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     ganxilulia  fizikuri qimiis sruli saswavlo 
programiT gaTvali swinebul i sakiTxebi : nivTierebis 

aRnagoba, qimiuri Termodinamika da wonasworoba,  fazuri 

wonasworoba, xsnar is Teoria, eleqtroqimia, qimiuri 
ki netika  da kata li zi .  

gankuTvnilia ZiriTadad qimiuri teqnologiisa da 
metalurgiis fakultetis bakalavr ebi saTvis . agreTve 
sasargeblo iqneba magistraturis studentebisaTvis da am 
dargSi momuSave specialistebisaTvis.  
 
 
recenzenti:  q.m.d., profesori           S. sidamoniZe  
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yvel a ufleba daculia. am wignis arc erTi nawili (iqneba 
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w i n a s i t y v a o b a  

 
 
 
qimiur disciplinaTa Soris gansakuTreb uli adgili 

fizikur qimia s uWiravs . saqarTvelos  teqnikur i  
uni versitet i s qimiuri teqnologiisa da meta lurgiis 
fakultet ze, rogorc wesi, fizikuri qimia  bakalavriatis 
meore kursze  ikiTxeba . mas win uZRvis arao r ganuli  
qimiis  kursi , paralelurad analizuri da  organuli 
qimia iswavleba , Semdgom modis sxvadasxva teqnologiuri 
dis ciplinebis Teoriuli safuZvlebi.  yvela am 
disciplinas T eoriul baziss aZlevs fizikuri qimia, 
romlis siZliere  mis universalobaSia . 

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

fizikuri qimiis Semecneba bevrad aa damokide -buli 
axalga z rdebisaTvis novatoruli siaxliT daxunZluli 
informaciis miwod ebaze. swored am miznebs emsaxureba 
winamdebare saxelmZRvanelo.  

fizikuri qimiis  swavlebis procesis orsafexu -riani 
sistemis p i robebSi aucilebeli gaxda im informaciis 
gamijvna, romelic unda mi ewodos swav -l ebis pirvel  
(bakalavriati ) da meore (magistra -tura)  safexur ebze  
ise, rom disciplinam ar dakargos misTvis 
damaxasiaTebeli simwyobre da logikuroba.  

fizikuri qimiis es saxelmZRvanelo Sedgenilia 
ZiriTadad qimiuri teqnologiisa da meta lurgiis 
fakultetis bakalavriatisTvis da e myareba fizikuri 
qimiis swav le bis rogorc ucxoeTis  wamyvani umaRlesi 
saswavleblebis , ise saqarTvelos  teqnikuri 
uni versitetis fizikuri da koloiduri qimiis kaTedris 
mravalwlian gamocdil ebas. 

saxelmZRvaneloSi ñfizikuri qimiis safuZvlebiò eqvsi 
nawilia. masSi sagnis  sruli  programis Sesa -bamisad 
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Semdegi sakiTxebia ganxiluli: fizikuri qimiis kursis 
arsi da wyaroebi, kvantur i qimiis ZiriTadi debulebebi , 
qimiuri bmis buneba, kristalTa geometria,  kvlevis 
fizikur -qimiuri meTodebi, qimiuri Termodinamika da 
wonasworoba,  statistikuri Termodinamikis elementebi,  
fazuri wonasworoba, xsnar is Teoria, eleqtroqimia, 
qimiuri k i netika , kata li zi da fermentuli  katali zi.  

saxelmZRvanelos Sedgenisas avtori xelmZRva -
nelobda ukanas knel wlebSi wamyvani specialistebis 
mier gamocemuli SromebiT, sadac fizikuri qimiis 
sakiTxebi am dargSi miRweuli Tanamedrove donis 
gaTvaliswinebiT aa gadmocemuli. teqst Si gamoyene-bulia 
Tanamedrove modelebi da nimuSebi.  

am wignis  mizania,  leqciebis mokrZalebuli 
moculobis p i robebSi, misawvdom doneze SemoTava -
zebulma masalam xeli Seuwyos studentis damouki -debel 
muSaobas, raTa sruly o filad daeuflos  fiz i kuri qimiis 
sakmaod r Tul, magram  metad saWiro safuZvlebs .  

avtori gamoxatavs did madlierebas wignis 
recenzentis, gamoCenili m ecnieris a da pedagogis, 
profesor  SoTa sidamoniZi s mimarT gamoTqmuli rCevebisa 
da survilebisaTvis .  

da , bolos, avtori gulisyuriT moekideba da 
gaiTvalisw inebs nebismier saqmian SeniSvnas da survils.  

 
 

avtori  
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PREFACE 

 
Physical chemistry occupies a ñmiddleò 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 bachelorôs 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 ñThe Basics of Physical Chemistryò 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 

studentsô 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 masterôs 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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ȴȸ ȦȨȸȴȶȦ 

 
ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ ʟʘʥʠʤʘʝʪ çʩʝʨʝʜʠʥʥʦʝè ʧʦʣʦʞʝʥʠʝ ʚ 

ʮʠʢʣʝ ʭʠʤʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. ʅʘ ʬʘʢʫʣʴʪʝʪʝ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʘʣʣʫʨʛʠʠ ɻʨʫʟʠʥʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʥʘ ʯʠʪʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʚʪʦʨʦʤ ʢʫʨʩʝ 

ʙʘʢʘʣʘʚʨʠʘʪʘ. ɽʡ ʧʨʝʜʰʝʩʪʚʫʝʪ ʢʫʨʩ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʧʘʨʘʣʣʝʣʴʥʦ ʠʟʫʯʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠ ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʘ 

ʧʦʟʜʥʝʝ ʠʜʫʪ ʢʫʨʩʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʙʘʟʠʩ ʚʩʝʤ ʵʪʠʤ 

ʜʠʩʮʠʧʣʠʥʘʤ ʜʘʝʪ ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʝʱʝʩʪʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ. ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʠʩʩʣʝʜʫʝʪ ʭʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʭʠʤʠʠ ʠ ʬʠʟʠʢʠ. ʉʠʣʴʥʘʷ ʩʪʦʨʦʥʘ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ʀʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤʝʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʛʨʘʤʦʪʥʦʛʦ ʭʠʤʠʢʘ. 

ʅʘʩʪʦʷʱʠʡ ʫʯʝʙʥʠʢ çʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠè ʥʘʧʠʩʘʥ 

ʥʘ ʛʨʫʟʠʥʩʢʦʤ ʷʟʳʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʙʘʢʘʣʘʚʨʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. ɺ ʦʩʥʦʚʫ ʫʯʝʙʥʠʢʘ 

ʧʦʣʦʞʝʥ ʧʦʟʠʪʠʚʥʳʡ ʦʧʳʪ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʘʢ ʚ 

ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʮʝʥʪʨʘʭ, ʪʘʢ ʠ ʥʘ ʢʘʬʝʜʨʝ 

ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ɻʨʫʟʠʥʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʋʯʝʙʥʠʢ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʨʘʟʜʝʣʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʥʝʦʙʭʦʜʠʤʳʡ 

ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɺ ʫʯʝʙʥʠʢʝ, ʥʘʧʠʩʘʥʥʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʝʡ 

ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ, ʫʯʝʥʠʝ ʦ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʚʦʧʨʦʩʳ ʛʝʦʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʳ 
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ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʫʯʝʥʠʝ ʦ ʭʠʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ, 

ʵʣʝʤʝʥʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʫʯʝʥʠʝ ʦ ʬʘʟʦʚʦʤ 

ʨʘʚʥʦʚʝʩʠʠ, ʪʝʦʨʠʷ ʨʘʩʪʚʦʨʦʚ, ʵʣʝʢʪʨʦʭʠʤʠʷ, ʭʠʤʠʯʝʩʢʘʷ 

ʢʠʥʝʪʠʢʘ ʠ ʢʘʪʘʣʠʟ. ɺ ʢʦʥʮʝ ʫʯʝʙʥʠʢʘ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʩʚʝʜʝʥʠʷ ʠʟ ʤʘʪʝʤʘʪʠʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʨʘʟʙʦʨʝ ʦʩʥʦʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  

ʈʘʙʦʪʘʷ ʥʘʜ ʢʥʠʛʦʡ, ʘʚʪʦʨ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʩʷ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʣʠʪʝʨʘʪʫʨʦʡ, ʦʪʨʘʞʘʶʱʝʡ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ. 

ɺ ʪʝʢʩʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʦʙʨʘʟʮʳ. 

