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w i n a s i t y v a o b a 

 
 
 
qimiur disciplinaTa Soris gansakuTrebuli adgili 

fizikur qimias uWiravs. saqarTvelos  teqnikuri 
universitetis qimiuri teqnologiisa da metalurgiis 
fakultetze, rogorc wesi, fizikuri qimia bakalavriatis 
meore kursze ikiTxeba. mas win uZRvis araorganuli 
qimiis kursi, paralelurad analizuri da organuli 
qimia iswavleba, Semdgom modis sxvadasxva teqnologiuri 
disciplinebis Teoriuli safuZvlebi. yvela am 
disciplinas Teoriul baziss aZlevs fizikuri qimia, 
romlis siZliere mis universalobaSia. 

maSasadame, fizikuri qimia erT-erTi fundamen-turi 
disciplinaa, romlis gareSe qimiis dargSi SeuZlebelia 
maRali kvalifikaciis profesionalis  momzadeba.  

fizikuri qimiis Semecneba bevradaa damokide-buli 
axalgazrdebisaTvis novatoruli siaxliT daxunZluli 
informaciis miwodebaze. swored am miznebs emsaxureba 
winamdebare saxelmZRvanelo. 

fizikuri qimiis swavlebis procesis orsafexu-riani 
sistemis pirobebSi aucilebeli gaxda im informaciis 
gamijvna, romelic unda miewodos swav-lebis pirvel 
(bakalavriati) da meore (magistra-tura) safexurebze  
ise, rom disciplinam ar dakargos misTvis 
damaxasiaTebeli simwyobre da logikuroba. 

fizikuri qimiis es saxelmZRvanelo Sedgenilia 
ZiriTadad qimiuri teqnologiisa da metalurgiis 
fakultetis bakalavriatisTvis da emyareba fizikuri 
qimiis swavlebis rogorc ucxoeTis wamyvani umaRlesi 
saswavleblebis, ise saqarTvelos  teqnikuri 
universitetis fizikuri da koloiduri qimiis kaTedris 
mravalwlian gamocdilebas. 

saxelmZRvaneloSi “fizikuri qimiis safuZvlebi” eqvsi 
nawilia. masSi sagnis sruli programis Sesa-bamisad 
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Semdegi sakiTxebia ganxiluli: fizikuri qimiis kursis 
arsi da wyaroebi, kvanturi qimiis ZiriTadi debulebebi, 
qimiuri bmis buneba, kristalTa geometria, kvlevis 
fizikur-qimiuri meTodebi, qimiuri Termodinamika da 
wonasworoba, statistikuri Termodinamikis elementebi, 
fazuri wonasworoba, xsnaris Teoria, eleqtroqimia, 
qimiuri kinetika, katalizi da fermentuli katalizi.  

saxelmZRvanelos Sedgenisas avtori xelmZRva-
nelobda ukanasknel wlebSi wamyvani specialistebis 
mier gamocemuli SromebiT, sadac fizikuri qimiis 
sakiTxebi am dargSi miRweuli Tanamedrove donis 
gaTvaliswinebiTaa gadmocemuli. teqstSi gamoyene-bulia 
Tanamedrove modelebi da nimuSebi. 

am wignis mizania, leqciebis mokrZalebuli 
moculobis pirobebSi, misawvdom doneze SemoTava-
zebulma masalam xeli Seuwyos studentis damouki-debel 
muSaobas, raTa srulyofilad daeuflos fizikuri qimiis 
sakmaod rTul, magram  metad saWiro safuZvlebs.  

avtori gamoxatavs did madlierebas wignis 
recenzentis, gamoCenili mecnierisa da pedagogis, 
profesor SoTa sidamoniZis mimarT gamoTqmuli rCevebisa 
da survilebisaTvis.  

da, bolos, avtori gulisyuriT moekideba da 
gaiTvaliswinebs nebismier saqmian SeniSvnas da survils. 

 
 

avtori 
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PREFACE 

 
Physical chemistry occupies a “middle” position in the cycle of 

chemical disciplines. At the Department of Chemical Technology and 

Metallurgy of the Georgian Technical University, the course of  physical 

chemistry is lectured in the second year of studies for bachelor’s degree. It 

is preceeded by the course of inorganic chemistry, whereas analytical and 

organic chemistry is studied concurrently. Then follow the courses of 

foundations of various technical disciplines. The physical chemistry 

provides some theoretical grounding for all those disciplines. 

Present-day physical chemistry is a powerful tool for the study of 

the structure and chemical transformations of substances under different 

ambient conditions. The physical chemistry treats of chemical phenomena 

with the help of theoretical and experimental methods of chemistry and 

physics. A notable feature of physical chemistry is its versatility. The study 

of physical chemistry is of fundamental importance for training of a 

competent chemist. 

The present textbook “The Basics of Physical Chemistry” has been 

written in Georgian. It is intended for university students and bachelors of 

chemistry. The foundation of this textbook is the successful experience of 

teaching the physical chemistry at leading universities of the world and at 

the Sub-Faculty of Physical and Colloid Chemistry of the Georgian 

Technical University alike. 

The textbook comprises six sections. The basic propositions, which 

build up the foundation for understanding of physical chemistry, received 

primary emphasis. 

The textbook, written in accordance with the effective syllabus, 

presents the basic concepts of quantum mechanics, the chemical bond 

theory, the issues of the geometry of crystals, physical and chemical 

methods of investigation, the basics of statistical thermodynamics, the 

phase equilibrium theory, the theory of solutions, electrochemistry, 
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chemical kinetics and catalysis. At the end of the textbook, some 

mathematical data essential for analyzing the basic material are given. 

While working on the textbook, I was guided by the original 

literature reflecting the present advancement of science. Present- day 

models and samples were used in the text. 

I am aware in full measure of the difficulties that emerge when 

studying the basics of physical chemistry, especially in the context of the 

reduction in auditorium forms of education and the intensification of 

students’ independent work in recent years. Hence the complicated issues 

are described in an easily understood language with references to 

illustrative examples and well-known phenomena. 

Taking into consideration widespread areas of application of 

physical chemistry, the present textbook should be of interest for holders 

of a master’s degree, engineers and specialists in various fields. 

I would like to thank DSc, Prof. Sh. I. Sidamonidze for his detailed 

review and helpful suggestions, which were taken into consideration 

while final editing. 

All remarks and wishes concerning the perfection of the textbook 

will be taken with gratitude. 

 

 

                                                           Irine Berdzenishvili 
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ОТ АВТОРА 

 
Физическая химия занимает «серединное» положение в 

цикле химических дисциплин. На факультете химической 

технологии и металлургии Грузинского технического 

университета она читается, как правило, на втором курсе 

бакалавриата. Ей предшествует курс неорганической химии, 

параллельно изучается аналитическая и органическая химия, а 

позднее идут курсы теоретических основ различных 

технологических дисциплин. Теоретический базис всем этим 

дисциплинам дает физическая химия. 

Современная физическая химия является мощным 

инструментом исследования строения и химических превращений 

веществ при различных внешних условиях. Физическая химия 

исследует химические явления с помощью теоретических и 

экспериментальных методов химии и физики. Сильная сторона 

физической химии в ее универсальности. Изучение физической 

химии имеет фундаментальное значение для подготовки 

грамотного химика. 

Настоящий учебник «Основы физической химии» написан 

на грузинском языке, предназначен для студентов и бакалавров 

химических специальностей университетов. В основу учебника 

положен позитивный опыт преподавания физической химии как в 

ведущих мировых университетских центрах, так и на кафедре 

физической и коллоидной химии Грузинского технического 

университета. 

Учебник состоит из шести разделов. Особое внимание 

уделено основным положениям, которые создают необходимый 

фундамент для понимания физической химии. 

В учебнике, написанном в соответствии с действующей 

учебной программой, изложены основные положения квантовой 

механики, учение о химической связи, вопросы геометрии 

кристаллов, физико-химические методы исследования, основы 
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химической термодинамики, учение о химическом равновесии, 

элементы статистической термодинамики, учение о фазовом 

равновесии, теория растворов, электрохимия, химическая 

кинетика и катализ. В конце учебника приведены некоторые 

сведения из математики, необходимые при разборе основного 

материала.  

Работая над книгой, автор руководствовался оригинальной 

литературой, отражающей современный уровень развития науки. 

В тексте использованы современные модели и образцы. 

Автор в полной мере осознает те трудности, которые 

возникают при восприятии основ физической химии, особенно в 

последние годы в связи с сокращением аудиторных форм 

обучения и усилением самостоятельной работы студентов. 

Поэтому сложные вопросы в тексте изложены доступным для 

понимания языком с обращением к наглядным 

иллюстрированным примерам и известным явлениям. 

Учитывая обширную область применения физической 

химии, настоящее учебное пособие должно представлять интерес 

для магистров, инженеров  и специалистов различного профиля. 

        Автор выражает глубокую благодарность профессору, 

доктору химических наук Сидамонидзе Ш.И. за обстоятельную 

рецензию и рекомендации, которые были учтены при 

окончательном редактировании книги. 

          Все замечания и пожелания по совершенствованию 

учебника будут восприняты с благодарностью. 
 

 

                               

 

               Ирина Бердзенишвили 
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Sesavali 

 
 

fizikuri qimia aris mecniereba, romelic xsnis qimiur 
movlenas da adgens mis kanonzomierebebs fizikis 
principebisa da fizikis eqsperimentuli meTodebis 
gamoyenebis safuZvelze. 
 
fizikuri qimiis TiTqmis srulyofili ganmarteba 

pirvelad m. lomonosovma Camoayaliba 1752 wels. termini 
“fizikuri qimiac” misi SemoRebulia. manve daadgina is 
fundamenturi principebi, romlebic fizikuri qimiis 
ganviTarebis safuZvlebadaa miCneuli: 

 energiisa da materiis mudmivobis kanoni; 

 siTbos kinetikuri buneba da cneba “sicivis udidesi da 
ukanaskneli xarisxis Sesaxeb”; 

 siTbos gadasvlis SeuZlebloba ufro civi sxeu-lidan 
ufro cxelze. 
ruseTSi fizikuri qimiis swavlebac pirvelad m. 

lomonosovma SemoiRo, magram fizikuri qimiis pirveli 
kaTedra Camoayaliba n. beketovma 1860 wels xarkovis 
universitetSi.  

1887 wels v. ostvaldis xelmZRvanelobiT fizikuri 
qimiis kaTedra  laifcigis universitetSic daarsda. 

saqarTveloSi fizikuri qimiis swavlebis mamamTav-rebi 
akademikosi l. pisarJevski da qimiis mecnierebaTa 
doqtorebi, profesorebi b. kandelaki da m. SalamberiZe 
iyvnen. maT  Camoayalibes fizikuri da koloiduri qimiis 
saswavlo centrebi Tbilisis saxelmwifo universitetsa 
da saqarTvelos politeqnikur institutSi. mas Semdeg am 
kursis swavleba umaRles saswavleblebSi ar Sewyvetila. 

Tanamedrove fizikuri qimia Seqmnilia mTeli msoflios 
mravali niWieri mecnieris Zalisxmevis Sedegad.  
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pirveli Termoqimiuri gazomvebi XVIII saukunis meore 
naxevarSi a. lavuaziem da p. laplasma (safrangeTi) 
Caatares. 1840 wels g. hesma (ruseTi) aRmoaCina qimiuri 
reaqciebis siTburi efeqtebis jamis mudmivobis kanoni. XIX 
saukuneSi Catarda funda-menturi Termoqimiuri kvlevebi (m. 
berTlo, h. tomseni), romelTa Sedegad safuZveli Caeyara 
Termodinamikis erT-erT qvedargs – Termoqimias. 

k. Seelem (SvedeTi) da f. fontanam (safrangeTi) 
aRmoaCines airis adsorbcia myari sxeulis mier, h. devim 
(inglisi) da l. tenarma (safrangeTi) – katali-zuri 
reaqciis arseboba, i. berceliusma (SvedeTi) da i. libixma 
pirvelad scades aexsnaT katalizis movlena, v. ipatievma 
(ruseTi) safuZveli Cauyara warmodgenas heterogenuli 
katalizisa da katalizSi qemosorbciis rolis Sesaxeb, n. 
semionovma (ruseTi) ganaviTara jaWvuri reaqciis Teoria. 

J. gei-lusakma, e. mariotma, r. boilma, b. klapeironma  
(safrangeTi), j. daltonma (inglisi), a. avogadrom (italia) 
daadgines airis kanonebi da safuZveli Cauyares 
molekulur-atomistur warmodgenebs materiis Sesaxeb. 

Termodinamikis pirveli da meore kanonebis Camo-
yalibeba s. karnos (safrangeTi), r. maieris, h. helmholcis, r. 
klauziusisa (germania) da u. tomsonis (inglisi) 
damsaxurebaa, j. jibsis (aSS), i. vant-hofis (niderlandebi), 
v. nerstis (germania), d. mendeleevis (ruseTi) Sromebis 
safuZvelze viTardeboda qimiuri Termodinamika. am 
SromebTan erTad d. mendeleevis periodulobis kanonma 
(1869 weli) didi gavlena moaxdina fizikuri qimiis 
ganviTarebaze. 

qimiuri kinetikis Teoriis saTaveebTan idgnen l. 
vilhelmi, m. berTlo da pian de sen-Jili. i. vant-hofma 
Camoayaliba formaluri qimiuri kinetikis ZiriTadi 
kanonebi, v. ostvaldma ganixila avtokata-lizis movlena 
da SeuRlebuli qimiuri reaqciebi, rac SemdgomSi n. 
Silovma ganaviTara. s. areniusma Se-moitana aqtiuri 
molekulebisa da aqtivaciis energiis cneba.  
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v. ostvaldma da i. vant-hofma daarses pirveli 
samecniero Jurnali “fizikuri qimiis Jurnali” (1887 weli). 
Jurnalis pirvel nomerSi gamoqveynda i. vant-hofis 
statiebi xsnarebis osmosuri Teoriis Sesaxeb (#1 nobelis 
premia qimiaSi, 1901 weli). 

eleqtroqimia, rogorc fizikuri qimiis nawili, 
Camoyalibda XVIII saukunis bolos. am dros dawyebuli 
eleqtroqimiuri kvlevebi (l. halvani, a. volti, v. petrovi, 
k. grotgusi, h. devi, m. faradei) dasrulda eleqtrolizis 
kanonebis aRmoCeniT da galvanuri elementis SeqmniT. s. 
areniusma (SvedeTi) Seqmna eleqtrolituri disociaciis 
Teoria, s. sorensonma SemoiRo  wyalxsnarebis mJavianobis 
raodenobiTi maxasiaTeblis _ wyalbadis maCveneblis cneba. 
p. debaim da e. hiukelma (1900 w.) Seqmnes Zlieri 
eleqtrolitebis xsnarebis Teoria.   eleqtroqimiuri 
kinetikis ganviTareba a. frumkinis damsaxurebaa.  

XIX saukunis bolosTvis fizikuri qimia mTlianad 
Camoyalibda rogorc mecniereba, romelic srulad 
Seiswavlis qimiur Termodinamikas (Termoqimia da swavleba 
qimiuri da fazuri wonasworobis Sesaxeb), qimiur 
kinetikasa da eleqtroqimias. 

 qimiur movlenaTa fizikuri arsi srulad mxolod 
kvanturi meqanikis Seqmnis Semdeg gamovlinda (XX saukune). 
misi SeqmnisaTvis fundamenturi mniSvne-loba hqonda m. 
plankis oscilatoris dakvantvis hipotezas (1900 w.), a. 
ainStainis Teorias sinaTlis ormagi bunebis (1905 w.) da l. 
de broilis hipoTezas mikroobieqtebis talRuri bunebis 
Sesaxeb (1924 w.), n. boris atomis elementarul kvantur 
Teorias (1913 w.), v. haizenbergis ganuzRvrelobis princips 
(1927 w.), v. paulis akrZalvis princips (1925 w.), p. dirakis 
kvanturi meqanikis matricul formulirebas (1925 w.), e. 
rezerfordis mier SemoTavazebul atomis planetarul 
models, e. Sredingeris fuZemdeblur Sromebs. 

kvanturi meqanikis ganviTarebisa da mravali eqspe-
rimentuli meTodis gamoyenebis Sedegad (molekuluri 
speqtroskopia, rentgenografia, eleqtronografia da sxva) 
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amoixsna qimiuri bmis buneba da did warmatebebs miaRwia 
mecnierebam molekulis aRnagobis SeswavlaSi (r. malikeni, 
l. polingi, p. debai). 

am bazaze intensiurad viTardeboda qimiuri reaqciebis 
kinetika da Seiqmna fizikis axali dargebi (swavleba 
nivTierebis aRnagobis Sesaxeb, fotoqimia, radiaciuli 
qimia). 

intensiurad ganviTarda moZRvreba adsorbciisa  da 
katalizis Sesaxeb. viTardeba polimerebis fizikuri qimia 
da airebis eleqtroqimia. 

 XX saukunis Sua periodSi swrafad daiwyo ganviTareba 
arawonasworuli procesebis Termodina-mikam. 
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1. nivTierebis aRnagoba 

 

 

1.1. atomis kvantur-meqanikuri modeli 

 

 
atomis agebulebis Tanamedrove Teoriis safuZveli aris 

kvanturi (talRuri) meqanikis, fizikis im dargis kanonebi 
da debulebebi, romelic Seiswavlis mikronawilakebis 
(elementaruli nawilakis, atomis, molekulis, atomis 
birTvis) da maTi sistemebis aRweris xerxebsa da 
moZraobis kanonebs. 

kvantur-meqanikuri warmodgenebis Sesabamisad, moZrav  
mikroobieqts ormagi buneba axasiaTebs: igi  nawila-kia da 
amave dros aqvs moZraobis talRuri maxasiaTeblebi anu 
mikroobieqts erTdroulad aqvs korpuskuluri da 
talRuri Tvisebebi. maTematikurad es gamoisaxeba de 
broilis gantolebiT, romlis Tanaxmad,   siCqariT 
moZravi m masis nawilaks Seesabameba   sigrZis talRa 

 




m

h
 ,                       (1.1) 

sadac h plankis mudmivaa. 
mikrosamyaros nawilakebis talRuri Tvisebebidan 

gamomdinare, haizenbergi mivida daskvnamde, romelic 
haizenbergis ganuzRvrelobis principis saxelwo-debiTaa 
cnobili. am principis Tanaxmad, 

 
mikronawilakis mdebareobisa (koordinatis) da siCqaris  
(impulsis) erTdroulad da zustad gan-sazRvra 
SeuZlebelia. q  mdebareobisa da   siCqaris 

ganuzRvrelobebis namravli ar SeiZleba iyos mh -ze 

naklebi 

mhq   .                    (1.2) 
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rac ufro zustadaa gansazRvruli nawilakis 
mdebareoba sivrceSi, miT ufro ganuzRvreli xdeba misi 
siCqare da piriqiT, rac ufro zustadaa gansazRvruli 
nawilakis siCqare, miT ufro ganuzRvreli xdeba misi 
mdebareoba. Sedegad, mikronawilakis moZraobis 
dasaxasiaTeblad iyeneben albaTur midgomas anu 
gansazRvraven ara mis zust mdebareobas, aramed sivrcis 
raRac moculobaSi misi mdebareobis albaTobas. 
“eleqtronis moZraobis” nacvlad iyeneben termin _ 
“eleqtronis mdgo-mareobas”. 

atomSi eleqtronis mdgomareoba aiwereba eleqt-
ronuli Rrublis meSveobiT, romlis simkvrive 
proporciulia eleqtronis mdebareobis albaTobisa. 
radgan aseTi albaToba birTvidan sakmaod did manZilzec 
arsebobs, eleqtronul Rrubels ara aqvs mkafiod 
gansazRvruli sazRvrebi. 

  
eleqtronuli Rrubeli aris sivrce atomgulis 
garSemo, sadac eleqtronis mdebareoba (igi   

talRuri funqciiT xasiaTdeba) yvelaze ufro 
albaTuria. sivrcis am nawils aseve orbitali ewodeba. 
  

     talRuri funqcia aris sivrcis mocemul wer-tilSi 

eleqtronis mdebareobis albaTobis amplituda, V2   

namravli _ eleqtronis mdebareobis albaToba V  sivrcis 

elementarul moculobaSi, xolo 2 _ albaTobis simkvrive 

anu eleqtronuli simkvrive. 
  talRuri funqciisa da eleqtronis U potenciuri da 

E saerTo energiebis kavSiri gamoisaxeba Sredingeris 
gantolebiT: 

0)(
8

2

2

 


 UE
h

m
,              (1.3) 

sadac 
2

2

2

2

2

2

zyx 












  laplasis operatoria. 
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am gantolebis amoxsna anu orbitalis maTemati-kuri 
aRwera SesaZlebelia mxolod maxasiaTeblebis sakmaod 
gansazRvruli, diskretuli mniSvnelobebisas anu atomuri 
orbitali xasiaTdeba kvanturi ricxvebiT.  

n mTavari kvanturi ricxvi gansazRvravs eleqt-ronis 
energiis ZiriTad marags anu, sxva sityvebiT, eleqtronuli 
Rrublis zomebs (orbitals). igi iRebs mTel 
mniSvnelobebs 1-dan  -mde da atomSi energetikuli 
doneebis ricxvs gviCvenebs. eleqtronebi, romlebsac n-is 
erTnairi mniSvnelobebi aqvs, qmnian eleqtronul doneebs, 
romlebic aRiniSneba 1, 2, 3, 4, 5... ricxvebiT an Sesabamisi 

,,,, NMLK O... asoebiT.  

E energiis umcires mniSvnelobas 1n  done Seesabameba. 
sxva kvantur mdgomareobebs energiis ufro maRali 
mniSvnelobebi Seesabameba da am energetikul doneebze 
myofi eleqtronebi birTvTan ufro sustad arian 
dakavSirebuli.Y 

l  orbituli (Tanauri an azimuturi) kvanturi ricxvi 
gansazRvravs eleqtronuli orbitalis formas (nax. 1.1). 
orbituli kvanturi ricxvi dakavSirebulia n mTavar 
kvantur ricxvTan, iRebs nebismier mTel dadebiT 
mniSvnelobebs da icvleba 0-dan ( 1n )-mde. TiToeul n-s 
Seesabameba l mniSvnelobebis garkveuli raodenoba anu 
energetikuli done energetikuli qvedoneebis 
erTobliobaa, romlebic energiiT gan-sxvavdeba. 
qvedoneebis raodenoba,  romelzec energeti-kuli done 
ixliCeba, donis nomris tolia. l-is ricxviT mniSvnelobas 
Seesabameba asoiTi aRniSvna: 

 

l orbituli kvanturi ricxvi 0  1 2  3 
  qvedone    s     p    d     f 
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nax. 1.1. 
s, p da 

d 
orbita
lebis 
forma 
da 

sivrci
Ti 

orient
acia 

 

lm  

magnitu
ri kvanturi ricxvi gansazRvravs orbi-talis sivrciT 
orientacias. man SeiZleba miiRos yvela mTelricxviani 
dadebiTi da uaryofiTi mniSvne-loba l -dan l -mde, maT 

Soris 0-ic. magaliTad, 0l -sTvis, 0m ; 1l  1
l

m ; 0; +1; 

2l , 2lm ; _1; 0; +1; +2 anu l-is nebismier mniSvnelobas 

eleqtronuli orbita-lis )12( l  SesaZlo sivrciTi 

orientacia Seesabameba.  
amrigad, s-mdgomareobas erTi orbitali Seesabameba, p-

mdgomareobas – sami, d-mdgomareobas – xuTi da a.S. 
  
atomuri eleqtronuli orbitali eleqtronis 
mdgomareobaa atomSi, romelic xasiaTdeba kvan-turi 
ricxvebis n, l da ml raRac mniSvnelobebiT, 
eleqtronuli Rrublis raRac zomiT, formiTa da 
sivrceSi orientaciiT. 

s
m  spinkvanturi ricxvi (spini) aRwers eleqtronis 

brunvas sakuTari RerZis garSemo da iRebs mxolod or 

mniSvnelobas: 21  da 21 .        

eleqtronebis ganawileba atomSi (misi eleqtro-nuli 
konfiguracia) Semdeg wesebs emorCileba: 
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 umciresi energiis principi. atomSi eleqtronis  

yvelaze ufro mdgradi mdgomareoba misi energiis 
umcires mniSvnelobas Seesabameba. 

 
 paulis principi. atomSi  SeuZlebelia iyos ori 

eleqtroni, romelTac oTxive  kvanturi ricxvi toli 
eqneba. 

 
 hundis wesi. mocemul qvedoneze spinkvanturi 

ricxvebis jami maqsimaluria. 
 
energetikuli qvedoneebis Sevseba mimdinareobs Semdegi 

TanamimdevrobiT:L1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 

7s, 5f, 6d, 7p (nax. 1.2). 
 
 

 
 
 
 
 
 
 
 
 
 
 
         nax. 1.2. mravaleleqtronian atomSi 

 energetikuli doneebis ganlageba  
 

amrigad, energetikuli qvedonis maqsimaluri teva-dobaa 

)12(2 l  eleqtroni, xolo donisa _ 22n  (cxrili 1.1). 

E 
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cxrili 1.1 
eleqtronebis ganawileba energetikul doneebze 

el
eq
t
r
o
nu

l
i
 

g
ar

s
i
 

n
 e
ne
r
g
et

ik
u
l
i 

d
o
ne
  

 l energetikuli 
qvedone 

energetikuli 
mdgomareoba 
qvedoneebze 

en
er

g
et

ik
u
l
 

md
g
o
ma
r
eo

b
aT

a 
 

j
am
u
r
i 

r
ic

x
vi
, 

n
2
 

en
er

g
et

ik
u
l
 

qv
ed

o
n
ez

e 
el

eq
t
r
o
ne
b
is

 
ma
qs

im
al

u
r
i 

r
ic

x
vi
, 
2 
(2

l 
+
 1
) 

en
er

g
et

ik
u
l
 

d
o
ne
z
e 

el
eq
t
r
o
ne
b
is

 
ma
qs

im
al

u
r
i 

r
ic

x
vi
, 
2n

2
 

l-
is

 
mn
iS

vn
el

o
b
a 

aR
ni

S
vn
a 

m l-is 
mniSvneloba 

o
r
b
it

al
e

-b
is

  
r
ic

x
vi
, 
 

(2
l 
+
 1
) 

K 1 0 1s 0 1 1 2 2 

L 
2 

0 2s 0 1 
4 

2 
8 

1 2p _1, 0, 1 3 6 

M 3 

0 3s 0 1 

9 

2 

18 1 3p _1, 0, 1 3 6 

2 3d _2, _1, 0, 1, 2 5 10 

N 4 

0 4s 0 1 

16 

2 

32 
1 4p _1, 0, 1 3 6 

2 4d _2, _1, 0, 1, 2 5 10 

3 4f _3, _2, _1, 7 14 
  0, 1, 2, 3   

1
8
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miRebulia atomSi eleqtronebis ganawilebis 
sqemis Sedgenis ori xerxi: 

 
 eleqtronuli konfiguraciebis formulebis saxiT, 

magaliTad, 

Cr
24

 - 1s
2
2s

2
2p

6
3s

2
3p

6
3d

5
4s

1, 

sadac zeda indeqsuri ricxvi qvedoneze ganlagebul 
eleqtronTa ricxvs aRniSnavs; 

 kvanturi ujredebisa da isrebis saxiT, mag., O
8

: 

 

 

 

 

 

 

 

 

 

 

 

 

1.2. qimiuri bma  

 
 
qimiuri bma aris atomTa urTierTqmedeba, ris 
Sedegadac warmoiqmneba or- an mravalatomiani 
naerTebi: molekulebi, radikalebi, ionebi, 
kristalebi da sxva. 
 
Tanamedrove warmodgenebis mixedviT, qimiuri bmis 

buneba aixsneba atomTa eleqtronebisa da birTvebis 
mier warmoqmnili eleqtruli velebis urTierTqme-
debiT. 
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1.2.1. qimiuri bmis eqsperimentuli 

maxasiaTeblebi 
 
qimiuri nomenklaturis mixedviT arsebobs 

kovalenturi, ionuri da liTonuri bmebi. 
qimiuri bmis ZiriTadi parametrebia: sigrZe, 

simtkice da savalento kuTxeebi. 
 

bmis sigrZe manZilia atombirTvebs Soris. 
 

qimiuri bmis sigrZis sazomi erTeulia nanometri 
(1nm = 10-9 m), pikometri (1pm = 10-12 m) an angstremi 

( 10
0

101 A m). 
 

qimiuri bmis simtkice ganisazRvreba minimaluri 
energiiT, romelic saWiroa mocemuli bmis 
gasawyvetad.  
 

    qimiuri bmis simtkicis erTeulia kj/mol. 1.2 
cxrilSi mocemulia zogierTi bmis sigrZe da energia. 
 

cxrili 1.2 
zogierTi bmis sigrZe da energia 

bma 
bmis 

sigrZe,
0

A  

energia, 
kj/mol 

bma 
bmis 

sigrZe, 
0

A  

energia, 
kj/mol 

C – C  1,54 348 H – N 1,03 393 
C = C 1,35 620 H – O 0,96 460 
C   C 1,20 811 H – S 1,34 368 
C – O 1,43 360 H – Cl 1,27 431 
C = O 1,17 724 N – N 1,45 160 
C – N 1,47 276 N = N 1,10 418 
C = N 1,34 615 N   N 1,01 947 
C N 1,16 761 N– O 1,46 176 
C – S 1,81 255 O – O 1,45 146 
C = S 1,55 477 S – S 2,05 226 
H – C 1,09 374 P – O 1,62 502 
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atombirTvebze gamaval pirobiT wrfeebs Soris 
kuTxes savalento kuTxe ewodeba. 
 
savalento kuTxe izomeba gradusobiT. magaliTad, 

wylis molekulisTvis  H – O bmis sigrZe 0,096 nm-is 
tolia, bmis energia E = 460 kj/mol, xolo HOH bmis 

kuTxe aris 104,5. 
bmis warmoqnisas arsebiT rols eleqtrouarofi-

Toba asrulebs.  
 
eleqtrouaryofiToba elementis atomebis fardo-
biTi unaria miizidos eleqtronebi nebismier 
garemocvaSi. 
 
I ionizaciis energiisa da E eleqtronisadmi 

swrafvis jamis naxevars eleqtrouaryofiTobas (  ) 

uwodeben 
 

                      
2

EI 
 .                   (1.4) 

 
I da E Sesabamisad atomis mier eleqtronebis 

dakargvisa da SeZenisadmi midrekilebas axasiaTebs. 
eleqtrouaryofiTobis mniSvnelobis mixedviT yvela 

qimiuri elementi pirobiTad SeiZleba daiyos liTo-
nebad, araliTonebad da amorful elementebad. 

mkafio liTonur Tvisebebs tute liTonebi avlens. 
liTiumis eleqtrouaryofiToba 1-is tolia. tipur 
araliTonebad iTvleba VII jgufis elementebi – 
halogenebi; elementebs Soris yvelaze eleqtrouaryo-
fiTia fTori, misi eleqtrouaryofiToba 4-is tolia 
(cxrili 1.3). 
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1.2.2. kovalenturi bma 

 
saziaro eleqtronebis xarjze damyarebul bmas, 
romelic gamoxatuli orientirebulobiT 
xasiaTdeba, kovalenturi bma ewodeba. 
 
calkeuli atomebisgan H2 wyalbadis molekulis 

warmoqmna kovalenturi bmis damyarebis yvelaze 
martivi magaliTia. wyalbadis ori atomis 
erTmaneTTan miaxloebisas maT Soris mizidulobis 
Zala warmoiqmneba. Sedegad orive atomis 1s 
orbitalebi gadaifareba da saerTo molekulur 
orbitals warmoqnis, romlis maqsimaluri simkvrive 
birTvebs Sorisaa. 

atombirTvebis urTierTmizidva grZeldeba mizid-
visa da birTvebs Soris ganzidvis Zalebis gawonas-
worebamde. r0 manZilze isini wonaswordebian (nax. 1.3).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax. 1..3. wyalbadis molekulis potenciuri energiis 

mrudi 
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minimumi b potenciur  mrudze (mas xSirad morzes 
mruds uwodeben) Seesabameba bmis energias H2 
molekulaSi da minimalurad SesaZlebel manZils 
birTvebs Soris. r0 manZilze warmoiqmneba fizikurad 
mdgradi sistema – molekula. 

sqematurad wyalbadis molekulis warmoqmna 
Semdegnairad gamoisaxeba: 

 
HHHH : . 

sqemaze wertiliT () aRniSnulia gare 
eleqtronebi, (:) ki _ saziaro eleqtronuli wyvili. 
saziaro eleqtronul wyvils aseve savalento bmis 
xaziT aRniSnaven: 

HH  . 

Tu eleqtronebis spinebi paraleluria, atomebis 
miaxloebas axlavs energiis uwyveti zrda – qimiuri 
bma ar warmoiqmneba.  

Sredingeris gantolebis zusti amoxsna mraval-
eleqtroniani sistemisaTvis, rogoricaa H2-ze ufro 
rTuli molekulebi, ver xerxdeba. aseT rTul siste-
mebSi bmis bunebis axsna ori meTodiT xdeba: 

 valenturi bmis da 
 molekuluri orbitalebis meTodiT. 
 
 

1.2.2.1. valenturi  bmis meTodi 
 

valenturi bmis meTods safuZvlad udevs Semdegi 
debulebebi: 
1) kovalenturi bmis warmoqmnisaTvis saWiroa sapi-

rispiro spiniani ori eleqtroni da TiTo orbi-
tali im ori atomisa, romlebic erTmaneTs ebmis; 

2) bma xorcieldeba eleqtronuli Rrublebis ga-  
dafarviT maqsimaluri albaTobis mimarTulebiT; 
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3) kovalenturi bma miT ufro mtkicea, rac ufro       
srulia eleqtronuli Rrublebis gadafarva. 
 
ori eleqtronis arseboba ori birTvis moqmedebis 

velSi energetikulad ufro xelsayrelia, vidre 
TiToeuli eleqtronisa _ sakuTari birTvis velSi, 
amitom kovalenturi bmis warmoqmnaSi monawileobs 
gare energetikuli donis yvela erTeleqtroniani 
orbitali. magaliTad, azotis atoms aqvs sami gauwy-
vilebeli gare eleqtroni: 

 
 
                    1s

2
2s

2
2p

3
 

 
 
 

 
 
 
fToris atoms ki – erTi: 

 

                

 
 
 
 
 
 
amitom, am atomebs SeuZlia warmoqmnas Sesabamisad 

sami da erTi bma: NN  ; FF  . 
kovalenturi bma atomebs Soris Semdegnairad 

warmoiqmneba: 
 

 
 

      

  

N
7

 

2s 

2p 

2s 

F
9

 1s
2
2s

2
2p

5
 

      

  
2p 
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kovalenturi bmis warmoqmna aseve SesaZlebelia 

donorul-aqceprotuli meqanizmiT. am SemTxvevaSi erT 
atoms wyvili eleqtronebi aqvs (donori), xolo 
meores – Tavisufali orbitali (aqceptori). amis 
klasikuri magaliTia NH4

+ amoniumis ionis warmoqmna  
 


..

..::

H

H

NH 



















 H

H

H

NHH :
..

..: . 

 
amrigad, atomebi kovalentur bmas warmoqmnis  

sxvadasxva xerxiT. valenturi bmis meTodSi es unari 
Sefasebulia valentobis saSualebiT. 

 
 

1.2.2.2. kovalenturi bmis Tvisebebi 
 
kovalenturi bmis ZiriTad Tvisebebs miekuTvneba 

misi najeroba, mimarTuleba da polarizebadoba. 
 
atomis unari, warmoqmnas kovalenturi bmebis 
SezRuduli raodenoba, ganapirobebs Tvisebas, 
romelsac najeroba ewodeba. amis gamo, kovalentur 
naerTs aqvs mkafiod gamoxatuli Sedgeniloba. 
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eleqtronuli orbitalebis sxvadasxva formisa da 
orientaciis gamo, maTi gadafarvis ramdenime sqemaa 
cnobili. arsebobs  ,   da   bmebi. 
 

   bma eleqtronuli orbitalebis `SublebiT~ 
gadafarvis Sedegia (birTvebis SemaerTebeli 
wrfis gaswvriv) (nax. 1.4). 

   bma warmoiqmneba eleqtronuli orbitalebis 
gadafarvisas sivrcis or nawilSi, bmis xazis 
orive mxares (nax. 1.5). 

    bma xorcieldeba d eleqtronuli orbitalebis 
gadafarvisas sivrcis oTx nawilSi, romlebic bmis 
xazis mimarT simetriulad arian ganlagebuli 
(nax. 1.6). 

 
 

nax. 1.4. eleqtronuli orbitalebis gadafarvis 
sqema   bmis warmoqmnisas 
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nax. 1.5.  orbitalebis gadafarvis sqema   bmis  

warmoqmnisas 
 

 
nax. 1.6. d orbitalebis gadafarvis sqema   bmis  

warmoqmnisas 
 
 

  da   bmebi or atoms Soris warmoiqmneba 
mxolod maSin, rodesac isini dakavSirebulia   bmiT. 
aseT SemTxvevebSi laparakia bmis jeradobaze. 

 
bmis jeradoba im saziaro eleqtronuli wyvilebis 
ricxvia, romlebic monawileoben kovalenturi 
bmis warmoqmnaSi.  

 
magaliTad, azotis molekula warmoqmnilia ori 

atomiT, romlebic dakavSirebulia sami kovalenturi 
bmiT _ erTi   bmiTa da ori   bmiT 
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NN   



 . 

 bmis jeradobis gazrda iwvevs birTvebSorisi 
manZilis Semcirebas, da Sesabamisad, bmis ganmtki-
cebas (cxrili 1.2). 

Tu bmas molekulaSi qmnis ori erTnairi atomi, 
maSin saerTo eleqtronuli Rrubeli birTvebs Soris 
simetriuladaa ganlagebuli. aseT kovalentur bmas 
arapolaruli bma ewodeba. 

Tu bmis warmoqmnaSi monawileobs ori eleqtro-
uaryofiTobiT gansxvavebuli atomi, maSin eleqtro-
nuli Rrubeli wanacvlebulia metad eleqtrouaryo-
fiTi atomisken. warmoiqmneba asimetria _ atomebs 
Soris uaryofiTi da dadebiTi muxtebi arasimetri-
ulad ganawildeba da miviRebT eleqtrul dipols. 
    magaliTad, HCl-is molekulaSi saerTo eleqtro-
nuli wyvili wanacvlebulia ufro eleqtro-
uaryofiTi atomis – qloris mxares, rac iwvevs masze 
efeqturi uaryofiTi muxtis gaCenas, wyalbadis 
atomze ki miviRebT efeqtur dadebiT muxts. bma HCl-is 
molekulaSi _ kovalenturi polarulia. 

efeqturi muxtebis (q+ da q-) simZimis centrebs 
Soris manZils dipolis sigrZe ewodeba. 

efeqturi muxtebis simZimis centrebi ar emTxveva 
urTierTmoqmedi atomebis birTvebis centrebs, amitom 
dipolis sigrZe calkeuli bmisaTvis yovelTvis 
naklebia bmis sigrZeze. 

 

bmis polarobis sazomia dipolis eleqtruli 
momenti, romelic dipolis l sigrZisa da q 
efeqturi muxtis namravlis tolia: 
 

ql .                     (1.5) 
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dipolis eleqtruli momenti gamoisaxeba 
debaiebiT (D): 

301033.31 D  km. 
 

dipolis eleqtruli momenti veqtoruli sididea 
da mimarTulia dipolis dadebiTi polusidan uaryo-
fiTisken. jamuri dipoluri momenti mravalatomian 
molekulaSi calkeuli bmebis dipoluri momentebis 
veqtoruli jamis tolia. amitom, molekulis polaroba 
an arapolaroba damokidebulia muxtebis ganawilebis 
simetriulobaze, rac, Tavis mxriv, ganpirobebulia 
molekulis geometriiT. magaliTad, CO2-is molekula, 
wrfivi agebulebis gamo, arapolarulia, miuxedavad 
calkeuli bmebis polarobisa 

 




 qqq

OCO


 
2

. 

nivTierebis mravali Tviseba, rogoricaa: xsnadoba, 
disociaciis unari da sxva, mniSvnelovanwiladaa 
damokidebuli naerTSi bmebis polarobaze. moleku-
lis polaroba SeiZleba Seicvalos gare eleqtruli 
velis zemoqmedebiT. 

 cvlilebas, romelsac molekulaSi gare eleqt-
ruli veli iwvevs, polarizacia ewodeba. 
polarizacia muxtebis simZimis centrebis wanacvlebaa 
raRac l manZilze. polarizaciis Sedegad molekula 
iZens damatebiT dipolur moments (nax. 1.7), romelic 
eleqtruli velis E daZabulobis sididis 
pirdapirproporciulia   

 

ql = E,  

  proporciulobis koeficientia, romelsac 
polarizebadoba hqvia. 
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nax. 1.7. eleqtronuli polarizacia E daZabulobis 

eleqtrul velSi 
 

polarizebadoba ionis eleqtruli elastikurobis 
sazomia. 

 
  

1.2.2.3. polarizacia da refraqcia 
 

arsebobs polarizaciis, rogorc polarizebadobis,  
sami tipi: eleqtronuli, birTvuli da orientaciuli. 
es ukanaskneli damokidebulia temperaturasa da 
molekulis mudmiv dipolur momentze: 

kT3

2

0


 or , 

sadac 
0

  aris molekulis mudmivi dipoluri momenti,   

k – bolcmanis  mudmiva, T – absoluturi temperatura. 
maRali sixSiris eleqtrul velSi mxolod 

eleqtronuli polarizacia warmoiqmneba, vinaidan 
maRali sixSirisas dipoli velis gaswvriv 
orientacias ver aswrebs.  
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nivTierebaSi xiluli sinaTlis gavlisas aRZrul 
eleqtronul polarizacias refraqcia (R) ewodeba 
 

R = 4/3 NA.                                       (1.6) 

 
   moluri refraqcia gamoiTvleba lorenc-lorencis 
gantolebiT  

    


M

n

n
R 






1

2
2

2

,    = n
2                                   

(1.7)
 

               

sadac NA  aris avogadros mudmiva,  M da   _ nivTie-
rebis molekuluri masa da simkvrive, n _ gardatexis 
maCvenebeli,  _ dieleqtrikuli SeRwevadoba. moluri 
refraqciis erTeulia sm3/mol. moluri refraqcia 
nivTierebis 1 molSi Semavali molekulebis moculo-
baTa jamis tolia. moluri refraqcia aditiurobis 
wess emorCileba: R = ∑nRat +  ∑nRjer.bm +  ∑nRcikl. 
    garda moluri refraqciisa, arsebobs kuTri 
refraqciac 



1

2

1
2

2







n

n
r .                   (1.8)   

   kuTri refraqcia izomeba sm3/g-obiT. 
   refraqciis kavSiri nivTierebis makroskopul Tvi-
sebebTan misi eqsperimentuli gansazRvris saSualebas 
iZleva. refraqcia nivTierebis struqturis kvlevis 
erT-erTi fizikur-qimiuri meTodia. 
 
 

1.2.2.4.  atomuri orbitalebis hibridizacia 
 

valenturi bmis Teoriis integraluri nawilia 
atomuri valenturi orbitalebis hibridizaciis 
koncefcia. am koncefciis Tanaxmad, kovalenturi 
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bmebis warmoqmnaSi monawileobs ara “sufTa”, aramed 
e.w. hibriduli, formiTa da zomebiT (maSasadame, 
energiiTac) gasaSualoebuli orbitalebi. aseTi 
orbitalebis raodenoba sawyisi orbitalebis raode-
nobis tolia. hibriduli orbitalebi ufro 
wagrZelebulia sivrceSi, rac uzrunveyofs maT srul 
gadafarvas mezobeli atomebis orbitalebTan. 

mdgradi hibridizaciis pirobebi Semdegia: 
1) hibridizaciaSi monawileobs orbitalebi energiis 

axlo mniSvnelobebiT anu gare energetikuli 
donis s da p orbitalebi da gare an bolos wina 
donis d orbitalebi; 

2) bmis warmoqmnisas hibriduli atomuri orbitali 
ufro srulad unda iqnes gadafaruli meore 
atomis orbitalTan; 

3) hibridizaciaSi monawileobs sakmaod didi  
eleqtronuli simkvrivis mqone orbitalebi 
(umravles SemTxvevaSi, pirveli periodebis 
elementebis orbitalebi); 

4) hibriduli orbitalebis sivrciTi orientacia maTi 
erTmaneTisgan maqsimalur daSorebas unda 
uzrunvelyofdes. am SemTxvevaSi maTi ganzidvis 
energia (maSasadame, mTeli sistemis energia) 
minimaluria. 

   hibriduli orbitalebis mimarTuleba gansazRvravs 
molekulis geometriul struqturas (nax. 1.8 _ 1.10). 
 
 
 
 
     
 

atomuri (s+p) orbitalebi   ori sp hibriduli orbitali  
 

nax. 1.8. ori sp hibriduli orbitalis warmoqmnis sqema 
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nax. 1.9. sami sp
2 hibriduli orbitalis  

warmoqmnis sqema 
    
 
 
 
 
 
 
 
 
atomuri (s+p+p+p) orbitalebi   oTxi sp3 hibriduli orbitali  

nax. 1.10. oTxi sp
3 hibriduli orbitalis  

warmoqmnis sqema 
 

magram, xSirad, bmebis realuri kuTxeebi gansxvav-
deba hibridizaciis tipis Sesabamisi kuTxeebisgan. 
 

 
1.2.2.5. molekuluri orbitalebis  

meTodi 
 

eleqtronebis buneba molekulaSi, maTi urTierT-
qmedeba birTvebsa da erTmaneTTan principSi igivea, 
rac atomSi. amitom logikuria, molekulisTvis 

atomuri (s+p+p) orbitalebi     sami sp2 hibriduli orbitali  
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gamoviyenoT igive fizikuri modeli, rac atomisTvis 
– orbituli miaxloeba.  molekuluri orbitalis 
(mo) meTodi efuZneba Semdeg debulebebs: 

 molekula ganixileba, rogorc mTliani nawilaki 
da ara rogorc garkveuli individualobis mqone 
atomebis erToblioba; 

 eleqtronebi molekulaSi molekulur orbitaleb-
zea; 

 molekuluri orbitali miiReba atomuri orbita-
lebis (ao) SekrebiT an gamoklebiT; 

 ori ao-dan warmoiqmneba ori, energiiT 
gansxvavebuli, mo; 

 orbitals, romlis energia ufro dabalia,  makav-
Sirebeli ewodeba, xolo orbitals, romlis 
energia ufro maRalia – gamTiSveli; 

 warmoiqmneba rogorc  , ise   mo; 

 eleqtronebis ganawileba mo-ze imave principebis 
mixedviT xdeba, rogoriTac ao-ze: umciresi ener-
giis, paulis da hundis principebis safuZvelze. 
mo-is saxelwodeba damokidebulia mis Tvisebebsa 

da simetriaze. sigma – makavSirebel orbitals (  
bma) aqvs cilindruli simetria birTvebis Semakav-
Sirebeli wrfis mimarT da ara aqvs kvanZebi birTvebs 
Soris. mas ewodeba makavSirebeli, vinaidan 
eleqtronuli simkvrive or birTvs Soris grovdeba, 
rac iwvevs struqturis stabilizacias.  

sigma – gamTiSvel orbitalsac ( * bmas) axasiaTebs 
cilindruli simetria birTvebis SemakavSirebeli 
wrfis mimarT, Tumca aqvs kvanZi birTvebs Soris, rac 
xels uwyobs maT ganzidvas.  

A da B  ori wyalbadis atomis 1s atomuri 
orbitalebis  A(1s) da  B(1s) wrfivi kombinaciiT 

miRebuli   da *  mocemulia 1.11 nax-ze. es aris   

da *  mo-is umartivesi magaliTi. 
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nax. 1.11. a – ori 1s orbitalis jami  (1s)   da sxvaoba 

       * (1s);   b – wyalbadis molekulis   makavSirebeli 

da * gamTiSveli orbitalebi  

 

  bmis eleqtronuli simkvrive xasiaTdeba 
cilindruli simetriiT bmis irgvliv da birTvebs 

Soris eleqtronebis yofnis maRali albaTobiT. *   
orbitalisTvis aseve damaxasiaTebelia cilindruli 

a 

b   makavSirebeli *  gamTiSveli 
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simetria bmis irgvliv, magram eleqtronebis birTvebs 
Soris mdebareobis albaToba mcirea.   mo-is energia 
naklebia, vidre ori ao-is energiaTa jami anu ato-
muri orbitalidan makavSirebel molekulur orbi-
talze gadasvlisas energia mcirdeba. gamTiSvel 
orbitalze eleqtronebis ganTavsebiT energia izrdeba 

( * mo-is energia metia, vidre ori ao-is energiebis 
jami). 

  makavSirebeli mo miiReba ori atomuri   
orbitalis wrfivi kombinaciiT.   makavSirebel 
orbitals aseve mivyavarT eleqtronuli simkvrivis 
akumulaciamde or birTvs Soris, Tumca, am SemTx-
vevaSi, simkvrive ar aris koncentrirebuli birTvebis 

SemaerTebeli wrfis gaswvriv. *  gamTiSvel moleku-
lur orbitals ki aqvs kvanZi birTvebis SemakavSi-
rebeli wrfis gaswvriv da sibrtye or birTvs Soris. 

  da *  mo gamosaxulia 1.12-e nax.-ze.  
 

 
nax. 1.12.   makavSirebeli  da *  gamTiSveli mo-is 

warmoqmnis sqema 2py ao-is kombinaciiT 
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Cven ganvixileT  , * ,  , *  mo-ebi; sxva gansxva-
vebuli simetriis mo gvxvdeba liTonTa kompleqsebSi. 
eleqtronebis ganawileba am orbitalebze gansazRv-
ravs molekulebis bmulobas da stabilurobas.  

mo-is warmoqmnis sqema atomuri orbitalebis 
kombinaciiT warmodgenilia 1.13-e nax.-ze. ori 
identuri A da B atomis sawyisi ao-is (1s, 2s, 2px, 2py, 2pz) 
urTierTqmedebis Sedegad miiReba 10 molekuluri 
orbitali. molekuluri orbitalebi suraTze ganla-
gebulia energiis zrdadobis (qvemodan zemoT) 
mixedviT. SevniSnoT, rom zogierTi molekulisTvis   

(2px) orbitalebi )2(
y

p  da )2(
z

p  energetikul 

doneebze zemoT SeiZleba iyos ganlagebuli. 

 
nax. 1.13. mo-is warmoqmnis energetikuli sqema ori atomis  

ao-is wrfivi kombinaciiT 
 
    es suraTi Zalze gavrcelebuli da sasargebloa 
bmis bunebis sailustraciod molekulaTa umravle-
sobaSi. am suraTis gamoyenebiT, 1.14-e nax.-ze naCvenebia 
eleqtronebis ganawileba molekulur orbitalebze, 
Sefasebulia bmis tipi da bmis fardobiTi energiebi 
perioduli sistemis I da II periodebis 
elementebisaTvis  (H2-dan Ne2-mde). 

A atomi B atomi AB molekula 
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  He2, Be2 da Ne2  molekulebi arastabiluria; He2-is  
hipoTezur molekulaSi   bma ar warmoiqmneba (nax.1.14), 
radgan He2-is oTxi eleqtronidan ori ikavebs 
makavSirebel orbitals, ori ki _ gamTiSvels.  (1s) 

da * (1s) abaTilebs erTmaneTs, amitom es molekula 
mxolod agznebul mdgomareobaSi arsebobs. 
             H2, Li2 da F2-Si warmoiqmneba erTmagi bma, C2 da 
O2-Si – ormagi, xolo N2-Si – sammagi. 

