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winasityvaoba

gimiur disciplinaTa Soris gansakuTreb uli adgili
fizikur  gimia S uWiravs . sagarTvelos teqnikur i
uni versitet is qgimiuri tegnologiisa da meta lurgiis
fakultet ze, rogorc wesi, fizikuri gimia bakalavriatis
meore kursze ikiTxeba . mas win uZRvis arao r ganuli
gimiis  kursi , paralelurad analizuri da organuli
gimia iswavleba , Semdgom modis sxvadasxva tegnologiuri
dis ciplinebis  Teoriuli  safuzvlebi. yvela am
disciplinas T eoriul baziss aZlevs fizikuri gimia,
romlis siZliere mis universalobaSia

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

fizikuri gimiis Semecneba bevrad aa damokide -buli

axalga zrdebisaTvis novatoruli siaxliT daxunZluli
informaciis miwod ebaze. swored am miznebs emsaxureba
winamdebare saxelmZRvanelo.

fizikuri gimiis swavlebis procesis orsafexu -riani
sistemis p irobebSi aucilebeli gaxda im informaciis
gamijvna, romelic unda mi ewodos swav -l ebis pirvel
(bakalavriati ) da meore (maistra -tura) safexur ebze
ise, rom disciplinam ar dakargos misTvis
damaxasiaT ebeli simwyobre da logikuroba.

fizikuri gimiis es saxelmZRvanelo Sedgenilia

ZiriTadad gimiuri  tegnologiisa da meta lurgiis
fakultetis bakalavriatisTvis da e nyareba fizikuri
gimiis swav le bis rogorc ucxoeTis wamyvani umaRlesi
saswavleblebis |, ise sagarTvelos teqgnikuri
uni versitetis fizikuri da koloiduri gimiis kaTedris
mravalwlian gamocdil ebas.
saxel mZRvanel oSi Af isaif kiZrvil edii ndi iesq
nawilia. masSi sagnis sruli programis Sesa -bamisad



Semdegi sakiTxebia ganxiluli: fizikuri gimiis kursis
arsi da wyaroebi, kvantur i gimiis ZiriTadi debulebebi ,
gimiuri bmis buneba, kristalTa geometria, kvlevis
fizikur ~ -gimiuri meTodebi, gimiuri Termodinamika da
wonasworoba, statistikuri Termodinamikis elementebi,
fazuri wonasworoba, xsnar is Teoria, eleqgtrogimia,
gimiuri k inetika , katali 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. teqgst Si gamoyene-bulia
Tananedrove modelebi da nimuSebi.

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

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

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

avtori



PREFACE

Physical chemistry occupies a fm
chemical disciplines. At the Department of Chemical Technology and
Metallurgy of the Georgian Technical University, theourse of physical
chemistry is lectured in the second year of studiesor b ac heelltor 6 s
is preceeded by the cose 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 theretical grounding for all tho® disciplines.

Presentday physical chemistry is a powerful tool for the study of
the structure and chemical transformations of substances under différen
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 fundmental importance for training of a
competent chemist.

The present textbook #AThehasBhaeni c s
written in Georgian. It is intended for university students and bachelors of
chemistry. The foundation of this textbook is the succegbexperience of
teaching the physical chemistry at leading universities of the world and at
the SubFaculty of Physical andColloid 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 geomstrof crystals, physical and chemical
methods of investigation, the basscof statistical thermodynamics, the
phase equilibrium theory, the theory of solutions, electrochemistry,



chemical kinetics and catalysis. At the end of the textbook, some
mathematicaldata essential for analyzing the basic material are given.

While working on the textbook, | was guided by the original
literature reflecting the present advancement of science. Presenday
models amnl samples were used in the text

| am aware in full meadre of the difficulties that emerge when
studying the basics of physical chemistry, especially in the contextthe
reduction in auditorium forms of education and the intensification of
studentsd independent work in uegcent
are described in an easily understood language with references to
illustrative examples and wetknown phenomena.

Taking into consideration widespread areas of application of
physical chemistry, the present textbook should be of interest for holders
ofa masterb6s degree, engineers and sp

| would like to thank D<c, Prof. Sh I. Sidamonidzefor his detailed
review and helpful suggestions, which were taken into consideration
while final editing.

All remarks and wishes concerninghe perfection of the textbook
will be taken with gratitude.

Irine Berdzenishvili



L] dAEdL t A

qL duding @ Odzd doBJ k| H g fatzers >y jodzd J
dZid B3d ud MY M d.§ z@dz ¥ O &z &JIsBrlsy ¢ s
dz q Bi lsOdzkzte dd L elztL

kO dd ydlojlsmw, COo¢
sO. g 2 € Htdchy H ) Slee O pzd Y f
o s dLEzyojlsmw 0OdOddlsduj
H lelststQOEltzdf;f[]anstrg shdats o
desdzse d ud MEdma HdMydy ddd vjtt)
d f dzq dapuls] w JaEsE . |
9 tod 34 daflaOd yJ IfE dOdsd W W dzW § Isfyw
) dessdd dmmdzj Hise Oded W Mistetsj dzd
 ilsd ©OL dzd udz" @ dztpodgy'd Adaff § J -k oxf v
J Hedjds] yJ mE drj dzedv ) f sRsh s s it
Jtod d3j dzls Odz! dz" ~» Wk HEH 50 o dzezdz W
Ydnfipbdsd?d o j 4 Iz dzefLelzjvgjfidaddly' dAs dfis df u
c[d344ls WlzdeH Od3d dzls Odz! dzts § L dz
~di3d <O
lS'SW“dl’ Zud Bded & ¢ dndiaRip@y dinduda]
ZL d demte s i3 dz@L" dk@isjzde | daEBO O dfO o to ts
mMednr M Jjydodz desfylsj 2 Ekdzdo | tof
dlsdotfdfl® j f sH OO0 Odzdw ¥ dSL@Cy jomn ¢
"B telzded o j emd s, Is @R dEuRivdzlsitds
Cts2 d SthesdHds?2 sdidd
dlkjls0
B dzd ¢ mMsmMissdls dtL hifmlsd t©OLH
j dzts GMdzso dzf o3 St Iy tEztdysjLdadOsds dzj S B
B4 dzls Hdzv oA BB ¥ dLdyud me
Zud Bded € J , O dMOdzdzsds o MEstsls
52 f tetsc te O dsgysiats o daf j dztdsjors'y § dzd W
dCq, kujddj 6 35 dddyjtEdd
OafatsehSdsl3d ud S dd & ssH  dMdzy

o FOoog-a

T I FOOIIO

Q—.

Q11s=~0 00 T HrpSd oo
Se.
&
Rew e

~O0g ™3
&D—.-Qq
WD,

©]
=

Nso=iig
go-@ga0 saoan

d
s oz
dBo
4 m
©.f

IQePaNGlq
L g TEme g

= )T

K T
o1, g - I gg
Sow

H&N'
5
r&&



M2 sd, ey ddeaPid S ~d i3d ud M
dzls 1 fr]IsG)lso[fr]IschJfr]Qts Isj ed3sH d
oJMmdd, Isj sted W mbaswsa,

g’zéo dl ngquIZI{J dzd ¢ ftcd o j
do

g
g_@q_&

B
w o L &0k BOdS(, wymm@qu

SG30E - n

W dzgOH S dzd e ts?2, ©Ote ddsdedzQalz Cdz
j 0 Qls AdHRO Y O M j 22 ferStG)ISG)JJdedZdZGOLE)dL
Isd d mMintsdrtcl) g @gtaH j dzd d BBEKOL Y’
ststc o f sdzdets 2 Isqzj teol§ to ztm foasiidz@ j Is
08I YWisdd otsfipdetsal ~iddi3dsiyty Bk dedkts
H dzd § GESHT ) MewLd M MsCtcO
dad v Iz ffoflslag il ol dafD o3t O tS ks
dits ) dz' | eotsf €y du EAplylg flalzr 5 H
RO dzd W WL G s s sB O j dod |
f ls dlzdfstaty] Bflste d dL o j Misde” d3 W o dzj dzq
ydlsr o ow sBh dtcdzlz 8 sB d&zOMls i tc
dd, dzOMmlstswh j jH tzdepjfdiisize Nls P g B¢ J
RO cdmpisitedsjotc ts o d Myjydodzdmbsse -
bolstste 9" tcOY Oj Is Gdzz B tsCth¥W j f)f)tie® Iz ¢
HeCIsstelz R d BduudiHA S dzdds@ @ ZsBIsW Is | d
ted yd daL d ¥ d e Ctsd3j dzH Oyd d, Chlststc
s5CsdzyOlsj dzt detsds toj HOCIsdtetso Oded d € dzd @
I L OB} yOded  fits {fipty g 2@z dzfls o
EyijBdzd O BEZHEIS otmMftcddaw Isr fy B dzOG s

