisxmeba standartul pirobebSi martivi nivTie-
rebebidan 1 moli nivTierebis warmoqmnis reaqciis siTburi efeq-
ti. TviTon martivi nivTierebebis warmoqmnis standartuli en-
Talpiebi nulis tolia. 

sawvavad gamoyenebuli nivTierebebis mniSvnelovani maxasia-
Tebelia maTi wvis enTalpia. es sididec 1 moli nivTierebebis-
Tvis aris gansazRvruli. magaliTad, 1 moli acetilenis wvis en-
Talpia aris — 1300 kj/moli: 

     C2H2(a) + 5/2 O2(a) → H2O (Tx.) + 2 CO2(a); ΔH = – 1300 kj/moli 

8.2 Termoqimiis meore kanoni  

Termoqimiis meore kanons (1840 w.) hesis kanoni ewodeba. am 
kanonis Tanaxmad, reaqciis siTburi efeqti damokidebulia sawyis 
da saboloo mdgomareobaze da ar aris damokidebuli reaqciis 
Sualedur stadiebze, e.i. ar aris damokidebuli im gzaze, riTac 
sistema mivida sawyisidan saboloo mdgomareobamde. 

ganvixiloT hesis kanoni Semdeg magaliTze: erTi moli Na2SO4-
is Semcveli xsnari SeiZleba ori gziT movamzadoT: 

1. NaOH-is 2 molis Semcveli xsnari SevurioT H2SO4-is 1 mo-
lis Semcvel xsnars: 

2 NaOH (wyalxs.) + H2SO4(wyalxs.) = Na2SO4(wyalxs.) + 2 H2O(Tx); 

ΔH = – 131.4 kj/moli 
2. a) NaOH da H2SO4 TiTo molis Semcveli xsnarebi SevurioT, 

miiReba mJava marili NaHSO4: 
NaOH(wyalxs.) + H2SO4(wyalxs.) → NaHSO4(wyalxs.) + H2O(Tx.); 

ΔH1 = – 61.7 kj/moli 
b) miRebuli mJava marilis xsnars kidev davamatoT NaOH-is 1 

molis Semcveli xsnari. moxdeba ganeitraleba bolomde da mii-
Reba Na2SO4-is 1 molis Semcveli xsnari: 

NaOH(wyalxs.) + NaHSO4(wyalxs.) → Na2SO4(wyalxs.) + H2O(Tx.); 

ΔH2 = – 69.7 kj/moli 

hesis kanonis Tanaxmad, siTburi efeqti orive SemTxvevaSi 
unda iyos erTnairi.  

Cveulebrivi qimiuri gantolebebis msgavsad, SesaZlebelia 
Termoqimiuri gantolebebis Sekrebac: 
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NaOH + H2SO4 → NaHSO4 + H2O; ΔH1 = – 61.7 kj/moli 
NaOH + NaHSO4 → Na2SO4 + H2O; = – 69.7 kj/moli 

2 NaOH + H2SO4 → Na2SO4 + 2 H2O; ΔH = ΔH1 + ΔH2 = (— 61.7) + (– 69.7) =  
= – 131.4 kj/moli 

erTi moli Na2SO4-is warmoqmnis siTburi efeqti ar aris da-
mokidebuli im safexurebze, ra gziTac wava misi miRebis reaqcia, 
mTavaria, igi miviRoT erTidaigive nivTierebebidan. e.i. sistemis 
sawyisi da saboloo nivTierebebi unda iyos erTnairi. 

hesis kanoni iseTi reaqciebis siTburi efeqtebis gansazRvris 
SesaZleblobasac iZleva, romelTa uSualod gazomva praqtiku-
lad TiTqmis SeuZlebelia. amis magaliTad, ganvixiloT 
grafitidan da Jangbadidan CO-s warmoqmnis enTalpia: 

C(my.) + 1/2 O2(a) → CO(a); ΔH = x 

am reaqciis siTburi efeqtis eqperimentuli gansazRvra Za-
lian Znelia, ramdenadac grafitis wvisas Jangbadis Tundac SezR-
udul raodenobaSi miiReba CO-sa da CO2-is narevi. magram CO-s 
warmoqmnis enTalpiis gamoTvla SesaZlebelia, ramdenadac eqspe-
rimentulad SesaZlebelia CO2-is warmoqmnisa (ΔH1) da CO-s wvis 
(ΔH2) enTalpiebis gansazRvra. 

grafitis sruli wvis Termoqimiuri gantolebaa: 

C(my.) + O2(a) → CO2(a); ΔH = – 393.5 kj/moli 

CO-s warmoqmnis enTalpiis gamosaTvlelad davweroT grafi-
tidan CO2-is or stadiad warmoqmnis reaqcia: 

C(my.) + ½ O2(a) → CO(a); ΔH1 = x kj/moli 
CO(a) + ½ O2(a) → CO2(a); ΔH2 = – 283 kj/moli 

am ori gantolebis SekrebiT miviRebT: 

C(my.) + O2(a) → CO2(a); ΔH = ΔH1 + ΔH2 = x + (_ 283   kj/moli) 

e.i. x – 283 = – 393.5, x = – 110.5 kj/moli. 
aqedan gamomdinare, SeiZleba SevadginoT grafitis CO-mde 

wvis Termoqimiuri gantoleba: 

C(my.) + ½ O2(a) → CO(a); ΔH = – 110.5 kj/moli 

hesis kanonidan gamomdinareobs praqtikuli TvalsazrisiT 
metad mniSvnelovani Sedegi: qimiuri reaqciis siTburi efeqti 
tolia miRebuli nivTierebebis warmoqmnis standartul enTal-
piaTa jamisa da sawyisi nivTierebebis warmoqmnis standartul en-
TalpiaTa jamis sxvaobisa. es Sedegi eqsperimentis gareSe reaqci-
aTa siTburi efeqtebis gamoTvlis saSualebas iZleva. 

Termoqimiuri gamoTvlebis saSualebiT SesaZlebelia gani- 
sazRvros qimiuri bmisa da kristaluri mesris energiebi, gaxsnis, 
hidrataciis, fazuri gardaqmnebis siTburi efeqtebi da a.S. 
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9. Jangva-aRdgeniTi reaqciebi 

qimiur reaqciebs, romlebic mimdinareobs moreagire nivTie-
rebebSi Semavali atomebis Jangvis xarisxis cvlilebiT, Jangva-
aRdgeniTi reaqciebi ewodeba. am reaqciebis dros adgili aqvs er-
Ti atomidan, molekulidan, ionidan meore atomze, molekulasa 
da ionze eleqtronebis gadasvlas. atomis, molekulis, ionis mi-
er eleqtronebis gacemis process Jangva ewodeba, xolo eleq-
tronebis mierTebis process — aRdgena. 

eleqtronebis gacemisas, e.i. Jangvisas, dadebiTad damuxtuli 
ionis Jangvis xarisxis (J.x.) mniSvneloba izrdeba, Tu 0-ia, dadebi-
Ti xdeba, xolo uaryofiTi ionisa, mcirdeba an nulis toli xde-
ba. magaliTad, reaqciebSi (Fe+2-is Jangva da F--is Jangva): 

2 FeCl2 + Cl2 → 2 FeCl3 
Fe+2 - e → Fe+3 

2 NaF → 2 Na + F2
 (eleqtrolizi) 

2F- - 2e → F2
0 

2 Na + Cl2 → 2 NaCl 
Na0 - e → Na+ 

eleqtronebis SeZenisas, e.i aRdgenisas, adgili aqvs atomis, 
molekulis, ionis Jangvis xarisxis (dadebiTis) Semcirebas (Tu 
Jangvis xarisxi nulia, uaryofiTi xdeba): 

Fe2O3 + CO → 2 FeO + CO2 
Fe+3 + e → Fe+2 

2 Na +Cl2 → 2 NaCl 
Cl0 + e → Cl- 

(Cl2
 + 2e → 2 Cl-) 

Fe + S → FeS 
S0 + 2e → S-2 

atoms, molekulas, ions, romelic gascems eleqtronebs, aR-
mdgeni ewodeba, xolo atoms, molekulas, ions, romelic miier-
Tebs eleqtronebs — mJangavi.  

zemoT ganxilul reaqciebSi aRmdgenia CO; mJangavia Cl2 da S. 
unda SevniSnoT, rom Jangvas yovelTvis axlavs aRdgena da piri-
qiT. Jangva-aRdgeniT procesebSi mJangavis mier SeZenili da aR-
mdgenis mier gacemuli eleqtronebis ricxvi tolia. 

mJangavi + ne           aRmdgeni (n eleqtronebis ricxvia)  

Zlieri mJangavebia halogenebi (maT Soris yvelaze Zlieri – F2), 
romelTa atomebic gamoirCevian eleqtronisadmi maRali swraf-
viT. amasTan halogenebi maqsimalur mJangav unars im naerTebSi av-
lenen, romlebSic maTi Jangvis xarisxis mniSvneloba maqsimaluria 
(HClO4, HBrO4). piriqiT, naerTebs, romlebSic maTi Jangvis xarisxi 
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minimaluria (F-, Cl-, Br-, I-) mJangavi unari ar gaaCniaT. Cl-, Br-, I- (garda 
F-) mxolod aRmdgenebia da maTi aRmdgeni unari Zlierdeba ionis 
radiusis zrdasTan erTad Cl- < Br- < I-, ase rom maT Soris yvelaze 
Zlieri aRmdgeni I- ionia. Cl- ioni koncentrirebul gogirdmJavas 
ver aRadgens, amitom H2SO4 HCl-Tan reaqciaSi ar Sedis. HBr da HI, 
gaizarda ra aRmdgeni unari, reaqciaSi Sedian koncentrirebul 
gogirdmJavasTan, rogorc mJangavTan. HBr-s SO4

2--ionis S+6 aRad-
gens SO2-mde, xolo HI, rogorc ufro Zlieri aRmdgeni  S-2-mde (H2S). 

2 HBr + H2SO4 → Br2 + SO2↑ + 2 H2O 
8 HI + H2SO4 → 4 I2 + H2S + 4 H2O 

metnaklebad mJangavi unari sxva arametalebsac axasiaTebT 
naerTebSi, sadac maTi daJangvis xarisxebi aris dadebiTi, nulo-
vani an Sualeduri. mJangavi Tviseba metalTa dadebiT ionebsac 
axasiaTebT, amasTan rac ufro Zlieri aRmdgenia metali, miT uf-
ro susti mJangavia misi dadebiTi ioni. metalebi, martivi nivTie-
rebis saxiT yovelTvis aRmdgenebia da periodebSi atomuri nom-
ris zrdis mimarTulebiT maTi aRdgeni unari mcirdeba (ioniza-
ciis energia izrdeba), xolo mTavar qvejgufebSi birTvis muxtis 
zrdis mimarTulebiT (ionizaciis energia mcirdeba) izrdeba, 
arametalebis JangviTi unari piriqiT, periodebSi izrdeba, mTa-
var qvejgufebSi mcirdeba, yvelaze Zlieri mJangavi da aRmdgeni 
eleqtruli denia. mas SeuZlia daJangos F-, ionebidan aRadginos 
tute metalebis kationebi maTi naerTebis nalRobidan. 

zogjer ormagi bunebis mizezi erTsa da imave molekulaSi SeiZ-
leba ori iseTi atomis arseboba iyos, romelTagan erTi avlens mJan-
gav unars, meore aRmdgens. magaliTad, qlorwyalbadi (da misi wyal-
xsnari − marilmJava). marilmJava metalebTan moqmedebisas H+-ionebis 
xarjze mJangavia: 

Mg + 2 HCl → MgCl2 + H2↑ 
Mg0 – 2e → Mg+2     1 
2 H+ + 2e → H2    1 ,     

xolo marilmJavas Cl--ionebi Zlier mJangavebTan, magaliTad, 
KMnO4-Tan aRmdgenia:  

2 KMnO4 + 16 HCl → 2 KCl + 2 MnCl2 + 5 Cl2 + 8 H2O 
Mn+7 + 5e → Mn+2             2 

2 Cl- - 2e → Cl2      5 
unda aRiniSnos, rom nivTierebebi mJangavi atomis maqsimalu-

ri daJangvis xarisxiT yovelTvis mJangavia (KMnO4, K2Cr2O7,...), xo-
lo aRmdgeni atomis minimaluri Jangvis xarisxiT yovelTvis aR-
mdgenia. magram aris nivTierebebi, romelTac SeuZliaT pirobe-
bis mixedviT gamovidnen mJangavis da aRmdgenis rolSic. e.i es 
nivTierebebi Jangva-aRdgeniTi Tvisebebis  mixedviT ormag bune-
bas amJRavneben. amis erT-erTi mizezia nivTierebaSi iseTi atomis 
arseboba, romelsac Sualeduri J.x. axasiaTebs, ris gamoc (gaaC-
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nia, romel naerTTan Sedis reaqciaSi) pirobebis mixedviT SeuZ-
lia gasces an SeiZinos eleqtroni.  

magaliTis saxiT ganvixiloT SO2-is daJangva kaliumis perman-
ganatiT wyalxsnarSi. 

 S+4, J.r. tolia 4-is, romelic gogirdisTvis arc minimaluria 
(-2) da arc maqsimaluria (+6), amitom mas eleqtronis gacemac 
SeuZ-lia da SeZenac. 

KMnO4-Tan urTierTqmedebisas (kaliumis permanganati yo-
velTvis mJangavia), SO2 aRmdgenia (permanganatis xsnari uferul-
deba, warmoiqmneba ufero Mn2+ ionebi): 

5SO2 + 2 KMnO4 + 2H2O → K2SO4 + 2MnSO4 + 2H2SO4 
Mn+7 + 5e → Mn+2                    2 
S+4 - 2e → S+6                             5 

 xolo roca SO2 reaqciaSi Sedis H2S-Tan (es ukanaskneli yo-
velTvis aRmdgenia), SO2 gamodis mJangavis rolSi (xsnari imRvre-
va gogirdis gamoyofis gamo):  

SO2 + 2 H2S → 3 S↓ + 2 H2O 
teqnikuri mniSvnelobis Jangva-aRdgeniT reaqciebSi (proce-

sebSi) umniSvnelovanesi aRmdgenebia: metalebi (Al, Sn, Zn da sxv.), 
H2, CO, SO2, SnCl2, NH3, eleqtruli deni kaTodze da a.S., xolo mJan-
gavebia: konc. HNO3, MnO2, konc. H2SO4, KMnO4, Ag2O, PbO2, NaClO, 
KClO, Ca(ClO2)2, H2O2, eleqtruli deni anodze da sxv. 

9.1.  Jangva-aRdgeniTi reaqciebis klasifikacia 

Jangva-aRdgeniTi reaqciebi sam ZiriTad tipad iyofa: 
1. molekulaTSorisi (atomTSorisi) — zogierTi martivi niv-

Tierebis urTierTqmedebisas, ma.g., Fe + S → FeS 
2. Sigamolekuluri; 
3.  dismutaciis anu disproporcionirebis.  
molekulaTSorisi Jangva-aRdgeniTi reaqciebis dros mJan-

gavi da aRmdgeni sxvadasxva nivTierebaa. amasTan, rogorc mJanga-
vis, ise aRmdgenis roli SeiZleba Seasrulos sxvadasxva Jangvis 
xarisxis mqone erTi da igive elementis atomma: 

2 Ca + O2 → 2 CaO 
4 NH3 + 7 O2 → 4 NO2 + 6 H2O 

2 FeCl2 + Cl2 → 2 FeCl3 
Cl2 + 2 KBr → Br2 + 2 KCl (wyalxsnari) 

SO2 + 2 H2S → 2 S + 2 H2O 
2 SO2 + O2 ↔ 2 SO3 

igamolekuluri Jangva-aRdgeniTi reaqciebis mimdinareobi-
sas erTi da imave nivTierebis Semadgeneli elementebis atomebis 
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Jangvis xarisxebi icvleba, amasTan nivTierebaSi Semavali maRali 
Jangvis xarisxis mqone elementis atomi Jangavs amave nivTiereba-
Si Semavali dabali Jangvis xarisxis mqone elementis atoms: 

4 HNO3 → 4 NO2 + O2 + 2 H2O 
es atomebi an sxvadasxva elementisaa an erTi da igive ele-

mentis sxvadasxva Jangvis xarisxebiT: 

2 KClO3 → 2 KCl + 3 O2 
2 Pb(NO3)2 → 2 PbO + 4 NO2 + O2 

2 AgNO3 → 2 Ag + 2 NO2 + O2 
2 KMnO4 → K2MnO4 + MnO2 + O2 

NH4NO3 → N2O + 2 H2O 
NH4NO2 → N2 + 2 H2O da sxv. 

dismutaciis anu TviT Jangva-aRdgenis (disproporcioni-
rebis) reaqciebis mimdinareobisas erTdroulad adgili aqvs er-
Tidaimave qimiuri elementis Jangvis xarisxis klebas da matebas. 

      magaliTad: 
Cl2

0 + 2 KOH → KCl + KClO + H2O 
(Javelis wyali — maTeTrebeli saSualeba) 

2 NO2 + H2O → HNO3 + HNO2 
4 KClO3 → KCl + 3 KClO4 

 9.6.2.  Jangva-aRdgeniTi reaqciebis                  
gantolebebis Sedgena 

sxvadasxva Jangva-aRdgeniTi reaqciis Catarebisas da saTana--
do raodenobrivi gaangariSebisas, Zalze didi mniSvneloba eniWe-
ba Jangva-aRdgeniTi reaqciebis gantolebebis sworad Sedgenas, 
rac reaqciis mimdinareobis sworad gansazRvrasTan erTad, mo-
reagire nivTierebis da reaqciis produqtebis win steqiometrul 
koeficientTa sworad SerCevaSi mdgomareobs. 

sayovelTaod miRebuli SeTanxmebisamebr, Jangva-aRdgenis re-
aqciebis gantolebebis Sedgenisas jer iwereba aRmdgenis, Semdeg 
mJangavis da bolos, reaqciis Sedegad warmoqmnili nivTierebis 
(reaqciis produqtis) Sesabamisi formulebi. reaqciis produqteb-
Si ki — jer iwereba aRmdgenis daJangvis (Jangvis) produqti, Semdeg 
mJangavis aRdgenis produqti, bolos nebismieri sxva produqti.  

cnobilia Jangva-aRdgeniTi reaqciebis gantolebaTa Sedgenis 
ori meTodi: 

I. eleqtronuli balansis meTodi; 
II. naxevarreaqciebis anu eleqtronul-ionuri balansis meTodi. 

I. eleqtronuli balansis meTodi efuZneba qimiur reaqciaSi 
monawile nivTierebebSi Semavali im elementebis mier gacemul da 
mierTebul eleqtronTa ricxvis gaTanabrebas, romelTa Jangvis 
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xarisxi icvleba. eleqtronuli balansis meTodiT koeficiente-
bis SesarCevad mimarTaven Semdeg stadiebs: 

1) weren reaqciis gantolebis Sesabamis sqemas, romlis mar-
cxena da marjvena nawilebSi (reagentebi da reaqciis produqte-
bi) miuTiTeben im elementis Jangvis xarisxs, romlebic reaqciis 
mimdinareobisas icvleba. 

2) sazRvraven gacemuli da SeZenili eleqtronebis ricxvs; 
3) eleqtronul gantolebebSi axdenen iseTi koeficientebis 

SerCevas, rodesac aRmdgenis SemadgenlobaSi Semavali elementis 
atomis mier gacemuli eleqtronebis ricxvi gautoldeba mJanga-
vis SemadgenlobaSi Semavali im elementis mier pirobiTad mier-
Tebuli eleqtronebis ricxvs, romlis JangviTi xarisxi Seicvala 
da amas Caweren eleqtronebis gacemis Semoklebuli sqemis saxiT. 

4) axdenen reaqciis sxva produqtebisaTvis koeficientis Ser-
Cevas, romlis drosac eyrdnobian masis mudmivobis kanons, an ma-
terialuri balansis dacvis princips. 

5) Jangva-aRdgeniTi (eleqtronebis gacema-SeZenis) sqemis dax-
marebiT SerCeuli koeficientebi gadaaqvT Sesabamisi reaqciis 
gantolebaSi. 

magaliTad: 
Zn + H2SO4 (ganz.) → ZnSO4 + H2↑ 

Zn0 - 2e → Zn+2            1 
2H+ + 2e → H2

o                 1 
e.i. gveqneba: 

Zn + H2SO4 (ganz.) → ZnSO4 + H2↑ 
Cu + HNO3 (konc.) → Cu(NO3)2 + NO2 + H2O 

Cu0 - 2e → Cu+2           1 
N+5 + e → N+4             2 

e.i. gveqneba: 
Cu + 4 HNO3 (konc.) → Cu(NO3)2 + 2 NO2 + 2 H2O 

AgNO3 → Ag + NO2 + O2 
Ag+ + e → Ag0              2 
N+5 + e → N+4                2 
O-2 - 2e → O0                 2 

(2O-2 - 4e → O2)       (1) 
e.i. gveqneba: 

2 AgNO3 → 2 Ag + 2 NO2 + O2 
HCl + KMnO4 → Cl2 + MnCl2 + KCl + H2O 

2 Cl- - 2e → Cl2
0                  5 

Mn+7 + 5e → Mn+2              2 
e.i. gveqneba: 

16 HCl + 2 KMnO4 → 5 Cl2 + 2 MnCl2 + 2 KCl + 8 H2O 
Fe(S2) + O2 → Fe2O3 + SO2 

Fe+2 - e → Fe+3                         11      4 
(S2)2- - 10e → 2 S+4 

O2 -4e → 2 O-2                            4      11 
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4 FeS2 +11 O2 → 2 Fe2O3 + 8 SO2 

eleqtronuli balansis meTodi sakmaod mosaxerxebelia Jan-
gva-aRdgeniT reaqciebSi koeficientebis SesarCevad. magram 
unaklo ar aris, Tundac imitom, rom am SemTxvevaSi balansis 
Sedgenisas iwereba atomebi iseTi Jangvis xarisxebiT, romelTac 
sinamdvileSi damoukidebeli arseboba ar SeuZliaT, isini rTuli 
ionebis an molekulebis Semadgenlebia. amave dros reaqciis 
gantolebis dasruleba, roca mxolod marcxena nawilia mocemuli, 
am SemTxvevaSi ufro Znelia. garda amisa bevri Jangva-aRdgeniTi 
reaqcia mimdinareobs wyalxsnarebSi Zlieri eleqtrolitebis 
monawileobiT, amitom eleqtronebis gadasvla xorcieldeba ara 
calkeul atomebs an molekulebs Soris, aramed ionebs Soris. 

II meTodi, anu eleqtronul-ionuri balansis (naxevarreaqci-
ebis) meTodi, gansxvavebiT eleqtronuli balansis meTodisagan, ga-
moiyeneba mxolod wyalxsnarebSi mimdinare reaqciebis gantolebe-
bis Sedgenisas, romlebic asaxavs wyalxsnarebSi eleqtronebis Jan-
gva-aRdgeniTi procesebis ionur xasiaTs. am xerxis gamoyenebiT Jan-
gva-aRdgeniTi reaqciis gantolebis Sedgenisas Jangva da aRdgena 
calke, damoukidebel procesad ganixileba, romlebsac mTlianad 
procesis naxevari asaxavs (aqedan, `naxevarreaqciebis~ meTodi). 

TiToeuli naxevarreaqciis dawerisas daculi unda iqnes Sem-
degi pirobebi (cxrili 9.1): 

— Tu sawyisi ioni (molekula) ufro met Jangbads Seicavs, vidre 
reaqciis produqti, gamonTavisuflebuli Jangbadis atomebi mJava 
areSi ukavSirdeba wyalbad-ionebs wylis molekulebis warmoqmniT; 

neitralur da tute areSi `iboWeba~ imave raodenobis wylis 
molekulebiT orjer meti hidroqsid-ionebis warmoqmniT; 

— im SemTxvevaSi, rodesac sawyisi (reagenti) ioni an molekula 
ufro nakleb Jangbads Seicavs, vidre reaqciis produqtebi, da-
naklisis Sevseba mJava da neitralur areSi xorcieldeba imave 
raodenobis wylis molekulebis, xolo tute areSi — orjer meti 
hidroqsid-ionebis xarjze. 

— TiToeul naxevarreaqciaSi moreagire ionebis muxtebis ja-
muri cvlileba reaqciaSi monawile (gacemuli da SeZenili) eleq-
tronebis ricxvis toli unda iyos. amave dros, aRmdgenis da mJan-
gavis mier Sesabamisad gacemuli da mierTebuli eleqtronebis 
ricxvi erTmaneTs unda gautoldes. 

eleqtronuli balansis meTodTan SedarebiT eleqtronul-io-
nuri balansis (naxevarreaqciebis) meTods Semdegi upiratesoba aqvs: 

1.  TiToeuli naxevarreaqciis Sedgenisas mxedvelobaSi mii-
Reba ara hipoteturi, aramed, sareaqcio xsnarSi realurad arse-
buli ionebi (SevniSnoT, rom mcired disocirebuli, uxsnadi an 
airadi naerTebi gamosaxulia molekuluri formiT); 

2. naTlad aris gamovlenili reaqciis aris (mJava, tute, neit-
raluri) roli procesis warmarTvisas; 
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3. saWiro ar aris reaqciis yvela produqtis codna, maTi dad-
gena xdeba qimiuri gantolebis Sedgenisas. 

cxrili 9.1. 

are 

n – mosacile- 
beli Jangbadis 

atomebis 
ricxvi 

gamonTavisufle- 
buli JangbadiT 

warmoiqmneba 

n – misamate- 
beli 

Jangbadis 
atomebis 

ricxvi 

Jangbadis 
mimatebis 

Semdeg 
rCeba 

mJava 2n H+ n H2O n H2O 2n H+ 

neitra-
luri n H2O 2n OH- n H2O 2n H+ 

tute n H2O 2n OH- 2n OH- n H2O 

magaliTebi: 

magaliTi 1. metaluri aluminis urTierTqmedeba kaliumis 
nitratTan tute areSi. reaqciis sqema: 

Al + KNO3 + KOH + H2O → NH3 + KAlO2 

naxevarreaqciebs vadgenT Semdegi msjelobiT: Jangvis 
xarisxi ecvleba azots da alumins. metaluri alumini gardaiq-
mneba -ad. daJangvis naxevarreaqciis gaTvaliswinebiT vad-
genT sqemas:  

-
2AlO

Al0 → AlO2
- 

tute areSi reaqciis warmarTvisas Jangbadis atomebis wya-
rod gvevlineba kaliumis tutis hidroqsid-ionebi (OH-). erTi 
atomi aluminis AlO2

-ad gardaqmnisaTvis saWiroa hidroqsidis 
oTxi ioni (4OH-) 

Al0 + 4 OH- → AlO2
- + 2 H2O 

gantolebis sqemis marcxena nawilSi 4 uaryofiTi muxtia, 
xolo marjvena nawilSi —1. maSasadame, procesis msvlelobisas 
gai-cema sami (4 – 1 = 3) eleqtroni: 

Al0 + 4 OH- – (3e) → AlO2
-  + 2 H2O (daJangva) 

 aRdgenis procesis Sesabamisi naxevarreaqciis gaTvaliswine-
biT vadgenT sqemas:  

NO3
- → NH3 

am procesis mimdinareobisasNO3
--Si arsebuli azotis atomi 

`cildeba~ Jangbadis 3 atoms da uerTdeba wyalbadis sam atoms. 
tute areSi es SesaZlebelia sareaqcio narevSi arsebuli wylis 
molekulebis monawileobiT. wylis sami molekula iqneba saWiro 
NO3

--is Jangbadis sami atomis SesakavSireblad da kidev H2O-s sami 
molekula NH3-is warmosaqmnelad: 

NO3
- + 6 H2O → NH3 + 9 OH-
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reaqciis sqemis marjvena nawilis jamuri muxti +9-is tolia, 
xolo marcxena nawilisa —1. maSasadame, procesSi monawileobs 8e 
(weren marcxena mxares): 

            NO3
- + 6 H2O + 8e → NH3 + 9 OH-  (aRdgena) 

 daJangvis procesSi `gamoTavisuflebuli~ eleqtronebis 
ricxvis Sefardeba aRdgenis procesSi mierTebuli eleqtronebis 
ricxvTan tolia 3:8. Sesabamisad, jamuri reaqciis gantolebis 
misaRebad aucilebelia SevkriboT aRdgenisa da daJangvis 
reaqciebis Sesabamisi gantolebebi, amasTan, pirveli 
gavamravloT 8-ze, xolo meore 3-ze: 

Al + 4 OH- + (-3e) → AlO2
- + 2 H2O       8 

NO3
- + 6 H2O + 8e → NH3 + 9 OH-             3 

8 Al + 3 NO3
- + 32 OH- + 18 H2O → 8 AlO2

- + 3 NH3 + 16 H2O + 27 OH- 
8 Al + 3 NO3

- + 5 OH- + 2 H2O → 8 AlO2
- + 3 NH3 

molekuluri formiT: 

8 Al + 3 KNO3
 + 5 KOH + 2 H2O → 8 KAlO2

 + 3 NH3 

magaliTi 2. SevadginoT naxevarreaqciebis da ionuri 
gantolebebi procesisaTvis: 

Cu + HNO3 (ganz.) → Cu(NO3)2 + NO + H2O 

rogorc cnobilia, spilenZi ganzavebul azotmJavaSi Cu2+ 
iJangeba. mJangavia NO3

- ioni, romelic azot(II) oqsidamde (NO) aR-
dgeba. am monacemebis safuZvelze SeiZleba SevadginoT ori naxe-
var-reaqcia — pirveli, metaluri spilenZisagan 2e-is dakargviT 
spilenZis(II) ionebis — Cu2+ warmoqmna (I) da NO3

—-dan 2O-2-is Camoci-
lebiT NO-s warmoqmna. NO3

--dan Jangbadis ori ionis —O-2 `mosax-
leCad~ saWiroa oTxi H+, romelsac NO3

- 3e-is mierTebasTan erTad 
ganaxorcielebs (II): 

I.  Cu0 - 2e → Cu+2                                             3 
II.NO3

- + 4 H++ 3e → NO + 2 H2O        2 
aRmdgenis mier gacemuli da mJangavis mier mierTebuli eleq-

tronebis ricxvis tolobis da Sesabamisad koeficientebis gaTva-
liswinebiT (ix. I da II gantolebebi). Tu am or naxevarreaqcias Se-
vajamebT, miviRebT mimdinare Jangva-aRdgeniTi reaqciis Semok-
lebul ionur gantolebas: 

3 Cu + 2 NO3
- + 8 H+ → 3 Cu+2 + 2 NO + 4 H2O 

 reaqciis gantolebis molekuluri formiT Casawerad Semok-
lebuli ionuri gantolebis marcxena mxares yovel ions mis sapi-
rispiro ions mivuwerT; es ukanaskneli ucvlelad gadadis miRe-
buli produqtebis SemadgenlobaSi: 

3 Cu + 2 NO3
- + 8 H+ → 3 Cu+2 + 2 NO + 4 H2O (8H+-s `aklia~ kidev 6 NO3

-) 
6 NO3

- → 6 NO3
- 
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3 Cu + 8 HNO3 → 3 Cu+2 + 2 NO + 4 H2O 
an molekuluri formiT: 

3 Cu + 8 HNO3 → 3 Cu(NO3)2 + 2 NO + 4 H2O 
analogiurad SeiZleba, naxevarreaqciebis meTodis gamoyene-

biT, kaliumis permanganatis xsnarSi gogirdwyalbadis daJangvis 
reaqciis gantolebaSi moreagire nivTierebebisaTvis koeficien-
tebis SerCeva (Tu viciT reaqciaSi Sesuli nivTierebebi da reaq-
ciis produqtebi). am procesSi mJava ares permanganatis xsnarSi 
gogirdmJavas damatebiT qmnian: 

H2S + KMnO4 + H2SO4
 → S + MnSO4 + K2SO4 + H2O 

vadgenT or naxevarreaqcias: 
I.    H2S - 2e → S + 2 H+ 
II. MnO4

- + 8 H+ + 5e → Mn2+ + 4 H2O 
(gogirdis gamoyofis gamo xsnari imRvreva) 

an Sejamebulad (5-ze da 2- ze `gamravlebis~ gaTvaliswinebiT): 

5 H2S + 2 MnO4
- + 16 H+ → 5 S + 2 Mn2+ + 8 H2O 

2 K+ + 3 SO4
2- → 2 K+ + 3 SO4

2- 
5 H2S + 2 KMnO4 + 3 H2SO4 → 5 S + 2 MnSO4 + K2SO4

 + 8 H2O 

9.3 aris, temperaturis, koncentraciis da 
katalizatoris gavlena Jangva-aRdgeniTi 

reaqciebis mimdinareobaze 

9.3.1 reaqciis aris gavlena 

Jangva-aRdgeniTi reaqciebi SeiZleba mimdinareobdes mJava  
(H+-ionebis siWarbisas), neitralur (H2O) da tute areSi 
(hidroqsid-ionebis siWarbisas).  

sareaqcio are arsebiT gavlenas axdens: 
1. reaqciis mimdinareobis xasiaTze; 
2. moreagire nivTierebis Semadgeneli atomebis Jangvis 

xasiaTis cvlilebaze; 
3. calkeul SemTxvevebSi, sareaqcio narevis feris 

cvlilebaze. 
KMnO4, rogorc mJangavi, mraval reaqciaSi gamoiyeneba. zogi-

erT maTgans arsebiTi praqtikuli mniSvneloba aqvs. Sesabamisi 
reaqciebis mimarTuleba damokidebulia ara marto reaqciis iseT 
pirobebze, rogoricaa koncentracia da temperatura, aramed, Zi-
riTadad areze. kerZod, dadgenilia, rom MnO4

--is ioni mJava are-
Si aRdgeba Mn+2-mde, neitralurSi — MnO2-mde, xolo tute areSi — 
MnO4

-2-mde, rasac, saTanadod, sareaqcio narevis feris cvlileba 
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mosdevs. reaqciis aris gavlenis zogadi sqema Semdegnairad SeiZ-
leba gamovsaxoT (permanganatis SemTxveva). 

daJanguli forma:             aRdgenili forma: 

MnO4
-

(H+)

MnO4
2-

MnO2
(H2O)

(OH-)

(ufero xsnari)

(mura naleqi)

(mwvane feris xsnari)

iisferi an vardisferi

Mn2+

 
(sqema) 

permanganatis an sxva Zlieri (energiuli) mJangavebis gamoye-
nebis SemTxvevaSi, mJava aris Sesaqmnelad ZiriTadad xmaroben go-
girdmJavas, vinaidan azotmJavas gamoyeneba SezRudulia misi 
Zlieri mJangavi unaris gamo, xolo marilmJava TviTon iJangeba 
airadi qloris gamoyofiT. 

Cveulebriv, tute aris Sesaqmnelad gamoiyeneba natriumis da 
kaliumis hidroqsidebis wyalxsnarebi. 

ganvixiloT konkretuli reaqciebi, romelTa mimarTulebis 
xasiaTze arsebiT gavlenas axdens sareaqcio are: 

a)   5 H2S + 2 KMnO4 + 3 H2SO4 
(H+)

5 S + 2 MnSO4 +K2SO4
 + 8 H2O 

Mn+7 + 5e → Mn+2                    2 
S-2 - 2e → So                              5 

b)   3 Na2SO3 + 2 KMnO4 + H2O 
(H2O)

3 Na2SO4
 + 2 MnO2 + 2 KOH 

Mn+7 + 3e → Mn+4                    2 
S+4 - 2e → S+6                            3 

g)   Na2SO3 + 2 KMnO4 + 2 NaOH 
(OH-)

Na2SO4
 + K2MnO4 + Na2MnO4 + H2O 

Mn+7 + 1e → Mn+6                   1 
S+4 - 2e → S+6                           2 

aseve sareaqcio arezea damokidebuli wyalbadis peroqsidis 
monawileobiT mimdinare Jangva-aRdgenis reaqciebi: 

a) FeSO4 + H2O2 + H2SO4 
(H+) Fe2(SO4)3 + H2O 

koeficientebis SerCevas vaxdenT naxevarreaqciebis (eleq-
tronul-ionuri balansis) meTodiT: 

I.  Fe2+ - e → Fe3+                                         2 
II. H2O2 + 2 H+ + 2e → 2 H2O         1 ,   
e.i.:            
2 Fe2+

 + H2O2 + 2 H+ (H+) 2 Fe3+ + 2 H2O   
an molekuluri formiT: 
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2 FeSO4 + H2O2 + H2SO4 
(H+) Fe2(SO4)3 + 2 H2O 

b)    H2O2  + KMnO4 + H2SO4 → O2
↑ + MnSO4 + K2SO4 + H2O 

      (aRmdgeni)    (mJangavi) 

H2O2 – 2e → O2 + 2 H+ 

MnO4
- + 8 H+ + 5e → Mn2+ + 4 H2O  

9.3.2 temperaturis gavlena 

temperaturis gavlena Jangva-aRdgeniTi reaqciis mimarTu-
lebaze naTlad Cans Semdegi magaliTidan. tutis ganzavebul 
xsnarze qloris moqmedebisas oTaxis temperaturaze warmoiqmne-
ba hipoqloriti da qloridi: 

Cl2 + 2 NaOH → NaClO + NaCl + H2O, 
Cl + 2OH- - e             ClO- + H2O

Cl + e             Cl-1

1

Cl2 + 2OH-          ClO- + Cl- + H2O 
gacxelebisas, Zlier tute areSi qloris gatarebisas miiReba 

qlorati da qloridi: 

3 Cl2 + 6 NaOH → NaClO3 + 5 NaCl + 3 H2O, 

 

9.3.4 koncentraciis gavlena 

koncentraciis gavlena ganvixiloT metalebze azotmJavas 
moqmedebis magaliTze.  

ganvixiloT, rogor reagirebs koncentrirebuli da ganzave-
buli azotmJava vercxlTan. sqemis Tanaxmad koncentrirebuli 
azotmJava mZime metalebTan unda aRdges NO2-mde. garda amisa, 
war-moiqmneba marili AgNO3 da wyali. maSin reaqciis sqema iqneba: 

Ag  +  HNO3 (konc.)
0 +5

AgNO3 + NO2 + H2O
+1 +4

 
reaqciis gantolebaSi koeficientebs vpoulobT naxevarreaq-

ciis meTodiT: 
Ag e- = Ag+

NO3
- + 2H+ + e-           NO2 + H2O

Ag + NO3
- + 2H+             Ag+ + NO2 + H2O

1
1

 
anu 
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Ag + 2HNO3 (konc.) AgNO3 + NO2 + H2O 
ganzavebuli azotmJava vercxlTan (mZime metalTan) urTi-

erTqmedebis dros aRdgeba NO-mde da warmoiqmneba marili AgNO3 
da wyali: 

Ag  + HNO3 (ganz.) AgNO3 + NO + H2O
+1 +20 +5

Ag e- = Ag+

NO3
- + 4H+ + 3e-           NO + 2H2O

3Ag + NO3
- + 4H+          3Ag+ + NO + 2H2O

3
1

 
3Ag + 4HNO3 (ganz.) 3AgNO3 + NO + 2H2Oanu: 

Jangva-aRdgeniTi procesebis roli qimiaSi, teqnologur 
procesebSi da yoveldRiur cxovrebaSi fasdaudebelia. es pro-
cesebi udevs safuZvlad metalebisa da Senadnobebis miRebas, 
wyalbadis, halogenebis, azotovani sasuqebis, tuteebis, samkur-
nalo preparatebis miRebas da a.S. uamrav process. Jangva- aRdge-
niTi reaqciebis mimdinareoba mWidro kavSirSia biologiuri mem-
branebis funqcionirebasTan, sunTqvasa da saWmlis monelebis 
procesebTan. akumulatorebis muSaoba, metalTa nakeTobebis da-
farva mdgradi metaluri safariT, metalTa gasufTaveba da sxva 
uamravi mniSvnelovani procesi Jangva-aRdgeniTia.   