 
 

nax. 1.14. mo-is Sevsebis energetikuli sqema oratomian 
molekulebSi; molekulebi warmodgenilia ZiriTad 

mdgomareobaSi (umciresi energia) 
 

en
er

g
ia
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     Jangbadis molekulaSi makavSirebeli eleqtroni 
oTxiT metia gamTiSvelze. Sedegad bmis jeradoba 
oris tolia. 
          N2 molekula mdgradia, radgan masSi eqvsi 
makavSirebeli eleqtronis siWarbe sammag bmas ganapi-
robebs (nax.1.14). 
 

bmis rigi ganisazRvreba makavSirebel da 
gamTiSvel orbitalebze moTavsebul eleqtronTa 
naxevarsxvaobiT. 
 

      maSasadame, mo-is meTodi qimiuri bmis warmoq-
mnas ganixilavs, rogorc yvela eleqtronis moZra-
obis Sedegs jamur velSi, romelic warmoqmnilia 
sawyisi atomebis yvela birTvisa da eleqtronisagan. 
 

1.2.3.  ionuri bma 
 

ionuri bma aris qimiuri bmis erT-erTi saxe, 
romelic warmoiqmneba sawinaaRmdegod damuxtul 
ionebs Soris eleqtrostatikuri urTierTqmedebis 
Sedegad. 
 

   ionuri bma kovalenturi polaruli bmis zRvruli 
SemTxvevaa. igi warmoiqmneba, rodesac eleqtronuli 
wyvili TiTqmis srulad wainacvlebs erT-erTi 
atomisken. ionuri bma ZiriTadad axasiaTebs tute 
liTonis halogenids.  

ionur naerTSi ioni sferuli simetriis eleqtru-
li muxtia. aseT muxts nebismieri mimarTulebiT 
SeuZlia Tavisken miizidos sapirispiro niSnis muxte-
bis (ionebis) SeuzRudavi raodenoba. amitomaa, rom 
ionur bmas mimarTuleba da najeroba ar axasiaTebs. 

magram, praqtikulad TiToeuli ionis irgvliv 
ganlagebulia (koordinirebulia) sawinaaRmdego 
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niSnis ionebis garkveuli raodenoba (ix. Tavi 1.3.4). 
ionis sakoordinacio ricxvi ar aris damokidebuli 
mis muxtze da ganisazRvreba ionTa radiusebis 
fardobiT (nax. 1.15). 

        nax. 1.15. natriumis qloridis (galitis) 
kristaluri meseri 

 

mTlianobaSi, ionuri naerTi SeiZleba warmovidgi-
noT, rogorc sawinaaRmdego niSnis ionTa giganturi 
asociacia. 

mizidulobis energia ionur bmaSi gamoiTvleba 
formuliT 

)(21  


 II
R

qq
E


m ,               (1.9) 

 
xolo bmis sruli energia 
 

)(
9

8

0

2
  II

r

e
Es ,               (1.10) 

sadac q1  = q 2 = e aris elementaruli muxti (eleqtro-

statikuri erTeulebiT 4,810-10-is tolia),  dieleq-
trikuli SeRwevadobaa, R da r0 – atomebs Soris 
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manZili, I
+ da  I

- 
–  kationisa da anionis ionizaciis 

energiebi. 
bunebaSi arsebul Sereul ionur–kovalentur  

bmebSi bmis ionurobisa da kovalenturobis wilis 
dasadgenad atomTa eleqtrouaryofiTobas iyeneben 
(cxrili 1.3). dadgenilia, rom Tu urTierTqmed 
atomTa eleqtrouaryofiTobebis sxvaoba (  1–  2)   2,1-

ze metia, bma upiratesad ionuria (ionuri bmis wilis 

61%-s Seesabameba   =2,2; 25%-s ki _   =1,2).   -is 

SemcirebiT, bmis ionurobis wili mcirdeba.   =0 

dros bma sufTa kovalenturia (cxrili 1.4).  
                                         cxrili 1.4 

ionuri bmis wilis dadgena Sereul bmaSi 
 

   
ionuri bmis 

wili, % 
   

ionuri bmis 
wili, % 

0,0 0 1,4 32 
0,2 1 1,6 46 
0,4 3 1,8 47 
0,6 7 2,0 54 
0,8 12 2,2 61 
1,0 18 2,4  68 
1,2 25 2,6 74 

 
 

1.2.4.  liTonuri bma 
 
Cveulebriv pirobebSi, liTonebs, vercxliswylis 

garda, kristaluri agebuleba aqvs. 
liTonis kristalSi atomebs Soris bma valenturi 

eleqtronebiTaa ganpirobebuli. 
liTonis dabali ionizaciis gamo, eleqtronebi 

advilad wydeba atomebs da met-naklebad Tavisuflad 
moZraobs kristalis moculobaSi (nax. 1.16). 
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nax. 1.16. liTonis kristaluri meseri. naCvenebia  
           erT-erTi Tavisuflad moZravi eleqtronis  

 traeqtoria 
 

maSasadame, liToni warmoadgens dadebiTi ionebis 
wyobas, romelic “eleqtronul airSia” CaZiruli. 

 
kavSirs yvela ionsa da uamrav eleqtrons Soris  
liTonuri bma ewodeba. 
 
liTonuri bmis buneba kovalenturis msgavsia. bmis 

orive tipi xorcieldeba eleqtronebis gaziarebiT. 
kovalenturisgan gansxvavebiT ki bmis es tipi 

delokalizebulia da ar aris mimarTuli. 
 

1.2.5. wyalbaduri bma 
 

wyalbaduri bma aris molekulaTSorisi urTierT-
qmedebis gansakuTrebuli saxe. igi warmoiqmneba 
wyalbadis atomsa da Zlieri eleqtrouaryofiTi 
elementis atoms Soris: 
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-
X  –+

H  X
-
 – , 

 

sadac H  wyalbadis atomi molekulaSi kovalenturi 
bmiT dakavSirebulia eleqtrouaryofiT X atomTan da   
damatebiT bmas warmoqmnis mezobeli molekulis X 
atomTan, romelsac am bmis gaswvriv ganuyofeli 
eleqtronuli wyvili aqvs. 

amrigad, wyalbaduri bma aRiZvreba wyalbadis 
atomis erTaderTi eleqtronis eleqtrouaryofiTi  
elementisaken Zlieri mizidvisa da wanacvlebis 
Sedegad. magaliTad, wylis molekulaSi Jangbadis 
atomi iZens sakmaod did efeqtur uaryofiT, xolo 
wyalbadis atomi – efeqtur dadebiT muxts, romelic, 
eleqtronuli Sreebis ararsebobis gamo, sxva atoms 
“nebas rTavs” miuaxlovdes mas atomuri bmis 
sigrZeebis tol manZilze. 

 
 
 
 
 
 
 
 
wyalbaduri bmis warmoqmna mniSvnelovanwilad 

ganpirobebulia donorul-aqceptoruli meqanizmiT, 
sadac donori aris erTi molekulis eleqtrouaryo-
fiTi atomi, xolo aqceptori – meoris, wyalbadis 
atomi. amitom, wyalbadur bmas axasiaTebs najeroba 
da mimarTuleba. amis gamo, bmis es tipi gansazRvravs 
nivTierebis struqturas kondensirebul mdgomareobaSi, 
magaliTad, yinulis kristalur struqturas (nax. 1.17 a,b).  

wyalbaduri bma yvelaze xSirad gvxvdeba fTor-
Tan, azotsa da JangbadTan (  -is didi mniSvnelobis 

gamo) (nax. 1.18). 
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nax. 1.17. wyalbaduri bma (- - -) wylis molekulebs 

Soris yinulis kristalSi 
 

 

 

nax. 1.18. wyalbaduri bma () fTorwyalbadsa  
da amiakSi 

 
wyalbaduri bmis energia 8-40 kj/mol Seadgens, rac 

kovalenturisaze gacilebiT naklebia.  
wyalbaduri bma mniSvnelovan gavlenas axdens 

nivTierebis fizikur da qimiur Tvisebebze. kerZod,  
H2O-s, HF-is, NH3-is anomaliurad maRali duRilis 

a b 
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temperatura aixsneba asociatebis warmoqmniT wyal-
baduri  bmis meSveobiT. 
 
 

1.2.6. van-der-vaalsis Zalebi 
 

 molekulaTSoris wyalbadur da donorul-
aqceptorul bmebTan erTad, calkeuli naerTebis 
molekulebs Soris SeiZleba warmoiqmnas Sors 
moqmedi molekulaTSorisi mizidulobis Zalebi, 
romelTac van-der-vaalsis Zalebi ewodeba. 

SesaZlebelia van-der-vaalsis urTierTqmedebis 
Semdegi sami tipi: 
 polarul molekulebs Soris (orientaciuli); 
 polarul da arapolarul molekulebs Soris 

(induqciuri); 
 arapolarul molekulebs Soris (dispersiuli). 

orientaciuli urTierTqmedeba ganpirobebulia 
molekulebis mudmivi dipolebis uSualo eleqtro-
statikuri urTierTqmedebiT (nax. 1.19). 

 

 
 

nax. 1.19. dipol–dipoluri urTierTqmedebis sqema 
 

orientaciuli mizidvis energia ganisazRvreba 
Semdegi formuliT: 
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      Eor 
kTr

1

3

2
6

2

2

2

1 





,                  (1.11)  

 

sadac 1  da  2 aris urTierTmoqmedi polaruli 
molekulebis dipoluri momentebi, r – maT Soris 
manZili,  k – bolcmanis  mudmiva, T _ absoluturi 
temperatura. 

induqciuri urTierTqmedeba aRiZvreba polaruli 
molekulis mudmivi dipolis urTierTqmedebiT mis 
mier arapolarul molekulaSi inducirebul 
dipolTan.  

 

 
   induqciuri urTierTqmedebis energia tolia 

Eind
6

22

r


 ,                 (1.12) 

               

sadac  polaruli molekulis mudmivi dipoluri 

momentia,  _ arapolaruli molekulis polarize-
badoba. 

dispersiul energias ara aqvs klasikuri analogi 
da ganisazRvreba eleqtronuli simkvrivis kvantur-
meqanikuri fluqtuaciebiT. erTi arapolaruli mole-
kulis eleqtronuli simkvrivis meyseul fluq-
tuacias, rac meyi dipoluri momentiT xasiaTdeba, 
SeuZlia gamoiwvios meyi dipolis inducireba 
mezobel molekulaSi. warmoqmnil mizidulobas dis-
persiuli miziduloba ewodeba. misi energia Semdegi 
formuliT gamoiTvleba  
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Edisp 06

2

4

3
I

r


 ,              (1.13) 

 
sadac I0 aris ionizaciis potencialze damokidebuli 
sidide. 

dispersiuli urTierTqmedebis energia, iseve 
rogorc orientaciuli da induqciuri urTierT-
qmedebebisa manZilis meeqvse xarisxis ukupropor-
ciulia.  

arapolaruli molekulebisTvis dispersiuli 
urTierTqmedeba van-der-vaalsis Zalebis mTavari da 
praqtikulad erTaderTi wyaroa. 

Txevadi da myari sxeulebis arseboba 
molekulaTSorisi urTierTqmedebis Sedegia, mravali 
rTuli naerTis stabilurobac  van-der-vaalsis Zale-
bis moqmedebis Sedegia. 

 
 

 
1.3. kristaluri myari nivTiereba 

 
bunebrivi da xelovnuri myari nivTierebebis didi 

umetesoba kristalebia (nax. 1.20). 
  
kristali erTgvarovani myari sxeulia, romelic 
bunebrivadaa dawaxnagebuli. kristalebi  simetri-
iTa da TvisebaTa anizotropiiT xasiaTdeba. 
 

                                                 

 sainteresoa sityva “kristalis” warmoSoba. igi TiTqmis 
erTnairad JRers yvela evropul enaze. mravali saukunis win 
maradiul alpebSi, Tanamedrove Sveicariis teritoriaze, ipoves 
Zalian lamazi sruliad uferuli kristalebi, romlebic 
Zalian hgavda sufTa yinuls. uZvelesma naturalistebma mas 
aseve uwodes _ “krystallos” (berZn.), rac Tavdapirvelad yinuls 
niSnavda, Semdeg – mTis broli, kristali. 
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nax. 1.20. kvarcis kristalebi 
 

    kristali ZiriTadad warmoiqmneba xsnaridan, 
mdnari da airadi fazidan, agreTve myari 
nivTierebebis fazuri gardaqmnisas.  
    kristalis formas, mis simetrias gansazRvravs 
kristalis amgebi nawilakebis kanonzomieri ganlageba, 
samganzomilebiani perioduli wyoba – kristaluri 
meseri. 

kristaluri mesris asawerad, misi periodulobis 
gamo, sakmarisia imis codna, Tu rogoraa nawilakebi 
ganlagebuli mis umartives ganmeorebad elementSi _ 
elementarul ujredSi, romlis diskretuli gada-
nacvlebiT, translaciiT samganzomilebian sivrceSi 
miiReba mTeli kristaluri struqtura. Cveulebriv, 
idealur kristalur struqturebs ganixilaven. 

 
maSasadame, kristaluri meseri Sedgeba sruliad 
identuri  elementaruli ujredebisagan. zogad 
SemTxvevaSi, elementarul ujreds iribkuTxa 
paralelepipedis forma aqvs. masSi ganlagebul 
yvela atoms kristalis elementaruli ujredis 
baziss uwodeben.  
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elementaruli ujredis da bazisis agebulebis 
kanonzomierebani, kerZod, maTi simetriulobis 
xarisxi gansazRvravs kristalis mraval Tvisebas, 
pirvel rigSi, eleqtrul, magnitur da meqanikur 
Tvisebebs.    

elementaruli ujredi SeiZleba Seicavdes rogorc 
erT, ise ramdenime atoms. magaliTad, rkinis, qromis, 
spilenZis, vercxlis elementaruli ujredi Sedgeba 
erTi atomisagan. im SemTxvevebSi, rodesac kristali 
Sedgeba ramdenime qimiuri elementisgan, magaliTad, 
natriumisa da qlorisgan, elementaruli ujredi 
Seicavs minimum or atoms: natriums da qlors. 
farTodaa gavrcelebuli kristalebi, romelTa 
elementaruli ujredi Sedgeba ramdenime erTmaneTTan 
mierTebuli molekuluri jgufisagan (yinulis an 
mravali magnituri masalis kristalebi), cilovani 
kristalebis  elementaruli  ujredi ki aTasobiT 
atomis Semcveli molekulebisgan Sedgeba. 

Cveulebriv, sivrciT mesers ZiriTadi translaciis 

sami veqtoriT a


, b


, c

 axasiaTeben (nax. 1.21). am 

veqtorebs mesris periodebi ewodeba. 
nawilakTa ganlageba nebismier r


 da r 


 mdgoma-

reobaSi erTmaneTTan dakavSirebulia tolobiT: 
 

                 cnbnanrr


321
 ,               (1.14) 

 
sadac n1, n2, n3  nebismieri mTeli ricxvebia, xolo a


, 

b

, c


 – translaciuri veqtorebi. maSasadame r

 da r 


 

radius-veqtorebis mqone wertilebi aRwers bazisis 
erTsa da imave wertils, romelic kristalis 
sxvadasxva elementarul ujredSia ganlagebuli.  

1.21 nax.-ze mocemuli veqtorebi (1.14) tolobas 
akmayofilebs. isini gansazRvraven paralelepipeds, 
romelic mesris elementarul ujreds warmoadgens. 
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nax. 1.21. kristaluri meseri, romlis elementaruli 

      ujredi a

, b

, c


  veqtorebiT xasiaTdeba 
 

elementarul ujreds ewodeba primitiuli, Tu 
nawilakebi mxolod mis wveroebSia (P saxesxvaoba) 
ganlagebuli (“carieli” ujredi). nawilakebis fuZis, 
waxnagebisa an paralelepipedis centrSi ganlageba, 
Sesabamisad, bazadacentrebul (C saxesxvaoba), 
waxnagdacentrebul (F saxesxvaoba) da moculoba-
dacentrebul wyobas (I saxesxvaoba) iZleva. 

elementaruli ujredis SerCevis principi Fe  
kristaluri mesris magaliTiT ganvixiloT (nax. 1.22). 
am mesris struqturul erTeulad SeiZleba arCeul 
iqnes rogorc iribkuTxa paralelepipedi (b), ise 
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orjer ufro didi moculobis mqone kubi (a). kubiT 
operireba, misi analizic bevrad martivia, amitom 

Fe  kristaluri mesris elementarul ujredad 
mizanSewonilia moculobadacentrebuli kubis arCeva 
(nax. 1.22, a). 
 
 

 
nax. 1.22. elementaruli ujredis SerCeva 

 
 

elementaruli ujredis dasaxasiaTeblad mesris 
periodebis garda maT Soris kuTxeebsac iyeneben. am 
ori parametris mixedviT, bravem warmoadgina 
erTmaneTisgan simetriiT gansxvavebuli 14 tipis 
sivrciTi meseri (mesris 7 tipi 1.23 nax.-zea mocemuli). 
maT braves mesrebi ewodeba. mesris es 14-ve saxeoba 
Svid singoniad (klasad) iyofa (cxrili 1.5) anu 
TiToeuli klasi erTi an ramdenime saxesxvaobiTaa (P, 
C, F, I) warmodgenili. 

 
 
 
 

b a 
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cxrili 1.5 

kristalografiuli sistemebi da maTi 
parametrebi 

 

# singonia 
elementaruli ujredis 

parametrebi 

saxesxva- 
obaTa 
ricxvi 

1 kuburi cba  ;  90  3 

2 tetragonuri cba  ;  90  2 

3 rombuli cba  ;  90  4 

4 monoklinuri cba  ;   90  2 

5 triklinuri cba  ;    1 

6 trigonuri cba  ;  90  1 

7 heqsagonuri cba  ;  90 ;  

120 . 

1 

 
 

 
 

nax. 1.23. braves mesrebi 
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1.3.1. rentgenostruqturuli analizi 

 

kristalis struqturis kvleva mxolod mas Semdeg 
gaxda SesaZlebeli, rac germanelma fizikosebma m. 
lauem, v. fridrixma da p. knipingma aRmoaCines 
rentgenis sxivebis difraqcia kristalur meserSi. 1913 
wels ki u. bregma da g. vulfma aCvenes, rom 
nebismieri difrahirebuli sxivi SeiZleba ganxilul 
iqnes, rogorc dacemuli sxivis anarekli romelime 
kristalografiuli sibrtyidan. maT daadgines 
martivi Tanafardoba difraqciis kuTxes, rentgenis 
sxivis talRis sigrZesa da kristalis mezobel 
paralelur atomur sibrtyeebs Soris manZilTan. es 
Tanafardoba safuZvlad daedo rentgeno- 
struqturul analizs. 

vulf-bregis kanoni ilustrirebulia 1.24 nax.-ze. 

 
nax. 1.24. kristalze dacemuli sxivebis difraqcia. 

paraleluri wrfeebi kristalis sibrtyeebia. 
maTi sivrciTi mdebareoba gamosaxulia sami 

        mcire mTeli ricxviT e.w. h, k, l mileris 
indeqsebiT. 
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vulf-bregis pirobis Tanaxmad, Tu dacemuli 
sxivebi   kuTxes qmnis kristaluri sibrtyeebis (h, k, 
l) erTobliobasTan ise, rom 

 

 sin2
hkl

dn  ,                   (1.15) 

 
maSin arekvlili sxivebis gaZliereba anu Sejameba   
kuTxis mimarTulebiT xdeba.  
   (1.15) gantolebaSi  d aris manZili sibrtyeebs 
Soris,  dacemuli sxivis talRis sigrZe, n – mTeli 
ricxvi – 1, 2, 3,...  
    kristalografiuli sibrtyeebidan arekvlili 
sxivis gaZliereba fotofirze geigeris mTvleliT an 
sxva saSualebiT registrirdeba. miiReba kristalis 
rentgenograma (difrahirebuli rentgenis sxivebis 
sivrciTi ganawilebis suraTi). misi gaSifvra mesris 
periodebis gansazRvrisa da praqtikulad nebismieri 
kristaluri struqturis kvlevis saSualebas iZleva. 

am meTodiT sargeblobisas monoqromatuli 
rentgenuli gamosxiveba gamoiyeneba, nimuSi irxeva an 
brunavs im kristalografiuli RerZis garSemo, 
romlis mimarTulebiTac mesris mudmivas ikvleven. 

rentgenostruqturul analizs farTod iyeneben 
mecnierebisa da teqnikis mraval dargSi. 

 
 

1.3.2. kristalTa klasifikacia 

 
 amgebi nawilakTa bunebisa da maT Soris bmis 

xasiaTis mixedviT asxvaveben molekulur, atomur, 
ionur da liTonur kristalebs. 

 magaliTad, almasi, siliciumi, SiC, SiO2-is 
sxvadasxva modifikacia miekuTvneba atomur krista-
lebs. maTSi atomebi sivrciT karkasSi gaerTiane-
bulia mtkice kovalenturi bmebis meSveobiT. almasis 
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struqtura (nax. 1.25) agebulia braves F mesris (kuburi 
waxnagdacentrebuli) bazaze.  

 
 
 
 
 
 
 
 
 
 

 
 

 
nax. 1.25. almasis  struqtura 

 

almasis meserSi naxSirbadis TiToeuli atomi sxva 
oTx atomTan tetraedruladaa dakavSirebuli.  

manZili atomebs Soris 1,54 
0

A -ia. atomur kristals, 
rogorc wesi, axasiaTebs didi simtkice da 
Zneldnobadoba. 

molekuluri kristalebi (yvelaze mravalricxo-
vani jgufi) Sedgeba molekulebis jaWvebis an 
fenebisagan, romlebic susti van-der-vaalsis ZalebiTaa 
dakavSirebuli. bmis es  tipi aRiniSneba  grafitSi, 
fenebs Soris. grafiti, rogorc almasi,  naxSirbadis 
kristaluri modifikaciaa. almasisgan gansxvavebiT, 
grafitis struqtura  fenovania (nax. 1.26).  

naxSirbadis atomebi calkeul fenaSi wesieri eqvs-
kuTxedebis wveroebSia ganlagebuli (manZili atomebs 

Soris 1,42 
0

A -ia) da SekavSirebulia Zlieri 
kovalenturi bmiT (es bma ufro Zlieria, vidre 
almasSi), xolo fenebs Soris susti van-der-vaalsis 
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Zalebi moqmedebs. manZili fenebs Soris 3,40
0

A -ia. 
amitom grafiti advilad “iqercleba” da mas sapox 
masalad iyeneben. 

 
 

 
 

nax. 1.26. grafitis struqtura 
 
molekulur kristals, susti molekulaTSorisi 

urTierTqmedebis gamo, mcire simtkicis garda 
advildnobadoba da aqroladoba axasiaTebs. rogorc 
wesi, molekulur kristalSi fazuri gardaqmna 
molekulebis daSlis gareSe mimdinareobs. 

 tipuri molekuluri kristalia nafTalini. 
molekulur kristals warmoqmnis agreTve iodi (nax. 
1.27); H2O, CO2, N2O4-is binaruli, liTonorganuli da 
zogierTi kompleqsuri naerTebi. 

liTonuri mesris kvanZebSi liTonTa ionebia 
(atomebi), romlebsac “eleqtronuli airi” myar 
sxeulad ayalibebs (ix. 1.2.4 Tavi). 

TviTnabadi liTonebis – Cu, Ag, Au, Pt struqtura 
agebulia braves F mesris bazaze. ori  elementaruli 
ujredis SeTavsebiT naTlad Cans, rom TiToeuli 
atomis irgvliv igive 12 atomia. koordinaciuli 
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poliedri kuboqtaedria. liTonis atomis sakoordina-
cio ricxvi (uaxloes mezobelTa ricxvi) aris 12 (nax. 
1.28). 

 

 
  
 nax. 1.27. iodis kristaluri struqtura; mesris    

kvanZebSi atomebi wyvil-wyviladaa ganlagebuli 
 

 

 
nax. 1.28. Cu, Ag, Au, Pt-is struqtura 

 

magniumis struqtura – heqsagonuri kuboqtaedria 
(nax. 1.29),   Mg-Tvis damaxasiaTebelia mis irgvliv 12 
atomis arseboba.    
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naerTebs, romlebSic ionuri bmaa da romlebic 
ionur mesers qmnian, miekuTvneba marilebis 
umravlesoba (nax. 1.15, 1.30) da oqsidebis mcire jgufi. 

 
 
 
 
 
 
 
 
 

 
 
 

nax. 1.29. Mg -is struqtura 

 
nax. 1.30. fluoritis (CaF2) struqtura 

 
fluoritis, galitisa da almasis kristaluri 

mesrebi erTsa da imave sivrciT jgufs (kuburi 
waxnagdacentrebuli) miekuTvneba.  

ionuri naerTebis  dnobis temperatura SedarebiT 
maRalia, maTi aqroladoba, umravles SemTxvevaSi, 
didi ar aris. 

 

 

F 

 

Ca 
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am jgufebis mixedviT kristalebis klasifikacia 
pirobiTia, vinaidan ar aris gamoricxuli erTi 
jgufidan meoreze TandaTanobiT gadasvlebi, Tumca, 
mniSvnelovania, rom sxvadasxva jgufis tipuri 
warmomadgenlebi Zireulad gansxvavdebian struqtu-
ris energiiT. struqturuli energiis Semcireba  ki 
bmis simtkicis Semcirebas ganapirobebs. 

 
 

1.3.3. nawilakTa mWidro wyobis principi 

kristalSi 
 

kristalSi atomebis sivrciT ganlagebas da maT 
Soris qimiur bmas Seiswavlis kristalTqimia. 
mecnierebis es dargi kristaluri struqturis 
interpretaciisas farTod iyenebs geometriul 
models – nawilakTa mWidro wyobis princips.  

 
birTvebis mWidro wyobas uwodeben Tanabari 
radiusebis mqone birTvebiT sivrcis Sevsebis 
xerxs, romlis drosac atomTa Soris manZilebi 
umciresia. 
 
 am samodelo xerxis gamoyenebisas atomebi da 

ionebi miCneulia garkveuli radiusebis mqone xist da 
aradrekad birTvebad. SevniSnoT, rom manZili ori 
mezobeli atomis centrebs Soris atomis 
gaorkecebuli radiusis tolia. 

 miuxedavad imisa, rom birTvebi  mWidrod exeba 
erTmaneTs, maT Soris mainc rCeba sicariele (nax. 1.31). 
am sicarieles mrudwiruli samkuTxedis forma aqvs.  

mWidro wyobis principis Tanaxmad, yoveli 
momdevno fena wina fenis sicarieleebze unda 
ganlagdes. Tumca maTi ganTavseba yvela sicarieleze 
ver xerxdeba, radgan sicarieleTa raodenoba orjer 
aRemateba birTvebis raodenobas. axla ukve sxvadasxva 
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Sris birTvebs Soris warmoiSoba moculobiTi 
sicarieleebi.  

 
nax. 1.31. mWidro wyobis modeli; qvemoT – oqtaedruli 

da tetraedruli sicarieleebi 
 

1.31 nax.-dan gamomdinare, gamoikveTa sicarielis 
ori tipi: 

 oqtaedruli (gamWoli) – mis irgvliv 6 birTvia; 

 tetraedruli (aragamWoli) - mis irgvliv 4 
birTvia. 

 
1.3.3.1. mWidro wyobis tipebi 

 
rogorc 1.31 nax.-ze iyo naCvenebi, mWidro wyobis 

yoveli momdevno fena wina fenis sicarieleebze unda 
ganlagdes. wyobis tipi damokidebulia imaze Tu 
rogor ivseba mesame da momdevno fenebi. birTvebis 
mesame fenis dalageba ornairad SeiZleba: 

 



 62 

1. mesame fenis birTvebi Tavsdeba tetraedrul 
sicarieleebze, am dros mesame fena pirvelis 
ekvivalenturia, meoTxe ki _ meorisa da mTeli 
wyoba Sedgenilia mxolod ori araekvivalenturi 
tipis fenebisagan.  Tu Sesabamis fenebs aRvniSnavT 

A da B  asoebiT, maSin am wyobis formulaa: ABAB 
da a.S. (nax. 1.32). aseTi tipis wyobas mWidro 
heqsagonuri wyoba hqvia. 

 

2. Tu mesame fenis birTvebi ganlagebulia imave tipis 
sicarieleebze, razec meore fenisa, maSin mesame 
fenis pozicia ukve pirvelis araekvivalenturia. am 

SemTxvevaSi wyoba samfeniania ABCABC (nax. 1.32). 
mas mWidro kubur wyobas uwodeben. 

 

nax. 1.32. mWidro wyobis tipebi: 

     heqsagonuri ABAB; kuburi ABC 
 

 

A 

B 

A 

A 

B 

C 
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1.3.3.2. mineralis struqturis gamosaxvis  
xerxebi 

 
   arsebobs kristaluri struqturis gamosaxvis ori 
ZiriTadi xerxi:  
1. birTvebiani modeli, sadac TiToeuli    nawilaki 

pirobiTi feris birTviT aris gamosaxuli (nax. 1.33, 
1.34); 

 

 
 

nax. 1.33. mineral galitis (NaCl) birTvebiani modeli;  
         Cl-is ionebi nacrisferi birTvebiTaa gamosaxuli;  

Na-is ionebi _ Savi birTvebiT 
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nax. 1.34. mineral fluoritis (CaF2) birTvebiani modeli; 
         F-is  ionebi nacrisferi birTvebia gamosaxuli;  Ca-

is  ionebi _ Savi birTvebiT 
 

2. belov–polingis poliedruli modeli. am meTodis 
Tanaxmad, struqtura gamoisaxeba anionuri 
poliedrebis (kubebis) kombinaciiT (nax. 1.35).  

 
anionuri poliedri koordinaciuli mravalwaxna-
gaa, romlis wveroebSi anionebia ganTavsebuli. 
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nax. 1.35. CsCl -is da  CaF2 -is poliedruli modelebi 

     

   poliedrul modelze, belov–polingis meTodis 
Tanaxmad,  mxolod kationebi gamoisaxeba. 
 

 
1.3.4. ionuri kristali. polingis wesebi 

 
mravali eqsperimentuli masalis ganzogadebis 

safuZvelze l. polingma 1928 wels ionuri krista-
lis agebis xuTi wesi Camoayaliba, romlebsac ionuri 
kristalis stabiluri struqtura emorCileba: 

 
 pirveli wesi: koordinaciul poliedrSi manZili 

kation-anioni ionuri radiusebis jamiT ganisaz-
Rvreba, xolo sakoordinacio ricxvi – maTi 
fardobiT; 

 

CsCl 

 

 

 

 

 

 

CaF2 
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polingi xuTi tipis poliedrs gvTavazobs (nax. 
1.36).  

Tu kationis radiusis fardoba anionis radiusTan 

732,01ak rr , maSin kationis sakoordinacio ricxvia 

8 ( 8n ) da miiReba kuburi koordinacia (nax. 1.36, a); 
 

 

nax. 1.36. koordinaciuli poliedris tipebi 
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Tu 414,0732,0 ak rr , am SemTxvevaSi  6n  da 

wyobis geometria  oqtaedrulia  (nax. 1.36, b);  

 225,0414,0 ak rr , 4n ; yvelaze albaTuria 

kationis moxvedra tetraedrul sicarieleSi (nax. 1.36, 
g); 

 155,0225,0 ak rr , 3n  _ samkuTxa koordinacia 

(nax. 1.36, d); 

 0155,0 ak rr , 2n  _ ionTa ganlageba wrfivia 

(nax. 1.36, e). 
     maSasadame, sakoordinacio ricxvi gansazRvravs 
ara mxolod kationis irgvliv ganlagebul anionTa 
ricxvs, aramed mas sivrciTi interpretaciac aqvs. 
 
 meore wesi: anionebze Tavmoyrili kationTa 

valenturi Zalvebis jami ricxobrivad toli an 
TiTqmis toli unda iyos anionis valentobisa; 

 
 mesame wesi: struqturis mdgradoba mcirdeba 

koordinaciuli poliedrebis saerTo waxnagebisa 
da wiboebis arsebobisas; 

 
 meoTxe wesi:  maRalvalenturi da gansakuTrebiT 

zomiT patara kationebi cdiloben ar hqondeT 
saerTo anionebi; 

 
 mexuTe wesi: konstituciiT gansxvavebuli struq-

turuli fragmentebis raodenoba minimumisken 
miiswrafvis. 

 
polingis wesebma dRemde SeinarCuna Tavisi mniSv-

neloba, sawyisi receptebis saxiT, kristaluri struq-
turis agebisas.  
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1.4. speqtroskopia 
 
speqtruli analizi nivTierebis atomuri da 
molekuluri Sedgenilobis gansazRvris fizikuri 
meTodia,  romelic nivTierebis eleqtromagnituri 
speqtris gamokvlevas emyareba.  

 
speqtroskopiuli meTodebiT SeiZleba gamokvleul 

iqnes atomebis, molekulebisa da maTgan Sedgenili 
mikroskopuli sistemebis energetikuli doneebi da am 
doneebs Soris kvanturi gadasvlebi, rac mniSvne-
lovan informacias iZleva nivTierebis aRnagobasa da 
Tvisebebze. 

eleqtromagnituri talRis sigrZis (an sixSiris) 
diapazonis mixedviT, speqtroskopiaSi gamoyofen: 
radiospeqtroskopias, romelic moicavs radiotal-
Rebis ubans; optikur speqtroskopias, romelic 
Seiswavlis optikur speqtrs da moicavs infrawiTel 
(iw) speqtroskopias, xiluli gamosxivebis speqtro-
skopiasa da ultraiisfer speqtroskopias; rentgenul 
da gama-speqtroskopias. speqtroskopia sxvadasxva six-
Sireze sxvadasxva molekulur process Seesabameba, 
romlebic mkacrad emorCileba kvanturi meqanikis 
kanonebs. 

kvlevis obieqtisa da miznis mixedviT ganasxvaveben 
atomur da molekulur speqtrul analizs. atomuri 
speqtruli analizis meSveobiT gamosakvlevi nivTie-
rebis elementur Sedgenilobas gansazRvraven gamos-
xivebisa da STanTqmis speqtrebis mixedviT. mole-
kuluri speqtruli analiziT ki _ molekulur 
Sedgenilobas STanTqmis, luminiscenciisa da sinaT-
lis kombinaciuri gabnevis molekuluri speqtrebis 
mixedviT. 

molekuluri speqtri aris zolebis erToblioba, 
atomuri ki calkeuli xazebisagan Sedgeba. 
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molekuluri speqtri miiReba molekulis erTi 
energetikuli donidan (E1) meoreze (E2) gadasvlisas, 
rasac Tan sdevs h v kvantis STanTqma an gamosxiveba 

 
E1 – E2  = h v ,                    (1.16) 

 
sadac h aris plankis mudmiva, v _ sinaTlis talRis 
sixSire. 
   molekulis E sruli energia aris eleqtronuli, 
rxeviTi da brunviTi energiebis jami: 
 

E = Eel + Erx  + Ebr  .                (1.17) 
 

      E-s cvlileba ganapirobebs speqtris warmoqmnas. 
 

molekuluri speqtris gadaReba Semdeg kanons 
efuZneba: molekula im talRis sigrZis 
eleqtromagnitur sxivebs STanTqavs, romlis 
gamosxivebac mas SeuZlia.  
 
molekuluri speqtruli analizisas iyeneben  

infrawiTeli STanTqmisa da sinaTlis kombinaciuri 
gabnevis speqtrebs, agreTve  xilul da ultraiisfer 
ubanSi STanTqmis speqtrebs. 

yvelaze universaluria infrawiTeli da sinaTlis 
kombinaciuri gabnevis speqtrebi.  

 
 

1.4.1. infrawiTeli speqtroskopia 

 

 

rogorc aRiniSna, infrawiTeli (iw) speqtroskopia 
Seiswavlis molekulur speqtrs, vinaidan moleku-
lebis rxeviTi da brunviTi speqtrebis umravlesoba 
infrawiTel ubanSia ganlagebuli. yvelaze farTo 
gavrceleba STanTqmis speqtris Seswavlam pova, 
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romelic nivTierebaSi infrawiTeli sxivebis 
gasvlisas miiReba. STanTqma seleqtiuri xasiaTisaa 
da xdeba im sixSireze, romelic molekulaSi 
atomebis rxevis zogierT sakuTar sixSires da 
molekulis brunvis sixSires emTxveva, xolo 
kristalis SemTxvevaSi emTxveva kristaluri mesris 
rxevis sixSires. Sedegad, infrawiTeli gamosxivebis 
intensivoba am sixSireebze mkveTrad ecema – 
warmoiqmneba STanTqmis zolebi (nax.  1.37).  

 

nax. 1.37. nivTierebaSi gasuli sxivis I intensivobis   

           dacemuli sxivis  I0  intensivobaze damokidebuleba; 
( v 1 v 2 v 3 aris nivTierebis sakuTari sixSireebi, 

daStrixuli ubnebi – STanTqmis ubnebi) 
 

raodenobriv Tanafardobas nivTierebaSi gasuli 
sxivis I intensivobas, dacemuli sxivis I0 

intensivobasa da nivTierebis STanTqmis unaris 
damaxasiaTebel sidideebs Soris, gamosaxavs buger-
lambert-beris kanoni 

cleII 
0

,.                     (1.18) 

 
sadac l  aris Sris sisqe, c  – STamnTqmeli nivTierebis 
koncentracia,   _ STanTqmis molaruli koeficienti. 
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STanTqmis infrawiTeli speqtris ZiriTadi 
maxasiaTeblebia: STanTqmis zolebis ricxvi speqtrSi; 
maTi mdebareoba, rac ganisazRvreba v  sixSiriT (an   
talRis sigrZiT); zolebis sigane (zogjer  
naxevarsiganes uwodeben) da forma; rxevis sixSire 
(ufro zustad talRuri ricxvi) STanTqmis maqsimumSi 

_ 
max

v   (nax. 1.38). es parametrebi ganisazRvreba  Stamn-

Tqmeli nivTierebis bunebiT (struqturiTa da qimiuri 
SedgenilobiT), agreTve damokidebulia nivTierebis 
agregatul mdgomareobaze, temperaturaze, wnevasa da 
sxv. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 1.38. STanTqmis zolis ZiriTadi  
maxasiaTeblebi 

 

brunviTi da rxeviT-brunviTi speqtrebis SeswavliT 
SesaZlebelia molekulebis struqturis, maTi qimiuri 
Sedgenilobis, inerciis momentis, molekulaSi atomebs 
Soris moqmedi Zalebis dadgena. 

iw speqtris parametrebis cvlileba nivTierebis 
erTi agregatuli mdgomareobidan meoreSi gadasvli-

 100%-iani STanTqma 

 100%-iani gamtaroba 
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sas, gaxsnisas, temperaturisa da wnevis Secvlisas 
saSualebas iZleva miviRoT informacia molekulebs  
Soris moqmedi Zalebis Sesaxeb. 

iw speqtri gamoiyeneba naxevargamtarebis, polime-
rebis, biologiuri obieqtebisa da uSualod cocxali 
ujredebis agebulebis Seswavlisas. swrafmoqmedi 
speqtrometrebi, romlebic STanTqmis speqtrebis miRebas 
wamis meaTedebSi uzrunvelyofs, gamoiyeneba Cqari 
qimiuri reaqciebis Seswavlisas. specialuri sarki-
sebri mikroblokebis meSveobiT SeiZleba miviRoT 
Zalze mcire obieqtebis STanTqmis speqtrebi, rac 
sainteresoa biologiisa da mineralogiisTvis. iw 
speqtroskopiis meTodebiT ufro farTod gamoikvleva 
iw speqtris axlo da saSualo ubnebi, risTvisac 
sxvadasxva (ZiriTadad, orsxivian) speqtrometrs 
iyeneben. Soreuli infrawiTeli ubani naklebadaa 
aTvisebuli, Tumca am ubanSi iw speqtrebis kvleva 
Zalian sainteresoa, radgan aq molekulis sufTa 
brunviT speqtrTan erTad ganlagebulia naxevar-
gamtarebis kristaluri mesris rxevis sixSireebis 
speqtrebi, molekulaTSorisi rxevebi da sxva. 

 

 

1.4.2. kombinaciuri gabnevis speqtroskopia (raman 

speqtroskopia) 

 

 
kombinaciuri gabnevis speqtroskopia optikuri 
speqtroskopiis nawilia, romelic Seiswavlis 
monoqromatuli gamosxivebis urTierTqmedebas 
nivTierebasTan, rasac Tan axlavs gabneuli 
sinaTlis mniSvnelovani cvlileba, obieqtze 
dacemul (amgzneb) energiasTan SedarebiT.  

 
kombinaciuri gabneva (kg) fotonebisa da moleku-

lebis (an ionebis) aradrekadi SejaxebebiTaa 
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ganpirobebuli, ris Sedegadac fotoni energiis 
nawils gambnevi garemos molekulebs gadascems. 
fotonis energiis gardaqmnas axlavs gambnevi 
molekulebis gadasvla sxva merxev da mbrunav done-
ebze. sqematurad es gadasvlebi naCvenebia 1.39-e nax.-ze. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nax. 1.39. energetikuli doneebis sqema, romelic 
gamosaxavs kg ZiriTad principebs 

 

molekula, romelic araagznebul mdgomareobaSia 

E0 energiiT, 0
hv  energiis mqone kvantis zemoqmedebiT 

( 
0

v dacemuli kvantis sixSire) aRigzneba Sualedur 

(virtualur) mdgomareobamde virt.E  energiiT, saidanac 

SeuZlia sawyis mdgomareobaSi dabruneba 
0

hv  kvantis 

gamosxivebiT (releis gabneva), an axal E1 mdgoma-

reobaSi gadasvla )(
10

vvh   kvantis gamosxivebiT. 

 agznebuli

iiiiiii 
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Sedegad gabnevis speqtrSi 
10

vv   sixSiris axali xazi 

miiReba (stoqsis xazi).  
Tu fotonis STanTqmamde molekula imyofeboda 

agznebul mdgomareobaSi da misi energia iyo E1, 
sinaTlis gabnevis Semdeg igi SeiZleba gadavides 

rogorc sawyis, ise ZiriTad mdgomareobaSi 
0

E . am 

SemTxvevaSi gabneuli sinaTlis energia izrdeba da 

Seadgens h(
10

vv  ) -s, rac speqtrSi 
10

vv   sixSiris 

xazis gaCenas iwvevs (antistoqsis xazi).  
nivTierebis energetikuli mdgomareoba axasiaTebs 

amgznebi da gabneuli energiebis sxvaobas anu 
kombinaciuri gabnevis speqtrebis umniSvnelovanesi 
maxasiaTebelia ara sakuTari sixSireebi, aramed maTi 
wanacvleba releis zolis sixSiris mimarT. stoqsisa 
da antistoqsis xazebi ganlagebulia simetriulad 
releis zolis mimarT da qmnis kombinaciuri gabnevis 
speqtrs (nax. 1.40). stoqsis xazebi yovelTvis ufro 
intensiuria, vidre antistoqsis, vinaidan Cveulebriv 
pirobebSi, molekulebi ZiriTadad araagznebul 
mdgomareobaSia. 
 

maSasadame, 
10

vv  sixSiris TiToeul Tanamgzavrs 

(stoqsis xazi) Seesabameba  
10

vv   sixSiris 

Tanamgzavri (antistoqsis xazi). 
 

am dros 
1

v  sixSireebis wanacvlebis mniSvnelobaa 

10-4000 sm_1 da emTxveva  molekulebis sixSireebs 
infrawiTeli STanTqmis speqtrSi.  

kg-is speqtri, rogorc wesi, rxeviTi speqtria. 
mcire sixSireebis areSi SeiZleba gaCndes gadasvlebi 
brunviT doneebs Soris (kg-is brunviTi speqtrebi), 
ufro iSviaTad ki eleqtronuli gadasvlebi (kg-is 
eleqtronuli speqtrebi).  
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nax. 1.40. kombinaciuri gabnevis speqtri 

 
 

amrigad, gabnevis speqtrSi axali xazebis sixSi-
reebi aris dacemuli sinaTlis sixSireebisa da 
gambnevi molekulebis rxeviTi da brunviTi gadasv-
lebis sixSireebis kombinacia. aqedanaa saxelwodeba 
“sinaTlis kombinaciuri gabneva”. 

maSasadame, kombinaciuri gabnevis speqtris Seswav-
liT SeiZleba davadginoT molekulis sakuTari 
rxevis sixSire. analogiuri kanonzomierebebi 
SeiniSneba brunviTi speqtrisTvisac. 

kombinaciuri gabnevis speqtroskopias warmatebiT 
iyeneben qimiuri wonasworobis Sesaswavlad, biolo-

releis gabneva 

 

stoqsis xazebi 

 
antistoqsis 

xazebi 

 
E,  
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giuri obieqtebis, navTobis fraqciebis, qimiuri 
reaqciis produqtebis Tvisebrivi da raodenobrivi 
molekuluri analizisTvis. meTodi gamoirCeva ufro 
maRali seleqtiurobiT, vidre infrawiTeli speqtro-
skopia. garda amisa, kombinaciuri gabnevis speqtro-
skopia saSualebas iZleva SeviswavloT wyalxsnari da 
sxva obieqtebi, romlebic STanTqaven iw gamosxivebas. 
   sinaTlis kombinaciuri gabneva aRmoaCines indoelma 
fizikosebma C. ramanma da k. kriSmanma siTxeSi 
sinaTlis gabnevis gamokvlevisas. sinaTlis 
kombinaciur gabnevas xSirad ramanis efeqts uwodeben.  
   infrawiTeli STanTqmisa da sinaTlis kombina-
ciuri gabnevis speqtrebis saSualebiT SesaZlebelia 
mravali rTuli amocanis gadawyveta. 
    radiospeqtroskopiis meTodebidan qvemoT ganxi-
lulia birTvuli magnituri rezonansi da 
eleqtronuli paramagnituri rezonansi. orive meTodi 
radiotalRebis rezonansul STanTqmazea dafuZne-
buli. 
 
 

1.4.3. birTvuli magnituri rezonansi 

 

 

birTvuli magnituri rezonansi (bmr) aris 
radiosixSiruli eleqtromagnituri velis 
magnituri komponentis SerCeviTi urTierTqmedeba 
nivTierebis birTvuli magnituri momentebis 
sistemasTan. 
 

    birTvuli magnituri rezonansi molekulebis 
nakadSi pirvelad ganaxorciela i. rabim (1938 w.). 
kondensirebul nivTierebaSi es movlena erTmaneTi-
sagan damoukideblad aRmoaCines e. parselma da f. 
bloxma TanamSromlebTan erTad 1946 wels.Aam 
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aRmoCenisaTvis parselsa da bloxs nobelis premia 
miekuTvnaT (1952 w.). 
     cnobilia, rom birTvs, romelic Seicavs 
protonebisa  an neitronebis kent ricxvs, aqvs 
nulisgan gansxvavebuli impulsis momenti (spini) da 
masTan dakavSirebuli magnituri dipoluri momenti.  
diamagnituri nivTierebisaTvis, romlis birTvis spini 

1/2-is tolia (1H, 13C, 15N, 19F, 31P), mudmivi B0 

daZabulobis magnitur velSi damaxasiaTebelia ori 

spinkvanturi ricxvi:  ms = + 1/2 da  ms = _1/2 anu 
magnituri dipoluri momentis ori orientacia. maT 
ori sxvadasxva energetikuli done Seesabameba, 
romelTa energiebs Soris sxvaoba aris ΔE (nax. 1.41). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

nax. 1.41. energetikul doneTa sqema bmr-Si 
 

     mudmiv B0 magnitur velSi birTvis moTavsebisas, 
misi magnituri momenti iwyebs precesias (brunvas) 
(larmoris precesia) magnituri velis mimarTulebis 

garSemo, rogorc amboben, larmoris sixSiriT (0), 

romelic magnituri velis  proporciulia 0=B0.   
larmoris sixSire magnituri momentis precesiis 

 

en
er

g
ia

 

 magnituri veli 
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kuTxuri momentia,  proporciulobis  koeficients ki 
giromagnituri fardoba ewodeba. misi sidide birTvis 
gvarobazea damokidebuli. 1

H, 
13

C,
 31

P nuklidebisaTvis   

  Sesabamisad aris 42,58; 10,68 da 17,24 mhc/ts. 

     Tu birTvebis sistemas mudmivi B0 daZabulobis 
magnitur velTan erTad mis perpendikularul 
sibrtyeSi radiosixSirul cvlad magnitur velsac 

(B1) movdebT, maSin am velis sixSirisa da larmoris 

sixSiris tolobisas, B1 velis energia mkveTrad 
STainTqmeba (rezonansuli STanTqma). swored es aris 
birTvuli magnituri rezonansis movlena. STanTqmis 

xazis Δ sigane Zalze mcirea, gansakuTrebiT siTxis 
SemTxvevaSi, molekulebis swrafi moZraobisa da 
brunvis gamo. larmoris precesiis meqanikuri analogi 
bzrialaa (nax. 1.42). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

nax. 1.42. bzrialas precesia. 
J _ impulsis momenti, M _ mbrunavi momenti, R _ sayrdenis 

reaqcia, P_ simZimis Zala 

precesia 
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     atomis konturze deniT mudmivi magnituri velis 
moqmedeba analogiuria simZimis Zalis moqmedebisa 
bzrialaze da aiwereba analogiuri gantolebiT.      
     bmr-s farTod iyeneben mecnierebasa da teqnikaSi. 
bmr-is meTodi rTuli narevis Tvisebrivi da 
raodenobrivi anlizis erT-erTi umniSvnelovanesi 
meTodia. bmr-is gamoyenebiT ikvleven navTobis 
Sedgenilobas, mowmdeba sakvebi produqtis xarisxi, 
marcvleulis tenianoba, Teslis cximianoba da a. S.  
     bmr-is meSveobiT didi sizustiT zomaven birTvis 
magnituri momentis sidides; adgenen nivTierebis 
struqturas. bmr-s agreTve iyeneben magnituri velis 
iseTi sizustiT gazomvisa da stabilizaciisaTvis, 
rac sxva meTodebiT miuRwevelia.  

 
    

1.4.4. eleqtronuli paramagnituri rezonansi 

 

 

eleqtronuli paramagnituri rezonansi (epr) _ 
nivTierebis speqtroskopuli kvlevis meTodi _ 1944 
wels e. zavoiskim aRmoaCina. 

 

eleqtronuli paramagnituri rezonansi aris 
radiosixSiruli velis energiis rezonansuli 
STanTqma paramagnituri nawilakebis (ionebis, 
atomebis, Tavisufali eleqtronebis) Semcveli 
nivTierebebis mier maTze statikuri magnituri 
velis modebisas. 
 

   epr gamowveulia cvladi magnituri veliT 
ganpirobebuli eleqtronebis kvanturi gadasvlebiT 
energiis qvedoneebs Soris. mudmiv magnitur velSi  
paramagnituri nawilakis gauwyvilebeli eleqtroni 
velis mimarT iRebs iseT orientacias, rom misi spinis 
veqtori mimarTulia an velis gaswvriv an velis 
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sapiripirod, rasac nawilakis ori energetikuli 
qvedone Seesabameba. mezobel qvedoneebs Soris 
energiaTa sxvaoba (zeemanis gaxleCis energia) velis 

H daZabulobis proporciulia da gBH udris, sadac 

B  _ boris magnetoni, xolo g speqtroskopuli 

gaxleCis faqtoria (Tavisufali eleqtronisaTvis g= 

2,0023). Tu SemoviRebT larmoris sixSires  v0=gBH/h 

(h _ plankis mudmiva), mezobel doneebs Soris 
energiaTa sxvaoba SeiZleba Caiweros ase _ hv0. 
       Tu paramagnituri ionebis Semcvel nimuSs, 

romelic mudmiv H daZabulobis magnitur velSia,  

movdebT H-is  marTob cvlad magnitur velsac, 
romlis v sixSire axlosaa v0-Tan, daiwyeba 
eleqtronebis gadasvla mezobel zeemanis doneebs 
Soris. am  dros STainTqmeba da gamosxivdeba hv 
kvanti (nax. 1.43). 
 

 
nax. 1.43. energetikuli doneebi da eleqtronebis daSvebuli 

gadasvlebi doneebs Soris mudmiv (A )  da cvlad (B) 

velebSi 
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    vinaidan eleqtronebis ricxvi qveda energetikul 
doneze metia vidre zeda energetikul doneze, 
gadasvlebis ricxvi qveda donidan aRemateba 
ukugadasvlebis ricxvs da nimuSi STanTqavs cvladi 
radiosixSiruli magnituri velis energias. STanTqma 

maqsimaluria (rezonansuli STanTqma), rodesac v=v0, 
rasac radiospeqtrometri aregistrirebs epr-is 
speqtris saxiT oscilografis ekransa an 
TviTCamwerze.  
    epr-is speqtris ZiriTadi maxasiaTeblebia: xazebis 
ricxvi, maT Soris manZili, xazebis fardobiTi 
intensivoba da sigane. 
    eleqtronuli paramagnituri rezonansi kondensi-
rebuli sxeulis Seswavlis efeqturi meTodia. 
    epr-is xazebi farTovdeba da ixliCeba 
eleqtronebis urTierTqmedebis Sedegad kristalSi 
Siga velTan, Tavisufal radikalSi _ eleqtronul 
garemocvasTan, liTonsa da naxevargamtarSi _ 
gamtarobis eleqtronebTan. 
    xelsawyos, romlis meSveobiTac rezonansul 
speqtrs Seiswavlian, radiospeqtroskopi an 
radiospeqtrometri ewodeba. 
    radiospeqtroskopiis ganviTarebaSi mniSvnelovani 
wvlili Seitanes qarTvelma fizikosebma (l. 
buiSvili, T. sanaZe, g. xuciSvili). 
 