-8
o 0990
~— Wq_
. T
s &

o = Fe o

I 11

OdYbE aqdQqrqby

10



Sesavali

fizikuri gimia aris mecniereb a, romelic xsnis gimiur
movienas da adgens nis kanonzomierebeb s fizikis
principebisa da fizikis eqsperimentuli meTodebis
gamoyenebis safuZvelze

fizikuri  gimiis TiTgmis srulyofil i ganmarteba
pirvelad m. lomonosovma Camoayaliba 1752 wels . termini
fifizikuri gimia cO misi SemoRebulia . manve daadgina is

fundamenturi  principebi, ro mlebic fizikuri  gimiis
ganviTarebis safuZzv | ebadaa miCneuli
1 energiisada materiis mudmivobis kanoni;
T siTbos Kkineti kuri b u nseibisaudidesid c n @b a
ukanaskneli xarijsxis Sesaxebo
9 si Thos gadasvlis SeuZlebloba ufro civi sxeu -lidan
ufro  cxelze.
ruseTSi fizikuri  gimiis swavleba c pirvelad m.

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

1887 wels v. ostvaldis xelmZRvanelobiT fizikuri
gimiis kaTedra la ifcigis universitetSi ¢ daarsda.

sagarTveloSi fizikuri gimiis swavlebis mamamTav -rebi
akademikosi . pisa rJevski da gimiis mecnierebaTa
doqgtorebi , profesorebi b. kandelaki da m. SalamberiZe
iyvnen. maT Camayalibes fizikuri da kol oiduri gimiis
saswavlo centrebi Thilisis saxelmwifo universitetsa
da saqarTvelos politegnikur institutSi . mas Semdeg am
kursis swa vleba umaRles saswavleblebSi ar Sewyvetila.

Tanamedrove fizikuri gimia Segmnilia  mTeli  msoflios
mravali niwWieri mecnieris Zalisxmevis Sedegad.

11
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pirveli Ter magimiuri gazomvebi XVIII saukunis meore
naxevarSi a. lavuazie m da p. lap lasma (safrangeTi)
Catares . 1840 wels g¢. hesma (ruseTi) aRmoaCina gimiuri
reaqciebi s siTburi efeqtebis jamis mudmi vobis kanoni. XIX
saukuneSi Catarda funda  -menturi  Termogimiuri kvlevebi (m
berT lo, h. tomseni), romelTa Sedegad safuzZveli Caeyara
Termodinamikis erT  -erT qvedargs £ Termogimias.

k. Seelem (SvedeTi) da f. fontanam (safrangeTi)
aRmoaCines air is a dsorbcia myari sxeul is mier, h . devim

(inglisiy da | tenarma (safrangeTi) £ 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 gemosorbciis rolis Sesaxeb, n.
semionovma (ruseTi) ganaviTara jaWvuri reaqci is Teoria.

J. gei-Husakma, e. mariotma, r. boilma, b . klapeironma
(safrangeTi), j . daltonma (inglisi) , &. 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, .
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.

gimiuri  kinetikis Teoriis saTaveebTan idgnen |.
vilhelmi, m. berT lo da pian de sen Jili. . vant -hofma
Camoayaliba formaluri gimiuri  kinetikis  ZiriTadi
kanonebi, v. ostvaldma ganixila a vtokata -lizis movlena
da SeuRlebuli qgimiuri reaqciebi, rac SemdgomsSi n.

Silovma ganaviTara . S. areniusma Se -moitana aqtiuri
molekulebisa da aqtivaciis energiis cneba.

12



v. ostvaldma da i. vant -hofma daarses pirveli
samecniero Jurnal. Afizikori{(l1§Bmi wel
Jurnalis pirvel nomerSi gamogveynda i. vant -hofis
statiebi xsnarebis osmosuri Teoriis Sesaxeb (#1 nobelis
premia gimiaSi, 1901 weli)

elegtrogimia, rogorc fizikuri  gimiis  nawili :

Camoyalibda XVIII saukunis bolos. am dros dawyebuli
elegtrogqi  miuri kvlevebi (I. halvani, a. volti , V. petrovi,

k. grotgusi, h . devi, m. faradei) dasrulda eleqt rolizis
kanonebis aRmoCeniT da g alvanuri elementis SegmniT. S.

areniusma (SvedeTi) Segmna eleqtrolituri disociaciis

Teoria, s. sorensonma SemdRo  wyal xsnareb is mJavanobis
raodenobiTi maxasiaTeblis _ wyalbadis maCveneblis cneba.
p. debaim da e. hiukelma (1900 w.) Segmnes Zlieri
eleqgtrolitebis xsnarebis Teoria. eleqtrogimiuri
kinetikis ganviTareba a. frumkinis damsaxureba a.

XIX  saukunis  bolosTvis fizikuri gimia mTlianad
Camoyalibda rogorc mecniereba, romelic srulad
Seiswavlis gimiur Termodinamikas (Termogimia da swavleba
gimiuri  da fazuri wonasworobis Sesaxeb), qgimiur
kinetikasa da elegtrogimias.

gimiur movlenaTa fizikuri arsi srulad mxolod
kvanturi  meqanikis Segmnis Semdeggamovlinda (XX saukune).
misi SegmnisaTvis fundamenturi mniSvne -loba hgonda m.
plankis oscilatoris dakvantvis hipotezas (1900 w. ), a.
ainStainis Teorias sinaTlis ormagi bunebis (1905 w.)da |.
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 meganikis ma tricul formulirebas (1925 w.), e.
rezerfordis mier S emoTavazebul atomis planetarul
models , e. Sredingeris fuZemdeblur Sromebs.

kvanturi meganikis ganviTarebisa da mravali eqspe -
rimentuli meTodis gamoyenebis Sedegad (molekuluri
speqtroskopia, rentgenografia, elegtronografia da sxva)

13



amoixsna gimiuri bmis bun eba da did warmatebebs miaRwia
mecnierebam molekulis aRnagobis SeswavlaSi (r. malikeni,
l. polingi, p. debai).

am bazaze intensiurad viTardeboda gimiuri reaqciebis

kinetka da Se igmna fizikis axali dargebi (swavleba
nivTierebis aRnagobis Sesaxeb, fotogimia , radiaciuli
gimia).

intensiurad ganviTarda moZRvreba adsorbciis a da

katalizis Sesaxeb. viTardeba polimerebis fizikuri gimia
da airebis elegtrogimia.

XX saukunis Sua periodSi swrafad daiwyo g anviTareba
arawonasworuli proce sebis Termodina -mikam.