9.3.5.  katalizatoris gavlena 

Jangva-aRdgeniTi reaqciis mimarTulebaze arsebiT gavlenas ax-
dens katalizatori. is ara marto aCqarebs reaqcias, aramed gansazR-
vravs mis mimarTulebas. magaliTad, kaliumis qlorati (berToles 
marili) katalizatorebis TandaswrebiT iSleba kaliumis qloridis 
da Jangbadis warmoqmniT, maSin rodesac ukatalizatorod ori axali 
marili — kaliumis perqlorati da kaliumis qloridi miiReba: 

2 KClO3 →  2 KCl + 3O2 
4 KClO3 → KCl + 3 KClO4 

9.3.5.  Jangva-aRdgeniTi reaqciebis mimarTuleba. 
Jangva-aRdgeniTi potencialebi 

Jangva-aRdgeniTi procesebis ganxilvisas xSirad gamoiyeneba 
gamoTqmebi: Zlieri mJangavi, aqtiuri aRmdgeni. magaliTad, kali-
umis permanganati mJava areSi ufro Zlieri mJangavia vidre tute 
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da neitralurSi. magram es Sefasebis mxolod Tvisebrivi mxarea 
da ara raodenobrivi. saWiroa ama Tu im Jangva-aRdgeniTi wyvilis 
Zala Sefasdes raodenobrivad da SesaZlebeli gaxdes Jangva-aR-
dgeniTi reaqciebis mimarTulebis gansazRvra. aseT sidides Jan-
gva-aRdgeniTi potenciali warmoadgens.  

Jangva-aRdgeniTi reaqciebis, iseve rogorc nebismieri sxva 
reaqciis mimarTuleba ganisazRvreba izoTermul-izobaruli po-
tencialis cvlilebiT. magram garda amisa xsnarSi an xsnarTan Se-
xebisas mimdinare Jangva-aRdgeniTi reaqciebSi monawile nivTie-
rebebis aqtivobis raodenobrivi daxasiaTeba xdeba e.w. eleqtro-
duri potencialebis, anu rogorc zemoT aRvniSneT, Jangva-aR-
dgeniTi potencialebis gamoyenebiT. 

standartul pirobebSi mimdinare reaqciebisTvis jibsis 
energiis cvlilebasa da eleqtrodur potencials Soris kavSiri 
gamoisaxeba gantolebiT —∆G = nFE0 sadac  ∆G - jibsis energiis 
cvlilebaa, F-faradeis ricxvi, n – Jangva-aRdgeniT procesebSi 
monawile eleqtronebis raodenobaa molebiT, E0 — ki standartu-
li eleqtroduli potenciali. gaxsnil nivTierebaTa standar-
tuli eleqtroduli potencialebi (iseve rogorc ∆G) ganisazR-
vreba xsnarebisaTvis gaxsnili nivTierebis koncentraciiT 
1mol/l, airadinivTierebebis SemTxvevaSi, wneviT 101325 pa. tem-
peratura standartuli pirobebisaTvis miRebulia 250C anu 298K.   

ra aris eleqtroduli potenciali da rogor xdeba praqtiku-
lad misi gansazRvra? nebismieri metalis moTavsebisas misive io-
nebis Semcvel xsnarSi metal-xsnaris gamyof zedapirze aRiZvreba 
potencialTa sxvaoba, romelsac metalis eleqtroduri poten-
ciali ewodeba. 

Mn+
(xsn) + nē ↔ M(kr) 

metalsa da xsnars Soris aRZruli potencialTa sxvaobis 
uSualod gazomva Zalian Znelia, magram gacilebiT advilia ga-
zomva or aseT sistemas Soris, romlebic galvanuri elementis 
saxiT iqnebian SeerTebuli. nebismieri galvanuri elementi Sed-
geba ori naxevarelementisagan, romelTagan TiToeuli warmoad-
gens Jangva-aRdgeniT wyils e.i. sistemas, romelic Sedgeba qimiu-
ri elementis an ionis daJanguli da aRdgenili formebisagan. 

Jangva-aRdgeniTi potencialebis gansazRvrisas saWiroa imis 
gaTvaliswineba, rom maTi mniSvnelobebi garda am wyvilSi Semava-
li mJangavisa da aRmdgenis Zalisa damokidebulia xsnarSi misi 
ionebis koncentraciasa da temperaturaze. amitom miRebuli Se-
degebis Sedarebis SesaZleblobisaTvis aucilebelia erTnairi 
koncentraciis (aqtivobis) xsnarebis gamoyeneba (konkretulad er-
Ti mol-is toli koncentraciebiT); temperatura – 250C anu 298K. 
aseT pirobebSi miRebuli potencialebis mniSvnelobebi warmoad-
gens standartul eleqtrodul potencialebs (aRiniSneba E0-iT). 

ufro zustad, rom vTqvad standartuli is potencialia, ro-
melic aqvs mocemul Jangva-aRdgeniT sistemas procesSi monawi-
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le yvela komponentis erTeulis toli aqtivobis SemTxvevaSi 
298K temperaturis pirobebSi. amasTan Sesadarebeli Sedegebis 
misaRebad aucilebelia sxva da sxva Jangva aRdgeniTi wyvilis kom-
binireba erTsa da imave standartul wyvilTan. amisTvis gamoiyene-
ba e.w. wyalbadis normaluri eleqtrodi warmodgenili 2H+/H2 wyvi-
liT, wyalbadionebis koncentraciiT 1 mol/l, airadi  wyalbadis 
wneviT 1 atm. wyalbadis standartuli  eleqtroduli potencia-
lis mniSvneloba pirobiTad nulis tolad aris miCneuli. 

wyalbadis normaluri eleqtrodis mowyobiloba mocemulia 
nax. 9.1.  

dispersiuli platinis feniT (platinis Sava) dafaruli plati-
nis firfita moTavsebulia gogirdmJavas wyalxsnarSi wyalbadione-
bis erTi mol/l koncentraciiT. xsnarSi firfitis gaswvriv qvemo-
dan zemoT tardeba sufTa wyalbadis nakadi atmosferuli wnevis pi-
robebSi. firfitis zedapirze mimdinare procesebi ase gamoisaxeba: 

1/2H2(a)                H+
(xsn)+ ē 

 
     naxazi 9.1 wyalbadis normaluri eleqtrodis mowyobiloba 

rodesac daJanguli da aRdgenili formebis aqtivobebi 
xsnarSi erTeulis tolia da gazomva warmoebs 250C-ze. wyalbadis 
standartuli eleqtrodis mimarT — miRebuli Jangva-aRdgeniTi 
potencialebi aris standartuli.  

zogierTi Jangva-aRdgeniTi sistemis standartuli eleqtro-
duli potencialebis mniSvnelobebi mocemulia cxrilSi 9.2.  

romelime wyvilis, magaliTad, Fe3+/Fe2+, standartuli eleq-
troduli potencialis gansazRvris mizniT misi wyalbadis eleq-
trodTan kombinirebiT Rebuloben galvanur elements, romlis 
e.m.Z. iqneba am wyvilis standartuli eleqtroduli potenciali. 
am elementis e.m.Z. aRmoCnda 0.77 voltis toli, amitom:  

                   e.m.Z.= E0
Fe

3+
/Fe

2+
 - E0

2H
+

/H2 = 0.77 volti 

radgan E0
2H

+
/H2

 pirobiTad nulis tolia, amitom E0
Fe

 3+/Fe2+ = + 
0.77 volts, rac, imas niSnavs, rom wyalbadis standartul eleq-
trodTan mimarTebaSi is iTamaSebs dadebiTi polusis rols, xo-
lo potenciali uaryofiTi mniSvnelobis SemTxvevaSi iqneboda 
uaryofiTi polusi da elementis muSaobisas eleqtronebs gadas-
cemda wyalbadionebs  H2 - mde aRsadgenad.    
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Fe3+/Fe2+ wyvilis miRebuli mniSvneloba +0.77 volti aris wyal-
badis molekulebisagan — ionebis mier eleqtronebis warTmevis 
unaris sazomi. e.i. ionebi Jangavs wyalbadis molekulebs. 

Tu Fe3+/Fe2+ wyvils SeuwyvilebT wyalbadis standartul eleq-
trodis nacvlad Cl2/2Cl-, miRebuli elementis muSaoba gamoisaxeba 
sqemiT: 

H2 -2ē        2H+ 

Cl2+2ē        2Cl- 
_________ 
H2 +Cl2           2H+ + 2Cl- 

cxrili 9.2. zogierTi Jangva-aRdgeniTi sistemis standartuli eleqt-
roduli potencialebis mniSvnelobebi 

daJanguli forma
eleqtronebis 

ricxvi 
 

aRdgenili forma 
Φ0

298'
в 

 
Li+ 1е- Li -3,05 
Са2+ 2е- Са -2,87 
Nа+ 1е- Nа -2,71 
Н2 2е- 2Н- -2,25 
Аl3+ Зе- А1 -1,66 
Мn2+ 2е- Мn -1,18 
Zn2+ 2е- Zn -0,76 
Fe2+ 2е- Fе -0,44 
Cd2+ 2е- Cd -0,44 
Zn2+ 2е- Zn -0,14 
РЬ2+ 2е- Рb -0,13 
2Н+ 2е- Н2 0,00 

SO4
2-+ 2Н+ 2е- S03

2- + Н2О 0,22 
Сu2+ 2е- Сu 0,34 

I2 2е- 2I- 0,54 
Fe3+ 1е- Fе2+ 0,77 
Ag+ 1е- Аg 0,80 
Hg+ 2е- Нg 0,85 

NO3
- +4Н+ Зе- N0 +2Н2О 0,96 
Вr2 2е- 2Вг- 1,07 

MnO2
 +4Н+ 2е- Мn2+ + 2Н2О 1,23 

Сг2О7
2- + 14Н+ 6е- 2Сгз+ + 7 Н2О 1,33 
С12 2е- 2С1- 1,36 

ClO-
3 + 6Н+ 6е- Cl- +3Н2О 1,45 

MnO4
- +8Н+ 5е- Мn2+ + 4Н2О 1,51 

MnO4
- +4Н+ Зе- Мn02 + 2Н20 1,68 

F2 2е- 2F- 2,87 

Cl2/2Cl- wyvilis standartuli potenciali metia, vidre 
Fe3+/Fe2+   wyvilisa:  

E 0Cl2/2Cl- = +1,36 volts 

cxadia, rom Cl2-is, rogorc mJangavis aqtivoba, Fe3+-ionebis 
mJangav aqtivobaze gacilebiT maRalia. Sesabamisad, Cl- ufro sus-
ti aRmdgenia vidre Fe3+, e.i. rac ufro maRalia mocemuli wyvilis 
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standartuli eleqtroduli potencialis mniSvneloba miT uf-
ro Zlieri mJangavia misi daJanguli forma da miT ufro susti 
aRmdgenia misi aRdgenili forma. yvelaze Zlieri mJangavia fTo-
ri (E0=+2.87 volts) Zlieri mJangavebis ricxvs miekuTvneba agreT-
ve MnO-

4 - ionebi mJava garemoSi (E0 = +1.5v).  Cr2O7
2- mJava garemoSi 

(E0=+1.36 volts) da a.S. Zlieri aRmdgenebia tute da tutemiwaTa 
metalebi, agreTve Mg, Al, Zn da sxv. Zlieri aRmdgenia AsH3, agreTve 
V2+, Ti3+ da a.S F- praqtikulad ar aris aRmdgeni, radgan ar arsebobs 
mJangavi, romelic eleqtrons daakargvinebs. ionebisagan eleq-
tronebis dakargva mxolod eleqtrolizis gziT SeiZleba roca 
kombinirebulia ori Jangva-aRdgeniTi wyvili, oridan ufro Zlie-
ri mJangavi eleqtronebi arTmevs yfro Zlier aRmdgens, ris Sede-
gadac miiRebian ufro susti aRmdgeni da mJangavi. magaliTad, ori 
wyvilidan Cl2/2Cl- da Fe3+/Fe2+  ufro Zlieri mJangavia Cl2 (E 0 = +1,36 
v) da ufro Zlieri aRmdgenia Fe2+ ionebi  (E 0 = +0.77v), amitom Sesaba-
misad, reaqcia am or wyvils Soris Semdegi mimarTulebiT midis: 

Cl2 + 2Fe2+ → 2Cl + 2Fe3+ 
reaqcia wava gamosavalTan SedarebiT ufro susti aRmdgenis (Cl-

) da warmoqmnis mimarTulebiT. amrigad, ufro susti mJangavis  (Fe3-
+)-is standartuli eleqtroduli potencialebis mniSvnelobebis 
saSualebiT SesaZlebelia xsnarebSi mimdinare sxvadasxva Jangva-aR-
dgeniTi reaqciebis mimarTulebis gansazRvra. magram eleqtrodu-
li potencialebis mniSvnelobebi ar aris ucvleli. isini damokide-
bulia xsnarSi daJanguli da aRdgenili formebis koncentraciebze  

(aqtivobaze), temperaturaze, gamxsnelis bunebaze, aris pH-ze 
da aS.    aRdgenili formebis eleqtroduli potencialis damoki-
debuleba daJanguli da koncentraciaze da temperaturaze gamo-
isaxeba nernstis gantolebiT: 

E= E0 +RT
nF

ln [CmJangavi]
[CaRmdgeni] , 

sadac E0 aris wyvilis standartuli eleqtroduli potenci-
ali, R – airebis universaluri mudmivaa (8.31 jouli/mol, K), T-
absoluturi temperaturaa kelviniT, F faradeis ricxvia (96 500 
kuloni/ek.). Tu am gantolebaSi SevitanT mudmivebis ricxviT 
mniSvnelobebs da naturaluri logariTmidan gadavalT aTo-
biTze, formula miiRebs Semdeg saxes (200 C): 

 

E= E0 + 0.058
n

lg [CmJangavi]
[CaRmdgeni]  

magaliTad, Fe3+/Fe2+ wyvilisaTvis:  
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0.058
n

lg
[Fe3+]

[Fe2+]
0,77+Fe2+Fe3+/E =

 
Tu magaliTad, [Fe3+] = 1mol/l da [Fe2+] = 0.0001 mol/l, maSin 

reaqciisTvis:     
MnO4

- +8H+ + 5e→Mn 2++ 4H2O 

MnO4
-/Mn2+E =1.51+ 0.058

n
lg [MnO4

-][H+]8

[Mn2+]  
mxedvelobaSi vRebulobT, rom wyvilis koncentracia mudmi-

via. standartuli pirobebisaTvis, e.i roca 

=[MnO4
-]                      [H+][Mn2+] = = 1 mol/l

                                                                                                                 
 
miviRebTE=E0=1.51volts. 
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10. dispersiuli sistemebi. xsnarebi 

    10.1 xsnarebi. xsnarTa tipebi.                            

nivTierebaTa gaxsnis kanonzomierebebi. 
gamxsnelebi. wyali — unikaluri gamxsneli. 

nivTierebaTa xsnadoba,                                          
xsnadobis raodenobrivi daxasiaTeba 

xsnarebi dispersiul sistemebs warmoadgens. dispersiuli 
ewodeba mikroheterogenul sistemebs, romelSic erTi nivTiere-
bis nawilakebi ganawilebulia meore nivTierebis nawilakebs So-
ris. am nivTierebas dispersiuli faza ewodeba, xolo dispersiu-
li sistemis im nawils, romelSic dispersiuli faza aris ganawi-
lebuli – sadispersio are. 

dispersiuli fazis nawilakebis zomis mixedviT ganasxvaveben 
sami tipis dispersiul sistemas: uxeSi dispersiuli sistemebi: 
suspenziebi da emulsiebi nawilakebis zomiT 1 mk (10-4 sm)-ze meti, 
koloiduri xsnarebi (dispersiuli fazebis nawilakebi 1 — 0.1 mk-
is rigisaa) da WeSmariti xsnarebi — dispersiulobis maqsimaluri 
xarisxiT. gaxsnili nivTiereba danawilebulia molekulebamde an 
ionebamde. 

ganvixiloT WeSmariti xsnarebi.  
WeSmariti xsnari aris homogenuri sistema, romelic Sedgeba 

ori an meti komponentisagan, romelTa raodenobrivi Tanafardo-
ba sakmaod farTo zRvrebSi SeiZleba Seicvalos. 

yvela xsnari Sedgeba gamxsnelisa da gaxsnili nivTierebisa-
gan. gamxsnels Cveulebriv im komponents eZaxian, romelic igive 
agregatul mdgomareobaSia, rogorSic xsnari, xolo roca orive 
erTsa da imave agregatul mdgomareobaSia, maSin gamxsneli is niv-
Tierebaa, romelic ufro didi raodenobiT aris aRebuli. 

erTgvarovnebiT xsnari qimiur naerTs gavs. garda amisa, xsna-
ris damzadebisas, iseve rogorc naerTis warmoqmnisas, adgili 
aqvs siTbur efeqts, rac gamxsnelisa da gaxsnili nivTierebis qi-
miuri urTierTqmedebis damadasturebelia. aRsaniSnavia, rom 
xsnarebsa da naerTebs Soris mniSvnelovani gansxvavebac aris. 
xsnarebi xasiaTdeba cvladi SedgenilobiT, maSin, roca naerTebs, 
ZiriTadad, mudmivi Sedgeniloba aqvs. cvladi SedgenilobiT 
xsnari meqanikur narevs mogvagonebs, Tumca misgan erTgvarovne-
biT gansxvavdeba. aqedan gamomdinare, xsnari arc naerTia da arc 
narevi, mas ukavia Sualeduri mdgomareoba qimiur naerTebsa da 
meqanikur narevebs Soris.  



 

10.1.1.  gaxsnis procesis ZiriTadi Teoriebi                      
da kanonzomierebebi 

gaxsnis procesis Sesaxeb ori ZiriTadi Teoria arsebobs: fi-
zikuri da qimiuri. fizikuri Teoriis mixedviT (vant-hofi, are-
niusi) gamxsneli ganixileba inertul ared, romelSic Tanabrad 
aris ganawilebuli gaxsnili nivTierebis nawilakebi, maT Soris 
qimiuri urTierTqmedebis gareSe. 

gaxsnis qimiur Teorias safuZveli d.i. mendeleevma Cauyara XIX 
saukunis 60-ian wlebSi. eqsperimentul monacemebze dayrdnobiT man 
wamoayena Teoria xsnarebSi gamxsneli da gaxsnili nivTierebebis qi-
miuri urTierTqmedebis produqtebis arsebobis Sesaxeb. urTier-
Tqmedebis produqtebi kompleqsebia, romelTac zogadad solva-
tebs uwodeben, xolo wyalxsnarebis SemTxvevaSi – hidratebs. 

   hidratacia, rogorc saerTod, solvatacia, gamxsnelisa da 
gaxsnili nivTierebis bunebisagan damokidebulebiT sxvadasxva 
gziT xorcieldeba: donorul-aqceptoruli, ion-dipoluri, di-
pol-dipoluri, SeiZleba wyalbaduri bmebis warmoqmnasac hqon-
des adgili. magaliTad, protonisa da amiakis hidratebi miiReba 
donorul-aqceptoruli meqanizmiT. 

H:O:+H+

H

:
: H:O:H+

H

:
:

 
  ion-dipolur urTierTqmedebas adgili aqvs wyalSi ionuri 

naerTebis gaxsnisas, xolo dipol-dipolur urTierTqmedebas 
wyalSi polaruli naerTebis gaxsnisas. 

  garda energetikuli faqtorisa, gaxsnis procesis qimiur xa-
siaTze sxva faqtorebic miuTiTeben. magaliTad, eTilis spirtis 
wyalSi gaxsnisas xsnaris moculoba aRebuli nivTierebis (spirti 
da wyali) saerTo moculobis 3.5 %-iT mcirdeba, rac hidratebis 
warmoqmnasTan aris dakavSirebuli. amjerad spirtisa da wylis 
molekulebis dakavSireba wyalbaduri bmebiT xorcieldeba: 

 
zogjer gaxsnas feris cvlilebac axlavs. magaliTad TeTri 

feris CuSO4-is wyalSi gaxsnisas CuSO4-is cisferi xsnari miiReba, 
rac spilenZis aqvakompleqsis warmoqmnasTan aris dakavSirebuli. 
aqe-dan gamomdinare, xsnarebs SeiZleba aseTi ganmarteba mivceT: 
xsnari aris ori an metkomponentiani homogenuri sistema, rome-
lic Sedgeba gamxsnelis, gaxsnili nivTierebisa da maTi urTi-er-
Tqmedebis produqtebisagan. 
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10.1.2.  gaxsnis procesis Termodinamika 

rogorc ukve avRniSneT, xsnaris damzadebas axlavs siTburi 
efeqti. zogierTi nivTierebis wyalSi gaxsnisas siTbo gamoiyofa, 
ris Sedegadac sistemis enTalpia mcirdeba. 

enTalpiis cvlilebas, romelsac aqvs adgili 1 moli nivTie-
rebis gaxsnisas, am nivTierebis gaxsnis enTalpia ewodeba. Tu gax-
snis procesi egzoTermulia, gaxsnis enTalpias aqvs uaryofiTi 
mniSvneloba, ∆H<0. tuteebis (NaOH, KOH) wyalSi gaxsnis enTalpia 
uaryofiTia. ∆Hgax.(KOH) = – 55.6 kj/moli. 

amoniumis nitratis wyalSi gaxsna endoTermuli procesia, e.i. 
misi gaxsnis enTalpia dadebiTia. ∆Hgax.(NH4NO3) = 26.4 kj/moli.   

kristaluri nivTierebis gaxsna pirobiTad SeiZleba warmo-
vidginoT, rogorc ramdenime safexurad mimdinare procesi: pir-
vel etapze xdeba kristaluri struqturis (mesris) rRveva, ra-
zec garkveuli energia ixarjeba. es safexuri yvela SemTxvevaSi 
midis energiis xarjviT, e.i. endoTermulia (∆Hkr > 0), warmoqmnili 
nawilakebi (molekulebi an ionebi, atomuri struqturis naerTe-
bi wyalSi praqtikulad uxsnadia) urTierTqmedeben gamxsnelis 
molekulebTan kompleqsebis — e.w. solvatebis (wylis SemTxvevaSi 
hidratebis) warmoqmniT. es safexuri siTbos gamoyofiT mimdina-
reobs. solvatacia egzoTermuli procesia (∆Hhidr < 0), garda ami-
sa, adgili aqvs agreTve gaxsnili nivTierebis nawilakebis difu-
zias gamxsnelSi, razec energia ixarjeba (∆Hdif). 

gaxsnis sruli enTalpia (∆Hgax), SeiZleba gamovTvaloT am sami 
wevris jamis saxiT: ∆Hgax = (+)∆Hkr + (-)∆Hhidr + (∆Hdif), ∆Hdif imde-
nad umniSvneloa, rom is SeiZleba ugulebelvyoT: 

∆Hgax = (+)∆Hkr + (-)∆Hhidr             (10.1) 

gaxsnis procesi siTbos gamoyofiT wava Tu STanTqmiT, am ori 
wevris Tanafardobaze aris damokidebuli. 

Tu kristaluri struqturis daSlaze meti energia daixarja, 
vidre gamoiyo, hidrataciis dros gaxsna mimdinareobs siTbos 
StanTqmiT (NH4NO3), piriqiT, Tu hidrataciis siTbo kristaluri 
struqturis rRvevisaTvis saWiro energias gadaaWarbebs, maSin 
myar nivTierebaTa (magaliTad, NaOH, KOH) gaxsnisas adgili 
eqneba siTbos gamoyofas: 

|∆Hkr| < |∆Hhidr| 
gaxsnis procesi SeiZleba iyos endoTermuli, rodesa:c |∆Hkr| 

> |∆Hhidr| (magaliTad, NH4NO3). 
airebis gaxsna erT safexurad mimdinareobs (misi molekulebis 

daSorebaze energia ar ixarjeba). es safexuri misi molekulebis 
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hidrataciaa, romelic yovelTvis egzoTermuli procesia, amitom 
airis gaxsna yovelTvis siTbos gamoyofiT mimdinareobs (∆H < 0). 

gaxsnis procesis dros entropiis cvlilebasac aqvs adgi-li. 
kerZod, nivTierebaTa gaxsna mimdinareobs sistemis entropiis 
zrdiT, radgan erTi nivTierebis (gaxsnilis) meore nivTierebaSi 
(gamxsnelSi) Tanabari ganawilebisas mkveTrad izrdeba sistemis 
mikromdgomareobebis ricxvi. amitom, miuxedavad imisa, rom bevri 
kristaluri nivTierebis gaxsna endoTermuli procesia (∆H > 0), 
gaxsnisas sistemis jibsis Tavisufali energiis cvlilebas aqvs 
uaryofiTi mniSvneloba (∆G < 0), ris gamo gaxsnis procesi Tavis-
Tavad mimdinareobs. 

10.1.3.  hidratebi da kristalhidratebi 

rogorc zemoT avRniSneT, gaxsna erTdroulad mimdinare fi-
zikuri da qimiuri procesebis erTobliobaa. gaxsnis procesis qi-
miur xasiaTs pirvel rigSi procesis damaxasiaTebeli enTalpiis 
cvlileba amtkicebs. gamxsnelis da gaxsnili nivTierebis ur-
TierTqmedebis produqtebi solvatebia, wylis SemTxvevaSi ki 
hidratebi. 

hidratebi, rogorc wesi, aramdgradi naerTebia, bevr SemTx-
vevaSi gamxsnelis aorTqlebisas isini iSlebian, magram zogierTi 
hidrati mtkicea da xsnaridan gaxsnili nivTierebis gamoyofisas, 
wylis molekulebis gansazRvruli raodenoba rCeba am nivTiere-
bis kristalis SedgenilobaSi. myar nivTierebebs, romelTa kris-
talebi wylis molekulebs Seicaven, kristalhidratebi ewode-
baT, xolo maT SedgenilobaSi Semaval wyals kristalizaciuri 
wyali. magaliTad, spilenZis (II) sulfatis kristalhidratis (Sa-
biamnis Sedgeniloba gamoisaxeba formuliT CuSO4e5 H2O, rac ima-
ze miuTiTebs, rom am kristalhidratSi CuSO4-is yovel erT mol-
ze modis xuTi moli wyali. natriumis sulfatis kristalhidra-
tis, e.w. glauberis marilis formula Na2SO4e10 H2O, kalcinire-
buli (sarecxi) sodis — Na2CO3·10 H2O da a.S. 

kristalhidratebSi marilisa da wylis molekulebs Soris 
kavSiris simtkice gansxvavebulia. zogierTi maTgani oTaxis tem-
peraturazec ki kargavs kristalizaciur wyals, magaliTad, 
Na2CO3·10 H2O. zogierTi kristalhidratis gasauwyloeblad sak-
maod maRal temperaturaze gacxelebaa saWiro. magaliTad, 
AlCl3·6H2O-dan saerTod ar xerxdeba wylis gamoyofa. 
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10.1.4 xsnadoba.                                                 
xsnadobis raodenobrivi daxasiaTeba 

xsnadoba aris nivTierebis unari gaixsnas wyalSi an sxva gam-
xsnelSi. wyali iafi da unikaluri gamxsnelia. Txevad gamxsnelSi 
kristaluri nivTierebis gaxsna SeiZleba Semdegnairad warmovidgi-
noT: roca gasaxsneli nivTierebis kristali Txevad gamxsnelSi Seg-
vaqvs, misi zedapiridan xdeba calkeuli molekulebis (an ionebis) 
mowyveta, romlebic difuziis gamo Tanabrad nawildeba xsnaris 
mTel moculobaSi. kristalidan nawilakebis Camocileba erTis 
mxriv, maTi sakuTari rxeviTi moZraobiT da meores mxriv, gamxsne-
lis molekulebTan urTierTqmedebiT aris ganpirobebuli. es pro-
cesi am nivTierebis sruli gaxsniT damTavrdeboda, rom ara xsnarSi 
mimdinare meore, misi sawinaaRmdego procesi — kristalizacia. 

xsnarSi gadasuli nivTierebis nawilakebi moZraobisas ejaxeba 
ra jer kidev gauxsneli kristalis zedapirs, miizideba mis mier da 
brundeba am kristalis SedgenilobaSi – kristalur struqturas 
`miSendeba~. amasTan, Tavdapirvelad, xsnarSi gadasuli nawilakebis 
ricxvi gacilebiT metia, vidre gaxsnis Semdgom etapebze. magram 
gaxsnili nawilakebis ricxvis zrdasTan erTad izrdeba xsnaridan 
gamoyofili nawilakebis ricxvic da bolos dadgeba momenti, roca 
xsnarSi gadasuli da xsnaridan gamoyofili nawilakebis ricxvi ga-
toldeba. am movlenas maSin aqvs adgili, rodesac gaxsnis siCqare ga-
utoldeba gamokristalebis siCqares. am dros myardeba dinamikuri 
wonasworoba nivTierebis gaxsnil da gauxsnel nawilebs Soris. 

xsnars, romelic dinamikur wonasworobaSia gaxsnil niv-
TierebasTan, najeri xsnari ewodeba. e.i nivTierebis gaxsna mim-
dinareobs xsnaris gajerebamde. cnobilia najeri xsnaris sxvagva-
ri ganmartebac: najeria xsnari, romelSic mocemuli nivTiere-
ba, mocemul temperaturaze metad aRar ixsneba.  

xsnari ujeria, Tu imave temperaturaze masSi kidev SeiZ-
leba igive nivTierebis gaxsna. xsnari SeiZleba gaxsnili nivTie-
rebis mimarT iyos zenajeri. xsnars, romelic ufro met gaxsnil 
nivTierebas Seicavs, vidre najeri xsnari imave temperatura-
ze, zenajeri ewodeba. zenajeri xsnarebis misaRebad amzadeben 
cxel najer xsnarebs da Semdgom maT frTxilad aciveben. Tu ga-
civebis dros ar moxda nivTierebis gamokristaleba, am SemTxveva-
Si civi xsnari iqneba zenajeri. zenajer xsnarebs iyeneben myar 
nivTierebaTa gasasufTaveblad. am meTods gadakristalebas uwo-
deben. zenajeri xsnarebi aramdgradia, masSi igive nivTierebis an 
izomorfuli nivTierebis mcire zomis kristalis (kristaliza-
ciis centri) Setana sakmarisia nivTierebis gamosakristaleblad. 
am dros kristalizaciis procesi mimdinareobs xsnaris mTel mo-



culobaSi. amasTan, gamokristalebuli nivTiereba sufTaa, mina-
revi rCeba xsnarSi, radgan minarevisaTvis xsnari ujeria.  

nivTierebis xsnadobis raodenobriv maxasiaTebels warmoad-
gens xsnadobis koeficienti, romelic aris mocemul temperatu--
raze najeri xsnaris dasamzadeblad saWiro nivTierebis masis 
fardoba gamxsnelis moculobasTan (V). mas ubralod xsnadobasac 
uwodeben (S). xsnadobis ganzomilebaa g/l: 

S = mnivT/Vgamx                                (10.2) 
Tu gamxsnelis moculoba aris erTi litri, maSin S = mnivT, e.i. 

xsnadoba gviCvenebs mocemul temperaturaze gaxsnili nivTie-re-
bis zRvrul (maqsimalur) masas gamxsnelis 1 litrSi. 

xsnadobis mixedviT ganasxvaveben kargad xsnad, mcired xsnad 
da praqtikulad uxsnad nivTierebebs. Tu 100 grami gamxsneli 
(magaliTad, wyali) 10 gramze met nivTierebas xsnis, es nivTiereba 
kargad xsnadia. aseTi nivTierebebia: NaOH, KOH, NH4NO3, NH3, HCl, 
spirti da a.S. Tu 100 gram wyalSi 1 gramze naklebi nivTiereba ix-
sneba, igi mcired xsnadia. mcired xsnadi nivTierebebia: NaHCO3, 
Ca(OH)2, N2, O2, CaSO4 da a.S. xolo Tu 100 gram wyalSi 0.01 gramze 
naklebi nivTiereba ixsneba, is praqtikulad uxsnad nivTierebad 
iTvleba. praqtikulad uxsnadia mina, vercxli, navTi, mcenareuli 
zeTi, keTilSobili airebi da a.S. ar arsebobs absoluturad ux-
snadi nivTiereba. arsebobs praqtikulad uxsnadi nivTiereba. 

atomuri kristaluri struqturis mqone nivTierebebi (alma-
si, grafiti da a.S) praqtikulad uxsnadia. radgan arcerT gam-
xsnels ar SeuZlia naxSirbadis an siliciumis atomebTan warmoq-
mnas iseTi solvatebi, romelTa warmoqmnis energia (magaliTad, 
almasSi da grafitSi) C–C an Si–O bmebs daarRvevda. 

10.1.5.  xsnadobis damokidebuleba nivTierebaTa 
bunebaze, temperaturasa da wnevaze 

nivTierebaTa bunebaze xsnadobis damokidebulebis Sesaxeb 
uZvelesi droidan cnobilia empiriuli (cdaze damyarebuli) we-
si, romlis Tanaxmadac `msgavsi ixsneba msgavsSi~. ionuri da pola-
ruli naerTebi ukeTesad ixsneba polarul gamxsnelebSi (wyali, 
spirti, Txevadi amiaki da a.S), xolo arapolaruli naerTebi ara-
polarul gamxsnelebSi. Tumca, zemoT formulirebuli empiriu-
li wesi absoluturi ar aris da cnobilia gamonaklisebi (magali-
Tad, zogierTi nivTierebis xsnadoba benzolSi). 

SeiZleba iTqvas, rom dRemde ar arsebobs nivTierebaTa bune-
baze xsnadobis damokidebulebis Sesaxeb mwyobri Teoria. es gasa-
gebicaa, radgan am damokidebulebas gansazRvravs mravali faq-
tori. pirvel rigSi, qimiuri bmis buneba, rogorc gasaxsnel, ise 
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gaxsnil nivTierebaSi. wyali polaruli gamxsnelia, amitom wyal-
Si ukeTesad unda gaixsnas ionuri da polaruli nivTierebebi, 
radganac, orive SemTxvevaSi, gamxsnelis da gaxsnili nivTierebis 
nawilakebs Soris aRiZvreba eleqtrostatikuri urTierTqmede-
ba: ionuri naerTebis SemTxvevaSi – ion-dipoluri, polaruli naer-
Tebis SemTxvevaSi ki – dipol-dipoluri. am urTierTqmedebis Se-
degia myari nivTierebis kristalidan misi Semadgeneli nawilake-
bis gadasvla xsnarSi. unda aRiniSnos, rom, yvela ionuri naerTi 
wyalSi erTnairad ar ixsneba. am SemTxvevaSi, ukve mniSvneloba aqvs 
ionebis muxtsa da radiuss. rac ufro naklebia ionebis muxti da 
metia radiusi, kulonuri urTierTqmedeba ionebs Soris naklebia 
da wylis dipolebi ufro advilad axdens am ionebis daSorebas. 
magaliTad, SevadaroT tuteebis xsnadoba wyalSi. maTi xsnadoba 
izrdeba aseTi TanmimdevrobiT: Ca(OH)2, < Sr(OH)2, < Ba(OH)2. 