ɸʚʪʦʨ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʩʦʟʥʘʝʪ ʪʝ ʪʨʫʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʦʩʧʨʠʷʪʠʠ ʦʩʥʦʚ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʘʫʜʠʪʦʨʥʳʭ ʬʦʨʤ 

ʦʙʫʯʝʥʠʷ ʠ ʫʩʠʣʝʥʠʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ. 

ʇʦʵʪʦʤʫ ʩʣʦʞʥʳʝ ʚʦʧʨʦʩʳ ʚ ʪʝʢʩʪʝ ʠʟʣʦʞʝʥʳ ʜʦʩʪʫʧʥʳʤ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʷʟʳʢʦʤ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢ ʥʘʛʣʷʜʥʳʤ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʤ ʧʨʠʤʝʨʘʤ ʠ ʠʟʚʝʩʪʥʳʤ ʷʚʣʝʥʠʷʤ. 

ʋʯʠʪʳʚʘʷ ʦʙʰʠʨʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʭʠʤʠʠ, ʥʘʩʪʦʷʱʝʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʦʣʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ 

ʜʣʷ ʤʘʛʠʩʪʨʦʚ, ʠʥʞʝʥʝʨʦʚ  ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ. 

        ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʫ, 

ʜʦʢʪʦʨʫ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʉʠʜʘʤʦʥʠʜʟʝ ʐ.ʀ. ʟʘ ʦʙʩʪʦʷʪʝʣʴʥʫʶ 

ʨʝʮʝʥʟʠʶ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʢʥʠʛʠ. 

          ɺʩʝ ʟʘʤʝʯʘʥʠʷ ʠ ʧʦʞʝʣʘʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʫʯʝʙʥʠʢʘ ʙʫʜʫʪ ʚʦʩʧʨʠʥʷʪʳ ʩ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ. 
 

 

                               

 

               ȮɖɎɓɆ ȧɋɖɊɍɋɓɎɞɈɎɑɎ 
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Sesavali  

 
 

fizikuri qimia aris mecniereb a, romelic xsnis qimiur 
movlena s da adgens mis  kanonzomierebeb s fizikis 
principebisa da fizikis eqsperimentuli meTodebis 
gamoyenebis safuZvelze . 
 
fizikuri qimiis TiTqmis srulyofil i ganmarteba  

pirvelad m. lomonosovma Camoayaliba 1752 wels . termini  
ñfizikuri qimia cò mi si  SemoRebulia . manve daadgina is 
fundamenturi principebi, ro mlebic  fizikuri qimiis 
ganviTarebis safuZv l ebadaa miCneuli : 

¶ energiisa da materiis mudmivobis kanoni;  

¶ siT bos kinetikuri buneba da cneba ñsicivis udidesi d a 
ukanaskneli xarisxis Sesaxebò; 

¶ si Tbos gadasvlis SeuZlebloba ufro civi sxeu -lidan 
ufro  cxelze.  
ruseTSi  fizikuri qimiis swavleba c  pirvelad  m. 

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

1887 wels v. ostvaldis xelmZRvanelobiT fizikuri 
qimiis  kaTedra   la ifcigis universitetSi c  daarsda.  

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

Tanamedrove fizikuri qimia  Seqmnilia mTeli msoflios 
mravali niWieri mecnieris Zalisxmevis Sedegad.   
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pirveli Ter moqimiuri gazomvebi XVIII saukunis meore 
naxevarSi  a. lavuazie m da p.  lap lasma  (safrangeTi) 
Caatares . 1840 wels  g. hesma (ruseTi) aRmoaCina qimiuri 
reaqciebi s siTburi efeqtebis jamis mudmi vobis kanoni. XIX 
saukuneSi Catarda funda -menturi Termoqimiuri kvlevebi (m . 
berT lo, h. tomseni),  romelTa Sedegad safuZveli Caeyara 
Termodinamikis erT -erT qvedargs Ł Termoqimias.  

k. Seelem (SvedeTi) da f. fontanam (safrangeTi) 
aRmoaCines air is a dsorbcia myari sxeul is mier, h . devim 
(inglisi) da l.  tenarma (safrangeTi) Ł katali -zuri 
reaqci is  arseboba, i. berceliusma (SvedeTi) da i. libixma 
pirvelad s cades aexsnaT katalizis movlena,  v. ipatievma 
(ruseTi) safuZveli  Cauyara warmodgenas heterogenul i 
kata lizis a da katalizSi qemosorbciis rolis Sesaxeb, n.  
semionovma (ruseTi)  ganaviTara jaWvuri reaqci is 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 -
yali beba s. karnos (safrangeTi), r.  maieri s, h. helmholci s, r. 
klau ziusis a (germania) da  u. tomsonis (inglisi)  
damsaxurebaa, j. jibsis (aSS), i. vant -hofis (niderlan debi), 
v. nerstis (germania), d. mendeleevis (ruseTi) Sromebis 
safuZ velze viTardeboda qimiuri Termo dinamika. am 
SromebTan erTad d. mendeleevis  periodulobis ka nonma 
(1869 weli) didi gavlena moaxdina fizikuri qimiis 
ganviTarebaze.  

qimiuri kinetikis Teoriis saTaveebTan idgnen l.  
vilhelmi, m. berT lo da pian de sen -Jili. i.  vant -hofma 
Camoayaliba formaluri qimiuri kinetikis ZiriTadi 
kanonebi, v. ostvaldma ganixila a vtokata -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 ñfizikuri qimiis Jurnaliò (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  
eleqtroqi miuri kvlevebi (l. halvani, a. volti , v. petrovi, 
k. grotgusi, h . devi, m. faradei) dasrulda eleqt rolizis 
kanonebis aRmoCeniT da g alvanuri elementis SeqmniT.  s. 
areniusma (SvedeTi) Seqmna eleqtrolituri disociaciis 
Teoria,  s. sorensonma  SemoiRo  wyal xsnareb is  mJavianobis 
raodenobiTi maxasiaTeblis  _ wyalbadis maCveneblis cneba.  
p. debaim da e. hiukelma (1900 w.) Seqmnes Zlieri 
eleqtrolitebis xsnarebis Teoria.   eleqtroqimiuri 
kinetikis ganviTareba a.  frumkinis damsaxureba a.  

XIX  saukunis  bolosTvis fizikuri  qi mia 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 b unebis 
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 ma tricul formulirebas (1925 w.),  e. 
rezerfordis  mier S emoTavazebul 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 bun eba da  did warmatebebs miaRwia 
mecnierebam molekulis aRnagobis SeswavlaSi (r. malikeni, 
l. polingi, p. debai).  

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

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

 XX  saukunis  Sua periodSi swrafad daiwyo g anviTareba 
arawonasworuli proce sebis 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 
birTv is) da maTi  sistemebis aRweris xerxebsa da 
moZraobi s kanonebs. 

kvantur -meqanikuri warmodgenebis Sesabamisad , moZrav  
mikroobieqt s ormagi buneba  axasiaTebs : ig i  nawi la -ki a da 
amave dros aqvs  moZraobis talRuri maxasiaTeblebi anu 
mikroobieqt s erTdroulad aqvs korpuskuluri da 
talRuri Tvisebebi . maTematikurad es gamoisax eba de 
broilis gantolebiT , romlis Tanaxmad , n siCqariT  
moZravi  m masis nawilaks Seesabameba l sigrZis talRa  

 

n
l

m

h
= ,                       (1.1)  

sadac h plankis mudmiva a. 
mikrosamyaros nawilakebis talRuri Tvisebebidan 

gamomdinare, haizenbergi mivida daskvnamde, romelic 
haizenbergis ganu zRvrelobis principis  saxel wo-debiT aa 
cnobili . am principis T anaxmad, 

 
mikronawilak is mdebareobis a (koordinatis) da siCqaris  
(impulsis) erTdroulad da zustad gan -sazRvra 
SeuZlebelia. qD  mdebareobisa da nD  siCqaris 

ganuzRvre lob ebis namravli ar  SeiZleba iyos mh -ze 

naklebi  

mhq ²DÖD n .                    (1.2)  
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rac ufro zustad aa gansazRvruli nawilakis 
mdebareoba sivrceSi, miT ufro ganuzRvrel i xdeba misi 
siCqare da piriqiT, rac ufro zustad aa gansazRvruli 
nawilakis  siCqare,  miT ufro ganuzRvrel i xdeb a misi  
mdebareoba. Sedegad, mikronawilakis moZraobis 
dasaxasiaTeblad iyeneben albaTur  midgomas anu 
gansazRvraven ara mis zust mdebareobas, aramed sivrcis 
raRac moculobaSi misi mdebareobis alba Tobas. 
ñeleqtronis moZraobis ò nacvlad  iyeneben termin  _ 
ñeleqtro nis mdgo-mareobasò. 