14



1. nivTierebis aRnagoba

1.1.atomis kvantur -meganikuri modeli

atomis agebulebis Tanamedrove Teoriis safuzveli aris
kvanturi (talRuri) meqganikis , 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 -meganikuri warmodgenebis Sesabamisad , moZrav
mikroobieqt s ormagi buneba axasiaTebs:ig i nawi la -kia da
amave dros aqvs moZraobis talRuri maxaiaTeblebi 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 / sigrZis talRa

/=" (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. Dg mddareobisa da Dn  siCqgaris
ganuzRvre lob ehis namravli ar SeiZleba iyos h/m-ze
naklebi

Dgn2 h/m. (1.2)

15



rac ufro zustad aa gansazRvruli  nawilakis

mdebareoba sivrceSi, miT ufro ganuzRvrel i xdeba misi
siCqare da piriqiT, rac ufro zustad aa gansazRvruli
nawilakis siCgare, 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.
releqtronis  moZraobis 0 nacvlad iyeneben termin
feleqgtro  nis madgo-mareobaso .

atomSi elegtronis mdgomareoba a iwereba eleqt -
ronuli Rrublis mé&veo biT, romlis simkvrive
proporciulia  eleqgtronis  mdebareobis albaTob isa.
radgan aseTi albaToba birTvidan sakmaod did manzilzec

arsebobs , eleqgtronul Rrubels ara aqvs mkafiod
gansazRvrul i sazRvrebi.

elegtro nuli  Rrubeli aris sivrce  atomguli S
garSemo, sadac elegtronis mdebareob a (igi y

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

y talRuri fungcia aris sivrcis mocemul wer -tilSi

elegtronis mdebareobis albaiobis amplituda , y?*DV
namravli _ elegtronis mdebareobis albaToba DV sivrcis
elementarul moculobasSi , Xxolo y? albaTobis  simkvrive
anu eleqtronul i simkvrive

y talRur ifungcii sada elegtronis U potenciur i da

E saerTo energiebis kavSiri gamoisaxeba Sredingeris
gantolebiT

80°m
By +2 (E- V) =0, (1.3)

2 2

R - -
+—+— laplasis operatori  a.

uz
sadac B=—
O VA 4

16



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 mriavari 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 atomsSi energetikuli
doneebis ricxvs gviCvenebs elegtron ebi, romlebsac n-is
erTnairi mniSvnelobebi agwvs, gmnian eleqtronul doneebs,
romlebic aRiniSneba 1, 2, 3, 4, 5... ricxvebiT an Sesabamisi

K,L,M,N,O... asoebiT.

E energiis umcires mniSvneloba s n=1 done Seesabameba.
sxva kvantur mdgomareo bebs energiis ufro maRali
mniSwnelobebi Seesabamebada am energetikul doneebze

myofi elegtron ebi birTvTan ufro sustad arian
dakavSirebuli.Y

| orbituli (Tanauri an azimuturi) kvanturi ricxvi
gansazRvravs eleqgtronuli orbitalis formas (nax. 1.1)
orbituli kvanturi ric xvi dakavSirebulia n mTavar
kvantur ricxvTan , iRebs nebismier mTel dadebiT
mniSvnelobebs da icvleba 0 -dan (n-1)-mde. TiToeul n-s
Seesabamebal mniSvnelobebis garkveuli raodenoba anu
energetikuli done ener getikuli gvedoneebis
erTobliobaa ro mlebic energiiT gansxvavdeba.
gvedoneebis raodenoba, romelzec energeti -kuli done
ixliCeba , donis nomris tolia . I-is ricxviT mniSvnelo bas

Seesabameba asoiTi aRniSvna:

| orbituli kvanturi ricxvi 01 23
gvedone s p d f
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nax. 1.1.

s, p da
d
orbita
lebis
forma
da
sivrci
Ti
orient
acia
m
magnitu
ri kvanturi - ricxvi gansazRvravs orbi -tal is sivrciT
orientacias . man SeiZleba miiRos yvela mTelricxviani
dadebiTi da uaryofiTi mniSvne -loba -l-dan +I|-mde, maT
Soris 0 -ic. magaliTad, | =0-sTvis, m=0; =1 m =-1; 0; +1;
=2, m=-2; _1; 0; +1; +2 anu I-is nebismier mniSvnelobas
eleqgtronuli orbita -lis (2+1) SesaZlo sivrciTi
orien tacia Seesabameba

amrigad, smdgomareobas erTi orbi tali Seesabameba p-
ndgomareoba s £ sami, d-mdgomareobas £ xuTida a.S.

atomuri elegtronuli orbitali elegtron is

mdgomareobaa atomSi, romelic xasiaTdeba kvan -tur i

ricxvebis n, | da m raRac mniSvnelobebiT,

eleqtronuli Rrublis raRac zomiT, formiT a da
sivrceSi orientaciiT.

m,  Spinkvanturi ricxvi (spini) aRwers elegtron is
br unvas sakuTari RerZis garSemo da iRebs mxolod or
mniSvneloba s: +1/2 da - 1/2.

elegtron ebis ganawileba atomSi (misi elegtro  -nuli

konfiguracia) Semdeg wesebsemorCileba :
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1 umciresi energiis principi. atomSi eleqtronis
yvelaze ufro mdgra di mdgomareoba mis i energiis
umcires mniSvnelobas Seesabameba.

1 paulis principi . atomSi Seu Zleb eli a iyos ori
elegtroni, romelT ac oTxive kvanturi ricxvi toli
egneba

1 hundis wesi, mocenul gvedoneze sp i nkvant uri

ricxvebis jami magsimaluria.

energetikuli gve 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.

1]213]4]s5]6s
E /
d|d
dlplpP|s
Pl s | s
5
P
3
§

nax. 1.2. mravalelegtronian atomSi
energ etikuli doneebis ganlageba

amrigad, energetikuli qvedonis magsimaluri teva -dobaa
2(21 +1) elegtroni, xolo donis a_ 2n* (cxrili 1.1).
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cxrili 1.1

elegtronebis ganawileba energetikul doneebze

Mz ¢ axou
Linewisbew
sigauoJibsja
azauop
|nynabisua

18

32

(T+12)z " nxou
Linewisbew
sigauoJibsja
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14
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e eqoasewobpw

[ ETIETE!
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(T+ 1)
‘IANXOU
SIg-
o|eng.o

energetikuli
mdgomareoba
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m-is
mniSvneloba

1,0,1

BUASIUY®R

4

4s

gvedone

e (JO[SUASIUW
Sl-|

| energetikuli

auop
N Ynabisus u
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miRebulia atomSi  elegtronebis  ganawilebis
sgemis Sedgenis ori xerxi:

1 eleqgtronuli konfigurac iebis formulebis saxiT,
magaliTad,
.Cr - 1525°2p°38°3p°3 P48,
sadac zeda indeqsuri ricxvi gvedoneze ganlagebul
elegtron Taricxvs  aRniSnavs;
1 kvanturi ujredebis a da isrebis saxiT, mag. , 5O
E
I *
n=2 P
s
n=1
s

1.2. qimiuri bma

gimiuri bma aris atomTa urTierTqm edeba, ris
Sedegadac warmoigmneba or - an mravalatomiani
naerTebi: molekulebi, radikalebi, ionebi,
kristalebi da sxva.

