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B 

Sesavali 

 

fizikuri qimia mecnierebaa, romelic, fizikis kanonebisa da 

maTematikis gamoyenebiT, swavlobs nivTierebis arsebobis pirobebs, 

aRnagobas, fizikur-qimiur Tvisebebs da gardaqmnis kanonzomierebebs. 

sakvlevi obieqtis Seswavla SeiZleba mravalmxriv, sxvadasxva kuTxiT, 

amis saSualebas gvaZlevs fizikuri qimia, romelic Semdegi nawilebisagan 

Sedgeba: 

nivTierebis    

aRnagoba 

                       

 Qqimiuri 

Termodinamika 

qimiuri da fazuri 

wonasworoba  

 

fizikuri 

qimia 

   xsnarebi 

Eeleqtroqimia  qimiuri kinetika  

da  katalizi 

 zedapiruli   

movlenebi 

 

 

  fizikuri qimiis daxmarebiT mkvlevars SeuZlia Seadginos procesis 

energetikuli balansi misi Catarebis gareSe, iwinaswarmetyvelos mimdi- 

nareobis pirobebi da marTos sasurveli mimarTulebiT. 
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erTeulTa metruli sistema 

 

Cvens irgvliv mimdinare movlenebis dasaxasiaTeblad adamianis xuTi 

grZnobis SesaZlebloba subieqturobis gamo, SezRudulia. amitom 

mimarTaven movlenaTa raodenobriv daxasiaTebas, gazomvebis saSualebiT; 

maTi upiratesoba imaSi mdgomareobs, rom sxvadasxva adamians SeuZlia 

miiRos erTnairi Sedegi da gamoiricxeba aRqmiT gamowveuli 

cdomilebebi. gazomvebi efuZneba standartebs an etalonebs. 

Tavdapirvelad, standartebi SeirCa zusti gazomvebiT miRebuli 

monacemebis ganmeorebadobidan gamomdinare. 

1960 wels zomisa da wonis saerTaSoriso organizaciam parizSi miiRo 

axali saerTaSoriso Si sistema, romelic ar gamoricxavs sxva 

erTeulebiT sargeblobas. 

I-l cxrilSi moyvanilia Si sistemis 7 ZiriTadi erTeuli. 

cxrili 1 

Ffizikuri sidide 
erTeulis 

dasaxeleba 
aRniSvna 

Mmasa    Kkilogrami         Kkg 

 sigrZe    Mmetri         Mm 

Ddro     sekundi /wami/          s  /wm 

 denis Zala    Aamperi         Aa 

 sinaTlis Zala     Kandeli         Kk 

 ტemperaturა    Kkelvini         KK 

nivTierebis raodenoba     Mmoli         moli 

 

warmoebuli sidideebis erTeulebi miRebulia fizikis kanonebis 

Sesabamisad: 

Zalis  -  niutoni 

wnevis  -  paskali, niutoni/m2  (1 atm = 101325 n/m2 , (pa) = 101,3 kpa) 

moculobis  -  litri  -  dm3 

eleqtrogamtarobis  -  simensi  -  omi -1  
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metrul sistemaSi erTeulTa jeradi da wiladi gamosaxvisaTvis 

gamoyenebuli zogierTi TavsarTi mocemulia cxrilSi. 

                                                                                     

cxrili 2 

TavsarTi mniSvneloba aRniSvna TavsarTi mniSvneloba aRniSvna

   Tera 1012 t  Ddeci 10-1 D 

  Ggiga 109 g    santi 10-2 S 

Mega 106 M   mg  M mili 10-3 mM 

Kilo 103 kK  M mikro 10-6 Mk 

Heqto 102    Hh 
 

Aაngstremi
10-8 

0
A  

Deka 101 da   Nnano 10-9 nN 

     Ppiko 10-12 pP 

 

gTavazobT xSirad xmarebuli mudmivebis ricxvT mniSvnelobebs სi 

sistemaSi: 

faradeis ricxvi  F = 96 487 k. moli -1, 

avogadros ricxvi N = 6,0225 . 1023  moli -1, 

   plankis mudmiva   h = 6,625 . 10-34 j.wm,   

airebis universaluri mudmiva R = 8,3143 j. moli -1 grad -1 , 

                                       an -  1,98725 kal. moli -1 grad -1 , 

bolcmanis mudmiva  k = 1,38054. 10-23 j.KK-1  (j.grad -1), 

boris magnetoni β = 9,2732 . 10 -24 j.tl -1, 

2730 −= KC
TT    78,17

9
5

00 −=
FC

TT . 

 

 

 

 

 



 6 

 

I.  nivTierebis aRnagoba 

I.1.  kvanturi meqanikis ZiriTadi debulebebi 

 

bunebaSi araferia uwyveti, materia diskretulia, energiac 

diskretulia. ainStainma daamyara kavSiri masasa da energias Soris, E=mc2 

(I.1).  es bunebis fundamenturi kanonia da masisa da energiis erTianobas 

gamosaxavs. ganvixiloT am tolobis marTebuloba qimiuri reaqciisaTvis. 

imisaTvis, rom gamoiyos Δ E energia, masa Δm sididiT unda Seicvalos. Tu 

161092 ⋅=c  m/wm didi ricxvia,  E imdenad didi unda iyos, rom�c 2fardoba 

gaizomos Tanamedrove xelsawyoebiT. qimiuri reaqciis dros E 5105 ⋅=  

j/mol, �m 12
16

5
105,5

109
105 −⋅=

⋅
⋅

= kg anu Zalze mcire sididea. 

birTvuli procesebis dros protonisa da neitronis SeerTebiT (p+n)  

atombirTvi miiReba da didi raodenobiT energia gamoiyofa. masisa da 

energiis mudmivobis kanonis Tanaxmad, energia arc arafrisgan 

warmoiqmneba da arc ukvalod qreba. protonisa da neitronis saerTo masa 

(p+n) metia, vidre maTgan warmoqmnili atombirTvis masa – es movlena 

masis defeqtis saxeliTaa cnobili. gamoyofili energia miRebulia masis 

defeqtis Sedegad. erTi protonis da erTi neitronis SeerTebiT 

gamoiyofa 8,5 mev energia. (I.1) gantoleba rigiTi qimiuri reaqciisaTvis ar 

gamodgeba, magram igi marTebulia birTvuli procesebisaTvis. 

planki, swavlobda ra energiis ganawilebas sinaTlis xilul ubanSi, 

mivida im daskvnamde, rom sxivuri energia gamosxivdeba ara uwyvetad, 

rogorc iTvleboda klasikur meqanikaSi, aramed diskretulad,  kvantebis 

saxiT 

                                                  E=hv,    (I. 2)                                              

sadac E sxivuri energiaa; h-plankis mudmiva, h-6,625 .10 34 j/wm; v-sixSire. 

SemdgomSi kvanturi warmodgena gadatanil iqna yvela energetikul 

movlenaze, romelic dakavSirebulia eleqtronis rxevasTan da sxva 

periodul moZraobasTan. dabali sixSiris rxevisaTvis kvantis 

mniSvneloba mcirea, xolo winsvliTi moZraobisaTvis nulis tolia. 
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sinaTlis sxivebi avlenens talRur Tvisebebs gavrcelebis 

(interferencia, difraqcia), xolo korpuskulur Tvisebebs – 

gamosxivebisa da STanTqmis dros. es dualizmi (ormagi buneba) 

damaxasiaTebelia sxva elementaruli nawilakebisTvisac magaliTad, 

eleqtronisTvis.  XX saukunis dasawyisSi dadginda, rom mikronawilakebs, 

korpuskulur TvisebebTan erTad, aqvs talRuri Tvisebac. 

mikronawilakebis Tvisebebis dualizmi gamoisaxeba lui de-broilis mier 

dadgenili TanafardobiT 

     mV
h=λ ,                            (I.3) 

sadac λ talRis sigrZea; h- plankis mudmiva; mV - nawilakis impulsi - 

masisa da siCqaris namravli.                       

mikronawilakebis talRuri Tvisebebi gamoisaxeba imdenad mcire 

sigrZis talRiT, rom eqsperimentulad misi aRmoCena SeuZlebelia. 

amrigad, korpuskulur-talRuri dualizmi materiis zogadi Tvisebaa. 

yovelive zemoTqmulidan, nivTierebebis Semadgeneli mikronawilakebis 

energia, mdgomareoba, Sesabamisad, qimiuri bmis buneba da naerTis 

mdgomareoba aRiwereba kvanturi meqanikisa da kvanturi qimiis meSveobiT. 

 

 

I.2. haizenbergis ganuzRvrelobis principi 

 

klasikur meqanikaSi nawilakis moZrobis aRwerisaTvis mis 

koordinatebs iyeneben da maRali sizustiT SeiZleba viwinas-

warmetyveloT, Tu sad imyofeba igi mocemul momentSi. atomebis, 

eleqtronebisa da fotonebis eqsperimentulma Seswavlam gviCvena, rom am 

mikronawilakebis mdebareobis zusti gansazRvra koordinatebis 

meSveobiT ver xerxdeba. amis mizezia is, rom gazomva moqmedebs obieqtze 

da am dros icvleba sistemis mdgomareoba.  kvantur meqanikaSi 

erTdroulad nawilakis mdebareobisa da impulsis dadgenaKyovelTvis 

dakavSirebulia ganuzRvrelobasTan. haizenbergis ganuzRvrelobis 

principis  Tanaxmad, eleqtroni ar SeiZleba warmovidginoT rogorc 

nawilaki, romelic wertilidan wertilamde inacvlebs gansazRvruli 

impulsiT, unda vimsjeloT eleqtronis yofnis albaTobaze sivrcis 
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mocemul wertilSi. SeuZlebelia erTdroulad gaizomos 

mikronawilakebis siCqare VΔ  (an impulsi) da mdebareoba qΔ  

(koordinatebi) 

                   qΔ
m
h

V ≥Δ⋅ .                 (I. 4.)                           

mdebareobisa da siCqaris ganuzRvrelobis namravli ar SeiZleba iyos 

m
h

-ze naklebi. rac ufro zustadaa gansazRvruli nawilakis mdebareoba, 

miT ufro ganuzRvrelia misi siCqare da piriqiT. unda miviRoT rom 

eleqtroni erTdroulad warmoadgens nawilaksac da talRasac. 

   ganuzRvrelobis principi gamomdinareobs nivTierebis korpuskulur-

talRuri Tvisebebis erTobliobidan da gviCvenebs, rom mikronawilakTa 

moZraobis aRwerisaTvis klasikuri meqanikis kanonebi ar gamodgeba da 

kvantur meqanikas iyeneben.  

 

 

I.3. Sredingeris talRuri gantoleba 

 

  radgan mcire nawilakis zusti mdebareobis dadgena principulad 

SeuZlebelia, kvantur meqanikaSi saubroben nawilakis mdebareobis 

albaTobaze sivrcis garkveul moculobaSi, xolo gansazRvrul 

orbitalze misi moZraobis traeqtoriis nacvlad ixilaven orbitals. 

atomSi eleqtronis moZraoba Ψ talRuri funqciiT aRiwereba. 2Ψ  

funqciis kvadratis fizikuri azri gviCvenebs eleqtronis yofnis 

albaTobas eleqtronuli Rrublis  dv  moculobaSi. Ψ  talRur 

funqcias, eleqtronis U potenciur da E saerTo  energiebTan akavSirebs 

Sredingeris gantoleba: 

( ) 0
2

28
=+ Ψ−Ψ∇ UEh

mπ
,                   (I.5) 

sadac 2

2

2

2

2

2

zyx ∂
∂

∂
∂

∂
∂∇ ++=   laplasis operatoria. 
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Sredingeris  gantoleba aris meore rigis diferencialuri 

gantoleba, romelsac mravali amoxsna aqvs. 

wyalbadis atomisaTvis rogorc energiis diskretuli mniSvnelobebi 

(E), aseve talRuri funqciis saxe (Ψ ) ganisazRvreba kvanturi ricxvebiT 

( ,n  ,l m) da axasiaTeben orbitals.  

 

 

I.4. atomuri orbitalebi, kvanturi ricxvebi 

 

   orbitali aris sivrce atomgulis garSemo, sadac eleqtronis yofnis 

albaToba maqsimaluria. atombirTvTan axlos eleqtronebis simkvrive 

praqtikulad nulia. elqtronebi, romlebic erTsa da imave orbitalebze 

moZraoben, warmoqmnian eleqtronul Sreebs, romelTac energetikuli 

doneebi ewodeba. 

atomuri orbitalebi xasiaTdeba kvanturi ricxvebiT: 

 −n mTavari kvanturi ricxvi, misi meSveobiT xasiaTdeba eleqtronis 

energia 

         22

42
hn

meE π
−=  ,                        (I.6) 

sadac m eleqtronis masaa, −h plankis mudmiva, −e eleqtronis muxti, 

−n mTavari kvanturi ricxvi. n iRebs mniSvnelobas 1-dan ∞ -mde. gviCvenebs 

atomSi energetikuli doneebis ricxvs. l Tanauri an orbitaluri 

kvanturi ricxvi, gansazRvravs orbitalis formas sivrceSi iRebs  n-is 

tol mniSvnelobas da icvleba  ( −n 1 )-mde. 

 

n  e Oorbitalis 

aRniSvna 

1 0 s1  

2 0, 1 ps 2,2  

3 0, 1, 2 dps 3,3,3  

pirveli energetikuli donis eleqtrons aqvs erTi ( s ) formis 

orbitali, meore energetikuli donis eleqtronebs _ ori formis (s da 

p), mesame energetikuli donis eleqtronebs _ sami formis   (s ,p da d). 



 10 

 

 

nax. 1.  dps ,,  orbitalebis formebi 

 

eleqtronis eleqtromagnituri Tvisebebis dasaxasiaTeblad Semotanil 

iqna magnituri kvanturi ricxvi _ m, igi gansazRvravs orbitalis 

orientacias sivrceSi da iRebs mniSvnelobebs  – l - dan  + l - mde. 

rodesac 3=n  ,  2=l ;  m=-2,-1,0,+1,+,2. 

−s spinkvanturi ricxvi aRwers eleqtronis brunvas  sakuTari RerZis 

garSemo da iRebs mniSvnelobebs _1/2 +1/2. 

eleqtronTa ganawileba atomSi doneebsa da qvedoneebze emyareba 

Semdeg principebs: 

I. paulis principi; atomSi ar SeiZleba iyos ori eleqtroni, romelTc 

oTxive kvanturi ricxvi erTnairi eqneba. 

  UII. umciresi energiebis principi: atomSi eleqtronebi isea 

ganawilebuli, rom maTi energia minimaluria anu jer xdeba ufro 

dabali energetikuli donis Sevseba, Semdeg  SedarebiT maRali 

energetikuli donisa. radgan eleqtronebis energia n  da l  kvanturi 

ricxvebiT xasiaTdeba, amitom eleqtronebi jer im orbitalebze 
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moTavsdeba, romelTaTvisac  n  + l  ufro mcirea. magaliTad s4  

orbitalisaTvis  n  + l  404 =+= , xolo d3  orbitalisaTvis n  + l  = 

523 =+= , amitom eleqtronebi moTavsdeba jer s4  orbitalze, xolo 

Semdeg _ d3  orbitalze. 

   III. hundis wesi: mocemul qvedoneze spinkvanturi ricxvebis jami 

maqsimaluria. sawinaaRmdego spinis mqone eleqtronebi erTsa da imave 

orbitalze  oreleqtronian Rrubels warmoqmnis da maTi spinebis jami 

nulia. azotis  N  _ 322 21 spss  aRnagoba kvanturi ujredebiT  SeiZleba 

warmovidvinoT ornairad:  

P
S

n=2

 

_ spinkvanturi ricxvebis jami  1 1/2-ia. 

S
Pn=2

 

_ spinkvanturi ricxvebis jami  1/2-ia. 

 

    hundis wesis  Tanaxmad, azotis atomisaTvis pirveli Caweraa swori. 

kvanturi ricxvebi, paulis principi, umciresi energiebis principi da 

hundis wesi saSualebas gvaZlevs warmovidginoT rogoria atomis 

eleqtronuli aRnagoba. 

     

 

I.5. molekulis potenciuri energiis wiri. 

qimiuri bmis buneba 

 

qimiuri bma myardeba, rodesac atomTa erTmaneTTan miaxloebisas 

sruli energia minimums aRwevs. am movlenis axsnaSi dagvexmareba 

molekulis potenciuri energiis wiris (morzes wiris) ganxilva. vTqvaT, 

gvaqvs ori  atomi, maTi miaxloebisas moqmedebas iwyebs mizidulobis 

Zalebi da ori atomis sruli energia mcirdeba, Semdgomi miaxloebisas 

Tavs iCens ganzidvis Zalebi. 0r  manZilze isini wonaswordebian. 0r -s 

energiis minimumi Seesabameba. am dros warmoiqmneba molekula.Ooratomiani 

molekulis simtkice D sididiT xasiaTdeba da igi misi disociaciis 
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energiis (an bmis energiis) tolia. wyalbadisaTvis  74,00 =r Ǻ;   E = 436 

kj/moli. Mmolekulis warmoqmnisas mizidvisa da ganzidvis ZalTa 

tolqmedi nulis tolia. birTvebis urTierTganzidva kompensirdeba 

birTvebis mier eleqtronebis mizidviT. Ees Zala damokidebulia 

eleqtronTa mdebareobis albaTobaze atombirTvis garSemo arsebul 

sivrceSi. Qqimiuri bmis Tanamedrove kvantur-meqanikuri Teoriis 

safuZvels birTvebs Soris da birTvebsa da eleqtronebs Soris 

urTierTqmedebebi Seadgens. 

 

nax. 2. molekulis potenciuri energiis wiri 

 

nivTierebaTa Tvisebebi damokidebulia ara mxolod imaze, Tu ra saxis 

atomebisagan Sedgeba da rogoria maTi wyoba molekulaSi, aramed ra 

saxis qimiuri bmebiT arian dakavSirebuli erTmaneTTan. qimiur bma 

xorcieldeba savalento eleqtronebiT, aqvs eleqtruli buneba. 

asxvaveben bmis sam ZiriTad tips: kovalenturs, ionurs da liTonurs. 

bmis warmoqmnisas arsebiT rols eleqtrouaryofiToba asrulebs. I  

ionizaciis energiisa da E eleqtronisadmi swrafvis jams eleqtro-

uaryofiToba ewodeba. polingis mixedviT, maqsimaluri eleqtrouaryo-

fiToba aqvs fTors ( )4F  , xolo minimaluri _ ceziums Cs ( )7,0 . 

Kkovalenturi bma. eleqtronuli wyvilebiT damyarebul bmas 

kovalenturi  ewodeba. am dros xdeba eleqtronuli orbitalebis 

nawilobrivi gadafarva, rasac energiis gamoyofac axlavs. rac metia 

gadafarva, miT meti energia gamoiyofa da ufro mtkice bma miiReba. 
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rodesac ori erTnairi eleqtrouaryofiTobis mqone elementis atomebi 

warmoqmnian kovalentur bmas, miiReba arapolaruli bma. 

3322 ,,, PHNClHCl  molekulebSi eleqtronuli wyvili simetriulad  

nawildeba bmis warmomqmnel atomebs Soris (rodesac bmebi 

simetriuladaa ganlagebuli OCO == ). rodesac atomTa eleqtrouaryo-

fiTobebi mcired gansxvavdeba, miiReba-polarul kovalenturi bma. 

eleqtronuli wyvili gadaweulia ufro eleqtrouaryofiTi atomisaken 

,HCl  H2O, .3NH  kovalenturi bma warmoiqmneba donorul-aqceptoruli 

meqanizmiTac _ erTi atomi oreleqtroniani orbitalisa da meores 

Tavisufali orbitalis xarjze. 