atomSi eleqtronis mdgomareoba a iwereba eleqt -
ronuli Rrublis meSveo biT, romlis simkvrive 
proporciulia eleqtronis mdebareobis albaTob isa . 
radgan aseTi albaToba  birTvidan sakmaod  did manZilzec 
arsebobs , eleqtronul Rrubels ara aqvs mkafiod 
gansazRvrul i  sazRvrebi.  

  
eleqtro nuli Rrubeli aris sivrce atomguli s 
garSemo, sadac eleqtronis mdebareob a (igi y  

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

   y talRuri funqcia aris sivrcis mocemul wer -tilSi 

eleqtronis mdebareobis albaTobis  amplituda , VD2y   

namravli _ eleqtronis mdebareobis albaToba  VD  sivrcis 

elementarul moculobaSi , xolo 2y _ albaTobis  simkvrive  

anu eleqtronul i simkvrive . 
y talRur i funqcii sa da  eleqtronis U potenciur i  da 

E saerTo energiebis kavSiri gamoisaxeba  Sredingeris 
gantolebiT : 

0)(
8

2

2

=-+Ð y
p

y UE
h

m
,              (1.3)  

sadac 
2

2

2

2

2

2

zyx µ

µ
+

µ

µ
+

µ

µ
=Ð  laplasis  operatori a. 
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am gantolebis amoxsna  anu orbitalis maTemati -kuri 
aRwera SesaZlebelia mxolod maxas i aTeblebis sakmaod 
gansazRvruli, diskretuli mniSvn elobebisas anu atomuri 
orbital i xasiaTdeba kvanturi ricxvebiT.  

n mTavari kvanturi ricxvi  gansazRvravs eleqt -ro nis  
energiis  ZiriTad  marags anu, sxva sityvebiT, eleqtro nuli  
Rrublis zomebs (orbitals). igi iRebs  mTel 
mniSvnelobebs 1 -dan ¤-mde da atomSi energetikuli 
doneebis ricxvs  gviCvenebs. eleqtron ebi , 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  mniSvneloba s 1=n  done Seesabameba. 
sxva kvantur mdgomareo bebs energiis ufro maRali 
mniSvnelobebi Seesabameba da am energetikul doneebze 
myofi eleqtron ebi  birTvTan ufro sustad arian  
dakavSirebuli.Y  

l  orbituli (Tanauri  an azimuturi) kvanturi ricxvi  
gansazRvravs eleqtronuli  orbitalis  formas  (nax. 1.1). 
orbituli kvanturi ric xvi dakavSirebulia n mTavar 
kvantur  ricxvTan , i Rebs nebismier mTel dadebiT 
mniSvnelobebs da icvleba 0 -dan ( 1-n )-mde. TiToeul n-s 
Seesabameba l mniSvnelobebis garkveuli raodenoba  anu 
energetikuli done ener getikuli qvedoneebis 
erTobliobaa , ro mlebic energiiT  gan-sxvavdeba. 
qvedoneebis raodenoba,  romelzec energeti -kuli done  
ixliCeba , donis nomris  tolia . l-is ricxviT mniSvnelo bas 
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 -tal is 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 

orien tacia  Seesabameba.  
amrigad, s-mdgomareobas erTi orbi tali  Seesabameba, p-

mdgomareoba s Ł sami, d-mdgomareobas Ł xuTi da a.S.  
  

atomuri eleqtronuli  orbitali eleqtron is 
mdgomareobaa atomSi, romelic xasiaTdeba kvan -tur i  
ricxvebis n, l da ml raRac mniSvnelobebiT,  
eleqtronuli  Rrublis raRac  zomiT, formiT a da 
sivrceSi orientaciiT.  

s
m  spinkvanturi ricxvi (spini)  aRwers eleqtron is 

br unvas sakuTari RerZis garSemo da iRebs  mxolod or 

mniSvneloba s: 21+  da 21- .        

eleqtron ebis ganawileba atomSi (misi  eleqtro -nuli  
konfiguracia) Semdeg wesebs emorCileba : 
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¶ umciresi energiis principi.  atomSi eleqtronis  

yvelaze ufro mdgra di mdgomareoba mis i  energiis 
umcires mniSvnelobas Seesabameba. 

 
¶ paulis principi . atomSi  Seu Zleb eli a iyos ori 

eleqtroni,  romelT ac oTxive  kvanturi ricxvi  toli 
eqneba. 

 
¶ hundis wesi.  mocemul  qvedoneze sp i nkvant uri 

ricxvebis jami maqsimaluria.  
 

energetikuli qve done ebis Sevseba mimdinareobs Semdeg i 
TanamimdevrobiT:L 1s, 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  

 energ etikuli doneebis ganlageba   
 

amrigad, energetikuli qvedonis maqsimaluri teva -dobaa  

)12(2 +l  eleqtroni, xolo donis a _ 22n  (cxrili 1.1).  

E 



 18 

cxrili 1.1  
eleqtronebis ganawileba energetikul doneebze  

e
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 l energetikuli  
qvedone 

energetikuli  
mdgomareoba 
qvedoneebze 
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T

a
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n
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e
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ri
cx

vi
, 

2
 (

2
l 
+

 1
) 

e
n

e
rg

e
tik

u
l 

d
o

n
e
ze

 
e
le

q
tr

o
n

e
b

is
 

m
a
q

si
m

a
lu

ri
 

ri
cx

vi
, 

2n
2
 

l-
is

 
m

n
iS

vn
e

lo
b

a 

a
R

n
iS

vn
a
 

m l-is  
mniSvneloba  

o
rb

ita
le

-b
is

  
ri

cx
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 konfigurac iebis 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 
eleqtron Ta ricxvs  aRniSnavs; 

¶ kvanturi ujredebis a da isrebis saxiT, mag. , O
8

: 

 

 

 

 

 

 

 

 

 

 

 

 

1.2. qimiuri bma  

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

buneba aixsneba atomT a eleqtronebisa da birTvebis 
mier warmoqmnili ele qtruli velebis urT ierTqme -
debiT.  
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1.2.1. qimiuri bmis eqsperimentuli  

maxasiaTeblebi  
 
qimiuri nomenklaturis  mixedviT arsebobs 

kovalentur i , ionur i  da liTonur i  bmebi . 
qimiuri bmis ZiriTadi parametrebia: sigrZe,  

simtkice da savalento  kuTxeebi.  
 

bmis sigrZe manZili a atombirTve bs 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 simtkic is  erTeul ia kj/mol . 1.2 
cxril Si  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 ï C  1,54 348 H ï N 1,03 393 
C = C 1,35 620 H ï O 0,96 460 
C ¹ C 1,20 811 H ï S 1,34 368 
C ï O 1,43 360 H ï Cl 1,27 431 
C = O 1,17 724 N ï N 1,45 160 
C ï N 1,47 276 N = N 1,10 418 
C = N 1,34 615 N ¹ N 1,01 947 
C ¹N 1,16 761 Nï O 1,46 176 
C ï S 1,81 255 O ï O 1,45 146 
C = S 1,55 477 S ï S 2,05 226 
H ï C 1,09 374 P ï O 1,62 502 
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atombirTv ebze gamaval pirobiT wrfeebs Soris 
kuTxes savalento  kuTxe ewodeba. 
 
savalento kuTxe izomeba graduso biT. magaliTad, 

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

kuTxe aris  104,5̄. 
bmis warmo qni sas arsebiT rols eleqtro uar of i -

Toba asrulebs.  
 
eleqtrouaryofiToba  elementis atomebis fardo -
biTi unaria  miizidos el eqtronebi nebismier 
garemocvaSi.  
 