Tanamedrove warmodgenebis mixedviT , gimiuri bmis
buneba aixsneba atomT a eleqgtronebisa da birTvebis
mier warmogmnili ele gtruli velebis urT ierTgme -
debiT.
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1.2.1. gimiuri bmis eqsperimentuli

maxasiaTeblebi
gimiuri nomenklaturis mixedviT arsebobs
kovalentur i,ionur i da liTonur i bmeb.

gimiuri  bmis ZiriTadi parametrebia: sigrZe,
simtkice da  savalento  kuTxeebi.

bmis sigrZe manzili a atombirTve bs Soris.

gimiuri bmis sigrZis sazomi erTeulia nanometri
(Inm = 16° m), pikometri (1pm = 10 12 m) an angstremi

(1A=10%m).

gimiuri bmis simtkice ganisazRvreba minimaluri

energiiT, romelic saWwiroa mocemuli  bmis
gasawyvetad .
gimiuri bmis simtkic is erTeul ia kjmol . 1.2

cxril  Si mocemulia zogierTi bmis sigrZe da energia

cxrili 1.2
zogierTi bmis sigrZe da energia
bma. | bmis i energia , bma | bmis 0 energia ,

sigrze ,A | K/mol sigrze , A | ki/mol
CiC 1,54 348 Hi N 1,03 393
c=C 1,35 620 Hi O 0,96 460
crC 1,20 811 Hi S 1,34 368
Ci O 1,43 360 Hi Cl 1,27 431
cC=0 1,17 724 NT N 1,45 160
CiN 1,47 276 N=N 1,10 418
C=N 1,34 615 NN 1,01 947
CtN 1,16 761 Ni O 1,46 176
Ci S 1,81 255 o1 O 1,45 146
C=S 1,55 477 ST S 2,05 226
Hi C 1,09 374 Pi O 1,62 502
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atombirTv ebze gamawal pirobiT wrfeebs Soris
kuTxes savalento kuTxe ewodeba.

savalento kuTxe izomeba graduso biT. magaliTad,
wylis molekulisTvis H 1 O bmis sigrZe 0,096 nrrs
tolia, bmis energia E = 460 kj/mol , xolo HOH bmis
kuTxe aris  104,5.

bmis warmogni sas arsebiT rols eleqtro uar of i-
Toba asrulebs.

eleqgtrouaryofiToba elementis atomebis fardo -
biTi unaria miizidos el eqtronebi nebismier
garemocvasi.

| ionizaciis energiisa da E elegtro nisadmi

swrafvi s jamis naxevars elegtrouaryofi Tobas (c)
uwodeben

(1.4)

| da E Sesabamisad atomis m ier eleqtronebis
dakargvisa da SeZenisadmi midrekilebas axasiaTebs.

elegtrouaryofiTobis mniSvnelobis mixedviT yvela
gimiuri  elementi pirobiTad SeiZleba daiyos [iTo -
nebad, araliTonebad da amorful eleme ntebad.

mkafio liTonur Tvisebebs tute liTonebi avlens .
| iTiumis eleqtro uaryofiToba lis tolia . ftipur
arali Tonebad iTvleba VII jgufis elementebi L
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 bmaewodeba.

calkeuli atomebisgan H, wyalbadis molekulis
warmogmna kovalenturi bmis damyarebis yvelaze
martivi magaliTia. wyalbadis ori atomis

erTmaneTTan miaxloebis as maT Soris mizidulobis
Zala warmoigmneba. Sedegad orive atomis 1 s
orbitalebi gadaifareba da saerTo molekulur
orbitals warmoqnis , romlis magsimaluri simkvrive
birTvebs Sorisaa.

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

E]

nax. 1..3. wyalbadis molekulis potenciuri energiis
mrudi
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minimumi b potenciur mrudze (mas xSirad morzes
mruds uwodeben) Seesabameba bmis energias H>
molekulaSi da minimalurad SesaZlebel manZils
birTvebs Soris. ro manZilze warmoigmneba fizikurad
mdgradi sistema £ molekula.

sgematurad wyalbadis molekulis warmogmna
Semdegnairad gamoisaxeba:

HO® - HIH.

sgemaze wertil  iT (o) aRniSnulia gare
elegtronebi , (:) ki _ saziaro eleqtronuli wyvili.
saziaro eleqgtronul wyvils aseve savalento bmis
xaziT aRniSnaven

H-H.

Tu elegtronebis spinebi paraleluria , atomebis
miaxloebas axlavs energiis uwyveti zrda £ qimiuri
bma ar warmoigmneba.

Sredingeris gantolebis zusti amox sna mraval -
elegtroniani sistem is aTvis, rogoricaa H.-ze ufro
rTuli molekulebi, ver xerxdeba . aseT rTul siste -
mebSi bmis bunebis axsna orimeTod iT xdeba:

1 valenturi bmis da

1 molekuluri orbital ebis meTodi T.

1.22.1. valenturi bmis meTodi

valenturi bmis meTods safuZvlad udevs Semdegi
debulebebi:

1) kovalenturi bmis warmogmnisaTvis saWiroa  sapi-
rispiro spini ani ori eleqtroni da TiTo orbi -
tali im ori ato misa, romlebic erT maneTs ebmis,

2) bma xorcieldeba elegtronuli Rrublebis ga -
dafarviT magsimaluri albaTobis mimarTulebiT;

24



3) kovalenturi bma miT ufro mtkicea, rac ufro
srulia eleqtronuli Rrublebis gadafarva.

ori eleqtronis arseboba ori birTvis mogmedebis
velSi  energetikul ad ufro xelsayrelia, vidre
TiToeuli eleqtronis a _ sakuTari birTvis velSi,
amitom kovalentu ri bmis warmogmnaSi monawileobs
gare energetikuli donis yvela erTeleqtroniani
orbitali . magaliTad, azotis atoms agvs sami gauwy-
vilebeli gare eleqtroni :

N 1s282p’

= = =

2p

- @
2s

fT oris atoms ki t erTi

oF 1252p

= = =

2p

- @
2s

amitom, am atomebs SeuZlia warmogmnas Sesabamisad
sami da erTi bma: Nt N:;: F-F.

kovalenturi bma atomebs Soris Semdegnaira d
warmoigmneba:
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H- + Cl: = H:Cl: 2 H- +-§. = H:8:H

®+QD+ amn 2@+@»€@

15[4] u

HEI + . -
[l <1

DS 3p .....
kovalenturi bmis warmogmnaaseve SesaZlebelia
dono rul -aqceprotuli me  ganiz miT. am SemTxvevasSi erT
at oms wyvili elegtronebi aqvs (don ori) , xolo
meores t Tavis ufali o r bitali (agceptori). amis
klasikuri magaliTia NH," amoniumis ionis  warmogmna
H & H 4
H:N+ H*l/tzz-eH N: HE.
H é H g
amrigad, atomebi kovalentur bma warmogmnis

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

1.2.2. kovalenturi bmis Tvisebebi

kovalenturi bmis ZiriTad Tvis ebebs miekuTvneba
misi najeroba, mimarTule ba da polarizebadoba.

atomis unari, warmogmnas kovalenturi bnehis
SezRuduli raodenob a, ganapirobebs Tvisebas,
romel sac naferoba ewodeba. amis gamo, kovalentur
naer Ts agvs mkafiod gamoxatuli Sedgeniloba.
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eleqtronul i orbitalebis sxvadasxva formisa da

orientaciis gamo, maTi gadafa rvis ram denime sgema

cnobili. arsebobs s, p da d bmebi

1 s bma elegtronu i orbitalebis “SublebiT~
gadafa rvis Sedegia (birTvebis SemaerTebeli
wrfis gaswvriv) (nax. 1.4.

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

1 d bmaxorcieldeba d elegtronuli orbitalebis
gadafa rv isas sivrcis oTx nawilSi, romlebic bmis
xazis mimarT simetriulad ari an ganlagebuli
(nax. 16).

5§58 §—p

R A %%%9
P-p
d—d

nax. 1.4. eleqtronuli orbitalebis gadafarvis
sgemas bmis warmogmnisas
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d—d

H

nax. 15. orbitalebis gadafarv is sqema p bnis
warmogmnisas

XX .

nax. 16. d orbitalebis gadafarvis sqema
warmogmnisas

p da d bmebi or atoms Soris warmoigmneba
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 warmogmnasSi.

mag@liTad, azotis molekula warmogm nilia ori

atomiT, romle bic dakavSirebulia sami kovalenturi
bmiT _erTi s bmiTadaori p bmiT
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Yo,
N1l s N.
o

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

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

Tu bmis warmogmnaSi monawileobs ori eleqtro -
uaryofiTobiT gansxvavebuli atomi, masSin eleqtro -
nuli Rrubeli wanacvlebulia metad elegtrouaryo -
fiTi atomis ken. warmoigmneba asimetria _ atomebs
Soris  uaryofiTi da dadebiTi muxtebi arasimetri -
ulad ganawil deba da miviRebT eleqirul dipols

magaliTad , HClis molekulaSi saerTo eleqt ro -
nuli - wyvili wanacvleb ulia  ufro elegtro -
uaryo fiTi  atomis L gloris mxares, rac iwvevs masze
efeqturi  uaryofiTi muxtis gaCenas, wyalbadis
atomze ki miviRebT efeqgtur dadebiT muxt s. bmaHCl-is
molekulaSi _ kovalenturi polarulia

efeqturi muxtebi s (¢ da q) simZimis centrebs
Soris  manZils dipolis sigrze ewodeba.