N: : :

:H

H

H

H+ N: : :

:H

H

H

H

+

 

kovalenturi bma xasiaTdeba bmis sigrZiT, energiiT, gajerebulobiT 

da mimarTulebiT – rac naTlad vlindeba hibriduli orbitalebiT 

warmoqmnil bmebSi. 

ionuri bma.  ionuri bma  warmoiqmneba iseTi elementebis atomebs 

Soris romelTa eleqtrouaryofiTobebi Zlier gansxvavdeba. bmis warmo-

mqmneli atomebi miiswrafvian, raTa Seqmnan uaxloesi inertuli airis 

msgavsi dasrulebuli eleqtronuli garsebi. elementebi mcire eleqtro-

uaryofiTobiT gascemen eleqtronebs +→− MeeMe  da warmoqmnian dadebiT 

ionebs, xolo elementebi maRali eleqtrouaryofiTobiT ierTeben am 

eleqtronebs da warmoqmnian uaryofiT ionebs .−→+ HaleHal warmoqmnil 

ionebs Soris myardeba eleqtrostatikuri mizidva da warmoiqmneba 

ionuri bma:        

                          MeHalHalMe →+ −+  

ionur bmas mimarTuleba da najeroba ar axasiaTebs. is ganpirobebulia 

imiT, rom yvela ioni izidavs sawinaaRmdego niSnis mqone ions, nebismieri 

mimarTulebiT. ionTa urTierTqmedebas ar axlavs ZalTa velebis 

kompensacia, maT unari aqvT miizidon sawinaaRmdego niSnis ionebi sxva 

mimarTulebiTac. amis gamo, ionuri naerTebi myar kristalur mesers 

gvaZlevs. 
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atomebs Soris ionuri bma warmoiqmneba, Tu maT eleqtro-

uaryofiTobaTa Soris sxvaoba ( )XΔ   2 aRemateba. Tu 0=ΔX , bma arapola-

rulkovalenturia, danarCen SemTxvevaSi ki _ polarul kovalenturi. 

100%-iani ionuri bma ar arsebobs. polingma Seadgina cxrili, romelic 

saSualebas gvaZlevs gamovTvaloT nebismier naerTSi bmis onuri wili, 

Tu viciT naerTis warmomqmnel eleqtronebs Soris eleqtrouaryo-

fiTobaTa sxvaoba. 

atomTa eleqtrouaryofiTobebs Soris sxvaoba bmis ionur wilizea 

damokidebuli .  

                                                                                 

cxrili 3 

XΔ  ionuri bmis wili XΔ  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 

 

wyalbaduri bma aRiZvreba wyalbadis protonsa da Zlieri eleqtro- 

uaryofiTi elementis atoms Soris. igi SeiZleba iyos rogorc 

Sigamolekuluri (cilebi, nukleinis mJavebi), aseve molekulaTSorisi  

(wyali, forwyalbadi, spirtebi, karbonmJavebi). wyalbaduri bma gavlenas 

axdens nivTierebaTa Tvisebebze, agregatul mdgomareobaze, duRilis 

temperaturaze. 

 

 
H O

H

H O

H

...
 CH3 C

O

O H
CH3C

O

OH

...
...

 

liTonuri bma – warmoiqmneba liTonis ionebis mier 

ganzogadoebuli eleqtornebis mizidvis Sedegad.  liTonis dabali 

ionizaciis gamo, eleqtroni advilad kargavs kavSirs atombirTvTan, 
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ganzogaddeba, warmoqmnis e.w. eleqtronul gazs – Tavisufali eleqtro-

nebis erTobliobas.  liTonuri gisosis kvanZebSi moTavsebula arian da-

debiTi ionebi romelTa Soris moZraobs eleqtronuli gazi; ganzo-

gadebuli eleqtronebi ionebs akavSirebs.  liTonuri bma _ eleqtronuli 

bunebisaa. amiT igi emsgavseba ionur bmas, xolo kovalentur bmas 

emsgavseba eleqtronebis ganzogadebiT. kovalentur bmaSi saerToa ori 

mezobeli atomis eleqtronebi, xolo liTonur bmaSi yvela atomis 

eleqtroni.  

liTonuri bma xorcieldeba liTonebSi, SenadnobebSi, interliTonur 

naerTebSi. liTonuri bmiT aixsneba liTonTa siTbo da eleqtrogam-

taroba, liTonuri kriali, Wedadoba, glinvadoba, gawelvis unari, 

plastikuroba da sxva Tvisebebi. 

 

 

I.6. molekuluri orbitalebis Teoria 

 

 molekuluri orbitalebis Teoria molekulas ganixilavs rogorc 

erT mTlian nawilaks. iseve, rogorc atoms aqvs atomuri orbitalebi, 

molekulasac aqvs misTvis damaxasiaTebeli molekuluri orbitalebi.  

atomuri orbitalebi erTcentriania, molekuluri orbitalebi ki 

mravalcentriani. molekuluri orbitali warmoiqmneba Semadgeneli 

atomuri orbitalebis SekrebiT an gamoklebiT da maTi Sevseba (iseve 

rogorc atomSi) energiis zrdis Sesabamisad xdeba. 

 Tu gvaqvs  a da b  atomebi  aΨ  da bΨ  atomuri orbitalebiT, maTi  

wrfivi  kombinaciiT   miiReba   Ψ  molekuluri  orbitali.  aΨ + bΨ  = 

BΨ   atomuri orbitalebi ikribeba, rodesac a da b atomebis 

eleqtronebi didi drois ganmavlobaSia or birTvs Soris da amiT 

akavSirebs maT. BΨ  (Bonding- Sejameba) orbitals makavSirebeli orbitali 

ewodeba da σ asoTi aRiniSneba. 

aΨ - bΨ  = aΨ  atomuri orbitalebi erTmaneTs akldeba, rodesac 

eleqtronebis yofnis albaToba birTvebs Soris mcirea. eleqtronebi 

ufro Sors arian birTvebisagan, vidre izolirebul atomebSi iyvnen. 

Tavisufali atomebi ufro xelsayrel energetikul doneze arian, vidre 



 16 

molekulis saxiT SeerTebuli atomebi, amitom aΨ  orbitalze 

eleqtronebi ganapirobeben atomTa gaTiSvas, ris gamoc talRur funqcias 

aΨ  gamTiSveli orbitali ewodeba (antibonding) da σ* aRiniSneba.  

    atomuri orbitalidan makavSirebel molekulur orbitalze 

gadasvlisas energia mcirdeba. aseTi orbitali sistemas mdgradobas 

aniWebs. gamTiSvel orbitalze eleqtronebis gadasvlisas sistemis 

energia izreba, maSasadame, energetikulad ufro xelsayrelia 

eleqtronis atomSi darCena, vidre molekulaSi gamTiSvel orbitalze 

yofna. Atomuri orbitalidan molekulur orbitalze gadasvla SeiZleba 

energetikul diagramaze gamoisaxos. 

 
nax.3.  wyalbadis atomuri        

molekuluri orbitalebis               

energetikuli diagrama 

 

 

 

 

atomuri orbitalebis gadafarviT warmoqmnili molekuluri 

orbitalis energiis cvlileba damokidebulia imaze, Tu ramdenad 

gadaifara atomuri orbitalebi molekulaSi. gadafarvis didi are 

ganapirobebs energiaTa did cvlilebas, e.i. mtkice bmis warmoqmnas, susti 

gadafarva ki, mcire cvlilebas, e.i.  susti bmis warmoqmnas. 
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nax. 4. σ  makavSirebeli  da σ *gamTiSveli molekuluri orbitalebis   

          warmoqmnis sqema s atomuri orbitalebiT 

 

Tu s orbitalebis talRur funqciebs erTnairi niSnebi aqvs, miiReba 

dadebiTi gadafarva ( makσ ). sxvadasxva niSnis SemTxvevaSi ki _ uaryofiTi 

gadafarva (σ*gamT). 

        

nax. 5. σ makavSirebeli da σ* gamTiSveli molekuluri orbitalebis   

         warmoqmnis   sqema PX atomuri orbitalebiT 
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nax. 6. π makavSirebeli da π gamTiSveli molekuluri orbitalebis  

         warmoqmnis  sqema Pz  atomuri orbitalebiT 

 

   2H -is molekulis warmoqmnisas orive wyalbadatomis eleqtronebi 

molekulur orbitalze Tavsdeba sapirispiro spiniT, 2H  warmoiqmneba 

Semdegi sqemiT: 

( ) ]1[]1[]1[ 2
2

11 sHsHsH makσ→+ . 

orive s eleqtroni σ makavSirebel orbitalzea, xolo σ* gamTiSvel-

ze arc erTi eleqtroni ar aris.QEYUOPADFGHKLM 

+
2H -is warmoqmna Caiwereba sqemiT: 

( ) ]1[]1[]1[ 1
2

01 sHsHsH makσ→+ +  

erTatomiani bma mdgradobas aniWebs wyalbadis molekulur ions. 

+
2He diheliumis ionSi 3 s eleqtronia, ori maTgani Tavsdeba σ  makav-

Sirebel orbitalze, radgan mas ufro mcire energia Seesabameba, xolo 

mesame  σ* _ gamTiSvel   orbitalze  

[ ] [ ] ( ) ( ) ⎥⎦
⎤

⎢⎣
⎡→+ + 22

2
12 1111 ssHesHesHe *

gammak σσ . 

2He -is oTxi eleqtronidan ori makavSirebel orbitalzea, ori ki 

gamTiSvelze. es molekula mxolod agznebul mdgomareobaSi arsebobs, 

radgan gamTiSveli orbitali abaTilebs makavSirebels: 
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[ ] [ ] ( ) ( ) ⎥⎦
⎤

⎢⎣
⎡→+

22
2

22 1111 ssHesHesHe *
gammak σσ . 

imisaTvis, rom warmoiqmnas molekula, makavSirebeli orbitalebis 

ricxvi Tundac erTiT unda aRematebodes gamTiSvels. 

azotis molekulis warmoqmna SeiZleba gamovsaxoT sqemiT:  

[ ] [ ] ( ) ( ) ( ) ( ) ⎥⎦
⎤

⎢⎣
⎡→+

4222
2

322322 2222221221 pPssKKNpssNpssN makmakgammak πσσσ x
* . 

KKK  niSnavs, rom ( )21smakσ  da ( )2
1s*

gamσ  orbitalebi Sevsebulia; ( )42 pmakπ   

_ rom Sevsebulia γρπ 2  da  zp2π  orbitalebi, e.i. azotis molekulaSi  

6 p  eleqtroni ganlagebulia sam makavSirebel orbitalze, romlebic 

warmoqmnian erT σ  da or π bmas, e.i. sammag bmas. 2N  mdgradi molekulaa, 

radgan sam makavSirebel orbitals arc erTi gamTiSveli orbitali ar 

upirispirdeba. 

    Mmolekuluri orbitalebis Sevseba, atomuri orbitalebis msgavsad, 

eqvemdebareba umciresi energiebis princips. Aaqedan gamomdinare, meore 

periodis boloSi moTavsebuli elementebis molekulebis orbitalebi 

enrgiebis mixedviT Semdeg mwkrivSi ganlagdeba: 

σmak1s < σ*gamT1s < σmak2s < σ*gamT2s < σmak2px < πmak2py = πmak2pz < 

πgamT2py < πgamT2pz < σ*gamT 2px. 

molekulur orbitalze eleqtronebis ganawilebiT SeiZleba Sefasdes 

bmis energia, sigrZe da rigi.  makavSirebeli orbitalis SemTxvevaSi 

eleqtronuli simkvrive koncentrirebulia birTvebs Soris, rasac 

mosdevs molekulis mdgradobis zrda da birTvebs Soris manZilis 

Semcireba. Tu eleqtronebi gamTiSvel orbitalzea, maSinMeleqtronuli 

simkvrive koncentrirebulia birTvebs gareT da bmis energia mcirea, 

manZili ki birTvebs Soris izrdeba. MMN 

NNN 

                
+

2H       2H       
+

2He       2He  

m. o. makσ  1 s   

      

    +

gam
σ   1 s 
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bmis energia 2H -saTvis yvelaze didia ( 435
2

=HE kj/moli, 

344
2

=NE kj/moli) , 2He -saTvis yvelaze mcirea. birTvebs Soris manZili 

yvelaze mcirea   H-saTvis ( =2H 0,74Ǻ,  =2N 1,096Ǻ ).MMMMMMMM 

bmis rigi ganisazRvreba makavSirebeli da gamTiSveli eleqtronebis 

ricxvis naxevarsxvaobiT. 

rigi = (mkavSirebeli eleqtr. ricxvi _ gamTiSveli eleqtr. ricxvi) / 2 

5,02 =+H ;  12 =H ;   5,02 =+He ;   02 =He  . 

 

 

I.7. molekulis eleqtruli Tvisebebi 

 

molekulaSi bmis sigrZis, energiis uSualod gazomva SeuZlebelia. es 

xdeba mxolod arapirdapiri gziT. molekulis eleqtruli Tvisebebis 

kvleviT vadgenT masSi muxtis ganawilebas, rac, Tavis mxriv, 

ganapirobebs nivTierebis qimiur Tvisebebs, xsnadobas, molekulaTa Soris 

urTierTqmedebas, airTa gaTxevadebis unars, zedapirul daWimulobas da 

sxv.  molekulis eleqtruli Tvisebebi maTi polarobiT ganisazRvreba. 

molekulebi or tipad iyofa: polarulad da arapolarulad. rodesac 

molekulaSi dadebiTi da uaryofiTi muxtebis ,,simZimis centrebi” erT 

wertilSi imyofeba igi arapolarulia (a) ( 2H ; ;4CH  62HC ); rodesac 

dadebiTi da uaryofiTi muxtebis ,,simZimis centrebi” daSorebulia 

erTmaneTisagan ( )l  manZiliT molekula polarulia (b), mas aseve 

dipolsac uwodeben. 

 

  +
-

a 

b 

  

 dipoluri momenti polarobis sazomia, romelic muxtebis sididisa 

da maT Soris manZilis namravlis tolia: 

          le ⋅=μ  ,                              (I.7) 
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sadac e  eleqtronis muxtia, e = 19106,1 −⋅ kuloni; −l  manZili muxtebis 

simZimis centrebs Soris,   1010−=l metri. 291019 106,110106,1 −− ⋅=⋅−⋅=μ kul.m 

dipoluri momentis sazomi erTeulia  debai (D). 1D 301033564,3 −⋅= kulon 

metri. 

arapolaruli molekulebis dipoluri momenti nulis tolia, rac 

ufro didia misi  sidide, miT metia molekulis polaroba. dipoluri 

ganisazRvreba molekulaSi muxtis ganawileba, konformacia da izomeria, 

aseve maTi cvlileba temperaturis gavleniT. 

 

 

I.8. polarizacia 

 

 cvlilebas, romelsac molekulaSi gare eleqtruli veli iwvevs 

polarizacia ewodeba. es aris eleqtronebis an atomebis wanacvleba, 

aseve molekulebis orientacia, gamowveuli gare eleqtruli velis 

moqmedebiT. 

arsebobs orientaciuli Пor da deformaciuli Пdef polarizacia; 

Tavis mxriv, deformaciuli Пdef polarizacia SeiZleba iyos atomuri 

Пat, eleqtronuli Пel da zogjer ionuri П ion 

П = Пor+ Пdef = Пor + Пat + Пel + П ion        (I.8)   

orientaciuli polarizacia ganpirobebulia eleqtrul velSi 

molekulebis orientaciiT. igi mxolod polaruli molekulebisTvisaa 

damaxasiaTebeli da damokidebulia temperaturaze. 

deformaciuli  polarizacia damaxasiaTebelia rogorc polaruli, 

aseve arapolaruli molekulebisaTvis da ar aris damokidebuli 

temperaturaze. 

atomuri  polarizacia gamowveulia molekulaSi atomTa wanacvlebiT; 

igi molekulaSi eleqtronuli simkvrivis arasimetriuli ganawilebiTaa 

ganpirobebuli. 

eleqtronuli polarizacia gamowveulia eleqtronebis wanacvlebiT 

atombirTvis mimarT. 
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ionuri polarizacia damaxasiaTebelia mxolod ionuri 

kristalebisaTvis da gamowveulia sxvadasxva muxtis mqone ionebis 

wanacvlebiT wonasworobis mdgomareobidan urTierTsawinaaRmdego 

mimarTulebiT. 

molekulis polarizacia ganisazRvreba nivTierebis polarizebadobiT 

α , romelic gviCvenebs molekulis eleqtruli muxtis deformaciis 

unars gare velis gavleniT. 

  Eμα = .                            (I.9)                               

sadac  μ  dipoluri momentia,  E _ gare eleqtruli velis daZabuloba.    

    polarizebadoba aditiuri sididea      

   elator αααα ++= .                 (I.10) 

sruli polarizebadoba dakavSirebulia dieleqtrikul 

SeRwevadobasTan ε . debais formulis Tanaxmad: 

      απ
ρε

ε NM
3

4
2
1

=⋅
+
−

=Π ,              (I.11) 

sadac N avogadros ricxvia, M -molekuluri wona, ρ - simkvrive. 

nivTierebaSi xiluli sinaTlis gavlisas aRZrul polarizacias,  

refraqcia ewodeba. xiluli sinaTlis talRis sixSire didia, amitom 

atomebi da molekulebi ver aswrebs gadanacvlebas da ara aqvs adgili 

atomur da orientaciul polarizacias. 

maqsvelis eleqtromagnituri Teoriis Tanaxmad, dieleqtrikuli 

SeRwevadoba (ε ) gardatexis maCveneblis kvadratis  ( 2n ) tolia. 

vakuumSi eleqtromagnituri gamosxivebis siCqaris Sefardebas mocemul 

areSi gamosxivebis siCqaresTan gardatexis maCvenebeli ( n ) ewodeba. (1.10) 

da (1.11)-e gantolebebidan miiReba lorenc-lorencis formula: 

      Пel 
ρ
M

n
n

⋅
+
−

=
2
1

2

2

 .                      (I.12) 

eleqtronul polarizacias moluri refraqcia ewodeba 

               Rmol ρ
M

n
n

⋅
+
−

=
2
1

2

2

l  .                 (I.13) 

refraqcia aditiuri sididea:  

                    ∑∑ += bmebatmol nRnRR .     (I.14)                                   

garda moluri refraqciisa, arsebobs kuTri refraqciac 
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            =r
ρ
1

2
1

2

2

⋅
+
−

n
n

 .                       (I.15) 

refraqcia nivTierebis aRnagobis kvlevis erT-erTi fizikur-qimiuri 

meTodia. misi saSualebiT SeiZleba ganisazRvros molekulis struqtura, 

nivTierebis eleqtronuli polarizacia, dipoluri momenti, 

polarizebadoba, molekulis zomebi, qimiuri bmis buneba, tautomerul 

narevebSi sxvadasxva formaTa raodenobrivi Sedgeniloba da sxv. 

  

 

I.9.  van-der-vaalsis Zalebi 

 

sxvadasxva fizikuri procesi _ airebis, orTqlis kondensacia, 

adsorbcia, nivTierebaTa gaxsna, SekumSva, gafarToeba mimdinareobs 

molekuluri Zalebis moqmedebiT. maT van-der-vaalsis urTierTqmedebis 

Zalebs uwodeben. van-der-vaalsis urTierTqmedebis energia aTeuljer 

naklebia qimiuri bmis energiaze;              

molekulaTSorisi Zalebi sami saxis urTierTqmedebas moicavs: 

1. mudmivi dipolebis urTierTqmedebis (dipol-dipoluri 

orientaciuli mizidva) energia gamoiTvleba gantolebiT:                

kTr
E 1

3
2

6

2
2

2
1 ⋅⋅−=

μμ
or ,                          (I.16) 

sadac 1μ  da 2μ  urTierTqmedi molekulebis dipoluri momentebia, r  - maT 

Soris manZili, k  - bolcmanis mudmiva, T - absoluturi temperatura. 

minus niSani aRniSnavs molekulebis urTierTmizidvas. am 

urTierTqmedebas 

orientaciuls an eleqtrostatikurs uwodeben. 