  
 
O   
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2 .  q i miuri Termodi na mi k a  da  

wonasworoba  
 

Termodinamika aris mecniereba siTbosa da sxvada-
sxva saxis energiebis urTierTgardaqmnis Sesaxeb.  

 
qimiuri Termodinamika fizikuri qimiis erT-erTi 
ZiriTadi nawilia, romelic emsaxureba zogadi 
Termodinamikis debulebebisa da meTodebis 
gamoyenebas qimiuri da fizikur-qimiuri movlenebis 
analizisaTvis. 

 
qimiuri Termodinamika efuZneba bunebis oTx 

fundamentur kanons. fundamenturi principebi, 
romlebic  kacobriobis saukuneobrivi gamocdilebis 
ganzogadebaa, Camoyalibebulia XIX saukunis meore 
naxevarSi, Tumca bunebis kanonebi, romlebic 
Termodinamikis sawyisebs daedo safuZvlad, ufro 
adrea aRmoCenili. 

viwro gagebiT, qimiuri Termodinamika aris 
mecniereba qimiuri wonasworobis Sesaxeb, romlis 
ZiriTadi amocanebia: 

 reaqciis mimdinareobis energetikuli SesaZleb-
lobisa da siTburi balansis Sefaseba; 

 procesis mimarTulebis dadgena; 

 reaqciuli narevis wonasworuli koncentraciisa 
da maqsimaluri gamosavlis gansazRvra; 

 reaqciis Catarebis optimaluri reJimis SerCeva. 
 
Tanamedrove qimiuri Termodinamika _ dinamikurad 

ganviTarebadi mecnierebaa Semecnebis mZlavri aparatiT 
da unikaluri informaciuli fondiT. 

tradiciul gamoyenebasTan erTad fizikis, fizikuri 
qimiisa da qimiis kvlevebisas Termodinamikuri midgoma 
gamoiyeneba biologiaSi, geologiaSi, masalaTmcod-
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neobaSi, metalurgiaSi, aseve mecnierebisa da teqnikis 
sxva dargebSi.  

qimiuri Termodinamikis gamoyenebis simartive imiT 
gamoixateba, rom Termodinamikuri gaangariSebebisaTvis 
ar aris saWiro qimiuri procesebis meqanizmis codna. 
Tu cnobilia sistemis sawyisi pirobebi, advilad 
SeiZleba Termodinamikis debulebebis meSveobiT 
sistemis saboloo mdgomareobis gansazRvra. 

 
 
2.1. Termodinamikis ZiriTadi cnebebi 

 

 

Termodinamikis erT-erTi ZiriTadi cnebaa Termo-
dinamikuri sistema. 
 

Termodinamikuri sistema  aris nivTieri sxeuli 
an sxeulTa erToblioba, romelic garemomcveli 
aridan realuri an warmosaxviTi sazRvrebiTaa 
gamoyofili. 
 

Termodinamikuri sistema aris nebismieri sistema, 
romelic Sedgeba molekulebis, atomebis, 
eleqtronebisa da sxva nawilakebis Zalian didi 
ricxvisagan. 

sistema homogenuria (erTgvarovani), Tu mis SigniT 
ar aris gamyofi zedapirebi (igi erTi fazisagan 
Sedgeba). aseTi zedapirebis arsebobisas sistema 
heterogenulia (araerTgvarovani). 

sistema Riaa, Tu is masiTa da energiiT garemos-
Tan urTierTqmedebs. sistema izolirebulia, Tu 
aseTi urTierTqmedeba ar xdeba da misi moculoba 
mudmivia. daxuruli sistema garemosTan mxolod 
energiis mimocvliT xasiaTdeba, misi masa mudmivia. 

faza ewodeba gamyofi zedapiriT SemosazRvruli 
heterogenuli sistemis nawils, romlis Sedgeniloba, 
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qimiuri da fizikuri Tvisebebi yvela wertilSi 
erTnairia. faza sistemis Semadgeneli nawilia. 

komponentic sistemis Semadgenelia, magram mas, 
fazisagan gansxvavebiT, SeuZlia sistemis gareTac 
arseboba. 

makroskopuli sistemis mdgomareobas Semdegi 

parametrebiT axasiaTeben: wneva (P ), moculoba (V ), 

temperatura (T ) da koncentracia (C ). es sidideebi 
uSualod izomeba da maT sistemis Termodinamikuri 
parametrebi ewodeba. parametrebi urTierTdamokidebu-
lia, amitom ar aris aucilebeli yvela parametris 
codna. xSirad erTic sakmarisia  sistemis dasaxasi-
aTeblad. 

fizikur parametrebs (Tvisebebs),  romelTa codna 
sakmarisia sistemis dasaxasiaTeblad, damoukidebeli 
cvladebi ewodeba. maTze damokidebuli sxva fizi-
kuri sidideebi, romelnic erTmniSvnelovnad gansaz-
Rvraven sistemis mdgomareobas, mdgomareobis funq-
ciebia.  

asxvaveben sistemis eqstensiur da intensiur 
parametrebs. Ppirveli sistemaSi nivTierebis raodeno-
bis proporciulia _ moculoba, Siga energia, entropia, 
siTbotevadoba. intensiuri parametrebi (wneva, tempe-
ratura) sistemaSi nivTierebis saerTo raodenobaze 
ar aris damokidebuli. ori nebismieri eqstensiuri 
parametris fardobac intensiuri parametria, magali-
Tad, parcialuri moluri moculoba an moluri wili. 

sistema wonasworulia, Tu misi energia minimalu-
ria da parametrebi mudmiv mniSvnelobebs inarCunebs 
TiToeuli fazis farglebSi. romelime Termodina-
mikuri parametris Secvla arRvevs wonasworobas da 
warmoqmnis Termodinamikur process. process, romlis 
Sedegad sistema ubrundeba sawyis mdgomareobas, 
wriuli procesi anu cikli ewodeba. Tu sawyis 
mdgomareobaSi dabruneba xdeba yvela im mdgomare-
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obis gavliT, romelic iyo pirdapiri procesis dros, 
maSin procesi Seqcevadia. procesi, romelsac SeuZlia 
TavisTavad mimdinareoba erTi gansazRvruli mimarTu-
lebiT, Seuqcevia.  

sistemaSi mudmivi wnevis dros (P const ) 
mimdinare procesi izobarulia; mudmivi moculobis 

dros (V const ) _ izoqoruli; mudmiv temperaturaze 
(T const ) mimdinare procesi ki _ izoTermuli.  
Termodinamikuri procesi adiabaturia Tu ar xdeba 
siTbos mimocvla sistemasa da garemos Soris. 

Tu procesi mimdinareobs P const  da T const  

pirobebSi, mas izobarul-izoTermuli procesi 

ewodeba. V const  da T const -sas procesi izoqorul-
izoTermulia da a.S.  

siTbos gamoyofiT mimdinare procesi egzoTer-
mulia, xolo STanTqmiT _  endoTermuli. 

qimiur TermodinamikaSi gamoiyeneba absoluturi 
temperaturuli skala (K, kelvinis). skalis aTvlis 

wertili nulia  O K , romelsac absoluturi nuli 

ewodeba. igi _273,15 0C  Seesabameba, mis qvemoT 
uaryofiTi temperatura ar arsebobs. Tanafardoba 
celsiusis skalasa da absolutur Termodinamikur 
temperaturul skalaze aTvlil temperaturebs Soris 
ase gamoisaxeba: 

T = t +273,15. 

amrigad, erTeulis zoma am temperaturul skaleb-
ze erTnairia. 

 
 

2.2. Siga energia, enTalpia, siTbo, muSaoba 

 

nebismier sistemas aqvs Siga (Sinagani) energia  U , 

romelic damokidebulia mis Sinagan mdgomareobaze.  
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Siga energia moicavs sistemis yvela mikrona-
wilakis (molekulebis, atomebis, ionebisa da sxva) 
qaosuri (siTburi) da am nawilakebis urTierTqmedebis 
energias. maSasadame, Siga energia sistemaSi Semavali 
yvela mikronawilakis kinetikuri da potenciuri 
energiebis jamia. sistemis (rogorc mTlianis) 
moZraobis kinetikuri energia da misi potenciuri 
energia gare Zalur velSi Siga energiaSi ar Sedis. 

Siga energia fizikuri sistemis mdgomareobis 
ganmsazRvreli damoukidebeli cvladebis temperatu-
risa da moculobis calsaxa funqciaa  

 ,U f T V . 

am energiis abxoluturi sidide Termodinami-

kisTvis ucnobi rCeba (U -s abxoluturi mniSvnelobis 
gansazRvris xerxi ar gagvaCnia). eqsperimentulad 
SeiZleba ganisazRvros mxolod Siga energiis namati 
an Semcireba. maSasadame, Siga energia ganisazRvreba 
Sesakrebi mudmivas sizustiT. 

Siga energia mdgomareobis funqciaa da misi 

cvlileba ganisazRvreba mxolod misi 1U  sawyisi da 

2U  bolo mniSvnelobebiT 
2

2 1

1

U dU U U    , 

U  Siga energiis cvlilebaa; dU  _ U  funqciis 
diferenciali. 

diferencials, romelic ar aris damokidebuli 
procesis mimdinareobis gzaze, maTematikaSi funqciis 
sruli diferenciali ewodeba. amrigad, Siga energiis 
diferenciali srulia 

 

V T

dU dU
dU dT dV

dT dV

   
    
   

, 
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,
V T

dU dU

dT dV

   
   
   

 Siga energiis kerZo warmoebulebia 

V const  da T const -isas. 
Siga energiis cvlileba mudmivi moculobisas 

axasiaTebs procesis siTbur efeqts, xolo Siga 

energiis warmoebuli temperaturiT V const -sas gan-
sazRvravs sistemis Tbotevadobas. 

meore Termodinamikuri funqcia H enTalpia  Siga 
energiasTan dakavSirebulia gantolebiT: 

H U pV  . 

enTalpiac sistemis mdgomareobis funqciaa, amitom 

Siga energiis msgavsad  misi cvlileba ΔH = H2 − H1   

ar aris damokidebuli procesis msvlelobis gzaze 
da ganisazRvreba mxolod misi sawyisi da saboloo 
mdgomareobiT.  

izobarul procesSi erTi mdgomareobidan meoreSi 
gadasvlisas sistemis mier STanTqmuli energia udris 

enTalpiis nazards anu enTalpiis cvlileba  H  

mudmivi wnevis dros procesis siTburi efeqtia. 

U -s da H -is ganzomilebaa kal/mol, j/mol. 
 
siTbo da muSaoba sistemidan garemoze an 

garemodan sistemaze energiis gadacemis ori 
SesaZlebeli formaa: 

 

 siTbo energiis gadacemis molekulur–mikrosko-
puli formaa, romelic sistemis molekulebisa da 
garemomcvel sxeulTa molekulebis uSualo 
urTierTqmedebis (dajaxebis) Sedegia. Tbogada-
cemis mimarTuleba temperaturiT ganisazRvreba.  

 

 gare sxeulze sistemis muSaoba niSnavs am 
sxeulis mdgomareobis parametrebis (sivrceSi 
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mdebareoba, moculoba, eleqtruli velis 
daZabuloba da a. S.) cvlilebas  da sistemis mier 
gare sxeulze gadacemuli energiis raodenobiT 
ganisazRvreba. muSaoba energiis gadacemis 
makroskopuli formaa. 

 
    siTbo da muSaoba axasiaTebs process, romelSic 
monawileobs sistema da ara sistemis mdgomareobas. 
siTbos raodenoba, iseve rogorc muSaoba, damoki-
debulia imaze, Tu ra gziT gadadis sistema sawyisi 
mdgomareobidan saboloo mdgomareobaSi. amitom 
orive procesis funqciebia. Mmxolod or SemTxvevaSi _ 

izobaruli da izoqoruli procesis dros Q  siTbo 

( PQ H    da VQ U   ) iZens diferencialis Tvisebebs 

da ar aris damokidebuli procesis gzaze. 

TermodinamikaSi ZiriTadad ganixileba W  gafar-
Toebis muSaoba, romelic gare wnevis winaaRmdeg 
sruldeba (nax. 2.1).  

 
nax. 2.1. sistemis mier  Sesrulebuli muSaoba 

 pΔV-s tolia 
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sistemis gafarToebis muSaoba 1V  2V  moculo-

bamde  
2

1

V

V

W pdV  . 

muSaoba dadebiTia, Tu mas sistema asrulebs. 
siTbo dadebiTia, Tu igi sistemas miewodeba. 

siTbos da muSaobis erTeulebia: j, kal. 1 kal = 
4,1840 j. 

idealuri airisaTvis (oTx ZiriTad procesSi) 
siTbosa da muSaobis damokidebuleba sistemis 

, ,P V T  parametrebze mocemulia 2.1. cxrilSi. indeq-

sebiT aRniSnulia sistemis sawyisi da saboloo 
mdgomareobebi. 

                                                       
cxrili 2.1 

siTbosa da muSaobis damokidebuleba , ,P V T  

parametrebze oTx ZiriTad procesSi 
 

procesi muSaoba siTbo 

izoTermuli 2

1

2,3 lg
V

nRT
V

 1

2

P
2,3nRTlg

P
 

izoqoruli 0  2 1VnC T T  

izobaruli  2 1p V V   2 1PnC T T  

adiabaturi  1 2VnC T T  0 

 

R  _ airis universaluri mudmiva, 8,314R   j/molK ; 

PC  da VC  Sesabamisad izobaruli da izoqoruli 

siTbotevadobebia (ix. 2.4 Tavi). 
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2.3. Termodinamikis nulovani kanoni 

 

1931 wels r. faulerma Camoayaliba siTburi 
wonasworobis tranzitulobis principi. Ees principi 
Termodinamikis nulovani kanonis saxelwodebiTaa 
cnobili. am kanonis Tanaxmad, 
 

Tu A da B sistemebi siTbur wonasworobaSia C 
sistemasTan, isini erTmaneTTanac siTbur 
wonasworobaSi iqnebian. 

 
am principzea dafuZnebuli mniSvnelovani 

parametris _ temperaturis gazomva. temperatura ar 
aris iseTi sidide, romelic SeiZleba uSualod 
gaizomos. mis mniSvnelobas sazRvraven  Termometru-
li nivTierebis anu, sxva sistemis, romelime fizikuri 
Tvisebis temperaturuli cvlilebis mixedviT, 
romelic SeiZleba advilad gaizomos. erT-erTi aseTi 
Tvisebaa siTxeebisa da airebis siTburi gafarToeba. 
amrigad, Termometris moqmedeba emyareba, magaliTad, 
vercxliswylis svetis siTbur gafarToebas.   
 

 

2.4. Termodinamikis pirveli kanoni 

 

 

Termodinamikis pirveli kanoni amtkicebs, rom 
sistemis mier miRebuli siTbos raodenoba ixarjeba 
Siga energiis zrdasa da sistemis mier gare Zalebis 
winaaRmdeg Sesrulebul muSaobaze. 

pirveli kanonis maTematikuri gamosaxulebaa 

Q U W   .                   (2.1) 

(2.1) gantolebidan  

    U Q W      (2.2) 
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anu sistemis Siga energiis nazardi sistemisadmi 

miwodebuli Q  siTbosa da sistemis mier Sesrule-

buli W  muSaobis sxvaobis tolia. 
Termodinamikis pirveli kanoni energiis 

mudmivobisa da gardaqmnis kanonis Sedegia. am kanons 
ramdenime formulireba aqvs: 

 

 urTierTgardaqmnisas  energia arc arafrisagan 
warmoiqmneba da arc ukvalod qreba, mas SeuZlia 
mxolod erTi saxis energiidan sxva saxis 
energiad gardaqmna; 
 

 erTi saxis energia sxva saxis energiad zustad 
ekvivalenturi raodenobiT gardaiqmneba; 
 

 izolirebuli sistemis energia ucvlelia; 
 

 SeuZlebelia pirveli gvaris mudmivi Zravas 
Seqmna, romelic Seasrulebs muSaobas garemodan 
energiis xarjis gareSe. 

 
sistemis mdgomareobis usasrulod mcire cvli-

lebisas:  

Q dU W   ,    (2.3) 

sadac  dU  sistemis Siga energiis usasrulod mcire 
nazardia, romelic funqciis sruli diferencialia, 

Q  _ sistemaze gadacemuli siTbos   usasrulod 

mcire raodenoba da W  _ Sesrulebuli mcire 

muSaoba da ara misi cvlileba. Q  da W  srul 

diferencials ar warmoadgens. 

izoqoruli procesisTvis  V const  

Q dU  ;    (2.4) 
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izobaruli procesis dros  P const  

  Q dH  ;                      (2.5) 

izoTermuli procesis dros (T = const) 

                       Wq   ;                                              (2.6)                        

     adiabaturi procesis dros  ( q = const) 

                                           _ U = W.                                              (2.7)                                                                            

siTbotevadoba  C  izomeba sistemisadmi 

gadacemuli siTbos raodenobis fardobiT am 
procesiT gamowveul temperaturis cvlilebas-
Tan  

Q
C

dT


 . 

 
ganasxvaveben kuTr siTbotevadobas _ nivTierebis 

erTeuli masis siTbotevadobas da molur siTbo-
tevadobas, romelic erTi moli nivTierebis erTi 
gradusiT gaTbobisas STanTqmuli siTbos raodenobaa 

(kal/mol K , j/mol K ). 
imis mixedviT, gaTbobis procesSi moculobaa 

mudmivi Tu wneva, fizikur qimiaSi arsebobs 

siTbotevadoba mudmivi moculobis V

dU
C

dT
  da 

mudmivi wnevis dros P

dH
C

dT
 . pirvel SemTxvevaSi 

mTeli siTbo ixarjeba mxolod Siga energiis 
gazrdisaTvis, meore SemTxvevaSi ki siTbos nawili 
ixarjeba sxeulis gafarToebisas muSaobis Sesrule-

bisaTvis. amitom yovelTvis  CP  CV . 
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idealuri airisaTvis PC -sa da VC -s Soris 

sxvaoba ricxobrivad airis universalur mudmivas 
udris (maieris formula):  

PC _ VC =R . 

siTxisa da myari sxeulisaTvis  es sxvaoba 
SedarebiT mcirea. 

 
 

2.4.1. Termoqimia. hesis kanoni 

 

nebismieri qimiuri reaqcia siTbos gamoyofiT an 
STanTqmiT mimdinareobs. qimiuri reaqciis Tanmdev 
siTbos reaqciis siTburi efeqti ewodeba. reaqciis, 
fazuri gardaqmnis, gaxsnis da sxva procesis siTbur 
efeqtebs Termoqimia Seiswavlis. 

Termoqimia efuZneba hesis kanons:  
 
qimiuri reaqciis siTburi efeqti mudmivi 
wnevisa da moculobisas ar aris damokidebuli 
procesis mimdinareobis gzaze da ganisazRvreba 
mxolod sistemis sawyisi da saboloo 
mdgomareobebiT. 
 

hesis kanonis formulireba gamomdinareobs 
Termodinamikis pirveli kanonidan: 

,

.

V

P

Q U

Q H

  

  
 

amrigad, siTburi efeqti aris Siga energiis 
cvlileba  mudmivi moculobisas an enTalpiis 

cvlileba mudmivi wnevisas. amitom qimiuri reaqciis 
siTburi efeqti (QV, QP) ar aris damokidebuli 
procesis mimdinareobis gzaze. 
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arsebobs reaqciis siTburi efeqtis niSanTa ori 
sistema. niSanTa Termoqimiur sistemaSi reaqciis 
dros gamoyofili siTbo iTvleba dadebiTad,  
STanTqmuli siTbo ki – uaryofiTad. niSanTa am 
sistemis gamoyenebisas, siTburi efeqti reaqciis 
marjvena mxares iwereba: 

 
 C6H6 (Tx) +7,5 O2(a) = 6 CO2 (a)  + 3 H2O (Tx) + 780,98 kkal. 

 
qimiur gantolebas, sadac naCvenebia reaqciis 

siTburi efeqti, Termoqimiuri gantoleba ewodeba. 
Termoqimiur gantolebaSi nivTierebebis agregatul 
mdgomareobasac aRniSnaven: (a) – airadi, (Tx) – Txe-
vadi da (my) – myari. 

niSanTa Termodinamikur sistemaSi siTburi 
efeqtis (_) niSani gviCvenebs, rom sistemas akldeba 
siTbo _ procesi egzoTermulia; (+) niSani _ sistema 
iRebs siTbos _ procesi endoTermulia. maSasadame, 
reaqciis enTalpiis (an Siga energiis) cvlileba  -ΔH  

(-ΔU)  reaqciis egzoTermulobis, xolo  +ΔH  (+ΔU)  - 

endoTermulobis maCvenebelia. siTbur efeqts ufro 
xSirad ΔH-iT axasiaTeben.. 

Termodinamikur sistemaSi siTburi efeqti 
reaqciis gantolebis gverdiT iwereba: 

 

C6H6 (Tx) + 7,5 O2(a)   = 6 CO2 (a)  + 3 H2O (Tx);  0

298H = _ 

780,98 kkal. 
 

             niSani da indeqsi 298 niSnavs, rom  ΔH mocemulia 

298,15 K-sTvis. 
    Termoqimiuri gaTvlebi efuZneba hesis kanons. 
ganvixiloT hesis kanoni PbSO4-is  miRebis konkretuli 
magaliTiT. 
        PbSO4 -is    miRebis ramdenime gza arsebobs: 
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1) Pb + S + 2O2  = PbSO4  + 919,7 kj/mol; 
  

2) Pb + S =  PbS + 94,3 kj/mol; 
PbS + 2 O2  = PbSO4  + 825,4 kj/mol; 

        ------------------------------------------------------------- 
                  + 919,7 kj/mol; 
 
3) Pb + 1/2 O2 =  PbO + 218,3 kj/mol; 

         S + 3/2 O2  = SO3  + 396,9 kj/mol; 
   PbO + SO3  = PbSO4  + 305,5 kj/mol; 

        ------------------------------------------------------------- 
                    + 919,7 kj/mol. 
 
maSasadame, hesis kanoni reaqciis siTburi 
efeqtebis jamis mudmivobis kanonia. 
 

Termoqimiis mravali amocanis gadawyveta SesaZle-
belia grafikuli gziT (nax. 2.2) 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 2.2. naxSirorJangis miRebis energetikuli sqema 
C (my) + O2(a) =  CO2 (a);       ΔH1        ΔH1  =    ΔH 2 +   ΔH 3;            
C (my) + 1/2O2(a) =  CO (a);     ΔH 2      ΔH 2= ΔH1  _ ΔH 3;            
CO (a) + 1/2O2(a) =  CO2 (a);    ΔH 3       ΔH 3= ΔH1 _ ΔH 2.     

kj/moli 

C(my) + O2(a) 

CO(a) + 1/2O2(a) 

CO2(a) 

reaqciis koordinati 
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hesis kanonis safuZvelze siTburi efeqtis gaan-
gariSebisas, gansakuTrebuli mniSvneloba eniWeba or 
siTbur efeqts _ warmoqmnis siTbos da wvis siTbos. 

 
warmoqmnis siTbo (warmoqmnis enTalpia) martivi 
nivTierebebisgan erTi moli naerTis warmoqmnis 
reaqciis siTburi efeqtia. 
 

siTburi efeqti damokidebulia reaqciis pirobebze. 
imisaTvis, rom SeiZlebodes sxvadasxva procesis 
energetikis Sedareba, aucilebelia  reaqciis Catare-
bis erTnairi pirobebi. amitom sargebloben 
standartul pirobebSi gansazRvrul nivTierebaTa 
enTalpiebiT. standartuli pirobebi gulisxmobs, rom 

nivTierebis warmoqmna mimdinareobs 298,15 K -ze (25 C ) 

da 1 atm (101,3 kpa) wnevaze   . aseT pirobebSi gansaz-

Rvruli nivTierebis warmoqmnis siTbos standartuli 

moluri enTalpia ewodeba  0

298H . 

     mniSvnelovania, rom nivTierebis warmoqmna ele-
mentebisagan unda xdebodes. TermodinamikaSi 
miRebulia, rom yvela martivi nivTierebis enTalpia 

nulis tolia, mag., 2H -is 0

298 0,H Si  -is 0

298 0H  . am 

dros es umartivesi warmonaqmnebi Tavis Cveul 

mdgomareobaSi unda iyos ( 2H  _ airi, Si  _ myari). 

ganvixiloT pirobiTi reaqcia: 

bB dD qQ rR   , 

sadac , , ,b d q r  steqiometriuli koeficientebia, B  da 

D  _ reagentebi, Q  da R  _ produqtebi. 

 
hesis kanonis Tanaxmad, qimiuri reaqciis 
siTburi efeqti udris miRebuli nivTierebebis 
warmoqmnis siTboTa jams gamoklebuli 
reagentebis warmoqmnis siTboTa jami 
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   0 0 0 0 0

298, 298, 298, 298, 298,Q R B DH q H r H b H d H        r  

an   

  0 0 0

298, 298, 298,H H H     r prod reag . 

cnobilia 9000-mde nivTierebis warmoqmnis enTal-
piebi, rac, gaangariSebis gziT mravali qimiuri 
reaqciis siTburi efeqtis dadgenis saSualebas 
iZleva. standartuli moluri enTalpiebi tabulire-
bulia (ix. danarTi). zogierTi magaliTi mocemulia 
2.2 da 2.3 cxrilebSi. 

                                      cxrili 2.2                                                           
warmoqmnis standartuli enTalpiebi, kkal/mol 

elementi an 
martivi 

nivTiereba 

0

298H  naerTi 0

298H  

C (almasi) 0,437 CO (a) _26,416 

C (grafiti) 0 CO2 (a) _94,052 

H(a) 52,098 D2O (a) _59,561 

H2 (a) 0 D2O (Tx) _70,411 

I(a) 25,516 HCl (a) _22,06 

I2 (my) 0 H2O (a) _57,796 

I2 (a) 14,922 H2O (Tx) _68,315 

O2 (a) 0 CH4  (a) _17,88 

O3 (a) 34,0 C2H2 (a) 54,021 

S (my)  (mono-
kl.) 

0,071 C2H4 12,54 

S (my)  (romb.) 0 C2H6 _20,25 

S (a) 65,222 C6H6 (a) 19,82 

C2H6 (Tx) 11,72 

C2H5OH (Tx) _66,19 

H2NCH2CO2H 

(my) 
(glicini) 

_126,33 
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cxrili 2.3 
 

wyalxsnarSi ionTa warmoqmnis enTalpiebi,  
kkal/mol 

 
ioni 0

298H  ioni 0

298H  

H3O
+ 

OH
- 

F
- 

Cl
- 

Br
- 

I
- 

0 
_54,61 
_79,79 
_39,94 
_29,02 
_13,27 

SO4
2- 

Li
+ 

Na
+ 

K
+ 

NH4
+ 

Ca
2+ 

_217,73 
_66,55 
_57,46 
_60,29 
_31,63 
_129,77 

 

 warmoqmnis enTalpiis gansazRvra saTiTaod H
+   

da OH
- ionebisaTvis SeuZlebelia. amitom sargebloben 

ionTa warmoqmnis fardobiTi enTalpiebiT. miRebulia, 

rom 0

298H (H
+(aq)) = 0. aqedan gamomdinare, 0

298H ( OH
-(aq)) 

=_54,61 kkal. Semdeg am ( 0

298H (OH
-(aq)) da 

0

298H (NaOH(aq))-is mniSvnelobidan gansazRvraven 
0

298H (Na
+(aq)) da a. S. amgvarad miRebul sidides ionTa 

warmoqmnis enTalpia ewodeba. 
reaqciis siTburi efeqtis dadgena reagentTa da 

produqtTa wvis siTboebiTac (enTalpiebiTac) SeiZleba.  
 

wvis siTbo is siTbos raodenobaa, romelic 
gamoiyofa nivTierebis sruli dawvisas Warb 
JangbadSi. 
 

am SemTxvevaSi reagentTa wvis siTboebis jams 
produqtebis igive jami unda gamoakldes 

 
0 0 0H H H     wvis, reag. wvis, prod. . 
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zogierTi organuli nivTierebis wvis siTbo 
mocemulia danarTSi. 

 
2.4.1.1. neitralizaciis siTbo. gaxsnis siTbo 

 
Zlieri mJavas tutiT ganeitralebisas 

yovelTvis gamoiyofa erTi da igive siTbos 
raodenoba _ 13,7 kkal anu 57,1 kj.  

 
neitralizaciis siTbo  aris is siTbos 
raodenoba, romelic gamoiyofa erTi gram-
ekvivalenti mJavas erTi gram-ekvivalenti 
tutiT ganeitralebis dros. 
 

     amrigad, neitralizaciis siTbo ar aris 
damokidebuli mJavasa da tutis bunebaze. 
     susti mJavas Zlieri fuZiT (an piriqiT) ganeitra-
lebisas gamoyofili siTbos raodenoba 13,7 kkal-ze 
naklebia. 
     siTxeebis Serevas an siTxeSi myari    nivTierebe-
bis gaxsnas Tan axlavs siTbos gamoyofa an STanTqma. 
 

gaxsnis  diferencialuri siTbo ewodeba im 
siTbos raodenobas, romelic gamoiyofa an 
STainTqmeba 1 moli nivTierebis gaxsnisas iseTi 
raodenobis gamxsnelSi, rom miRebuli xsnaris 
Semdgom ganzavebas aRar mohyves SesamCnevi 
siTburi efeqti.  
 
gaxsnis integraluri siTbo ki aris 1 moli 
sufTa nivTierebis n mol gamxsnelSi gaxsnisas 
gamoyofili an STanTqmuli siTbo, rodesac 
garkveuli molarobis xsnari warmoiqmneba. 
 
sxvadasxva fizikur-qimiuri procesis siTbur 

efeqts zomaven kalorimetriis meTodebiT. Kkalori-
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metriuli  gazomvisaTvis iyeneben kalorimetrs, 
romlis konstruqcias gansazRvravs gazomvis 
pirobebi (pirvel rigSi temperaturuli intervali 
0,1_4000 K) da UsaWiro sizuste. 
     umartivesi kalorimetris sqema gamosaxulia 2.3 
nax.-ze. K         
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 2.3. kalorimetris sqema: 
1 _ ormagkedliani garsacmi, 2 _ Termometri, 3 _ 

kalorimetriuli Wiqa, 4 _ sarevela, 5 _ wyali (xsnari),  
6 _ sakvlevnivTierebiani sinjara 

 
    kalorimetriuli Wiqa Cadgmulia  ormagkedlian 
garsacmSi, rac saSualebas iZleva minimumamde 
Semcirdes garemosa da kalorimetrs Soris siTbos 
mimocvla. kalorimetris saxuravSi Camagrebulia 
sakvlevnivTierebiani sinjara, sarevi da Termometri. 
    kalorimetrSi mimdinare procesis siTburi efeqti 
gamoiTvleba gantolebiT: 

Q = [mC + K.]∙ΔT, 

sadac Q gamoyofili an STanTqmuli siTbos raode-
nobaa, m _ moreagire nivTierebis masa, C _ xsnaris 
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kuTri siTbotevadoba; K _ kalorimetris mudmiva, ΔT 

_ temperaturis cvlileba procesis dros. 
     amrigad, kalorimetriuli meTodiT siTburi 
efeqtis gansazRvrisas saWiroa gaizomos 
temperaturis cvlileba procesis dros. 

kalorimetriuli  gazomvebis Sedegebs farTod 
iyeneben TboteqnikaSi, metalurgiaSi, qimiur 
teqnologiaSi. 
 

2.4.2. kirxhofis kanoni 

 
cnobilia, rom 

                 P

H
C

T


 



U
     da    V

U
C

T


 


.  (2.8) 

  
     am gantolebebs emyareba kirxhofis kanoni, 
romlis Tanaxmad, 
  

procesis siTburi efeqtis temperaturuli 
koeficienti sistemis siTbotevadobis cvlile-
bis tolia. 

 
siTbotevadoba mdgomareobis funqciaa da maszec 

vrceldeba hesis kanoni: 
 

   P ..
ΔC = nC - nC  reagprod

. 

kirxhofis (2.8) gantolebebis integrebiT vRebu-
lobT: 

0

, 298,

298

T

T PH H C dT    r r , 

0

, 298,

298

T

T VU U C dT    r r . 
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amrigad, romelime T  temperaturaze siTburi 
efeqtis gansazRvrisaTvis, aucilebelia, standartul 

pirobebSi, siTburi efeqtisa 0

298H  (an 0

298U ) da 

siTbotevadobis temperaturaze damokidebulebis 

 C f T  codna. 

maRal temperaturebze PC  da VC -s eqsperimentuli 

gansazRvris sirTulis gamo, mimarTaven empiriul 
mwkrivs: 

  2

PC a bT c T     _ araorganuli nivTierebisaTvis 

an 

     
2

PC a bT cT    _ organuli nivTierebisaTvis, 

, , ,a b c c  tabulirebuli koeficientebia (ix. danarTi). 

iolad dasadgenia, rom 

2

PC a bT c T       

da 

2

PC a bT cT     , 

xolo 

 0 2

298

298

T

TH H a bT c T dT        

da 

 0 2

298

298

T

TH H a bT cT dT       . 

     integrebis Semdeg 

  












298

11
298

2
)298( 220

298
T

cT
b

TaHH
T  

da 

         33220

298
298

3
298

2
)298( 





 T

c
T

b
TaHH

T
. 
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2.5. Termodinamikis meore kanoni  

 

Termodinamikis pirvel kanonSi (nebismieri gar-
daqmnisas) energiis SenarCunebis aucilebloba 
postulatadaa miCneuli, igi sazRvravs procesis 
siTbur efeqts, magram procesebis SesaZleblobasa da 
mimarTulebaze warmodgenas ar iZleva. reagentebs 
Soris reaqciis SesaZleblobas, mimarTulebasa da 
mimdinareobis siRrmes Termodinamikis meore kanoni 
adgens. E 

am fizikuri kanonis arsi isaa, rom nebismieri 
sistema naklebad albaTuri mdgomareobidan 
bunebrivad meti albaTobis mqone mdgomareobisaken 
miiswrafvis, magaliTad, siTbo cxeli sxeulidan civs 
gadaecema, rkina TavisTavad aucileblad iJangeba, 
yinuli dneba, qva mTidan gordeba, wyali moedineba 
zemodan qvemoT, TavisTavad xdeba airebis difuzia da 
a.S. 

am movlenebs, miuxedavad maTi gansxvavebuli 
bunebisa, erTi saerTo niSan-Tviseba aqvs: yvela 
procesi Seuqcevadia da mimdinareobs wonasworobis 
damyarebamde. maSasadame, yvela sistema bunebrivad 
wonasworobisaken anu metad albaTuri mdgomare-
obisaken miiswrafvis.  

Termodinamikis meore kanoni am movlenis univer-
salur xasiaTs gamoxatavs da sistemis am swrafvas, am 
TavisTavadobas axasiaTebs kriteriumiT, mdgomareobis 
albaTobis Semfasebeli funqciiT, romelsac entropia 
hqvia. Termodinamikis meore kanoniT mtkicdeba, rom 
arsebobs entropia da izolirebul sistemaSi 
mimdinare TavisTavad procesSi is aucileblad 
izrdeba, ris gamoc meore kanons xSirad entropiis 
zrdis kanonsac uwodeben. 

meore kanons aqvs mravali, erTmaneTis ekvivalen-
turi formulireba. ramdenime mocemulia qvemoT: 
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 klauziusis postulati: siTbo TavisTavad, 
muSaobis Sesrulebis gareSe ver gadadis civi 
sxeulidan cxel sxeulze; 

 

 tomsoni: SeuZlebelia cxeli sxeulidan siTbos 
warTmeva da misi mTlianad muSaobad gardaqmna, 
macivrisaTvis siTbos nawilis gadacemis gareSe; 

 

 kelvin-planki: SeuZlebelia perioduli procesi, 
romlis erTaderTi Sedegi siTbos muSaobad 
gardaqmnaa. aqedan gamomdinareobs, rom SeuZle-
belia sistemis mier garemodan siTbos STanTqma 
da am siTbos (energiis) ekvivalenturi muSaobis 
gacema, sistemaSi raime cvlilebis gareSe.  

 

 meore gvaris mudmivi Zravas Seqmna SeuZ-
lebelia. 
 

amgvari Zravas Seqmnis principi ar ewinaaRmdegeba 
energiis mudmivobis kanons. misi ganxorcieleba 
saSualebas mogvcemda migveRo  praqtikulad 
dauSreteli energiis wyaro, magaliTad, okeanis 
wylidan siTburi energiis “amotumbviT”, magram aseTi 
Zravas muSaobis principi ewinaaRmdegeba Termodinamikis 
meore kanons. 

Termodinamikis meore kanonis maTematikuri 
gamosaxuleba miRebulia siTburi manqanis muSaobis 
analizis Sedegad. aseT manqanaSi mimdinare cikluri 
procesebisas siTbo muSaobad gardaiqmneba. 
ganvixiloT karnos ciklis P-V diagrama. ciklis 
Semadgeneli yvela procesi Seqcevadia N(nax. 2.4).  

ciklis mimdinareobisas muSa sxeuli Reblobs 

1Q _ 2Q  siTbos da asrulebs ciklis farTobis tol 

W  muSaobas. 
amrigad, sistemaSi raime cvlilebis gareSe 

idealur manqanaSic ki SeuZlebelia garemodan siT-
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bos STanTqma da am siTbos (energiis) ekvivalenturi 
muSaobis gacema, e.i. energiebis urTierTgardaqmnisas 
meore kanoni garkveul SezRudvebs awesebs.  

 
 
 
 
 
 
 
 
 
 
 
 
N 
 
 
 
 
 

 
nax. 2.4. karnos ciklis  P-V diagrama 

 

1.   AB aris airis izoTermuli gafarToebis mrudi 

        V1  V2 moculobamde mudmiv 1T  temperaturaze. am 

dros 1Q  siTbos raodenoba airs miewodeba; 

2. BC –  adiabaturi gafarToebis mrudi V2  V3  

moculobamde  (temperatura mcirdeba 1T  -dan 2T –

mde); 

3. CD  –   V3V4  moculobamde izoTermuli SekumSvis 

mrudi  mudmiv 2T  temperaturaze. am dros airi 2Q  

siTbos kargavs; 
4. DA – airis adiabaturi SekumSvis mrudi sawyis 

mdgomareobamde.  
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karnos ciklma mniSvnelovani roli Seasrula 
Termodinamikisa da Tboteqnikis ganviTarebaSi. Mman 
aCvena, rom am ciklis   margi qmdebis koeficienti ar 
aris damokidebuli muSa sxeulis saxeobaze.       

karnos ciklis  margi qmedebis koeficienti 
tolia 

1 2 1 2

1 1

Q Q T T

Q T


 
  .      (2.9) 

es gantoleba SeiZleba warmovadginoT sxva 
saxiTac 

 

2 2

1 1

Q T
1- = 1-

Q T
     an    2 2

1 1

Q T
=

Q T
 

an 

1 2

1 2

Q Q
= 0

T T
     (2.10) 

karnos elementaruli ciklisTvis (2.10) gantoleba 
ase daiwereba: 

1 2

1 2

δQ δQ
- = 0

T T
,  

Q

T


 an 

Q

T
 sidides dayvanili siTbo ewodeba. 

karnos ciklis dayvanil siTboTa algebruli 
jami: 

0
Q

T


 . 

zRvrul SemTxvevaSi es jami integralad garda-

iqmneba. amrigad, gveqneba   0
T

Q
. integralTa Teori-

idan cnobilia, rom Tu integrali Caketil konturze 
udris nuls, maSin integralqveSa gamosaxuleba 
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funqciis sruli diferencialia, xolo TviTon 
funqcia sistemis mdgomareobis funqciaa. funqcia 
ganisazRvra klauziusis mier da mas ewoda  entropia  

(S). amrigad, 
Q

dS
T


 .   

Seqcevadi ciklisaTvis 
Q

dS
T


 , xolo nebismieri 

izoTermuli procesisTvis entropiis cvlileba 
akmayofilebs klauziusis utolobas: 

  
Q

dS
T


 .           (2.11) 

klauziusis utoloba Termodinamikis meore 
kanonis maTematikuri gamosaxulebaa. mas iyeneben 
rogorc Seqcevadi, ise Seuqcevi  procesebisTvis. 
maSasadame, 

 
arsebobs sistemis entropiad wodebuli eqsten-
siuri Tviseba, romlis kavSiri STanTqmul 
siTbosa da sistemis temperaturasTan gamoisa-
xeba (2.11) gantolebiT. 
 

entropia sistemis mdgomareobis funqciaa, radgan 
igi sistemis sawyissa da saboloo mdgomareobazea 
damokidebuli da ara procesis gzaze. 

izolirebul sistemaSi entropias procesis 
TavisTavadobis kriteriumis roli akisria. izoli-
rebul sistemaSi siTbos garemosTan mimocvla gamo-

ricxulia anu 0Q   da dS  0, e.i. entropia izrdeba  
da wonasworobis mdgomareobaSi maqsimums aRwevs. 

 

daskvna. izolirebul sistemaSi procesi TavisTa-

vad mimdinareobs, Tu  0dS  . wonasworobis 

dros entropia maqsimums aRwevs da 0dS  . 
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     entropiis erTeulebia j/molK an kal/molK. 
germanelma mecnierma l. bolcmanma daadgina 

entropiis statistikuri Sinaarsi. man daamtkica, rom 
sistemis entropia aris sistemis uwesrigobis sazomi 
anu _ misi qaosurobis xarisxis zoma. 

Tu sistemaSi sruli wesrigia _ entropia 
minimaluria. srul qaoss Seesabameba entropiis 
maqsimumi. 

zemoT mocemul magaliTebSi procesebis mamoZra-
vebeli Zalaa Termodinamikuri sistemis gadasvla 
ufro mowesrigebulidan naklebad mowesrigebul 
mdgomareobaSi. vinaidan entropia uwesrigobis 
sazomia, yvela ganxiluli procesi  entropiis zrdiT 
mimdinareobs. 

amrigad, entropiis zrda gviCvenebs nawilakTa 
swrafvas dezintegraciisken, qaosisken anu metad 
albaTuri mdgomareobisaken. bolcmanis gantoleba 
amyarebs kavSirs  sistemis S entropiasa da misi 
mdgomareobis W Termodinamikur albaTobas Soris: 

 

WkS ln ,                                      (2.12) 
 

sadac k bolcmanis mudmivaa, romelic R airis 
mudmivasa da NA avogadros ricxvis fardobis tolia: 
k=R/NA (ix. 2.10.1 Tavi). bolcmanis es gantoleba 
Termodinamikis qvakuTxedia. 

entropiis damokidebuleba temperaturaze dgindeba 
gamosaxulebiT:  

PC dT
dS

T
 . 

   am gantolebis integrebiT miviRebT:  

 2 1n /PS C l T T  . 
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       reaqciis entropiis cvlileba garkveul 
temperaturul intervalSi  

 , 298,

298

/

T

o o

T PS S C T dT    r r  .      (2.13) 

    izoTermuli fazuri gardaqmnisas entropia   

T

L
S  , 

sadac  L  fazuri gardaqmnis siTboa. 

    Tu Termodinamikis pirveli kanonis dU Q W    

maTematikur gamosaxulebaSi Q -s nacvlad CavsvamT 

TdS -s, miviRebT pirveli da meore kanonebis 
gaerTianebul gantolebas Seqcevadi procesisaTvis 
 

dU TdS W  .    (2.14) 

     es aris Termodinamikis fundamenturi gantoleba. 
 

 
2.5.1. Tavisufali energia 

 
  yvela realuri sistema araizolirebulia, maTi 

umravlesoba ki Riaa. msgavs sistemebSi entropia ver 
gansazRvravs procesis mimarTulebas. 

  araizolirebul sistemaSi procesis mimarTule-
bis gansazRvrisas ganixilaven ara marto sistemas, 

aramed mis garemosac. davubrundeT 
Q

dS
T


  meore 

kanonis gantolebas da ganvixiloT SemTxveva, 

rodesac daxuruli sistema  V const  siTbos 

garemos gadascems. am pirobebSi Tu Q -s Cavanac-

vlebT dU -Ti, miviRebT: 
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dU

dS O TdS dU
T

   .   (2.15) 

   imave msjelobiT (rodesac P const ) miviRebT, rom: 

                         
dH

dS O TdS dH
T

   .          (2.16) 

(2.15) da (2.16) pirobebi ori axali mdgomareobis 

funqciis A  helmholcis energiisa da G  jibsis 
energiis SemoRebis saSualebas iZleva 

 
TdSdUdA        an     STUA      (2.17) 

TdSdHdG        an     STHG      (2.18) 
 
jibsis (helmholcis) energia Siga energiis is 
nawilia, romlis xarjze sruldeba muSaoba. 
igi arc Tu iSviaTad “Tavisufal” energiad an 
izobarul potencialad moixsenieba. Siga 
energiis danarCeni nawili e.w. bmuli energia 

TdS  an T S  sistemaSi rCeba. mas entropia 
akontrolebs. 
 

(2.17) da (2.18) gantolebebs metad didi mniSvne-

loba eniWeba, radgan dG  G -sa da dA  A -Ti 

sididisa da niSnis dadgeniT SesaZlebelia izobarul 
da izoqorul pirobebSi mimdinare nebismieri qimiuri 
reaqciis SesaZleblobisa da TavisTavadobis Sefaseba 

(2.4 cxrili). Tu dG  G  da dA  A  reaqciis msvle-

lobis Sedegad minus niSans iRebs, procesi SesaZ-
lebelia da TavisTavadi. dadebiTi niSani am procesis 
SeuZleblobaze migviTiTebs. wonasworobis miRwevisas 

Tavisufali energia minimaluria  0, 0dG dA  . 
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cxrili 2.4 

entropiis, jibsis da helmholcis energiebis cvlileba 
sxvadasxva procesSi 

 

sistema 
mdgomareobis 

Termodinamikuri 
funqcia 

funqciebis cvlileba procesebSi 
TavisTa-
vadSi 

wonaswo-
rulSi 

araTavis-
TavadSi 

izolirebuli 

entropia S  

0dS   

 0S   

0dS   

 0S   

2 0d S   

0dS   

 0S   

araizolirebuli: 
izobarul-izo-
Termuli procesi 

 

jibsis energia G  

 

0dG   

 0G   

 

0dG   

 0G   

2 0d G   

 

0dG   

 0G   

izoqorul-izo-
Termuli procesi helmholcis 

energia A  

0dA  

 0A   

0dA   

 0A   

2 0d A   

0dA   

 0A   

N 
      

1
1

2
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2.5 nax.-ze naCvenebia ΔG-s cvlileba Seqcevadi 
qimiuri reaqciisaTvis 

Nnax. 2.5. jibsis energiis cvlileba qimiur procesSi 
 

maSasadame, jibsis Tavisufali energia daxurul 
da Ria sistemebSi procesis TavisTavadobis 
kriteriumad SeiZleba gamoviyenoT, rac qimiuri 
procesebis Sefasebis jibsis Tavisufali energiis 
minimizaciis meTodis safuZvelia (ix. Tavi 2.9) 
 
 

2.5.2. Termodinamikuri potenciali 

 

 

Termodinamikur  potencials miekuTvneba 
damoukidebeli makroskopuli parametrebis 
zogierTi funqcia, romelic srulad asaxavs 
sistemis Termodinamikur mdgomareobas.  

 
Tu cnobilia Termodinamikuri potenciali, 

rogorc parametrTa romelime sruli nakrebis funqcia, 
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diferencirebiTa da integrebiT SesaZlebelia ara 
marto danarCeni parametrebis, aramed sistemis 
nebismieri makroskopuli maxasiaTeblisa da masSi 
mimdinare Termodinamikuri procesis gaangariSeba. 

Termodinamikuri potencialis gamoyeneba Tana-
medrove TermodinamikaSi yvela gaangariSebis safuZ-
velia; damoukidebeli parametrebis yoveli sruli 
nakrebisaTvis arsebobs Tavisi “bunebrivi” Termodina-
mikuri potenciali, romlis meSveobiTac gamoTvlebi 
sagrZnoblad advildeba (cxrili 2.5).  

damoukidebel cvladebad S entropiisa da V 

moculobis SerCevas Seesabameba Siga (Sinagan) energiad 

wodebuli Termodinamikuri potenciali: dU   TdS _  pdV.  

miRebulia, rom sistema mudmivad inarCunebs masasa da 
Sedgenilobas. 

S da p cvladebisas Termodinamikuri  potencia-

lis funqcias asrulebs enTalpia dH   TdS + Vd p. 
T temperaturisa da  V  moculobis cvladebis 

SerCevas Seesabameba A helmholcis Tavisufali 

energia  dA  _ SdT_  pdV. 
T temperaturisa da p wnevis cvladebis Termo-

dinamikur potencials ewodeba jibsis Tavisufali 

energia  dG  _ SdT + Vd p. 
 

cxrili 2.5 

Termodinamikuri  potencialebi 
  

fiqsirebuli 
parametrebi 

Termodinamikuri  
potencialebi 

S,  V, N 

S,  p, N 

T,  V, N 

 

T,  p, N 

Siga energia  
enTalpia 

helmholcis Tavisufali 
energia 

jibsis Tavisufali energia   
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2.6. qimiuri wonasworobis Termodinamika 

 

reaqcia aris homogenuri an heterogenuli. erTi 
fazis farglebSi mimdinare reaqcia homogenuria, 
fazaTa gamyof zedapirze _ heterogenuli.  

davuSvaT, rom idealur airTa narevSi an idealur 
Txevad xsnarSi mimdinare reaqcia aris  aA+bB eE+fF. es 
reaqcia SeiZleba warimarTos rogorc marjvniv, ise 
marcxniv.  

 
marjvniv da marcxniv mimdinare procesebis 

siCqareebis ( 1V  da 2V ) gaTanabreba sistemaSi  

qimiuri  wonasworobis damyarebis niSania: 
a b e f

1 1 A B 2 2 E FV = k C C =V = k C C . 