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

bmis polarobis sazomia dipolis elegtruli
momenti, romeli c¢ dipolis | sigr Zisa da q
efeqturi muxtis namravlis tolia

m=ql. (1.5)
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dipolis eleqtruli momenti gamoisaxeba
debai ebiT ( D):
1D =3.330%® kan.

dipolis elegtruli 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 , CO.-is molekula ,
wrfivi agebulebis gamo, arapolarulia, miuxedavad
calkeuli bmebis polarobis a

qbfa7%='772=q2+0 T o’

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

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

m=ql= 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.

1.2.2.3pol arizacia da refragcia

arsebobs polarizaciis , rogorc polarizebadobis,
sami tipi: elegtronuli, birTvuli da orient aciuli.
es ukanaskneli damokidebulia temperaturasa da
molekulis mudmiv dipolur momentze :
a =
* 3kT
sadac g aris mol  ekulis mudmivi dipoluri momenti,
ki bolcmanis mudmiva Ti1 absoluturi temperatura.
maRali  sixSiris eleqtrul  velSi  mxolod
eleqtronuli  polarizacia warmoigmneba, vinaidan
maRali sixSirisas dipol [ velis gaswvriv

orientacias ver aswrebs.
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nivT ier ebaSi xiluli sinaTlis gavlisa s aRZrul
eleqgtronul polarizacias refragcia  (R) ewodeba

R=4/3pNaa. (1.6)

mol uri refragcia gamoiTvleba lorenc -lorencis

gantolebiT
n°+2 ..
R= GM e =n’ (1.7)
n“+1 r

sadac N, aris avogadros mudmiva , Mda r _ nivTie -
rebis molekuluri masa da simkvrive, n _ gardatexis
maCvenebeli, e _ dieleqtrikuli SeRwevadoba moluri
refragcii s erTeulia sm/mol . moluri refraqcia
nivTierebis 1 molSi Semavali molekulebis moculo -
baTa jamis tolia. moluri refraqcia aditiurobis
wess emorCileba : R=xnRg + XNRjgr pm*+ XNRjk

garda moluri refraqciisa, arsebobs kuTri
refraqgciac

n“-1.1

e (1.8)

r= .
n°+2 r

kuTri  refragcia i zomeba sni/g-obiT .

refraqgciis kavSiri nivTierebis makroskopul Tvi -
sebebTan misi eqsperimentuli gansazRuvris saSualebas
iZleva. 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
koncefcta . am koncefciis Tanaxmad, kovalentur i
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bmebis warmogmnaSi monawileob s ara s araniead o

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 warmogmnisas hibriduli atomur i orbitali
ufro srulad unda ignes gadafaruli meore
atomis orbitalTan;

3) hibridizaciaSi monawileob S sakmaod did i
eleqgtronuli  simkvrivis  mgone  orbitalebi
(umravles  SemTxvevasSi, pirveli  per iodebis

elementebis orbitalebi);

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

hibriduli orbitalebis mimarTu leba gansazRvravs
molekulis geometriul strugturas (nax. 1.8 _ 1.10).
\ A ol
atomuri ( s+p) orbitalebi ori  sp hibriduli orbitali
nax. 1.8. ori  sp hibriduli orbitalis warmogmnis sqema
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atomuri (  s+p+p) orbitalebi sami sp’ hibriduli orbitali

nax. 1.9. sami sp¢ hibriduli orbitalis
warmogmnis sgema

atomuri ( stp+p+p orbitalebi oTxi sp® hibriduli orbitali

nax. 1.10. oTxi sp’ hibriduli orbitalis
warmogmnis sgema

magram, xSirad , bmebis realuri kuTxeebi gansxvav -

deba hibridizaciis tipis Sesabamis i kuTxeebisgan.
1.2.2.5molekuluri orbi talebis
meTodi
eleqtronebis buneba molekula Si, maTi wurTierT -
gmedeba birTvebsa da erTmaneTTan principSi igivea,
rac atomSi. amitom logikuria ., molekulisTvis
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gamoviyenoT igive fizikuri modeli, rac atomisTvis

L orbituli miaxioeba. molekulur i orbital is

(mo) meTodi efuzneba Semdeg debulebebs:

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

- el eqtronebi molekula Si molekulur orbital eb-
zegq;

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

- ori ao -dan warmoigmneba ori energi iT
gansxvavebuli , mo;

- orbitals , romlis energia ufro dabali a, makav
Sirebeli ewodeba, xolo orbitals, romlis

erergi a ufro maRalia v gamTiSveli ;

- warmoigmnebarogorc s,ise p mo;

- elegtronebis ganawileba mo-ze imave 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 t 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 t 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 ¥y a(ls) da y g(1s) wrfivi kombinaciiT

miRebuli s da s’ maenulia 1.11nax-ze. es aris S
da s’ mo-i s umar tivesi magaliT I.
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(18} = (L) +wp(ls)

a*(15) = Pa(ls) - dills)

B
Walls) Wp(ls)

S makavSirebeli b s" gamTiSveli
nax. 1.11a £ oril s orbitalis jami [S (1s)] da sxvaoba
[s"(15)]; b t wyalbadis molekulis S makavSirebeli
da s’ gamTiSveli orbital ebi

s bmis elegtronuli simkvrive xasiaTdeba
cilindruli simetriiT bmis irgvliv da birTvebs

Soris eleqgtronebis yofnis maRali albaTobiT.
orbitalisTvis aseve damaxasiaTebelia cilindruli
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simetria bmis irgvliv, magram elegtronebis 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 elegtronebis 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 elegtronuli 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 ial.12e nax-ze.

¥,(2p,) v.(2p,)

7*(2p,)

nax. 112 p makavSirebeli da p gamTiSveli mo-is
warmogmnis sqemaz2p, ao -i s kombi naciiT
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CvenganvixileT s, s°, p, p° mo-ebi; sxva gansxva-
vebuli simetriis mo gvxvdeba liTon Ta kompleqgsebSi.
eleqt ronebis ganawileba am orbitalebze gansazRv -
ravs molekuleb is bmulobas da stabilurobas.

no -is warmogmnis sgema atomuri orbitalebis
kombinaciiT warmodgenil ia 1.13e  nax-ze. ori
identuri Ada B atomis sawyisi ao -i s (1s,2s, 2p, 2py, 2p,)
urTierTgmedebis Sedegad mi  iReba 10 molekuluri

orbitali . molekuluri orbitale bi suraT ze ganla -
gebulia energiis  zrdadobis (gvemodan  zemoT)
mixedviT . SevniSnoT, rom z ogierTi molekulisTvis S
(2py) orbitalebi p(2p,) da p(2p,) energetikul
doneebze zemoT SeiZlebaiyos  ganlagebuli.
o¥2p,)
R ™(2py) ——  —— T(2p) -
2, 2, 2, 2py) e — T{2p,) 2, 2, 2p;
' — 0(2p,)
— G*(25) .
— 25 — 0(2s) 2s
i e G%(15) .
1s — (1) 1s
A atomi AB nolekula B atomi

nax. 1.13.mo-i s warmogmnis energetikuli sqema ori atomis
ao -i s wrfivi kombinaciiT

es suraTi Zalze gavrcelebuli da sasargeblo a
bmis bunebis sailustraciod molekulaTa umravle -
sobaSi. amsuraTis gamoyaebiT, 1.14e nax.-ze naCvenebia
eleqtronebi s ganawileba molekulur orbitalebze :
Sefasebulia bmis tipi da bmis fardobiTi energiebi
perioduli sistemis I da Il period ebis
elementebisaTvis  (H,-dan Ne-mde).
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He,, Be, da Ne, molekulebi arastabiluria; Hex-is

hipoTez ur molekula Si bma ar warmoigmneba (nax.1.4),
radgan Heris 0Txi elegtronidan ori ikavebs
makavSirebel orbitals, ori ki _ gamTiSvels . s (19
da s (1s) abaTilebs erTmaneTs, amitom es molekula
mxolod agznebul mdgomareobaSi arsebobs.