Ca(OH)2 mcired xsnadia, Ba(OH)2 kargad xsnadi tutea: ionTa 
muxtebi am SemTxvevaSi erTnairia, gansxvaveba aris kaTionebis ra-
diusebSi: radiusebis zrda amcirebs ionebs Soris kulonur ur-
TierTqmedebas, rac iwvevs xsnadobis gazrdas. 

rogorc avRniSneT, arapolaruli naerTebi kargad ixsnebi-an 
arapolarul gamxsnelebSi. magalioTad, naxSirwyalbadebi er-
TmaneTSi. magram eTilenuri naxSirwyalbadebi gogirdmJavaSic 
ixsneba, rac maTi qimiuri urTierTqmedebiT aris gamowveuli. e.i. 
Tu gasaxsneli nivTiereba da gamxsneli erTmaneTTan qimiurad 
urTierTqmedebs, es nivTiereba am gamxsnelSi gaixsneba. rogorc 
cnobilia, metalebi arc erT gamxsnelSi ar ixsnebian, garda mJa-
vebisa. mJavebSi maTi gaxsna qimiuri urTierTqmedebiT da wyalSi 
xsnadi naerTebis warmoqmniT aris gamowveuli.  

  kristaluri nivTierebis SemTxvevaSi didi mniSvneloba aqvs 
im Tanafardobas, romelic arsebobs kristaluri nivTierebis Se-
madgenel nawilakebs Soris arsebul bmis energiasa da hidrata--
ciis energias Soris. rac ufro aRemateba hidrataciis energia 
gasaxsneli nivTierebis Semadgenel nawilakTa Soris bmis energi-
as, miT ufro maRali iqneba am nivTierebis wyalSi xsnadoba. 

nivTierebaTa xsnadoba mniSvnelovnad aris damokidebuli tem-
peraturaze. myari nivTierebis xsnadoba Txevad gamxsnelSi yovel-
Tvis SezRudulia da umetes SemTxvevaSi temperaturis awevisas iz-
rdeba. temperaturaze xsnadobis damokidebuleba sxvadasxva myari 
nivTierebisaTvis gansxvavebulia da yvelaze moxerxebulad es da-
mokidebuleba gamoisaxeba grafikulad, e.w. xsnadobis mrudebiT. am 
mrudebis asagebad abscisTa RerZze izomeba temperatura, ordi-
natTa RerZze ki – am temperaturis Sesabamisi xsnadoba. xsnadobis 
mrudebze dakvirveba gviCvenebs, rom myar nivTierebaTa xsnadobis 
cvlileba temperaturis mixedviT sxvadasxva nivTierebisTvis gan-
sxvavebulia. ase, magaliTad, kaliumis, vercxlis, tyviis nitratebis 
xsnadoba temperaturis zrdiT mniSvnelovnad izrdeba, NaCl-is xsna-
dobis mrudi ki TiTqmis paraleluria abscisTa RerZisa (nax. 10.1). 
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naxazi 10.1  myari nivTierebebis xsnadobis mrudebi 

cnobilia iseTi myari nivTierebebic, romelTa xsnadoba tem-
peraturis gazrdiT mcirdeba. aseTia tuteebi, zogierTi marili, 
magaliTad, Li2CO3 da a.S. rTuli forma aqvs Na2SO4-is xsnadobis 
mruds (nax. 10.2.).temperaturis gazrdisas misi xsnadoba mkveTrad 
izrdeba, 32˚C-ze aRwevs maqsimums da Semdeg iwyebs Semcirebas. 
32˚C-ze Na2SO4-is xsnadoba maqsimaluria. 32˚C-mde najer xsnarTan 
wonasworobaSi imyofeba Na2SO4·10 H2O, romlis gaxsnac siTbos 
STanTqmiT mimdinareobs, amitom temperaturis gazrdiT xsnado-
ba izrdeba. 32˚C-is zemoT xsnarTan wonasworobaSi myofi myari 
faza aris uwylo marili Na2SO4, romlis gaxsna siTbos gamoyofiT 
mimdinareobs. amitom mcirdeba xsnadoba. 

myari nivTierebis wyalSi gaxsnisas sistemis moculoba umniS-
vnelod icvleba, amitom myari nivTierebebis xsnadoba wnevaze 
praqtikulad damokidebuli ar aris. 

10.2.  airadi nivTierebebis xsnadoba.                            
henris kanoni. daltonis kanoni 

airis wyalSi gaxsna egzoTermuli procesia. temperaturis awe-
visas airebis xsnadoba siTxeSi mcirdeba. marTlac, yoveldRiuri 
cxovrebidan cnobilia, rom Tbil oTaxSi civi wyliT savse Wiqis 
kedlebze SeiniSneba airis buStebi, rac gamowveulia temperaturis 
awevis Sedegad xsnarSi arsebuli airebis xsnadobis SemcirebiT. 

amave dros cnobilia calkeuli gamonaklisebic. magaliTad, 
wyalbadis xsnadoba Txevad amiakSi da zogierTi airebisa orga-
nul gamxsnelebSi temperaturis awevisas izrdeba. aseT SemTxve-
vaSi gaxsnas Tan axlavs endoTermuli procesebi. wylisaTvis am-
gvari faqtebi ar aris cnobili. wyalSi airis xsnadoba tempera-
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turis awevisas yovelTvis mcirdeba, radgan hidratacia yovel-
Tvis egzoTermuli procesia. 

siTxeSi airis gaxsnisas misi moculoba mniSvnelovnad mcir-
deba. amis gamo siTxeSi airis xsnadoba damokidebulia wnevaze. es 
damokidebuleba gamoisaxeba henris kanoniT: mudmiv temperatu-
raze gaxsnili airis masa airis wnevis pirdapirproporciulia: 

ρ = kP ,                          (10.3) 
sadac ρ airis masuri wilia (masuri wili) xsnarSi, k — propor-

ciulobis koeficienti (henris konstanta), P — airis wneva xsnars 
zemoT. k damokidebulia airisa da gamxsnelis bunebaze da ara wne-
vaze. marTlac, vTqvaT, V moculoba wyalSi ixsneba 1 mg airi, ro-
melic t˚C da P wnevis pirobebSi ikavebs V' moculobas. henris ka-
nonis Tanaxmad, 2P wnevis pirobebSi gaixsneba 2 mg airi. wnevis or-
jer gadidebisas airis simkvrive aseve orjer gaizrdeba, ris ga-
moc 2 mg airi daikavebs igive V' moculobas. 

amrigad, mudmiv temperaturaze erTi da imave moculobis gam-
xsnelSi gaxsnili airis moculoba mudmivia da ar aris damokide-
buli wnevaze. amis gamo airebis xsnadobas Cveulebriv gamoxata-
ven ara masis, aramed moculobis erTeulebiT (uTiTeben 100 ml 
gamxsnelSi gaxsnili airis moculobas). 

siTxeSi airTa narevis xsnadoba emorCileba daltonis ka-
nons, romelic SemdegSi mdgomareobs: Tu siTxis zemoT airTa na-
revia, TiToeuli airi gaixsneba parcialuri wnevis proporciu-
lad. moviyvanoT konkretuli magaliTi. gavixsenoT, rom haerSi 
Jangbadisa da azotis moculobiTi wilebia Sesabamisad 21 % da 79 
%. Tu airebis saerTo wnevaa 1 atm anu P = 101.325 kpa, maSin Jan-gba-
dis parcialuri wneva iqneba P(O2) = 21.278 kpa, azotis P(N2) = 80.046 
kpa. 20˚C-ze 100 ml wyalSi ixsneba 3.1 ml Jangbadi da 1.54 ml azoti. 
maSin zeviT gamoTvlili parcialuri wnevis mniSvne-lobis Sesa-
bamisad, 100 ml wyalSi gaixsneba 3.1 · 21.278/101.325 = 0.65 ml Jangba-
di da 1.54 · 80.046/101.325 = 1.1 ml azoti. 

henrisa da daltonis kanonebi samarTliania ganzavebuli 
xsnarebisaTvis mcire wnevisa da siTxis mimarT airis qimiuri 
inertulobis pirobebSi. 

aseve specifikuria siTxeebis gaxsna. sxvadasxva siTxe ixsne-
ba erTmaneTSi, zogi SeuzRudavad, magaliTad, eTilis spirti 
wyalSi. zogierTi siTxe meores mxolod garkveul zRvramde ere-
va. magaliTad, fenolis xsnadoba wyalSi SezRudulia. aseT Sem-
TxvevaSi, nivTierebaTa Serevisas miiReba orfaziani sistema: ze-
da fena fenolis najeri xsnaria wyalSi, qveda fena ki – wylis na-
jeri xsnaria fenolSi. umravles SemTxvevaSi temperaturis awe-
visas urTierTxsnadoba izrdeba manamde, vidre ar miiRweva siTx-
eebis SeuzRudavi xsnadobis Sesabamisi temperatura. temperatu-
ras, romlis drosac siTxeTa SezRuduli xsnadoba gadadis Se-
uzRudavSi, gaxsnis kritikuli temperatura ewodeba. 
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Tu or, erTmaneTSi uxsnadi siTxis Semcvel sistemaSi, Sevi-
tanT mesame nivTierebas, romelic TiTeul am siTxeSi ixsneba, ma-
Sin mesame nivTiereba am siTxeSi ganawildeba TiToeuli komponen-
tis Sesabamisi xsnadobis proporciulad. es movlena asaxulia ga-
nawilebis kanonSi, romelic SemdegSi mdgomareobs: nivTiereba, 
romelic ixsneba or erTmaneTSi Seurevad gamxsnelSi, maT Soris 
ganawildeba ise, rom Tanafardoba am siTxeebSi maT koncentraci-
ebs Soris mudmivi temperaturis pirobebSi, iqneba mudmivi da ar 
iqneba damokidebuli gaxsnili nivTierebis saerTo raodenobaze: 

KD(x) = C1(X) /C2(X) ,                                (10.4) 
sadac C1(X) da C2(X) X nivTierebis koncentraciebia pirvel da meo-

re gamxsnelSi; KD(x) aris erTmaneTSi uxsnad or siTxeSipnivTiere-
bis ganawilebis koeficienti. magaliTad, qloroformsa da wyals 
Soris iodis ganawilebis koeficienti aris 130, rac imas niSnavs, rom 
Tu iodis wyalsxsnars davasxamT qloroforms (romelic wyals ar 
ereva), SevanjRrevT da davayovnebT. wonasworobis damyarebis Semdeg 
iodi qloroformSi wyalTan SedarebiT 130-jer meti aRmoCndeba, mi-
uxedavad gaxsnili iodis saerTo raodenobisa, e.i qloroformis sa-
SualebiT SesaZlebelia iodis eqstragireba wyalxsnaridan. 

10.2.  xsnadobis namravli 

najeri xsnari warmoadgens heterogenul wonasworul siste-
mas, romelsac nivTierebis gauxsneli kristalebi mis gaxsnil na-
wilTan qmnis. eleqtrolitebis, magaliTad, marilebis wyalxsna-
rebis SemTxvevaSi xsnarSi gadadis ara molekulebi, aramed ione-
bi. amitom, marilebis najer wyalxsnarSi wonasworoba myardeba 
myar marilsa da misi disociaciiT warmoqmnil ionebs Soris. 
magaliTad, CaSO4-is wyalxsnarSi wonasworul sistemas qmnis ga-
uxsneli da misi disociaciiT warmoqmnili Ca2+ da SO4

2- ionebi. 
rogorc cnobilia, Seqcevadi procesebi raodenobrivad xasi-

aTdeba wonasworobis mudmivaTi (K), romelic tolia miRebul da 
aRebul nivTierebaTa (an ionebis) wonasworuli koncentraciebis 
fardobisa: 

K = [Ca2+][SO4
2-] /[CaSO4] 

(kvadratuli frCxilebiT gamosaxaven wonasworul 
koncentraciebs). 

am wiladis mniSvneli — gaxsnili myari marilis koncentracia 
najer xsnarSi mudmivi sididea. ori mudmivas namravlic mudmivaa, 
amitom SeiZleba davweroT: 

K′ = [Ca2+][SO4
2-]   

e.i. eleqtrolitebis najer wyalxsnarSi misi ionebis wonas-
woruli koncentraciebis namravli mocemul temperaturaze 

 226



mudmivi sididea. es sidide raodenobrivad axasiaTebs eleqtro-
litis gaxsnis SesaZleblobas, mas xsnadobis namravls uwodeben 
da aRniSnaven simboloTi `xn~. 

 Tu K′-s SevcliT xnCaSO4-iT, miviRebT: 

xnCaSO4 = [Ca2+][SO4
2-] 

xsnadobis saSualebiT advilia xsnadobis namravlis ricx-
viTi mniSvnelobebis dadgena. magaliTad, CaSO4-is xsnadoba 20˚C 
aris 1.5·10-2 moli/l. es imas niSnavs, rom CaSO4-is najer xsnarSi 
Ca2+ da SO4

2- ionebis wonasworuli koncentraciebia 1.5·10-2 
moli/l. Sesabamisad, am marilis xsnadobis namravli iqneba: 

xnCaSO4 = [Ca2+][SO4
2-] = (1.5·10-2)2 = 2.25·10-4 

im SemTxvevaSi, rodesac eleqtroliti Seicavs or an ramdeni-
me erTnair ions, xsnadobis namravlis gamoTvlis dros am ionebis 
koncentracia aRebuli unda iyos Sesabamisi xarisxis maCveneb-
liT, magaliTad: 

xnPbI2 = [Pb2+][I-]2 
xsnadobis namravlis codna saSualebas gvaZlevs gadavWraT 

iseTi sakiTxebi, romlebic dakavSirebulia qimiur reaqciebSi na-
leqis warmoqmnasTan an mis gaxsnasTan, rac gansakuTrebiT mniS-
vnelovania analizuri qimiisaTvis. mxedvelobaSi unda iqnas miRe-
buli, rom xsnadobis namravli, romelic gamoTvlilia aqtiuro-
bis koeficientis gaTvaliswinebis gareSe, warmoadgens mudmiv si-
dides mxolod mciredxsnadi eleqtrolitebisaTvis im pirobiT, 
rom xsnarSi myofi sxva ionebis raodenoba aris mcire. es imiT aix-
sneba, rom aqtiurobis koeficienti erTTan axlosaa mxolod Zli-
er ganzavebuli xsnarebisaTvis. 

kargad xsnadi eleqtrolitebisaTvis ionebis koncentracie-
bis namravli najer xsnarSi SeiZleba Zlier Seicvalos sxva nivTi-
erebebis Tanaobisas. es gamowveulia ionebis aqtiurobis koefi-
cientis cvlilebiT. amis gamo, xsnadobis namravlis gaTvlebs, 
romlebic gaangariSebulia aqtiurobis koeficientis gaTvalis-
winebis gareSe, mivyavarT araswor Sedegebamde. 

10.3.  xsnaris Sedgenilobis raodenobrivi 
gamosaxvis xerxebi 

nebismieri xsnaris mniSvnelovan maxasiaTebels misi Sedgeni-
loba warmoadgens. gaxsnili nivTierebis raodenobas, romelsac 
Seicavs xsnaris an gamxsnelis gansazRvruli raodenoba, xsnaris 
koncentracias uwodeben. xsnaris koncentraciis miaxloebiTi 
SefasebisaTvis praqtikaSi xSirad gamoiyeneba cnebebi: koncen-
trirebuli da ganzavebuli. 

 227 



xsnari, romelic gaxsnili nivTierebis mniSvnelovan raodeno-
bas Seicavs (gamomdinare misi xsnadobidan), iTvleba koncentrire-
bulad. magaliTad, HCl-is 37 %-iani xsnari maqsimalurad koncen-
trirebulia, gogirdmJavas koncentracia ki mis koncentrirebul 
xsnarSi 98 %-s SeiZleba aRematebodes. ganzavebuli xsnari ki gax-
snili nivTierebis gacilebiT mcire raodenobas Seicavs. 

arsebobs xsnaris Sedgenilobis gamosaxvis ramdenime xerxi: 
1. gaxsnili nivTierebis masuri wiliT (ω): 
 gaxsnili nivTierebis masuri wili gaxsnili nivTierebis masis 

xsnaris masasTan fardobis tolia: 

ω(gaxsn) =
m(gaxsn)

m(xsn)
ωgaxsn % =

m(gaxsn)

m(xsn)
100an

    (10.5) 
gaxsnili nivTierebis masuri wili uganzomilebo sididea. 

magaliTad, 20 %-iani Saqris xsnari niSnavs, rom am xsnaris 100 
gram Seicavs 20 gram gaxsnil nivTierebas da 80 gram anu 80 ml 
wyals. e.i. procentiT gamosaxuli gaxsnili nivTierebis masuri 
wili gviCvenebs 100 gram xsnarSi gaxsnili nivTierebis masas. 

gaxsnili nivTierebis moluri wili (φ) tolia gaxsnili nivTi-
erebis molebis ricxvis fardobisa xsnarSi Semavali yvela nivTi-
erebis (maT Soris gamxsnelisac) molebis ricxvis jamTan: 

ϕ(X) =
ν(X)

ν(X) + νgamx   ,              (10.6) 

ϕgamx =
νgamx

νX + νgamx

sadac φx aris gaxsnili nivTierebis moluri wili, ν(x) – misi 
molebis ricxvi.  gamxsnelis moluri wili, romelic aRiniSneba 
berZnuli asoTi φ, Semdegi gantolebiT gamoisaxeba: 

  
                                                               (10.7) 

sadac  טx xsnaris molebis ricxvia, xolo  טgamx – . gamxsnelisa. 
2. xsnarSi nivTierebis moluri koncentracia (Cx) ganisazR-

vreba gaxsnili nivTierebis molebis ricxvis xsnaris moculobas-
Tan fardobiT: 

Cx =
νX

vxsn
=

mx
M(x) vxsn  ,                 (10.8) 

sadac νx gaxsnili nivTierebis molebis ricxvia, mx – misi masa 
(g), Mx — am nivTierebis moluri masa.  

moluri koncentraciis ganzomilebaa moli/l. es gviCvenebs, rom 
1 litr xsnarSi gaxsnili nivTierebis molebis raodenobas. CHCl = 0.1 
moli/l niSnavs, rom am xsnaris 1 litri Seicavs 0.1 mol anu 3.65 g HCl-
s. molur koncentracias M-iTac aRniSnaven. magaliTad, 0.1 M niSnavs, 
rom xsnari aris 0.1 moluri, e.i. misi 1 litri Seicavs 0.1 mol gaxsnil 
nivTierebas. 2 M niSnavs, rom xsnari aris 2 moluri, e.i. misi 1 litri 
Seicavs 2 mol gaxsnil nivTierebas da a.S.  
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3. xsnaris molaloba (Cm) ganisazRvreba gaxsnili nivTiere-
bis molebis ricxvis fardobiT gamxsnelis  masasTan: 

Cm(x) =
νX

mgamx
=

mx
Mx mgamx   ,                       (10.9) 

sadac, νx gaxsnili nivTierebis molebis ricxvia, mx – am nivTi-
erebis masa (g), Mx — misi moluri masa, mgamx – gamxsnelis masa. 

vTqvaT, HCl-is xsnaris molaloba aris 0.1, es niSnavs, rom 1000 
gram wyalSi gaxsnilia 0.1 moli anu 3.65 gram HCl. 

4. nivTierebis ekvivalentis moluri koncentracia (Cek) anu 
xsnaris normaloba ganisazRvreba gaxsnili nivTierebis 
ekvivalentebis raodenobis fardobiT xsnaris  moculobasTan: 

                                                                   
Cek (x) =

νek

vxsn
                                                                        (10.10) 

 
Cek(NaOH) = 0.1 niSnavs, rom am xsnaris 1 litri Seicavs 0.1 ek-

vivalents anu 0.1 mol NaOH-s (erTmJavuri fuZeebisaTvis ekviva-
lentebis da molebis ricxvia tolia), e.i. 4 grams. normalobas N-
Tac aRniSnaven. 2N niSnavs, rom xsnari ornormaluria, e.i. misi er-
Ti litri Seicavs gaxsnili nivTierebis or ekvivalents. 

5. xSirad xsnaris koncentracias gamosaxaven titriT. titri 
gviCvenebs gaxsnili nivTierebis masas, gamosaxuls gramebiT, ro-
melsac Seicavs xsnaris 1 ml. 

titri da moluri koncentracia erTmaneTTan dakavSirebu-
lia formuliT: 

Tx =
C(x) M(x)

1000 ,                      (10.11) 
sadac C(x) x nivTierebis moluri koncentraciaa, M(x) — x 

nivTierebis moluri masaa. 
xsnaris titri normalobasTan dakavSirebulia Semdegi for-

muliT: 

Tx =
C(x) Mek (x)

1000 ,                 (10.12) 
sadac Cx aris xsnaris normaloba, Mek(x) aris x nivTierebis 

ekvivalentis moluri masa. 

10.4.  xsnarebis koligatiuri Tvisebebi 

koligatiuri xsnarebis iseT Tvisebebs ewodeba, romlebic 
xsnarSi mxolod nawilakTa ricxvzea damokidebuli. 

koligatiur Tvisebebs miekuTvneba: 
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osmosuri wneva, gamxsnelis najeri orTqlis wneva xsnaris zeda-
pirze, xsnaris duRilis temperatura, xsnaris gayinvis temperatura. 

10.4.1 osmosi da osmosuri wneva 

rogorc cnobilia, xsnari aris erTgvarovani sistema, sadac 
gaxsnili nivTiereba siTburi moZraobis Sedegad Tanabrad aris 
ganawilebuli mis mTel moculobaSi.  

kaliumis permanganatis xsnars frTxilad davasxaT wyali 
(ise, rom ar moxdes xsnaris da wylis Sereva), warmoiqmneba orfe-
niani sistema, romelic TandaTan gamxsnelisa da gaxsnili nivTie-
rebis nawilakebis urTierTSerevis gamo, mTel moculobaSi er-
Tnair Seferilobas iRebs. 

qaosurad moZravi gaxsnili nivTierebis nawilakebi gadaad-
gildebian rogorc ufro koncentrirebuli xsnaridan ganzave-
bulSi, ise piriqiT. amasTan, drois erTeulSi koncentrirebuli-
dan ganzavebulSi gadasuli nawilakebis ricxvi yovelTvis metia, 
vidre piriqiT – ganzavebuli xsnaridan koncentrirebulSi gada-
suli wylis molekulebis ricxvi. ganxilul SemTxvevaSi gaxsnili 
da gamxsneli nivTierebis nawilakebi difundirdebian urTier-
Tsapirispiro mimarTulebiT, e.i. adgili aqvs ormxriv difuzias. 
misi Sedegia koncentraciis gaTanabreba mTel moculobaSi, ra-
sac Seesabameba sistemis entropiis maqsimumi. 

difuzia ewodeba molekulebis siTburi moZraobis Sedegad 
xsnarSi nivTierebis koncentraciis gaTanabrebis TavisTavad mim-
dinare process. difuzias ganapirobebs sistemis swrafva entro-
piis maqsimumisaken. difuzia warmoadgens mTeli rigi qimiuri 
procesis malimitirebel stadias. is agreTve gansazRvravs mra-
vali biologiuri procesis mimdinareobas, ramdenadac fermen-
tuli reaqciebi maRali siCqariT mimdinareobs. 

magram sruliad gansxvavebul procesebs aqvs adgili, Tu or 
sxvadasxva koncentraciis xsnars an xsnarsa da gamxsnels Soris mo-
vaTavsebT tixars, romelic atarebs gamxsnels da ar atarebs gaxsni-
li nivTierebis nawilakebs. aseT tixrebs naxevradSeRwevads uwode-
ben. naxevradSeRwevadi tixrebis magaliTs warmoadgens membranebi. 
cnobilia bunebrivi (mcenareuli da cxoveluri warmoSobis), sinTe-
zuri da xelovnuri membranebi. naxevradSeRwevadi tixris roli ag-
reTve SeiZleba Seasrulos nawilobriv gamomwvarma Tixam. 

naxevargamtari membranis gavliT mxolod gamxsnelis mole-
kulebi gadadian xsnarSi an ufro ganzavebuli xsnaridan koncen-
trirebulSi, ris gamo, maRali koncentraciis xsnaris done ai-
wevs. am movlenas osmosi ewoda. 

naxevradSeRwevadi membranis gavliT mimdinare gamxsnelis 
calmxriv difuzias osmosi ewodeba. osmosis movlenaSi gasarkve-
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vad CavataroT cda. gamoviyenoT xelsawyo, romelic aRwerilia 
qvemoT mocemul naxazze (nax. 10.2). 

cdis dasawyisSi siTxis done orive WurWelSi erTnairia, magram 
xelsawyos mosvenebul mdgomareobaSi dayovnebisas SeimCneva wylis 
molekulebis Saqris xsnarSi gadasvla naxevradSeRwevadi membranis 
gavliT, ris gamoc viwro milSi siTxis done TandaTan aiwevs da mi-
aRwevs ra garkveul simaRles, Semdeg ucvleli rCeba. am dros milSi 
asuli siTxis hidrostatikuri wneva utoldeba im Zalas, romelic 
gamxsnelis molekulebs aiZulebs gadavides xsnarSi. wnevas, rome-
lic warmoiqmneba hidrostatikuri wnevis saxiT da romelic 
wyvets osmosis movlenas, osmosuri wneva ewodeba. e.i. osmosuri 
ewodeba wnevas, romelic moqmedebs naxevradSeRwevad membranaze 
koncentrirebuli xsnaris mxridan da wyvets osmosis movlenas. 

      
naxazi 10.2. osmosuri wnevis asaxsneli cdis sqema: 1 – WurWeli gamxsneliT; 2 

– WurWeli xsnariT; 3 – dguSi; 4 – tvirTi. 
 

rodesac hidrostatikuri wneva gautoldeba im Zalas, rome-
lic aiZulebs gamxsnelis molekulebs sufTa gamxsnelidan (an 
ganzavebuli xsnaridan) gadavides ufro koncentrirebulSi — 
damyardeba wonasworoba, rac imas niSnavs, rom drois erTeulSi 
ganzavebuli xsnaridan koncentrirebulSi gadasuli gamxsnelis 
molekulebis ricxvi toli xdeba koncentrirebuli xsnaridan 
ganzavebulSi gadasuli gamxsnelis molekulebis ricxvis.  

ra aiZulebs gamxsnelis molekulebs gaiaros naxevradSeRweva-
di membrana da gadavides ufro koncentrirebul xsnarSi, ra iwvevs 
osmosis movlenas? rogorc dadginda, amisi mizezi aris gamxsnelis 
molekulebis swrafva, romelic SeiZleba SevadaroT airis moleku-
lebis Tanabar ganawilebas mis mier dakavebul mTlian moculobaSi.   

sxvadasxva xsnaris osmosuri wnevis gansazRvris safuZvelze 
dadginda, rom osmosuri wnevis sidide damokidebulia xsnaris 
koncentraciaze (pfeferi) da temperaturaze (vant-hofi): 

 πosm = k1C , 
πosm = k2T 

vant-hofma ganazogada miRebuli Sedegebi (man dainaxa 
analogia airebsa da xsnarebs Soris, ris safuZvelzec xsnarebs 
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miuyena airebis kanonebi) da araeleqtrolitTa ganzavebuli 
xsnarebisaTvis osmosuri wnevis xsnaris koncentraciaze da 
temperaturaze damokidebuleba gamosaxa formuliT: 

πosm = CMRT ,                        (10.13)    

sadac, C xsnaris moluri koncentraciaa, T — absoluturi 
temperatura, R — airebis universaluri mudmiva. 

 rogorc cnobilia, moluri koncentracia: CM = n/V (V=1l, C 
ricxobrivad udris n-s). 

Tavis mxriv: 

n =
m
M  , 

sadac n aris gaxsnili nivTierebis raodenoba (molebis ricx-
vi, xSirad molebis ricxvs aRniSnaven berZnuli asoTi `ט~), V — 
xsnaris moculoba, m — gaxsnili nivTierebis masa, M — gaxsnili 
nivTierebis moluri masa.  

SevitanoT es mniSvnelobebi (10.13) formulaSi. maSin gveqneba: 

M
πosm =

mRT
 

am formuliT SesaZlebelia gaxsnili nivTierebis (araeleq-
trolitis) moluri masis gansazRvra. 

osmosis movlenas didi mniSvneloba aqvs mcenareuli da cxo-
veluri organizmebis sicocxlisaTvis. ujreduli garsebi warmo-
adgens membranebs, romlebic SeRwevadia wylisaTvis, magram ar 
atarebs ujredSiga siTxeSi gaxsnil nivTierebebs. ujredSi SeR-
weuli wylis gamo viTardeba hidrostatikuri wneva (osmosuri 
wneva), romelic ganapirobebs ujredis garsis daWimulobas da 
drekadobas, rac uzrunvelyofs biologiuri qsovilis elasti-
kurobas. amave dros, ujredSi da qsovilSi wylis Semcveloba au-
cilebelia iq mimdinare sxvadasxva fizikuri, qimiuri da biolo-
giuri procesebis mimdinareobisaTvis. 

cocxal ujreds naxevarSeRwevadobis unars protoplazmis 
garsi aniWebs. magaliTad, eriTrocitebis protoplazmuri garsi 
SeuRwevadia rigi kationebisaTvis (magaliTad, Na+, K+), Tumca 
kargad atarebs anionebs da wylis molekulebs. Tu mcenareuli an 
cxoveluri ujredi moxvdeba wylis garemoSi, ujredi Seiwovs 
wyals (endo-osmosi), rac gamoiwvevs ujredis gajirjvebas. Tu es 
procesi gagrZelda, ujredis garsi gaixeva da SigTavsi gadmoiR-
vreba. am movlenas hemolizi ewodeba. marilis koncentrirebul 
xsnarebSi ki sapirispiro movlena aRiniSneba — ujredis SekumSva 
(plazmolizi), romelic wylis molekulebis dakargviT aris ga-
mowveuli (egzoosmosi), e.i. misi gadasvliT gare koncentrire-
bul xsnarSi. 

xsnarebs, romelTa osmosuri wneva standartuli xsnaris os-
mosuri wnevis tolia, izotonuri xsnarebi ewodeba  (`izos~  ber-
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Znulad tols, erTnairs niSnavs), ufro maRali osmosuri wnevis 
xsnarebs hipertonuli, ufro dabalisas ki hipotonuri. 

adamianis sisxli, limfa, qsoviluri siTxeebi mravali niv-Ti-
erebis molekulebisa da ionebis xsnarebs warmoadgens. maTi ja-
muri osmosuri wneva 37˚C-ze 7.4 — 7.8 atm tolia. aseT wnevas avi-
Tarebs 0.86 %-iani NaCl-is xsnari, romelic sisxlis izotonuria. 
mas fiziologiur xsnars uwodeben. 

maRalorganizebul cxovelebsa da adamians gaaCniaT sisx-lis 
mudmivi osmosuri wneva, rasac izoosmia ewodeba. izoosmiis dar-
Rveva organizmisaTvis momakvdinebelia. 

roca samkurnalo mizniT organizmSi wyalxsnarebis Seyvana 
xdeba, am xsnarebs unda gaaCndeT iseTive osmosuri wneva, rogorc 
sisxlis plazmas, e.i. unda iyos misi izotonuri. 

10.2.2.  xsnaris orTqlis wneva 

cnobilia, rom yovel qimiurad sufTa gamxsnels gaaCnia naje-
ri orTqlis wnevis gansazRvruli mniSvneloba, romelic moce-
mul temperaturaze mudmivi sididea. temperaturis gazrdisas 
najeri orTqlis wneva izrdeba. magaliTad, wylis zedapirze 0˚C-
ze (273K) orTqlis wneva aris 4.4 mm v. s. am temperaturaze wyali 
da yinuli qmnian wonasworul sistemas. temperaturis 100˚C-mde 
gazrdi-sas wylis zedapirze najeri orTqlis wneva toli xdeba P 
= 760 mm v. s. (1 atm, 101.325 kpa). Tu wyalSi gavxsniT raime araaqro-
lad nivTierebas, magaliTad, Saqars, maSin imave temperaturaze 
xsnaris zedapirze arsebuli najeri orTqlis wneva sufTa wyal-
Tan Sedare-biT ufro naklebi aRmoCndeba. es erTis mxriv gamow-
veulia gaxsnili da gamxsneli nivTierebebis urTierTqmebiT, ra-
sac axlavs hidratebis warmoqmna da ris gamoc Tavisufali, e.i. aq-
rolebis unaris mqone wylis molekulebis raodenoba mcirdeba, 
meores mxriv, xsnaris SemTxvevaSi mcirdeba aorTqlebis zedapiri 
(xsnaris zedapiris nawili araaqroladi gaxsnili nivTierebis mo-
lekulebs ukavia) da gamxsnelis aorTqlebis siCqare, rac agreTve 
amcirebs orTqlis mdgomareobaSi gadasuli molekulebis ricxvs.  

dadginda, rom sufTa gamxsnelTan SedarebiT xsnaris zeda-
pirze arsebuli orTqlis wneva yovelTvis ufro dabalia.  

aRvniSnoT sufTa gamxsnelis zedapirze najeri orTqlis wne-
va P0-iT, xsnaris zedapirze P-Ti. maSin xsnaris zedapirze arsebu-
li orTqlis wnevis fardobiTi daweva (depresia) Semdegi wiladiT 
gamoisaxeba: 

P0 -  P
P0  
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sxvadasxva araaqroladi siTxeebis da myari nivTierebebis (a-
raeleqtrolitebis) xsnarebis Seswavlis safuZvelze frangi mec-
nieris raulis mier Camoyalibebul iqna kanoni (raulis kanoni), 
romelic erTmaneTTan akavSirebs araeleqtrolitTa ganzavebu-
li xsnarebis orTqlis wnevis fardobiT dawevas (depresias) da 
xsnaris koncentracias. 

  am kanonis mixedviT sufTa gamxsnelTan SedarebiT xsnaris 
orTqlis wnevis daweva gaxsnili nivTierebis moluri wilis pir-
dapirproporciulia. aRvniSnoT sufTa gamxsnelis raodenoba 
molebSi n0-iT, gaxsnili nivTierebis — n-iT. xsnarSi arsebuli mo-
lebis saerTo ricxvi iqneba (n0 + n) da raulis kanoni maTematiku-
rad ase gamoisaxeba: 

=
nP0 - P

P0 n0 + n  , 
sadac, (P0 – P)/P0 orTqlis wnevis fardobiTi dawevaa 

(depresiaa), xolo n/(n + n0) – gaxsnili nivTierebis moluri wili: 

=
nP0 - P

P0 n +n0
1 - P

P0
= aqedan

=
n

n + n0
1 -P

P0
= n + n0 - n

n + n0
=

n0
n + n0

P
P0

=
n0

n + n0
P = P0

n0
n + n0  

n/(n + n0) aris gamxsnelis moluri wili, aRvniSnoT γ0-iT: 

P = P0γ0 

e.i. xsnaris zedapirze arsebuli orTqlis wneva sufTa gamx-sne-
lis orTqlis wnevisa da gamxsnelis moluri wilis namravlis tolia. 

xsnarebs, romlebic emorCilebian raulis kanons, idealuri 
xsnarebi ewodeba. xsnarSi gaxsnili nivTierebis koncentraciis 
Zlier SemcirebiT SeiZleba mivaRwioT idealuri xsnaris mdgoma-
reobas, am SemTxvevaSi gaxsnili nivTierebis molekulebs Soris 
manZilebi imdenad didia, rom maT Soris urTierTqmedeba SeiZle-
ba ugulebelvyoT. mTel rig realur SemTxvevebSi adgili aqvs 
raulis kanonidan gadaxras. 

10.4.3 xsnaris duRilis da gayinvis           
temperaturebi. ebulioskopia da krioskopia 

yoveli individualuri nivTiereba xasiaTdeba erTi agrega-
tuli mdgomareobidan meoreSi gadasvlis mkacrad gansazRvruli 
temperaturiT. magaliTad, normaluri atmosferuli wnevis pi-
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robebSi Txevadi wyali myar mdgomareobaSi gadadis 0˚C-ze, xolo 
airadSi 100˚C-ze. wyalSi araaqroladi nivTierebis gaxsnisas du-
Rilis temperatura izrdeba, gayinvis temperatura ki mcirdeba. 

uamravi eqsperimentuli monacemi amtkicebs, rom xsnaris du-
Rilis temperatura yovelTvis ufro maRalia, vidre sufTa gam-
xsnelis, gayinvis temperatura ki ufro dabali. mudmivi wnevis pi-
robebSi araeleqtrolitTa ganzavebuli xsnarebis duRilis tem-
peraturis aweva da gayinvis temperaturis daweva xsnaris koncen-
traciis proporciulia. koncentraciebs am SemTxvevaSi gamosaxa-
ven 1000 gram gamxsnelSi gaxsnili nivTierebis molebis ricxviT, 
e.i. molalobiT. amasTan, kristalizaciis da duRilis procesSi 
xsnaris koncentracia icvleba. aqedan gamomdinare, xsnari duRs 
da iyineba ara erT gansazRvrul temperaturaze, aramed tempera-
turis intervalSi. xsnaris gayinvis da duRilis temperaturebad 
miRebulia kristalizaciis da duRilis dawyebis temperaturebi. 

xsnaris da gamxsnelis duRilis temperaturaTa sxvaobas du-
Rilis temperaturis awevas uwodeben da aRniSnaven ∆tduR.-iT, xo-
lo gayinvis temperaturaTa sxvaobas, gayinvis temperaturis da-
wevas aRniSnaven ∆tgay.-iT, xsnaris duRilisa da gayinvis tempera-
turebs Sesabamisad aRniSnaven tduR da tgay. sufTa gamxsnelebisas ki 
t˚duR. da t˚gay.: 

∆tduR = tduR – t˚duR, ,     

∆tgay = t˚gay – tgay 

xsnari duRils im temperaturaze iwyebs, roca misi najeri 
orTqlis wneva atmosferul wnevas gautoldeba. magaliTad, wya-
li 101.325 kpa wnevis pirobebSi duRs 100˚C-ze. swored am tempera-
turezea wylis orTqlis wneva 101.325 kpa. rodesac wyal-Si raime 
araaqroladi nivTierebaa gaxsnili, mis zedapirze arsebuli na-
jeri orTqlis wneva ufro dabalia da is rom atmosferuls gau-
toldes (101.325 kpa), saWiroa xsnari 100˚C-ze ufro maRal tempe-
raturaze gacxeldes. analogiurad SeiZleba aixsnas xsnaris ga-
yinvis temperaturis Semcireba. 

sufTa gamxsnelTan SedarebiT xsnaris duRilis temperatu-
ris aweva da gayinvis temperaturis daweva Seesabameba le Sate--
lies princips. ganvixiloT xsnaris gayinva. vTqvaT, wonasworoba-
Sia yinuli da wyali 0˚C-ze. 