 

     am gantolebaSi A B E FC ,C ,C ,C  reaqciebSi monawile 

komponentTa koncentraciebia, 1k  da 2k  _ marjvniv da 

marcxniv mimdinare reaqciebis siCqareTa konstantebi. 
 

qimiuri  wonasworoba sistemis mdgomareobaa, 
romelSic Seqcevadad mimdinareobs erTi an 
ramdenime  qimiuri reaqcia da maTi siCqareebi 
tolia.  
 

 qimiuri wonasworoba ricxobrivad wonasworobis 
konstantiT  ganisazRvreba. wonasworobis konstanta 

 CK  gamoiTvleba formuliT:  

 
   

   

e f

C a b

E F
K =

A B




. (2.19) 

    kvadratuli frCxilebi koncentraciis gamosax-
visTvis gamoiyeneba. wonasworoba sistemis parcialuri 
(wonasworuli) wnevebiTac SeiZleba gamoisaxos: 
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   e f a b

P E F A BK P P P P   . 

sadac PE  _ E nivTierebis parcialuri wneva da a.S. 
 

mocemul temperaturaze wonasworuli koncent-
raciebis, iseve, rogorc parcialuri wnevebis 
namravlis fardoba mudmivi sididea. 

 
     wonasworobis konstanta araidealur airTa 
sistemaSi mimdinare reaqciisaTvis f fugitiurobebiT 
gamoisaxeba: 

b

B

a

A

f

F

e

E
f

ff

ff
K




 . 

     realuri xsnarisTvis koncentraciis nacvlad a 

aqtiurobiT sargebloben da (2.19) gantoleba iRebs 
Semdeg saxes:  

b

B

a

A

f

F

e

E
a

aa

aa
K




 . 

zemoT moyvanili wonasworobis konstantis 
gamosaangariSebeli Sefardebebi moqmed masaTa 
kanonis maTematikuri gamosaxulebaa (ix. 6.2 Tavi). 

 
  
2.6.1. reaqciis izoTermisa da izobaris  

gantolebebi. le Satelie _ 

braunis principi 

 

rogorc aRiniSna, 0G   utoloba reaqciis 
TavisTavadobis kriteriumia izobarul-izoTermul 
pirobebSi. Tu moreagire airebi (nivTierebebi) 
idealuri airis kanonebs emorCileba, maSin 
Termodinamikuri potencialis cvlileba gamoisaxeba 
Semdegi gantolebiT (mocemulia aA + bB  eE + fF 

pirobiTi reaqciisaTvis): 
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b

B

a

A

f

F

e

E

PP

PP
RTGG ln ,   (2.20) 

sadac oG  jibsis energiis cvlilebaa procesis 
mimdinareobisas standartul pirobebSi.       

     qimiuri wonasworobis dros ΔG = 0, xolo 
b

B

a

A

f

F

e

E

PP

PP




 

Sefardeba aris wonasworobis konstanta, maSasadame 
 

 pKRTG ln .               (2.21) 

         
oG -is mniSvnelobis CasmiT (2.20) gantolebaSi 

miviRebT 

b

B

a

A

f

F

e

E
p

PP

PP
RTKRTG lnln  . 

 
     am gantolebas reaqciis izoTermis gantoleba an, 
misi avtoris, vant-hofis gantoleba ewodeba. 
     zogadad vant-hofis gantoleba SeiZleba 
warmovadginoT Semdegi saxiT:  
 

 PKRTG p lnln  , 

sadac            
b

B

a

A

f

F

e

E

PP

PP
P lnln  , 

xolo  
b

B

a

A

f

F

e

E

PP

PP




komponentebis sawyisi (arawonasworuli) 

parcialuri wnevebis Sefardebaa.  
     im SemTxvevaSi, Tu 

 ΔlnP  < lnKp da 0G   _ reaqcia TavisTavad marc-

xnidan marjvniv mimdinareobs (E da F nivTi-
erebebis warmoqmniT); 
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  ΔlnP > lnKp da G >0 _ reaqcia sapirispiro 

mimarTulebiT mimdinareobs  (A da B B nivTierebe-
bis warmoqmniT); 

 ΔlnP = ln Kp da G =0 _ sistemaSi damyarebulia 
wonasworoba. 

 
           V = const da T = const  pirobebSi SeiZleba miviRoT 
qimiuri reaqciis izoTermis gantolebis sxva forma: 
 

 CKRTA c lnln  , 

sadac  ΔA helmholcis Tavisufali energiis cvlilebaa. 
 amrigad, Tu cnobilia wonasworobis konstanta da 
komponentebis sawyisi parcialuri wnevebi 
(koncentraciebi), reaqciis izoTermis gantolebis 
safuZvelze SesaZlebelia nebismieri reaqciis 
TavisTavadobisa da mimarTulebis prognozireba. 
      (2.21) gantolebidan gamomdinareobs: 
 

                 RTGK p /ln  .                (2.22) 

   es gantoleba wonasworobis konstantas pirda-
pir akavSirebs  jibsis standartuli Tavisufali 
energiis cvlilebasTan.  

   (2.22) gamosaxuleba saSualebas iZleva: 
 

 ΔG-is mixedviT dadgindes wonasworobis kon-

stanta (ΔG iangariSeba  Termodinamikuri 
monacemebis safuZvelze); 

 piriqiT, Kp-s eqsperimentuli gansazRvriT 

gaangariSdes ΔG. 
 

 wonasworobis konstanta Zalze mniSvnelovani 
praqtikuli parametria. Kp gviCvenebs, Tu ramdenad 
SesaZlebelia reaqciis ganxorcieleba da ramdenad 
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Rrmad mimdinareobs igi  anu rogoria nivTierebaTa 

gardaqmnis xarisxi. Tu Kp»1, procesi mimarTulia 

produqtebis mniSvnelovani warmoebisaken. Tu  Kp«1, am 
produqtebis raodenoba mcirea da procesi 
arateqnologiurad SeiZleba CaiTvalos. 

teqnologiur praqtikaSi reaqcia, romlis  
 

 Kp >104, Seuqcevadia;  
 

 Kp< 10-4, praqtikulad ganuxorcielebelia; 
 

 10-4 < Kp  < 104, praqtikulad Seqcevadi 
reaqciaa. 
 

(2.22) gantolebis da jibs-helmholcis gamosaxu-
lebis gamoyenebiT miiReba e.w. qimiuri reaqciis 
izobaris gantoleba, romelic wonasworobis 
konstantis temperaturaze damokidebulebas 
gamoxatavs. jibs-helmholcis gantolebaa   

G  = H + 
PT

G












, 

 

xolo izobaris:      
2

ln

RT

H

dT

Kd P 
 .    (2.23) 

izoqoruli procesebisaTvis lnoA A RT K     

(izoTermis gantoleba) da 
2

ln

RT

U

dT

Kd c 
  (izoqoris 

gantoleba). izobarisa da izoqoris gantolebebidan 
gamomdinareobs, rom endoTermuli reaqciis 
wonasworobis konstanta temperaturis gazrdiT 

izrdeba (vinaidan endoTermul reaqciaSi 0H  , (2.23) 
gantolebis marjvena mxare dadebiTia, Sesabamisad 
misi marcxena mxarec dadebiTi unda iyos. es ki 
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miiRweva Kp-s gazrdiT). Tu reaqcia egzoTermulia 

 0H  , maSin Kp izrdeba temperaturis SemcirebiT (nax. 

2.6). sxvagvarad, endoTermuli reaqciis sisrule 
SesaZlebelia maRal temperaturebze, xolo 
egzoTermulisa _ dabalze. 

 

      
nax. 2.6. wonasworobis konstantis temperaturaze 

damokidebuleba 
 

qimiuri  wonasworobis Tvisebrivi damokidebuleba 
gamoisaxeba le Satelie _ braunis principiT, romlis 
mixedviT: 

 
gare zemoqmedebiT Termodinamikuri wonasworobi-
dan gamoyvanil sistemaSi iseTi procesebi 
aRiZvreba, romelTa Sedegad sustdeba am 
zemoqmedebiT gamowveuli efeqti.  
 

magaliTad, sistemis temperaturis gazrdisas masSi 
warimarTeba siTbos STanTqmiT mimdinare procesebi, 
temperaturis dawevisas ki siTbos gamoyofiT mimdinare 
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procesebi. le Satelie _ braunis principi saSualebas 
iZleva wonasworobis detaluri analizis gareSe 
ganisazRvros wonasworobis wanacvlebis mimarTuleba. 

 
 

2.7. qimiuri swrafva 

 

nivTierebis midrekilebas reaqciisadmi qimiur 
swrafvas uwodeben. 

 

qimiuri swrafva (aRiniSneba M -iT) mdgoma-
reobis funqciaa, romelic axasiaTebs makros-
kopuli sistemis yoveli nivTierebis qimiuri 
urTierTqmedebis unars. igi ganisazRvreba, 
rogorc jibsis energiis kerZo warmoebuli 

reaqciis sisrulis xarisxiT   : 

,T P

G
M



 
  

 
 .                 (2.24) 

T const  da P const  dros    M G   . 

 
reaqciis sisrulis xarisxi aris garkveul droSi 

reaqciis nebismieri komponentis  i  molTa ricxvis 

 in  fardoba mis steqiometriul koeficientTan  i . 

diferencialuri saxiT es sidide Semdegi fardobiT 
Caiwereba: 

i id dn  .  

Tu 0M  , reaqcia marjvniv mimdinareobs, xolo 

Tu 0M  _ sapirispiro mimarTulebiT. wonasworobas 

gansazRvravs 0M   piroba. M -is erTeulia j/mol. 
qimiuri swrafva standartul pirobebSi 

gamoisaxeba Semdegnairad: 
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lno oM G RT K   p.    (2.25) 

(2.25) gantolebisa da izobarul-izoTermul pro-

cesSi maqsimaluri muSaobis gamosaxulebis mW G   

gamoyenebiT miviRebT: 
o o

mM W G   . 

 

 

2.8. nernstis siTburi Teorema da plankis 

postulati 

(Termodinamikis mesame kanoni) 

 

nernsti swavlobda  jibs-helmholcis 

saxecvlili formis (  /
P

G H T G T     -sa da 

 /
V

A U T A T     ) gantolebebis  /
P

T G T   da 

 /
V

T A T   wevrebs da mivida daskvnamde, rom abso-

lutur nulTan miaxloebisas orive sidide bevrad 

ufro swrafad mcirdeba, vidre T -s proporciulad 

anu rodesac 0T  , maSin / 0G T S     . 
aqedan gamomdinareobs, rom:  

1)  / 0 0G T T     da  

2)  0G H T    .  

Sesabamisad,  0A U T    . 

maSasadame, rodesac 0T  , izoTermuli proce-
sebi entropiis cvlilebis gareSe mimdinareobs. 

 

 daskvna. absolutur nulTan miaxloebisas 

jibsis Tavisufali energiisa  G  da 

enTalpiis  H  cvlilebis mrudebs abscisis 

RerZis paraleluri saerTo mxebi (1) aqvs (nax. 
2.7). mocemul  gantolebebSi e.w. Termodinamikis 
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mesame kanonis (sawyisis) arsia, romelic 
temperaturaTa absoluturi nulis 
miuRwevlobis ufro zogadi principis Sedegia. 
 

 plankis postulati ki adgens, rom absolutur 

nulze ara marto S , aramed sufTa myari 

fazis entropiac nuls utoldeba anu 0lim
0


T
S . 

 

 
nax. 2.7. enTalpiisa da Tavisufali energiis cvlileba 

 

warmodgenilma sistemam Termodinamikur funqciaTa 

gaangariSeba bevrad gaamartiva. marTlac, OS = 0  

postulatidan gamomdinare:  
 

T
p

T

O

C
S dT

T
  . 

kvlav davubrundeT naxazs. mrudebis saerTo 

saxea  H f T   da  G f T  . mocemul wertilSi 

 H f T   mrudis mxebis daxra axasiaTebs 

/ PH T C   -s, xolo  G f T  -s mrudis mxebis daxra 
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/G T S    . dabal temperaturaze T S  sxvaoba metad 
mcirea da temperaturis momatebiT mniSvnelovnad 
izrdeba. 

imis gamo, rom fazis entropia yovelTvis dadebiTia, 

T S   wevri 
T

P

O

C
T dT

T
    nebismier temperaturaze 

uaryofiTia da G H   . 
ar unda dagvaviwydes, rom nernstis siTburi 

Teorema da plankis postulati ar aris 
Termodinamikis pirveli da meore kanonebis Sedegi. 
vinaidan nernstis Teoremas mraval mniSvnelovan 
Termodinamikur Sedegamde mivyavarT, mas xSirad 
Termodinamikis mesame kanonsac uwodeben. 

 
 
2.9. Tavisufali energiis minimizaciisa da 

entropiis maqsimizaciis meTodebi 

 

qimiuri wonasworobis gaangariSebis Temodina-
mikuri meTodebi mravali fizikur-qimiuri procesis 
prognozirebisa da Sefasebis saSualebas iZleva. amas 
ki udidesi praqtikuli mniSvneloba aqvs, radgan imave 
parametrebis miReba eqsperimentulad moiTxovs did 
dros, Sromasa da masalebis did raodenobas.  

kvlevis Temodinamikuri meTodebi emyareba jibsis 
Tavisufali energiisa da wonasworobis konstantis 
gansazRvras tabulirebuli Termoqimiuri monacemebis 
safuZvelze. 

ganvixiloT ZiriTadi klasikuri da gamarti-
vebuli meTodebi: 

 
I.  qimiuri reaqciis jibsis Tavisufali energiis 

cvlilebis  ,

o

TG r  gansazRvra , , ,

o o

T T TG H T S    r r r  

gamosaxulebis gamoyenebiT (klasikuri meTodi). 
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,

o

TG r -is gamoTvlisas saWiroa reaqciaSi 

monawile nivTierebaTa standartuli moluri 

enTalpiebis  298

oH , standartuli moluri 

entropiebisa ( 0

298S )  da  ,P TC f T  funqciis codna. 

gamoTvlis mimdinareoba: 
1. reaqciis siTburi efeqtis (enTalpiis cvli-

lebis) dadgena standartul pirobebSi: 

   0 0 0

298, i i i iH n H n H     r prod. reag.
, 

sadac in  reaqciaSi monawile nivTierebaTa steqio-

metriuli koeficientebia. 
2. reaqciis entropiis cvlilebis dadgena 

standartul pirobebSi: 

     0 0 0 0

298, i i i i i iS n S n S n S     r prod. reag.
. 

sadac 0

iS  reaqciaSi monawile nivTierebaTa standar-

tuli absoluturi entropiaa. 

3.  ,P TC f T  funqciis dadgena. yvelaze xSirad 

2 2

,P TC a bT c T cT     gamosaxuleba gamoiyeneba. 

maSin  
2 2

,P TC a bT c T cT      , 

sadac , , ,a b c c     reaqciis mimdinareobisas am 

koeficientTa cvlilebaa 

     i i i i i ia n a n a n a     prod reag
, 

       i i i i i ib nb n b nb     prod reag
  da a.S. 
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4.  0

,TH f T r  da  0

,TS f T r  funqciebis 

gansazRvra:  

0

, 298,TH H   0
r r

298

T

PC dT  = 

 0 2 2

298,

298

T

H a bT c T cT dT      r  (kirxhofis 

kanoni); 

         
 2 2

0

, 298, 298,

298 298

T T

P
T

a b c T cTC
S S dT S dT

T T

    
        

0 0
r r r  

                     dT
T

cTTcbTa
T




 


298

22 )(
. 

5. 0

, , ,T T TG H T S    0 0
r r r  gantolebis amoxsna. 

 
II.  qimiuri reaqciis jibsis Tavisufali energiis cvli-

lebis  0

,TG r  gamoTvla 
,0

, ,

T

T T

P

G
G H T

T

 
       

r0
r r  

gamosaxulebis gamoyenebiT (klasikuri meTodi). 
 

0

,TG r -is dasadgenad saWiroa 298H 0 -is, nivTie-

rebaTa warmoqmnis standartuli izobaruli 

potencialebisa  0

298G  da  PC f T  funqciis 

gantolebis codna: 
1. siTburi efeqtis dadgena standartul 

pirobebSi (ix. wina meTodi);  
2. qimiuri reaqciis jibsis Tavisufali energiis 

cvlilebis  0

298G  dadgena 

     0 0 0 0

298 ,298 ,298 ,298l i i i i iG n G n G n G        prod. reag.
; 
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3. Δ  ,P TC f T  funqciis dadgena; magaliTad: 

                    ΔCp = Δa + ΔbT + Δc′T 
-2; 

4. miRebuli gantolebis integrebiT da masSi 0

298H -

sa da 298T K -is CasmiT, ΔHo integrebis konstantis 
gansazRvra: 

   0

2 1

298,

1
298 298 298

2
H H a b c


        0

r ; 

5. nebismieri temperaturisaTvis o

,TG r -is gamo-

saxva  gantolebiT  

0

,TG r  =   ΔH0 _  Δa ∙T ∙ lnT _  
2

1
∙ΔbT 

2
 _  

2

1
∙Δc′T 

-1
  + yT       (2.26)   

da integrebis meore konstantis  y  dadgena. misi 

dadgenisTvis (2.26) gantolebaSi CavsvaT ΔG
0
298,r, T = 

298KK  da ΔHo-is zemoT miRebuli mniSvneloba: 

y = (ΔG
0
298,r_ ΔH0) ∕ 298 + Δa ∙ ln 298 + 

2

1
∙Δb∙298 + 

2

1
∙Δ c′∙298-2; 

6. miRebuli integrebis konstantebis CasmiT (2.26) 

gamosaxulebaSi ganvsazRvravT ,TG 0
r . 

 
III. qimiuri reaqciis jibsis Tavisufali energiis 

 ,TG 0
r  cvlilebis dadgena Svarcman-temkinis 

daCqarebuli meTodiT. 
meTodis safuZveli aris  

, , , 2

298 298

T T

T T T P

dT
G H T S T C dT

T
       

0 0 0
r r r  

gamosaxuleba, romelSic PC -s nacvlad misi 

temperaturuli funqciaa Casmuli 

 2

PC a bT c T      . 
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integrebiT miiReba:  

, 298, 298,TG H T S     0 0 0
r r r T  0aM  1bM 2c M

 , 

sadac  

0

ln 298,15
1

298,15

T
M

T
   , 

 
2

1

298,15

2

T
M

T


 , 

 

 

2 2

2 2 2

298,15 1 1 1

2 298,152 298,15

T
M

TT


  
   

 
, 

0 1 2, ,M M M  tabulirebulia (ix. danarTi). 

PK -ze gadasvlisaTvis gamoiyeneba Semdegi  

gantoleba  
0

0298
298 0 1 2ln P

H
R K S aM bM c M

T



      .    (2.27) 

 
IV.  qimiuri reaqciis jibsis Tavisufali energiis 

cvlilebis  ,TG 0
r  dadgena ulixis mixedviT 

(gamartivebuli meTodi). 
 

 ulixis pirvel miaxloebaSi daSvebulia, 

rom ΔCp=0, e.i. reaqciis mimdinareobisas 
sistemis siTbotevadoba ar icvleba. 

amrigad , 298,TG H   0 0
r r  298,T S 0

r . 

 

 ulixis meore miaxloebaSi ugulebel- 
yofilia siTbotevadobis temperaturaze 
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damokidebuleba anu miCneulia, rom  

,298P PC C const    . 

                        am SemTxvevaSi ulixis mier SemoTavazebul 
gantolebas Semdegi saxe aqvs: 

, 298,TG H   0 0
r r  298,T S 0

r _ ΔCp,298  TMo; 

 angariSi ulixis mesame miaxloebiT 
K(klasikuri meTodebis msgavsad) 
Sromatevadia da gamosadegia im 
SemTxvevaSi, Tu cnobilia garkveul 

temperaturul intervalebSi  PC f T  

funqciis mniSvnelobebi. 
 

ganxiluli meTodebi o

,TG r -s gaangariSebis Sede-

gebis sizustis zrdis mimarTulebiT Semdegnairad 

ganlagdeba: ulixis pirveli miaxloeba  ulixis 
meore miaxloeba  Svarcman-temkinis meTodi  
klasikuri meTodi.  

klasikuri meTodebi damyarebulia Termodinami-
kis ZiriTad debulebebze. gamartivebuli xerxebi 

imave debulebebs efuZneba, magram maTSi o

,TG r -s 

gaangariSebis gasamartiveblad miiReba rigi 
daSvebebi, romlebic moqmedebs gaangariSebis 
Sedegebis sizusteze. miuxedavad amisa, maTi 
gamoyeneba mizanSewonilia reaqciis Termodinamikuri 
parametrebis Tvisebrivi Sefasebisas. 

 
 
2.10. statistikuri Termodinamikis elementebi 

 

ZiriTadi Termodinamikuri parametrebi _ 
temperatura da wneva, romelTa meSveobiTac aiwereba 
sakvlevi sistemis makroskopuli mdgomareoba, 
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statistikuri bunebisaa (gamosaxavs nivTierebis 
Tvisebebs, romlebic nawilakTa didi ricxviTaa 
ganpirobebuli). magaliTad, airis temperatura 
ganisazRvreba molekulebis saSualo kinetikuri 
energiiT; airis wneva ki WurWlis kedelTan 
molekulebis didi ricxvis dajaxebis jamuri efeqtia. 

moculoba da airis simkvrive damokidebulia 
temperaturasa da wnevaze anu statistikuri xasiaTis 
sidideebze. umTavresi Termodinamikuri funqciebi _ 
enTalpia, entropia, jibsis energia, helmholcis 
energia damokidebulia temperaturaze, wnevasa da 
moculobaze anu es funqciebic dakavSirebulia 
statistikuri xasiaTis sidideebTan. 

Termodinamikis meore kanonic statistikuria. 
rogorc vTqviT, am fizikuri kanonis arsi isaa, rom 
nebismieri sistema bunebrivad naklebad albaTuri 
mdgomareobidan meti albaTobis mqone 
mdgomareobisaken miiswrafvis (ix. 2.5 Tavi). 
Termodinamikis meore kanoni amtkicebs, rom arsebobs 
entropia da izolirebul sistemaSi mimdinare 
TavisTavadi procesebi aucileblad entropiis zrdiT 
mimdinareobs. entropiis statistikuri Sinaarsi 
daadgina germanelma mecnierma l. bolcmanma (1872 w.).  

realuri procesebis Seuqcevadobisa da 
entropiis zrdis kanonis Rrma fizikuri arsis gageba 
statistikuri Termodinamikis (statistikuri fizikis 
nawili) gareSe SeuZlebelia. 

nebimieri sistemis mdgomareoba SeiZleba 
ornairad aiweros: 

 

 temperaturis, moculobisa da wnevis _ 
sistemis makromdgomareobis maxasiaTeb-
lebis meSveobiT; 
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 nivTierebis TiToeuli nawilakis 
Tvisebebis _ sivrceSi mdebareobis, masis, 
siCqarisa da moZraobis mimarTulebis _ 
sistemis mikromdgomareobis maxasi-
aTeblebis meSveobiT. 

 
     ganvixiloT airis raRac raodenoba, romelic p, 

V, T Termodinamikuri parametrebiT xasiaTdeba. 
ucvleli gare pirobebis SemTxvevaSi airis  

makromdgomareoba ar icvleba (p, V, T  mudmivia), Tumca 
molekulebis qaosuri moZraobis gamo, maTi siCqareebi 
da sivrceSi mdebareoba swrafad cvladia. 
 
       mocemul makromdgomareobas mikromdgomare-

obaTa didi ricxvi Seesabameba. am sidides W 
Termodinamikuri albaToba ewodeba. 

       

      W sidide mocemuli makromdgomareobis 

albaTobis sazomia. rac ufro metia W, miT 
ufro albaTuria mdgomareoba. 

 
Termodinamikuri albaToba mTeli dadebiTi 

ricxviT gamoisaxeba. molekulebi erTmaneTisgan 
sivrceSi mdebareobiTa da energiiT gansxvavdeba. 
amitom airis mdgomareobis aRsawerad cnobili unda 
iyos rogorc molekulis sivrceSi mdebareoba, ise 

misi p = mv impulsi (m molekulis masaa,  v _ 
molekulis siCqare). 

mocemuli makromdgomareobis Sesabamisi mikro-
mdgomareobebis ricxvis gansazRvrisaTvis, statis-
tikur TermodinamikaSi SemoRebulia fazuri sivrcis 
cneba. magaliTad, erTatomiani molekulis 

mdgomareoba xasiaTdeba x, y, z  sami koordinatiT da 

impulsis  px, py,  p z  sami komponentiT. 
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amrigad, molekulis mdgomareobas drois 
mocemul momentSi Seesabameba eqvsganzomilebiani 
fazuri sivrcis romeliRac wertili. 

     Tu Ni molekulisagan Semdgari jgufis 

koordinatebi (x, x + dx),  (y, y + dy),  (z, z + dz), xolo 

impulsis komponentebi (px,  px+ d px), (py,  py + d py), (pz,  pz+ 

dpz) intervalebSi Tavsdeba, maSin molekulebi fazuri 

sivrcis dx dy dz dpx dpy dpz  moculobas ikaveben. fazur 
sivrces fazur ujredebad yofen da TiToeul 
ujredSi molekulebis ricxvs iTvlian. mocemul 

makromdgomareobas sxvadasxva ujredSi N1, N 2, ... ,. Nk 
molekulebis ricxvi Seesabameba. 
      idealuri airis molekulebis ganxilvisas 
sargebloben bolcmanis statistikiT, romlis 
Tanaxmad: 
 

 fazur sivrceSi molekulebis nebismieri 
ganlageba Tanabrad SesaZlebelia; 

 

 fazur ujredSi molekulebis mocemuli 
ganawileba mocemul makromdgomareobas qmnis; 

 

 fazur ujredSi molekulebis gadaadgileba 
axal mikromdgomareobas ar iZleva; 

 

 ori molekulis gadanacvleba or fazur 
ujredSi axal mikromdgomareobas Seesabameba. 

 
    mikromdgomareobaTa  ricxvis gansazRvris xerxi 
ganvixiloT martivi sistemis magaliTiT, romelic 

fazur sivrceSi  ganlagebuli sami erTnairi a, b, c 
molekulisagan Sedgeba. fazuri sivrce warmosaxviT 
dayofilia sam moculobiT tol fazur ujredad. 
TiToeuli molekula, misi moZraobis  qaosurobis 
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gamo, nebismier momentSi SeiZleba am samidan 
nebismier ujredSi imyofebodes anu molekulebis 
nebismieri ganlageba Tanabradaa SesaZlebeli.  
     ganvsazRvroT ujredSi molekulebis SesaZlo 
ganawilebis Termodinamikuri albaToba anu 
mocemuli makromdgomareobis Sesabamisi mikro-
mdgomareobaTa ricxvi. Tu samive molekula erT 
ujredSia moTavsebuli, maSin Termodinamikuri 

albaToba 1-is tolia (W=1) (gadaadgileba TiTo-

euli ujredis SigniT W-s ar cvlis). aseTi 
makromdgomareoba SeiZleba iyos sami: 
 
 

 
ujredis nomeri 

 
1 

 
2 

 
3 

erTi mikromdgomareoba, 
romelic mocemul 
makromdgomareobas 
Seesabameba 

a  b  c _ _ 

 
     rodesac 1-el ujredSi ori molekulaa, 
meoreSi – erTi, xolo mesameSi – arc erTi, maSin  
W=3, radgan 1, 2, 3 ujredebs Soris a, b da c 
molekulebis 3 gadaadgilebaa SesaZlebeli: 
 
 

        

 
ujredis nomeri 

 
1 

 
2 

 
3 

sami mikromdgomareoba, 
romelic mocemul 
makromdgomareobas 
Seesabameba 

a  b   c _ 

a  c b  _ 

b  c a _ 
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amrigad, Termodinamikuri albaToba W = 3: Ti-
Toeul makromdgomareobas 3 mikromdgomareoba 
Seesabameba.  
      molekulebis Tanabari ganawilebisas (TiTo 
molekula TiToeul ujredSi) W = 6, vinaidan 1, 2, 3 
fazur ujredSi a, b, c molekulebis eqvsi sxvadasxva 
ganlagebaa SesaZlebeli:   
 
 

 
ujredis nomeri 

 
1 

 
2 

 
3 

eqvsi mikromdgomareoba, 
romelic mocemul 
makromdgomareobas 
Seesabameba 

a b c 

a c b 

b c a 

b a c 

c b a 

c a b 

 
 
  mocemul makromdgomareobas eqvsi mikromdgoma-

reoba Seesabameba.  
 
maSasadame, maqsimaluri Termodinamikuri 
albaToba miiRweva molekulebis fazur 
ujredebSi Tanabari ganawilebisas. 
 
Termodinamikuri albaTobis gansazRvrisaTvis 

kombinaciaTa !3321   saerTo ricxvi unda gaiyos 
gadaadgilebaTa ricxvze TiToeul ujredSi: 

 

1
!0 !0 !3

!3
1

W ;  3
!0 !1 !2

!3
2

W ; 
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6
!1 !1 !1

!3
3

W  

 
(nulis faqtoriali udris 1-s). 

zogad SemTxvevaSi Termodinamikuri albaToba 
kombinatorikis cnobili formuliT gamoiTvleba: 

! ! !

!

21 n
NNN

N
W


 ,                (2.28) 

 
sadac n ujredebis saerTo ricxvia; xolo 

n
NNN 

21
,  Sesabamisad molekulebis ricxvi n,,2,1    

ujredebSi. 
n ujredebs Soris N molekulebis Tanabari 

ganawilebisas 
m

W  maqsimaluri Termodinamikuri 

albaToba udris 

nm

n

N

N
W



















!

!
.                  (2.29) 

 

Tu 15n  da 3n , maSin 5106,7 
m

W ; 

Tu 20n  da 4n , maSin 1010173,1 
m

W . 

 
  mokelulebis ricxvis gazrdiT Tanabari ganawi-

lebis albaToba Zalian swrafad izrdeba, amitom 

Cveulebrivi airi, romlis 1 molSi 2310022,6   
nawilakia, Tanabrad nawildeba mTel moculobaSi.  
     statistikur TermodinamikaSi  postulirebulia, 
rom yvela izolirebuli sistema meti albaTobis mqone 
mdgomareobisaken miiswrafvis; am dros izolirebuli 
sistemis Termodinamikuri albaToba maqsimums 
uaxlovdeba. amrigad, Termodinamikuri albaTobis 
maqsimums sistemis wonasworuli mdgomareoba 
Seesabameba. 
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2.10.1. entropia da albaToba 

 

     izolirebul sistemaSi mimdinare yvela Seuqcevi 
procesisaTvis entropia da Termodinamikuri 
albaToba izrdeba da wonasworobis mdgomareobaSi 
maqsimums aRwevs. 
     statistikur TermodinamikaSi mtkicdeba, rom 

sistemis S entropia misi mdgomareobis W 
Termodinamikuri albaTobis funqciaa: 

 
)(WfS  .                    (2.30) 

 
     ganvixiloT ori Termodinamikuri sistema, 

romelTa entropiebia S1  da  S2,  Termodinamikuri 

albaTobebi _ ki W1 da W2. am sistemebidan SevadginoT 
erTi sistema, romlis entropia da albaToba 

gamoisaxeba S  da  W sidideebiT.  
    entropia aditiuri sididea. wonasworuli 
sistemis entropia sistemaSi  Semavali qvesistemebis  
entropiaTa jamis tolia: 
 

                       S = S1 +  S2  .                                                            (2.31) 
 
    rTuli movlenis albaToba am movlenis 
Semadgenel movlenaTa albaTobebis namravlis  
tolia: 

21
WWW  .                                                                 (2.32) 

 
    mTeli sistemisaTvis da misi orive nawilisaTvis 
(2.30) gantolebidan gamomdinareobs, rom 
 

    )(WfS  ;    )(
11

WfS  ;    )(
22

WfS  .        (2.33) 
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     (2.31) _ (2.33) gantolebaTa  Tanaxmad, entropia 
albaTobasTan dakavSirebulia TanafardobiT: 
 

WkWfS ln)(  ,                 (2.34) 

 
sadac k mudmiva (bolcmanis mudmiva) yvela sistemis-
Tvis erTnairia. 
   marTlac, (2.34)-is mixedviT, 
 

WkS ln ; 
11

lnWkS   da 
22

lnWkS  .       (2.35) 

 
    (2.32)-is CasmiT (2.35)-is pirvel gamosaxulebaSi, 
vRebulobT: 
 

2121
lnln)ln( WkWkWWkS  .          (2.36) 

 

   (2.35) gamosaxulebebis gaTvaliswinebiT S1  da  S2-
isTvis  vRebulobT (2.31) Tanafardobas, rac  
amtkicebs (2.34) gantolebis marTebulobas. 

bolcmanis mier dadgenili (2.34) Tanafardoba  
statistikuri Termodinamikis ZiriTad  kanons 
gamosaxavs. es gantoleba akavSirebs klasikuri 
Termodinamikis meore kanonis ZiriTad funqcias _ 
entropias statistikuri Termodinamikis ZiriTad 
sididesTan  _ Termodinamikur albaTobasTan: 

 

WkS ln . 
 

     maSasadame, statistikuri Termodinamikis 
ZiriTadi  gantolebidan gamomdinareobs, rom 
 

sistemis entropia misi mdgomareobis 
Termodinamikuri albaTobis proporciulia. 
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  statistikuri Termodinamikis umniSvnelovanesi  
Sedegia Termodinamikuri sidideebis statistikuri 
arsis dadgena. es saSualebas gvaZlevs Termodinamikis 
kanonebi gamoviyvanoT statistikuri Termodinamikis 
zogadi warmodgenebis safuZvelze da Termodinamikuri 
sidideebi gamovTvaloT konkretuli sistemebisaTvis. 
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3 .  x s n ar i da  Termodi na mi kuri  

a qtiuroba 

 
xsnari ori an meti komponentis 
makroskopulad homogenuri narevia, romelic 
warmoqmnis Termodinamikurad wonasworul 
sistemas. 
 

arsebobs airadi, Txevadi da myari xsnarebi. 
airadi xsnari airTa narevia, Txevadi xsnari  siTxisa 
da myari nivTierebis an siTxisa da airis narevia. myar 
xsnarSi yvela komponenti myaria. 

Ppraqtikulad yvela siTxe, romelic bunebaSi 
gvxvdeba (zRvis wyali, navTobi da a. S.) xsnaria. 
gvxvdeba myari xsnarebic _ yvela kristaluri 
nivTiereba  myari xsnaria, vinaidan absoluturad 
sufTa nivTierebis miReba SeuZlebelia.  

xsnaris dayofa gamxsnelad da gaxsnil 
nivTierebebad pirobiTia. Cveulebriv, gamxsneli is 
komponentia, romelic raodenobrivad metia. Aam 
TvalsazrisiT, haeri Jangbadis, naxSirorJangis, 
inertuli airebis, agreTve wyalbadis, ozonisa da 
sxva airTa bunebrivi xsnaria azotSi, vinaidan haeris 
SedgenilobaSi 78 % azotia. 

termini “xsnari” ZiriTadad Txevadi xsnaris 
aRmniSvnelia. Txevadi xsnaris gamxsnelad yvelaze 
xSirad wyali da organuli nivTierebebi (spirti, 
mJava, eTeri da a.S.) gamoiyeneba. 

Semdgom gamxsneli aRiniSneba A -Ti, xolo 

gaxsnili nivTiereba _ , ,B C D -Ti da a.S. 

gamxsneli da gaxsnili nivTierebebi polaruli 
an arapolaruli SeiZleba iyos. jerjerobiT ara 
gvaqvs maTematikuri formula, romelic ama Tu im 
nivTierebis wyalSi an sxva gamxsnelSi xsnadobis 
prognozirebisa da gaangariSebis saSualebas 
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mogvcemda. Aamitom mimarTaven zogad wess: “msgavsi 
ixsneba msgavsSi”. es imas niSnavs, rom ionuri da 
polaruli naerTebi metwilad ixsneba polarul 
gamxsnelebSi (wyali, spirtebi, eTerebi),  arapola-

ruli ki _ arapolarulebSi  6 6, 4 2,C H CCl CS . 

xsnaris Tanamedrove Teoria xsnadobis process 
ixilavs, rogorc sxvadasxva polarobis mqone 
nawilakTa Soris urTierTqmedebas. molekulaTa 
polaroba dipoluri momentiT xasiaTdeba. wylis 
maRali polaroba masSi sxvadasxva nivTierebis 
gaxsnis mizezia.  

3.1 Nnax.-ze naCvenebia ionuri kristalis  wyalSi 
gaxsnis procesi. NaCl-is tipis marilis wyalSi gaxsnisas 
hidrataciis procesi iwyeba wylis dipoluri 
molekulebis orientaciiT kristalis yvela waxnagisa 
da amoburculobis irgvliv. hidratirebuli ionebi 
kristalis zedapiridan xsnarSi gadadian, ris Semdeg  
hidrataciis procesSi monawileobas iRebs ukve 
kristaluri mesris anionebisa da kationebis Semdegi 
Sre. amrigad, gaxsnis procesis efeqturoba natriumis 
da qlorid-ionebis hidrataciisa da maTi xsnaris 
moculobaSi difuziis unaris proporciulia. 

xsnaris umTavresi maxasiaTebelia misi Sedgeni-
loba, romelic komponentebis koncentraciiT ganisaz-
Rvreba. qimiur praqtikaSi xsnaris Sedgeniloba 
moluri, moculobiTi da masuri wilebiT gamoisaxeba: 

 moluri wili  iN  aris xsnarSi Semavali erT-

erTi komponentis molebis raodenobis  in  

fardoba xsnaris yvela komponentis molebis 
jamTan: 

 ; % 100i i i i i iN n n N n n     _    moluri 

procenti; 
 



 141 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N

nax.3.1. NaCl-is kristalis wyalSi gaxsnis procesi

1
4

1
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 moculobiTi wili  i  aris xsnarSi Semavali 

erT-erTi komponentis moculobis  iV  fardo-

ba xsnaris mTel moculobasTan: 

       ; % 100i i i i i iV V V V        _   moculo-

biTi procenti; 
 

 komponentis masuri wili  ( iw ) ganisazRvreba 

misi masis  )( ig  SefardebiT xsnaris saerTo 

masasTan: 

 ;/ iii ggw     ;/100(%) iii ggw  _ masuri 

procenti. 
 

koncentraciis gamosaxvis xerxebi: 
 

 moluri koncentracia (moluroba) aris 
gaxsnili nivTierebis molebis raodenoba 1 m3 
anu 1 litr xsnarSi 

 VnM BB /   (mol/m3 an mol/l), 

 V _ xsnaris moculoba, m3 an l.  

 molaluri koncentracia (molaluroba) aris 
gaxsnili nivTierebis molTa raodenoba 1 kg an 
1000 g gamxsnelSi 

ABB gnm /1000         (mol/kg an mol/g), 

Ag   _ gamxsnelis masa. 

 normaluri koncentracia (normaluroba) erT 
litr xsnarSi gaxsnili nivTierebis gram-ekvi-
valentis tolia. 
 

 xsnaris titri aris gramobiT gamosaxuli 
gaxsnili nivTierebis raodenoba 1 ml xsnarSi. 
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xsnars, romelic Termodinamikur wonasworobaSia 
mis Semadgenel erT-erT sufTa komponentTan, 
najeri ewodeba, xolo mis koncentracias  
mocemuli komponentis xsnadoba. 

 
xsnadobis raodenobrivi maxasiaTebelia xsnado-

bis koeficienti. 
 

gramebiT gamosaxul nivTierebis maqsimalur 
raodenobas, romelic mocemul temperaturaze 
100 g gamxsnelSi ixsneba xsnadobis koeficienti 
ewodeba. xsnadobis erTeulia g/l.  
 
Tu gaxsnili nivTierebis koncentracia mis xsna-

dobaze naklebia, xsnari ujeria. zenajer xsnarSi _ 
gaxsnili nivTierebis koncentracia aWarbebs mis 
xsnadobas. xsnadobis (S) temperaturaze damokidebu-
leba grafikulad gamoisaxeba xsnadobis mrudebis 
saxiT (nax. 3.2). 

 

nax. 3.2. xsnadobis temperaturaze damokidebuleba; 

1 – КNО3, 2 – Nа2SО4·10Н2О,  3 – Nа2SО4, 4 – Ва(NО3)2 
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xsnari naklebad mowesrigebuli sistemaa, vidre 
gamxsneli da gaxsnili nivTiereba cal-calke. amitom 
erTi nivTierebis meoreSi gaxsnisas entropia izrdeba 

( 0S  ), xolo jibsis Tavisufali energia mcirdeba 

( 0G  ), rac xsnadobis procesis TavisTavadobaze 
miuTiTebs. 

Termodinamikuri Tvisebebis Sesabamisad xsnarebs 
yofen idealur da araidealur xsnarebad. 

idealuria xsnari, romelic erTnair agregatul 
mdgomareobaSi myofi komponentebisagan warmoiqmneba 
da misi miRebis dros: 

 moculoba ucvleli rCeba, 0V  ;   

 enTalpia ar icvleba, 0H  ; 

 entropiis cvlileba ki idealuri airebis 
Serevisas entropiis cvlilebis tolia, ΔS=  
ΔSid.   

     idealur xsnars imitom uwodeben idealurs, rom 
igi realurad ar arsebobs. Tumca arsebobs 
idealurTan miaxloebul xsnarTa raRac raodenoba, 
romlebsac ganzavebuli xsnarebi ganekuTvneba. 
     xsnars, romelsac idealuri xsnaris Tvisebebi 
ar axasiaTebs araidealuri ewodeba. 

ganzavebul da araidealur xsnarebs Semdgom 
TavebSi ganvixilavT. 

 

3.1. parcialuri moluri sidideebi da qimiuri 

potenciali 

 

sistemas axasiaTebs eqstensiuri da intensiuri 
Tvisebebi:  

 eqstensiuri Tvisebebi nivTierebis raodenobis 
proporciulia,  

 intensiuri Tvisebebi nivTierebis raodenobaze 
damokidebuli ar aris. 
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Tu xsnaris yvela komponentis raodenoba n -jer 
gaizrdeba, intensiuri Tvisebebi ar Seicvleba, xolo 
eqstensiuri _ Seicvleba. 

or- da metkomponentian sistemaSi aucilebelia 
TiToeuli komponentis gavlenis wilis codna 
xsnaris eqstensiur Tvisebebze. 

xsnaris yoveli Semadgeneli komponentis wvlils 
mis TvisebebSi parcialuri moluri sidide aRwers. 

 

i -uri komponentis ig  parcialuri moluri 

sidide warmoadgens xsnaris eqstensiuri 
Tvisebis cvlilebas i -uri komponentis erTi 
molis damatebisas, gare faqtorebisa da 
danarCeni komponentebis molTa ricxvis 
mudmivobis pirobebSi 

                            

 , , j

i

i P T n j i

g
g

n


 
  

 
 ,          (3.1)          

   

sadac  jn j i   gviCvenebs sistemis yvela komponentis 

Semcvelobis mudmivobas, garda erTisa. 
magaliTad, Tu xsnaris romelime komponentis 

raodenoba in -iT gaizrdeba, eqstensiuri Tvisebac g -

Ti icvleba. 
Tu sistemaSi usasrulo mcired icvleba 

TiToeuli komponenti  1 2, ... idn dn dn , maSin 

1 1 2 2 ... i idg g dn g dn g dn    . am gantolebis integrebiT 

ganisazRvreba xsnaris nebismieri eqstensiuri g  

Tviseba  

i ig g n  

an 
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1 1 2 2 ... i ig g n g n g n    , 

integrebis konstanta udris nuls, radgan Tu 

1 2n = n = ...= 0 , g = 0 . 

es midgoma marTebulia yvela eqstensiuri 
Tvisebis mimarT, magaliTad, xsnaris moculoba 
gamoiTvleba parcialuri moluri moculobebis 
SejamebiT: 

1 1 2 2 ... i iV V n V n V n    . 

xsnaris yvela komponentis parcialuri moluri 
sidideebi dakavSirebulia  jibs-diugemis gantolebiT 

i in dg o      an     i iN dg o , 

sadac iN  komponentis moluri wilia. 

am gantolebiT mowmdeba gazomili parcialuri 
moluri sidideebis Termodinamikuri SeTanxmebuloba. 

parcialur molur sidideebs Soris 
gansakuTrebiT mniSvnelovania parcialuri moluri 

Tavisufali energia. mas qimiuri potenciali ( i ) 

ewodeba 

  

 , , j

i i

i P T n j i

G
G

n




 
   

 
.          (3.2)  

 
qimiuri potenciali jibsis energiis cvlilebaa 

T const  da P const , i -uri  komponentis erTi 
molis damatebisas nivTierebaTa usasrulod didi 
raodenobis Semcvel sistemaSi. 
 
i -uri  komponentis qimiuri potenciali gani-

sazRvreba rogorc nebismieri Termodinamikuri 
potencialis kerZo warmoebuli  molebis raodenobiT: 

, , , , , , , ,j j j j

i

i i i iS V n S P n T V n V u n

U H A S
T

n n n n


          
           

          
. 
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qimiuri potenciali saSualebas iZleva martivad 
Camoyalibdes Termodinamikuri wonasworobis 
pirobebi. wonasworobisas nebismieri komponentis 
qimiuri potenciali erTnairia sxvadasxva fazaSi da 
erTsa da imave fazis yvela wertilSi.  

nebismieri Termodinamikuri procesis TavisTavad 

mimdinareobis saerTo pirobaa:   0i idn  , xolo 

wonasworobis   0i idn  . 

idealuri xsnaris TiToeuli komponentis qimiur 
potencials aqvs martivi logariTmuli damoki-
debuleba mis koncentraciaze: 

  
ln

ln ,

O

A A A

O

B B B

RT X

RT X

 

 

 

 
    (3.3) 

O

A  da O

B  standartuli qimiuri potencialebia, 

romlebic axasiaTeben A -s da B -s individualur 

mdgomareobaSi  1; 1A BX X  . 

qimiuri potenciali aris nebismieri fizikur-
qimiuri procesis, maT Soris fazuris, intensivobis 

faqtori. i  komponentis gadasvla   fazidan   

fazaSi SesaZlebelia, Tu i i

   . 

 
3.2. ganzavebuli xsnari 

 
xsnaris komponentTa urTierTqmedeba rTulia, 

amitom xsnarSi mimdinare procesebis asaxsnelad 
mimarTaven idealizebuli modelis or tips: 
usasrulod ganzavebul da srulyofil xsnarebs. 

usasrulod ganzavebul xsnarSi gaxsnili 
nivTierebis koncentracia usasrulod mcirea, ris 
gamoc SesaZlebelia ugulebelvyoT gaxsnili 
nivTierebis molekulebis urTierTqmedeba da 
CavTvaloT, rom aseT xsnarSi adgili aqvs mxolod 
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gamxsnelisa da gaxsnili nivTierebis molekulebis 
urTierTqmedebas. ganzavebuli xsnaris magaliTebia 
airis wyalxsnari da bunebrivi xsnarebis umravlesoba.  

cnobilia zogadi kanonzomierebani ganzavebuli 
xsnarisaTvis. xsnaris am Tvisebebs koligatiuri ewodeba 
(maT Semdgom TavebSi ganvixilavT). koligatiuri 
Tvisebebi ganpirobebulia mxolod gamxsnelis bunebiT 
da gaxsnili nivTierebis koncentraciiT da ar aris 
damokidebuli gaxsnili nivTierebis Tvisebebze. 

 
3.2.1. airis xsnadoba siTxeSi. henris kanoni 

 
henris kanonis Tanaxmad, mudmivi temperaturis 
dros siTxeSi gaxsnili airis raodenoba xsnarze  
misi parcialuri wnevis proporciulia 

CB = BK BP , 

sadac CB _ gaxsnili airis koncentracia, BP  misi 

parcialuri wnevaa, BK  _ henris mudmiva. 

   henris kanoni ZalaSia, Tu gaxsnisas airis 
molekuluri masa ucvlelia. 
   siTxeSi airis xsnadoba icvleba farTo zRvrebSi 
da damokidebulia wnevaze, temperaturasa da airisa 
da gamxsnelis bunebaze (cxrili 3.1). temperaturis 
gazrdiT airis xsnadoba siTxeSi mcirdeba. 

cxrili 3.1                                                             

airis xsnadoba wyalSi (T = 18С da P= 1 atm)   
                                                                                                          

airi xsnadoba, g/100g H2O 
Aazoti 

wyalbadi 
Jangbadi 

CO2 

SO2 
HCl 

NH3  

0,00208 
0,000164 
0,00451 
0,1783 
12,13 
73,41 
55,70 
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   henris kanonidan gadaxra aRiniSneba: 

 airis qimiuri urTierTqmedebisas gamxsnelTan 
(NH3, HCl  xsnarebi); 

 maRali wnevis pirobebSi. 
daltonma Seiswavla airTa narevis Tvisebebi da 

daadgina Semdegi kanonzomiereba: 
mudmivi temperaturis dros airTa narevis 
calkeuli komponentis xsnadoba mocemul 
siTxeSi misi parcialuri wnevis proporciulia. 

 
am kanons emorCileba yvela is airi, romelic 

TvisebebiT axlos dgas idealur airTan. 
 

oratomiani airis  2 2,N O  gaxsnisas Txevad 

liTonSi airis xsnadoba proporciulia ara 
parcialuri wnevisa, aramed kvadratuli fesvisa 
parcialuri wnevidan (siversis kanoni) 

2 2

1 ,N N NC K P  sadac 
2 2

1

N NK K . 

 
3.2.2. raulis kanoni 

 
eqsperimentiT dadginda, rom xsnaris zemoT 

gamxsnelis najeri orTqlis parcialuri wneva ( AP ) 

tolia sufTa gamxsnelis najeri orTqlis wnevis ( 0

AP ) 

namravlisa xsnarSi gamxsnelis molur wilze 

AAA NPP 0 .  (3.4) 

orkomponentian sistemaSi gamxsnelis NA da 
gaxsnili nivTierebis NB molur wilTa jami erTs 
udris,  NA+NB=1, aqedan  NA=1_NB. amis gaTvaliswinebiT, 
(3.4) gamosaxuleba Semdeg saxes miiRebs: 

B

A

AA N
P

PP



0

0

. 
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xsnaris zemoT gamxsnelis najeri orTqlis 
wnevis fardobiTi Semcireba gaxsnili nivTie-
rebis moluri wilis tolia (raulis kanoni). 
 

maSasadame, orTqlis wnevis fardobiTi Semcireba 
gaxsnili nivTierebis Tvisebebze damokidebuli ar aris 
(xsnaris koligatiuri Tvisebaa).   

xsnars, romelic raulis kanons emorCileba, 
idealuri xsnari ewodeba. 

 
3.2.3. xsnaris duRilis temperaturis aweva 

 
raulis kanonis pirveli Sedegis Tanaxmad, 
xsnari ufro maRal temperaturaze duRs vidre 
sufTa gamxsneli. 
 
amis sailustraciod 3.3 nax.-ze mocemulia 

xsnarisa da sufTa gamxsnelis najeri orTqlis 
wnevis temperaturaze damokidebuleba. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 3.3. xsnarisa da sufTa gamxsnelis najeri orTqlis 
wnevis temperaturaze damokidebuleba  

 

  

d 

g 
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1P  atm wnevaze xsnaris duRilis temperatura 

dT -Ti aRemateba gamxsnelis duRilis temperaturas.  

 
xsnaris duRilis temperaturis gazrda gaxsnili 
nivTierebis molaluri koncentraciis pirdapir-
proporciulia 

BT K m  d eb ,    (3.5) 

 

sadac Keb  ebulioskopiuri mudmiva anu duRilis 

temperaturis moluri zrdaa, Bm  _ gaxsnili nivTie-

rebis molaluroba. 

1000

RT
K

l




2
d

eb
a

, 

Td  sufTa gamxsnelis duRilis temperaturaa, la  _ 

gamxsnelis aorTqlebis kuTri siTbo. 
 

3.2.4. xsnaris gayinvis temperaturis  

Semcireba 

 
siTxis gayinvis temperatura is temperaturaa, 

rodesac najeri orTqlis wneva yinulis kristalebsa 

da siTxeze erTnairia. 3.3 nax.-ze xy mrudi aris 
yinulis najeri orTqlis wnevis wiri. amrigad, 

xsnaris gayinvis temperatura (Tg.x. ) ufro dabalia, 

vidre sufTa gamxsnelis (Tg.g. )  da  gT = Tg.g. _ Tg.x.  