H,, Li, da F,-Si warmoigmneba er7magi bma,C, da

O,-Si L ormagi , xolo N.-Si £ sammagi

energia

s G(25)

— (25

— ") .
— (2,
TM2P,) —me e 4(2p,) o)
¢ 0(2p,) T*(2p,) ~0— —8— 1*(2p,) — o(p)
(2p,) ~0-0- -0-8- n(2p,)
*o- 0+Q2s) 2P, 40 -89 T(2p,) THIp,) -e-e- @8- T(p,)
e O¥(15) -9 5(2p)
- 0(2s) %2p,) -84 ~a-e- 7(2p,)
-0-0- O*+(2s5) )
-0 0(25)
-0 o(15) -a-e- 0+(2s)
— -0-0- G(25)
H—H -o-9- O¥(ls)
-8~ O(ls)
He= - ~He ~a-0- 0*(1s)
-0 a(ls)
NEN -0 o%(15)
-9~ o(1s)
0=0
-o-8~ 0+(1s)
-0 G(1s)
F—F
nax. 1.14.mo-i s Sevsebis energetikuli sgema oratomian
molekulebSi ; molekulebi warmodgenilia ZiriTad

mdgomareobaSi (umciresi energia)
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Jangbadis molekulaSi makavSirebeli el egtroni
oTXiT meti a gamTiSvelze . Sedegad bmis jeradoba
or is tolia

N, molekula mdgradia, radgan masSi eqvsi
makavSirebeli elegtronis siWarbe sammag bmas ganapi -
robebs (nax.1.14).

bmis  rigi ganisazRvreba makavSirebel da
gamTiSvel orbitalebze moTavsebul elegtronTa
naxevarsxvaobiT.

maSasadamemo-is meTodi qimiuri bmis warmoq -
mnas ganixilavs, rogorc yvela eleqgtronis moZra -
obis Sedegs jamur velSi, romelic warmogmnilia
sawyisi atomebis yvela birTvisa da elegtronisagan

1.2.3 ionuri bma

ionuri bma aris gimiuri bmis erT  -erTi saxe |,
rom elic warmoigmneba sawinaaRmdegod damuxtul
ionebs Soris elegtrostatikuri urTierTqmedebis

Sedegad.

ionuri bma kovalenturi p olaruli bmis zRvruli
SemTxvevaa igi warmoigmneba, rodesac el eqtronuli
wyvili  TiTgmis srulad wainacvlebs erT -erTi
atomisken. ionuri bma #ZiTadad axasiaTebs tute
liTonis halogenid S.

ionur naerTSi ion i sferuli simetriis eleqtru -
I 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, praqgtikulad TiToeuli ionis irgvliv
ganlagebulia (koordinirebulia) sawinaaRmdego
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niSnis ionebis garkveu li raodenoba (ix. Tavi 1.34.
ionis s akoordi naci o ricxvi ar aris damokidebuli

mis muxtze da ganisazRvreba ionTa radiusebis
fardobiT (nax. 1.15

nax. 1.15. natriumis gloridis (galitis)
kristaluri meseri

mTlianobaSi, ionuri naerTi SeiZleba warmovidgi -
noT, rogorc sawinaaRmdego n  iSnis ionTa giganturi
asociacia

mizidulobis energia ionur bmasSi gamoiTvleba
formuliT

Em:qlTC:‘%(v- 1Y, (1.9)

xolo bmis sruli energia

8e? P
E, _9—r0+(| -17), (1.10)
sadac q; =qg,= earis elementaruli muxti (elegtro -
statik ur i erTeuleb T 4,820"%is tolia) , e dieleq -
trikuli SeRwevadoba a R da ro T atomebs Soris



manzili, 1” da |'1 kationis a da anionis ionizaciis

energiebi.
bunebaSi arsebul Sereul ionur tkovalentur
bmebSi bmis ionurobisa da kovalenturobis wilis
dasadgenad atomTa eleqgtrouaryofiToba s iyeneben
(cxrili 1.3. dadgenilia, rom Tu urTie rTgmed
atomTa eleqtro uaryofiTobebis sxvaoba (citcy) 2,k
ze metia, bma upira tesad ionuria (ionuri bmis wilis
61%s SeesabamebaDc=22, 25%s ki _ Dc=1,3. Dc-is
SemcirebiT, bmis ionurobis wili mcirdeba. D¢ =0
dros bmasufTa kovalenturia (cxrili 1.9.
cxrili 1.4
io nuri bmis wilis dadgena Sereul bmasSi
ionuri bmis ionuri bmis
De wii % | P°¢ wili %
0,0 0 14 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
Greulebr iv pirobebSi, liTonebs , vercxli swylis
garda, kristal uri agebuleba agvs
liTonis kristal Si atomebs Soris bmavalenturi
eleqtronebiTaa ganpirobebuli.
liTonis dabali ionizaciis gamo, eleqgtronebi
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 fielegtronul airSi a oCairuli

kavSirs yvela ionsa da uamrav eleqgtron s Soris
liTonuri bma ewodeba.

liTonur i bmis buneba kovalenturis msgavsia. bmis
orive tipi xorcield eba ele qtroneb is gaziar ehiT.
kovalenturisgan gansxvavebiT ki b mis es tipi

delokaliz ebulia da araris mimarTuli

1.25. wyalba duri bma

wyalbaduri bma  aris m olekulaTSorisi urTierT -
gmedebis gansakuTrebuli saxe. igi warmoigmneba
wyalbadis atomsa da Zlieri eleqtrouaryofiTi
elementis atoms Soris:
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X E'H@X ¢,

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

amrigad, wyalbaduri bma aRiZvr eba wyalbadis
atomis erTaderTi eleqgtron is elegtrouaryof iTi

elementisaken Zlieri mizidvisa da wanacvlebis
Sedegad. magaliTad, wylis molekulaSi Jangbadis

atomi iZens sakmaod did efeqtur uaryofiT, xolo
wyalbadis atomi Lt efeqtur dadebiT muxts, romelic ,
eleqtro  nuli Sreebis ar arsebobis gamo , sxva atoms
finebas rTavs 60 miuaxlovdes mas atomuri bmis
sigrZeebis tol manZzilze.

Hla
\ 2a
Ol----H—02
H1b H2b
wyalbaduri bmis warmo gm@a mmi Svnelovan wilad

ganpirobebul ia donorul -aqceptoruli  meqanizmiT,
sadac donori aris erTi  molekulis eleqgtro uaryo -
fiTi atomi, xolo aqceptori £ meoris , wyalbadis

atomi. amitom, wyalbadur bma s axasiaTebs najeroba
da mimarTuleba. amis gamo, bmis es tipi gansazRvravs

nivTierebis  strugturas kondensirebul mdgomareobasSi,
magliTad, yinulis kristalur struq turas (nax.1.17a,b).
wyalbaduri bma yvelaze xSirad gvxvdeba fTor -

Tan, azot sa da Jangbad Tan (c-is d idi mnSvrelo bis
gamo) (nax. 1.18.
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nax. 1.17 wyalbaduri bma (- - -) wylis mole kulebs
Soris yinulis kristalSi

H H
| |
F F i —_— i — —_— -ma
P e H—=Hee H—2—H
H H O H O OH | :
F F H |
IIIH—HIII
|
H
nax. 1.18 wyalbaduribma (@ fT orwyalbadsa
da amiaksSi
wyalbaduri bmis energia 8 -40 kj/mol ~ Seadgens, rac
kovalenturisa  ze gacilebiT naklebia.
wyalbaduri bra mn Svnelovan gavlena s axdens
nivTierebis fizik ur da qgimiur Tvis ebebze. kerZod,

H,O-s, HF-is, NHsis anomal iurad maRali duRilis
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temperatura aixsneba asociat ebis warmogmniT wyal -
baduri bmis neSveobiT .