I ionizaciis energiisa da E eleqtro nisadmi 

swrafvi s jamis naxevars eleqtrouaryofi Tobas  (c) 

uwodeben 
 

                      
2

EI +
=c .                   (1.4) 

 
I da  E Sesabamisad atomis m ier eleqtronebis 

dakargvisa da SeZenisadmi midrekilebas axasiaTebs.  
eleqtrouaryofiTobis mniSvnelobis mixedviT  yvela  

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

mkafio liTonur  Tvisebebs tute liTonebi  avlens . 
l iTiumis eleqtro uaryofiToba  1-is  tolia . tipur 
arali Tonebad  iTvleba VII jgufis elementebi Ł 
halogenebi;  elementebs Soris yvelaze eleqtrouaryo -
fiTia fT ori, 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 miaxloebis as maT Soris mizidulobis 
Zala  warmoiqmneba. Sedegad orive atomis 1 s 
orbitalebi gadaifareba da saerTo molekulur 
orbitals warmoqnis , romlis maqsimaluri simkvrive 
birTvebs Sorisaa.  

atombirTvebis urTierT mizidva 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 Ł molekula.  

sqematurad wyalbadis molekulis warmoqmna 
Semdegnairad  gamoisaxeba: 

 
HHHH :­+ÖÖ . 

sqemaze wertil iT  (Ö) 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 Ł qimiuri 
bma ar warmoiqmneba.  

Sredingeris gantolebis zusti amox sna mraval -
eleqtroniani sistem is aTvis, rogoricaa H2-ze ufro 
rTuli molekulebi,  ver xerxdeba . aseT rTul siste -
mebSi bmis bunebis axsna ori meTod iT  xdeba: 
¶ valenturi bmis da 
¶ molekuluri orbital ebis meTodi T . 
 
 

1.2.2.1. valenturi  bmis meTodi  

 
valenturi bmis meTods safuZvlad udevs Semdegi 

debulebebi:  
1) kovalenturi  bmis warmoqmnisaTvis saWiroa sapi -

rispiro spini ani ori eleqtroni da TiTo orbi -
tali im ori ato misa, romlebic erT maneTs 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 energetikul ad ufro xelsayrelia, vidre 
TiToeuli eleqtronis a _ sakuTari birTvis velSi, 
amitom kovalentu ri bmis warmoqmnaSi monawileobs  
gare energetikuli donis yvela erTeleqtroniani 
orbitali . magaliTad, azotis atoms  aqvs sami gauwy-
vilebeli gare eleqtroni : 

 
 
                    1s

2
2s

2
2p

3
 

 
 
 

 
 
 
fT oris atoms ki Ł erTi:  

 

                

 
 
 
 
 
 
amitom, am atomebs SeuZlia warmoqmnas Sesabamisad 

sami da erTi bma: NN¹ ; FF- . 
kovalenturi bma atomebs Soris Semdegnaira d  

warmoiqmneba: 
 

 
 

¬ ¬ ¬ 

¬® 

N
7

 

2s 

2p 

2s 

F
9

 1s
2
2s

2
2p

5
 

¬® ¬® ¬ 

¬® 
2p 
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kovalenturi bmis war moqmna aseve SesaZlebelia 

dono rul -aqceprotuli me qaniz miT . am SemTxvevaSi erT 
at oms wyvili eleqtronebi aqvs (don ori) , xolo 
meores Ł Tavis ufali o r bi tali (aqceptori).  amis 
klasikuri magaliTia NH4

+ amoniumis ionis warmoqmna  
 

+
..

..::

H

H

NH

+

ù
ù
ù

ú

ø

é
é
é

ê

è

½­½+ H

H

H

NHH :
..

..: . 

 
amrigad, atomebi  kovalentur  bmas warmoqmnis  

sxvadasxva xerx iT. valen turi bmis  meTodSi es unari 
Sefasebulia valentobis  saSualebiT.  

 
 

1.2.2.2. kovalenturi bmis Tvisebebi  

 
kovalenturi  bmis ZiriTad Tvis ebebs miekuTvneba 

misi najeroba, mimarTule ba da polarizebadoba.  
 
atomis unari, warmoqmnas kovalenturi  bmebis  
SezRuduli raodenob a, ganapirobebs Tvisebas, 
romel sac najeroba  ewodeba. amis gamo, kovalentur 
naer Ts aqvs mkafiod gamoxatuli Sedgeniloba.  
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eleqtronul i orbitalebis sxvadasxva formisa da 
orientaciis  gamo, maTi gadafa rvis ram denime sqemaa 
cnobili. arsebobs  s, p da d bmebi. 
 

¶ s bma eleqtronu li orbitalebis `SublebiT~ 
gadafa rvis Sedegia (birTvebis SemaerTebeli 
wrfis gaswvriv)  (nax. 1.4). 

¶ p bma warmoiqmneba eleqtronuli orbitalebis 
gadafar vis as sivrcis or nawilSi,  bmis xazis 
orive mxares (nax. 1. 5). 

¶  d bma xorcieldeba d eleqtronuli orbitalebis 
gadafa rv isas sivrcis oTx nawilSi, romlebic bmis 
xazis mimarT simetriulad  ari an ganlagebuli 
(nax. 1.6). 

 
 

nax. 1.4. eleqtronuli orbitalebis gadafarvis  
sqema s bmis warmoqmnisas 
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nax. 1.5.  orbitalebis gadafarv is sqema p bmis  

warmoqmnisas 
 

 
nax. 1.6. d orbitalebis gadafarvis sqema d bmis  

warmoqmnisas 
 
 

p da d bmebi or atoms Soris warmoiqmneba 
mxolod maSin, rodesac isini da kavSirebuli a s bmiT. 
aseT SemTxvevebSi laparakia bmis jeradobaze . 

 
bmis jeradoba im saziaro eleqtronuli wyvilebis 
ricxvi a, romlebic monawileob en kovalenturi  
bmis warmoqmnaSi.  

 
magaliTad, azotis molekula warmoqm nilia ori 

atomiT, romle bic dakavSirebulia sami kovalenturi 
bmiT _ erTi  s bmiTa da ori p bmiT 
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NN   s
p

p
¹¹¹ . 

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

Tu bmas molekulaSi qmnis ori erTnairi atom i , 
maSin saerTo  eleqtronuli Rrubeli birTvebs Soris 
simetriulad aa ganlagebuli.  aseT kovalentur bma s 
arapolaruli  bma ewodeba. 

Tu bmis warmoqmnaSi monawileobs ori eleqtro -
uaryofiTobiT gansxvavebuli atomi,  maSin eleqtro -
nuli Rrubeli wanacvlebulia metad eleqtrouaryo -
fiTi atomis ken. warmoiqmneba asimetria _ atomebs 
Soris uaryofiTi da dadebiTi muxtebi arasimetri -
ulad  ganawil deba da miviRebT eleqtrul dipols . 
    magaliTad , HCl-is  molekulaSi saerTo eleqt ro -
nuli wyvili wanacvleb ulia ufro eleqtro -
uaryo fiTi atom is Ł qloris mxares, rac iwvevs masze 
efeqturi uaryofiTi  muxtis gaCenas, wyalbadis 
atomze ki miviRebT  efeqtur dadebiT  muxt s. bma HCl-is 
molekulaSi _  kovalenturi polarulia . 

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

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

 

bmis polarobis sazomia dipolis eleqtruli 
momenti, romeli c dipolis l sigr Zisa da  q 
efeqturi muxtis namravlis  tolia : 
 

ql=m .                     (1.5) 
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dipolis eleqtruli momenti gamoisaxeba 
debai ebiT ( D): 

301033.31 -Ö=D  kÖm. 
 

dipolis eleqtruli momenti  veqtoruli sididea 
da mimarTuli a dip olis dadebiTi polusidan uaryo -
fiTisken. jamuri dipoluri momenti mravalatomian 
molekula Si calkeuli bmebis dipoluri momentebis 
veqtoruli jamis tolia . amitom, molekulis  pola roba 
an arapolaroba damokidebulia muxtebis ganawilebis 
simetriulob aze, rac , Tavis mxri v, ganpirobe bulia 
molekulis geometriiT.  magaliTad , CO2-is molekula , 
wrfivi agebulebis gamo, arapolarulia, miuxedavad 
calkeuli bmebis polarobis a 

 

-

½­½½½«
+- qqq

OCO
mm

 
2

. 

nivTierebis mravali Tviseba, rogoricaa: xsnadoba, 
disociaciis unari da sxva, mniSvnelo vanwilad aa 
damokidebuli naerTSi bmebis polarobaze. moleku -
lis polaroba SeiZleba Seicvalos gare eleqtruli 
velis zemoqmedebi T. 

 cvlilebas, romelsac  moleku laSi gare eleqt -
r uli veli iwvevs , polarizacia  ewodeba. 
polarizac ia muxtebis simZimis centrebis wanacvleb aa 
raRac  l manZilze . pola rizaciis Sedegad molekula 
iZens damatebiT dipolur moments  (nax. 1.7), romelic 
eleqtruli velis E daZabulobis sididis 
pirdapir proporciulia    

 

ql=m = aE,  

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

eleqtrul velSi  
 

polarizebadoba  ionis eleqtruli elasti kurobis 
sazomia.  