(raulis kanonis meore Sedegi). 
 
xsnaris gayinvis temperaturis Semcireba 
gaxsnili nivTierebis molaluri koncentraciis 
pirdapirproporciulia 

BT K m  g kr ,    (3.6) 
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sadac 

2

1000

RT
K

l




g
kr

l

 krioskopiuli mudmivaa, Tg  _ 

gamxsnelis gayinvis temperatura, ll  _ lRobis siTbo. 

     mravali gamxsnelis krioskopiuli da 
ebulioskopiuri mudmivebi mocemulia 3.2 cxrilSi. 

                                                                   
cxrili 3.2 

zogierTi gamxsnelis Kkr da Keb  

gamxsneli Kkr Keb  

wyali 
benzoli 
fenoli 
heqsani 
qafuri 

CCl4 

1,86 
5,12 
6,81 
20,2 
40,0 

0,52 
2,53 
 
 
 

5,0 
 

is faqti, rom ΔTg da ΔTd  ar aris damokidebuli 

gaxsnili nivTierebis gvarobaze da mxolod xsnarSi 
nawilakTa ricxviT ganisazRvreba, gaxsnili nivTierebis 
molekuluri masis dadgenis saSualebas iZleva: 

 

1

2

2

1000

gT

gK
M






g

kr
  ,             

1

2

2

1000

gT

gK
M






d

eb
, 

sadac g1 da  g2 _ Sesabamisad gamxsnelisa da gaxsnili 
nivTierebis masa. 

amrigad, ΔTg an ΔTd  gazomviT, martivad gamov-

TvliT  gaxsnili nivTierebis M2 molekulur masas. 
molekuluri masis gansazRvris am meTodebs 

ewodeba krioskopiuli da ebulioskopiuri. xsnaris 
gamyarebis temperaturis daweva mniSvnelovan rols 
asrulebs bunebasa da teqnikaSi. 
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3.2.5. osmosi. vant-hofis kanoni 

 
osmosi (berZn. osmos – biZgi, wneva) _ gamxsnelis 
calmxrivi dena an difuzia xsnarisa da sufTa 
gamxsnelis, an sxvadasxva koncentraciis ori 
xsnaris gamyof naxevrad SeRwevad membranaSi.  
 

naxevrad SeRwevadi membrana tixaria, romelic 
atarebs gamxsnelis mcire molekulebs, magram 
SeuRwevadia gaxsnili nivTierebis ufro msxvili 
molekulebisaTvis. Tu gamxsnels xsnarisagan 
gamovyofT aseTi membraniT (pergamenti an celofani), 
maSin SesaZlebelia gamxsnelis calmxrivi difuzia 
anu gamxsnelis Sewova xsnaris mier (nax. 3.4).  

 

 
                      

nax. 3.4. osmometri 
1 – Saqris xsnari,  2 – naxevrad gamtari  membrana,  

3 - wyali 

 
bunebaSi yvelaferi miiswrafvis wonasworobisa-

ken, am SemTxvevaSi ki koncentraciis gaTanabrebisaken. 
amitom, roca aseTi membrana yofs sxvadasxva 
koncentraciis or xsnars, gamxsnelis gadasvla 
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yovelTvis mimdinareobs ganzavebuli xsnaridan kon-
centrirebulisaken.   

osmosuri wneva Termodinamikuri parametria. mas 
gaxsnili nivTierebis arsebobisas ganapirobebs gamxs-
nelis qimiuri potencialis Semcireba. qimiuri 
potencialis gaTanabrebisa da ufro dabali 
Tavisufali energiis mqone mdgomareobaSi gadasvlis 
tendencia iwvevs nivTierebis osmosur gadatanas. 

osmosis Sedegad siTxis done WurWelSi aRwevs h 
simaRles (nax. 3.4). osmosi mimdinareobs manam, sanam 
siTxis svetis wneva ar gautoldeba osmosur wnevas. 

 
maSasadame, osmosuri wneva aris Zala, romelic 
iwvevs osmoss da tolia im Warbi wnevisa, 
romelic unda movdoT xsnaris mxridan, raTa 
osmosi Sewydes.  
  wnevaTa sxvaobas,  romlis drosac gamxsnelis 
nakadi wydeba, osmosur wnevas uwodeben. 
 

vant-hofma daadgina, rom ganzavebul xsnarSi 
osmosuri wneva xsnaris koncentraciis pirdapir-
proporciulia 

cRT  ,     (3.7) 

sadac c  xsnaris molurobaa, R  _ airis universaluri 

mudmiva, T  _ temperatura. 
osmosis efeqti Zalzed mniSvnelovania mcenare-

ebSi. osmosis gamo, mcenare wyals iwovs anu simZimis 
Zalis sawinaaRmdegod xdeba wylisa da sakvebi xsna-
ris gadaadgileba niadagidan zemoT xis wverosken. 

vinaidan cocxali ujredis garsi naxevargamtari 
membranaa, osmosuri wneva ujreds simtkicesa da 
drekadobas aniWebs. is akavebs wyalSi gaxsnili 
nivTierebis molekulebs, Tumca ganapirobebs wylis 
migracias ujredidan ujredSi. maSasadame, yoveli 
cocxali ujredi mikroskopuli osmosuri sistemaa 
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da osmosur wnevas udidesi mniSvneloba aqvs 
biologiuri procesebisaTvis. magaliTad, sisxlis 
osmosuri wnevis umniSvnelo cvlilebac ki 
diskomforts iwvevs. maRalorganizebuli organizmis 
ujredis wvenis osmosuri wneva TiTqmis yvela 
organoSi erTnairia da udris 8 atm-s, Tevzebisa – 
10_15 atm-s; mindvris mcenareebSi osmosuri wneva Sead-
gens 5_10 atm-s, udabnos mcenareebSi ki – 60_100 atm-s 
anu yvela SemTxvevaSi osmosi muSaobs.  

osmosuri wnevis gazomva mraval siZnelesTanaa 
dakavSirebuli. kerZod, Znelia naxevrad SeRwevadi 
membranis SerCeva, romelic mxolod gamxsnels 
atarebs.  

  aris xsnaris erT-erTi koligatiuri Tviseba. 
Tanabari osmosuri wnevis mqone xsnarebs, 

izotonuri xsnarebi ewodeba. 
 
 

3.3. srulyofili xsnari 
 

metalurgiasa da qimiur mrewvelobaSi xSirad 
gamoiyeneba koncentrirebuli xsnarebi. koncentri-
rebuli xsnaris fizikuri bunebis ganxilvisas 
mimarTaven srulyofili xsnaris models. 

srulyofilia xsnari, Tu is msgavsi bunebis 
komponentebisganaa warmoqmnili. aseT xsnarSi 
calkeuli da sxvadasxva saxis molekulebs Soris 

 , ,A A B B A B    mizidulobis erTnairi Zalebi 

moqmedebs. srulyofili xsnaris warmoqmnisas 

moculoba da enTalpia ar icvleba  0, 0V H    . 

ganvixiloT A  da B  komponentebisagan Semdgari 
binaruli xsnari. srulyofili xsnaris TiToeuli 
komponentisTvis sruldeba raulis kanoni 

AAA NPP 0     da  BBB NPP 0 . 
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xsnaris najeri orTqlis saerTo wneva  P  

komponentTa parcialuri wnevebis jamis tolia: 

BBAABA NPNPPPP 00  . 
srulyofili xsnarisaTvis “orTqlis wneva _ 

Sedgeniloba” diagrama mocemulia 3.5 nax.-ze. 
* *

A BP P  wrfe _ orTqlis sruli wnevis damokidebu-

leba xsnaris Sedgenilobaze. * *

A BP P  wrfeze 

ganlagebuli wertilebi orfazian sistemas Seesaba-

meba (wonasworobaSia orTqli  siTxe). * *

A BP P  wrfis 

zemoT iseTi pirobebis (wnevebisa da Sedgenilobebis) 
area, rom Txevadi xsnari arsebobs, wrfis qvemoT ki – 
iseTi pirobebis are, rom mxolod orTqlia. 

3.6 nax.-ze sami Sedgenilobis xsnaria gamosaxuli: 

C  _ Txevad mdgomareobaSi, E  _ wonasworulSi 

(orfaziani) da D  _ erTfaziani, airad mdgomareobaSi.  

nax. 3.5. raulis kanonis          nax. 3.6 orTqlis saerTo  
  grafikuli gamosaxuleba          wnevis damokidebuleba 

                               siTxisa da orTqlis  
Sedgenilobaze 

     C  Sedgenilobis Txevadi narevis asaduReblad 

 1 x  atm wnevaa (wnevis Semcireba) saWiro, D  orTqlis 

kondensaciisaTvis ki _  1 y  atm (wnevis gazrda).              
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imisaTvis, rom dadgindes, ra Sedgenilobis 

orTqlia wonasworobaSi E   Sedgenilobis siTxesTan,  
diagramaze ageben “orTqlis wneva _ orTqlis 
Sedgeniloba” damokidebulebas. igi, rogorc wesi, 

mrudwirulia. E  Sedgenilobis siTxesTan 

wonasworobaSia E  Sedgenilobis orTqli. E -sa da 

E -is Sedgenilobebs vadgenT A B  RerZis meSveobiT. 
ufro xSirad, “duRilis temperatura _ Sedge-

niloba”  diagramebs mimarTaven (nax. 3.7). 

A BT CT  orTqlis wiris zemoT orTqlis area, 

1A BT C T  siTxis wiris qvemoT _ siTxis are. 1A B AT CT CT  

areSi ori faza erTdroulad arsebobs: Txevadi da 
orTqli. 

wirebis ganlageba diagramaze miuTiTebs, rom 
orTqlisa da siTxis Sedgeniloba gansxvavebulia 
koncentraciaTa mTel intervalSi. 

 

 
nax. 3.7. srulyofili xsnaris “duRilis temperatura_ 

Sedgeniloba” diagrama 
 

diagrama gamoiyeneba orkomponentiani xsnaris fraq-
ciuli gamoxdis ZiriTadi parametrebis dasadgenad. 
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fraqciuli gamoxda aris Txevadi narevis 
Semadgenel nawilebad dayofis procesi, rac 
maTi duRilis sxvadasxva temperaturazea 
damyarebuli. 
 
konovalovis pirveli kanonis Tanaxmad, orTqlSi 
im komponentis siWarbea, romlis duRilis 
temperatura naklebia an romlis damateba zrdis 
orTqlis saerTo wnevas (an amcirebs xsnaris 
duRilis temperaturas). 
 

diagramaze 1C  Sedgenilobis Txevadi narevia 

gamosaxuli. am narevTan wonasworobaSi myofi D 

Sedgenilobis orTqli dabalmduRare BAkomponents 
ufro Warbad Seicavs, vidre siTxe.  sistemidan Txevadi 
narevis gamoyofiT da misi nawilobrivi aorTqlebiT 

anu pirveli gamoxdis Sedegad miiReba M  

Sedgenilobis siTxe (temperatura izrdeba 1C C   

mimarTulebiT), romelic, sawyisTan ( 1C ) SedarebiT, 

ufro gamdidrebulia maRalmduRare  A  komponentiT; 

masTan C  Sedgenilobis orTqlia wonasworobaSi. am 

orTqlis mocilebiT da M  Sedgenilobis Txevadi 
narevis Tavidan aorTqlebiT miiReba N siTxe, romelic 

M -ze metad gamdidrebulia  A komponentiT. amgvari 
operaciebis ganmeorebiT miiReba praqtikulad sufTa 
naklebad aqrolebadi A komponenti. 

analogiurad, orTqlis nawilobrivi 
kondensirebiT da sistemidan narCeni siTxis mocilebiT 
(mravaljeradad) SesaZlebelia praqtikulad sufTa 
metad aqroladi (B) komponentis miReba. 
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3.4. araidealuri xsnari. aqtiuroba 

 

araidealur xsnarSi SeimCneva gadaxra raulis 
kanonidan. gadaxra SeiZleba iyos dadebiTi an 
uaryofiTi. es gamowveulia xsnaris Semadgeneli 

komponentebis ( A  da B ) molekulebs Soris urTi-
erTqmedebis gansxvavebuli energiiT. 

Tu erTgvarovan A A  da B B  molekulebs 

Soris urTierTqmedeba ufro Zlieria, vidre A B  

urTierTqmedeba, maSin aseTi xsnaris najeri orTqlis 
wneva metia idealuri xsnaris najeri orTqlis 
wnevasTan SedarebiT. es iZleva dadebiT gadaxras 
raulis kanonidan (nax. 3.8). dadebiTi gadaxrisas 
xsnaris warmoqmna gaZnelebulia da procesis 

mimdinareobisas siTbo STainTqmeba  0H Ser. . 

uaryofiTi gadaxra (nax. 3.8) imis Sedegia, rom 
sxvadasxvagvar molekulebs Soris urTierTqmedeba 
ufro intensiuria, vidre erTgvarovan molekulebs 
Soris. am SemTxvevaSi xsnaris miRebis tendencia Zlieria 

da 0H Ser. . procesi egzoTermulia. 

 

 
 

nax. 3.8. dadebiTi da uaryofiTi gadaxrebi raulis 
kanonidan 
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araidealur xsnarSi koncentracia adekvaturad 
ver asaxavs sistemis mdgomareobas. amitom realuri 
xsnarisaTvis koncentraciis nacvlad SemoRebulia (n. 
liuisis mier) axali damxmare sidide _ 

Termodinamikuri aqtiuroba  a . 

 
Termodinamikuri aqtiuroba (aqtivoba)  pirobiTi 
efeqturi koncentraciaa, romelic realuri 
xsnarisaTvis Termodinamikur gantolebaTa 
maTematikuri formis SenarCunebis saSualebas 
iZleva. 
 

aqtiuroba ganisazRvreba komponentTa bunebiT da 
koncentraciiT 

     a =  c,              (3.8) 

sadac   aqtiurobis koeficientia.  

     aqtiurobis koeficienti ise unda SeirCes, rom 
idealur xsnarSi nivTierebis aqtiuroba mis 
koncentracias udrides. aqtiurobis koeficientis 
fizikur arss Semdegnairad adgenen.  (3.8)-is 
gaTvaliswinebiT  realuri xsnaris komponentebis 
qimiuri potencialebi tolia: 

n n n

n n n .

O O

A A A A A A

O O

B B B B B B

RTl a RTl X RTl

RTl a RTl X RTl

   

   

    

    
    (3.9) 

(3.3) da (3.9) gantolebebis SedarebiT Cans, rom 
realuri da idealuri xsnaris komponentebis qimiuri 
potencialebi gansxvavdeba mxolod mesame SesakrebiT 

anu nRTl    sididiT, rac imaze metyvelebs, rom 

aqtiurobis koeficienti realuri xsnaris Tvisebebis 
idealurobidan gadaxris maCvenebelia. 

raulis kanonidan gadaxrebi “duRilis 
temperatura _ Sedgeniloba” diagramaze gamoisaxeba 
Semdegi saxiT (nax. 3.9): 
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nax. 3.9. realuri xsnarebis “duRilis temperatura _ 
Sedgeniloba” diagramebi 

 
duRilis temperaturis wirebze gadaxrebi SeiZ-

leba gamoisaxos maqsimumiTa da minimumiT (nax. 3.10). 
maqsimumi iSviaTobaa. 

orTqlisa da siTxis wirebs erTi saerTo C  

wertili aqvT anu am wertilSi orTqlisa da siTxis 
Sedgeniloba erTnairia (konovalovis meore kanoni). es 
aris azeotropuli wertili. 

 

 
nax. 3.10. duRilis diagramebi azeotropuli  

wertiliT 
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xsnars, romelic warmoqmnis Txevadi fazis 
Sesabamisi Sedgenilobis orTqls azeotropuli 
narevi ewodeba. 
 

      aseTi narevebis arseboba aRmoaCina ingliselma 
mecnierma j. daltonma (1810 w.).  
 

azeotropuli narevi ganuyoflad mduRare  
narevia.  

 

            C  wertilSi xsnari duRs mudmiv temperaturaze 
(nax. 3.10). zog azeotropul narevs Tavis calkeul 
komponentze ufro maRali duRilis temperatura 
aqvs, zogs ki _ dabali. magaliTad, narevi, romelic 

Sedgeba 95,57% eTilis spirtisa (TduR = 78,5С) da 

4,43% wylisagan (TduR = 100С) 78,15С-ze duRs, 69,2% 

azotmJavasa (TduR = 84С) da 30,8% wylis Semcveli 

narevi ki _ 121,8С-ze. amis gamo absoluturi spirti 
da sufTa azotmJava maTi wyalxsnarebis gamoxdiT 
ar miiReba. 
     azeotropuli narevis sufTa komponentebad da 
fraqciebad dayofa Cveulebrivi gamoxdiT 
SeuZlebelia. 

     
 

3.5. siTxeTa ganSreveba 

 

 ori siTxis  SezRuduli urTierTxsnadoba 
ganvixiloT “anilini_wyali” sistemis magaliTze. 
anilinisa da wylis miaxloebiT toli raodenobiT 
Serevisas, miiReba ori fenisagan Semdgari sistema; 
zeda fena aris anilinis najeri xsnari wyalSi, 
qveda ki _ wylis najeri xsnari anilinSi. TiToeul 
temperaturaze orive xsnars zustad gansazRvruli 
wonasworuli Sedgeniloba aqvs.  
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xsnarTa koncentraciis temperaturaze 
damokidebuleba grafikulad urTierTxsnadobis 
diagramebis meSveobiT gamoisaxeba. “anilini_wyali” 
sistemisTvis es diagrama 3.11 nax.-zea mocemuli. 
wiris SigniT moTavsebuli nebismieri wertili 
siTxeTa ganSrevebis ares miekuTvneba da aRwers 
heterogenul narevs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.11 “anilini_wyali” sistemis xsnadobis 
diagrama 

temperaturis gazrdiT anilinisa da wylis 
urTierTxsnadoba izrdeba da Tkr temperaturaze (k 

wertili) anilini da wyali nebismieri 
TanafardobiT ixsneba. es aris ori siTxis 
xsnadobis zeda kritikuli wertili. Tkr 
temperaturas kritikuls uwodeben. “anilini_wyali” 
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sistemis Tkr = 168С.  Tkr kritikuli temperaturis 
zemoT sistema erTfaziania. 

zog SemTxvevaSi SeiniSneba  xsnadobis qveda 
kritikuli temperaturac. magaliTad, “dieTil-
amini_wyali” sistemaSi temperaturis SemcirebiT 
komponentebis urTierTxsnadoba izrdeba.  

nikotinisa da wylis narevs  xsnadobis orive 
kritikuli temperatura aqvs (nax. 3.12). 

 

 

 

 

 

 

 

 

 

 

nax. 3.12. “nikotini_wyali” sistemis xsnadobis 
diagrama 

“nikotini_wyali” sistemis zeda Tkr = 210С, 

xolo qveda Tkr = 60,8С. xsnadobis wiris gareT 
sistema homogenuria (erTSriani), SigniT ki _ 
heterogenuli (orSriani) anu yoveli wertili 
Sekrul areSi or najer xsnars Seesabameba. 

SezRuduli xsnadoba pirvelad v. aleqseevma 
Seiswavla (1875 w.). 
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3.6. ganawilebis kanoni  
 

Tu or erTmaneTSi uxsnad A  da B  siTxeebSi 

SevitanT mesame D  komponents, romelic orive fazaSi 
ixsneba, wonasworobis damyarebis Semdeg igi orive 
siTxeSi garkveuli TanafardobiT ganawildeba:  

 

/D D

A BC C K ,                    (3.10) 

sadac ,D D

A BC C  aris D  komponentis koncentracia A  da 

B  siTxeebSi. 
es gantoleba gamoxatavs nernst-Silovis 

ganawilebis kanons: 
  

yovel mocemul temperaturaze or wonasworul 
Txevad fazaSi ganawilebuli mesame komponentis 
koncentraciaTa fardoba mudmivi sididea. 

 

K  mudmivas ganawilebis koeficienti ewodeba. es 
gantoleba marTebulia im SemTxvevaSi, Tu gaxsnili 
nivTiereba arc disocirdeba da arc asocirdeba. 

disociaciis an asociaciisas nawilakTa zomebi 
sxvadasxva gamxsnelSi gansxvavdeba. aseT SemTxvevaSi 
aRniSnuli gantoleba kargavs azrs da mimarTaven mis 
ufro zogad formas: 

 

  /
n

D D

A BC C K , 

sadac n  mocemuli sistemis mudmivaa.      
     or fazas Soris ramdenime nivTierebis ganawi-
lebac emorCileba  ganawilebis kanons:  
 

TiToeuli nivTiereba nawildeba orive fazaSi 
Tavisi individualuri ganawilebis koeficientis 
Sesabamisad. 
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     ganawilebis kanoni marto siTxeebs Soris 
gaxsnili nivTierebis ganawilebas ki ar asaxavs, igi 
ufro zogadia. 
     v. xlopinma (1924 w.) aCvena, rom ganawilebis 
kanoni marTebulia kristalebsa da maT najer 
xsnarebs Soris radioaqtiur mikrokomponentTa 
ganawilebisTvisac. 
     or fazas Soris dasayofi komponentebis 
ganawilebaze dafuZnebulia ganawilebiTi qromato-
grafia (a. martini, j. sinji, 1941w.). qromatografiuli 
dayofis safuZvelia narevis komponentebis 1 gansxvave-
buli xsnadoba uZrav fazasa (araaqroladi siTxe 2 
dafenili myar makroforovan sarCulze 3) da eluents 
4 (moZravi Txevadi faza) Soris (nax. 3.13). 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax.3.13. nivTierebis ganawileba or fazas Soris 
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     or Txevad fazas  Soris narevis komponentebis  
ganawileba maTi ganawilebis koeficientebis 
Sesabamisad mimdinareobs. 
     qromatografiuli dayofis procesi 
xorcieldeba specialuri xelsawyoebis _ 
qromatografebis saSualebiT. am meTods farTod 
iyeneben organuli da araorganuli warmoSobis 
naerTTa rTuli narevebis dasayofad da saanalizod. 
     ganawilebis kanons didi mniSvneloba aqvs 
metalurgiuli procesebisaTvis. Tuji da wida, 
foladi da wida erTmaneTSi uxsnadi siTxeebis 
wyvilebia, romelTa Soris sxvadasxva elementi 
nawildeba (gogirdi, fosfori da sxv.). 
 
 

3.7. eqstrahireba 
 

qloroformsa da wyals Soris iodis ganawi-

lebis koeficienti =130. Tu iodis wyalxsnars 
davumatebT qloroforms da narevs SevanjRrevT, 
wonasworobis damyarebis Semdeg iodis koncentracia 
qloroformSi 130-jer meti iqneba, vidre wylis 
fenaSi. nernst-Silovis ganawilebis kanonis Tanaxmad, 
qloroformsa da wyalSi gaxsnili iodis wonas-
worul koncentraciaTa fardoba yovelTvis 130-is 
tolia da ar aris damokidebuli gaxsnili iodis 
saerTo raodenobaze.  

 ganawilebis kanonzea damyarebuli nivTierebis 
eqstrahireba. iodi ufro kargad ixsneba 
qloroformSi, vidre wyalSi. amitom qloroformis 
gamoyenebiT SeiZleba iodis mniSvnelovani nawilis 
gamoyofa wyalxsnaridan.  

 
eqstrahireba, eqstraqcia (laT. extraho – amoviReb) 
aris myari an Txevadi narevidan, gamxsnelebiT maTi 
damuSavebisas, calkeuli komponentis amoReba, roca 
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maTSi narevis Semadgeneli  nawilebi sxvada-
sxvanairad ixsneba. 
 
gamxsnels, romliTac eqstrahirebas atareben, 
eqstrahenti ewodeba. 

     
     eqstrahireba SeiZleba iyos rogorc erTjeradi, 
ise mravaljeradi da uwyveti (perkolacia). 
    myari narevis SemTxvevaSi eqstrahirebis 
efeqtianobas ZiriTadad ganapirobebs eqstrahentSi 
sawyisi narevis komponentTa sxvadasxva xsnadoba, 
myari narevis daqucmacebis xasiaTi da gamxsneliT 
misi ganmeorebiTi damuSavebis xangrZlivoba. amoRebis 
sisrule miiRweva operaciis (fazebis dayofa da 
xsnarSi axali eqstrahentis damateba) ganmeorebiT. 
    Tu narevi Txevadia, eqstrahirebis efeqtianoba 
damokidebulia or erTmaneTSi uxsnad gamxsnelSi 
nivTierebis ganawilebaze. eqstrahirebisaTvis 
gamoyenebuli gamxsneli unda xasiaTdebodes 
regenerirebis unariT, qimiuri inertulobiT da 
sawyisi gamxsnelisagan gansxvavebuli simkvriviTa da 
dabali siblantiT. 
     eqstrahentebad ZiriTadad gamoiyeneba organuli 
gamxsnelebi _ benzoli, oTxqloriani naxSirbadi, 
meTilisa da eTilis spirtebi, acetoni da sxv. 
eqstrahentebis ekonomiis mizniT (organuli 
gamxsnelis siZviris gamo), mizanSewonilia eqstraq-
ciis Catareba mcire moculobis eqstrahentiT, magram 
damuSavebis procesis mravaljer  gameorebiT. 
     mravalsafexuriani  eqstraqcia organul da 
wylis fazebs Soris wonasworobis mravaljer 
damyarebisas mimdinareobs.  
     vinaidan eqstrahirebisas B komponentis 

koncentracia sawyis xsnarSi x1-dan x2-mde mcirdeba, 
xolo eqstraqtis fazaSi 0-dan y1 –mde izrdeba, 
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eqstraqciis procesis materialuri balansi gamoisaxeba 
gantolebiT: 
 

Dy1=W (x1- x2),                   (3.11) 

 

sadac D da W sufTa eqstrahentisa da sawyisi 
gamxsnelis raodenobebia.       
     eqstrahirebisaTvis saWiro eqstrahentis raode-
nobas angariSoben Semdegi formuliT: 

 

. 
eqstraqcias iyeneben sufTa farmacevtuli 

preparatebis, Zvirfasi liTonebisa da qimiuri 
produqtebis miRebisas, Saqrisa da cximebis 
warmoebisas da a. S. 

eqstrahirebis umartives saxes gamotutva 
ewodeba. 

 
gamotutva aris myari masalis erTi an ramdenime 
komponentis xsnarSi (Cveulebriv wyalxsnarSi) 
gadayvana wyliT an organuli gamxsneliT. 

 
gamotutvaSi xSirad monawileobs mJangavi an 

aRmdgeni airi. gamotutva gamoiyeneba hidrometa-
lurgiis wesiT madnebidan liTonis amosaRebad, 
fxvnilTa metalurgiaSi da sxv. 

gamotutvis win myar nivTierebas saWiroebisamebr 
amuSaveben meqanikurad (msxreva, daqucmaceba) da 
qimiurad _ gaxsna (pulpaSi daJangva an aRdgena, 
gamowva, Secxoba, sulfatizacia da sxv.). 

mrewvelobaSi gavrcelebuli gamxsnelebia: wyali, 
mJavebis (ZiriTadad H2SO4,  HCl), tuteebis (NH4OH, 

NaOH) wyalxsnarebi, marilebi (Na2CO3, Al2(CO3)3). 
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gamotutvis procesi tardeba wvrili myari masalisa 
da airadi reagentis (mag., haeris) Txevad gamxsnelSi 
areviT (oqros, uranis madnebisa da sulfiduri 
koncentratebis gamotutvisas); Txevadi reagentebis 
gaJonviT uZrav myar SreSi (spilenZis gamotutva 
daJanguli madnidan, aluminatebisa _ Semcxvari 
boqsitebidan). 

gamotutvis siCqares ganapirobebs myari 
nivTierebisa da siTxis kuTri zedapiri, gamxsnelisa 
da qimiuri reagentis koncentraciebis sxvaoba, 
gamxsnelis siblante, difuziis koeficientis sidide, 
arevis intensiuroba da sxv. zogjer gamotutvas 
axorcieleben “mduRare Sris” reJimiT, vibroareviT, 
ultrabgeriTi kavitaciiT. 

gamotutvis efeqturobas gansazRvravs Zvirfasi 
komponentis amoRebis sisrule, amosaRebi 
komponentisa da minarevebis koncentracia xsnarSi, 
agreTve masalis, eleqtroenergiisa da orTqlis 
xarji, procesis siCqare da sxv. 
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4 .  fazuri  wona sworoba  

 
 

heterogenul sistemaSi fizikur-qimiuri proce-
sebis Seswavla mWidrodaa dakavSirebuli fazuri 
wonasworobis swavlebasTan. 

 
fazuri wonasworoba niSnavs Termodinamikurad 
wonasworuli fazebis Tanaarsebobas mravalfazian 
sistemaSi.  
 

fazuri wonasworobis martivi magaliTebia siTxis 
wonasworoba Tavis najer orTqlTan (sistema Txevadi _ 
orTqli), wylisa da yinulis wonasworoba (sistema 
Txevadi _ myari)  dnobis temperaturaze da sxva; 
wonasworobaSi SeiZleba iyos liTonis normaluri da 
zegamtari fazebi gare magnitur velSi da a.S. 
wonasworobisas TiToeuli komponentis qimiuri 
potencialebi sxvadasxva fazaSi erTnairia. 

sistemis gare parametrebisa da Sedgenilobis 
gavlenas fazur wonasworobaze gansazRvravs jibsis 
fazaTa wesi. 

fazaTa wesi j. jibsma 1876 wels gamoiyvana 
mravalkomponentiani sistemis Termodinamikuri wonaswo-
robis pirobidan. mas didi mniSvneloba aqvs heterogenuli 
sistemis kvlevisas. 

fazaTa wesi vrceldeba mxolod erT-, or-, da 
samkomponentian sistemebze. 

jibsis fazaTa wesis ganxilvamde aucilebelia 
TermodinamikaSi da zogadad fizikur qimiaSi miRe-
bul cnebebs davumatoT “sistemis Semadgeneli 
nawilis” da “komponentTa ricxvis” cneba. 
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4.1. sistemis Semadgeneli nawili da  

komponentTa ricxvi 

 
individualur nivTierebas, romelic SeiZleba 
gamoiyos sistemidan da SeuZlia damoukideblad 
arseboba, sistemis Semadgeneli nawili ewodeba. 
 

ganvixiloT sistema, romelic Semdeg qimiur 
reaqcias Seesabameba: 
 

NH4Cl(my)  NH3(airi)+HCl(airi) 
 

am SemTxvevaSi sistemaSi sami Semadgeneli 
nawilia, radgan TiToeul nivTierebas damoukideblad 
SeuZlia arseboba. individualur nivTierebaTa im 
umcires ricxvs, romelic aucilebelia da sakmarisi 
mocemuli sistemis yvela fazis warmoqmnisaTvis 
komponentebi ewodeba. 

Tu sistemaSi mis Semadgenel nivTierebebs Soris 
qimiuri urTierTqmedeba ar xdeba, maSin komponentTa 
ricxvi Semadgeneli nawilebis ricxvis tolia. 

 

qimiuri urTierTqmedebisas komponentTa ricxvi 
ganisazRvreba, rogorc sxvaoba sistemaSi 
Semavali Semadgeneli nawilebis ricxvsa da im 
gantolebaTa ricxvs Soris, romlebic 
erTmaneTTan akavSirebs am komponentTa 
koncentraciebs wonasworul mdgomareobaSi. 
 

ganvmartoT es formulireba zemomoyvanili maga-
liTisaTvis. am sistemaSi sami Semadgeneli nawilia. 

wonasworobis momentSi   3CK NH HCl  _ sistema 

orkomponentiania, radgan komponentTa koncentraciebi 

dakavSirebulia erTi gantolebiT: 3 1 2  . 



 173 

am reaqciisaTvis SeiZleba kidev erTi gantolebis 

Cawera    3NH HCl . maSin sistema xdeba erT-

komponentiani: 3 2 1  . am SemTxvevaSi erTi komponentis 
koncentracia mTlianad sazRvravs mTel sistemas. 

kidev erTi magaliTi: 
200

2 2 22 2CH O H O  . 

sistemaSi sami Semadgeneli nawilia: 2 2,H O  da 

2H O . radgan sistemaSi mxolod erTi reaqcia 

mimdinareobs, sistema orkomponentiania: 3 1 2  . 
 
 

 4.2 jibsis fazaTa wesi 

 

2f K F    martivi Tanafardoba aris jibsis 
fazaTa wesi. 
wesis formulireba: Termodinamikuri sistemis 

Tavisuflebis xarisxis ricxvi  f  udris 

komponentTa ricxvs  K  plus 2 (gare faqtorebi 

_ T  da P ) da minus fazaTa ricxvi  F . 

 
Tu gare faqtorebidan moqmedebs erTi, maSin 

fazaTa wesi ase Caiwereba: 1 .f K F    Tu P const  

da T const , maSin f K F  . jibsis fazaTa wesi 

marTebulia im SemTxvevaSi Tu: 
 

 fazebs aqvs imdenad didi zomebi, rom SesaZ-
lebelia zedapiruli movlenebis ugulebel-
yofa; 

 sistemis TiToeul komponents SeuZlia Seuz-
Rudavad gavla fazaTa gamyof zedapirSi. 

 



 174 

4.3. sistemis mdgomareobis diagramebi  

 

 

fazuri wonasworobis Seswavlisas gamoiyeneba 
sistemis mdgomareobis diagramebi. 

 
sistemis mdgomareobis diagramebi aris, 

mdgomareobis ZiriTadi parametrebis ( , , ,T P V  

Sedgeniloba) sivrceSi, Termodinamikuri 
sistemis yvela SesaZlo fazuri mdgomareobis 
grafikuli gamosaxuleba. 
 

sistemis mdgomareobis diagramis ageba da misi 
geometriuli analizi fizikur-qimiuri analizis 
ZiriTadi meTodia. 

sistemis mdgomareobis diagrama mravali saxis 
informaciis matarebelia. sistemis TiToeul 
realurad arsebul mdgomareobas diagramaze 
garkveuli figuratiuli wertili Seesabameba, xolo 
TiToeul fazas _ sakuTari arsebobis are. 

mdgomareobis diagramebis “wakiTxva” damyarebu-
lia mxazvelobiTi geometriisa da qimiuri Termo-
dinamikis debulebebze, amitom swavlebas fazur 
wonasworobaze xSirad geometriul Termodinamikas 
uwodeben. 
 

4.3.1. erTkomponentiani sistemis mdgomareobis 

diagrama 

 
ganvixiloT fazuri wonasworoba martiv erTkompo-

nentian sistemaSi, wylis magaliTze. erTkomponentiani 
sistemisaTvis ageben rogorc srul moculobiT 

T P V  , ise sam sibrtyiT    ,P T V const P V T const    

   ,P T V const P V T const    an  V T P const   diagramas. 
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yvelaze xSirad P T  diagrama gamoiyeneba (nax. 

4.1). gvaqvs nivTiereba, romelic P  da T  sxvadasxva 
mniSvnelobisas arsebobs airad, Txevad da myar 
mdgomareobaSi. 

abc mrudis qvemoT ganlagebulia airadi fazis 

are, abd  mrudiT Semofarglulia are, sadac myari 

faza arsebobs, xolo cbd -Ti _ Txevadi, e.i. aRniSnul 
areebSi TiTo fazaa. 

 
nax. 4.1. erTkomponentiani sistemis P T diagrama 
 

jibsis fazaTa wesis Tanaxmad, Tavisuflebis xarisxi 

TiToeuli fazis arsebobis areSi 1 2 1 2f     . es  

imas niSnavs, rom areebis nebismier wertilSi 

SesaZlebelia ori parametris  ,P T  garkveul 

farglebSi damoukideblad cvlileba ise, rom fazaTa 
raodenoba ar Seicvleba.  

 

maSasadame, f Tavisuflebis xarisxi  aris 

wonasworobaSi arsebuli sistemis parametrebis 
ricxvi, romlebic SeiZleba  vcvaloT ise, rom 
ucvleli rCebodes arsebul fazaTa ricxvi. 
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Tavisuflebis xarisxs xSirad variantuloba 
ewodeba.  
 

aRniSnul areebSi sistema bivariantulia. 
,ab bc  da bd  mosazRvre mrudebia, romlebic 

gamoyofen myar _ airad, Txevad _ airad da myar _ 
Txevad areebs. am mrudebze ganlagebul wertilebSi 
wonasworobaSia or-ori faza. magaliTad, g  

wertilSi wonasworobaSia airadi da Txevadi fazebi. 

samive mrudze 1 2 2 1f     , sistema monovari-
antulia. es niSnavs, rom fazuri wonasworobis 
daurRvevlad SesaZlebelia mxolod erTi parametris 

cvlileba (an P , an T ), radgan meore parametri 

fiqsirebuli xdeba. vinaidan ab  mrudi yofs myar da 

airad areebs, mas sublimaciis mrudi ewodeba. bc  

aorTqlebis mrudia, xolo bd  _ dnobis mrudi (wrfe).   
 ,ab bc  da bd  mrudebs erTi saerTo b  wertili 

aqvs. am e.w. sammag wertilSi wonasworobaSia samive 

faza. Tavisuflebis xarisxi 1 2 3 0f     . es 

uvarianto anu nonvariantuli wertilia, e.i. ar aris 
varianti parametrebis Secvlisa da sami fazis 
Tanaarseboba mxolod am wertilSia SesaZlebeli. 

amrigad, wonasworoba myardeba wnevisa da 
temperaturis sruliad gansazRvruli mniSvnelobisas 

 273,16 0,01T K C   da 610,48P  pa anu fazebi 

Tanaarsebobs temperaturisa da wnevis mxolod 
erTaderTi mniSvnelobisas. 

temperaturis an wnevis Tundac umniSvnelo 
cvlilebisas samfaziani sistema gardaiqmneba or- an 
erTfazianad.  

fazuri gardaqmnebisas siTbo an gamoiyofa, an 
STainTqmeba. 
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klapeiron-klauziusis gantoleba  
.

dP
H T V

dT
  f.g  

procesis siTbur efeqts akavSirebs temperaturasTan, 
moculobisa da najeri orTqlis wnevis cvlile-
basTan. 

aorTqlebisa da sublimaciis procesebi 

mimdinareobs V -sa da 
dP

dT
-s mniSvnelovani cvlilebiT. 

dnobisas ki piriqiT _ V -sa da 
dP

dT
 sidideTa 

cvlileba umniSvneloa. 
 

 
4.3.2. orkomponentiani sistemis mdgomareobis 

diagrama  

 
orkomponentiani sistemisTvisac SeiZleba aigos 

rogorc moculobiTi, ise sibrtyiTi diagramebi. 
sruli diagramiT iSviaTad sargebloben. ufro ixi-
laven sibrtyiT diagramebs. am SemTxvevaSi adre 

aRniSnul T  da P  parametrebs emateba kidev erTi 
parametri _ Sedgeniloba. sami cvladisas diagramis 
ageba rTulia, amitom mimarTaven ori parametridan 
erTis mudmivad miRebis xerxs. sxvadasxva procesis 
dros wneva praqtikulad ucvlelia, amitom jibsis 

fazaTa wesi 1f K F    saxes Rebulobs. diagramas 

ageben  “T  _ Sedgeniloba” koordinatebiT. abscisaTa 
RerZze ganlagebulia Sedgeniloba. RerZis sigrZe 
aris 100%. 

iTvleba, rom RerZis Tavsa ( A )  da  boloSi ( B ) 

sufTa komponentebia.  am RerZis nebismieri wertili  
gamosaxavs orkomponentiani sistemis  Sedgenilobas 
(orive komponentis koncentracias narevSi).   
ordinatTa RerZze ganlagebulia temperatura. 
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orkomponentiani sistemis mdgomareobis diagra-
mas ageben eqsperimentis safuZvelze. magaliTad, myari 

A  da B  komponentebis SemTxvevaSi gamoiyeneba 

wrTobis meTodi. am meTodis Tanaxmad, A  da B  sufTa 
komponentebi cal-calke da maTi narevebi swrafad 
gadahyavT Txevad mdgomareobaSi da Semdeg TandaTa-
nobiT aciveben. gacivebis procesis grafikul 

gamosaxulebaze  T   (dro) koordinatebiT _ gacive-
bis mrudebze (I, II, III, IV) SeimCneva gacivebis siCqaris 

Seneleba. miRebuli gardatexebis  ,1,2, .3,4,A E B  

mixedviT aigeba diagrama (nax. 4.2). 

4.2Nnax.-ze mocemul magaliTSi A  da B  kompo-
nentebi arc qimiur naerTs da arc myar xsnars 
warmoqmnian. 

. 
nax. 4.2. mdgomareobis diagramis ageba. 

1 2 3 4, , , ,Ex x x x x _ narevTa Sedgenilobebi 

 
wrTobis meTodiT aigeba nebismieri orkomponen-

tiani sistemis mdgomareobis diagrama. 
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miRebul diagramaze (nax. 4.3) AT
dn

 da BT
dn

 A  da B  

komponentebis dnobis temperaturebia, A t BT E T
dn dn

 aris 

mosazRvre xazi. mis zemoT mxolod Txevadi fazaa 

 L . Tavisuflebis xarisxi am areSi 2 1 1 2f     . 

A t ET E T
dn

 da B t ET E T
dn

 areebi gamosaxavs orfazian 

mdgomareobas. pirvel areSi wonasworobaSia A  myari 

da cvalebadi Sedgenilobis L  Txevadi fazebi, xolo 

meoreSi _ B  myari faxa da L  nadnobi. am areebSi 
moTavsebuli figuratiuli wertilebi monova-

riantulia 2 1 2 1f     . 
 

 
nax. 4.3. orkomponentiani sistemis mdgomareobis  

diagrama 
 

aseve monovariantulia E T ET E T  wrfis qvemoT 

ganlagebuli myari orfaziani are  A B . 

A T BT E T
dn dn

 mruds likvidusis mrudi ewodeba. igi 

warmoadgens sazRvars erT da orfazian areebs Soris 
da gviCvenebs Txevadi fazidan kristaluri 
nivTierebis gamoyofis dasawyiss. 
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E T ET E T  wrfe diagramis solidusia. solidusis 

xazi am diagramaze evteqtikuri horizontalis rols 
asrulebs. 

TE  evteqtikuri wertilia. am wertilSi 

wonasworobaSia sami faza _ ori myari  ( A  da B ) da 

Txevadi: 2 1 3 0f     . warmoiqmneba nonvariantuli 

samfaziani sistema, sadac temperaturisa da 
Sedgenilobis Secvla dauSvebelia. 

diagramaze mocemuli informaciis `wakiTxvis~ 
mizniT mivmarToT garkveuli Sedgenilobis Txevadi 

fazis gacivebas, romelsac M  figuratiuli werti-

lis Sedgeniloba aqvs _ 10 90A B . 

M  wertili divariantulia, radgan misi adgil-
mdebareobis dasadgenad saWiroa ori parametris 
codna _ temperaturisa da Sedgenilobis. orive 
parametris SecvliT fazaTa raodenoba likvidusis 

mrudamde ar icvleba. M  Sedgenilobis Txevadi fazis 
gaciveba niSnavs mis vertikalurad gadaadgilebas 

M   wertilamde. M M   gzaze fazis Sedgeniloba 

da raodenoba ar icvleba. M   wertilSi, romelic 

likvidusis mrudze mdebareobs, iwyebs gamoyofas Bmy . 

M   wertilSi wonasworobaSia ori faza. am 

fazaTa Sedgenilobis dasadgenad M   wertilze unda 

gavataroT koncentraciaTa RerZis paraleluri 2T M l  

wrfe likvidusis mrudis gadakveTamde. am wrfes 
konoda an noda ewodeba. konodis erTi bolo (T2)   
gviCvenebs myari fazis Sedgenilobas _ 100%B , xolo 

meore ( l ) _ Txevadi fazisa. Cven SemTxvevaSi Txevadi 

fazis Sedgeniloba aris 30 70A B . maSasadame, 

Txevadi fazis Sedgeniloba B  myari fazis gamoyofis 
Sedegad Seicvala. 
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M   wertilSi wonasworobaSi myofi fazebis 
raodenobis dasadgenad gamoiyeneba berketis wesi. am 
wesis Tanaxmad, 

 
wonasworobaSi myofi fazebis raodenobebi ise 
Seefardeba erTmaneTs, rogorc maTi Sedgeni-
lobis gamomsaxveli wertilebis sapirispirod 
ganlagebuli monakveTebi konodaze: 

 

2
l M T

B lM






Txevadi fazis raodenoba

myari fazis raodenoba
, 

2

2

l M T

B l lM M T




 

Txevadi fazis raodenoba

myari fazis raodenoba+ Txevadi fazis raodenoba

               2

2

l M T

B l lM M T




 

Txevadi fazis raodenoba

myari fazis raodenoba+ Txevadi fazis raodenoba
, 

   100%B l  myari fazis raodenoba Txevadi fazis raodenoba+ 

+ 100%B l  myari fazis raodenoba Txevadi fazis raodenoba , 

amitom 

2

2

M T
l

lM +M T


 

 

M
Txevadi fazis raodenoba = 100 , 

 

2

2

M T
B

lT

  
  

 

M
myari fazis raodenoba = 100 - 100 . 

 
analogiuri msjelobiT am aris nebismier 

wertilSi SeiZleba dadgindes wonasworobaSi myofi 
fazebis Sedgeniloba da raodenoba. 

M   mdebareobs evteqtikur horizontalze. aq 

wonaworobaSia TE  Sedgenilobis  60 40A B  Txevadi 

da ori A  da B  myari faza. 
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Semdgomi gacivebisas M  -is qvemoT Txevadi faza 
ar arsebobs. 

 
 

4.3.3. orkomponentiani sistemis mdgomareobis   

diagrama erTi ormagi kongruentulad  

dnobadi naerTiT 

 

diagramis es tipi axasiaTebs sistemas, sadac A  

da B  komponentebi warmoqmnis qimiur naerTs. Tu am 
naerTs aqvs dnobis temperatura, mas miakuTvneben 
kongruentulad dnobad naerTebs. 

 

 
 

nax. 4.4. orkomponentiani sistemis mdgomareobis   
 diagrama kongruentulad dnobadi naerTiT 

 

aseTi sistemis diagrama mocemulia 4.4 nax.-ze. CT  

aris m nA B  qimiuri naerTis dnobis temperatura. 

diagrama iyofa or martiv m nA A B  da m nA B B  

diagramebad, romlebzec aris 1E  da 2E  evteqtikuri 

wertilebi.  A  da B  sufTa komponentebis kristali-
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zacia aiwereba 1AT E  da 2BT E  mrudebiT, xolo qimiuri 

naerTis _ likvidusis ori mrudiT 1CT E  da 2CT E . 

diagramis es tipi srulad emorCileba adre 
ganxilul kanonzomierebebs. 
 

4.3.4. mdgomareobis diagrama myari xsnaris 

warmoqmniT 

 
myari xsnari cvladi Sedgenilobis  myari fazaa, 

romelic SeiZleba warmoiqmnas nebismieri raodenobis 
komponentebisagan. MmaTTvis damaxasiaTebelia erTfa-
zianoba, erTi saxis kristaluri meseri. amasTan, 
gamosaval  komponentebTan SedarebiT maRalia maTi 
meqanikuri Tvisebebi. myar xsnarSi, iseve, rogorc 
TxevadSi, koncentraciis Sesabamisad arCeven gamxsnel 
da gaxsnil nivTierebebs. 

myari xsnarebi iyofa: 
 

 Canergvis myar xsnarad, sadac gaxsnili 
nivTierebis atomebi an molekulebi Canergilia 
gamxsnelis kristaluri mesris sicarieleebSi  
(kvanZTaSorisebSi). am SemTxvevaSi gaxsnili 
nivTierebis atomebs unda hqondes mcire zomebi 

0,6r r gaxsnilis gamxsnelis . es aris SezRuduli 

xsnadoba. aseTi tipis myari xsnaris magaliTia 
liTonSi araliTonuri elementis (B, O, N, C) 
gaxsnis SemTxvevebi; 
 

 Canacvlebis myar xnarad. am SemTxvevaSi gaxs-
nili nivTierebis atomebi lagdeba gamxsnelis 
mesris kvanZebSi. Canacvleba iTxovs, rom 
gamxsnelisa da gaxsnili nivTierebis atomebi 
kristalografiulad iyos msgavsi. es aris Seuz-
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Rudavi xsnadoba. magaliTebi: , ,Au Ag Au Pd   

,Cu Ni Cu Au  da sxva sistemebi. 

 
sistemis mdgomareobis diagrama, romlis 

komponentebi gamyarebisas warmoqmnis myari xsnarebis 

uwyvet rigs, mocemulia 4.5, a nax.-ze. diagramaze A BT bT  

likvidusis mrudia, vinaidan mis zemoT Txevadi fazis 

area. A BT aT  mrudi ki solidusia. likvidusis da 

solidusis mrudebs Soris moTavsebul areSi 
wonasworobaSia ori cvalebadi Sedgenilobis faza _ 

L  Txevadi da   myari.  konoda aq, rogorc sxva 

orkomponentiani “T  _ Sedgeniloba” mdgomareobis 
diagramaze, gviCvenebs wonasworobaSi myofi fazebis 
Sedgenilobebs, xolo berketis wesi, am fazaTa 

Tanafardobas. magaliTad, 1T  temperaturaze m  

wertilSi wonasworobaSia b  Sedgenilobis siTxe da 
a  Sedgenilobis kristalebi 

b ma

a mb


Txevadi fazis raodenoba

myari fazis raodenoba

. 

 

 
nax. 4.5. mdgomareobis diagramebi  myari xsnarebis 

warmoqmniT: a _ komponentebis SeuzRudavi xsnadoba, 
b _ komponentebis SezRuduli xsnadoba 
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komponentebis SezRuduli xsnadobis SemTxvevaSi 
solidusis mruds axasiaTebs wyveta (nax. 4.5, b), 

vinaidan A  da B  komponentebis garkveuli 
Tanafardobisas myari xsnaris warmoqmna SeuZle-
belia. 

diagramaze solidusis ori mrudia: AT la  da 

mbTB . pirveli Seesabameba cvalebadi Sedgenilobis 

myar xsnarebs, romlebic gamdidrebulia A  

komponentiT   A B
S , xolo meore _ B komponentiT 

gamdidrebul myar xsnarebs   B A
S . daStrixuli ubne-

bi gviCvenebs erTfazian divariantul  A B
S  da 

 B A
S areebs. 

almb  orfaziani monovariantuli area, sadac 

wonasworobaSia sxvadasxva Sedgenilobis  A B
S  da  B A

S  

myari fazebi.  AlT E  da BmT E  areebi agreTve orfaziani 

da monovariantulia, magram aq likvidusiT gamosaxuli 
Txevadi faza wonasworobaSia Sesabamis solidusiT 
gamosaxul myar fazasTan. 

lEm  evteqtikur horizontalze evteqtikuri Sed-

genilobis Txevad fazasTan wonasworobaSia  A B
S  da 

 B A
S  myari fazebi. 

 
 

4.3.5. samkomponentiani sistemis mdgomareobis 

diagrama 

 
samkomponentiani sistemis mdgomareobis srulad 

dasaxasiaTeblad saWiroa aigos koordinatTa sistema 
xuTi urTierTperpendikularuli RerZiT, radgan 
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cvladebis raodenoba xuTs aRwevs: ,T P  da sami 

komponentis koncentracia. 
cxadia, rom aseTi diagramis ageba SeuZlebelia 

da, amitom, mimarTaven gamartivebebs. Tu erT-erT 

cvlads (T -s an P -s) mudmivad CavTvliT, SesaZlebeli 
xdeba avagoT moculobiTi diagrama, romlis fuZe 
jibsis samkuTxedia. am tolgverda samkuTxedis 
saSualebiT gamoisaxeba samkomponentiani sistemis 
Sedgeniloba (nax. 4.6). 