H2Omy H2OTx  
 wyalSi nivTierebebis gaxsnisas wylis molekulebis koncen-

tracia xsnarSi mcirdeba da zemoT aRniSnuli wonasworoba le Sa-
telies principis Tanaxmad im mimarTulebiT gadainacvlebs, ro-
melic Txevadi wylis koncentracias gazrdis, e.i. yinulis lRo-
bis mimarTulebiT. axali wonasworobis dasamyareblad aucilebe-
li gaxdeba temperaturis Semcireba. 
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  xsnarebis duRilisa da gayinvis procesebis Seswavlis sa--
fuZvelze raulma daadgina Semdegi kanonzomiereba: 

  sufTa gamxsnelTan SedarebiT xsnaris duRilis temperatu--
ris aweva da gayinvis temperaturis daweva gaxsnili nivTierebis 
molaluri koncentraciis proporciulia: 

∆tduR = ECm(X) 

∆tgay = KCm(X) , 

sadac Cm aris X nivTierebis molaluri koncentracia, E – 
aris ebulioskopiuri mudmiva, K — krioskopuli mudmiva. Cm = 
1000 m1/m2M, sadac M gaxsnili nivTierebis moluri masaa (g/moli), 
m1 — gaxsnili nivTierebis masaa (g), m2 — gamxsnelis masaa (g). 

E-sa da K -s fizikuri arsis gasagebad davuSvaT, rom Cm(X) = 1 
moli/kg, maSin ∆tduR. = E da ∆tgay. = K. 

E warmoadgens molaluri xsnaris duRilis temperaturis awe-
vas, e.i. gviCvenebs, ra sididiT aiwevs xsnaris duRilis temperatu-
ra 1000 g wyalSi romelime araeleqtrolitis erTi molis gaxsni-
sas. K warmoadgens molaluri xsnaris gayinvis temperaturis dawe-
vas. is gviCvenebs, ra sididiT mcirdeba xsnaris gayinvis tempera-
tura 1000 gram wyalSi romelime araeleqtrolitis erTi molis 
gaxsnisas. magaliTad, xsnari, romelic Seicavs 1000 gram wyalSi 
gaxsnil 34.2 gram Saqars (0.1 moli), duRils iwyebs 100.052˚C-ze. Tu 
Saqris koncentracia gaormagdeba (68.4 grami), xsnari aduRdeba 
100.104˚C-ze. Sardovanas 0.1 molis (6 grami) 1000 gram wyalSi gax-
sniT miRebuli xsnaris duRilis temperaturac 100.052˚C-ia, xolo 
koncentraciis gaormagebis SemTxvevaSi isev 100.104˚C. 

analogiurad SeiZleba xsnarebis gayinvis temperaturebis ga-
mokvleva. aRmoCnda, rom saqarozas, Sardovanas, glukozas da 
sxva nivTierebebis erTnairi koncentraciis xsnarebi erTnair 
temperaturaze duRs da iyineba. magaliTad, Tu 1000 gram wyalSi 
gaxsnilia 34.2 g saqaroza (0.1 moli), xsnari iyineba — 0.186˚C-ze. 
koncentraciis gaormagebisas saqarozas xsnari gaiyineba — 
0,372˚C-ze. e.i. ebulioskopiuri da krioskopiuli mudmivebi damo-
kidebulia mxolod gamxsnelis bunebaze da ar aris damokidebuli 
gaxsnili nivTierebis bunebaze. eqsperimentulad dadgenilia, 
rom wylisTvis krioskopiuli mudmiva K tolia 1.86, ebuliosko-
piuri E ki 0.52. benzolisaTvis K = 5.07; E = 2.6. 

xsnarebis duRilisa da gayinvis temperaturebis gazomvazea 
damyarebuli ucnobi nivTierebebis moluri masis gansazRvris 
ebulioskopiuri da krioskopiuli meTodebi. orive meTodi far-
Tod gamoiyeneba qimiaSi. sxvadasxva gamxsnelis gamoyenebiT SesaZ-
lebelia mravali nivTierebis moluri masis gansazRvra. biologi-
uri sistemebisaTvis ufro gamosayenebelia krioskopiuli meTo-
di, radgan duRilisas mravali biologiuri struqtura iSleba. 
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formulebSi ∆tduR = ECm da ∆tgay = KCm SevitanoT Cm-is mniS-vne-
loba, miviRebT moluri masis gamosaTvlel formulebs: 

=tduR
E m1

. 1000

M m2  

=tgay
K m1

. 1000
M m2 , 

eleqtrolitebis xsnarebisaTvis duRilis temperaturis 
aweva da gayinvis temperaturis daweva TeoriulTan SedarebiT 
yovelTvis metia. magaliTad, NaCl-is 1 molaluri xsnaris gayinvis 
temperaturis daweva (∆tgay. = 3.36˚C) TiTqmis orjer metia 
araeleqtrolitis analogiuri koncentraciis xsnarTan Sedare-
biT. es movlena eleqtrolitebis ionizaciiT aixsneba, romelic 
zrdis xsnarSi nawilakebis ricxvs. 

10.5 koloiduri xsnarebi 

Txevad xsnarebs Soris koloiduri xsnarebi gamorCeulad 
mniSvnelovania. SeiZleba vTqvaT, rom bunebaSi koloiduri xsna-
rebi (e.i. zolebi) ufro gavrcelebulia, vidre WeSmariti. iseTi 
umniSvnelovanesi biologiuri sistemebi, rogoricaa sisxli, 
limfa, cocxali ujredis protoplazma da a.S. koloiduri xsna-
rebia. biologiuri xsnarebis Sedgenilobisa da Tvisebebis Ses-
wavla saSualebas iZleva Seqmnil iqnas maTi xelovnuri analoge-
bi, romlebic warmatebiT gamoiyeneba medicinaSi. 

koloidur xsnarebTan, maT koagulaciasa da labis (gelis) 
warmoqmnasTan aris dakavSirebuli iseTi samrewvelo procesebi, 
rogorica aris webos, laqebis damzadeba, qsovilebis Rebva, tya-
vis Trimvla, xelovnuri boWkoebis warmoeba da a.S.  

koloidur xsnarebs gaxsnili nivTierebis zomis mixedviT (1-
0.1mk) Sualeduri adgili ukavia uxeS dispersiul sistemebsa da 
WeSmarit xsnarebs Soris. 

koloiduri xsnarebi — zolebi (SeuiaraRebeli TvaliT) er-
Tgvarovania da hgavs WeSmarit xsnarebs, magram maTi erTmaneTisa-
gan gansxvaveba SeiZleba sinaTlis sxivis gamoyenebiT, romelsac ar 
atarebs koloiduri xsnari da atarebs WeSmariti xsnari. koloi-
duri xsnaris nawilakebis zomebi WeSmariti xsnaris nawilakebTan 
SedarebiT didia, amitom maT SeuZliaT sinaTlis sxivis gabneva, ris 
gamoc sinaTlis sxivis gza koloidur xsnarSi WeSmaritisagan gan-
sxvavebiT, TvalsaCinoa. am movlenas tindalis efeqts uwodeben. 

zolebis miReba SeiZleba dispergirebis (dawiladebis) an kon-
densaciis meTodiT. kondensaciis meTodiT koloiduri nawilakebi 
warmoiqmneba atomebis an molekulebis garkveul pirobebSi urTi-
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erTqmedebiT. magaliTad, wyalSi CaSvebuli platinis eleqtro-
debs Soris denis gatarebisas eleqtrul rkalSi warmoiqmneba 
platinis orTqli, romlis kondensaciiT miiReba platinis zoli. 

koloiduri xsnarebi mravali sxvadasxva qimiuri reaqciis Sede-
gad miiReba. magaliTad, Fe(OH)3-is zoli miiReba mduRare wyalSi 
FeCl3-is xsnaris wveTobiT damatebisas. xsnari Rebulobs muqi Cais 
fers, rac Fe(OH)3-is koloiduri xsnaris feria. siliciummJavas ko-
loiduri xsnari miiReba natriumis an kaliumis silikatebis ganza-
vebul xsnarze marilmJavas moqmedebiT. miiReba siliciummJavas zo-
li, romelic dayovnebisas gadadis gelis mdgomareobaSi, rac sili-
ciummJavas polimerul formaSi gadasvlasTan aris dakavSirebuli. 

koloiduri xsnarebi mdgradi sistemebia, rac koloidur na-
wilakebze erTsaxeliani muxtebis arsebobiT aixsneba. es muxtebi 
xels uSlis koloiduri nawilakebis damsxvilebas da gamoleqvas. 
koloiduri nawilakebis muxts ganapirobebs xsnaridan ionebis 
adsorbcia an koloiduri nawilakebis nawilobrivi disociacia. 
magaliTad, siliciummJavas koloidur nawilakebs uaryofiTi mux-
ti aqvs, radgan am nawilakebidan xdeba nawilobriv H+-ionebis da-
kargva, xolo metalTa hidroqsidebis koloidur nawilakebs aqvs 
dadebiT muxti, koloiduri nawilakebis mier OH--ionebis dakar-
gvis gamo. gamomdinare aqedan, roca saWiroa koloiduri xsnaridan 
nivTierebis gamoleqva, e.w. koagulacia, saWiroa koloidurma nawi-
lakma dakargos muxti, rac miiRweva eleqtrolitis damatebiT. 
amasTan, saWiroa iseTi eleqtrolitis damateba, romelic koloi-
duri nawilakebis muxtis sapirispiro niSnis didmuxtian ionebs Se-
icavs. magaliTad, uaryofiTi muxtis mqone sisxlis eriTrocite-
bis daleqva gaadvilebulia xsnariT, romelic Seicavs Fe3+ da Al3+ 
ionebs. bunebaSi koagulacia SeiniSneba mdinareTa SesarTavebTan, 
sadac mdinaris wylis koloiduri nawilakebi ileqeba zRvis wyal-
Si gaxsnili marilebis moqmedebiT, rac meCeCebis warmoqmnis mize-
zi xdeba.  

xsnarSi myof koloidur nawilaks misi sapirispiro niSniT 
damuxtul ionTan erTad micela ewodeba. koloidur nawilaks, 
romelic atarebs garkveuli niSnis muxts, granula ewodeba. 
granulis im Semadgenel nawils, romelic koloidis Tvisebis 
matarebelia, granulis guli (birTvi) ewodeba. granulis sapi-
rispirod damuxtul ions antioni ewodeba. 

magaliTis saxiT ganvixiloT siliciummJavas koloiduri na-
wilakis struqtura. misi birTvi (guli) H2SiO3-is molekulebisa-
gan Sedgeba. is eleqtroneitraluria. Tu siliciummJavas koloi-
duri xsnari miRebulia silikatze (magaliTad, Na2SiO3) marilmJa-
vas moqmedebiT, warmoqmnili silikat-ionebi SiO3

2- adsorbirdebi-
an birTvis zedapirze. es ionebi ki ganapirobeben koloiduri na-
wilakebis eleqtrul potencials. maTi sapirispiro ionebis (an-
tiionebis) nawili xsnarSi rCeba da warmoqmnis difuziur Sres, 
nawili ki adsorbirdeba da warmoqmnis adsorbciul Sres. e.i. bir-
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Tvi da mis zedapirze adsorbirebuli ionebis Sre, erTad aRebu-
li, warmoadgens granulas, xolo granula, mis igvliv myofi ione-
bis difuziur SresTan erTad, aris micela (ix. zemoT). amrigad, 
micela xsnarSi warmoqmnis granulas da difuziur Sres: 

{[H2SiO3]m· n SiO3
2_, 2(n-x) H+} 2xH+ 

birTvi potencialis    antiionebi 
ganmsazRvreli ionebi 

adsorbciuli Sre   difuziuri Sre 

cnobilia molekuluri koloiduri sistemebi, romelTac war-
moqmnis organuli da maRalmolekuluri naerTebi, sadac disper-
siul garemod SeiZleba iyos wyali an sxva gamxsneli (magaliTad, 
organuli gamxsneli). wyalSi koloiduri xsnari SeiZleba miviRoT 
cilebis, saxameblis da sxva maRalmolekuluri naerTebis SetaniT 
wyalSi da ganawilebiT. amgvari sistemebi warmoadgens hidrofi-
lur koloidebs (zogadad, liofiluri — `gamxsnelis moyvaruli~). 
cnobilia liofoburi  (`gamxsnelis moZule~, wylis, rogorc dis-
persiuli garemos, gamxsnelis SemTxvevaSi — hidrofoburi). aseTi 
koloiduri sistemebi labiluria da gacxelebiT an mcire raode-
noba eleqtrolitis (magaliTad, marilis xsnari) SetaniT advilad 
gamoileqeba. am process koloiduri xsnaris koagulacia ewodeba. 
koloiduri nawilakebis gamoleqva SeiZleba gamoiwvios xsnaris 
gacivebamac. aseT pirobebSi miRebul naleqs gels uwodeben. geli, 
rogorc wesi, didi raodenobiT Seicavs gamxsnels. aRsaniSnavia, 
rom molekuluri koloiduri sistemebi Seqcevadi koloidebia, 
e.i. isini xsnaridan erTxel gamoyofis Semdeg, isev gamxsnelTan Se-
xebiT, SeiZleba koloidur mdgomareobaSi kvlav gadaviyvanoT. 

koloiduri nawilakebis koagulaciisgan dacvis mizniT, kolo-
idur xsnarebs umateben e.w. damcvel koloidebs, romlebic lio-
filuri koloiduri nawilakis irgvliv warmoqmnis Txel afsks da 
icavs maT SeerTebisa (agregaciis) da koagulaciisagan. damcvel 
koloidebad ufro xSirad iyeneben Jelatins, gumiarabiks, saxame-
bels da sxv. liofilebis (liofiluri koloidebis) eleqtroli-
tebiT koagulacias zogjer gamomarilebasac uwodeben. 
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11. eleqtrolituri disociaciis Teoria. 
disociaciis meqanizmi. disociaciis Teoriis 

ZiriTadi debulebebi. disociaciis xarisxi da di-
sociaciis mudmiva, ostvaldis ganzavebis kanoni. 

aqtivobis koeficienti. 

11.1.  eleqtrolituri disociaciis meqanizmi da 
ionTa hidratacia 

gaxsnili nivTierebis damuxtul nawilakebad daSlis idea 
tartus universitetis profesors grotkuss ekuTvnis, mogviane-
biT (1833w.), am damuxtul nawilakebs faradeim ionebi uwoda (ioni 
berZnulad `moxetiales~ niSnavs). Tumca orive maTgani nivTiere-
bis damuxtul nawilakebad daSlas SecdomiT eleqtruli denis 
moqmedebas miawerda. es azri mecnierebaSi areniusis gamokvleve-
bamde arsebobda. 

gasuli saukunis 80-ani wlebi is periodia, roca intensiurad 
Seiswavleboda xsnarebis fizikuri da qimiuri Tvisebebi. aRmoC-
nda, rom bevri cnobili nivTierebis (mJavebis, fuZeebis, marile-
bis) wyalxsnarebi ar eqvemdebareboda am dros ukve cnobil vant-
hofis da raulis kanonebs. es winaaRmdegoba Svedma mecnierma 
svante areniusma eleqtrolitebis `ionizaciis~ TeoriiT axsna. 

cnobili iyo, rom zogierTi nivTiereba wyalxsnarSi gam-
lRval mdgomareobaSi eleqtrul dens atarebda, meoreni ki igive 
mdgomareobaSi ara. denis gamtar nivTierebebs eleqtrolitebi 
uwodes, aragamtars ki araeleqtrolitebi. 

eleqtrolitebis gamtarobas wyalxsnarSi an nalRobSi maTi io-
nebad daSla ganapirobebs. e.i eleqtrolitebis wyalxsnarSi da nal-
RobSi denis gadamtani ionebia, maT ionuri gamtaroba axasiaTebT, 
gansxvavebiT metalebisagan, romlebSic denis gadamtani eleqtrone-
bia. xolo mizezi, Tu ratom iSleba zogierTi nivTierebis molekula 
ionebad da sxvebis ara maTi qimiuri aRnagobiT aris ganpirobebuli. 

ionebad iSleba naerTebi ionuri an Zlier polarul kovalen-
turi bmebiT, xolo naerTebi, arapolaruli an sustad polaruli 
kovalenturi bmebiT, ar disocirdeba. eleqtrolitebia tuteebi, 
mJavebi da marilebi. amasTan marilebisa da tuteebisagan gansxva-
vebiT, romlebic ionuri naerTebia, mJavebi (rogorc naerTebi 
Zlier polarul kovalenturi bmebiT) mxolod wyalxsnarSi ga-
nicdis ionebad daSlas. araeleqtrolitia organul naerTTa um-
ravlesoba − naxSirwylebi, naxSirwyalbadebi, spirtebi da a.S., ag-
reTve bevri araorganuli naerTi. 

wyalxsnarSi an nalRobSi eleqtrolitebis ionebad daSlas 
eleqrolituri disociacia ewodeba, xolo  Teorias, romelic 
gamlRval an gaxsnil mdgomareobaSi eleqtrolitebis xsnarebis 



gansakuTrebul Tvisebebs, maTi ionebas daSliT xsnis — eleqtro-
lituri disociaciis Teoria. am Teoriis ZiriTadi Sinaarsi SeiZ-
leba Semdegi debulebebis saxiT gadmovceT: 

1. eleqtrolitebi wyalSi gaxsnisas an galRobisas iSlebian 
ionebad. warmoqmnil ionTa muxtebis algebruli jami nulis to-
lia, amitom eleqtrolitis xsnari eleqtroneitraluria. 

2. eleqtrolitis wyalxsnarSi da nalRobSi ionebi qaosurad 
moZraoben, magram denis gatarebisas qaosuri moZraoba icvleba 
mowesrigebuliT: dadebiTi ionebi — kationebi moZraobas iwyeben 
uaryofiTi eleqtrodis kaTodisaken, xolo uaryofiTi ionebi — 
anionebi dadebiTi eleqtrodis anodisaken. kationebi kaTodze 
aRdgebian, anionebi anodze iJangebian. eleqtrolitis xsnarSi an 
nalRobSi denis gatarebisas eleqtrodebze mimdinare Jangva-aR-
dgeniT procesebs eleqtrolizi ewodeba. e.i eleqtrolizi denis 
moqmedbiT mimdinare qimiuri (eleqtroqimiuri) procesia. 

3. Zlieri eleqtrolitebisagan gansxvavebiT susti da saSua-
lo eleqtrolitebis disociacia Seqcevadi procesia. amitom aR-
niSnuli eleqtrolitebis disociaciis gamomsaxvel tolobaSi 
Seqcevadobis niSani iwereba: 

CH3COOH ↔CH3COO- +H+ 

eleqtrolitebis ionebad daSla mxolod Zlier polarul gam-
xsnelebSi mimdinareobs magaliTad wyalSi, radgan eleqtrolitebis 
ionebad daSla maTi ionebis an polaruli molekulebis gamxsnelis 
dipolebTan eleqtrostatikuri urTierTqmedebis Sedegad miiRweva. 

ganvixiloT ionuri da Zlier polarulkovalentur bmiani na-
erTebis eleqtrolituri disociaciis meqanizmi wyalxsnarebSi. 

ionuri naerTis magaliTad ganvixiloT NaCl. ionuri naerTis 
wyalSi moxvedrisas kristalis zedapirze arsebul ionebsa da 
wylis dipolebs Soris warmoqmnili ion-dipoluri urTierTqme-
debis Sedegad xdeba ionebs Soris bmebis Sesusteba da hidratire-
buli ionebis warmoqmna. ionTa hidratacia egzoTermuli proce-
sia, xolo ionebis daSorebaze energia ixarjeba. eleqtrolitis 
gaxsnas SeiZleba axldes siTbos gamoyofa an STanTqma rac damo-
kidebulia im energiaTa Tanafardobaze, romelic gamoiyofa hid-
rataciis Sedegad da romelic ixarjeba ionebs Soris bmebis dax-
leCvaze  (sqema 11.1) 

 
sqema 11.1. wyalxsnarSi natriumis qloridis eleqtrolituri 

disociaciis sqema  
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hidratirebuli ionebi Tavisi struqturiT da TvisebebiT ar-
sebiTad gansxvavdeba arahidratirebuli ionebisagan. magaliTad, 
SevadaroT uwylo CuSO4-is Semadgeneli Cu2+-ionebi da hidrati-
rebuli Cu2+-ionebi. Cu2+-ionebi uferoa, hidratirebuli ki − cis-
feri, swored amitom Cu2+-is marilebis wyalxsnars, romelTa ani-
onebic uferoa, yovelTvis cisferi Seferiloba aqvs. 

ionuri naerTebis wyalxsnarSi, rogorc vxedavT xdeba arse-
buli ionebis daSoreba da Tavisufali moZraobis unaris mqone 
hidratirebuli ionebis warmoqmna. 

uwylo marili da tute miuxedavad imisa, rom isini ionuri 
struqturis naerTebia dens ar atarebs, radgan am ionebs gadata-
niTi moZraobis unari ara aqvT. aseTi unari aqvs hidratirebul 
ionebs da ionebs marilisa da tutis nalRobSi. 

rac Seexeba mJavebs, isini rogorc molekuluri struqturis 
naerTebi mxolod wyalxsnarSi atareben dens. mJavisa da wylis 
polaruli molekulebis dipol-dipoluri urTierTqmedebis Se-
degad mJavis polaruli molekula ixliCeba ionebad, romlebic 
Semdeg erTmaneTs Sordeba da sabolood am SemTxvevaSic, xsnarSi 
Tavisufali moZraobis unaris mqone hidratirebuli ionebi war-
moiqmneba: 

 
sqema 11.2 wyalxsnarSi polaruli molekulis leqtrolituri 

disociaciis sqema 
 

wyalxsnarSi warmoqmnili protonic hidratirebul mdgomare-
obaSia — uerTdeba wylis molekulis Jangbadis atoms donorul-
aqceptoruli meqanizmiT hidroqsoniumis ionis warmoqmniT. 

H:
H

HO

:
: :  +    H+ H:

H
O

:
: :

+

 
ionuri da polarul kovalenturi bmis erTdroulad Semcveli 

eleqtrolitebi safexurebad disocirdeba. pirvel yovlisa ionu-
ri bmis disociacia xdeba, Semdeg ki polarul kovalenturisa: 

NaHSO4 → Na+ +  HSO4
 – 

HSO4
 -↔H+ +  SO4

 2– 
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11.2.  disociaciis xarisxi 
 

radgan eleqtrolituri disociacia Seqcevadi procesia, 
eleqtrolitebis wyalxsnarebSi hidratirebul ionebTan erTad 
met-naklebi raodenobiT aris aradisocirebuli molekulebi aqe-
dan gamomdinare disociaciis procesis raodenobrivi daxasiaTe-
bisaTvis SemoRebulia disociaciis xarisxis cneba.  

disociaciis xarisxi (a) tolia disocirebuli molekulebis 
(molebis) ricxvis (n) fardobisa gaxsnili molekulebis 
(N)(molebis) saerTo ricxvTan: 

a = n/N                                               (11.1) 
disociaciis xarisxi uganzomilebo sididea. gamoisaxeba mo-

lis nawilebiT an procentobiT. a = 0.2 anu 2% niSnavs, rom yoveli 
100 molekulidan disocirebulia 20. Tu a=1 e.i. 100%  eleqtro-
liti mTlianad aris daSlili. 

dicociaciis xarisxi damokidebulia sxvadasxva faqtorebze: 
gamxsnelisa da eleqtrolitis bunebaze, koncentraciaze, tempera-
turaze, susti eleqtrolitis SemTxvevaSi Tanamosaxele ionebze. 

gamxsnelis bunebaSi igulisxmeba misi dieleqtrikuli SeRwe-
vadoba. kulonis kanonis Tanaxmad F = q1q2 / ε r2 

sapirispirod damuxtul nawilakebs Soris arsebuli mizidvis 
Zala damokidebulia  muxtebis (q1: q2) sidideze, maT Soris manZil-
ze (r) d im garemos dieleqtrikul SeRwevadobaze, romelSic es na-
wilakebia. wylis dieleqtrikuli SeRwevadoba ε=80, rac imas niS-
navs, rom wyalSi moxvedril sapirispiro ionebs Soris mizidvis 
Zala 80 —jer ufro naklebia, vidre igive ionebs Soris vakumSi. 
amis gamo eleqtrolitebi wyalxsnarSi kargad disocirdeba, xo-
lo benzolSi, romlis dieleqtrikuli SeRwevadoba 2,3-is tolia, 
igive eleqtroliti ionebad dauSleli rCeba. 

ra Tqma unda didi mniSvneloba aqvs TviTon eleqtrolitis 
bunebas. pirvel rigSi advilad disocirdeba ionuri naerTebi. 
magram am SemTxvevaSi mniSvneloba aqvs ionebis muxts da radiuss. 
rac ufro naklebia ionebis muxti da metia radiusi, miT ufro ma-
Ralia disociaciis xarisxi. xolo polarul kovalenturi naer-
Tebis SemTxvevaSi bmis polarizaciis xarisxi. magaliTad CH2Cl-
COOH  Zlieri eleqtrolitia, ZmarmJava ki susti, monoqlor-
ZmarmJavaSi gaizarda O−H bmis polarizaciis xarisxi qloris 
atomebis gavleniT da Sesabamisad gaizarda disociaciis xarisxi. 

disociaciis xarisxi damokidebulia xsnaris koncentraciaze. 
xsnaris ganzavebisas a izrdeba (magram ara usasrulod.) radgan 
ganzavebasTan erTad sapirispiro ionebis Sexvedris albaToba 
mcirdeba. 
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disociaciis xarisxi izrdeba agreTve temperaturis gazrdi-
sas. amitom roca eleqtrolitebis siZlieris Sedareba aris saWi-
ro unda gamoyenebuli iqnas erTnairi koncentraciis xsnarebi, 
erT da igive temperaturis pirobebSi.  

xsnarSi Tanamosaxele ionis Setana amcirebs susti eleqtro-
litis disociaciis xarisxs — gamomdinare le Satelies principi-
dan. magaliTad ganvixiloT ZmarmJavas wyalxsnari, romelic sus-
ti eleqtrolitia. Tu am xsnarSi SevitanT misive natriumis ma-
rils (CH3COONa natriumis acetati), romelic Zlieri eleqtro-
litia da xsnarSi srulad disocirdeba: 

CH3COONa → CH3COO- +Na+ 

amiT xsnarSi gaizrdeba ra acetat-ionebis koncentracia 
ZmarmJavas disociaciis wonasworoba (Seqcevadia, rogorc susti 
eleqtrolitis)  

                            CH3COOH → CH3COO- +H+ 

gadainacvlebs ZmarmJavas aradisocirebuli molekulebis 
mxares, e.i gaizrdeba aseTi molekulebis raodenoba, rac misi 
disociaciis xarisxis Semcirebas niSnavs. 

11.3 disociaciis mudmiva 

rogorc aRvniSneT susti eleqtrolitebis disociacia Seq-
cevadi procesia da Seqcevadi tolobiT gamoisaxeba: 

AB↔A++ B- 

rogorc yvela Seqcevadi wonasworuli procesi isic SeiZleba 
daxasiaTdes wonasworobis mudmivaTi , romelsac am SemTxvevaSi 
(radgan es sidide disociaciis procesis wonasworobas asaxavs) 
disociaciis mudmiva ewodeba. 

                                  
Kdisoc=

[A+][B-]
[AB] ,                               (11.2) 

sadac  [A+], [B-]  da [AB] ionebisa da aradisocirebuli 
molekulebis wonasworuli moluri koncentracia. 

disociaciis mudmivas mniSvneloba damokidebulia eleqtro-
litis bunebaze, temperaturaze, magram disociaciis xarisxisa-
gan gansxvavebiT ar aris damokidebuli xsnaris koncentraciaze. 
amitom disociaciis xarisxTan SedarebiT igi ufro zustad gan-
sazRvravs eleqtrolitis siZlieres. rac ufro maRalia disoci-
aciis mudmivas mniSvneloba miT ufro Zlieria eleqtroliti. 

disociaciis xarisxsa da disociaciis mudmivas Soris kavSiri 
myardeba ostvaldis ganzavebis kanoniT. 
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ganvixiloT or ioniani susti eleqtroliti, romlis koncen-
tracia xsnarSi aRvniSnoT C-Ti, xolo disociaciis xarisxi a-i. am 
eleqtrolitis xsnarSi arsebul wonasworul narevSi TiToeuli 
ionis moluri koncentracia iqneba Ca, xolo aradisocirebuli 
molekulebis   C-Ca=C(10a)  aqedan gamomdinare: 

Kdisoc=
(Ca)2

C(1-a)
=

  a2

1-a
C

           (11.3) 
es gantolleba warmoadgens ostvaldis ganzavebis kanonis maTe-

matikur gamosaxulebas. igi amyarebs damokidebulebas disociaciis 
xarisxs, xsnaris koncentraciasa da disociaciis mudmivas Soris.  

Zalian susti eleqtrolitebis SemTxvevaSi a<<1, amitom (1-a) 
gamosaxulebaSi a SeiZleba ugulvebelvyoT, ris gamoc gantoleba 
aseT saxes miiRebs. 

Kdisoc= a2c;  a =
K
C ,                          (11.4) 

susti eleqtrolitia organul mJavaTa umravlesoba (garda 
HCOOH-isa), zogierTi mineraluri mJava: H2S, HClO, H2CO3, susti 
eleqtrolitia agreTve mravali metalis hidroqsidi, amoniumis 
hidroqsidi da a.S. 

Jangbadiani mJavebis siZlieris miaxlovebaTi Sefaseba SeiZ-
leba hidroqsilisa da arahidroqsilis saxiT bmuli Jangbadis 
atomebis ricxvis TanafardobiT E(OH)mOn  Tu n= 0 mJava sustia, 
Tu n ≥ 0 da m=1 mJava Zlieria. rac ufro metia arahidroqsilis 
saxiT bmuli Jangbadis atomebis ricxvi, miT ufro Zlieria Jan-
gbadiani mJava. magaliTad, SevadaroT  HClO an Cl(OH)O3, H2SO4  an 
S(OH)2O2, HNO3  an N(OH)O2, H3PO4  an P(OH)3O, H3PO3   an  P(OH)3.  

am mJavebs Soris yvelaze Zlieria HClO4, Zlieri mJavebia HNO3, 
H2SO4, saSualo siZlierisaa H3PO4 da sustia H3PO3. 

uJangbado mJavebis siZliere ki ganisazRvreba mJavuri naSTis 
muxtiT da radiusiT. rac ufro naklebia mJavuri naSTis muxti da 
metia radiusi, miT ufro Zlieria uJangbado mJava. magaliTad, 
ganvixiloT halogenwyalbadmJavebi HF, HCl, HBr, HI. maTi siZlie-
re izrdeba Semdegi TanmimdevrobiT:  HF < HCl < HBr < HI (mJavuri 
naSTis radiusebis zrdis Sesabamisad). halogenwyalbadmJavebs 
mJavuri naSTis muxti erTnairi aqvT (-1). 

11.4.  Teoriebi fuZeebisa da mJavebis Sesaxeb 

rogorc cnobilia, amJamad jer kidev srulyofilad ar aris 
Camoyalibebuli fuZisa da mJavis iseTi gansazRvrebebi, romle-
bic am Tvisebis matarebel yvela nivTierebas gaaerTianebda. ase-
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Ti Teoriis Seqmnis pirveli mcdeloba wyalxsnarebisTvis iyo 
eleqrolituri disociaciis Teoria, romlis Tanaxmadac mJava 
iseTi eleqtrolitia, romelic wyalxsnarebSi eleqtrolituri 
disociaciis Sedegad warmoqmnis H+-ionebs, (H3O+), romelebic aris 
swored mJavis Tvisebebis matarebeli, xolo fuZe eleqtrolitia, 
romelic wyalxsnarSi disocirdeba fuZis Tvisebebis matarebel 
OH- ionebis warmoqmniT. magram es gansazRvrebebi erTis mxriv mxo-
lod wyalxsnarebisaTvis aris samarTliani da garda amisa, am gan-
martebas ar eqvemdebareba  fuZisa da mJavis Tvisebebis matarebeli 
bevri naerTi. magaliTad, aminebisa da amiakis molekuluri OH¯-i-
ons ar Seicaven, magram isini fuZe bunebis naerTebia da mJavuri 
bunebis naerTebTan urTierTqmedebisas marilebs warmoqmnian. ise-
ve, rogorc CO2 amJRavnebs mJava Tvisebebs, miuxedavad imisa, rom 
ar Seicavs H+-ionebs. amasTan zogierTi nivTiereba, romelic wyal-
xsnarSi mJava Tvisebebs amJRavnebs, sxva gamxsnelSi SeiZleba fuZis 
rolSi gamovides, magaliTad, ZmarmJava wyalxsnarSi mJavaa, radgan 
disocirdeba H+-ionebis warmoqmniT:                              

CH3COOH ↔ CH3COO- +H+ 

magram gogirdmJavaSi gaxsnili ZmarmJava fuZis rolSi gamo-
dis iseve, rogorc azotmJava Txevad HF-Si an uwylo gogirdmJava-
Si gaxsnili fuZis rolSi gamodis da a.S. 

zemoaRniSnulidan gamomdinareobs fuZeebisa da mJaveebis Se-
saxeb arsebul Teoriebis SezRuduloba da misi Semdgomi gafar-
Tovebis  aucilebloba. 

1923 wels danielma brenstedma da ingliselma lourim erTma-
neTisagan damoukideblad wamoayenes mJavebisa da fuZeebis pro-
tonuli Teoria, romlis mixedviTac mJava SeiZleba iyos nebismie-
ri molekula an ioni, romlebic protonebis donoria, xolo fuZe 
aseve, nebismieri molekula an ioni romelic protonebis aqcepto-
ria. fuZeebisa da mJavebis Sesaxeb aRniSnuli Teoria, gamomdinare 
iqidan, rom igi nivTierebis fuZe mJaur bunebas misi protonisadmi 
damokidebulebiT sazRvravs. protonuli Teoria uwodes. 

aqedan gamomdinare amiaki wyalTan da mJaveebTan damokidebu-
lebaSi gamodis fuZis rolSi, radgan maTgan ierTebs protons 

NH3 + H2O ↔ NH-
4 + OH-  

xolo [NH4]+ gamodis mJavis rolSi, radgan is H+-is donoria. 
CH3COOH   wyalxsnarSi mJavaa, radgan protonebis donoria 

CH3COOH ↔CH3COO- +H+ 

xolo misi naSTi CH3COO-  fuZea, radgan protonis aqcepto-
ria. yvela mJavas Seesabameba misi Sesabamisi fuZe da piriqiT. mJa-
va gascems ra protons gadaiqceva fuZed, romelsac am mJavis Se-
uRlebul fuZes eZaxian, xolo fuZe SeiZens ra protons gardaiq-
mneba mJavad, romelic misi SeuRlebuli mJavaa. amasTan rac ufro 
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advilad gascems mJava protons, miT ufro Znelad ierTebs misi 
SeuRlebuli fuZe mas. es imas niSnavs, rom rac ufro Zlieria mJa-
va, miT ufro sustia misi SeuRlebuli fuZe da piriqiT. 

protonulma Teoriam, rogorc vxedav gaafarTova warmodge-
nebi fuZeebisa da mJavebis Sesaxeb. garda amisa am Teoriam aCvena 
nivTierebis mJavebad da fuZeebad dayofis fardobiToba. 
magaliTad, CH3COO¯wyal-xsnarSi mJava bunebas avlens, radgan is 
am SemTxvevaSi H+-is donoria: 

CH3 CH2COOH +H2O ↔ CH3COO- + H3O+ 

xolo uwylo gogirdmJava fuZis rolSi gamodis, radgan am 
SemTxvevaSi H+ -is aqceptoria . 

CH3COOH + H2SO4 ↔[CH3COOH2]+ +HSO4
- 

magram mJava da fuZe bunebis mqone naerTTa ricxvi imdenad didi 
da mravalferovania, rom yvela maTgani am Teoriamac ver gamijna. 

arsebobs nivTierebebi, romlebic mkveTrad gamoxatuli mJava 
an fuZe TvisebebiT xasaTdebian, magram am TeoriiT maT verc  
erTs mivakuTnebT da verc meores, radgan ar Seicaven protonebs. 
amitom ver gascemen mas da arc protonebis SeerTeba SeuZlaT. 
aseTi nivTierebebia boris, aluminis, siliciumis, kalis haloge-
nidebi da a.S. romlebic mJavuri bunebiT xasiaTdebian. 

amerikelma mecnierma niuton luisma kidev ufro ganazogada 
Teoriebi mJavebisa da fuZeebis Sesaxeb da 1933 wels Camoayaliba  
mJavebisa da fuZeebis ufro farTo Sinaarsis cnebebi. 

luisis Teoriis Tanaxmad mJava nivTierebaa, romlis Semadge-
nel romelime atoms aqvs ra Tavisufali orbitali SeiZleba iyos 
eleqtronuli wyvilis aqceptori, xolo fuZe aris nivTiereba, 
romelic SeiZleba iyos eleqtronuli wyvilebis donori. 