 
  

1.2.2.3. pol arizacia  da refraqcia  

 

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

kT3

2

0
m

a =or , 

sadac 
0
m  aris mol ekulis mudmivi dipoluri momenti,   

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

eleqtronuli polarizacia  warmoiqmneba, vinaidan 
maRali sixSirisas dipol i velis gaswvriv 
orientacias ver aswrebs.   
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nivT ier ebaSi xiluli sinaTlis gavlisa s aRZrul 
eleqtronul polarizacias refraqcia  (R) ewodeba 
 

R = 4/3p NAa.                                       (1.6) 

 
   mol uri refraqcia  gamoiTvleba lorenc -lorencis 
gantolebiT   

    
r

M

n

n
R Ö

+

+
=

1

2
2

2

,   e = n
2                                   

(1.7)
 

               

sadac  NA  aris avogadros mudmiva ,  M da r  _ nivTie -
rebis molekuluri masa  da simkvrive, n _ gardatexis 

maCvenebeli, e _ dieleqtrikuli  SeRwevadoba. moluri 
refraqcii s 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  

r

1

2

1
2

2

Ö
+

-
=

n

n
r .                   (1.8)   

   kuTri refraqcia i zomeba sm3/g-obiT . 
   refraqciis kavSiri  nivTierebis makroskopul Tvi -
sebebTan misi eqsperimentuli gansazRvris saSualebas 
iZ leva.  refraqcia nivT ierebis struqturis kvlevis 
erT -erTi fizikur -qimiuri meTodia.  
 
 

1.2.2.4.  atomuri orbitalebi s hibridizacia  
 

valenturi bmis Teoriis integralur i nawilia  
atomuri valenturi orbitalebis  hibridizaciis  
koncefcia . am koncefciis Tanaxmad, kovalentur i 
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bmebis warmoqmnaSi monawileob s ara ñsufTaò, aramed 
e.w. hibriduli,  formiTa da zomebiT (maSasadame, 
energiiTac) gasaSualoebuli orbitalebi. aseTi 
orbitaleb is raodenoba sawyisi orbi talebis 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 ga re an bolos wina 
donis d orbitalebi;  

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

3) hibridizaciaSi monawileob s sakmaod did i  
eleqtronuli simkvrivis mqone orbitalebi 
(umravles SemTxvevaSi, pirveli per iodebis 
elementebis orbitalebi);  

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

   hibriduli orbitalebis mimarTu leba 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 Sesabamis i  kuTxeebisgan.  
 

 
1.2.2.5. molekuluri orbi talebis  

meTodi  
 

eleqtronebis buneba molekula Si, 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 
Ł orbituli miaxloeba.   molekulur i orbital is 
(mo) meTodi efuZneba Semdeg debulebebs:  

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

- el eqtronebi molekula Si molekulur orbital eb-
zea; 

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

- ori ao -dan warmoiqmneba ori , energi iT  

gansxvavebuli , mo; 

- orbitals , romlis  energia ufro dabali a,  makav-
Sirebeli  ewodeba, xolo orbitals, romlis 
energi a ufro maRalia  Ł gamTiSveli ; 

- warmoiqmneba rogorc s, ise p mo; 

- eleqtronebis ganawileba mo-ze ima ve prin cipebis 
mixedviT  xdeba, r ogoriT ac ao -ze: umciresi ener -
giis, paulis da hundis principebis safuZvelze.  
mo-i s saxelwodeba damokidebulia mis  Tvisebebsa 

da simetriaze. sigma Ł makavSirebel orbitals  (s 
bma) aqvs cilindruli simetria birTvebis Se makav-
Sirebeli wrf is mimarT da ara aqvs kvanZebi birTvebs 
Soris. mas ewodeba makavSirebeli , vinaidan 
eleqtronuli simkvrive or birTvs Soris  grovdeba , 
rac iwvevs struqturis stabilizacias.  

sigma Ł gamTiSvel  orbitals ac  ( *s bmas) axasiaTebs 
cilind ruli simetria birTvebis Se makavSirebeli 
wrfis mimarT, Tumca aqvs kvanZi birTvebs Soris, rac 
xels  uwyobs maT ganzidvas.   

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

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

da *s  mo-i s umar tivesi magaliT i.  
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nax. 1.11. a Ł ori 1 s orbitalis jami [s(1s)]   da sxvaoba  

      [
*s (1s)];   b Ł wyalbadis molekulis s makavSirebeli  

da *s gamTiSveli orbital ebi   

 

s bmis eleqtronuli simkvrive xasiaTdeba 
cilindruli simetriiT bmis irgvliv da birTvebs 

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

a 

b s makavSirebeli  *s  gamTiSveli  
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simetria bmis irgvliv, magram eleqtronebis birTveb s 
Soris mdeba reobis albaToba mcirea. s mo-i s energia 
naklebia, vidre ori ao -is energiaTa  jami anu ato -
muri orbitalidan makavSirebel molekulur orbi -
talze gadasvlisas energia mcirdeba. gamTiSvel 
orbitalze eleqtronebis ganTavsebiT energi a izrdeba 

( *s mo-i s energia metia, vidre ori ao -i s energi ebis 
jami).  
p makavSirebeli mo miiReba ori atomuri p 

orbitalis wrfivi kombinacii T . p makavSirebel 
orbitals  aseve mivyavarT eleqtronuli simkvrivis 
akumulaciamde or birTvs Soris, Tumca, am SemTx -
vevaSi, simkvrive ar aris koncentrirebuli birTvebis 

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

p da *p  mo gamosaxul ia 1 .12-e nax.-ze.  
 

 
nax. 1.12. p makavSirebeli   da *p  gamTiSveli mo-i s 

warmoqmnis sqema 2py ao -i s kombi naciiT  
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Cven ganvixileT s, *s , p, *p  mo-ebi ; sxva gansxva -
vebuli simetriis mo gvxvdeba liTon Ta kompleqsebSi. 
eleqt ronebis ganawileba am orbitalebze gansazRv -
ravs molekuleb is bmulobas da stabilurobas.  

mo -i s warmoqmnis sqema atomuri orbitalebis 
kombinaciiT warmodgenil ia 1.13-e nax.-ze. ori 
identuri  A da  B atomis sawyisi ao -i s ( 1s, 2s, 2px, 2py, 2pz) 
urTierTqmedebis Sedegad mi i Reba 10 molekuluri 
orbitali . molekuluri orbitale bi  suraT ze ganla -
gebulia  energiis zrdadobis  (qvemodan zemoT) 
mixedviT . SevniSnoT, rom z ogierTi molekulisTvis s 

(2px) orbitalebi )2(
y

pp  da )2(
z

pp  energetikul  

doneebze zemoT  SeiZleba iyos ganlagebuli.  

 
nax. 1.13. mo-i s warmoqmnis energetikuli sqema ori atomis  

ao -i s wrfivi kombinaciiT  
 
    es suraTi Zalze gavrcelebuli  da sasargeblo a 
bmis bunebis sailustraciod molekulaTa umravle -
sobaSi. am suraTis  gamoyenebiT , 1.14-e nax.-ze  naCvenebia 
eleqtronebi s ganawileba  molekulur orbitalebze , 
Sefasebulia  bmis tipi da bmis fardobiTi energiebi 
perioduli sistemis I da II period ebis 
elementebisaTvis   (H2-dan Ne2-mde). 