 

 
nax. 4.6. samkomponentiani sistemis Sedgenilobis 

grafikuli gamosaxuleba 
 
 

samkuTxedis wveroebi Seesabameba ,A B  da C  

sufTa komponentebs (TiToeulis koncentracia 100%-is 
tolia).   

 samkuTxedis  gverdebi  sami  orkomponentiani 

sistemis ( ,A B A C   da B C ) Sedgenilobas gamo-

saxaven (gverdebs 10 an 100 tol nawilad yofen). 
 koncentraciuli samkuTxedis SigniT aRebuli 

wertilebi axasiaTebs samkomponentiani sistemis 
Sedgenilobas. nebismieri Sedgenilobis dasadgenad 
wertilze, romelic gamosaxavs narevs, unda gavata-
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roT samive gverdis paraleluri wrfeebi ( ,a Pa c Pc   

da b Pb ). wrfeebi wertilTa erTobliobaa, sadac erT-
erTi komponentis Semcveloba mudmivia. magaliTad, 

c Pc -ze mudmivia C  komponentis Semcveloba narevSi 

(50%), icvleba B -sa da A -s raodenoba.  

wrfeebis gverdTan (mag.,  AB) gadakveTiT miRebu-

li monakveTebis (Aa, ab, bB) sigrZeTa jami gverdis 
sigrZis tolia. SevniSnoT, rom, vinaidan gverdis 
sigrZe orkomponentiani narevis woniTi raodenobis 

100%-s Seesabameba, wrfeebis ( ,a Pa c Pc   da b Pb ) 

gverdebTan gadakveTa iZleva TiToeuli komponentis 

Semcvelobas narevSi (won. %): a  da a  wertilebi _ B  

komponentis (30%), b  da b  _ A  komponentisa (20%), 

xolo c  da c  wertilebi _ C  komponentis (50%). 
wverodan mopirdapire gverdis gadakveTamde gata-

rebuli wrfe aris wertilTa erToblioba, sadac ori 
komponentis koncentraciebis fardoba narevSi 

mudmivia. magaliTad, ganvixiloT Cz  wrfe. z  

wertilSi narevis Sedgenilobaa %40 A , 60%B   

da %0 C ; P  wertilSi ki _ 20%A , 30%B  da 

50%C   anu A  da B  komponentebis koncentraciebis 

fardoba z  da P  wertilebSi erTi da igivea da aris 
2:3. 

amrigad, samkomponentiani sistemis sivrciTi 
diagramis agebisas samkomponentiani sistemis 
Sedgeniloba gamoisaxeba sibrtyeze (koncentraciuli 

samkuTxedi), temperatura (ordinata) ki , ,A B C  

wertilebSi aRmarTul marTobebze gadaizomeba.  
4.7 nax.-ze mocemulia umartivesi samkomponentiani 

sistemis moculobiTi diagrama. sistemis komponentebi 
Txevad mdgomareobaSi SeuzRudavad ixsneba, myar 
mdgomareobaSi ki  uxsnadia. 
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nax. 4.7. samkomponentiani sistemis moculobiTi  
diagrama  

 
samkomponentiani sistemis diagrama samwaxnaga 

prizmas warmoadgens. mis waxnagebze orkomponentiani 

sistemebis ,A B A C   da B C  mdgomareobis diagra-

mebia gamosaxuli. 
moculobiT diagramaze likvidusis mrudebis 

nacvlad miiReba 1 2 1 3,Ae Ee Be Ee  da 2 3Ce Ee  likvidusis 

zedapirebi. am zedapirebze moTavsebuli figuratiuli 
wertilebi gamosaxavs Txevadi fazis Sedgenilobas, 
romlidanac erT-erTi komponenti iwyebs 
gamokristalebas. aRniSnuli zedapirebis qvemoT 
ganlagebul areebSi cvalebadi Sedgenilobis Txevad 
fazasTan  erT-erTi myaria wonasworobaSi. sistema 
divariantulia. 
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1 2,e E e E  da 3e E  mrudebi erTdroulad miekuTvneba 

likvidusis or zedapirs. es mosazRvre mrudebia. am 
mrudebze gacivebisas erTdroulad xdeba ori 

komponentis kristalizacia. 3 1 3 1f      _ sistema 

monovariantulia. 

1 2,e E e E  da 3e E  samive mrudi erTmaneTs kveTs 

sammagi evteqtikis E  wertilSi, sadac wonasworo-

baSia sami myari , ,A B C  faza da nadnobi. sammag 

evteqtikaSi sistema nonvariantulia 3 1 4 0f     . 

samkomponentiani sistemis moculobiTi diagrama 
SeiZleba gamovsaxoT proeqciis saxiT koncentra-
ciuli samkuTxedis sibrtyeze (nax. 4.8). 

1 2,e E e E     da 3e E   mrudebi 1 2,e E e E  da 3e E  mosazRvre 

mrudebis proeqciebia, xolo 1 2 1 3,A e E e A B e E e B           da 

3 2C e E e C      areebi _ likvidusis zedapirebis proeqciebi. 

moculobiTi diagramis proeqciaze aseve gamosa-

xulia 1 2,T T  da 3T  izoTermebi.  

 
 

 
 

 
nax. 4.8. moculobiTi diagramis proeqcia koncentraciuli 

samkuTxedis sibrtyeze 
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amgvari proeqcia iseTive srul warmodgenas iZleva 
sistemaze, rogorc moculobiTi diagrama. magaliTad, 
ganvixiloT nadnobis gacivebis procesi, romelsac 

proeqciaze Q  figuratiuli wertilis Sedgeniloba aqvs. 

2T  temperaturaze nadnobidan iwyebs gamoyofas A  myari 

faza. 

nadnobis Semdgomi gacivebisas ( 2T -is qvemoT) Q  

wertili gadaadgildeba QD  wrfeze ( A Q -s gagrZe-

leba). nadnobis Sedgenilobac icvleba QD  wrfiT. D  

wertilSi A  myar fazasTan erTad B  myari fazac 

iwyebs gamoyofas, ris gamo nadnobi mdidrdeba C  

komponentiT. D  wertilidan `gacivebis gza~ DE  

mrudiT miemarTeba E -mde, sadac kristaldeba 

A B C   sammagi evteqtika. 
     mdgomareobis diagramis ageba daMmisi 
geometriuli analizi mravali liTonuri Senadnobis, 
xsnaris, organuli naerTis, naxevrad gamtaruli 
masalebisa da sxv. gamokvlevis erT-erTi ZiriTadi 
meTodia.  
     fazuri wonasworobis aRmweri analizuri 
gamosaxulebebi, romelTa meSveobiTac aiwereba 
fazebis arsebobis areebi, rTulia da mxolod 
miaxloebiT gansazRvravs fazaTa arsebobis areebs, 
diagramebis geometriuli analizi ki yvelaze zogadi 
meTodia.  
     diagrama saSualebas gvaZlevs vimsjeloT 
sistemis Sedgenilobaze, fazaTa ricxvze, maTi 
arsebobis zRvrebsa da Tanaarsebobis pirobebze. aman 
ganapiroba fizikur-qimiuri analizis farTo 
gamoyeneba metalurgiaSi, silikatebis teqnologiaSi, 
Txevadi narevebis gamoxdisas, mineralogiaSi, 
mecnierebisa da teqnikis sxva dargebSi. 
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5 .  eleqtroqimi a  

 

eleqtroqimia fizikuri qimiis nawilia, romelic 
eleqtrul da qimiur procesebs Soris kavSirs 
Seiswavlis. eleqtroqimiaSi ikvleven ionebis 
Semcvel sistemebs da im procesebs, romlebic am 
sistemebis liTonTan Sexebis sazRvarze 
mimdinareobs.  
 
Tanamedrove Teoriuli eleqtroqimia SeiZleba 

daiyos sam ZiriTad nawilad. pirveli nawili 
Seiswavlis eleqtrolitis agebulebasa da mis 
xsnarSi mimdinare procesebs, meore – qimiuri 
wonasworobis sakiTxebs fazaTa gamyof zedapirze, 
xolo mesame – eleqtroqimiur kinetikas. 
 
 

5.1. eleqtrolitis xsnari 

 

eleqtroliti aris nivTiereba, romelic 
gaxsnisas TviTneburad iSleba (disocirdeba) 
ionebad, rac xsnars eleqtruli denis gatarebis 
unars aniWebs. 
 

eleqtrolitis xsnari meore gvaris gamtaria. 
meore gvaris gamtarSi eleqtruli denis gavla 
ionebis gadaadgilebis Sedegia. amitom meore gvaris 
gamtars ionuri gamtari ewodeba. 

ionuri eleqtrogamtaroba axasiaTebs mJavebis, 
fuZeebisa da marilebis xsnarebs (gamxsneli aris 
wyali, spirti da a.S.), zogierTi marilisa da fuZis 
lRobilebs (mag., NaCl, NaOH), marils myar 
mdgomareobaSi (mag., AgI). 

mJava nivTierebaa, romelic disociaciis Sedegad 
iSleba wyalbadis (hidroqsoniumi) ionad da anionad. 
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fuZis disociaciis Sedegad miiReba hidroqsil-ioni 
da kationi, marilis disociaciis Sedegad ki _ kati-
oni da anioni. 

TiToeuli niSnis ionTa raodenoba eleqtrolitis 
formulaSi steqiometriuli koeficientebiT 
ganisazRvreba eleqtroneitralurobis kanonis dacviT. 
Tu disociaciisas erTmuxtiani ionebi miiReba, 
eleqtrolits 1,1-valentiani (mag., NaCl, HCl da sxv.)   
ewodeba, ormuxtiani ionebis miRebis SemTxvevaSi ki _ 
2,2-valentiani (mag., MgSO4, ZnSO4 da sxv.). K2SO4 1,2-
valentianebis tips miekuTvneba, MgCl2 ki _ 2,1-
valentianebis. 

 
 

5.2. eleqtrolituri disociaciis  

Teoria 

 

eleqtrolituri disociacia  _  eleqtrolitebis 
nawilobrivi an sruli daSla ionebad maTi 
gaxsnisas. 
 

     eleqtrolituri disociacia Seqcevadi procesia, 
romelic binaruli sistemisaTvis Caiwereba ase: 

BA  B
+
 + A-. 

 
eleqtrolituri disociaciis Teoriis ZiriTadi 

debulebebi Camoayaliba s. areniusma (1883_1887 ww.). am 
Teoriis Tanaxmad,  

 
 yvela eleqtroliti polarul gamxsnelSi 

urTierTsapirispirod  damuxtul ionebad 
iSleba; 
 

 xsnaris Tvisebebi ionTa  TvisebebiT 
ganisazRvreba; 
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 eleqtrolitis disociaciis procesi 
Seqcevadia anu xsnarSi disociaciasTan 
erTad mimdinareobs ionebis molekulebad 
SeerTebis procesi; 

 
 eleqtrolituri disociaciis procesi 

moqmed masaTa kanons eqvemdebareba. 
 

     disociaciis procesi raodenobrivad 

disociaciis xarisxiT   fasdeba.  

 
disociaciis xarisxi ionebad disocirebuli 
molekulebis raodenobis (n) fardobaa 
molekulebis saerTo ricxvTan (N) 
 

Nn /  . 

magaliTad, ZmarmJavas disociacia SeiZleba 
gamovsaxoT Semdegnairad: 

 

CH3COOH   CH3COO
- 
+ H

+
. 

 
     am reaqciisaTvis  

 

3 3

3
, ,

CH COOH CH COOH

H CH COO

C C
 

          

 
igi damokidebulia xsnaris koncentraciaze (xsnaris 

ganzavebisas  izrdeba), eleqtrolitis gvarobasa da  
gamxsnelis bunebaze, romelic dieleqtrikul 

SeRwevadobasTanaa    dakavSirebuli.  gviCvenebs, 

ramdenjer mcirdeba mocemul gamxsnelSi ionebs 
Soris miziduloba vakuumTan SedarebiT. 
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rac ufro metia gamxsnelis dieleqtrikuli 
SeRwevadoba, miT ufro didia eleqtrolitis 
disociaciis xarisxi (kablukov-nernst-tomsonis 
miaxloebiTi wesi). 

 
aqve aRsaniSnavia, rom erTsaxelian ionTa 

damatebiT disociaciis xarisxi mcirdeba.  
ionebi da dauSleli molekulebi Termodinamikur 

wonasworobaSia erTmaneTTan. Termodinamikuri wonas-
woroba ganisazRvreba wonasworobis (disociaciis) 
konstantiT  
 

 
3

3

C

H CH COO
K

CH COOH

        . 

    disociaciis unaris mixedviT arsebobs Zlieri, 
susti da saSualo Zalis eleqtrolitebi: 

 Zlier eleqtrolitSi  0,3  ; 

 sustSi  0,03  ; 

 saSualo siZlieris eleqtrolitSi   

0,03 0,3  . 

     
    mravali araorganuli mJavas, fuZisa da marilis 
wyalxsnari Zlieri eleqtrolitia (mag., HCl, HNO3, 
H2SO4, NaOH, KOH, NaCl, K2SO4 da sxv.), romlebic susti 
eleqtrolitebisagan gansxvavebiT, koncentrirebul 
xsnarSic ki TiTqmis srulad iSlebian ionebad. 
    organul mJavaTa umravlesobis (mag., CH3COOH, 
C6H5COOH da sxv.), aminebis  (C6H5NH2 _ anilini da sxv.), 
zogierTi araorganuli mJavasa da fuZis (mag., HCN, 

H2CO3, NH4OH), zogierTi marilis (mag., HgCl2) 
wyalxsnari susti eleqtrolitia.  erTi da igive 
nivTiereba erT gamxsnelSi SeiZleba iyos Zlieri 
eleqtroliti, xolo meoreSi _ susti. 
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        areniusis TeoriaSi gamoyenebulia ostvaldis 
ganzavebis kanoni, romelic adgens Tanafardobas 
disociaciis konstantasa da disociaciis xarisxs 
Soris 

                                

2

1
C

c
K







 ,   (5.1)  

sadac c eleqtrolitis koncentraciaa. 
     rogorc nebismieri  wonasworobis mudmiva, diso-
ciaciis konstantac temperaturazea damokidebuli. 
amitom temperaturis cvlilebiT eleqtrolitis Zala 
icvleba.   

susti eleqtrolitis SemTxvevaSi 1_  ≈ 1 da (5.1) 
gantoleba martivdeba: 

P                                   cKC

2 , 

Sesabamisad  

c

KC
 . 

     amrigad, disociaciis xarisxi ukupropor-
ciulia kvadratuli fesvisa eleqtrolitis koncen-
traciidan, rac imas niSnavs, rom eleqtrolitis 
koncentraciis, magaliTad, 100-jer SemcirebiT 
disociaciis xarisxi 10-jer izrdeba. eleqtrolitis 
sruli daSla usasrulod didi ganzavebisas xdeba. 
     unda aRiniSnos, rom (5.1) gantoleba marTebulia 
simetriuli binaruli eleqtrolitis xsnarisaTvis 
anu im SemTxvevaSi, rodesac molekula erT kationad 
da erT anionad disocirdeba. arasimetriuli 
eleqtrolitisaTvis (5.1) gantoleba rTuldeba (magram 

imave  da c cvladebs akavSirebs).  

        CK  damokidebulia gamxsnelis bunebasa da tempe-

raturaze.  disociaciis konstanta eleqtrolitis 
koncentraciaze xsnarSi damokidebuli ar aris. 
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CK -s temperaturuli damokidebuleba izobaris 

(2.23) gantolebiT gamoisaxeba. es damokidebuleba 
mraval SemTxvevaSi maqsimumiT xasiaTdeba, mag., 
ZmarmJavas disociaciis konstanta 22,50C-zea 
maqsimaluri, WianWvelmJavasi ki _ 24,40C-ze. 

5.1 cxrilSi mocemulia zogierTi organuli 
mJavas disociaciis konstantebi. 

cxrili 5.1 
mJavebis disociaciis konstantebi 250C-ze 

 
mJavebi K∙105 

CH3COOH 

C2H5COOH 

C3H7COOH 

C4H9COOH 

C6H5COOH 

CH2ICOOH 

CH2BrCOOH 

CH2ClCOOH 

CHCl2COOH 

CCl3COOH 

1,8 
1,4 
1,5 
1,6 
6,3 
75 
138 
155 
5140 
20000 

 
Zlieri eleqtrolitis xsnarSi aRiniSneba 

mniSvnelovani gadaxrebi ostvaldis ganzavebis 
kanonidan. Tavidan es anomaliad iTvleboda. magram 
sakiTxis Seswavlam aCvena, rom gadaxris mizezia 
Zlieri eleqtrolitis sruli disociacia.  

da, bolos, unda iTqvas, rom areniusi ar 
ixilavda eleqtrolituri disociaciis mizezebs. misi 
Teoria ar iTvaliswinebda ionTa urTierTqmedebas 
gamxsnelis molekulebTan (ion-dipoluri urTierT-
qmedeba) da erTmaneTTan (ion-ionuri urTierTqmedeba).  
     miuxedavad am xarvezebisa, areniusis Teoriam 
mniSvnelovani roli Seasrula eleqtrolitis 
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xsnarSi mimdinare procesebis aRsaqmelad da igi 
dResac warmatebiT gamoiyeneba susti eleqtrolitis 
wonasworobis aRwerisas analizur qimiaSi.  

 
5.3. eleqtrolitis xsnaris koligatiuri 

Tvisebebi 

 
eleqtrolituri disociaciis Sedegad xsnarSi 

nawilakTa raodenoba izrdeba, rac gamoixateba vant-

hofis izotonuri koeficientis  i  meSveobiT: 

 
i  vant-hofis izotonuri koeficienti  gviCvenebs, 
Tu ramdenjer gaizarda gaxsnili nivTierebis 
nawilakTa raodenoba xsnarSi eleqtrolitis 
molekulebis ionebad disociaciis Sedegad.  
 

NaCl -isTvis 22,i CuCl -isTvis 3i  . Tu c  

koncentraciis (mol/dm3) xsnarSi eleqtrolitis  
disociaciis xarisxia   da misi erTi molekulis 
daSliT v  raodenobis ioni warmoiqmneba, maSin 
izotonur koeficients sazRvraven Semdegi formuliT:  

 
 
 

 
3

1 1
0 0

c c vc
i v

c c

 


 

 
    

   

Si

sas sas

nawilakTa raodenoba 1dm
             

                                      
 

 
 

 
3

1 1
0 0

c c vc
i v

c c

 


 

 
    

   

Si

sas sas

nawilakTa raodenoba 1dm
. 

rodesac 0   (araeleqtrolitis xsnari), maSin 

1i  , xolo rodesac 1   (srulad disocirebuli 

eleqtroliti), maSin i v . Tu 2v  , maSin 1i   . 
aqedan Ggamomdinare, eleqtrolitis xsnars unda 

hqondes anomaliuri koligatiuri Tvisebebi. Tumca 
gaangariSebul da eqsperimentulad gansazRvrul 
sidideTa damTxveva SesaZlebelia araeleqtrolitis 
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xsnaris aRmwer gantolebaSi izotonuri koeficientis 
SeyvaniT, magaliTad:  

 

            cRT i   ,    imKT B  ebd ,    

BT K m i   g kr .  

 
5.4. wylis ionuri namravli da wyalbadis 

maCvenebeli 

  
wylis eleqtrogamtaroba, mis yvelaze sufTa 

nimuSSic ki, nuls ar aRwevs, rac miuTiTebs mis 
TviTionizaciaze (avtoprotolizze), rac SeiZleba 
Semdegi wonasworuli reaqciiT gamovsaxoT: 

 

2H2O  H3O
+ + OH_. 

 
am reaqciis wonasworobis mudmiva  
 

   won.
 OHOHK 3W  

KW-s wylis ionuri namravli ewodeba. misi 
erTeulia mol2/l2 an mol2/dm6. 
          KW damokidebulia temperaturaze (cxrili 5.2), 
298 K-ze igi 10-14-is tolia an, rogorc miRebulia, 

.14KlgpK WW   

 
xsnarSi hidroqsoniumis ionTa (H3O

+) koncen-
traciis miTiTebisaTvis gamoiyeneba pH 
wyalbadis maCvenebeli, romelic xsnarSi 
hidroqsoniumis  ionTa koncentraciis  uaryofiTi 
aTobiTi logariTmis tolia: 
 

].OHlg[])OH[ / 1lg(pH 33

           (5.2) 
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cxrili 5.2 

wylis ionuri namravlis damokidebuleba  
temperaturaze 

temperatura, C wylis ionuri 
namravli, KW 

neitraluri   
aris  pH 

0 0,1110-14       7,48 

10 0,3010-14 7,27 

20 0,6910-14 7,08 

25 1,0010-14 7,00 

30 1,4810-14 6,92 

40 2,9510-14 6,77 

50 5,5010-14 6,63 

60 9,5510-14 6,51 

70 15,810-14 6,40 

80 25,110-14 6,30 

90 38,010-14 6,21 
    

neitraluri aris pH iangariSeba wylis ionuri 
namravlidan (cxrili 5.2). 

vinaidan 298 K-ze 14

3W 10]OH][OH[K    

mol2/l2, xolo 




 OH3 



 OH  da  





 OH3

10_7 

mol/l, neitraluri aris pH am temperaturaze  7-is 
tolia. pH-is mniSvnelobiT ganisazRvreba xsnaris 
tute-mJavuroba (ix. cxrili 5.3): 

_ mJava areSi pH  7,  

_ tute areSi pH  7. 
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      OH_ ionTa koncentraciis nacvlad aseve 
sargebloben pOH-is sididiT, romelic gamoiTvleba 
Semdegi formuliT:  

pOH = – lg[OH_]. 

Tu KW  = [H3O
+
][

OH ],  maSin lgKW  = lg[H3O
+ 

] + lg 

[
OH ]  da 

– pKW = _ pH _ pOH. 
aqedan  

pH + pOH = pKW = 14. 

es toloba xsnis pOH-is aRniSvnis aucileb-
lobas anu Tu cnobilia pOH  martivad gamoiTvleba 
pH da piriqiT. 

       cxrili 5.3  

pH-is mniSvnelobaTa skala. 

pH [H3O
+
] [OH

-
] 

0 100 10-14 
1 10-1 10-13 
2 10-2 10-12 
3 10-3 10-11 
4 10-4 10-10 
5 10-5 10-9 
6 10-6 10-8 
7 10-7 10-7 
8 10-8 10-6 
9 10-9 10-5 
10 10-10 10-4 
11 10-11 10-3 
12 10-12 10-2 
13 10-13 10-1 
14 10-14 100 

 

neitraluri 

tutiano-
bis zrda 

mJavia-
nobis 
zrda 
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pH-is gansazRvra SeiZleba potenciometriulad 
da qimiuri indikatorebiT. Tanamedrove laborato-
riebSi iyeneben indikatorul qaRalds – “univer-
salur indikators”. 

cocxali organizmis umniSvnelovanesi Tvisebaa 
fuZe-mJavuri homeostazi – biologiuri siTxis pH-is 
mudmivoba (cxrili 5.4). 

                                   cxrili 5.4 
zogierTi biologiuri siTxis pH-is 

mniSvneloba 
 

biologiuri siTxe pH 
1. sisxli 
2. nerwyvi 
3. kuWis wveni (sufTa) 
4. Sardi 
5. zurgis tvinis siTxe 
6. kuWqveSa jirkvlis wveni 
7. naRveli 
8. rZe 
9. cremli 
10. kani (Sigaujreduli siTxe, 
sxvadasxva Sre)  

7,40  0,05 
6,35-6,85 
0,9-1,1 
4,8-7,5 

7,40  0,05 
7,5-8 
5,4-6,9 
6,6-6,9 

7,40,1 
 

6,2-7,5 
 

pH-is mudmivobis SenarCuneba organizmSi xdeba 
rogorc fiziologiuri meqanizmiT, ise buferuli 
sistemiT.  

 
5.5. buferuli sistema 

 
buferuli sistema  (buferuli xsnari) aris 
narevi, romelic inarCunebs wyalbadionTa 
garkveul koncentracias, e.i. xsnaris garkveul 
mJavianobas. 
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B   buferuli xsnari Seicavs susti mJavasa da misi 

marilis (mag., COOHCHCOONaCH 33 / ) narevs an susti 

fuZisa da misi marilis (mag. ClNHOHNH 423 / ) narevs. 
     buferuli sistemebis buferuli moqmedebis 
meqanizmi ganvixiloT acetaturi buferis 

COOHCHCOONaCH 33 /  magaliTze. marili, rogorc 

Zlieri eleqtrliti, mTlianadaa disocirebuli Na
+
   

da   CH3COO_  ionebad. buferul sistemaze Zlieri 

mJavas damatebisas CH3COO_ ionebi ukavSirdeba H
+
 

ionebs da warmoqmnis sust, mcired disocirebul 
ZmarmJavas (Zlieri mJava sustiT Cainacvleba):   

H
++ CH3COO_ 

 CH3COOH, 

da piriqiT, buferul sistemaze Zlieri fuZis (mag., 
NaOH)  damatebis dros ZmarmJava aneitralebs OH_ 

ionebs, ris Sedegadac miiReba Zlier susti 
eleqtroliti _ wyali:  

  COOCHOHCOOHCHOH 323 . 
 

        OH_ ionebis Sebmis gamo,  H
+ ionTa raodenoba 

sistemaSi mcirdeba, rac iwvevs CH3COOH axalaxali 
molekulebis disociacias. Sedegad  H

+ + CH3COO_ 
 

CH3COOH  wonasworoba inacvlebs marcxniv. 
    amrigad, rogorc OH_ , ise H

+ ionebis damatebis 
SemTxvevaSi xdeba maTi Sebma da xsnaris mJavianoba 
praqtikulad ar icvleba. 
        H

+ ionebis koncentracia advilad gamoiangariSeba 
ZmarmJavas disociaciis konstantis gantolebidan: 
 

   
 COOHCH

COOCHH
K

3

_

3




. 

   aqedan  H
+  ionebis koncentracia tolia: 
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 
 

 
COOCH

COOHCH
KH

3

3][ . 

Aam gantolebis galogariTmebiT miiReba 
genderson-gaselbaxis gantoleba:    

][

][
lg




A

HA
pKpH , 

sadac pK   mJavas (HA) disociaciis konstantas 
uaryofiTi aTobiTi logariTmia, kvadratul 
frCxilebSi _ buferuli xsnaris komponentebis 
koncentraciebi. 
    maSasadame, buferul xsnarSi H

+  ionTa koncentra-
cia damokidebulia mxolod mJavasa da marilis 
koncentraciaTa Ffardobaze. amitom buferuli 
xsnaris pH TiTqmis ar icvleba misi ganzavebisas an 
masze mcire raodenobis mJavas an tutis damatebiT. 
    buferuli narevis unari SeinarCunos pH-is 
mudmivoba usazRvro ar aris. 
 

buferuli sistemis unari SeinarCunos pH-is 
mudmivoba fasdeba buferuli tevadobiT anu 
mJavasa an fuZis im raodenobiT, romelic 1l 
xsnars unda daematos, rom misi pH-is sidide 
erTiT Seicvalos. 
 

     buferuli tevadoba buferuli xsnaris 
koncentraciis pirdapirproporciulia: 
 

rac ufro metad koncentrirebulia xsnari, miT 
ufro didia misi buferuli tevadoba. 
 

     maqsimaluri buferuli tevadoba (βmax)  miiRweva 
im SemTxvevaSi, Tu buferuli narevis komponentebis 
(susti mJavas da misi marilis an susti fuZis da misi 
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marilis) koncentraciebi erTnairia, maSin pH = pK (nax. 
5.1). amitom nebismieri buferuli narevis gamoyeneba 
pH-is gansazrvruli intervaliT izRudeba, 
saxeldobr: 

pH = pK  1. 

       pK  1 intervals buferuli moqmedebis are 
ewodeba. 

 
N 

nax. 5.1. buferuli sistemis buferuli 
moqmedebis are 

 

     COOHCHCOONaCH 33 /  acetaturi  sistemis 

buferuli moqmedebis are aris 3,8–5,8, 

ClNHOHNH 423 /  amoniumisa ki _ 8,2–10,2. 
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     buferuli tevadobis amowurvis SemTxvevaSi, 
mJavas an tutis damatebisas buferuli sistemis pH 

mkveTrad icvleba daBbuferi veRar buferobs. 
    buferul sistemas farTod iyeneben analizur 
praqtikasa da qimiur warmoebaSi, radgan mravali 
qimiuri reaqcia saWiro mimarTulebiT da sasurveli 
siCqariT mxolod  pH-is viwro zRvrebSi mimdinareobs. 
    buferul sistemas didi mniSvneloba aqvs 
organizmis  cxovelmyofelobis procesisaTvis. igi 
gansazRvravs  sxvadasxva biologiuri siTxis 
(sisxlis, limfisa da a.S.) mJavianobis mudmivobas.   
    adamianisa da cxovelis organizmis ZiriTadi 
buferuli sistemebia bikarbonatebi (naxSirmJava da 

misi marilebi _ 323 / COHNaHCO , pH=6,2–8,2), 

fosfatebi (natriumis dihidro- da hidrofosfati _ 

4242 / PONaHHPONa  pH=8,2–10,2) da cilebi (maTi 

buferuli Tvisebebi ganisazRvreba molekulaSi fuZe 
da mJavuri jgufebis arsebobiT). sisxlis cilebi 

(upirveles yovlisa hemoglobini ~ 75 %-iT ganapi-
robebs sisxlis buferul unars) uzrunvelyofen 
sisxlis  pH-is SedarebiT mdgradobas. 
    Mmosavlianobis SesanarCuneblad didi mniSvne-
loba aqvs niadagis bunebriv buferul sistemebs. 
 
 

A5.6. aqtiuroba, aqtiurobis koeficienti,  

xsnaris ionuri Zala 

 

    eleqtrolitis koncentraciis mniSvnelovani 
gazrdiT (c>0,2 mol/l), xsnarSi arsebul ionTa 
ricxvi izrdeba, izrdeba maT Soris da gamxsnelTan 
urTierTqmedeba, rac ionTa moZraobis SezRudvisa da 
xsnaris Tvisebebis cvlilebis mizezi xdeba. iqmneba 
STabeWdileba, TiTqos ionTa raodenoba (disociacia) 
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Semcirebulia. eleqtrolitis koncentraciis gazrdiT 
es efeqtebi Zlierdeba. amitom aqac, araeleq-
trolitis xsnaris msgavsad, realuri koncentraciis 
nacvlad mimarTaven xsnaris efeqtur koncentracias _  
aqtiurobas: 

a =  c, 

sadac  _ aqtiurobis koeficienti (uganzomileboa). 
realuri sistemisaTvis aqtiurobis koeficienti 
yovelTvis erTze naklebia (cxrili 5.5). 
 

cxrili 5.5 
wyalxsnarebSi zogierTi eleqtrolitis aqtiurobis 

koeficientebi (250C) 

 
xsnaris 

koncentracia 
(m) 

aqtiurobis koeficienti 
 

HCl 

 

NaOH 

 

NaCl 

 

H2SO4 

 

1,0 

0,1 

0,01 

0,005 

----- 

0 

 

0,811 

0,798 

0,906 

0,930 

--- 

1 

 
0,656 

0,778 

0,903 

0,928 

--- 

1 

 
0,667 

0,759 

0,899 

0,929 

--- 

1 

 
0,131 

0,266 

0,545 

0,643 

--- 

1 

 

 
Zlieri eleqtrolitis aqtiurobis koeficientad 

iReben am eleqtrolitis ionebis aqtiurobaTa 
koeficientebis saSualo geometriul sidides. 
binaruli eleqtrolitisaTvis 

 

  saS . 
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araeleqtrolitis msgavsad, ionTa  aqtiurobis 
koeficientebi aris aqtiurobis Sefardeba koncen-
traciasTan.  

Zlieri eleqtrolitis xsnarSi idealurobisagan 
gadaxra ZiriTadad gamowveulia ionTa Soris 
eleqtrostatikuri urTierTqmedebiT. amazea damya-
rebuli aseT xsnarSi aqtiurobis koeficientis 
Teoriuli gaTvlebi. 

dadgenilia, rom ionis aqtiurobis koeficienti 
naklebadaa damokidebuli ionis bunebaze da 
ganisazRvreba mxolod misi muxtiT da xsnaris I 
ionuri ZaliT (cxrili 5.6).  

liuisisa da rendalis mixedviT, 
 
Tanabari ionuri Zalis mqone yvela ganzavebul 
xsnarSi eleqtrolitis an misi ionebis 
aqtiurobis koeficientebi erTnairia (ionuri 
Zalis kanoni). 
 
xsnaris ionuri Zala aris eleqtrolitis 
xsnarSi ionTa eleqtrostatikuri urTierT-
qmedebis gamomsaxveli sidide. igi ar aris 
damokidebuli eleqtrolitis bunebaze da 
ganisazRvreba ionTa koncentraciiT da maTi 
muxtiT: 

 2

ii

2

22

2

11 ZC...ZCZC
2

1
I            (5.3)  

 
sadac C1, C2, ..., Ci aris ionTa koncentracia xsnarSi; Z1, 

Z2, ... Zi ki Sesabamisad _ maTi muxti. 
     magaliTad, Tu 1000 g wyalSi gaxsnilia 0,01 moli 

K2SO4   da 0,1 moli MgCl2, maSin 
 
             K

+       SO4
2_M   Mg2

+     Cl_ 

     I = 1/2(0,02∙12 + 0,01∙22 + 0,1∙22 + 0,2∙12) = 0,33. 
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cxrili 5.6  

 
ionis aqtiurobis koeficientis  

I-ze  damokidebuleba 
 

I 
aqtiurobis koeficienti 

erTmuxtiani 
ioni 

ormuxtiani 
ioni 

sammuxtiani 
ioni 

0 1,00 1,00 1,00 
0,001 0,97 0,87 0,73 
0,002 0,95 0,82 0,64 
0,005 0,93 0,74 0,51 
0,01 0,90 0,66 0,39 
0,05 0,84 0,50 0,21 
0,1 0,81 0,44 0,16 

 
susti eleqtrolitis ionuri Zala tolia  misi 

koncentraciisa da disociaciis xarisxis namravlisa. 
aradisocirebuli molekulebis mqone xsnaris ionuri 
Zala miiReba nulis tolad. 

 
 

5.7. Zlieri eleqtroliti 

 

Zlier eleqtrolitebs, rogorc aRiniSna, 
miekuTvneba nivTiereba, romelic gamxsnelTan 
urTierTqmedebis Sedegad sruladaa disocirebuli 
ionebad. disociaciis Sedegad nawilakTa ricxvis 
zrdis gamo, izrdeba maT Soris eleqtrostatikuri 
urTierTqmedeba, rac cvlis  disociaciis konstantas 
(igi damokidebuli xdeba koncentraciaze); magaliTad, 

KCl-is  disociaciis konstanta koncentraciis 0,0001-
dan 0,1 mol/l-mde  gazrdis Sedegad daaxloebiT 40- 
jer izrdeba. 
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am urTierTqmedebaTa meqanizms xsnis debaisa da 
hiukelis Zlieri eleqtrolitebis Teoria. maT 
SemogvTavazes martivi modeli,  romlis  Tanaxmad, 
TiToeuli ioni aris wertilovani muxti, romlis 
irgvliv ionuri atmosfero arsebobs. avtorTa azriT, 
atmosfero warmoiqmneba centraluri ionis irgvliv 
sawinaaRmdegod damuxtuli ionebis garSemortymiT 
(nax. 5.2, a). ionuri atmosfero Seicavs rogorc 
dadebiT, ise uaryofiT ionebs, magram upiratesad 
dadebiTi ionis irgvliv uaryofiTi ionebis siWarbea 
da piriqiT. ionuri atmosferos simkvrive centralur 
ionTan maqsimaluria da daSorebisas mcirdeba (nax. 
5.2,Ab).  

 
Nnax. 5.2. ionuri atmosferos modeli 

 
ionuri atmosfero iseTive  moqmedebas axdens 

wertilovan centralur ionze, rogorsac sapirispiro 
muxtis sferuli garsi moaxdenda, romelic misgan 
1/   manZilzea ganlagebuli. amAmanZils Semdegi 

formuliT angariSoben: 
 

d g 
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INe

kT

A

228

1000
1




   , 

 
sadac k aris bolcmanis mudmiva, NA _Aavogadros 
ricxvi, I _ xsnaris ionuri Zala,   – gamxsnelis 
dieleqtrikuli SeRwevadoba, F T _ temperatura, e – 
eleqtronis muxti. 

amrigad, 1/  - manZili SeiZleba ganvixiloT 

rogorc ionuri atmosferos efeqturi radiusi (nax. 
5.2Gg, d).  

aqedan gamomdinare, Camoyalibda debais zRvruli 
kanoni Sesabamisi miaxloebiT, romlis ZiriTadi 
Sedegia aqtiurobis koeficientis dakavSireba xsnaris 
ionur ZalasTan: 

lgγ = _AA|z1 z2 | I ,                        (5.4)                                                                                                                                                      
 

A-s ewodeba zRvruli koeficienti an debais zRvruli 
kanonis koeficienti  

 

 

  23

21

0

6
108245,1

T

A



 ,   

sadac  aqtiurobis saSualo ionuri molaluri 
koeficientia, romelic aqtiurobis koeficientebis 
saSualo sididea da mocemul eleqtrolits zogadad 
axasiaTebs, I aris xsnaris ionuri Zala,  z1 da  z2  _ kati-

onis da anionis muxtebi, 0 _ gamxsnelis simkvrive. 
1,1-valentiani eleqtrolitisaTvis (KCl, NaCl)  I = 

m, H 2O -s  = 78,5,  A = 0,508, xolo   lgγ = 508,0 m . 
unda iTqvas, rom debaisa da hiukelis mier 

SemoTavazebuli )I(flg 2/1  funqcia marTebulia 

im xsnarisaTvis, romlis koncentracia 01,0c  mol/l. 
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eleqtrolitis koncentraciis gazrdiT Teoriasa da 
praqtikas Soris gansxvaveba ufro arsebiTi xdeba (nax. 
5.3), vinaidan kanonis gamoyvanisas avtorebma 
ugulebelyves ionTa sakuTari zomebi da xsnaris 
dieleqtrikuli SeRwevadobis Semcireba sufTa 
gamxnelTan SedarebiT.  

 
nax. 5.3. aqtiurobis koeficienti zogierTi 1,1-  
         valentiani eleqtrolitis ganzavebul 
         xsnarSi. punqtiri – gaangariSeba debai- 

hiukelis mixedviT 
 

SemdgomSi es maT gaiTvaliswines  Teoriis meore 
da mesame miaxloebaSi, Tumca miRebuli damokidebu-

lebebi srulad mainc ver akmayofilebs   
gansazRvris sizustes. miuxedavad amisa, aqtiurobis 
koeficientsa da xsnaris ionur Zalas Soris kavSiris 
arsebobis dadgena, Teoriis TvalsazrisiT, Zalze 
mniSvnelovania. 

amJamad mopovebulia moculobiTi informacia 
wyalxsnarSi Zlieri eleqtrolitis aqtiurobis 
saSualo ionuri koeficientis Sesaxeb (298K-ze). 
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5.8. ionTa asociacia 

 
debaisa da hiukelis Zlieri eleqtrolitis 

Teoria postulatad miiCnevs, rom eleqtroliti 
xsnarSi srulad disocirdeba. Mmagram mravali 
eqsperimentuli faqti miuTiTebs, rom koncentracie-
bis garkveul zRvrebSi, eleqtrostatikuri urTierT-
qmedebis Sedegad, xsnarSi warmoiqmneba K

+
A_ tipis 

ionuri wyvilebi: 
 

K
++  

A_ = K
+
A_. 

am reaqciis wonasworobis konstantas asociaciis 
konstanta ewodeba da 

K_1 
asociaciis = KC. 

eleqtrolitis koncentraciis zrdiT ionuri 
asociatebis ricxvi izrdeba. asociacia damokidebu-
lia ionis zomasa da muxtze. ionTa muxtis gazrdiT 
asociatebis ricxvic izrdeba.  

koncentraciis zrdisas K
+
A_ ionur wyvilebs 

uerTdeba mesame ioni da warmoiqmneba eleqtruli 
muxtis mqone K

+ 
A_ K

+   
 an    A_ 

K
+ 

A_ sameulebi. aRsaniS-
navia, rom gamxsnelis dieleqtrikuli SeRwevadobis 
SemcirebiT sxvadasxva asociatebis ricxvi izrdeba. 
gamxsnelSi dabali dieleqtrikuli SeRwevadobiT 
eleqtroliti ZiriTadad asociatebis saxiT arsebobs 
da arc erT nivTierebas ar aqvs Zlieri eleqtro-
litebis Tvisebebi.  

 
 

5.9. ionTa solvatacia 
 
Tanamedrove warmodgenebis Sesabamisad ionebi 

xsnarSi solvatirebulia. 
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solvatacia aris gamxsnelis molekulebis 
urTierTqmedeba gaxsnili nivTierebis 
nawilakebTan. 
Tu gamxsneli wyalia, solvatacias hidratacia     
ewodeba. 
 
solvataciisas warmoiqmneba solvatebi (hidra-

tebi). 
 
erTi ionis irgvliv arsebul gamxsnelis 
molekulebis ricxvs ionis solvaturi  
(hidratuli) ricxvi ewodeba. 
 
solvataciis Teoriis Tanaxmad, ionis  irgvliv 

ori solvaturi garsia: 
 

 pirveladi solvaturi garsi ionis 
maxloblad ganlagebuli gamxsnelis 
molekulebisgan Sedgeba. ionis moqmedebis 
gamo, gamxsnelis molekulebi kargaven 
damoukideblad gadaadgilebis unars da 
xsnarSi ionTan erTad moZraoben;  

 

 meoreul solvatur garsSi kvlav 
gamxsnelis molekulebia, romlebic 
ionisgan ufro did manZilebzea 
ganlagebuli, vidre pirveladi garsis 
molekulebi. ionis moqmedeba, masTan 
daSorebul gamxsnelis molekulebze, 
gavlenas axdens xsnaris makroskopul 
Tvisebebze. 

   

     solvataciis xarisxi ionis zomazea 
damokidebuli. amas mowmobs ionTa hidrataciis 
enTalpiebi (cxrili 5.7). 
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cxrili 5.7 
 

ionTa hidrataciis enTalpiebi (kj/mol) 
 

 
ioni 

ionuri 
radiusi, 

0

A  

 

_ΔH298       
 

ioni 
ionuri 
radiusi, 

0

A  

 

_ΔH298       

H
+ 

H3O
+ 

Li
+ 

Na
+ 

K
+ 

Cs
+ 

NH4
+ 

Mg
2+ 

Ag
+ 

_ 
_ 

0,60 
0,95 
1,33 
1,69 
_ 

0,65 
1,13 

1109 
460 
531 
423 
339 
280 
326 
1954 
490 

OH_ 

F_ 

Cl_
 

Br_
 

NO3
_ 

SO4
2_

 

 

_ 
1,36 
1,81 
1,95 
_ 
_ 

510 
485 
351 
318 
310 
1109 

 

hidrataciis enTalpia idealuri airis 
mdgomareobidan usasrulod ganzavebul xsnarSi 
1 mol ionTa gadayvanis procesis siTboa. 

 

     ionebi maorientireblad moqmedeben maTTan 
axlos myof gamxsnelis molekulaze, ris gamoc 
hidrataciis entropia uaryofiTia.  
 

 

5.10. xsnaris eleqtrogamtaroba 

 
rogorc aRiniSna, eleqtrolitis xsnars aqvs 

eleqtruli denis gatarebis unari.  
 
sidides, romelic nivTierebis mier denis 
gatarebis unars axasiaTebs eleqtrogamtaroba 
ewodeba.  
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L eleqtrogamtaroba R eleqtruli winaRobis 
Sebrunebuli sididea 

L = 1 R = æ  S  l , 
sadac S  aris gamtaris  mudmivi ganivkveTi (m2-obiT), l  _ 
misi sigrZe (m-obiT), æ _ kuTri eleqtrogamtaroba. 
 

kuTri eleqtrogamtaroba iseTi xsnaris eleq-
trogamtarobaa, romelic moTavsebulia 1 m-iT 
dacilebul or eleqtrods Soris, romelTa 
farTobi 1 m2-ia (nax. 5.4). 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

nax. 5.4. kuTri eleqtrogamtarobis arsis 
warmodgenisaTvis 

 

eleqtrogamtaroba simensobiT (sim) izomeba; 1 sim 

= 1om-1. kuTri eleqtrogamtarobis sazomi erTeulebia 

sim m-1 = om-1m-1  da  om-1sm-1. 
xsnaris kuTr eleqtrogamtarobas misi eleqtro-

lituri gamtaroba ewodeba. 
eleqtrolituri gamtaroba damokidebulia kon-

centraciaze. 5.5 nax.-ze gamosaxuli wirebi maqsimumiT 
xasiaTdeba.  
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nax. 5.5. kuTri eleqtrogamtarobis xsnaris  

     koncentraciaze damokidebuleba  

      (1 – H2SO4, 2 – KOH, 3 – CH3COOH) 

 
kuTri eleqtrogamtaroba sakmarisi ar aris im 

raodenobrivi Tanafardobebis misaRebad, romelic 
damaxasiaTebelia eleqtrolitisaTvis. amitom misi 
gamtarobis dasaxasiaTeblad mizanSewonilia moluri 
eleqtrogamtarobis ( ) gamoyeneba. 

kuTri da moluri eleqtrogamtarobebi 
erTmaneTTan Semdegi TanafardobiTaa dakavSirebuli: 

 =æ 1000 /c ,                (5.5) 
sadac c  aris xsnaris koncentracia, mol/dm3. 
 

moluri eleqtrogamtaroba iseTi xsnaris 
eleqtrogamtarobaa, romelic Seicavs 1 mol 
gaxsnil nivTierebas da moTavsebulia 1 m-iT 
dacilebul or eleqtrods Soris (nax. 5.6). 

 

         -s sazomi erTeulebia simm2mol-1 = om-1m2mol-1 

da om-1sm2mol-1. 

     

æ 
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nax. 5.6. moluri eleqtrogamtarobis arsis 
warmodgenisaTvis 

 
              zogadad, eleqtrolitis koncentraciis gazrdiT 

   mcirdeba ( cV /1  ganzavebiT ki izrdeba) (nax. 5.7). 
  

 
      a                                          b 

nax. 5.7. moluri eleqtrogamtarobis damokidebuleba 
xsnaris koncentraciasa (a)  

da ganzavebaze (b) 
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am damokidebulebis konkretuli xasiaTi sxva-
dasxvanairia susti da Zlieri eleqtrolitebisaTvis. 

Zlier eleqtrolitSi es damokidebuleba 
gamoisaxeba kolrauSis empiriuli gantolebiT: 

b c   ,    (5.6) 

sadac  b  mudmivaa, romelic damokidebulia gamxsnelis 

bunebasa da temperaturaze, 
 _ moluri gamtaroba 

usasrulo ganzavebisas. roca 0c  ,   uaxlovdeba 

 -s. 

 -s  xSirad zRvrul molur eleqtrogamtarobas 

uwodeben.  -s gansazRvra SeiZleba, Tu avagebT 

c   damokidebulebas. am damokidebulebis 

eqstrapolacia   RerZis gadakveTamde (nulovan 

koncentraciamde)  -s iZleva. 
susti eleqtrolitisaTvis kolrauSis ganto-

leba ar gamodgeba. zRvruli eleqtogamtaroba, am 
SemTxvevaSi, mniSvnelovnad naklebia, vidre Zlier 
eleqtrolitSi, rac dakavSirebulia xsnarSi ionTa 
mcire SemcvelobasTan anu disociaciis dabal 
xarisxTan.  

imisaTvis, rom 
 ganisazRvros susti eleqtro-

litisaTvis, aucilebelia kolrauSis aditiurobis 
kanonis codna: 

 
usasrulo ganzavebisas eleqtrolitis moluri 
eleqtrogamtaroba Semadgenel ionTa Zvradobis 
(ionTa zRvruli eleqtrogamtarobis) jamis 
tolia  

    

    .   (5.7) 

am kanonis Tanaxmad, eleqtrolitSi kationebsa 
da anionebs eleqtruli deni erTmaneTisagan damouki-
deblad gadaaqvT. 



 219 

vinaidan moluri gamtaroba damokidebulia ionTa 
raodenobaze  (koncentraciaze), SesaZlebelia   eleq- 
trogamtarobiT ganisazRvros disociaciis xarisxi 

  . areniusis Tanaxmad, /   . ganzavebis kanonis 

2 1cK c    gamoyenebiT SeiZleba cK -s mniSvnelobis 

dadgena  

 
 

2

/

1 /
c

c
K

 

 







 .    (5.8) 

     (5.8) gantoleba uSualod akavSirebs disociaciis 
mudmivas da xsnaris eleqtrogamtarobas. 

 
5.11. gadatanis ricxvi 

 
kationTa da anionTa moZraobis siCqareebis 

gansxvavebis gamo, maT mier gadatanili eleqtrobis 
raodenobac gansxvavebulia da mas gadatanis ricxviT 
axasiaTeben.  

gadatanis ricxvi kationis (an anionis) 
moZraobis absoluturi siCqaris fardobaa 
kationisa da anionis siCqareebis jamTan 

v v
t t

v v v v

 
 

   
 

 
,    (5.9) 

t   da t   Sesabamisad kationisa da anionis gadatanis 

ricxvebia, v  da v  _ maTi absoluturi siCqareebi. 
imis gaTvaliswinebiT, rom ionTa eleqtrogamta-

roba 

Fv    da  Fv  , 

sadac F  faradeis ricxvia, vRebulobT: 

t t
 

   

 
 

   
 

 
. 



 220 

amrigad, gadatanis ricxvi afiqsirebs 
sapirispiro muxtebis mqone ionTa mier gadatanili 
eleqtrobis araTanabar raodenobas, Tumca 
eleqtrolitis mier gadatanili eleqtrobis jamuri 
raodenoba ucvleli rCeba. 
 

5.12. eleqtrolizi  

  

eleqtrolizi Jangva-aRdgeniTi procesia, 
romelic eleqtruli denis gatarebisas 
eleqtrolitSi CaZirul eleqtrodebze 
mimdinareobs.  

 

eleqtrolizi mimdinareobs eleqtrolizerSi. 
eleqtrolizeri aris WurWeli (abazana), romelSic 
moTavsebulia eleqtroliti da mudmivi denis 
wyarosTan mierTebuli eleqtrodebi. eleqtrolitSi 
eleqtruli denis gatarebisas iwyeba eleqtrode-
bisaken ionebis mimarTuli moZraoba: kationebi 
moZraoben kaTodisaken, anionebi ki _ anodisaken. 
eleqtrodebze mimdinareobs ionTa sruli an 
nawilobrivi ganmuxtva, ris Sedegadac warmoiqmneba 
atomebi, radikalebi an sxva saxis ionebi. 

amrigad, eleqtrolizis dros adgili aqvs 
eleqtronebis gadasvlas eleqtrodidan gaxsnili 
nivTierebis nawilakebze da piriqiT. pirvel 
SemTxvevaSi  xdeba aRdgena anu kaToduri reaqcia, 
meore SemTxvevaSi ki _ daJangva anu anoduri reaqcia. 

eleqtrolizis ZiriTadi maxasiaTebelia gamosa-
vali denis, nivTierebisa da energiis mixedviT. 

eleqtrolizi efuZneba faradeis kanonebs: 
 

 faradeis I kanoni _ eleqtrolizis dros 
eleqtrodebze gamoyofili nivTierebis rao-
denoba eleqtrolitSi gamavali eleqtrobis 
raodenobis pirdapirproporciulia; 



 221 

 faradeis II kanoni _ eleqtrobis toli 
raodenobebi eleqtrolizis dros sxva-
dasxva qimiuri naerTidan gamoyofen nivTie-
rebaTa ekvivalentur raodenobebs. 
 

nebismieri nivTierebis erTi gram-ekvivalentis 
gamosayofad eleqtrolitSi unda gavides 96500 
kuloni muxti. am ricxvs faradeis ricxvi F ewodeba.      
eleqtrolizis dros eleqtrodebze gamoyofili 
nivTierebis raodenoba (m)  gamoiTvleba Semdegi 
formuliT:  

FEQm / ,                                       (5.10)                                                                                   

sadac  E nivTierebis qimiuri ekvivalentia, Q – 
xsnarSi gasuli eleqtrobis raodenoba. 

eleqtrolizis movlenam simartivis, siiafisa da 
miRebuli produqtis maRali sisufTavis gamo didi 
gamoyeneba pova saxalxo meurneobis TiTqmis yvela 
dargSi. 

eleqtrolitebis nalRobebis eleqtroliziT 
miiReba tute da tutemiwa liTonebi, alumini, xolo 
eleqtrolitebis xsnarebis eleqtroliziT _ spilenZi, 
TuTia, manganumi, qromi, nikeli, tantali, indiumi, da 
sxva. eleqtrolizs iyeneben pirometalurgiuli gziT 
miRebuli liTonebis minarevebisagan gasawmendad, 
sxvadasxva damcavi da dekoratiuli danafarebis 
dasmisas, tuteebis, qloris, damJangvelebis, 
aRmdgenelebisa da sxva mravali organuli da 
araorganuli nivTierebis sinTezisaTvis. 
        