2. polaruli da arapolaruli molekulebis urTierTqmedebis dros 

arapolaruli molekula polaruli molekulis gavleniT polarizdeba, 

e.i. inducirebul dipolad iqceva da adgili aqvs inducirebul 

(polarizaciul) mizidvas, romlis energia Semdegnairad gamoiTvleba: 

            6

22
r

E αμ
−=ind ,                          (I.17) 

sadac μ  polaruli molekulis dipoluri momentia, α  - arapolaruli 

molekulis polarizaciis unari. 
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3. arapolaruli molekulebis urTierTqmedeba (dispersiuli mizidva 

anu londonis Zalebi). arapolaruli molekulis dadebiTi da uaryofiTi 

muxtebis simZimis centrebi Tanxvdenilia; eleqtronebis brunvis 

procesSi molekulis SigniT muxtis ganawileba arasimetriulia da 

drois umcires monakveTSi arapolaruli molekula polaruli xdeba – 

igi myisier dipolad iqceva. es dipolebi urTierTqmedeben dispersiuli 

ZalebiT, romelTa energia Semdegi formuliT gamoiTvleba: 

       06

2

4
3 I

r
E α

−=disp ,                         (I.18) 

sadac α  polarizaciis unaria, 0I -ionizaciis potencialze damokidebuli 

sidide, 
21

21
0 II

III
+
⋅

= . 

     ionizaciis potenciali izomeba im energiiT, romelic saWiroa 

Tavisufali atomidan eleqtronis mosawyvetad. 

amrigad, molekulaTaSorisi mizidvis sruli energia  

   disindormiz EEEE ++= ;                          (I.19) 

molekulebs Soris moqmedeben ganzidvis Zalebic 

         
12r
mE =ganz ;                               (I.20) 

molekulaTaSorisi urTierTqmedebis sruli energia gamoisaxeba 

tolobiT:  

              126 r
m

r
nE +−=  .                             (I.21) 

van-der-vaalsis Zalebi atomebs akavSirebs fsevdomolekulebis saxiT,  

mag., ;HeMg ;NeHg  ;NeH  ;ArH  ;2Hg  ;2Cd   ;2Zn  ( )22O  da sxv. 

 

 

I.10. gamosxivebis da STanTqmis speqtrebi 

 

speqtrometria kvlevisa da analizis meTodia, romelic emyareba 

eleqtromagnituri gamosxivebis optikur ubanSi STanTqmisa da 

gamosxivebis speqtrebis gazomvas. Sesaswavli sistemis tipis mixedviT 

arCeven atomur da molekulur speqtroskopias. 
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nivTierebis speqtri ganpirobebulia misi molekulebisa da atomebis 

energetikuli mdgomareobebiT. Tavis mxriv, energetikuli mdgomareoba 

xasiaTdeba atomebisa da molekulebis eleqtronuli garsebis TvisebebiT, 

atombirTvebis rxeviT molekulaSi da molekulebis brunviT. 

Mmolekuluri (atomuri) speqtris Cawera emyareba Semdeg 

kanonzomierebas: molekula (atomi) STanTqavs eleqtromagnituri 

gamosxivebis mxolod im sididis talRas, romelic SeuZlia gamoasxivos. 

eleqtromagnituri gamosxivebis STanTqmiT xdeba molekulis (atomis) 

agzneba, ufro maRal energetikul doneze gadasvla. STanTqmuli energia 

mxolod drois mcire monakveTSi (10-3 _ 10-8 wm) rCeba molekulaSi 

(atomSi), Semdeg xdeba misi gamosxiveba.  

Tu sinaTlis wyaros ganmuxtvis milaki warmoadgens, romelSic 

romelime elementi airad mdgomareobaSia, miiReba speqtri, romelic Sav 

fonze sxvadasxva feris xazebisagan Sedgeba. Ees gamosxivebis atomuri 

speqtria. igi mdebareobs speqtris xilul, infrawiTel an ultraiisfer 

ubanSi.  

Ggamosxivebis speqtri Sedgeba ramdenime jgufisagan, seriisagan  

(xazebisagan), romelTac aRmomCeni avtoris saxeli aqvs. serias, romelic   

imyofeba speqtris xilul ubanSi balmeris serias uwodeben, infrawiTel 

_ ubanSi paSenis, ultraiisfer ubanSi _ laimanis serias. Yyovel seriaSi 

intervali sixSireebs Soris mcirdeba maRali sixSiris ubnisaken da 

bolos xazebi erTmaneTs erwymis, warmoqmnis uwyvet speqtrs.          

 

  speqtruli xazebis sixSire  

             ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−= 2

2
2
1

11
nn

CRν ,                      (I.22) 

sadac ν  sixSirea, C - sinaTlis siCqare, 1n  da 2n  - mTeli ricxvebi, R -  

ridbergis mudmiva.  
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molekulas gaaCnia brunviTi, rxeviTi da eleqtronebis moZraobebis 

energia 

elrxbrelrxbr ννν hhhEEE :::: =    (1.23) 

=elrxbr ννν :: 1 : 100 : 1000 

molekulis asagznebad saWiroa Sesabamisi kvanti. rxeviTi, brunviTi da 

eleqtronuli sixSireebi Tavsdeba speqtris sxvadasxva ubanSi. νbr- 

Soreul infrawiTel da mikrotalRur ubanSi, rxν  - mokletalRur 

infrawiTel da xilul ubanSi, elν - xilul da ultraiisfer ubanSi. 

Uuwyveti speqtris mqone sxivTa konis gatarebisas sakvlevi 

nivTierebis fenaSi, ukanaskneli STanTqavs garkveuli sigrZis talRas da 

am adgilebSi Cndeba Savi xazebi. molekulis mier STanTqmuli sxivis 

speqtruli SedgenilobiT SeiZleba vimsjeloT am molekulis bunebaze. 

Yyvela sufTa nivTierebas gaaCnia misTvis damaxasiaTebeli STanTqmis 

speqtri ( ν - sixSiriT da λ - talRis sigrZiT) romlis saSualebiTac 

SeiZleba ganvsazRvroT atomebs Soris bmis energia, molekulis 

disociaciis energia, Tavisufali radikalebis arseboba, molekulis 

struqtura, koncentracia. raodenobiTi speqtruli analizi emyareba 

STanTqmuli energiis sididis damokidebulebas mSTanTqmeli 

molekulebis ricxvze, rasac gamosaxavs lambert-beris kanoni:   

                  KCdx
I

dI
−=          (I.24)                                        

sadac I sinaTlis intensiuroba, anu fotonebis ricxvia sm2/wm-Si, dI -

intensiurobis cvlileba C koncentraciis xsnaris Txel dx  fenaSi 

sinaTlis gavlisas. 

ufro mosaxerxebelia am gantolebis logariTmuli formiT 

sargebloba: 

       cdD
I
I ε==0lg                          (1.25) 

sadac I0 dacemuli sxivis intensiurobaa, I - sxivis intensiuroba xsnarSi 

gavlis Semdeg, d - fenis sisqe, ε  - erTeuli sigrZis kiuvetSi moTavse-

buli erTeuli koncentraciis mqone xsnaris ortikuri sikvrive (l/moli). 
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mas eqstinqciis koeficientsac uwodeben. D - optikuri simkvrivea. I / Io 

fardobas  gamtarobas uwodeben, icvleba  0-dan 1-mde (an 0 _ 100%).  

lambert-beris kanoni marTebulia, nebismieri sisqis fenisaTvis, Tu 

dacemuli sxivi monoqromatulia anu xasiaTdeba erTi garkveuli rxevis 

sixSiriT, aseve Tu gaxsnili nivTiereba molekulis saxiTaa da ar 

ganicdis asociacias an disociacias. 

Nnebismieri nivTierebis speqtri warmoadgens grafiks, sadac abscisTa 

RerZze gadazomilia talRis sigrZe, xolo ordinatze _ gamtaroba, 

STanTqmis intensiuroba an optikuri simkvrive. gamosxivebisa da 

STanTqmis speqtrze dakvirvebisaTvis iyeneben specialur xelsawyoebs – 

speqtrometrebs. 

 

 

I.11.   infrawiTeli speqtroskopia 

 

molekulis speqtri bevrad ufro rTulia, vidre atomisa da ara 

mxolod imitom, rom molekula ori da meti atomisagan Sedgeba, aramed 

imitomac, rom molekulur speqtrSi, garda eleqtronuli sixSirisa, aris 

rxeviTi da brunviTi sixSireebi. rxeviTi sixSire gvaZlevs speqtrs axlo 

infrawiTel ubanSi, xolo brunviTi sixSire _ Soreul infrawiTel 

ubanSi.  molekuluri speqtri Sedgeba zolebisagan, atomuri _ calkeuli 

xazebisagan. 

speqtris misaRebad saWiroa molekulis agzneba energiis STanTqmiT:  

             EhE ′=+ ν  .                          (I.26) 

STanTqmuli energia iwvevs molekulis rxeviTi da brunviTi energiebis 

zrdas, rac fiqsirdeba infrawiTeli (iw) speqtris saxiT. molekulis 

rxeviTi energia  

        02
1 νhVE ⎟

⎠
⎞

⎜
⎝
⎛ +=rx ,                         (I.27) 

sadac V rxeviTi kvanturi ricxvia V  = 0, 1, 2, 3, 4 . . .  

brunviTi energia  

                          )1(
8 2

2

+= II
i

hE
πbr ,                (I.28)                      
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sadac I brunviTi moZraobis kvanturi ricxvia, I = 0, 1, 2, 3, 4 . . ., 1±=ΔI ,    

i  - molekulis inerciis momenti. 

izolirebuli molekulis yoveli rxeviTi mdgomareoba xasiaTdeba 

Sesabamisi brunviTi qvedoneebis sistemiT. ganvixiloT ori rxeviTi da 

maTi Sesabamisi brunviTi doneebisagan Semdgari sistema. Mme-7naxazze 

mocemulia zolebi, romlebic miiReba molekulis brunviT-rxeviTi 

moZraobis Sedegad. eleqtromagnituri energiis STanTqmiT molekula 

gadadis ufro maRal rxeviT doneze (V=0-dan V=1-ze) da brunviT 

qvedoneze ( 1±=ΔI ), rodesac 1+=ΔI  warmoiqmneba e.w. R Sto, romelic 

mdebareobs zolis centridan ufro maRali sixSiris ubanSi, rodesac  

1−=ΔI , miiReba brunviT-rxeviTi zolis P Sto, zolis centridan ufro 

dabali sixSiris ubanSi. 

kondensirebul areSi rxeviTi zolebis brunviTi struqtura ar 

warmoiqmneba, am dros mxolod erTi zoli daikvirveba, romelic sufTa 

rxeviT gadasvlas Seesabameba. oratomiani molekulisaTvis miiReba erTi 

sixSiris zoli, romelsac axlavs gaormagebuli, gasammagebuli da a.S. 

sixSiris rxeva-obertonebi, romelTa intensiuroba TandaTan mcirdeba. 

mravalatomiani molekulis speqtri gacilebiT ufro rTulia, vidre 

oratomianisa. SesaZlo rxevebis ricxvi molekulaSi atomTa ricxvis 

matebasTan erTad swrafad izrdeba. molekulas, romelic N  atomisagan 

Sedgeba, ZiriTadi rxevis gansazRvruli ricxvi gaaCnia, arawrfivi 

molekulisaTvis ( 63 −N ), xolo wrfivisaTvis  _ ( 53 −N ). 
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Nnax.7. doneebis sqema, romelic xsnis brunviT-rxeviTi speqtris warmoqmnas 

 

     iw-speqtroskopia fizikur-qimiuri kvlevis erT-erTi 

umniSvnelovanesi meTodia. igi moiTxovs speqtrebis kanonzomierebebis 

codnas. pirvel rigSi es xorcieldeba speqtris zolebis sixSireebis da 

intensiurobis dadgeniT, maTi mikuTvnebiT molekulis garkveul 

struqturul fragmentebTan. 

iw-speqtrebis fiqsireba xdeba infrawiTeli speqtrometriT, romlis 

gamosxivebis wyaroa eleqtruli deniT gaxurebuli milaki, xolo 

deteqtori Termowyvili, romelic siTbur energias gardaqmnis eleqtrul 

denad, radgan mina da kvarci STanTqavs infrawiTel gamosxivebas, 

kiuvetebi, sarke da prizma mzaddeba NaCl -is an KCl -is didi zomis 

kristalebisagan. sakvlevi nivTiereba SeiZleba iyos nebismier agregatul 

mdgomareobaSi. Camweris meSveobiT xdeba speqtris registrireba. 

infrawiTeli speqtrebis katalogsa da cnobarebSi mocemulia mravali 
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naerTisaTvis damaxasiaTebeli STanTqmis zolebis sixSireebi, romelTa 

saSualebiT xdeba Sesabamisi naerTis identifikacia. 

infrawiTeli speqtrebis gamoyenebis diapazoni farToa, maTi 

daxmarebiT SeiZleba CavataroT raodenobiTi da TvisebiTi analizi, 

movaxdinoT struqturuli jgufebis identifikacia, Siga da 

molekulaTSorisi urTierTqmedebis Seswavla, qimiuri bmebis 

daxasiaTeba, molekulebis disociaciis energiis da konfiguraciis 

dadgena, reaqciis kinetikis Seswavla. organuli naerTebis kvlevaSi 

gansakuTrebuli wvlili infrawiTel speqtroskopias miuZRvis. TiTqmis 

yvela funqciuri jgufisaTvis damaxasiaTebeli STanTqmis zoli 

identificirebulia. infrawiTeli speqtroskopiiT xdeba pesticidebis, 

vitaminebis, kvebis produqtebis, saRebavebis, mcenareuli da sakvebi 

nedleulis gadamuSavebis produqtebis Seswavla. 

 

 

I.12. kombinaciuri gabnevis speqtri 

 

kombinaciuri gabnevis movlena aRmoaCines ramanma indoeTSi 1928 w. da 

imave wels landsbergma da mandelStamma _ moskovSi, kombinaciuri 

gabnevis speqtrs raman speqtrsac uwodeben.   

kombinaciuri gabnevis speqtris Semswavlel xelsawyoSi gamosxivebis 

wyaro vercxliswylis naTuraa, iZleva ramdenime intensiur xilul xazs. 

gamosxivebis speqtridan sinaTlis filtriT ,,amoiWreba” garkveuli 

sixSiris monoqromatuli sxivi, romelic sakvlev nivTierebas ecema. 

gabneul sxivSi aRmoCnda ara marto sinaTlis wyaros speqtruli xazebi, 

aramed gansxvavebuli sixSiris xazebic, romelTac kombinaciuri gabnevis 

xazebi ewodeba, xolo TviT movlenas – kombinaciuri gabneva. 

Tu dacemuli sxivis sixSire gabneuli sxivis sixSiris tolia, aseT 

gabnevas releis gabneva ewodeba, romlis meSveobiT aixsneba mravali 

optikuri movlena, maT Soris cis laJvardi. 

ganvixiloT rogor miiReba kombinaciuri gabnevis speqtri. sakvlev 

nivTierebaze dacemuli sinaTlis 0νh  kvanti energiis nawils gadascems 

ganmbnevi garemos molekulebs, ris Sedegadac 0E  energetikul doneze 
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myofi molekula gadava ufro maRal E2 energetikul doneze 002 νhEE += ; 

roca agznebuli molekula 2E  energetikuli donidan ufro 1E dabal  

energetikul doneze gadava, igi gamoasxivebs STanTqmulze nakleb 1νh  

kvants. ,112 νhEE +=        ;1100 νν hEhE +=+  ωνν hhhEE =−=− 1001  

         ωνν hhh −= 01 ,                                  (I.29) 

sadac ω  atomgulebis rxevis sixSirea molekulaSi. Sedegad miiReba 

stoqsis xazi, romlis 1ν  sixSire naklebia 0ν ZiriTad sixSireze; Tu 1E  

energetikul doneze myofi molekula STanTqavs 0νh dacemuli sinaTlis 

kvants, misi energia gaizrdeba, 013 νhEE += ;  3E  energiis mqone molekula 

0E  doneze gadasvlisas gamoasxivebs νh  energiis kvants, romelic, 

ZiriTadad, 0νh  kvantze metia, ;03 νhEE +=  01 νhE + ;0 νhE +=   

ωνν hhhEE =−=− 001 ;  

          ωνν hhh += 0  .                            (I.30) 

amrigad, speqtrSi Cndeba ZiriTad  0ν  sixSireze meti ν sixSiris mqone  

– antistoqsis xazi. speqtrSi ZiriTadi sixSiris ( 0ν ) orive mxares ων −0  

stoqsis da ων +0  antistoqsis xazebi simetriulad ganlagdeba, mogvcemen 

ra kombinaciuri gabnevis speqtrs. vinaidan antistoqsis xazebi aRiZvreba 

maRal energetikul doneze myofi molekulis agznebiT, maTi 

intensiuroba stoqsis xazebTan SedarebiT mcirea. 

kombinaciuri gabnevis speqtris SeswavliT SeiZleba molekulis 

sxvadasxva Semadgeneli nawilebis, radikalebis rxevis da brunvis 

sixSireebis gansazRvra, wyalbaduri bmis, qimiuri bmis sigrZis da masze 

Sigamolekuluri urTierTqmedebis gavlenis, ionizaciis, konformaciis, 

tautomeriis dadgena, qimiuri wonasworobis Seswavla, TvisebiTi da 

raodenobiTi analizis Catareba. sakvlevi obieqti SeiZleba iyos rogorc 

ufero, ise Seferili, agreTve sxvadasxva agregatul mdgomareobaSi 

myofi naerTebi – airebi, siTxeebi, kristaluri da amorfuli sxeulebi. 

garda amisa, kombinaciuri gabnevis speqtri saSualebas gvaZlevs 

SeviswavloT wyalxsnarebi da iseTi obieqtebi, romlebic Zlier 

STanTqaven iw gamosxivebas. 
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I.13. eleqtronuli paramagnituri rezonansi 

 

eleqtronuli paramagnituri rezonansi (epr) yvelaze mgrZnobiare da 

mosaxerxebeli meTodia rogorc stabiluri Tavisufali radikalebis, 

aseve aramdgradi aqtiuri radikalebis Sesaswavlad. epr-is erT-erTi 

upiratesoba is aris, rom SeiZleba movaxdinoT radikalis tipis 

identifikacia speqtrebis parametrebis mixedviT, agreTve sakvlevi 

nimuSis da etalonis speqtrebis SedarebiT SeiZleba davadginoT 

paramagnituri nawilakebis raodenobrivi cvlileba. 

epr emyareba magnitur velTan gauwyvilebeli eleqtronis 

urTierTqmedebas. Tu paramagnitur nivTierebas movaTavsebT mudmiv 

magnitur velSi, gauwyvilebeli eleqtronebi magnituri velis 

paralelurad an antiparalelurad moTavsdeba da maT gansxvavebulo 

energiebi eqneba. normalur temperaturaze ramdenadme meti eleqtroni 

iqneba dabal energetikul doneze (temperaturis SemcirebiT eleqtronTa 

ricxvi dabal energetikul doneze izrdeba). am ori energetikuli donis 

energiebs Soris sxvaobaa:   

0HgE β=Δ                        (I.31) 

sadac g  speqtroskopuli gaxleCis faqtoria, Tavisufali eleqtrone-

bisaTvis g =2,0023, −β boris magnetoni, −0H  mudmivi magnituri velis 

daZabuloba. 

Tu sistemas damatebiT movdebT H daZabulobis mqone cvlad magnitur 

vels, eleqtronebis orientacia Seicvleba, moxdeba maTi gadanacvleba 

qveda da zeda doneebs Soris. radgan qveda doneze eleqtronebis ricxvi 

metia, vidre zedaze gadasvlebis ricxvi qveda donidan aRemateba 

ukugadasvlebis ricxvs da mimdinareobs eleqtromagnituri velis 

energiis, 0Hgh βν =  (ν  eleqtromagnituri veils sixSirea), rezonansuli 

STanTqma, rac radiospeqtrometriT registrirdeba, epr speqtris saxiT, 

oscilografis ekranze an TviTCamwerze. igi warmoadgens 

maRalsixSiriani eleqtromagnituri velis energiis STanTqmis mruds. 