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

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

 
 

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

mdgomareobaSi (umciresi energia)  
 

e
n

e
rg

ia
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     Jangbadis molekulaSi  makavSirebeli el eqtroni 
oTxiT meti a gamTiSvelze . Sedegad bmis jeradoba 
or i s 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-i s 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 , 
rom elic warmoiqmneba sawinaaRmdegod damuxtul 
ionebs Soris eleqtrostatikuri urTierTqmedebis  
Sedegad. 
 

   ionuri bma kovalenturi p olaruli bmis zRvruli 
SemTxvevaa. igi warmoiqmneba, rodesac el eqtronuli 
wyvili TiTqmis srulad wainacvlebs erT -erTi 
atomisken. ionuri  bma ZiriTadad axasiaTebs tute 
liTonis halogenid s.  

ionur naerTSi ion i sferuli simetriis eleqtru -
l i muxtia. aseT muxt s nebismieri mimarTu lebiT 
SeuZlia Tavisken miizidos  sapirispiro niSni s 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 garkveu li raodenoba  (ix. Tavi 1.3.4). 
ionis s akoordi naci o 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 n iSnis ionTa giganturi 
asociacia . 

mizidulobis energia ionur bmaSi gamoiTvleba  
formuliT  

)(21 -+-+
Ö

= II
R

qq
E

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 -

statik ur i erTeuleb i T  4,8Ö10-10-is tolia) , e dieleq -
trikuli SeRwevadoba a, R da  r0 ï atomebs Soris 
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manZili, I
+ da  I

- 
ï  kat ionis a da anionis ionizaciis 

energiebi.  
bunebaSi arsebul  Sereul ionur Łkovalentur  

bmebSi bmis ionurobisa da kovalenturobis wilis 
dasadgenad atomTa eleqtrouaryofiToba s iyeneben 
(cxrili  1.3). dadgenilia, rom Tu urTie rTqmed  
atomTa  eleqtro uaryofiTobebis  sxvaoba (c1Łc2)   2,1-

ze metia, bma upira tesad ionuria (ionuri bmis wilis 

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

SemcirebiT, bmis ionurobis wili  mcirdeba. Dc=0 

dros  bma sufTa kovalenturia (cxrili 1.4).  
                                         cxrili 1.4  

io nuri bmis wilis dadgena Sereul bmaSi  
 

Dc 
ionuri bmis 

wili , % 
Dc 

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 
 
Cveulebr i v pirobebSi, liTonebs , vercxli swylis 

garda, kristal uri agebuleba aqvs . 
liTonis kristal Si 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  ñeleqtronul airSi aò CaZiruli . 

 
kavSirs  yvela ionsa da uamrav eleqtron s Soris  
liTonuri bma  ewodeba. 
 
liTonur i  bmis buneba kovalenturis msgavsia.  bmis 

orive tipi xorcield eba ele qtroneb i s gaziar ebiT.  
kovalenturisgan gansxvavebiT ki b mis es tipi 

delokaliz ebulia  da ar aris mimarTuli . 
 

1.2.5. wyalba duri bma  
 

wyalbaduri bma  aris m o lekulaTSorisi urTierT -
qmedebis gansakuTrebuli saxe. igi warmoiqmneba 
wyalbadis atom sa da Zlieri eleqtrouaryofiTi 
elementis atoms Soris:  
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-
X  Ł+

H ÖÖÖ X
-
 Ł , 

 

sadac H  wyalbadis atomi  molekulaSi kovalentur i 
bmiT dakavSirebulia eleqtrouaryofiT X atomTan  da   
damatebiT bmas  warmoqmnis mezobeli molekulis  X 
atomTan, romelsac am bmis gaswvriv ga nuyof eli 
eleqtronuli wyvili  aqvs. 

amrigad, wyalbaduri bma  aRiZvr eba wyalbadis 
atomis erTaderTi eleqtron is  eleqtrouaryof iTi  
elementisaken Zlieri mizidvisa da wanacvlebis 
Sedegad. magaliTad, wylis molekulaSi Jangbadis 
atomi iZens sakmaod did efeqtur  uaryofiT, xolo 
wyalbadis atomi Ł efeqtur  dadebiT muxts, romelic , 
eleqtro nuli Sreebis ar arsebobis gamo , sxva atoms 
ñnebas rTavs ò miuaxlovdes mas atomuri bmis 
sigrZeebis tol manZilze.  

 
 
 
 
 
 
 
 
wyalbaduri bmis warmo qmna mni Svnelovan wilad 

ganpirobebul i a donorul -aqceptoruli meqanizmiT, 
sadac donori aris erTi molekulis eleqtro uaryo -
fiTi atomi, xolo aqceptori  Ł meoris , wyalbadis 
atomi. amitom, wyalbadur bma s axasiaTebs najeroba 
da mimarTuleba.  amis gamo, bmis es tipi gansazRvravs 
nivTierebis  struqturas kondensirebul  mdgomareobaSi , 
magaliTad, yinulis kristalur struq turas  (nax. 1.17 a,b).  

wyalbaduri bma yvelaze xSirad gvxvd eba fTor -
Tan, azot sa da Jangbad Tan (c-is d i di  mni Svnelo bis 

gamo) (nax. 1.18). 
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nax. 1.17. wyalbaduri bma ( - - -) wylis mole kulebs 

Soris yinulis kristalSi  
 

 

 

nax. 1.18. wyalbaduri bma ( ÖÖÖ) fT orwyalbadsa   
da amiakSi  

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

kovalenturisa ze  gacilebiT naklebia.   
wyalbaduri  bma mni Svnelovan gavlena s axdens 

nivTierebis fizik ur da qimiur Tvis ebebze. kerZod,   
H2O-s, HF-is , NH3-is  anomal i urad maRali duRilis  

a b 
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tempera tura aixsneba asociat ebis warmoqmniT wyal -
baduri  bmis meSveobiT . 
 
 

1.2.6. van-der -vaalsis Zalebi  
 

 molekulaT Soris  wyalbadur da donor ul -
aqceptorul bmebTan erTad, calkeuli naerTebis 
mol ekulebs Soris SeiZleba warmoiqmnas Sors  
moqmedi molekulaT Sorisi mizidulobis Zalebi, 
romelTac van-der -vaalsis Zaleb i  ewodeba. 

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

(induqciuri);  
¶ arapolarul molekuleb s Soris (dispersiuli).  

orientaciuli urTierTqmedeba  ganpirobebulia 
molekulebis mudmiv i  dipolebis uSualo eleqtr o -
statikuri urTierTqmedebiT  (nax. 1.19). 

 

 
 

nax. 1.19. dipol Łdipoluri urTierTqmedebis sqema  
 

orientaciuli mizidvis energia ganisazRvreba  
Semdegi formuliT : 
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      Eor  
kTr

1

3

2
6

2

2

2

1 Ö
Ö

-=
mm

,                  (1.11)  

 

sadac m1  da   m2 aris urTierTmoqmedi polaruli 
molek ulebis dipoluri momentebi, r ï maT Soris 
manZili,  k ï bolcmanis  mudmiva, T _ absoluturi 
temperatura.  

induqciuri urTierTqmedeba  aRiZvreba polaruli 
molekulis mudmivi dipolis urTierT qmedebiT mis 
mier arapolarul molekulaSi inducirebul 
dipol Tan.  

 

 
   indu qci ur i  urTierTqmedebis  energia tolia  

Eind
6

22

r

am
-= ,                 (1.12) 

               

sadac m polaruli molekulis mudmivi dipoluri 

momentia, a _ arapolarul i  molekulis polarize -
badoba. 

dispersiul energias  ara aqvs klasikuri analogi 
da ganisazRvreba  eleqtronuli simkvrivis kvantur -
meqanikuri fluqtuaciebiT. erTi arapolaruli mole -
kulis eleqtronuli simkvrivis m eyseul  fluq -
tuacias, rac m eyi  dipoluri momentiT xasiaTdeba, 
SeuZli a gamoiwvios meyi  dipolis inducireba 
mezobel molekulaSi. warmoqmnil mizidu lobas dis -
persiuli miziduloba ewodeba . misi energia Sem d egi 
formuliT  gamoiTvl eba  



 48 

Edisp 06

2

4

3
I

r

a
Ö-= ,              (1.13) 

 
sadac I0 aris ionizaciis potencialze damokidebuli  
sidide . 

disper siuli urTierTqmedebis energia, i seve 
rogorc orientaciuli  da induqciur i  urTierT -
qmedebebisa  manZilis meeqvse xarisxis ukupropor -
ciulia.   

arapolaruli  molekulebisTvis  dispersiuli 
urTierTqmede ba van-der -vaalsis Zalebis mTavari da 
praqtikulad  erT aderTi wyaroa.  

Txevadi da mya ri sxeulebis arseboba 
molekulaT Sorisi urTierTqmedebis Sedegia , mravali 
rTuli naerTis stabilurobac  van-der -vaalsis Zale -
bis moqmedebis Sedegia . 

 
 

 
1.3. kristaluri myari nivTiereba  

 
bunebrivi da xelovnuri myari nivTierebebis did i 

umetesoba kristaleb ia * (nax. 1.20). 
  
kristali erTgvarovani myari sxeulia, romelic 
bunebrivadaa dawaxnagebuli.  kristal ebi  simetri -
iTa da TvisebaTa anizotropiiT xasiaTdeba . 
 