5.13. galvanuri elementis Termodinamika 

 
mowyobilobas, romelic, eleqtrodebze qimiuri 
reaqciebis mimdinareobis gamo, qmnis 
eleqtromamoZravebel Zalas (em Zala), denis 
qimiuri wyaro (galvanuri elementi) ewodeba. 
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amrigad, denis qimiuri wyaro aris mowyobiloba, 

romelSic qimiuri energia eleqtrulad gardaiqmneba. 
     TiToeuli galvanuri elementi Sedgeba ori 
eleqtrodisagan an ori naxevarelementisagan. erTSi 
mimdinareobs Jangvis naxevarreaqcia, meoreSi _ aRdgenis. 
     danielis elementi umartivesi galvanuri elemen-
tis klasikuri magaliTia. erT-erTi naxevarelementi 
Sedgeba TuTiis firfitisagan, romelic CaSvebulia 
TuTiis sulfatis xsnariT Sevsbul WurWelSi (nax. 5.8). 

aq daJangvis procesia,    
2 2Zn Zn e my wyalxsn

. Zn-is 

firfita anodia da masze daJangva mimdinareobs. 
meore naxevarelementSi spilenZis firfita 

moTavsebulia spilenZis sulfatis xsnarSi. aq aRdgena 

xdeba, 
   
2 2Cu e Cu   mywyalxsn

. Cu -is eleqtrodi 

kaTodia. wredis Sekvrisas eleqtronebi TuTiis 
firfitidan spilenZisaken gadaadgildeba, Sedegad Zn 
ixsneba, xolo Cu -is eleqtrodze xsnaridan 
aRdgenili spilenZi gamoiyofa. 

 
nax. 5.8. danielis elementis sqema. eleqtroqimiur sistemaSi  

Zn +CuSO4→ ZnSO4+Cu denwarmomqneli  reaqcia mimdinareobs 
 

firfitebis SemaerTebel gamtarSi gaivlis deni. 
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     galvanur elementSi xsnarebs Soris kontaqti 
myardeba eleqtrolituri bogiriT (sifonis miliT, 

romelic Sevsebulia KCl -is an 4 3NH NO -is najeri 

xsnariT), romelic uzrunvelyofs sistemaSi denis 
gavlas da ewinaaRmdegeba xsnarebis urTierTSerevas. 

galvanuri elementis aRniSvnisas gamoiyeneba qimi-
uri wyaroebis sqemebi: magaliTad, danielis 
elementisTvis  

(_)
 

Zn Zn Cu Cu2+ 2+
wyalxsnwyalxsn (+). 

naxevarelementi, romelsac aqvs dadebiTi 
eleqtroduli potenciali, yovelTvis unda ganlagdes 
sqematuri Canaweris marjvena mxares. erTi vertikaluri 
xaziT aRniSnulia liTon-xsnaris sazRvari, sadac 

aRiZvreba eleqtroduli potencialebi marjvE  an Emarcx , 

xolo ori xaziT _ sazRvari or eleqtrolits Soris. 
eleqtrolituri bogiri difuziuri potencialis (xsna-
rebis sazRvarze) acilebis saSualebas iZleva.1  

 

galvanuri elementis E  eleqtromamoZravebeli 
Zala ganisazRvreba or eleqtrods Soris 
potencialTa sxvaobis maqsimaluri mniSvne-
lobiT. am mniSvnelobas galvanuri elementi 
aRwevs im momentSi, rodesac is jer kidev ar 
aris gamoyenebuli eleqtruli denis misaRebad 

marcxmarjv EEE  . 

 
em Zala galvanuri elementis muSaobis 
efeqturobis raodenobrivi maxasiaTebelia. igi 
gviCvenebs qimiuri energiis eleqtrulad 

gardaqmnis sisrules. E  yovelTvis dadebiTia. 

                                                 
1
 kontaqturi potenciali (Zn/Cu  sazRvarze) SeiZleba minimumamde 
SevamciroT, Tu eleqtrodebis SesaerTeblad gamoviyenebT erT-
erTi eleqtrodis mavTuls (magaliTad, spilenZis). 
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elementis Seqcevadad muSaobis pirobebSi 

( P const -sas da T const -sas), jibsis energiis 
cvlileba reaqciis maqsimaluri muSaobis tolia da 

nFE  gamomuSavebuli eleqtruli energiis ekvivalen-
turia: 

mG W nFE   ,    (5.11) 

aqedan                 nFGE / ,                (5.12) 

nF  eleqtrobis raodenobaa ( 96485F   k/mol _ 
faradeis ricxvi, n  _ eleqtronebis ricxvi, romelsac 
gascems liTonis atomi). 

elementis Seuqcevadi muSaobis pirobebSi 

nFE G  . 

em Zalis temperaturuli damokidebulebis dasad-
genad visargebloT H G T S      gantolebiT, sadac 

H  elementSi mimdinare Jangva-aRdgenis reaqciis 

siTburi efeqtia; T S  gansazRvravs siTbos im 
raodenobas, romelic gamoiyofa an STainTqmeba 
elementis Seqcevadi muSaobis pirobebSi. 

  /G T S      tolobis gaTvaliswinebiT da (5.11) 

gantolebis diferencirebiT vRebulobT: 

 
,

G dE dE
T S T nFT S nF

T dT dT

 
     


.  (5.13)  

galvanur elementSi  mimdinare denwarmomqneli 
reaqciis siTburi efeqti  

                  H = _ nF 













T

E
TE . 

em Zalis temperaturuli koeficneti 
dE

dT
 SeiZ-

leba iyos rogorc dadebiTi, ise uaryofiTi. Tu 

/ 0dE dT  , maSin Seqcevadi procesis siTbo  T S  
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dadebiTia, es niSnavs, rom 0H  . am pirobebSi 
galvanuri elementi muSaobs siTbos STanTqmiT da 
procesi endoTermulia. 

Tu / 0dE dT  , maSin 0T S   da 0H   _ 
galvanuri elementi muSaobs siTbos gamoyofiT da 
procesi egzoTermulia. 

maSasadame, em Zalisa da misi temperaturuli 
koeficientis gazomva procesis Termodinamikuri 

funqciebis  , ,G S H    gamoTvlis saSualebas iZleva. 

galvanuri elementis em Zala damokidebulia 
xsnaris koncentraciaze, ufro zustad ki xsnarSi 
ionebis aqtiurobaze 

0 RT
E E lna

nF
   ,    (5.14) 

E  elementis e m Zalaa, 0E  _ elementis standartuli 

e m Zala, rodesac 1a   da n 0l a  . 

(5.14)-s nernstis gantoleba hqvia. es gantoleba 
eleqtroqimiis fundamenturi gantolebaa da umetes 
eleqtroqimiur gamoTvlebs am gantolebis safuZ-
velze atareben. 

m. faradeis mier eleqtrolizis kanonTa aRmo-
Cenisa da v. nernstis mier am Termodinamikuri ganto-
lebis dadgenis Sedegad mecnierebaSi damkvidrda 
Teoria, romlis mixedviTac denis wyaroSi  energia 
warmoiqmneba qimiuri reaqciis mimdinareobis Sedegad. 
 

5.14. naxevarelementTa tipebi 

 
arsebobs pirveli gvaris, meore gvarisa da 

Jangva-aRdgeniTi (redoqs-) naxevarelementebi. 
 pirveli gvaris naxevarelementebis magaliTad 

SeiZleba moviyvanoT 2Zn Zn  , 
2Cu Cu   da airadi _   

wyalbadis, Jangbadis, qloris eleqtrodebi.    
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wyalbadis eleqtrodis (wyalbadis naxevarelementi) 
sqema warmodgenilia 5.9 naxazze. airad wyalbads (1) 

gaatareben HCl-is xsnarSi (2), romelSic H
+ ionTa 

aqtiuroba 1 g-ion/l tolia. eleqtrolitSi 
Cayursulia platinis firfita (3) (eleqtrodi), rome-
lic eleqtroliturad aris dafaruli platinisave 
SaviT da Semogarulia wyalbadis airuli nakadiT. 

 

 
nax. 5.9. wyalbadis naxevarelementi 

wyalbadis eleqtrodis potenciali ganisaz-
Rvreba platinis zedapirze mimdinare reaqciiT: 

  H
+

(wyalxsn) + e_    
 

2

1
 H2(a). 

    nernstis gantolebis Tanaxmad, wyalbadis 
eleqtrodis eleqtroduli potenciali  
 

 + + +
22 2

0 1/2

HH H H H H
E = E +0,059lg a p , 

+
2

0

H H
E  wyalbadis eleqtrodis standartuli potencia-

lia, +
2

0

H H
E = 0;  

2Hp _ wyalbadis wneva. 

wyalbadis eleqtrodis sqema aRiniSneba 

 2
Pt H H 

a -iT, Tu platina anodia da  2
H H Pt

a ,  Tu 

platina kaTodia.  
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wyalbadis standartuli eleqtrodi miRebulia 
eleqtroduli potencialis saerTaSoriso etalonad.  

meore gvaris naxevarelementebi warmoadgens 
liTonebs, romlebic dafarulia Tavisive Znelad 
xsnadi naerTiT (marili, oqsidi, hidroqsidi) da 
CaSvebulia advilad xsnad marilSi, romelsac saer-

To anioni aqvs Znelad xsnad marilTan:  A
Z- | MeA, Me.  

A
Z- _ anionia.  eleqtrodze Semdegi eleqtroduli 

reaqcia mimdinareobs: 
 

Me A + z e_    Me + A
Z-. 

meore gvaris naxevarelementebis magaliTebia 

kalomelisa KCl | Hg2Cl2,Hg da qlorvercxlis KCl | AgCl, 

Ag (nax. 5.10) eleqtrodebi. es eleqtrodebic farTod 
gamoiyeneba eleqtroqimiaSi, rogorc Sesadarebeli 
(maTi potencialebis stabilurobis gamo) nebismieri 
eleqtrodis potencialis gansazRvrisas. 

 
 
 
 
 
 
 
 
 
 
  

nax. 5.10. qlorvercxlis eleqtrodi; 1 _ AgCl-iT 

dafaruli vercxlis mavTuli, 2 _  KCl-is  xsnari. 
 

kalomelisa da qlorvercxlis eleqtrodebis 
potencialebi ganisazRvreba qloris ionebis koncen-
traciiT; maTi mniSvnelobebi 298 K-ze  mocemulia 5.8 
cxrilSi. 
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                                         cxrili 5.8 
kalomelisa da qlorvercxlis eleqtrodebis 

eleqtroduli potencialebi (298 K) 
 

KCl-is 
koncentracia, N 

eleqtroduli potenciali, v 
kalomelis qlorvercxlis 

0,1 
1,0 

najeri (~ 3,5) 

     + 0,3358 
     + 0,2810 
     + 0,2420 

+ 0,290 
+ 0,238 
+ 0,201 

 
Jangva-aRdgeniTi (redoqs-) naxevarelementebi 

Sedgeba inertuli liTonisagan (Pt, Au, Ir), romelic 
moTavsebulia erTi da imave nivTierebis daJanguli 
da aRdgenili formis Semcvel xsnarSi. magaliTad: 

   
2 3,Pt Fe Fe 

wyalxsn wyalxsn  _ Tu platina anodia 

da 

   
3 2,Fe Fe Pt 

wyalxsn wyalxsn
 _ Tu platina kaTodia. 

     liToni reaqciebSi ar monawileobs. igi 
asrulebs eleqtronebis gadamtanis funqcias xsnarSi 
mimdinare Jangva-aRdgeniTi reaqciis dros. redoqs- 
eleqtrodis potenciali damokidebulia daJanguli 
(ox) da aRdgenili (red) formebis aqtiurobaze: 

red

ox
redoxredox

a

a

zF

RT
EE ln0   . 

ionseleqtiuri (ionmimocvliTi) eleqtrodebi 
Sedgeba ionitisa da xsnarisagan. potencialis 
warmoqmna fazaTa gamyof zedapirze ganpirobebulia 
ionitsa da xsnars Soris mimdinare ionmimocvliTi 
procesebiT. 

ionseleqtiur eleqtrodebs e.w. minis eleqtro-
di miekuTvneba (nax. 5.11). eqsperimentulad dadgenilia, 
rom minis eleqtrodis potenciali H

+
 ionebis 

aqtiurobis mixedviT iseve icvleba, rogorc 
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wyalbadis eleqtrodis potenciali, amitom minis 
eleqtrodi xsnaris pH-is gasazomad gamoiyeneba. 

 
 
 
 
 
 
 
 
 
 
 
 
 
        nax. 5.11. minis eleqtrodi 
 
minis eleqtrodi aris minis mili, romelic 

bolovdeba specialuri minisagan damzadebuli 
burTuliT. burTula naxevrad gamtari membranis 
rols asrulebs. burTulaSi Casxmulia mJava (0,1N 
HCl), romlis pH cnobilia da masSi CaSvebulia 
qlorvercxlis eleqtrodi. minis eleqtrodis 
potenciali damokidebulia mxolod H

+
 ionebis 

aqtiurobaze xsnarSi: 







minis

xsn

minisminis

H

H

a

a

zF

RT
EE ln0 . 

 
5.15. standartul (normalur) potencialTa  

cxrili 

 

zemoT mocemul masalaSi xSirad gamoiyeneba 
cneba “eleqtroduli potenciali”. ganvmartoT es 
cneba. 
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rogorc aRvniSneT, liTonis firfitis 
moTavsebisas misive marilis xsnarSi, liTonis mesris 
kationi gadadis xsnarSi da warmoqmnis solvati-
rebul ions. “liTon-xsnaris” sazRvarze procesebi 
yovelTvis orive mimarTulebiT mimdinareobs. amitom 
imavdroulad ukuprocesic xdeba _ solvatirebuli 
ioni iZens eleqtrons liTonis zedapirze da 
gamoiyofa masze neitraluri atomis saxiT. sistemaSi 
myardeba dinamikuri wonasworoba:  

 

M
z+
(wyalxs) + ze_

  
  M(my). 

 marjvniv mimarTuli procesi  aRdgenaa, 
marcxniv mimarTuli _ daJangva. pirveli procesisas 

M
z+ solvatirebuli ionebis ganmuxtva xdeba, meore 

procesisas ki _ liTonis ionizacia. pirvel procesSi 
liTonis zedapirze unda warmoiqmnas eleqtronebis 
deficiti da is dadebiT muxts SeiZens (nax. 5.12, a), 
meoreSi ki _ eleqtronebis siWarbe da liTonis 
firfita uaryofiTad daimuxteba (nax. 5.12, b). 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

nax. 5.12. eleqtroduli potencialis warmoqmna 

a 

b 
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maSasadame, imis mixedviT, Tu saiT ixreba 
wonasworoba, liTonis firfita Rebulobs dadebiT an 
uaryofiT muxts. nebismier SemTxvevaSi, sistemaSi 
muxtebis dayofa midis (warmoiqmneba ormagi 
eleqtruli Sre), rac liTonsa da misi marilis 
xsnars Soris garkveuli sididisa da niSnis 
potencialis naxtomis (potencialTa sxvaoba) 
warmoqmnis mizezia. 

 
potencialis naxtoms “liTon-xsnaris” 
sazRvarze wonasworuli eleqtroduli 
potenciali hqvia. 
 

     potencialis absoluturi mniSvnelobis gazomva 
SeuZlebelia. amitom praqtikuli gaangariSebisaTvis 
sargebloben eleqtrodis fardobiTi potencialiT, 
romelic gazomilia romelime Sesadarebeli 
eleqtrodis cnobili potencialis mimarT. am mizniT 
xSirad wyalbadis eleqtrodi gamoiyeneba. 

amrigad, naxevarelementis eleqtroduli 
potenciali im galvanuri elementis eleqtro-
mamoZravebeli Zalaa, romlis sqemaze wyalbadis 
eleqtrodi marcxnivaa ganlagebuli, marjvniv ki _ 
gansaxilveli eleqtrodi (naxevarelementi). 
magaliTad, 

       2

ZPt H H M M 

a mywyalxsn wyalxsn
. 

eleqtroduli potenciali zM M
E   simboloTi 

aRiniSneba da Seesabameba eleqtrodze mimdinare 

   
ZM ze M   mywyalxsn  aRdgenis reaqcias 

0 lnz z zM M M M M

RT
E E a

nF
    . 
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     nernstis es formula iZleva eleqtroduli 
potencialis damokidebulebas temperaturaze, 
liTonis bunebasa da xsnarSi ionTa aqtiurobaze. 

temperaturis gazrdiT izrdeba liTonis xsnadoba 
anu solvatirebuli ionebis raodenoba xsnarSi da 
wonasworoba ixreba marcxniv; izrdeba potencialTa 

sxvaobac liTonsa da xsnars Soris. Tu gavzrdiT M
z+ 

ionebis aqtiurobas xsnarSi, wonasworoba gadaixreba 
marjvniv. amrigad, potencialis naxtomi “liTon-
xsnaris” sazRvarze Semcirdeba. 

sxvadasxva liTonis eleqtroduli potencialis 
erTmaneTTan Sesadareblad garkveuli pirobebia 

(parametrebi) saWiro: temperatura 298K  unda iyos, 
wneva _ 1 atm, xsnarSi ionTa aqtiuroba _ 1 mol/dm3. 
am pirobebs standartuli ewodeba, xolo am 
pirobebSi miRebul eleqtrodul potencials _ 
standartuli eleqtroduli potenciali. 

 

standartuli eleqtroduli potenciali iseTi 
galvanuri elementis eleqtromamoZravebeli 
Zalaa, romlis sqemaze marcxena eleqtrodi 
standartuli wyalbadis eleqtrodia, xolo 
marjvena _ standartuli gansaxilveli eleqt-
rodi. galvanuri elementis sqematuri Canaweri 

ZM M
 eleqtrodisaTvis aseTia: 

 

       , ,Z

2
Pt H ,1 H 1 M M+ 3 3

a mywyalxsn wyalxsn
atm mol/dm 1 mol/dm . 

         sqemaze wyalbadis eleqtrodi yovelTvis 
marcxniv iwereba. 

standartuli eleqtroduli potenciali aRiniS-

neba 
2

0 0

/ /
. 0ZM M H H

E E   .  

wyalbadis eleqtrodis standartuli 
eleqtroduli potenciali nebismier 
temperaturaze nulis toladaa miRebuli.  
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liTonis standartuli eleqtroduli potenci-
ali misi atomebis aRdgeniTi da ionebis JangviTi 

unaris sazomia. rac ufro uaryofiTia 0
ZM M

E  , miT 

ufro Zlieri aRdgeniTi unari aqvs atoms da piriqiT, 
rac ufro dadebiTia liTonis potenciali, miT ufro 
Zlieri mJangavi unariT xasiaTdeba M

z+ ioni. magaliTad, 

yvelaze Zlieri aRmdgeni liTiumia ( 

0

LiLi
E  _3,04 v), 

xolo yvelaze Zlieri mJangavi _AAu
3+-is ionebi 

( 

0
3 AuAu

E  +1,50 v) (cxrili 5.9).  

5.9 cxrilis monacemebi asaxavs liTonisa da 
araliTonis (ionebis saxiT) xsnarSi gadasvlis 
tendencias. Tu ionTa aqtiuroba xsnarSi erTis 
tolia, wyalbadis zemoT moTavsebuli liTonebi 
wyalbadis eleqtrodis mimarT uaryofiTad imuxteba, 
xolo wyalbadis qvemoT moTavsebuli _ dadebiTad. 

cxrili agebulia mwkrivis saxiT, sadac zemodan 
qvemoT mcirdeba elementebis aRdgeniTi unari da 
izrdeba mJangavi unari. standartul potencialTa 
mwkrivs ZabvaTa mwkrivsac uwodeben. cxadia, rom am 
mwkrivis yoveli liToni marilebis wyalxsnarebidan 
aZevebs Tavis qvemoT ganlagebul yvela liTons.  

ZabvaTa mwkrivSi rac ufro daSorebulia 
erTmaneTisagan ori liToni, miT ufro met Zabvas 
qmnian isini galvanur elementSi. 
     5.9 cxrili nebismieri galvanuri elementis em 
Zalis ( 298K -ze) gamoTvlis saSualebas iZleva 
standartuli potencialis wyvil-wyvilad kombini-
rebis gziT. magaliTad,  

 

 2 2

0 0 0 0,73 0,337 1,1
Zn zn Cu Cu

E E E        v  

danielis elementis normaluri e m Zalaa. 
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                                                                      cxrili 5.9 

standarTuli eleqtroduli potencialebi wyalxsnarebSi 298K -ze 
 

eleqtrodi 
eleqtroduli 

reaqcia 
,OE v  eleqtrodi 

eleqtroduli 
reaqcia 

,OE v  

1 2 3 4 5 6 
+Li Li  Li e Li    -3,04 2Ni Ni  2 2Ni e Ni    -0,24 

+Rb Rb  Rb e Rb    -2,92 2Sn Sn  2 2Sn e Sn    -0,136 

+ +K K  +K e K   -2,92 2+Pb Pb  2 2Pb e Pb    -0,126 

2+Ba Ba  2 2Ba e Ba    -2,90 3+Fe Fe  3 3Fe e Fe    -0,036 

2+Ca Ca  2 2Ca e Ca    -2,87  2 t
H H  H

+ +e = 1/2H
 
2  0,000 

+Na Na  Na e Na    -2,713 2+Cu Cu  2 2Cu e Cu    +0,337 

2+Mg Mg  2 2Mg e Mg    -2,38 +Cu Cu  Cu e Cu    +0,52 

3+Al Al  3 3Al e Al    -1,66 2

2Hg Hg  2

2 2 2Hg e Hg    +0,798 

2+Mn Mn  2 2Mn e Mn    -1,18 +Ag Ag  Ag e Ag    +0,799 

 

 

2
3

4
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                                                   5.9 cxrilis gagrZeleba  

1 2 3 4 5 6 
2+Zn Zn 2 2Zn e Zn    -0,763 2+Hg Hg  2 2Hg e Hg    +0,854 

3+Cr Cr  3 3Cr e Cr    -0,74  2 t
Br Br  

2 2 2Br e Br   +1,066 

2+Fe Fe 2 2Fe e Fe    -0,44  2 t
Cl Cl  

2 2 2Cl e Cl   +1,359 

2+Cd Cd  2 2Cd e Cd    -0,402 3+Au Au   
3 3Au e Au    +1,50 

2+Co Co  2 2Co e Co    -0,27    

 
 
 
 
 
 
 
 
 

 

2
3

5
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 E 5.16. potenciometruli meTodebis  

 gamoyeneba 

 

 

potenciometria analizis eleqtroqimiuri 
meTodia, romelic farTod gamoiyeneba samecniero 
kvlevebSi da sxvadasxva teqnologiuri procesis 
kontrolisaTvis. 

potenciometruli meTodiT, galvanuri elementis 
em Zalis gazomviT, SeiZleba ganisazRvros wonas-
worobis konstantebi da denwarmomqmneli reaqciis 
Termodinamikuri maxasiaTeblebis cvlileba; 
eleqtrolitis aqtiurobis koeficienti; gadatanis 
ricxvebi; susti mJavasa da fuZis disociaciis xarisxi 
da disociaciis mudmiva; mcired xsnadi marilis 
xsnadoba. 

eleqtroqimiur meTodebs iyeneben analizur 
qimiaSi (ampermetruli da konduqtometruli titvra). 

 praqtikaSi yvelaze didi mniSvneloba pova 
potenciometruli meTodiT pH-is gansazRvram, rac 
gamoiyeneba ara marto qimiasa da qimiur teqnologiaSi, 
aramed sxva mecnierul disciplinaSic: bioqimiaSi, 
medicinaSi, fiziologiaSi, niadagmcod-neobaSi, 
metalurgiaSi, geologiaSi, samTo saqmesa da sxvagan. 
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6 .  q i m i u r i  r e a q c i i s  k i n e t i k a  

 
qimiuri reaqciis kinetika aris moZRvreba  
qimiuri reaqciis siCqarisa da misi meqanizmis 
Sesaxeb. 

 
qimiuri reaqciis siCqaris formalur-maTematikur 

aRweras misi meqanizmis gaTvaliswinebis gareSe 
formaluri kinetika iZleva. 
    reaqciis meqanizms anu calkeuli stadiebis 
erTobliobas molekuluri kinetika Seiswavlis. 
 

6.1. qimiuri reaqciis siCqare 
 

reaqciis siCqare axasiaTebs reaqciis Sedegad 
warmoqmnili produqtis koncentraciis  
cvlilebas droSi. 
 

qimiuri reaqciis siCqare ganisazRvreba drois 
erTeulSi (t) gamosavali nivTierebis an reaqciis 
produqtis koncentraciis (c) cvlilebiT. 
    asxvaveben reaqciis saSualo  da WeSmarit 
siCqareebs.  

reaqciis saSualo siCqare drois ∆t intervalSi 
gamoiTvleba Semdegi formuliT: 

t

c
v




saS . 

drois sxvadasxva monakveTSi reaqciis saSualo 
siCqaris mniSvneloba sxvadasxvaa. 

 siCqaris WeSmariti mniSvneloba  v  gamoisaxeba 

koncentraciis usasrulod mcire cvlilebiT (dc) 

drois usasrulod mcire SualedSi (dt): 

dt

dc
v  .                               (6.1) 
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  reaqciis siCqare yovelTvis dadebiTia, 
t

c




 

fardoba da 
dt

dc
 warmoebuli ki SeiZleba iyos  

dadebiTic da uaryofiTic, imis mixedviT Tu romeli 
nivTierebis koncentraciis cvlilebiT ganisazRvreba 
reaqciis siCqare. “_” niSans sawyisi nivTiere-
bebisaTvis viRebT. 

           )(tfc   kinetikuri mrudis nebismier wertilSi  

gatarebuli mxebis daxris kuTxis tangensi (nax. 6.1)  

qimiuri reaqciis siCqaris grafikuli interpretaciaa:  

dt

dc
v  =  tg . 

 
nax. 6.1. WeSmariti siCqaris grafikuli gansazRvra 

     reaqciis siCqaris erTeulia mol/l∙wm (Tu 
koncentracia gazomilia mol/l-obiT, xolo dro 
wamobiT). 
     reaqciis siCqare damokidebulia moreagire 
nivTierebebis bunebasa da koncentraciaze, tempera-
turaze, katalizatorze, gamxsnelis bunebasa da sxv. 
heterogenuli reaqciis siCqare, agreTve, damokide-
bulia fazaTa gamyofi zedapiris bunebasa da 
sidideze. 
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6.2. siCqaris konstanta, reaqciis rigi da 

molekuluroba 

 
qimiuri reaqciis siCqaresa da moreagire 

nivTierebaTa koncentracias Soris damokidebulebas 
moqmed masaTa kanoni (k. guldbergi da p. vaage, 1867 w.) 
amyarebs. am kanonis Tanaxmad, 
 

mudmivi temperaturisas mimdinare qimiuri reaqciis 
siCqare moreagire nivTierebaTa koncentraciebis 
namravlis proporciulia 
(TiToeuli koncentracia ayvanilia xarisxSi, 
romelic tolia steqiometriuli koeficientebisa 
reaqciis gantolebaSi). 
  

zogadad mA + jB → pC + qD  homogenuri reaqci-
isaTvis  

                             
jm BAkv ][][  ,                                 (6.2) 

 

sadac k  proporciulobis koeficientia, romelsac 
reaqciis siCqaris konstanta (mudmiva) ewodeba, [A] da 
[B] _ A da B nivTierebebis koncentraciebi, m _ 
reaqciis rigi A nivTierebis mimarT,  j _ reaqciis 

rigi B nivTierebis mimarT, m+j ki reaqciis sruli 
rigia. (6.2) gantoleba qimiuri kinetikis ZiriTad 
postulats gamosaxavs. 

k -s fizikuri arsi SeiZleba davadginoT Tu mivi-
RebT, rom koncentraciebi 1 mol/l-is tolia, maSin   

v k . 
reaqciis siCqaris konstanta damokidebulia 

yvela im faqtorze (garda koncentraciisa), romelic 
gavlenas axdens reaqciis siCqareze. 

moqmed masaTa kanoni marTebulia martivi (erTsa-
fexuriani) reaqciisaTvis da rTuli reaqciis calkeuli 
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safexurebisaTvis da ara mTlianad rTuli reaqci-
isaTvis. 

heterogenuli reaqciis SemTxvevaSi moqmed masaTa 
kanonis gantolebaSi mxolod airad da Txevad fazaSi 
myof nivTierebaTa koncentraciebi Sedis. magaliTad: 

 

S(my) + O2(a)  → SO2(a); 
 

 2Okv  . 

moqmed masaTa kanonis maTematikur gamosaxulebas 
reaqciis kinetikuri gantoleba hqvia. 

reaqciebis kinetikur klasifikacias safuZvlad 
udevs  reaqciis rigi da molekuluroba. 

reaqciis sruli rigi (n) ganisazRvreba rogorc 
koncentraciebis xarisxis maCvenebelTa jami reaqciis 
kinetikur gantolebaSi: 

jm BAkv ][][ . 

reaqciis sruli rigis mniSvneloba: jmn  . 

    asxvaveben nulovani, pirveli, meore da mesame 
rigis reaqciebs. SevCerdeT martivi tipis reaqciebis 
kinetikur gantolebebze. 

 

 nulovani rigis reaqciis kinetikuri gantole-
bidan 

         
0

0ckv           an       0v k             (6.3) 

gamomdinareobs, rom reaqciis siCqare ar aris damo-
kidebuli moreagire nivTierebaTa koncentraciaze, 
v const . 
 

 pirveli rigis reaqciebi 1n   

       Aproduqtebi    1v k c   (6.4)
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 meore rigis reaqciebi 2n   

     A B produqtebi    2 A Bv k c c   (6.5)

   

 2 AA c= cproduqtebi   
2

2v k c      (6.6) 

 

 mesame rigis reaqciebi 3n   

A B D  produqtebi    3 A B Dv k c c c    (6.7) 

3

3

2

3

           )(3

               2

ckvccA

cckvBA

A

BA





 produqtebi 

  produqtebi 
        (6.8) 

 
martivi reaqciebis (6.3) _ (6.8) gantolebebSi reaq-

ciis rigi ganisazRvreba steqiometriuli koeficien-
tebis mniSvnelobebiT. reaqciis rigi formaluri 
cnebaa. molekulaTa faqtobriv ricxvs, romelic 
erTdroulad urTierTqmedebs elementarul aqtSi 
gansazRvravs molekuluroba. cnobilia mono-, bi- da 
trimolekuluri reaqciebi anu reaqciis molekulu-
roba mTeli dadebiTi ricxvia: 1, 2, iSviaTad 3 (sami 
molekulis erTdrouli dajaxebis albaToba metad 
mcirea). 

 martivi erTstadiiani reaqciisaTvis moleku-
luroba da rigi, rogorc wesi, erTmaneTs emTxveva. 
rTul reaqciebSi reaqciis rigi mis  molekulurobas 
ar emTxveva. gansxvavebis mizezebia: 

 
1. reaqciis erT-erTi an ramdenime monawilis 

koncentraciis mudmivoba; am SemTxvevaSi 
reaqciis rigi erTiT naklebia steqiometriuli 
gantolebis mixedviT gaTvlil rigze. 
 

2. reaqciis safexurovani xasiaTi; maSin reaqciis 
rigi yvelaze neli stadiis rigis tolia. am 
stadias malimitirebeli hqvia. 
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6.3. reaqciis kinetikuri gantolebebi 

 
formaluri kinetika siCqaris konstantisa da 

koncentraciis droSi cvlilebis dasadgenad mimar-
Tavs maTematikur damokidebulebebs. 

nulovani rigis reaqciisaTvis o

dc
k

dt
  ; am 

gantolebis  integrebiT miiReba oc k t B   , sadac B  

integrebis mudmivaa. 

roca 0t   da 0c  , maSin 0B c   da gantoleba 

iRebs Semdeg saxes: 

0c c kt  . 

siCqaris konstantisa da siCqaris erTeulebi 
erTmaneTs emTxveva. 

pirveli rigis reaqciisaTvis 1

dc
k c

dt
   an 

1

dc
k dt

c
  . integrebiT: 1lnc k t const   . roca 0t   da 

0c c , ln Oconst c  . am reaqciis kinetikuri gantoleba 

iqneba: 

1

1
ln Oc

k
t c

 . 

am gantolebidan Cans, rom siCqaris konstantis 
erTeulia _ dro_1 (Cveulebriv wm_1). 

meore rigis reaqciisaTvis 2 1 2

dc
k c c

dt
  , Tu 

2

1 2 2,
dc

c c k c
dt

    an 22

dc
k dt

c
  . am gantolebis 0-dan t -

mde da Oc -dan c -mde integrebiT, miiReba: 
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2

1 O

O

c c
k

t c c


 . 

am SemTxvevaSi siCqaris konstantis erTeuli 
(dro_1 ∙ konc_1) damokidebulia koncentraciis erTe-
ulze. Tu dro gamosaxulia wamobiT, xolo koncen-
tracia _ mol/l-obiT, maSin k2 –s erTeulia l/mol∙ wm. 

analogiuri msjelobiT vRebulobT mesame rigis 
reaqciis kinetikur gantolebasac 

2 2

3 2 2

1

2

O

O

c c
k

t c c


 . 

 
l2/mol2 ∙wm  k3 –s erTeulia. 
maSasadame, sxvadasxva rigis (n) reaqciebis siCqaris 

konstantebi gansxvavebuli fizikuri sidideebia. maT 
sxvadasxva erTeulebi aqvT  ([k] = konc1_n ∙ dro_1), amitom 
maT Sedarebas erTmaneTTan azri ara aqvs.  

kinetikuri gantolebebis grafikuli gamosaxu-
leba naCvenebia 6.2 nax.-ze.  

xSirad praqtikaSi gamoiyeneba cneba naxevar-
gardaqmnis periodi  (t1/2)  anu drois Sualedi, romlis 
ganmavlobaSi gamosavali nivTierebis koncentracia 
orjer mcirdeba: 

 nulovani rigis reaqciis - 1/ 2
2

O

O

c
t

k
 ,  

 pirveli rigis _ 1/ 2

1

n 2l
t

k
 ,  

 meore rigis - 
2

1/2

O

1
t

k c
 ,  

 mesame rigis - 1/ 2 2

3

1 3

2 o

t
k c

 . 
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nax. 6.2.  c f t  damokidebuleba pirveli (1), meore (2)  

     da mesame (3) rigis reaqciebisaTvis 
 

 
6.4. reaqciis rigis dadgenis meTodebi 

 

     reaqciis rigis dadgenis ramdenime meTodi 
arsebobs. 

 Casmis meTodi. eqsperimentul monacemebs svamen 
pirveli, meore an mesame rigis reaqciebis 
kinetikur gantolebebSi. Tu gamoTvlili k 

mudmivia (cdomilebis farglebSi), reaqciis 
rigis dasadgeni gantoleba sworad aris 
SerCeuli. 

 grafikuli meTodi. igeba koncentraciis 
sxvadasxva funqciis droze damokidebulebis 
grafiki da SeirCeva  wrfivi  funqcia;  pirveli 
rigis reaqciisaTvis wrfiv damokidebulebas 

iZleva lg c– t; meore rigis reaqciisaTvis 1 ∕ c –t; 
nulovani rigis reaqciisaTvis koncentracia 
TviT abscisaTa RerZis paraleluria. 

 naxevargardaqmnis periodis gansazRvris 
meTodi. eqsperimentulad sazRvraven sawyisi 
nivTierebis naxevargardaqmnis periodsDda 
miRebul Sedegebs svamen pirveli,N meore an 
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mesame rigis reaqciebis gantolebebSi. 
naxevargardaqmnis periodebisDganmsazRvreli 
formulebi zemoTaa mocemuli. 

 reagentebis siWarbis an izolaciis meTodi. 
swavloben erT-erTi sawyisi nivTierebis 
koncentraciis cvlilebis gavlenas reaqciis 
siCqareze. amisaTvis sxva moreagire 
nivTierebebs Warbi raodenobiT iReben (rom 
maTi koncentracia praqtikulad ucvleli iyos). 
TiToeuli reagentisaTvis msgavsi cdis 
CatarebiT   dgindeba misi koncentraciis 
cvlilebis gavlena reaqciis siCqareze, Sedegad 
ki _ reaqciis rigi. 

 

6.5. rTuli reaqciebi 

 
rTul, mravalstadiian reaqciebs miekuTvneba 

Seqcevadi, SeuRlebuli, paraleluri,  mimdevrobiTi 
da jaWvuri reaqciebi: 

 

 Seqcevadia reaqcia, romelic erTdroulad 
orive mimarTulebiT mimdinareobs – pirdapiri 
da Sebrunebuli (ix. 2.6 Tavi). 
 

 SeuRlebuli reaqciebi erToblivad mimdina-
reobs da erTi reagenti saerTo aqvT. A + B → M 

reaqcias ewodeba pirveladi, Tu igi iwvevs sxva  
reaqciis dainduqciebas, xolo  dainduqcie-
buls _ meoreuli A + C → D. aseT reaqciebSi B-s 
ewodeba meore reaqciis induqtori, C-s 
aqceptori, xolo A-s – aqtori. B, rogorc wesi, 
katalizatorisagan gansxvavebiT, ixarjeba.  
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 paraleluri reaqciebi erTdroulad mimdinare 
qimiuri reaqciebia, romelTac sawyisi 
nivTierebebi saerTo aqvT: 

A → B 

A → D. 

 reaqciis siCqare A nivTierebis mimarT     

VA = − dcA/ d t = ( k 1+ k 2)cA, 
      sadac k 1 da k 2 pirveli da meore reaqciebis 

siCqaris mudmivebia. 
      paralelur reaqciebs ZiriTadad Semdegi     
sqemiT gamosaxaven: 

 

 

 mimdevrobiTi reaqciebi Sedgeba ramdenime 
stadiisagan, romlebic mimdevrobiT xdeba: 

                 DBA
kk
 21 .  

   mimdevrobiTi reaqciis saerTo siCqare 
ganisazRvreba yvelaze nela mimdinare stadiiT: 

Tu k1 >> k2, reaqciis siCqare ganisazRvreba 
meore (malimitirebeli) stadiis siCqariT. 

 

 jaWvuri reaqciebi aris rTuli reaqciebi, 
romlebSic warmoqmnili Sualeduri aqtiuri 
nawilaki (gauwyvilebeli eleqtronis mqone 
atomi, Tavisufali radikali an ioni) iwvevs 
sawyisi nivTierebebis gardaqmnaTa jaWvs. 
tipuri jaWvuri reaqciaa Termuli krekingi, 
pirolizi, halogenireba, Jangva, polimerizacia. 
Camoyalibebulia rogorc ganStoebuli, ise 
araganStoebuli jaWvuri reaqciebis Teoria. 
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6.6. qimiuri reaqciis siCqaris konstantis  

temperaturaze damokidebuleba  

 

pirvel miaxloebaSi qimiuri reaqciis siCqaris 

konstanta temperaturis yoveli 10-iT momatebiT 
2_4 jer izrdeba (vant-hofis wesi). 
 
maTematikurad vant-hofis wesi gamoisaxeba 

Semdegnairad: 
 

γ  = kt+10 ∕ kt ≈ 2_4, 

sadac  γ _ siCqaris temperaturuli koeficienti. 

amrigad, rodesac γ=2 temperaturis 1000-iT 

momatebisas siCqare 2
10

-jer  anu miaxloebiT 1000-jer 

izrdeba, xolo Tu γ=4 _ 4
10≈ 1000000-jer. γ-is 

mniSvnelobebi zogierTi reaqciisTvis 6.1 cxrilSia 
mocemuli. 

ufro zustad reaqciis siCqaris konstantis 
temperaturaze damokidebulebas areniusis empiriuli 
gantoleba gamosaxavs:  

 
RTE

Aek a
 ,          (6.9) 

sadac A  sixSiris faqtoria (nawilakTa dajaxebis 
ricxvs iTvaliswinebs), mas xSirad winaeqsponen-

cialur mamravls uwodeben; Ea  aqtivaciis energiaa. 

(6.9) gantoleba marTebulia mravali qimiuri 
reaqciisaTvis. logariTmuli formiT:  

 

ln ln /k A E RT  a                         (6.10) 

an 

                                         lg lg
2,303

E
k A

RT
  a  .    
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cxrili 6.1 

reaqciaTa temperaturuli koeficientebis 
magaliTebi 

 
reaqcia faza temperaturuli 

intervali, 0C 
γ 

CH3NNCH3→ C2H6 + N2 

 

CH3OOC2H5 + NaOH→ 

 

KClO3+ FeSO4+ H2SO4→ 

 

H2+ I2→ 

 

C12H22O11 + H2O→ 

 

2N2O5→2N2O4 + O2 

 

alkoholuri 
duRili 
 

airi 
 

xsnari 
 

xsnari 
 

airi 
 

xsnari 
 

airi 
 
 

xsnari 
 

290-330 
 

10-45 
 

10-32 
 

283-293 
 

25-55 
 

0-65 
 
 

30-70 

1,9 
 

1,9 
 

2,4 
 

2,5 
 

3,6 
 

3,8 
 
 

2,0 

 

(6.10) gantolebis mixedviT, lnk _ 1T damokidebu-

leba wrfivia (nax. 6.3). aqtivaciis energias (Ea )  da 

winaeqsponencialuri mamralis logariTms (ln A) adgenen 
grafikuli gziT (wrfis abscisaTa RerZTan daxris 

kuTxis tangensi   tg  = Ea R  da ordinatTa RerZTan 

gadakveTiT miRebuli monakveTi). 

areniusis gantolebas xSirad ln
A

k B
T

   formiT 

gamosaxaven. 
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nax. 6.3. lnk _ 1T damokidebuleba 

 
 

6.7. elementaruli aqtis kanonzomierebani 

 
zemoT ganxiluli masala e.w. formalur kinetikas 

exeboda. molekuluri kinetikis sagani aris qimiuri 
urTierTqmedebis meqanizmis Seswavla da axsna. 
molekuluri kinetika ZiriTadad elementaruli aqtis 
kanonzomierebaTa dadgenas emsaxureba. 

 
elementaruli qimiuri aqti nawilakTa (moleku-
lebis, atomebis, ionebis da sxva) urTierTqme-
debis an gardaqmnis erTeuli aqtia, romlis 
Sedegad miiReba axali  an Sualeduri naerTebis 
nawilakebi.  
 

TiToeuli aqtis Tavisebureba masSi monawile 
nawilakTa ricxviT, maTi aRnagobiTa da reaqciuli 
centrebis xasiaTiT ganisazRvreba. iTvleba, rom 
elementaruli aqtis xangrZlivoba ar aRemateba 

12 1310 10   wams, iwyeba da mTavrdeba moreagire 
molekulebSi molekuluri orbitalebis gadawyobiT. 

rTuli qimiuri gardaqmnis elementarul sta-
diebad dayofa ufro cxads xdis Tu romeli 
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molekulebi urTierTqmedebs erTmaneTTan, romeli 
bmebi warmoiqmneba da romeli _ wydeba. 

areniusis dajaxebaTa umartives TeoriaSi 
elementaruli qimiuri reaqciis siCqare gaigivebulia 
aqtiuri molekulebis dajaxebis ricxvTan. yoveli 
dajaxeba moreagire nivTierebebis molekulebs Soris 
ar iwvevs qimiur gardaqmnas. qimiuri reaqcia  
mimdinareobs mxolod im molekulebis Zalian mcire 
nawils Soris, romlebsac urTierTqmedebis momentSi 
saSualo kinetikur energiaze meti energia anu 
aqtivaciis energia aqvs. 

 

saSualo Warb energias, romelic aucilebelia 
reaqciis elementaruli  aqtisTvis, aqtivaciis 
energia ewodeba. 
 

amrigad, aqtivaciis energia yvela molekulas ara 
aqvs (winaaRmdeg SemTxvevaSi reaqciebi afeTqebiT 
wavidoda). eqsperimentulad igi areniusis (6.10) ganto-
lebiT gamoiTvleba. 

temperaturis momatebiT aqtiuri molekulebis 
wili (romlis energia metia an toli aqtivaciis 
energiisa) izrdeba (nax. 6.4). Sesabamisad  reaqciis 
siCqaris konstantac izrdeba.   

areniusis moZRvreba aqtiuri molekulebis Sesaxeb 
ganviTarda mogvianebiT aqtivirebuli kompleqsis 
TeoriaSi, romelic warmoadgens talRuri meqanikis 
safuZvelze, g. eiringis da m. polianis mier SemuSa-
vebul Teorias  gardamavali mdgomareobis Sesaxeb. 

am Teoriis Tanaxmad, nebismieri aqti gardama-
vali mdgomareobis  gavliT mimdinareobs. 

 
gardamavali mdgomareoba hipoTezuri 
agznebuli  mdgomareobaa  (atomTa dajgufeba) 
qimiuri reaqciis elementaruli aqtis 
mimdinareobis gadamwyvet etapze, romelic 
maqsimaluri energiiT xasiaTdeba.  



 251 

 imisaTvis, rom gardamavali mdgomareoba 
warmoiqmnas, saWiroa moreagire molekulebma miiRon 
garkveuli jamuri energia, romelic tolia an meti 
energetikuli barieris sididisa.  

egzo- da endoTermuli reaqciebis energetikuli 
diagrama gamosaxulia 6.5. nax.-ze. nebismieri qimiuri 
procesisaTvis SeiZleba gamovyoT sawyisi, Sualeduri 
da saboloo mdgomareoba. 

 

nax. 6.4. molekulebis ganawileba energiebis mixedviT. 
nE /N – molekulaTa wili, romlebsac  E  energia aqvs; 

                         Ei –  molekulebis saSualo energia  Ti 

temperaturaze (T1 < T2 < T3) 

 
molekuluri kinetikis TvalsazrisiT, reaqciis 

dawyebamde molekulebi ganlagebulia wonasworul 
mdgomareobaSi da maTi potenciuri energiis maragi 
mcirea (nax. 6.5). qimiuri reaqciis mimdinareobisas 

sistemis potenciuri energia TandaTan izrdeba. K  

energetikuli barieris maqsimumis miRwevis momentSi 
reagentebi Sualedur, gardamaval mdgomareobaSia anu 
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aq warmoiqmneba atomebis konfiguracia, romlis 
miRwevis Semdeg atomebis Semdgomi moZraobisaTvis 
energiis miwodeba saWiro aRar aris. atomebis 
erTobliobas am konfiguraciaSi, rogorc iTqva, 
“aqtivirebul kompleqss” an “gardamaval 
mdgomareobas” Uuwodeben. 

energetikuli diagramidan naTlad Cans, rom 
reaqciis saboloo mdgomareobaSi gadasvlis gzaze 
sistemis  potenciuri energia mcirdeba. 

amiT sruldeba qimiuri reaqciis elementaruli 
aqti. 

reaqciis siCqaris (v), aqtivirebuli kompleqsis 

koncentraciisa (c)  da misi sicocxlis xangrZlivobas 

(t)  Soris damokidebuleba gamoisaxeba Semdegi 
gantolebiT: 

tcv / . 

c da t  sidideebi SeiZleba gamoiTvalos 
statistikuri meqanikis meTodebiT. es gantoleba 
saSualebas iZleva ganisazRvros reaqciis siCqaris 
absoluturi mniSvneloba. amitom aqtivirebuli 
kompleqsis meTods xSirad reaqciebis absoluturi 
siCqareebis Teoriasac uwodeben.  

gardamavali mdgomareobis Teoria xsnis egzo- da 

endoTermuli reaqciebis arsebobas. Tu *

1E -iTa da *

2E -

iT aRvniSnavT pirdapiri da Sebrunebuli reaqciebis 
aqtivaciis energiebs, maSin reaqciis siTburi efeqti 
gamoiTvleba Semdegi formuliT: 

* *

1 2H E E   . 

egzoTermuli reaqciisaTvis * *

1 2E E   (nax. 6.5, a) 

da H O  , xolo endoTermulisTvis * *

1 2E E  (nax. 6.5, 

b) da H O  . 
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     unda aRiniSnos, rom endoTermuli reaqciis 
SemTxvevaSi pirdapiri reaqciis aqtivaciis energia 

ΔH-ze meti unda iyos. 
 

 
nax. 6.5. pirdapiri da Sebrunebuli reaqciebis 

*

1E  da 
*

2E   

aqtivaciis energiebis kavSiri H  reaqciis siTbur 
efeqtTan egzoTermuli (a) da endoTermuli (b) 
procesebisaTvis ( x  _ reaqciis koordinati) 

 
vinaidan molekulebis transformacia mxolod  

Sejaxebis dros mimdinareobs (areniusi), Sejaxebis 
momentSi molekulebs xelsayreli sivrciTi orientacia 
unda hqondes. am debulebiT, (6.9) gantoleba miiRebs 
Semdeg saxes: 

/E RT
K PZe


 a ,    (6.11) 

sadac P  steriuli faqtoria, romelic iTvaliswinebs 
Sejaxebadi molekulebis saTanado urTierTorien-
tacias (misi mniSvneloba ZiriTadad 1-dan 10-8-mde 

icvleba; zogi ionuri reaqciisTvis PP1), Z  _ Sejaxe-

baTa raodenoba. PZ  namravli gaerTianebulia A  

mudmiviT. dajaxebaTa Teoria P-s gansazRvris 
saSualebas ar iZleva. 
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6.8. katalizi 

 

Cveni civilizaciis istoriaSi katalizi ara- 
erTxel gamxdara teqnikuri progresis gadamwyveti 
faqtori. dasarwmuneblad sakmarisia davasaxeloT e. 
fiSeris mier aRmoCenili naxSirwyalbadebis sinTezi 
naxSirbadis dioqsidisa da wyalbadisgan, f. gaberis 
mier SemuSavebuli amiakis sinTezis teqnologia, 
navTobqimiuri procesebis swrafi ganviTareba, rasac 
safuZveli v. ipatievma Cauyara. Kkatalizi safuZvlad 
udevs mcenareuli da cxovelTa samyaros 
arsebobasac, igi fermentebis meSveobiT uzrun-
velyofs cocxali sistemebis funqcionirebas. 

 
katalizi aris movlena, romelic 
dakavSirebulia reaqciis siCqaris SecvlasTan 
katalizator-nivTierebis Tanaobisas. 
 
katalizatoris monawileobiT mimdinare 
reaqcias katalizuri reaqcia ewodeba. 
 
katalizatori aris nivTiereba, romelic 
urTierTqmedebs reagentebTan, riTac cvlis 
qimiuri reaqciis siCqares da momdevno stadiebze 
ucvleli saxiT gamoiyofa. 
 
katalizatoris TanxlebiT reaqcia axali gziT, 

axali mimarTulebiT mimdinareobs. katalizatoris 
moqmedebis meqanizmi is aris, rom katalizatori 
aqveiTebs energetikul bariers, aiolebs gardamavali 
mdgomareobis (intermediati) agebas da zrdis reaqci-
is siCqares.  

katalizatoris Tanaobisas reaqcia midis or 
stadiad: 

 I stadia C S CS   (intermediati)    

 II stadia  CS C P  , 
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C  aris katalizatori, S  (substrati) _ reagenti, P  
_ produqti.  
      amrigad, katalizatori ixarjeba pirvel 
stadiaze da regenerirebs meoreze.  
      igive mosazreba vrceldeba reaqciaze, sadac 
ori reagentia (ori substrati A da B):  

I  A C AC   (intermediati)    

II  AC B AB C   , 

jamuri reaqcia: A B AB  .  
es dadebiTi katalizia (reaqciis siCqare 

izrdeba). 
arsebobs nivTierebebi, romlebic amcirebs 

qimiuri reaqciis siCqares. maT uaryofiT kataliza-
torebs an inhibitorebs uwodeben. 

katalizatoris MmeSveobiT SesaZlebelia 
mxolod Termodinamikurad nebadarTuli reaqciis 
daCqareba. 