STanTqma maqsimaluria, rodesac daculia piroba 0HH = , e.i. adgili aqvs 

rezonansis movlenas. 
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garda gare magnituri velisa, eleqtronebze gavlenas axdens iseTi 

mezobeli atombirTvebis magnituri veli, romelTac magnituri momenti 

gaaCniaT: ,H ,D ,13C N14 , ,17O Cl35  da sxv. speqtris xasiaTi damokidebulia ara 

mxolod gare faqtorebze, aramed birTvebis magnitur Tvisebebze, 

romlebic gauwyvilebeli eleqtronis garSemo imyofeba. 

        

                 nax. 8. Tavisufali eleqtronis epr speqtri 

 

ganvixiloT umartivesi SemTxveva – wyalbadis birTvis urTierTqmedeba 

magnitur velSi, romlis daZabulobaa H ′ . spinis mniSvnelobis Tanaxmad, 

wyalbadis birTvis magnituri velis orientacia orgvaria: paraleluri 

da antiparaleluri, magnituri velis mimarT. Tu wyalbadis birTvis 

      
                          nax. 9. wyalbadis atomis epr speqtri 
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magnituri velis daZabulobaa a , erT SemTxvevaSi igi emateba gare 

magnitur vels, H ′+ a , xolo meoreSi akldeba, H ′ -a . Sesabamisad, 

eleqtroni erTdroulad ganicdis magnituri velis urTierTqmedebas, 

romelsac aqvs H ′+ a  da H ′ -a  daZabuloba, rasac mivyavarT STanTqmis 

ori xazis gaCenasTan, romlebic simetriulaa ganlagebuli Tavisufali 

eleqtronis STanTqmis speqtris signalis mimarT. Tu gauwyvilebeli 

eleqtroni spinebiT urTierTqmedebs or birTvTan,½ suraTi rTuldeba. 

gare velsa da birTvebis magnitur vels   Soris   SesaZlebelia   4  

kombinacia: aaH ++′  (1),     aaH −+′  (II),  aaH +−′  (III),  aaH −−′  (IV). II 

da III erTnairia. Ee.i. STanTqmis speqtri Sedgeba sami pikisagan, sadac 

centraluri piki farTobiT orjer metia, vidre mezobeli. 

    zogadad, rodesac gauwyvilebeli eleqtroni urTierTqmedebs n  

birTvTan I  spiniT, pikebis ricxvi speqtrSi 12 +nI  tolia. 

           

            nax.10.   gauwyvilebeli eleqtronis or simetriulad 

              ganlagebul protonTan urTierTqmedebis epr speqtri 

 
 
 
 

1.14  kristalis agebulebis Seswavla 
rentgenostruqturuli analiziT 

 
amorfuli sxeulis (sadac atomebi uwesrigodaa ganlagebuli) 

rentgenis sxivebiT gaSuqebisas miviRebT  yovelmxriv gabnevas; xolo 

kristalSi, sadac atomebi geometriuli kanonzomierebiTaa ganlagebuli, 
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rentgenis sxivebi irekleba paralelur sibrtyeebze ganlagebuli 

atomebiT da difraqciuli suraTi miiReba.  

rentgenis sxivis dacemis kuTxe, romlis drosac xdeba arekvla, 

damokidebulia dacemuli sxivis talRis sigrZeze, es piroba gamoisaxeba 

gantolebiT: 

           ϕλ sin2dn =  ,                              (I.32) 

sadac d  manZilia sibrtyeebs Soris, romelzec atomebia ganlagebuli, 

−ϕ dacemuli sxivis kuTxe, −λ dacemuli sxivis talRis sigrZe, −n mTeli 

ricxvi - 1, 2, 3 . . . . 

talRuri TeoriiT arekvla moxdeba, rodesac PR  da RP ′′  ori sxivis 

mier gavlili manZilis sxvaoba ( onom + ) udris λ  an λn  talRis sigrZes. 

Rogorc me-12 naxazidan Cans, ϕsindom = ,  radgan ,onom =  maTi jami 

onom + = ϕsin2d . Aamrigad, λn = ϕsin2d . es vulf-bregis pirobaa. miRebuli 

formula safuZvlad udevs kristalTa aRnagobis rentgenostruqturul 

analizs. 

 

      
                   nax. 11. kristalidan rentgenis sxivebis arekvla 

 

vulf-bregis pirobis safuZvelze SemuSavebul iqna mbrunavi 

kristalis rentgenografiis meTodi, romlis drosac kristals aSuqeben 

monoqromatuli rentgenis sxiviT, igi asrulebs brunviT moZraobas da am 

dros xdeba fotografireba. 
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rentgenis sxivebis difraqciuli suraTi saSualebas gvaZlevs 

davadginoT atomTSorisi urTierTqmedebis Zalebi, amorfuli 

sxeulebisaTvis Siga da molekulaTSorisi struqtura, polikristalebSi 

kristaluri gisosis aRnagoba, misTvis damaxasiaTebeli darRvevebi, 

radgan myar sxeulSi arsebuli forebi rentgenis sxivebis 

aradifraqciul gabnevas gvaZlevs. 

 

 

II. qimiuri Termodinamika 

 

Termodinamika  Seiswavlis energiis erTi formidan meoreSi 

gardaqmnas, energiis efeqtur gamoyenebas, mis sasargeblo muSaobad 

gardaqmnis mizniT. Termodinamika berZnuli sityvaa, Sedgeba Termo - 

siTbo da dinamos – Zala, simZlavre. klasikuri Termodinamika 

Seiswavlis energias da muSaobas makroskopul sistemaSi, is ixilavs 

mTeli sistemis iseT zogad Tvisebebs, rogoricaa wneva, moculoba da 

temperatura. igi ar ganixilavs individualur nawilakebs, maT moZraobas, 

maTze moqmed Zalebs da nawilakebis erTmaneTTan urTierTqmedebas. 

nawilakTa didi ricxvis energetikuli kanonzomierebis Seswavla 

statistikuri Termodinamikis amocanaa. Termodinamikis es nawili iyenebs 

statistikis kanonebs mikroskopuli nawilakebisaTvis, romlisganac 

Sedgeba makroskopuli sistema. Termodinamika eyrdnoba cdis monacemebs 

da amiTaa ganpirobebuli misi dadebiTi da uaryofiTi mxareebi. 

qimiuri Termodinamika Seiswavlis energiis gardaqmnas qimiuri 

reaqciebis dros da qimiuri sistemis unars Seasrulos sasargeblo 

muSaoba. qimiuri Termodinamikis saSualebiT SeiZleba gavigoT, 

warimarTeba Tu ara reaqcia, sadamde warimarTeba da miaRwevs Tu ara 

wonasworul mdgomareobas, aseve ganvsazRvroT qimiuri procesis 

energetikuli balansi. 

qimiuri Termodinamika eyrdnoba postulatebs, romelTa saSualebiT 

SeiZleba davadginoT Semdegi: 

1. SesaZlebelia Tu ara procesis mimdinareoba ama Tu im mimarTulebiT; 

2. rogoria procesis mimdinareobis pirobebi; 
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3. gamoiyofa Tu STainTqmeba energia mocemuli procesis mimdinareobis 

dros; 

4. rogoria produqtebis gamosavlianoba. 

yovelive amas sainJinro amocanebis gadaWraSi gadamwyveti mniSvneloba 

aqvs. 

qimiuri Termodinamika sami kanonisagan Sedgeba. I kanoni adgens 

energetikul balanss. II da III kanonebi swavlobs wonasworobas da masze 

gare faqtorebis gavlenas. 

 

II.1. Termodinamikuri terminologia 

 

materialuri samyaros nawili, romelic Cveni dakvirvebis an kvlevis 

obieqts Seadgens, aris sistema. sistemisagan pirobiT gamoyofili 

materialuri samyaros danarCeni nawili aris garemo an garemomcveli 

samyaro, romelic moicavs danarCen obieqtebs, romelTac SeuZlia 

gavlena iqonion sakvlev sistemaze. 

sistema izolirebulia, Tu is garemomcvel samyarosTan ar axdens arc 

nivTierebis, arc energiis mimocvlas. izolirebuli sistema aris 

idealizebuli, radgan praqtikaSi misi zusti ganxorcieleba 

SeuZlebelia. miuxedavad amisa, mas didi mniSvneloba aqvs, radgan 

SeiZleba Teoriulad gamovTvaloT energiebis SesaZlo sxvaoba sistemasa 

da samyaros Soris.  

sistemas ewodeba daxuruli, Tu igi garemosTan ar axdens 

nivTierebaTa mimocvlas, magram SeuZlia masTan energiis gacvla. Ria 

ewodeba sistemas, romelic garemosTan cvlis nivTierebebs da energias. 

sistema homogenuria, Tu mis SigniT ar aris TvisebebiT da 

SedgenilobiT gansxvavebuli nawilakebis gamyofi zedapirebi. sistemas, 

romelSic aseTi gamyofi zedapiri arsebobs heterogenuls uwodeben. 

faza aris sistemis homogenuri nawilebis erTobliobaa, romlebic 

erTnairia SedgenilobiT, qimiuri da fizikuri TvisebebiT da sistemis 

danarCeni nawilebisagan gamoyofilia gamyofi zedapiriT. magaliTad, 

yinuli – wyali, zeTi – wyali orfaziani sistemebia. 
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sistema xasiaTdeba intensiuri da eqstensiuri TvisebebiT. intensiuria 

Tvisebebi, romlebic ar aris damokidebuli nivTierebis raodenobaze - 

wneva, temperatura, moluri moculoba, kuTri wona, zedapiruli 

daWimuloba, eleqtrogamtaroba, aorTqlebisa da lRobis kuTri da 

moluri siTboebi da sxv. eqstensiuri Tvisebebi damokidebulia 

nivTierebis raodenobaze – masa, moculoba, Siga energia, enTalpia, 

entropia, zedapiris farTobi da sxv. 

sistemis mdgomareoba xasiaTdeba Termodinamikuri parametrebiT. 

parametrebs, romelTa cdiT gansazRvra SeiZleba ZiriTadi ewodeba 

(wneva, temperatura, moluri moculoba, koncentracia). danarCenebi 

ZiriTadi parametrebis funqciebia. isini erTmaneTTan dakavSirebulia 

mdgomareobis gantolebiT   ( ) 0,, =TVPf . 

sistemis gadasvlas erTi mdgomareobidan meoreSi procesi ewodeba. 

Termodinamika swavlobs izoTermul ( )constT = , izobarul ( )constP = , 

izoqorul ( )constV =  da adiabatur ) 0( =q   procesebs. process, rodesac 

sistema ubrundeba sawyis mdgomareobas wriuli procesi an cikli 

ewodeba. Tu sawyis mdgomareobas sistema ise ubrundeba, rom gadis 

pirdapiri procesis dros gavlil yvela mdgomareobas process Seqcevads 

uwodeben.    

Termodinamikuri Seqcevadoba da Seuqcevoba ar emTxveva qimiuri 

reaqciis Seqcevadobas da Seuqcevobas. bunebaSi yvela TavisTavad 

mimdinare procesi Seuqcevia. 

garemosTan energiis mimocvlis unaris mqone sistema Termodinamikur 

wonasworobaSia Tu igi garkveuli drois ganmavlobaSi ucvleli rCeba, 

vidre ar Seicvleba gare pirobebi. TermodinamikaSi Seqcevadia iseTi 

procesi, romelic mimdinareobs Zalze nela da frTxilad. Aam dros  

sistema imyofeba praqtikulad wonasworul mdgomareobaSi. Seqcevadi 

procesis dros sistema da gare  pirobebi sawyis mdgomareobas 

ubrundeba.  
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II.2. Siga energia, enTalpia, siTbo da muSaoba 

 

 sistemis Siga energia U aris mocemuli sistemis Semadgeneli yvela 

nawilakis potenciuri da kinetikuri energiebis jami. ar moicavs mTeli 

sistemis potenciur da kinetikur energiebs. Tu ugulebelvyofT sistemis 

nawilakebis erTmaneTTan urTierTqmedebas, Siga energia aditiuri sidide 

iqneba: U=Ua+Ub. Siga energia SeiZleba warmovidginoT, rogorc ori 

Termodinamikuri sididis – Tavisufali da bmuli energiebis jami. 

Tavisufali energiis sazomi izoTermuli procesis dros Sesrulebuli 

muSaobaa, xolo bmuli energiis – izoTermuli procesis dros 

gadacemuli siTbos raodenoba: ( )TVPfU ,,= . sistemis erTi mdgomare-

obidan meoreSi gadasvlisas Siga energia icvleba 12 UUU −=Δ . Siga 

energiis absoluturi mniSvnelobis gansazRvra SeuZlebelia, amitom 

sazRvraven mis UΔ  cvlilebas. Siga energiis ganzomilebaa: j/moli, 

kj/moli. 

Semdegi Termodinamikuli funqcia enTalpia ( )H  aris sistemis Siga 

energia mudmivi wnevis pirobebSi. enTalpiis cvlileba damokidebulia 

sistemis sawyis da saboloo mdgomareobaze da ara procesis 

mimarTulebaze. Siga energiis msgavsad, sazRvraven mis cvlilebas 

12 HHH −=Δ  da ara absolutur mniSvnelobas; misi ganzomilebaa: j/moli, 

kj/moli. reaqciis siTburi efeqti zustad da erTmniSvnelovnad 

gansazRvravs Siga energiisa da enTalpiis cvlilebas 

VPUH Δ+Δ=Δ      (II.1) 

  HΔ  da UΔ  Soris gansxvavebas adgili aqvs airebSi, xolo myar da 

Txevad sistemebSi igi 5%-ze naklebia, radganac wnevis gavleniT 

moculoba umniSvnelod icvleba. 

temperatura ( )T  sistemis yvela nawilakis saSualo kinetikuri 

energiis sazomia. Tu sistemas miewodeba energia, izrdeba nawilakTa 

kinetikuri energia da, Sesabamisad sistemis temperatura izrdeba. 

energiis gadacemas sistemasa da garemos Soris an erTi sistemidan 

meoreze siTbos gadacema ewodeba. gadacemuli energiis raodenoba 

aRiniSneba q -Ti da siTbos warmoadgens, misi ganzomilebaa: j, kj. 
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muSaobac ( )W  erTi sistemidan meoreze an sistemidan mis garemomcvel 

samyaroze energiis gadacemis formaa. muSaobis niSani damokidebulia 

niSanTa wesze.Mmeqanikasa da TermodinamikaSi muSaobis niSani gansxva-

vebulia. meqanikaSi muSaoba dadebiTia igi sruldeba sistemis mier gare 

ZalTa winaaRmdeg. siTbocvlis gareSe es dakavSirebulia sistemis 

energiis SemcirebasTan. TermodinamikaSi is muSaobaa dadebiTad 

miRebuli, romlis drosac sistemis saerTo energia izrdeba. dadebiTia 

muSaoba, romelic sruldeba sistemaze, xolo uaryofiTi, romelsac 

asrulebs sistema gare ZalTa winaaRmdeg. muSaobis ganzomilebaa:  j, kj. 

ganvixiloT muSaoba, romelsac sistema asrulebs gare wnevis 

winaaRmdeg. muSaoba SeiZleba warmovidginoT, rogorc intensiuri da 

eqstensiuri sidideebis namravli.   

 roca airis moculoba icvleba 1V -

dan  2V -mde, maSin Sesrulebuli 

muSaoba  ∫=
2

1

V

V

pdVW . Tu sistema A

mdgomareobidan B mdgomareobaSi 

gadadis, miRebuli muSaoba 

damokidebuli iqneba procesis 

mimdinareobaze. Tu airis moculoba 

icvlebaAa gziT Sesrulebuli muSao-

ba iqneba 21AaBVV  farTobis toli, 

nax. 12. airis gafarToebis muSaoba 

 

xolo Tu moculoba icvleba bB gziT _ 21AbBVV  farTobis toli. 

ganvixiloT airis gafarToebis procesi, romelic sxvadasxva 

pirobebSi mimdinareobs: 

1. izoqoruli ( )constV =  procesis dros sistemis moculoba mudmivia  

da muSaoba ar sruldeba. 
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2. izobaruli ( )constP =  procesis 

dros muSaobis Sesruleba 

ganpirobebulia moculobis  cvlilebiT 

∫=
2

1

V

V

pdVW VPΔ= .                        

(II.2)           izobaruli procesis 

muSaoba gamoisaxeba 21ABVV  farTobiT 

  nRTVPW Δ=Δ= .                      

(II.3)    

Nnax.13. airis gafarToebis muSaoba 

         sxvadasxva pirobebSi 

 Δ n aris molTa ricxvis cvlileba, 

AB  mrudi izobaraa. 

 

3. izoTermuli ( )constT =  procesis dros Sesrulebuli muSaobis 

gamosaTvlelad  saWiroa  sistemis  mdgomareobis  gantolebis   codna:  

;RTPV =        
V
RTP =                    (II.4) 

∫=
2

1

V

V

pdVW = ∫ ==
2

1 2

1

1

2 lnln
V

V P
PRT

V
VRT

V
dVRT                   (II.5) 

 izoTermuli gafarToebis muSaoba 21ACVV  farTobis tolia. AC  mrudi 

izoTermaa. 

4. adiabaturi procesis dros sistema izolirebulia da garemosTan 

siTbos cvla ar xdeba, 0=q . am dros erTdroulad icvleba gazis .,, TVP  

magaliTad, afeTqebis dros gazis gafarToeba sistemis Siga energiis 

Semcirebis xarjze mimdinareobs da sistemis temperatura ecema. 1 0 -iT 

gaTboba VC  siTbos moiTxovs. gazis izoqoruli ( )constV =  gaTbobisas 

Siga energia temperaturis proporciulad icvleba dTCdU V=  muSaoba 

iqneba: 

     dTCdUdW V−=−= ,                       (II.6) 

           ( ) ( )2112

2

1

TTCTTCdTCW VVV

T

T
−=−−=−= ∫  .            (II.7) 
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adiabaturi gafarToebis muSaoba 21ADVV  farTobis tolia. AD  mrudi 

adiabataa. 

 

 

II.3. siTbotevadoba 

 

individualuri nivTierebis erT-erTi mniSvnelovani Termuli maxa-

siaTebeli siTbotevadobaa. mas farTod iyeneben mravali Termodina-

mikuri gamoTvlebis dros. 

siTbotevadoba aris sistemis mier STanTqmuli siTbos raodenobis 

fardoba am dros miRebul temperaturis namatTan, rodesac araviTari 

gardaqmna da muSaoba ar sruldeba: 

                                
dT

qC δ
=  .       (II.8)                                     

siTbotevadoba aris nivTierebis 1 0 -iT gasaTbobad saWiro siTbos 

raodenoba. arCeven molur da kuTr siTbotevadobebs. moluri 

siTbotevadoba aris 1 moli nivTierebis 1 0 -iT gasaTbobad saWiro siTbos 

raodenoba. misi ganzomilebaa jouli/grad.moli. sxvadasxva nivTierebis 

moluri siTbotevadobebi mocemulia cnobarebSi. kuTri siTbotevadoba 

siTbos is raodenobaa, romelic saWiroa 1 g. nivTierebis 1 0 -iT 

gasaTbobad, misi ganzomilebaa  j/grad.g. 

Termodinamikis I kanonis Tanaxmad: δ q=dU+PdV, rodesac ,constV =   

,0=PdV    

                  
VV

V dT
dU

dT
qC ⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛=

δ
         (II.9) .                                      

rodesac ,constP =     PdVW =δ  

 
PPP

P dT
dVP

dT
dU

dT
qC ⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛=

δ
,     dHqPdVdU P ==+ δ ,        HPVU =+ .  