1.26. van-der -vaalsis Zalebi

molekulaT  Soris wyalbadur da donor ul -
agceptorul bmebTan erTad, calkeuli naerTebis
mol ekulebs Soris SeiZleba warmoigmnas Sors
magmedi  molekulaT  Sorisi mizidulobis  Zalebi,
romelTac  vander -vaalsis Zaleb i ewodeba.
SesaZlebelia van -der -vaalsis urTierTgmedebis
Semdegi sami tipi:

1 polarul molekulebs Soris  (orientaciuli);
1 polarul da arapolarul molekulebs Soris
(indugqciuri);
1 arapolarul molekuleb s Soris (dispersiuli).
orientaciuli  urTierTgmedeba ganpirobebulia
molekulebis mudmiv i dipolebis uSualo eleqtr 0-

statikuri urTierTgmedebiT  (nax. 1.1%

nax. 1.19. dipol tdipoluri urTierTgmedebis sqema

orientaciuli mizidvis energia ganisazRvreba
Semdegi formuliT
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Ey =- m&_ (1.11)
3r KT

sadac m da m aris urTierTmogmedi polaruli
molek ulebis dipoluri momentebi, r T maT Soris
manZili, k T bolcmanis mudmiva, T _ absoluturi
temperatura.

indugciuri urTierTgmedeba aRiZvreba polaruli
molekulis mudmivi dipolis urTierT gmedebiT mis
mier arapolarul molekulaSi inducirebul
dipol Tan.

RN

indu qci ur i urTierTgmedebis  energia tolia

Bing = - ana , (1.12)
r

sadac /m polaruli molekulis mudmivi dipoluri
momentia, & _ arapolarul i molekulis polarize -
badoba.

dispersiul energias ara aqvs klasikuri analogi
da ganisazRvreba eleqtronuli simkvrivis kvantur -
meganikuri flugtuaciebiT. erTi arapolaruli mole -
kulis elegtronuli  simkvrivis m eyseul flug -
tuacias, rac m eyi dipoluri momentiT xasiaTdeba,
SeuZli a gamoiwvios neyi dipolis  inducireba
meobel molekulaSi. warmogmnil mizidu lobas dis -
persiuli miziduloba ewodeba . misi energia Sem degi
formuliT gamoiTvl eba
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3.a’
Edisp = - —(% Iy (1.13)

4
sadac [, aris ionizaciis potencialze damokidebuli
sidide
disper siuli  urTierTgmedebis energia, i seve
rogorc orientaciuli da induqciur i urTierT -

gmedéebisa manZilis meeqvse xarisxis ukupropor -
ciulia.

arapolaruli molekulebisTvis dispersiuli
urTierTgmede ba vander -vaalsis Zalebis mTavari da
praqtikulad erT aderTi wyaroa.

Txevadi da mya ri sxeulebis arseboba
molekulaT  Sorisi urTierTgmedebis Sedegia , mravali
rTuli naerTis stabilurobac vander -vaalsis Zale -

bis mogmedebis Sedegia.

13. kristaluri myari nivTiereba

bunebrivi da xelovnuri myari nivTierebebis did [
umetesoba kristaleb  ia” (nax. 1.20.

kristali erTgvarovani myari sxeulia, romelic
bunebrivadaa dawaxnagebuli. kristal ebi simetri -
iTa da TvisebaTa anizotropiiT xasiaTdeba

sainteresoa sityva wdrrkoSaba. t igil TiBqd 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 _ kiystallo® bdrZn.), rac Tavdapirvelad yinuls

niSnavda, Semdeg £ mTis broli, kristali.
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nax. 1.20 kvarcis kristalebi

kristal [ ZiriTadad warmo igmneba xsnaridan,
mdnari da airadi fazidan, agreTve  myari
nivTierebebis fazuri gardagmnisas.

kristal is formas, mis simetrias gansazRvravs
kristal is amgebi nawilakebis kanonzomieri ganlageba,
samganzomilebiani perioduli wyoba v kristal  uri
mesetri.

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

maSasadamekristaluri mesern Sedgeba sruli ad
identuri elementarul i ujred ebisagan. zogad
SemTxvevaSi, elementarul ujreds iribkuTxa
paralelepipedis forma agvs 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 , Mmagnitur da meqanikur
Tvisebebs.

elementaruli ujredi Sei Zleba Seicavdes rogorc

erT, ise ram denime atoms. magaliTad, rkinis, gqromis,
spilenzZis, vercxlis elementaruli ujredi Sedgeba
erTi atomisagan. im SemTxvevebSi, rodesac kristal [
Sedgeba ramdenime gimiuri elementisgan, magaliTad :
natriumisa da glorisgan, 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 isagan (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 ¥, b, & axasiaTeben (nax. 1.21 am
veqtorebs mesris periodebi  ewodeba.

nawilakTa ganlageba nebismier " da ri mdgoma
reobaSi erTmaneTTan dakavSirebulia tolobiT:

C C C o~
ri=r+na+n,b+n,C, (119
sadac n;, n,, Ny nebismieri mTeli ricxv ebia, xolo a,
- - . O
b, ¢t translaciuri veqtorebi. maSasadame r’ da rj
radius -vegtorebis mqgone 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 mesen romlis elementaruli
uiredi &, b, & veqgtorebi T xasiaTdeba
elementarul ujreds ewodeba primitiuli , Tu
nawilakebi mxolod mis wveroebSi a (P saxesxvaoba)
ganlagebuli (Ahcari el i 0 wunawilakdbis) fuZis ,
waxnagdi sa an paralelepipedis centrSi ganlageba :
Sesabamisad, bazadacentrebul (C saxesxvaoba),

waxnaglacentrebu |  (F saxesxvaoba) da moculoba -
dacent rebul wyoba s (I saxesxvaoba) iZleva.

elementaruli ujredis SerCevis principi a- Fe
kristal uri mesr is magaliTiT ganvixi loT  (nax. 1.22.
am mests strugtur ul erTeulad SeiZleba arCeul
ignes rogorc iribkuTxa paralelepipedi ( b), ise

51



orjer ufro didi moculobis mgone kubi ( a). kubiT
operireba, misi analizic bevrad martivia, amitom

a-Fe krist al uri mesris elementarul ujredad
mizanSewonilia moculobadacent  rebuli kubis arCeva
(nax. 1.22,a).

b a 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

sivic i Timeseri (mesris 7 tipi 1.23 nax-zea mocemui ).
maT braves mesrebi ewodeba. mesris es 14-ve saxeoba
Svid singoniad (klasad) iyofa (cxrili 15 anu
TiToeuli klasi erTi an ram denime saxesxvaobiT aa (P,
C, F, I) warmodgenili.
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kristalografiuli sistemebi da maTi

cxrili 1.5

parametrebi
S saxesxva-

4 singonia elementaruli u1red|§ obaTa

parametrebi fiexvi
1 | kuburi a=b=c; a=b=9=90 3
2 | tetragon uri a=b,c; a=b=9g=90 2
3 | rombuli a,b,c,a=b=9g=90 4
4 | monoklinuri a,b,c; a=g=90, b 2
5 | triklinuri a,b,c;a,b,g 1
6 | trigon uri a=b=c; a=b=g, 90 1
7 | hegsagoruri a=b, c; a=b=90; 1

g=120

nax. 1.23 braves mesr ebi
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1.3.1. rentgenostruqturuli analizi

kristal is struqgturis 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
ignes, 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 -
strugturul analizs.

vulf  -bregis kanoni ilustrirebulia 1.24nax-ze.

dhkf

nax. 1.24 kristalze dacemuli sxivebis difragcia.
paraleluri wrfeebi kristalis sibrtyeebia.
maTi sivrciTi mdebareoba gamosaxulia sami
mcire mTeli ricxviT ew.h, k, | mileris
in degsebiT .
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vulf  -bregis pirobis Tanaxmad, Tu dacemuli
sxivebi g kuTxes gmnis kristal uri sibrtyeebis ( h, K,
I) erTobliobasTan ise, rom

n/ =2d,,sing, (1.15 )

mad arek vlili sxivebis gaZliereba anu Sejameba ¢
kuTxis mimarTulebiT xdeba.