H:
H

H
N

:
: :  +    H2O [NH4]+   + OH-

 

NH3 luisis fuZea, wyali ki am SemTxvevaSi luisis mJava. 
nivTierebebi, romlebic fuZeebisa da mJavebis ricxvSi, mxo-

lod luisis TeoriiT gaerTianda luisis mJavas  da luisis fuZes 
uwodeben. 

magaliTad, BF3 , SiCl4, metalTa kationebi da a.S. luisis mJave-
bia. 

metalTa kaTionebi, rogorc luisis mJavebi umniSvnelovanes 
rols asruleben sasicocxlo  procesebSi maTi monawileobiT 
xorcieldeba cocxal organizmebSi mJavuri katalizis procese-
bi. protonuli katalizisagan gansxvavebiT, metalTa kationebs 
SeuZliT mraval ligandTan erTdrouli koordinireba da meores 
mxriv, katalizi, romelic mimdinareobs metalTa kationebis mo-
nawileobiT, SeiZleba warimarTos PH-is iseTi mniSvnelobebisaT-
vis ra pirobebSic protonuli katalizi SeuZlebelia. 
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11.5.  hidrolizi.                                                 
hidrolizis mudmiva, hidrolizis xarisxi 

nivTierebis wyliT daSlas hidrolizi ewodeba. hidrolizis 
reaqciebi mimdinareobs nivTierebis Semadgeneli elementebis 
Jangvis xarisxebis cvlilebis gareSe. hidrolizi solvolizis 
(gamxsnelebis moqmedebiT nivTierebis daSla) kerZo SemTxvevaa. 
hidrolizis meqanizmi sxvadasxva tipis naerTebisTvis gansxvave-
bulia. magaliTad, im nivTierebaTa hidrolizi, romlebic wyal-
xsnarSi ionebad aris daSlili, SeiZleba ganvixiloT, rogorc 
ionTa mapolarizebeli moqmedebis Sedegi maT hidratul garsSi 
arsebul wylis molekulebze. amasTan, am reaqciis xasiaTi da aRe-
buli molekulebis daSlis xarisxi damokidebulia kationisa da 
anionis bunebaze. rac ufro metia am ionebis mapolarizebeli 
moqmedeba, miT ufro maRalia hidrolizis xarisxi. 

hidrolizis erTerTi gavrcelebuli da kargad Seswavlili 
tipia marilTa hidrolizi. marilTa hidrolizis reaqcia neit-
ralizaciis reaqciis Sebrunebuli reaqciaa. neitralizaciis re-
aqciis produqtebi marili da wyalia. marilTa hidrolizis reaq-
ciebSi marili da wyali moqmedebs erTmaneTTan: 

CH3COONa + H2O ↔ CH3COOH + NaOH 
am procesebSi gasarkvevad gavixsenoT, rom marilTa kaTione-

bi wyalxsnarebSi donorul-aqceptoruli meqanizmiT warmoqmni-
li aqvakompleqsebis (zogadad K-OH2) saxiT aris. magaliTad, Cr3+-
ionebi wyalxsnarSi warmoqmnis akvakompleqss [Cr(H2O)6]3+. TviTon 
akvakompleqsebi Tavis mxriv kidev arian hidratirebuli wyalba-
duri bmebiT. rac ufro maRalia kationis muxti da naklebia misi 
radiusi, miT ufro Zlieria misi aqceptoruli SesaZlebloba 
(mtkicea K-OH2), miT ufro Zlierad aris polarizebuli koordi-
nirebul wylis molekulebSi O – H bma da miT ufro mtkicea ko-
ordinirebul da hidratuli garsis Semadgenel wylis moleku-
lebs Soris arsebuli wyalbaduri bmebi. yovelive amis Sedegad 
sruliad SesaZlebelia koordinirebul wylis mole-kulebSi 
O_H bmis gaxleCva da H2O...H wyalbaduri bmis kovalenturad gar-
daq-mna H3O+-sa da hidroqsoaqvakompleqsebis warmoqmniT: 

H2O
K

n+1 O

H

OH2

n+

(n - 1)+

H3O+. . . +
OH2

OH2

OH2
H2O

H
H2O

K
O

H

OH2

OH2

OH2

H2O
H
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  kationis aqceptoruli unaris TanmimdevrobiTi gaZli-
erebis (maTi muxtis gadidebiT da radiusis SemcirebiT) Sesaba-
misad SesaZlebelia ori SemTxveva: 

1. adgili ara aqvs wylis molekulebis SesamCnev daSlas:   

Na+ + HOH reaqcia praqtikulad ar midis 

 ase iqcevian eleqtronuli wyvilebis susti aqceptorebi — 
tute da tutemiwaTa metalebis kationebi anu kationebi, 
romlebic warmoqmnian Zlier fuZeebs — tuteebs. 

2. mimdinareobs wylis molekulebis Seqcevadi daSla 
hidroqso-akvakompleqsebis warmoqmniT: 

[Cr(H2O)6]3+ + H2O ↔ [Cr(H2O)5(OH)]2+ + H3O+, 
  anu 

Cr3+ + HOH ↔ Cr(OH)2+ + H+ 

Warbi wyalbad-ionebi (H3O+) xsnars mJava reaqcias aniWebs. ase-
Ti SemTxvevebi damaxasiaTebelia or da sammuxtiani kationebi-
saTvis (Cu2+, Fe2+, Fe3+, Cr3+, Al3+, …). aseTebia susti fuZis warmom-
qmneli kationebi. 

marilTa anionebis hidratacia wyalxsnarSi xorcieldeba 
wyalbaduri bmebiT. kompleqswarmomqmnelsa (anions) da wylis mo-
lekulebs Soris polarizaciuli urTierTqmedebis Sedegad wyal-
baduri bma SeiZleba gadavides kovalenturSi. am SemTxvevaSi wylis 
molekulidan moxleCili protoni uerTdeba kompleqsur anions: 

n -

O

H

(n - 1) -

. . .

+ OH-

H O H
Ý

O

O

O
. . .

. . .
. . .

. . .

O. . .

Ý
O

O

O
. . .

. . .
. . .

 
rac ufro maRalia anionis uaryofiTi muxti da naklebia misi 

zoma, miT ufro Zlieri eleqtronebis donoria es anioni da miT 
ufro advilad moxdeba wylis molekulebidan H+-is moxleCa. 

mesame periodis p-elementebis oqsoanionebi, maT mier warmoq-
mnili wyalbaduri bmebis simtkicis mixedviT, aseTi Tanmimdevro-
biT lagdeba: 

ClO4
- < SO4

2- < PO4
3- < SiO4

4- 
anionebis eleqtronodonorul aqtivobaze damokidebulebis 

mixedviT SesaZlebelia Semdegi SemTxvevebi: 
1. adgili ara aqvs wylis molekulebis SesamCnev daSlas 

Cl- + HOH ↔ reaqcia praqtikulad ar midis 
NO3

- + HOH ↔ reaqcia praqtikulad ar midis 
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analogiurad iqcevian eleqtronuli wyvilebis susti do-
norebi — erTmuxtiani anionebi (Br-, I-, ClO4

-), anionebis am ricxvs 
miekuTvneba agreTve SO4

2-, SiF6
2- da sxva Zlieri mJavis anionebi. 

3. mimdinareobs wylis molekulebis Seqcevadi daSla: 

CH3COO- + HOH ↔ CH3COOH + OH- 

CO3
2- + HOH ↔ HCO3

- + OH- 

warmoqmnili OH- ionebi xsnars tute reaqcias aniWeben. es 
SemTxveva damaxasiaTebelia susti da saSualo siZlieris mJavebis 
anionebisTvis (CO3

2-, PO4
3-, SO3

2-, S2-, CN-). 
hidrolizis jamuri efeqti xsnarSi arsebuli kaTionebis da 

anionebis bunebiT ganisazRvreba. 
1. Tu marili wyalxsnarSi warmoqmnis hidratuli garsis 

sustad mapolarizebel kationebsa da anionebs, aseTi marili 
hidrolizs praqtikulad ar ganicdis da xsnaris pH-is 
cvlilebas am SemTxvevaSi adgili ara aqvs. magaliTad,: 

Cl- + HOH ↔ reaqcia praqtikulad ar midis 

  es SemTxveva damaxasiaTebelia Zlieri mJavisa da Zlieri 
fuZis marilebisTvis, romlebic hidrolizs praqtikulad ar 
ganicdian da maT wyalxsnarebs neitraluri reaqcia aqvT. 

2. Tu naerTi ionizaciis Sedegad xsnarSi warmoqmnis hidra-
tul garsSi arsebuli wylis molekulebis Zlier mapolarizebel 
anionebs, am SemTxvevaSi hidrolizi mimdinareobs kationis xar-
jze, amitom es aris kationuri hidrolizi, ris Sedegadac Tavi-
sufldeba H+ ionebi, romlebic xsnars mJava reaqcias aniWebs: 

CuCl2 → Cu2+ + 2 Cl- 

Cu2+ + HOH ↔ Cu(OH)+ + H+ 

anu molekuluri formiT: 

CuCl2 + HOH ↔ Cu(OH)Cl + H2O 
kationur hidrolizs ganicdian susti fuZis da Zlieri 

mJavas marilebi. 
3. Tu naerTi ionizaciis Sedegad xsnarSi warmoqmnis sustad 

mapolarizebel kationebs da saSualo xarisxiT mapolarizebel 
anionebs, am SemTxvevaSi hidrolizi mimdinareobs anionis meS-
veobiT, es aris anionuri hidrolizi da xsnari iZens tute reaqcias: 

Na2CO3 → 2 Na+ + CO3
2- 

Na+ + HOH ↔ reaqcia praqtikulad ar midis: 
CO3

2- + HOH ↔ HCO3
- + OH- 

molekuluri forma: 

Na2CO3 + HOH ↔ NaHCO3 + NaOH 
  e.i. anionuri hidrolizi mimdinareobs Zlieri fuZisa da 

susti mJavisagan warmoqmnili marilebis SemTxvevaSi. 
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mravalfuZiani mJavebis mJava marilebis SemTxvevaSi: 

Tu naerTi ionizaciis Sedegad warmoqmnis saSualod mapola-
rizebel kationebs da anionebs, hidrolizi mimdinareobs ro-
gorc kationis, ise anionis mixedviT. am dros warmoiqmneba mci-
red xsnadi fuZeebi da susti mJavebi: 

Al2S3 + 6 HOH → 2 Al(OH)3↓ + 3 H2S↑ 
am SemTxvevaSi xsnaris reaqcia ganisazRvreba warmoqmnili 

susti fuZis da susti mJavis SedarebiTi siZlieriT (disociaciis 
konstantiT). hidrolizis am tips adgili aqvs susti fuZisa da 
susti mJavis marilebis SemTxvevaSi. Tu susti fuZisa da susti 
mJavis marilebis hidrolizis produqtebs warmoadgens uxsnadi 
da airadi nivTierebebi, hidrolizi am SemTxvevaSi Seuqcevia da 
aseTi marilebi marilTa wyalxsnarebis urTierTqmedebiT (rom-
lebic marilebis miRebis erT-erTi meTodia) ar miiReba, aramed 
warmoiqmneba am marilis sruli hidrolizis produqtebi: 

2 AlCl3 + 3 (NH4)2S + 6 H2O → 2 Al(OH)3↓ + 3 H2S↑ + 6 NH4Cl 
  e.i. marilTa hidrolizi aris marilis Semadgenel ionebsa da 

wylis molekulebs Soris mimdinare reaqcia, ris Sedeegadac 
miiReba susti eleqtroliti. 

hidrolizis mudmiva da hidrolizi xarisxi 

hidrolizi raodenobrivad xaasiaTdeba hidrolizis mudmi-
viT  da hidrolizis xarisxiT. 

ganvixiloT susti mJavisa da Zlieri fuZis marilis, natri-
umis acetatis (CH3COONa) hidrolizi: 

CH3COONa → CH3COO- + Na+ 

CH3COO- + HOH ↔ CH3COOH + OH- 

mocemuli wonasworuli sistemis wonasworobis konstanta ga-
moisaxeba formuliT: 

K =
[CH3COOH][OH-]

[CH3COO-][H2O]  
imis gaTvaliswinebiT, rom ganzavebul xsnarSi wylis koncen-

tracia praqtikulad mudmivi sididea, SeiZleba davweroT: 

[CH3COOH][OH-]

[CH3COO
-
]

= K [H2O] = K1
         (11.5) 

 
 rogorc cnobilia, wylis ionuri namravli:  

K       = [H ][OH ]+ _
 H2O  

aqedan: 
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[OH   ]
_

[H   ]+
=

K H2O

 
Tu [OH-]-is am gamosaxulebas SevitanT zemoT motanil ganto-

lebaSi, miviRebT: 
[CH3COOH] K

[CH3COO
-
][H+]

Kh =                      (11.6)
H  O2

 , 
[CH3COOH]

[CH3COO-][H+]
=

1
KmJ  

sadac KmJ. aris marilis hidrolizis Sedegad miRebuli susti 
mJavis disociaciis mudmiva.  

e.i. hidrolizis konstantis mniSvneloba miT ufro maRalia, 
rac naklebia KmJ. e.i. rac ufro sustia marilis warmomqmneli 
mJava, miT ufro intensiurad mimdinareobs marilis hidrolizi. 

susti mJavisa da Zlieri fuZis marilis hidrolizis mudmiva 
tolia: 

Kh = KmJ

KH O2

 
susti fuZisa da susti mJavis marilis SemTxvevaSi hidro-

lizis mudmivas aseTi gamosaxuleba aqvs: 

Kh =
KfuZ.KmJ

K H    O2

 
aqedan gamomdinare, cxadia, rom rac ufro mcirea hidroli-

zis Sedegad miRebuli susti eleqtrolitis disociaciis mudmi-
va, miT ufro didia hidrolizis mudmiva. e.i. miT ufro intensiu-
rad warimarTeba marilis hidrolizi. 

hidrolizis safexurebad mimdinareobisas yvelaze maRali 
hidrolizis konstanta axasiaTebs pirvel safexurs, ufro nak-
lebi meores, mesame ki praqtikulad ar mimdinareobs: 

K1 > K2 > K3 
hidrolizis xarisxi ganisazRvreba hidrolizebuli moleku-

lebis ricxvis fardobiT gaxsnili molekulebis saerTo ricxvTan. 
hidrolizis xarisxi damokidebulia im susti mJavis (an susti 

fuZis) disociaciis xarisxze, romelic hidrolizis Sedegad 
warmoiqmneba. rac ufro sustia hidrolizis Sedegad miRebuli 
mJava (an fuZe), miT ufro maRalia hidrolizis xarisxi. 

hidrolizis xarisxi damokidebulia temperaturaze. tempe-
raturis gazrdiT izrdeba wylis ionuri namravli, masTan erTad 
izrdeba hidrolizis xarisxi. garda amisa, damokidebulia xsna-
ris koncentraciaze. rac ufro ganzavebulia xsnari, miT ufro 
maRalia marilis hidrolizis xarisxi. 
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12. eleqtroqimiis sawyisebi. eleqtroduli 
potencialebi. standartul potencialTa rigi. 

marilTa wyalxsnarebis da nalRobebis 
eleqtrolizi. eleqtrolizis kanonebi. energiis 

qimiuri wyaroebi 

12.1 standartuli eleqtroduli potencialebis 
rigi 

metalTa atomebi, ionizaciis dabali energiis gamo, advilad 
gascems savalento eleqtronebs da gardaiqmneba dadebiTad da-
muxtul ionebad, e.i. avlens aRmdgen bunebas. swored amaSi mdgo-
mareobs maTi ZiriTadi qimiuri Tviseba. atomebidan dadebiTi io-
nebis warmoqmnis unari gansazRvravs metalTa aqtivobas. qimiu-
rad ufro aqtiuria is metali, romlis atomebi advilad gascems 
eleqtronebs, e.i. advilad iJangeba. 

Tavdapirvelad, metalTa aqtivobis TvisebiTi daxasiaTebi-
saTvis rusma qimikosma n. beketovma gamoiyena marilTa xsnarebi-
dan erTi metaliT meoris gamoZevebis reaqciebi. magaliTad, rki-
na aZevebs spilenZs misi marilis xsnaridan, xolo spilenZi ver 
aZevebs rkinas, magram aZevebs vercxls misi marilis xsnaridan: 

Fe + CuSO4 → FeSO4 + Cu 
Fe + Cu2+ → Fe2+ + Cu 

Cu + 2 AgNO3 → Cu(NO3)2 + 2 Ag 
Cu + 2 Ag+ → Cu2+ + 2 Ag 

maSasadame, rkina ufro aqtiuria, vidre spilenZi, xolo spi-
lenZi ufro aqtiuria, vidre vercxli. 

 
     nax.azi 12.1. eleqtroduli potencialis aRZvris sqema 

rogorc vxedavT, reaqciebis dros eleqtronebi ufro aqtiu-
ri metalis atomebidan gadainacvlebs naklebad aqtiuri metalis 
ionebisaken. analogiuri reaqciebis Seswavlis safuZvelze beke-
tovma 1863 wels metalebi daalaga rigSi qimiuri aqtivobis kle-
bis mixedviT. metalTa miRebul rigs `gamoZevebis rigi~ ewoda. 
rigSi CarTulia wyalbadi, erTaderTi arametali, romelic me-
talTa analogiurad warmoqmnis dadebiTad damuxtul ions (hid-
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roqsonium-ions). mas SeuZlia Caanacvlos zogierTi metali maT 
marilebSi da TviTonac Cainacvlos mJavebSi mravali metaliT: 

CuSO4 + H2 → Cu + H2SO4 
Cu2+ + H2 → Cu + 2 H+ 

Zn + 2 HCl → ZnCl2 + H2 
Zn + 2 H+ → Zn2+ + H2 

metalTa qimiuri aqtivobis raodenobiTi daxasiaTebisTvis ga-
moiyeneba standartul eleqtrodul potencialTa mniSvnelobebi. 

nebismieri metalis firfitis CaSvebisas misi marilis wyal-
xsnarSi SesaZlebelia ori erTmaneTis sapirispiro eleqtroqimi-
uri procesis mimdinareoba (naxazi 12.1.): 

1. SedarebiT aqtiuri metalis SemTxvevaSi wylis polaruli mo-
lekulebi uaryofiTi polusebiT moqmedebs metalis kristalur 
struqturaSi arsebul dadebiTad damuxtul ionebze da gadahyavs 
isini xsnarSi: 

Me0 + m H2O  ↔ Men+ • m H2O + nē 
amasTan Warbi eleqtronebi firfitis zedapirze rCeba, ris 

gmoc es ukanaskneli uaryofiTad imuxteba. xsnarSi gadasuli 
hidratirebuli ionebi miizideba firfitis damuxtuli zedapiris 
mier da ganlagdeba mis axlos. amrigad, miiReba ori urTierTsawi-
naaRmdego muxtis mqone Sre, e.w. ormagi eleqtruli Sre, rac, Ta-
vis mxriv, iwvevs potencialTa sxvaobis warmoqmnas. aRsaniSnavia, 
rom metalis ionebis xsnarSi gadasvlis procesi Seqcevadia. 

2. naklebaqtiuri metalis SemTxvevaSi adgili aqvs sawinaaR-
mdego process. xsnarSi arsebuli metalis ionebi kargavs hidra-
tul garss, metalis kristalSi arsebul eleqtronul airTan ur-
TierTqmedebis Sedegad gadadis firfitis zedapirze da mas da-
debiTad muxtavs: 

Men+ • m H2O + nē → Me0 + m H2O 
 xsnari, masSi darCenili anionebis siWarbis gamo, imuxteba 

uaryofiTad. amrigad, aqac warmoiqmneba ormagi eleqtruli Sre 
da, aqedan gamomdinare, potencialTa sxvaoba. 

metalis firfitas, CaSvebuls eleqtrolitis xsnarSi, eleq-
trodi ewodeba, xolo metalis da xsnaris gamyof zedapirze war-
moqmnil potencialTa sxvaobas — eleqtroduli potenciali. 

amrigad, metalTa CaSvebisas maTi marilebis xsnarebSi erTni 
(naklebad aqtiurebi) imuxtebian dadebiTad, xolo meoreni (Sedare-
biT aqtiurebi) — uaryofiTad. yoveli eleqtrodis potenciali da-
mokidebulia metalis bunebaze, maTi ionebis koncentraciaze 
xsnarSi da temperaturaze. uSualod calkeuli eleqtrodis poten-
cialis gansazRvra praqtikulad SeuZlebelia. mas sazRvraven wyal-
badis standartuli eleqtrodis mimarT, romlis potenciali piro-
biTad miCneulia nulis tolad temperaturis nebismieri mniSvnelo-
bis dros. wyalbadis standartuli eleqtrodi warmoadgens plati-
nis SaviT (eleqtrolizuri gziT miRebuli platina) dafarul pla-
tinis firfitas, CaSvebuls mJavas (marilmJavas an gogirdmJavas) 
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xsnarSi, romelSic wyalbad-ionTa koncentraciaa 1 moli/l. amasTan 
firfita (`irwyveba~ airadi wyalbadiT 101325 pa wnevis pirobebSi. 
eleqtroduli potencialis warmoqmna wyalbadis eleqtrodze ase 
SeiZleba aixsnas: platinis firfita gajerdeba wyalbadiT, rasac Sem-
deg mosdevs am ukanasknelis molekulebis daSla atomebad. vinaidan 
platinaSi wyalbadi kargad ixsneba (∼ 700 moculoba wyalbadi erT mo-
culoba metalSi), garkveuli miaxloebiT SeiZleba CavTvaloT, rom 
eleqtrodi damzadebulia wyalbadisagan, romelic metalTa analo-
giurad moqmedebs. fazaTa gamyof zedapirze myardeba wonasworoba: 

½ H2 + H2O                    H3O+ + ē 
Tu wyalbadis eleqtrodi uerTdeba eleqtrods, romelic uf-

ro Znelad iJangeba, vidre wyalbadi, maSin warimarTeba procesi:  

½ H2 + H2O – ē → H3O+ 
 Tu wyalbadis eleqtrodTan SeerTebuli eleqtrodi wyalbadze 

ufro advilad iJangeba, maSin xdeba hidroqsonium-ionis ganmuxtva: 

H3O+ + ē → ½ H2 + H2O 
 eleqtrodebs, romlebic agzavnian eleqtronebs wyalbadis 

eleqtrodisaken, aqvT `—~ niSani, xolo eleqtrodebs, romlebic 
Rebuloben misgan eleqtronebs — `+~ niSani. 

Tu nebismieri metalis firfitas, romelic CaSvebulia misive 
marilis 1 moli/l koncentraciis xsnarSi, SevuerTebT wyalbadis 
eleqtrods, miviRebT galvanur elements (mowyobiloba, romel-
Sic Jangva-aRdgeniTi qimiuri reaqciis safuZvelze aRiZvreba 
eleqtruli deni), romlis eleqtrmamoZravebeli Zala (e.m.Z.), ga-
zomili standartul pirobebSi (101325 pa, 298K), ricxobrivad 
aRebuli metalis standartuli eleqtroduli potencialis (E0) 
toli iqneba (nax. 12.1.).umetes metalTa standartuli eleqtro-
duli potenciali ganisazRvreba eqsperimentulad, magram tute 
da tutemiwaTa metalebisaTvis E0-is mniSvneloba gamoiTvleba 
Teoriulad, radgan es metalebi wyalTan urTierTqmedebs.  

Tu metalebs davalagebT maTi standartuli eleqtroduli 
potencialebis algebruli mniSvnelobebis zrdis mixedviT, mivi-
RebT metalTa standartul eleqtrodul potencialTa rigs 
(cxr. 12.1). swored am rigs uZRvoda win istoriulad n. beketovis 
e.w. `gamoZevebis rigi~  (`eleqtroqimiur ZabvaTa rigi~). 

 
naxazi. 12.2 eleqtroduli potencialis gasazomi galvanuri elementi 
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cxrili 12.1 standartuli eleqtroduli potencialebis rigi 
 

el
eq

t
r

o
d

i Li+    K +   Ca2+   Na+  Mg2+  Al3+ Mn2+   Zn2+ Cr3+ Fe2+  Ni2+  Pb2+  2H+  Cu2+  Hg2+  Ag+ Pt2+ 

Au3+
 

Li   K     Ca   Na    Mg    Al   Mn     Zn    Cr    Fe    Ni     Pb     2H    Cu     Hg    Ag   Pt   Au 
 

E 0,v 3.04 –2.92 –2.87 –2.71 –2.37 –1.66 –1.18 –0.76 –0.74 –0.44 –0.25 –0.13   0   0.34  0.79  
0.80 1.20 1.50 

standartuli eleqtroduli potencialebis rigi axasiaTebs 
metalebis aqtivobas wyalxsnarebSi mimdinare Jangva-aRdgeniT 
reaqciebSi. rac ufro marcxnivaa metali standartuli 
eleqtroduli potencialebis rigSi, e.i. rac ufro naklebia 
standartuli eleqtroduli potencialis algebruli 
mniSvneloba, miT ufro aqtiuria metali, miT ufro didia misi 
aRmdgeni unari da dabalia misi ionis mJangavi unari. aqedan 
gamomdinareobs, rom liTiumi yvelaze Zlieri aRmdgenia, oqro — 
yvelaze susti, xolo oqros ioni (Au3+) yvelaze Zlieri mJangavia, 
liTiumis ioni (Li+) ki — yvelaze susti. 

yoveli metali, romelic rigSi wyalbadamde mdebareobs, e.i. 
romlis standartuli eleqtroduli potencialis mniSvneloba 
uaryofiTia, gamoaZevebs wyalbads im mJavaTa ganzavebuli xsnare-
bidan, romelTa anionebi ar avlens mJangav Tvisebas. rigSi wyalba-
dis marjvniv mdgomi metalebi ver aZevebs mJavebidan wyalbads. 

standartul eleqtrodul potencialTa rigSi yoveli meta-
li aZevebs mis marjvniv mdgom metalebs marilTa xsnarebidan, 
TviT ki gamoZevdeba mis marcxniv mdgomi metalebiT (es ar exeba 
tute da tutemiwaTa metalebs). 

erTi SexedviT aSkara Seusabamoba arsebobs metaluri elemen-
tis periodul sistemaSi mdebareobis mixedviT gansazRvrul aq-
tivobasa da standartul eleqtrodul potencialTa rigSi Sesa-
bamisi metalis mdebareobas Soris. magaliTad, periodul siste-
maSi mdebareobis mixedviT kaliumi ufro aqtiuria, vidre liTiu-
mi, standartuli eleqtroduli potencialebis rigSi ki liTiumi 
kaliumis marcxniv mdebareobs. aseve, perioduli sistemis mixed-
viT naklebaqtiuri Ca rigSi mdebareobs Na-is marcxniv. spilenZi 
da TuTia momdevno elementebia periodul sistemaSi da maT unda 
hqondeT daaxloebiT erTnairi aqtivoba, magram standartuli 
eleqtroduli potencialebis rigSi Zn moTavsebulia Cu-ze mniS-
vnelovnad marcxniv. aseTi Seusabamoba ganpirobebulia imiT, rom 
metaluri elementebis aqtivobis sazomad periodul sistemaSi 
miRebulia ionizaciis energia. tute metalebis ionizaciis ener-
gia atomuri nomris zrdasTan erTad mcirdeba. aqedan gamomdina-
re, kaliumi ufro aqtiuria, vidre natriumi, es ukanaskneli ki 
ufro aqtiuri, vidre liTiumi. standartul eleqtrodul po-
tencialTa rigSi metalTa aqtivobis sazomad miRebulia is muSa-
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oba, romelic sruldeba metalebis hidratirebul ionebad gar-
daqmnisaTvis wyalxsnarebSi. es muSaoba SeiZleba warmovidginoT 
sami wevris jamis saxiT:  

1. energia (muSaoba), romelic ixarjeba metalTa kristaluri 
struqturis darRvevaze, atomebad daSlaze (atomizaciis energia);  

2. energia, romelic ixarjeba metalTa atomebis ionizaciaze 
(ionizaciis energia);  

3. energia, romelic gamoiyofa warmoqmnili ionebis 
hidrataciis dros (hidrataciis energia).  

atomizaciis energia dakavSirebulia metalis kristaluri 
struqturis simtkicesTan, meore ganisazRvreba metalis mdeba-
reobiT periodul sistemaSi, mesame damokidebulia metalis io-
nis Tvisebebze: rac ufro mcirea ionis radiusi da didia muxti, 
miT ufro maRalia misi hidrataciis xarisxi. 

 rac ufro naklebia pirvel or procesze daxarjuli energia 
da metia mesame procesis dros gamoyofili energia, miT ufro ad-
vilad xorcieldeba mTeli procesi da miT ufro marcxnivaa me-
tali standartul eleqtrodul potencialTa rigSi. mcire zo-
mis liTiumis ionis muxtis simkvrive aRemateba danarCeni tute 
metalebis ionebisas, Sedegad mis garSemo ufro Zlieri eleq-
trostatikuri veli iqmneba, maRalia hidrataciis xarisxi da amis 
gamo liTiumi ufro advilad gadadis xsnarSi hidratirebuli io-
nis saxiT, vidre sxva ionebi. aseve Ca2+-is hidrataciis xarisxi 
aRemateba Na+-isas, pirvelis ufro maRali muxtis gamo. spilenZi-
sa da TuTiisaTvis ionizaciis energia da ionTa hidrataciis 
energia daaxloebiT erTnairia, magram pirvelis kristaluri 
struqtura ufro mtkicea, vidre meorisa, amitom energiis dana-
xarji mTel procesze spilenZisaTvis ufro metia, vidre TuTii-
saTvis. amiT aixsneba maTi gansxvavebuli mdebareoba standartul 
eleqtrodul potencialTa rigSi.  

      12.2.  eleqtrolizi 

eleqtrolizi teqnikaSi farTod gamoyenebuli Jangva-aRdge-
niTi procesia, romlis drosac adgili aqvs eleqtrolitis xsna-
rebSi ionebis (kationebis da anionebis) sivrciT dacilebas da 
xsnarSi CaSvebul wredSi CarTul eleqtrodebze ganmuxtvas. eleq-
trolitis xsnari an nalRobi Seicavs sawinaaRmdegod damuxtul 
ionebs, romlebic qaosurad moZraoben. maTSi mudmivi eleqtruli 
denis gatarebisas ionebi iwyebs mimarTul moZraobas: dadebiTi 
ionebi (kationebi) amoZravdeba kaTodisaken, uaryofiTi ionebi (a-
nionebi) ki — anodisaken. eleqtrodebze xdeba am ionTa ganmuxtva. 
kerZod, kationebi kaTodidan iZens eleqtronebs da aRdgeba, xo-
lo anionebi anods gadascems eleqtronebs da iJangeba. maSasadame, 
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eleqtrodebze warimarTeba Jangva-aRdgeniTi procesi: anodze — 
Jangvis, kaTodze — aRdgenis. xelsawyos, romelSic eleqtrolizi 
tardeba, eleqtrolizeri an saeleqtrolizo abazana ewodeba. 

nalRobis eleqtrolizi eleqtrolizis umartivesi SemTxve-
vaa. es procesi ganvixiloT natriumis qloridis nalRobis maga-
liTze. Tu masSi eleqtrodebs CavuSvebT da gavatarebT eleq-
trul dens, Na+ (natriumis kationebi) kaTodze SeiZens eleqtro-
nebs da aRdgeba. qloris ionebi anodze kargavs eleqtronebs da 
iJangeba. sabolood kaTodze gamoiyofa metaluri natriumi, 
anodze ki — airadi qlori. radgan eleqtrolizi Jangva-aRdgeni-
Ti procesia, amitom gacemuli da mierTebuli eleqtronebis 
ricxvi toli unda iyos. natriumis qlo-ridis nalRobis eleq-
trolizis sqema aseTia: 

NaCl → Na+ + Cl- 
kaTodi K(-): Na+ + e → Na         2 

 anodi A(+): 2 Cl- - 2e → Cl2             1 
2 Na+ + 2 Cl- → 2 Na + Cl2 

2 NaCl → 2 Na + Cl2 
kaliumis hidroqsidis nalRobis eleqtrolizis dros kaTod-

ze aRdgeba K+ ionebi, xolo anodze OH- ionebis Jangvisas warmoiq-
mneba hidroqsilis radikalebi, romlebic aramdgradebia da gar-
daiqmnebian wylis molekulebad Jangbadis gamoyofiT. eleqtro-
lizis procesi Semdegi sqemiT gamoisaxeba: 

KOH → K+ + OH- 

             K(-): K+ + e → K                       4 
     A(+): 4 OH- - 4e → O2 + 2 H2O         1 

4 K+ + 4 OH- → 4 K + O2 + 2 H2O 
4 KOH → 4 K + O2 + 2 H2O 

maSasadame, eleqtrolizis procesSi eleqtruli denis daxma-
rebiT xorcieldeba qimiuri reaqcia. swored amaSi mdgomareobs 
eleqtrolizis arsi. 

eleqtrolitebis wyalxsnarebis eleqtrolizis dros Seda-
rebiT rTuli procesebi mimdinareobs. am SemTxvevaSi Jangva-aR-
dgeniT reaqciebSi wylis molekulebic erTveba, warimarTeba 
konkurentuli reaqciebi da procesis mimarTuleba icvleba.  

 erTnair pirobebSi kaTodze mimdinare procesebi damokide-
bulia kationis bunebaze. mJavaTa wyalxsnarebis eleqtrolizis 
dros kaTodze xdeba wyalbad-ionebis aRdgena: 

2 H+ + 2e → H2 
 marilebis wyalxsnarTa eleqtrolizis dros kaTodze mimdi-

nare procesebi damokidebulia marilis SedgenilobaSi Semavali 
metalis mdebareobaze standartul eleqtrodul potencialTa 
rigSi. rac ufro mcirea metalis standartuli eleqtroduli 
potencialis algebruli mniSvneloba, miT ufro damaxasiaTebe-
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lia misTvis ionuri mdgomareoba da miT ufro Znelad aRdgeba mi-
si ioni kaTodze.  

SesaZlebelia sami SemTxveva: 
1. metalTa kationebi, romelTa standartuli eleqtrodu-

li potenciali aRemateba wyalbadisas (Cu2+ – Au3+), eleqtroli-
zis dros praqtikulad srulad aRdgeba kaTodze. 

2. metalTa kationebi, romelTa standartuli eleqtrodu-
li potencialis mniSvneloba dabalia (Li+ – Al3+), kaTodze ar aR-
dgeba, maT nacvlad aRdgeba wylis molekulebi. 

3. metalTa kationebi, romelTa standartuli eleqtrodu-
li potenciali wyalbadisaze mcirea, magram aluminze ufro meti 
(H+-mde), eleqtrolizis dros kaTodze aRdgeba wylis moleku-
lebTan erTad. 

Tu wyalxsnari Seicavs sxvadasxva metalis kationebs, maSin eleq-
trolizis dros kaTodze maTi aRdgena xdeba TanmimdevrobiT, stan-
dartuli eleqtroduli potencialis algebruli mniSvnelobis Sem-
cirebis rigiT. magaliTad, Ag+, Zn2+, Cu2+ ionebis Semcvel xsnarSi 
eleqtrolizis Catarebisas jer aRdgeba Ag+, Semdeg Cu2+, bolos ki 
Zn2+. 

anodze mimdinare procesebi damokidebulia rogorc eleq-
trolitis bunebaze, ise im nivTierebis gvarobaze, romlisganac 
damzadebulia anodi. arCeven xsnad da uxsnad anodebs. pirveli 
mzaddeba spilenZis, TuTiis, vercxlis, kadmiumis, nikelis da 
sxva metalebisagan. eleqtrolizis dros isini iJangebian da ione-
bis saxiT gadadian xsnarSi. uxsnadi anodebis dasamzadeblad ga-
moiyeneba grafiti, platina, iridiumi, oqro da zogierTi sxva me-
tali, romelTac SedarebiT maRali standartuli eleqtroduli 
potenciali gaaCniaT da eleqtrolizis procesSi ar iJangebian. 

 uxsnad anodze xdeba mJavuri naSTis anionebis, hidroqsid-i-
onebis da wylis molekulebis Jangva. amasTan, uJangbado mJavaTa 
anionebi (garda fTorid-ionisa) maTi sakmarisi koncentraciisas 
wyalze advilad iJangeba, Jangbadian mJavaTa anionebis ganmux-
tvas ki win uswrebs wylis molekulebis daJangva. gamonaklisia 
organul mJavaTa anionebi, romlebic wyalze advilad iJangebian: 

2 RCOO - – 2e → R-R + 2 CO2 
aRmdgeni Tvisebebis zrdis mixedviT anionebi SeiZleba 

ganvalagoT rigSi:  
F-, NO3

-, SO4
2-, OH-, Cl-, S2-, Br -, I-. 

 ganvixiloT zogierTi marilis wyalxsnaris eleqtrolizis 
procesi (inertuli eleqtrodebiT). 

1. natriumis qloridis wyalxsnarSi Na+ da Cl- hidratirebuli 
ionebis garda aris wylis molekulebic. natriumi Zlier aqtiuri 
metalia, misi ionizaciis energia mcirea, amitom advilad iJange-
ba, xolo misi ioni Znelad aRdgeba. maSasadame, Na+ ionTan eleq-
tronis mierTeba energetikulad araxelsayrelia. wylis disoci-
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aciiT miRebuli wyalbad-ionTa koncentracia Zlier mcirea, ris 
gamoc kaTodze xorcieldeba wylis molekulebis aRdgenis pro-
cesi. wylis dipolebi dadebiTad damuxtuli boloebiT miizideba 
kaTodis mier da aRdgeba masze, xolo xsnaris kaTodur sivrceSi 
grovdeba hidroqsid-ionebi. am dros anodze xorcieldeba Cl- io-
nebis Jangvis procesi. 

NaCl → Na+ + Cl- 
K(-): 2 H2O + 2e → H2 + 2 OH- 

A(+): 2 Cl- – 2e → Cl2 
2 H2O + 2 Cl- → H2 + 2 OH- + Cl2 

2 H2O + 2 NaCl → H2 + 2 NaOH + Cl2 

2. spilenZis (II) sulfatis wyalxsnaris eleqtrolizis dros 
kaTodze aRdgeba spilenZis ionebi. xsnarSi OH- ionebis koncentra-
cia Zlier mcirea, ris gamoc anodze mimdinareobs wylis moleku-
lebis Jangva. wylis polaruli molekulebi dipolis uaryofiTi 
boloTi miizideba anodiT, Jangbadi kargavs eleqtronebs, iJangeba 
da gamoiyofa anodze, xolo anodur sivrceSi grovdeba H+ ionebi: 

CuSO4 → Cu 2+ + SO4 
2- 

               K(-): Cu2+ + 2e → Cu                        2 
              A(+): 2 H2O – 4e → O2 + 4 H+               1 

2 Cu2+ + 2 H2O → 2 Cu + 4 H+ + O2 

2 CuSO4 + 2 H2O → 2 Cu + 2 H2SO4 + O2 

3. natriumis sulfatis wyalxsnaris eleqtrolizis dros ka-
Tod-sa da anodze xdeba wylis molekulebis Jangva-aRdgena. Na+ 
da SO4

2- ionebi eleqtrodebze mimdinare procesebSi ar monawile-
obs, magram uzrunvelyofs xsnarSi eleqtruli denis gavlas. 
xsnarSi marilis raodenoba eleqtrolizis Semdeg ucvleli rCeba. 