                              
PP

P dT
dH

dT
qC ⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛=

δ
 .       (II.10)                            

,nRTUPVUH +=+=   nRTPV =  Tu gavadiferencialebT T-s mimarT,      

nRT
dT
dU

dT
dH

+= ,     aqedan 
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                                 RCC VP += .            (II.11)                      

siTbotevadobis temperaturaze damokidebulebas gamosaxaven 

xarisxovani mwkrivis saSualebiT: 

                         ...2 +++= cTbTaC  ,            (II.12)                     

                         ...2 +′++= −TcbTaCP  ,           (II.13)                    

(II.12) gantolebas iyeneben organuli naerTebisaTvis, xolo (II.13)–s 

araoragnuli naerTebisaTvis,  sargebloben maTi gaerTianebuli saxiTac: 

                         ...22 cTTcbTaCP +′++= − ,         (II.14)                     

sadac koeficientebi ccba ′,,, da a.S. empiriuli gziTaa SerCeuli, 

individualuria da cnobarebSia mocemuli. 

 

 

 

II.4. Termodinamikis pirveli kanoni 

 

Termodinamikis pirveli kanonis formulirebebia 

1. energia arafrisagan ar warmoiqmneba da arc ukvalod qreba, igi erTi 

formidan meoreSi gadadis – es bunebis fundamenturi kanonia (energiis 

Senaxvisa da gardaqmnis kanoni - maieri); 

2.  erTi saxis energia sxva saxis energiad gardaiqmneba zustad 

ekvivalenturi raodenobiT (jouli, maieri); 

3.  SeuZlebelia iseTi manqanis Seqmna, romelic imuSavebs energiis 

miwodebis gareSe da Seasrulebs sasargeblo muSaobas; 

4.  pirveli gvaris mudmivi Zravas arseboba SeuZlebelia (ostvaldi). 

5.  izolirebuli sistemis energia mudmivia (jouli). 

Tu cilindrSi idealur airs movaTavsebT, cilindrs ki _ 

TermostatSi da airs mivcemT gafarToebis saSualebas Sesruldeba 

gafarToebis muSaoba Termostatidan miRebuli siTbos xarjze 0=⎟
⎠
⎞

⎜
⎝
⎛

TdV
dU

. 

Tu idealuri airis nacvlad cilindrSi realur airs movaTavsebT, 

Termostatidan miRebuli energia q daixarjeba W  muSaobis Sesrulebaze 

da Siga energiis gazrdaze UWq Δ+= . 

              WqU −=Δ .                               (II.15) 



 44 

Tu sistemas usasrulod mcire siTbos qδ  mivaniWebT, Siga energiis 

namati dU  iqneba, Sesrulebuli muSaoba ki _ Wδ  

dU = qδ - Wδ .             (II.16) 

dU  damokidebulia mxolod sistemis mdgomareobaze da ara 

cvlilebis gzaze an saSualebaze, romliTac sistema mivida mocemul 

mdgomareobamde.  misi cvlileba warmoadgens dU  srul diferencials. 

qδ  da Wδ  arasruli diferencialebia da ar gviCvenebs maT cvlilebas. 

qδ  aris gamoyofili an STanTqmuli mcire sididis siTbo da ara siTbos 

cvlileba; aseve Wδ Sesrulebuli mcire muSaobaa da ara misi cvlileba. 

qδ  da Wδ  damokidebulia procesis mimdinareobis gzaze, isini ar 

warmoadgenen mdgomareobis funqcias; es aris Siga energiis, siTbosa da 

muSaobis gansxvavebis safuZveli. 

 

 

II.5. Termoqimia 

qimiuri Termodinamikis nawils, romelic qimiuri reaqciebis, fazuri 

gardaqmnebis, gaxsnis da a.S.  siTbur efeqtebs Seiswavlis Termoqimia 

ewodeba. 

qimiuri reaqciis siTburi efeqti aris siTbos is raodenoba, romelic 

gamoiyofa an STainTqmeba reaqciis dros, rodesac sistemaSi araviTari 

muSaoba ar sruldeba, garda gafarToebis muSaobisa da reaqciis 

produqtebs iseTive temperatura aqvT, rogorc sawyis nivTierebebs. 

reaqciis siTburi efeqti aris Siga energiis cvlileba mudmivi 

moculobis pirobebSi an enTalpiis cvlileba mudmivi wnevis pirobebSi. 

procesis siTbo da reaqciis siTburi efeqti erTmaneTisagan principulad 

gansxvavdeba. procesis siTbo damokidebulia misi mimdinareobis gzaze, 

xolo reaqciis siTburi efeqti reaqciis mimdinareobis gzaze ar aris 

damokidebuli. 

egzoTermuli reaqciis dros gamoyofili siTbo TermoqimiaSi 

dadebiTi sididea, TermodinamikaSi ki _ uaryofiTi. endoTermuli 

reaqciis dros gamoyofili siTbo TermoqimiaSi uaryofiTia, xolo 

TermodinamikaSi _ dadebiTi. amitom qQ −= .  VQUq −=Δ= ;  ;PQHq −=Δ=                  

nRTQQ VP Δ±=−             (II.17) 
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nΔ  molTa ricxvis cvlilebaa reaqciaSi,  12 nnn −=Δ ; 

magaliTad, 

HClClH 222 =+ ,       0=Δn  

22 22 COOCO =+ ,      1−=Δn  

hesis mier (1840 w.) aRmoCenili da eqsperimentulad dasabuTebuli 

kanoni warmoadgens Termodinamikis pirveli kanonis formulirebas 

qimiuri reaqciisaTvis. hesis kanonis Tanaxmad, reaqciis siTburi efeqti 

damokidebulia sistemis sawyis da saboloo mdgomareobaze da ara 

reaqciis mimdinareobis gzaze. 

hesis kanonidan gamomdinareobs Semdegi Sedegebi: 

1.  naerTis produqtebad daSlis siTbo tolia am produqtebidan imave 

naerTis warmoqmnis siTbosi mxolod Sebrunebuli niSniT. 

2.  reaqciis siTburi efeqti udris miRebuli nivTierebebis warmoqmnis 

siTboTa jams, minus aRebuli nivTierebebis warmoqmnis siTboTa jami  

            ( ) ( )
aRebwarmmiRwarm ∑∑ Δ−Δ=Δ HHH .           (II.18)                     

3.  reaqciis siTburi efeqti udris sawyisi nivTierebebis wvis siTboTa 

jams, minus miRebuli nivTierebebis wvis siTboTa jami  

                ( ) ( )
miRwvwv aReb ∑∑ Δ−Δ=Δ HHH .        (II.19)                

warmoqmnis siTbo siTbos is raodenobaa, romelic gamoiyofa an 

STainTqmeba 1 moli naerTis miRebisas martivi nivTierebebidan 

standartul pirobebSi (101,3 kpa da 298 K). 

wvis siTbo siTbos is raodenobaa, romelic gamoiyofa 1 moli naerTis 

sruli wvisas Warb JangbadSi. 

naerTebis warmoqmnis da wvis siTboebi mocemulia cnobarebSi. 

hesis kanonis naTelsayofad moviyvanoT magaliTi: 

                  HfFeEnNmM Δ++→+              (II.20)  ,                     

       ( ) ( )000
 

0
 N M warm warmwarmwarm HnHmHfHeH FE Δ+Δ−Δ+Δ=Δ  ,       (II.21)           

             ( ) ( )0
 

0
 

0
 

0
 FENM HfHeHnHmH wvwvwvwv Δ+Δ−Δ+Δ=Δ ,    (II.22)             

 

                            2
2

1
2

1 22 COCOC OO ⎯⎯ →⎯⎯⎯ →⎯ ++
 

                               

                                    HΔ              
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HΔ = 21 HH Δ+Δ  mocemuli reaqciisaTvis 5,1101 −=ΔH kj/moli 

06,2832 −=ΔH kj/moli, xolo HΔ  gamoiTvleba reaqciiT:  

                    HCOOC Δ+→+ 22 , 

HΔ = _283,06 _ 110,5 5,393−=  kj/moli;         

HΔ 5,393−=  kj/moli.  

neitralizaciis siTbo – siTbos is raodenobaa, romelic gamoiyofa erTi 

gram-ekvivalenti mJavas erT gram-ekvivalenti tutiT ganeitralebis dros. 

erTi gram-ekvivalenti Zlieri mJavas gram-ekvivalenti Zlieri tutiT 

ganeitralebisas gamoiyofa erTi da igive raodenobis siTbo: 13,7 kkal  

anu   57,1 kj. 

          HOHNaClHClNaOH Δ++→+ 2 ,       HΔ = 1,57−  kj/moli. 

gaxsnis siTbo. siTxeebis Serevis an siTxeSi myari nivTierebebis 

gaxsnas Tan axlavs siTbos gamoyofa an STanTqma; 

gaxsnis siTbo aris 1 moli nivTierebis gaxsnisas gamoyofili siTbo 

gamxsnelis iseT raodenobaSi, rom miRebuli xsnaris Semdgom ganzavebas 

aRar mohyves SesamCnevi siTburi efeqti (diferencialuri siTbo). gaxsnis 

integraluri siTbo ki _ 1 moli sufTa nivTierebis n  mol gamxsnelSi 

gaxsnisas gamoyofili siTbo, rodesac garkveuli molarobis xsnari 

warmoiqmneba. 

kristalhidratis warmoqmnis siTbo SeiZleba gamovTvaloT 

gauwyloebuli  marilis da misi kristalhidratis gaxsnis siTbosagan 

OHSrClHSrCl
H

2222 66 ⋅⎯⎯⎯ →⎯+
Δ hidr   O  

    +400 OH2 OHSrCl 22 400. <—+394 OH2       

    1HΔ                              2HΔ  

    21 HHH Δ−ΔΔ =hidr . 

kristalhidratis warmoqmnis siTbo SeiZleba gamovTvaloT uwylo 

marilis gaxsnis siTbosa da kristalhidratis gaxsnis siTboTa sxvaobiT. 

enTalpiis cvlilebas, Siga energiis cvlilebasa da siTbotevadobas 

kalorimetriT sazRvraven. tipur kalorimetrSi sxvadasxva eqsperimentis 

dros gamoyofil an STanTqmul energias sazRvraven gantolebi       

          [ ] TCmKq Δ⋅+= )( SigTWurW ,                      (II.23) 
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sadac q gamoyofili an STanTqmuli siTboa,K WurW -WurWlis mudmivaa, 

romelic gviCvenebs mTeli kalorimetris WurWlis C01 -iT gaTbobisaTvis 

saWiro siTbos raodenobas;C SigT - kalorimetrSi arsebuli siTxis 

siTbotevadobaa; 

TΔ  - temperaturis cvlileba procesis mimdinareobisas. 

hesis kanoni gamoiyeneba iseTi reaqciebisaTvis, romelTa Catareba 

eqsperimentul sirTuleebTanaa dakavSirebuli; amitom misi daxmarebiT, 

SeiZleba gamovTvaloT reaqciis siTburi efeqti standartul pirobebSi       

(298K da 101,3kpa) misi Catarebis gareSec. 

 

 

II.6. reaqciis siTburi efeqtis damokidebuleba 

temperaturaze. kirxhofis kanoni 

K                            

reaqciaTa umetesoba arastandartul pirobebSi mimdinareobs. qimiuri 

reaqciis siTburi efeqti (garda moreagire nivTierebebis bunebisa) 

damokidebulia temperaturaze: 

( )12 UUUQV −−=Δ−= , 

                       ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛−⎟

⎠
⎞

⎜
⎝
⎛−=

VV dT
dU

dT
dU

dT
dQv 12  ,    (II.24)               

  
VdT

dU
⎟
⎠
⎞

⎜
⎝
⎛

aris siTbotevadoba.                                                    

                        V
V

C
dT
dU

=⎟
⎠
⎞

⎜
⎝
⎛

,      (II.25) 

                  [ ] −=∑ ∑−−= aRmiR VV CC
dT
dQ

�Cv            (II.26)                    

sadac ∑C vmiRmiRebuli nivTierebis siTbotevadobaTa jamia, ∑C aReb-

aRebuli nivTierebebis siTbotevadobaTa jami,  ΔCV -aRebuli da miRebuli 

nivTierebebis siTbotevadobaTa algebruli jami. (II.26) gantolebis 

integrirebiT miviRebT 

                      ∫ ∫Δ−=
2

1

2

1

T

T

T

T
V dTCdQ  ,         (II.27)                              
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       ∫Δ−=−
2

1

12

T

T
VVTVT dTCQQ ,         ∫Δ−=

2

1

12

T

T
VVTVT dTCQQ ,   Tu 2981 =T . 

                               ∫Δ−=
TT

VVTVT dTCQQ
298

298
 .          (II.28)                          

298Q  siTburi efeqti gamoiTvleba hesis kanonis gamoyenebiT. 

analogiurad 

( )12 HHHQP −−=Δ−= ,   P
P

C
dT
dH

=⎟
⎠
⎞

⎜
⎝
⎛

, 

      =⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛−⎟

⎠
⎞

⎜
⎝
⎛−=

PP dT
dH

dT
dH

dT
dQP 12 [ ] Δ−=∑ ∑−− aRmiR PP CC Cp .   (II.29)             

 

(II.29)-is  integrirebis Sedegad miviRebT: 

                        ∫Δ−=
2

1

12

T

T
PPTPT dTCQQ ,         (II.30)                                   

                       ∫Δ−=
TT

PPTPT dTCQQ
298

298
,          (II.31)                                  

radgan     UQV Δ−=  ,    HQP Δ−= , 

                      ∫Δ+Δ=Δ
2

1

12

T

T
VTT dTCUU  ,           (II.32)                                 

                      ∫Δ+Δ=Δ
2

1

12

T

T
pTT dTCHH .             (II.33)                                

(II.28), (II.31), (II.32) da (II.33) gantolebebi saSualebas gvaZlevs 

gamovTvaloT reaqciis siTburi efeqti nebismier temperaturaze. isini 

kirxhofis kanonis maTematikuri gamosaxulebebia. 

kirxhofis kanonis Tanaxmad, qimiuri reaqciis siTburi efeqtis 

temperaturuli koeficienti CΔ  reaqciis Sedegad miRebuli da aRebuli 

nivTierebebis siTbotevadobebis sxvaobis tolia. 

kirxhofis formulebis gamosayeneblad saWiroa VC  da PC -s 

temperaturaze damokidebulebis gaTvaliswineba 

                      ...2 +++= dTbTaC   ,     (II.34)                                 

sadac dba ,, da a.S. mudmivebia individualuri nivTierebebisaTvis da 

maTi mniSvnelobebi mocemulia cnobarebSi. 



   

 49

2

2

2

2

TdTbaC
TdTbaC

TdTbaC

TdTbaC

FFFF
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++=

 

       2dTbTaC Δ+Δ+Δ=Δ     (II.35)                          

 

                      

( ) ( )
( ) ( )
( ) ( )mNfE

mNfE

mNfE

mdndfdedd

mbnbfbebb

manafaeaa

+−+=Δ

+−+=Δ

+−+=Δ

,     

 

                      ( )dTdTbTaQQ
T

T ∫ Δ+Δ+Δ−=
298

2
298 ,         (II.36)                   

            ( ) ( ) ( )3322
298 298

3
298

2
298 −

Δ
−−

Δ
−−Δ−= TdTbTaQQT  .     (II.37)               

 

 

II.7. Termodinamikis meore kanonis aucilebloba 

 

Termodinamikis pirveli kanonis daxmarebiT SeiZleba procesebis 

energetikiuli daxasiaTeba, magram SeuZlebelia am procesebis 

mimarTulebis dadgena. cxeli da civi sxeulebis Sexebisas siTbo cxeli 

sxeulidan TavisTavad  gadaecema civ sxeuls. Termodinamikis pirveli 

kanoni ar dairRveoda, procesi Sebrunebuli mimarTulebiT rom 

wasuliyo, magram es TavisTavad ar moxdeba. Termodinamikis pirveli 

kanonis da misgan gamomdinare Sedegebidan ar xerxdeboda procesis 

mimarTulebis winaswar gaTvaliswineba. TavisTavad mimdinare realur 

procesebs garkveuli mimarTuleba aqvT da maTi Sebruneba ar SeiZleba, 

Tu ar iqneba Secvlili am procesis mimdinareobis pirobebi. mecnierebisa 

da teqnikisaTvis mniSvnelovania ama Tu im procesis mimarTulebis 

migneba, romelic saSualebas mogvcems winaswar gaviTvaliswinoT 

procesis mimdinareobis mimarTuleba. amis saSualebas iZleva 

Termodinamikis meore kanoni. 
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ganvixiloT sistemis ori mdgomareoba. erTi mivakuTvnoT sawyiss, 

xolo meore saboloos. imisaTvis, rom ganvasxvavoT sawyisi da saboloo 

mdgomareobebi, unda SemovitanoT mdgomareobis funqcia, romlis 

mniSvneloba TavisTavad mimdinare procesisaTvis sistemis saboloo 

mdgomareobaSi yovelTvis metia, vidre sawyis mdgomareobaSi, klauziusma 

aseT funqciad entropia ( )S  SemogvTavaza, misi saSualebiT advilad 

davadgenT procesis mimarTulebas. roca entropia maqsimaluria, sistema 

wonasworobaSia. entropia berZnulad gardaqmnas niSnavs. misi 

ganzomilebaa j/moli.grad an j/gr. grad. 

 

 

II.8. კarnos cikli.  entropia 

 

rogorc cnobilia, siTbo da muSaoba arsebiTad gansxvavdeba 

erTmaneTisagan. muSaoba SeiZleba mTlianad gardavqmnaT siTbod, magram 

Sebrunebuli procesi SezRudulia. misi sidide SeiZleba davadginoT 

karnos cikliT, romelic Sedgeba 4 Seqcevadi procesisagan: 

1. airis izoTermuli gafarToeba V1-dan V 2 -mde, romlis drosac 

siTbo STainTqmeba da sruldeba muSaoba: 

                          1
1

2
11 ln q

V
VRTW == ;        (II.38)                                   

AB izoTermaa. 

2. adiabaturi gafarToeba V 2 -dan V 3 -mde, romelic xdeba Siga energiis 

xarjze, ris gamoc sistemis temperatura ecema. am dros sruldeba 

muSaoba: 

                       ( )212 TTCW V −= ;      (II.39)                                       

BC adiabataa. 

3. izoTermuli SekumSva T 2 -ze V 3 - dan V 4 -mde, romlis drosac 

sistemis siTbos nawili macivars gadaecema. am dros daxarjuli muSaoba 

gamoiwvevs 2q siTbos gamoyofas, airis Siga energia ucvleli rCeba                      

                     2
4

3
23 ln q

V
VRTW −=−= ;              (II.40)                          
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   CD izoTermaa . 

 V1     V4              V2   V3      

4. airis adiabaturi SekumSva, ris 

Sedegad sistema ubrundeba sawyis 

mdgomareobas. moculoba mcirdeba V 4 -dan 

V 1 -mde, airis sawyisi tempereratura T 1 -s 

gautoldeba da airis Siga energia 

muSaobis toli sididiT gaizrdeba.  

4WU =Δ ; 

( ) ( )21124 TTCTTCW VV −−=−= ;    (II.41) 

DADA adiabataa. 

nax. 14. karnos cikli 

 

miRebul ciklSi W yvela muSaobis jamia. 