                                                 
*
 sainteresoa sityva ñkristalisò warmoSoba. igi TiTqm is 

erTnairad JRers yvela evropul enaze. mravali saukunis win 
maradiul alpebSi , Tanamedrove Sveicariis teritoriaze, ipo ves 
Zalian lamazi sruliad uferuli kristalebi, romlebic 
Zalian hgavda sufTa yinuls . uZvelesma naturalistebma mas 
aseve uwodes _ ñkrystallosò (berZn.), rac  Tavdapirvelad  yinuls 
niSnavda , Semdeg Ł mTis broli, kristali.  
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nax. 1.20. kvarcis kristalebi  
 

    kristal i ZiriTadad warmo iqmneba xsnaridan,  
mdnari da airadi fazidan, agreTve myari 
nivTierebebis fazuri gardaqmnisas.  
    kristal is formas, mis simetrias gansazRvravs 
kristal is amgebi nawilakebis kanonzomieri  ganlageba, 
samganzomilebiani perioduli wyoba Ł kristal uri 
meseri.  

kristaluri mesr is asaw erad, misi  periodulobis 
gamo, sakmarisia imis  codna, Tu rogoraa nawila kebi 
ganlagebuli mis u martives ganmeorebad elementSi _  
elementarul ujredSi , romlis diskretuli gada -
nacvlebiT , translaciiT sa mganzomilebian sivrceSi 
miiReba mTeli kristal uri struqtura . Cveulebriv , 
idealur kristalur struqturebs  ganixilaven . 

 
maSasadame, kristaluri meseri Sedgeba sruli ad 
identuri  elementarul i  ujred ebisagan. zogad 
SemTxvevaSi, elementarul ujreds iribkuTxa 
paralelepipedis  forma  aqvs. masSi ganlagebul 
yvela atoms kristalis ele mentaruli ujredis 
baziss  uwodeben.  
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elementaruli ujredis da baz isis agebulebis 
kanonzomiereban i, kerZod, maTi simetriulobis 
xarisxi gan sazRvr avs kristalis mraval Tv isebas, 
pirvel rigSi, eleqtrul , magnitur da meqanikur 
Tv isebebs .    

elementaruli ujredi Sei Zleba  Seicavdes rogorc 
erT, ise ram denime atoms.  magaliTad, rkinis, qromis, 
spilenZis, vercxlis elementaruli ujredi Sedgeba 
erTi atomisagan. im SemTxvevebSi, rodesac kristal i 
Sedgeba ramdenime qimiuri elementisgan, magaliTad , 
natriumisa da qlorisgan, eleme ntaruli ujredi 
Seicavs minimum or atoms: natrium s da qlors. 
farTod aa gavrcelebuli kristal ebi,  romelTa 
elementaruli ujredi  Sedgeba ramdenime erTmaneTTan 
mierTebul i  molekulur i  jguf i sagan (yinulis an 
mravali magnituri masalis kristalebi), cilovani  
kr istalebis   elementaruli  ujred i  ki  aTasobiT 
atomis Semcveli molekulebisgan  Sedgeba. 

Cveulebriv, sivrciT  mesers ZiriTadi translaciis 

sami veqtoriT a
C
, b
C
, c
C

 axasiaTeben (nax. 1.21). am 
veqtorebs mesri s periodebi  ewodeba. 

nawilakTa ganlageba nebismier  r
C

 da r¡
C

 mdgoma-
reobaSi erTmaneTTan dakavSirebulia tolobiT:  

 

                 cnbnanrr
CCCCC

321
+++=¡ ,               (1.14) 

 
sadac n1, n2, n3  nebismieri mTeli ricxv ebia, xolo a

C
, 

b
C

, c
C

 Ł translaciuri veqtorebi. maSasadame r
C

 da r¡
C

 
radius -veqtorebis mqone wertilebi aRwers bazisis 
erTsa da imave wertils, romelic kr istalis 
sxvadasxva elementarul u jredSi a ganlagebuli .  

1.21 nax.-ze mocemuli veqtore bi  (1.14) tolobas  
akmayofilebs . isini gansazRvrav en paralelepipeds, 
romelic mesr is elementarul ujreds  warmoadgens. 
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nax. 1.21. kristaluri meseri, romlis elementaruli  

      ujredi a
C

, b
C

, c
C

  veqtorebi T xasiaTdeba  
 

elementarul ujreds ewodeba primitiuli , Tu 
nawilakebi mxolod mis wveroebSi a (P saxesxvaoba) 
ganlagebuli  (ñcarieliò ujredi). nawilakebis  fuZis , 
waxnagebi sa an paralelepipedis centrSi ganlageba , 
Sesabamisad, bazadacentrebul  (C saxesxvaoba), 
waxnagdacentrebu l  (F saxesxvaoba) da moculoba -
dacent rebul wyoba s (I saxesxvaoba) iZleva.  

elementaruli ujredis SerCevis principi Fe-a  
kristal uri mesr is magaliTiT  ganvixi loT (nax. 1.22). 
am mesris struqtur ul 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-a  krist al ur i  mesris elementarul ujredad 
mizanSewonilia moculobadacent rebuli kubis arCeva 
(nax. 1.22, a). 
 
 

 
nax. 1.22. elementaruli ujredis SerCeva  

 
 

elementaruli ujredis dasaxasiaTeblad mesr is 
periodebis garda maT Soris kuTxeebsac  iyeneben. am 
ori  parametris mi xedviT , bravem warmoadgina 
erTmaneTisgan simetriiT  gansxvavebuli 14 tipis 
sivrc i Ti meseri  (mesris 7 tipi 1.23  nax.-zea mocemuli ). 
maT braves mesrebi  ewodeba. mesris  es 14-ve saxeoba 
Svi d singoniad (klasad) iyofa (cxrili  1.5) anu 
TiToeuli klasi erTi an ram d enime saxesxvaobiT aa (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 == ; ¯=== 90gba  3 

2 tetragon uri  cba ¸= ; ¯=== 90gba  2 

3 rombuli  cba ¸¸ ; ¯=== 90gba  4 

4 monoklinuri  cba ¸¸ ; bga ¸̄== 90  2 

5 triklinuri  cba ¸¸ ; gba ¸¸  1 

6 trigon uri  cba == ; ¯¸== 90gba  1 

7 heqsagonuri  cba ¸= ; ¯== 90ba ;  

¯=120g . 

1 

 
 

 
 

nax. 1.23. braves mesr ebi  
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1.3.1. rentgenostruqturuli analizi  

 

kristal is  struqturis kv leva mxolod ma s Semdeg 
gaxda SesaZlebeli , rac germanelma fizikosebma m. 
lauem, v. fridrixma da p. knipingma aRmoaCines 
rentgenis  sxivebis difraqcia kristalur meser Si . 1913 
wels ki u. bregma da g. vulfma aCvenes, rom 
nebismieri difrahireb uli sxivi SeiZleba ganxilul 
iqnes, rogorc  dacemuli sxivis anarekli romelime 
kristalografiuli sibrtyidan. maT daadgines 
martivi Tanafardoba difraqcii s kuTxes, rentgenis 
sxivis talR is sigrZesa da kristal is 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  
in deqsebiT . 
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vulf -bregis pirobis Tanaxmad, Tu dacemuli 
sxivebi q kuTxes qmnis kristal uri sibrtyeebis ( h, k, 
l) erTobliobasTan ise, rom  

 

ql sin2
hkl

dn = ,                   (1.15 ) 

 
maSin arek vlili sxivebis gaZliereba  anu Sejameba q 
kuTxis mimarTulebiT  xdeba.  
   (1.15) gantolebaSi  d aris manZili  sibrtyeebs 
Soris, -l dacemuli sxivis talRis sigrZe, n Ł mTeli 
ricxvi Ł 1, 2, 3,...  
    kristalografiuli  sibrtyeebidan arek vlili 
sxivis gaZliereba  fotofirze  geigeris mTvleliT an 
sxva saSualebiT  registrirdeba . miiReba kristal is 
rentgenograma  (difrah i rebuli  rentgenis sxivebis 
sivrciTi  ganawilebis suraTi) . misi gaSifvra  mesris 
periodebis gansazRvris a da praqtikulad nebismieri 
kristaluri struqturis kvle vis saSualebas iZleva.  

am meTodiT sargeblobisas monoqromatul i  
rentgenuli  gamosxiveba gamoiyeneba, nimuSi irxeva an 
brunavs im kristal ografiuli RerZ is garSemo, 
romlis mimar TulebiT ac mesr is mudmivas  ikvleven . 

rentgenos truqturul analizs farTod iyeneben 
mecnierebisa da teqnikis mraval dargSi.  