K(-): 2 H2O + 2e → H2 + 2 OH-        2 
A(+): 2 H2O – 4e → O2 + 4 H+           1 

6 H2O → 2 H2 + 4 OH- + O2 + 4 H+ 
(4 H+ + 4 OH- → 4 H2O) 

2 H2O → 2 H2 + O2 

4. TuTiis nitratis wyalxsnaris eleqtrolizis procesSi 
anodze xdeba wylis molekulebis Jangva, xolo kaTodze rogorc 
wylis molekulebis, ise Zn2+-is ionebis aRdgena: 

K(-): Zn2+ + 2e → Zn 
2 H2O + 2e → H2 + 2 OH- 

A(+): 2 H2O – 4e → O2 + 4 H+ 
eleqtrolizis dros kaTodze gamoiyofa TuTia da wyalbadi, 

anodze — Jangbadi. kaTodze gamoyofili produqtebis Tanafar-
doba damokidebulia nivTierebis koncentraciaze xsnarSi (aseT 
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SemTxvevaSi eleqtrolizis Sejamebuli gantolebis dawera mi-
zanSewonili ar aris). 

5. spilenZ (II)-is sulfatis wyalxsnaris spilenZis eleqtrodebiT 
eleqtrolizis dros anodi ixsneba, spilenZis JangviT warmoqm\nili 
Cu2+ ionebi gadadis xsnarSi: 

Cu – 2e → Cu2+ 
kaTodze xorcieldeba xsnarSi arsebuli spilenZis ionebis 

aRdgena: 
Cu2+ + 2e → Cu 

ra raodenobis spilenZic gaixsneba anodze, imdenive gamoiyo-
fa kaTodze, xolo xsnarSi marilis raodenoba ucvleli rCeba. 

eleqtruli denis mJangavi da aRmdgeni unari qimiur mJanga-
vebTan da aRmdgenebTan SedarebiT bevrad ufro Zlieria. 
magaliTad, arc erT qimiur mJangavs ar SeuZlia waarTvas eleq-
troni fTorid-ions. fToris miReba SesaZlebelia mxolod misi 
marilebis nalRobis eleqtroliziT. 

eleqtrolitTa xsnarebSi eleqtrolizis Catareba energetiku-
lad momgebiania, vidre nalRobSi, vinaidan ionuri naerTebi maRal 
temperaturaze lRveba. magram yvela metalis miReba ar SeiZleba ma-
Ti naerTebis wyalxsnarTa eleqtroliziT. cxadia, aseTi gziT ver 
miviRebT tute metalebs, kalciums, alumins da sxv. maT misaRebad 
mimarTaven nalRobis eleqtrolizs. eleqtrolizi farTod gamoi-
yeneba mrewvelobaSi arametalebis (F2, Cl2, H2, O2) misaRebadac. 

didi samrewvelo mniSvneloba aqvs natriumis qloridis wyal-
xsnaris eleqtrolizs. iafi nedleulis — sufris marilisa da 
wylisagan eleqtrolizis Sedegad Rebuloben qimiuri mrewvelo-
bisaTvis Zvirfas sam produqts — wyalbads, qlorsa da natriumis 
hidroqsids. 

natriumis sulfatis an natriumis hidroqsidis wyalxsnaris 
eleqtroliziT laboratoriasa da mrewvelobaSi Rebuloben 
sufTa Jangbadsa da wyalbads. 

eleqtrolizs iyeneben metalTa dasacileblad da gasasuf-
Taveblad (rafinirebisTvis). magaliTad, eleqtroteqnikaSi ga-
moyenebuli spilenZi Zalian sufTa unda iyos. am mizniT spilen-
Zis (II) sulfatis xsnarSi CauSveben minarevebis Semcveli spilen-
Zis firfitas (anodi) da sufTa spilenZis Txel firfitas (kaTo-
di). eleqtruli denis gavlisas xdeba anodis gaxsna da sufTa spi-
lenZis gadatana kaTodze. analogiurad xorcieldeba sxva meta-
lebis rafinirebac. 

eleqtrolizs iyeneben metalis zedapiris dasafaravad sxva 
metalis (qromis, nikelis, vercxlis da sxv.) Txeli feniT. amisaT-
vis metalis nakeTobas kaTodis saxiT aTavseben im metalis mari-
lis xsnarian saeleqtrolizo abazanaSi, romelic unda daileqos 
am nakeTobaze. anodad iReben im metals, romliTac ifareba nake-
Toba. denis gatarebisas xsnarSi arsebuli metalis ionebi miemar-
Teba kaTodisaken (nakeTobisaken) da xdeba maTi aRdgena kaTodis 
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zedapirze. am dros anodidan xsnarSi gadadis metalis axali ione-
bi. denis gatarebas agrZeleben manam, sanam nakeTobaze ar gamoile-
qeba metalis saWiro sisqis fena. aseTi damuSaveba nakeTobas ara 
marto lamaz garegnul saxes aniWebs, aramed icavs kidec korozii-
sagan. gamoyenebiTi qimiis am dargs galvanostegia ewodeba. 

farTod gamoiyeneba eleqtroqimiis meore dargic — galva-
noplastika. amzadeben nakeTobis asls cvilisagan, Semdeg mas 
grafitis Txeli feniT faraven da miRebul kaTods aTavseben me-
talis marilis xsnarSi. anodis rols ki imave metalis firfita 
asrulebs. eleqtruli denis gatarebisas anodi ixsneba, xolo ka-
Todi ifareba metalis feniT. amrigad, miiReba nakeTobis zusti 
asli. eleqtrolizis meSveobiT reliefuri nakeTobis aslis mi-
Rebas galvanoplastika ewodeba. igi aRmoaCina rusma mecnierma b. 
iakobim 1838 wels. 

12.2.1 raodenobiTi Tanafardobani                 
eleqtrolizis dros 

eleqtrolizi teqnikaSi farTod gamoyenebuli Jangva-aRdge-
niTi procesia. eleqtrolizuri procesebi eqvemdebareba fara-
deis kanonebs (1883 w.). pirveli kanonis Tanaxmad eleqtrodebze 
gamoyofili (kaTodur an anodur areSi warmoqmnili) nivTierebe-
bis masebi xsnarSi an nalRobSi gavlili eleqtrobis raodenobis 
proporciulia: 

m = kQ ,                               (12.1) 

sadac k aris proporciulobis koeficienti, romelsac eleq-
troqimiur ekvivalents uwodeben, xolo  — eleqtrobis raodeno-
ba (kuloni), romelic denis Zalisa (I, amperi) da drois (t, wami) 
namravlis tolia:  

Q = I•t                                 (12.2) 

12.1-dan, rodesac Q=1 kulons, m ricxobrivad eleqtrolit-
Si 1 kuloni eleqtrobis gavlis Sedegad gamoyofili nivTierebis 
masis tolia. 

faradeis meore kanonis Tanaxmad eleqtrolizis dros erTi 
da imave raodenobis eleqtroba eleqtrodebze sxvadasxva nivTi-
erebis ekvivalentebis tol raodenobas gamoyofs. aqedan gamom-
dinare, erTi moli ekvivalenti nebismieri nivTierebis gamosayo-
fad saWiroa erTi da imave raodenobis eleqtrobis daxarjva. am 
ricxvs faradeis ricxvi (F) ewodeba da igi daaxloebiT 96500 ku-
lonis (26.8 a•sT) tolia. 

amrigad, nivTierebis eleqtroqimiuri ekvivalenti misi ekvi-
valentis moluri masisa da faradeis ricxvis fardobis tolia: 
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F
M

K ekv=                               (12.3) 

  Tu K-s mniSvnelobas CavsvamT faradeis pirveli kanonis 
gamomsaxvel gantolebaSi, miviRebT: 

F
Q M

m
 ekv=    anu  

F
ItM

m ekv=                (12.4) 

  xSir SemTxvevaSi eleqtrolizis dros gamoyenebuli eleqtru-
li deni mTlianad ar ixarjeba eleqtrodebze sasurvel nivTiereba-
Ta gamoyofaze, radgan SesaZlebelia Tanauri reaqciebis mimdinare-
obac (magaliTad, eleqtrodebze gamoyofili nivTierebis urTier-
Tqmedeba eleqtrodis masalasTan an eleqtrolitTan, metalTan 
erTad wyalbadis gamoyofa da sxv.). amitom eleqtrolitSi gavlili 
eleqtrobis im nawilis aRricxvisaTvis, romelic ixarjeba sasurve-
li produqtis miRebaze, Semotanilia cneba — gamosavlianoba denis 
mixedviT (η). igi tolia eleqtrolizis dros praqtikulad miRebu-
li nivTierebis masis fardobisa, faradeis kanonis Tanaxmad, misaRe-
bi nivTierebis Teoriulad (raeqciis mixedviT) gaTvlil masasTan: 

%100ItM
96500m

%100m
m

η ⋅=⋅=
ekv

praqt

Teor

praqt
                   (12.5) 

miRebuli fardoba safuZvlad udevs eleqtrolizis proce-
sebTan dakavSirebul yvela gaangariSebas. 

12.4 energiis qimiuri wyaroebi.                            
galvanuri elementi, akumulatori,            

akumulatoris muSaobis principi 

rogorc cnobilia, Canacvlebis reaqciis dros rTul nivTie-
rebaTa molekulaSi romelime `moZravi~ (reaqciisunariani) atomi 
Cainacvleba sxva elementis atomiT. magaliTad, ganzavebuli go-
girdmJavas TuTiaze moqmedebisas mJavas wyalbadis atomebi Cai-
nacvleba TuTiis atomiT. am tipis reaqcias miekuTvneba metalTa 
wyalxsnarebidan erTi metalis mier meoris gamoZevebis reaqciac. 

 magaliTad: 
Zn + CuSO4 → ZnSO4 + Cu0 

an ionuri formiT 
Zn + Cu2+ → Zn2+ + Cu0 

am reaqciaSi TuTia aRmdgenia (gascems eleqtronebs), xolo spi-
lenZis ioni (Cu2+) mJangavi. Sesabamisi naxevarreaqciebi gamoisaxeba 
gantolebiT (sqemiT): 

Zn → Zn2+ + 2e 
Cu2+ + 2e → Cuo 

 263 



ganxilul SemTxvevaSi, orive naxevarreaqcia mimdinareobs Tu-
Tiis spilenZis (II) sulfatis xsnarTan Sexebis adgilas (heteroge-
nuli procesi), ase rom, eleqtronebi TuTiis atomidan uSualod 
gadadian spilenZis ionze (miuerTdebian spilenZis Cu2+ ionebs). 

 zemoT ganxiluli reaqcia SesaZlebelia Zn-is da CuSO4-is 
xsnaris uSualod Sexebis gareSec warimarTos. kerZod, naxevar-
reaqciebi dacilebul sivrceSi warimarTeba da eleqtronebi Tu-
Tiis Rerodan (firfitidan) Cu2+-ze gadava eleqtronuli gamta-
rebis anu garegani jaWvis meSveobiT, anu xsnarSi eleqtruli de-
nis gatarebisas. Jangva-aRdgeniTi reaqciis amgvarad CatarebiT 
reaqciis dros gamoyofili energia (qimiuri energia), gardaiqmneba 
eleqtrul energiad. xelsawyos, romelic zemoT ganxiluli prin-
cipiT muSaobs (qimiuri energia gardaiqmneba eleqtrul energiad), 
galvanuri elementi ewodeba. mas sxvanairad, eleqtruli energiis 
qimiur wyaros uwodeben. eleqtruli energiis iseT qimiur wyaro-
ebs, sadac praqtikulad Seuqcevadi analogiuri procesebi mimdi-
nareobs, akumulatorebi ewodeba. galvanuri elementisagan gan-
sxvavebiT, SesaZlebelia maTi mravaljeradi gadamuxtva. 

nebismieri galvanuri elementis moqmedeba dafuZnebulia 
maTSi Jangva-aRdgeniTi reaqciis warmarTvaze. umartivesi galva-
nuri elementi sxvadasxva qimiuri bunebis ori firfitisagan Sed-
geba, romlebic CaSvebulni arian eleqtrolitis (mJava, tute) 
xsnarSi. am SemTxvevaSi xorcieldeba sivrciT dacilebuli Jangva-
aRdgeniTi reaqciebi: daJangvis procesi mimdinareobs erT metal-
ze, aRdgenisa — meoreze. e.i. eleqtronebi erTi metalidan meoreze 
gadadian garegani jaWvis (magaliTad, mavTulis sadenis) meSveo-
biT. farTod gavrcelebul galvanur elements warmoadgens spi-
lenZ/TuTiis galvanuri elementi (iakob/danielis elementi), ro-
melic Sedgeba CuSO4-is xsnarSi CaSvebuli spilenZis fir-fitisa-
gan (spilenZis eleqtrodi) da ZnSO4-is xsnarSi CaSvebuli TuTiis 
firfitisagan (TuTiis eleqtrodi) (nax. 12.3.). orive xsnari erTma-
neTs exeba. magram maTi Serevisagan Tavis daRwevis mizniT, isini ga-
mijnulia forovani masalisagan damzadebuli ZgidiT (tixriT): 

 

naxazi 12.3. spilenZ/TuTiis galvanuri elementis sqema 
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elementis muSaobisas, anu Caketil jaWvSi, Zn iJangeba: 

Zn → Zn2+ + 2e 

Zn2+-is ionebi hidratirdebian, xolo eleqtronebi sadenis meS-
veobiT miemarTebian spilenZis eleqtrodisaken da aRadgenen Cu2+-
is ionebs spilenZamde: 

Cu2+  +  2e  →  Cu0 

(spilenZis 
dehidratirebuli 

ionebi) 

(metaluri 
spilenZi) 

zemoT moyvanili Jangva-aRdgeniTi procesebi naxevareaqibiT 
gamosaxuli  eleqtroqimiuri gantolebebis saxiT Caiwereba. 

galvanur elementSi mimdinare reaqciis jamuri gantoleba 
zemoT motanili orive naxevarreaqciis SejamebiT miiReba, eleq-
tronebis gacema-SeZena xdeba garegani jaWvis (sadenis) meSveobiT 
eleqtrodebze, aRmdgenidan (ufro metad eleqtrodadebiTi, aq-
tiuri metali, magaliTad, Zn) damJangavamde (ufro pasiuri meta-
li, magaliTad, Cu), an sxvagvarad, eleqtroqimiuri procesis Se-
degad. xsnarSi ki adgili aqvs ionebis rTul moZraobas: TuTiis 
eleqtrodTan Sesabamisi kationebi (dadebiTad damuxtuli ione-
bi) gadadian xsnarSi, qmnian ra masSi Warb dadebiT muxts, xolo 
spi-lenZis eleqtrodTan, xsnarSi, xdeba kationebis deficitis 
Seqmna (kationebiT gaRaribeba — maTi koncentraciis Semcireba), 
ris gamoc, xsnari am adgilas Rebulobs Warb uaryofiT muxts 
(nax. 12.3). am procesebis Sedegad, aRiZvreba eleqtruli veli, sa-
dac xsnarSi myofi kationebi (Cu2+ da Zn2+) miemarTebian Zn-is 
eleqtrodidan Cu-is eleqtrodisaken, xolo anionebi (SO4

2-) — sapi-
rispiro mimarTulebiT. 

galvanur elementSi (denis wyaroSi) TuTiis eleqtrodi ano-
dis (—) rols asrulebs, xolo spilenZis — kaTodis (+). anod-ze 
momdinareobs daJangvis procesi, xolo kaTodze — aRdgenis. gal-
vanur elementSi (xsnarSi da gare wredSi) mimdinare procesebi 
rTuli procesebia. aq, eleqtrodebze mimdinareobs rogorc 
atomebis, ionebis, molekulebis gardaqmna, ise eleqtronebis da 
ionebis gadatana. es procesebi Serwymulia erTmaneTTan da er-
Tnairi siCqariT mimdinareobs. amasTan Zn-is mier drois erTeul-
Si gacemul eleqtronTa ricxvi tolia amave droSi Cu2+ mier mi-
er-Tebuli eleqtronebis ricxvisa. amitom galvanur elementSi 
mimdinare reaqciis siCqare (drois erTeulSi gardaqmnili nivTi-
erebis raodenoba, koncentracia) im eleqtronebis ricxvis pro-
por-ciulia, romelic garegani jaWviT drois erTeulSi gadaita-
neba, e.i. denis Zalisa. am dros aRZrulma eleqtrulma denma SeiZ-
leba Seasrulos sasargeblo muSaoba. magram qimiuri reaqciis 
xarjze Sesrulebuli muSaoba am dros mimdinare reaqciis siCqa-
rezea damokidebuli — is maqsimaluria reaqciis usasrulod mci-
re siCqariT (usasrulod nela), Seqcevadad warmarTvisas (Termo-
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dinamikidan cnobilia, rom procesis swrafad warmarTvisas Ses-
rulebuli muSaoba mcirea). am dros gamoyofili siTbo, piriqiT, 
iqneba minimaluri. 

eleqtruli denis muSaoba tolia sistemaSi (jaWvSi) gavlili 
eleqtrobis raodenobis Zabvaze namravlisa: spilenZ/TuTiis ele-
mentSi 1 ekvivalenti Zn-is daJangvisas da erTdroulad, spilenZis 
ionebis 1 ekvivalentis aRdgenisas gaivlis (1 faradei, F = 96485 ku-
loni) eleqtroba, ase, rom eleqtruli denis mier Sesrulebuli 
muSaoba toli iqneba:  

A/  = F•V,                       (12.6) 

sadac V polusebs (eleqtrodebs) Soris Zabvaa. 
ramdenadac es muSaoba damokidebulia denis Zalaze, elemen-

tis polusebs Soris Zabvac damokidebulia denis Zalaze (F mud-
mivi sididea). zRvrul SemTxvevaSi, romelic pasuxobs (eTanadeba) 
reaqciis Seqcevadad warmarTvas (mimdinareobas), Zabva maqsimalu-
ri iqneba. galvanuri elementis Zabvis maqsimaluri mniSvnelobas, 
romelic Seesabameba reaqciis Seqcevadad warmarTvas, mocemuli 
elementis eleqtromamoZravebeli Zala (e.m.Z) ewodeba. am zRvruli 
mniSvnelobisaTvis sasargeblo muSaoba, romelsac Zn/Cu elemen-
tSi eleqtruli deni asrulebs (1 F) gamoisaxeba gantolebiT:   

A'maqs = F·Vmaqs = F·E,                      (12.7) 

sadac E = Vmaqs – elementis e.m.Z. 
cxadia, rom 1 moli Zn-is urTierTqmedebisas 1 mol Cu2+-Tan 

zemoT motanili gantoleba Semdeg saxes miiRebs: 

A'maqs = 2 ·A/
maqs = 2 F·E,                    (12.8) 

zogadad, erTi moli nivTierebis gaxsnisas, romelTa ionebs Z 
muxti aqvT, maqsimaluri sasargeblo muSaoba e.m.Z.-Tan dakavSi-
rebulia gantolebiT:   

Amaqs = ZF·E                           (12.9) 

mudmiv wnevasa da temperaturaze maqsimaluri sasargeblo 
muSaoba tolia jibsis energiis (ΔG) Sebrunebuli sididis:  

ΔG = – ZF·E                               (12.10) 
Tu reaqciaSi monawile nivTierebis koncentracia (ufro zus-

tad, aqtivoba) erTis tolia (erTeuli koncentraciebi), maSin da-
culia standartuli pirobebi, e.i. elementis e.m.Z.-as ewodeba 
standartuli e.m.Z. da aRiniSneba E0. amasTan, ukanaskneli ganto-
leba Semdeg saxes miiRebs: ΔG = – ZF·E0  

viTvaliswinebT, rom jibsis energiis cvlileba reaqciis 
wonasworobis konstantasTan(K) dakavSirebulia gantolebiT:  

ΔG = – RTlnk ,                          (12.11) 
sadac R airis universaluri mudmivaa (Tu airis moculoba ga-

zomilia litrebSi, wneva atm-ebSi, maSin R = 0.082 leatm/molie, 
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xo-lo Tu V gazomilia litrebSi (m3), xolo wneva kpa-ebSi, maSin R 
= 8.314 j/molie), miviRebT gantolebas, romelic standartul 
e.m.Z.-s galvanur elementSi mimdinare reaqciis wonasworobis 
konstantasTan akavSirebs: 

RTlnk = ZF·E0                            (12.12) 
Cven zemoT ganvixileT galvanuri elementi, sadac qimiuri 

energia gardaiqmneba eleqtrul energiad. principSi, eleqtruli 
energiis mocema SeuZlia nebismier Jangva-aRdgeniT reaqcias. 
Tumca im reaqciaTa ricxvi, romlebic eleqtruli energiis qimi-
ur wyaroebSi gamoiyeneba, sakmaod mcirea, es dakavSirebulia 
imas-Tan, rom ara yvela Jangva-aRdgeniTi reaqcia iZleva saSua-
lebas, SevqmnaT eleqtruli denis wyaro, romelsac kargi teqni-
kuri Tvisebebi eqneba (magaliTad, praqtikulad mudmivi da maRa-
li e.m.Z., xangrZ-livi moxmarebis unari, didi denebis gamomuSave-
bis unari da sxv.) garda amisa, bevri Jangva-aRdgeniTi reaqcia sa-
Wiroebs ZviradRirebuli qimiuri reaqciebis (nivTierebis gamo-
yenebas). spilenZ/TuTiis galvanuri elementisagan gansxvavebiT, 
am tipis Tanamedrove denis wyaroebSi (magaliTad, akumulato-
rebSi) gamoiyeneba ara ori, aramed erTi eleqtroliti 
(magaliTad, H2SO4-is an KOH-is xsnari). anodad gamoiyeneba TuTia, 
kaTodad, Cveulebriv gamoiyeneba naklebad aqtiuri metalebis 
oqsidebi. galvanuri elementis tipis denis wyaroebi gamoiyeneba 
kavSiris (radio, satelefono, telegrafiuli), avtomobilebSi, 
sasoflo-sameurneo mobilur teqnikaSi da a.S. cnobilia sxva ti-
pis elementebi. magaliTad, manganum/TuTiis, haer/TuTiis, tute 
da mJava akumulatorebi, Tburi elementebi da a.S., romelTac 
qvemoT (TuTiis da tyviis gamoyeneba) ganvixilavT.  

akumulatoris muSaobis principi ganvixiloT tyviis (mJa-
vuri) akumulatoris magaliTze:  

(-) Pb │H2SO4│PbO2, Pb (+) 
akumulatoris muSaobis dros adgili aqvs denis aRmZvrel 

Semdeg procesebs: 
(-) Pb + SO4

2- = PbSO4 + 2e- 

(+) PbO2 + 4 H+ + SO4
2- + 2e = PbSO4 + 2 H2O                   (1) 

jamuri reaqciaa: 

Pb + PbO2 + 4 H+ + 2 SO4
2- (2 H2SO4) = 2 PbSO4 + 2 H2O 

reaqciis Sedegad orive elqtrodi ifareba PbSO4-is feniT, 
anu orive eleqtrodi erTnairi xdeba, rasac Tan mosdevs e.m.Z.-is 
Semcireba da akumulatoris ganmuxtva. 

akumulatoris Tavidan damuxtvis mizniT masSi atareben dens 
sawinaaRmdego mimarTulebiT. orive eleqtrodze mimdinareobs 
imisi Sebrunebuli procesebi, rasac adgili hqonda akumulato-
ris denis wyarod muSaobis procesSi da jamuri reaqciac (1)-is 
Sebrunebulia: 
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PbSO4 + 2e- = Pb + SO4
2- 

 PbSO4 + 2 H2O = PbO2 + 4 H+ + SO4
2- + 2e 

------------------------------------------------------- 
                            2 PbSO4 + 2 H2O = Pb + PbO2 + 2 H2SO4                (-1) 
ganmuxtva-damuxtvis amgvari monacvleobis saSualebiT tyvi-

is akumulatori didi xnis ganmavlobaSi muSaobs gamarTulad. 
  Tburi elementebi warmoadgens eleqtroqimiur sistemebs, 

romlebSic mimdinareobs sawvavis an misi gadamuSavebis produq-
tebis daJangvis reaqcia. magaliTisaTvis ganvixiloT wyalbadis 
wvis reaqcia: 

2 H2 + O2 = 2 H2O                          (12.13) 
am reaqciaze agebuli Tboelementi Semdegnairad aris mowyo-

bili: 2 airis kamera, romelTagan erTSi wyalbadia da meoreSi – 
Jangbadi, erTmaneTisagan gamoyofilia naxevradSeRwevadi tix-
riT. es tixari atarebs H+-s, magram ar atarebs H2-sa da O2-s. eleq-
trodebi dafarulia platiniT. 

wyalbadis kameraSi platinis katalizatorze mimdinareobs 
reaqcia: 

2 H2 → 4 H+ + 4e- 
am reaqciaSi warmoqmnili wyalbadis ionebi naxevradSeRwe-va-

di tixris saSualebiT gadadian Jangbadis kameraSi, sadac adgili 
aqvs Semdeg process: 

4 H+ + O2 + 4e- = 2 H2O                       (12.14) 

(12.14)  reaqciaSi monawile eleqtronebi Jangbadis kameraSi 
wyalbadis kameridan gadadian gamtaris saSualebiT, romelic 
aerTebs kameraTa platinis eleqtrodebs. eleqtronebis es ga-
dasvla ganpirobebulia imiT, rom (12.14) reaqciis ΔG<0. eleqtro-
nebis nakadi ki warmoadgens eleqtrul dens, romelic gamoiyene-
ba sxvadasxva mizniT. kerZod, zemoT aRwerili Tburi elementi 
gamoiyeneboda kosmosur xomaldebSi. 
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13. qimiuri kinetika da katalizi 

13.1 qimiuri reaqciis siCqare. reagentebis 
koncentraciis gavlena  reaqciis siCqareze 

qimiuri kinetika ewodeba qimiis dargs, romelic qimiuri re-
aqciebis siCqareebs da meqanizmebs Seiswavlis. qimiuri kinetikis 
erT-erTi sabazo cnebaa qimiuri reaqciis siCqaris cneba.  

nebismieri kinetikuri gamokvlevis mizania gansaxilveli reaqci-
is kinetikuri gantolebis saxis dadgena da misi parametrebis povna. 
masTanaa dakavSirebuli reaqciaTa meqanizmebis dadgena da samrewve-
lo masStabiT nivTierebaTa miRebis ekonomiuri efeqturoba. 

aRniSnuli sakiTxi, Tavisi informaciuli tevadobiT mniSvnelo-
vania ara marto qimiis yvela dargisaTvis, aramed mecnierebis sxva 
dargebisTvisac (fizikis, biologiis, bioqimiis, geoqimiis da sxva).  

qimiuri reaqciebis siCqare farTo zRvrebSi icvleba. zogi re-
aqcia imdenad swrafad mimdinareobs, rom dawyebisTanave mTavrde-
ba. magaliTad, erTi moculoba wyalbadisa da erTi moculoba qlo-
ris narevSi naperwklis SetaniT reaqcia afeTqebiT warimarTeba. ase-
ve myisierad mimdinareobs ionuri reaqciebi wyalxsnarebSi. aRniS-
nul reaqciaTa sapirispirod, tenian haerSi rkinis nakeTobebze oqsi-
duri fenis warmoqmnas 2-3 dRe-Rame sWirdeba, fermentebis moqmede-
biT glukozas duRilis procesi ramdenime Tve grZeldeba, xolo qa-
nebis gamofitvis procesi SeiZleba wlebis ganmavlobaSi gagrZeldes. 
aseve xangrZlivia zogierTi elementis radiaqtiuri daSla. 

qimiuri reaqcia SeiZleba mimdinareobdes rogorc erTgvarovan 
anu homogenur, ise araerTgvarovan anu heterogenur sistemebSi, 
ris mixedviTac asxvaveben homogenur da heterogenul reaqciebs. 

homogenuria reaqciebi, Tu urTierTqmedeba xorcieldeba ai-
rebs an erTmaneTSi Serevad Txevad nivTierebebs Soris. 

homogenuri reaqciis siCqare maTematikurad ase Caiwereba: 

hom = +_ ν
V t

v
 ,                                (13.1) 

sadac vhom homogenuri reaqciis siCqarea, ν — erT-erTi more-
agire nivTierebis (reagentis) an reaqciis produqtis raodenoba, 
V — sistemis moculoba, xolo t — dro.  

e.i. homogenuri reaqciis siCqare ganisazRvreba erTeul mo-
culobaSi, drois erTeulSi reaqciaSi Sesuli an reaqciis Sede-
gad warmoqmnili erT-erTi nivTierebis raodenobiT (molebSi).  

radgan nivTierebis raodenobis fardoba sistemis moculobas-
Tan aris am nivTierebis koncentracia, amitom erTeul moculoba-
Si nivTierebis raodenobis cvlileba SeiZleba koncentraciis 
cvlilebiT Seicvalos da, aqedan gamomdinare, homogenuri reaqci-
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is siCqare SeiZleba agreTve ganimartos, rogorc erT-erTi morea-
gire nivTierebis an reaqciis produqtis koncentraciis cvlileba 
drois erTeulSi sistemis ucvleli moculobis pirobebSi. am dros 
mniSvneloba ara aqvs, Tu reaqciaSi monawile romel nivTierebazea 
saubari, radgan nivTierebebi erTmaneTTan raodenobrivad dakavSi-
rebulia qimiuri gantolebiT da erT-erTi nivTierebis koncentra-
ciis cvlilebiT SeiZleba vimsjeloT danarCenebis koncentraciis  
Sesabamis  cvlilebaze.  koncentraciis  erTeulia `moli/l~, reaq-
ciis siCqarisa — `moli/(llwm)~. SI sistemaSi, `moli/(m3lwm)~. 

maTematikurad gamovsaxoT siCqare reaqciisa, romelic aiwe-
reba qimiuri gantolebiT:  

A + B = AB 

davuSvaT, rom AB reaqciis produqtis koncentracia t1 drois 
momentSi aris C1, xolo t2 drois momentSi — C2, maSin ∆t = t2 – t1 dro-
is intervalSi koncentraciis cvlileba ∆C = C2 – C1, xolo reaq-
ciis saSualo siCqare (nax. 13.1):   

                      
hom =

+_ 2 -   1

t2 - t1
+_=

t
v

C CC

                           (13.2) 
minusi niSani iwereba maSin, roca reaqciis siCqare isazRvreba 

A an B reagentis koncentraciis cvlilebiT (miuxedavad misi kon-
centraciis Semcirebisa da C2–C1 sxvaobis uaryofiTi mniSvnelo-
bisa, reaqciis siCqare SeiZleba iyos mxolod dadebiTi). nax. 13.1 
Cans, rom t2 – t1 da t4 – t3 drois intervalebis tolobis miuxedavad, 
t4 – t3 monakveTSi ufro mcire raodenobis reaqciis produqti mii-
Reba. e.i. reaqciis saSualo siCqare reagentis koncentraciis Sem-
cirebasTan erTad TandaTanobiT klebulobs. 

qimiuri reaqciis saSualo siCqaris gamoTvla SesaZlebelia 
grafikuli meTodiT (nax. 13.1, mrudi 1), romelic miaxloebiTia. 
reaqciis saSualo siCqaris gamoTvlis mizniT ageben C=f(t) an C0-
_C=f(t) grafiks da siCqares sazRvraven t1, t2 droSi, roca koncen-
tracia icvleba, Sesabamisad C1, C2. maTi sxvaobebis fardobiT ki 
Rebuloben saSualo siCqares drois mocemul monakveTSi: v = ∆C/∆t. 

 
naxazi 13.1. produqtis (1) da reagentis (2) koncentraciis cvlileba 

droSi. 3,4 – mxebi t1 da t2 drois Sesabamis wertilebze 
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qimiuri reaqciis siCqaresa da moreagire nivTierebaTa mo-
lur koncentraciebs Soris damokidebuleba (raodenobiTi Tana-
fardoba) eqsperimentulad daadgines norvegielma mecnierebma 
katon maqsimilian guldbergma da peter vaagem. am gamokvlevebis 
safuZvelze maT Camoayalibes kanoni, romelsac moqmed masaTa ka-
noni ewodeba da qimiuri kinetikis ZiriTad kanons warmoadgens: 
mudmivi temperaturis pirobebSi qimiuri reaqciis siCqare pro-
porciulia moreagire nivTierebaTa moluri koncentraciebis 
namravlisa. es kanoni, zogadad, nA + mB → pD  martivi (elementa-
ruli) reaqciisaTvis ase Caiwereba: 

v = kCA
n . CB

m                                                  (13.3) 
xolo A + B → D  reaqciisaTvis Semdegi gamosaxulebis saxiT: 

v = kCA•CB                                     (13.4) 
umartivesi SemTxvevisaTvis:    

A → B 
                           v = kC                 (13.5) 

sadac C moreagire nivTierebis koncentraciaa, k – reaqciis 
siCqaris mudmiva (ix. qvemoT).  

k-is mniSvneloba utoldeba reaqciis siCqares, rodesac more-
agire nivTierebaTa moluri koncentraciebi erTis tolia an maTi 
namravli udris erTs. rac metia k-s mniSvneloba, miT ufro maRa-
lia reaqciis siCqare. es kanoni samarTliania mxolod airad da 
Txevad fazaSi mimdinare reaqciebisaTvis.  

moqmed masaTa kanoni amyarebs reaqciis siCqaris moreagire 
nivTierebebis molur koncentraciebze damokidebulebas, magram 
arafers ambobs reaqciis meqanizmze, risi gaTvaliswinebac mTel 
rig SemTxvevebSi aucilebelia (magaliTad, HCl-is warmoqmna 
wyalbadisa da qloris urTierTqmedebisas, ix. araorganuli qimi-
a, qloris qimiuri Tvisebebi).  

radgan reaqciis mimdinareobisas siCqare ganuwyvetliv icvle-
ba, qimiur kinetikaSi, Cveulebriv, ganixilaven mxolod reaqciis 
WeSmarit siCqares. reaqciis WeSmariti siCqare (v) gamosavali niv-
Tierebis mimarT warmoadgens koncentraciis usasrulod mcire 
(dC) cvlilebis fardobas drois usasrulod mcire (dt) monakveTSi: 

v = – dC/dt                                   (13.6) 
gantolebis marjvena mxares uaryofiTi niSani ganpirobebu-

lia imiT, rom qimiuri reaqciis dros adgili aqvs gamosavali niv-
Tierebis koncentraciis Semcirebas.  

(13.5) da (13.6) formulebis SejerebiT miviRebT: 

– dC/dt = kC                                   (13.7) 
qimiuri reaqciis kinetikuri gantoleba warmoadgens maTema-

tikur gamosaxulebas, romelic aRwers qimiuri procesis siCqa-
ris damokidebulebas moreagire nivTierebaTa koncentraciaze. 
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eqsperimentuli monacemebis mixedviT qimiuri reaqciis siCqa-
res yvelaze xSirad gamosaxaven zogadi formuliT: 

v = k[C1] m1[C2] m2... [Cx] mx
  ,                      (13.8) 

sadac k aris reaqciis siCqaris mudmiva; C1, C2, …, Cx — gamosa-
vali nivTierebebis koncentraciebi, m1, m2, …, mx — koncentracia-
Ta garkveuli xarisxis maCveneblebi. 

koncentraciis xarisxis maCvenebels ewodeba kerZo rigi mo-
cemuli reagentis mimarT, xolo maTi jamiT gamoisaxeba saerTo 
(jamuri) kinetikuri rigi.  

reaqciis kinetikuri rigi empiriuli (e.i. cdiseuli) sididea.  
xSirad reaqciis kinetikuri da steqiometruli gantolebani 

erTmaneTs ar emTxveva. gansxvavebas kerZo rigsa da steqiomet-
rul koeficients Soris ganapirobebs qimiuri reaqciis meqaniz-
mis sirTule. 

reaqciis WeSmariti siCqare anu siCqare mocemul wertilSi 
(drois mocemul momentSi) SeiZleba gamoiTvalos aseve kuTxis 
tangensiT, mxolod am SemTxvevaSi ageben mxebs aRniSnuli werti-
lisaTvis da miRebuli kuTxis tangensiT gamoiTvlian siCqares 
mocemuli momentisaTvis (nax. 13.1). naxazidan Cans, rom drois 
sxvadasxva momentisaTvis gamoTvlili siCqare gansxvavebulia. da 
Seesabameba C1,t1 da C2,t2 wertilebis gadakveTaze gamavali wrfis 
daxrilobis kuTxis tangensis mniSvnelobas. amrigad, v = tgα. 

heterogenuli reaqciebisaTvis kinetikur gantolebaSi mar-
jvena mxares mamravlad Sedis Sexebis (ori fazis gamyofi) zedapi-
ris farTobi S, romelic reaqciis mimdinareobisas drois garkve-
ul monakveTSi ucvleli rCeba. 

Tu reaqcia mimdinareobs heterogenul sistemaSi, magaliTad, 
myar da Txevad nivTierebebs Soris, maSin reaqciis siCqare damo-
kidebuli iqneba myari nivTierebis zedapiris farTobze. am nivTi-
erebebs Soris reaqcia mimdinareobs mxolod myari nivTierebis 
zedapirze. amitom, rac ufro meti iqneba am zedapiris farTobi, 
miT ufro swrafad warimarTeba reaqcia. magaliTad, rkinis alma-
danis gamowvisas [4 FeS2(my.) + 11 O2(a) → 2 Fe2O3(my.) + 8 SO2(a)] am re-
aqciis siCqare damokidebulia mxolod Jangbadis koncentraciis 
cvlilebaze, amitom Sesabamis kinetikur gantolebaSi ar Sedis 
myari nivTierebis koncentracia. heterogenuri procesia agreT-
ve marmariloze marilmJavas moqmedeba. marmarilos msxvili na-
texebi gacilebiT ufro dabali siCqariT reagirebs marilmJavas-
Tan, vidre igive masis wvrili natexebi. amave mizeziT qimiur rea-
gentebs, rogorc wesi, iyeneben fxvnilebis da ara natexebis sa-
xiT. igive kanonzomierebas eqneba adgili, rodesac heterogenu-
li reaqciebi xorcieldeba Txevad da airad, or myar an or Seure-
vad Txevad nivTierebas Soris. aseTi reaqciebi mimdinareobs fa-
zaTa (faza araerTgvarovani sistemis erTgvarovani nawilia) Se-
xebis zedapirze. aqedan gamomdinare, heterogenuli reaqciis 

 272



siCqare xSirad ganisazRvreba drois erTeulSi erTeul zeda-
pirze reaqciaSi Sesuli an reaqciis Sedegad miRebuli erT-er-
Ti nivTierebis raodenobiT (molebSi): 

het =
+_ ν

tS
,v
                    (13.9) 

sadac vhet heterogenuli reaqciis siCqarea, ν – erTerTi rea-
gentis an reaqciis produqtis raodenoba, S — fazaTa Sexebis ze-
dapiris farTobi, xolo t — dro. 

 dasasrul, SevniSnoT, rom homo- da heterofazurobis cneba 
damoukidebelia homo- da heterogenulobis cnebisagan. homoge-
nur-homofazuri procesis magaliTia kaliumis tutis xsnaris ma-
rilmJavas ganzavebuli xsnariT ganeitraleba, maSin rodesac ami-
akis (airadia sawyisi reagentebi — wyalbadi da azoti, da sabo-
loo produqti — amiaki) daSla platinis (myari) katalizatorze 
homofazur-heterogenulia. homogenur-heterofazuri procesis 
magaliTia oqtanis (Txevadi najeri naxSirwyalbadi) daJangva ai-
radi JangbadiT. 