4321 WWWWW +++= ,       radgan     42 WW −=  

         21
4

3
2

1

2
131 lnln qq

V
VRT

V
VRTWWW −=−=+= ,    (II.42)                         

4

3

1

2

V
V

V
V

=     amitom      ( )
1

2
21 ln

V
VTTRW −=  . 

gamaTboblidan miRebuli siTbo  _  
1

2
11 ln

V
VRTqq == . 

karnos ciklis margi qmedebis koeficienti   

                           

( )

1

21

1

2
1

1

2
21

ln

ln

q
qq

V
VRT

V
VTTR

q
W −

=
−

==η , 

                        
1

21

1

21

T
TT

q
qq

q
W −

=
−

==η  ,      (II.43)                         

an    ,
2

2

1

1

T
q

T
q

=                   0
2

2

1

1 =−
T
q

T
q

 .         (II.44)                             

q 1 gamaTboblidan miRebuli siTboa, q 2 -macivrisadmi gadacemuli 

siTbo. 

nebismieri Seqcevadi cikli SeiZleba SevcvaloT usasrulod mcire 

Seqcevadi ciklebis didi ricxviT: 

                               0...
2

2

1

1

2

2

1

1 =+
′′
′′

−
′′
′′

+
′
′

−
′
′

T
q

T
q

T
q

T
q δδδδ

,        (II.45)                
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               ∑ =
∂ 0
T
q

,         0=∫ T
qδ

.             (II.46)                             

T
qδ
 dayvanili siTboa.  karnos Seqcevad ciklSi dayvanil siTboTa 

algebruli jami nulis tolia. 

Tu integrali Caketili konturiT nulis tolia, arsebobs iseTi 

funqcia, romlis sruli diferenciali integralqveSa gamosaxulebis 

tolia. 

                            
T
qdS δ

=                   (II.47)                               

am funqcias klauziusma entropia uwoda. 

∫ T
qδ
 integralis sidide ar aris damokidebuli procesis 

mimdinareobaze, aramed damokidebulia sistemis sawyis da saboloo 

mdgomareobaze: 

                    SSS
T
q

Δ=−=∫ 12

2

1

δ
              (II.48)                                   

entropia mdgomareobis funqciaa. igi SeiZleba warmovidginoT rogorc 

qaoturis, uwesrigobis sazomi. rogor ganvsazRvroT entopiis 

saSualebiT wava Tu ara gardaqmna? ganvixiloT sistema, romelic ori 

WurWlisagan Sedgeba da erTmaneTTan  onkaniTaa SeerTebuli.  maTSi 

sxvadasxva airia moTavsebuli; Tu 

 

 onkans gavxsniT, airebi difuziiT Seereva da aRmoCndeba ufro 

mouwesrigebel mdgomareobaSi, vidre Serevamde. Sesabamisad, Serevis 

Semdeg maT aqvT meti entropia. am dros ar xdeba energiis cvlileba, 

airTa jamuri enTalpia Serevamde da Semdeg erTnairia. Serevis dros 

xdeba energiis ufro qaoturi ganawileba. bevr qimiur reaqciaSic 

mimdinareobs energiis gadanawileba. magaliTad, wvis dros xdeba 

energiis gamoyofa da misi  garemoze gadacema. amgvarad, entropia 
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SeiZleba miviRoT energiis gadanawilebis sazomad. qimiuri reaqciis 

dros yovelTvis xdeba energiis mimocvla garemosa da sareaqcio ares 

Soris; amave dros adgili aqvs entropiis cvlilebasac. swored es 

cvlileba, enTalpiis cvlilebasTan erTad, unda gaviTvaliswinoT, Tu 

gvinda viwinaswarmetyveloT, SesaZlebelia Tu ara qimiuri reaqciis 

TavisTavad warmarTva. qimiuri reaqciis dros: 

bamiR SSS ReΔ−Δ=Δ             (II.49) 

entropia eqstensiuri sididea, damokidebulia nivTierebis 

raodenobaze. entropia aditiuri sididea. wonasworuli sistemis 

entropia tolia am sistemis Semadgeneli nawilebis entropiaTa jamisa. 

izolirebul sistemaSi bunebrivi procesebisaTvis, rodesac sistema 

miiswrafvis wonasworobisaken entropia izrdeba, 0>ΔS ; 

arabunebrivi procesebis dros entropia mcirdeba, 0<ΔS ; 

rodesac sistemaSi myardeba wonasworoba, entropia aRwevs maqsimalur 

mniSvnelobas da misi cvlileba nulis tolia, ΔS = 0. 

 

 

II.9. entropiis cvlilebis gamoTvla sxvadasxva procesisaTvis 

 

 entropiis gasazomi xalsawyo ar arsebobs, mas gamoiTvlian.  

sxvadasxva procesisaTvis entopia sxvadasxvagvarad gamoiTvleba: 

1. izoTermul procesSi fazuri gardaqmnis dros: 

                           
T
LS =Δ            (II.50)                                 

sadac L - fazuri gardaqmnis siTboa. 

2.  mudmivi wnevis pirobebSi 1T -dan 2T -mde nivTierebis gaTbobisas  

                           ∫
Δ

=Δ
2

1

T

T

P dT
T
CS ,       (II.51)                              

xolo mudmivi moculobos dros 

                            ∫
Δ

=Δ
2

1

T

T

V dT
T
CnS .         (II.52)                          

3. rodesac icvleba idealuri airis  V da T an P da T entropia 

Semdegi gantolebebiT gamoiTvleba: 
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1

2

1

2 lnln
V
VR

T
TCS V +=Δ  ,        (II.53)                              

                     
1

2

1

2 lnln
P
PR

T
TCS P +=Δ   .        (II.54)                             

 

 

II.10.  Termodinamikis meore kanoni 

 

Termodinamikis meore kanonis ramdenime formulireba arsebobs. magram 

mTavari aris is, rom yvela TavisTavad mimdinare procesSi sistemisa da 

misi garemos jamuri entropia izrdeba. 

1.  izolirebuli sistemis mdgomareoba mdgradia, rodesac misi 

entropia maqsimaluria (fermi). 

2.  bunebaSi yoveli fizikuri an qimiuri procesi ise mimdinareobs, rom 

am procesSi monawile yvela sxeulis entropia izrdeba (planki). 

3.  siTbo civi sxeulidan cxel sxeuls TavisTavad muSaobis 

Sesrulebis gareSe ver gadaecema (klauziusi). 

4.  SeuZlebelia iseTi periodulad moqmedi manqanis arseboba, romelic 

gamaTboblidan miRebul mTel siTbos muSaobad gardaqmnis macivrze 

siTbos nawilis gadacemis gareSe (planki). 

5.  Termodinamikuri sistemis nebismieri mdgomareobis uSualo 

siaxloves iseTi mdgomareobebi arsebobs, romlebic Zalze mcired 

gansxvavdeba, magram maTi miRweva siTbocvlis gareSe SeuZlebelia 

(karaTeodori). 

6.  meore gvaris mudmivi Zravas ararsebobis principi (ostvaldi). 

SeuZlebelia iseTi periodulad moqmedi manqanis Seqmna, romelic erTi 

wyaros siTbos ganusazRvrelad gardaqmnis muSaobad, winaaRmdeg 

SemTxvevaSi okeaneebis, dedamiwis qerqis, atmosferos gacivebiT miRebul 

siTbos muSaobad gardaqmnidnen. zemoT CamoTvlili obieqtebi siTbos 

uSreti wyaroa da aseTi manqana mudmivmoqmedi iqneboda, magram 

Termodinamikis meore kanonis Tanaxmad, amgvari manqanis ageba 

SeuZlebelia. 
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siTbo muSaobad SeiZleba vaqcioT araizolirebul pirobebSi. 

amisaTvis saWiroa gansxvavebuli temperaturis mqone ori wyaro _ 

gamaTbobeli (siTbos wyaro) da macivari (siTbos mimRebi), romelTa 

daxmarebiT moxdeba Tbogadacema; meore gvaris perpetummobile 

SeuZlebelia. siTbos muSaobad ver gardavqmniT Tu ar iqneba siTbos 

nakadi (temperaturaTa sxvaoba), iseve, rogorc damdgari wyali ver 

Seasrulebs muSaobas Tu wyals ar eqneba doneTa sxvaoba, e.i. dineba. 

Termodinamikis meore kanonis  ramdenime maTematikuri formulireba 

arsebobs: 

T
qdS δ

≥ ,          (II.55) 

1

21

1

21

T
TT

q
qq

q
W −

=
−

=≤η  ,         (II.56) 

T
dT

q
dW

=  ,           
T
dTqdW ≤  .    (II.57) 

dTT +   temperaturis mqone sxeulidan  T  temperaturis mqone sxeulze 

q  siTbos Seqcevadi  gadacemis dros sruldeba  dW  muSaoba, xolo 

Seuqcevi procesis dros Sesrulebuli muSaoba    
T
dTq  -ze naklebia. 

 

 

II.11. Termodinamikis pirveli da meore kanonebis 

gaerTianebuli gantoleba 

 

 Termodinamikis meore kanonis Tanaxmad,  (II.55) gantolebidan miviRebT:  

                             TdSq ≤δ .      (II.58)                                  

Tu SevitanT qδ  - s  mniSvnelobas Termodinamikis pirveli kanonis  

(II.16) gantolebaSi, miviRebT:  WTdSdU δ−≤ , an 

                             PdVTdSdU −≤  ,              (I I . 59)                  

xolo mudmivi wnevis pirobebSi:  

                          WTdSdH δ−≤ ,               (I I .60)                       
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PVUH +=  -s  gadiferencialebiT miviRebT: VdPPdVdUdH ++= , 

SevitanoT dU - s mniSvneloba  (I I . 59 ) -dan, miviRebT: 

VdPPdVPdVTdSdH ++−≤ ,        

                            VdPTdSdH +≤ .       (I I .61)                                  

(I I . 59) da (I I .61) Termodinamikis pirveli da meore kanonis 

gaerTianebuli gantolebebia. maTgan gamomdinareobs, rom Siga energiis 

nawili muSaobis Sesrulebaze ixarjeba, xolo nawili ( )TdS  muSaobad ar 

gardaiqmneba da mas bmuli energia ewodeba. bmuli energiis sazomi 

entropiaa. 

 

 

I I .12. Termodinamikuri potencialebi 

 

entropiis cvlilebiT ganiisazRvreba procesis mimarTuleba 

izolirebul sistemebSi, magram realurad procesebi araizolirebul 

sistemebSi mimdinareobs. sawarmoo procesebi yovelTvis siTbos 

gadataniT mimdinareobs, amitom maTi mimarTulebis gansazRvrisaTvis sxva 

kriteriumi iqna Semotanili. 

muSaoba, romlis Sesrulebac SeuZlia sistemas (qimiuri reaqciis 

muSaoba) advilad gasazomi sididea, amitom Tu movnaxavT funqcias, 

romlis cvlilebas Sesrulebuli muSaobiT gamovsaxavT SesaZlebeli 

iqneba procesis mimarTulebis gamoTvla. (II.59)-is Tanaxmad:  

WSTU −Δ≤Δ ;             ;USTW Δ−Δ=          ( )STUW Δ−Δ−≤ ;      

                                   dH ≤ TdS – PdV + PdV + VdP; 

( )TSUW −Δ−≤  .   (II.62) 

Seuqcevi izoTermuli procesis mimdinareobisas muSaoba sruldeba  

sistemis Tavisufali energiis Semcirebis xarjze. mas izoqorul-

izoTermul an helmholcis potencials uwodeben da A-Ti aRniSnaven. 

ATSU =− ,          (II.63) 

                                                         W −≤maqs ΔΑ.           (II.64) 

izoqorul-izoTermuli potenciali (A) damokidebulia sistemis sawyis 

da saboloo mdgomareobaze da ara procesis gzaze. misi meSveobiT 

SeiZleba davaxasiaToT sistemis mdgomareoba, romlis mcire cvlilebas 
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Seesabameba izoqorul-izobaruli potencialis usasrulod mcire 

cvlileba: TSUA −= ;                 SdTTdSdUdA −−= .  

(II.59)-is Tanaxmad: PdVTdSdU −= ;      SdTTdSPdVTdSdA −−−= ; 

                    dA= - SdT – PdV,       (II.65)                                    

A = f ( T,V ),     amitom,    dV
V
FdT

T
AdA

TV
⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

= , 

                S
T
A

V

−=⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

,          P
V
F

T

−=⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

. 

moculobisa da temperaturis gazrdisas izoqorul-izoTermuli 

potenciali mcirdeba. 

praqtikaSi procesebis umetesoba mudmivi wnevis pirobebSi 

mimdinareobs. am dros muSaoba sruldeba Tavisufali energiis 

Semcirebis xarjze, romelsac izobarul-izoTermuli an jibsis 

potencials uwodeben  da G - Ti aRniSnaven. 

;WSTH −Δ≤Δ             ( );STHW Δ−Δ−≤  

( ) ( )[ ] ( )TSHTSHTSHW −−=−−−−≤ 1122 ; 

                   TSH − =G ,      (II.66)                                         

                   GW Δ−≤  .     (II.67)                                           

gamovTvaloT izobarul-izoTermuli potencialis sruli 

diferenciali: 

SdTTdSdHdG −−≤ ;    

 (II.61)-is Tanaxmad    VdPTdSdH +≤ ,   SdTTdSVdPTdSdG −−+≤ ; 

                 VdPSdTdG +−≤ ;         (I I .68)                                

( )PTfG ,=  , amitom,        dP
P
GdT

T
GdG

TP
⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

= ; 

                  S
T
G

P

−=⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

;         
TP

G
⎟
⎠
⎞

⎜
⎝
⎛

∂
∂ V= . 

izobarul-izoTermuli potenciali mcirdeba temperaturisa da wnevis 

gazrdiT. 

rodesac sistema miiswrafvis wonasworobisaken, izoqorul-

izoTermuli (helmholcis) da izobarul-izoTermuli (jibsis) 

potencialebi mcirdeba: 
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 AΔ  < 0 ,  GΔ  < 0, xolo, rodesac sistema miaRwevs wonasworobas, maTi 

mniSvnelobebi minimaluria, cvlileba ki nulis tolia, AΔ  = 0 ,  GΔ  = 

0. individualuri nivTierebebisaTvis AΔ 298 da 298GΔ  potencialebis 

mniSvnelobebi standartul pirobebSi mocemulia cnobarebSi. maTi 

ganzomilebaa:  j/moli an kj/moli. 

Termodinamikuri funqciebi _  GAHU ,,,  mWidro kavSirSia 

erTmaneTTan. maT sistemis maxasiaTebel funqciebs uwodeben. maTi sruli 

diferencialebi Semdegi saxisaa: 

PdVTdSdU −≤ ,          PdVSdTdA −−≤ , 

VdPTdSdH +≤  ,          VdPSdTdG +−≤ . 

 

 

I I .13. jibs-helmholcis gantoleba 

 

izoqoruli da izobaruli procesebis umravlesoba arastandartul, 

gansxvavebul temperaturaze mimdinareobs. Tavisufali energiis damokide- 

bulebas temperaturaze  gvaZlevs jibs-helmholcis gantoleba.  (II.63) da     

(II.66) gantolebebSi entropiis nacvlad SevitanoT A  da G  funqciebis 

warmoebulebi, miviRebT:    
VT

ATUA ⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+= ;      
PT

GTHG ⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+= ; 

CavweroT es gantolebebi AΔ  da GΔ -saTvis 

       
VdT

AdTUA ⎟
⎠
⎞

⎜
⎝
⎛ Δ

+Δ=Δ   ;      ΔG =- 
PdT

GdTHG ⎟
⎠
⎞

⎜
⎝
⎛ Δ

+Δ=Δ .     (II.69)                      

(II.69) gantolebebSi SevitanoT  ΔA da ΔG mniSvnelobebi (II.64) da (II.67)-

dan, ;VQU −=Δ   PQH −=Δ   aseve, ΔA=- Wmaqs  da Wp, miviRebT: 

           
V

V dT
dW

TQW ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+= maqs

maqs      
P

p
PP dT

dW
TQW ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=  .        (II.70)                       

zogadad   
dT
dWTQW =− , 

0=
−−

dT
TdWQdTWdT

    gavamravloT 2T
dT

-ze,   miviRebT: ,02 =
−−

T
TdWQdTWdT
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   =
−

2T
TdWWdT

⎟
⎠
⎞

⎜
⎝
⎛−

T
Wd  ;            02 =⎟

⎠
⎞

⎜
⎝
⎛−−

T
Wd

T
QdT

.   

⎟
⎠
⎞

⎜
⎝
⎛

T
Wd = 2T

QdT
−   ,     (I I .71) 

dT
T

H
T
Gd 2

Δ
−=⎟

⎠
⎞

⎜
⎝
⎛ Δ

,        (I I .72) 

dT
T
U

T
Ad 2

Δ
−=⎟

⎠
⎞

⎜
⎝
⎛ Δ

  .       (I I .73) 

( I I .71) _ (I I .73)  jibs-helmholcis  gantolebebia diferencialuri saxiT, 

romelTa integrirebiT miviRebT jibs-helmholcis gantolebebs:  

const
T
UdTTA

const
T
HdTTG

const
T

QdTTW

T

T

T

T

T

T

+
Δ

−=Δ

+
Δ

−=Δ

+−=

∫

∫

∫

2

1

2

1

2

1

2

2

2

         ( I I .74) 

Jibs-helmholcis gantolebis amosaxsnelad unda vicodeT procesis 

siTburi efeqtis temperaturaze damokidebuleba (kirxhofis kanoni). 

 

 

I I .14. qimiuri potenciali 

 

 dAdHdU ,, da dG maxasiaTebeli funqciebiT SeiZleba sistemis mdgoma-

reobis daxasiaTeba, Tu procesis dros sistemis Sedgeniloba ar 

icvleba. qimiuri reaqciis dros ki icvleba fazaTa Sedgeniloba da 

saWiroa am cvlilebis aRricxva. GA,  sistemis maxasiaTebeli 

potencialebis cvlileba damokidebulia ara mxolod wnevaze, 

moculobaze, temperaturaze ( )VTP ,, , aramed sistemis Semadgenel 

nivTierebaTa raodenobaze. 

Tu sistemis Sedgeniloba icvleba i -uri komponentis molTa ricxviT, 

roca TP,  da danarCeni komponentebis raodenoba ucvlelia, sistemis 

maxasiaTebeli izobaruli potenciali G  Seicvleba i
i

dn
n
G

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

 sididiT. 
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K -komponentian sistemaSi izobaruli potenciali G  ganixileba, 

rogorc  P,T  da n1,n2,…,nk  molTa ricxvis funqcia: 

k
k

dn
n
Gdn

n
GdP

P
GdT

T
GdG

kkkk nnTpnnTpnnTnnp −−−−
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂
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∂
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∂
∂
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⎠
⎞

⎜
⎝
⎛

∂
∂

=
1111 ,,,,,,

...1
1

,  

   izobaruli potencialis kerZo warmoebuli i -uri komponentis molTa 

ricxvis mimarT qimiuri potencialia. 

                         i
i nknnTPn

G
μ=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∂
∂

...,,, 21

 ,     (II.75)                                     

∑++−=+++++−= iikk dnVdPSdTdndndnVdPsdTdG μμμμ ...2211  .    (II.76)                        

i -uri komponentis molTa ricxvis cvlileba iwvevs  Termodinamikuri 

potencialebis cvlilebas: 

+−≤ PdVTdSdU ∑ iidnμ ,  VdPTdSdH +≤  +∑ iidnμ  ,    (II.77)                      

   PdVSdTdA −−≤  + ∑ iidnμ ,                  

                           dG ≤  - SdT + VdP +∑ iidnμ .                       

qimiuri potenciali Termodinamikuri parametrebis namatis sazomia, 

roca erT-erTi komponentis molTa ricxvi icvleba. erT-erTi komponentis 

koncentraciis cvlileba gavlenas axdens sxva komponentebis 

koncentraciazec, amitom sistemis srulad dasaxasiaTeblad unda 

gaviTvaliswinoT ∑ iidnμ . 

qimiuri reaqciis dros moreagire nivTierebaTa qimiuri potencialebi 

gaTanabrebisaken miiswrafvis da wonasworobis dros yvela komponentis 

qimiuri potenciali erTmaneTis tolia; e.i. qimiur potencialebs Soris 

gansxvaveba qimiur reaqcias ganapirobebs. 

izoTermul pirobebSi 0=ΔT ,  VdPSdTdG +−≤ ,   roca ,0=dT           

                            VdPdG = .    ( I I .78)                           

sufTa nivTierebis qimiuri potenciali tolia erTi moli am 

nivTierebis Termodinamikuri potencialisa:     μddG =   

 e.i. 