(1.15) gantolebaSi d aris manZili sibrtyeebs
Soris, /- dacemuli sxivis talRis sigrZe, nt mTeli
ricXvi t 12 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 pragtikulad nebismieri
kristaluri struqturis kvle vis saSualebas iZleva.

am meTodiT  sargeblobisas  monogromatul [
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 tegnikis 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 , SiIC, SiO-is
sxvadasxva modifikacia miekuTvneba atomur krista -
/ ebs. maTSi atomebi sivrciT karkasSi gaerTian e-
bulia mtkice kovalenturi bm ebis meSveobiT . almasis
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strugtura (nax. 1.25 agebulia braves F mesris (kuburi
waxnaglacentr ebuli) bazaze.

LI

Y 9
- /°
> el o

nax. 125. almasis strugtura

almasis meser Si naxSirbadis TiToeuli atomi sxva
oTx atomTan tetraedruladaa dakavSirebuli

manZili atomebs Soris 154 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 . bnis es tipi  aRiniSneba  grafitSi :
fen ebs Soris.  grafiti , rogorc almasi, naxSi rbadis
kristaluri modifikaciaa. a Imasisgan gansxvavebiT,
grafiti s struqtura fenovania (nax. 1.26.

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

Soris 1,42 ,&-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 mogmedebs . manZili fen ebs Soris 3,40,8\ -ia.
amitom grafiti advilad figercleba 0 da mas sapox
masalad iyeneben.

nax. 1.26. grafitis struqtura

molekulur kristal s, susti molekulaTSorisi
urTierTgmedebis gamao, mcire  simtkicis garda
advil dnobadoba da aqgroladoba axasiaTebs . rogorc
wesi, molekulur kristal Si  fazuri gard agmna

molekulebis daSlis gareSe mimdinareobs.
tipuri  molekuluri  kristalia  nafTalini.

molekulur kristal s warmogmnis agreTve iodi (nax.
1.27;, H,O, CO, NyOgis binaruli, IiT onor ganuli da
zogierTi kompleqgsuri naerT ebi.
liTonuri mesris kvanZebSi liTonTa ione bia
(atomebi ), roml ebsac el eqtronu
sxeulad ayalibebs (ix. 1.2.4Tavi).
TviTnabadi liTonebis £ Cu, Ag, Au, Ptstruqtura
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 strugtura  ; mesris
kvanZebSi atomebi wyvil  -wyviladaa ganlagebuli

nax. 1.28 Cu, Ag, Au, Ptis strugtura

magniumis strugtura £ hegsgonuri  kubogtaedria
(nax. 1.29, Mg-Tvis damaxasiaTebelia mis irgvliv 12
atomis arseboba.
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naerTebs, romlebSic ionuri bmaa da romlebic
fonur  meser s gmian, miekuTvneba marilebis
umravle soba (nax. 1.15, 1.3Q da ogsidebis mcire jgufi.

nax. 1.30. fluoritis ( CaF,) strugtura
fluoritis, galitis a da almasis kristaluri
mesrebi erTsa da imave siv rciT jgufs (kuburi
waxnaglacentr ebuli) miekuTvneba.
ionur i naerTebis  dnobis temperatura SedarebiT
maRali a, maTi aqgroladoba , umravles SemTxvevaSi |,

didi ar aris.
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am jgu febis mixedviT kristalebis klasifikacia
pirobiTia, vinaidan ar aris gamoricxuli erTi
jgu fidan meoreze TandaTanobiT gadasvilebi, Tumca :
mniSvnelovan ia, rom sxvadasxva jguf is tipuri
warmomagenlebi Zireulad gansxvavdeb ian strugtu -
ris energiiT. s trugturuli 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 gimiur bma s Seiswavlis kristal  Tqimia.
mecnierebis es darg i kristaluri  struqtur is
interpretaciisas  farTod  iyeneb s geometriul

model s Lt nawilak Ta mWidro wyobis princips.

birTvebis m Widro wyobas uwodeben Tanabari
radiusebis mqgone birTvebiT sivrcis Sevsebis
xerxs, romlis drosac atomTa Soris manZilebi
unciresia

am samodelo xerxis gamoyenebisas atomebi da

ionebi miCneulia garkveuli radius ehis mgone 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. 1.3}

amsicariele s mrud wiruli samkuTxed  is forma  aqvs.
mWidro wyobis pr incipis Tan axmad, yoveli

momdevno fena wina fenis 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 ; gvemoT £ oqtaedruli
da tetraedruli sicarieleebi

1.31 nax-dan gamomdinare, gamakveT a sicarielis
ori tipi:
1 oqgtaedruli (ganWoli) £ mis irgvliv 6 birTvia;
1 tetraedruli (aragamWoli) - mis irgvliv 4
birTvia.

1.3.3.1mWidro 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 fems dalageba ornairad SeiZleba :
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1. mesame fels birTvebi Tavsd eba tetraedrul
sicariele ebze, am dros mesame f ena pirv elis
ekvivalen t ur ia, meoTxe ki _ meorisa da mTeli
wyoba Sedgenili a mxolod ori araek vivalen turi
tipis fen  ebisagan. Tu Sesabamis f enrebs aRvniS navT
A da B asoebiT, maSin am wyobis formula a |ABJAB|
da a.S. (nax. 1.32. aseTi tipis wyobas mWidro
heqgsagoruri  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. 132 Widro wyobis tipebi
hegsgjonuri |AB|AB|; kuburi |ABC]|
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1.3.3.2mineralis  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,
1.33;

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 (  Cak,) birTvebiani modeli;
F-is ionebi nacrisferi birTvebia gamosaxuli ; Ca-
is ionebi _ SavibirTvebi T

2. belov tpolingis poliedruli modeli. am meTodis
Tanaxmad str uqtura  gamoisaxeba anionuri
poliedr ebis (kubebis) kombinaciT (nax. 1.39.

anionuri poliedri koordinaciuli mravalwaxna
gaa, romlis wveroebSi anionebia ganTavsebuli.
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Cak

nax. 1.35CsCl-is da CaF,-is poliedruli modelebi

poliedrul modelze , belov tpolingis meTodis
Tanaxmad mxolod kat ionebi gamoisaxeba.

1.3.4.onuri kristal i . polingis wesebi

mraval egsperimentuli masalis ganzogadebis
safuzvelze |I. polingma 1928 wels ionuri krista -
| is agebis xuTi wesi Camoayaliba , rom | ebsac ionuri
kristal is stabiluri s trugtur  a emorCileba:

b pirveli wesi: koordinaciul poliedrSi manZili

kat ion -anioni ionuri radiusebis jamiT ganisaz -
Rvreba, xolo sakoordinacio ricxvi £ maTi
fardobiT;
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polingi XuTi tipis poliedrs gvTavazob s (nhax.

1.36.
Tu kat ionis radiusis fardoba anionis ra diusTan
, maSin kat ionis sakoordinacio ricxvia
8 ( ) da miiReba kuburi koordinacia (nhax. 1.36,a);
nax. 136 koordinaciuli pol iedr is tipebi
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