 
 

1.3.2. kristal Ta  klasifikacia  

 
 amgebi nawilakTa bunebisa da maT Soris bmis 

xasiaTis mixedviT asxvaveben molekulur, atomur, 
ionur da liTonur kristal ebs. 

 magaliTad, almasi, siliciumi , SiC, SiO2-is 
sxvadasxva modifikacia  miekuTvneba atomur krista -
l ebs. maTSi atomebi sivrciT  karkasSi gaerTian e-
bulia mtkice kovalenturi bm ebis meSveobiT . almasis 
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struqtura (nax. 1.25) agebulia braves F mesris  (kuburi 
waxnagdacentr ebuli)  bazaze .  

 
 
 
 
 
 
 
 
 
 

 
 

 
nax. 1.25. almasis  struqtura  

 

almasis meser Si naxSirbadis TiToeuli atomi sxva 
oTx atomTan  tetraedruladaa dakavSirebuli .  

manZili atomebs Soris 1,54 
0

A -ia . atomur kristal s, 
rogorc wesi, axasiaTebs  did i simt kice da 
Zneldnobadoba . 

molekuluri kr istalebi  (yvelaze mravalricxo -
vani jgufi) Sedgeba molekulebis  jaWvebis an 
fen ebisagan, romlebic susti van -der -vaalsis  ZalebiT aa 
dakavSirebuli . bmis es  tipi aRiniSneba  grafitSi , 
fen ebs Soris. grafiti , rogorc almasi,  naxSi rbadis  
kristaluri modifikaciaa. a lmasisgan gansxvavebiT, 
grafiti s struqtura   fenovania (nax.  1.26).  

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

Soris 1,42 
0

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

A -ia . 
amitom grafiti advilad ñiqercleba ò da mas sapox 
masalad iyeneben.  

 
 

 
 

nax. 1.26. grafitis struqtura  
 
molekulur kristal s, susti molekulaTSorisi 

urTierTqmedebis gamo,  mcire simtkicis garda 
advil dnoba doba da aqroladoba  axasiaTebs . rogorc 
wesi, molekulur kristal Si fazuri gard aqmna 
molekulebis daSlis gareSe mimdinareobs.  

 tipuri molekuluri kristalia nafTalini. 
molekulur kristal s warmoqmnis agreTve  iodi (nax. 
1.27); H2O, CO2, N2O4-is  binaruli, liT onor ganuli da 
zogierTi kompleqsuri naerT ebi.  

liTonuri mesris kvanZebSi liTonTa ione bia 
(atomebi), romlebsac ñeleqtronuli airiò myar 
sxeulad ayalibebs (ix. 1.2.4 Tavi ). 

TviTnabadi liTonebis Ł Cu, Ag, Au, Pt struqtura 
agebulia braves F mesris bazaze. ori  elementa ruli 
ujredis SeTavsebiT naTlad Cans, rom  TiToeuli 
atomis irgvliv igive 12 ato mia. koordinaciuli 
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poliedri kuboqt aedria.  liTonis atomis  sakoordina -
cio ricxvi  (uaxloes mezobelTa ricxvi) aris  12 (nax. 
1.28). 

 

 
  
 nax. 1.27. iodis kristaluri struqtura ; mesr is    

kvanZebSi atomebi wyvil -wyviladaa ganlagebuli  
 

 

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

 

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

 
 
 
 
 
 
 
 
 

 
 
 

nax. 1.29. Mg -is  struqtura  

 
nax. 1.30. fluoritis ( CaF2) struqtura  

 
fluoritis, galitis a da almasis kristaluri 

mesrebi erTsa da imave siv rciT jgufs  (kuburi 
waxnagdacentr ebuli)  miekuTvneba.  

ionur i  naerTeb is  dnobis temperatura  SedarebiT 
maRali a, maTi aqroladoba , umravles SemTxvevaSi , 
didi ar aris.  

 

 

F 

 

Ca 
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am jgu febis mixedviT kristalebis klasifikacia 
pirobiTia, vinaidan ar aris gamoricxuli  erTi 
jgu fidan meoreze TandaTanobiT gadasvlebi, Tumca , 
mniSvnelovan ia, rom  sxvadasxva jguf is tipuri 
warmomadgenlebi Zireulad gansxvavdeb i an struqtu -
ris energiiT. s truqturuli  energiis Semcireba  ki 
bmis simtkicis Semcirebas ganapirobebs.  

 
 

1.3.3. nawilakTa mWidro wy obis principi  

kristal Si  
 

kristal Si atomebis sivrciT  ganlagebas da maT 
Soris qimiur bma s Seiswavlis kristal T qimia. 
mecnierebis es darg i  kristaluri struqtur is 
interpretaciisas farTod iyeneb s geometriul  
model s Ł nawilak Ta mWidro wyobis princips.  

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

ionebi miCneulia garkveuli radius ebis mqone xist da  
arad rekad  birTveb ad. 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 sicariele s mrud wiruli samkuTxed is forma  aqvs.  

mWidro wyobis pr incipis Tan axmad, yoveli 
momdevno f ena wina fen is sicarieleebze unda 
ganlagdes. Tumca maTi ganTavseba yvela sicarieleze 
ver xerxd eba, radgan sicarieleTa  raodenoba orjer 
aRemateba birTvebis raodenobas . axla ukve sxvadas xva 
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Sris birTvebs Soris warmoiSo ba moculobiTi 
sicarieleebi .  

 
nax. 1.31. mWidro wyobis modeli ; qvemoT Ł oqtaedruli  

da tetraedruli  sicarieleebi  
 

1.31 nax.-dan gamomdinare , gamoikveT a sicarielis  
ori tipi:  

¶ oqtaedruli  (gamWoli) Ł mis irgvliv 6 birTvia;  

¶ tetraedruli (arag amWoli ) - mis irgvliv 4 
birTvia.  

 
1.3.3.1. mWidro wyobis tipebi  

 
rogorc 1.31 nax.-ze iyo naCvenebi, mWidro  wyobis 

yoveli momdevno f ena wina fen is sica rieleebze unda 
ganlagdes. wyobis tipi damokidebulia imaze  Tu 
rogor i vseba mesame da momdevno fenebi. birTv ebis 
mesame fenis dalageba ornairad  SeiZleba : 
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1. mesame fenis birTvebi Tavsd eba tetraedrul 
sicariele ebze, am dros mesame f ena pirv elis 
ekvivalen t ur ia, meoTxe ki _ meor isa  da mTeli 
wyoba Sedgenili a mxolod ori araek vivalen turi 
tipis fen ebisagan.  Tu Sesabamis f enebs aRvniS navT 

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

 

2. Tu mesame fenis birTvebi ganlagebulia imave tipis 
sicarieleebze, ra zec meore feni sa, maSin mesame 
fen is pozicia ukv e pirvelis araek vivalenturia. am 

SemTxvevaSi wyoba samfeni ania |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  struqtur is gamo saxvis  
xerxebi  

 
   arsebobs kristaluri struqtur is 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 birTvebi Taa gamosaxuli ;  

Na-is  ionebi _ Savi birTvebi T  
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nax. 1.34. mineral fluor itis ( CaF2) birTvebiani modeli;  
         F-is   ionebi nacrisferi birTvebia  gamosaxuli ;  Ca-

is   ionebi _ Savi birTvebi T  
 

2. belov Łpolingis poliedruli modeli. am meTodis 
Tanaxmad, str uqtura gamoisaxeba anionuri 
poliedr ebis  (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 Łpolingis  meTodis 
Tanaxmad,  mxolod kat ionebi  gamoisaxeba. 
 

 
1.3.4. ionuri kristal i . polingis wesebi  

 
mravali eqsperimentuli masalis ganzogadebis 

safuZvelze l.  polingma 1928 wels  ionuri krista -
l is agebis xuTi wesi  Camoayaliba , rom l ebsac ionuri 
kristal is stabiluri s truqtur a emorCi leba:  

 
þ pirveli  wesi : ko ordinaciul poliedrSi manZili 

kat ion -anioni ionuri radiusebis jamiT  ganisaz -
Rvreba , xolo sakoordinacio  ricxvi Ł maTi 
fardobiT;  

 

CsCl 

 

 

 

 

 

 

CaF2 
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polingi xuTi tipis poliedrs gvTavazob s (nax. 
1.36).  

Tu kat ionis radiusis fardoba anionis ra diusTan 

, maSin kat ionis sakoordinacio ricxvia 

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

 

nax. 1.36. koordinaciuli pol iedr is tipebi  