                             VdPd =μ ,              (I I .79)                                

PV = RT,    V = RT/P,    dP/P = dlnP. 

                            δμ = ΡΤδλνΠ  ,             (I I .80) 



   

 61

                                       μ = μο  + RTlnP,                                  (11.81)                                                            

sadac 0μ idealuri airis standartuli qimiuri potencialia, roca 

3,101=P kpa, KT 298= . 

Tu wneva icvleba 1P -dan 2P -mde 

                         
1

2
12 ln

P
PRT=Δ=− μμμ ,         (I I .82)                      

realuri airebisaTvis 

                              fRTdd ln=μ  ,          ( I I .83)                

sadac f fugitiurobaa. 

                             fRT ln0 += μμ ,         ( I I .84)                

                             fRT ln0 += μμ  .           (I I .85)                    

idealuri xsnarebisaTvis iNRTdd ln=μ     an   

                              CRTdd ln=μ .             ( I I .86)                    

sadac iN   i -nivTierebis moluri wilia xsnarSi, xolo C - xsnaris 

koncentracia. 

iNRT ln0 += μμ ,   an      CRT ln0 += μμ .      (I I .87) 

realuri xsnarebisaTvis  

                            aRTdd ln=μ  ,           (I I .88)                         

sadac a aqtiurobaa 

                            aRT ln0 += μμ ,         (I I .89)                          

           Na ⋅= γ      an        Ca ⋅= γ .          (I I .90)                          

γ  aqtiurobis koeficientia da gviCvenebs realuri xsnaris 

idealurisagan gadaxris sidides. ganzavebul xsnarebSi aqtiuroba da 

analizuri koncentracia erTmaneTis tolia, maSin .1=γ  

 

 

III. qimiuri wonasworoba 

III.1. homogenuri reaqciis wonasworobis mudmiva 

 

qimiuri sistemis mdgomareobis qimiuri wonasworobiT xasiaTdeba. 

wonasworuli mdgomareoba damokidebulia gare pirobebze da maTi 
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cvlileba ganapirobebs wonasworobis Secvlas (gavixsenoT Lle-Satelies 

principi). wonasworobisas sistemis mdgomareoba SesabamisobaSia 

garemosTan. reaqcia Seqcevadia, Tu reaqciis sawyis da saboloo 

produqtebs erTsa da imave pirobebSi SeuZlia urTierTgardaqmna. 

ganvixiloT airad fazaSi mimdinare Seqcevadi reaqcia (zogadad): 

bBaA +   nNmM +  

qimiuri wonasworobis dros moreagire komponentTa qimiuri 

potencialebis jami tolia produqtebis qimiuri potencialebis jamisa 

∑ = 0iidnμ  

     ∑ −−+= BANMii banmdn μμμμμ .           (I I I .1)                          

(I I . 81)-dan TiToeuli komponentis qimiuri potenciali   iPRT ln0 += μμ  ,  

Sesabamisad misi (I I I . 1)-Si SetaniT miviRebT: 

++ MM PRTmm ln0μ −+ NN PRTnn ln0μ −− AA PRTaa ln0μ 0ln0 =− BB PRTbbμ ;      (I I I .2)                   

               b
B

a
A

n
N

m
M

BANM PP
PPPbaPnPm

⋅
⋅

=−−+ lnlnlnlnln  ;        (I I I .3)                          

               ( ) RTbanm
PP
PP b

B
a
A

n
N

m
Mb

B
a

A

n
N

m
M 1ln ⋅−−+−=

⋅
⋅ μμμμ  ;       ( I I I .4)                 

vinaidan TR,  da qimiuri potencialebi standartul pirobebSi mudmivi 

sidideebia, marcxena nawilic mudmivi iqneba: 

                       Pb
B

a
A

n
N

m
M K

PP
PP lnln =

⋅
⋅

.            (I I I .5)                                    

  Tu sidideTa logariTmebi tolia, tolia TviT es sidideebic 

                    Pb
B

a
A

n
N

m
M K

PP
PP

=
⋅
⋅

.             (I I I .6)                                   

Kp qimiuri reaqciis wonasworobis mudmivaa, SeiZleba gamovsaxoT 

fugitiurobiT, koncentraciiT an aqtiurobiT:  

                    FK = b
B

a
A

n
N

m
M

ff
ff

⋅
⋅

 ,         (I I I .7)                                          

                   CK = b
B

a
A

n
N

m
M

CC
CC

⋅
⋅

 ,         ( I I I .8)                                    

                    aK = b
B

a
A

n
N

m
M

aa
aa

⋅
⋅

 .       ( I I I .9)                                          
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wonasworobis mudmivas gamosaxulebidan Cans, rom erT-erTi moreagire 

nivTierebis koncentraciis Secvla iwvevs danarCeni nivTierebebis 

koncentraciaTa iseT cvlilebas, rom wonasworobis mudmivas 

mniSvnelobaze igi gavlenas ar axdens. wonasworuli koncentraciebis 

namravlis fardoba ucvleli rCeba. 

wonasworobis mudmivas mniSvnelobiT SeiZleba vimsjeloT, ramdenad 

Sors midis reaqcia. Tu wonasworobis mudmivas mniSvneloba didia, e.i. 

mricxveli metia mniSvnelze reaqciis produqtebi didi raodenobiT 

miiReba. 

 

 

I I I .2. vant-hofis reaqciis izoTermis gantoleba 

 

ganvixiloT airad fazaSi mudmiv temperaturasa da mudmiv wnevaze 

mimdinare Seqcevadi reaqcia arawonasworul mdgomareobaSi: 

bBaA +  = nNmM +  

komponentTa parcialuri wnevebi NMBA PPPP ′′′′   da,,  - iT aRvniSnoT. 

rodesac BA   da  nivTierebebis nawili M da N produqtebad 

gardaiqmneba,  jibsis energiis cvlileba Semdegnairad gamoisaxeba: 

BANMii banmnG μμμμμ −−+==Δ ∑ , 

( ) ( )BANMBANM PbPaPnPmRTbanmG ′−′−′+′+−−+=Δ lnlnlnln000 ομμμμ .      (III.10)               

( I I I .4) da (I I I .5) -is Tanaxmad: 

( ) =−−+ BANM banmRT
ομμμμ 0001 _ Pb

B
a

A

n
N

m
M K

PP
PP lnln −=

′⋅′
′⋅′

,            

         ( )PPb
B

a
A

n
N

m
M KPRTKRT

PP
PPRTG lnlnln −′Δ=−

′⋅′
′⋅′

=Δ .           (III.11)               

procesisaTvis, romelic mimdinareobs mudmivi temperaturisa da 

moculobis dros: 

                        ( )CKCRTA lnln −Δ=Δ ,         ( I I I .12)                     

SeiZleba Caiweros: 

            ( )PKRTWG PP ′Δ−==Δ− lnln ,                ( I I I .13)                   

            ( )CKRTWA C lnln Δ−==Δ− maqs .                (I I I .14)                   
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( I I I .13) da (I I I .14) gamosaxulebebi vant-hofis reaqciis izoTermis 

gantolebebia. qimiuri reaqciis mimdinareobisas muSaoba sruldeba; roca  

CKln  > ClnΔ -ze, reaqcia pirdapiri mimarTulebiT warimarTeba maqsW >0, 

xolo rodesac CKln  < ClnΔ -ze, Sebrunebuli mimarTulebiT da maqsW <0,   

rodesac CKln  = ,lnCΔ  maqsW = 0  da sistema wonasworobaSia. 

amrigad, vant-hofis reaqciis izoTermis gantoleba saSualebas 

gvaZlevs viwinaswarmetyveloT reaqciis mimarTuleba, Tu cnobilia 

wonasworobis mudmivas moreagire da miRebuli nivTierebebis 

koncentraciebi. 

 

 

I I I .3. wonasworobis mudmivas damokidebuleba temperaturaze 

vant–hofis izobarisa da izoqoris gantolebebi 

 

wonasworobis mudmivas temperaturaze damokidebulebis dasadgenad 

jibs – helmholcis gantolebaSi ,2 dT
T
H

T
Gd

P

Δ
=⎟

⎠
⎞

⎜
⎝
⎛ Δ

−  SevitanoT 

,ln PKR
T
G

−=
Δ

 romelic miiReba vant-hofis izoTermis gantolebidan, 

rodesac  ΔlnP=0    

_ΔG=RTlnKp  ,     miviRebT:     dT
T
HKRd P 2ln Δ

= . 

                  2
ln

RT
H

dT
Kd P Δ

=            (I I I .15)                                 

( I I I .15) gantolebas vant-hofis izobaris gantoleba ewodeba.  
dT

Kd Pln
- s   

niSani ganisazRvreba reaqciis siTburi efeqtis (enTalpiis) niSniT.  

endoTermuli reaqciisaTvis, roca HΔ dadebiTia ( HΔ > 0), temperaturis 

matebiT reaqciis siCqaris mudmiva PK  izrdeba; egzoTermuli 

reaqciisaTvis ki, roca  HΔ  uaryofiTia (ΔΗ< 0), wonasworobis mudmiva 

PK  temperaturis gazrdiT mcirdeba. rodesac reaqciis siTburi efeqti 



   

 65

nuls miuaxlovdeba (an Zalze mcirea), reaqciis wonasworobis mudmiva PK  

temperaturaze ar iqneba damokidebuli. 

Tu reaqciis wonasworobis mudmiva gamosaxulia koncentraciiT, 

miviRebT: 

                        2
ln

RT
H

dT
Kd C Δ

=  .     ( I I I .16)                           

( I I I .16) gamosaxuleba vant–hofis izoqoris gantolebaa,  (III.15) da 

(III.16)-dan gamomdinare, naerTebi, romlebic siTbos STanTqmiT 

(endoTermuli) miiReba metad mdgradia ufro maRal temperaturaze, 

xolo egzoTermuli naerTebi metad mdgradia ufro dabal 

temperaturaze. 

 

 

IV. Termodinamikis mesame kanoni 

IV.1. nernstis siTburi Teorema 

 

Termodinamikis pirveli da meore kanonebidan gamomdinare, 

eqsperimentis safuZvelze SeiZleba ganvsazRvroT wonasworobis mudmivas 

temperaturaze damokidebuleba, magram eqsperimentis gareSe es ar 

xerxdeba. nernstma daamtkica, rom Tu Termodinamikis pirvel da meore 

kanonebs SevavsebT siTburi TeoremiT, SesaZlebeli gaxdeba eqsperimentis 

Catarebis gareSe sistemis wonasworuli mdgomareobis winaswar 

gaTvaliswineba. 

reaqciis siTburi efeqtis ( )HΔ  da jibsis Tavisufali energiis  ( )GΔ  

temperaturaze damokidebuleba gamoisaxeba  (I I .33)  da  (I I .74)  gantole-

bebiT : 

∫Δ+Δ=Δ
2

1

0
T

T
pT dTCHH  ,       (kirxhofis kanoni) 

constdT
T
HTG

T

T
T +

Δ
−=Δ ∫

2

1

2 ;    (jibs-helmholcis  gantoleba) 

am gantolebebidan Cans, rom ΔΗΤ�isa da ΔΓΤ -s gansazRvrisaTvis unda 

vicodeT PCΔ -s temperaturaze damokidebuleba, 0HΔ -is mniSvneloba 
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absolutur nulze da integrirebis mudmiva. pirveli ori sididis 

mniSvneloba  SeiZleba davadginoT Termodinamikis pirveli da meore 

kanonebiT, xolo integrirebis mudmivas gansazRvra ver xerxdeba 

eqsperimentis gareSe. es SesaZlebeli gaxda nernstis siTburi Teoremis 

Camoyalibebis Semdeg.  nernstma (1906 w.) wamoayena postulati, romlis 

Tanaxmad kondensirebul sistemaSi (kondensirebulia sistema, Tu igi 

Sedgeba sufTa, erTgvarovani kristalebisagan, romlebic erTmaneTSi ar 

ixsneba), absolutur nulTan axlos, wirebi, romelTa koordinatebia: 

THTG −Δ−Δ  da , nebismier qimiur procesSi asimptoturad uaxlovdeba 

erTmaneTs anu aqvT saeTo mxebi OKT = -ze. Tu naTqvams grafikulad 

gamovsaxavT miiReba ( )TfG =Δ  damokidebulebis wirTa kona, romlebic 

integrirebis mudmivas sxvadasxva mniSvnelobebs Seesabameba. nernstis 

siTburi Teoremis Tanaxmad, wirTa konidan SesaZlebelia ( )TfG =Δ  

WeSmariti wiris SerCeva. es SesaZlebelia, Tu ganvsazRvravT GΔ  

mniSvnelobas 

 

 

 

   nax.15.  ( ) ( )TfGTfH =Δ=Δ   da -s   damokidebulebis wirebi  

 

K298 -ze da Sesabamisi koordinatebiT vipovoT wirs. es WeSmariti wiris 

SerCevis zogadi xerxia. nernstis siTburi Teoremidan gamomdinare, 

( ) ( )TfGTfH =Δ=Δ       da    wirebs absolutur nulTan axlos saerTo mxebi 

aqvT: 

                         
00

limlim
→→

⎟
⎠
⎞

⎜
⎝
⎛

∂
Δ∂

=⎟
⎠
⎞

⎜
⎝
⎛

∂
Δ∂

TT T
H

T
G

 .     (IV.1)                              

amis dasamtkiceblad visargebloT (II.66) gantolebiT: 

TdSHG −Δ=Δ ,     
T
GS Δ

=−  ,     
dT

GdTHG Δ
+Δ=Δ , 
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T

HG
dT

Gd Δ−Δ
=

Δ
               (IV.2)                          

radgan absolutur nulze HG Δ=Δ  

                      
0
0

0
lim

0

=
Δ−Δ

=⎟
⎠
⎞

⎜
⎝
⎛ Δ

→

HG
dT

Gd
T

.      (IV.3)                       

am ganuzRvrelobis gasaxsnelad visargebloT lopitalis wesiT: 

    0
lim

limlim
lim

0

00

0

=
⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛ Δ

−⎟
⎠
⎞

⎜
⎝
⎛ Δ

=⎟
⎠
⎞

⎜
⎝
⎛ Δ

→

→→

→

T

TT

T

dT
dT

dT
Hd

dT
Gd

dT
Gd

,           (IV.4)                   

radgan        
0

lim
→

⎟
⎠
⎞

⎜
⎝
⎛ Δ

TdT
Gd

= 0lim
0

=⎟
⎠
⎞

⎜
⎝
⎛ Δ

→TdT
Hd

. 

( ) ( )TfHTfG =Δ=Δ       da  wirTa saerTo mxebi temperaturis RerZis 

paraleluria, rac aadvilebs WeSmariti ( ) TfG =Δ wiris SerCevas. 

 

 

IV.2. nernstis siTburi Teoremis Sedegebi 

 

1. (I I . 1 0 ) - is Tanaxmad, P
P

C
dT

Hd
Δ=⎟

⎠
⎞

⎜
⎝
⎛ Δ

, amitom kondensirebul sistemebSi 

KT 0= z-e 0=Δ PC . nernstma dauSva, rom absolutur nulTan axlos nulis 

tolia ara mxolod siTbotevadobaTa algebruli jami, aramed calkeul 

komponentTa siTbotevadobebic, Cp=0. 

2. radganac ,S
dT

Gd

P

Δ−=⎟
⎠
⎞

⎜
⎝
⎛ Δ

 KT 0= -ze, entropiis cvlileba nulis 

tolia, e.i. ;0=ΔS  aqedan gamomdinare, nebismieri kondensirebuli 

sistemis entropia absolutur nulze erTnairia. 

3. martivi gardaqmnebiT dadginda, rom kondensirebuli sistemebisaTvis 

jibs-helmholcis gantolebis integrirebis mudmiva nulis tolia. 

vinaidan wonasworobis dros 0=W , jibs-helmholcis gantoleba ase 

Caiwereba:    

                       ∫
Δ

−=Δ
T

T

dT
T
H

TG
0

2
kond

kond .            (IV.5)                     
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V. wonasworoba heterogenul sistemebSi. 

V.1. jibsis fazaTa wesi 

 

DduRili, gamyareba, alotropiuli gardaqmnebi nivTierebaTa fazuri 

mdgomareobis cvlilebis magaliTebia da nivTierebis qimiuri 

Sedgenilobis cvlilebis gareSe mimdinareobs. 

fazuri wonasworobis ZiriTadi kanoni jibsma Camoayaliba. igi 

amyarebs kavSirs komponentebs, fazasa da Tavisuflebis xarisxTa ricxvs 

Siris. 

fazis ( )F  ganmarteba CvenTvis ukve cnobilia. 

komponenti ( )K  aris qimiurad erTgvarovani nivTiereba, sistemis 

Semadgeneli nawili, romelic SeiZleba sistemidan gamovyoT da 

romelsac damoukideblad arseboba SeuZlia. magaliTad, NaCl -is 

wyalxsnari Seicavs −+−+ OHOHClNa   da3,,  ionebs, aseve H2O-sa da s- NaCl ; 

eseni sistemis Semadgeneli nawilebia, xolo komponenti amaTgan oria - 

NaClOH   da2 . 

 Tavisuflebis xarisxTa ricxvi ( )S   ewodeba sistemis Termodina-

mikuri mdgomareobis ganmsazRvreli damoukidebeli cvladebis ricxvs, 

romelTa cvlileba ar iwvevs fazaTa ricxvis cvlilebas. 

idealuri airi sami Termodinamikuri cvladiT – PP,V,T, xasiaTdeba, 

ori damoukidebelia, vinaidan mesame am orTan mdgomareobis 

gantolebiTaa dakavSirebuli,  PV=RT 

komponentebis koncentraciebi SeiZleba gamovsaxoT masuri, moluri 

wilebiT an procentebiT. romelime fazis Sedgenilobis dasaxasiaTeblad 

K- komponentian sistemaSi sakmarisia 1−K  komponentis moluri wilis 

codna. mocemuli fazis erT-erTi komponentis koncentracia SeiZleba 

ganisazRvros, Tu cnobilia danarCeni komponentebis koncentraciebi. 

sistemis yvela fazis Sedgenilobis dasaxasiaTeblad aucilebelia 

vicodeT ( )1−KF  komponentis moluri wili (koncentracia). sistemis 

mdgomareobis ganmsazRvreli parametrebis saerTo ricxvi iqneba 

( )1−KF +2.  
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wonasworuli sistemis Semadgeneli komponentebis koncentraciebis 

makavSirebeli gantolebebis ricxvi SeiZleba ganvsazRvroT yvela fazaSi 

TiToeuli komponentis qimiuri potencialebis tolobiT. 

 

 

                       

Φ

Φ

Φ

==′′′=′′=′

==′′′=′′=′

==′′′=′′=′

KKKK μμμμ

μμμμ

μμμμ

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

...

...

2222

1111

   KK 

 

                                1−F  

 

 erTi komponentis koncentraciebis makavSirebeli gantolebebis 

ricxvi, ( 1−F ) Seadgens, xolo yvela K  komponentisa _K ( )1−F . 

sistemis mdgomareobis ganmsazRvreli damoukidebeli parametrebis 

ricxvi, anu Termodinamikuri Tavisuflebis xarisxTa ricxvi ( )S  

wonasworuli sistemis mdgomareobis ganmsazRvreli parametrebis saerTo 

ricxvisa da maT  makavSirebel gantolebaTa ricxvs Soris sxvaobisa 

tolia 

                                 ( ) ( )121 −−+−= FKKFS , 

                           2+−= FKS .  (V.1)                                    

jibsis fazaTa wesis Tanaxmad, wonasworul sistemaSi, romelzec gare 

faqtorebidan mxolod wneva da temperatura axdens gavlenas, Termodina- 

mikuri Tavisuflebis xarisxTa ricxvi udris komponentebis ricxvs, minus 

fazaTa ricxvi da plius ori. 