13.2 reaqciis siCqaris mudmiva 

rogorc zemoT aRvniSneT, qimiuri kinetikis ZiriTadi postu-
latis gamosaxulebaSi (13.8) proporciulobis k koeficients ewo-
deba reaqciis siCqaris mudmiva (reaqciis siCqaris koeficienti), 
romelic ricxobrivad utoldeba qimiuri reaqciis siCqares, ro-
desac gamosaval nivTerebaTa moluri koncentraciebi 1-is tolia.  

qimiuri reaqciis mudmivas mniSvneloba damokidebulia qimi-
ur reagentTa bunebaze da reaqciis mimdinareobis pirobebze 
(magaliTad, temperatura, gamxsneli). Tu gamonakliss ar mivi-
RebT mxedvelobaSi, reaqciis siCqaris mudmiva ar aris damokide-
buli moreagire nivTierebaTa koncentraciebze. 

reaqciis siCqaris mudmiva warmoadgens metad mniSvnelovan 
kinetikur maxasiaTebels, vinaidan igi SeiZleba ganvixiloT ro-
gorc qimiur reagentTa reaqciisunarianobis ricxobrivi zoma. 

aRsaniSnavia, rom sxvadasxva kinetikuri rigis qimiur reaqci-
aTa siCqaris mudmivebi warmoadgenen gansxvavebul fizikur sidi-
deebs da maTi mniSvnelobaTa urTierTSedareba dauSvebelia. 

reaqciis siCqaris mudmivas ganzomilebis dadgenis mizniT ga-
vixsenoT qimiuri kinetikis ZiriTadi postulatis gamosaxuleba 
(13.8). vinaidan reaqciis siCqaris ganzomileba (misi kinetikuri 
rigisagan damoukideblad) Seadgens [C][t]-1-s, reaqciis siCqaris 
mudmivasaTvis gveqneba:   

[k] = [C]1¯ Σm[t]-1, 
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sadac [C] aris koncentraciis ganzomileba, xolo Σm aris 
reaqciis jamuri kinetikuri rigi. 

 cxrilSi motanilia sxvadasxva rigis reaqciisaTvis siCqaris 
mudmivebis erTeulebi SI sistemaSi (cxr. 13.1). 

       cxrili 13.1 

  kinetikuri rigi, Σm  siCqaris mudmivas erTeuli (SI) 
0 moli·m-3·wm-1 
1 wm-1 
2 m3·moli-1·wm-1 
3 m6·moli-2·wm-1 

qimiuri reaqciis siCqaris mudmiva advilad gamoiangariSeba, 
rodesac cnobilia gansaxilveli reaqciis rigi. cnobilia reaq-
ciis siCqaris mudmivas gamoTvlis ramdenime meTodi:  

 1. Casmis xerxi. moreagire nivTierebebis an produqtebis 
koncentraciebs, romlebic analizuri gziT miiReba sxvadasxva 
momentSi, Casvamen Sesabamis kinetikur gantolebaSi. miRebuli 
siCqaris mudmivas ricxviTi mniSvnelobis cdomileba ar unda 
aRematebodes 5 %-s.  

  2. grafikuli meTodi. es meTodi gamoiyeneba maSin, roca 
koncentraciebisa da maTi warmoebulebis droze damokidebule-
bani moxerxebul grafikul formebs Rebulobs. grafikuli agebi-
sas mizanSewonilia gamoviyenoT umciresi kvadratebis meTodi 
iseT SemTxvevaSi, roca Catarebulia koncentraciis ara nakleb 8-
10 gazomva.  

13.3 reaqciis molekuluroba da reaqciis rigi 

formaluri kinetika uSvebs, rom elementarul stadiaSi mo-
nawile molekulaTa ricxvi mTeli ricxvia da emTxveva reaqciis 
steqiometrul koeficientebs (gantolebaSi nivTierebaTa for-
mulebis win daweril koeficients). formaluri ewodeba qimiuri 
kinetikis im dargs (nawils), romelic meqanizmebis gareSe ganixi-
lavs reaqciebis elementaruli stadiebis kinetikur gantole-
bebs. formaluri kinetikuri gantolebebis gamoyvanisas (Sedge-
nisas) TiToeuli mimdinare reaqcia ganixileba imgvarad, rogorc 
erTstadiuri da calmxrivi (erT mxares warmarTuli). zemoT gan-
martebuli cnebis qveS Cven gvesmis `molekuluroba~. ufro xSi-
rad, qimiur praqtikaSi gvxvdeba mono da bimolekuluri reaqcie-
bi (magaliTad, H2 + J2 → 2 HJ reaqcia bimolekuluria, radgan rea-
gentebis steqiometruli koeficientebis jami tolia oris (1+1 = 
2). monomolekuluria n.butanis izomerizacia izobutanad: 
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CH3-CH2-CH2-CH3
., t0

CH3-CH-CH3

CH3

Cat.

 
aRsaniSnavia, rom molekuluroba xSirad reaqciis kinetikur 

rigs ar emTxveva. 

bimolekuluri reaqciisaTvis, H2+J2→2HI, reaqciis siCqare 
aiwereba kinetikuri gantolebiT: 

2
v = kCH 2CJ  

an zogadad: A + B → D , [A] = CA, [B] = CB. 

                           v = kCACB an v = k[A][B],                      (13.10) 

sadac k xvedriTi siCqare anu siCqaris mudmivaa. Tu [A] = [B] = 
1 moli/l anu CA = CB = 1 moli/l, maSin k = v (ix. `moqmed masaTa 
kanoni~). 

erTstadiuri monomolekuluri reaqciisaTvis A → B, roca t 
= 0, gvaqvs C = C0, maSin   

_ =
dC
d

kC
t  

an   
 

 

_ =
dC
C

kdt

gamosaxulebis integrirebiT vRebulobT: 
∫dC/C = ∫kdt (integrebis sazRvrebi, Sesabamisad, C0 -Ct  da 0-t) 

                                         
=  ktln

C0

tC                                 (13.11) 
an: 

lnCt = lnC0 – kt,  
aqedan: 

                                          

1 ln
Ck =
C0

t t                              (13.12) 

(C0 sawyisi koncentraciaa, Ct — koncentracia  t drois Semdeg). 
gantolebis orive mxares yvela sididis mniSvneloba gani-

sazRvreba eqsperimentulad. C(t) damokidebuleba SeiZleba eqspo-
nenturi funqciiT gamovsaxoT (rac xazs usvams procesis eqspo-
nentur xasiaTs): 

                                    
e

-k
C0 =t

t
C                                     (13.13) 

 monomolekuluri reaqciebisaTvis k-s xSirad gansazRvraven 
naxevradgardaqmnis droiT (τ1/2), t = τ1/2. am SemTxvevaSi, reagentis 
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koncentracia udris misi sawyisi koncentraciis naxevars, e.i. Ct = 
1/2C0. ramdenadac: 

1 ln
Ck =
C0

t t                            (13.14) 
SesaZlebelia CavweroT, rom:  

0.693
τ1/2

k =
ln2
τ1/2

=
                 (13.15) 

e.i.: 

                                                     

0,693
τ1/2

k =
 

aRsaniSnavia, rom τ 1/2 ganisazRvreba eqsperimentulad. 
aseTive midgoma SeiZleba gamoviyenoT radiaqtiuri daSlis 

reaqciebis Seswavlisas, radganac es reaqciebi, rogorc wesi, ga-
nixileba, rogorc monomolekuluri. 

calmxrivi bimomolekuluri reaqciebisaTvis formaluri ki-
netika Semdeg gantolebas iyenebs: 

                        C1 - C2

. lnk = 1 1 C2(C1 - X)
C1(C2 - X)t 0

00

000 ,                                  (13.16)      

sadac C1
0, C2

0  e.w. reagentebis wonasworuli koncentraciebia, 
rodesac t=0. 

 reaqciis kinetikuri parametrebis gansazRvra gaRrmavebu-
lad Seiswavleba fizikuri qimiis kursSi (qimiuri kinetikis gan-
yofileba). 

13.4.  reaqciis meqanizmis gavlena 

garda moreagire nivTierebebis koncentraciisa, reaqciis 
siCqareze gavlenas axdens sxva faqtorebic. maTgan umniSvne-
lovanesia Semdegi: 

1. reagentebis buneba;  
2. reaqciis meqanizmi;  
3. temperatura sistemaSi;  
4. katalizatoris monawileoba;  
5. reagentebis daqucmacebis (myari) da Serevis xarisxi da sxv. 

imis mixedviT, Tu rogor Seerwymeba realurad zemoaRniSnu-
li faqtorebi, erTi da igive reaqcia SeiZleba warimarTos Zalin 
didi siCqariT, magaliTad, afeTqebis reJimSi an Zalian nela.  
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wylis sinTezis sareaqcio narevs, moluri TanafardobiT 2:1,  
mgrgvinavi airi ewodeba:   

2 H2 + O2 = 2 H2O 

mgrgvinavi airi (VH2 : VO2 = 2 moc. : 1 moc.) SesaZlebelia arse-
bobdes (inaxebodes) oTaxis temperaturaze ragind didxans ise, 
rom reagentebis raime arsebiTi gardaqmna wylad ar SeiniSneba. 
magram rodesac t>600˚C (873K) adgili aqvs narevis afeTqebas 
wylis warmoqmniT. am SemTxvevaSi temperaturis gazrda astimu-
lirebs reaqciis jaWvur meqanizms da misi siCqare anomalurad 
izrdeba.  

 reaqciis siCqareze moqmed erT-erT mniSvnelovan faqtors 
warmoadgens procesis meqanizmi, romelic, rogorc aRvniSneT, 
SeiZleba Sedgebodes ramdenime Tanmimdevruli an zogjer er-
Tdrouli, magram sxvadasxva siCqariT mimdinare reaqciisagan. 
aseT reaqciebs miekuTvneba e.w. `pulsirebadi~ reaqciebi. magali-
Tis sa-xiT SeiZleba movitanoT H2O2, HJO3, malonis mJavis HOOC-
CH2-COOH (orfuZiani karbonmJava — dikarbonmJava) da saxameblis 
narevSi mimdinare procesi, sadac induqciuri periodis gavliT 
(dro, rodesac energetikuli zemoqmedebis Semdeg reaqcia, praq-
tikulad, jer kidev ar dawyebula) adgili aqvs e. w. pulsaciis ga-
movlenas, rac mJRavndeba iod-saxameblis cnobili reaqciis 
(lurjad Seferva) periodulad warmarTviT (Seferva xan warmoiq-
mneba, xan qreba). pulsacia grZeldeba reagentebis amowurvamde. 
Zalze rTulia agreTve jaWvuri reaqciebis meqanizmebi, romel-
sac detalurad qvemoT ganvixilavT.  

zemoT naxsenebi faqtorebidan, reaqciis meqanizmisa da kon-
centraciis gavlenasTan erTad, gansakuTrebuli Teoriuli da 
praqtikuli mniSvneloba aqvs qimiuri reaqciis siCqareze tempe-
raturis gavlenas. 

13.5.  temperaturis gavlena qimiuri reaqciis 
siCqareze. vant-hofis wesi. aqtivaciis Teoriis 

sabazo koncefciebi. aqtivaciis energia 

temperaturis gavlena qimiuri reaqciis siCqareze pirvelad 
Seiswavla gamoCenilma danielma mecnierma iakob vant-hofma, ro-
melmac mdidari eqsperimentuli masalis safuZvelze daadgina 
zogadi xasiaTis wesi, romlis Tanaxmad, temperaturis aTi gra-
dusiT gadidebisas reaqciis siCqare izrdeba 2÷4-jer. am ricxvs 
reaqciis siCqaris temperaturuli koeficienti ewodeba. amri-
gad, temperaturis erTi gradusiT gadideba iwvevs reaqciis siC-
qaris gadidebas saSualod 10 %-iT. es wesi ar aris zusti. yovel 
reaqcias garkveuli sididis temperaturuli koeficienti axasia-
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Tebs. garda amisa, aRsaniSnavia, rom Zalian xSirad es Termuli ko-
eficienti icvleba temperaturasTan dakavSirebiT. 

vant-hofis wesiT SeiZleba visargebloT mxolod miaxloebi-
Ti gaangariSebisaTvis, igi Semdegnairad gamoisaxeba:  

γ = kT+10/kT,                                        (13.17) 
sadac γ aris reaqciis siCqaris temperaturuli koeficienti. 

am gantolebis galogariTmebiT miviRebT: 

lgγ = lgkT+10 – lgkT,                           (13.18) 
miRebuli tolobis ΔT = 10˚-ze gayofa mogvcems: 

Δlgk/ΔT = lgγ/10 ,                              (13.19) 
sadac, Δlgk = lgkT+10 – lgkT. 
Tu davuSvebT, rom T1 da T2 gradusis intervalSi γ ucvlelia, 

maSin zRvarze gadasvliT zogad SemTxvevaSi gamosaxuleba mii-
Rebs saxes: 

dlgk/dT = lgγ/10, 
romlis integrebiT T1 da T2 zRvrebSi miiReba saSualo tempe-

raturuli koeficienti: 

                                                                          (13.20)             

 13.20 gantolebidan naTlad Cans, rom temperatura TvalsaCi-
no gavlenas axdens reaqciis siCqareze. Tu davuSvebT, rom reaq-
ciis siCqaris temperaturuli koeficienti γ = 2, advilad Sevad-
genT cxrils, saidanac davinaxavT, Tu rogoraa damokidebuli 
reaqciis siCqare temperaturaze.  

temperatura        siCqaris mudmiva 
0˚   

10˚ 
20˚ 
30˚     

100˚ 

k 
2k 

4k = 22k 
8k = 23k 

1024k = 210k 

ganxiluli magaliTidan Cans, rom temperaturis ariTmetiku-
li progresiiT gadidebisas reaqciis siCqare geometriuli prog-
resiiT izrdeba. vant-hofis wesis mixedviT, reaqciis siCqaris 
mudmiva temperaturis xarisxovan funqcias warmoadgens. tempera-
turis aseTi didi gavlenis asaxsnelad unda gavixsenoT, rom reaq-
ciis warmarTvis aucilebel pirobas warmoadgens molekulebis 
dajaxeba. SevniSnoT agreTve, rom molekulebis yoveli dajaxeba 
ar aris sakmarisi reaqciisaTvis. TiTo dajaxeba rom sakmarisi yo-
filiyo, maSin Cven ver SevZlebdiT airebis Serevas, radgan myisve 
daiwyeboda reaqcia, romelic ori molekulis dajaxebis xangrZli-
vobaSi dasruldeboda, rac atmosferuli wnevis pirobebSi daax-
loebiT 10-10 wamis tolia. amrigad, molekulaTa dajaxeba reaqcii-
saTvis warmoadgens aucilebel, magram arasakmaris pirobas.  
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ismeba kiTxva – ratom aris reaqciis siCqare temperaturis 
funqcia? e.i. ratom gamoisaxeba zogadad es damokidebuleba fun-
qciiT: v = f(T).  

 temperaturis gadidebiT dajaxebaTa sixSire izrdeba. ro-
gorc varaudobdnen da dadginda kidec, temperaturis gazrdiT 
reaqciaSi monawile molekulaTa Sejaxebebis ricxvi drois erTe-
ulSi proporciulia absoluturi temperaturidan kvadratuli 
fesvisa, maSin, roca reaqciis siCqaris temperaturaze damokide-
buleba atarebs eqsponentur xasiaTs. marTlac, TviT umartivesi 
gaTvlebiTac ki dadgenilia, rom temperaturis 1000-iT gazrdisas 
(magaliTad, 273K-dan 373K-mde) SejaxebaTa ricxvi izrdeba mniS-

vnelovnad mcire xarisxiT ( 373K / 273K  ≈ 1.2), vidre es vant-ho-
fis wesis mixedviT aris gaTvlili. aRmoCnda, rom molekulaTa (na-
wilakTa) yvela Sejaxebas ar mosdevs maT Soris reaqcia (ur-Tier-
Tqmedeba). saWiroa sakmaod didi energia, rom gadailaxos is poten-
cialuri barieri, rac reaqciis warmarTvisaTvis aris saWiro. es ma-
Sin xerxdeba, Tu molekulebs (atomebs, Tavisufal radikalebs, zo-
gadad, nawilakebs) sakmarisi energia gaaCniaT (mieniWebaT energiis 
gadacemis xarjze) an sxvagvarad, isini e.w. `cxel~ molekulaTa 
ricxvs miekuTvnebian. aseT molekulebs ~aqtiursac~ uwodeben. na-
wilakTa ganawileba maTi energiis mixedviT (mocemul temperatura-
ze regulirdeba) bolcmanis statistikis kanonebiT (maqsvel-bol-
cmanis ganawileba): 

                                      (13.21) 
Naqt = ,.NsaerTo e

-E/RT

sadac R airis universaluri mudmivaa.  
am ganawilebis Tanaxmad, mxolod moreagire molekulaTa Se-

darebiT mcire nawili miekuTvneba e.w. ~aqtiur~ nawilakebs (gaaC-
niaT energetikuli barieris toli an masze meti energia). tempe-
raturis gazrda iwvevs aqtiuri nawilakebis ricxvis zrdas (uf-
ro metad, vidre SejaxebaTa saerTo ricxvs), rac zemoT ganxilul 
koncefcias adasturebs.  

minimalur Warb energias, romelic unda gaaCndes moreagire 
molekulebs, rom reaqcia warimarTos, aqtivaciis energia ewode-
ba da aRiniSneba Ea-iT. misi erTeulia kj/moli. es Sexedulebebi 
1889 wels gamoCenilma Svedma qimikosma svante areniusma Camoaya-
liba Teoriis saxiT, romelsac areniusis aqtiuri molekulebis 
Teoria ewoda. am Teoriis ZiriTadi arsi SemdgomSi mdgomareobs: 
reaqciaSi Cveulebrivi A molekulebi ki ar monawileoben, aramed 
maTi saxesxvaobani A*, romlebic iCenen reaqciaSi Sesvlis unars. 
areniusma maT aqtiuri molekulebi uwoda. aqtiuri molekulebi 
Cveulebrivisagan gansxvavdebian energiis maragiT, romelsac aq-
tivaciis energia ewodeba. Tu A molekulis aqtiur mdgomareoba-
Si gadasayvanad E sididis energiaa saWiro, maSin airebis kineti-
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kuri Teoriis Tanaxmad, aqtiur molekulaTa ricxvi, A*, moculo-
bis erTeulSi iqneba:  

[A*] = [A]e –E/RT,                                 (13.22) 
sadac E aris energiis is raodenoba, romelic unda hqondes 1 

mol nivTierebas reaqciaSi monawileobisaTvis.  
areniusis Teoriis Tanaxmad, aqtiuri da araaqtiuri (Cveu-

lebrivi molekulebi erTmaneTTan wonasworobaSia. am mosazreba-
ze dayrdnobiT, aqtivaciis energiis sidide SeiZleba gamovianga-
riSoT e.w. vant-hofis izoqoriT, romlis Tanaxmad: 

dlnK/dT = -Q/RT2   (Q= -∆H),                     (13.23) 

 radgan wonasworobis mudmiva K warmoadgens mopirdapire 
(pirdapiri da Sebrunebuli) reaqciaTa siCqareebis mudmivaTa 
fardobas (K = k2/k1), SeiZleba izoqoris gantoleba Semdegnairad 
Caiweros: 

dlnk2/dT - dlnk1/dT = - Q/RT2,                     (13.24) 
davuSvaT, rom siTburi efeqti Q warmoadgens ori energeti-

kuli sididis sxvaobas: Q = E2 - E1, miviRebT:  

dlnk1/dT = E1/RT2 + B   da    dlnk2/dT = E2/RT2 + B (13.25) 

areniusma dauSva, rom B = 0. aqedan miiReba areniusis gantoleba:   

dlnk/dT = E/RT2 ,                                   (13.26) 
romlis integrebiT miviRebT:  

lnk = - E/RT + lnA ,                                  (13.27) 
sadac lnA integrebis mudmivaa, aqedan: 

k = Ae - E/RT                                            (13.28) 
an logariTmuli saxiT: 

                                        
.lnk = lnA -

E0

R
1
T                                 (13.29) 

sadac k reaqciis siCqaris mudmivaa, E0 — aqtivaciis energia, R 
— airebis universaluri mudmiva, T — temperatura (K), xolo e — 
naturaluri logariTmis fuZe (2.718), A — areniusis mudmiva, yo-
veli konkretuli reaqciisaTvis damaxasiaTebeli mudmivi sidi-
dea. igi pirveli miaxloebiT ricxobrivad tolia drois erTeul-
Si SejaxebaTa ricxvisa, moculobis erTeulze gadaangariSebiT, 
rodesac nivTierebaTa koncentracia 1-is tolia.  

 (13.27) gantoleba y = a + bx tipis wrfis gantolebas warmoad-
gens, romlis grafikuli amonaxsniT SeiZleba A-s da E0-is gan-
sazRvra. am gantolebidan Cans, rom garda aqtivaciis energiisa, 
reaqciis siCqaris daxasiaTebisaTvis arsebiTi mniSvneloba aqvs 
eqsponentwina mamravls — A-s, romelic dajaxebaTa faqtors ga-
mosaxavs. vinaidan reaqciaSi mxolod aqtiuri molekulebi iReben 
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monawileobas, amitom reaqciis siCqare damokidebulia aqtiur 
molekulaTa dajaxebis sixSireze. 

nax. 13.2-ze mocemulia moreagire sistemis energiasa da 
reaqciis mimdinareobas Soris damokidebulebis mrudi. 

imisaTvis, rom A da B nivTierebebma warmoqmnan reaqciis AB 
produqti, maTma molekulebma (nawilakebma) unda gadalaxon 
energetikuli barieri. amaze ixarjeba aqtivaciis energia E1. am 
sididiT izrdeba sistemis energia. amasTan, reaqciis mimdinareo-
bisas moreagire nivTirebaTa molekulebidan (nawilakebidan) 
warmoiqmneba Sualeduri aramdgradi dajgufeba, romelsac aqti-
virebul kompleqss uwodeben (K wertili). am ukanasknelis daS-
liT ki miiReba reaqciis saboloo produqti AB. Tu aqtivirebu-
li kompleqsis daSlisas gamoiyofa meti energia, vidre saWiroa 
molekulaTa (nawilakTa) aqtivaciisaTvis, maSin reaqcia egzo-
Termuli iqneba, winaaRmdeg SemTxvevaSi ki — endoTermuli. endo-
Termuli reaqciis magaliTad, SeiZleba moviyvanoT sawinaaRmde-
go procesi — AB nivTierebidan A da B nivTierebaTa miReba. am 
SemTxvevaSi sis-temis sawyis mdgomareobas Seesabameba N werti-
li, xolo saboloos — M. aqtivaciis energia iqneba E2, romelic 
tolia E1 + ∆H (∆H reaqciis siTburi efeqtia). endoTermuli reaq-
ciis mimdinareobisaTvis saWiroa energiis ganuwyveteli miwode-
ba garedan. 

 
naxazi 13.2. sistemis energiasa da reaqciis mimdinareobas (reaqciis 

koordinats) Soris damokidebulebis mrudi 

qimiuri reaqciis aqtivaciis energia eqsperimentuli gziT 
isazRvreba (nax. 13.3). aqtivaciis energias eqsperimentulad ga-
moTvlian mas Semdeg, rac cnobilia reaqciis rigis da siCqaris 
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mudmivebis mniSvnelobebi, gamoTvlili sxvadasxva (minimum 3) 
temperaturaze. amisaTvis ageben grafiks, romlis abscisaTa Rer-
Zze gadazomaven temperaturis (kelvinebSi) Sebrunebul mniSvne-
lobaTa sidideebs, xolo ordinatTa RerZze — reaqciis siCqaris 
mudmivas logariTmis mniSvnelobebs. miRebuli grafikidan ga-
moTvlian aqtivaciis energiis mniSvnelobas, romlis erTeulia 
j/moli.  

 
naxazi. 13.3 aqtivaciis energiis grafikuli gansazRvra 

reaqciis siCqare uSualod damokidebulia aqtivaciis energia-
ze. Tu es ukanaskneli mcirea, maSin reaqciis mimdinareobisas, gar-
kveuli drois ganmavlobaSi, energetikuli barieris gadalaxvas 
molekulaTa (nawilakTa) didi ricxvi SeZlebs da reaqciis siCqa-
rec, Sesabamisad, maRali iqneba. magram Tu aqtivaciis energia di-
dia, maSin piriqiT, mis gadalaxvas molekulaTa mcire ricxvi `axer-
xebs~ da reaqciis siCqare mcirea. rac didia Ea, miT ufro `mgrZnobi-
area~ reaqciis siCqare temperaturas zrdis mimarT (an sxvagvarad, 
temperaturis aweva aseT reaqciebs ufro metad aCqarebs).  

13.5 warmodgenebi paralelur, mimdevrobiT da 
SeuRlebul reaqciebze 

paralelur reaqciebSi erTdroulad mimdinareobs sawyisi rea-
gentebis gadaqmna sxvadasxva mimarTulebiT Semdegi zogadi sqemiT: 

A

B

D 
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 paraleluri reaqciebis magaliTebia: 
1. berToles marilis daSla: 

KClO3

KCl + O

KClO   + KCl

2

4  
mimdevrobiTia (Tanmimdevruli) reaqcia, Tu erTi romelime 

reagentidan TandaTanobiT misi gardaqmnis Sedegad miiReba ram-
denime sxvadasxva produqti Semdegi zogadi sqemis Sesabamisad: 

A → B → D 
Tanmimdevrul reaqcias miekuTvneba magaliTad, najeri 

naxSirwyalbadebis (meTanis da a.S.) qlorireba (1), 
polimerizaciis reaqciebi (2) da sxva: 

CH4 CH3Cl CH2Cl2 CHCl3 CCl41.

2. CH2 = CH2n _ CH2 _ CH2 _
n

 
SeuRlebul reaqciebSi erT-erTi inducirdeba meoris saSuale-

biT Semdegi zogadi sqemis Tanaxmad: 

A + B → D 

G + B → L 
magaliTad:   

2 CO + O2 → 2 CO2 

2 H2 + O2 → 2 H2O 
meore reaqcia ainducirebs pirvels. 

13.6.  qimiuri reaqciebis inicirebis Tanamedrove 
fizikuri meTodebi* 

rogorc cnobilia, qimiuri reaqciebis ZiriTad mainicire--
bel wyaros siTburi zemoqmedeba (sareaqcio narevis gacxeleba) 
warmoadgens. am SemTxvevaSi adgili aqvs siTburi energiis qimiur 
energiad gardaqmnis Sedegad arsebuli bmebis darRvevas da axa-
li, umeteswilad ufro mtkice bmebis warmoqmnas.  
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siTburi zemoqmedebis garda, nivTierebis reaqciisunariano-
baze mniSvnelovan gavlenas axdens xiluli da ultraiisferi si-
naTle, lazeruli da sxvadasxva tipis maionizirebeli gamosxive-
ba, maRali da zemaRali wnevebi, meqanikuri zemoqmedeba da sxv. 

qimiur reaqciebze sinaTlis zemoqmedebas (xilulis da ul-
traiisferis) Seiswavlis qimiis gansakuTrebuli dargi — fotoqi-
mia. fotoqimiuri procesebi Zalian mravalferovania. fotoqimi-
uri moqmedebis dros moreagire nivTierebis molekulebi, STan-
Tqaven ra sinaTlis kvantebs, aRigznebian an gardaiqmnebian ione-
bad an Tavisufal radikalebad (ix. araorganuli qimiis kursi, 
HCl-is da HBr-is sinTezi martivi nivTierebebidan). fotoqimiuri 
gamokvlevebi did Teoriul interess iwvevs. sakmarisia SevniS-
noT, rom jaWvuri procesebis Teoria, Tanamedrove warmodgenebi 
jaWvuri reaqciebis meqanizmis, rogorc elementaruli procese-
bis erTobliobis Sesaxeb, SemuSavda fotoqimiuri reaqciebis Ses-
wavlasTan dakavSirebiT.  

fotoqimiuri procesebi udevs safuZvlad fotografias — si-
naTlis zemoqmedebiT SuqmgrZnobiare masalebze (magaliTad, 
vercxlis qloridsa da bromidze) gamosaxulebis miRebas. 

mrewvelobaSi farTod gamoiyeneba fotoqlorirebis, foto--
sulfoqlorirebis da sulfodaJangvis jaWvuri reaqciebi. Semu-
Savebulia polimeruli fisebisa da boWkoebis fotoqimiuri sin-
Tezis da modificirebis samrewvelo xerxebi. fotoqimia uSua-
lod dakavSirebulia erT-erT mniSvnelovan samecniero-teqni-
kur problemasTan — energiis alternatiuli wyaros — mzis ener-
giis gamoyenebasTan.     

reaqciebis stimulirebisaTvis (inicirebisaTvis) sxivuri 
energiis gamoyenebis Tanamedrove, aratradiciul meTodebs mie-
kuTvneba lazeruli gamosxivebis gamoyeneba. lazeri warmoq-
mnis koherentul optikur gamosxivebas. es aris iZulebiTi gamos-
xiveba, romelic xasiaTdeba erTi sixSiris, fazis, polarizaciis 
mqone fotonebis gamosxivebiT, radganac am dros aRZruli kohe-
rentuli gamosxivebis maxasiaTeblebi mTlianad emTxveva garega-
ni aRmgznebi talRis maxasiaTebels. 

cnobilia sxvadasxva tipis lazerebi, romlebic asxiveben si-
naTlis sxvadasxva ubnebSi: ultraiisferi (ui), xiluli, infrawi-
Teli (iw). magaliTad, impulsuri lalis kristalze miRebuli 
lazeri asxivebs koherentul sxivs λ = 690 nm (0.62 mkm) (wiTeli si-
naTle), airis lazerebi aseve sxvadasxva ubanze asxivebs: 

a) helium-neonis λ = 633 nm (0.633 mkm) (wiTeli) da λ = 1150 nm 
(1.15 mkm) (infrawiTeli). 

b) argonis λ = 488 nm (0.488 mkm) (lurji) da λ = 510 nm (0.510 mkm) 
(mwvane). 

g) helium-kadmiumis λ = 440 nm (0.440 mkm) (iisferi) da a.S. 
qimiuri procesebis lazeruli inicireba SeiZleba moxdes 

rogorc lazeruli fotoqimiuri gziT, ise wminda lazeruli 
Termuli zemoqmebiT. am meTodisaTvis damaxasiaTebelia mTeli 
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rigi unikaluri mxareebisa, rasac moklebulia sinaTlis Cveu-
lebrivi wyaroebiT fotoqimiuri inicirebis meTodebi. qimiuri 
reaqciebis lazeruli fotoqimiuri inicirebisaTvis yvelaze 
mniSvnelovani Tvisebaa sinaTlis energiis Zlieri nakadis gamos-
xiveba viwro speqtrul intervalSi. gansazRvruli sigrZis tal-
Ris gamosxivebis gamoyenebis dros, romelic STainTqmeba reagen-
tebiT, magram ar moqmedeben minarevebze, SeiZleba ganvaxorcie-
loT SerCeviTi (konkurentuli) reaqcia. magaliTad, meTilis da 
deiterirebuli meTilis spirtisa da bromis narevis lazeruli 
dasxivebis dros xdeba mxolod CH3OH-is bromireba da ara CD3OD-
is, vinaidan dasxivebis Sedegad xdeba CH3OH-is molekule-bis se-
leqtiuri aRgzneba, romlebic advilad Sedian bromTan re-aqcia-
Si, maSin rodesac CD3OD-is molekulebi am pirobebSi ar aRigzne-
bian da ar ganicdian fotoqimiur gardaqmnas. e.i. am meTodiT Se-
iZleba davaciloT CH3OH da CD3OD. 

lazeruli sinaTlis impulsebiT aragamWvirvale myari sxeu-
lebis dasxivebisas adgili aqvs maT intensiur, swraf gacxelebas, 
nivTierebis orTqlad qcevas, xolo didi simZlavris dasxivebis 
dros — plazmis warmoqmnas. amrigad, lazeruli gamosxiveba SeiZ-
leba gamoyenebul iqnas maRaltemperaturuli da plazmo-qimiuri 
procesebis inicirebisaTvisac, araaqroladi nivTierebis aqrole-
bisaTvis da daSlisaTvis da sxva. magaliTad, aRsaniSnavia wyalbadis 
da qlornaxSirbadis atmosferoSi, siliciumsa da germaniumze la-
zeruli siTburi zemoqmedebis dros, Sesabamisad, SiH4-is, GeH4-isa 
da CCl4-is miReba, rasac lazeruli teqnologiebis da teqnikis gan-
viTarebis kvaldakval didi perspeqtiva gaaCnia. 

mZlavri lazeruli gamosxivebis daxmarebiT  ganxorcielebu-
lia grafitidan da wyalbadidan sxvadasxva naxSirwyalbadis sin-
Tezi. inicirebis reaqciebis `Cveulebrivi~ meTodebis gamoyene-
bis dros msgavsi sinTezebi SeuZlebelia. lazeruli gamosxivebis 
dros ganxorcielebulia agreTve grafitidan almasis sinTezi. 
grafitis almasad gardaqmnisaTvis, rogorc cnobilia, aucile-
belia sakmaod maRali temperatura da zemaRali wneva.  

gansakuTrebiT mniSvnelovania lazeruli gamosxivebis gamoye-
neba sxvadasxva nivTierebis TvisebiT da raodenobiT analizSi ma-
Ti monawileobiT qimiuri reaqciebis meqanizmebis Seswavlis dros. 

rentgenis sxivebi, Γ-sxivebi, neitronebis da eleqtronebis na-
kadi da sxva maRalenergetikuli gamosxiveba agreTve iwvevs niv-
TierebaSi Rrma fizikur da qimiur cvlilebebs da axdens mraval-
ricxovani reaqciis inicirebas.  

amrigad, maionizirebeli gamosxivebis moqmedebis dros Jan-
gbadi warmoqmnis ozons, almasi gadaiqceva grafitad, manganumis 
oqsidebi `gamoyofen~ Jangbads, Jangbadis areSi SO2 gardaiqmneba 
SO3-ad, xorcieldeba wylis radiolizi, romlis Sedegadac war-
moiqmneba molekuluri wyalbadi, Jangbadi da wyalbadis peroqsi-
di, Tavisufali radikalebi da molekuluri ionebi, romelTac 
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Tavis mxriv, agreTve SeuZliaT gamoiwvion sxva rTuli qimiuri 
gardaqmnebi.  

qimiur procesebs, romelic mimdinareobs sxvadasxva maioni-
zirebeli gamosxivebis zemoqmedebiT, swavlobs radiaciuli qi-
mia. radiaciul-qimiuri reaqciebi farTod gamoiyeneba maRalmo-
lekuluri organuli nivTierebebis sinTezisaTvis da maTi 
struqturis miznobrivi SecvlisaTvis.  

qimiur gardaqmnebs, romelic aRiZvreba sxvadasxva dinamiuri 
meqanikuri zemoqmedebiT, Seiswavlis qimiis SedarebiT axali dar-
gi — qimiuri meqanika. elementaruli meqanikur-qimiuri aqti 
aris nivTierebaSi qimiuri bmebis rRveva meqanikuri Zalebis ze-
moqmedebiT (valcireba, daqucmaceba da sxv.). am dros warmoqmni-
li molekulebis `namsxvrevebi~ warmoqmnian axal produqtebs. 
magaliTad, zogierTi myari mineralis an oqsidis (V2O5, P2O5) daf-
qvis dros adgili aqvs meqanolizis specifikur SemTxvevebs. 

meqanikur-qimiuri gardaqmnebi SeiZleba gamoyenebul iqnas 
agreTve zogierTi naerTis sinTezSi da organuli polimerebis 
struqturis da Tvisebebis modifikaciisaTvis. 

nivTierebebi aseve ganicdian Zlier cvlilebas zemaRali wne-
vis moqmedebiT. amis magaliTia ufro mkvrivi da ufro mtkice 
struqturuli modifikaciebis warmoqmna, magaliTad, grafitis 
almasad gadaqceva, boris nitridis borazonad gardaqmna da sxv. 