  
Seqcevadi reaqciis wonasworobaze katalizatori 
gavlenas ar axdens, igi Tanabrad zrdis rogorc 
pirdapiri, ise Sebrunebuli reaqciis siCqares 
anu Seqcevad reaqciebSi katalizatori  aCqarebs 
wonasworobis damyarebas. 
 
moreagire nivTierebisa da katalizatoris 

fazuri mdgomareobis mixedviT arCeven homogenur da 
heterogenul katalizs. 

 
homogenuri katalizis dros moreagire 
nivTierebebi da katalizatori erT fazaSia.  
 

homogenuri katalizis asaxsnelad mimarTaven Su-
aledur naerTTa da intermediatoruli radikalisa an 
ionis warmoqmnis SesaZleblobas. 
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magaliTad, 
     2 2 2

2 2N O N O a a a  reaqcia mxolod 

1000K -ze iwyeba, misi daCqareba SesaZlebelia airadi 

CI -is metad mcire raodenobis moqmedebiT: 

       2 2
2N O CI N CIO    a a a a  Sualeduri radikali 

     2 2
2CIO Cl O  a a a . 

wyalbadis zeJangis daSlis procesi wyalxsnarSi 
Cqardeba iodis ionebis moqmedebiT: 

       

         

2 22

2 2 22

H O I H O IO

H O IO H O O I

 

 

  

   

wy wy wy wy

Tx awy wy wy

 

homogenuri katalizis reaqciis siCqare katali-
zatoris koncentraciis proporciulia 

2 1k k ac  , 

2k  da 1k , Sesabamisad, reaqciis siCqaris mudmivebia 

katalizatoris Tanaobibisas da mis gareSe, a aris 
katalizuri koeficienti, c  _ katalizatoris 
koncentracia. 
      homogenuri katalizuri procesebis dros 
katalizatorebis rols asrulebs garkveuli qimiuri 
naerTebi an maTi narevebi. am SemTxvevaSi 
katalizatorebis katalizuri Tvisebebi ganisazRvre-
ba maTi qimiuri SedgenilobiTa da aRnagobiT. 
      warmoebaSi ZiriTadad heterogenul katalizur 
procesebs iyeneben. 
 

heterogenuli katalizis dros katalizatori 
calke fazas warmoadgens da procesebi am 
fazis zedapirze mimdinareobs. 
 

 heterogenuli katalizisas katalizatori da 
moreagire nivTierebebi sxvadasxva agregatul 
mdgomareobaSia: katalizatori Cveulebriv foriani 
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marcvlovani myari nivTierebaa, reagentebi ki airebi 
an siTxeebia. reaqcia katalizatoris marcvlebisa da 
forebis zedapirze mimdinareobs. amrigad, zedapiris 
Tvisebebi (farTobi, zedapiruli Sris struqtura da 
qimiuri Sedgeniloba) did gavlenas axdens 
katalizatoris aqtiurobaze. 

rTuli heterogenul-katalizuri reaqcia 
ramdenime stadiisagan Sedgeba: reagentebis gadatana 
fazis moculobidan katalizatoris zedapirTan 
(difuzia), reaqciuli narevis komponentebis adsor-
bcia katalizatoris zedapirze, qimiuri gardaqmna 
katalizatoris zedapirze, reaqciis produqtebis 
desorbcia katalizatoris zedapiridan da difuzia 
fazis siRrmeSi. 

katalizur moqmedebaSi ZiriTadi roli zedapi-
ris aqtiur centrebze (wiboebi, waxnagebi, defeqtebi) 
moreagire nivTierebaTa adsorbcias eniWeba, ris 
Sedegadac an Sualeduri aramdgradi naerTebi war-
moiqmeba, an katalizatoris moqmedebiT adsorbirebul 
molekulebSi atomebs Soris kavSirebi  sustdeba.  

adsorbirebuli molekulebi am procesebis Semdeg 
Sedis reaqciaSi, romlis aqtivaciis energia araka-
talizebul reaqciebTan SedarebiT naklebia. 
     amrigad, heterogenul-katalizuri reaqcia 
Sualeduri naerTebis warmoqmnisa da maTi daSlis 
Sedegad reaqciis produqtebis miRebis procesia. 

katalizatoris umniSvnelovanesi Tvisebaa misi 
moqmedebis specifikuroba: 

 
TiToeuli qimiuri reaqcia an msgavsi reaqciebis 
jgufi SeiZleba daCqardes mxolod garkveuli 
katalizatoris moqmedebiT. 
 
katalizators aqvs SerCeviTobis (seleqti-

urobis) unari anu TiToeuli katalizatori reaqcias 
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warmarTavs mxolod erTi gansazRvruli mimarTu-
lebiT: 

sqemidan Cans, rom erTi da imave nivTierebebis 
urTierTqmedebisas, sxvadasxva katalizatoris 
TanxlebiT, sxvadasxva produqti miiReba. 

AaRniSnul TvisebebTan erTad mniSvnelovani 
saeqspluatacio maxasiaTebelia katalizatoris 
stabiluroba, romelic gansazRvravs katalizatoris 
gamoyenebis SesaZleblobas warmoebaSi. droTa 
ganmavlobaSi katalizatoris aqtiuroba mcirdeba 
sxvadasxva TanaprocesiT. yvelaze stabiluri 
katalizatori uwyvetad muSaobs 10 welze met xans, 

magaliTad, vanadiumis katalizatorebi SO2-is 
JangvisaTvis. 

katalizators axasiaTebs gansakuTrebuli 
mgrZnobeloba zogierTi nivTierebis mimarT, romlis 
umniSvnelo raodenobac ki aqveiTebs mis aqtiurobas. 
nivTierebas, romelic Trgunavs dadebiTi  
katalizatoris aqtiurobas katalizatoris Sxami 
ewodeba, xolo nivTierebas, romelic zrdis 
katalizatoris aqtiurobas promotori ewodeba.  

zog SemTxvevaSi reaqciis siCqares reaqciis 
Sedegad miRebuli erT-erTi produqti zrdis. aseT 
katalizs avtokatalizi hqvia. avtokatalizuri 
reaqciis produqtis kinetikur mruds damaxasiaTebeli 
S-sebri forma aqvs (reaqciis siCqare Tavidan izrdeba, 
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Semdgom stadiebze ki, reagentebis koncentraciis 
Semcirebis gamo, mcirdeba) (nax. 6.6). 

 

 
nax. 6.6. avtokatalizuri reaqciis produqtis 

kinetikuri mrudi 
 
maSasadame, katalizuri moqmedeba rTuli da 

mravalmxrivia, katalizatori qmnis  reaqciis warmar-
Tvis axal SesaZleblobas da amcirebs aqtivaciis 
energias, riTac moqmedebs procesis meqanizmsa da 
energetikaze. 

(6.11) gantolebis mixedviT, reaqciis siCqare 
SeiZleba gaizardos molekulebis dajaxebaTa 
ricxvis gazrdiT an aqtivaciis energiis SemcirebiT. 
amrigad, dadebiTi katalizis dros reaqciis siCqaris 
gazrda aqtivaciis energiis Semcirebis Sedegia. 

sadReisod heterogenuli katalizis dasru-
lebuli Teoria ara gvaqvs, Tumca  katalizatoris 
zedapiris araerTgvarovnebis  da masze arsebuli 
gaujerebeli kavSirebis mqone aqtiuri centrebis 
roli katalizur procesebSi udavoa. 

katalizis Sesaxeb pirveli mecnieruli kvleva 
XIX s. Ddasawyiss Catarda. 1806 wels Ffrangma 
mecnierebma n. Klemanma da S. Ddezormma aRmoaCines 
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azotis Jangeulebis katalizuri moqmedeba gogirdo-
vani anhidridis gogirdis anhidridad daJangvisas. 1811 
wels rusma mecnierma k. kirxhofma aRmoaCina saxameb-
lis glukozad gardaqmna ganzavebuli mJavebis 
TanxlebiT, 1814 wels ki daadgina, rom amave reaqciis 
katalizatoria fermenti diastaza. amiT man 
safuZveli Cauyara biologiuri katalizatorebis – 
fermentebis Seswavlas. 
 

 

6.9.Ffermentuli katalizi 

 
Ffermenti (laT. fermentum - deda, kveTi) anu enzimi 

(enzyme) pirvelad aRmoaCines safuaris warmoebaSi. 
maT agreTve biologiur katalizatorebs an 
biokatalizatorebs uwodeben. cocxal ujredSi 
aTasobiT fermentia. organizmSi mimdinare yvela 
bioqimiuri reaqcia, romelTa erToblioba nivTiere-
baTa cvlaa, katalizdeba da warimarTeba Sesabamisi 
fermentiT. amJamad identificirebulia 2000-mde 
fermenti. maTgan bevri sufTa homogenuri preparatis 
saxiT, 150-ze meti fermenti ki kristalur mdgo-
mareobaSia miRebuli. 

fermentebi ZiriTadad 2 saxisaa: 
  

 erTkomponentiani, romelic mxolod cilebisa-
gan Sedgeba. cilovan komponents apofermenti 
ewodeba;   

 orkomponentiani, romelic cilis molekulis 
aqtiuri jgufis garda, Seicavs aracilovan 
komponents _ koferments anu prostetul 
jgufs. prostetuli jgufi SeiZleba iyos 
sxvadasxva vitaminisa da nukleotidis nawarmi.  

  
bevri fermenti Seicavs sxvadasxva liTons, 

romlebsac kofaqtori ewodeba. magaliTad, katalaza 
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da peroqsidaza Seicavs rkinas, alkoholdehidro-
genaza _ TuTias da a.S. 

saerTaSoriso bioqimiuri kavSiris 
rekomendaciiT fermentebi 6 klasad iyofa: 

 

 oqsidoreduqtazebi; 

 transferazebi; 

 hidrolazebi; 

 liazebi; 

 izomerazebi; 

 ligazebi. 
 

     fermenti gansakuTrebiT aqtiur katalizatorad 
iTvleba. misi TanxlebiT reaqciis aCqareba 
dakavSirebulia Seqcevad Sualedur urTierT-
qmedebasTan, rasac ferment-substratis kompleqsis 
warmoqmna mohyveba. Sualeduri kompleqsis 
warmoqmnisas xdeba eleqtronuli simkvriveebis 
gadanawileba da substratis molekulebis garkveuli 
deformacia, rac Sigamolekulur bmebs asustebs. 
Sedegad kompleqsi iSleba, produqti ferments 
scildeba da fermenti regenerirebs. fermentuli 
procesis meqanizmi Caiwereba miqaelis _ mentenis 
gantolebiT:   

 
E + S  ES  E + P,    

sadac E – fermentia; S – substrati; ES – kompleqsi; P – 

reaqciis produqti. 
6.7-e nax.-ze mocemulia fermentuli reaqciis V 

siCqaris CS substratis koncentraciaze damoki-
debuleba. 

Tvlian, rom ferment-substratis kompleqsis 
warmoqmnaSi monawileobs fermentis mxolod aqtiuri 
jgufis nawili. am nawils aqtiuri centri ewodeba. 
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centris aqtiuroba sistemaSi vitaminebisa da rigi 
mineraluri nivTierebis Tanaobisas izrdeba. fermen-
tebis moqmedeba substratze naCvenebia 6.8 suraTze. 

 

nax. 6.7. fermentuli reaqciis siCqaris substratis 
koncentraciaze damokidebuleba; 

Кm  _ miqaelisis konstanta, romelic substratis 

koncentracias udris, roca V = ½Vmax 

 

araorganuli katalizatorisagan gansxvavebiT, 
fermenti metad specifikuria substratebisadmi. e. 
fiSeris  xatovani  TqmiT,  iseve,  rogorc esa Tu is 
gasaRebi mxolod mis Sesatyvis klites ergeba da 
aRebs, esa Tu is fermentic mxolod mis Sesatyvis 
substratze moqmedebs. 

fermenti, specifikurobis dabali xarisxiT, 
akatalizebs mraval bioqimiur reaqcias. maRali 
xarisxis specifikurobis fermentebi ki  reaqciaTa 
SezRuduli wris katalizs axdens. magaliTad, 
lipazis jgufis fermentebi xasiaTdeba 
specifikurobis SedarebiT dabali xarisxiT _ maT 
mier katalizdeba rTuli eTerebis umravlesobis 

hidrolizi. fermenti  glikozidaza ki  Zalze speci-
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nax. 6.8. fermentuli katalizis sqema

fermenti fermenti 

produqti 

substrati 

2
6

3
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fikuria. igi akatalizebs mxolod  glikozidebis 

hidrolizs,  glikozidebisas ki ara. Zalze 
specifikuria ureazac, romelic aRmoCenilia soios 
parkSi. igi akatalizebs  Sardovanas (karbamidis)  
hidrolizs: 

32222 2)( NHCOOHNHCO  . 

magram es fermenti hidrolizurad ar Slis 
Canacvlebul Sardovanas. aqedan gamomdinare, fermen-
tebs axasiaTebs maRali seleqtiuroba da TiToeuls 
SeuZlia imoqmedos mxolod erT specifikur  an erTi 
tipis reaqciaze. fermentis specifikuroba aixsneba 
misi aqtiuri centris gansakuTrebuli formiT, 
romelic geometriul SesabamisobaSia substratis 
struqturasTan (nax. 6.9). 

cnobilia, rom ferments axasiaTebs didi 
efeqturoba, vinaidan katalizuri aqtiurobisas 
fermentis molekulebi ganuwyvetliv regenerirdeba. 
fermentis tipur molekulas wuTSi SeuZlia 
milionjer regenerireba. 

dadgenilia, rom fermenti renini, romelic 
yvelis warmobaSi gamoiyeneba, iwvevs rZis cilis 
Sededebas im raodenobiT, romelic ramdenime 
milionjer aRemateba mis sakuTar masas. 

fermentis Tanaobisas ama Tu im qimiur reaqcias 
gacilebiT naklebi energia sWirdeba. magaliTad, 
fermenti katalaza, romelic sisxlsa da sxva 
qsovilebSia, wyalbadis zeJangis daSlisas 

2222 21 OOHOH   

arakatalizebul reaqciebTan SedarebiT 9-jer 
amcirebs aqtivaciis energias da 1015-jer zrdis 
reaqciis siCqares, maSin, rodesac araorganuli 

katalizatorebi 22OH -s daSlis siCqares mxolod 4-5 

rigiT zrdis, katalizatoris 1 molze gaangariSebiT 
(cxrili 6.2). 
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nax. 6.9. ferment-substratis kompleqsi 
                                               

cxrili 6.2 

22OH -s daSlis siCqare da aqtivaciis energia 

25С-ze   

katalizatori 

siCqare, 

  dtOHd  22 , 

molwm1 

Еa, 

kjmol1
 

katalizatoris 
gareSe 

10
8

 71 

    HBr 10
4

 50 

   
 32 FeFe  10

3
 42 

katalaza 10
7
 8 
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reaqciis gza 6.10 nax.-zea gamosaxuli. katalazas Ta-
naobisas aqtivaciis energia mxolod 8 kj-s Seadgens.  

 
nax. 6.10. katalazas gavlena 22OH -is daSlis  

reaqciis aqtivaciis energiaze 

unda aRiniSnos, rom katalaza, iseve, rogorc 
fermentebis umetesoba, optimalurad moqmedebs 
adamianis sxeulis temperaturaze anu daaxloebiT 307 

K-ze. temperaturis 323_333 K-mde momatebisas fermen-
tebi iSleba da kargavs aqtivobas (nax. 6.11). 

sainteresoa, rom katalazas aRmoCena swored 
wyalbadis zeJangTan aris dakavSirebuli. jer kidev 
lui tenarma, romelic, rogorc cnobilia, amiakis 
katalizur daSlaze muSaobda, 1818 wels aRmoaCina 
wyalbadis zeJangi da SeamCnia am nivTierebisadmi 
cocxali qsovilis katalizuri aqtivoba. magram, 
mxolod 1907 wels dadginda, rom amas iwvevda 
fermenti, romelsac katalaza uwodes. misi miReba 
kristaluri saxiT mxolod 30 wlis Semdeg, xaris 
RviZlisgan moxerxda. misi molekuluri masaa 250000 
da 4 suberTeulisagan Sedgeba, TiToeuli Seicavs 
hems, romelic dakavSirebulia polipeftidur 
cilovan jaWvTan.   
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nax. 6.11. fermentuli reaqciis siCqaris  

temperaturaze damokidebuleba  
 

Secdoma iqneboda katalazas aqtivoba tipurad 
rom CagveTvala fermentebiT katalizebuli reaqciebi-
saTvis (cxrili 6.3). katalaza erT-erTi yvelaze 

swrafi fermentia, mis erT molekulas wamSi 22OH -is  

10 milionze meti molekulis daSla SeuZlia.   
6.3 cxrilis monacemebidan Cans, rom aqtiurobis 

mixedviT, katalaza ramdenime rigiT maRla dgas 
danarCenebTan SedarebiT. fermentebis katalizuri 

konstantas tipuri mniSvnelobaa _ 103 wm1. Tumca es 
ar niSnavs, rom sxva fermentebi cudi kataliza-
torebia. 

fermenti fumaraza akatalizebs fumaratis hid-

ratacias 2,510
3
 wm-1

  katalizuri  konstantiT  25С-ze, 
 
 
 
 
 

  
 

СОО

 

СОО

 


ООС 

С 
С 

OH 

Н 

С 

Н 

+ Н2О С 

СОО

 

H 

H H 

  
fumaraza 

fumarati  L- malati 
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cxrili 6.3 

zogierTi fermentis katalizuri konstanta 
 

№ fermenti substrati 

katalizu-
ri 

konstanta, 
wm-1 

1 katalaza Н2О2 9106 

2 acetilholinesteraza acetilholini 1,2104 
3 laqtaTdehidrogenaza piruvati 6103 
4 qimotrifsini  acetil–L–

tirozinis    
eTilis eTeri 

4,3102 

5 miozini atf 3 

6 fumaraza 
 L–malati 
fumarati 

  1,110-3 

  2,5103             

7 
karboanhidraza 
(xaris) 

 СО2   


3HCO  

   8104              

   3104          

8 peroqsidaza Н2О2 1,2103 

 
SeniSvna.katalizuri konstanta anu brunTa ricxvi 

ganisazRvreba, rogorc maqsimaluri siCqare  

(molwm1), gayofili fermentis aqtiuri 
centrebis koncentraciaze. katalazas 
molekulaSi oTxi aqtiuri centria. 

 
 

mJavas (1 moli) an tutis (1 moli) Tanaobisas  am 
reaqciis siCqaris konstanta mxolod 10

-8
 wm-1-ia. am 

“ubralo” ferments 10
11-jer meti upiratesoba aqvs. 
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fumaratis hidrataciisas fumaraza yvelaze aqtiuria 
pН 6,5-is pirobebSi (cxrili 6.4). 
 

cxrili 6.4 

pН -is optimumi zogierTi ferment-substratis 

kompleqsisTvis 
 
 

Ffermenti da substrati 
 

pН -is optimumi 

Kkatalaza 
Н2О2 

 

fumaraza 
fumarati 
malati 

 
pefsini 

hemoglobini 
 

piruvatkarboqsilaza 
piruvati 

 
arginaza 
arginini 

 
tute fosfataza 

glicero-3-fosfati 
 

trifsini 
benzoilargininamidi 

 
7,6 
 
 

6,5 
8,0 
 
 

2,2 
 
 

4,8 
 
 

9,7 
 
 

9,5 
 
 

7,7 

 
 

arsebobs rkinis Semcveli kidev erTi fermenti, 
romelic aseve akatalizebs wyalbadis zeJangis 
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daSlas. es peroqsidazaa, mas Seicavs nerwyvi, RviZli, 
Tirkmeli da leikocitebi. mcenareebs Soris  peroq-
sidaziT gansakuTrebiT mdidaria leRvis xis wveni da 
pirSuSxas fesvi. swored pirSuSxas fesvidan 
miRebuli peroqsidaza gamoirCeva didi aqtivobiT. 
fermentis molekulis masaa 44100. rZisgan miRebul 
iqna laqtoperoqsidaza, romlis molekuluri masaa 
92000. 

fermentebis bunebisa da moqmedebis meqanizmebis 
Seswavlas,  TeoriulTan  erTad,  didi  praqtikuli  
mniSvneloba aqvs. fermentuli procesebi safuZvlad 
udevs puris cxobas (comis gafueba), Rvinis, Cais, 
ludis, yvelis, spirtis, Zmrisa da sxva warmoebas. 
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Ddaskvna 

 

 

aq dasrulda winamdebare saxelmZRvanelo 

“fizikuri qimiis safuZvlebi”, romelSic fizikuri 

qimiis ZiriTadi nawilebis fuZemdebluri debulebebia 

ganxiluli. 

CamovTvli mxolod ramdenime sferos, sadac 

fizikur-qimiurma kanonzomierebebma pova Tavisi 

gansaxiereba: kosmosi, mrewvelobisa da soflis 

meurneobis praqtikulad yvela dargi, medicina, 

flora da fauna, atmosferuli procesebi, 

sayofacxovrebo teqnika _ erTi sityviT, yvelgan. 

avtori imedovnebs, rom wignis Sinaarsi 

mkiTxvels daexmareba fizikuri qimiis safuZvlebis 

SemecnebaSi, samecniero-teqnikur progresSi fizikur-

qimiuri procesebis wvlilisa da maTi praqtikuli 

mniSvnelobis SefasebaSi. 
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danarTi  

 

zogierTi cnoba maTematikidan 

 

1. faqtoriali: NN  4321! , amasTan 1!0  . 
 
2. naturaluri logariTmis fuZe 

7183,2e . 
3. naturaluri logariTmidan aTobiT fuZeze gadasvla: 

xx lg303,2ln  . 

4. absoluturi mniSvneloba: xx   roca 0x  da 

xx   roca 0x . 

5. erTi cvladis funqciis diferencireba. 

a) )(xfy   funqciis warmoebuli 

 
x

xfxxf
xf

dx

xfd

dx

dy

x 






)()(
lim)(

)(

0
. 

 
geometriuli azri: 
 

 
tg

dx

xfd


)(
, sadac   aris )(xf  funqciis 

grafikis  )(; xfx  wertilSi gavlebuli mxebis mier 

ox RerZis dadebiT mimarTulebasTan Sedgenili 
kuTxe.  
 
b) )(xf  funqciis diferenciali 

  dxxfxfd )()(  ; 

 

kerZod: dxxnxd nn 1)(  ; 
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dxeed xx )( ; 

dx
x

xd
1

)(ln   

jamis diferenciali: 

     )()()()( xdxudxxud   . 

namravlis diferenciali: 

     )()()()()()( xudxxdxuxxud   . 

Sefardebis diferenciali: 
 

   
 2)(

)()()()(

)(

)(

x

xdxuxudx

x

xu
d

















. 

 

6. 
0

0
 an 




 tipis ganusazRvrelobaTa gaxsna (lopi-

talis wesi). 
ori usasrulod mcire (usasrulod didi) funqciis 
Sefardebis zRvari, roca ax   udris am funq-
ciaTa warmoebulis Sefardebis zRvars, roca 

ax  , e.i. 

)(

)(
lim

)(

)(
lim

x

xf

x

xf

axax  





. 

magaliTad,  

0)(lim
1

1

lim

1

)(ln
lim

1

ln
lim)ln(lim

0

2

0000




























x

x

x

x

x

x

x
xx

xxxxx
. 

7. funqciis gaSla teiloris mwkrivad: 










 32

!3

)0(

!2

)0(

!1

)0(
)0()( x

f
x

f
x

f
fxf  
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magaliTebi: 

a)  ,
322

1ln)1ln(
32

0





xx

xx  

    xx ~)1ln(  , roca 0x . 

b) ,
322

1
32





xx

xe x  

    xex 1~ ; roca 0x . 

g) .1
1

1 32 


xxx
x

 

 
8. integreba. 
 

Tu dxxfxFd )()]([  , maSin )(xF  ewodeba )(xf -is 

pirveladi funqcia. 
 

ganusazRvreli integrali )(xf funqciidan  dxxf )(  

simboloTi aRiniSneba da 

CxFdxxf  )()( , 

 
sadac C _ nebismieri mudmivia; )(xf  integralqveSa 

funqciaa; x _ integrebis cvladi. 
 
ganusazRvreli integralis Tvisebebi: 
 

a)   )()( xfdxxfd  ; 

 

b)   dxxfadxxfa )()( , consta  ; 

 

g)     dxxfdxxfxfxfxf
n

)()()()()(
1321

  

     dxxfdxxfdxxf
n

)()()(
32

 . 
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d) nawilobiTi integrebis formula 

  duuud  . 

moviyvanoT zogierTi integrali 

    C
n

x
dxx

n

n 






1

1

 (Tu 1n ), 

 

     



 

C
ax

A

nax

Adx
nn 1)(1

1

)(
 )1( n . 

 

      Cx
x

dx
||ln  (Tu 0x ). 

 

     


CaxA
ax

Adx
||ln . 

 

    


















 

xb

dx

xa

dx

baxbxa

dx 1

))((
 

                 C
xb

xa

ba







 ln

1
. 

 

    Cedxe xx  . 

    C
a

a
dxe

x

x 
ln

. 

gansazRvruli integrali ganimarteba Semdegnairad: 

     


i
ii

x

b

a

xfdxxf
i

)(lim)(
0max

 . 

a da b-s Sesabamisad ewodebaT integrebis qveda da 
zeda sazRvrebi. gansazRvruli integrali aris 
ricxvi, xolo ganusazRvreli ki funqciaa. 
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gansazRvruli integralis Tvisebebi: 

1.  
a

b

b

a

dxxfdxxf )()( . 

2.  
b

c

c

a

b

a

dxxfdxxfdxxf )()()( . 

nawilobiTi integrebis formula: 

 
b

a

b

a

du
a

b
uud  . 

gansazRvruli integrali 
b

a

dxxf )(  dadebiTi )(xf  

funqciidan udris im mrudwiruli trapeciis farTobs, 
romelic SemosazRvrulia zemodan  )(xf  funqciis 

grafikiT, qvemodan ox RerZze mdebare (a, b) 
intervaliT. marcnidan da marjvnidan ki ax   da 

bx   wrfeebiT. 
 
 
9. mravali cvladis funqciebi. 
 ),,,( zyxF  funqciis kerZo warmoebuli x cvladiT 

ewodeba  

x

zyxFzyxxF



 ),,(),,( 
 

Sefardebis zRvars, roca 0x . kerZo warmoebuli x 
cvladiT aRiniSneba ase 

zyx

F

,













 an ),,( zyxF

x
  

x

F




 kerZo warmoebulis gamoTvlisas x-sagan gansxva-

vebuli argumentebi ),,( zy  iTvleba mudmiv sidi-

deebad. 
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sacnobaro cxrilebi 

saWiro konstantebi 

 

konstantebi simbolo sidide (SI) 

airis konstanta R 

R 

8,3145 j∙K-1∙mol-1 

1,986 kal∙K-1∙mol-1 

avogadros ricxvi NA 6,02211023 mol-1 

bolcmanis konstanta k 1,380710_23 j∙ K-1 

faradeis ricxvi F 9,6485104 k∙mol-1 

sinaTlis siCqare c 2,9979108 m∙wm-1 

plankis konstanta h 6,626110_34 j∙wm 

elementaruli muxti e 1,600210_19 k 

eleqtronis masa me 9,109410-31 kg 

protonis masa  mp 1,672610-27 kg 

Tavisufali vardnis 
aCqareba 

g 9,8066 m∙wm-2 

dieleqtrikuli SeR-
wevadoba vakuumSi 

0
  8,854210-12 k2∙n_1∙m-2 

j – jouli               k – kuloni  

n – niutoni  
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sacnobaro cxrilebi 

prefiqsebis aRniSvna 

prefiqsi aRniSvna mniSvneloba 

tera 

giga 

mega 

kilo 

deci 

santi 

mili 

mikro 

nano 

piko 

femto 

ato 

t 

g 

mg 

k 

d 

s 

m 

mk 

n 

p 

f 

a 

1012 

109 

106 

103 

10-1 

10-2 

10-3 

10-6 

10-9 

10-12 

10-15 

10-18 
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sacnobaro cxrilebi 

erTeulTa saerTaSoriso sistemis (SI) ZiriTadi 

erTeulebi (miRebulia zoma-wonis XI generaluri 
konferenciis mier, 1960 weli, parizi) 

 
 
 

fizikuri sidide 
erTeulTa 
dasaxeleba 

aRniSvna 
saerTa-
Soriso 

qarTu-
li 

sigrZe metri m m 

masa kilogrami kg kg 

dro wami s wm 

eleqtruli denis Zala amperi A a 

Termodinamikuri tem-
peratura 

kelvini K K 

sinaTlis Zala kandeli cd kd 

nivTierebis raodenoba moli mol mol 
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sacnobaro cxrilebi 

martivi da rTuli nivTierebebis Termodinamikuri Tvisebebi  

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K  

Cp=f(T) 
damokidebulebis 
koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c′∙10_5 

C (grafiti) 0 0 5,74 8,54 16,86 4,77 -8,54 298-2500 

Cl2 (a) 0 0 222,98 33,93 37,03 0,67 -2,85 298-3000 

H2 (a) 0 0 130,52 28,83 27,28 3,26 0,50 298-3000 

N2 (a) 0 0 191,50 29,12 27,88 4,27 _ 298-2500 

O2 (a) 0 0 205,04 29,37 31,46 3,39 -3,77 298-3000 

B2O3 (my) -1270,43 -1191,29 53,84 62,76 36,53 106,32 -5,48 298-723 

BaCO3 (my) -1210,85 -1132,77 112,13 85,35 86,90 48,95 -11,97 298-1040 

BaO (my) -553,54 -525,84 70,29 46,99 53,30 4,35 -8,28 298-1270 

Ba(OH)2 (my) -943,49 -855,42 100,83 97,91 70,71 91,63 _ 298-681 

BaSO4 (my) -1458,88 -1348,43 132,21 102,09 141,42 0 -35,27 298-1300 

 

2
8

0
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) 
gantolebis 

koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c′∙10_5 

CO (a) -110,53 -137,15 197,55 29,14 28,41 4,10 -046 298-2500 

CO2 (a) -393,51 -394,37 213,66 37,11 44,14 9,04 -8,54 298-2500 

COCl2 (a) -219,50 -205,31 283,64 57,76 67,15 12,03 -9,04 298-1000 

COS (a) -141,70 -168,94 231,53 41,55 48,12 8,45 -8,20 298-1800 

CaCO3(my) -1206,83 -1128,35 91,71 83,47 104,52 21,92 -25,94 298-1200 

CaO (my) -635,09 -603,46 38,07 42,05 49,62 4,52 -6,95 298-1800 

Ca(OH)2 (my) -985,12 -897,52 83,39 87,49 105,19 12,01 -19,00 298-600 

CaS (my) -476,98 -471,93 56,61 47,49 42,68 15,90 _ 298-1000 

CaSO4 (my) -1436,28 -1323,90 106,69 99,66 70,21 98,74 _ 298-1400 

FeCO3 (my) -738,15 -665,09 95,40 83,26 48,66 112,13 _ 298-855 

FeO (my) -264,85 -244,30 60,75 49,92 50,80 8,61 -3,31 298-1650 

Fe2O3 (my) -822,16 -740,34 87,45 103,76 97,74 72,13 -12,89 298-1000 

2
8

1
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) 
gantolebis 

koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c′∙10_5 

Fe3O4 (my) -1117,13 -1014,17 146,19 150,79 86,27 208,92 _ 298-866 

HCl (a) -92,31 -95,30 186,79 29,14 26,53 4,60 1,09 298-2000 

HNO3 (Tx) -173,00 -79,90 156,16 109,87 _ _ _ _ 

HNO3 (a) -133,91 -73,78 266,78 54,12 _ _ _ _ 

H2O (Tx) -285,83 -237,23 69,95 75,30 39,02 76,64 11,96 273-380 

H2SO4 (Tx) -813,99 -690,14 156,90 138,91 156,90 28,30 -23,46 298-553 

KOH (my) -424,72 -379,22 79,28 65,60 42,66 76,96 _ 298-522 

K2CO3 (my) -1150,18 -1064,87 155,52 114,44 80,29 109,04 _ 630-1171 

MgCO3 (my) -1095,85 -1012,15 65,10 76,11 77,91 57,74 -17,41 298-750 

MgO (my) -601,49 -569,27 27,07 37,20 48,98 3,14 -11,44 298-3000 

MnCO3 (my) -881,66 -811,40 109,54 81,50 92,01 38,91 -19,62 298-700 

2
8

2
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) 
gantolebis 

koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c′∙10_5 

MnO (my) -385,10 -363,34 61,50 44,10 46,48 8,12 -3,68 298-1800 

MnO2 (my) -521,49 -466,68 53,14 54,02 69,45 10,21 -16,23 298-523 

MnS (my) -214,35 -219,36 80,75 49,92 47,70 7,53 _ 298-1800 

Mn2O3 (my) -957,72 -879,91 110,46 107,50 _ _ _ _ 

Mn3O4 (my) -1387,60 -1282,91 154,81 148,08 144,93 45,27 -9,20 298-1445 

LiCl (my) -408,27 -384,30 59,30 48,39 41,42 23,40 _ 298-883 

LiOH (my) -484,67 -439,00 42,78 49,58 50,17 34,48 9,50 298-744 

Li2CO3 (my) -1216,00 -1132,67 90,16 96,20 42,53 177,34 _ 298-623 

Li2SO4  (my) -1435,86 -1321,28 114,00 117,60 118,95 93,34 -27,20 298-505 

NH3 (a) -45,94 -16,48 192,66 35,16 29,80 25,48 -1,67 298-1800 

NO (a) 91,26 87,58 210,64 29,86 29,58 3,58 -0,59 298-2500 

2
8

3
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) 
gantolebis 

koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c′∙10_5 

NO2 (a) 34,19 52,29 240,06 36,66 41,16 11,33 -7,02 298-1500 

NaNO3-  -466,70 -365,97 116,50 93,05 25,69 225,94 _ 298-550 

NaOH-  -426,35 -380,29 64,43 59,66 7,34 125,00 13,38 298-566 

Na2B4O7 (my) -3276,70 -3081,80 189,50 186,80 206,10 77,09 -37,49 298-1000 

Na2CO3-  -1130,80 -1048,20 138,80 111,30 70,63 135,6 _ 298-723 

Na2O (my) -417,98 -379,26 75,06 68,89 77,11 19,33 -12,59 298-1000 

Na2SiO3 (my) -1561,43 -1467,50 113,76 111,81 130,29 40,17 -27,07 298-1362 

Na2Si2O5-  -2470,07 -2324,39 164,05 156,50 185,69 70,54 -44,64 298-951 

Na4SiO4 (my) -2106,64 -1976,07 195,81 184,72 162,59 74,22 _ 298-1393 

PbCO3 (my) -699,56 -625,87 130,96 87,45 51,84 119,66 _ 298-800 

PbO (yviT.) -217,61 -188,20 68,70 45,77 37,87 26,78 _ 298-1000 

2
8

4
 

 



 286 

gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) 
gantolebis 

koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c′∙10_5 

PbO2 (my) -276,56 -217,55 71,92 64,77 53,14 32,64 _ 298-1000 

Pb3O4 (my) -723,41 -606,17 211,29 146,86 177,49 34,39 -29,29 298-1500 

SO2 (a) -296,90 -300,21 248,07 39,87 46,19 7,87 -7,70 298-2000 

SO3 (a) -395,85 -371,17 256,69 50,09 64,98 11,75 -16,37 298-1300 

SiO2  
( -kvarci) 

-910,94 -856,67 41,84 44,43 46,99 34,31 -11,30 298-846 

meTani  
CH4 (a) 

-74,85 -50,85 186,27 35,71 14,32 74,66 
c∙106 

298-1500 
17,43 

acetileni 
C2H2 (a) 

226,75 209,21 200,82 43,93 26,44 66,65 -26,48 298-1000 

eTileni 
C2H4 (a) 

52,30 68,14 219,45 43,56 11,32 122,01 -37,90 298-1500 

eTani  
C2H6 (a) 

-84,67 -32,93 229,49 52,64 5,75 175,11 -57,85 298-1500 

 

2
8

5
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) 
gantolebis 

koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c∙106 

divinili 
C4H6 (a) 

110,16 150,64 278,74 79,54 8,08 273,32 -111,75 298-1000 

butani  
C4H10 (a) 

-126,15 -17,19 310,12 97,45 18,23 303,56 -92,65 298-1500 

benzoli 
C6H6 (Tx) 

49,03 124,38 173,26 135,14 59,50 255,01 _ 281-353 

benzoli 
C6H6 (a) 

82,93 129,68 269,20 81,67 -21,09 400,12 -169,87 298-1000 

toluoli 
C7H8 (Tx) 

12,01 113,77 220,96 156,06 59,62 326,98 _ 281-382 

toluoli 
C7H8 (a) 

50,00 122,03 320,66 103,64 -21,59 476,85 -190,33 298-1000 

formalde-
hidi CH2O(a) 

-115,90 -109,94 218,78 35,39 18,82 58,38 -15,61 298-1500 

meTanoli 
CH4O (Tx) 

-238,57 -166,27 126,78 81,60 _ _ _ _ 

 

 

2
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) 
gantolebis 

koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c∙10

6
 

meTanoli 
CH4O (a) 

-201,00 -162,38 239,76 44,13 15,28 105,20 -31,04 298-1000 

eTanoli 
C2H6O (Tx) 

-276,98 -174,15 160,67 111,96 _ _ _ _ 

eTanoli 
C2H6O (a) 

-234,80 -167,96 281,38 65,75 10,99 204,70 -74,20 298-1000 

acetoni 
C3H6O (Tx) 

-248,11 -155,42 200,41 125,00 _ _ _ _ 

acetoni 
C3H6O (a) 

-217,57 -153,05 294,93 74,90 22,47 201,80 -63,50 298-1500 

propanoli 
C3H8O (Tx) 

-304,55 -170,70 192,88 148,60 _ _ _ _ 

propanoli 
C3H8O (a) 

-257,53 -163,01 324,80 87,11 13,10 277,50 -98,44 298-1000 

glicerini 
C3H8O3 (Tx) 

-668,60 -477,07 204,47 223,01 _ _ _ _ 
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) gantolebis 

koeficientebi 
temperatu- 

ruli 
intervali 

a b10
3
 c∙10

6
 

butanoli 
C4H10O (Tx) 

-325,56 -160,88 225,73 183,26 _ _ _ _ 

butanoli 
C4H10O (a) 

-274,43 -150,73 363,17 110,00 14,68 358,10 -129,00 298-1000 

fenoli 
C6H6O (my) 

-164,85 -50,21 144,01 134,70 _ _ _ _ 

saqaroza 
C12H22O11 (my) 

-2222,12 -1544,70 360,24 425,00 _ _ _ _ 

freoni-12 
CCl2F2 (a) 

-477,74 -438,50 300,79 72,40 _ _ _ _ 

triqlor-
ftormeTani, 
(freoni-11) 

CCl3F (a) 

-285,15 -245,85 309,74 77,99 _ _ _ _ 

tetraqlor-
meTani CCl4 

(Tx) 
-132,84 -62,66 216,19 131,70 _ _ _ _ 

 

2
8

8
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) gantolebis 

koeficientebi 
temperatu- 

ruli 
intervali 

a b10
3
 c∙10

6
 

tetraqlor-
meTani CCl4 (a) 

-100,42 -58,23 310,12 83,76 59,36 97,00 -49,57 298-1000 

triqlorme-
Tani (qlo-
roformi) 
CHCl3 (Tx) 

-132,21 -71,85 202,92 116,30 _ _ _ _ 

triqlorme-
Tani (qlo-
roformi) 

CHCl3 (a) 

-101,25 -68,52 295,64 65,73 29,50 148,90 -90,70 298-743 

diqlormeTa-
ni CH2Cl2 (a) 

-95,39 -68,87 270,24 51,13 22,09 111,30 -46,36 298-1000 

qlormeTani 
CH3Cl (a) 

-86,31 -62,90 234,47 40,75 15,57 92,74 -28,31 298-1500 

qlorbenzo-
li 

C6H5Cl(Tx) 
10,79 89,17 

 
209,20 

145,60 _ _ _ _ 

 

2
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gagrZeleba 

nivTiereba  
0

298,fH , 

kj/mol 

,0
298G  

kj/mol 

,0
298S  

j/mol∙K 

,
298pC  

j/mol∙K 

Cp=f(T) 
gantolebis 

koeficientebi 

temperatu- 
ruli 

intervali 
a b10

3
 c∙10

6
 

qlorbenzo-
li C6H5Cl(a) 

51,84 99,15 313,46 98,03 -3,09 388,92 -166,25 298-1000 

karbamidi 
CH4N2O (my) 

-333,17 -197,15 104,60 93,14 _ _ _ _ 

piridini 
C5H5N (Tx) 

99,96 181,31 177,90 132,72 _ _ _ _ 

piridini 
C5H5N (a) 

140,16 190,23 282,80 78,12 -18,45 370,10 -154,30 298-1000 

anilini 
C6H7N (Tx) 

31,09 149,08 191,29 190,79 _ _ _ _ 

anilini 
C6H7N (a) 

86,86 166,67 319,20 108,40 -6,00 439,40 -185,30 298-1000 

meTanTio-
li CH4S (a) 

-22,97 -9,96 255,06 50,25 21,00 108,66 -35,56 298-1000 

 

 

 

2
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sacnobaro cxrilebi 

zogierTi nivTierebis dawvis siTbo* 

nivTiereba -ΔH,kj/mol nivTiereba  -ΔH,kj/mol 

CH4 (a) meTani 890,31 C6H6 (Tx) benzoli 3267,58 

C2H2 (a) acetileni 1299,63 C6H6 (a) benzoli 3301,51 

C2H4 (a) eTileni 1410,97 C7H8 (Tx) toluoli 3910,28 

C2H6 (a) eTani 1559,88 C7H8 (a) toluoli 3947,94 

C4H10 (a) butani 2877,13 C10H8 (my) nafTalini 5156,78 

C4H10 (a) izobutani 2868,76 C12H10 (my) difenili 6249,22 

C5H10 (Tx) ciklopentani 3290,73 C14H10 (my) antraceni 7067,45 

C5H10 (a) ciklopentani 3319,54 C14H10 (my) fenantreni 7049,87 

CO (a) naxSirJangi 282,92 C3H8O3 (Tx) glicerini 1661,05 

CH2O (a) formaldehidi 561,07 C5H12O (Tx) amilis 
spirti 

3320,84 

CH2O2 (Tx) WianWvelmJava 254,58 C6H6O (my) fenoli 3063,52 

2
9

1
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H4O (Tx) meTanoli 726,60 C6H12O6 (my) -glukoza 2802,04 

C2H4O2 (Tx) ZmarmJava 874,58 C10H16O (my) qafuri 5924,84 

C2H6O (Tx) eTanoli 1370,68 C12H22O11 (my) saqaroza 5646,73 

CCl4 (Tx) tetraqlormeTani 260,65 CH3Cl (Tx) qlormeTani 759,94 

CHCl3 (Tx) qloroformi 428,06 C6H5Cl (Tx) 
qlorbenzoli 

3110,30 

COS (a) naxSirbadis 
gogirdoqsidi 

553,12 H2S (a) gogirdwyalbadi 578,98 

CS2 (Tx) gogirdnaxSirbadi 1075,29 C5H5N (Tx) piridini 2755,16 

CH3O2N (Tx) nitromeTani 708,77 C6H5O2N (Tx) 
nitrobenzoli 

3091,2 

CH4ON2 (my) karbamidi 632,20 C6H7N (Tx) anilini 3396,2 

C3H5O9N3 (Tx) nitroglicerini 1541,4 H2 (a) wyalbadi  571,76 

C (my) grafiti 787   

 

--------------------- 
* dawvis produqtebia CO2 (a), H2O (Tx), SO2 (a), N2 (a); halogenSemcveli naerTebisaTvis 

aseve _  Cl2 (a) da  HCl (Tx). 
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sacnobaro cxrilebi 

martivi nivTierebebisa da naerTebis saSualo 

siTbotevadoba 

nivTiereba 
temperatura, K 

500 600 700 800 900 1000 

C (grafiti) 13,03 14,22 15,15 15,90 16,54 17,09 

Cl2 (a) 35,39 35,74 35,99 36,20 36,37 36,50 

H2 (a) 28,92 29,02 29,15 29,28 29,42 29,57 

N2 (a) 29,58 29,80 30,01 30,22 30,44 30,65 

O2 (a) 30,28 30,87 31,34 31,74 32,09 32,39 

B2O3 (my) 75,27 81,20 86,95 _ _ _ 

BaCO3 (my) 98,40 102,19 105,68 108,76 111,76 114,66 

BaO (my) 49,48 50,62 51,50 52,22 52,82 53,35 

CO (a) 29,74 29,99 30,24 30,47 30,69 30,92 
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gagrZeleba 

nivTiereba 
temperatura, K 

500 600 700 800 900 1000 

CO2 (a) 42,02 43,43 44,56 45,52 46,37 47,15 

COCl2 (a) 65,88 67,50 68,82 69,97 70,98 71,93 

COS (a) 45,99 47,33 48,41 49,32 50,12 50,86 

CaCO3 (my) 95,86 99,86 103,03 105,69 107,97 110,06 

CaO (my) 46,76 47,76 48,55 49,19 49,74 50,23 

Ca(OH)2 (my) 97,23 99,39 _ _ _ _ 

CaS (my) 49,02 49,82 50,61 51,41 52,20 53,00 

CaSO4 (my) 109,61 114,54 119,48 124,42 129,36 134,29 

FeCO3 (my) 93,40 99,01 104,61 110,22 _ _ 

FeO (my) 52,01 52,82 53,51 54,14 54,72 55,28 

Fe2O3 (my) 117,87 122,92 127,55 131,94 136,14 140,23 
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gagrZeleba 

nivTiereba 
temperatura, K 

500 600 700 800 900 1000 

Fe3O4 (my) 169,63 180,08 190,52 200,97 _ _ 

HCl (a) 29,10 29,20 29,35 29,51 29,69 29,88 

MgCO3 (my) 89,26 94,10 98,38 _ _ _ 

MgO (my) 42,56 43,99 45,06 45,90 46,59 47,18 

MnCO3 (my) 94,37 98,51 102,02 _ _ _ 

MnO (my) 47,25 48,06 48,77 49,39 49,97 50,51 

MnO2 (my) 62,62 64,95 66,76 _ _ _ 

Mn2O3 (my) 108,39 111,66 114,49 117,05 119,43 121,69 

Mn3O4 (my) 156,82 160,12 163,11 165,93 168,62 171,23 

NH3 (a) 38,84 40,31 41,71 43,09 44,44 45,78 

NO (a) 30,12 30,98 31,22 31,45 31,67 31,88 

 

 

2
9

5
 



 297 

gagrZeleba 

nivTiereba 
temperatura, K 

500 600 700 800 900 1000 

NO2 (a) 40,96 42,32 43,45 44,44 45,33 46,16 

Na2B4O7 (my) 211,70 219,75 226,60 232,70 238,30 243,55 

Na2CO3 (my) 124,73 131,51 138,29 _ _ _ 

Na2O (my) 76,37 78,75 80,72 82,44 84,00 85,43 

Na2SO4(-,-,-) 143,91() 189,17() 187,02() 186,82() 187,59() 189,63() 

Na2SiO3 (my) 128,15 133,19 137,35 140,98 144,26 147,28 

Na2Si2O5 (-,-) 183,88() 192,39() 199,49() 205,69() 211,30() 220,10() 

Na4SiO4 (my) 192,20 195,91 199,63 203,34 207,05 210,76 

PbCO3 (my) 99,58 105,57 111,55 117,53 _ _ 

PbO (yviT.) 48,56 49,89 51,23 52,57 53,91 55,23 

PbO2 (my) 66,16 67,80 69,43 71,06 72,69 74,32 
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gagrZeleba 

nivTiereba 
temperatura, K 

500 600 700 800 900 1000 

Pb3O4 (my) 171,55 176,55 180,61 184,08 187,17 189,98 

SO2 (a) 44,16 45,41 46,43 47,28 48,03 48,72 

SO3 (a) 58,69 61,10 62,99 64,56 65,92 67,12 

SiO2 (- da -
kvarci) 

53,10() 56,08() 58,69() 61,09() 63,65() 64,27 

CH4 (a) meTani 41,16 44,06 46,85 49,52 52,08 54,52 

C2H2 (a) 
acetileni 

48,72 50,83 52,75 54,49 56,06 57,46 

C2H4 (a) 
eTileni 

53,84 58,17 62,25 66,08 69,66 72,98 

C2H6 (a) eTani 66,21 72,27 77,94 83,24 88,14 92,66 

C4H6 (a) 
divinili 

98,92 107,38 115,09 122,05 128,27 133,74 

C6H6 (a) 
benzoli 

110,94 123,02 133,98 143,81 152,50 160,06 
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gagrZeleba 

nivTiereba 
temperatura, K 

500 600 700 800 900 1000 

C7H8 (a) 
toluoli 

137,72 152,70 166,40 178,84 190,00 199,90 

C8H10 (a) 
eTilben-
zoli 

167,54 184,71 200,40 214,64 227,41 238,69 

CH2O (a)  
formalde-

hidi 
39,57 41,77 43,86 45,84 47,72 49,50 

CH4O (a) 
meTanoli 

52,20 56,03 59,64 63,04 66,22 69,21 

C2H6O (a) 
eTanoli 

80,57 87,39 93,69 99,48 104,74 109,55 

C3H6O (g)  
acetoni 

92,64 99,81 106,53 112,81 118,65 124,10 

CCl4 (a) 
tetra-

qlormeTani 
90,0 92,54 94,75 96,63 98,18 99,40 

CHCl3 (a) 
qloroformi 

74,16 77,38 
80,00 

82,00 83,14 84,21 
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gagrZeleba 

nivTiereba 
temperatura, K 

500 600 700 800 900 1000 

CH2Cl2 (a) 
diqlormeTani 

58,96 62,36 65,45 68,25 70,72 72,89 

C6H5Cl (a)  
qlorbenzoli 

125,10 136,80 147,40 156,80 165,20 172,50 

C5H5N (a) 
piridini 

104,1 115,4 125,7 135,0 143,2 150,4 

C6H7N (a) 
anilini 

139,2 152,5 164,6 175,5 185,1 193,5 

CH4S (a)  
meTanTioli 

58,58 62,35 65,89 69,19 72,26 75,08 
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sacnobaro cxrilebi 

Mn-is mniSvnelobebi Svarcman-temkinis 

meTodiT jibsis Tavisufali energiis 

gaangariSebisaTvis  

T, K Mo M110_
3
 M210_

6
 M_210

5
 

300 0,0000 0,0000 0,0000 0,0000 
400 0,0392 0,0130 0,0043 0,0364 
500 0,1133 0,0407 0,0140 0,0916 
600 0,1962 0,0759 0,0303 0,1423 
700 0,2794 0,1153 0,0498 0,1853 
800 0,3597 0,1574 0,0733 0,2213 
900 0,4361 0,2012 0,1004 0,2521 
1000 0,5088 0,2463 0,1310 0,2783 
1100 0,5765 0,2922 0,1652 0,2988 
1200 0,6410 0,3389 0,2029 0,3176 
1300 0,7019 0,3860 0,2440 0,3340 
1400 0,7595 0,4336 0,2886 0,34835 
1500 0,8141 0,4814 0,3362 0,3610 
1600 0,8665 0,5296 0,3877 0,3723 
1700 0,9162 0,5780 0,4424 0,3824 
1800 0,9635 0,6265 0,5005 0,3915 
1900 1,009 0,6752 0,5619 0,3998 
2000 1,0525 0,7240 0,6265 0,4072 
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