Tavisuflebis xarisxTa ricxvi izrdeba komponentTa ricxvis matebiT 

da mcirdeba fazaTa ricxvis gazrdiT. radgan Tavisuflebis xarisxTa 

ricxvi uaryofiTi ar SeiZleba iyos, fazaTa ricxvi 2+K -ze meti ver 

iqneba. 

Tu sistemaze gare faqtorebidan mxolod wneva an temperatura axdens 

gavlenas, Tavisuflebis xarisxTa ricxvi erTiT mcirdeba. 

      1+−= FKS ,     (V.2)                                

xolo mudmivi wnevisa da temperaturis dros  
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     FKS −= .       (V.3)                                       

Tu ori wonasworuli fazis Sedgeniloba (magaliTad, Txevadi da 

airadi) erTnairia, Tavisuflebis xarisxTa ricxvi gamoiTvleba 

1+−= FKS    gantolebiT nacvlad 2+−= FKS -isa an FKS −= -iT 

1+−= FKS -is nacvlad. Tu sistemis mdgomareobaze gavlenas axdens 

eleqtruli an magnituri veli, mizidulobis veli an sxva faqtorebi, 

saWiroa maTi gaTvaliswineba. zogadad, roca sistemaze n  sxvadasxva 

faqtori moqmedebs Tavisuflebis xarisxTa ricxvi Semdegnairad 

gamoiTvleba: 

                         nFKS +−= .      (V.4)                                         

 

 

V.2. klauzius-klapeironis gantoleba 

 

fazaTa Tanaarsebobis dros wonasworoba dinamikuria. siTxesTan 

wonasworobaSi myof orTqls najeri orTqli ewodeba, xolo mis wnevas _  

najeri orTqlis wneva. igi damokidebulia siTxis zedapiris farTobze 

da ara mis raodenobaze. Tanaarseboba SeuZlia myar da airad fazebsac, 

magaliTad,  yinuli – orTqli. am SemTxvevaSic ixilaven najeri orTqlis 

wnevas. mudmivi wnevisa da temperaturis ( )constTconstP == ,  dros 

wonasworobis pirobaa yvela fazis qimiuri potencialebis an jibsis 

potencialebis tolobaa: Φ=== μμμ ...21 an G1 = G2 = . . . = G�. 

ganvixiloT orfaziani wonasworoba erTkomponentiani sistemebisaTvis. 

davuSvaT, A  nivTiereba erTi fazidan meoreSi gadavida. fazebs Soris 

wonasworobis SemTxvevaSi 21 dGdG =   an  21 μμ dd = ; 

jibsis potencialis cvlileba TiToeul fazaSi gamoisaxeba 

Sesabamisi gantolebiT: 

                          
dPVdTSdG

dPVdTSdG

222

111

+−=
+−=

 

sadac 1V  da 2V nivTierebaTa moluri moculobebia Sesabamis fazebSi, 1S  

da 2S moluri entropiebi wonasworul fazebSi. 
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                    ( ) ( )

V
S

VV
SS

dT
dP

dPVVdTSS
dPVdTSdPVdTS

Δ
Δ

=
−
−

=

−=−
+−=+−

12

12

1212

2211

 

VΔ  da SΔ , Sesabamisad, moculobis da entropiis cvlilebaa 1 moli 

nivTierebis izoTermuli fazuri gardaqmnis dros: 
T
QS =Δ .  

                      
VT

Q
dT
dP

Δ
=  .              (V.5)                                

sadac Qfazuri gardaqmnis (aorTqlebis, lRobis da a.S.) siTboa da λ -Ti 

aRiniSneba. 

                  
VTdT

dP
Δ

=
λ

 .      (V.6)                                           

am gantolebas klauzius-klapeironis gantoleba ewodeba. misi 

saSualebiT SeiZleba ganvsazRvroT siTxis an myari nivTierebis najeri 

orTqlis wnevis temperaturaze damokidebuleba. 

siTxorTq VVV −=Δ moculobis cvlilebaa fazuri gardaqmnisas. Tu 

V orTq>> V siTx, SeiZleba V siTx -is ugulebelyofa. V orTq = P
RT

. SevitanoT 

es (V.6)-Si, miviRebT: 

        22

1
RTdT

dP
PRT

P
dT
dP λλ

=⋅=      anu    

radgan     ,ln Pd
P

dP
= 2

ln
RTdT

Pd λ
=   , 

                      2ln
RT

dTPd λ
=   .           (V.7)                               

(V.7) gantolebis integrirebiT miviRebT: 

                       ∫ += constdT
RT

P 2ln λ
.         (V.8)                          

es aris klauzius-klapeironis gantolebis integraluri forma. 
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V.3. erTkomponentiani sistemis wonasworobis diagrama 

 

erTkomponentiani sistema SeiZleba iyos rogorc homogenuri, aseve 

heterogenuli. erTi da igive nivTiereba SeiZleba iyos sxvadasxva 

agregatul mdgomareobaSi (wyali – siTxe, orTqli, yinuli). 

Tu nivTiereba ramdenime kristalur modifikacias gvaZlevs, 

gansazRvrul wnevasa da temperaturaze TiToeuli calke fazas 

warmoadgens. wyali warmoqmnis yinulis 6 modifikacias, gogirdi – 3 da 

a.S. jibsis fazaTa wesis Tanaxmad, erTkomponentian sistemaSi 

Tavisuflebis xarisxTa ricxvi  FS −= 3 ; wonasworul erTkomponentian 

sistemaSi fazaTa maqsimaluri ricxvi sams Seadgens. 

ganvixiloT wylis mdgomareobis diagrama saSualo sididis 

wnevisaTvis (nax.16). wirebiT SemosazRvruli areebi  Seesabameba AOB -

yinulis, BOC- siTxis, AOC-orTqlis fazebs. TiToeulis SigniT wneva (P) 

da temperatura ( )T  nebismierad SeiZleba vcvaloT, magram sistema mainc 

erTfaziani darCeba. 

 

misi Tavisuflebis xarisxTa ricxvi 

.213 =−=S  aseTi sistema divariantu- 

lia. OCOBOA ,,  wirebze aris ori 

mezobeli faza. magaliTad, OC wirze 

siTxe - orTqlis ori wonasworuli 

fazaa,  Sesabamisad , Tavisuflebis 

xarisxTa ricxvi .123 =−=S  

gansazRvrul temperaturaze orTqlis 

wnevas erTi mniSvneloba aqvs. 

nax. 16. wylis mdgomareobis        temperaturis SecvliT wonasworoba  
             diagrama                   ar dairRveva, Tu   wneva mxolod  

oc wiris gaswvriv  Seicvleba. O  wertilSi samive faza wonasworul 

mdgomareobaSia, ;033 =−=S  sistema invariantulia, T  da P -is 

nebismieri SecvliT sistemis wonasworoba irRveva. (wylisaTvis T _ 

273,16 K,  P _ 610.48 pa). 
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V.4. fizikur-qimiuri analizi 

 

 Fizikur-qimiuri analizis mizania daadginos damokidebuleba rTuli, 

mravalkomponentiani sistemis Tvisebebsa da Sedgenilobas Soris. es 

Tvisebebi gansazRvravs sistemis wonasworobas, izomeba eqsperimentulad. 

siTburi, moculobiTi, eleqtruli, magnituri, optikuri da sxva 

Tvisebebis Seswavlis safuZvelze aigeba mdgomareobis diagrama 

koordinatebSi: Sedgeniloba – Tviseba, romliTac msjeloben sistemis 

fazaTa ricxvis, mdgomareobis sazRvrebis, sxvadasxva fazis 

Tanaarsebobis pirobebis, sistemaSi mimdinare cvlilebebis Sesaxeb. 

Fizikur-qimiurma analizma farTo gamoyeneba pova metalurgiaSi, 

silikatebis teqnologiaSi, mineralogiasa da mecnierebis sxva dargebSi. 

qvemoT ganvixilavT ZiriTad wonasworul diagramebs orkomponentiani 

sistemebisaTvis. 

 

 

V.5. evteqtikuri wertilis mqone sistemis mdgomareobis 

diagramis ageba koordinatebSi: Sedgeniloba-kristalizaciis 

temperatura 

 

davuSvaT, rom A da B  komponentebi ganusazRvrelad ixsneba erTma-

neTSi Txevad mdgomareobaSi, xolo myar mdgomareobaSi ar gvaZlevs arc 

xsnars, arc qimiur naerTebs. siTxidan gamoiyofeba sufTa komponentebis, 

calkeuli fazebis saxiT. am sistemis mdgomareobis diagramas, mudmivi 

wnevis pirobebSi, ase ageben: jer garkveuli Sedgenilobis gamlxval 

nimuSs Tanabrad aciveben, drois tol SualedSi axdenen temperaturis 

fiqsirebas, ageben gacivebis wirs koordinatebSi: gacivebis dro – 

temperatura, xolo Semdeg TviT diagramas koordinatebSi: Sedgeniloba – 

temperatura (nax.17). 

I Sedgeniloba Seesabameba sufTa A  komponents. T1 temperaturaze 

iwyeba misi kristalizacia. gamoyofili siTbo axdens sistemis 

gasaciveblad warTmeuli siTbos kompensacias da T1 kristalizaciis 

damTavrebamde ucvlelia (horizontaluri ubani 1 wirze), gamyarebuli A  
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nimuSis gaciveba nela mimdinareobs; T1temperatura gadaizomeba mdgoma-

reobis diagramis marcxena ordinatTa RerZze. 

II Sedgenilobis narevis gacivebisas   IIT  temperaturaze iwyeba A  

komponentis gamoyofa, gamoyofili siTbo anelebs gacivebis siCqares da 

xdeba wiris gardatexa. mdgomareobis diagramaze II Sedgenilobis 

ordinataa IIT . 

III Sedgenilobis narevis gacivebis wiri analogiuria II-sa, mxolod A  

nivTierebis gamokristaleba iwyeba IIIT  temperaturaze, masSi B  komponen-

tis 

 

  

nax. 17.  mdgomareobis diagramis ageba gacivebis wirebis mixedviT 

 

 siWarbis gamo II SedgenilobasTan SedarebiT. mdgomareobis diagramaze 

III Sedgenilobis ordinataa  3T . II  da III gacivebis wirebze aris 

horizontaluri ubani _ plato. ET  temperaturaze iwyeba B  komponentis 

gamokristalebac, radganac siTxe gajerebulia A  da B komponentebis 

kristalebiT. aseT Sedgenilobas ,,evteqtikurs” uwodeben. evteqtikuri 

siTxe myardeba Sedgenilobis Seucvlelad mudmiv temperaturaze 

(gacivebis wirze – plato). 
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IV Sedgenilobis narevi evteqtikuria, A  da B  komponentebis gamo-

kristaleba mimdinareobs mudmiv ET  temperaturaze.  IV Sedgenilobis 

ordinataa  ET . 

V Sedgenilobis narevis gacivebis wiri analogiuria II da III narevebis 

wirebisa; aq 5T  temperaturaze iwyeba B  komponentis gamokristaleba, 

gamoyofili siTbo anelebs gacivebis siCqares, ris Sedegadac wiri 

gardatydeba, ET  temperaturaze ki iwyeba A  komponentis gamokri-

stalebac. mdgomareobis diagramaze  V Sedgenilobis ordinataa 5T . 

VI gacivebis wiri B  sufTa komponentisTvisaa. igi A  komponentis 

gacivebis wiris analogiuria. 

mdgomareobis diagramaze ET _ ET  wirs solidusis wirs uwodeben. mis 

qvemoT sistema A  da B  komponentebis kristalebisagan Sedgeba (IV are):  

Tavisuflebis xarisxTa ricxvi 1122 =+−=S .   ETA  da ETB  wirebi – 

likvidusis wirebia, maT zemoT mxolod Txevadi fazaa (I are); aq 

2112 =+−=S . II areSi Tanaarsebobs 2 faza – cvladi Sedgenilobis 

nalxobi da A  nivTierebis kristalebi, 1122 =+−=S . III arec orfaziania 

– cvladi Sedgenilobis nalxobi da B  nivTierebis kristalebi, 

1122 =+−=S . 

 

 

V.6. Txevad da myar mdgomareobaSi SeuzRudavad xsnadi 

sistemis mdgomareobis diagrama 

 

aseT sistemebs msgavsi Tvisebebis mqone nivTierebebi qmnis: 

AuAgNiFeNiCu −−− ,, . maT izomorful sistemebs uwodeben.Mme-18Nnaxazze 

mocemulia Txevad da myar mdgomareobaSi SeuzRudavad xsnadi sistemis 

mdgomareobis diagrama da gacivebis wirebi. BALTT  likvidusis wiris 

zemoT gvaqvs nalxobi da sistema erTfaziania. BASTT  likvidusis wiris  

qvemoT gvaqvs myari xsnari da sistema aqac erTfaziania, 2112 =+−=S . 

sistema divariantulia, e.i. mocemul farglebSi  SeiZleba nebismierad 

Seicvalos Sedgenilobac da temperaturac fazaTa ricxvis cvlilebis 
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gareSe. wirebs Soris sistema orfaziania – myari xsnari da Txevadi 

xsnari. sistema monovariantulia, 1122 =+−=S . 

wonasworuli fazebis Sedgenilobis gansasazRvrad wirebs Soris 

nebismier g  wertilSi avleben abcisaTa RerZis paralelur wrfes, 

romelic likvidusis BALTT  wirTan f  wertilSi, xolo BASTT  solidusis 

wirTan  h  wertilSi gadaikveTeba. f  wertilis Sesabamisi abscisa 

iZleva Txevadi fazis Sedgenilobas, xolo h  wertilis Sesabamisi 

abscisa _ myari fazis Sedgenilobas. gacivebis I da II wirebi A  da B  

sufTa komponentebisTvisaa, III wiri ki, I Sedgenilobis narevisaTvis.  

 

nax.18. Txevad da myar mdgomareobaSi ganusazRvrelad xsnadi sistemis                          

      mdgomareobis diagrama. 

 

 

V.7. myar mdgomareobaSi SezRuduli xsnadobis 

mqone  sistemis  mdgomareobis diagrama 

                    

myar mdgomareobaSi SezRuduli xsnadobis mqone sistemis B  

komponentis xsnars A  komponentSi α  xsnars uwodeben; α  xsnarSi B  

komponenti gansazRvruli koncentraciiTaa. A  komponentis myar xsnars B  

komponentSi β  xsnars uwodeben. β  xsnarSi A  komponenti gansazRvruli 

koncentraciiTaa. 

am sistemisaTvis ori SemTxvevaa SesaZlebeli: 



   

 77

1. myari xsnarebi evteqtikas warmoqmnian, e.i. E  nonvariantuli 

wertili sufTa komponentebis dnobis temperaturaze dabla mdebareobs. 

Nme-19 naxazze I are Seesabameba A  da B  nivTierebebis Senadnobis Txevad 

fazas, II – Txevad Senadnobsa da α  myar xsnars, III – Txevad Senadnobsa 

da β  myar xsnars, IV – erTgvarovan α  myar xsnars, V – erTgvarovan β  

myar xsnars, VI are α  da β  myari xsnarebis narevia. E evteqtikis 

wertilSi sami faza Tanaarsebobs: F  Sedgenilobis α  myari xsnari, G  

Sedgenilobis β  myari xsnari, E  Sedgenilobis Txevadi Senadnobi A  da 

B  nivTierebebisagan. es wertili nonvariantulia. naxazis marcxena 

nawilSi moyvanilia gacivebis wirebi. 

 

    nax. 19. myar mdgomareobaSi SezRuduli xsnadobis mqone sistemis                    

       mdgomareobis diagrama evteqtikiT 

 

2. myari xsnarebi periteqtikas warmoqmnis, e.i. P  nonvariantuli 

wertili A  da B  komponentebis dnobis temperaturebs Soris mdebareobs 

(nax.20). mdgomareobis diagramaze I are Seesabameba A  da B  komponentebis 

Senadnobis Txevad fazas, II – siTxesa da α  myar xsnars, III – siTxesa da 

β  myar xsnars, IV – erTgvarovan α  myar xsnars, V – erTgvarovan β  myar 

xsnars,  VI are - α  da β  myar xsnarebis narevs. P  wertilSic sami faza 

arsebobs: siTxe,  G  Sedgenilobis α  myari xsnari da F  Sedgenilobis 

β  myari xsnari. naxazis marcxena nawilSi moyvanilia gacivebis wirebi. 
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   nax. 20. myar mdgomareobaSi SezRuduli xsnadobis mqone sistemis                          

mdgomareobis diagrama periteqtikiT 

 

 

 

V.8. qimiuri naerTebis warmomqmneli komponentebisagan     

   agebuli sistemis mdgomareobis diagrama 

 

A  da B  komponentebisagan nmBA  Sedgenilobis qimiuri naerTis 

warmoqmnisas SesaZlebelia ori varianti: 

1. nmBA  naerTi mdgradia dnobis temperaturamde, igi dneba daSlis 

gareSe,  e.i. kongruentulia. 

    2. nmBA  naerTi aramdgradia da iSleba dnobis temperaturaze  ufro 

dabal temperaturaze. inkongruentulad dneba. 

   ganvixiloT I SemTxveva (nax.21). C  wertili nmBA  naerTis kristali-

zaciis temperaturaa, igi A  da B  komponentebis kristalizaciis 

temperaturaze ufro  
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maRalia. Tu am Ddiagramas gavWriT  C – AAmBn wiris gaswvriv, miviRebT 2 

diagramas   A – AmBn da  B – AmBn   SedgenilobebiT da, Sesabamisad,   E1  da  

E2  evteqtikebiT.  C – AmBn  xazis marcxniv da marjvniv mdebareobs gansxva-

vebuli sistemebi, romelTa Soris gadasvla naxtomiT mimdinareobs. 

 

 

 

 

nax. 21. mdgradi qimiuri naerTis

warmomqmneli stemis mdgomareobis

diagrama 

 

 

 

V.9. samkomponentiani sistemebi 

 

samkomponentiani sistemebis mdgomareobis diagrama sivrculia. maTi 

Sedgeniloba jibsis tolgverda samkuTxediT gamoisaxeba. Tu samkuTxedis 

gverdebs 10 an 100 tol nawilad davyofT da maTgan gavavlebT gverdebis 

paralelur wrfeebs miiReba bade, romlis daxmarebiTac gamoisaxeba 

sistemis Sedgeniloba. 22-eNnaxazze samkuTxedis wveroebi sufTa 

nivTierebebs Seesabameba, gverdebi _ orkomponentiani sistemis molur an 

woniT Sedgenilobas, xolo SigniT aRebuli nebismieri wertili - samive 

komponentis (molur an woniT) raodenobas. magaliTad, P  wertilSi aP  
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gamosaxavs A  komponentis koncentracias, CcP −  komponentis, xolo 

BPb −  komponentisa. 

samkomponentiani sistemis mdgomareobis diagrama samwaxnaga prizmaa. 

samkomponentiani sistemis diagramis safuZvels jibsis tolgverda 

samkuTxedi warmoadgens, romelic sistemis Sedgenilobas gamosaxavs, 

xolo 

 

 

                   nax. 22. jibsis tolgverda samkuTxedi 

temperatura samkuTxedis CBA ,,  wveroebSi aRmarTul marTobebze 

gadaizomeba. samwaxnaga prizmis waxnagebze gamoisaxeba ACAB,  da BC  

orkomponentiani sistemebis mdgomareobis diagramebi evteqtikis 2,1 EE da 

3E  wertilebiT. sistemis komponentebi qmnis sammag evteqtikas yvelaze 

dabali dnobis temperaturiT 4E  (nax.23). 
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nax. 23. samkomponentiani sistemis mdgomareobis diagrama. 

 

prizmis SigniTa zedapirebi warmoadgens likvidusis zedapirebs. maT 

zemoT sistema samkomponentian Txevad nadnobs warmoadgens, likvidusis 

zedapiris qvemoT moTavsebul sivrceSi komponentebis kristalebisa da 

Txevadi nadnobisagan Sedgenili orfaziani sistemebia. 
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