Seiqmna axali dargi, e.w. dartymiTi kumSvis qimia. mkvrivi 
sxeulebisa da siTxeebis Zlieri dartymiTi talRebiT SekumSvis 
dros, romlebic generirdeba, magaliTad, zogierTi feTqebadi 
nivTierebis detonaciiT afeTqebis dros, nivTierebaSi Zalian ma-
Rali wnevebi viTardeba. amasTan, warmoiqmneba rogorc radikalu-
ri, ise ionuri tipis aqtiuri nawilakebi. nivTierebaSi dartymiTi 
talRebis gatarebis Sedegi SeiZleba iyos sxvadasxva nivTierebis 
daqucmaceba-daSla SedarebiT ufro martiv nawilakebad, an piri-
qiT, ufro rTuli struqturis (magaliTad, sivrce-baduri) poli-
meruli jaWvebis warmoqmniT. amis magaliTia dartymiTi talRis 
gavlis Semdeg nedli kauCukis swrafi gardaqmna (vulkanizacia) re-
zinad. aseve sainteresoa dartymiTi talRebis zemoqmedebis Sede-
gad aminomJavebis swrafi gardaqmna polipeptidebad da sxv. 

dartymiTi talRis nivTierebaSi gavlis dros miRebuli didi 
siTburi efeqti saSualebas iZleva ganxorcieldes iseTi metale-
bis SeduReba, romlebic mkveTrad gansxvavdebian dnobis da du-
Rilis temperaturebiT (magaliTad, volframi da manganumi) da 
romelTa SeduReba (Senadnobebis miReba) sxva meTodebiT ver xer-
xdeba. 

seriozuli perspeqtivebi isaxeba sxvadasxva struqturul-qi-
miuri gardaqmnebis gansaxorcieleblad (magaliTad, C–H da C–C 
gaaqtiureba, izomerizacia da sxv.) ultrabgerebis gamoyenebiT, 
rac ZiriTadad, Sesabamisi teqnikis ganviTarebasTan aris dakavSi-
rebuli.  
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 axali, progresuli, e.w. zesufTa teqnologiebis ZiebasTan 
dakavSirebiT muSavdeba nivTierebis reaqciisunarianobis mizan-
mimarTuli regulirebis principulad axali meTodebi, amitom 
sul ufro intensiurad Seiswavleba procesebi, romlebic nivTi-
erebebze sxvadasxva fizikuri zemoqmedebis dros mimdinareobs. 
 

13.8.  Tavisufali radikalebi.                               
Tavisufal radikaluri   reaqciebi. 

Tavisufalradikaluri jaWvuri reaqciebis              
tipebi da mimdinareobis specifika 

 
reaqciebi SeiZleba mimdinareobdes: 
a) molekulebs Soris; 
b) ionebs Soris; 
g) molekulebsa da ionebs Soris; 
d) molekulebsa da Tavisufal radikalebs Soris; 
e) Tavisufal radikalebs Soris. 
Tavisufali radikalebi aramdgradi nawilakebia (atomi an 

atomTa jgufi gauwyvilebeli eleqtroniT — Cl·, ·CH3, ·C2H5, ·OH da 
a.S.), romlebic warmoiqmneba kovalentur molekulebze sxvadas-
xva fizikuri (Termuli, ultraiisferi da lazeruli sxivebi an 
ultrabgerebi, Γ-sxivebi, didi meqanikuri datvirTvebi da sxv.) an 
qimiuri zemoqmedebisas.  

Tavisufali radikalebi (an ubralod radikalebi), qimiuri 
bmis homolituri darRveviT warmoiqmneba, magaliTad: 

Cl:Cl → Cl• + Cl•;  H:H → H• + H•; CH3–CH3 → CH3
• + CH3

• da a.S. 

Tavisufal radikalebs aqvT ra Warbi energia, gamoirCevian 
maRali reaqciisunarianobiT da mTel rig qimiur reaqciebSi ar-
sebiT rols asruleben. reaqciebs radikalebis monawileobiT 
Tavisufalradikaluri (an ubralod, radikaluri) ewodeba. mi-
si magaliTebia, wyalbadis JangbadTan, qlorTan da bromTan ur-
TierTqmedeba, eTilenis da propilenis polimerizacia peroqsi-
debis TandaswrebiT, naxSirwyalbadebis da mTeli rigi maRalmo-
lekuluri naerTebis fotoqimiuri, radiaciuli, Termuli, meqa-
nikuri da Termomeqanikuri destruqcia da sxv.  

Tavisufalradikaluria Tu ara reaqcia, SeiZleba dadgindes 
im pirobebis SeswavliT, romelSic reaqcia mimdinareobs. Tavisu-
falradikaluri reaciebi: 

1. katalizdeba sxivadi energiiT (magaliTad, lazeruli an Γ-
sxivebiT), maRali temperaturiT an im nivTierebebiT, romlebic 
reaqciis pirobebSi iSleba sxva Tavisufali radikalebis warmoq-
mniT. 

2. muxruWdeba iseTi nivTierebebiT, romlebic advilad rea-
girebs Tavisufal radikalebTan (inhibitorebi). 
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3. xSirad avtokatalizuri xasiaTisaa da aqvs induqciis peri-
odi. 

4. mimdinareobs airad fazaSi an arapolarul gamxsnelSi. 
qimiuri bmis heterolituri darRveviT ionebi warmoiqmne-

ba. magaliTad, C – J bmis gaxleCa polarul garemoSi: 

≡ C – J (p.g.) → ≡ C+ + J– 
bmis heterolitur darRvevas aqvs agreTve adgili HCl-is 

wyalSi gaxsnisas (ionizacia):  

HCl → H+ + Cl– da a.S. 
uSualod valenturad najer molekulebs Soris reaqcia Se-

darebiT iSviaT movlenas warmoadgens. reaqciebis umravlesoba, 
gansakuTrebiT airad fazaSi, Tavisufali radikalebis monawile-
obiT, jaWvuri meqanizmiT (Tavisufal radikaluri jaWvuri re-
aqciebi) mimdinareobs. jaWvuri reaqciebisaTvis saWiro aqtiva-
ciis energia bevrad ufro naklebia, vidre valenturad najeri 
molekulebis reaqciebis SemTxvevaSi.  

jaWvuria reaqciebi, romlebic inicirebis stadiaze 
miniWebuli energiis xarjze mimdinareobs, ris Sedegadac 
aRiZvreba elementaruli aqtebis (reaqciebis) jaWvi.  

jaWvuri reaqciis ZiriTadi elementaruli stadiebia: 
1. aqtiuri centrebis (Tavisufali radikalebis) warmoqmna 

anu jaWvis inicireba; 
2. jaWvis zrda; 
3. jaWvis gawyveta  
jaWvuri reaqciis magaliTia qloris fotoqimiuri SeerTeba 

wyalbadTan, romelic Semdegi meqanizmiT mimdinareobs: 
aqtiuri centrebis warmoqmna anu jaWvis inicireba: 

Cl:Cl → 2 Cl·     
jaWvis zrda:  

Cl• + H2 → HCl + H• 
H• + Cl2 → HCl + Cl• 
jaWvis gawyveta: 

Cl• + H• → HCl; Cl• + Cl• → Cl2; H• + H• → H2. 
jaWvis gawyveta SeiZleba gamoiwvios nivTierebebma, romleb-

sac Tavisufali radikalebis SekavSirebis unari gaaCniaT, 
magaliTad, fenolebma, aminebma, zogierTi cvalebadi valentobis 
metalis marilebma da a.S.  

jaWvuri reaqciebi, xSir SemTxvevaSi, ufro rTulad mimdina--
reobs da SesaZlebelia adgili hqondes sxva elementaruli sta-
diebis mimdinareobasac, magaliTad, jaWvis gadacemis (sxva mole-
kulebze, gamxsnelze, radikalebis generaciis unaris mqone mina-
revebze da a.S.). amitom jaWvuri reaqciebis kinetikuri gantole-
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bebi sakmaod rTulia da masSi aisaxeba yvela im procesis wvlili, 
rasac SeiZleba adgili hqondes procesis mimdinareobisas.  

zemoT ganxiluli umartivesi SemTxvevisaTvis jaWvis zrdis 
reaqciis kinetikur gantolebas eqneba Semdegi saxe: 

vzr = k′[Cl•][H2] + k″[H•][Cl2] 
reaqciis mimdinareobisas H• SeiZleba miuaxlovdes Cl2-is mo-

lekulas qimiuri bmis gaswvriv da ara mis marTobulad. 
im SemTxvevaSi, rodesac H• uaxlovdeba Cl2-is molekulas qimi-

uri bmis gaswvriv, maSin H• + Cl2 = HCl + Cl• TiTqmis ar moiTxovs aq-
tivaciis energias, e.i. es reaqcia TiTqmis yoveli aseTi dajaxebis 
dros wava. monoradikalsa da valenturad najer molekulas So-
ris urTierTqmedebis Sedegad miRebuli produqtebi Cveulebri-
vad Seicavs axal Tavisufal radikals. amisi mizezi Semdegia: Ta-
visufali radikali da valenturad najeri molekula warmoad-
gens sistemas gauwyvilebeli savalento eleqtronebiT. vinaidan 
reaqciis gamo eleqtronebis ricxvi ucvleli rCeba, amitom TiTo 
elementaruli reaqciis produqtebi TiTo Tavisufal radikals 
mainc Seicaven. amrigad, radikalisa da molekulis urTierTqme-
debisas warmoiqmneba Tavisufali radikali, romelic kvlav axal 
radikals warmoqmnis da a.S. amrigad aRiZvreba erTi da imave ele-
mentaruli aqtebis Tanmimdevruli wyeba da ganviTardeba jaWvu-
ri reaqcia.  

rodesac yoveli elementaruli aqtis Semdeg TiTo radikalis 
reaqciaSi Sesvlis Sedegad erTi radikali miiReba, gveqneba mar-
tivi, araganStoebuli reaqcia. 

araganStoebuli jaWvebia: 

Cl• + H2 → HCl + H• 
H• + Cl2 → HCl + Cl•            

rodesac reaqciaSi erTi radikalis Sesvlis Sedegad ori an 
sami radikali miiReba, sareaqcio jaWvi ganStovdeba. Tu ganSto-
eba yoveli momdevno elementaruli reaqciis Sedegad miiReba, 
jaWvuri reaqcia `xSirad ganStoebuli~ iqneba. xSirad ganStoebu-
li jaWvis magaliTia wyalbadis daJangva dabal wnevaze (500˚C): 

..
H+ O2=OH+O,

.

. .  
OH + H2 = H2O + H 

.
. .
H+O2=OH+O

.
 

.

. . .
O+H2=OH+H  

im SemTxvevaSi, rodesac ganStoeba ara yoveli momdevno ele-
mentaruli reaqciis dros miiReba, sareaqcio jaWvi ~iSviaTad 
ganStoebuli~ iqneba. iSviaTad ganStoebuli jaWvis magaliTia 
wyalbadis daJangva maRal wnevaze (500˚C): 
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..

H+O2+M=HO2+M,

(M-metali) 

                        da a.S HO2+H2=H2O2+H,

..
H+ O2=OH+O,

.

.

.
 

.

. .
O+H2=OH+H  

. .
OH+H2=H2O+H  

reaqciis zogierTi produqtis molekulebi advilad iSleba 
radikalebad. roca ganStoebas aseTi labiluri molekuluri 
produqti ganapirobebs, miiReba e.w. ~gadagvarebuli ganStoeba~. 
magaliTad, gadagvarebuli ganStoebuli jaWvia:  

•OH + CH4 → H2O + CH3• 
vinaidan ufro saalbaToa warmoqmnili peroqsidis sxva gziT 

daSla, romlis drosac ar miiReba Tavisufali radikalebi, 
amitom ganStoeba metad iSviaTi iqneba, rac gadagvarebul 
jaWvebs ganapirobebs.      

  13.8 qimiuri reaqciis siCqare da meqanizmi 

rogorc zemoT aRvniSneT, qimiuri reaqciis siCqare damoki-
debulia misi mimdinareobis meqanizmze. rogorc viciT, qimiuri 
reaqciebis umravlesoba rTulia, rac imas niSnavs, rom isini war-
mo-adgenen elementaruli reaqciebis rigs. magaliTad, acetal-
dehidis daSla meTanisa da naxSirbadis (II) oqsidad, sadac Tanap-
roduqts warmoadgens eTani C2H6:  

3 4CH COH CH CO→ +                          (13.36) 
miekuTvneba rTul reaqciebs da moicavs Semdeg ZiriTad ele-men-

tarul reaqciebs (wertili formulis zemoT aRniSnavs radikals):  

3 3CH COH CH COH
. .

→ +
. .

                           (0) 

3 3 3CH COH CH CH CO CH + + →
. . 4

6

          (1) 

3 3CH CO CH CO→ +
. .

                                 (2) 

3 3 2CH CH C H+ →                                   (3) 

aqtiuri Sualeduri nawilakebis —  da  radikale-
bis dagrovebis siCqareebi tolia: 

3CH
.

3CH CO
.
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3
0 1 2 3

d[CH ] v v v 2v
dt

.
0= − + − =           (13.37) 

3
1 2

d[CH CO] v v
dt

.
0= − =                        (13.38), 

sadac 0v v3÷  aris Sesabamisi stadiebis siCqareebi. (13.37) da 

(13.38) tolobebis SekrebiT miviRebT: 

0 3v 2v 0− =                                       (13.39) 

nulovani stadiis siCqare udris: 

0 0 3v k [CH COH]=                                   (13.40) 

xolo mesame stadiisa: 

______
2

3 3 3v k [CH ]=                                      (13.41), 

sadac  aris meTilis radikalis kvazistacionaruli 

koncentracia. 13.40-isa da 13.41-is CasmiT 13.39-Si miviRebT: 

______

3[CH ]

                                    (13.42) 
______

2
0 3 3 3k [CH COH] 2k [CH ]=

(13.42) gamosaxulebidan SegviZlia ganvsazRvroT meTilis ra-
dikalis kvazistacionaruli koncentracia: 

______
0 3

3
3

k [CH COH][CH ]
2k

=                          (13.43) 

koncentraciis miRebuli mniSvneloba saSualebas gvaZlevs 
gamovTvaloT acetaldehidis daSlis erT-erTi produqtis — 
meTanis warmoqmnis kvazistacionaruli siCqare: 

______
3/ 204

1 1 3 3 1 3
3

kd[CH ] v k [CH ][CH COH] k [CH COH]
dt 2k

= = = ⋅     (13.44). 

(13.36) reaqciis gantolebis mixedviT meTanis warmoqmnis kine-
tikuri rigi erTis toli unda iyos, magram acetaldehidis 
daSlis meqanizmis gaTvaliswinebiT is, rogorc 13.44 
gamosaxulebidan Cans, 3/2-is tolia. 
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14. katalizi 

katalizi qimiis dargia, romelic swavlobs katalizatore-
bis monawileobiT mimdinare procesebs. katalizatoria nivTie-
reba, romelic cvlis qimiuri reaqciis siCqares, TviTon ki re-
aqciis Sedegad rogorc TvisebiTad, ise raodenobiTad ucvle-
li rCeba. katalizatorebis ricxvi Zalian didia, xolo maTi ka-
talizuri aqtivoba — gansxvavebuli. qimiur reaqcias, romelic 
mimdinareobs katalizatoris meSveobiT, katalizuri reaqcia 
ewodeba. reaqciis siCqaris Secvlas katalizatoris gavleniT 
aseve katalizi ewodeba. arCeven homogenur da heterogenur ka-
talizs. Tu sawyisi reagentebi da katalizatori Seadgens erT 
fazas, e.i. maT Soris ar aris gamyofi zedapiri, katalizi homoge-
nuria. homogenuri katalizis magaliTs warmoadgens go-gir-
dis(IV) oqsidis (airi) daJangva gogirdis(VI) oqsidad (airi) azo--
tis(II) oqsidis (airi) Tanaobisas.: 

NO
2 SO2 + O2 2 SO3 

dadgenilia, rom homogenuri katalizis dros qimiuri 
reaqciis siCqare kataliza-toris koncentraciis 
proporciulia. 

rodesac sawyisi reagentebi da reaqciis produqti (produq-
tebi) erT fazaSia, xolo katalizatori meoreSi, e.i. maT Soris 
gamyofi zedapiria, katalizi heterogenuria. heterogenuri ka-
talizis magaliTs warmoadgens wyalbadis peroqsidis (Txevadi) 
daSla MnO2-is katalizuri moqmedebisas: 

MnO22 H2O2 2 H2O + O2  
zogierTi katalizatori aCqarebs reaqcias. aseT process da-

debiTi katalizi, an ubralod katalizi ewodeba. magaliTad, 
berToles marilis daSla manganum(IV)-is oqsidis Tanaobisas an 
rTuli eTeris sinTezi mineraluri mJavas Tanaobisas. zogi kata-
lizatori anelebs reaqcias. aseT process inhibireba ewodeba, 
xolo TviT nivTierebebs, romlebic amcireben reaqciis siCqa-
res — inhibitorebi (katalizatorebisagan gansxvavebiT inhibi-
torebi ixarjeba). magaliTad, wyalbadis peroqsidis daSla gaci-
lebiT nela mimdinareobs mcire raodenobiT gogirdmJavas Tana-
obisas, xolo haeris JangbadiT natriumis sulfitis xsnaris da-
Jangvis reaqciis siCqare sagrZnoblad klebulobs eTilis spir-
tis Tanaobisas. inhibitorebiT SesaZlebelia arasasurveli pro-
cesis Tavidan acileba. 

katalizatorebad iyeneben qimiuri bunebiTa da Sed-
genilobiT sruliad gansxvavebul naerTebs: metalebs (ufro xSi-
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rad gardamaval metalebs), metalTa da arametalTa oqsidebs, 
hidroqsidebs, mJavebsa da fuZeebs da a.S. gansakuTrebiT maRali 
aqtivobiT gamoirCeva zogierT nivTierebaTa narevebi — e.w. 
Sereuli katalizatorebi. 

calke aRniSvnis Rirsia fermentebi anu enzimebi, romelTac 
xSirad biokatalizatorebs uwodeben. isini cilovani bunebis 
nivTierebebia da warmarTaven qimiur reaqciebs biologiur 
sistemebSi cocxali organizmis normaluri funqcionirebisaT-
vis saWiro siCqariT. 

 
naxazi. 14.1. katalizatoriT (1) da ukatalizatorod (2)   

mimdinare reaqciebis energetikuli diagrama 

katalizatorebis moqmedeba damyarebulia reaqciis aqtiva-
ciis energiis anu energetikuli barieris simaRlis Semcirebaze.  

homogenuri katalizis dros katalizatoris moqmedebis meqa-
nizmi aixsneba am ukanasknelsa da erT-erT reagents Soris Suale-
duri naerTis warmoqmniT. magaliTad, Tu A + B → AB reaqcias, 
romelic nela mimdinareobs, CavatarebT katalizatoris Tanao-
bisas, maSin katalizatori Seva reaqciaSi erT-erT sawyis nivTie-
rebasTan da warmoqmnis aramdgrad Sualedur naerTs: A + Cat → 
ACat (1). es reaqcia swrafad mimdinareobs, radgan am procesis aq-
tivaciis energia mcirea (nax. 14.1). warmoqmnili Sualeduri naer-
Ti urTierTqmedebs meore sawyis nivTierebasTan da katalizato-
ri Tavisufali saxiT gamoiyofa: 

ACat + B → AB + Cat                             (14.1) 
am procesis aqtivaciis energia mcirea da is sakmaod swrafad wari-

marTeba. Tu SevajamebT (1) da (2) gantolebebs, miviRebT: 

A + B → AB 
moviyvanoT konkretuli magaliTi — gogird(IV)-is oqsidis go-

gird(VI)-is oqsidad daJangva azot(II)-is oqsidis (katalizatori) 
Tanaobisas: 
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SO2 + ½ O2 → SO3 
(A + B → AB) 

sareaqcio areSi katalizatoris Setanisas xdeba Sualeduri naer-
Tis warmoqmna: 

NO + ½ O2 → NO2 
(Cat + B → CatB) 

da Semdeg: 
SO2 + NO2 → SO3 + NO 
(A + CatB → AB +Cat) 

heterogenuli katalizis dros moreagire nivTierebebi da 
katalizatori sxvadasxva fazaSia. magaliTad, wyalbadis peroq-
sidis daSla manganum(IV)-is oqsidis Tanaobisas an amiakis daJangva 
platinis katalizatoriT. 

heterogenuli katalizis asaxsnelad ufro xSirad iyeneben 
ka-talizis e.w. adsorbciul Teorias. adsorbcia aris fazaTa 
gamyof zedapirze molekulaTa Tavmoyra. ansxvaveben adsorbciis 
or tips — fizikurs da qimiurs. fizikuri adsorbciis dros xdeba 
myari nivTierebis araerTgvarovan zedapirze arsebuli e.w. aqti-
uri centrebis mier STanTqmuli molekulebis dakavSireba van-
der-vaalsuri ZalebiT, qimiuri adsorbciis anu qemosorbciis 
dros ki molekulaTa dakavSireba aqtiur centrebTan xorciel-
deba qimiuri bmebiT. 

heterogenuli katalizis dros katalizatoris aqtiur cen-
trebze xdeba moreagire nivTierebaTa molekulebis fizikuri 
adsorbcia. aqtiur centrebze maTi koncentraciis zrda iwvevs 
reaqciis aCqarebas. magram siCqaris gazrdis ZiriTadi mizezi ma-
inc adsorbirebuli molekulebis qimiuri aqtivobis zrdaa. kata-
lizatoris gavleniT adsorbirebul molekulebSi sustdeba 
atomebs Soris kavSiri da isini ufro reaqciisunarianni xdebian. 
meore mxriv, miaCniaT, rom homogenuri katalizis analogiurad, 
zogierTi heterogenuli katalizis drosac xdeba aramdgradi 
Sualeduri naerTebis warmoqmna. magaliTad, gogird(IV)-is oqsi-
dis daJangvisas gogird(VI)-is oqsidad va-nadiumis pentaoqsidis 
katalizatorad gamoyenebisas mimdinareobs Semdegi reaqciebi: 

SO2 + V2O5 → SO3 + 2 VO2                2 VO2 + ½ O2 → V2O5 

 procesis damTavrebis Semdeg xdeba warmoqmnili reaqciis 
produqtebis desorbcia katalizatoris zedapiridan. 

 unda aRiniSnos, rom katalizuri reaqciebis asaxsnelad moy-
vanili sqemebi Zlier gamartivebulia. sinamdvileSi procesebi 
gacilebiT ufro rTulad mimdinareobs. 

  Tu raime nivTiereba amcirebs an sruliad spobs kataliza-
toris aqtivobas (axdens katalizatoris moqmedebis blokirebas), 
aseT nivTierebas katalizur Sxams uwodeben. magaliTad, plati-
nis katalizatorisaTvis katalizuri Sxamebia dariSxanis, ver-
cxliswylisa da tyviis naerTebi. rkinis katalizatorisTvis ka-
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talizur Sxams warmoadgens Jangbadi da gogirdi. katalizato-
ris mowamvla SeiZleba aixsnas misi urTierTqmedebiT katalizur 
SxamebTan: katalizuri Sxami adsorbirdeba aqtiur centrebze, 
masTan ufro mdgrad naerTs warmoqmnis, vidre moreagire nivTie-
rebebi. roca yvela aqtiuri centri dakavebuli aRmoCndeba kata-
lizuri SxamiT, reaqcia Sewydeba. sawarmoo pirobebSi moreagire 
nivTierebebs winaswar zedmiwevniT asufTaveben katalizuri Sxa-
mebisagan, xolo katalizuri SxamiT gaWuWyianebul katalizato-
rebs regeneracias ukeTeben (aRadgenen). 

zogierTi naerTi katalizatoris moqmedebas aZlierebs (ka-
talizators aaqtiurebs), Tumca TviTon mocemuli reaqciis ka-
talizators ar warmoadgens. aseT nivTierebebs promotorebs 
uwodeben. magaliTad, rkinisa da aluminis damatebiT zrdian pla-
tinis katalizatoris aqtivobas, kaliumisa da aluminis oqside-
bis damatebiT — rkinis aqtivobas; tute metalebis sulfatebi 
mniSvnelovnad zrdian V2O5-is  katalizur aqtivobas da a.S.  

katalizuri reaqciebis warmarTva Zalian maRal temperatu-
rebze ar SeiZleba. am dros katalizatorSi xdeba struqturuli, 
zog SemTxvevaSi qimiuri cvlilebebi. rac Seexeba fermentebs, ma-
Ti aqtivoba maqsimaluria adamianis sxeulis temperaturaze  (` 
37˚C). 50˚C-ze ufro maRal temperaturaze xdeba maTi inaqtivacia. 

katalizatorisaTvis damaxasiaTebelia specifikuroba (Ser-
CeviToba). erTi da imave nivTierebebidan gansxvavebuli kataliza-
torebis gamoyenebiT SeiZleba sxvadasxva produqtis sinTezi. 
magaliTad, naxSirbad(II)-is oqsidis wyalbadTan urTierTqmedebis 
dros nikelis (Ni) katalizatoris Tanaobisas miiReba meTani, xolo 
qrom-TuTiis (Cr2O3/ZnO) katalizatoris gamoyenebiT — meTanoli:  

 
erTi da igive reaqcia SeiZleba sxvadasxva katalizatoris ga-

moyenebiT warimarTos. magaliTad, gogird(IV)-is oqsidis daJan-
gva gogird(VI)-is oqsidad mimdinareobs rogorc platinis, ise 
rkina(III)-is oqsidis an vanadium(V)-is oqsidis Tanaobisas. amave 
dros, erTi da igive nivTiereba SeiZleba iyos sxvadasxva reaqci-
is katalizatori. magaliTad, platina gamoiyeneba katalizato-
rad organul naerTTa hidrirebisa da dehidrirebis reaqciebSi, 
Jangvis reaqciebSi (amiakis katalizuri Jangva, gogirdovani ai-
ris Jangva) da sxva. 
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15. qimiur reaqciaTa Seqcevadoba qimiuri 
wonasworoba 

qimiuri reaqciebi SeiZleba davyoT or jgufad — Seqcevad da 
Seuqcevad reaqciebad. Seuqcevadia reaqcia mxolod erTi mi-
marTulebiT mimdinareobs da mTavrdeba moreagire nivTiere-
bebis reaqciis produqtebad sruli gardaqmniT,. magaliTad, 
Tu kaliumis qlorats (berToles marils) gavaxurebT, igi daiS-
leba Semdegi gantolebis mixedviT: 

2 KClO3 → 2 KCl + 3 O2 

es reaqcia mxolod maSin Sewydeba, roca kaliumis qlorati 
mTlianad daiSleba. kaliumis qloridis xsnarSi Jangbadis gata-
rebiT isev kaliumis qloratis miReba SeuZlebelia. es imaze 
metyvelebs, rom mocemuli reaqcia Seuqcevadia. Seuqcevadia re-
aqciebi, romelTa mimdinareobisas: 

a) reaqciis erT-erTi produqti tovebs sareaqcio ares — 
gamoiyofa naleqis an airis saxiT:  

BaCl2 + H2SO4 → BaSO4↓ + 2 HCl 
Na2SO3 + 2 HCl → 2 NaCl + SO2↑ + H2O 

b) warmoiqmneba mcired disocirebuli nivTiereba: 

HCl + NaOH → NaCl + H2O (neitralizaciis reaqcia) 

g) gamoiyofa didi raodenobis energia: 

Mg + ½ O2 → MgO; ΔH0 = – 602.5 kj/moli 

qimiur reaqciaTa umetesoba Seqcevadia (damokidebulia sa-
Tanado pirobebis SerCevaze). 

Seqcevadia reaqcia, romelic erTsa da imave pirobebSi, er-
Tdroulad, ori erTmaneTis sawinaaRmdego mimarTulebiT mim-
dinareobs. aseT reaqciaTa gamomsaxvel gantolebebSi erTmaneTis 
sapirispirod mimarTul isrebs iyeneben, rac reaqciis orive mi-
marTulebiT mimdinareobas niSnavs. magaliTad, A da B nivTiere-
bebs Soris mimdinare Seqcevadi reaqciis gantoleba ase daiwereba: 

aA + bB ↔ dD + eE 
Seqcevadi reaqcia mimdinareobs ara bolomde, aramed, qimiu-

ri wonasworobis damyarebamde. procesis dasawyisSi, rodesac re-
agentTa koncentraciebi maRalia, pirdapiri reaqciis siCqare 
maqsimaluria: 

v1 = k1CA
a · CB

b                                    (15.1) 



reaqciis procesSi sawyis nivTierebaTa koncentraciebis Sem-
cirebasTan erTad pirdapiri reaqciis siCqare TandaTan klebu-
lobs. amasTanave, reaqciis produqtebis dagrovebasTan erTad 
Seqcevadi reaqciis siCqare TandaTan izrdeba: 

v2 = k2 CD
d · CE

e                                     (15.2) 
garkveul momentSi ori urTierTsapirispiro reaqciis siCqa-

re erTmaneTs gautoldeba da damyardeba qimiuri wonasworoba 
(nax. 15.4).  

qimiuri wonasworoba moreagire nivTierebaTa sistemis 
iseT mdgomareobaa, rodesac drois erTeulSi TiToeuli niv-
Tierebis imdenive molekula warmoiqmneba, ramdenic ixarje-
ba,   radgan qimiuri wonasworobis dros v1 = v2, amitom: 

k1[A]a[B]b = k2[D]d[E]e 
   saidanac: 

[D]d[E]e/[A]a[B]b = k1/k2 = K            (15.3) 

am gamosaxulebebSi [A], [B], [D] da [E] moreagire nivTierebaTa 
wonasworuli koncentraciebia (isini gansxvavdebian am nivTiere-
baTa arawonasworuli CA, CB, CD, CE koncentraciebisagan), xolo K 
— wonasworobis mudmiva. maSasadame, wonasworobis mudmiva aris 
miRebuli da aRebuli nivTierebebis wonasworuli koncentraci-
ebis namravlTa fardoba (steqiometruli koeficientebis gaTva-
liswinebiT).  

yoveli qimiuri wonasworoba xasiaTdeba garkveuli mniS-
vnelobis wonasworobis mudmivaTi, romelic damokidebulia 
moreagire nivTierebaTa bunebaze, temperaturaze da ara maT 
koncentraciaze. 

 
            v1,v2    
 

 
 
 
 
 
 
 
 

                                     t 
 

naxazi 15.1. pirdapiri da Sebrunebuli reaqciebis 
siCqaris cvlileba droSi 

I — pirdapiri reaqcia; II — Sebrunebuli reaqcia; III — wonasworoba 

wonasworobis mudmivas kavSirs jibsis standartul energias-
Tan aqvs Semdegi universaluri Tanafardobis saxe: 
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∆GO  = – RTlnK ,                                         (15.4) 

sadac ∆GO sistemis jibsis energiis clilebaa standartul piro-
bebSi, R – airebis universaluri mudmivaa (ix. zemoT), T — temperatura 
(kelvinebiT), K – wonasworobis mudmiva. 

rodesac ∆GO << 0, K did mniSvnelobas Rebulobs, es imas niS-
navs, rom reaqcia praqtikulad bolomde midis (sxvagvarad, rea-
gentebis gardaqmnis siRrme didia). piriqiT, Tu ∆GO >> 0, K mcire 
sididea da  reaqcia praqtikulad ar mimdinareobs. im SemTxveva-
Si, rodesac ∆GO= 0, K = 1, reaqcia orive mimarTulebiT erTnairad 
mimdinareobs. (15.4) gantolebis gamoyenebiT SesaZlebelia ∆GO-s 
eqsperimentulad gansazRvra. 

mocemuli reaqciis wonasworobis mudmiva gansazRvravs am re-aq-
ciis gamosavals. roca K >> 1, reaqciis gamosavali didia, xolo roca K 
<< 1 — mcire. 

wonasworobis mudmiva, romelic gamosaxulia moreagire niv-
TierebaTa da reaqciis produqtTa wonasworuli koncentracie-
biT (KC), gamoiyeneba xsnarebSi reaqciebis dros. airTa monawile-
obiT mimdinare reaqciebSi wonasworobis mudmiva SeiZleba gamoi-
saxos airebis parcialuri wnevebis saSualebiT (KP). airis parcia-
lur wnevaSi gulisxmoben im wnevas, romelsac Seqmnida narevis 
SemadgenlobaSi Semavali es airi, Tu igi imave temperaturaze 
marto daikavebda mTeli narevis moculobis tol moculobas. 
ricxobrivad igi tolia mocemuli airis moluri wilis namravli-
sa sistemis saerTo wnevaze. amiakis sinTezis (N2 + 3 H2 → 2 NH3) wo-
nasworuli procesisaTvis: 

KP = PNH3
2  /PN2 • PH2

3
.                       (15..5) 

rodesac reaqciis mimdinareobisas airad fazaSi nivTierebaTa ra-
odenoba (molebis ricxvi) ar icvleba, maSin KC=KP. sxva SemTxvevebSi ki 
isini erTmaneTisagan gansxvavdebian. 

heterogenuri wonasworuli procesis SemTxvevaSi wonaswo-
robis mudmivas gamosaxulebaSi ar Sedis reaqciaSi monawile mya-
ri nivTierebebis koncentraciebi. magaliTad, daxSul WurWelSi 
mimdinare kalciumis karbonatis Termuli disociaciis (CaCO3 → 
CaO + CO2) wonasworuli procesisaTvis: 

KP = (PCO2)wonasw.                      (15.6) 

wonasworobis mudmiva, misi maTematikuri gamosaxulebidan 
gamomdinare, SeiZleba iyos ganzomilebiani an uganzomilebo si-
dide. Tu wiladis mricxvelisa da mniSvnelis ganzomilebebi er-
Tnairia, maSin mudmiva uganzomilebo sididea. winaaRmdeg SemTxve-
vaSi ki misi ganzomilebaa koncentraciis an wnevis erTeulebi. 

wonasworobis mdgomareobaSi erTmaneTis sapirispiro orive 
reaqcia uwyvetad mimdinareobs, amitom qimiuri wonasworoba di-
namikuria — moZravia.  
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koncentraciis, sistemis temperaturisa da wnevis cvli-
lebisas wonasworuli sistemis erTi mdgomareobidan meoreSi 
gadasvlas wonasworobis gadaxra ewodeba. frangi fizikosis da 
qimikosis anri lui le Satelies moZravi wonasworobis prin-
cipis Tanaxmad, Tu mocemul sistemaze moqmedi raime gare faq-
tori arRvevs qimiur wonasworobas, maSin sistemaSi aRiZvreba 
iseTi procesi, romelic am damrRvevi faqtoris moqmedebis 
Semcirebis mimarTulebiT warimarTeba. 

Tu wonasworul sistemaSi SevcvliT erT-erTi nivTierebis 
koncentracias, wonasworoba irRveva da garkveuli drois 
Semdeg igi kvlav aRdgeba. axal wonasworul mdgomareobaSi 
wonasworuli koncentraciebis mniSvnelobebi sxva iqneba, magram 
wonasworobis mudmiva ar Seicvleba. 

 erT-erTi moreagire nivTierebis koncentraciis 
gazrdisas wonasworoba gadaixreba am nivTierebis kon-
centraciis Semcirebis mimarTulebiT, xolo koncentraciis 
Semcirebisas — am nivTierebis warmoqmnis mimarTulebiT. 

 wneva gavlenas axdens mxolod iseTi reaqciebis wonaswo-
robis mdgomareobaze, romelic mimdinareobs airad fazaSi 
nivTierebaTa raodenobis cvlilebiT. wnevis gazrdisas wonas-
woroba gadaixreba wnevis Semcirebis anu airad nivTierebaTa 
raodenobis Semcirebis mimarTulebiT, xolo wnevis Semcire-
bisas — wnevis gazrdis anu airad nivTierebaTa raodenobis 
gazrdis mimarTulebiT. Tu reaqcia mimdinareobs airad nivTie-
rebaTa raodenobis Seucvlelad, wneva aseT wonasworul sistema-
ze gavlenas ar axdens. 

 qimiur wonasworobaze temperaturis gavlenis gasarkvevad 
aucilebelia reaqciis siTburi efeqtis niSnis dadgena. tempera-
turis gazrdisas wonasworoba gadaixreba endoTermuli reaq-
ciis mimarTu-lebiT, xolo temperaturis Semcirebisas — eg-
zoTermuli reaqciis mimarTulebiT. 

temperaturis aweva iwvevs endoTermuli reaqciis wonaswo-
robis mudmivas gazrdas, xolo temperaturis daweva xels uwy-
obs egzoTermuli procesis mimdinareobas da iwvevs K-s gaz-
rdas. wonasworobis gadaxris mimarTuleba ganisazRvreba siTbu-
ri efeqtis niSniT, misi gadaxris xarisxi — siTburi efeqtis abso-
luturi sididiT. 

K-s temperaturuli damokidebulebis raodenobrivi gamosa-
xuleba gamoiyvaneba Termodinamikis cnobili gantolebidan: 

∆HO – T∆SO = – RTlnK                               (15.7) 

15.7-dan gveqneba:              lnK = ∆SO/R – ∆HO/RT ,                           (15.8) 
sadac ∆HO sistemis enTalpiis clilebaa (∆H = – Q), ∆SO — sis-

temis entropiis clilebaa (standartul pirobebSi), R – airebis 
universaluri mudmivaa (ix. zemoT), T — temperatura (kelvine-
biT), K – wonasworobis mudmiva. 
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lnK-s 1/T-ze damokidebulebis gamomsaxveli wrfis daxrilo-
bis kuTxiT SeiZleba eqsperimentulad (grafikuli xerxi) gani-
sazRvros ∆H-is mniSvneloba. 

katalizatori ar iwvevs wonasworobis gadaxras, igi erTna-
irad zrdis rogorc pirdapiri, ise Sebrunebuli reaqciis siC-
qares da sistema ufro mokle droSi miyavs wonasworul mdgo-
mareobamde. 

magaliTad, amiakis sinTezi Seqcevadi, katalizuri, egzoTer-
muli reaqciaa, romelic mimdinareobs airad fazaSi moreagire 
nivTierebaTa raodenobis SemcirebiT. aqedan gamomdinare, amia-
kis gamosavlianobis gazrdas (wonasworobis mudmivas gazrdas) 
iwvevs wnevis gazrda, temperaturis Semcreba, xolo katalizato-
ri wonasworul mdgomareobaze gavlenas ar axdens. 

unda aRiniSnos, rom le-Satelies principis gamoyeneba, qimi-
uri gardaqmnebis analogiurad fizikuri gardaqmnebisTvisac 
SeiZleba. 

wonasworobis gadaxra, romelic damyarebulia moZravi wonas-
worobis principze, mniSvnelovan rols asrulebs qimiaSi. misi ga-
moyenebiT SesaZlebelia mravali samrewvelo procesis sasurve-
li mimarTulebiT warmarTva.  
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